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7 • Circuit Board Testing (Jpdate/No. 7 in a series from Hewlett-Packard. 

SIGNATURE ANALYSIS: A NEW AND EFFECTIVE METHOD OF 
TESTING MICROPROCESSOR-BASED BOARDS AT SPEED 

If you're producing microprocessor-
based products, you've probably 
found that board level testing is no 
trivial problem. That's because the 
complexity of the microprocessor 
(MPU) has introduced a number of 
new testing problems, especially 
when the boards must be tested at 
operating speeds. 

What are the new 
testing problems? 
At-speed testing of dynamic devices 
creates five major problems: 1) 
Synchronizing most test systems with 
the MPU's fast on-board clock isn't 
possible; 2) The MPU's bi-directional 
bus makes fault isolation difficult; 3) 
Existing test systems often aren't fast 
enough to test today's dynamic 
memory devices thoroughly; 4) Most 
test systems cannot exercise the MPU's 
software — a must, and 5) Functional 
test development costs are increasing 
with device complexity. To solve these 
problems, Hewlett-Packard created 
new testing techniques. 

How HP developed 
Signature Analysis. 
In 1977, as a means of reducing field 
service costs, HP developed a new 
method of testing dynamic devices. 
Called Signature Analysis (S/A) it 
is a data compression tech-
nique that reduces a complex 
data stream to a 

series of unique four-digit hexa-
decimal signatures. Under test, the 
signature of each circuit node is 
compared to a stored value, making it 
easy to locate faulty nodes. 

Solving the five major problems. 
Signature Analysis has made MPU 
board testing manageable by solving 
the testing problems outlined above. 
First, S/A can be synchronized with 
the MPU's on-board clock at rates up 
to 10 MHz. Second, interacting with 
the board under test, S/A can verify 
the data stream from a specific device 
on bi-directional buses. Third, the S/A 
technique is fast. It can locate speed-
related faults in dynamic devices. 
Fourth, with S/A, the board under 
test is stimulated with a software test 
routine executed by the on-board 
MPU. With HP's 3060A, the test 
system can now supply this test 
routine to the MPU. No longer must 
S/A be designed into the board — 
unless you also plan to use S/A for 

field service testing. 
Finally, S/A's stored go/ 
no-go response approach is 
a cost-effective method for 
the testing of LSI devices. 

You can put this new tool to work 
for you now. 
Signature Analysis is part of the High 
Speed Digital Functional Test option to 
the proven HP 3060A Board Test 
System. This option is priced at 
$12,000' and can be added to 
3060A's currently in service. The 
technique is complemented by the 
3060A's programmable drivers, in-
circuit program generator, and bed-of-
nails visibility for automatic backtracing. 
Note, in the flow chart above, how the 
3060A with this option provides flexi-
bility in the selection of dynamic 
stimulus for board test applications. 
For additional information. 
To receive complete details on the HP 
3060A Board Test System and the 
High Speed Digital Functional Test 
option, write: Hewlett-Packard, 
1507 Page Mill Road, Palo Alto, CA 
94304. Or call the HP regional office 
nearest you: East (201) 264-5000, 
West (213) 970-7500, Midwest (312) 
255-9800, South (404) 955-1500, 
Canada (416) 678-9430. 
'Domesit U.S.A. price only. 
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HP Circuit Testers — 
The Right Decision 

See us at the ATE Exhibit 

Booth 821, 823 - 826 and 828. 

rig HEWLETT 
PACKARD 
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11I) Starts a New Famibrof 
Digital Bar Code Wands. 

Anyone now using a keyboard or push buttons for data entry could benefit from using bar codes. 
Depending on the number of characters being entered, bar code scanning has been shown to be from two to four times 

faster than key entry. 
HP'S new family of Digital Bar Code Wands can scan black-and-white bar codes and convert the codes to 

microprocessor-recognizable digital output. HP's first Wand, the HEDS-3000, is ideally suited for portable systems where its 
push-to-read switch conserves power. The new HEDS-3050 eliminates the switch and adds an internal shield 

for AC powered applications. Both Wands are housed in a rugged, human-engineered molded plastic case 
with attached cord and connector. Of interest to OEM's, both the HEDS-3000 and HEDS-3050 are available with several 

options including custom colors and customer specified logos. In quantities of 1-99, the push-button HEDS-3000 
is only $99.50* and the shielded HEDS-3050, $110* each. For more 
information or immediate off-the-shelf delivery contact your 

nearest HP components authorized distributor. In the U. S., 
contact Hall-Mark, Hamilton/Avnet, Pioneer Standard, ra HEWLETT 

Schweber, Wilshire or,the Wyle Distribution Group (Liberty/ 
Elmar). In Canada, call Hamilton/Avnet or Zentronics, Ltd. PACKARD .u. S. domestic price only. 
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The most capable universal counter HP 
has ever offered. 

Add it up—we think you'll find that 
HP'S 5335A has universal counter 
capabilities you can't get anywhere else 
at any price. First, it gives you superb 
resolution in frequency and time interval 
measurements. Then, at the touch of 
a few keys, it will automatically measure 
phase, stew rate, duty cycle, rise/fall 
times, or do statistics. Built-in calculations 
and Hewlett-Packard Interface Bus 
operation are standard, too. And surprise, 
it costs just $2950? 

Naturally, the HP 5335A gives you 
all the frequency. time interval and 
totalizing measurements you usually get 
in a universal counter. But this counter 
goes on to give you remarkable per-
formance and operating features. 

Circle 2 on reader service card 

For example, its automatic interpolators 
and reciprocal-taking frequency 
measurement technique give you a 
constant frequency resolution of 9 digits 
per second up to 200 MHz (or even to 
1.3 GHz optionally), and a time interval 
resolution of 2 ns for single shot events. 
You get four modes of triggering. 

Included is a new auto preset trigger 
mode that tracks variations in dc 
offsets. So, when offsets vary, there's 
no need to fiddle with trigger controls 
or to reprogram them in automatic 
systems use. And digital readout of 
trigger level and gate time is standard. 

There's more. Six modes of arming 
give you outstanding versatility when 
measuring frequency bursts, profiles or 

similar dynamic parameters. The display 
can be smoothed by weighted-averaging 
for a stable readout. The built-in calcu-
lator lets you apply math (+, X. 
to any measurement. RFI and EMC 
are excellent. Options include a built-in. 
integrating, floating DVM for $275.* 
and a 1.3 GHz, 10mv sensitivity, C 
channel for $450? 
The new 5335A is truly a remarkable 

instrument at a remarkable price. Get 
the full story from your nearest HP sales 
office today or write, Hewlett-Packard, 
1507 Page Mill Road, 
Palo Alto, CA 94304. 

•Domestic U.S. prices only. 
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Highlights 
Cover: World markets persist in growing despite fears, 121 

Whatever their country of origin, the electronics markets continue to expand 
faster than the general economy. However, doubts about how long the 
industries can resist the mounting recession loomed large as 1980 ended. For 
the U. S. in particular, confusion about the New Year reigns, though the 
overall outlook is positive (p. 122). An adequate but not thrilling gain is 
expected for Japan (p. 139). For Europe, the predictions are even less 
promising (p. 134). 
The cover was designed by Art Director Fred Sklenar, constructed by Ann 

Dalton, and photographed by Joe Ruskin. 

Japanese and Europeans nearing consensus on digital audio, 102 

American stereo makers seem uninterested, but the Europeans and Japanese 
are preparing for a meeting on digital audio disk systems that is likely to 
recommend adoption of the Philips-Sony approach. To be held in Tokyo next 
month, the meeting has no formal power, but most companies are expected 
to go along with its recommendation in order to avoid the marketing burden 
of incompatible systems. 

How to minimize emi in an optical data link, 146 

Despite the immunity of optical fiber to electromagnetic interference, an 
optical data link may still be susceptible to man-made noise. The cure is at 
hand in careful receiver design, based on both classic radio concepts and 
techniques unique to fiber optics. 

Conductive polymer creates unique current protector, 159 

The best features of thermistors, slow-blow fuses, and circuit breakers are 
united in conductive polymer switches. The devices work on the thermistor 
principle but can handle much higher currents and, like circuit breakers, can 
be reset. 

Uncommitted logic arrays embrace analog elements, 163 

Automated interconnection is a prime attraction of a new series of bipolar 
and complementary-mos ULAS that aims at expanding the range of applica-
tions of these devices. Two c-mos versions, in fact, contain areas dedicated 
solely to the needs of analog circuitry. 

And in the next issue . . . 

Restructuring a microprocessor from the substrate up . . . automating a 
wafer-production line . . . how sign-magnitude encoding simplifies multi-
channel data conversion . . . a low-power n-channel mos static random-
access memory . . . an automated test network that can keep up with a 
changing test floor technology. 
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HI-REL MIXERS with a 
3-year  guarantee' 

$e)t .95 SRA-1 
from %me( ROO ) 

fw, • 

Five years ago, Mini-Circuits 

offered a two-year guarantee for. 

its industry-standard SRA-1 
hermetically sealed 

Double-Balanced Mixer. . . now 

used worldwide for a variety of 

military and industrial applications. 

The two-year guarantee was made possible54 he use - 
of an accelerated-life screening test for diodasl „— 

generally reserved only for space applicationde 

The HTRB-screened Schottky diodes are subjected to 
a one-volt negative bias at 150°C for 168 hours, 
a stress designed to accelerate ageing and force 
time-related failures— thus screening out potentially 

unreliable diodes. 

Mini-Circuits is proud to offer a three-year guarantee 
for the SRA-1 achieved by further stressing and testing 

the assembled' unit. Each completed SRA-1 experiences: 

1. Burn-in for 96 hours at 100°C with 8 mA at 1 KHz. 
2. Thermal shock. 

3. Gross and fine leak tests (per MIL-STD 202). 
And the three-year guarantee SRA-1 is still only $8.95! 

Of course, the additional testing adds to our cost, 
*but our continuing commitment is to offer performance 

and reliability unmatched for off-the-sijelf 

Double-Balanced Mixers. 
So, for space or rugged industrial applications, 

ensure highest system reliability by specifying 
SRA-1 mixers, the only Doubled-Balanced M:xers 
with a three-year  guarantee. . . from 

Mini-Circuits where lbw price goes hand in 

hand with unmatched qualify. 

Model SRA-1 
Freq. range (MHz) 
LO 0.5-500 
RF 0.5-500 
IF DC-500 

Conversion loss (dB) Typ. 
1-250 MHz  55 
0 5-500 MHz  6.5 

Isolation (dB) 
0.5-5 MHz LO-RF 

10-IF 
5-250 MHz LO-RF 

10-IF 
250-500 MHz LO-RF 

LO-IF 

Typ. 
50 
45 
45 
40 
35 
30 

Max. 
70 
85 

Max. 
45 
35 
30 
25 
25 
20 

Min. Electronic Attenuation (20 mA) 3 dB Typ. 

Signal, 1 dB Compression Level + 1 dBm 

Impedance All Ports, 50 Ohms 

LO Power + 7 dBm 

World's largest manufacturer of Double-Balanced Mixers 

Mini-Circuits 

4. 

2625 East 14th Street Brooklyn New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

35 /Rev.{ D 
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ENI A-500 
broadband 
power amplifier 
delivers 500 NV 
0.3 to 35 MHz 

••1.. 

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 

ENI 
;grai The advanced 

design line of 
power amplifiers 

Publisher's letter 

The annual effort of forecasting the 
electronics markets for the United 

States, Western Europe, and Japan 
requires several months of prepara-
tion culminating in the exacting 
work of crunching all the numbers 
into final form. 

It starts with the preparation of 
the forms to be mailed to manufac-
turers. For the U. S. survey, ques-
tionnaires covering some 475 sepa-
rate product categories go out to 
over 1,500 firms representing the 
various market sectors. Similar but 
shorter questionnaires are sent to 
companies in 11 European countries 
and to firms in Japan. 
When the returns are in, the 

McGraw-Hill Publications Co.'s 
Economics department prepares 
sheets breaking down responses for 
each category and then reviews the 
estimates with our department edi-
tors. The editors also call upon out-
side market analysts and company 
researchers for additional expert 
opinion. This year, as an added mea-
sure, the news bureaus around the 
country contacted a score of industry 
observers to get a final fix on the 
rapidly changing U. S. market. The 
result of all this effort is in the fore-
cast starting on page 121. 

This year we had an additional 
assist in the form of an Apple II 
computer. Set up and run by techni-
cal managing editor Ray Capece, the 
machine proved invaluable in han-
dling the complex tables required for 
the three markets. 
"We used canned software," Ray 

reports. "Apple Post took care of the 
mailing list, and VisiCalc, a balance 
sheet program, was perfect for the 
tables. The computer allowed us to 
run totals quickly and to make 
changes without having to recalcu-
late rows and rows of figures. We 
also got annual percentage changes." 

But Ray learned in a small way 
the lessons that many computer 
users experience. "We pushed the 
software to its limits and soon felt 
the need for more horsepower," Ray 
explains. "Once the entries get into 
the thousands, the central processing 
unit begins to show signs of strain— 
as does the operator." 

Despite the headaches, the corn-

puter was a great help and has now 
become a necessary part of the mar-
ket forecast. Our machines, which 
include the Apple with 48-K bytes of 
random-access memory, a cathode-
ray-tube display, dual minifloppy-
disk store, and a Centronics 779 
printer, have already been put to 
work on other office chores. Now we 
are wondering how we ever got along 
without them. 

As part of the survey that appears 
in this issue, we are also putting 

together the Electronics 1981 World 
Markets Forecast Data Book. Avail-
able March 2, this book will contain 
far more detail than could be includ-
ed in the published report. 

Besides a reprint of the 24-page 
forecast, it will describe the forecast-
ing methodology and how the figures 
were collected. It will also include a 
range of estimates for each product 
item in the U. S. report, plus com-
pound annual growth rates covering 
the six years from 1979 to 1984. In 
addition, the book will have an anal-
ysis of the 1981 U. S. forecast, cou-
pled with an economic outlook pre-
pared by the McGraw-Hill Econom-
ics department. 

Finally, the figures will be com-
pletely broken down for each of the 
11 European countries surveyed, 
covering consumption of equipment 
and components for the three years 
1979-81. These tables, which were 
used to prepare the summary con-
tained in the published report, will 
have greater resolution of the num-
bers in many of the product catego-
ries. The 11 countries are Belgium, 
Denmark, France, Italy, the Nether-
lands, Norway, Spain, Sweden, 
Switzerland, the United Kingdom, 
and West Germany. 
The 1981 forecast data book costs 

$125 and may be obtained from 
Electronics Magazine Books, 1221 
Avenue of the Americas, New York, 
N. Y. 10020. Payment must accom-
pany the order. 
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Catch the Bus for 
Completely Automatic 
Distortion Measurement 
Designers and ATE people requested it — a 
NEW distortion analyzer with IEEE-488 bus 
compatibility. Now Krohn-Hite responds with 
the first totally automatic instrument for mea-
suring low distortion, voltage, and frequency. 

Here's What "Completely Automatic" 
Means. The 6880 self-tunes to the frequency 
of an external signal over the entire range of 
1 Hz to 110 kHz, so manual frequency tuning 
is unnecessary. Distortion, AC voltage, and 
frequency measurements can be made with 
input levels from 0.1- 130 V RMS. Aid by 
eliminating operator functions, the 6880 cuts 
time and costs. 

The 6880 Is Versatile. It measures total 
harmonic distortion in percent or dB down to 
-90 dB (0.003%), with 0.1 dB resolution for 

any input level. As an AC voltmeter, the 6880 
measures RMS volts or deviation in percent or 
dB. As a frequency counter, it displays the 
fundamental input frequency from 1.000 Hz 
to 999 kHz. Built-in features include switch-
selectable high and low pass filters, distortion 
output, analog output, and ultra-low distortion 
1 kHz (0.003%) sinewave output. 

Catch the IEEE-488 bus compatible, 
completely automatic 6880 distortion analyzer 
today at Krohn-Hite. Make Krohn-Hite your 
stop for a family of bus compatible instru-
ments. Call for further information and look up 
our complete product listings in EEM and 
Gold Book. 

MODEL es 
PROGRAMMABLE 

DISTORIION ANALYZER 

LOCAL 10A, 
OUtPUT 

014 

IL/ MC CD 1=11=' C:IF=141. 1\1 
Avon Industrial Park, Avon, MA 02322 
(617) 580-1660 TWX 710 345 0831 

Krohn-Hite...Benchmark of Quality in Programmable Instruments 

DISTOR HON 
OUT Pt) 

OVERSEAS SALES OFFICE: ARAB REPUBLIC OF EGYPT, Cairo, E.P.I. Co; ARGENTINA, Buenos Aires, COASIN S/A; AUSTRIA. Wien, UNIVERSAL ELECTRONIK IMPORT; AUSTRALIA, Chatswood, South 
Melbourne, Fortitude Valley O, Auburn, Kidman Park, Cloverdale, WARBURTON FRANK', LTD; BELGIUM. Brussels, C. N. ROOD s.a.; DENMARK, Naerum, SC METRIC NS; ENGLAND, Reading Barks, KEITHLEY 
INSTRUMENTS, LTD; FINLAND, Helsinki, INTO/OY; FRANCE, Buc, M.B. ELECTRONIOUE; GERMANY, Munich, KEITHLEY INSTRUMENTS, GMBH; HOLLAND. Rijswijk, C.A. ROOD, lay.; ISRAEL. Tel-Aviv, 
ARITMORE ENGINEERING CO, LTD; ITALY, Milan, Rome VIANELLO S.PA.; JAPAN, Tokyo, CHISHO CORP.; NEW ZEALAND, Lower Hutt. WARBURTON FRANK' LTD; NORWAY, Asker, TELEINSTRUMENT AB; 
PORTUGAL, Lisbon, MAGNETROM; SINGAPORE, Singapore. O'CONNOR'S (PTE), LTD; SOUTH AFRICA, Bramley, PROTEA P.N.I. (PTY), LTD; SPAIN. Barcelona, C.A. MARES, S.A.; SWEDEN, Vallindby, 
TELEINSTRUMENT AB; SWITZERLAND, Urdorf Zurich, MEGEX ELECTRONIC AG. 
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Readers' comments 

More gate array activity 

To the Editor: Some misconceptions 
may have been created in "Gate 
Arrays—A Special Report" [Sept. 
25, p. 145] with respect to Signetics' 
semicustom logic programs. These 
efforts include gate arrays and com-
posite cell logic. 
Our customers have been using 

CCL since 1975 to fabricate circuits 
with TTL performance levels up to 
800 gates. Our first gate array, the 
2,000-gate PL (integrated-injection-
logic) 8A2000, was introduced in 
1977. It is still in production and we 
are supplying custom gate arrays as 
well as codes to major customers. 

Also, the chart comparing gate 
speed and array complexity [p. 146], 
though informative, employs a 
worst-case delay of 6 nanoseconds 
for the Signetics 1,200-gate 8A1200 
while using typical or even best-case 
values for the other arrays. In fact, 
the present typical delay for the 
8A1200 is 3.5 ns, and we have dem-
onstrated typical delays of 2 ns and 
worst-case delays of 4 ns, which will 
be specified on 1981 products. 
The author's description of ¡SL 

(integrated Schottky logic) implies 
that we simply add Schottky-barrier 
diodes to the outputs of PI, gates. 
But ¡SL is dramatically different 
from 14,, since it involves a right-
side-up vertical npn and two pnp 
transistors—one vertical and one lat-
eral—merged so that the pnp devices 
clamp the npn out of saturation. 
This gives the 3.5-ns performance, 
with standard Schottky processing 
and power levels one tenth those of 
74LS (low-power Schottky). 

Also, the emphasis on oxide-iso-
lated complementary-mos may be 
misplaced. All indications are that 
many major semiconductor manu-
facturers are pursuing bipolar tech-
nology for their primary gate array 
activities. 

Regarding computer-aided design, 
we offer a simulation program called 
Sigsim that customers can access via 
telephone in their own plants. Sigsim 
checks for testability and performs 
fautt grading. Another simulator can 
analyze an entire system. 
Our CAD library also includes the 

following programs: 

• Gaspar (gate-array symbolic 
placement and routing) allows sym-
bolic digitizing of a hand-generated 
Mylar representation of an applica-
tion. It also performs a design rule 
check to identify layout errors 
unique to semicustom approaches. 
• Latch (layout and topology check) 
ensures that the Calma mask-data 
base created using Gaspar is identi-
cal to the logic diagram used for 
simulation. 
• Sengen (Sentry generation) cre-
ates a Sentry test program using the 
simulation exercise results. 

This software is in use now, and 
our automatic place-and-route pro-
gram will be available by mid-1981. 

Signetics' data base allows the 
customer with an interactive graph-
ics capability to generate and submit 
a data base compatible with the Cal-
ma system, as an alternative to lay-
ing out the design option manually 
on a Mylar coding sheet. 

Further, though the performance 
of c-mos is progressing, arrays built 
with this technology still cannot 
compete in applications requiring 
TTL speed. So I suggest that the task 
of replacing TTL is best shouldered 
by bipolar semicustom products. 

Jim Fahey 
Signetics Bipolar LS1 Division 

Sunnyvale, Calif. 

Official approval 

To the Editor: The Technology 
Update on memories [Oct. 25, 
p. 124] seemed to indicate that 
Intel's 28-pin family of ultraviolet-
light—erasable programmable read-
only memories was the only one offi-
cially approved by the Joint Electron 
Device Engineering Council. The 24-
pin family made by Motorola, Texas 
Instruments, and others, however, is 
also officially Jedec-approved. Spe-
cifically, Motorola's 64-K E-PROM in 
a 24-pin package and Intel's 28-pin 
family were officially approved at 
the same meeting, on Oct. 7, 1980. 
This was to give users the choice of a 
24-pin part compatible with today's 
industry-standard Roms or a 28-pin 
device for future expansion designs. 

Also, Motorola has been testing 
the MCM2801 E-PROM since early 
summer. This device, though low in 

density, was the first announced n-
channel floating-silicon-gate EE-

PROM with a thin (tunnel) oxide. 
The new series of EE-PROMS planned 
by Motorola that was mentioned in 
the story will begin with a 2-K-by-
8-bit part similar to Intel's 2816. 

David C. Ford 
Motorola Inc. 
Austin, Texas 

Real rewards for innovation 

To the Editor: I couldn't agree more 
with your editorial comment on 
U. S. annual technology prizes [Nov. 
20, p. 24]. If a significant cash prize 
were included with the honor —10 
prizes, for instance, in differing 
areas, of $25,000 each—it would be 
the most visible, most highly "lever-
aged" quarter million dollars the 
Government could spend in this cen-
tury! Look at the amazing accom-
plishments prompted by the Krem-
mer prize for man-powered flight. 

If only 10% (I'll guess 50,000 peo-
ple) of our technical work force— 
inspired by these prizes and the 
chance of achieving something be-
yond the traditional $100 reward for 
an issued patent—put in as little as 1 
hour a week extra, that would add 
up to an incredible 2.5 million man-
hours of effort. Individual engineers 
or inventors would win and industry 
would win, with a revitalizing effect 
on the country. 
How about naming the prizes 

after William P. Lear, who made 
exactly the kind of practical contri-
butions the awards are intended to 
stimulate. Not only did Bill Lear 
make advances in the electronics, 
aircraft, and automotive fields, but 
also he is the only major corporate 
officer I ever knew to personally 
answer letters about ideas from lit-
tle-known individuals or companies. 

Peter Lefferts 
Santa Clara, Calif. 

Corrections 

In the Designer's Casebook, "Low-cost 
timers govern switched-mode regula-
tor" (Dec. 18, p. 97), DI should be a 
high-current diode, such as the 
MR830, and not the 1N914 shown. 
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Interested in 
higher performance 

software? 
The Mark Williams Company an-

nounces COHERENT r" a state of the art, 
third generation operating system. 
COHERENT is a totally independent de-
velopment of The Mark Williams Com-
pany. COHERENT contains a number of 
sóftware innovations not available else-
where, while maintaining compatibility 
with UNIX*. The primary goal of 
COHERENT is to provide a friendly en-
vironment for program development. The 
intent is to provide the user with a wide 
range of software building blocks from 
which he can select programs and utilities 
to solve his problems in the most straight-
forward manner. 
COHERENT and all of its associated 

software are written totally in the high-
level programming language C. Using C 
as the primary implementation language 
yields a high degree of reliability, port-
ability, and ease of modification with no 
noticeable performance penalty. 

time applications, 
• reliable power failure recovery 

facilities, 
• fast disc accesses through disc buffer 

cache, 
• loadable device drivers, 
• process timing, profiling and debug-

ging trace features. 

Software Tools 

Features 

'COHERENT provides C language 
source compatibility with programs writ-
ten to run under Seventh Edition UNIX, 
enabling the large base of software 
written to run under UNIX (from numer-
ous sources) to be available to the 
COHERENT user. The system design is 
based on a number of fundamental con-
cepts. Central to this design is the unified 
structure of i/o with respect to ordinary 
files, external devices, and interprocess 
communication (pipes). At the same time, 
a great deal of attention has been paid 
to system performance so that the 
machine's resources are used in the most 
efficient way. The major features of 
COHERENT include: 
• multiuser and multi-tasking facilities, 
• running processes in foreground and 

background, 
• compatible mechanisms for file, device, 
and interprocess i/o facilities, 

• the shell command interpreter—modifi-
able for particular applications, 

• distributed file system with tree-struc-
tured, hierarchical design, 

• pipes and multiplexed channels for 
interprocess communication, 

• asynchronous software interrupts, 
• generalized segmentation (shared data, 

writeable instruction spaces), 
• ability to lock processes in memory for 

real-time applications, 
• fast swapping with swap storage cache, 
• minimal interrupt lockout time for real-

*UN IX is a trademark of Bell Labs 

In addition to the standard commands 
for manipulating processes, files, and the 
like, in its initial release COHERENT will 
include the following major software com-
ponents: SHELL, the command inter-
preter; STDIO, a portable, standard i/o 
library plus run-time support routines; 
AS, an assembler for the host machine; 
CROSS, a number of cross-assemblers 
for other machines with compatible 
object format with 'AS' above; DB, a 
symbolic debugger for C, Pascal, Fortran, 
and assembler; ED, a context-oriented 
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after'ElY;GREP, a pattern 
matching filter; AWK, a pattern scanning 
and processing language; LEX, a lexical 
analyzer generator; YACC, an advanced 
parser generator language; NROFF, an 
Nroff-compatible text formatter; LEARN, 
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA, 
a package of accounting programs to 
control filespace and processor use; and 
MAIL, an electronic personal message 
system. 
Of course, COHERENT will have an 

ever-expanding number of programming 
and language tools and basic commands 
in future releases. 

• XYBASIC'e a state of the art Basic com-
piler with the interactive 
features of an interpreter. 

The unified design philosophy underly-
ing the implementation of these lan-
guages has contributed significantly to 
the ease of their portability. In particular, 
the existence of a generalized code gen-
erator is such that with a minimal effort 
(about one man-month) all of the above 
language processors can be made to run 
on a new machine. The net result is that 
the compilers running underCOHERENT 
produce extremely tight code very 
closely rivaling that produced by an expe-
rienced assembler programmer. Finally, 
the unified coder and conformable calling 
sequences permit the intermixture of 
these languages in a single program. 

Operating System 

Language Support 

The realm of language support is one of 
the major strengths of COHERENT. The 
following language processors will be 
supported initially: 
• C a portable compiler for the 

language C, including 
stricter type enforcement 
in the manner of LINT. 

• FORTRAN portable compiler support-
ing the full ANS Fortran 77 
standard. 

• PASCAL portable implementation of 
the complete ISO standard 
Pascal. 

In part because of the language por-
tability discussed above, and in part be-
cause of a substantial effort in achieving 
a greater degree of machine-indepen-
dence in the design and implementation 
of the COHERENT operating system, 
only a small effort need be invested to 
port the whole system to a new machine. 
Because of this, an investment in 
COHERENT software is not tied to a 
single processor. Applications can move 
with the entire system to a new processor 
with about two man months of effort. 
The initial version of COHERENT is 

available for the Digital Equipment Cor-
poration POP-11 computers with memory-
mapping, such as the POP 11/34. 
Machines which will be supported in the 
coming months are the Intel 8086, Zilog 
Z8000, and Motorola 68000. Machines 
for which ports are being considered are 
the DEC VAX 11/780 and the IBM 370, 
among others. 
Because COHERENT has been devel-

oped independently, the pricing is excep-
tionally attractive. Of course COHERENT 
is completely supported by its devel-
oper. To get more information about 
COHERENT contact us today. 

Mark 
Williams 
Company 

1430 W. Wrightwood Ave.. Chicago, IL 60614 
TEL: 312-472-6659 TWX: 910-221-1182 
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was fast in its day. But now 
there's a 27S185 that leaves it 
in the dust. 

The Signetics 2Kx4 PROM Announcing the worlds 
fastest 21(x4 PROM. 
Our new Am27S185A has a 

max commercial* access time of 

SEE YOU LATER, 
SIGNETICS. 



35 nsec. Guaranteed. That's about 
3 times faster than the original. 
Even our standard 278185 is 
twice as fast as the original. 

What's our secret? IMOX II 
IMOX II is Advanced Micro 

Devices' very advanced selective 
oxidation process. It lets us make 
faster PROMs by increasing 
density and decreasing capaci-
tance. With IMOX II on your side, 
you'll be as far ahead of your 
competitors as we are. 

Look out, World! 
Advanced Micro Devices is out 

to make the fastest, the most 
reliable, the most stable family of 
PROMs in the world. 
IMOX II is going to help. So is 

platinum silicide. (That's what 
we use in our fuses instead of 
nichrome.) Not one of our fuses 
has failed in over six billion hours 
of testing. Not one. There isn't 
anybody anywhere who can offer 
you that kind of reliability. 
What about military perfor-

mance? Our PROMs are designed 
with fully voltage compensated and 
temperature compensated bias 
networks. The result: Incredible 
stability over the entire military 
supply and temperature ranges. 
Of course, we give you MIL-

STD-883 for free. Always have, 
and always will. 

If you want to know where 
PROMs are going, come on over 
to Advanced Micro Devices. 

Advanced Micro Devices CI 
901 Thompson Place, Sunnyvale, CA 94086 (408) 732-2400 

Right, From The Start. 

.0° to + 75°C 



206 Series CTS 
DIP Switches 
are used to 

conveniently pro-
gram circuits in a wide variety 
of electronic equipment. They 
range from consumer prod-
ucts such as garage-door 
openers and video games to 
more sophisticated telecom-
munications, data processing 
and instrumentation applica-
tions. 
CTS Keene, Inc., Paso 

Robles, Calif., manufactures 
these versatile switches, using 
our Plenco 597 phenolic 
molding compound for the 
switch's molded base. 
The base pays a key role 

in switch performance; it must 

provide rigid anchoring for the 
contacts and terminals. Your 
597 thermoset': reports CTS, 
"was chosen for its strength, 
insulation properties, dimen-
sional accuracy and ability to 
withstand the high tempera-
tures involved in soldering': 

To switch in Plenco selection, 
experience and service on 
your own particular molding 
application, simply dial 
(414)458-2121. 

FeL.E.NICC) 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53081 

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

News update 

al An X-ray scanning system that 
produces three-dimensional, moving 
pictures of bodily organs will get its 
first tryout on humans this year. 
Encouraged by the system's resolu-
tion and performance in tests on ani-
mals, researchers at the Mayo Clinic 
Biodynamics Research unit in Roch-
ester, Minn., are under way on a test 
that would scan approximately 50 
persons during 1981, according to a 
Mayo source. 
The scanning system, called a 

dynamic spatial reconstructor [Elec-
tronics, Oct. 12, 1978, p. 40], oper-
ates somewhat like computerized 
axial tomography but produces 3-d 
pictures rather than CAT scanners' 
two-dimensional images. Using mul-
tiple X-ray tubes, the DSR performs 
up to 60 scan sequences per second 
and generates images of as many as 
240 1-millimeter-thick slices of a 
cylindrical volume 30 centimeters in 
diameter and 30 cm long. 
Many views. The machine costs $3 

million and weighs 17 tons. It pro-
duces 75,000 cross-sectional views of 
a body in the same time a CAT scan-
ner needs to produce one. 
The systems's two computers (a 

Modcomp Classic and a Control 
Data Corp. Cyber 170) digitize this 
mass of data, assigning it coordi-
nates within the volume of tissue 
being scanned. They then can ma-
nipulate the information to recon-
struct images with 3-d perspective on 
a television screen. 
The images may show internal 

organs from any desired angle, in 
part or in whole, in motion or in 
stop-action format. They can be 
rolled, rotated, tipped, or enlarged 
on screen. 
Mayo researchers are working on 

a display system that will use a vari-
able-focus membrane mirror to pro-
duce true 3-d images, says Earl H. 
Wood, Mayo project director. Still 
at least a year away, the system 
would let researchers walk around 
the images and examine and even 
"dissect" them electronically, he 
adds. "We should be able to do 
everything a surgeon does in an 
autopsy, only do it noninvasively, 
repeatedly, and on living bodies," 
Wood predicts. -Linda Lowe 
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Cherry dependability.., in an alphanumeric display that's 
readable in sunlight, any light and installs in seconds 
Excellent brightness, full half-inch 
characters, 7-bit ASCII input and 
simple plug-in installation make 
the Cherry gas discharge display 
the right choice for you. Surprising 
versatility in a small package— 

CHE 1-

adjustable brightness, flashing dis-
play and blank panel modes, fully 
addressable cursor, custom designs, 
too. Call or write today for complete 
technical literature or a full demon-
stration. 

Take a closer look: 
2 simple plugs are the only 
hook-up required. 
Only one voltage (12VDC) required. 
Selectable baud rate with 
RS232C or TTY standard. 
5 adjustable brightness leyels. 
16 or 20 characters long. 

10  GAS DISCHARGE DISPLAYS 
CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue. Waukegan, IL 60085-312/689-7700—TWX 910/235-1572 
Our worldwide affiliates and phone numbers: Cherry Semiconductor Corp., East Greenwich, R.I., U.S.A., 401 463 6000 • Cherry Mikroschalter GmbH, Auerbach, Germany 09 643 181 • Cherry Electrical 
Products Ltd., Harpenden IHerts) England, 105827) 63100 • Cherco Brasil Industria E. Comercio Ltda., Sao Paulo, Brazil, 011 246 4343 • Hirose Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511 
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TRIAC 
DRIVER 

OPTOCOUPLERS 
Now, you have a choice! 

This new TRW Optron series of 
optically coupled isolators features 
triac driver output in a standard six 
pin dual in-line plastic package. 

The OPI3009, OPI3010 and 
OPI3011 are directly interchangeable 
with Motorola types MOC3009, 
MOC3010 and MOC3011. 

Each device consists of a 
gallium arsenide infrared emitting 
diode optically coupled to a 
photosensitive silicon bilateral switch 
which functions like a triac. 

The OPI3009, OPI3010 and 
OPI3011 are designed for threshold 
trigger currents of 30 mA, 15 mA and 
10 mA, respectively, to latch the 
outputs. These trigger currents are 
design parameters over a 
temperature range of 0 to + 70°C 
with expected operation of 50,000 
hours minimum. The series can be 
used to control any power triac 
requiring a gate current of up to 100 
mA. 

A major application for triac 
drivers is to interface between the 
electronic controls of a home 
appliance and the power triacs which 
control solenoids, power supplies, 
motors, or heating elements. An 
added advantage is complete 
electrical isolation between the 
controls and the 120 VAC load. 

New triac driver optocouplers 
are immediately available from your 
nearest TRW Optron authorized 
distributor or the factory direct. 
Applications Note No. 110 on the 
triac driver series and information on 
upcoming 240 VAC versions, the 
OPI3020 and OPI3021, are available 
from TRW Optron, 1201 Tappan 
Circle, Carrollton, Texas 75006 
U.S.A. TWX 910-860-5958 • Tel 
214/323-2200. 

TRW OPTRON 
A DIVISION OF TRW INC. 

People 

McAdams must ride herd 

on world electronics standards 

As the new president of the Interna-
tional Electrotechnical Commission, 
William A. McAdams must direct 
the thrust of international standardi-
zation for the production, transmis-
sion, and utilization of electrical 
energy. And in the 1980s that will 
increasingly include the standardiza-
tion of parts, interfaces, and net-
works on a worldwide basis—not an 
easy task, as he readily agrees. 
McAdams comes to the presiden-

cy of Geneva-based IEC with sound 
credentials. He served as vice presi-
dent of the commission's U. S. 
National Committee from 1960 
through 1968 and then became its 
president through 1974. In industry, 
he has been responsible for the exter-
nal standardization efforts of Gener-
al Electric Co., most recently as 
manager for industry standards on 
the executive staff at corporate 
headquarters in Fairfield, Conn. 
McAdams, 62, retired last March 
and has continued as a consultant to 
GE since then. 

Holding a bachelor of science in 
physics and mathematics from 
Washington College, Chestertown, 
Md., McAdams has worked as a bal-
listics engineer for Du Pont, as a 
research physicist on the Manhattan 
District nuclear project in World 
War II, and as a research and engi-
neering spedalist in the field of radi-
ation protection. 
Two areas McAdams intends to 

examine during his three-year tenure 
are those of telematics —two-way 
communication via television—and 
plug and socket standards. He notes 
that the first area will present some 
difficulties in that the International 
Standards Organization has been 
responsible for all computer and 
telecommunications work, but that 
all semiconductor companies are 
firmly attached to the IEC. "IBM has 
been satisfied with the ISO's work, 
and the computer and data-process-
ing industries in the U. S. also have a 
voice on the iso through CBEMA [the 
Computer and Business Equipment 
Manufacturers Association]," he 

IEC head. Wiliam McAdams, now a consul-

tant to GE, wants faster action on standards. 

points out. "It will be a difficult 
move to get them interested in the 
work the IEC is doing." 
The discussion on plug and socket 

standards has been going on for the 
past 10 years, McAdams notes, add-
ing that "there are several different 
designs in place. A new standard 
might create more of a hazard than 
using the older ones." 

Farber attacks problem 

of computer availability 

"How would you like it if you were 
locked out of your office for a ran-
dom two hours each day?" asks 
David J. Farber, a professor of elec-
trical engineering and computer 
science at the University of Dela-
ware. One of the three principals in 
the software consulting firm of 
Caine, Farber & Gordon Inc. in Pas-
adena, Calif., and codesigner of the 
Snobal programming language, Far-
ber finds that question relevant to 
the problem computer systems face 
in the office-of-the-future market. 
"Computer systems must be avail-

able and robust to an extent well 
beyond that considered adequate in 
today's computer marketplace," he 
says. "Though there are a few excep-
tions," Farber told the recent Inter-
national Conference on Computer 
Communications in Atlanta, "the 
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131 11/2® LSI 11/23® 
COMPONENT PRODUCTS 

WHY IS FIRST COMPUTER YOUR BEST 
SOURCE FOR DEC'S LSI-11/2 
and LSI-11/23 MICROCOMPUTER 
PRODUCTS? 
FIRST COMPUTER IS THE WORLD'S 
LARGEST SPECIALIZED DISTRIBUTOR 
FOR LSI-11 and LSI-23 
MICROCOMPUTER PRODUCTS_ 

No—We don't sell capacitors or 
resistors! We only sell products 
manufactured by Digital Equipment 
Corporation and other leading 
manufacturers which enhance the 
LSI-11/2 and LSI-11/23 
Microcomputer Products. 

FIRST COMPUTER SAVES YOU 
VALUABLE DOLLARS! 

Because of our volume purchasing 
power we can acquire the products 
at the lowest possible cost. These 
savings enable us to offer the best 
price available anywhere. Bel ore 
you buy, investigate our price and 
save dollars. 

Registered trademark of Digital Equipment Corpceation 

Trademark First Computer Corporation 

C4 

FIRST COMPUTER SAVES YOU 
VALUABLE TIME! 

Because of our large inventory we 
can provide you with off-the-shelf 
delivery on the complete line of 
Digital Equipment Corporation's 
factory fresh Microcomputer 
Products. We are just a phone call 
away, or if you prefer you can TWX 
us your order. With pre-approved 
credit we can ship anywhere in 
the United States or Canada within 
24 hours. 

FREE TECHNICAL AND 
APPLICATION ASSISTANCE. 

Because we specialize in LSI-11 /2 and 
LS!-11/23s we can provide you with 
technical assistance to help you 
determine the products which best 
meet your application requirements. 
We utilize these products every day 
in our Commercial, Laboratory, Array 
Processor, and Image Processing 
Systems Our application experience 
can help you avoid costly mistakes. 

-711 

FULL MANUFACTURER'S WARRANTY. 

When you purchase your LSI-11/2 
and LSI-11/23 products from FIRST 
COMPUTER you receive the full 
manufacturer's Return to Factory 
warranty. All warranty claims will be 
handled by First Computer with 
courtesy & dispatch. FIRST COMPUTER 
stands behind each of the products 
we sell. 

WE ARE A RECOGNIZED LEADER IN 
THE DISTRIBUTION OF LSI-11/2 and 
LSI-11/ 23 PRODUCTS. 

No wonder so many people are 
turning to FIRST COMPUTER to 
provide them with their 
Microcomputer requirements. You 
owe it to yourself to investigate 
what FIRST COMPUTER can do for 
you! We stand ready to serve you. 
You can bank on us. 

TWX NUMBER 910-651-1916 

computer corporation 
corporate square/825 north cass avenue/westmont, i II i nois 60559/(312) 920.1050 

SOUTHERN REGION 
Houston. TX 

WESTERN REGION 
California To be announced) 

NORTH CENTRAL REGION 
Chicago. IL 

Circle 15 on reader service card 



Now RCA 
CMOS bursts 

into color. 
New video interface Microboard has all 
you need to design a custom terminal. 

For the first time; a 
CMOS Microboard with: 
• up to 128 user-program-

mable characters 
• 8 programmable colors, or 
• black and white display 
• audio output for tones or 

white noise 
• parallel input port for key-

board 
• graphics and motion 
• NTSC and PAL versions. 
So you can: 

• program graphs, charts, 
messages 

• get any combination of 
sounds 

• add a keyboard for human 
interaction 

Alphanumerics. Color. Graphics. 

r A.X 
w i3 E y 
$ X ct 

Special characters. 

• use it with any RCA Micro-
board computer 

• use our optional program-
ming design aid, the VIS 
interpreter (CDP 18S835). 
Plus, you get all the ad-

vantages of CMOS, making 
it ideal for industrial controls. 

For more information on 
the CDP18S661, contact any 
RCA 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. 

- r 
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Another reason to 
switch to CMOS. 

Overlay. Programmed sound. 

Re/1 

People 

Keep 'em up. Software expert David Farber 

says availability has to be built in. 

commercial computer companies 
don't have the attitude that the com-
munications vendors have toward 
higher accessibility." 

This availability has to be engi-
neered into the hardware and soft-
ware. Says Farber: "Very large-scale 
integration offers a solution to the 
problem. In hardware, it offers a 
path to such self-checking processors 
as Intel Corp.'s iAPX432. as well as 
multiprocessor architecture with 
built-in fail-soft capabilities that let 
the user buy into an appropriate lev-
el of software reliability." 

Farber sees the office-of-the-
future concept as a natural blending 
of computer and communications 
technology, and he is no stranger to 
either. His consulting firm has devel-
oped software for some of Intel's 
communications chips and he had a 
hand in designing the Distributed 
Computer System. This was a pio-
neering local ring network oriented 
to distributed processing. 

"In the office-of-the-future indus-
try, software speed is not as impor-
tant as robustness and ease and safe-
ty of change." But, "most impor-
tant," Farber concludes, "is a funda-
mental change in the attitude of ven-
dors toward realizing that where 
computers are involved in assisting 
human-to-human communications, 
they must adopt the attitude of the 
communications companies toward 
the availability of the product." E 
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One of these 
creatures is extinct... 

the other 
should be! 
Both of these ancient animals are 
extinct ... only one of them doesn't 
know it. And if you're still using a 
Carbon comp "resistaur" in your circuit 
design, there could be a big savings for 
you just by switching to Mepco/Electra's 
new SFR low cost, Metal Film Resistors. 
In addition to saving as much as 50% 
on resistor costs, you'll get a boost in 
circuit performance and add dollars to 
your bottom line at the same time! 

Meet the new SFR Resistor. Don't risk 
becoming an endangered species! Fill out the 
attached coupon. Mepco/Electra will send you 
all the information you need to convert your 
circuits from Carbon 
Comp "resistaurs" to 
state-of-the-art low cost SFR 
Metal Film Resistors. After all, 
nowadays everybody's bottom 
line can use some added dollars. 

For the lowest price and 
immediate delivery on your 
SFR Resistors, rely on 
Mepco/Electra, your 
resistor/capacitor company. 

For all your SFR Resistor needs 
call Don Freeman now at 
(817) 325-7871 or your local 
Mepco/Electra distributor. 

MEPCO/ ELECTRA, INC. 
• .NITH AMMO( PHILIPS 

P.O. Box 760, Mineral Wells, TX 76067 
(817) 325-7871 TWX 910/890/5855 

E 1 -1 3 
Get a dinosaur of your very own! 
If you place an order for 
Mepco/Electra's new Low Cost 
Metal Film Resistors within 90 days 
of receipt of your Carbon Comp to 
Metal Film Data Package — We'll 
send you a dinosaur of your very 
own so you won't have withdrawal 
symptoms caused by getting rid of 
your other "dinosaur". 

Name 

Company 

Address 

City State Zip 

Application 

Your resistor/capacitor company with the technology of the 80's edge. 
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Set your sites on Intel's new 
Introducing Intel's 2764 EPROM. The only 28-pin 
JEDEC-approved EPROM in volume production today. 

If you survey the field, you'll discover 
it's been hard to find high density and 
high speed in an EPROM. Until Intel 
introduced its new 2764—the one 
that has both. Plus Intel's complete 
family of EPROMs—including the 
2764—allows you to get control of 
tomorrow's memory costs today. 

The EPROM standard 
of tomorrow 
Like its predecessor, the 2732A, 
our new 2764 is fabricated by Intel's 
proven fourth-generation EPROM 
technology, HMOS*-E. This tech-
nology allows us to shrink 2764 die 
sizes down dramatically, making this 
the smallest 64K EPROM chip in 

production. And HMOS-E makes 
possible the 2764's standard access 
time of 250 ns. Which means you 
now have an alternative when you 
need high speeds and high 

densities—in applications such 
as controller systems for automated 
milling machines, vector color 
graphics displays, and over-the-
horizon terrain radar. 

In addition to high performance, 
the 2764 brings flexibility and cost 
control to your system designs. • 
Like all of Intel's EPROMs, the 



64K EPR6M. Now. 
2764's pinout conforms to the 28-pin 
JEDEC standard for Byte-Wide 
memories from 16K to 256K bytes. 
So when you design with 28-pin sites 
now, you can choose the EPROM 
that meets your needs today. Then 
upgrade your memory performance 
or density later—without any 
jumpers or expensive engineering 
changes. 

Intel's universal EPROM 
solution 

The 2764 represents the latest 
addition to our complete EPROM 
family—the only one that offers you 
a universal EPROM solution that 
begins with our industry standard 
2716 and 2732 EPROMs. 

With this solution, your EPROM . 
cost-per-bit will continue to drop. 

Intel's EPROM 
Production Ramp-up 

That means that by mid-1982, high-
speed, high-density EPROMs will 
cost no more per bit than the 
EPROMs you presently buy. That 
also means that when it's right for 
you to upgrade, you'll save valuable 
board space and get increased 
performance—at no cost penalty 

Getting all of Ihe 
EPROMs you 
need will be 
easier, too. We'll 
more than triple 
our production 
capability by 
the end of 1981. 
Plus, more than 
ten ROM and 
EPROM manu-
facturers have 

already committed to the JEDEC 

Byte-Wide memory pinout standard, 
further increasing your design 
choices. 

Our Byte-Wide memory family 
also includes the revolutionary 2816 
E2PROM. It shares the identical 
pinout and 2K-byte data capacity 
as our 2716 EPROM. But the 2816's 
E2 technology is the starting point 
for the next revolutionary step in 
non-volatile memories: in-system 
reprogrammability. Imagine the 
possibilities. Reconfigurable aircraft 
systems. Automatically adjusting 
machine tool controllers. Self-
calibrating measurement equipment. 
Until the 2816, these designs have 
been impossible. 
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Cost-Per-Bit Decline for Intel EPROMs 

Measuring the EPROM field 

Only Intel offers you an EPROM 
solution with the widest range of 
speeds, densities, and performance. 
We back up this choice with the 
proven reliability that comes from 
HMOS technology and ten years of 
EPROM manufacturing experience. 
Plus we offer field support and 
technical documentation that leads 
the industry all the way. 

For further information about Intel's 
EPROM family, including the new 
2764 and 2816 E2PROM, contact 
your local Intel distributor or sales 
office. Ask for the "Intel EPROM 
Applications Manual." Or write directly 
to Intel Corporation, Literature 
Department, 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. 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 
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More board testing. 
Zehntel announces 
three new advancements 
for the industry's 
most production-minded 
in-circuit tester. 

New! THE PRODUCER- reduces 
programming time and costs. 

In a few days or even a few 
hours, you can generate complex 
test programs that might take 
weeks or months with other 
testers. An extensive test template 
library lets you produce an entire 
digital/analog test program by 
simply calling up test elements 
stored in memory. 

With CRT prompting in simple 
English, syntax correction, choice 
of formatting, and more, THE 
PRODUCER gets you into produc-
tion testing faster. 

parecedere 

New! DATA DIRECTOR'" 
simplifies complex LSI testing. 

Now you can test microproces-
sors and other LSI devices by 
"talking" to them in the language 
they understand. By responding 
directly to LSI instruction codes, 
the DATA DIRECTOR simplifies 
programming and testing of the 
most complex LSI printed circuit 
boards. 
With the TROUBLESHOOTER 

800 - and DATA DIRECTOR, in-
circuit testing of LSI and hybrid 
boards becomes as cost-effective 
and efficient as analog testing. 

TEST COMPLETE 

eTACli DIAGNOSTIC PRINTOUT TO BOARD 

INSTALL NEXT BOARD 



Less test programming. 
New! THE VERIFIER - ends costly 
program reworking. 

Take automatic program verifi-
cation off your wish list . . . THE 
VERIFIER lets you fine-tune your 
test programs during the program 
generation phase by automating 
many tedious debugging tasks. 
You start production testing 

with a program that works under 
actual production conditions. Your 
testing is not delayed for rework-
ing of the program. Like all 
TROUBLESHOOTER 800 features, 
THE VERIFIER helps keep your 
test production moving. 

Production-line-designed for 
fast board test throughput. 

The TROUBLESHOOTER 800 is 
designed for maximum efficiency 
on the production floor. The table-
top is clean and uncluttered.The 
keyboard tucks away inside. 
External controls are reduced to 
two buttons. The diagnostic 
printer is on the front, in easy 
reach but out of the way. There's 
nothing to hamper the smooth 
flow of production testing. 
With the TROUBLESHOOTER 

800, you get today's most 
production-oriented design, 

combined with today's most 
sophisticated in-circuit test tech-
nology. For full details. send for 
our TROUBLESHOOTER 800 bro-
chure, or call Plantronics 
Zehntel, 2625 Shadelands Drive. 
Walnut Creek, CA 94598, 
(415) 932-6900. 

le PLAN TRONICS 
Zehntel 
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with remarkable ease. A light pen, data tablet 
or high-performance digitizer give you flex-
ible options for entering data. And 3-D rota-
tions allow 
you to view 
objects on 
the CRT 
from any 
desired 
angle. 

Graphics on the powerful 
computers: a fast way 

Today's complex computation and design 
tasks call for some very sophisticated graphics 
tools to help you peer into the heart of a prob-
lem. At HP, we build most of these capabilities 
right into our Series 9800 desktop units. 

For example, our top-of-
the-line Series 9800 System 
45C includes a greatly en-
riched graphics language 
that lets you manipulate 
4,913 shades of color 

11111111111111111111111111111111111111H 
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HP Series 9800 desktop 
to focus on the facts. 

For monochromatic applications, the 
System 45B, as well as our new, low-cost HP 
85, also provides advanced graphics software. 
And when you add an input peripheral and 
our four-color plotter, you've got a full-function 
graphics workstation—a completely integrated 
computing system that operates under your 
own personal control. 

Power you can get 
your hands on. 

1101 As friendly as ever. 

To complement this graphics capability, 
our powerful IMAGE data base management 
package on the disc-based System 45 models 
lets you store, retrieve, sort, modify and ana-
lyze large amounts of technical data 
and efficiently. User-addressable memories up 
to 449K bytes give you plenty of room for 
complex manipulations. And hooking up to 
measuring instruments is a simple matter 
of choosing from among four protocols avail-
able: HP-IB, Bit-Parallel, BCD or RS-232-C. 

Even with major increases in power 
and graphics capabilities, HP desktop 
computers retain the easy-to-use fea-
tures that have always been their 
hallmark. These include simplified 
programming in our HP Enhanced 
BASIC language (or optional assem-
bly language on some models); built-
in operating systems that let you 

37004 

start solving problems as soon as you turn the 
computer on; and reliable, low-maintenance 
operation. 

Plenty of room 
for growth. 

If your applications require a larger data 
base, you can link your desktop computer to 
our powerful HP 1000 or HP 3000 computer 
systems (and to non-HP computers as well). 
Communication is easily managed—both 
async and bisync protocols are available— and, 
by combining the relative strengths of desk-
tops with our larger computers, you get a 
remarkable degree of flexibility for process-
ing scientific, engineering and managerial 
information. 

If you'd like to find out more about how 
HP Series 9800 desktop computers can help 
improve your engineering productivity, just 
contact your local HP sales office listed in the 
White Pages. Or write for more information to 
Hewlett-Packard, Attn: Pete Hamilton, Dept. 
685, 3404 East Harmony Road, Fort Collins, 
CO 80525. 

10/3 HEWLETT PACKARD 

HPOC 98 
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Editorial  

Keeping an eye on the watchers 

The controversy roiling the waters over at the 
Institute of Electrical and Electronics Engineers 
goes much deeper than who should decide the 
outcome of a referendum on an amendment to 
the IEEE's constitution (p. 332). That dispute 
involves the election tellers' committee, the 
board of directors, outside legal counsel, and the 
general staff. 

All the fuss, however, is likely to obscure an 
even more important point. The amendment was 
proposed by the same group of people—the 
board of directors—that has now declared it 
passed. Moreover, the measure not only estab-
lishes the office of president-elect but also great-
ly enhances the directors' power over election 
timing and procedures [Electronics, Aug. 28, 
1980, p. 24]. So now we have the spectacle of a 
body appointing itself the ultimate judge of 
whether its own proposals have or have not been 
accepted. 

In its haste to ratify the amendment, the 
board has managed merely to enlarge the group 
of skeptics and potential antiestablishmentarians 

1981: more good than bad 

As the New Year started, the electronics indus-
tries were smitten with an attack of uncertainty. 
After gliding smoothly through the 1980 reces-
sion, the market was said to be showing signs of 
decline. The temptation is to think that a down-
turn like the one in 1975 is here. But that should 
be resisted. Remember that times have changed 
since then. 

Producers of electronic equipment are now in 
better shape to weather a dip than they were five 
years ago. With inventories low and backlogs 
built up, there is no reason to believe that they 
will not be able to absorb declining bookings. 

Also, all the portents are that any decline will 

among the institute's members. Surely a little 
more time spent deliberating the matter would 
have gone a long way to shore up the faith of the 
rest of the IEEE in its leadership. 
A third, and perhaps as important, issue con-

cerns the recent confusion over how votes should 
be counted. Until now, there apparently was no 
hard and fast rule as to whether all votes — yes, 
no, and blank—count or whether only the yeses 
and noes should be tallied. There have been some 
close referendums the past few years, and it is 
interesting to contemplate how they may have 
been affected by the manner in which ballots 
were tabulated. 

It is unlikely that the IEEE board deliberately 
tried to slip its amendment past the membership 
by counting the votes in a particular way. It is 
more plausible to suppose we have witnessed yet 
another case of bad planning coupled with a lack 
of legal sophistication. But in any event, it might 
be time for the IEEE's members to ask quis 
custodiet Ipsos custodes —who will guard the 
guards? 

be relatively short-lived, perhaps lasting only 
through the first half of 1981. In any event, even 
the most pessimistic prognosticators say that the 
worst will be over by April. And with venture 
capital plentiful once again after a long drought, 
the prospects for the long term are still better for 
electronics than for many other industries. Also, 
with companies less inclined to lay off personnel, 
they will be able to catch the uptrend. 
So the year ahead, while not all good, certain-

ly does not shape up as one to be feared. In fact, 
with the pervasiveness of electronic technology 
spreading so rapidly, years to be feared might 
just be bad memories. 
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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 • UL output • TTL I/O 

Industrial I/O Cards: 
Relay output • Driyeroutput•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. 

-DLL PRO-LOG CORPORATION 
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15th Annual Television Conference, 
Society of Motion Picture and Tele-
vision Engineers (862 Scarsdale 
Ave., Scarsdale, N. Y. 10583), St. 
Francis Hotel, San Francisco, Feb. 
6-7. 

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. 

28th Industrial Relations Conference, 
EIA, Canyon Hotel, Palm Springs, 
Calif., Feb. 17-19. 

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

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

Spring Compcon 81, IEEE Computer 
Society, Jack Tar Hotel, San Fran-
cisco, Feb. 23-26. 

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

1981 ACM Computer Science Confer-
ence and Technical Symposium on 
Computer Science Education, Asso-
ciation for Computing Machinery 
(John W. Hamblen, Conference 
Chairman, University of Missouri— 
Rolla, Rolla, Mo., 65401) Stouffer's 
Riverfront Towers, St. Louis, Feb. 
24-26 (conference) and 26-27 (sym-
posium). 

Information Utilities '81, Online Inc. 
(11 Tannery Lane, Weston, Conn. 
06$83), New York Hilton, New 
York, March 2-4. 

Fifth International Conference on 
Software Engineering, IEEE et al., 
Town and Country Hotel, San Die-
go, Calif., March 9-12. 

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 Department, Louviers 
3113, Wilmington, Del. 19898), 
John M. Clayton Hall, University of 
Delaware, 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 
Inc. (625 Ellis St., Suite 212, Moun-
tain View, Calif. 94043), Züspa 
Convention Center, Zurich, Switzer-
land, March 10-12. 

Spring Conference, Sperry Univac 
Series 1100 Users, USE Inc. (Box 
461, Bladensburg, Md. 20710), 
Grand Hyatt Hotel, New York, 
March 16-20. 

14th Annual Simulation Symposium, 
IEEE 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. 

1981 Office Automation Conference, 
American Federation of Information 
Processing Societies (P. O. Box 
9659,1815 N. Lynn St., Arlington, 
Va. 22209), Albert Thomas Conven-
tion Center, Houston, Texas, March 
23-25. 

Fifth International Conference on 
Digital Satellite Communications, 
IEEE et al., Congress Building, Inter-
national Fair of Genoa, Genoa, Ita-
ly, March 23-26. 

Digital Communications Techniques 
Seminar, IEEE and Princeton Univer-
sity Department of Electrical Engi-
neering, Princeton University, 
Princeton, N. J., March 24. 
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MK4802: 
The fastest, highest 
density static available. MOSTEK 

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 TM 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 BYTEWYDE me-
mories. Contact Mostek, 
1215 W. Crosby Road, Car-

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

Europe Mostek Brus-
sels 660.69.24. 

• 1980 kilosiek Corporation ve-YeEk*. and BYTEWYDE are trademarks of Mostek Corporation. 
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Introducing the Intellec Series Ill. The 
system for designers who want the 
technological heights. 
Onily Intel offers both state-of-the-art microprocessors 
like the iAPX 86, iAPX 88 and 8051, plus development 
systems like our new Series Ill, 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 performance 16-bit micro-
system. The iAPX 88, the industry's 8-bit 
price-performance champion. The 
8051, the industry's most powerful 
single-chip microcontroller. And the 
industry's only development system that 
fully supports the newest technology: 
the Intellec e Series Ill. 

Get versatility and performance 
in one development system 
Series NI is 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. Fibs, the Series 
lit's one megabyte address space and 
7.5 megabyte hard disk capacity allow 
you to increase compilation throughput 
by a ¡actor of 5—compared to previous 

Inte/lec® Series III Development System 

Intellec systems—while accommo-
dating unusually large, stand-alone 
development projects. 



Electronics newsletter 

Analysts expect Look for International Business Machines Corp. to join the personal 
computer competition with much smaller systems than it now has, aimed smaller IBM systems 
at a relatively unsophisticated customer. That was the consensus last week 
at a seminar, "Mass Marketing of the Small Computer," conducted by the 
New York Society of Security Analysts. The feeling there was that, 
although the small-computer market is dominated now by Apple and 
Radio Shack, Armonk, N. Y.—based IBM's recent efforts to market direct-
ly to the end user at its own retail stores like the one in Philadelphia 
foreshadow such a product thrust. 
The analysts also expect Japanese companies to become a big factor by 

the end of the year, competing heavily for an as yet untapped pool of 
consumer dollars. Many of those present agreed that independent service 
organizations and modular portable software will go a long way toward 
fueling the growth of Japanese companies' market share in the U. S. 

MIT researchers The Massachusetts Institute of Technology has unveiled a true three-
d 3- d LED dimensional display using a plate of light-emitting diodes mounted on a evise  

turntable and spinning around its vertical axis. David G. Jansson, a 
display system member of the staff of MIT'S Cambridge, Mass., Innovation Center, says 

that the display could be used in medical, computer-aided design, radar, 
sonar, and other applications and that the institute is looking for 
licensees. The 2-by-2-in. prototype plate holds an array of 4,096 LEDs and 
spins 15 to 20 times per second (900 to 1,200 rpm), with 256 images 
displayed during each revolution. Persistence of vision, plus close LED 
spacing-32 to the inch—make for a fairly high-resolution display viewa-
ble in three dimensions from all angles except those perpendicular to its 
axis of rotation —that is, immediately above or below. The .display is 
computer-driven via a capacitatively coupled data link having a bandwidth 
of nearly 63 Mb/s. 

Sevin resigns 

as head of Mostek 

L. J. Sevin has resigned as chairman and chief executive officer of Mostek 
Corp., the company he founded in 1969. His announcement surprised a 
meeting of the directors of United Technologies Corp., which acquired 
Mostek a year ago. The 50-year-old Sevin was unavailable for comment, 
but his company said that he is "examining personal opportunities, 
including some which would involve UTC." Meanwhile, Mostek president 
Charles V. Prothro, 38, assumes Sevin's duties at the Carrollton, Texas, 
semiconductor memory maker. 

VLSI Technology Inc., Backed by $10 million in equity financing, VLSI Technology Inc. is moving 
from concept to reality. The investment makes it the largest semiconduc-led by Synertek trio, 
tor startup since Zilog Inc. in 1974. The firm, formed in 1979 in Los 

ready to enter market Gatos, Calif., plans to provide original-equipment manufacturers with 
tools and training to design their own systems on a chip, to design circuits 
for customers with no or overloaded in-house capabilities, and to produce 
products that can be customized, such as mask-programmable read-only 
memories and gate arrays in high-density mos and complementary-mos 
technologies. The management includes three cofounders of Synertek 
Inc. —president Jack Balletto and vice presidents Dan Floyd and Gunnar 
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Wetlesen —and chairman Q. T. Wiles, former group vice president and 
general manager of TRW Inc.'s Electronic Components divisions and 
currently chairman of Granger Associates. 

Seisyn indicator 

aimed at steel 

To help computerize the aging U. S. steel industry, ILC Data Device 
Corp., Bohemia, N. Y., is offering an indicator linked to a selsyn that will 
provide a digital readout of positional information on steel rollers. It also 
has a direct digital computer interface. Replacing some analog meters in 
steel-monitoring systems, the SI-500 unit accepts inputs from a five-wire 
selsyn, converting this positional information into a digital signal using a 
10-bit synchro-to-digital converter and an 8-bit microprocessor. 

Signetics to turn out Working closely with its Signetics Corp. affiliate in Sunnyvale, Calif., NV 
Philips Gloeilampenfabrieken's Data Systems division expects to see first 

two-c hi CPU for silicon next quarter on a proprietary 16-bit central processing unit that 
Philips' minicomputer represents a large-scale integrated implementation of its popular P800 

minicomputer series. Comprising two chips—an instruction execution unit 
and a memory management unit—fabricated in a dense n-mos process 
with 3.5-µm minimum features, the CPU will support virtual memory 
management, dynamic code changes, and multiprocessor structures, as 
well as coprocessors for decimal and floating-point operations. Mean-
while, Signetics, which is making the chips for the Philips division in 
Apeldoorn, the Netherlands, is considering whether to offer the set 
commercially or to become an alternative source for certain members of 
Motorola's 68000 16-bit microprocessor family. 

Network Systems 

to broaden line 

Flush with an influx of funding from its initial public stock offering at the 
end of 1980, Network Systems Corp., Brooklyn Park, Minn., will be 
pushing to broaden its base in the burgeoning market for digital network-
ing systems. Several pilot installations are planned during 1981 for 
Hyperbus, a local network system designed specifically with an eye toward 
linking fast display terminals, instrumentation equipment, and distributed 
minicomputers having speeds of up to 5 mb/s and built by a variety of 
manufacturers. Also in the works is a satellite line adapter for the 
company's existing Hyperchannel network line, which currently employs 
coaxial cable using fixed burst rates of 50 Mb/s. Other products in 
development include a maintenance adapter for monitoring information 
flow within local networks and a shared bulk memory product, known as 
Hypercache, for use in Hyperchannel networks. 

Addenda The first incarnation of BBN Information Management Corp.'s InfoMail, 
the hardware-independent applications software package for electronic 
mail [Electronics, Nov. 6, 1980, p. 48] will run on Digital Equipment 
Corp.'s VAX operating system and sell for $30,000. The Cambridge, 
Mass., firm plans at least three more versions—two of them adapted to 
IBM systems—later this year. . . . Britain's BICC Ltd., a $3 billion maker 
of electrical equipment, is buying Boschert Inc. of Sunnyvale, Calif., a 
leading producer of switching power supplies, for $29 million. 
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QUALITY ROMs 
NOW IN 64K•SIZE, TOO. 

That's right, but only from 
Electronic Arrays. 

Because only EA brings you its 
8K, 16K, 32K — and now its 64K 
ROMs, too—with the benefits 
of fully automatic assembly, right 
here in Mountain View, California! 

'What's it mean to you? 
It means on-time delivery. You 

get your ROMs when we say you 
will. Period. 

And Quality. From automated 
assembly, excruciating QA and 100% 
high temperature final test. 

And it means service. And 
follow-through.The kind we're 
rapidly becoming famous for. 

So when you need a 64K ROM, 
but only the finest will do, you need 
to call us. Electronic Arrays, 550 East 
Middlefield Rd., Mountain View, CA 
94043. (415) 964-4321. 

ELECTRONIC ARRAYS  

THE HOUSE OF ROMs. 

An 
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A PAL you can count on. 
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Announcing two new arithmetic PALs that replace 
ALUs and bit slices,use less space and power. 

The PAL16A4 and 
PAL16X4 are in 
production now and in 
stock at your Monolithic Memories' 
distributor. They are the latest 
two members of the 20-pin 
Programmable Array Logic 
(PAL) family. 

Both new PALs feature 
exclusive-OR gates and gated 
feedback which allow you to perform complex 
arithmetic functions such as addition, subtrac-
tion and counting. And both allow you to save 
up to 75% in parts count over old-style random 
logic. 

New capabilities in the same 20-pin 
SKINNYDIP. 

PALI 6X4 is an AND/NOR/Exclusive-OR 
array with four programmable I/O pins, four 
registers each with internal feedback and a 
three-state output. It's suitable for use as a 
programmable counter or a between-limits 
comparator. 

The PAL16A4 
provides the same 
capabilities as the 

PAL16X4, with the addition 
of a parallel-carry and an on-board 

accumulator which allow 
it to perform as an ALU 

accumulator. 
Use them in controllers for 

floppy-disk systems, for hard-
disk systems or for CRTs ... wherever space 
and power must be conserved. Their low power 
dissipation and 20-pin SKINNYDIP packaging 
make them the board designer's dream. 

Ask for complete details. 

Contact your nearest Monolithic Memories 
franchised distributor or sales representative 
for full technical data on the entire 15-device 
20-pin PAL family. 

Monolithic Memories, Inc., 1165 E Argues 
Ave., Sunnyvale, CA 94086. 

PAL and SKINNYDIP are trademarks of Monolithic Memories, Inc. 

HOTLINE! 
For express product information, call toll-free: 

(800) 528-6050 Ext 131. In Arizona: (800) 352-0458 Ext 131 

Monolithic EtE 
Memories 
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FAIRCHILD 

A Schlumberger Company 

You like what you've heard 
about the FAST family of 
Advanced TTL Logic, but you 
want to know more, right? 
That's easy. Just sign up. 

Announcing  the new, 
expanded FAST Technology 
Seminar. Applications com-
parisons,  reliability,  delivery, 
ordering  information —every-
thing you need to know,  at no 
cost  from the  people who 
know it best—the Fairchild  
FAST Marketing Application 
Team. 

You get a FAST data book, 
a workbook containing all of 
the materials presented in the 
seminar, samples and avail-
ability information. 

And you get all the latest 
input on the technology that's 
delivering up to 40% more 
speed than Schottky, with a 
reduction in power of up to 
75%! And up to 75% more 
speed than low-power Schottky. 

The Fairchild FAST Appli-
cation Seminar. Just check 
the listing for the city and date 
most convenient for you, fill out 
the coupon and mail it in. We'll 
send you a confir-
mation with the 
seminar location, 
and a seating 
guarantee. 
FAST. 

Where and when. 
Feb. 4. 1981 - 
Santa Clara, CA (408) 987-9530 
Feb. 5. 1981 - 
Seattle, WA (503) 641-7871 
Feb. 6. 1981 - 
Portland, OR (503) 641-7871 
Feb. 9, 1981 - 
San Fernando Valley, CA (213) 990-9800 
Feb. 10. 1981 - 
Los Angeles, CA (213) 990-9800 
Feb. 11, 1981 - 
Anaheim, CA (714) 557-7350 
Feb. 12, 1981 - 
Irvine. CA (714) 557-7350 
Feb. 13, 1981 - 
San Diego, CA (714) 557-7350 
Feb. 16, 1981 - 
Phoenix, AZ (602) 864-1000 
Feb. 17, 1981 - 
Salt Lake City, UT (801) 566-3691 
Feb. 18, 1981 - 
Denver, CO (303) 794-8381 
Feb. 19, 1981 - 
Minneapolis, MN (612) 835-3322 
Feb. 20, 1981 - 
Chicago, IL (312) 640-1000 
Feb. 23, 1981 - 
Dallas, TX (214) 234-3391 
Feb. 25, 1981 - 
Houston, TX (713) 771-3547 

1 

Feb. 26, 1981 - 
Huntsville, AL (205) 837-8960 
Feb. 27. 1981 - 
Atlanta, GA (205) 837-8960 
March 2, 1981 - 
Detroit, MI (313) 478-7400 
March 3, 1981 - 
Cleveland, OH (216) 587-3600 
(Pioneer Electronics) 
March 4, 1981 - 
Dayton, OH (513) 236-9900 
(Pioneer Electronics) 
March 5, 1981 - 
Indianapolis, IN (317) 849-5412 
March 6, 1981 - 
Tulsa, OK (214) 234-3391 
March 9, 1981 - 
Boston, MA (617) 237-3400 
March 10, 1981 - 
Stamford, CT (516) 293-2900 
March 11, 1981 - 
New York, NY Area (516) 293-2900 
March 12, 1981 - 
Philadelphia, PA (215) 657-2711 
March 13, 1981 - 
Baltimore, MD (301) 730-1510 
March 16. 1981 - 
Orlando, FL (305) 834-7000 
March 17, 1981 - 
Fort Lauderdale, FL (305) 771-0320 

And how: 
Fill out and mail FAST to guarantee your reservation. Or call 
the local number in your area. 

daro  Name 

090 3rts 

14 f 194 tzolne-

/00 b4 le( 

t Title Phone ( ) 

/ Company 

Address  

City  

State Zip  

Seminar Location  

Mail to: Fairchild FAST Seminar 
P.O. Box 7880LSI 
Mountain View, CA 94042 

FAST made easy. 
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Electronics review  
Significant developments in technology and business 

Ada computer 
on five boards 
set to bow 
by Ana Bishop, Assistant New Products Editor, 
and R. Colin Johnson, Microsystems & Software Editor. 

Western Digital modifies 

its Pascal Microengine 

to run programs in new 

high-level language 

First off the starting block with a 
computer that runs the high-level 
language Ada is Western Digital 
Corp., which has adapted its five-
chip Pascal Microengine for the pur-
pose. In addition, it will offer the 
Ada machine as a multiboard sys-
tem, rather than on the single board 
of the Pascal implementation. 
The Newport Beach, Calif., com-

pany owes much of its jump on the 
competition to its interest in Tele-
Software Inc., which wrote the first 
commercial Ada compiler. However, 
other microprocessor and systems 
makers are certain to be in the run-
ning. Intel Corp. has already said its 
forthcoming 32-bit microprocessor 
will be designed to execute Ada. 
The highly modular language, 

developed for the Department of 
Defense, is sparking interest among 
makers of all types of computing 
machinery, and a number of compa-
nies are reporting work that should 
result in systems applications [Elec-
tronics, Dec. 18, 1980, p. 39]. For 
Western Digital, producing the mi-
crocode for the instruction set 
proved relatively easy because Ada 
is a superset of Pascal. 
The two Microengine chip sets 

have the same 16-bit arithmetic and 
logic unit and associated registers. 
Only the three control read-only 
memories are different. At a system 
level, however, the new offering 
looks much different. 

The Pascal Microengine was 
packaged as a single-board computer 
with a floppy-disk controller, and 
expanding its capabilities proved 
extremely difficult. The Ada Micro-
engine will come in a system that is 
spread over five boards (see figure). 

Expandable. Moreover, its box 
and modular bus will accommodate 
five more boards, such as more 
input/output cards or some of the 
boards that are yet to come. Among 
those planned are a hard-disk con-
troller, a real-time clock, and data-
encryption and bus-error-detection 
cards. 
The company will be selling its 

five-board ME1660 for $6,210 in 
original-equipment-manufacturer 
quantities, with full production 
scheduled for April. A $12,750 sys-
tem configuration, the ME1675, will 
include a cathode-ray-tube terminal, 
a line printer, and two 8-inch floppy-
disk drives. 

Since the Ada Microengine is tai-
lored to the new language, it should 
offer one of the fastest execution 

speeds available. But, it can expect 
considerable competition from In-
tel's iAPX-432, because this power-
ful 32-bit machine also is being 
designed specifically for Ada. 

However, the Santa Clara, Calif., 
company has said it is aiming the 
432 at multiprocessing applications 
and possibly mainframe replacement 
[Electronics, Nov. 6, p. 42]. The chip 
set may sell for around $3,000 when 
it becomes available in the second 
half of this year. 

Also later this year, Digicomp 
Research expects to introduce a 
dual-processor board-level computer 
that will run on the Ada compiler 
from TeleSoftware with the Micro-
engine chip set on one board and a 
Z80 8-bit processor on the other. 
Thus, users will be able to run the 
many high-level languages compiled 
for the Z80, as well as Ada. The 
system will plug into the popular S-
100 bus, as does the Ithaca, N. Y., 
company's just-introduced Z80—Pas-
cal Microengine duo (see p. 290). 
An Ada compiler is an eagerly 

GENERAL-
PURPOSE 

CONTROLLER 
(FOR 

CUSTOM 
INTERFACE) 

RANDOM-
ACCESS 
MEMORY 
BOARD 
(128-K 
BYTES) 

INPUT/ 
OUTPUT 
PORTS 

(4 SERIAL, 
PARALLEL) 

FLOPPY. 
DISK 

CONTROLLER 

CENTRAL 
PROCESSING 

UNIT 
(FIVE-CHIP 

SET) 

10-SLOT MOTHER BOARD 

Ada on the boards. In adapting its Microengine chip set to the high-level language Ada, 

Western Digital has developed a multiboard, expandable 16-bit computing system. 
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awaited item, and TeleSoftware has 
already shown its preliminary ver-
sion at the recent Association for 
Computing Machinery conference in 
Boston. The San Diego, Calif., com-
pany, underwritten by Western Digi-
tal and General Electric, is headed 
by Pascal popularizer Kenneth L. 
Bowles. The software actually will 
compile an Ada subset, but it will 
lack only some little used features of 
the full language. Such important 
features as its multitasking facilities 
will remain. 

Peripheral equipment 

Redesign drops cost 

of minifloppy to $85 
An $85 tag on a minifloppy-disk 
drive suggests consumer applica-
tions, and that's what Micro Periph-
eral Inc. intends for its new model 
61. The Chatsworth, Calif., compa-
ny has knocked $170 to $200 off the 
quantity price of its standard 5.25-
inch unit by paring down its design. 
"The personal computer manufac-

turers tell us the minifloppy is the 
logical choice for mass memory stor-
age if price and performance are 
right," says Robert E. Didion, exec-
utive vice president and chief operat-
ing officer. As in small-business 
computer applications, the devices 
offer a better price per bit than hard-
disk drives and are more adaptable 
than semiconductor memories. Com-
pared with the tape cassettes that 
many personal computers now use, 

they can be randomly accessed and 
store more data. 
Such inexpensive key peripherals 

are increasingly seen as a necessity if 
personal computers are to realize 
their market potential. In fact, it is 
likely that other manufacturers will 
follow in Micro Peripheral's tracks. 

Retention. The model 61 retains 
most of the performance of the mod-
el 51, which is part of Micro Periph-
erals' principal product line aimed at 
business applications. For example, 
it can handle a 250-K-byte single-
sided disk, and a double-sided ver-
sion in the works will give it the 
same capacity as the model 52. 
What the company did was to 

make over a broad-based design that 
can work with most minicomputers 
into one that will serve just a few 
types of machines. Its engineers 
stripped down the standard unit to 
its essential functions, replaced its 
expensive industrial-grade compo-
nents with cheaper ones, and thus 
redesigned its support electronics. 

First they did away with the inter-
face electronics that allows the busi-
ness line to plug into most small 
computers without changes. Then 
they removed the sensing functions 
that monitor read/write activity for 
error recovery. However, the sensing 
circuitry will be an option. 
The engineers also took a hard 

look at the components list and took 
such tacks as replacing the servo-
controlled motors with units posi-
tioned mechanically. Thus the step-
per motor cost drops from $20 in the 
model 51 to less than $5 in the model 
61, and the drive motor drops from 

Stripped down. Micro Peripheral's new minlfloppy-disk drive for personal computers (left) is 

a simpler version of its small-business product line (right) that performs nearly as well. 

$10 to $3.50, the company says. 
The net result is to simplify the 

drive electronics. Micro Peripherals 
cut the component count some 30% 
from the 148 parts in the model 51. 
Also helping keep costs low is the use 
of existing tooling, die castings, and 
other production equipment. 
As for the model 61's performance 

specifications, "they are very close to 
the model 51," Didion claims. Aver-
age access time is between 5 and 8 
milliseconds against a guaranteed 5 
ms, and the data-transfer rate simi-
larly drops somewhat from the 51's 
125-kilobit-per-second rate. The 
seek-error rate should be about the 
same as the 1 in 106 guaranteed for 
the business drive. 

In fact, the only performance con-
cession should be reliability. For its 
business computers, Micro Peripher-
als guarantees 9,200 hours as the 
mean time between failures—and if 
the model 61 turns out to have a 
2,500-hour MTBF, that would be 
nearly three years of 15-to-20-hour-
a-week operation. -Larry Waller 

Communications 

Lightwave radios 

are getting closer 
With communication via fiber-optic 
cables well established, the next 
frontier for light-transmissive sys-
tems looks to be radio signals. Opti-
cal radio systems, with their high 
data capacities, could usurp micro-
wave territory in military, commer-
cial, and satellite applications, says 
Vincent W. S. Chan, staff member 
at the Massachusetts Institute of 
Technology's Lincoln Laboratory in 
Lexington, Mass. 

Optical radio has long been an 
enticing possibility, but atmospheric 
attenuation and scattering have been 
formidable obstacles. Now powerful 
laser sources and sensitive receivers 
make such systems possible. 

But they are not just around the 
corner. "Systems analysis at the 
optical frequencies often differs sig-
nificantly from that at lower fre-
quencies due to the vastly different 
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Talking with a submarine 

A major worry for the military is maintaining contact with a deeply 
submerged submarine. Radio waves do not propagate very far under water, 
so the submarine must often surface or trail an antenna, measures welcomed 
by the prying eyes of enemy satellites. Optical communications links from 
satellites may be the answer, since some light frequencies propagate 
through water with much less attenuation than radio waves. 
The U. S. Department of Defense has sponsored many studies of such 

systems—a blue green laser beam penetrates water reasonably well—and 
the first experiments are getting under way. Of major concern —even more 
so than the attenuation and scattering characteristics of the water —are the 
effects of clouds on light propagation, as is true with any optical radio 
communications system. 
Thus the Defense Advanced Research Projects Agency is sponsoring 

experiments with an airborne laser transmitter that will send a pulse-
position-modulated signal through a dense cloud cover to a ship on the 
surface. The experiment will use a neodymium-yttrium-aluminum-garnet laser 
with a frequency doubler giving a blue green color. It is scheduled for the 
middle of the year near California's San Clemente Island. -H. J. H. 

technologies of sources, modulators, 
and detectors," Chan says. Even 
optical noise is different from micro-
wave noise—quantum effects are 
important because of the discrete 
photon nature of the light signals. 

Chan's overview of the system 
architectures and technology issues 
is a high point of the session on 
optical radio communications at this 
week's National Radio Science 
Meeting in Boulder, Colo. Sponsored 
by the U. S. National Committee of 
URSI, the International Union of 
Radio Science, it covers a broad 
spectrum of radio communications 
issues, from radio astronomy to elec-
tromagnetic noise to signal and sys-
tem technologies. 
With satellites. In Chan's view, 

optical radio channels will be partic-
ularly important in satellite commu-
nications, including satellite-to-un-
derwater-receiver applications (see 
"Talking with a submarine"). De-
pending on the application, designers 
of the forthcoming systems will be 
wrestling with such problems as 
atmospheric turbulence, aircraft 
boundary-layer effects, and weather 
and ocean distortions—all phenome-
na that interfere but little with elec-
trical radio systems. 
A key question is the type of 

receiver and appropriate modulation 
scheme. "There are two architec-
tures to consider," Chan says. "Ei-
ther coherent (homodyne or hetero-

dyne) or incoherent (direct-detec-
tion) systems may be suitable, 
depending on which has the better 
specifications for the applications at 
hand." Unlike the situation in micro-
wave systems, direct-detection 
schemes are not always simpler and 
less expensive than coherent systems, 
which excel in pulling signals out of 
background noise. 

Comparison. One scheme for com-
paring the different kinds of receiv• 
ers is being covered at the meeting 
by Paul J. Curlander of Internation-
al Business Machines Corp.'s Infor-
mation Systems division in Boulder. 
After comparing idealized perfect 
systems, he reports that "for most 
practical data rates, the [theoretical] 
optimum receiver is at most 3 deci-
bels better than coherent homodyn • 
ing and 6 dB better than coherent 
heterodyning." Since receivers of 
either type are so close to the ideal-
ized optimum, given bandwidth and 
power constraints, any needed sys-
tem improvement must be sought 
elsewhere. 

However, there is a place for inco-
herent, or photon-counting, optical 
radio systems, says Edward C. Pos-
ner of the Jet Propulsion Laboratory 
in Pasadena, Calif. In an admittedly 
futuristic scenario, he argues that for 
communication with satellites at the 
edge of the solar system, such an 
optical setup "could maintain an 
adequate imaging data rate on the 

order of 100 kilobits per second." 
That data rate would return more 

than enough video information to an 
earth station. However, acquiring 
the data for tracking a satellite could 
be a problem, he says, because the 
incoherent optical link lacks directiv-
ity and phase information. A micro-
wave link would be needed for this 
purpose. -Harvey J. Hindin 

Solid state 

Gate array tribe 

gets another family 
Semiconductor manufacturers are 
pushing the development of gate 
arrays because their uncommitted 
logic looks like a perfect avenue for 
exploiting the density advantages of 
large-scale and very large-scale inte-
gration. The newest family out the 
door is coming from Texas Instru-
ments Inc., which is introducing 
540- and 1,008-gate arrays and an 
accompanying arsenal of customiza-
tion software. 

Like many chip makers, TI be-
lieves that VLSI technology calls for 
specialized parts, because the vast 
number of logic elements on one 
integrated circuit means a system on 
a chip. Since systems ordinarily need 
to be customized for unique environ-
ments, the number of customers 
served by standard parts will drop 
sharply, the Dallas company figures. 

Logic arrays offer the same 
attraction as do microprocessors: 
customization through program-
ming. With fully automated gate-
positioning and wiring algorithms, 
the task of tailoring the array to an 
application becomes one of program 
writing. 

Evidence of the interest in gate 
arrays [Electronics, Sept. 25, p. 145] 
is found in the growing number of 
major semiconductor firms who are 
joining what has been a cottage 
industry. Ferranti, Motorola, and 
Signetics, among others (see pp. 163 
and 240) are major suppliers al-
ready; IBM and other mainframe 
companies make arrays for their own 
products; and American Microsys-
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Geometric patterns. Ti's Schottky-transistor-logic 1,008-gate array has 56 cells of 18 gates 

each in a pattern (left) that eases interconnection of points for cus:om zation (right). 

tems, Mostek, and more are plan-
ning to enter the field. 
The growing number of array 

manufacturers are opting for emit-
ter-coupled-logic technology for the 
highest speed, or complementary-
mos processes for low power. TI has 
taken a different approach by 
settling on Schottky transistor logic, 
or STL, an advanced form of diode-
transistor logic. 

Drawbacks. "You can't use ECL in 
the office environment because the 
cost penalties for cooling are hard to 
justify," says L. R. "Gib" Gibson, 
manager of TI'S gate-array design 
program in Houston. As for c-m0S, 
he says, it is unable to drive high 
load capacitances, so that intercon-
necting critical paths without adding 
extra gates is difficult. 

Neither of these drawbacks is pre-
sent in STL technology, which has a 
density advantage over TTL. None-
theless, TI says it will produce future 
arrays in additional technologies— 
and since it has all but dropped out 
of the ECL race, c-mos is a good bet. 

Another advantage of STL arrays 
is the easy adaptability to automated 
wiring because the points to be inter-
connected can be laid out in a 
straightforward geometric pattern. 
In the 1,008-gate array in the photo-

graph, the basic cell is a rectangle 
that contains 18 five-output gates 
and accompanying load resistors. 
Like IBM, TI uses a triple-level metal 
system with logic signals on the first 
two and power and ground signals on 
the third. 

Design rules. The new chips are 
built with 3.8-micrometer design 
rules, but TI has already figured out 
what will happen when its STL is 
scaled down to 1.4-µm rules. The 
typical gate propagation delay of 2.5 
nanoseconds will plummet to half a 
nanosecond, where the fastest ECL 
arrays are right now. The propaga-
tion delay for c-mos gates ranges 
from 3 ns for recent chips to 25 ns 
for older designs. 
The company is shooting for avail-

ability of its two parts in the second 
half of this year. The 540-gate array, 
in a 40-pin plastic package, will cost 
somewhere between $20 and $25 in 
quantities of 10,000, a price tag that 
matches competitive chips. However, 
the charge for developmental work 
on the customizing could go up to 
$40,000, somewhat higher than the 
competition's. 

Since gate arrays are input/out-
put-intensive and demand pin-laden 
packages, TI will be offering leadless 
chip carriers. -John G. Posa 

Consumer 

Computers, chips 

bow in Las Vegas 
Showgoers are trekking their way 
home from the annual Consumer 
Electronics Show that ended Sunday 
in Las Vegas, having seen examples 
of steady technological development. 
Among the introductions on hand 
were a speech-synthesis board with a 
fixed vocabulary of numbers and 
words intended for clocks and desk-
top calculators, new personal com-
puters, and chips designed for televi-
sion and television-related applica-
tions. There were even some new 
electronic games. 

General Instrument Corp. used 
the show to unveil its VSM-0232 
speech module, a board-level version 
of its forthcoming SP-0256 speech 
processor on a chip [Electronics, Nov. 
6, p. 41]. The 31/4-by-5-inch board 
can work as almost a plug-in module 
for applications that can use its fixed 
vocabulary, which is oriented to time 
and mathematics. 

It will cost $49 each in quantities 
of 100 or more, and users who need a 
custom vocabulary for small-volume 
applications will be accommodated 
at a higher price. GI's Microelectron-
ics division, Hicksville, N. Y., ex-
pects that large-volume users will 
order the SP-0256 integrated circuit 
with a custom built-in read-only 
memory and will use the board as a 
development tool. 

Personal computers. Continued vi-
tality in the personal computer field 
is evidenced by the number of prod-
uct introductions at the show. Hew-
lett-Packard Co. is expanding its 
personal computer line designed for 
businessmen and technical users 
with the $2,250 HP-83, which elimi-
nates the tape cartridge drive and 
thermal printer of the HP-85 and 
leaves the choice of peripherals to 
the user. 

Both computers may be hooked up 
to disk drives and line printers, but 
HP expects that potential HP-83 
users will jump at the $1,000 savings 
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Cogitronics 

Corporation 

• High Order Languages 

• Floating Point Libraries 

• Software Management Tools 

• Consulting, Training, Customizing 

PROFESSIONAL 
SOFTWARE 
TOOLS 

PASCAL Language Compiler 
• Full Jensen-Wirth PASCAL (ISO Standard) 
• Modular Programming (Separate Compiles) 
• System Engineering Extensions 
• Generates Source Assembly Language 
• User Support Library Delivered in Pascal Source 

MICRO Language Compiler 
• Block Structured 
• System Product Oriented 
• Modular Programming (Separate Compiles) 
• Rich Selection of Operators, Data Types 
• Generates Source Assembly Language 

S-BASIC Compiler/Interpreter 
• Block Structured Extensions 
• Interpretive Execution Mode 
• Compiles into Source Assembly Language 
• Rich Selection of Data Types and Operators 
• Extended Variable-name Set 

FPAC- Floating Point Library 
• IEEE Standard Representation 
• Add, Subtract, Multiply, Divide 
• Trig, Log, Exponentiation, Square Root Functions 
• Data Conversion Functions 
• Fully-defined Error Handling 

PASCAL We've made certain that our 
Pascal compiler will accept virtually any 
program that adheres to ISO standards. 
To this base, we've added extensions to 
give you mapped variables, modular pro-
gram development, user-supplied I/O 
routines, embedded assembly language, 
and linkage to MICRO Language external 
routines. 

Our Pascal produces the source assembly 
language of your target processor direct-
ly, with Pascal source statements includ-
ed as assembler comments. Your Pascal 
listing output includes a structure profile, 
auto-indentation, and symbol cross 
reference. 

We include a complete Pascal support 
subsystem that is user-modifiable. It can 
be expanded or reduced, depending on 
the facilities of the language that you use, 
and the I/O structure of the system that 
you are building. And, to speed your 
design, we give you your user support 
library in Pascal source. 

MICRO We designed the MICRO lan-
guage specifically for the professional 
microprocessor systems engineer. It has 
all of the control structures and data 
types that you need to accomplish true 
high order, block structured design. 
MICRO also gives you simple and efficient 
conformance to ROM and RAM segmenta-
tion and location requirements, separate 
module compilation, and inclusion of 
embedded assembly language blocks. 

When we designed the MICRO language, 
we placed particular emphasis on speed 
of operation and efficiency of code pro-
duced. 

The MICRO compiler produces the source 
assembly language of the target pro-
cessor, with MICRO source statements 
included as assembler comments. MICRO 
doesn't change your symbols. And the 
MICRO listing output includes a structure 
profile, auto-indentation, and symbol 
cross-reference. 

S-BASIC We've added block structured 
control statements, extended variable 
names, powerful string manipulation, and 
both interpretive and compilative modes 
of operation to give you system develop-
ment capability in the efficient and 
familiar BASIC language. 

Within the environment of the S-BASIC 
Command Processor/Line Editor, you can 
develop and logically debug your pro-
grams. When you're ready, you can com-
pile them into source assembly language. 
Then you can assemble, link, load, and 
verify them with your customary develop-
ment system tools. 

As with our Pascal, the run-time support 
subsystem for compiled S-BASIC can be 
tailored to fit your system's requirements. 

FPAC Library The FPAC library con-
forms fully to proposed IEEE standards 
for single precision floating point 
representations and error handling con-
ventions. With the FPAC Library, you get 
Add, Subtract, Multiply, Divide, Trig Func-
tions, Exponentiation, Logarithmic Func-
tions, Square Root, Data Conversion pro-
cedures from ASCII string to floating 
point and back, Data Conversion pro-
cedures from integer to floating point and 
back, and additional utility procedures. 
We deliver your FPAC Library to you in 

source assembly language, on machine-
readable media, and with complete 
documentation. 

Environment All our products are 
available to run on the GenRad/Fu-
turedata 2300 Development System, and 
the Tektronix 8002A and 8550 systems. 
Target processors are Z-80 and 8080/8085. 
The Z-80 versions of our products take 
advantage of the Z-80 architectural 
features to produce smaller, faster code. 

We're currently working on supporting 
more target processors on more hosts 
with our products. We're also building 
new software development tools. So, if 
you didn't see your favorite processor or 
host above, chances are we're working on 
it. Give us a call and we'll discuss your 
requirements with you. 

Demonstration Kit You can order a 
Customer Demonstration Kit for Pascal, 
MICRO, or S-BASIC. Each Customer 
Demonstration Kit contains: 

• One 8" Demonstration Diskette, 
• One Cogitronics notebook, 
• Complete documentation, 
• Installation and operating instructions. 

With your demonstration kit, you can 
write test programs that show the speed, 
power, and quality of Cogitronics pro-
ducts. 

For more information, or to order your 
demonstration kit, call us at (503) 
645-5043, or write to: 

Cogitronics Corporation 
5470 N.W. Innisbrook Place 
Portland, Oregon 97229 

Copyright 1981 Cogitronics Corporation. All rights reserved. 
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Phone directory takes typed inputs 

Automating a common office chore with microprocessor control, a personal 
telephone directory and dialer will recall a phone number as the user types in 
the name. The Zelex 910 uses a Zilog Z80 and in its basic configuration can 
store up to 70 names and numbers in random-access memory. 
The desktop unit's Mylar keyboard may be used to alter the directory and 

includes a key to activate the automatic dialer. To call up a number, the user 
simply types in the name or part of the name; as soon as enough letters 
appear for the Z80 to pick out the right entry, the name and number appear 
on the vacuum fluorescent display. 

Most automatic dialers work by associating a designated key with each 
entry or with punch cards for each entry, but the first type's directory is 
limited by the number of its keys and the second type requires individual 
insertion of each card. The $695 Zelex 910 is limited only by the number of 
2-K-by-8-bit Mostek 4816 RAMs it can hold; it is expandable to about 340 
entries in 90-name increments at about $1 per name. 

Pilot production of the new machine is under way at Zelex Corp., a 
fledgling Santa Ana, Calif., firm. President Richard D. Alexander says that a 
major design goal was to hold down component costs by such tactics as a 
time shared driver chip for both keyboard and display and software imple-
mentation of functions. -Larry Waller 

over the HP-85. The Palo Alto, 
Calif., company also introduced new 
business software that will run on 
both the 83 and 85. 

Powerful hand-held calculators, 
long an HP speciality, were another 
area of innovation, with a new HP-
41CV that holds 2,000 lines of pro-
gram data, five times the memory of 
the previous top-of-the-line model. It 
will cost $295, and the HP-41C's 
price tag will drop $45 to $250. 

Bridging the gap between hobbyist 
and small-business personal comput-
ers is the aim of introductions made 
by two other manufacturers. APF 
Electronics Inc. of New York pre-
sented its Imagination Machine II as 
a complete small-business computer 
system. The $1,100 basic unit uses a 

cassette memory and has interfaces 
for floppy-disk drives and for a ran-
dom-access memory module. 
The Imagination II can display 

color alphanumerics and graphics 
using a standard color TV receiver, 
as can the new $300 VIC 20 [Elec-
tronics, Dec. 18, p. 35] from Commo-
dore Business Machines Inc., Nor-
ristown, Pa. Both machines generate 
small displays: 16 lines of 32 charac-
ters each for the Imagination II and 
23 lines of 22 characters each for the 
VIC 20. 
TV chips. With the home TV set 

doubling as a display for videotex 
systems, video disk players, and the 
like, integrated circuits that enhance 
this role are becoming available. At 
its hospitality suite, GI, for one, 

showed a three-chip set that will let 
personal computer makers include a 
videotex decoder. 
The company has drawn on its 

experience in making chip sets for 
England's Prestel viewdata system, 
which sends information over tele-
phone lines, and for electronic games 
that use the TV set as a display. In 
quantities of 10,000, the decoder 
chip set will sell for about $25. 

With video cassette recorders of-
fering high-speed playback and fast 
forwarding, the Variable Speech 
Control Corp. of San Francisco has 
decided it is time for an IC that 
incorporates its pitch-correction 
technique [Electronics, Aug. 22, 
1974, p. 87]. The linear bipolar cus-
tom lc will be coupled with a Matsu-
shita bucket-brigade-device chip to 
eliminate the distortion that accom-
panies speeded-up sound. It can also 
be used with the video disk players 
that are beginning to appear. 
Games, too. No Consumer Elec-

tronics Show would be complete 
without new electronic games, and 
Gabriel Industries is one company 
that obliged this year. The New 
York division of CBS Inc. introduced 
a hand-held electronic version of its 
popular board game, Othello. 
An 8-bit Rockwell International 

microprocessor provides eight levels 
of difficulty in the game, mulling 
over 10,000 possible moves at the 
highest level. Othello will go on sale 
in the first quarter, but it will not 
come cheap: list price is set for 
around $120. -Gil Bassak 

Peripheral equipment 

3.5-in, floppy disk 

raises density levels 
Sony Corp. is diving into office auto-
mation with a splash, introducing a 
desktop word processor that has an 
innovative smaller floppy-disk drive, 
as well as what amounts to an elec-
tronic typewriter fitting handily into 
a briefcase. Indeed, packing per-
formance into small spaces seems to 
be a Sony goal, for its 3.5-inch 
Micro Floppy disk drive features 
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ILITY 
...WE HAVE IT 

Whatever your requirements in instrumentation 
tape recording, no-one provides more options 
than SE. From 4 to 42 track, lab or field, midband 
or wideband, HDDR, ac or dc, we have the 
answer in a reliable upgradeable product. 

SE 7000 — 
Intermediate Band 
Field-portable, IRIG compatible, 0. 111111111 
recorders with modular signal 
processing electronics. 1/2 inch 01111 
and 1 inch tape, field o1111• 
convertible. 7 to 42 channels V, 
FM, direct, and HDDR. Direct .'"% 014. 
bandwidth to 600 kHz, FM to 
80 kHz and HDDR to 1 
megabit/sec. Eight 
speeds, from 15/16 to 
120 ips. 

1111 N11141Hle 

SE 8-4 
Ultra-Lightweight 
Only 25Ib for 4 track on 1/4 inch 
tape, 30Ib for 8 track on 
1/2  inch tape. 60 kHz direct, 
10 kHz FM, in any channel 
mix, plus voice interrupt. 
3 selectable speeds 
between 15/16 and 30 
ips. Built-in calibrator. 
ac, battery, 
or external 
12/24 Vdc 

1 i 

SE Labs For technical data and application bulletins please contact:— 

Our list of users, reads like a 'Who's — Who' in 
high technology. Join them and you have SE 
tapeability working with you — high performance 
and reliability, plus support services that are the 

envy of the industry. 

'101111/ 

SE 7000M — Multi band 
Laboratory performance in a 991b., 7 or 14 

channel, field-portable recorder. Up to 2 MHz 
direct, 500 kHz FM, and 4 megabit/sec HDDR. 

Eight speecls. 1/2 inch or 1 inch tape. Built-in 
calibrator-monitor provides complete system 

checkout in seconds. 

SE 3000 Series Portable 
IRIG compatible, 

55Ib recorders. Eight 
speeds, 15/32 to 60 ips. Direct 
bandwidth to 300 kHz, FM to 

40 kHz, HDDR to 0.5 
Mbit/sec. 4 to 8 channels 
on 1/4  inch tape; 7, 8 or 14 

channels on 1/2 inch 
tape. 1/4 inch units are 

field convertible to 
1/2 inch; ac or dc 
power supplies. 

Integral calibration 
and monitoring 

facilities. 

Data Recording Div., SE Labs (EMI) Ltd., Spur Road, Feltham, Middlesex TVV14 OTD, England. Telephone: 01-890 1477 Telex: 23995. 

EMI A Member of the THORN EMI Group. 
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Sony heads for the office 
In introducing its desktop word processor and its electronic typewriter that 
fits into a briefcase with plenty of room to spare, Sony Corp. is serving notice 
that it takes office automation seriously. The series 35 stand-alone processor 
should prove strong competition for units like the Wangwriter and the IBM 
Displaywriter, and the Typecorder typewriter already is proving to be an 
attention grabber. 
The series 35 has a base price of about $9,900 and includes a 55-

character-per-second, letter-quality daisy-wheel printer and two of the new 
3.5-inch Micro Floppy disk drives. The basic Wangwriter [Electronics, Dec. 
18, p. 36] from Wang Laboratories costs $7,500 with a 20-character /s 
daisy-wheel printer and a single 8-in, floppy-disk drive. IBM's Displaywriter 
[Electronics, July 3, p. 95] starts at $7,896 with a 40- or 60-character /s 
daisy-wheel printer and a single 8-in, floppy-disk drive. 
These prices include full-page displays and detached keyboards, and 

though it might appear that Sony has a price disadvantage, adding second 
drives to the competitive units boosts their cost above that of the series 35. 
Into a 17-by-13-by-5-in. package Sony fits the keyboard, the two drives, and 
a microcassette tape unit that can take inputs from the Typecorder. 

Weighing only 3 pounds, this silent typewriter uses a microcassette tape 
recorder rather than paper. Its output can be transferred to a printer, 
computer, or word processor. It has a built-in microphone for dictation —and 
the series 35 can be used as a playback unit for transcription. 
The Typecorder has a standard typewriter keyboard and a single-line 

liquid-crystal display. Though it is unlikely to replace conventional type-
writers, as the company claims it will, it could prove useful for executives who 
need to capture both voice and text information outside the office and who 
can justify the $1,400 cost. -T. M. 

design advances that give an unfor-
matted capacity of 437.5-x bytes, 
close to the middle of the wide range 
of capacities in competitive 5.25-
and 8-in, floppy-disk drives. 
The Japanese company has drawn 

on its expertise in consumer elec-
tronics design to boost the drive's 
storage capacity. Two of the small 
drives can be mounted right in the 
word processor's keyboard, contrib-
uting significantly to the system's 
compactness (see "Sony heads for 
the office"). 

Density up. The disk drive's capac-
ity stems from both greater track 
density and a higher bit density on 
the tracks. The inspiration for these 
improvements was the approach 
used in Sony's video recorder line. 
The engineers redesigned the head 

assembly to allow a much narrower 
recording track. The typical floppy 
disk has a block-shaped read/write 
head flanked by two erasing heads 
that pare away the irregular edges of 
the recorded track. Though this 
erasing scheme trims track width in 
order to increase the number of 
tracks, density hikes are limited to 

the degree that the width of the 
three-head assembly can be shrunk. 

Rather than being block-shaped, 
the Micro Floppy's read/write head 
has sides that narrow to the width of 
the data track in the region of the 
gap that performs the read/write 
operations. Rather than mounting 
erasing heads on either side, the 
engineers designed a single head that 
trails the read/write head. 
The result is equivalent to 135 

tracks per inch, compared with the 
48 or 96 tracks/in. of 5.25-in. mini-
floppies. These narrower tracks do 
require improved positioning accura-
cy for accurate reading and writ-
ing —but Sony takes a new tack by 
working on positioning of the disk 
rather than of the head assembly. 

Positioning. To reduce wear on 
the hub in the conventional soft plas-
tic medium as it is repeatedly 
impaled on the drive's tapered spin-
dle, the engineers designed a new 
disk-mounting and -centering system 
by adding an off-center rectangular 
slot to the hub. The drive has a cen-
ter spindle and an off-center pin, so 
that the disk can be lined up in only 

one easily repeatable position. 
Another adaptation of video re-

corder technology is the 500-oersted 
magnetic coating. This high-coerciv-
ity coating on the plastic of the flop-
py disk makes possible a recording 
density of 7,610 bits in each inch of 
track, versus the 5,000 to 6,000 
bits/in, of the larger floppies. 
The disk's packaging is also inno-

vative. A plastic case replaces a 
cardboard one, and a protective met-
al guard slides over the read/write 
opening when the disk is removed 
from the drive. The guard reduces 
the chance of dust contamination. 
The Micro Floppy's signal re-

quirements are compatible with the 
larger floppies, so the current crop of 
controller chips can be used with it. 
Sony's newly created Data Products 
division expects to be selling its first 
offering at a price comparable to 
that of the typical 5.25-in, disk 
drive—around $400. -Tom Manuel 

Microwaves 

TVVT design attains 

10 times more power 
With an eye to the military theater, 
Varian Associates is raising the cur-
tain on a traveling-wave tube that 
could give millimeter-wave technolo-
gy a major role in high-frequency 
radar systems. Engineers at the 
Microwave Tube division say the 
VTA-5700 has 10 times the power 
output of prior microwave sources, 
yet was achieved cost-effectively 
with what amounts to a gang-ma-
chining production technique and a 
coupled-cavity architecture. 
"The new TWT now gives design-

ers the high-power source needed to 
develop higher-resolution millime-
ter-wave radar systems," says Ar-
nold E. Acker, research and develop-
ment sales manager at the Palo Alto, 
Calif., division. The wavelengths of 
experimental radars in the 30-to-
300-gigahertz range are so short that 
they can pinpoint hard-to-detect tar-
gets, but their signal sources provide 
too low a power output to give good 
resolution of the reflected beam. 
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Powerful TWT. Varian Associate's new 

VTA-5700 TWT for millimeter-wave applica-
tions generates an average power 10 times 

that of previous microwave sources. 

The 35-GHz VTA-5700 provides 
more than 30 kilowatts of peak pow-
er with an average output of 9 kw at 
a 300-microsecond pulse length. 
Varian's best previous millimeter-
wave offering is a 12-year-old klys-
tron amplifier, a 35-GHz continuous-
wave tube that provides a 1-kw aver-
age output. 

Problem. The stumbling block 
with high-frequency tubes operating 
at millimeter-wave frequencies has 
been realization of a stable output in 
a design that requires a minimum of 
production-line tuning. "We were 
reluctant to enter the military arena 
with conventional TWTs, doubting 
that they could be practically pro-
duced at a reasonable cost, without 
first achieving significant advance-
ments in electron-gun and millime-
ter-wave—circuit design," says 
George Caryotakis, executive vice 
president of the Electron Device 
Group at Varian. 
Thus the designers gave careful 

attention to avoiding unwanted re-
flections of rf waves, which can de-
stabilize the output. They developed 
a new method of attaining precise rf 
matching between cavities and be-
tween circuit sections to provide the 

Have we 
got eyes 

for you. 
ney:»4 

When you need 
high speed geo-
metrically accurate 
grey scale image data, 
the Reticon MC520 

is the camera to use. 

100 X100 MATRIX CAMERA 

It can "see" 10,000 points in the chosen field of 
view and transmit the corresponding data with up 
to 256 grey levels to your equipment. Together with 
the RS520 controller, it offers the reliable high per-
formance system you are looking for in your pro-
cess control, non-contact inspection, surveillance, 
or robotics application. 

• 100% solid-state construction 
• Wide dynamic range 
• High reliability environmentally sealed enclosure 
• 25 to 500 frames per second 
• Remote operation of camera head up to 75 feet 

from controller 
• Bi-level threshold 
• Optional 6 or 8 bit analog to digital conversion 

We also offer a wide selection of line scan cameras 
with resolution from 64 to 2048 elements. 

With all cameras, EG&G Reticon offers an accessory 
package that makes it the most versatile system :o meet 
your needs, including: Interfaces to microprocessors, 
intelligent si..pport electronics, ligit sources, and a vari-
ety of optica; accessories. 

Call us to discuss your application. 

er% EGaG RETIrOè1 
345 POTRERO AVENUE 
SUNNYVALE, CA 94086 
TWX: 910-339-9343 

For assistance call: Boston (617) 745,7400, Chicago (312) 640-7713, 
San Francisco (408) 738-4266, Tokyo, Japan 03-343-4411. 
Wokingham, Berks, England (0734) 790772 
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needed power stability, along with 
minimum phase and gain variations 
"so important to high-resolution 
radar techniques," Acker says. 
The rf matching depends on a 

Varian version of gang machining, a 
well-known technique in which a 
multiheaded tool reduces the differ-
ences in tolerances among like parts 
by machining them simultaneously 
and reduces the number of parts by 
machining complex shapes in one 
pass. The coupled-cavity design per-
mits it to operate at higher powers 
more efficiently because it elimi-
nates the obstruction of helix delay 
lines other TWT architectures use. 

In the electron gun, the Varian-
designed modulating anode can con-
trol the beam without the usual con-
trol grids. Thus high-power perform-
ance improves, because the grids can 
intercept a portion of the beam. 

In operation, the TWT in the pho-
tograph on page 47 would have a 
beam-focusing electromagnet sur-
rounding the extension below the 
polished disk. "The VIA-5700 has 
the highest-density electron beam 
employed in a TWT," Acker claims. 
Current density is 1,000 amperes per 
square centimeter and power density 
approaches 50 megawatts/cm'. 

Use. The U. S. Army Ballistic 
Missile Defense Advanced Technol-
ogy Center at Huntsville, Ala., spon-
sored development of the VIA-5700. 
The initial application should be in a 
radar to be installed at the Kwaja-
lein National Missile Range in the 
Pacific. The radar is in design at the 
Lincoln Laboratory at MIT. 
The Army is also funding develop-

ment of a next-generation TWT, 

which Varian expects will operate at 
frequencies approaching 60 GHz. 
"Such tubes," Caryotakis notes, 
"are certain to influence new milli-
meter-wave system development in 
radar, communications, and elec-
tronic warfare equipment." 

Solid-state parts are not an alter-
native to microwave tubes in high-
frequency, high-power applications, 
he adds. Though that technology has 
reached frequencies approaching 20 
GHz and peak output powers of 
about 5 kw, it cannot reach them in 
the same part. -Bruce LeBoss 
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Packaging 

Sandwich design of pc board promotes 

direct soldering of leadless chip-carriers 

Separating the support and circuit 
functions of the printed-circuit 
board has led to a design that prom-
ises to realize an important goal: 
reliable direct soldering of leadless 
chip-carriers onto the board. The 
design—a thin double-sided pc 
board sandwiched to a dielectrically 
coated metal support plane—has a 
thermal coefficient of expansion 
close to that of the ceramic of the 
chip-carrier. 

The typical epoxy-glass laminated 
pc board has a higher expansion 
coefficient than the ceramic, which 
frustrates reliable solder connections 
of the two, particularly over a wide 
temperature range. Yet the im-
proved board densities the leadless 
chip-carriers offer have encouraged 
their use with very large-scale inte-
grated circuits [Electronics, July 3, 
1980, p. 40], usually with the help of 
an intermediary package like a sock-

POS terminal features bubble memory 

The first fruit of the joint venture of TRW Inc. and Fujitsu Ltd. is on display at 
this week's National Retail Merchants Association Show in New York, and as 
befits the venue, the introduction is a point-of-sale terminal. The TRW-Fujitsu 
Co. 7880 offers a bubble memory and plasma display— both as options— 
and a built-in magnetic-strip credit card reader. 

Moreover, the $3,785 POS terminal comes with a reliability figure of one 
breakdown per year as against four for the $4,475 terminal TRW has offered. 
The bubble memory and plasma display options, priced at $875 and $775, 
respectively, are geared toward specialty stores with one or two terminals 
per site and no on-line computer control. 
The Fujitsu bubble memory, which comes in 32- to 256-K-byte increments, 

can store operating programs, as well as transactional data like sales reports 
used on site and forwarded at predetermined intervals to a central computer. 
Other POS terminals have used disk or tape storage. 
The 320-character plasma display offers prompting for the operator and 

interactive display of the data being entered. Highlighting of information is 
possible because the display has two character sizes that may be inter-
mixed. The earlier TRW terminal uses a cathode-ray-tube display. 

Both TRW and Fujitsu have been major factors in the POS markets in their 
home countries, and the 7880 will be made by Fujitsu and marketed by TRW, 
with initial deliveries in the third quarter. The joint venture [Electronics, Sept. 
25, p. 102] also plans to introduce small-business systems. -Terry Costlow 
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NATIONAL ANTHEM 
Low pressure absolute transducers. 
High performance inside and out. 

Ion Implantation 
and new die sealing 

technology combine to 
yield six new 

high-stability transducers. 

National has just intro-
duced two all-new sei ies 
of low pressure absolute IC 
transducers in the LX1600 
and the LX1800 Families. 

By combining a state-of-
the-art Ion Implantation pro-
cess with a new die-sealing 
technology adapted especially for 
transducers, the new low pressure 
(±5 psia to 0-30 psia) LX 1600s 
and LX1800s meet guaranteed sta-
bility specs as low as -±1.7% FS. 

In addition, new cavity etching 
and low temperature processes 

assure high yield ICs. And that 
means consistent volume availability 

at very attractive prices. 
The LX1601/02/03-A and LX1801/ 
02/03-A transducers are fully signal-
conditioned and feature built-in 

temperature compensation and 
full voltage regulation. 

And both are available in the 
industry's widest variety of nylon, 
zinc or compact ceramic 
housings. As a result, these 

versatile new devices are just as 
much at home in rugged plumbing 
fixtures as they are in delicate 

PC boards. 
Low pressure absolute 

transducers from National. 
Proving once again that prac-

ticality comes in all kinds of packages. 
For more information, check number 

041on this issue's National Archives coupon. M 

Universal PLLs 
simplify AM/FM design. 

By combining ECL and I2L 
technologies, National designed the 

first single-chip AM/FM Phase-
Locked Loops that did not require 

external prescalers. 

National's DS8906 and DS8907 uni-
versal Phase-Locked Loops were the first to 
offer extremely low-noise operation with 
single-chip versatility. 

Thanks to their simple serial data inter-
face, these highly sensitive PLLs operate 
effectively with the COPSTM Family (or a wide 
range of other) microcontrollers. This uni-
versal approach makes the DS8906/07s 
ideal for any digital AM/FM radio design. 

No prescalers required. The DS8906 
and DS8907 were the first PLL frequency 
synthesizers to accept 120MHz directly. 
By reducing these functions to a single 
20-pin chip, National can offer the double 

advantage of small size plus high perfor-
mance and versatility. 

In addition to their AM and FM frequency 
references (500Hz and 12.5kHz, respectively 
for the DS8906;10kHz and 25kHz, respec-
tively for the DS8907), both PLLs feature 
a 50Hz "time of day" reference for digital 
clock radio designs. All generated from an 
on-board 4MHz crystal controlled oscillator. 

High volume production. National 
Semiconductor, a long-time leader in bipolar 
ECL/I2L technology, has their distributors 
well-stocked with both the DS8906 and 
DS8907 Phase-Locked Loops. And due to 
their current high volume' production, these 
versatile PLLs are very competitively priced. 

For complete information on National's 
low-noise Phase-Locked Loops, check 
box number 047 on this issue's National 
Archives coupon. 
COPS is a trademark of 
National Semiconductor Corporation. 

Now 
microcomputers 
know when 

they're making 
a mistake. 

Parity and Error Checking and 
Correction make National's BLC-8064 

Family many times more reliable 
than conventional microcomputer 

memories. 

Until now, microcomputers had to make 
do with conventional memory and the conse-
quences of undetected error. 

But now, National provides Error Check-
ing and Correction (ECC) or parity for their 
BLC-8064 Family of board level computer 
products: the BLC-8016 A&B (16K RAM), the 
BLC-8032 A&B (32K RAM), the BLC-8048 
A&B (48K RAM), and the BLC-8064 A&B 
(64K RAM).The A versions feature parity and 
the B versions feature ECC. 

These new Series/80 boards with ECC 
can deliver a dramatic improvement in reli-
ability over standard RAM boards.The kind 
of reliability that only minicomputers could 
supply in the past. 
A logical approach to system design. 

With ECC, all single-bit errors are detected 
and corrected so efficiently that the pro-
cessor never misses a beat. If a double-
bit error occurs, the board simply notifies 
the processor. 

BLC-8064 Family boards with parity 
notify the processor when they detect any 
odd number of bit errors. 

At this point, the system logic can be 
designed to either repeat the last opera-
tion, start the entire operation over again, 
proceed with an alternate set of opera-
tions, or it can shut the system down in an 
orderly manner. 

Vast new application possibilities. 
ECC and parity open up vast new microcom-
puter applications that were previously too 
sensitive to fluctuation and error to trust to 
conventional memory systems. 

Now microcomputers can be used with 
confidence in non-stop unattended equip-
ment for such things as environmental con-
trol, 24-hour banking, credit card issuance, 
petro-chemical refining, industrial automa-
tion and more. 

Leave it to the Practical Wizards to 
bring this kind of reliability to microcom-
puter applications. 

For more information on National's 
BLC-8064 Family, check box 049 on this 
issue's National Archives coupon. 



National's new INS8073 
microinterpreter significantly reduces 

software development time 
and costs. 

The INS8073 is the newest 
member of National's growing family 

Ile 

, 
of microprocessors. 

The Tiny BASIC Microinterpretern" 
speeds the development cycle because 
it allows users to program in Tiny BASIC 
instead of assembly language. So now 
source code manipulation and program 
revision can be done faster and more easily 
than ever before. It also pays off in quicker 
hardware check out. 

The new INS8073 directly executes 
high-level programs from ASCII characters 
stored in external ROM or RAM. 

National's Tiny BASIC is a streamlined 
high-level language that powerfully opti-
mizes application software without compro-
mising capabilities. 

The INS8073 features string handling, 
logical operators, DO loops and allows pro-
gram access to the status register. An 8073 
based system includes powerful features 
that are expected of //Ps such as full inter-
rupt, multiprocessing and assembly lan-
guage capabilities. 

The first iP that directly executes 
Tiny BASIC. 

National Semiconductor 
comes through with the broadest 

line of active filters. 
The Practical Wizards are the single 

largest source of standard PCM, 
DTMF and universal active filters. 

National Semiconductor believes that 
the active filter marketplace needs a depend-
able source for a wide variety of stan-
dard devices. 

That's precisely why they not only 
otter the broadest line of PCM, DTMF, 
and universal active filters, they also 
supply more of them than anyone 
else in the industry. 

Practicality through higher tech-
nologies. And since National is 
constantly developing and refining 
so many leading edge technologies, 
theirs is the most advanced family 
of active filters available. 

For example, by using thin film 
resistors and proprietary NMOS silicon 
capacitors, National is able to offer their 
AF100 universal filters in convenient 
16-pin molded DIPs. 

The AF100 is also available in a standard 

TO-8 package. In addition to National's own 
stringent QA and REL procedures, this version 
is also processed and screened to meet 
MIL. STD. 883 level B specs. 

Unique computer-aided application 
support. The state-of-the-art technologies 
built into their filters go beyond the realm 
of design and fabrication processes and into 

the realm of application support. 
Their unique Filter Synthesis 

Program actually designs optimized 
universal filter configurations based 
on desired frequency response 
characteristics. 

The filter synthesis software, 
executed on National's STARPLEXTM1 
development system, generates the 
designs in a matter of minutes. 
Active filters. Once again the Practical 

Wizards come through with the industry's 
broadest line of high quality components. 

For more information, check box 048 
on the National Archives coupon or call your 
local NSC sales rep. 
STARPLEX is a trademark 01 National Semiconductor Corporation. 

Requires no development system. The 
INS8073 completely eliminates the need for 
a dedicated, full-blown software 

development system. Rather, it's pro-
grammed directly through any 

RS232C compatible terminal. 
STARPLEe National's com-

plete development system, can also 
be used to develop Tiny BASIC applica-

tions, but is not a requirement. 
A new universe of applications. The 

INS8073 incorporates 2.5K of internal ROM 
committed to the Tiny BASIC interpreter. It 
also features an 8-bit MICROBUS."' compat-
ible data bus and a 16-bit address bus with 
64K bytes of addressing capability. So it inter-
faces easily with National's broad range of 
memories and µP peripherals. 

Now programmers can develop and 
debug new microprocessor applications in 
the quickest turnaround time ever. And do 
it with less development hardware. That 
means a new universe of cost-effective micro-
processor applications. And it means that 
they'll get to the marketplace faster. 

For more information check box number 
046 on the National Archives coupon. 

Tiny BASIC Microinterpreter, MICROBUS and STARPLEX are trade-
marks of National Semiconductor Corporation 

It's about time— 
new 1/13-

compatible clocks. 
Two new low-power real-time clocks 

keep track of everything from 
tenths of seconds to leap years. 

The Practical Wizards have developed 
Iwo new MICROBUS compatible CMOS/LS' 
chips that perform all time- and date-
keeping functions for microprocessor and 
microcomputer applications. 

Both the 8-bit (24-pin) MM58167 and 
the 4-bit (16-pin) MM58174 real-time clocks 
are based on 32.768kHz crystal oscillators. 
So each clock keeps a precise accounting of 
time increments ranging all the way from 
tenths of seconds to leap years. 

They also feature a power-down mode 
for extremely efficient operation. The 
MM58167 takes voltages as low as 2.0V 
and the MM58174 as little as 2.2V. 

Their mask-programmable interrupt 
timers can be set to provide a variety of inter-
rupt signals ranging from 0.1 sec to 1 month. 
The MM58167 also includes alarm-type 
latches and a standby interrupt for 1/13 
wake-up during power-down mode. 

Check number 044 on the National 
Archives coupon for complete information. à 



TRI-STATE®octals 
in 28 varieties. 

National carries the industry's 
broadest line of 20-pin LS, Schottky 

CMOS and Interface octals. 

National Semiconductor is doing more 
for 8-bit designs than anyone else. In fact, 
they're currently offering no less than 28 dif-
ferent TRI-STATE octai devices. 

So now the designer can select his 8-bit 
building blocks from the industry's largest 
assortment of 20-pin Low Power Schottky, 
Schottky, CMOS and Interface products. 
Everything from buffers/drivers, latches and 
D flip-flops to I/O registers and transceivers. 

The Practical Wizards are currently 
offering no less than seven different com-
mercial and military Schottky octals. See the 
product table for specifics. 

SCHOTTKY 

Buffers/Drivers 

Latches 

D Flip-Flops 

National — doing more for octal designs 
than anyone in the industry 

For more information, check box number 
045 on the National Archives coupon. 

SCHOTTKY OCTALS 

Device Type Part Number 

Commercial Military 

Buffers/Drivers DM74S240 DM54S240 
DM74S241 DM54S241 
DM74S244 DM54S244 
DM74S940 DM54S940 
DM74S941 DM54S941 

LATCHES DM74S373 DM54S373 

D Flip-Flops DM 74S374 DM54S374 

TRI-STATE is a registered trademark 
of National Semiconductor Corporation. 

The Book of 
the MOS. 

Get National's comprehensive 
MOS Data Book—including COPSIm 
MAXI-ROMs;m DIGITALKERfm and 

Standard & Custom MOS/LSI—for 
only $4.00 

The 1980 MOS Data Book is the com-
plete guide to National's world of MOS tech-
nology. And until March 31, 1981 it's available 
for only $4.00 (a $2.00 savings). 

The MOS Data Book includes complete 
specs, briefs, app notes and a user's guide 
to the powerful array of COPS Family micro-
controllers and peripherals. 

It also includes a full description of 
National's line of reliable 16K, 32K, and 64K 
MAXI-ROMs. In addition, the MOS Data Book 
presents an introduction, specifications and 
applications for the DIGITALKER speech 
synthesis chip set. 

And of course, the book includes over 
350 pages dedicated to Standard MOS/LSI 
products and applications plus National's 
Custom MOS/LSI capabilities. 

That's over 700 pages of useful infor-
mation from the Practical Wizards of Silicon 
Valley All for only $4.00. 

To order, simply indicate selection num-
ber 044 on the National Archives coupon 
and enclose a check or money order for the 
correct amount. 
'Prices shown ore US prices only 

COPS. MAXI-ROM, and DIGITALKER are trademarks of National 
Semiconductor Corporation 

What's new from the National Archives? 
036 El Optoelectronic Handbook (S3.00) 

041 D Pressure Transducer Data Packet 

044 El 1980 MOS Data Book ($4.00)* 

045 III WI-STATE Octal Data Packet 

046 LI INS8073 Data Sheet 

047 D DS8906/07 Data Sheets 

048 D Active Filter Data Packet 

049 El BLC-8064 Family Data Sheets 

Enclose check or money order based upon appropriate currency. Make checks payable 
to National Semiconductor. Allow 4-6 weeks for delivery. All prices shown are U.S. prices 
only. This coupon expires on March 31,1981. 

NAME  

PHONE 

ADDRESS_COMPANY 

CITY  STATE  Lift 

For desired information, mail coupon to: 
National Semiconductor Corporation 
2900 Semiconductor Drive 
Mail Stop 16251 
Santa Clara, California 95051 

In Europe, mail coupon to: 
National Semiconductor GmbH 
lndustriestrasse 10 
D-8080 Fürstenfeldbruck 
West Germany 
Spec. .c price effective until March 31,1980. 

ffl National 
WA Semiconductor 

The Practical Wizards 
of Silicon Valley 

ci Copyright 1980 National Semiconductor Corporation National Anthem is a registered trademark of National Semiconductor Corporation Pr,,t,d 
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News briefs 

Comsat eyes subscription TV field 
U. S. consumers would be able to receive three channels of television 
programming directly from 12-gigahertz satellites under a proposal filed 
recently with the Federal Communications Commission by Communications 
Satellite Corp., the U. S. arm of the international satellite communications 
network, Intelsat. The subscription service would put a 21/2-foot antenna on 
the roof of each subscriber—and to get quality reception with this small a 
fixture, the satellite would have to radiate more power than the usual birds. 
The service faces a number of likely regulatory hurdles. For one, the 
allocations of the frequencies in the 12-GHz band will not be decided for 
North America until 1983. Also, TV broadcast suppliers are likely to object to 
the competition. Finally, government and private bodies are likely to object 
to Comsat's entry into a business not called out in its original charter. 

IBM narrows broad optical pulses 
The different frequencies making up a digital pulse travel at different speeds 
in an optical fiber, and the pulses are broadened, or smeared, so that they 
are not received with the same waveform as they had when transmitted. This 
often results in unacceptable error rates. In an experimental solution to the 
problem, investigators Hiroki Nakatsuka and Daniel Grischkowsky of Interna-
tional Business Machines Corp.'s Thomas J. Watson Research Center in 
Yorktown Heights, N. Y., capitalize on the pulse-narrowing characteristics of 
certain alkali metal vapors that are opposite to the broadening effects of the 
glass used in optical fibers. 
As with the predistortion technique developed by Bell Laboratories [Elec-

tronics, May 24, 1979, p. 42], success depends on knowing in advance what 
the broadening will be. In the IBM experiments, 50 centimeters of metal 
vapor in a container was carefully designed to compensate (by cancellation) 
for the broadening due to travel through 30 meters of fiber. With multiple 
passes through the container, the effects of travel through kilometers of fiber 
could be corrected, Nakatsuka and Grishkowsky say. 

Acquisitions rate continues at year-end 
The holiday season saw a number of companies buying themselves Christ-
mas presents, as the pace of acquisitions in the electronics industries 
continued unabated. Four-Phase Systems, the Cupertino, Calif., maker of 
multifunction computer systems, agreed in principal to acquire Two Pi Corp., 
a Sunnyvale, Calif., subsidiary of U. S. Philips Corp. that makes IBM-
compatible superminicomputers. Britain's BICC Ltd., a $3 billion manufactur-
er of electrical equipment, is buying Boschert Inc., also of Sunnyvale, a 
leading producer of switching power suppliers. 

In Beaverton, Ore., Tektronix Inc. has concluded an agreement to sell its 
medical instruments unit to Squibb Corp. for about $10 million. With sales of 
about $12 million in portable patient monitors in its last fiscal year, the unit 
will join three other 1980 Squibb medical instrument acquisitions: Advanced 
Technology Laboratories Inc., Spaceiabs Inc., and Vita-Stat Medical Services 
Inc. It will operate in new facilities in the Beaverton area. 

et or a small leaded motherboard. 
In chip-carrier applications, the 

new design offers a packaging capa-
bility equivalent to that of an eight-
layer board, as well as better heat 
transfer and lower noise than an 
epoxy-glass board, says its developer, 
Vernon L. Brown, a technical super-
visor at Bell Laboratories, Denver. 
He devised Lampac (for laminated 
printed-circuit board) several years 

ago to improve interconnection den-
sity with dual in-line packages, but 
from the start he saw its promise for 
mounting leadless chip-carriers. 

Separation. "Unlike a convention-
al pc board, Lampac separates cir-
cuit interconnection from the physi-
cal support, ground plane, and heat 
sink functions," he says. In the 
resulting sandwich, the board is still 
epoxy-glass, but it is only 5 mils 
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Custom 
Hybrids 

Aerospace 
Military 
Medical 

Crystalonics can deliver prototype 
quantities of custom hybrid circuits 
in less than 12 weeks from the time 
you present your debugged design. 
Our people have been designing 
and building devices and circuits 
exclusively for high reliability 
applications for twenty years. Our 
engineers have sharpened their 
skills in teamwork with designers 
of aerospace, military and medical 
projects, such as F15, Hawk, 
Viking Mars, Intelsat and 
implantable pacemakers. We can 
ease you quickly and confidently 
through the transition from 
schematic to finished hybrid 
package. Utilize the hybrid's 
advantages of space, weight, 
reliability and cost by calling on 
our experience: (617) 491-1670. 

TELEDYNE 
CRYSTALONICS 
147 Sherman Street 
Cambridge, MA 02140 
Tel: (617) 491-1670 
TWX 710-320-1196 
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Microelectronkt 
Interconnection 

and 
Packaging 

Applying Microprocessors 

Reprin:ed from Electronics, completes 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 articles from Data 
Communications magazine includes chapters on 
terminals, acoustic couplers and modems. com-
munications processors, networking, channel per-
formance, data link controls, network 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 Electronics, 
these circuits have been designed by engineers 
for the achievement of specific engineering objec-
• tives. Pub. 1977, 396 pp. 
Order #R-71 T. $15.95 

Design Techniques for 

Electronics Engineers 

Expert guidance at every point in the development 
of an engineering project—making meas-
urements. interpreting data, making calculations. 
choosing materials, controlling environment, lay-
ing out and purchasing components, and inter-
connecting 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 Electronics include sec-
tions on lithography and processing for integrated 
circuits, thick- and thin-film hybrids, printed-
circuil-board technology, automatic wiring tech-
nology, IC packages and connectors, environ-
mental factors affecting interconnections and 
packages, computer-aided design, and automatic 
testing. Pub. 1980,320 pp. 
Order #R-927, $12.95 

rOrder today using this coupon! 

Electronics Magazine Books 
P.O. Box 669 
iiightstown, NJ 08520 
Tel. (609) 448-1700, ext 5494 

Order # Oty. 

F1- _ 

R-

P-

R-

Price 

S   

Total $ _ 

PRUITT Al APPLICATION 
OF DATA COMMUNICA 

Large Scale Integration 

As published in Electronics, covers the entire 
range of design applications 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 applications that link 
memory components 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 information on personal 
computing hardware, software, theory, and appli-
cations. Pub. 1979, 266 pp. 
Order #R-903, $11.95 

Practical Applications of 

Data Communications: 

A User's Guide 
Articles from Data Communications magazine 
cover architecture and protocols, data-link per-
formance. distributed data processing, software, 
data security, testing and diagnostics, commu-
nications processors, and digitized-voice and 
data-plus-voice. Pub. 1980, 424 pp. 
Order #R-005. $13.95 

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 mi-
croprocessors in 95 articles from Electronics. 
Pub. 1980,482 pp. Order #R-011, $13.95 

Name 

Title 

Company 

Street/ P.O. address 

city/slate/zip 

Cl Payment enclosed (payment must accompany 
orders under $25) 

E: Bill my company (or attach company Purchase Order) 

O Bill me O Send a free copy of the Electronics 
Editorial Reprints brochure. 

Ten-day money-back guarantee applies on all books. 
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thick versus 62 miles for the stan-
dard board. 
"With a thick, self-supporting 

board, you are stuck with material in 
which it is difficult to create small 
plated through-holes," he says. 
"What we have done is to make the 
interconnection material thin, so 
that our ability to make small plated 
through-holes is improved. This in 
turn has increased interconnection 
density significantly. 
"The metal core we have chosen 

for a support improves the electrical 
and thermal performance of our 
board," he adds. "In addition, we are 
now able to choose the coefficient of 
thermal expansion of the composite." 
With chip-carriers, the Lampac 

interconnections are vias only 11 
mils in diameter rather than plated 
through-holes, saving even more 
board surface. Thus Lampac's two-
sided interconnection is the equiva-
lent of eight layers of interconnec-
tions on a multilayer board. 

Cooler. Heat dissipation improves 
because it is possible to make a 
direct thermal connection from the 
lc to the metal support plane. The 
chip body may be thermally connect-
ed to a metal platform in the chip-
carrier, and an extension brought 
out as a thermal lead may be con-
nected to the support plane; the 
result is a low thermal impedence for 
the heat. What's more, the metal 
support may be connected to an even 
larger heat sink. 
Brown says Bell Labs has soldered 

leadless chip-carriers with as many 
as 68 solder pads to Lampac boards 
and is evaluating even larger carri-
ers. The usual support plane is steel, 
which offers low cost, high strength, 
and easy fabrication, but another 
promising material is copper-clad 
nickel-iron alloy because its metal-
lurgical composition can be tailored 
to give a thermal expansion exactly 
matching that of the ceramic body of 
the leadless chip-carrier. 

Materials research is not the only 
avenue Brown is pursuing. "We have 
not yet approached maximum densi-
ty," he says. Smaller vias and small-
er pads are possible with the use of 
advanced techniques for drilling 
holes. -Jerry Lyman 
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lermany: Racal-Dana Instruments Limited Deutschland Hermannstrasse 29 
D.6078 Neu Isenburg. Tel: (06102)2861-2 Telex: 412896 L 
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Three new reasons why Racal-Dana 
is ahead in GPIB-based instrumentation. 
1. Series 1200 Universal Sw itch 
The newly-introduced Series 1200 is crea ting q uite 
a sensation. And no wonder. With your own off-the-
shelf test equipment and a suitable IEEE 
programmable controller, it can meet your w ide 
ranging testing requirements for sw itching 
practically any signal— d.c. to microwave. Quickly. 
Simply. Amazingly chea ply. 
The world's first truly universal GPIB switching 
system.  

2. Series 1500 Delay Pulse Generators 
Another newcomer from Racal-Dana, the 
Series 1500 not only solves all the analogue and 

RACAL- DANA 
High performance measurement 

and test instrumentation 

software timing problems of GPIB-based systems, 
but can also be used independen tly wherever an 
accurately delayed pulse, or a burst of pulses, of 
precisely variable width is requi red. 

3. Series m5000 Digital Murtimeters 
A range of low-cost, 41/275Y2-digit, multi-function 
instruments designed for both GPIB and stand-
alone use. The new Series g5000 combines a 
powerful measurement capability and ease of 
operation/programming with unmatched 
price/performance. 
For the full story on these exc iti ng innovations 
return the coupon today. 

mule.» ea. am 
I To:Racal-Dana Instruments Lim ited, ti 13/1 I 

I Duke Street, Windsor, Berks SL41SB, England I 

II Please E send me your brochure on: 

D arrange a demonstration of: SD& I 
II E Series 1200 IJ Series µ5000 E Series 1500 

U.S.A.: Racal-Dana Instruments Inc.. 18912 Von Karman Avenue. Irvine. Name 
California 92715. Tel: (714)833-1234 Telex: 67.8341 • Position 

England: Racal-Dana Instruments Lim ited, Duke Street. Windsor. 
Berkshire SL41SB. Tel: Windsor (07535) 69811 Telex: 847013 I Company 
France: Racal-Dana Instruments S.A.. 91 route des Gardes I Address 

92190 Meudon -Bellevue, Paris. Tel: (1) 534-7575 Telex : 20020.7 

Tel . 



SOFT ERRORS 
CAN BE HARD ON 
YOUR SYSTEM. 
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Your RAMs are getting denser. Your soft 
error rate is getting higher. And you're 
getting a headache. 

Soft errors, alpha particles, system 
crashes, hard errors. Take it easy. Relax. 
There's a simple solution. 

Introducing the Am2960 
Error Detection and 

Correction (EDC) Unit. 
The Am2960 EDC corrects single-bit 

errors and detects double-bit errors. It's 
easily expandable from 16-bits wide to 32 
or 64 bits. Its worst case speed is an amaz-
ing 34ns detect, 64ns detect and correct! 
And best of all, it's available right now. 
You want byte operations? You got 'em. 

You need initialization, error logging and 
diagnostic capabilities? No problem. The 
Am2960 gives you all the functions of 25 
to 50 TTL packages on one chip. 
And if you're worried about the data path, 

don't be. Our slim 24-pin Am2961 and 
Am2962 EDC Bus Buffers solve the com-
plete interface problem between the RAM, 
the EDC unit and the system data bus. 

There's just no easier, cheaper, faster way 
to find and fix errors than the Am2960. 

Bipolar LSI: 
The Simple Solution. 

Our new Am2960 family of bipolar LSI 
and interface dynamic memory support 
devices will help you maximize your sys-
tem's performance and reliability, minimize 
its chip count and cost. 
And you won't find higher quality parts. 

Since the day we opened for business we've 
given every single part we make 
MIL-STD-883. For free. 

Get the Am2960 Error Detection and 
Correction Unit. It'll be good for your system. 

Advanced Micro Devices 
901 Thompson Place, Sunnyvale, CA 94086 (408) 732-2400 

Right, From The Start. 

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

Send me all the facts on the Am2960 Error Detection and Correction (EDC) Unit. 

Personal Name  

Personal Title  

Company Name  

Street and Number  

Town (with postcode)  

Country  

Advanced Micro Devices • Austria: Kontron Ges m. b. H .A-2345 Brunn am Gebirge. Tel.(02236) 8 66 31. Telex . 79337 Belgium: AMD Overseas Corporation. 8-1150 Bruxelles Tél, 
(02) 771 99 93 Télex 61028 • MCA TronixSP.RL, B-4200 Ougree Tél: (041) 36 27 80 Télex: 42052 Denmark: Advanced Electronic of Denmark Aps, OK-2000 Copenhagen F Tel 
(01)19 44 33. Telex. 22 431 Finland: Komdel OY SF-C2271 Espoo 27 Tel (0) 885 011 Telex 12 1926 France: AMO. SA. F-94588 Rungis Cedex. Tél (01) 686.91.86 Télex 202053 
Germany: AMC, GmbH. D-8000 München 80. Tel (089)4019 76 Telex. 523883 • AMO GmbH. D-7024 Filderstadt 3 Tel (07158) 6 26 30 Telex 721211 Italy: AMC>. S r I .1-20090 

M12-Segrate (M1) Tel (02) 215 4913-4-5 Telex • 315286 • Indelco. S rl 1-00147 Roma Tel (06) 514 0722 Telex- 611517 Israel: Talviton Electronics Ltd. Tel-Aviv Tel: (03) 444572 Telex 
03-3400. Japan: AMO. K.K.. Tokyo 168. Tel (03) 329-2751. Telex 2324064 • AMO. K K . Osaka 564 Tel (06) 386-9161. Netherlands: Arcobel BV NL-5342 VS Oss. Tel (04120) 24200 
Telex: 50835 Norway: A S Kiell Bakke. N-2011 Strommen Tel (02) 71 53 50 Telex 19407 South Africa: South Continental Devices (Ply) Ltd.. 2123 Pinegowne. Tel (011) 789-2400 
Telex: 4-24849. Spain: Sagilrón S.A.. Madrid-1 Tel (01) 275-4824. Telex: 43819 Sweden: AMO AB. S-172 07 Sundbyberg. Tel (08) 98 12 35. Telex: 11602 • Svensk Teleindustn AB. 
S-162 05 Vifillingby.Tel (08) 89 04 35. Telex 13033 Switzerland: Kurt Ffin AG. CH 8050 Zürich Tel (01) 302 21 21. Telex: 53461 United Kingdom: AMO (U K ) Ltd, Woking. Surrey 
GU21 1JT Tel (04862) 22121 Telex- 859103 Advanced Micro Devices European Marketing Centre, France: AMO. S A, F-06400 Cannes Tél (093) 43 60 75 Télex 470966 
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NEC...RF and 
microwave semiconductors 

Low Noise Bipolar Transistors: NF from 0.9 dB 
at 70 MHz to 2.7 dB at 4 GHz. Over 30 different 
chips available in 50 different packages for every 
need. Styles include low cost plastic versions and 
rugged space qualified ceramics. 

Low Noise FET's: Six different GaAs FET's with 
NF from 0.7 dB at 4 GHz to 2.5 dB at 18 GHz 
including a dual gate FET. Si MOSFET's also 
available for VHF/UHF applications. 

VHF/UHF Power: Over 50 different 7 V, 12 V, 
and 28 V types with output power from 200 mW 
to 100 W. 

Class C Microwave Bipolar: From 15 W at 
2 GHz to 5 W CW or 8 W pulsed at 4.2 GHz. 

Linear Microwave Bipolar: Up to 3 W with 
5 dB gain at 2.3 GHz. 

Bipolar Oscillator Transistors: VHF to X-band, 
from 2 W at 2 GHz to 600 mW at 7 GHz. 

Power GaAs FET's: C-band FET's from 300 mW 
to 3 W. 8.5 to 14 GHz band FET's from 100 mW 
to 560 mW. 

High Speed Switching Transistors: For 
nanosecond switching in applications such as high 
speed PCM. 

Schottky Diodes: Both GaAs and silicon avail-
able for VHF to millimeter applications. Package 
styles include beam lead, ceramic and low cost glass 
and plastic. Monolithic quads are also available for 
VHF/UHF applications. 

IMPATT Diodes: 40 W pulsed power at 10 GHz 
to 50 mW CW at 96 GHz. 

Hybrid Amplifiers: Small signal, broadband 
amplifiers with up to 27 dB gain for frequency 
ranges to 1050 MHz. 

Optoelectronic Diodes: Laser Diodes, LED's, 
APD's and PIN Photo Detectors. 

California Eastern Laboratories, Inc. 
Exclusive sales agent for Nippon Electric Co., Ltd. Microwave Semiconductor Products. 

Headquarters, Santa Clara, CA 95050, 3005 Democracy Way, (408) 988-3500 • Burlington, MA 01803, 3 New England Executive Park, 
(617) 272-2300 • Cockeysville, MD 21030, 12 Galloway Ave., (301) 667-1310 • Kansas City, MO 64118, 6946 North Oak Street, (816) 
436-0491 • Scottsdale, AZ 85251, 7336 E. Shoeman Lane #116W, (602) 945-1381 • Irvine, CA 92715, 2182 Dupont Drive, Suite #24, 
(714) 752-1665 • Westlake Village, CA 91361, 2659 Townsgate Road, Suite 101-6, (213) 991-4436 • United Kingdom, 2 Clarence Road, 
Windsor, Berks SL4 5AD, 075-35-56891 • France, C.E.L.T.I. 34-36 rue des Fusilles, 94400 —Vitry sur Seine, 681-61-70. 
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Washington newsletter 
Defense budget A record military spending request of more than $196 billion for the fiscal 

1982 year that begins next Oct. 1 will be the parting gift package for 
of $196 billion 

Ronald Reagan in President Carter's final budget that goes to Congress on 
set by Carter . Jan. 15. The 14.6% increase over the current year's $171.4 billion 

program represents a gain of just 4.6% after discounting inflation, say 
defense budget officials, and more than half of the new total will go for 
personnel costs, including military salary increases. Nevertheless, the 
Carter proposal represents a new stumbling block for the incoming Presi-
dent, who has committed himself to increasing the military budget to cover 
the purchase of a new manned bomber, the MX strategic intercontinental 
missile, and the eventual doubling of the Navy's fleet to 600 ships. 
"Reagan may be able to juggle the distribution of some of the money," 
observes one budget source, "but it is doubtful whether he can increase it 
in view of his commitment to a 10% cut in individual taxes." No Reagan 
revisions are expected to go to Congress before mid-February. 

. . . as Reagan changes Disagreement between the Pentagon transition team headed by William 
Van Cleave and Reagan's designated Secretary of Defense, Caspar Wein-

may be delayed berger, over the latter's choice of Frank Carlucci as deputy secretary may 
by Carlucci dispute delay Reagan changes in the fiscal 1982 military budget until mid-

February. "They just may not have the [technologically qualified] people 
in place to make the choices," says one outgoing Carter appointee, since 
the dispute compounds the usual problem of recruiting industry experts to 
fill the estimated 1,000 middle-management appointive civilian jobs in the 
Defense Department and the military services. 

Associates of Van Cleave are circulating an undated "background" 
document on Carlucci, now deputy director of the Central Intelligence 
Agency, who earlier served Weinberger when he was Secretary of Health, 
Education and Welfare in the Nixon-Ford years. Printed on plain white 
paper, it says in part that the "personal comraderie" (sic) between 
Weinberger and Carlucci "cannot compensate for the deficiencies and 
difficulties Carlucci would bring to this highly significant office." 

AT&T ordered to trial The Federal antitrust trial of American Telephone & Telegraph Co. will 
begin Jan. 15, as scheduled, despite a request by the Justice Department 

despite negotiations 
and AT&T attorneys for a 60- to 90-day delay to complete negotiations of 

on antitrust suit a pretrial settlement. Federal judge Harold Greene ordered the trial to 
proceed, noting that the requested delay was too long and that settlement 
negotiations could continue during the litigation. Nevertheless, telecom-
munications industry and Government sources still expect that a settle-
ment will be reached before a trial can be concluded. 
One report is that AT&T would put all unregulated competitive products 

made by Western Electric and their associated research and development 
performed by Bell Laboratories into a fully separated subsidiary. Such a 
reorganization plan — already in progress— was first disclosed by AT&T 
president William M. Ellinghaus last fall [Electronics, Oct. 23, p. 58]. At 
the same time, AT&T would agree to open its 23 regional operating 
companies to competitive industry procurement. In return, the Justice 
Department would drop its six-year-old suit and permit modification of the 
1956 consent decree under which AT&T agrees not to compete in telecom-
munications equipment and services markets that are not regulated, 
according to the report. 
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Washington commentary  

Reagan's plans for Japanese relations 

Japan's trade and defense policies will probably 
come in for early criticism under the new U. S. 
Administration as Ronald Reagan talks tough 
to America's allies about opening their home 
markets to U. S. products and increasing their 
share of the West's military spending burden. 
That, at least, is what members of the Reagan 
transition team assert. 
The job of pushing Japan to open its home 

markets faster and more fully will fall to Wil-
liam Brock, who is being named Special Trade 
Representative following his success as Republi-
can national chairman in the 1980 campaign. 
Casper W. Weinberger, Reagan's choice for 
Secretary of Defense, will have the task of get-
ting Japan to raise its defense spending in its 
fiscal year 1981 beyond the 7.6% increase to 
$11.5 billion proposed by Prime Minister Zenko 
Suzuki last month. But getting defense budget 
increases past Japan's Diet has always been 
difficult because of the antimilitary feelings that 
have become part of the country's politics since 
World War II. 

Neither job will be easy, say officials in both 
the Commerce and the Defense Department, 
who note that outgoing Defense Secretary 
Harold Brown has pushed hard for at least a 
10% Japanese defense budget increase to offset 
the growing Soviet threat in Asia. But Brown, 
even with the support of the Japanese Defense 
Agency, failed. In trade, as in defense spending, 
Acting Special Trade Representative Robert 
Hormats summarizes the position of the Japa-
nese as "figuring out just how little they can do 
and then doing only that." 

Giving more than a little 

But Reagan advisers are convinced that the 
incoming Administration must get Japan to give 
more than a little in trade. Beyond the ongoing 
U. S. problems with steadily rising imports of 
Japanese cars, consumer electronics, and steel, 
American electronics manufacturers are warn-
ing Reaganites about the increasingly real 
threat of rapidly rising imports of telecommuni-
cations equipment and semiconductors, as well 
as computers and word processors. 
New figures from the Commerce Department 

support this concern. They show that 1980 
imports of basic telephone and telegraph hard-
ware from Japan alone rose 42% from the 1979 
level of $105 million. This gain was a major 
factor in the 66% jump in all telephone imports 
of $454 million. And although the U. S. main-
tained a positive trade balance of $95 million for 

the year, that surplus was cut 45% from the 
1979 level. "If the present trend continues," 
warns the Commerce Department, "trade could 
fall into a deficit by 1985." 

Japan and departing Carter Administration 
officials are nevertheless hailing the bilateral 
agreement with the U.S. in December that 
finally opens some of Nippon Telegraph & 
Telephone Public Corp.'s $3 billion in annual 
purchases to U. S. producers. But the Electronic 
Industries Association's John Sodolski and oth-
ers are skeptical. "The agreement is very com-
plex," says the EIA Communications division 
vice president, "and relies heavily on the good 
faith of the Japanese" for its fulfillment. "Many 
are skeptical about the implementation of the 
agreement," Sodolski cautions, noting that EIA 
members "would have preferred an even strong-
er instrument." 

Off to a slow start 

Though U. S. electronics industries executives 
are generally pleased with statements of Reagan 
transition team leaders about taking a harder 
line with Japan on trade as well as about talking 
tough with defense partners concerning military 
expenditures, some industry leaders are troubled 
by the signs that have emanated from the transi-
tion office itself. 

"Brock and Weinberger are both strong 
appointments, but they can't do the job all by 
themselves," says one industry executive, who 
wishes to remain anonymous. "There are more 
than 5,000 appointive jobs throughout Govern-
ment that need to be filled, yet the transition 
team seems to be going nowhere on these." 

Other industry officials also find Reagan's 
withdrawn posture during the pre-inaugural 
period troubling. One industry source who has 
worked with it on a voluntary basis notes that 
"the transition office is pretty well screwed up; 
it is overstaffed and way over budget. It's mass 
confusion." Observations like these are wide-
spread throughout Washington. 
Those reports are not encouraging to Reagan 

advocates in the electronics industries who see a 
need for a coordinated policy and relatively fast 
action by the new President and the 97th Con-
gress on trade and defense issues vital to the 
U. S. and all of its partners. There is little 
consolation for them in the comment of one 
transition worker that "at least we are doing a 
better job than the Carter team did four years 
ago." Even if true, the comparison is better left 
unspoken. -Ray Connolly 
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HIGH CAPACITANCE 
PER CASE SIZE 
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Values as high as 7,400µF @ 200 VDC in a 3" x 5.625" case. 
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Curve plotted in gray represents capacitors rated at 200 VDC. 
Curve plotted in blue represents capacitors rated at 250 VDC. 

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

A RATING TO MEET 
YOUR NEEDS 

Sprague Type 623D Extralytic' Input Filter Capacitors are 
available in 20 standard ratings ranging from 260p,F to 7400µF. 

New Sprague Type 623D 
Input Filter Capacitors 

for switched-mode power supplies 
Sprague's new Type 623D Extralytic - Capacitors have 
been expressly designed to provide superior perfor-
mance in off-line switching-type applications . . . and 
they meet tight space and tight budget 'requirements. 

A few of the prime advantages of these new 

capacitors are highlighted above. Most important, 

though, is the fact that you can select from standard rat-
ings to zero-in on your power supply requirements 
without paying for costly specials that necessitate 

slower deliveries. 

Sprague World Trade Corp.-3. Chemin de Tavernay. 1218 Geneva. Switzerland Tel (022) 98 40 21 

Sprague France S.A.R.L. -2 ave Aristide Briand. F-92220 Bagneux. France Tel 6 55 19 19 
Sprague Electric (U.K.) Ltd.-Salbrook Road, Salfords Redhill, Surrey RH1 5DZ. England. Tel Horley 5666 
Sprague Elektronik GmbH-Darmstadter Landstr. 119-125. 6000 Frankfurt/Main 70. Germany. Tel, 0611-6055-1 
Sprague Benelux- B P 104. B-9600 Ronse. Belgium Tel 055-21 53 02 
Sprague Italiana S.p.A.-Via G de Castro 4. I-20144 Milano. Italy Tel (02) 498 78 91 
Interelko AB-Sandsborgsvagen 55. S-12233 Enskede. Sweden Tel 08-49 25 05 
Semicaps-Gammel Kongevej 148.5 DK-1850 Copenhagen. Denmark Tel 01-221510 
Field Oy-Veneentekijantie 18. SF-00210 Helsinki. Finland. Tel 90-69 22 577 

Racom Electronics Co. Ltd.-PO Box 21120. IL-Tel Aviv. Israel Tel 03-45 31 51 
Bianchi S.A. -Apartado 220. E-San-Sebastian, Spain. Tel 943 36 20 45 

SPRAGUE® 
THE MARK OF RELIABILITY 

a subsidiary of GK Technologies 
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RAND 
DEPLOYMENT 
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NO ONE DELIVERS CUSTOM, 
MIL-MALIFIED SWITCHING POWER 
SUPPLIES FASTER THAN POWERCUBE: 

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. 

QA SUBSIDIARY OF UNITRODE CORPORATION 

POWERCUBE CORPORATION, EIGliT 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, Muncnen, West Germany, 089-492066, 
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NO ONE DELIVERS CUSTOM 
POWER SUPPLIES WHICH PERFORM 

BETTER THAN CIRKITBLOCK® MMES. 
For over 10 years, custom power supplies from 
Powercube® have met or exceeded the severe 
performance requirements of major military and 
space programs. 
Today, custom power supplies configured from 

proven Cirkitblock® modules continue to provide 
the high performance and long term reliability 
needed in critical applications. 
Their small size, light weight and rugged con-

struction permit designers to fit or retrofit Powercube 
power supplies into tight configurations or harsh 
environments. And because Cirkitblock modules 
have been qualified on major military programs 
and are easily assembled into custom configi.ira-
tons, a prototype can very quickly be upgraded 
to an operating hi-rel unit. 

:n addition to being the performance leader in 
IVEL-crualified custom power supplies. Powercube 
can also supply single or multifunction modules for 
inclusion in your own power supply design. 

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. 

PPOWERCUBE 
Aar A SUBSIDIARY OF UNITRODE CORPORATION 

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

International Representatives: ELMAC, Adelaide, S. Australia, 08 271 1505; KONING EN HARTMAN ELEKTROTECHNIEK B.V., The Hague, Netherlands 678380; 
MICROELIT, s.r.I., Milano, flaly 46 90.444: NORGAY ENTERPRISES, LTD., Toronto, Ontario. Canada (415)233-2930: POWER TECHNOLOGY LTD., Berkshire, U.K.. 
0734 86t418, 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, 057 546 55; WETRONIC GmbH, Muncllen, West Germany, 089-492066. 
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We'v en the lid off our 
new five chip miracle worker 
A miracleworker — we think that's a 

fair description of our new 12 bit 
SDC1742 Hybrid tracking synchro/ 
resolver to digital converter 

Fora start, the use of a custom 
designed chip means low bond count 
and low power dissipation resulting in 
high reliability 

Its internal transformers not only 
ensure a balanced input is maintained 
regardless of what else is attached to 
the synchro or resolver input, but also 
provide the 400Hz and the 2.6KHz 

REPRESENTATION OVERSEAS 

frequency options with input isolation 
of up to 350 volts DC. 

The high tracking rate of 18 Revs/sec 
means that the hybrid can be used in 
both the fine and coarse channels of 
most Iwo-speed conversion systems 
while the ratiometric, tracking, type 2 
servo loop technique ensures high 
noise immuniiyand toleranc.e of 
variations in signal and reference 
frequency and amplitude. 

Moreover, the digital outputs of the 
converter provide non-stale angular 

data within 3DOnSof demand without 
interfering with the tracking operation of 
the internal loop. Furthermore, the 
Three-state outputs have a high and 
low byte Enable fad I ityensuring easy 
interfacing to microprocessors. 

Add to all this the fact that the 
converter operates over o— 55°C to 
+125°C temperature range and can be 
supplied processed to MIL 883B and 
you will appreciate that it is certain to 
perform miracles in the most 
demanding of environments. 

MEMORY DEVICES 
For full information on the 
SDC1742, contact: 
Memory Beams Ltd Centro' Aye Foal Molesey Surrey 
KT8CSN England klephcne 01 941 1066 Telex 929962 

Australia 
Parameters (PTY; Ltd 
Melbourne office — Tel 907444 
Telex A.A33012 
Sydney office — Tel:4393288 
Telex AA25021 
Belgium 
K leasing Benelux NV 
Jan Van R itswackaan 278 2020 
Antwerpen Tel (31)37 4803/4 
Telex 32969 
Denmark 
Andog Devices A'S 
Mar ielu ndvei 460 2730 Heriev 
Tel (2) 845800 Tees 35280 

Finland 
S W Instruments Ltd 
Wal nkula 50053 Helsinki 53 
Tel: (80(7 38265 Telex: 122411 
France 
Analog Devices S.A. 
Centre d'Affaires SILIC 12 Rue le 
Corbusér Bailment "Iena" Odes L 
20494= Runms 
Tel (1 )687 3411 Telex: 200156 

France 
Analog Devices aA. 
281 Route d'Espagne 31 076 
Toulouse Celex 
Tel:161)40 3877 Telex: 531747 

France 
Analog Devices SA 
Agence Est.Gud-Est Immeuble 
-Le Polynorne" 23/25 Avenue de 
Constantine 38100Grenoble 
Tel 11676)22 21 9C 
Telex. 980685F 
P B No.106 
70 Anne-M.trielemuhey 61000 
Aiencon Tel (33) 2ti 07 61 

Germany 
Analog Devices GmbH 
8000 Mtinciken2 Mozartstrasse 1 
Tel 189) 530319 Telex: 523712 

Gerrnany 
Analog DevicesGmbH 
2110 Bucholz 5 Tiedemannswes 
Te  (04)187 381 Telex: 2189375 
Germany 
Analog DeincesGmbH 
7500 Kalsruhe Seiterichstrasse 
Tel 1721161607t, Telex: 7825871 
Germany 
Analog Deoce8GmnbH 
1000 Berl n 12 Kantstrasse 54. 

7 Tel 1301316441 
Germany 
Analog DevicesGmbH 
Thielenbrucher Allee 5 5000 
Koln801é 10021)686006 

Holland 
Klaasing-Reuvers BA/ 

6A Beneluxweg 27 4904 SU 
Oosterhout The Netherlands 
Tel 01620-51400 Telex: 54598 
Italy 

5 Telectrcn SPA. 
61 Vialle Dell 'Aeronaut ca 00144 
Roma Tel:16)591 7785 
Telex: 614032 
India 
Darbari Industries (Agencies) 
24 Mahatma Gandhi Marg 
Allahabad 211001 Tel 3385 or 
3386 Telex: 0540-220 

Japan 
Analog Devices of Japan Inc. 
7-8 Koilmachi 4-Chonta Chiwada-
Ku Tokyo Tel: (33)2636826 
Telex:1 28440 
Japan 
2-19 Nakatsu 1-Choree 
OyodO-Ku Osaka Te 5106)372 
1814 (06)372 9769 

Norway 
Er/none Klokkerjordet 31 
13641-yaistad Tel: (2)7E6010 
Telex: 9761 

Sweden 
Komponentbolaget NAXAB 
Box 4115 S-171074 Solna 
Tel:181985140Telex: 17912 

Switzedand 
Analog Devices SA. 
Rue de Berne 9 CH-1201 Geneve 
Tel: (022131 57 60 Telex: 289096 
Zurich office: Tel 1011840 0777 

United Kingdom 
Memory Devices Ltd 
Central Avenue East Moiesey 
Surrey England Tel: (01)941 
1066 Telex 929962 
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Optical network handles 
analog signals: page 81 

Oil-truck driver extracts invoice for delivery from printer 
linked to portable computer in holder on his left: page 82 



The TO-5 linear IC 
marches on at RCA. 

Have competitive TO-5 product withdrawals caught you short? 
• RCA produces more than 100 linear IC's in the TO-5 package. 
• We intend to keep on producing them. 
• With the TO-5 you get low-cost hermeticity and a 15-year 

history of superb reliability performance. 
For more information, please contact your local RCA Solid State 
Distributor. Or contact RCA Solid State headquarters in Somerville, 
N.J. Brussels, Belgium. Hong Kong. Sao Paulo, Brazil. Circle 66 on reader service card 



International newsletter 
Europe plans its Western Europe's Common Market Commission has awarded $8.3 million 

in contracts for developing software, including a compiler and program 
own Ada software • • ' support environments, in the U. S. Department of Defense's high-level 

language, Ada. About $4.8 million goes to a French-German consortium 
consisting of Siemens, Gil—Honeywell Bull, and ALSYS, a company owned 
partly by Cil-EIB and partly by Ada language developer Jean Ichbiah 
[Electronics, Dec. 18, p. 39]. The rest went jointly to Italy's Olivetti, 
Danish electronics firm Christian Rovsing AS, and the Danish Datamatics 
Center, an industry-owned study organization. A British software house, 
Systems Designers Ltd., is a subcontractor in the Italo-Danish project. 

Financed under the European Commission's 1979-83 computer indus-
try support scheme, the project is one of several efforts intended to keep 
Europe competitive with the DOD'S development of Ada in the U. S. 

. . . as well as Emulating IBM and other U. S. corporations, European post and telecom-
munications authorities plan to launch their own satellite business service 

Its own satellite by 1983. It will enable large organizations to transmit and receive high-

business service speed data, video conferencing, high-resolution facsimile, and other ser-
vices over 2-mb/s channels using 4-meter (13-ft) 12- or 14-GHz antennas 
located on their premises. As members of the Eutelsat Council, established 
in 1978 to manage the European communications satellite project, the 17 
authorities had agreed in December that all but the first of five communi-
cations satellites planned for the 1980s should be able to operate directly 
from private 4-meter dishes, as well as from large ground station antennas 
for international traffic. In addition, Eutelsat will lease capacity on 
Telecom I, to be launched by the French to provide their own national 
satellite business service, also by 1983. Further out, the European Firers 
have agreed to harmonize their telephone network standards to create an 
integrated digital network throughout Europe that will complement the 
satellite service. 

Amorphous silicon Sanyo Electric Co. of Japan has earmarked $50 million for a plant to build 
amorphous-silicon solar cells for consumer products. By the end of this 

creates solar cells year, production should have started of enough cells to build power panels 

for consumer uses for 1 million calculators per month. In other products, including radios and 
tape recorders, Sanyo plans to use the cells to charge nickel-cadmium 
batteries. Consisting of a thin film of amorphous silicon on an inexpensive 
substrate, such as glass, the cells use at most 1% of the silicon needed by a 
single-crystal cell. Yet they produce a similar output under fluorescent 
light, thanks to a response curve that offsets their low 3% to 5% efficiency. 
Sharp Corp. is also showing interest in amorphous-silicon solar cells. 

CH-Honeywell Bull 

to drop CML 

CH—Honeywell Bull is abandoning current-mode logic for its future gener-
ations of mainframes. The Franco-American computer maker uses cmi., 
for its top-of-the-line DPS 7 machines and an even larger mainframe it is 
to announce soon [Electronics, Oct. 11, 1979, p. 78]. CII-HB officials insist 
they are satisfied with the technology, but decided to drop it as part of "a 
general technological reorientation." Honeywell Information Systems Inc., 
which coordinates research with CII-HB and owns 47% of the Paris-based 
company, ran into serious problems with CML and turned to Schottky TTL 
circuits for its own top-of-the-line DPS 8 series [Electronics, Oct. 25, 
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p. 44]. Notes an official at RTC—La Radiotechnique Compélec, which 
supplies ci I-HB with CML, "The company finds itself in a very uncomfort-
able position as the only [non-Japanese] mainframe maker using cm L." 

Siemens builds GaAs Following in the footsteps of several U. S. companies, West Germany's 
Siemens AG is about to start delivering samples of gallium arsenide 

broadband amplifiers amplifiers for broadband applications. With a noise figure of around 4.5 

dB over most of its 40-MHz-to-1 -GHz range and an output of either 320 mv 
into 50 II or 400 mv into 75 St, the monolithic device is superior to any 
bipolar-transistor—based hybrid amplifier now on the market, according 
to the Munich-based company. At 1 GHz, the noise figure checks in at 6 
dB. The gain flatness is 20 ± 0.5 dB. Another version, to follow shortly, will 
have a frequency range extending to 2 GHz. Using GaAs of its own 
manufacture, Siemens produces a highly uniform active layer by direct 
ion implantation, which also reduces costs and fabrication time. Gold 
contacts enhance device reliability. Applications for the CGY 21 include 
satellite signal receiving systems and measuring equipment. 

France starts In its first foray into electronic mail, cil -Honeywell Bull is installing a 
Mini 6 model 6/43 minicomputer as a switch linking 120 word processors. Installing electronic 
It is also the first electronic mail center for cii-HB's customer, the 

mall system Direction Générale des Télécommunications, the French telecommunica-
tions authority. To go on line in May, the system links Adrex Plus word 
processors capable of storing 138-K characters and made by smH-Adrex 
Alcatel of Paris. It will be somewhat primitive, being based on message-
switching software previously developed by CH-HB and unable to provide 
automatic call-up. But given the French government's thrust into office 
automation and CH-HB's plans to expand into that field, the DGT electronic 
mail system is likely to trigger a series of government contracts for the 
Franco-American mainframe maker. 

Addenda In Spain's first overseas sale of data-processing technology, the country's 
telephone company, CTNE, has been awarded a $22 million contract by 
Argentina's Sintel to supply a Tesis-5 data-transmission network and have 
it installed and operating by 1982. . . . Sweden's two TV receiver manu-
facturers, Luxor and Svenska Philips, are planning to manufacture 90-cm 
and 1.5-meter antennas to enable Swedish homes, apartment houses, and 
cooperatives to pick up West German TV satellite broadcasts in 
1984 . . . The Norwegian post office has given NV Philips Gloeilampen-
fabrieken of the Netherlands a $28 million—plus order to install 1,800 
banking data terminals at 450 major post offices, starting in late 1982 
and finishing by the end of 1984. . . . Now that its first 12-GHz satellite 
is up and running, Satellite Business Systems of McLean, Va., has applied 
to the Federal Communications Commission for permission to hook up 
five of its U. S. customers to their Canadian operations. That hookup 
would create the world's first private international digital communica-
tions service. . . . Early in March, Austria's postal authorities will start 
teletext trials involving 300 television and telephone subscribers through-
out the country. 
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Configurability 
has just taken a 
dramatic step 

forward. 

-.. 



Meet the nine new TM 500 
Plug-ins from Tektronix. High 
performance instruments, 

"Designed for Configurabil-
ity." Which means they can be 
used separately or as a team 
in a variety of mainframes, to 
perform a wide range of 
laboratory and field tests and 
measurements. 

Take a look at our nine new 
instruments. Combine any 
one of them with any of over 
40 other available plug-ins. 
You'll be taking a dramatic 
step towards advancing 
your test and measurement 
performance. 

2 MHz Sweeping Function 
Generator 
FG 507 

Designed for R&D in many 
sophisticated applications, 
from communications to logic 
testing to audio. The FG 507 
features linear and 
logarithmic sweep. 

2 MHz Function Generator 
FG 50IA 
This plug-in provides low dis-

tortion sine-wave outputs 
from 0.002 Hz to 2 MHz. The 
FG 501A (and the FG 507) 
features --Ç-0.25% sine-wave 
distortion, 60-dB step atten-
uation, and 5% to 95% 
variable symmetry. The FG 
501A offers a versatile combi-
nation of performance fea-
tures suitable for many 
applications. 

Copyright e 1980, Tektronix, Inc. All rights reserved. 909 

50 MHz Du. • el Pulse 
Generator 
PG 507 
The PG 507 boasts com-
plementary dual outputs and 
is specifically designed for 
digital applications, particu-
larly the design of interface 
logic circuits. 

Universal Counter/Timer 
DC 509 
The DC 509 is designed to 
make accurate, high resolu-
tion measurements to 135 
MHz. The auto trigger mode 
makes triggering easier than 
ever, speeding up many mea-
surements. It's also designed 
for applications demanding 
high resolution at low fre-
quencies. 

mversal Counter/Timer 
DC 503A 
Its flexibility and accuracy 
plus 125 MHz on both A and E 
channels makes the DC 503A 
a valuable instrument for re-
search and development, field 
service and maintenance. 
And its affordable price 
makes it a practical solution tc 
your measurement needs. 



Communications Counter 
DC 508A 
The DC 508A measures fre-
quency to 1.3 GHz making it 
specifically useful for testing 
in the navigation and com-
munications bands. The DC 
508Ab nine-digit display 
means accurate, high-
resolution measurements. 

Distortion Analyzer 
AA 501 
The fully automatic AA 501 
is designed to save time and 
money within the communi-
cations, broadcast, and audio 
manufacturing fields by mak-
ing complex distortion mea-
surements pushbutton easy. 

Audio Oscillator 
SG 505 
With less than 0.0008% THD, 
engineers can be confident 
that their test signals are clean 
when measuring low distor-
tion equipment. Other fea-
tures of the SG 505 include an 
Intermod Distortion option to 
generate SMIYIT and DIN 
standard signals. 

Calibration Generator 
CG 551AP 
The fully programmable, 
computer-controlled 
CG 551AP offers state-of-
the-art performance in 
oscilloscope calibration. 

TM 500 
Designed for 
Configurability 

Tektronum 
COMMUTED TO FIÉrFLLENDE 



Generator 
• 0.002 Hz to 2 MHz 

• Sine, Square, Triangle, Ramp 
and Pulse Waveforms 

• 30 V p-p, ±-13 V Offset 
• 5% to 95% Variable Symmetry 
• nigger or Gate, -± Slope 
• 60 dB Step Attenuator 
• -≤.0.25% Sine-wave Distortion 

• «-Ç.25 ns Rise/Fall 

FG 507 2 MHz Sweeping 
Function Generator 

• 0.002 Hz to 2 MHz 
• Includes all FG 501A Features 
(above) plus 
• Logarithmic and Linear Sweep 
• Separate Start/Stop Frequency 
Dials 
• Sweep Up or Down 
• Sweep and Hold 
• Manual Sweep 

PG 507 50 MHz Dual Output 
Pulse Generator 

• 5 Hz to 50 MHz plus Custom 
Range 
• Dual Outputs with Tracking 
Level Controls 
• Normal or Complement Pulse 

Output on Both Channels 
• 15 V Output in a -±15 V window 
into Hi Impedance, 
7.5 V into 50 El 
• 3.5 ns Rise/Fall Time 
• Delay and Double Pulse 
Capability 
• Independent Pulse Top and 
Bottom Level Controls 

DC 509 Universal 
Counter/Timer 

• 10 ns Single-Shot Time Interval 
Resolution 
• 135 MHz Frequency 

Measurements 
• High Resolution Reciprocal 
Frequency Measurements 
• 1 ps Resolution in Time Interval 

Average with 108 Averages 

SeslonOulde 

I 

• Pushbutton Auto-Triggering 
• Microprocessor Based 
• Probe Compensation Feature 

• Eight Measurement Functions: 
Frequency 
Period and Period Average 
Width and Width Average 
Time A -> B and Time A -+ 
B Average 

Events A during B Average 
Ratio A/B Average 
Totalize 
Time Manual 

• Auto Averaging 
• Shaped and Trigger Level 
Outputs 
• Simplified Width 
Measurements 

DC 503A Universal 
Counter/Timer 

• 100 ns Single-Shot Time Interval 
Resolution 
• 125 MHz both A and B 
Channels 

• 10 ps Resolution in Time 
Interval Average with 108 
Averages 
• Eight Measurement Functions: 

Frequency 
Period and Period Average 
Width and Width Average 
Time A -> B and Time A -> 
B Average 

Events A during B Average 
Totalize 
Time Manual 
Ratio A/13 Average 

• Shaped and Trigger Level 

Outputs 
• Simplified Width Measurement 

• Designed for true probe 
capability 

DC 508A 1.3 GHz Frequency 
Counter 

• Nine Digit LED Readout 
• 20 mV Sensitivity in Prescale 
Function 
• Selectable 50 0/1 MCI Direct 
Input 
• X100 Resolution Multiplier to 25 
kHz 
• Prescale Input Out-of-Range 
Light 
• Front Panel Prescaler Fuse 
Protection 

AA 501 Distortion Analyzer 
• Fully Automatic: no level 
setting, tuning or nulling 
• .0025% Total System Harmonic 
Distortion plus Noise (THD +N) 
• Novel Analog-Like "Bar Graph" 

plus Complete Digital Readout 
• Simplified Decibel Measure-
ments 
• True rms or Average 

Responding in all Modes 
• Intermod Distortion Option 
Conforms to SMPTE, DIN and 
CCIF 

SG 505 Audio Oscillator 
• Ultra Low Distortion — 
0.0008% THD (typically 
0.0003%) 
• 10 Hz to 100 kHz Sine Wave 

(typically 9 Hz to 110 kHz) 
• Floating Output — 600 n 
Source 
• Vernier Frequency Control 
• Isolated and Ground 
Referenced Sync Output 
• Calibrated Output into 600 n— 
+10 dBm to -60 dBm 

CG 55IAP Programmable 
Calibration 
Generator 

• Microprocessor-based, fully 
programmable calibration and 
verification of major 
oscilloscope parameters, 
including 

Vertical Gain 
Horizontal Timing and Gain 
Vertical Bandwidth/Pulse 

Characteristics 
Probe Accuracy and 
Compensation 

Current Probe Accuracy 
Calibrator Output Accuracy 

• Timing Signals from 5 s to 0.4 ns 
including the unique Slewed 

Edge Timing Marker Method to 
Check Fast Sweep Speeds (up to 
02 ns/div) 
• Voltage (Amplitude) signals 
from 40 ¡./.1, to 200 V 

• Current (Amplitude) signals 
from I mA to 100 mA 
• Low Distortion Edge Signals 

from 20 mV to 100 V 
• Fast Edge Risetime of 200 ps or 
less 

Yes, I am interested in the new TM 500 Plug-ins. 

Send me the TM 500 Selection Guide. 

NAME 

TITLE 

COMPANY 

Ask for our Selection Guide. 
It has detailed information on the 
TM 500 Family of Modular In-
strumentation. To get it, use the 
coupon below and write to 
Tektronix at any of the listed 
addresses. 

It's a big step towards advanc-
ing your test and measurement 
performance. 

For further information, 
contact: 

U.S.A., Asia, Australia, Central Ce 
South America, Japan 
Tektronix, Inc. 
P.O. Box 1700 
Beaverton, OR 97075 
Phone: 800/547-1512 
Oregon only 800/644-9051 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 
Tektronix International, Inc. 
European Marketing Centre 
Postbox 827 
1180 AV Antstelyeen 
The Netherlands 
Telex: 18312 

Canada 
Tektronix Canada Inc. 
P.O. Box 6500 
Barrie, Ontario LAM 4V3 
Phone: 705/737-2700 

Copyright c' 1980. Tektronix. Inc. All 
rights reserved. Printed in USA. Tek-
tronix products are covered by U.S. and 
foreign patents. issued and pending. 
Information in this publication super-
sedes that in all previously published 
material. Specification and price change 
privileges reserved. TEKTRONIX. TEK. 
SCOPE-MOBILE. and In are registered 
trademarks of Tektronix. Inc. TEL-
EQUIPMENT is a registered trademark 
of Tektronix U.K. Limited. 
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Now! A 64-bit, 20 MHz All Digital Correlator. 
(On a single chip.) 

Our TDC1023J correlator chip gives you 
the ability to detect a desired signal in 
the presence of other signals or noise. 
It can recognize and compare signal pat-
terns. It may be used to measure time 
delays through various mediums such as 
materials, the body, RF paths, electronic 
circuits. It's ideal for the digital design 
engineer working in these areas: 

• Convolution 
• Error detection and correction 
• Noise reduction in communications 
• Pattern and image recognition 
• Signal synchronization 
• Signature analysis 

And just take a look at these key features: 
• Separate buffer register--speeds 
processing, reduces external 
components 
• Threshold register--enables flag at 
preset correlation level 
• Mask register--permits adjustable 
compare lengths 
• 20 MHz correlation rate 

• +5V supply; TTL compatible 
• 24 pin ceramic DIP package 
• Only $85 in 100's 

Prices quoted are U.S. prices. 

For complete information on our all 
new digital correlator, call your nearest 
TRW International Sales office and 
ask for our new 32 page brochure, 
"Correlation— a powerful technique 
for digital signal processing:' 

ARGENTINA, Buenos Aires 304132 

AUSTRALIA, Moorabbin 951566 

BELGIUM, Brussels 02-6600012 

BRAZIL, Sao Paulo 2409211 

DENMARK, Herlev 2-842000 

FINLAND, Helsinki 06926022 

FRANCE, Paris 01-7581111 

GERMANY, Munich 0897146065 

ISRAEL, Tel Aviv 444572 

ITALY, Monza 360021 

JAPAN, Tokyo 03-4615121 

NETHERLANDS, Amsterdam 14622 

NEW ZEALAND, Wellington 851279 

NORWAY, Oslo 786210 

SOUTH AFRICA, Capetown 467657 

SPAIN, Madrid 2425204 

SWEDEN,Vallingby, Stockholm 08635040 

SWITZERLAND, Zurich 07-429900 

TAIWAN, Taipei 7512062 

UNITED KINGDOM, London 9025941 

TRWLSI PRODUCTS 
TRW keeps you ahead in digital signal processing An Electronic Components Division of TRW Inc. 
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Go modular with the proven 
Mod Jacks...every one 

With 300 million Berg jacks built 
since 1971 you know where to go 
when it's time to go modular. Berg 
has been the primary source of jacks 
that have helped revolutionize the 
telephone industry. 

Look at your choices: 

• 4-, 6- and 8-wire jacks for both 
line and receiver cords, all 
available in various lead lengths. 

• Similar jacks for direct mounting 
pc boards. 

• 4-wire coil cords in a variety of 
lengths and colors. 

• 4- 6- and 8-wire line cords in a 
variety of lengths and colors. 

All of these jacks are complet&y 
assembled, ready for use on your 
production line or in field service. 
Berg Modular Jacks are made under 
license from Western Electric and 
meet all FCC requirements. 

The quality remains high. Regardless 
of volume. Regardless of delivery 
requirements. Because during our 
years of producing mod jacks we've 
developed the most reliable, totally 
automatic production and inspection 



performance of 300 million 
of them built by Berg. 
system n the business. No one else 
is even close. 

The latest practical developments 
are incorporated into these connec-
tors Developments Uke the porosity-
free, gold-plated spring wire used in 
each jack to help prevent corrosion. 
Or the foreign object guard that adds 
an additional measure of safety. 

Find out more about Berg Modular 
Jacks and how you too can "go 
mod". For detailed data see our 
catalog pages in [EM (Vol. 1). Or 
write or call us for Bulletin 1800. 

Remember: 
Nobody knows 
modular jacks 
like Berg knows 
modular jacks. 
We've made over 
300 million. 
Now we want 
to make yours. 

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

An electronics company. ej pi]  
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We make a big 
case for support. 

Seems in the race to sell hard-
ware, a lot of people relegate 
service and support to a low 
priority. We don't. Because we're 
convinced that the better we 
back up our test systems, the 
more effective they'll be for you. 
And that's the best way we know 
to lower your testing costs. 

Training starts you off. Hands-
on experience with the kind of 
test equipment you'll be using. 
From fundamentals to advanced 
techniques. At training centers 
located in the U.S., Europe and 
Asia. And if you can't come to us, 
we'll make arrangements to 
come to you. 

Applications get you going. 
A library of ready-to-run test 
programs that can save you 
thousands of dollars. And a 
worldwide team of application 
engineers to help you develop 

_ 
custom programs that let you 
keep pace with changing 
technologies. 

Service keeps you running. 
More than 25 major centers 
throughout the world. Each 
offering a range of services. In-
stallation and startup. Monthly 
maintenance Automatic hard-
ware and software updates. 
Spare parts distribution. And the 
industry's fastest solutions to 
even the most difficult problems. 
For our general-purpose [SI 
testers, there's even a unique 

remote diagnostic system that 
gives you access to our top ATE 
specialists, no matter where 
you're located. 

It's a strong case for buying 
Fairchild. Backed by nearly 400 
service and support people 
worldwide. So find out more. Call 
or write Fairchild Test Systems 
Group, 1725 Technology Drive, 
San Jose, California 95110. 
(408) 998-0123. You'll see why we 
make a big case for support. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of All. 



Electronics international  
Significant developments in technology and business 

Analog signals 
pass TV programs 
over optical net 
by John Gosch, Frankfurt bureau manager 

A nondigital approach lends 

an unusual simplicity to 

a broadband fiber system 

linking 25 West Berlin homes 

Twenty-five households in West Ber-
lin have just been hooked up to one 
of the first broadband optical com-
munications system to go into opera-
tion in Europe. A single fiber deliv-
ers any 2 of 7 5-megahertz TV chan-
nels plus any 2 of 14 frequency-
modulated stereo channels to each 
subscriber, who can receive all 4 
simultaneously. 
What distinguishes the network 

from others in, for example, the 
U. S. and Japan is its simplicity, 
which is due to the fact that it trans-
mits only analog signals, says AEG-
Telefunken. The Frankfurt-based 
company built the $3 million experi-
mental system for the West German 
post office, which is now testing it. 
As a consequence, observes Erich 
Rauth,. head of development at the 
company's communications cable 
systems group in Backnang, "there is 
no need for any kind of analog-to-
digital or digital-to-analog conver-
sion," so that TV and radio sets can 
be used without modification, just as 
they exist today. 

Being a broadband system, the net 
could of course be used for telephone 
and even color videophone communi-
cations, as well as for viewdata and 
video text services. But "right now, 
we are primarily interested in evalu-
ating moving-picture transmissions 
as provided by everyday Tv pro-
grams," says Hermann Wissmann, 
who is in charge of West Berlin's 

regional post office administration. 
Resembling a telephone communi-

cations system in its starlike archi-
tecture, the network extends for 
about 2.5 kilometers (roughly 11/2 
miles) and does without repeaters. 
The longest stretch of uninterrupted 
cable is approximately 800 meters 
(around half a mile), Rauth says. 

Paired. The system links a com-
munications distribution center, a 
cable-Tv and fm radio head station, 
and a subscriber unit at each of the 
25 households. These units are con-
nected to the distribution center by 
two fibers, one each for incoming 
and outgoing transmissions. 

The subscriber selects a Tv pro-
gram with an infrared keyboard-type 
remote-control unit. The IR signals 
are picked up by the set's external 
channel selector, which sends corre-
sponding electrical pulses over a 
coaxial cable to the subscriber unit. 
From there, optical information goes 
via one fiber to the distribution cen-
ter, where a small computer manipu-
lates a switching network so that the 
subscriber receives the selected pro-
gram over the other fiber. Together 
with the program, the center trans-
mits pulses to the Tv set that identify 
the channel and display its number 
on the channel selector. 

Japan 

Smaller, simpler GaAs logic could serve 

computers as well as communications 
A Japanese laboratory has developed 
the same high-speed, high-density, 
low-power gallium arsenide logic as 
British Telecom [Electronics, Dec. 
18, p. 66]. Both require just two 
transistors and one diode per stage 
and therefore can occupy much less 
than half the real estate of the more 
complex types of normally-on GaAs 
logic previously announced by Rock-
well International and Hewlett-
Packard [Electronics, Nov. 20, p. 39]. 

Being capacitively coupled, the 
new logic cannot handle direct cur-
rent and the British were contem-
plating its application in communi-
cations only. But the Japanese 
believe that, suitably initialized and 
maybe also refreshed, it might be a 
candidate for the supercomputer for 
which the country's Ministry of 

International Trade and Industry is 
trying to obtain funds [Electronics, 
Aug. 12, p. 65]. Nobuo Hashizume, 
who heads the team working on the 
new logic, calls it Schottky-barri-
er—coupled Schottky-barrier—gate 
GaAs field-effect-transistor logic, or 
SSFL for short. 

Ring oscillator. For ease in fabri-
cation, the prototype devices in an 
11-stage ring oscillator have gates 3 
micrometers long and 50 ,.an wide 
(the state of the art in gate length is 
on the order of 0.5 µm). Yet each 
stage in the ring oscillator has a 
propagation delay of only 120 pico-
seconds. Power consumption per 
stage is 12 milliwatts for a supply 
voltage of 4.6 volts. Fabrication of 
the device on an epitaxial layer with 
a doping density of 9.2 x 10 6 atoms 
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Automatic billing. Hand-held computer in 

holder in truck cab enables printer (not 

shown) to produce on-the-spot invoices from 

delivery data entered by driver. 

the truck cab that produces an 
invoice from data entered by the 
driver on a hand-held computer. 

Sam-Projekt A/S of Them, Den-
mark, a manufacturer of micropro-
cessor-based systems, developed the 
terminal equipment. It centers on 
the battery-operated computer. 

Simple to use. Built around an 8-
bit Intel 8085 microprocessor, the 
device stores all the pertinent data — 
customer's identity, type of goods, 
size of delivery, discounts, and so 
on — in semiconductor random-ac-
cess memory. When inserted in a 
holder mounted in the truck cab, it 
conveys this information, at the push 
of a button, to the printer. The hold-
er is linked to the printer by cable, 
and the computer transfers its data 
to the holder by infrared light. The 
truck's battery is connected to both 
the printer and the holder, which 
therefore can recharge the comput-
er's batteries. Finally, at night, the 
terminal also passes on its stored 
delivery data to a central computer, 
again via its holder's cable. 

In addition, before each round of 
deliveries, the Sam-Link computer is 
loaded with all pertinent informa-
tion, such as customers' orders and 
addresses, prices, and taxes, which 
the printer reproduces for use by the 
truck driver. This data serves both to 
produce the invoices and to update 
the computer's record of the truck's 
changing contents. 

Being programmable, the Sam-
Link computer can provide state-
ments not only for oil deliveries but 
also for delivering beer, collecting 
milk, and making supermarket deliv-
eries. The billing program is written 
in assembly language or PL/M and 
stored either in programmable read-
only memory or in a combination of 
RAM and ROM. 

Plusses. The advantages of on-the-
spot billing are considerable, notes 
Sam-Projekt. The seller can count 
on quicker payment and thus 
reduced interest costs, as well as no 
mailing costs; the customer has an 
opportunity to check the bill for 
errors before the driver has left; and 
the driver has no reports to write 
when he gets home. Besides Dansk 
Esso, a Danish brewery and other 
customers are also using the termi-
nals on their regular rounds. 
The computer terminal weighs 

about 1 kilogram, so that it can be 
held in one hand. A liquid-crystal 
display shows each entry as it is 
made. Additional equipment in-
cludes a truck controller, which 
automatically shuts off a tank truck 
pump when a preset volume has been 
reached, and a liter counter that reg-
isters the volume of liquids delivered 
by the truck. -Alfred Pedersen, 

McGraw-Hill World News 

France 

Three firms dedicate 

chip sets to Antiope 

What is the best way of taking a 
digital teletext signal out of an ana-
log TV signal and displaying it on a 
color TV screen? Each of France's 
three largest semiconductor makers 
has come up with its own answer for 

Antiope, the French teletext system. 
Their chip sets do have similari-

ties, of course. All basically divide 
the job up into three functions—data 
acquisition, processing, and display. 
And each decoder will in fact ulti-
mately consist of three dedicated 
chips, plus a microprocessor and 
memory chips. But the details vary, 
as do the companies' strategies for 
reaching that goal. 
Two of the contenders —RTc—La 

Radiotechnique Compélec, the com-
ponents subsidiary of NV Philips 
Gloeilampenfabrieken of the Neth-
erlands, and EFCIS (Societé pour 
l'Etude et la Fabrication de Circuits 
Intégrés Spéciaux), the Thomson-
CSF subsidiary—plan to have com-
plete, albeit provisional, Antiope 
decoders ready in time for the on-air 
Antiope test scheduled to begin in 
April at Columbia Broadcasting 
System's Los Angeles station, KNXT. 
But the third contender, Texas 
Instruments France, scorning an 
intermediate stage, is working on its 
definitive chip set, which by now 
lacks only a video display processor. 

Linear ics. All three companies 
use linear bipolar circuits to separate 
the digital Antiope signal from the 
composite analog video signal [Elec-
tronics, June 19, 1980, p. 79]. Since 
both TI and Philips previously 
encountered the same problem in 
developing decoders for the British 
Ceefax teletext system, they were 
able to bring out their single-chip 
data-slicing (video-processing) cir-
cuits first. The semiconductor divi-
sion of Thomson-CSF expects to have 
its so-called Didon (a French 
acronym for Tv-broadcast digital 
data) data-acquisition circuits ready 
within a month or so, but proposes to 
use two bipolar chips, not one, for its 
provisional design. 

In the remainder of the RTC 

decoder's data-acquisition section, 
the bit clock extracted from the 
Antiope data is fed not only into the 
integrated-injection-logic circuit 
that handles demultiplexing, but also 
into an n-channel mos timing-chain 
circuit that synchronizes the entire 
decoder. Because Antiope can trans-
mit at up to 6 megahertz, a buffer 
memory is needed to store demulti-
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Get all kinds of valuable new-
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Each issue of the INTERSIL 
INSIGHT has been packed with 
state-of-the-art information. But 
if somehow you've been missing 
out — here's your chance to get 
back in the know, instantly... 
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All you do is fill out the cou-
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and absolutely free, we'll send you 
all five recent issues of INTERSIL 
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Nobody 
else has 

LSI-11 and 
LSI-11/2 
cards 

like these. 
Our digital cards are loaded with 
unique features such as the ability 
to use I/O lines as either inputs or 
outputs in increments of eight, up 
to 64 TTL inputs or outputs inter-
faced directly to the LSI-11 bus, the 
ability to detect contact closures 
on discrete input lines, and dis-
crete latched outputs with the capa-
bility to drive high current incan-
descent lamps. 
The Bus Repeater Card accommo-

dates more devices than the basic 
bus can handle. The Bus Translator 
Card allows LSI-11 peripherals 
to operate with a Unibus CPU. 
Both high level and low level analog 

cards are available with 
features like direct 
thermocouple digitiz-
ing, 250V CM isola-
tion, six gain codes, 
up to 64 channels, and 
program control interface 
...to mention just a few. 

ADAC Corporation, 
70 Tower Office Park, 
Woburn, MA 01801 
(617) 935-6668. 

GSA Contract 
Group 66 

corporation 

Electronics international 

(a) 

VIDEO 
INPUT 

PROCESSOR 

DIDON 
A 

CHANNEL 
SELECTOR 

BUFFER RAM 

(to 

DEMUL-
TIPLEXER 

BUFFER 
MEMORY 

CONTROLLER 

BUFFER RAM 

TIMING 
CHAIN 
CIRCUIT 

RAM 
6809 
MICRO-

PROCESSOR 

8048 
MICRO-

PROCESSOR 

CHARACTER 
GENERATOR 

READ-ONLY 
MEMORY 

CHARACTER 
GENERATOR 

CRT 
CONTROLLER 

PAGE 
RANDOM-
ACCESS 
MEMORY 

CATHODE- 1 
RAY 
TUBE 

PAGE RAM 

CRT 

Interim. The five dedicated chips (tinted) designed by RTC (a) and EFCIS (b) to translate 

French teletext signals onto the TV screen will ultimately become three (gray outlines). 

plexed data waiting to be processed. 
For the time being, RTC proposes a 
pair of PL. gate arrays to handle, 
respectively, demultiplexing and the 
control of the 2-K-byte buffer memo-
ry (see diagram). 
"Gate arrays are rather expensive 

when large quantities are involved," 
concedes Claude de Féligonde, com-
mercial director for RTC's Antiope 
circuits. He adds that the company 
plans to replace the pair with a sin-
gle n-mOS integrated circuit before 
the end of 1982. 

Family supplies. As for its micro-
processor, RTC plans eventually to 
use a member of Philips' own 8400 
series of 8-bit n-mos chips, together 
with the group's high-speed data 
bus. But the provisional design, says 

Antiope project engineer Claude 
Iroulart, will employ an Intel 8048 
8-bit device, which Philips second-
sources but which requires about 10 
TTL circuits to interface it with the 
rest of the decoder. 

In the display portion of RTC'S 
definitive chip set, the character gen-
erator circuit will be integrated with 
the timing chain circuit on a single 
n-mos chip. But in the meantime, 
the company is using the two circuits 
it developed for the electronic direc-
tory project being run by the Direc-
tion Générale des Télécommunica-
tions, part of the French post and 
telecommunications authority [Elec-
tronics, July 5, 1979, p. 86]. 
The EFCIS approach also groups 

demultiplexing and buffer memory 
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SCIENCE/SCOPE 

Pictures from space are helping mariners in the eastern Gulf of Mexico conserve 
fuel and travel faster in colder months by showing them where major currents are 
flowing. Data on the Gulf Loop Current, a circulation of water that moves 
roughly clockwise through the eastern portion of the Gulf, comes from a GOES 
(Geostationary Operational Environmental Satellite) spacecraft. An infrared 
sensor aboard the satellite senses the warmer waters of the current. This in-
formation is then converted into pictures and a map showing the Loop Current's 
coastal edge by latitude and longitude. Ships then can sail with or avoid the 
current, which flows up to three and one-half knots. The Hughes-built GOES sat-
ellites are operated by the National Oceanic and Atmospheric Administration. 

Computerized machines have improved the manufacture of radar systems by ensuring 
quality and reliability. Hughes has developed special equipment to assemble 
about 80 percent of the components in the AN/APG-65 radar for the F/A-18 strike 
fighter. One piece of equipment automatically selects proper components from a 
bank of up to 50 parts, tests them, positions them, and solders them into place. 
An operator monitors the work on a television screen to check alignment and make 
manual adjustments if necessary. The machines, by assembling every component in 
exactly the same way, help keep costs low. Hughes builds the APG-65 radar under 
contract to McDonnell Douglas Corporation for the U.S. Navy and Marine Corps. 

Though placed in an extremely hostile environment just below and on the center 
line of a 20-mm cannon, the AN/APG-65 radar on the F/A-18 Hornet strike fighter 
is designed to meet high standards of accuracy and reliability. A special iso-
lation system and structural honeycomb material isolate the radar from gun vi-
bration and acoustical noise to prevent interruptions in operation when the gun 
is fired. A fluorosilicone material also seals the radar from gun gas that 
could contaminate electronic components. Hughes builds the APG-65 radar under 
contract to McDonnell Douglas Corporation for the U.S. Navy and Marine Corps. 

An ultramodern facility spanning 1.75 million square feet will be the showcase 
where outstanding Hughes engineering will combine with advanced manufacturing 
techniques and production processes. Our complex is nearly completed, so we're 
looking for experienced and graduating engineers to work on such programs as: 
infrared thermal imaging systems, laser rangefinders and designators, and mis-
sile launching and guidance systems. Send your resume to Dan O'Daly, Hughes 
Electro-Optical and Data Systems Manufacturing, Professional Employment, P.O. 
Box 924, Dept. SE, El Segundo, CA 90245. Equal opportunity employer. 

New products from Hughes: An advanced Microcomputer Development System that's 
faster, more powerful, and more flexible than existing models ... an Electrical-
ly Erasable and Programmable Read-Only Memory, offering the low-power advantages 
of CMOS in a nonvolatile memory ... a 300-watt CW traveling-wave tube designed 
for space applications in the 2.0 to 2.3 -GHz frequency range. 

Creating a new world with electronics 

[ HUGHES 1 
HUGHES AIRCRAFT COMPANY 
CULVER CITY. CALIFORNIA 90230 



STOP 
TRANSIENT 
OISE 

Immunize Your System with Deltec. 

Super Isolation 
Transformers 

Eliminate Transient 
Noise 

The Deltec DT Series 
drastically 
reduces memory 
and transmission 
errors caused 
by transient noise 
on commercial power 
lines. Common Mode 
Rejection is 140dB 
and interwinding 
capacitance 
is less than 1 
femtofarad (0.001 pf). 
Stock models are 
available from 250 VA 
to 5 KVA 1 0 and 
15 KVA 30, 50/60 Hz. 

Line Conditioners 
for Noise ik Stability 

Problems 

Deltec's DLC Series 
computer power conditioners 
eliminate all power line noise 
problems which cause data and 
memory loss. Unique shielding 
provides 120 dB (1,000,000:1) 
reduction for: Transients - 
Voltage Spikes - Ground Loops - 
Line Noise caused by RFI 
or EMI (radiated noise). The DLC 
provides voltage regulation over: 
30% input voltage range with 
efficiencies greater than 93%. 
Ranges: 1200 VA - 20 KVA 10; 
9 KVA - 60KVA 3 0, 50 and 60 Hz. 

AC POWER HANDBOOK .1.> 
GOULD AC POWIFe, . gives you 

hard answers 
on how to solve 

AC Power 
problems. Now 
available at our 

cost of 54 00. 
Write or call for 

a copy. 

PROBLEMS 
AND 

SOLUTIONS 
, 'EC E 

Gould Inc.. Power Conversion Div. 

2727 Kurtz St., San Diego CA 92110. Telephone(714)291-4211 TWX (910) 335-1241 

Electronics international 

control. In cooperation with Thom-
son-csF's semiconductor division, 
the company has put both functions 
on a single n-mos circuit and is 
already supplying samples of the 
device. 
To be replaced. Also like Philips, 

EFCIS plans to use one microproces-
sor for its provisional design and 
another in its final chip set. A 
Motorola 6809 8-bit microprocessor, 
which the company produces as a 
second source, will process the data 
in its first decoders. But marketing 
vice president Yves Thorn says that 
the company plans to develop an 
optimized version of the cheaper 
6805 in definitive versions. By add-
ing 2- or 3-K bytes of on-chip read-
only memory to the 6805, he 
explains, EFCIS can do away with the 
additional random-access memory 
and ultraviolet-light—erasable pro-
grammable ROM (E-PROM) chips 
necessary with the 6809. 

Since Thomson-csF is also partici-
pating in the electronic directory 
project, and since both the directory 
and Antiope operate on the same 
videotext standard, it comes as no 
surprise that EFCIS, like RTC, is pro-
posing a pair of display circuits 
developed for the directory project. 
And although EFCIS' president, Paul 
Mirat, does not want to commit him-
self to a specific date for a single 
n-mos chip to handle both cathode-
ray-tube control and character gen-
eration, he is confident that, like 
RTC, EFCIS will have three dedicated 
chips by the end of 1982. 
Thus all three competitors should 

have definitive versions of their 
decoder chip sets ready for produc-
tion by the end of next year. EFCIS 
and RTC now plan to keep the RAM 
needed to store Antiope pages wait-
ing to be displayed separate from the 
buffer memory for incoming data. 
Therefore, in addition to their three 
dedicated circuits, each will require 
two RAMs, plus, of course, the micro-
processor. TI is combining both 
memory functions into a single RAM, 
so its decoder will consist of one 
RAM, a microprocessor, and three 
dedicated circuits—a data slicer, a 
prefix processor, and a video display 
processor. -Kenneth Dreyfack 
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Analyzer FAM 
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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 

AM + FM 

All-round modulation analysis, manually or automatically, in the 
carrier-frequency range 55 kHz to 1.36 GHz 

Special features: The FAM is five instruments in one: 
Residual FM < 1 Hz (CCITT weighted) U modulation meter 
Residual AM < 0.01 % (CCITT U RF counter 
weighted) • AF counter 
— thus superior for spurious-modu- MI distortion meter 
lation measurements • psophometer 

Excellent amplitude and phase linearity 
with stereo crosstalk attenuation of 
> 50 dB, distortion < 0.1 % 

FSK IEC-bus interface for use in automatic 
test systems 

Compact design (12 kg) and low power 
needs 

Easy to operate, ergonomic styling 

STEREO 

Versatile AF evaluation facilities: 
• AF-level measurement 
MI weighting filters CCIR and CCITT 
• distortion measurement 

Indication of measured results by: 
• three digital displays, one quasi-

analog display 

Ask fore more information 
Modulation analyzer FAM 

ROHDE&SCHWARZ Electronic measurements • Broadcasting Radio communications and monitoring 

Circle 341 on reader service card 
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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 than 
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 well 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, lnfoservice, Postfach 156, 
D-8510 Fürth, quoting »SMP«. 
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..T1-10MSON CSE 
The semiconductor components you need now... 

and tomorrow. 

Bearing the hallmark of excellence, 
Discrete components and IC's are produced throughout the world 
in our 9 semiconductor plants. 



Five MUSTS for using the new BTA series: 
• Higher dv/dt(c) : 10 V/iÀs 
• Better insulation: 2.5 kV (rms) 
• Broader range: 6,8,10,12 A; 200V->700 V 
• Greater sensitivity: < 10 mA 
• ...and available NOW! 

You may depend on us, we're never far-away... 011 11 '1111111 THOMSON-CSF 
411111ph cad'regaine 

Circle 343 on reader service card 

USA THOMSON-CSF COMPONENTS CORP. P.O. BOX 1454 CANOGA PARK CAL.91304 / 6660 VARIEL AV. CANOGA PARK CAL. 91303 TEL. (213) 887-1010 TWX 910 494 1954 TLX 69 8481 

BELGIUM end the NETHERLANDS THOKISON SA NV BRUXELLES TEL (2) 648.64.85 TuomsoN SA Ny RA s GRAyeNm0ER THE NETHERLANDS TEL (016) 23-17-600 BRASIL THOUSONCSF COMPONENTES DO BRASIL SAO PAULO TEL (55-
11) 542.47-22 DENMARK SCANSUPPLY COPENHAGEN TEL (01)&150-90 FINLAND OY TOP-COMPONENTS AB I-ELSINKI TEL (0)490-9311490.137 GERMANY (WEST) THOMSON-CSF Cvnbil MUNCHEN TEL ,o89) 76151 HONG-KONG KELSON INDUS-
TRIAL Co Ltd KOWLOON TEL 852-368.02-61 IRELAND NELTRONIC Ltd DUBLIN TEL (01) 50.18-45 ITALIA THOmSON-CSF COMPONENT) MILANO TEL (2)6884.141 JAPAN THOMSON-CSF JAPAN K.K. TOKYO TEL (03)264-6341 INTERNix TOKYO TEL 
(03)369-11.01 MOROCCO SFRM CASABLANCA TEL 27-91-00/27-91-23 NORWAY TAHONIC NS OSLO TEL (02)1.;-16-10 SINGAPORE THOMSON-CSF COMPONENTS SEA SINGAPORE TEL 295-31-24 / GENERAL ENGINEERS Corp. Ply. Ltd SINGAPORE 
TEL.272.94.12 SPAIN THOMSON-CSF COMPONENTES Y TUBOS BARCELONA TEL (3)373.30-11 ( THOMSON-COF COMPONENTES V TUBOS MADRID TEL (1) 419-66-914419BSSI SWEDEN THOMSON-CSF KOMPONENTER 6 ELECTRONROR AB STOCK. 
Holm TEL. (08) 22.5845 / DISTRIBUTOR TI-FS ELEKTRONIK AB SPANGA TEL (08) 760-01-90 SWITZERLAND MODULATOR SA BERN-LIEBEFELD TEL (031) 59-22-22 TAIWAN HUGE Co. Ltd TAIPEI REPUBLIC OF CHINA TEL 761-2070/ 767-9931 
UNITED KINGDOM THOMSON-CSF COMPONENTS AND MATERIALS U0 DANNESHILL BASINGSTOKE HANTS. TEL (0256) 29.155: AGENT & DISTRIBUTOR TRANSWORLD SCIENTIFIC Ltd HIGH WYCOMBE BUCKS TEL. (494) 36-381 
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MINI DIP 
Ft 
SWITCH 

PC MOUNTABLE 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, Schilerstr. 14. W. Germany Phone, 04106/612.1 
COMEPA 
34, Rue Jactmart.93500 Paniin. France Phone: 844-87-39 
DOTE. INC. GIUSEPPE DE MICO S. P. A. 
10121 Milano.Via Manzoni. 31. Italy Phone: (02) 65.31.31. 
INOTEC A/S 
Marielundvej 46 A DK.2730 Meren, Denmark Phone: (02) 948033 
INTERNATIONAL TECHNOLOGY RESOURCES INC. 
One World Trade Center Suite 345, New York, N.Y. 10048. USA. 
Phone :12121.139-0988 
MEMOTEC AG 
('11-4932 Lotzwil, Switzerland Phone: 063 28 II 22 
NORDSWITCH AB 
Sodra Kungsysgen 236 Lidingo. Sweden Phone, 08/7665410 
P. CARO AND ASSOCIATES LTD. 
.2347 Coventry Road. Sheldon, Birmingham B26 3LS, 
United Kingdom Phone: 021-742-1328 
SAEN 
Apartado 50 San Cugat Del %rah (Barcelona) 
Phone. (935674 10 12 
SAHKOLIIKKEIDEN OY 
Sahkometsa PL 88/P.O. Box 88 01301 Vantaa 30, Finland 
Phone: 90-8301 
TELEREX NEDERLAND B. V. (Holland Netherland Luxemburg 
Belgium) P.O. Box 180 5680 AD Best, Netherland 
Phone, 04996-4295 
TELEREX N. V. 
Kouwenbergileef. 6 1230 Schilde. Belgium Phone: 031/83.33.50. 
CHEMICO TRADING COMPANY 
RM. 110.2. 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 Chow Sang Sang Bldg., 229 Nathan Road, Tsimshatsur. 
Kowloon. Hong Kong Phone, 3-668338 (6953211 
MICROTRONICS ASSOCIATES PTE LTD. 
35B Block 1003 Ahunied Avenue 5 Singapore 1438, Singapore 
Phone: 447.1035 
XENITEK PTY LIMITED 
P.0 Box 128 1.'10 Wattle Road. Brook,k, N.S 
Xustralia Plume • 932 4311 
H. KOPP AND CO. (PTV) LTD. 
P.O. Box 2944 Johannesburg 2003. Smith Alma Phone 23.6511 
TELSYS LTD. 
12 Kehilat Venosia Street Tel Aviv, Israel Phone: 482126.7.8 
INDUSTRIAS ELECTRICAS " NAZA" S. R. L 
Urguay 267-1,;70 Avellaneda, Buenos Aires, Argentina 
Phone: 208.59 14 

J CO 
JEPICO CORPORATION 
Overseas marketing section 

Shinjuku Dai-lchi Seimei Bldg., P.O. Box 5016 
Shinjuku-ku, Tokyo 160, Japan 

Telex: 2323167 JEPICO J 

New products international 

degrees or days of the week. 
The ease with which custom 

designs can be accommodated arises 
from advances in display manufac-
ture. As a late entrant into the mar-
ket, Lucid Displays has been able to 
invest in the latest production equip-
ment, manufacturing displays in 
batches at a time from glass sand-
wiches that are presently 6 in. square 
but will eventually be up to 16 in. 
square. Both custom and standard 
products can be run down the same 
production line with no extra tooling. 
The company was formed by 

Saunders-Roe Developments Ltd., 
which backed a group of engineers 
with long-standing experience in the 
technology with $1 million. It plans 
to provide a high-volume capability 
for both standard and custom LCDs, 
building on the pioneering research 
work of Britain's Royal Signals and 
Radar Research Establishment. The 
latter, together with the University 
of Hull and BDH Chemicals Ltd., 
Pool, Dorset, developed a range of 
liquid-crystal materials that now 
accounts for over 60% of world con-
sumption —cyano-biphenyls and ter-
phenyls, which are stable in sunlight 
and have a wide temperature range. 

In the batch production technique 
developed by Lucid, both the front 
and rear electrodes and the spacer-
sealant are deposited on the glass in 
a single operation. Individual dis-
plays are separated only after injec-
tion of the twisted-nematic biphenyl 
material. The sealant-spacer used to 
separate glass faces by 8 gm is a 
heat-cured plastic developed for the 
purpose. The group aims to provide 
displays of increasing complexity 
with plans for dot-matrix displays 
and displays of up to 30 characters. 
Lucid Displays, Swallowfield Way, Dawley 

Road, Hayes, Middlesex, UB3 1D1 England 

[441] 

Correction 
Microampere and microsecond were 
wrongly abbreviated in the story on the 
e3 I 00 microcomputer from Eurosil 
GmbH appearing in the Dec. 4 issue, 
p. 6E. The e3100 uses 30 µA (not 30 
mA) at 1.5 v; the machine cycle time 
should have been given as 30 ms. Elec-
tronics regrets these errors. 

Members of the 4N series of optoelectronic 
couplers incorporate a gallium arsenide lumi-
nescent diode as a transmitter and a silicon 
npn planar phototransistor as a receiver. 
Each coupler comes in a six-pin dual .n-line 
package. AEG-TelefLrken, 7100 Heilbronn 
2, West Germany [442; 

Type 16 universal enc osures have grooves 
in the sides, enabling them to do without 
separate handles. They are built for 100-
by-160-mm and 100-by-200-mm Eurocards, 
as well as for double-sized Eurocards. AKA 
Mayr AG, CH-8635 Dürnten, Switzerland 
[443] 

139.5 E 

The model 7851 digital temperature measur-
ing set can deal with temperatures from 
— 100.0° to + 199.9°C. Featuring art accura-
cy of within 0.1°C, it has a serial binary-
coded decimal output and a power con-
sumption of about 4 VA. Burster, 7562 
Gernsbach, West Germany [444] 
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Philips scopes meet every measurement 
problem—head on and dead on. We build scopes for 
advanced or everyday electronic environments. But no 
matter what the application, each one is geared to pro-
duce measurement results efficiently. 

Need a 100MHz dual trace universal oscillo-
scope? Our PM3262 is more than adequate for use with 
Schottky TTL and similar logic techniques. Its over 
150MHz trigger bandwidth allows display of highspeed, 
current-mode logic signals. 

Are you bombarded with complex data streams? 
Thanks to micro-processor control, our PM3263 is a 
100MHz measuring whiz. It features dual delay for time 
interval, delay by events, and a direct readout of measur-
ing results, including frequency. 

If you need a four-channel 100MHz portable 
scope with delayed time base, check into our PM3264. 
It's the lightweight with all the heavyweight 
features. A, B, C, D, A -f- B and 

Test & Measuring 
Instruments 

,:r• 

C 4- D display simultaneously, main and delayed time 
base can be triggered by any input channel, high light 
output CRT. And, thanks to a high efficiency power sup-
ply it won't add heat to your lab or rack. Best of all, its 
monolithic construction saves you money. 

Need a fast charge transfer storage scope? 
Choose our PM3266 100 MHz-5mV. It features storage 
time up to 1 hour, 1000div/us writing speed over the full 
screen, auto erase with ,variable viewing times, alternate 
time base display, and trigger view can be used as a 
third channel. 

No matter which scope you choose, you'll 
discover that we built it to be better. So you'll get a 
better benchmark. 

rmore information contact your local Philips office or 
write to: Philips industries, Test and Measuring Dept., 
Building TQ 6Q0.MD Eindhoven, The Netherlands. 

¡lips, of c 
PHILIP 
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The foremost solution 
when you're selecting capacitors... 

Monolithic and Disc 
Ceramic Capacitors 

from 

CENTRAI-AB 

When you qualify Centralab as your supplier of 

ceramic capacitors, you won't need a second 

source. Centralab can supply all your 

needs. We offer you monolithics — chip; 

epoxy coated, radial lead; glass encapsu-

lated, axial lead; molded, two pin dual-

in-line and CK/CKR MIL-spec types. Or 

you can choose ceramic discs — general 

purpose, temperature compensating, 

or low voltage semiconductor types. 

s a fact — no other U.S. manufacturer 

offers as great a depth and breadth 

of product to meet your needs. 

When you choose Centralab you 

gain the momentum of 43 years of 

leadership in ceramic capacitor 

chnology. To maintain that leadership, 

we've made a multi-million dollar 

investment and a commitment of major 

proportions to expand our capability. We're 

dedicated to meeting your growing needs for 

ceramic capacitors today and tomorrow as well. 

Discover why we say the foremost source for 

ceramic capacitors is Centralab. Call your 

Centralab Sales Representative or write 

Centralab, Inc., a North American Philips 

Company, 5855 N. Glen Park Road, P.O. Box 

2032, Milwaukee, Wisconsin 53201. 

Circle 349 on reader service card 



AUSTRALIA 
Balmain 
AMTRON TYREE. 
HOLDING PTY. LTD. 
e 82-0701 

AUSTRIA 
Wien 
OSTERREICHISCHE 
PHILIPS 
BAUELEMENTE 
e 62 91 11 

BELGIUM 
Bruxelles 
MBLE 
e 523 00 00 

COLOMBIA 
Pereira 
ELECTRONICA 
ANDINA. LTDA. 
tt 36-930 

DENMARK 
Kobenhavn NV 
MINIWATT AS 
e (01) 69 16 22 

FINLAND 
Helsinki 
OY PHILIPS AB 
e 1 72 71 

FRANCE 
Paris 
RTC LA 
RADIOTECHNIQUE-
COMPELEC 
it 355-44-99 

HONG KONG 
Kowloon 
CENTRALAB 
HONG KONG LTD 
e 3-7583131 

ISRAEL 
Tel-Aviv 
LANDSEAS 
(ISRAEL) LTD 
IS 247291-4 

ITALY 
Milano 
PHILIPS S.p.A. 
e 2-6994 

JAPAN 
Tokyo 
SEISHIN TRADING 
CO. LTD 
it (03) 503-2871 

Tokyo 
TECHNITRON SUPPLY 
CORPORATION 
e (03) 726-6188 

Tokyo 
OHMIYA CHEMICAL 
CO. LTD 
It (03) 270-8951 

MEXICO 
Mexico City 
CIA GENERAL DE 
ELECTRONICA. S.A. 
e 561-3211 

PHILIPS 
NEDERLAND B.V. 
e (040) 78 48 39 

NEW ZEALAND 
Auckland 
CHANNEL MASTER 
(N.Z.) LTD. 
/t 599-003 

NORWAY 
Oslo 
NORSK AS PHILIPS 
It 46 38 90 

PHILIPPINES 
Manda 
F. H. STEVENS 8. CO. 
(INCORPORATED) 
e 48-79-96 

PORTUGAL 
Lisbon 
PHILIPS PORTUGESA 
S A.R.L. 
It 68 31 21 

REPUBLIC OF PANAMA 
Panama 
GUILLERMO A VILORIA 
e 22-3813 

SOUTH AFRICA 
Craighall 
TELECOM INDUSTRIES 
(PTY.) LTD 
It 788-1226 

SPAIN 
Barcelona 
COPRESA S A 
e 301 63 12 

SWEDEN 
Stockholm 
A B ELCOMA 
e 08 67 97 80 

SWITZERLAND 
Zurich 
PHILIPS A G 
e 01 43 22 11 

TAIWAN 
Chung Li 
CENTRALAB 
TAIWAN LTD 
e 034-422174 

UNITED KINGDOM 
London 
MULLARD LTD 
'It 01-580 6633 

VENEZUELA 
Valencia 
PRODUCTOS 
ELECTRONICOS 
SURAMERICANOS. C.A. 
e (041) 82666 

WEST GERMANY 
Hamburg 
VALVO 
e (040) 3296-1 

New products international 

The H-A series of connectors, available with 
3, 6, 16, or 32 pins, have a contact resist-
ance of less than 2 rnft for screw-type con-
nections and less than 5 ma for crimp con-
nections. They are rated at up to 380 V ac. 
Contact GmbH, 7000 Stuttgart 80, Schulze-
Delitzsch Str. 29, West Germany [445] 

Portable digital multimeter DM11, with 26 
measuring ranges for ac and dc voltages, 
currents, and resistances, has batteries set 
for 2,000 hours of operation and a 15-mm-
high liquid-crystal display to indicate magni-
tude, polarity, and range. Grundig AG, 8510 
FOrth, Kurgartenstr. 37, West Germany [446] 

1.11 

The S60 solderer heats up in 6 seconds and 
cools down within 10 to 15 seconds. Housed 
in a break-resistant plastic case, it weighs 
about 700 g and can be used either with a 
tip for 2.5-mm2 work or with one for finer 
work. Engel GmbH, 6200 Wiesbaden, P. O. 
Box 2340, West Germany [448] 

For use in line transformers and cascades, a 
series of rectifiers has been designed to han-
dle up to 24 kV at 2 mA. The rectifiers, which 
have a moisture-resistant sintered glass 
package, come belted for automatic mount-
ing. Dithraterm, 8300 Landshut, Ludmillastr. 
23/25, West Germany [449] 
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Power supply model 64G 32 RU 50, a 19-in. 
unit with a digital indicator, supplies up to 
1,600 W —a 50-A output at 32 V. Voltage 
stability is specified as within 0.001% despite 
0-to-100% load variations. Gossen GmbH, 
8520 Erlangen, P. 0. Box 1780, West Ger-
many [447] 

Model RP-881 is a digital recorder of analog 
data using pulse-code modulation on video 
cassettes. It has a range of dc to 20 kHz, a 
dynamic range of more than 70 dB, and no 
wow, flutter, or drift. NF Circuit Design Block 
Co., 6-3-20 Tsunashima Higashi, Kohoku-ku, 
Yokohama 223, Japan [450] 
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When supplier dependability counts 
you can rely on components from HAMLIN. 

Make short work of your 
Large Area/Custom 

LCD problems. 
When you're fac 
instant source of help is Hamlin — the leader in custom, large area LCD's. 

In addition to our broad line of standard LCD's we've developed 
custom designs for over 350 special applications. We maintain our owr 
quality-controlled liquid crystal fluid and glass fabrication facilities and 
through automated manufacturing can produce high volume OEM q 
ties of instrument and industrial type displays. Our custom, large 
high temperature displays, the first in the industry, have proven reli 

in marine, gas pump and other demanding outdoor applications 
Here's what you can ask for - and get — with cu 

from Hamlin. 
Sizes as small as 1.2" x 0.9 or as large as 6- x 2 
• Commercial, instrument or high temperature fluid 

Your choice of viewing mode and polarizer opti 
• DIL pin, snap-on terminals or conductive e st 

r connectors. 
An expert staff of design applicatio 

ultants. 
Discover the real custom LCD hous 

Our catalog details the wide range of o 
tions and includes an easy-to-use custo 
design sheet. It could help 

t work of our LCD 

Lake and Grove Streets • Lake Mills, WI 53551 
22 (414) 648-2361 • TWX 910-260-3740 
INTERNATIONAL SALES OFFICES: 
England • Diss, Norfolk It 0379-4411.13 
France • Paris '21k 202-5317 
West Germany • Bad Vilbel 1151 06193-7029/7020 

Circle 350 on reader service card 

NEW 1980 Electronics Buyers' 
Guide 
The only book of its kind in the 
field. If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
this coupon. 

- - --
Yes, please send me copies of 1980 EBG. 
CI I've enclosed $30 per copy delivered in USA or 
Canada. Address: EBG, 1221 Avenue of the Americas, 
New York, N.Y. 10020. 
El I've enclosed $52 for air delivery elsewhere. 
Address: EBG, Shoppenhangers Road, Maidenhead, 
Berkshire S16, 201 England. 

Name 

Company 

Street 

City 

New products International 

The Percept series of solid-state electronic 
pressure indicators, designed for gases and 
liquids, indicates both direct and differential 
pressures from full vacuum to 100 lb/in.2, 
and static pressures up to 150 lb/in.2. Per-
flow Instruments Ltd., 83 Denzil Rd., London 
NW10 2UY. England [451] 

Model TA 7200 universal scanner, for use in 
data-acquisition and test systems, has built-
in switch cards for multiplexer, relay actua-
tor, and matrix functions and provision for 
control by an IEEE-488 bus. Takeda Riken 
Industry Co., 1-32-1, Asahi-cho, Nerima-ku, 
Tokyo 176, Japan [452] 

riaigagaiwirigagiansam 

The 2123 multipurpose waveform generator 
produces sine, square, and triangular waves 
between 0.003 Hz and 200 kHz. All functions 
have a source impedance of 60 SI with a 
variable output of 10 V p-p maximum. Mar-
coni Instruments Ltd., Longacres, St. Al-
bans, Herts. AL4 OJN, England [454] 
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The NEW 
Electronics Buyers' Guide 

is now available! 

The 1980 EBG is only a postage stamp away! Completely new listings of 
catalogs, new phone numbers, new addresses, new manufacturers, sales reps, 
and distributors! The total market in a book—four directories in one! 

1. 
Directory of products. Over 
4,000 products, over 5,000 
manufacturers. 

Directory of catalogs. 
Includes six post-paid catalog 
inquiry cards for 10-second 
ordering. 
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The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with the 

coupon now. 

- 

Directory of manufacturers. 
Local sales offices, reps, and 
distributors, with phone 
numbers. Number of em-
ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
Directory of trade names of 
products and their manufac-
turers. You can trace a prod-
uct by its trade name only. 

Yes, please send me copies of 1980 EBG. 
III I've enclosed $30 per copy delivered in USA or Canada. 
Address: EBG, 1221 Avenue of the Americas, New York, 
N.Y. 10020. 
D I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S16, 
201 England. 

Name 

Company 

Street 

City 

State Zip Country 
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004 , 
ego* We 

deliver 
- anywhere 

in the world. 
inland international 
Inland International is an 
exclusive worldwide 
distributor of computer 
components. We can 
deliver computer 
peripherals to your door 
anywhere in the world. We 
can do it fast, efficiently, 
and most important... at a 
lower cost than anyone 
else in the world. Most of 
the products we offer are 
available at the 
one-hundred unit price 
even in small quantities. 
We encourage your 
requests for proforma 
invoices, delivery 
information and a 

complete list of products 
we offer. Below is a partial 
list of manufacturers we 
represent. 

• ADDS 
• DEC 
• Hazeltine 
• Lear-Siegler 
• Centronics 
• Texas 
Instruments 

• Teletype 
• Dataroyal 
• Motorola 
• Beehive 
• NEC 
• Soroc 

Inland International is the 
international marketing 
division of Inland 
Associates which has 
successfully served the 
computer industry since 
1968. 

For more information contact: 

inland international 
Attn: Dennis A.Seager 
7975 w. 63rd, shawnee mission, kansas 66202 u.s.a. 
913/362-2366 twx 910/743-4122 

Circle 462 on reader service card 

Keeping you ahead of the pack.. 
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 international 

The 5001 is a serial input/output interface 
that enables Gould's LA5000 logic analyzer 
to be linked directly with line printers, 
paper-tape punch/readers, teleprinters, and 
cassette-tape units. Gould Instruments Divi-
sion, Roebuck Road, Hainault, Essex 1G6 
3UE, England [455] 

A telegraph and data test set includes the 
8620 microprocessor-based generator, the 
8630 telegraph and data analyzer, and the 
8660 telegraph and data test center. GPW 
Electronics Ltd., 55 Cobham Rd., Ferndown 
Industrial Estate, Wimborne, Dorset BH21 
7RA, England [456] 

Model 694's eight-pin dual in-line package 
contains four isolated precision thin-film 
resistors for parallel and serial connection. It 
comes in four accuracies of absolute and 
ratio tolerances from 1.0% to 0.05%. Beck-
man Instruments Ltd., Queensway, Glen-
rothes, Fife KY7 5PU, Scotland [457] 
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At last. Logic analysis made easy. When digital and analog worlds meet the relationship 
tween state and timing analysis becomes critical. Now Philips helps you capture and examine 

this relationship instantly—with the two most original logic analyzers on the market. 
Both instruments offer optimal performance in fault location and analysis, combined with 

unmatched operating simplicity. Isn't it about time someone offered you the best of both worlds? 
Why not choose your digital troubleshooter today? 

The PM3500 100MHz 16 Channel Logic Analyzer 
• Performs both state and timing analysis 
• Can spot 3ns glitches 
• Choose binary, hex, octal, mapping or timing display modes 
• 504 X 16 bits memory format 
• Internal and external triggering with trigger extension facilities 
• Handles all logic families 
• Compare mode facilities 
• Tiny input probes matched 

for 100MHz operation can be 
rouped or used 

separately—even meters 
apart 

Test & Measuring 
Instruments 

The PM3540 10MHz Logic Analyzer and 35MHz Real-Time Scope 
• Unique matched combination of state analyzer and 
oscilloscope 
• Accepts 16 data channels and 2 real-time channels 
• Offers binary, octal, hex and real-time display 
• 64 X 16 bits memory. plus separate 64 X 16 bits compare memory 

• Three clock qualifiers 
• "Store Trig" provides quick 
and convenient paging 
through data stream 
• Comprehensive diagnostic 

routines 
• Trigger extension facilities 
For more information contact 
your local Philips office or write 
to: Philips Industries 
Test and Measuring Dept. 

Building TQ III-2 
5600 MD Eindhoven 
The Netherlands 

PHILIPS 
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Tomorrow's new generation of aircraft will soon 
be criss-crossing the sky : the A 310 Airbus, 

the Boeing 757 and 767... and many others. 

SOURIAU is already to make sure you 
plug into this fast approaching future with 

its new S 600 connectors. 

.SOURIAU is the only european 
connector manufacturer amongst the 
world leaders with its own range of 
ARINC 600 officially approved, 
high performance. rack and 

panel connectors providing: low 
insertion force, high contact 

density, high vibration 
performance, resistance 

to aviation fluids and 
multiple operation 

capability. 

SOURIAU (UK) LTD 
Knaves Beech 
ndustrial Estate 
Loudwater 
-ugh Wycombe 
3uckinghamshire 
ENGLAND 
Tél. : 062.85.24.981 
Télex : 84 84 56 

SOURIAU INC. 
7765 Kester Avenue 
Van Nuys 
91405 California 
USA 
Tél. (213) 78753.41 
Télex: 9104952028 

(ARINC 600 approved) 

you plug into 
tomorrow's sky. 

S 600 - 3 sizes (120, 300 and 600 contacts and size 22 for 
signal blocks), 

- 5 to 26 contacts for power blocks (power supplies, 
coaxial connections and fibre optic connections), 

- range of cable termination methods (rear removable crimp, wirE 
wrap spills and fixed spills for printed circuits), 

- high quality materials (specially designed light alloy shells, 
thermosetting insulating material, gold-plated copper alloy contacts, 

fluorsilicone elastomer seals), 

- S 600 connectors are offered in environmental and non-environmental 
versions. 

sounau 
a world leader in connections 

Tél. : (1) 609.92.00 - Télex 250918. F. 13, rue Gallieni 
B.P. n° 410 92103 Boulogne Billancourt Cedex. FRANCE. 

SOURIAU 
ELECTRIC G.m.b.H. 
4006 Erkrath 1 
Heinrich Hertz Strasse 1 
DEUTSCHLAND 
Tél. : Dusseldorf (0211) 20.20.51 
Télex: 8586589 

SOURIAU 
ITALIANA S.p.A. 
Via Pelizza da Volpedo, 59 
20092 Cinisello Balsamo 
ITALIA 

: 618.45.00 
Télex: 331 337 

S.E.B. Souriau 
Quai des Ushes 8-9 
1020 Bruxelles 
BE  
Werkhuizenkaai 8-9 
1020 Brussel 
BELGIE 
Tél. : (02) 242.33.70 
Télex : (02) 23231 

mE
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S.E.B. Sou riau 
Kanaalweg 25-27 
Postbus 174 
2900 AD Capelle 
a/d IJssel 
NEDERLAND 
Tél. : (010) 50.13 2 
Télex : 24050 
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New products international 

The PBT 45 and 55 series of dual-thyristor 
power modules are designed for dc motor 
controllers, lamp dimmers, battery chargers, 
and welding controllers; they have voltage 
ratings of 400 to 1,200 V. Marconi Electronic 
Devices Ltd., Carholme Road, Lincoln LN1 
1SG, England [458] 

The PM 4201 digital cassette recorder serves 
as a memory extension unit for equipment 
unable to provide complete controller func-
tions. It reproduces cassettes at high speed. 
NV Philips Gloeilampenfabrieken, Science 
and Industry Division, P. O. Box 523, 5600 
AM Eindhoven, The Netherlands [459] 

The components of the BR series of bridge 
rectifiers, mounted in chip form on a thin 
alumina substrate, have a typical junction-
to-heat-sink thermal resistance of 0.57°C/W 
and a typical junction temperature of 96°C at 
full rated output. Diodes Ltd., 16 The Broad-
way, Newbury, Berks., England [461] 

- 
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Ceramic Resonator 

CERA Wa it 
For clock pulse generator of micro-processor 

New Generations of Microcomputers 
Develop with Ceralock Pulses. 
Based on ceramic technology accumulated over the 
past years, Murata has developed a small ceramic 
resonator "Ceralock" as a clock signal resonator 
indispensable for the oscillation circuit heart of 
microcomputers. A wide frequency range from 
190KHz to 30MHz is available in series to meet an 
increasing demand for microcomputers for con-
sumers' use. Use MURATA's "Ceralock" for square/ 
sine wave oscillator, remote control system for 
color TV, tone generator of telephones, VCO 
oscillator and car electronics. 

• Features 

1. Small and light-weight 
2. Wide temperature range and highly stable oscillating frequency 
3. Oscillating circuit requires no adjustment when "Ceralock" is 

used with various ICs. 
4. Higher accuracy than LC or RC. Small but highly efficient. 
Suitable for mass production. 

5. High mechanical strenght ensures the use in household electro-
nic equipment and cars. 

CSB Series CSA Series 

Ceramic Capacitors for CSA are also available 

Char Type CSB Series CSA Steles 

Frequency Range 190--600KHz 3--30MHz 

Vibration Mode Area Vibration Thickness Vibration 

Frequency Accuracy tat 25°C) ±0.3%max. ±0.3%mas. 

Stability in Temp. ±0.3%max. 
17pornfiCI 12ClopmeC) 

Ageing Itor ten years) -1-0,5%max, +0.5%mas. 

Resonant Resist. 200 max. 40Stmas. 

in silla fa 
MURATA MFG.CO,LTD. 

Headquarter, 

Murata Cotpotabon of Amer,. 

Murata (Europe) GmbH 

Murata Electron.. Slregapore (Pte I Ltd 

Murata Company. Lemned (Hong Kong) 

Tewan Murata Electron,,, Co 

Murata Korea °Moe 

I Typ. Value 

Nagdoltattyo-stn, Kyoto Japan 

Phone 075 ,921 ,9111 Telex 5428901 MURATA J 

Phone 404-952-9777 lelo. 0542329 MURATA AIL 
Phone 0211-48-4062 Telex 8585548 MMES D 

Phone 2554233 2554023 Tale. 21)27 MURASIN 

Phone K.306291-2 Telex 86208 SEMAI HO 

Phone 07-562-4218-9, 562.4210 

Tele• 22177 S1ELTP 

Phone 776-2283 Telex. K25858 MURASUL 

Electronics/January 13, 1981 Circle 465 on reader service card 17E 



A no-compromise solution 
to scanning electron microscopy 

The increasing use of scanning electron micro-
scopy in industrial research and product development 
calls for higher standards and degrees of quantifica-
tion and improved operational versatility. 

Until now however, positional geometry within 
the specimen environment, along with the many 
detectors that have to be placed around the specimen, 
has required an SEM (scanning electron microscope) 
detector compromise that often produces poor 
performance in at least one of the operating modes. 

PHILIPS 

So Philips developed a 'no-compromise' scan-
ning electron microscope - the SEM 505 - in which 
a revolutionary, fibre-optics based, Multi-Function 
Detector (MFD) interfaces the detecting elements 
with a photomultiplier/ pre-amplifier assembly that 
can be placed outside of the specimen chamber; thus 
permitting high flexibility in detector placement. 
The result? Optimum detection performance in all 
modes because detection geometry is no longer 
limited by fixed construction or precise port location. 

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. 

Circle 466 on reader service card 
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The SEM 505 also features a unique data link 
system that synchronises the operation of transmit-
ters and receivers, and relays all operational data to a 
series of function modules that monitor each other's 
parameters and acts upon the acquired data accord-
ingly. Furthermore, these function modules can be 
configured, re-configured, extended or upgraded to 
suit the specific needs of the user. 

The advanced state-of-the-art of this new scan-
ning electron microscope (the MFD, for example, is 

Optical data storage. Philips' diode 
laser optical data storage system - the 
world's first - employs a micro-miniature 
read/write head, alongwith extremely high 
precision radial tracking and error-detec-
tion/correction systems, to record and/or 
retrieve 101° data bits on a double-sided, 
12-inch tellurium coated disk. An AlGaAs 
diode laser, contained in the head, produces 
sufficient pulsed light output to write, or 
burn, 1-pm data pits in the tellurium film, 
while an electro-optical system, also in the 
head, maintains an objective focusing 
accuracy of 1-pm with a radial tracking 
accuracy of 0.1-pm. 

Circle 467 on reader service card 

PHILIPS 

considered to be one of the most important achieve-
ments in detector technology since the introduction 
of the Thornley-Everhard secondary-electron detector) 
is indicative of the level at which Philips is contri-
buting to the fields of microelectronics and micro-
sciences. 
Here are some more examples of that technology. 

Optical transmission repeater. Eleven 
one-way repeaters, spaced at 81cm intervals 
along a total line section length of 96km, 
are being used in laboratory trials of a 
longhau1140Mbit/s optical line trans-
mission system. Each repeater is equipped 
with a Running Digital Sum (RDS) counter 
which, together with the code rules of the 
5B-6B line code, permit direct error code 
monitoring per repeater section. A trans-
mitter and a receiver are also contained in 
the extremely compact repeater housing. 

Circle 475 on reader service card  

Write for more information to: Philips, 
C.M.S.D.-Marketing Communications, 
V0p, Room 22, Eindhoven, Holland. 

Or telephone: 
Athens 9215 311, Brussels 2191 800, 
Copenhagen 01-57 22 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 91 41 
ext. 471, Zurich 432211. 
Or telex: 
51121-PHTC-NL/CMSD-Marketing 
Communications, Eindhoven, Holland. 

EL 

Semiconductor lithography. The 
Philips Beamwriter employs a Vector Scan 
writing method to obtain precise micron 
and submicron details rapidly, and a vari-
able clock rate to address the issue of 
proximity corrections. Target current 
density of 100A/ cm2 yields exposure dose 
as much as 20x greater than other E-Beam 
systems; provides more flexibility in selec-
tion of resists, and allows beam spot sizes 
down to 0.025 micron. Considerably 
smaller than any other E-Beam systems, 
and featuring a modular design and tem-
perature controlled electron column, the 
eamwriter is the world's only commer-
'ally available production-orientated 
ector Scan lithography system. 

Circle 468 on reader service card 

Philips working on advanced technology 
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Whatever your want in Contact us for our free 
high voltage modules, you brochure. 
can rely on Hunting Hunting Hivolt, Riverbank 
Hivolt's broad range. top Works, Old Shoreham 
quality manufacturing, Road, Shoreham-by-Sea, 
massive stocks, complete ph West Sussex 
flexibility and fast delivery. alle BN4 5FL. 

If you're looking for Tel: (079-17) 4511. 
reliable high voltage, low 
power, D.C. modules, look 
no further. 

Circle 470 on reader service card 
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VACOMAX® 
Permanent Magnets make your devices 
smaller and more efficient 

VACOMAX is a permanent magnet 
alloy of cobalt and rare earth-
metals. It is characterized by a very 
high energy product and a particu-
larly high coercive field strength, 
combined with high saturation and 
good temperature stability (up to 
+ 250°C). 

The smallest by comparison 

VACOMAX is particularly advanta-
geous if high fields close to the 
magnet are required. It is not only 
the magnet volume which becomes 
smaller, but the whole system can 
be miniaturized. The high coercive 
field strength practically excludes 
demagnetization by opposing 
fields, which is very important in 
motor design and elsewhere. 

Form of product as required 
We usually supply magnets accord-
ing to customers drawings, or 
mounted components (e.g.magnet 
plus return-path) in either magnet-
ized or non magnetized condition. 
Parts of various shapes and dimen-
sions are available as samples 
within short. 

For further details see our 
Company Leaflet ful 040. 

VA 
VACLIUMSCHMELZE 

1 2 

Al N,Ct. 500 
CROVAC 5(.43g Tesla 

1 1 0 

0 8 IVACOMAX 200 

115455 
0 6 -rt 

140 `5" 

201/I°111111". 

Anisotropic 
Ferrite 

o 
kA/re 700 600 500 400 300 200 100 0 

Demagnetizing Field — H 

04 

02 

Characteristic curves of VACOMAX 
(in comparison with other permanent 
magnet materials). 

VACUUMSCHMELZE GMBH 
Grüner Weg 37, D-6450 Hanau Telex: 04 184 863 
Cable: Vacuum Hanau Phone: (06 181) 362-1 

M 
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DIGITAL 

New from TI... 

Leadless ceramic chip carrier packages. 
From SS! to VLSI. 

And everything in between. 
From DIPs to QUIPs to LCCCs. The 
package for VLSI production is here now. 
Systems designers can select a pack-

age outline to meet their space/weight 
relationship requirements right now. 
Without worrying about sacrificing reli-
ability later. 

Goodbye leads 
Because chip carriers are more reliable, 
easier to use, more versatile and re-
quire less space, they'll replace other 
IC packages. So, design them in now. 
For use now. And in the future. 

TI's LCCCs (Leadless Ceramic Chip 
Carriers) are available for right now de-
livery for most of TI digital, MOS and 
linear functions, providing a reliable 
hermetic environment for them all. 

Save, save, save 
Board space. System weight. System 

e 1981 Texas Instruments Incorporated 

cost. One-sixth the surface area, one-
twelfth the weight of conventional 
DIPs. TI's new square-shaped, 100-mil 
thin, single-layer JEDEC Standard 
type C LCCC features contacts with 
50-mil-center spacing. 

When you're ready 
for VLSI 

TI's LCCCs will help you make the 
transition. Quickly. Easily. Cost-
effectively. Compared to conventional 
packages, TI's LCCCs provide a signifi-
cant improvement in high-frequency 
and high-weed switching. Inductance 
and resistance are lower. Signal paths 
shorter. Its the ideal way devised to 
achieve packaging for VLSI circuits for 
more than 64 I/O counts. 

Fast delivery 
TI is currently offering digital chip 

functions in two LCCC packages: 20 
and 28 contacts. Also, many Schottky 
and Low-Power Schottky functions in 
LCCCs are available off-the-shelf. 
Many othœ digital, memory and lin-

ear functions can be supplied within 12 
weeks ARO. 

Devices can be processed to MIL-
STD-883B. Fully tested, guaranteed 
and AC/DC characterized. 

Digital functions in LCCCs are 
available at your nearest TI field sales 
office or authorized distributor. 
For more information about the 

availability of MOS memory and micro-
computer functions in chip carriers, 
watch for our next ad, or, ço 
write to Texas Instru-
ments Incorporated, P.O. 
Box 225012, M/S 308, 
Dallas, Uxas 75265. 

TEXAS INSTRUMENTS 
82919A1 

ARGENTINA 748-1141 • AUSTRALIA (02) 887-1122 • BELGIE/BELGIOUE (02) 720.80.00 • BRASIL 518423 • DEUTSCHLAND 08161/801 • FRANCE (3) 946 97 12 • ITALIA (0746) 69034 
JAPAN 03-498-2111. MEXICO 567-9200 • NEDERLAND 020-473391 • SCHWEIZ/SUISSE 01 740 22 20 • SVERIGE (08) 23.54.80 • UNITED KINGDOM (0234) 67466 
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The NM 4/10 
A half-card 16-bit mini 
with half-cost economy. 
Four on-board distributed 
1/0 channels, hardware 
multiply/divide and DMA 
are standard. Cost? 
Even less than 
many micro-
computers. ./." 

e 
ei 
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e 

The NM 4/04 
SCOUT!'" the little 
fella that's had OEM's 
buzzing for months. 
Through the wizardry 
of ISOLITE!" SCOUT 
can test himself every time he's al% 
turned on. And a 16-bit CPU, 1/0, 32K 
byte RAM, and card cage costs less than $1,000 

The NM 4/30 
A midrange beauty Twice 
as fast as the 4/10 and with 
a larger instruction set. 
Double register shifts, 
multiple-word mem-
ory reference 
instructions, 
and more ,V 

The NM 4/90 
Twice as fast as the 4/30 and with a beefed up 
instruction set. With a hefty 128K byte's worth 
of direct addressing, it's an ideal choice for high-
performance applications like industrial control 
and data communications systems. 

ComputerAutomation has just 
what you need to cut a path through 
to your computer solutions. 

You need compatibility? We've got it, with 
software compatibility from SCOUT through 
our 4/90 And I/O compatibility across the 
family, from the 4/10 through the 4/95. All with 
up to 128K Bytes of directly addressable 
memory. And up to 8 megabytes of physical 
memory for the 4/95. 

The NM 4/95 
Top of the fine. Memory manage-
ment unit for expansion to 8 
megabytes. ECC RAM memory 

for reliability High speed 
cache memory for faster 

S. throughput. And Page 
Protection to prevent 

destruction of 
another user's 

space. 

ComputerAutomation 

You want software and development tools? 
We've got all the operating software to get you 
up and running. 

You demand reliability? We've got a track 
record of success in applications as diverse 
as automated bank tellers, aircraft control simu-
lators, blood analyzers, laser welders and 
missile tracking systems. 

Best of all, it's all part of CA's OEM philo-
sophy that says to protect our profitability, 
we've got to protect yours. Which means com-

ch,, NAKED MINI, SCOUT, ISOLITE and ComputerAutomation are trademarks of Computer Automation, Inc 
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Interfaces 
Our famous Intelligent Cables 
offer low-cost interfaces for async 
and bisync communications, 
CRT's, line printers, magnetic 
tapes, IEEE-488 and 16- and 32-bit 
parallel I/O. 

4 1. 

Software 
Operating Systems, a Real-Time 
Executive, FORTRAN IV, 
COBOL, PASCAL, editors, 
assemblers, and communication 
software. 

JUNGLE. 
Memories 
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timely deliveries and the besf warranty in 
the business 

We've got everything you'll need to battle 
your way out of the OEM jungle 

And the path out begins on the right. 

(gt ComputerAutomation 
NAKED MINI Division 

Where OEM's come first. 
18651 Von Karman, Irvine, California 92664 

Circle 91 on reader service card 

:In am 
Send help fast. 

D Please send the latest full-color 
brochure on the entire NAKED 
MINI family. 

El Please send a sales 
representative 

alb 

Peripheral Controllers 
Provides interfaces for floppy 

disks, high capacity disk systems, 
communications and digital VO. 

1/13/PI 

D Please call me at 
 )  

If you're really in a hurry to 
fight your way out, give us a 
call at (714) 833 8830 X455 

Name  

Company  

Address  

Title  

Phone  

0 1980, Computer Automation, Inc 



There's no better w 
Select the right logic analyzer. 

Paratronics offers you the largest selection of 
advanced logic analysis instruments in the indu§try. 
And each instrument can be tailored to your 
application through an extensive line of plug-in 
accessories. 

Choose the features you need. 

Our standard models include demultiplexing, 
sequential triggering and automatic comparison 
testing—all pioneered by Paratrorfts in 1977. 

And many of our plug-in accessories represent 
industry firsts as well. Serial data analysis was 
offered in 1978; stimulus capability in 1979; analog 
waveform recording in 1980; and, most recently, 
we've introduced a plug-in containing counter, timer 
and single-node signature analysis functions. 

Simplify your measurements. 

But most importantly, simple keyboard commands 
let you combine these features to suit your applica-
tion. For example, when using the PI-540 to trace 
events that cross between the digital and analog 
elements of your system, use the keyboard to link 
the state, timing, and waveform sections. Or, com-
bine the front-end of a PI-600-series analyzer with 
its internal timer accessory to measure software 
execution times. Capabilities like these mean you'll 
need less equipment and set-up time. 

Get technical support and prompt delivery. 

Need help? Our applications engineers specialize 
exclusively in logic analysis. Whether you call them 
on our toll-free technical àotline or simply write 
in, you'll get the best applications support in the 
industry. 

Then, when you order, you'll get the best delivery 
as well. During the past tve years, our average de-
livery time has consistenly been under four weeks. 

Find out why Paratronics is leading the way in 
logic analysis. For an evaluation unit, applications 
assistance, or the name of your nearest sales or 
rental office, contact us at: 

48 Channels for Advanced Software Analysis 

Model PI-648 Logic State Analyzer 

800-538-9713 (toll-free, outside California) 
408-263-2252 (California) 
TWX : 910-338-0201 

Represented In: Austria, (0222) 32-41-52; Belgium, (02) 345-39-18; 
Denmark, (455) 61-11-00: Finland, (90) 74-21-33; France, (01) 668-10-59; 
Italy, (02) 345-20-71; Netherlands, (70) 21-01-01; Norway, (034) 86-95-6; 
Spain, (93) 257-62-00; Sweden, (760) 86-12-0; Switzerland, (01) 54-21-21; 
U.K., (0344) 52-92-9; West Germany, (089) 430-53-31. 



32 Channels on a Budget 

Model P -532 Logic State Analyzer 

64 Channels: The Most Powerful 
Logic Analysis System Avaglabie 

Models PI-616 and PI-5-48 

Circle #199 for additional information 

100 MHz for Hardware/Software Analysis 

Model PI-616 Timing:State Analyzer 

40 Channels for Hardware/Software/ 
Analog Waveform Analysis 

MoJel PI-540 Logic Analysis System 

PARATRONICS 
2140 Bering Drive, San Jose, California 95131 U.S.A. 

Leading the Way in Analysis Technology 

Circle #200 for demonstration 
Z 
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Better numbers. At Mostek, we 
define them in terms of experience, 
performance, commitment and 
growth. 

First, experience. Measure ours 
from 1974 when we introduced our 
Tone I* series of integrated tone 
dialers. Since then, in tone and 
pulse dialers alone, we've added 
nine new products. Each with the 
progressively sophisticated fea-
tures that state-of-the-art systems 
demand. 

1,250,000 2,500,000 

Second, performance. Measure 
that in units of power consumed. 
Mostek telecommunications cir-
cuits consume miserly amounts of 
it. In fact, the reason why our 
CODECs became the industry stan-
dard is because they dissipate a 
mere 30mW, less than half that of 
our closest competitor. 

Third, commitment. Add up our 
product line as proof. More than 30 
products, including CODECs, fil-
ters, pulse dialers, tone dialers, 

5,000, 

'Tone I and MOSTEKe are trademarks of Mostek Corporation 0 1980 Mostek Corporation 



How better numbers 
logically add up to 
a higher level of confidence. MOSTEK 

repertory dialers and others give 
us the widest and broadest tele-
communications product line of 
any integrated circuit manufactur-
er. Then add to that our full line of 
RAM and ROM memories as well 
as the microprocessors needed to 
configure your total system. All 
available from Mostek. 

Fourth, growth. As a semicon-
ductor manufacturer, ours is 
unparalleled. In telecommunica-
tions alone, for example, we have 

doubled in size every year for the 
past four. Stated another way, that 
totals up to more than 10 million 
telecom circuits shipped, more 
than all other IC manufacturers 
combined. 
The advantages for you? In a 

word, confidence. Confidence that 
our expertise can position you at 
the leading edge of digital telecom-
munications. Confidence that our 
lower-power devices will make 
your system more cost-efficient. 

Confidence that you can specify a 
full line of those devices from a 
proven single source. And confi-
dence that we have the demon-
strated production capability to 
meet your high volume needs. Both 
today and tomorrow. 
To find out more about what our 

numbers can do for you, contact: 
Mostek, 1215 West Crosby Road, 
Carrollton, lbxas 75006 (214) 323-
1000. In Europe, contact Mostek 
Brussels 660.69.24. 

10,000,000 
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DON'T JUST CHART FALLING TEST YIELDS. 
STOP THEM. 
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YIELD ALARM: YIELD FOR TESTER 
€42 BELOW 43% 

Out on your test floor, yield problems can 
develop at any moment. And the time to stop 
them is right away. Before bad IC's start 
piling up and productivity plummets. 

To do that, you need more than test data 
and after-the-fact graphs or charts. You need 
to have your test systems constantly moni-
tored. With shifts in yield instantly spotted 
and signalled, and corrective action taken 
immediately. 

All the paper in the world won't do that for 
you. But our Test System Administrator 
(TSA) will. 
TSA was developed to function as control 

center for up to seven test systems, bringing 
them up or shutting them down- on demand, 
at a specified time, or whenever yield starts 
heading south. 
TSA also serves as data concentrator, 

grinding the mountains of information your 
systems produce, giving you one-page 
bottom-line summaries and reports when-
ever you want them. 

And TSA is a central program file that lets 

you keep all your test program tapes updated 
and in one place, downloading them on 
demand. 

Beyond all that, TSA is designed to serve 
as your first link in a distributed industrial 
management system, talking downline to 
your test systems and upward to the rest of 
the factory. 

Whether you're ready for factory network-
ing now, or choose to develop a layer at a 
time, TSA will take you there at your own 
pace, with solid value and maximum produc-
tivity all along the line. 

To he you get more out of your test sys-
tems and learn more about our Test System 
Administrator, we've put our thinking about 
distributed industrial management systems 
into a new booklet, yours for the asking. 
Write Teradyne, 21255 Califa Street, Wood-
land Hills, CA. 91367, or call your nearest 
Teradyne sales office. 

leteetia 
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Probing the news  
Analysis of technology and business developments 

Zilog, at six, hews to master plan 
Microcomputer maker keeps a complete system picture, 

from the chip to the integrated product, in its view 

by Bruce LeBoss and Martin Marshall, San Francisco regional bureau 

A change in leadership for a six-
year-old high-technology company 
could be expected to force changes in 
operating philosophy. But in the case 
of Zilog Inc., the only thing that 
changed was the name on the door of 
the president's office: the Cupertino, 
Calif.—based company is still travel-
ing the road its founders laid out for 
it in 1974. 

That road leads upward, from 
chip to integrated system. For Zilog 
sees itself as involved in the complete 
system picture, from microprocessor 
to microcomputer, with plans for 
future products that include develop-
ment systems, 32-bit computer sys-
tems, and all the peripherals a user 
could ask for. 
The approach, in the words of 

cofounder and former president Fed-
erico Faggin, "will prove its worth in 
time." It was Faggin who recently 
moved up to a job as vice president 
of Exxon Enterprises 
Inc.'s Computer Sys-
tems Group, to be suc-
ceeded at Zilog by 
Manny Fernandez. 
Exxon is the parent of 
Zilog; the Zilog ap-
proach makes it fit 
neatly into Exxon's 
high-technology fami-
ly and also distin-
guishes it from other 
chip makers such as 
Intel Corp. In short, 
Zilog is a total micro-
computer company. 
The firm has yet to 

turn in a profitable 
year, but in 1981 it 
should be very close to 
breaking even. "From 
then on, we expect 

New boss. Manny Fernandez, president of Zilog, says, "In future systems we 

see an interplay between the CPU instruction set, drivers, UNIX kernel, operat-

ing system, languages, and applications software." 

profitability," says Faggin, who sees 
sales of several hundred million dol-
lars in 1985. By then, he says, the 
company will be "even more domi-
nant in the 8-bit marketplace," with 
the Z80 and its extensions, and the 
Z8 will be "the premier microcom-
puter in the high-performance seg-
ment" of that market. As for the 
Z8000, Faggin notes, "I expect it to 
have achieved the No. 1 position in 
the 16-bit arena" in terms of 
design-ins and implementations. 

According to a major industry 
analyst, about $10 million of Zilog's 
$20 million in mos sales in calendar 
1979 was in microprocessors and 
peripherals; that gave it about 4% of 
an estimated $250 million market. 
In calendar 1980, the company's 
market share increased to 5.8%, says 
the analyst, or about $22 million out 
of $375 million. Most of its micro-
processor and peripherals sales are 

still in the 8-bit market, with only 
about $2.5 million to $4 million from 
sales of the Z8000 family. 

Looking ahead to 1985, an indus-
try observer says, "Personally, I 
believe that Exxon is backing Zilog 
for the long haul. I don't think 
Zilog's present negative profitability 
will be a hindrance. In 1985, I 
expect to see the company in the 
market, and I expect it to be a major 
force in the 16-bit marketplace." 
The observer, however, does not 
share the rosy view that it will domi-
nate the 16-bit market in five years. 
He says, "My gut feeling is that the 
ranking of 16-bit suppliers in 1985 
will be Intel, Texas Instruments, 
Motorola and its second source, and 
Zilog and its second sources." He 
adds that there may be some varia-
tion, with TI and Motorola fighting 
for the No. 2 spot, and, he says, "I 
wouldn't be surprised to see Zilog 

possibly ending up in 
third place." 

Obviously, without 
the support of Exxon 
or a comparable back-
er, it would be diffi-
cult, if not impossible, 
for Zilog to finance a 
development effort of 
the magnitude it envi-
sions. But Faggin ex-
pects the investment 
to pay big dividends. 
Although the compa-
ny did not close 1980 
in the black, several 
months of the year 
were profitable. Final 
1980 sales, when tal-
lied, are expected to 
approach $50 million, 
more than a 40% in-
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RELMS builds universality into 
Intel development systems.... 

Low-cost development packages 
extend coverage 

to most non-Intel processors. 
Check it out. 

If you own or are considering buying 
an Intellec" Microcomputer Devel-
opment System, then you need 
RELMS' powerful relocatable macro 
cross-assemblers and in-circuit 
emulators for complete support. 

The versatile, diskette-based 
assemblers can speed up the devel-
opment process and reduce your 
costs—virtually overnight. 

Add Spice: RELMS' in-circuit 
emulators, and you've got the fastest 
and most productive development 
and debugging tools available today. 

Combined with an Intellec system, 
these tools offer you unmatched 
"universal" development capability 
while minimizing your capital 
outlays. And coming 
soon is additional 
higher level 
language 
support 

Compa s e ey o 
engineering productivity. 

RELMS assemblers and emulators 
are completely compatible with all 
Intel development systems—Intellec 
800, 888, Series II and Series Ill— 
as well as all manufacturer's 
language syntax (Zilog, Mostek, 
Fairchild, Rockwell and Motorola), 
and produce an ISIS-II compatible 
output. 

Capitalize on your experience curve. 

There's no need to re-learn new 
assembler directives. The RELMS 
cross-assemblers utilize the best 
features of Intel's 8080/85 
assembler, thus assuring systems 
compatibility. 

INTEL e 
RELMS •••1••••••••• 

*Extended maintenance contracts available. 
Intellec is a registe,ed trademark of Intel Corporation. 
SPICE' is a registered trademark of 
Relational Memory Systems. Inc. 

**Second 
quarter, 81 

You get comprehensive 
support by combining an 
Intellec system with 
RELMS relocatable macro 
cross-assemblers and 
Spice in-circuit emulators. 

In-depth support. Today 
and tomorrow. 

RELMS is committed to supporting 
all 8 and 16-bit microprocessors not 
supported by Intel with total support 
packages that include complete 
documentation, free updates, and 
full one-year maintenance 

Versatility, efficiency 
and speed. 

RELMS cross-assemblers now 
feature: 

LI Macros 
El Relocation capability 
El Conditional assembly 
Cl Logical and arithmetic 

expression analysis 
CI Cross reference capability 

CI Up to 2,000 LPM assembly 
capability 

Order now. 

Best of all, RELMS cross-assemblers 
and Spice in-circuit emulators are 
available today, off-the-shelf, for 
immediate delivery. For further 
information, clip the coupon or write: 
RELMS, 1180 Miraloma Way, 
Sunnyvale, CA 94086. 
Telephone (408) 732-5520. 

RELMS 
. All Intel E Please rush me more information on 
Micro-  SSOM your assemblers. 
proce 
Z80... D Your incredibly powerful in-circuit 
6800... emulators, Spice, sound fantastic, too. 

Send me complete data. 
I'm interested in other high perform-
ance development tools for my appli-
cation, which is'  

D My Intellec model # is.  
D I plan to develop the following 

microprocessors'  

6805... 

6809... 

F8... 

6500... 

1802... 

Z800 

Z8 

68000•• 

NISC800 

9900'• 
Name Title  

Company  

Address  

City State Zip  

Phone (  

Relational Memory Systems, Inc. 
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Probing the news 

memory management unit, since 
"that would be a third-generation 
peripheral." According to Fernan-
dez, the instruction set of the Z8000 
series will be a subset of the instruc-
tion set for Zilog's 32-bit processors. 
The first solution to the compati-

bility problems that may be caused 
by the expansion to 32-bit micro-
computers is that structured soft-
ware must be able to migrate. Hier-
archical levels of each of the funda-
mental system elements must be 
established so that all of them match 
as the user moves up the complexity 
scale. As Fernandez puts it, "Our 
customers must be able to trust that 
we will protect their software invest-
ment, which we recognize is much 
larger on 16-bit systems than on 8-
bit systems." 

Multiprocessing will be another 
important piece of the Zilog game 
plan. There will be multiprocessing 
configurations that will allow as 
many as five 8-bit CPU chips to work 
together with up to three 16-bit CPUs 
and one 32-bit processor. These mul-
tiple CPU chips will then be able to 
partition the tasks in such a way that 
different software is run simulta-
neously on each microprocessor. The 
microprocessors can then pass mes-
sages through first-in, first-out buff-
ers to inform a main CPU when indi-
vidual tasks are completed. 

micz computers. Clearly, among 
the first multiprocessor configura-
tions to appear will be computer sys-
tems in Zilog's own mcz series. To 
accommodate the 32-bit processor, 
the firm will expand its current Z-
net protocols to the 32-bit Z-net II 
protocols. Communication between 
the original Z-net and a Z-net II will 
be achieved through a gateway 
device. The offering of board-level 
products will continue to be part of 
the overall scheme as Zilog enters 
the 32-bit world, but the company 
has yet to determine which of its 
options to pursue in this area. 

Inevitably, the driving force be-
hind all these hardware expansions 
must be the software. For Zilog, this 
means a strong commitment to the 
UNIX operating system developed by 
Bell Laboratories, as well as a long 
march toward the placing in silicon 

of such items as languages, utilities, 
and popular applications programs. 
The UNIX operating system was 

chosen after Bell Labs announced 
that licenses would be available at a 
very reasonable price. The operating 
system also has the advantage of 
being a proven one. It will soon be 
enhanced to support segmented vir-
tual memory, which also falls in line 
with Zilog's plans. "The UNIX oper-
ating system is already running on 
Z8000s in the laboratories at Zilog," 
Fernandez notes. 
The implanting of high-level lan-

guages in silicon will add a nonclas-

From the Z80 

Its founders formed Zilog Inc. in 
November 1974 with the intent of 
integrating the design and manu-
facturing technologies of both 
semiconductor devices and com-
puter systems to achieve a 
broad-based product line. Aided 
by investment capital from Exxon 
Enterprises Inc., Zilog made the 
transition from concept to reality 
in mid-1975. A year later, it took 
the wrappings off its initial offer-
ing, the Z80 central processing 
unit, which is recognized by many 
as the industry's most powerful 
8-bit general-purpose micropro-
cessor. It had the software 
advantage of an Intel 8080 
instruction superset combined 
with the architectural regularity 
features of the Motorola 6800. 
Subsequent introductions of the 
Z8 single-chip 8-bit microcom-
puter and Z8000 16-bit CPU are 
helping Zilog gain recognition as 
a technology leader in microcom-
puter systems. B. LeB. and M. M. 

sic curve to the graph of software 
development costs. The user will be 
able to buy just the CPU and build 
the other elements around it or to 
mix and match precut drivers, lan-
guages, interfaces, applications, or 
kernels with its own custom software 
modules to speed the task. Zilog cur-
rently looks ahead to two or three 
generations of such chips, promising 
full migration paths. 
The company cannot commit all 

major applications programs to sili-
con, but according to Fernandez, 
-certain applications software will 

be selected for silicon from a wide 
base of applications programs. The 
user will be able to add value from 
the CPU up to the applications level 
or go from the applications back to 
the CPU." To aid in the design pro-
cess, Zilog now gives the user infor-
mation on the software-instruction 
calling conventions of the Z8000. 

Expanding this philosophy into 
the area of interconnections, Zilog 
has begun to license its Z-bus archi-
tecture to users for a nominal fee. In 
spelling out the company's strategy 
for future interconnection systems, 
Fernandez lists priorities as: 
• Symmetry, to give simplicity to 
the system. 
• Hierarchy, to accommodate 8-, 
16-, and 32-bit CPUS. 
• Flexibility, to handle single or 
multiple tasks, users, and stations. 
• Performance, independent of the 
number of nodes. 
• Reliability, including the ability to 
create redundant systems, and inde-
pendence from node to node. 
Bug killers. Finally, Zilog will 

have to provide the tools necessary 
for the user to debug these more 
complex systems. Upcoming devel-
opment systems will be host-inde-
pendent, to accommodate the in-
creased processing power that will be 
needed. The first of these will be a 
16-bit Z8000-based development 
station. Such systems will have sepa-
rate and inexpensive in-circuit emu-
lation modules that also plug into the 
recently introduced Z-scan system. 
The buyer will have the full use of 
local networking connections for his 
development system, so that high-
speed printers, large disks, and 
mainframe processors can be shared 
among development stations. Migra-
tion of software from the MCZ-1 
system through future Zilog systems 
up to large ones such as a Digital 
Equipment Corp. PDP-11 can be 
achieved through the PL/Z language, 
through Cobol, and later through C. 

Needless to say, implementing 
such an agressive development effort 
as Zilog's undertaking will not come 
cheaply. Zilog plans to increase 
research and development spending 
in 1981 by at least 60%. The per-
centage of sales that R&D expendi-
tures represent is believed by the 
company to be at least twice that of 
any other microcomputer supplier. El 
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Probing the news 

Consumer electronics 

Digital audio players push to market 
Philips-Sony approach probably will be selected as the standard, 

with Christmas 1982 the target for marketing drive 

With the world's leading stereo mak-
ers rapidly nearing consensus on a 
standard format, digital audio disk 
(DAD) players could be less than two 
years away from the consumer mar-
ket. And judging from their relative 
lack of interest, it seems that U. S. 
manufacturers are for the most part 
leaving the innovation and develop-
ment to their Japanese and Eu-
ropean rivals. 
Compared with currently avail-

able disks that are digitally recorded 
but must be played back with con-
ventional, analog stereo equipment, 
the DAD players and their disks offer 
sound reproduction that is character-
ized by one expert as an order of 
magnitude better. 

In the optical recording approach 
most favored, a master recording is 
made by a pulse-code-modulated 
laser beam. To play back, the modu-
lations are detected and converted 
into an analog signal. 

Even as the Japanese and Eu-
ropeans prepare for next month's 

by Robert Neff, McGraw-Hill World News 

meeting of their informal industry 
group in Tokyo, a meeting that will 
probably recommend adoption of the 
technique devised independently by 
the Netherlands' NV Philips Gloei-
lampenfabrieken and Japan's Sony 
Corp. as a worldwide standard, 
activity in the U. S. is limited to 
three manufacturers of professional 
studio equipment, none a household 
word in entertainment electronics. 
The three are Soundstream Inc. of 
Salt Lake City, Utah; MCI Inc. of 
Fort Lauderdale, Fla.; and the Min-
com division of 3M in Minneapolis. 
The group holding the upcoming 

meeting is known as the Digital 
Audio Disc Conference and is made 
up of 47 manufacturers, most of 
them Japanese. Though it has no 
formal power, most companies will 
abide by its decision in hopes of 
avoiding the incompatibility obsta-
cles that have been created by mak-
ers of video cassette recorders and 
video disk systems. 

This impending commercializa-

Future player. This prototype digital audio disk player was shown by Sony at the Tokyo 

audio show last October. Compatible with the Philips system, it is not a product yet. 

tion of digital audio disk systems is 
coming sooner than many observers 
had predicted since it was first dem-
onstrated publicly four years ago 
[Electronics, Nov. 24, 1977, p. 78]. 
Some still argue that the technology 
will not gain widespread use until 
the late 1980s. But Japan's power-
house stereo industry is already 
planning a mass marketing assault in 
time for Christmas 1982 that many 
think will develop into a deep pene-
tration by 1985. 
The most enthusiastic executives 

even foresee digital technology com-
pletely replacing conventional ana-
log records and players by the early 
1990s. "It took 17 years to switch 
from 78 rpm to 33," says Itaru 
Watanabe, deputy general manager 
of Hitachi Ltd.'s television audio and 
video products division and secretary 
of the digital conference's executive 
committee. "But this time it should 
take 7 to 10 years, depending on the 
price of players." 

LSI gives impetus. Underlying the 
technology's accelerating momen-
tum is the fact that major manufac-
turers have come up with large-scale 
integrated circuits to replace the 
hundreds of conventional ics hereto-
fore needed, along with the 16-bit 
digital-to-analog converters that 
convert pulse-code-modulated sig-
nals into analog equivalents. When 
mass-produced, these chips will dra-
matically reduce both the cost and 
size of the converters. Also, move-
ment toward standardization has 
been smoother than many had 
believed possible, although three 
completely different formats remain 
in contention. 
Watanabe explains that the DAD 

conference is looking for an audio-
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for all your logic timing 
needs... 

look to the Motorola 
line of crystal clock oscillators 

The widest selection of thick film 
hybrid oscillators available anywhere 
for computer and microprocessor 
applications. Logic outputs are avail-
able for TTL, CMOS, NMOS, and dual 
complementary TTL. 

Frequencies as low as 25 KHz, and as 
high as 70 MHz. High stability when 
you need it, tolerance tradeoffs 
for applications in which economy is 
more important. 

Complete in-house control, from 
quartz growing through thick-film 
processing enhances reliability. 

High volume production capability 
plus fast prototype delivery helps you 
meet your own delivery requirements. 

DIP packaging saves board space, 
cuts assembly time over discrete 
component equivalent. Simply plug a 
Motorola Clock into your circuit to 
satisfy all your system timing 
requirements. 

For more information on the clock 
oscillator to fit your application, 
contact your authorized Motorola 
Component Products representative. 

MOTOROLA INC. 

contact the authorized 
representative in your area: 
AUSTRALIA (Parramatta) 

BRAMWELL ELECTRONICS 
Phone   669-3964 
Telex   AA27702 TRNSTY 

AUSTRIA (Heilbronn, West Germany) 
AURIEMA G.M.B.H. 
Phone  (07131) 53066 
Telex   07 28 639 

BELGIUM (Bruxelles) 
AURIEMA S.A./N.V. 
Phone   523.62.95 
Telex   (8462) 21646 

CANADA (Toronto, Ontario) 
CANTEC REPRESENTATIVES, INC. 
Phone   416-675-2460 
TWX   610-492-2655 

FINLAND (Helsinki) 
HAVULINNA INSTRUMENTARIUM OY 
Phone  358 0 799711 
Telex   124426 Havul sf 

FRANCE (Fontenay Sous Bois) 
AURIEMA FRANCE 
Phone   876 11 03 
Telex   680 124 F 

WEST GERMANY (Heilbronn) 
AURIEMA G.M.B.H. 
Phone  (07131) 53066 
Telex   07 28 639 

INDIA (Bombay) 
ECHBEE CORPORATION 
Phone   253489 
Telex   011-5479 

ISRAEL (Tel Aviv) 
MOTOROLA ISRAEL LTD. 
Phone   03-38973 
Telex   33569 Motil il 

ITALY (Milano) 
AURIEMA ITALIA, S.R.L. 
Phone   (2) 430 602 
Telex   (843) 332054 

JAPAN (Tokyo) 
MIDORYA/AURIEMA JAPAN LTD. 
Phone  03-561-5817/18, 5715 
Telex   J24531 

NETHERLANDS (Eindhoven) 
AURIEMA NEDERLAND B V 
Phone  040-444470 
Telex   (844) 51992 

NORWAY (Oslo) 
OLA TANDBERG ELEKTRO A.S. 
Phone   19.70.30 
Telex   18.955 

SPAIN (Madrid) 
HISPANO ELECTRONICA S.A. 
Phone   619.41.08 
Telex   22.404 ELEC-e 

SWEDEN (Solna) 
AURIEMA AB 
Phone   (08) 730 51 60 
Telex   17034 Auriema S 

SWITZERLAND (Zurich) 
OMNI RAY AG 
Telephone   (01) 47 82 00 
Telex   53239 

UNITED KINGDOM (Surrey) 
COMPUTER 8. AEROSPACE 
COMPONENTS LTD. 

Phone   01-943-1041 
Telex   895 4669 

EASTERN EUROPE (Geneva, Switzerland) 
MOTOROLA SEMICONDUCTOR 
PRODUCTS INC. 

Phone  (022) 335607 
Telex   23905 

Component Products / 2553 N. Edgington St. / Franklin Park, IL 60131 / 312/451-1000 / TWX• 910-227-0799 Telex: 025-4400 
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Darlingtons 
in TO-220 

From the SGS-ATES universe of power. 

TIP 100/1/2 NPN 60-100V 15A 80W 

TtP 105/6/7 PNP 60-100V 15A 80W 

TIP 110/1/2 NPN 60-100V 4A 50W 

TIP 115/6/7 PNP 60-100V 4A 50W 

TIP 120/1/2 NPN 60-100V 8A 65W 

TIP 127/8/9 PNP 60-100V 8A 65W 

TIP 130/1/2 NPN 60-100V 12A 70W 

TIP 135/6/7 PNP 60-100V 12A 70W 

2N 6034/5/6 PNP 40-80V 8A 40W 

2N 6037/8/9 NPN 40-8ov 8A 4ovv 

2N 6386/7/8 NPN 40-80V 15A 65W 

2N 6666/7/8 PNP 40-80V 15A 65W 

Word's getting round about the 
complete line of NPN and 
PNP power Darlingtons 
manufactured by SGS-ATES. 

WHY? Because 
SGS-ATES keep their 
complete range in stock ready 
for delivery on demand. 

WHY? Because SGS-ATES 
is a Power House with a 
proven track record for 
quality and reliability. 

As word gets round J 7Y‘ ) '‘ 

more and more people are 
switching on to the 

convenience and security of a 
single Power House source for all 

their power needs. 

1 11 

WHY DON'T YOU? 

The power 
semiconductor house. 
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PLACE YOUR ORDERS ON: 

INTERNATIONAL 
HEADQUARTERS: SGS-ATES 
Componenti Elettronici SpA - 
Via C. Olivetti 2 - 20041 Agrate 
Brianza - Italy - Tel.: 039-65551 - 
Telex: 330131-330141 

• BENELUX: Winston Churchill 
Avenue, 122-B1180 Bruxelles - 
Tel.: 02-3432439 - Telex: 24149 B 

• DENMARK 2730 Herlev - Herlev 
Tory 4 - Tel.: 02-948533 - 
Telex: 35411 

• EASTERN EUROPE: SGS-ATES 
Export Sales Office - Via C. Olivetti 
2 - Agrate Brianza - Italy - 
Tel.: 039-655382 - Telex: 330131 

• FINLAND: Kaantópiiri 2 - 
02210 Esbo 21 - Tel.: 90-881395/6 - 
Telex: 123643 

• FRANCE: 17, Avenue de Choisy - 
75643 Paris Cedex 13 - 
Tel.: 5842730 - Telex: 042-250938 

• GERMANY: Haidling 17 - 
8018 Grafing bel München - 
Tel.: 08092-691 - Telex: 05-27378 

• HONG KONG: Canton Road 
Kowloon - 1329 Ocean Centre - Tel.: 
3-662625 - Telex: ESGIE HK 63906 

• ITALY: Direzione Commerciale 
Italia - Via Correggio 1/3 - 
20149 Milano - Tel.: 02-4695651 - 
Telex: 330131-330141 

• NORWAY: Stensberg gata 29 - 
Oslo 1 - Tel.: 02-607222 - 
Telex: 17472 

• SINGAPORE: Lorong 4 & 6 - 
Toa Payoh - Singapore 1231 - Tel.: 
2531411 - Telex: ESGIES RS 21412 

• SWEDEN: Box 30-19501 Mársta - 
Tel.: 0760-40120 - Telex: 042-10932 

• UNITED KINGDOM: Planar House, 
Walton Street - Aylesbury, Bucks - 
Tel.: 0296-5977 - Telex: 041-83245 

• USA: 240 Bear Hill Road - 
Waltham, MA 02154 - Tel.: 617-
890-6688 - Telex: 923495 WHA. 

Probing the news 

only system with a low bit rate and a 
compact size. "That looks very much 
like the Philips proposal," he says. 
(Sony's main contribution has been 
improvement of the error correction 
and modulation.) 
The two companies each showed a 

different but compatible prototype 
of their Optical Digital Compact 
Disc system at the All-Japan Audio 
Fair in October. Both were about the 
same size, with Sony's weighing 
about 9 pounds and measuring about 
7 by 10 by 31/2 inches. The system's 
12-centimeter disk fits easily into a 
jacket pocket yet boasts a playing 
time of 60 minutes per side, or twice 
that of both sides of a conventional 
30-cm long-playing record. Its solid-
state laser pickup does not damage 
the disk. 
Keep trying. Nevertheless, Victor 

Co. of Japan and West Germany's 
AEG-Telefunken also have digital 
audio disk systems that they are 
pushing for worldwide adoption and 
that the conference is still officially 
considering. Japanese firms show lit-
tle interest in Telefunken's proposal, 
largely because its groove-and-stylus 

format presumably would cause 
eventual disk wear, but ivc's Audio 
High Density (AHD) system [Elec-
tronics, Oct. 23, 1980, p. 80] is a 
stronger contender. Both JVC and 
Matsushita Electric Industrial Co., of 
which it is an affiliate, say they will 
market it no matter what, but Mat-
sushita plans to sell a Philips-
Sony—compatible system as well. 
Among U. S. manufacturers, only 

one is currently willing to commit 
itself to the consumer market. That 
is Soundstream, which uses a unique 
recording technique involving an 
optical pickup that moves over a 
fixed record shaped like a 3-by-5-
inch index card. Company president 
Thomas Stockham says, "We will 
have a consumer playback unit in 18 
to 24 months. We may market it 
ourselves; it is possible that we will 
license it." 
At 3M's Mincom, the feeling is 

that if the division gets into the con-
sumer market, it will sell compo-
nents used in its magnetic-tape sys-
tems or licenses, not finished disk 
players. The division buys custom 
components for its systems and 
builds its own digital-to-analog and 
analog-to-digital converters. Mar-
keting development manager Clark 

Different route. Pioneer's proposed compact optical disk and player is not compatible with 

the Philips-Sony version, which will probably become the standard in the field. 
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MODEL M-3 
(HAND-HELD TYPE) 

MODEL H402-12 
(BENCH TYPE) 

U.S.A. DISTRIBUTOR: 

NI:IC INTERNATIONAL 
P.O. B. 817, LOMITA, CA. 80717 
Phone. 1213) 530.2320 
Tel. 69-6368 INDC INTL LO7A) 

FOR CABLE, 
WIRE & 
TUBE 
IDENTIFICATION 
We ot ter low cost, complete range of hot-stamping ma-
chines. Bench type, Pneumatic type and also Hand-held 
type. Fast, easy and permanent hot-marking in black, 
white and red by choice of color foil tape. Any combina-
tion of letters and/or numerals, and even words can be 
printed by quick-change character wheel system. Various 
size characters available. 7. 12 and 18 wheels by your 
choice. Send now for Hotmarker details. 

HOT MARKER 
FAST! EASY! PERMANENT! 

HS ZEISO 1 

127 

84 

JOS'3408 

_t413534.136 

CPT 6179 

CTIJ CHUO TSUSHO KAISHA LTD. 
No. 1-6, KANDA IZUMICHO, CHIYODA-KU, TOKYO, JAPAN 
Tel: 03-861-5618 Telex: 2655597 CHUO J 

Circle 11 on reader service card 

ACCUTRONICS OSCILLATOR LINE 
NOW PART OF CONNOR-WINFIELD CORP 

ACCUTRONICS + 
CONNOR-WINFIELD 

--- CUSTOMER SATISFACTION 

Series 79 
1 MHz to 
150 MHz 

Frequency Stability 
±5x 10-8 to 
±5 x 10-7 

Series 76 
1 Hz to 
300 MHz 

Frequency Stability 
±.0005%, 15° C to + 35° C 
to ±.005°/o, —55° C to +75° C 

Series 81 
Dip Sinewave 
4 MHz to 15 MHz 

Dimensions: 
0.31" (7.8 mm) H x 
0.52" (13.2 mm) Wx 
0.82" (20.8 mm) L 

New! Single Package 
Microprocessor Oscillators 

Model S1160XTA-4 MHz 
S1160XTB-6 MHz 

Dip Clock for the Z80A and 
Z8OB Microprocessor 
Frequency Tolerance 
+0%, —.02% 
0° C to +70° C 
Dimensions: 
0.2" Hx 0.49" Wx 0.88" L 

Model S8224XT " 
Dip Clock for the 8080C.P.U. 
Internal Crystal Controlled. 
Provides all the functions of the 
8224 in a pin for pin replacement 
package that also includes the 
crystal so no external compo-
nents are necessary. 
Dimensions: 
0.2"H x 0.52" W x 1.0" L 

THE Phone: (312) 231-5270 
CONNOR-WINFIELD CORP. TWX: 910-230-3231 

West Chicago, IL 60185, USA Cable: CONWINWCGO 

Probing the news 

Duffy says that more than 40 of its 
multichannel systems have been 
installed in recording studios. 
Some stereo makers see a poten-

tial bonanza in digital audio disk 
technology far beyond the promise of 
new player sales. Though the best 
amplifiers and speakers are now up 
to digital requirements, most pur-
chased several years ago are not. 
Some consumers wishing to fully 
enjoy digital sound may wind up 
buying entire new systems. 

Sounds good. It does not take a 
good ear to appreciate digital's 
superiority to high-quality analog 
systems. The improvement is not just 
marginal: the system is noiseless and 
almost distortion-free; eliminates 
wow, flutter, and crosstalk between 
channels; and boasts a dynamic 
range of about 96 decibels, 50% 
wider than that of analog records, 
with a ruler-flat frequency response 
from de to 20,000 hertz. And some 
makers are claiming a notable sig-
nal-to-noise ratio of at least 90 dB. 
The sampling rate of the Philips-

Sony system is 44.1 kilohertz; for 
Jvc's format it is 47.25 kHz. In con-
tast, Mincom's professional equip-
ment has a rate of 50 kHz. 
As for the d-a converters, both the 

Philips-Sony and the JVC version 
use units with 16-bit resolution. 
According to Matsushita's Masahiro 
Kosaka, a chief engineer in its Wire-
less Research Laboratory, each bit is 
good for 6 dB worth of dynamic 
range. 
He adds that the converters cost in 

the $230-to-$240 range when bought 
from outside vendors, but that many 
companies are developing a hybrid 
technology using several ics and a 
thin-film resistor network with laser 
trimming that will be cheaper in 
large quatities. Moreover, Kosaka 
says that two-chip converters now in 
development will be in use in the 
digital players that hit the market in 
1982 and will cost less that $50 
apiece, with the price soon dropping 
to about $10. 
Most Japanese makers are talking 

of an introductory price for a player 
of $475 to $700, about the same as a 
top-end analog player and cartridge. 
But several claim that a $100 price 
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"Designing our own LSI circuits 
makes a lot of sense. But finding a 

flexible manufacturer is driving us crazy." 

r ',!•TMEENI 

Unlike most other MOS companies, AMI 
has the flexibility to work the way that's best for 
you—and your circuit design. 

For starters, we can offer you 14 variations 
of the three major process technologies: the very 
mature P-channel, state-of-the-art N-channel and 
CMOS. So when the time comes for you to choose 
a process, we don't have to play favorites. Instead, 
we can help make sure you get the one that best fits 
your application. 

Our flexibility also makes it easy for you to 
interface with us. We'll take on your job at any stage 
of development and we can work from pattern 
generator tapes, data base tapes or working plates. 
If you want, you can develop your own test vectors 
or complete test programs. Or we'll do it for you. 

And we'll give you components at any stage 
of manufacturing: wafers, dies, untested assemblies 
or completely tested units. 

What's more, our own in-house capability is 
large and diverse enough to handle all phases of 
your job without subcontracting. 

WE'RE JUST THE RIGHT SIZE. 
AMI is big enough to provide everything 

you require, including our own local specialists in 
Swindon, England. But you'll find us small enough 
to be responsive to your special needs. In fact, we 
have the industry's only group organized exclusively 
to handle customer designed projects. One of these 
highly trained specialists will be directly accountable 
to you for the quality of the service you receive in 
development and production. And for making sure 
all your circuits—no matter how many or what 
kind—go through quickly and efficiently. 

Which means if you have questions, you 
know exactly who to go to for quick answers. 

WE'VE GOT THE EXPERIENCE.  

AMI has been manufacturing customer 
designed circuits since 1974, with over 750 jobs 
under our belt. That's more than anybody else in 
the business. 

And these circuits will continue to be a big 
part of what we do in the future. Because, unlike 
most other manufacturers, we are fully committed 
to manufacturing LSI circuits for companies that 
design their own. 

There are lots of other reasons to choose 
AMI as your semiconductor expert. If you'd like 
to hear them, send in the coupon and one of our 
product marketing engineers will get in touch with 
you right away. 

It's the easiest way for you to find out just 
how flexible a MOS manufacturer can be. 

EL 13 

Name Title  

Company  

Address  

Country  

Phone  

Send to: AMI Microsystems, Ltd., 
do David Rayner 
P.O. Box 4 • Westbury-On-Tiym 
Bristol, England BS9 3DS MICROSYSTFMS II D 
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You 
Can Package 

Almost ANY Sy-stem Faster, 
Have It Look Better, 

& Cost Less! 
Using one of 
these systems? 
• MULTI-BUS, 
• Motorola 

Exorciser, 
• Rockwell AIM 
65 Expansion, 
• STD-BUS, 
• S-100 & JEEE 

696. 
New packaging 
available. 

Vector exclusives; 
Your choice of 

plastic or metal card 
guides, fixed or adjustable 
positioning. Mount connectors 

NEW 
Vector 
CCK135AS, 
$36.00 (1-9) 

or 

Vector CK100, 
$49.80 (1-9) 

'or S-100, IEEE696, Mptorola Exorciser. 

motherboards without special 
hardware or hole 

drill ing. Vector 
ships more 
card cages 
and packag-
ing off-the-
shelf, than 
any other 
company. 
For expert 
assistance, 
call the 
packaging 
professiona Is 
in California, 

(213)365-9661, 
outside 
California, 
use our toll-
free number: 

(800)423-5659. 

Complete as shown, Vector 
CMA3A-20 w th modules, 152.0C (1-9) 

Pe7cle giedeÉffillei 
igtstone Avenue, Sylmar, Califon"' 
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Probing the news 

tag by 1985 is not unthinkable as 
LS!, semiconductor laser, and lens 
costs plunge with mass production. 
Expensive tone arms, cartridges, and 
cases will be unnecessary. "The arms 
can be made of chopsticks and the 
boxes from the shell of an ekibento 
[train station box lunch]," Wata-
nabe says only half-facetiously. Soft-
ware and hardware makers alike 
estimate that disks will retail for 
about the same as conventional LPs 
on a playing-time basis. 

But there is one major factor that 
could delay introduction. Disk mak-
ers readily admit that it will not be 
easy to offer a wide selection of digi-
tal recordings within two years. The 
DAD conference has a software com-
mittee composed of record company 
representatives working on disk stan-
dards, but they have not reached 
agreement yet, according to Yoshiro 
Furusawa, manager of the engineer-
ing department of Toshiba-EMI Ltd. 
Some cold water. And digital 

audio is not without its skeptics 
among hardware makers, especially 
smaller firms that lack the financial 
resources or semiconductor manu-
facturing ability of the majors. At 
Sansui Electric Co., for example, 
Central Research Laboratory gener-
al manager Susumu Takahashi says, 
"The big question is when DAD will 
reach an acceptable price. I hope it 
doesn't become another chicken-or-
egg race where if the price doesn't 
come down, no one will buy, and if 
no one buys, companies won't spend 
on cost-cutting techniques." 

Practically all of Japan's major 
consumer electronics firms have 
demonstrated their ability to make 
at least a prototype optical digital 
player. For most, converting to the 
Philips-Sony approach would be rel-
atively easy. The race will be about 
which can build the most and cheap-
est LSI parts and laser diodes the 
soonest. Marketing prowess will also 
be crucial. Some big integrated firms 
like Mitsubishi and Toshiba that are 
not now leading stereo makers see 
digital audio as an opportunity to 
muscle their way to the top on sheer 
financial and technological strength, 
notwithstanding their current mar-
keting deficiencies. E 

Electronics/January 13, 1981 



A major improvement over traditional 
I.C. packaging methods. 

How a simple socket can mean 
greater reliability, greater 
design flexibility at a lower cost. 

New Soc-
Pac" DIP and 
SIP sockets use a 

conventional precision 
screw machine contact. But, 
that's where conventionality ends. 

They're available in both solderable 
and solderless press-fit models with a 
combination of features not found in 
any other socket. 
Contact clips and tails precisely 
oriented. 
'Mies of each contact clip are pre-
cisely oriented for perfect alignment 
with I.C. leads. The result—four con• 
tact points at every lead every time, a 
redundancy that costs you no more 
than conventional designs. 

Also, each tail is oriented square 
and parallel with the others to easily 
accept mating connectors. 
Selective gold plating. 
The contact clip is plated with 30p. 
in. gold over nickel. The screw ma-
chine contact can be selectively 
plated starting from the tip of the tail 
(.250" minimum) — with the exact 
gold thickness you need. That can 

mean significant savings. 
Solderless press-fit advantages. 
With solderless press-fit Soc-Pac 
sockets, you get the savings that 
eliminating the soldering step make 
possible. And, you get a gas-tight me-
chanical and electrical interface with 
the plated-thru hole in the PCB. 
There are still more advantages to the 
Soc-Pac design. 
Get higher density, more flexibility. 
Contrary to the trend to low profile 
sockets, Soc-Pac sockets stand rela-
tively high on the PCB. There are very 
good reasons for that. 

It allows us to reduce pad size to 

0.055" on press-fit and 0.050" on 
solderable sockets. Which means you 
can run a trace between contacts for 
greater printed circuit density. And 
greater design flexibility. Additional 
printed circuitry translates to 
eliminating at least one tail wrap — 
from a 3-wrap tail to a 2-wrap, or no 
wrap at all. You keep compactness, 
too. The two-wrap tail allows about 
the same board to board spacing as 
conventional low profile sockets with 
a 3-wrap tail. 
Higher sockets also add reliability. 

You get better air flow, thus better 
heat dissipation. That's particularly 
important with higher pin count 
I.C.'s. 
How they come. 

You can select either solderable or 
solderless press-fit Soc-Pac 

sockets in selective gold 
over nickel, tin, or nickel 
finishes. 
DIP sockets come in 8, 14 
and 16 pin counts for a 
0.100" x 0.300" grid spacing 
and 24 and 40 pin counts 

for 0.100" x 0.600" grid 
spacing. 
SIP Sockets come in strips from 

4 to 56 pin counts. 
There's no other socket on the mar-

ket that combines all the features 
you'll find in the Soc-Pac' socket. 
So, to get the savings, the reliability, 
and the flexibility Soc-Pac' sockets 
offer is a simple matter of contacting 
us. Use the address and phone num-
ber below. 

it> ELFAB EUROPE 
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Probing the news 

Communications 

Sarsat to speed sea, land rescues 
International program involving U. S., France, and Canada 

will use NOAA-E satellites to eliminate search and rescue flaws 

by Pamela Hamilton, New York bureau manager 

Search and rescue operations for 
downed aircraft and disabled vessels 
are hard in the best of circum-
stances, and if an effective monitor-
ing system is unavailable, they verge 
on the impossible. Those operations 
should prove easier, however, once a 
search and rescue satellite-aided 
tracking system called Sarsat goes 
into operation in the spring of 1982. 
Working together, the United 

States, Canada, and France have 
based the Sarsat program on the 
next generation of National Oceanic 
and Atmospheric Administration 
satellites—the NOAA-E, an advanced 
Tiros-N satellite. France and Cana-

Listener. Sarsat provides for frequency repeater on National Oceanographic and Atmospher-

ic Administration satellite to transmit distress signals to a local user terminal. 

da will supply the on-board equip-
ment that will ride on the American 
spacecraft. The Soviet Union will 
also cooperate in the venture, but 
employing its own satellites. 

Currently, search and rescue oper-
ations in the U. S., Canada, and 
France rely on distress signals from 
low-power radio beacons operating 
at 121.5 and 243 megahertz. Air-
craft are equipped with emergency 
locator transmitters (Eurs) and ships 
with emergency position-indicating 
radio beacons (Epirbs). The signals 
of both have been designed for 
reception on receivers that must be 
manually monitored. However, there 

is no system as such for continually 
monitoring these beacons, and even 
if their signals are received, direc-
tion-finding equipment is often not 
available. Also, determining the va-
lidity of the data is difficult because 
the transmission contains no identi-
fying or positional data. 
Added beacon. With Sarsat, the 

121.5- and 243-MHz distress signals 
will be relayed by a frequency 
repeater on board the satellite to a 
local user terminal (LGT) when it 
and the ELT/Epirb sources are 
simultaneously in view of the satel-
lite [Electronics, July 3, p. 84]. 
Experimental 406-MHz beacons will 
transmit to a receiver-processor on 
board the spacecraft that will sift out 
the time data in the distress signal. 
The repeater will be supplied by 

SPAR Aerospace Ltd. of Montreal 
and will accept all three signals — 
121.5, 243, and 406 MHz—relaying 
them to ground stations by a 1.544-
gigahertz downlink, according to 
Bernard J. Trudell, search and res-
cue mission manager for the Sarsat 
project at the Goddard Space Flight 
Center in Greenbelt, Md. 
The analog repeater takes the 

100-milliwatt signals at these three 
different frequencies, multiplexes 
them with the 2.4-kilobit digital sig-
nal from the on-board processor, and 
phase-modulates this multiplexed 
signal onto the 1.544-GHz downlink. 
The bandwidths at 121.5, 243, and 
406 mHz are 25, 46, and 80 kilo-
hertz, respectively. Thus, the ampli-
fication factor of the signals varies 
according to the amount of power 
needed to sustain the 8-watt down-
link signal. The noise figure for the 
121.5-MHz signal is 5 decibels and 
for the 243- and 406-MHz signals, 
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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-Diskrm —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..1 

—Fast-Response Coupon 

IN THE U.S. AND NON-
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 MS #213 
Mountlake lbrrace, WA 98043 
(206) 774-2481, iblex: 152662 

IN EUROPE: 

Cl 1/81 
Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(0131673-973, iblex: 52237 

O Send 1720A Literature. 
▪ Please have a salesman call. 
• Send info on other Fluke IEEE products. 
O Send information on seminars. 

Name 

Title 

Company 

Address 

City 

iblephone I / 

Mail Stop 

State Zip 

Ext. 



TESTCQUIPMCNT 
by MICRO CONTROL 
including packages 
pinpointed to test your  
LSI and Memory Devices. 

Some ATE manufacturers are unable (or unwilling) to supply the necessary 
hardware and software to test your particular devices. Others provide test 
equipment which is so difficult to program and use that many engineers are 
needed for program development. 

Micro Control Company not only produces the M-10B LSI Test System, but also 
produces a library of test packages. These test packages, developed by our staff 
of experienced test engineers, contain all of the hardware and software for a 
comprehensive test on your semiconductor LSI and memory devices. 

But many of our customers 
choose to develop their own 
tests. Why? One reason is 
because the M-10B is easy to 
program using the 
BASIC-TOOL software 
language. Another reason is 
that the pin electronics are 
designed for minimal 
hardware modifications when 
changing device types. We 
also give you all the support 
you need including a special 
test package training 
course. 

For improved quality 
assurance, whether 
you manufacture IC's, 
single boards, 
subsystems or 
systems, check out 
the M-10B (and the 
test packages) from 
Micro Control. We're 
dedicated to solving 
your reliability 
problems. 

"If you need 
solutions, 
put us 
to the test!" 

MICR 
GUARDIANS 

OF QUALITY 

irflO CONTROL. 

NTROL 

We 
not only 
make test 
equipment, 
we create 
the test. 

7956 Main Street N.E. 
Minneapolis, MN 55432 
(612) 786-8750 

Probing the news 

3.5 dB. "These noise figures allow 
signals to be detected down to about 
— 170 dow, depending on how good 
the original signal is," notes Harvey 
L. Werstiuk, Sarsat technical man-
ager for the Canadian Communica-
tions Research Center in Ottawa. 

Franco-Canadian handoff. The re-
ceiver-processor is to be built in 
France by Electronique Marcel Das-
sault and will accept the 406-MHz 
signals. It will then feed these signals 
in parallel to the Canadian repeater. 
The processor will also store the sig-
nals until one of the two existing 
NOAA ground stations at Fairbanks, 
Alaska, or Wallops Island, Va., 
comes into view. It is designed to 
handle distress messages from up to 
90 ELTs simultaneously. 

Crucial to this on-board process-
ing system are two identical proces-
sors. Each of these uses a phase-
locked servo loop to lock rapidly onto 
the 160-millisecond unmodulated 
burst that signals the start of a mes-
sage from a distress beacon. In addi-
tion, the processors contain a doppler 
counter that determines the received 
frequency of the signal at better than 
0.035 hertz. The information ex-
tracted from the bit stream, as well 
as a time tag and the received fre-
quency, are formatted by the proces-
sor's encoder and then passed 
through a buffer to the satellite's 
information-rate processor. 

This processor modulates the data 
onto the satellite's downlink trans-
mitter in the Canadian repeater for 
real-time transmission to in-sight 
LUTs. It also stores the data on tape 
until it can be dumped in a NOAA 
main ground station. From the fre-
quency and time data, the ground 
stations can locate the beacon. 
RCA bird. The NOAA-E is being 

built by RCA Corp.'s Astro Electron-
ics facility in Princeton, N. J., and 
will be the fifth in a series of NOAA 
polar-orbiting environmental satel-
lite systems. However, it will be the 
first one that will carry a search and 
rescue payload. 
The cooperative venture with Rus-

sia, called Cospas-Sarsat, is sched-
uled to begin shortly after the launch 
of NOAA-E. Russia will supply two of 
its own satellites. 
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Fluke 6070A and 6071A synthesized 
signal generators. The new generation. 

For two decades Fluke has 
produced RF equipment including a 
full line of signal sources, counter/ 
timers, and RF voltmeters — 
quality products that users have 
specified with confidence. 

We're now introducing the new 
generation of sophisticated 
instruments in the Fluke RF family: 
the 6070A and 6071A, two general 
purpose synthesized signal generators 
that offer unmatched price/ 
performance value in the market. 

With 20 years experience in RF 
instrumentation, we've used 

advanced technology and engineering 
excellence to produce the 6070A 

and 6071A. 

Most-wanted features 
through innovative design. 

Both instruments feature a large 
output dynamic range — the 6070A 
covers frequencies from 200 kHz to 520 
MHz; the 6071A range extends to 1040 
MHz — and also deliver a high degree 
of spectral purity. Fluke engineers have 
developed a number of unique synthesis 
techniques resulting in noise 
performance that equals or exceeds that 
of the best cavity-tuned generators you 
can buy. Versatile AM, FM and OM — 

internal or external, simultaneous or 
separate — give these new synthesizers 
the flexibility for wide- ranging 
applications. 
All the brains of 
16-bit microprocessor control. 

An integral 16- bit microprocessor 
makes these new generators incredibly 
easy to operate. Convenience features 
include simplified keyboard data entry, 
digital frequency sweep, digital spin knob 
tuning for pinpoint frequency control, a 
learn mode memory, self-diagnostics and 

error code flagging plus other special 
functions only advanced digital 
technology can provide. 
Full programmability 
for automated test systems. 

The 6070A and 6071A are 
equipped with an IEEE-488 bus 
interface as a standard feature for 
systems applications and all 
necessary front panel functions are 
remotely programmable. Complete 
status information can be supplied 
back to an instrument controller 
such as the Fluke 1720A. Both "teach" 
and "learn" modes are provided. 

A feline of RF accessories is 
available to extend the capabilities 
of the 6070A and 6071A, making 

them excellent tools for 
the designer, bench 
user or laboratory 
technician. 

For more informa-
tion on the 6070A/6071A 
and other RF instru-
ments from Fluke, call 
toll free 800-426-0361, 
use the coupon below or 
contact your nearest 
Fluke sales office. 

• Li • 
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FLUKE  

 Fast-Response Coupon , 
IN THE U.S. AND NON. 
EUROPEAN COUNTRIES: IN EUROPE: El 1/81 
John Fluke Mfg. Co., Inc. Fluke (Holland) By. 
P.O. Box 43210 MS # 2B P.O. Box 5053, 
Mountlake Terrace, WA 98043 5004 EB Tilburg, 
(206) 774-2481 The Netherlands 
Telex: 152662 (013) 673 973 Tlx: 52237 

D Please send me complete 6070A specifications 
and applications literature. 

D Send information on other IEEE products. 
D Have a Sales Engineer contact me for a 

demonstration. 
Name 

Isis Title Mail Stop 

Company 

Address 

City State Zip 

Telephone ( ) Ext. 
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THE WORLD'S 
BEST 
DTNIF 

RECEIVER. 

MITEL SETS 
NEW STANDARDS... 

AGAIN. 



CMOS OPENS NEW 
MARKETS FOR YOU.  

1 

Name your application. 
Our 2-chip DTMF receiver is already being used for 

telecommunications applications in mobile radio, PABX 
and central offices. Its high performance makes it capable of 
meeting the most stringent requirements of your new product. 

No matter what the application, you gain four important 
advantages with our chip set. 
First, reduce your system power requirements with the only 
micropower receiver solution available, made possible by 
our advanced CMOS technology. 
Second, reduce your system to only a fraction of the size 
using our integrated solution. 
Third, reduce your cost by up to half that of equivalent 
modular or PCB solutions. 
Fourth, maximize the performance of your system with our 
flexible 2-chip design. 

These four advantages make our chip set the best DTMF 
receiver for any application, including: 

Central office, PABX and key systems. Achieve optimum 
talk off by selecting the desired guard time for your system. 
Mobile radio and radio telephones. User selectable tone 
dropout time ensures high performance in the presence 
of high noise and distortion. Naturally, small size and low 
power are important factors. 
Data transmission units using intelligent telephones and 
special data terminals. The low power consumption, small 
size, and low cost of our chip set now make it possible for 
you to develop new products to meet this growing market. 
Industrial and domestic remote control systems. Our chip 
set's high performance and low cost is now advancing the 
development of innovative services and products. 

I Remote Control Systems  

Designed for designers. 
You'll find that the MT8860 and MT8865 have been designed 

to facilitate and speed your new system development. 

• 3.58MHz crystal completes the oscillator 
• External, passive components allow user selection of 

"Guard Time" 
• Operates from a single voltage supply (4.5V to 13V) 
• Low current, 2mA at 5V. 

MT8865 1S02-CMOSTm DTMF Filter 
High and low group band pass filtering 
Dial tone rejection 
Schmitt trigger limiting 
30 dB dynamic range 
38 dB intergroup rejection 
16 pin DIP 

Typical Filter Characteristics 
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MT8860 CMOS DTMF Decoder 
• Selectable tone acquisition and release times 
• Decodes all 16 DTMF tone pairs 
• 4-bit latched, 3-state buffered output 
• Direct interface to a microprocessor data bus 
• 18 pin DIP 

The MT8862 and MT8863 
DTMF decoders are both 
24-pin devices that offer 
optional 8-bit output codes. 
Each has a control input 
to allow selection of a 
2-of-8 output or two 4-bit 
binary codes. 

The best DTMF receiver 
now available in volume. 
Call us today for price, delivery and the name of your local Mitel distributor. 

014 MITEL SEMICONDUCTOR 

U.S.A. 
2321 Morena Blvd., Suite M, San Diego, 
California 92110; (714) 276-3421. 

1223 Westchester Pike, Havertown, 
Pennsylvania 19083: (215) 449-5556. 

14330 Midway Rd., Dallas, Texas 75234; 
(214) 387-5581. 

Canada 
P.O. Box 13089, Kanata, Ontario 
K2K 1X3 (613) 592-2122, 
Telex: 053-4596. 

Europe 
Hamilton Road, Slough, Berkshire, 
England SL1 40V, 0753-76126, 
Telex: 847730. 

Fredericiagade 16. Suite 309, 1310 
Copenhagen, Denmark. (01) 119302. 

Asia 
TST RO. Box 98577, Kowloon, 
Hong Kong, 3-318256, Telex: 
64235-Mitel HX 

TM-Trademark of Mite! Corporation 
Copyright Mildl Corporation 1980 
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Technological leadership. 

Choose from the broadest 
ready-to-run, single-boarC 
control project: Motor°le 

All the principal systems functions you need 
are here now in these 8-bit Micromodules: CPU. 
memory (ROM. RAM, EPROM). serial and 
parallel I/O (including GPIB), analog I/O (both 
high- and low-level), a high-speed math 
processor. and a solid-state relay module. 

Plus system software/firmware, high-level 
language processors, card cages and even power 
supplies, all from a single source. 

Think of all the time, hassle and cost you 
can save. And how you not only get your 
hardware and software developed faster but do 
so with a competitive edge. 

These modules and accessories are all based 
around Motorola's M6800 microprocessor 
family, including the MC6809-based Monoboard 
Microcomputer (MM19). the most powerful 
8-bit system-on-a-board around. And all are 
fully compatible with the Motorola EXORcisero. 
EXORtermTM and EXORsetTM development 
systems. 

If your application requires 16-bit computa-
tional power, ask about Motorola's new 
MC68000-based VERSAmoduleTM products. 

So whether your application is industrial 
control, automated testing, intelligent 
peripherals or general microcomputer system 
prototyping, you'll probably find all the 
ready-to-use hardware functions, power and 
performance you need in Motorola Micromodules. 
For basic data on each module and accessories, 
plus application examples, send for a copy of 
our new brochure "Motorola Micromodules." 
Write Motorola Semiconductor Products Inc., 
P.O. Box 20912. Phoenix, AZ 85036. 

For additional information or applications 
assistance, contact your nearby Motorola 
Semiconductor sales office or authorized 
distributor. Whether building your next system 
from the ground up or with here-now, leading-
edge modules. Motorola's fully committed to 

Innovative systems 
through silicon. 

MOTOROLA INC. 
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aost versatile selection of 
:omputer systems for your 
dicromodulesT: 

It's easier, it's faster, it's cost-effective with 

Motorola's Micromodule family. 

Monoboard Microcomputers 
M6RMMO 1 Monoboard Microcomputer 1 (6800) 
M68MMO1A Monoboard Microcomputer IA (6800) 
M68MMO1B Monoboard Microcomputer 1B (6802) 
M68MMO1BIA Monoboard Microcomputer IBIA (6802) 
M68MMOID Monoboard Microcomputer ID (6800) 
M68MM19 Monoboard Microcomputer 19 (6809) 

Processor Modules 
M68MMO2 6800 CPU Module 
M68MM14 Arithmetic Processing Module 

Memory Modules 
M68MMO4 EPROM/ROM Module (I6K Max) 
M68MMO4A EPROM/ROM/RAM Module (64K Max) 
M68MMO6 2K Static RAM Module 
M68MMO9 4K Static CMOS RAM Module w/Battery Backup 
MEX68 15-3 8K Dynamic RAM Module 
MEX6816-1HR 16K Dynamic RAM Module w/Hidden Refresh 
MEX68RR EPROM/RAM Module 

Digital I/O Modules — Parallel 
M68MMO3 32/32 I/O Module 
MEX6820 PIA-Based I/O Module (40 lines) 
M68MM13A Isolated Relay Output (16 Channel) 
M68MM13B Isolated Relay Output (32 Channel) 
M68MM13C Opto Isolated Relay Output (24 Channel) 
M68MM13D Opto Isolated Digital Input Module 
M68MM23 Opto Isolated I/O Module (AC/DC) 
Digital I /0 Modules — Serial 
M68MMO7 Quad Communications Module 
MEX6850 ACIA Module 
M68MM11 RS-232C to 20 mA Adapter Module 
M68MM12 GPIB Listener/Talker/Controller Module 
M68MM12A GPIB Listener/Talker Module 

Analog I/O Modules 
M68MMO5A 12-Bit AID. High-Level. 8 Channel 
M68MMO5B 12-Bit AID. High-Level. 16 Channel 
M68MM15A 12-Bit A/D. High-Level. 8/16 Channel 
M68MM15A1 12-Bit AID. High-Level. 16/32 Channel 
M68MM15B 16-Bit. Low-Level. 16 Channel 
M68MMO5C Quad 12-Bit D/A Module 
M68MM I5CV Voltage D/A Module (1-4 Channel) 
M68MMI5C1 Current D/A Module (1-4 Channel) 
Packaging and Support Hardware 
M68MMCCO5 5-Slot Card Cage 
M68MMCCIO 10-Slot Card Cage 
M68MMSC 5-Slot Rack-Mount Chassis (Top Load) 
M68MMLC 10-Slot Rack-Mount Chassis (Top Load) 
M68MMFLC 14-Slot Rack-Mount Chassis (Front Load) 
M68MPS1-1 Power Supply (+5 V. ±12 V) 
M68MMIO Power Fail Detect and Time-of-Day Clock Module 
MEX68WW Wirewrap Module 
MEX68USM Universal Support Module 
MEX68XT Extender Module 

Peripheral Devices and Interfaces 
M68MDM1 5-Inch CRT Display Module 
M68DIM2A Display Interface Module 
M68SFDC2 6800 Floppy Disk Controller Module 
M6809FDCONT2 6809 Floppy disk Controller Moduli' 
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Fujitsu Microelectronics 
has the ones you need. 

Bipolar or CMOS. Fujitsu Microelectronics 
offers you standard bipolar and CMOS gate 
arrays with the performance to meet your 
special design requirements. For instance, our 
B-500 bipolar array has a gate delay of 1.8 
nanoseconds at 2.3 milliwatts. Our silicon-gate 
CMOS arrays are comparable in performance 
to low-power Schottky devices with typical 
power dissipation of 50 milliwatts at 10 mega-
hertz. We also offer you custom ECL gate arrays. 

Design flexibility. Our advanced computer-aided 
design technique frees you from the limitations 
of macro-logic elements.That, together with our 
exclusive dual-level metalization, gives you 
maximum design flexibility and circuit density. 
In fact, we guarantee routability and placement 
up to 90%. 

Computer-aided design. All you supply are 
the logic diagrams and test data. Using our 
computer-aided design system, we convert your 
diagrams into digital form, simulate your circuit, 
verify performance, make the masks, and 
produce prototypes. After you approve them, 
we'll produce the number of parts you need, 
from 1,000 to 100,000 or more. For further 
information, call or write us today. Fujitsu 
Microelectronics, 2945 Oakmead Village 
Court, Santa Clara, CA 95051, (408) 727-1700, 
TWX 910-338-0047 

FUJITSU 
MICROELECTRONICS 



o 

tn 

N. 

N. 

L) 

CO 
C•I — 

0 12I 
C 

CL 

co 

o 

o 

• G) 
o 

Csi 

N. 

ir) 

t.o.) 

a) 

e 

-2
00

0 
20

00
 

e 

C-
39
00
 

39
00

 

›-1 

1
1
9
 
o
n
 r
ea

de
r 
se

rv
ic

e 
ca

rd
 



You want quality sockets? 

have them! 

In all sizes and materials... 
for all kinds of applications from 
burn-in and test through production. 

Free 1981 Catalog 
Details on 22 families of 
burn-in/test sockets, produc-
tion sockets, screw machine 
sockets and flatpack, TO-5, 
and DIP contactors and car-
riers, including quad packs. 
Write or call 219/287-5941. 
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1981 

With total equipment consumption of $168 billion forecast, electronics markets 
will fuel continued growth in 1981, despite a sagging worldwide economy 

FORECAST 

These are not the best of times, but neither are 
• . they the worst. The electronics manufacturers of 

•)/ the three principal industrial regions—the United 
States, Western Europe, and Japan—once again 

rang up a better-than-expected year in 1980 despite the 
economic woes besetting the world. 
The coming year, however, will severely test the electronics 

industries' resistance to recession. The economic outlook 

ranges from poor (in Europe), to confused (in the U. S.), to 
so-so (in Japan). Electronics growth rates are generally 
expected to be flat or to 
slow, but as usual, there are 
silver linings. Computers and 
peripheral equipment, for ex-
ample, will chalk up substan-
tial gains in all three major 
markets. 
Based on surveys con-

ducted from September 
through early November, 
Electronics' 1980 estimate 
for total equipment sales in 
these three markets is $150 
billion, figured in current 
dollars. That represents a 
12% increase from 1979 to 
1980, both of which are con-
sidered recessionary yeas. 
The picture is much the 

same for 1981: a grand total 
of $168 billion for a 12% 
increase. As for compo-
nents, including all semicon-
ductors, the combined total 

in current dollars for 1980 
was $38.5 billion, and the 
forecast for 1981 is a mod-
est 10% to $42.5 billion. 
The electronics industries 

in the United States for the 
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most part sailed through 1980 without a hitch until markets 

began faltering in the last couple of months. Total equipment 
consumption, according to the Electronics survey, was $80.4 
billion, a 12% increase over 1979. Components consumption 
also gained, reaching $76.4 billion. 

But the times, they are a-changing. Entering the new year 
amid portents of decline, the industry can expect at least half 

a year of struggle. Nevertheless, the Electronics forecast calls 
for a 13% increase in 1981 in equipment sales to $91 billion. 
Sensitive to the trends in equipment consumption, compo-

nents, too, should show 

1979 1980 1981 

SOURCE. ELECTRONICS 

gains reaching $18.4 billion. 
That means good growth for 
equipment and level growth 
for components. 
On the plus side, invento-

ries are low, thanks to the 
dampening effect of inflation 
and the prudence of man-
agement. In addition, fairly 
solid backlogs should cush-
ion the shock of declining 
orders in the first quarter. 
Most industry observers 
agree that the first half will 
be slow. But when the recov-
ery will arrive is less clear. 
Some predict that bearish-
ness will peak in April, but 
true recovery will not be felt 
until the end of the year. Oth-
ers prefer to stick to their 
earlier view that the second 
half will see the recovery, 
setting the stage for expan-
sion in 1982. 

Generally lagging behind 
the U. S. economy, Western 
European countries began 
the New Year faced with the 
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recession that North America was feeling in the second 
quarter of 1980. All of the usual economic ills are there—high 
cost of energy, uncontrolled inflation, high unemployment 
levels in some countries, and governments strapped for mon-
ey. The gross national product for the dozen main countries 
in the region will grow only 1% this year compared with 1.5% 

in 1980. 
As in the U. S., the slumping economies will have an impact 

on electronics consumption, but in Western Europe, too, 
growth will be positive. Electronics' survey of 11 countries 
shows a total equipment market of $51.28 billion in 1981. 
Components will hit $12.28 billion, according to the forecast. 

That 9.7% rise for equipment, however, is less than the 
10.5% gain registered in 1980. Growth rates are also declin-
ing for components. Last year this sector moved up 8.6%, 
but this year the figure will be a modest 5.8%. Indeed, the 
decline in European components consumption is contributing 
to the problems of U. S. companies, which often count on this 

market to bolster domestic sales. 
As it was last year, much of the slower growth is due to the 

nearly flat markets for consumer electronics, particularly col-
or television sets and radios. The computer and to a lesser 
extent the communications sectors pulled up the equipment 

totals. 
Although the computer companies are feeling the effects of 

the slow economy, solid growth, as in the U. S., will still be 
possible. The reason is that data-processing systems have 
attained the status of necessities in Europe, thanks to vastly 

improved price-performance ratios. Thus sales of computers 
and peripherals should rise 12.4% during 1981. 

Counterbalancing that picture, consumer electronics will 
only keep pace with the general economies. The Electronics 
survey indicates a $14.8 billion total in 1981, which is a mere 

6% improvement over 1980, also a slow year. 
The situation in Japan is much the same—computers and 

peripherals, up; consumer, flat. Most nations would like to 
suffer the 4% gain in GNP that Japan is expecting. But the 
island nation has problems in pushing up its GNP, being 
totally dependent on imported oil and also fearful that trade 
protectionism around the world will stifle its vital exports. 

Still, Japan's electronics markets have fared well. In 1980 
total domestic equipment consumption increased by almost 
13% to $23 billion. This year the gain will be 10%, to $25 
billion. Leading the parade will be data-processing equip-
ment. More confident than ever that they can compete on the 
world market, the Japanese computer firms rolled out a 
steady line of machines during 1980. This year data-process-
ing and office equipment consumption should surge by nearly 
13% to $9.41 billion domestically, providing a springboard for 
the export markets. 
The Japanese communications market, paced by the move 

to digital exchanges and the usual good growth of facsimile 
equipment, should again move upward. A gain of 11% to 
$3.6 billion is projected. 
As for the once high-flying consumer sector, hopes for 

pulling up a better-than-flat year in that area depend on video 
cassette recorders and video cameras. Of course, the con-
sumer companies rely on exports for their continued growth, 
and if consumer spending falls off in the U. S. and Europe, the 
Japanese could be in for hard times. 

Reprints of this set of three market reports are available at $3 
each. Write to Electronics Reprint Department, P. O. Box 
669, Hightstown, N. J. 08520. Copyright 1981, Electronics, a 
McGraw-Hill publication. 

U. S. MARKETS 
Amid economic doubt the industries expect a slow start, 

but 1981 looks tolerable; prosperity is further off 

The United States economy skidded into 1981 
with the brakes on. The tenuous recovery that 
began in the second half of 1980 fizzled out, and 
the double dip that many economists fear 

appears to be in the making. 
As the year ended, a double-barreled shot—sharply rising 

interest rates and more oil price increases— hit the economy. 
Consequently, the predictions made earlier for this year have 
to be tempered. The original scenario called for a slow first 
half followed by a recovery in the second half and a full-
fledged expansion at the beginning of next year. The real 
gross national product, according to McGraw-Hill Inc.'s Eco-
nomics department, was pegged at a very modest 0.9% gain. 
Now, however, it looks as though the second half will also 

be slow and the recovery-to-expansion two-step will not 
begin until 1982. Compounding the uncertainty is the inaugu-
ration of a new Republican Administration headed by Ronald 
Reagan and a relatively inexperienced White House support-

ing cast. 
Although it appears that most segments of the U. S. indus-

trial complex have been able to adjust to rising energy costs, 
the 21% prime rate that was announced in mid-December 

was a backbreaker. Small businesses will be particularly hard 
hit. But even large manufacturers, if they have not committed 
funds previously, will hesitate to spend for new plant and 

equipment. 

This cautious pause will have a downward ripple effect on 
consumer spending as well. Housing starts, which were 
beginning to look healthy again, will also slow until the prime 
rate once more begins to drop. 
The electronics industries are starting to feel the pain, too. 

Based on the annual survey conducted by Electronics, virtu-
ally every product sector simply skipped the 1980 recession, 

but they may not escape this year's. 
Because of the pervasiveness of electronics, it has become 

fashionable to view the industry as recession-resistant. But 
the signs of a downturn are flashing red for semiconductors 
and components and for some computer and consumer 
equipment. Some industry analysts believe that the bottom 
will not be reached until April, although there will always be 
pockets of prosperity for certain high-technology products. 
Adding to the confusion is the fact that there is considerable 
venture capital money available. 
Thus uncertainty, leaning toward gloom, fills the air. As a 

result, the numbers forecast for this year should be read with 
caution. These figures were taken in a wideranging industry 
poll during September and October, when business condi-
tions were looking up. Few could have anticipated the rapid 
deterioration starting in November. Nevertheless, the outlook 
for the long term is positive. For 1981, it is up, but less up. It 
is going to be another of those years that, though bearable, 
most companies will be glad to see past. 
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COMPUTERS Market's quick march 
ignores slow economic tune 

Where was the 1980 recession? That's what 
the computer and peripherals sector of the 
U. S. markets is asking as it springs off a 

solid growth year. The total U. S. market for data 
processing and office equipment in 1980 was $30.7 
billion, a gain of 16% over 1979. 
The 1981 market is expected to increase in dollar 

terms by 17%. By 1984, it will shape up to be $61 billion, 
according to the annual Electronics survey. In short, the 
computer industry, with few exceptions, is outperform-
ing the general economy in this time of recession. This 
relative strength may be explained by the integral and 
pervasive role computers now play in business. Comput-
ing resources are now considered indispensable to 
increase efficiency and productivity. To this indispensa-
bility add rapidly declining systems costs and the result 
is that computer systems are still acquired or upgraded 
with cost savings in mind and may be one of the last 
areas of expense to be cut. Even so, the market for 
large-ticket items like big mainframe systems and large 
distributed-processing systems and networks may flatten 
during the first half of the year. 

However, some segments of the market are still 
expanding at rates that are significantly greater than the 
growth of the total market. All small computer systems 
costing less than $100,000, including minicomputers and 
superminis, as well as word-processing systems, desktop 
computers, and personal computers, form a segment that 
enjoyed a growth rate of 27% last year. This group, 
which should log a 24% gain in 1981, is expected to 
become the source of half the dollar volume of the 
computer industry by mid-decade. Small-business com-
puters, ranging from the Apple II to the low end of the 
IBM and Hewlett-Packard lines, are not just for small 
businesses; individuals and departments of large and 
medium-sized companies are also using them. 

Minicomputers, once the superstars in the computer 
market, with growth rates of 35% or higher for a number 
of years, have slowed a little to a compound growth of 
23%. A compound growth rate of 25% per year is 
expected over the next four years. 
Another segment of the computer market that looks 

like a good business to be in is building computer 
systems that are compatible with IBM software and 
peripherals. This market, pioneered by Amdahl Corp. 
and including companies like Magnusson Computer Sys-
tems, IPL Inc., National Advanced Systems, and Two Pi 
Corp., is not shown as a separate breakdown in the 
Electronics survey, but recent financial statements report 
good sales and earnings growth for these firms. 

Display market looks good 

Display terminals, both intelligent and dumb, are 
booming. According to Datapro Research Corp., Delran, 
N. J., "the marketplace has barely been penetrated, the 
demand is insatiable, and the potential is seemingly 
endless. Predictions that display terminals will soon 

become as familiar as telephones or typewriters do not 
seem unreasonable." 
That market in fact expanded about 23% in 1980, 

should increase 27% in 1981, and then should average 
28% from 1982 through 1984 (see chart). As for the 
entire intelligent segment of the computer terminal mar-
ket, Creative Strategies International, San Jose, Calif., 
pegs it at about 32% a year for the early 1980s. And 
graphics terminals should do even better, increasing at a 
35% annual rate, International Data Corp. predicts. The 
new field of business graphics terminals should hit 65% 
growth, according to the Waltham, Mass., firm. 

Storage peripherals is another area of seemingly 
unending growth potential. Disk drives of all types and 
in sizes ranging from 2.52 billion bytes per unit to 
minifloppy drives are becoming a necessary part of near-
ly every computer system. As the cost of storing a byte of 
data on a disk drops ever lower, the price elasticity of the 
demand shows up and ever greater amounts of disk 
storage get bought for computer systems. The overall 
market for rigid-disk drives grew to $2.01 billion in 1980 
and will grow by 19% in 1981. It should reach a total of 
$3.76 billion in 1984. 
As expected, the fastest-growing part of the whole 

disk drive market is the products aimed at small-business 
computer systems such as the 8- and 51/4 -inch Winches-
ter disks and 51/4 -in. minifloppy disks. Both these catego-
ries of small-disk drives will be growing at a rate of 40% 
or better during the first part of the 1980s. 
One notable exception to the rosy picture was the 

large system costing more than $1 million. Perhaps the 
category most likely to feel the recession, this group 
registered a comparatively small gain of 7% in 1980 but 
is expected to bounce back with a 12% increase in 1981. 

Everywhere. Display terminals, standing alone or in clusters, are 

showing up in most computer applications, providing a solid growth 

market for the next five years. The emergence of the integrated 

electronic office will trigger much of the demand. 

4 

3 

2 

o 

1980 1981 1982 1983 1984 

SOURCE: ELECTRONICS 

Electronics/January 13, 1981 123 



CONSUMER 
Entertainment and other sectors 
hold up despite economic pinch 

Generally the most sensitive to recessions, the 
consumer electronics market has held up rel-
atively well. Electronics' survey indicates that 

the total consumer sector, including automotive electron-
ics, grew by 6% last year. 

That's not bad for a year marked by so much econom-
ic uncertainty. But the sharp increase in interest rates, 
along with certain rises in oil prices, will dampen con-
sumer spending. Nevertheless, video cassette recorders 
continue to move, with more than 1 million units 
expected to be shipped to dealers in 1981. In addition, 
this year will mark the all-out battle for the video disk 
player market, with the various manufacturers lining up 
behind the two capacitive or the one optical system. 
Furthermore, projection Tv finally looks like a serious 
contender this year as well. 
The nonpareil of high-fidelity audio equipment, digital 

gear, is still off on the horizon. But in the meantime, hi-fi 
sales look to be healthier than in previous recessions. 
According to Electronics' survey, hi-fi equipment should 
grow by 4% this year. 

Outside the entertainment categories, microwave 
ranges, calculators, and watches are all slated for a fairly 
good year. Even within the troubled U. S. automobile 
industry, electronics is cruising, with $517 million in 
sales expected for 1981. 

Recession-wary television set makers shipped an esti-
mated 9.85 million color units to dealers last year —the 
second-best performance ever. The main reason for the 
upsurge is the replacement market —consumers are 

Up and coming. Video disk players are due to enter the marketplace 

seriously this year and gain rapidly in share of market compared with 

video cassette recorders. However, â appears that the industry 

expects tape and disk units to exist side by side. 

VIDEO CASSETTE RECORDERS 

VIDEO DISK PLAYERS 
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retiring sets purchased during the big sales years of the 
late 1960s. In addition, new ways to use color sets, cable 
TV, and VCRs have made it more desirable to own a unit. 

Video cassette recorders, too, rang up solid gains last 
year. This year, the total number of installed units will 
be about 2.89 million, for a market saturation of only a 
little under 3.9%. 
With sales of 75,000 units expected this year, projec-

tion TV sets may finally break out of neighborhood bars 
and restaurants and into consumers' homes. New models 
will be introduced this year by RCA, Magnavox, Zenith, 
and Pioneer, to name a few. They will join projection sets 
already on the market from major firms such as GE, 
Sony, Panasonic, Advent, and Quasar. 

But the most-talked-about video item for 1981 is 
undoubtedly the video disk player. In March, RCA 
Corp.'s Consumer Entertainment division will begin 
sales of its grooved Capacitance Electronic Disk (cED). 
This first year, RCA expects to sell some 200,000 of the 
highly touted CED players in competition with Magnavox 
Consumer Electronics Corp., which previously intro-
duced an optically scanned system. 
As in the early days of VCRS, when there were incom-

patible systems vying, set manufacturers are lining up 
behind one or the other types. If their 57% share in the 
color Tv market is anything to go by, RCA and its 
supporters could be the driving force in disk players. The 
market is still too new to predict at all precisely; how-
ever, somewhere between a pessimistic 200,000 and an 
optimistic 600,000 units are expected to find their way 
into homes this year. 

On wheels 

Electronics consumption by the U. S. automobile 
industry is holding the road. For 1980, the value of 
nonentertainment electronic systems has been placed at 
an average of almost $55 for all U. S. cars and light 
trucks, putting last year's market for electronic systems 
at about $409 million. 
By 1985, when the last of the mandated emission and 

economy regulations is imposed and more safety and 
convenience features are in place, the value of the elec-
tronic systems should average $308 for an estimated 10 
million U. S. vehicles. That means that a total of about 
$3 billion will be spent by the auto makers on electronic 
subsystems, according to the forecast of one automotive 
electronics executive. 
The outlook for electronic games is less rosy. Follow-

ing their introduction in 1977, electronic hand-held and 
other nonvideo games experienced expansions of 433% to 
$112 million in 1978 and 289% to $436 million in 1979. 
Figures for 1980 are portraying a $550 million market 
for manufacturers and a jump to $666 million in 1981. 
As for computers, the home market has been slow to 

develop. But analysts predict that by 1985 it, too, will 
open up, partly as an educational aid for children and 
partly as a source of games. 
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COMMUNICATIONS Cost-effectiveness of semiconductors 
and deregulation feed steady growth 

As if to spite those who have been preaching 
recession for two years now, the communica-
tions sector of the electronics industries con-

tinues to roll along. At the end of 1980, still-higher 
interest rates promised anew to put a damper on activity. 
However, Electronics' survey predicts that 1981 will be 
another growth year for communications equipment, 
with sales totaling $5.3 billion, 13% above 1980. 
What drives the communications industry these days 

is cheap chips and cheap bits—in other words, the cost-
effectiveness of semiconductor device technology. Micro-
processors, memory, communications chips, and a myri-
ad of special-purpose devices make possible a range of 
communications services to the home, office, and factory 
that were not even imagined only 10 years ago. 

Competition grows 

In addition, both the original-equipment manufacturer 
and the communications service user felt the benefits 
of ferocious competition in 1980. That fire was stoked by 
the Government's clear desire to reduce regulation to a 
minimum. Even though there was still no action on the 
rewrite of the Communications Act of 1934—this land-
mark legislation must await the incoming Reagan 
regime and the 97th Congress—the Justice Department 
and the Federal Communications Commission made lots 
of moves. 
They encouraged giant AT&T to start setting up its 

unregulated business subsidiary and prodded Xerox, 
IBM, Satellite Business Systems, and other hopeful pur-
veyers of communications services to look to the 1980s 
with more optimism. Xerox introduced its much-
heralded Ethernet system for interoffice communica-
tions, and SBS launched its first satellite after five years 
of effort and $375 million. AT&T's Advanced Communi-
cation Service, however, was still hidden in that compa-
ny's extensive woodwork, and Xerox's Xten was likewise 
maintaining a low profile. 

Lots of fiber 

The three major markets for fiber optics in decreasing 
order of importance are optical waveguide and cable 
telephony, computer-to-terminal data communications, 
and video transmission (see graph). Automobile illumi-
nation and signal systems will also be a strong market by 
the mid-1980s, but they are not so concerned with high-
technology, low-loss fibers and sensitive receivers. 
The fiber optics industry continues to grow, since 

fiber-optic systems have both environmental and band-
width advantages that copper systems find hard to 
match. Moreover, as connectors are standardized, and 
manufacturers slide down their learning curves, their 
cost continues to decline, and some optical systems are 
even becoming competitive with copper systems for cer-
tain applications. For 1981, the Electronics survey pre-
dicts that sales of fiber-optic communications systems 
will be $153 million, a rise of 72% over the $89 million 

estimated for the year that just ended. 
Just starting to develop is a market for universal or 

almost-universal local networks, so that data for 1980 is 
not available. Although estimates of the future vary 
widely depending on the definition of local network, it is 
clear that such systems, from Ungermann & Bass, 
Xerox (Ethernet), Zilog, and a swarm of other manufac-
turers, will stimulate the data-communications business 
in the years ahead. 
Cheap chips and cheap bits help the manufacturers of 

digital communications equipment to fight off recession, 
and they are doing a good job of it. For example, satellite 
earth stations and associated equipment manufacturers 
will reach a total sales of $189 million in 1981. A 
particularly bright picture is expected for the makers of 
private automatic branch exchanges for data switching, 
who can expect a rise of 36% to total sales of $30 million. 
The communications industry, dominated as it is by 

multimillion dollar satellites; large switching equipment; 
complicated signal-processing devices; hard-to-install 
local, national, and international networks; and other 
capital-intensive equipment, does not react to economic 
change quickly. Rather, it is extremely concerned with 
depreciation economics. This concern tends to lessen the 
impact of new developments like digital technology and 
fiber optics on rapid industry growth. So, although there 
is no question that these categories will advance in the 
1980s, the process will be slow. 

Four users. The fiber-optic waveguide and cable industry supplies 

the communications community with a diversity of cable types both 

for high-technology applications in telephony and computers and for 

light pipe applications, where fiber attenuation is of little concern. 
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TEST& MEASUREMENT ATE, development systems, 
logic analyzers heat up sales 

This year's pattern will reverse last year's for 
makers of test and measurement equipment. 
The downturn that ended the final half of 

1980 will continue into the first half of 1981, but some 
growth should follow, just as it marked the initial half of 
1980, says Electronics' survey. 

Overall last year, the growth rate was 12%, as instru-
ment makers experienced a rise in U. S. sales of general 
test equipment to $2.2 billion and of overall equipment 
to $3.6 billion. This year they expect totals of $2.5 billion 
and $4.1 billion, respectively, once again an overall 13% 
increase. Although such growth may seem lackluster 
compared with what the industry has come to expect, it 
will easily outperform the economy in general thanks to 
two factors—the spread of digital electronics and the 
continuing reliance on increased productivity for 
increased profitability. 
As a result, automated test systems, microprocessor 

development systems, and logic analyzers will continue 
to be the hot products. They will account for roughly a 
third of all general-purpose instrumentation sales and 
will grow as a group by roughly 24%. 
Of the three, automated test systems will grab the 

largest market share. Production of very large-scale inte-
grated circuits and their consumption by original-equip-
ment manufacturers will add most to sales of automated 
component test systems this year. Market size should 
grow by a healthy 19% to $288 million. 

However, getting a larger share of the pie will not be 
easy. While purchasers will be attracted by such features 
as networking to help them exercise better control on the 
production floor, they will also be looking for lower-cost 
systems with better price-performance ratios. Then, too 
they will want highly modular systems that can be 
expanded to keep up with new devices. Add to that the 
entry into the market of new participants and the scenar-
io for 1981 is one of fierce competition. 
The same holds true in the board, or subsystem, test 

arena. Users want more for less, and though there will be 
more dollars to go around —$300 million, or 21% more 
than last year —competition for those dollars will be 
tougher than ever. 

Development systems rising to the top 

The area between component and board testing will 
become more the province of the development system 
this year. Like the component that gave it birth, the 
microprocessor development system's phenomenal in-
crease in importance to designers will continue, unde-
terred by the recession. Sales this year will top last 
year's, ringing up $218 million. 

Although that figure is a hefty one, it does not yet 
wrest the leadership from oscilloscopes. Sales of all 
scopes will rise some 13% this year to $347 million. But 
by mid-decade, the crown will change hands. 

Actually, the oscilloscope's functions will migrate to 
both the development system and the logic analyzer, 

muddying the distinction between the traditional instru-
ment and its newer rivals. This year, new introductions 
by manufacturers of logic analyzers will spur the sale of 
those instruments as computer manufacturers and others 
spend approximately $65.5 million, up 23% from 1980, 
to stock factory and field depots with these digital tools. 

Research facilities will spend 12% more this year — 
$744 million—for the purchase of analytical instru-
ments. The best performers in this area, in terms of 
overall volume and percentage increase, should be gas 
chromatographs and atomic absorption spectrophotom-
eters. This year, sales of gas chromatographs are 
expected to surpass those of liquid units for the first 
time, racking up $91 million, or 15% more than in 1980. 
Sales of atomic absorption spectrographs should rise by 
21%, a $9 million increase over last year. 
The medical electronics market in general seems 

headed for a dip in 1981, with a total of $2.45 billion 
barely keeping up with inflation. Two areas seem 
extremely robust, however. Sales of ultrasonic diagnostic 
equipment, increasing faster than those of X-ray equip-
ment, including computerized tomographic scanners, 
should rise 27% to $272 million. In addition, the growing 
use of pain-suppression and biofeedback equipment in 
physical therapy should boost the market for those 
devices by a hefty 47%, to $157 million this year. 

Future developments. The rapidly expanding market for micropro-

cessor development systems, up 24% last year, will rival that for the 

largest selling instrument, the oscilloscope, by 1984, and surpass it in 

total sales by the mid-1980s as digital applications expand. 
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SEMICONDUCTOR Growth rate slows as economy falters, 
but computer demands remain firm 

Remember late 1979, when, at the last min-
Dute, semiconductor industry analysts got cold 

C  feet and painted a gloomy picture for 1980? 
A year later—almost to the day—a sense of déjà vu 
prevails, caused by such concerns as a prime rate that 
borders on usury, soft pricing of commodity components 
like memories, and looming overcapacity. 
Of course, 1980 was not so bad after all. But the 

general economy has become so depressed that the resil-
iency of the semiconductor industry is being tried. Elec-
tronics' prognosis for 1981 is not as glum as some, but it 
estimates that the U. S. market in 1981 will grow less 
than 18%, as opposed to last year's 26%. 

This view resembles that of Merrill Lynch, Pierce, 
Fenner & Smith Inc., New York, which now predicts a 
worldwide 1981 growth of 16.5% for semiconductors. 
Merrill Lynch vice president Michael Krasko notes that 
computer sales remain strong and that semiconductors 
follow the demand for end equipment. 

Integrated-circuit consumption—up 20% to $5.8 bil-
lion in 1981—will, as usual, represent the fastest-
growing segment of the U. S. solid-state market. Domes-
tic consumption of optoelectronic components, too, will 
experience a sharp 15% increase to $330 million this 
year as emerging markets like telecommunications and 
office data processing increase their lc usage. 
The discouraging news about dynamic random-access 

memories is a very soft market. The 64-K RAM is still 

Converging. The worldwide markets for erasable- and mask-

programmable read-only memories will brush each other in about 

1982. Similarly, consumption of electrically erasable memories will 

ramp up to meet bipolar fuse-link ROM usage in 1984. 
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expected to be, by 1984, the world's first billion-dollar 
component, but it will take a lot of unit sales to get there. 
The reason: in mid-1980, the general prediction was that 
the average selling price of a 64-K RAM would be $40 in 
1981 and $25 in 1982, but those numbers are on their 
way to becoming half of what was expected, says Rosen 
Research Inc. of New York. Now it is all but certain 
that the average selling price for a 64-x RAM will wind 
up in the teens before 1982. As for the 16-x RAM, it 
currently sells for less than $2.50 in the U. S. and less 
than $2 in Japan. 

Pricing of erasable programmable read-only memories 
has been equally disappointing for chip makers. A recent 
research brief from Goldman, Sachs & Co., New York, 
noted that the price of a 16-x E-PROM fell 75% in 1980, 
from about $19 to about $4.75. The new 32-x E-PROM, 
which began last year with an average selling price of 
over $100, crashed even harder to its current quotation 
of only $12—a 90% decline. 

Slower expansion 

As for bubble memories, development of the market 
will not be as swift as once anticipated, says Venture 
Development Corp. of Wellesley, Mass., in a recently 
revised report. It now predicts that worldwide bubble 
memory _shipments will rise from $18.4 million in 1980 
to $226 million in 1985—an average annual increase of 
65%. It adds that fixed-head disk drives may be dis-
placed by bubble memories in 1984 if the latter's price 
drops down to the range of 15 millicents per bit. 

Microprocessors and microcomputers, for their part, 
will fare well the coming year, especially the high-
performance units. Sales of 16-bit microprocessors, 
which now stand at $37.5 million, will increase to $75 
million by the end of 1981. Single-chip microcomputers 
are expected to outpace multichip systems as large-scale 
integration puts more useful functions on each die. 
Growing as fast or faster than the sales of the proces-

sors themselves are those for the peripheral and support 
chips that mate with them. International Resource 
Development Inc. of Norwalk, Conn., figures that while 
mos microprocessors will enjoy a compound annual 
growth rate of 35% from 1979 to 1989, LSI support 
circuits will average a 37% rise. 

In some areas, market figures for Tn. circuits show 
signs of the competition from high-speed mos ICS. For 
example, in static RAMS the increase for mos units is an 
anticipated 24%, whereas bipolar counterparts will lag 
with an 18% gain. Likewise, standard rrL, Schottky, and 
low-power Schottky small- and medium-scale integrated 
logic families are feeling the crunch from fast new 
complementary-mos parts. 

Certain bipolar devices, such as those based on emit-
ter-coupled logic, continue to be sought after for the 
most demanding applications. Besides memories and log-
ic circuits, the market for ECL gate arrays will also 
broaden, along with the gate-array market in general. 
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COMPONENTS 
Hybrid and modular components lead 
several sectors to high ground 

For component makers as a whole, modes-
ty—in terms of sales growth—is indeed a 
virtue, given the lackluster general economy. 

So last year's dollar gain of nearly 8% can be seen as 
cause for satisfaction, if not joy. 

Within this market, the performance of such basic 
components as resistors and capacitors varied signifi-
cantly, with increases of almost 4% and 7%, respectively. 
Some resistor segments, like carbon-film types, even 
experienced declines. But sales of thick- and thin-film 
resistor networks and of chip resistors and capacitors 
were more healthy, a reflection of the increasing impor-
tance of hybrid integrated circuits. 

In fact, despite the overall modesty, hybrid and modu-
lar component sales for 1980 were up some 24% over 
1979, going from $182 million to $226 million; Electron-
ics projects a further 23% increase this year and then 
nearly 79% through 1984. Even more notably, data-
conversion products should grow in sales over 100% 

between 1981 and 1984, paced by hybrid and modular 
digital-to-analog and analog-to-digital converters. 

Sales of high-frequency microwave components 
remained strong, supported by an expansion of commu-
nications applications into yet-higher-frequency bands. 
This can be seen from the roughly 13% sales increase for 
microwave hardware from 1979 to 1980 and the whop-
ping gain of 62% for high-frequency power and special-
purpose tubes. In contrast, electron tube sales for 1980 
grew by a meager 4% and 1980 sales for traditional 
receiving tubes were down from the previous year by 
more than 9%. 

Displays also rode out the recession last year. The 
$246 million 1980 market for readout devices grew a 
respectable 16% over 1979's sales of $212 million, with 
multiple-character liquid-crystal and dot-matrix gas-
discharge displays leading the way. Electronics' survey 
estimates that both types of display will increase in sales 
by more than 50% from 1981 to 1984, going from $54.5 
million to $87 million and $47.4 million to $72 million, 
respectively. Single-character light-emitting-diode dis-
plays should garner larger market shares of incandescent 
and fluorescent displays. 
The market for switches of all types remained rela-

tively solid, increasing some 10% last year, up from 
1979's sales of $644 million to last year's $710 million. 
Total switch sales should grow more than 35% between 
1981 and 1984. 

PACKAGING & 
PRODUCTION 
IC-processing gear grows with VLSI; 
pc board sales to double by 1984 

Yet another sector of the U. S. electronics 
industries whose market has defied reces-
sion —so far—is packaging and production. 

Among the brightest growth prospects in this area 
belong to integrated-circuit processing equipment like 
sophisticated electron-beam and optical projection align-
ers, plasma etchers, ion implanters, and automatic wire 
bonders. This entire industry is in a state of expansion. 

Electronics' survey estimates that the U. S. market for 
semiconductor production and test equipment in 1980 
was $917 million and forecasts an annual growth rate of 
17% for 1979-84. That would lead to about $2.25 billion 
in sales for 1C-processing equipment by 1984. 
Equipment for lithography—wafer steppers, 1:1 pro-

jection systems, electron-beam systems—dominates the 
capital investment list, often representing more than 50% 
of a company's expenditures on wafer fabrication equip-
ment. Machines of this type, whose prices range from 
$500,000 to $1.5 million, are a key element in making 
large-scale and very large-scale integrated circuits. 

They, too, should see about a 17% growth rate per year, 
lasting into the late 1980s. 
There is one important snag, however. If interest rates 

remain high, as predicted, financing these lithography 
systems—or any other expensive ic equipment, for that 
matter—will become extremely difficult. Sky-high inter-
est rates could slow or even reverse the growth potential 
of the manufacturers of such gear. 
On the interconnection front, the important printed-

circuit market continues to expand at about a 20% to 
25% rate. Last year's total pc board sales of $1.4 billion 
should almost double by 1984. Single-sided pc boards, a 
relatively small market, will grow only at about a 4% 
rate, whereas two-sided board sales will increase more 
than two thirds by 1984. In the vital multilayer area, 
1980's sales of $375 million should rise to $650 million 
by 1984. According to Gnostic Concepts Inc. of Menlo 
Park, Calif., the multilayer board's share of the pc 
market should rise from 24% in 1979 to 30% in 1984. 

Tied in with the pc board is the dual in-line socket, 
which represents a $150 million market, with about a 
22% growth per year projected to 1984. The lc socket 
panel should experience a similar growth. 

For connectors in general, sales were up only slightly 
in 1980 from 1979, with the exception of the flat-cable 
connector market, where a growth of 11% occurred. 
Long range, the connector industry, according to market 
analyst Merrill Lynch, Pierce, Fenner & Smith Inc., 
New York, should grow at an average annual rate of 
13.5% during 1979-84. 
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INDUSTRIAL 
HI winds blow some good to makers of 
energy management, industrial control systems 

Cautious is the word for the outlook for 
electronics in industrial process and machine 
tool controls, as well as building management 

systems, in the face of the uncertainties about the busi-
ness climate. Budgeted plans, particularly those commit-
ted when interest rates were lower, will go ahead. How-
ever, new equipment purchases being considered will 
most likely be postponed until interest rates come down. 
Overall, Electronics' survey pegs the industrial sector at 
$3.26 billion this year, a 15% gain over 1980. 
The effects of the continuing energy crisis have their 

brighter side. For example, the market for process con-
trol equipment, about $702 million in the U. S. in 1980, 
is enjoying a flurry of activity as petrochemical and utili-
ty companies convert and refurbish existing facilities to 
accommodate a changing mix of fuels. According to the 
U. S. Department of Commerce, the process control 
industry will experience a real compound annual growth 
of 10% through 1985, making it the fourth-fastest-
growing industry—behind aircraft, machine tools, and 
industrial heating. Fueling this expansion is the fact that 
process control gear often pays for itself within a year. 

Within this category is the programmable sequence 
controller, sales of which grew by about one third in 
1980 over 1979—to about $202 million —and should 
increase about another 28% this year. Depending on the 

complexity of the task to be performed, some are micro-
processor- or even minicomputer-based and others use 
discrete solid-state logic requiring no computer program-
ming knowledge on the part of a technician. For 
sequence controllers as a group, programmable and 
hardwired, total sales were $216 million for 1980, could 
climb to $272 million this year, and should continue to 
grow at a compound annual rate of 11% through 1985. 

Numerically controlled machinery is another area 
where manufacturers can expect a quick return on 
investment. About 32% of the dollars spent for metal-
cutting machinery, or $1.24 billion, will go for such 
equipment in 1981. Of this amount, about $100 million 
represents the value of electronics—up 10% over last 
year. This gain is but one component of the machine tool 
market which is feeling the impact of microelectronics as 
it becomes increasingly economical to add electronic 
controls to ever simpler machines. 

Although the market for electronic energy manage-
ment systems is difficult to define, since it overlaps with 
fire and security systems, Electronics estimates that $190 
million was spent in 1980 in this area. With Government 
tax incentives stimulating the market, reluctance to part 
with money that does not go directly into increasing 
manufacturing output is beginning to fall away. Never-
theless, as an area of application for energy management 
systems, the industrial community ranks after schools, 
offices, public buildings, and hospitals. 
A much smaller market, although one with tremen-

dous growth potential, is that of industrial robots. That 
market was $45 million in 1979 and shot to $60 million 
in 1980. The 1980 figure represents about 1,500 robots, 
for a total of about 4,000 robots in operation. 

FEDERAL 
Growing electronics percentage hitches up 
with rising defense expenditures 

The proportion of electronics in weapons and 
military support systems is climbing steadily, 
and so, too, are outlays for defense electron-

ics. Of the $25.3 billion to be spent on electronics by all 
Federal agencies in calendar 1981, the military's share 
will be $23.3 billion—a gain of $2.2 billion from last 
year that more than offsets the relatively flat demand of 
some other agencies. 
The consensus among Federal budget specialists is 

that the new Reagan Administration will be unable to 
raise significantly the military electronics total before 
1982, even if it does restore development of a strategic 
bomber to replace the B-1 canceled in 1977 by President 
Carter. One Pentagon budgeteer points out that even if 
money for technology is increased, the services might 

have difficulty in spending it on new programs with 
contractors that already have large backlogs and are 
short of personnel. 
The effort to improve defense readiness in the near 

term will be reflected in some significant increases in 
electronics procurement that will top $12 billion in 1981, 
a 17% growth, with the biggest gains coming in strategic 
missiles and space systems, communications and intelli-
gence, and ordnance. These accounts will rise by 22%, 
21%, and 18%, respectively, compared with 1980. 
Emphasis on readiness will also be reflected in a 10% rise 
in operations and maintenance funds for electronics. 
Paying part of the price for these increases will be funds 
for research, development, test, and engineering, which 
will rise by a mere 4% to just under $7.2 billion. 

Also suffering will be expenditures on the National 
Aeronautics and Space Administration's Civilian Space 
Program, still a low congressional priority, as well as on 
education, energy, and health care electronics programs. 
Federal Aviation Administration programs will fare 
somewhat better than the others, but not much. The 
long-term FAA outlook is brighter as the agency begins 
to upgrade its national air-traffic control network. 
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U. S. MARKETS 
FORECAST 1981 
Market estimates represent industrywide consumption 
(at the factory level) of goods shipped by U.S. and 
foreign manufacturers for the U.S. market. Some 
product categories have been added, deleted, or rede-
fined. Therefore, these totals are not directly compara-
ble to those of previous years. 

COMPONENTS 

(millions of dollars) 1979 1980 1981 1984 

COMPONENTS, TOTAL 
Resistors, total 
Fixed, total 
Composition 
Deposited carbon film 
Metal-film 
Wirewound 

Variable, total 
Potentiometers, wirewound 
Potentiometers, nonwirewound 
Trimmers, wirewound 
Trimmers, nonwirewound 

Thermistors 
Resistive networks, total 

Thin-film 
Thick-film 

Chip 

Capacitors, total 
Paper 
Film 
Electrolytic, total 
Aluminum 
Tantalum 

Mica 
Glass and vitreous enamel 
Ceramic (except chips) 
Variable 
Chip 

Relays, total 
General-purpose 
Telephone-type 
Crystal-can 
Rf 
Reed 
Stepping and impulse 
Time-delay 
Solid-state 

Switches, total 
Small-movement snap-action 
Lighted 
Push-button 
Toggle 
Slide 
Rotary 
Coaxial 
Thumbwheel 
Dual in-line 
Keypads and keyboards, total 

Single-key 
Keyboard assemblies (incl. capacitive) 

Solid-state (incl. Hall-effect) 

9,225.5 10,094.0 10,924.4 14,438 
7193 803.3 832.1 1,0213 
236.4 238.7 240.6 277 
62.3 62.6 60.0 63 
23.1 21.0 20.5 26 
79.0 81.0 83.0 102 
72.0 74.1 77.1 as 

279.2 285.6 297.0 346 
50.0 51.0 55.0 65 
109.7 112.0 115.0 135 
24.5 25.5 27.0 31 
95.0 97.1 100.0 115 
56.5 60.2 64.3 76 
177.6 197.8 205.0 279 
79.0 88.0 90.0 116 
98.6 109.8 115.0 163 
20.0 21.0 25.2 50 

1,0042 1,105.4 1,1802 1,463 
89.3 90.4 94.0 102 
119.0 121.4 125.6 132 
364.0 407.0 432.9 483 
181.0 205.7 211.4 226 
183.0 201.3 221.5 257 
31.0 33.1 34.7 39 
8.7 10.1 11.7 12 

310.7 346.4 368.7 541 
27.7 29.0 à1.0 37 
54.4 88.0 81.6 117 

489.0 547.4 593.6 734 
177.3 195.0 219.7 297 
34.0 36.7 40.1 48 
78.0 88.2 93.1 103 
97.0 98.6 101.0 107 
41.5 47.2 51.4 66 
4.6 4.2 4.0 3 

31.1 35.5 37.3 44 
35.5 42.0 47.0 66 

643.6 710.1 782.4 1,059 
84.5 88.5 93.7 108 
89.0 94.1 105.1 157 
100.0 109.4 117.3 150 
30.2 33.2 36.7 48 
50.6 56.6 62.7 80 
91.7 100.5 108.7 135 
22.0 25.1 28.4 42 
26.0 27.5 30.3 40 
30.6 36.2 40.0 54 
95.0 109.9 124.2 183 
15.0 16.4 18.5 26 
80.0 93.5 105.7 157 
24.0 29.1 35.3 62 

(millions of dollars) 1979 1980 1981 1984 

Magnetic, total 
Ferrite components (coil forms, cores, etc.) 
Power transformers, total 
Laminated 
Toroidal 
Pulse 

At and rf transformers, coils, and chokes 
TV magnetic components (yokes and flybacks) 

Electron tubes, total 
Receiving 
Power and special-purpose, total 
High-vacuum 
Gas and vapor 
Klystrons 
Magnetrons 
TWTs (incl. backward-wave) 
Light-sensing (incl. photomultipliers) 
Image-sensing (incl. vidicon and orthicon) 
Storage 
Cathode-ray (except TV) 

TV picture, total 
Black and white 
Color 

Microwave hardware, total 
Mixers 
Detectors 
Amplifiers 
Passive components, total 
Waveguide 
Coaxial and strip-line 

Switches, total 
Waveguide 
Coaxial and strip-line 

Ferrite devices 
Power limiters 

Readout devices, total 
Single-character, total 

Incandescent 
Fluorescent 
Light-emitting-diode 

Multiple-character, total 
Gas-discharge, total 
Segmented 
Dot-matrix 

Fluorescent 
Light-emitting diode 
Liquid-crystal 

Transducers (electronic), total 
Pressure (incl. air, liquid, mechanical) 
Temperature (exc. thermocouples, thermistors) 
Motion, linear (acceleration and displacement) 
Motion, angular (acceleration and position) 
Vibration 

Crystals, total 
Discrete, total 
Communications 
Color TV 
Watches 
Other 

Assemblies (incl mounts and ovens) 

Passive filters and networks, total 
Rectifier assemblies 
LC filters 
Electromechanical filters, total 

Crystal 
Ceramic 
Other 

Rfi and emi fitters 
RC networks 
Delay lines 

Hybrid and modular components, total 
Operational amplifiers 
Instrumentation and isolation amplifiers 
Data conversion, total 

D-a converters 
A-d converters 

552.1 556.6 567.1 618 
63.0 50.4 41.1 9 

298.0 316.2 328.9 392 
193.2 205.3 210.4 240 
62.3 65.2 68.5 82 
42.5 45.7 50.0 70 
14.7 13.0 12.7 9 

176.4 177.0 184.4 208 

1,334.6 1,392.7 1,451.3 1,859 
104.3 94.5 78.3 50 
437.8 464.8 498.9 592 
77.1 81.3 85.4 99 
22.5 23.8 25.0 29 
55.2 58.7 62.0 69 
54.5 58.4 62.5 76 

116.1 126.3 141.7 176 
16.0 17.3 18.2 21 
38.6 41.2 44.2 55 
10.5 8.5 7.8 5 
47.3 49.3 -52.1 62 

792.5 833.4 874.1 1,017 
30.5 29.1 24.0 13 

762.0 804.3 850.1 1,004 

159.8 179.8 190.5 284 
11.7 12.5 14.1 47 
7.5 8.3 9.4 11 

29.8 35.0 36.9 45 
42.0 46.0 47.4 55 
9.0 10.0 10.6 13 

33.0 36.0 36.8 42 
34.8 38.0 43.2 64 
11.8 13.0 14.5 22 
23.0 25.0 28.7 42 
27.0 32.3 32.0 35 
7.0 7.7 7.5 7 

212.0 248.7 284.9 403 
49.1 53.8 58.6 75 
4.8 5.0 5.3 6 
2.3 2.6 2.8 3 

42.0 48.2 50.5 66 
162.9 192.9 226.3 328 
72.0 84.3 98.4 149 
38.5 44.1 51.0 77 
33.5 40.2 47.4 72 
6.1 7.1 8.0 10 

53.2 60.6 65.4 82 
31.6 40.9 54.5 87 

195.7 217.7 243.3 344 
53.0 58.3 64.8 89 
36.9 44.3 53.3 93 
31.8 33.4 35.2 41 
30.0 32.1 34.1 41 
44.0 49.6 55.9 80 

1011 110.2 114.3 132 
43.1 46.2 48.2 60 
29.0 33.0 35.1 43 
2.7 2.8 2.7 3 
7.1 6.0 5.5 5 
4.3 4.4 4.9 8 

62.0 64.0 66.1 72 

336.4 383.2 364.9 476 
177.2 183.5 188.7 210 
42.0 42.8 43.2 45 
46.3 51.2 53.7 64 
34.5 39.0 40.6 46 
8.5 8.7 9.1 12 
13 3.5 4.0 6 

44.4 53.2 59.7 84 
110 14.5 15.9 21 
13.5 18.0 23.7 52 

182.1 226.1 279.2 498 
36.0 38.1 40.2 54 
13.0 15.7 20.0 31 
88.1 114.6 146.6 297 
43.0 56.0 69.9 130 
31.0 39.1 51.0 109 



(millions of dollars) 1979 1980 1981 1984 

Multiplexers 
Sample-and-holds 
Converter subsystems 

Analog-I/O (data-acquisition) boards 
Functional circuits 
Signal sources (incl. oscillators) 
Active filters 
Miscellaneous custom functions 

Connectors, total 
Coaxial, total 
Standard 
Miniature 

Cylindrical, total 
Standard 
Miniature 
Subminiature 

Rack-and-panel 
Printed-circuit edge connectors, total 

Card-insertion 
Two-piece, metal-to-metal 

Flat-cable 
Fiber-optic 
Flexible-circuit 
Special-purpose 

Printed circuits and 
interconnection systems, total 
Printed circuits, total 

Rigid boards, total 
Single-sided 
Double-sided 
Multilayer 

Flexible circuits 
Interconnections, total 
Sockets and socket panels for DIPS 
Backplanes 

Wire and cable, total 
Coaxial cable 
Flat cable 
Hook-up wire 
Multiconductor, shielded 
Multiconductor, unshielded 
Fiber-optic cable 

5.0 
5.0 
4.1 
11.2 
16.9 
2.6 

10.2 
4.1 

1,184.0 
77.0 
55.5 
21.5 

237.8 
72.1 

102.7 
63.0 

214.0 
395.2 
245.0 
150.2 
93.8 
4.0 
7.0 

135.2 

1,478.8 
1,153.6 
1,087.3 
1243 
641.0 
322.0 
66.3 

325.2 
202.0 
123.2 

587.8 
160.0 
135.0 
133.1 
89.2 
56.5 
14.0 

6.8 
6.8 
5.9 
16.0 
18.7 
a 8 
12.0 
8.2 

1,231.3 
78.5 
56.0 
22.5 

249.5 
75.5 

107.5 
66.5 

233.1 
402.4 
250.0 
152.4 
106.5 

6.0 
7.8 

147.5 

1,768.7 
1,402.9 
1,329.4 
129.4 
825.0 
375.0 
73.5 

365.8 
221.0 
144.8 

834.8 
172.5 
150.0 
137.2 
97.6 
58.0 
19.5 

8.8 
8.9 
8.0 

21.0 
200 
3.2 

13.2 
15.0 

1,303.8 
83.7 
59.2 
24.5 

264.4 
80.0 
111.4 
73.0 

244 8 
417.2 
255.7 
161.5 
122.9 

8.1 
8.2 

154.5 

2,004.0 
1,562.3 
1,479.7 
139.7 
910.0 
430.0 
82.6 

441.7 
275.0 
166.7 

712.8 
194.1 
180.0 
144.6 
107.9 
59.1 
27.1 

15 
18 
25 
32 
23 
5 

18 
38 

1,700 
105 
70 
35 

323 
86 
126 
111 
317 
519 
316 
203 
207 
20 
9 

200 

3,133 
2,341 
2,225 
180 

1,395 
650 
116 
792 
537 
255 

928 
243 
241 
158 
139 
64 
81 

(mitions of dollars) 

SEMICONDUCTORS, TOTAL 
Discrete semiconductors, total 
Diodes, total 

Signal 
Rectifier 
Arrays 
Zener, total 

Voltage regulator 
Reference 

Special-purpose. total 
Microwave 
Varactor (less than 1 GHz) 
Tunnel 

Transistors. total 
Bipolar, total 

Small-sigial (less than 1 W) 
Power (1 W or more) 
Duals and arrays 
Rf 

Field-effect, total 
Junction, total 

Small-signal (less than 1 W) 
Power (1 W or more) 

MOS, total 
Small-signal (less than 1 W) 
Power (1 W or more) 

SEMICONDUCTORS 

1979 1980 1981 1984 

5,036.9 
1,136.8 
442.8 
48.2 

218.6 
13.5 

113.4 
88.3 
25.1 
49.1 
40.0 
8.0 
1.1 

562.5 
514.4 
180.1 
240.2 
10.0 
84.1 
48.1 
26.7 
26.0 
0.7 

21.4 
15.4 
6.0 

6,326.3 
1,216.6 
482.0 
51.1 

245.5 
13.9 

118.5 
91.5 
27.0 
53.0 
43.2 
8.6 
1.2 

589.9 
534.1 
185.0 
245.1 

9.0 
95.0 
55.8 
27.8 
27.0 
0.8 

28.0 
16.0 
12.0 

7,436.9 
1,316.3 
526.4 
54.2 

270.6 
14.8 

129.3 
98.2 
31.1 
57.5 
47.3 
9.0 
1.2 

627.9 
566.5 
189.4 
258.9 

9.1 
109.1 
61.4 
28.8 
28.0 
0.8 

32.6 
17.0 
15.6 

12,704 
1,693 
683 
60 

330 
18 

198 
156 
42 
77 
65 
11 
1 

804 
698 
203 
355 
8 

132 
106 
36 
35 
1 

70 
20 
50 

(millions of dollars) 

Thyristors 
Protection devices (incl. varist ors) 

Integrated circuits, total 
Standard logic families, total 
RTL 
DTL 
TEL, total 

Standard TEL 
Schottky TTL, total 

Standard (S) 
Low-power (LS) 

ECL 
C-MOS 

Microprocessor, microcomputer families, total 
Microprocessors, total 
MOS. total 

8-bit 
16-bit 

Bipolar, total 
Bit-slice 
Full CPU 

One-chip microcomputers, total 
4-bit (controllers) 
8-bit 
16-bit 

LSI peripheral chips, total 
Support devices 
Peripheral equipment controllers 

Dedicated LSI circuits 
Semicustom logic (incl. gate arrays, etc.) 
Memories, total 
Random-access, total 
Dynamic, total 
4-K 
I6-K 
32-K (partial or hybrid) 
64-K 
256-K 

Static, total 
Bipolar 
n-MOS, total 

Fast (less than 70 ny) 
Slow 

C-MOS 
Read-only, total 
Mask type 
Fuse-link type, bipolar 
Erasable programmee type, total 

Ultraviolet (E-PROM) 
Electrical (EE-PROM) 

CCDs (memory only) 
Magnetic-bubble (incl. support circuits) 

Linear ICs, total 
Analog switches 
Operational amplifiers 
Instrumentation and isolation amplifiers 
Comparators 
Voltage regulators 
Tuners 
Other (incl. functional ICs) 
Data conversion, total 

D-a converters 
A-d converters 
Multiplexers 
Sample-and-holds 

Interface 
Communications 
Entertainment 

Consumer product ICs, total 
Calculator chips 
Watch chips 
Game chips 
Other (incl. cameras, toys, organs, etc.) 

Optoelectronic devices, total 
Photovoltaic (solar) cells 
Photoconductive cells 
Light-emitting diodes (discrete) 
Laser diodes 
Photodiodes (incl. arrays) 
Phototransistors (incl. arrays) 
Optically coupled isolators 

/ 

1979 1980 1981 1984 

131.5 144.7 162.0 206 
17.3 17.5 20.1 29 

3,626.5 4,804.2 5,770.3 10,399 
1,047.9 1,298.0 1,501.5 2,215 

4.2 4.0 3.7 4 
20.0 16.0 12.0 9 

728.5 893.9 1.004.0 1,388 
408.0 428.5 432.0 440 
320.5 465.4 572.0 948 
106.7 150.4 179.0 280 
213.8 315.0 393.0 668 
56.5 74.0 91.0 188 

238.7 310.1 390.8 626 
385.5 576.7 795.2 1,749 
107.5 166.2 254.9 646 
92.4 138.1 213.4 576 
68.4 100.6 138.4 299 
24.0 37.5 75.0 277 
15.1 28.1 41.5 70 
12.4 22.1 33.0 48 
2.7 6.0 8.5 22. 

169.0 252.5 348.7 693 
80.0 100.0 122.3 180 
81.0 121.5 160.4 283 
8.0 31.0 66.0 230 

109.0 158.0 191.6 410 
36.0 52.2 63.8 121 
73.0 105.8 127.8 289 

185.5 257.0 309.6 617 
26.2 47.1 58.8 193 

1,307.3 1,840.2 2,194.1 4,029 
734.7 1,103.7 1,287.5 i.865 
385.6 636.2 733.8 884 
91.5 38.8 18.4 1 

283.5 490.1 548.2 311 
9.2 87.1 104.0 76 
1.4 20.2 63.2 472 
0.0 0.0 0.0 24 

349.1 467.5 553.7 981 
123.0 147.6 163.8 211 
199.1 244.4 287.6 413 
78.8 103.2 128.0 201 
120.3 141.2 159.6 212 
27.0 75.5 102.6 357 

522.1 667.5 824.4 1,963 
136.3 174.9 210.6 503 
138.8 166.5 198.0 315 
247.0 326.1 415.8 1,145 
230.6 296.1 358.5 901 
16.4 30.0 57.3 244 
14.5 21.5 27.0 38 
36.0 47.5 55.2 163 

674.1 785.2 911.1 1,596 
37.1 39.0 41.1 53 

130.0 154.7 172.0 300 
6.0 7.9 10.0 20 

23.0 26.0 28.2 50 
52.0 59.4 72.0 100 
48.0 52.0 66.6 77 
12.0 13.5 15.0 30 

116.5 151.7 196.8 430 
58.5 77.5 100.7 260 
34.5 47.5 64.1 , 120 
15.5 17.5 21.0 31 
8.0 9.2 11.0 19 

68.0 90.0 103.0 215 
60.0 7.0 85.7 139 
121.5 119.0 120.7 182 
221.0 272.0 311.0 506 
54.0 50.0 46.0 31 
60.0 68.0 65.0 75 
55.0 75.0 100.0 200 
52.0 79.0 100.0 200 

256.3 288.0 330.2 583 
15.0 17.0 22.0 45 
9.5 11.0 13.0 23 

155.0 170.0 190.0 300 
3.3 5.5 8.0 18 
9.0 10.5 12.7 25 

17.0 18.0 20.0 35 
47.5 56.0 64.5 137 



INDUSTRIAL AND COMMERCIAL MARKETS 

(milhons of dollars) 1979 1980 1981 1984 

INDUSTRIAL AND COMMERCIAL, TOTAL 39,202.4 45,079.6 52,235.1 83,764 
Test, measuring, and analytical 

Instruments, total 3,213.3 3,611.0 4,068.2 6,011 
Dorsal test equipment, total 1,920.6 2,188.5 2,503.9 3,763 
Analog voltmeters, ammeters, multimeters 15.5 15.0 14.5 14 
Digital multimeters, total 75.0 87.6 95.9 126 
31/2-diçit and below 27.0 34.2 38.0 53 
4'h-digit and above 48.0 53.4 57.9 73 

Multimeter probes and accessories 3.5 3.9 4.1 9 
Panel meters, total 112.6 122.5 129.0 144 
Analog 81.6 88.0 92.0 100 
Digital 31.0 34.5 37.0 44 

Counters, time and frequency 69.7 76.7 86.0 125 
Microprocessor development systems 129.8 161.7 218.4 448 
Logc analyzers 41.6 53.3 65.5 135 
Logc probes 2.5 3.1 3.6 5 
Word generators 4.7 5.2 5.9 14 
Osciloscopes 279.1 306.6 347.0 474 
Network analyzers 23.5 26.4 29.0 38 
Spectrum analyzers 66.0 74.7 82.1 106 
Frequency synthesizers 48.7 52.3 57.5 92 
Function generators 38.0 42.7 48.7 77 
Signal generators 62.9 70.1 77.1 118 
Sweep generators 62.0 68.5 75.4 101 
Pulse generators 17.2 19.6 21.5 30 
Oscillators 18.5 18.7 20.2 27 
Waveform analyzers, distortion meters 39.8 44.3 48.6 65 
Power meters, below microwave frequencies 3.8 4.4 5.0 7 
Calibrators and standards, active and passive 28.4 30.2 32.5 45 
Noise-measuring units (except sound-level meters) 6.6 7.5 8.1 11 
Temperature-measuring instruments 19.0 22.0 25.3 33 
Phase-measuring equipment 27.9 30.9 33.2 44 
Amplifiers 42.8 46.5 51.2 63 
Impedance bridges 13.3 13.5 13.9 16 
Recorders and plotters, total 184.1 202.3 215.8 258 

Strip- and circular-chart 71.0 77.0 79.0 84 
X-Y 43.0 48.2 52.6 74 
Magnetic-tape 70.1 77.1 84.2 100 

Component testers 209.5 242.0 288.0 460 
Pc-board testers, total 195.5 247.0 300.0 525 
Bee-board 11.7 13.6 16.5 26 
Completed assemblies 183.8 233.4 283.5 499 

IEEE-488 bus controNers 48.0 55.2 63.4 104 
Microwave impedance-measuring equipment 21.9 24.1 26.5 35 
Microwave-power-measuring equipment 8.3 9.3 10.4 14 
Microwave waveineters 0.9 0.7 0.6 0 

Specialized test equipment, total 
Automotive diagnostic 
Communications test (incl. data communications) 
Radiation-detection and -monitoring 
Other 

Analytical Instruments, total 
Chromatoçraphs, total 
Gas 
Liquid 

Spectrophotometers, total 
Infrared 
Ultraviolet-visible 
Atomic absorption 
Other 

Mass spectrometers 
Nuclear magnetic-resonance spectrometers 
Electron microscopes 
pH meters and ion-selective electrodes 
Spectrolluorometers 
Spectropolarimeters 
Thermal analyzers 
X-ray analyzers 
Emission spectrometers 
Elemental analyzers 
Other 

Data-processing ristems, peripherals, 
and Mice equipment, total 

System shipments, total 
Desktop computers 
Small (less than $100,000) 
Medium ($0.1 to $1 million) 
Large (greater than $1 mon) 

700.5 760.2 820.5 1,157 
297.0 300.0 300.0 420 
349.1 398.6 448.5 632 
21.2 28.3 36.1 56 
33.2 33.3 35.9 49 

592.2 662.3 743.8 1,091 
145.2 159.0 179.0 268 
68.0 79.0 91.0 138 
77.2 80.0 88.0 130 

168.9 190.5 214.6 298 
32.1 34.9 38.6 50 
37.5 44.7 49.2 63 
35.3 42.9 51.8 95 
64.0 68.0 75.0 90 
44.0 48.0 53.0 75 
24.0 26.5 29.3 38 
12.0 13.0 13.0 14 
30.0 33.0 36.0 50 
13.0 15.5 18.8 34 
1.3 1.3 1.3 2 

14.0 19.0 24.0 46 
50.0 52.0 55.0 69 
21.5 27.7 38.8 75 
2.3 3.0 4.0 8 

66.0 73.8 77.0 114 

26,637.7 30,733.8 35,951.6 
12,548.0 14,030.0 16,189.0 

675.0 945.0 1,262.0 
1,650.0 1,996.0 2,415.0 
3,360.0 3,746.0 4,289.0 
6,863.0 7,343.0 8,223.0 

59,322 
25,881 
3,000 
4,350 
6,025 
12,506 

(mitions of dollars) 

OEM micros and minis, total 
OEM microcomputers 
OEM minicomputers 

Memory systems, total 
Mainframe add-on systems 
Minicomputer add-in/on systems 
OEM systems, total 
Core 
Semiconductor 

Data-storage subsystems, total 
Disk pack 
Fixed-disk 
Combination fixed/cartridge disk 
Flexible-disk 
Reel-type magietic-tape 
Cassette and cartridge magnetic-tape 

Input/output peripherals, total 
Card-read/punch 
High-speed the printers 
Medium-speed printers 
Low-speed serial printers, total 

Impact 
Nonimpact (thermal, electrostatic) 

Large nonimpact printers 
Computer output microfilm 
Optical character and mark readers 
Magefic character and mark readers 
Electromechanical plotters (on/off line) 
Digitizers 
Paper-tape devices (readers and punches) 

Key entry 
Data terminals, total 

Teleprinter terminals 
CRT terminals, total 

Intelligent 
Other 

Graphics terminals, total 
Storage and refresh 
Raster-scan 

Remote batch and job-entry terminals 
Source data-collection equipment, total 

Point-of-sale systems 
Bulking systems 
Industrial data-collection systems 
Other specialized terminal 

Office equipment, total 
Nonconsumer calculators 
Word processing 
Dictation 
Copying 
Facsimile transmission 
Typesetting 

Communications equipment, total 
Reo, total 

Aviation mobile (incl. ground support) 
Marine motile 
Land mobile and base stations 
Amateur (mobile and base stations) 
Citizens' band (mobile and base stations) 
Microwave (incl. antennas), total 
Analog 
Digtal 

Broadcast (a-m and fm, incl. antennas, etc.) 
Satetite earth stations 

Radar (incl, weather and navigation), total 
Telemetry (industrial only) 
Voice-switching systems, total 

Central office 
PABX 

Data-switching systems 
Fiber-optic communications systems, total 
Modules and subsystems 
Complete systems 

Pocket pagers, total 
Tone only 
Tone plus voice 

Data-communications equipment, total 
Modems, total 
Low-speed (less than 2,400 b/s) 
HO-speed (2,400 b/s and over) 

1979 1980 1981 1984 

1,207.9 1,500.7 1,902.7 3,797 
209.9 268.7 362.7 797 
998.0 1,232.0 1,540.0 3,000 
718.2 759.0 863.8 1,320 
396.0 431.6 483.4 679 
76.2 94.4 115.0 160 

246.0 233.0 265.4 481 
120.0 84.0 71.0 49 
126.0 149.0 194.4 432 

2,353.1 2,803.8 3,392.7 5,881 
839.0 869.0 908.1 992 
525.0 656.0 819.7 1,598 
400.0 500.0 675.0 1,166 
227.0 306.0 413.1 1,129 
318.0 395.0 481.9 833 
44.1 77.8 94.9 163 

2,543.3 2,895.4 3,364.3 5,453 
103.0 93.0 80.0 50 
186.9 226.3 271.6 542 
700.0 781.0 874.7 1,330 
713.4 855.2 1,006.0 1,626 
559.0 643.7 731.0 1,063 
154.4 211.5 275.0 563 
114.0 140.0 189.0 465 
185.0 208.0 238.0 362 
378.0 403.0 478.6 802 
19.0 18.0 17.1 14 
99.0 121.0 154.0 198 
16.0 18.9 24.3 34 
29.0 31.0 31.0 30 

275.3 256.6 241.9 203 
1,810.9 2,225.8 2,776.1 5,507 
305.3 379.5 454.0 725 

1,278.0 1,577.0 1,999.6 4,108 
595.0 780.0 1,029.6 2,533 
683.0 797.0 970.0 1,575 
180.1 225.3 282.5 641 
120.0 153.0 181.7 364 
60.1 72.3 100.8 277 
47.5 44.0 40.0 33 

1,335.0 1,533.0 1,749.8 2,586 
419.0 465.0 525.5 738 
234.0 268.0 298.6 413 
93.0 110.0 130.3 217 

589.0 690.0 795.4 1,218 
3,846.0 4,729.5 5,471.3 8,694 
298.0 358.0 408.5 903 

1,090.0 1,398.0 1,705.6 3,022 
263.0 302.5 310.0 454 

1,850.0 2,257.0 2,573.0 3,600 
48.0 59.0 71.0 124 

297.0 355.0 403.2 591 

4,158.2 4,716.3 5,346.0 7,532 
1,653.4 1,835.7 2,029.3 2,632 

54.7 65.1 71.2 90 
34.0 35.1 37.0 47 

1,084.3 1,191.2 1,313.1 1,662 
23.1 25.5 27.8 33 
64.7 72.5 76.0 81 
199.6 228.5 256.1 361 
175.0 195.7 213.8 275 
24.6 32.8 42.3 86 
51.0 55.5 59.4 71 

142.0 162.3 188.7 287 
162.5 170.1 178.8 235 
63.8 70.0 76.5 99 

453.0 509.0 567.5 768 
410.2 452.0 498.0 652 
42.0 57.0 69.5 116 
16.0 22.0 30.0 86 
38.7 89.0 153.0 400 
6.1 23.5 39.3 127 

32.6 66.5 113.7 273 
62.0 81.0 97.0 140 
55.0 71.0 84.0 120 
7.0 10.0 13.0 20 

1,242.5 1,420.3 1,640.1 2,420 
334.5 405.0 487.5 800 
107.0 122.5 150.0 250 
227.5 282.5 337.5 550 



(millions of dollars) 

Multiplexers 
Proçrammable concentrators 
Front-end communications processors 
Message-switching systems 

Facsimile terminals 
Television equipment, total 

Broadcast equipment, total 
Transmitters 
Antennas 
Cameras 
Auxiliary equipment 

CAT, total 
Studio and head-end 
Distribution 
Transmission lines and fittings 
Converters 

CCTV, total 
Cameras 
Monitors 

Industrial electronic equipment, total 
Motor controls (speed, torque) 
Numerical controls, total 
Inspection systems, total 

Ultrasonic 
X-ray 
Infrared 
Ultraviolet 

Thickness gages and controls, total 
Photoelectric 
Radiation-based 

Data-acquisition systems 
Process controllers 
Semiconductor production, total 
Wafer preparation (crystal growers, etc.) 
Mask generation 
Lithoçraphy, total 

In-line handling (scrubbers, coaters, etc.) 
Afigners, total 

Projection 
Direct wafer-stepping 
Electron-beam 

Wafer processing 
Assembly (wire bonders, etc.) 
Testers 

Process recorders and indicators 
Sequence controllers, total 
Programmable 
Hard-wired 

Ultrasonic cleaning 
Pollution-monitoring 
Induction and dielectric heating and sealing 
Welding controls 
Process-control computer systems, total 

Digital 
Analog 

Energy management 
Robots (mechanical manipulators) 

Power supplies, noncaptive, total 
Switching, total 
Pc-board-mountable (encapsulated) 
Open frame and card 
Rack-mountable and other system 

Conventional (nonswitching), total 
Pc-board-mountable (encapsulated) 
Open frame and card 
Rack-mountable and other system 
Benchtop 

Medical equipment, total 
Diagnostic, total 

X-ray (incl. computer tomography) 
Ultrasonic scanners 
Nuclear imaging 
Automated blood analyzers 
Electrocardiographs 

Therapeutic, total 
X-ray 
Electrosurgery 
Defibrillators 

1979 1980 1981 1984 

114.9 145.0 188.7 327 
114.1 131.0 150.6 210 
505.0 552.3 609.2 826 
174.0 187.0 204.1 257 
132.0 148.3 166.3 236 
334.3 370.9 407.5 516 
115.3 123.3 131.4 160 
17.3 18.1 19.5 25 
16.3 18.7 21.2 30 
33.7 36.0 38.1 44 
48.0 50.5 52.6 61 
173.3 197.0 218.2 276 
33.5 46.5 55.0 71 
80.0 88.0 98.0 132 
31.7 33.0 33.7 35 
28.1 29.5 31.5 38 
45.7 50.6 57.9 80 
31.0 33.6 37.9 51 
14.7 17.0 20.0 29 

2,413.4 2,823.5 3,259.4 5,387 
240.1 280.1 313.7 659 
90.0 100.0 111.0 156 
60.4 65.2 68.7 80 
18.3 20.5 22.0 27 
33.0 34.9 36.1 ao 
7.0 7.5 8.1 10 
2.1 2.3 2.5 3 

120.7 129.4 134.5 151 
88.7 93.6 97.1 108 
32.0 35.8 37.4 43 
13.5 14.0 14.6 19 

115.0 129.6 138.9 190 
731.9 917.3 1,147.5 2,251 
30.0 32.5 37.4 57 
57.6 66.7 79.4 123 

285.3 408.6 518.0 1,004 
25.3 29.6 36.0 59 

260.0 379.0 482.0 945 
150.0 195.0 218.0 358 
65.0 129.0 192.5 423 
45.0 55.0 71.5 164 
155.2 180.0 247.5 519 
145.0 161.0 185.0 424 
58.0 68.5 80.2 124 
90.1 102.8 114.3 148 
167.5 216.4 271.5 414 
151.6 201.6 258.9 401 
15.9 14.8 12.6 13 
17.6 21.0 .. 23.4 28 

236.0 240.6 242.3 341 
64.5 71.0 73.9 83 
28.3 32.6 34.8 39 
229.5 253.4 278.0 359 
190.0 211.9 232.4 304 
39.5 41.5 45.6 55 

163.3 190.1 211.3 270 
45.0 60.0 81.0 199 

390.6 435.8 480.4 580 
143.6 160.6 184.4 315 

8.0 8.9 10.5 15 
45.2 50.5 57.2 96 
90.4 101.2 116.7 204 

247.0 275.2 296.0 265 
9.5 9.5 10.8 15 

80.5 92.7 107.1 108 
140.5 156.5 159.1 118 
16.5 16.5 19.0 24 

1,979.8 2,221.8 2,453.5 3,670 
821.7 894.8 965.6 1,223 
482.1 490.3 487.3 400 
169.6 214.4 271.7 545 
54.7 60.2 63.5 77 
72.1 83.3 92.8 138 
43.2 46.6 50.3 63 

952.7 1,095.7 1,216.4 2,072 
61.4 66.3 72.4 95 
36.3 41.5 45.2 60 
56.0 67.3 80.9 141 

*Includes domestic-made equipment. off-shore products sold under U. S. labels, and domestic- and 
foreipn-label imports. 

(millions of dollars) 

Diathermy 
Pain suppression and biofeedback 
Dialysis units 
Pacemakers 
Hearing aids 

Patient-monitoring equipment 

Lasers and related equipment, total 
Gas lasers 
Semiconductor lasers 
Other (incl. ruby, neodymium-doped, etc.) 

Automotive electronics, total 
Engine control systems 
Electrical systems 
Convenience features 
Safety and security systems 
Dashboard 

1979 1980 1981 1984 

10.7 
77.4 

180.6 
383.0 
147.3 
205.4 

105.1 
74.2 
7.1 

23.8 

304.3 
184.9 
24.2 
27.9 
9.9 

57.4 

11.7 12.7 16 
106.7 157.2 588 
194.5 207.6 248 
456,2 480.1 726 
151.5 160.3 198 
231.3 271.5 375 

128.2 158.8 233 
92.4 116.4 157 
8.5 10.6 32 

27.3 31.8 44 

409.2 517.2 1,029 
234.0 283.1 484 
26.0 27.8 34 
50.0 72.1 149 
17.2 27.6 151 
82.0 106.6 211 

FEDERAL ELECTRONICS 

(millions of dollars) 

FEDERAL ELECTRONICS, TOTAL 
Defense, total 
Procurement, total 
Communications and intelligence 
Aircraft, related ground equipment 
Missiles and space systems 
Mobile and ordnance 
Ship and conversions 

Research, development, test, and engineering 
Operations and maintenance 

NASA 
Transportation, total 
FM procurement 
FM research and development 
Hiçtiway and transit systems 

Health and Education agencies, total 
Education systems 
Health-care electronics 

Department of Energy 

1979 1980 1981 1984 

20,419 22,850 
18,605 20,890 
9,060 10,290 
1,525 1,708 
2,412 2,894 
2,914 3,271 
549 625 

1,660 1,792 
6,275 6,922 
3,270 3,678 
836 886 
455 495 
270 287 
121 138 
64 70 

425 462 
112 118 
313 344 
98 117 

25,307 
23,255 
12,012 
2,061 
3,328 
3,990 
737 

1,896 
7,198 
4,045 
901 
534 
307 
154 
73 

490 
120 
370 
127 

29,653 
27,369 
14,823 
2,680 
4,259 
4,788 
886 

2,210 
7,702 
4,844 
956 
665 
390 
200 
75 

511 
123 
388 
152 

CONSUMER ELECTRONICS 

(minions of dollars) 1979 

CONSUMER ELECTRONICS, TOTAL* 11,848.8 
Television receivers, total 4,091.3 
Black and white 543.3 
Color 3,548.0 
Consumer audio equipment, total 3,364.3 
Radios, total 956.3 

Table, clock, and portable 461.3 
Automobile 495.0 

Phonogiaphs and radio-phonographs 725.0 
Tape recorders and players 778.0 
Hi-fi audio systems, total 905.0 
Components (incl. receivers, tuners, etc.) 755.0 
Consoles 150.0 

Other consumer electronic products, total 4,393.2 
Antennas, (N, CO, and radio) 122.0 
Home video cassette players/recorders 360.0 
Home video cameras 43.0 
Home video disk players 6.2 
Home video projectors 68.5 
Electronic organs, other electronic instruments 441.5 
Intrusion alarms 235.0 
Microwave ovens 1,147.0 
Smoke detectors 87.5 
Telephone-answering devices 88.0 
Electronic games, total 506.4 
Video games 70.0 
Nonvideo games and toys 436.4 

Calculators, hand-held 645.0 
Teaching aids 4.1 
Electronic watches (digital and analog display) 564.0 
Digital clocks 75.0 

1980 1981 1984 

12,429.1 13,459.6 16,896 
4,079.0 4,203.0 4,577 
506.0 511.0 510 

3,573.0 3,692.0 4,067 
3,318.0 3,435.7 4,028 
900.7 910.4 1,205 
439.0 445.2 570 
461.7 465.2 635 
700.0 735.0 720 
791.3 829.8 1,010 
926.0 960.5 1,093 
806.0 840.5 953 
120.0 120.0 140 

5,032.1 5,820.9 8,291 
119.0 120.0 129 
480.0 599.3 733 
63.5 95.3 160 
24.2 85.7 400 
80.4 191.3 500 

478.0 492.2 545 
255.0 295.0 520 

1,400.0 1,612.0 2,300 
98.0 103.4 119 
115.0 148.7 250 
634.0 762.2 1,131 
84.0 96.7 120 

550.0 665.5 1,011 
625.0 611.0 626 

5.0 5.8 10 
570.0 605.0 736 
85.0 94.0 132 

A 



EUROPE'S MARKETS Oil, inflation, unemployment 
lead the way toward recession 

List the ills that beset business throughout West-
ern Europe as 1981 gets under way, and the 
result is a catalog of practically everything that 

can go wrong in industrial economies. 
For starters, the oil that traditionally fueled industrial 

growth has been priced nearly out of sight by the Organiza-
tion of Petroleum Exporting Countries (OPEC) and the giant 
oil corporations that market it. Then just when the impact of 
one price hike has been more or less absorbed, OPEC and 
company jolt the industrialized countries with still another 
one. And as if this were not enough, supplies are always 
threatened by the explosive situation in the Middle East. 
Then there is inflation, barely in check in countries such as 

Italy and Spain and under reasonable control only in Switzer-
land and West Germany. It distorts the spending patterns of 
consumers and the investment plans of industrialists. Perhaps 
worse, it prevents governments from launching broad pro-
grams to stimulate their economies. 
The list goes on and on—unemployment at downright 

dangerous levels in some countries, bankruptcies on the rise 
everywhere, crushing competition from Far Eastern produc-
ers of industrial goods, unsettled currency markets, mounting 
balance-of-payments deficits, and general dissatisfaction 
with the governments now running things. 

All this and more has tilted Western Europe's economies 
into a decline that dips perilously close to recession. The 
gross national product for the dozen main countries of the 
region will grow only 1% this year, many forecasters figure, 
compared with 1.5% for 1980 and better than 3% for 1979. 

With overall growth pegged so low, the spread among 
national growth rates this year obviously cannot be very 
much. Furthest down the decline is the United Kingdom, 
where Prime Minister Margaret Thatcher and her Conserva-
tive Party monetarists have sent the British economy tum-
bling into negative GNP growth in an effort to curb inflation. 
West Germany, the economy that sets the tone for Western 
Europe, cannot count on much more growth than 0.5%. "We 
will just be skirting a recession," explains Manfred Beinder, 
chief economist at the ITT affiliate Standard Elektrik Lorenz 
AG. However, prices are forecast to rise only 4%, a level that 
should quell the atavistic anxiety Germans have about infla-
tion. Italy, with heavy earthquake damage to cope with in 
addition to the standard woes, will be hard put to push its 
growth figure above 1%. 

WESTERN EUROPEAN ELECTRONIC EQUIPMENT MARKETS 
(millions of U.S. dollars) 

1979 1980 1981 

West Germany 11,989 12,798 13,724 

France 8,648 9,788 10,932 

United Kingdom 8,638 9,789 10,910 

Italy 4,198 4,649 5,214 

Benelux 3,297 3,636 3,872 

Scandinavia 2,423 2,663 2,927 

Spain 2,031 2,290 2,484 

Switzerland 1,061 1,130 1,217 

Total 42,285 46,743 51,280 

That leaves France, among the Big Four, to edge up the 
aggregate—but not much. The official statisticians now say 
the 1981 growth rate will slip slightly to 1.6%. Nongovern-
ment economy watchers put the figure even lower. Spain, 
however, expects to do better, with its GNP rising by 2.5%. 
There is no doubt that the ebbing economies in Western 

Europe will wash away some markets for the electronics 
industries. Yet they figure to register decent growth for bleak 
times. "From the point of view of both public and private 
spending, we expect no serious discontinuity between 1980 
and 1981," says J. Edouard Gigonis, who is international vice 
president for Thomson-CSF, the ranking French electronics 
firm. 

After its annual survey of 11 Western European countries, 
Electronics forecasts that electronic equipment markets will 
add up to $51.28 billion in 1981 and components markets to 
$12.28 billion (the table below may differ from the detailed 
chart on p. 143 because of rounding). 

That works out to a rise of 9.7% over last year's $46.74 
billion for equipment. Unfortunately, it also works out to a 
lower rate than the 10.5% gain logged in 1980. Like the 
overall economy, electronic equipment markets are now 
plagued by dwindling growth rates. 
So are components markets. They performed surprisingly 

well last year, hustling upward 8.6% to $11.60 billion largely 
because of a spurt in integrated-circuit sales. The forecast 
climb to $12.28 billion is a more modest 5.5% rise. 
As in the recent past, much of the slower growth can be 

traced to near-stagnant markets for traditional consumer 
equipment, particularly color television and radios. Credit the 
computer makers—and in lesser measure, communications 
equipment manufacturers—for slowing the slide. 
And remember that the figures in the charts generally 

distort the rise in markets, making them look better than they 
really are. This is because participants in the 11-country 
survey, conducted in October and November 1980, were 
asked to make their estimates in local currency at prevailing 
prices. The estimates were converted into dollars at the rates 
prevailing in mid-November and no adjustments were made 
for inflation or fluctuations in currency exchange rates—a 
nearly impossible task since price rises vary so much from 
product to product and country to country. In other words, 
the market figures in the chart reflect outright price rises (and 
for some items, price drops), as well as market growth. 

MARKET REPORT EXCHANGE RATES 
(The rates below are the ones used to convert European currencies into U.S. dollars) 

Belgium: 30 francs/dollar 

Denmark: 5.8 kroner/dollar 

France: 4.4 francs/dollar 

Italy: 905 lire/dollar 

Netherlands: 2 guilders/dollar 

Norway: 5 kroner/dollar 

Spain: 77 pesetas/dollar 

Sweden: 4.2 kroner/dollar 

Switzerland: 1.7 francs/dollar 

United Kingdom: 41 pence/dollar (£1 = S2.40) 

West Germany: 1.9 marks/dollar 
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COMPUTERS 
Hard times spur users to upgrade systems 
as small businesses buy their first machines 

The marvelous machines that computer mak-
ers keep bringing to market seem to guaran-
tee them double-digit growth, even when 

business generally is so bad that economists start to 
quibble over definitions of recession and depression. 

Right now, the guarantee is doubly backed, for in hard 
times, the drive to stay competitive forces established 
companies to upgrade their data-processing systems with 
high-performance hardware. In addition, small business-
es are turning massively to computers, because new 
desktop models with stunning price-performance levels 
have slashed the entry fee for data processing. As Hart-
mut von Voigt, an official at the Data Processing Sys-
tems division of West Germany's Siemens AG, puts it, 
"The computer industry is feeling the economic pinch. 
But it is not feeling it as much as other sectors." 

In fact, Electronics' survey suggests that, by and large, 
computer suppliers in Western Europe should wind up 
the year feeling quite good about their sales. Markets for 
computers and related equipment are forecast to rise a 
solid 12.4% during 1981. The gain will lift the sector to 
$19.21 billion, making it by far the dominant one. Just 
as significant, this year's projected growth rate is just a 
shade over last year's, when the computer category grew 
an estimated 12.3% to reach $17.09 billion. 

All the same, the computer makers will feel the 
pinch—in profits. They will "limp behind" in sales, 
estimates Jochen Róssner, a marketing specialist at 
Sperry Univac in Sulzbach, West Germany. No one at 
Britain's International Computers Ltd. would dispute 
Riissner's reading. Reporting his company's fiscal year 
results last month, ICL chairman Philip Chappell 
announced that turnover had moved up 15% but profits 
down 46%. The erosion will continue, he expects. 

Meanwhile, sales will climb, mainly because of the 
spectacular increase in the past two years or so of the 
data-processing power that can be had for a franc, a 
mark, a pound, or a peseta. The impact has been most 
visible at the very low end of the range. Although Apple 
II, Radio Shack TRS-80, and Commodore Pet (to cite a 
few personal computers) cannot be classified as house-
hold names in Western Europe, neither are they com-
pletely unfamiliar. Sales of desktop computers climbed 
30% last year to hit $778 million and will edge past $1 
billion this year, according to the survey. 
These growth rates will perhaps look low to some 

purveyors of personal computers. IDC Europa, a London-
area market research house, for example, spots the gain 
currently at 43% in the projected UK market. Whatever 
the exact figure, the market for desktop computers looks 
so lusty that major Continental companies like at-
Honeywell Bull in France, Siemens in West Germany, 
the Data Systems division of NV Philips Gloeilampenfa-

brieken of the Netherlands, and Ing. C. Olivetti & C. in 
Italy all have gone to market with desktop machines in 
an effort to stake out market shares before American 
firms dig in too deeply. 

Despite the delirium over desktops, the bound upward 
in price-performance ratios has actually had its most 
noticeable effect on computer makers' revenues among 
long-standing users of data-processing systems. They 
have upgraded their systems, often spreading the com-
puting power throughout their organizations. "Demand 
seems to be increasing for small and medium-sized com-
puters, for customers who want to incorporate them into 
even larger systems," says François Sallé, deputy general 
manager for planning at CH-Honeywell Bull. 

Thus, although under pressure from upwardly mobile 
(in performance) small computers on one side and from 
downwardly mobile (in price) large machines on the 
other, the middle class manages to hold its own. Markets 
for these medium-power systems will expand by 10.8% 
this year to $4.09 billion, the survey predicts. They may 
do even better next year. Quantum Science Corp., which 
follows Western European computer markets closely 
from its London office, expects an upturn for this class of 
computer in 1982 or 1983. 

CONSUMER 
Market figures remain large, 
but the rate of growth is slowing down 

Good news will be hard to come by this year 
for Western European producers of tradition-
al consumer electronic hardware such as tele-

vision sets, audio equipment, and radios. Their market 
numbers remain huge; but they no longer are the hugest 
and the fastest-rising market sector. 

For 1981, sales of the dozen consumer categories 
covered by the survey will total $14.80 billion, if the 
forecast is on target. That is a not very impressive gain 
of 5.7% over the estimated $14 billion for 1980, when the 
rise was somewhat better at 7.4%. 

Decoded, these market numbers read "stagnation," 
and the causes are apparent to everyone in the business. 
Color television receivers, the mainstay of the market, 
hover around an annual sales level of 11 million sets, and 
it is hard to see how they can rise much above that 
plateau in the next few years. Market saturation has 
stunted sales of radios, another major market segment, 
as well. Hi-fi equipment, the second-largest sector of 
entertainment electronics, will continue to do well this 
year, with markets edging up just past $2 billion. Even 
so, the forecast growth rate —9.17%— will be a lttle 
lower than last year's. For entertainment electronics 
action, look to videotape machines. 

There will be some stirring about in national TV 
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A look at the future. For growth markets in entertainment electron-

ics, manufacturers in Western Europe will have to look at such 

advanced items as video cassette recorders. Here, VCRs undergo 

final testing at Grundig plant after 20 hours' continuous operation. 

markets even though the totals for Western Europe will 
not budge much. In the UK, for example, sales of color 
sets actually went up last year when almost everyone 
said they would dip. St. John C. Jackson, product mar-
keting manager for Thorn Consumer Electronics Ltd., 
expects the market to hold up again in 1981. 

In France, saturation is still several years off, but color 
set sales have slowed nonetheless. On the other hand, 
monochrome set sales have not dropped off as sharply as 
expected. "Real household income is expected to be flat, 
and instead of buying color sets, many consumers are 
opting for cheaper black and white models," explains 
Jean-Philippe Dauvin, assistant director of the Bureau 
d'Information et de Prévisions Economiques, a quasi-
governmental market research agency. 

In Italy, there are some 500 local privately owned Tv 
stations as well as the state-run official network to keep 
the airwaves in ferment. Even so, the market stalled in 
1980 and inventory piled up so fast that four compa-
nies— Indesit, Voxon, Autovox, and Emerson— were in 
peril of lengthening the list of vanished set makers. No 
real improvement seems possible this year. 

In West Germany, the marketing men at Grundig AG, 
the country's leading entertainment electronics producer, 
note that small-screen portables accounted for about a 
quarter of color set sales (in units) last year. And they 
expect portables to pick up substantial market share this 
year and next. 
The same sort of shift to small-screen sets is under 

way in Scandinavia and the UK as well. To put it 
another way, small screens now count heavily in coun-
tries where the saturation level is so high that replace-
ments and second sets are the mainstay. This tilt in the 
mature markets is mainly to the advantage of the Japa-
nese producers. They dominate the small-screen market 
with imports (650,000 sets last year) and with products 
from their European plants. Hitachi, Matsushita, Mitsu-

bishi, Sanyo, Sharp, Sony, and Toshiba, to mention only 
the giants, have solidly set up shop in Europe. Their 
impact will grow as they hit the market with large-screen 
sets made in Japan. 

Meanwhile, Japanese producers already dominate the 
Western European market for video cassette recorders, 
which surged last year to reach $715 million and seems 
set for another rush upward to nearly $900 million this 
year. "The market is tremendous, growing faster than 
anybody expected," exults Willem den Tuinder, com-
mercial manager for video equipment at Philips in Eind-
hoven, the Netherlands. 

Less exalting is a look at the market shares. Den 
Tuinder estimated that half the million-odd vcRs sold 
throughout Western Europe last year were Video Home 
System (VHS) types and another 20% were Beta format 
machines. That meant only 30% for the European VCRs 
made by Philips and Grundig, which at the outset had 
the market all to themselves. But den Tuinder is con-
vinced the European pair can regain market share. They 
are counting on their eight-hour machine, the V2000, to 
turn the trick. "We were limited in 1980," he explains, 
"because production did not start until spring." The 
limitation now lifted, Philips expects to move its market 
share up to 40% this year and then up to 50%. 
As for other new-wave video products, they have yet to 

make a heavy imprint on Western European markets. 
The survey turned up a forecast of only $54 million for 
1981 sales of video cameras, to cite one example. And 
projection video sales will total just over $190 million, 
estimates Admerca AG, a Zurich market-research firm 
that keeps tabs on such things. 

COMMUNICATIONS 
'Networks' is the buzz word and the key 
to fundamental changes in the market 

Producers of communications equipment still 
do most of their business with a handful of 
customers—the government agencies that 

run the telecommunications networks and the defense 
forces in Western Europe. But for telecommunications 
gear, that clubby style will change drastically during the 
decade ahead. The surge in integrated-circuit technology 
has made it feasible to put computer power in all sorts of 
hardware. And as that hardware is tied together in 
networks, the markets for telephones, telex machines, 
copying machines, facsmile machines, paging equip-
ment, and perhaps even Tv sets, will meld into one. 
That is good news and not so good news for the 

traditional telecommunications equipment people. The 
wide customer base will cushion them when governments 
hold back on investment programs. At the same time, 
the shifting market will force changes in the way hard-

136 Electronics/January 13, 1981 



Pest meets future. In the Tuileries garden of the Louvre palace in 

Paris, workmen install a high-capacity 7-kilometer fiber-optic line 

linking two exchanges in the central portion of the city. While such 

links are not yet much of a market, their day will soon come. 

ware is sold and attract a lot of new competition, partic-
ularly in computer-related office machines. 
The evolution has already started to bolster the mar-

ket through equipment like modems, facsimile machines, 
and paging systems. Also, there is still considerable 
network improvement under way and new services com-
ing on line in northern Europe. Following the UK, for 
example, several countries have started viewdata trials or 
plan to do so this year. Finally, Electronics tallies hard-
ware like radar and navigation aids as communications 
equipment, and that adds strength to the sector. 

All this will be enough to push communications equip-
ment deliveries this year to $10.78 billion, according to 
the survey. This forecast works out to a gain of 10.7% 
over last year's estimated $9.73 billion. It must be noted, 
of course, that la-st year's rise was 12.2%. Despite the 
slowdown, communications equipment ranks as a major 
growth force for the electronics industries. 

For communications equipment, particularly, the tag 
"Western Europe" applies to a set of hardly homoge-
neous national markets. So as always, the totals reflect a 
variety of national outlooks. 

In France, the Direction Générale des Télécommuni-
cations continues its drive to build the phone network to 
20 million lines by 1982. But it has hit a high plateau— 
some 2 million lines a year—after four years of rapid 
growth. Deliveries of switchgear — mostly digital — will 
run $682 million this year, according to the forecast, and 

there will be another $341 million for carrier gear. 
Actually, telephone network equipment represents 

roughly 47% of communications markets in France. 
That means a big chunk of business will start winding 
down next year. Luckily, the slowdown at home will be 
offset by a bound upward in exports, which was the 
second major goal in the government's telephone plan. 
ciT-Alcatel, a subsidiary of the Compagnie Générale 
d'Electricité, leads the list. The company has export 
orders for 750,000 digital-exchange lines. Thomson-CSF, 
its main French rival, reports its export backlog includes 
800,000 lines, mostly digital. Both companies have long-
term turnkey-plant projects that involve millions of addi-
tional lines. 

Meanwhile, there is a similar situation for military 
equipment like radar, navigation aids, and avionics. 
Prospects both at home and abroad are strong for several 
years. All told, communications markets should run 
$2.56 billion this year, up a solid $11.2% over the 
estimated $2.30 billion for 1980. 
The outlook is not as buoyant, but nonetheless not 

bad, in West Germany. The Bundespost plans to spend 
some $4.2 billion for communications facilities this year, 
about the same as last year. Only part of the money goes 
for equipment, of course, and the way the post office will 
allocate funds this year means a drop in growth— from 
10% last year to around 6% this year. A big reason: 
demand for telephones is tapering off as the goal of 
telephones in 90% of all West German households by 
1985 approaches. For the whole communications sector, 
the forecast is a 5.8% rise to $2.17 billion. 

In the UK, where British Telecom has a massive 
$4.8-billion-a-year investment program under way, it 
looked as if the country's telecommunications producers 
would have a banner year in 1981—until Prime Minister 
Margaret Thatcher started slashing government spend-
ing. A 10% cutback in the program last year slowed 
orders for TXE-4 semielectronic exchanges. And the 
government budget cutters presumably will ordain fur-
ther surgery this year. 

TEST & 
MEASUREMENT 
Microprocessors have opened the way 
to innovation and new customers 

Makers of test and measurement instruments 
come in all shapes and sizes. But they do 
have things in common: they moved fast to 

put microprocessors in their hardware and have been on 
a binge of product innovation in the past five years. Also, 
they have been finding new customers. 
As a result, sales curves for this sector have been 
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steadily upward bound for the past five years, and this 
year should see more of the same. The forecast for 1981 
is markets totaling $1.18 billion, a very solid 14.4% gain 
over the estimated $1.03 billion logged last year. To be 
sure, what is forecast to happen this year means some 
slight slowing of the growth rate, which ran 14% in 1980. 
But this troubles few people in the business since most 
see several more good years ahead. 
One reason is the solid underpinning for automated 

test equipment, which now rivals oscilloscopes as the 
major market segment. ATE sales, the survey forecasts, 
will grow to $185 million this year, from last year's 
estimated $156 million. More than a quarter of the ATE 
buyers are firms that were not at all interested in such 
equipment a few years ago, figures Philip Handtschoe-
werker, who heads Hewlett-Packard Co.'s instrumenta-
tion group in France. 

Still another reason for the medium-term optimism 
lies in the instruments needed to design and service 
equipment built around microprocessors. Sales of micro-
processor development systems soared last year and will 
soar this year, Electronics' survey shows. 
The figures: a near-45% rise to $87 million last year 

and a similar hike to $126 million this year. Credit this 
spectacular growth to those turning to microprocessors 
for the first time, as well as to those upgrading their 
machines. 

Conventional instruments, like oscilloscopes, counters, 
and timers, obviously cannot match the growth rates of 
the newcomers. But they are getting a lift from the 
pervasiveness of electronics, too. Specifically, the future 
for oscilloscopes should not be discounted too heavily, for 
they are still the major market segment with sales of 
$192 million forecast for this year. "There is an enor-
mous future for scopes coupled with digital applica-
tions," says Bill Whitward, international marketing 
manager for test and measurement instruments for Phil-
ips' Science and Industry division in Eindhoven. 

COMPONENTS 
Difficult first half is ahead, 
but low inventories presage pickup later 

Few components suppliers in Western Eu-
rope will escape spending a good part of 1981 

_ fretting at a high level of anxiety. Harbingers 
of hard times abounded as 1980 ended with business 
generally on the decline almost everywhere, consumer 
electronics producers faring poorly, and growth rates 
diminishing— luckily not drastically— for telecommuni-
cations and computer makers. "The first half of 1981 
will be very tough," warns Ferdinand Rauwenhoff, 
senior managing director for Elcoma, the components 
division of Philips in Eindhoven. In large part because 

component inventories are low at equipment makers, 
Rauwenhoff expects that "the telephones will start ring-
ing sometime during the year." But he adds, "I cannot 
say when." 

But that probably will not happen soon enough to 
make 1981 anything more than mediocre. Electronics' 
chart for all kinds of components—active and passive— 
forecasts sales of $12.28 billion this year. That is 5.5% 
higher than the $11.60 billion estimated for 1980. More 
significant than the nominal gain, though, is the slide in 
growth. Last year it was 8.6%. 

Needless to say, the overall figures cover a wide 
spectrum of specific component outlooks. Color picture 
tubes account for an overwhelming share of the tube 
business. So the overall markets should stay dead flat at 
just under $1.90 billion, despite reasonable gains for 
microwave tubes and non-Tv cathode-ray tubes. The 
market is listless, as well, for discrete semiconductors. 
There, the forecast is for a rise of just 2% to $1.27 
billion. 

Discrete optoelectronic devices, by contrast, will do 
much better. Hans-Georg Mime, director of worldwide 
marketing at AEG-Telefunken's semiconductor establish-
ment in Heilbronn, West Germany, figures that such 
parts will post gains above 10%. The survey is somewhat 
more optimistic, prognosticating a 12.8% rise to $200 
million. 

Passive parts are forecast to hold up reasonably well, 
climbing 5.9% to $6.52 billion. Again, that is consider-
ably down from the 1980 growth figure, which finished 
the year at a sound 8.5%. 

In most years, ICs shine brightly through any econom-
ic gloom. That will not be the story this year, or anyway 
the glow on the horizon does not seem to be so bright. 
After a surprising spurt of 22% last year, sales of ICs 
figure to mount only 11% this year. That will push their 
markets to $2.39 billion. 
Most anxious among the to crew will be the memory 

makers. Rüdiger Karnatzki, marketing director for con-
tinental Europe at the Freiburg, West Germany—based 
ITT Semiconductor Group, foresees very strong demand 
for memories during 1981. "But by the middle of the 
year," he says, "there should be a balance between 
supply and demand." Prices for 16-K random-access 
memories, some suppliers figure, will tumble by half 
during the year as those ubiquitous Japanese producers 
vie for a market share. As a result, the markets for mOS 
and complementary-MOs memories are forecast to move 
up only 14% in dollars, although the piece count will of 
course surge much more. 

Microprocessor and microcomputer chips are expected 
to fare considerably better than memories even though a 
sharp drop in growth is projected—from 45% last year to 
22.9% this year. That means a market of $216 million, 
according to the survey. "It is now coming to mass 
applications, with some kinds of chips selling on the 
order of 100,000 or more per year," notes Hans de 
Haan, market research administration manager at Texas 
Instruments ombii in Freising, West Germany. You can 
count on microprocessors for a lift, when the chips, in a 
manner of speaking, are down. CI 
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JAPAN'S MARKETS At $25 billion, equipment consumption 
for 1981 will grow by less than 10% 

The Japanese economy continues to suffer from 
the doldrums, with a gross national product gain 
of 4% in real terms last year and about the same 

forecast for this year. The nation's balance of payments is 
expected to be in the red again. Moreover, the government 
has insufficient funds to prime the pump as it has done in 
previous years. Prime Minister Zenko Suzuki's administration 
will, in fact, try to cover a revenue shortfall this year by 
increasing taxes on business and by adding excise taxes on 
consumer products such as video cassette recorders. 

Looking overseas, the Japanese fear a wave of protection-
ism that could hurt exports, especially of automobiles. More-
over, manufacturers cannot hope to take up the slack 
domestically because consumers have less money to spend. 
This year wage increases could surpass inflation slightly, but 
not by enough to cause a buying spree. 

Nevertheless, the electronics markets are looking up. Total 
equipment consumption in Japan increased over 13% last 
year and should gain nearly 10% this year, according to the 
11th annual Japanese market survey conducted by Electron-
ics (see table, p. 143). At the same time, exports of some 
new products, including VCRs and video cameras, are 
increasing so fast that production cannot keep up. 

Though a total growth of 10% in domestic sales is still well 
below what most Japanese companies are accustomed to 
expect, there are several pockets of prosperity. Data-
processing and office equipment should bound ahead by 
nearly 13%, to $9.4 billion. Electronic data-processing sys-
tems in all categories are piling on solid gains, albeit not up to 
the percentages experienced a decade ago. Markets to 
watch in this sector are microcomputers and small systems, 
due to register well over 11% and 14% gains, respectively. 
Slated for growth of around 18% are data-entry and -output 
equipment. 

After a 10% gain in 1980, communications equipment is 
also expected to jump another 11% this year. Always a good 
performer in Japan, facsimile equipment should increase over 
18% in 1981 to $414 million. And a newcomer, fiber-optic 
communications equipment, should experience 50% growth. 
The all-important consumer electronics sector, however, is 

not doing much better than the overall economy. With a little 
over 6% growth projected for the year, this category should 
inch up to about $8 billion. As usual, however, Japanese 
consumer electronics firms have a raft of new products to 

entice the public. Though still just about one third of the total 
value of color television receivers, video cassette recorders 
are fulfilling the promise of bolstering the home video market. 
And video cameras seem to be riding on the coattails of the 
VCRs. Audio tape players seem not to know market satura-
tion as each year consumption increases. This year, however, 
the gain is a modest 7%, to $900.9 million. 
On the components front, sales of integrated circuits and 

optoelectronic devices are expected to grow 16.5% and 
17.6%, respectively. Discrete semiconductors, however, 
should only gain by 6.5% this year. Overall total components 
consumption, including passive devices, semiconductors, 
and tubes, should ring up sales growth of around 11%, for a 
total of $11.8 billion. 

Upward struggle. The Japanese equipment market, pegged at $23 
billion last year, will move up a little less than 10% this year to $25 
billion, according to the Electronics survey. Once again, data-
processing equipment will pull up the sluggish consumer sector. 
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COMPUTERS 
'Waiting-for-IBM' jitters past, 
market resumes solid growth 

Data-processing systems resumed their up-
ward climb last year after International Busi-
ness Machines Corp.'s announcement of its 

long-awaited 4300 series and its System/38 removed a 
large element of uncertainty from the market. Further-
more, both IBM and domestic competitors had hardware 

to deliver. In fact, they had much more to deliver than 
was indicated by the 10% growth shown in the Electronics 
table because the new hardware sells for much less than 
its predecessors. 

This year the market is set for a similar increase, since 
with IBM's announcement of its 3081 late last year there 
is even less uncertainty. Fujitsu Ltd. and Hitachi Ltd. 
already have their relatively new Facom 200 and Hitac 
200H similar-size systems in place, and Nippon Electric 
Co. jumped the gun and announced its still larger 
ACOS-1000 two months before IBM. 

Competitors Fujitsu and Hitachi also plan larger sys-
tems than they now have, though they will nçét say when 
they will be available. All three Japanese companies are 
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working on supercomputers, a line IBM leaves to others. 
Although the large cPus generate most of the excite-

ment, they no longer generate the profits they once did. 
Instead, peripheral and terminal equipment is more prof-
itable and growing faster. The two categories of data-
storage and data-terminal equipment together had an 
average growth of 16% in 1980 and are forecast to grow 
another 17.5% this year. At nearly $2.8 billion, their 
total sales this year will be almost three fifths those of 
data-processing systems. 
The large increase in terminals and peripherals indi-

cates a shift to distributed processing that was slow to 
develop in Japan. This trend may get a further boost 
from the start of digital switching at the end of 1979 and 
packet switching in mid-1980. Furthermore, there has 
been a rapid increase in the number of work stations and 
peripherals used with all computers, including entry-
level small-business computers and small mainframes. 
The meteoric rise of small-business computers is said 

to have settled down to about a 20% to 25% yearly 
growth. Industry sources list Nippon Electric, Toshiba 
Corp., and Mitsubishi Electric Corp. (not necessarily in 
that order) as the leaders in market share. However, 
Fujitsu claims that the market lead is really shared by 
four firms, with a company group consisting of it and its 
subsidiary Uchida Yoko Co. Ltd. as the fourth member. 

Meanwhile, Hitachi is also trying hard to expand 
small-business computer sales and work its way into the 
top group. It is placing more reliance on dealers for sales 
and software assistance to customers, rather than 
depending only on direct sales as previously. 

Just entering the business computer arena is Nippon 
Data General Corp., formerly a Japanese company 
named Nippon Minicomputer Corp. that built comput-
ers under license to Data General until it was taken over 
by that firm last year. The firm is working with software 
houses to increase their ability to convert original-
equipment—manufacturer minicomputers from Data 

A biggie. Nippon Electric Co. jumped the gun on IBM when it 

introduced its ACOS-1000 ahead of the long-awaited H series. There 

are a small and a large version, with respective throughputs of 15 

million and 29 million instructions per second. 

General into small-business systems. This strategy has 
been almost unknown in Japan because leading mini 
makers also offer their own small-business systems. 
One reason Data General can try this tactic is its 

method of converting Japanese text input from a key-
board in phonetic form into a combination of Chinese 
characters and Japanese syllabary characters. Rival Dig-
ital Equipment Corp. does not have this capability, nor 
does Yokogawa-Hewlett-Packard Ltd. Improvements in 
Japanese language input, for which there are at least five 
distinct methods—only one of which is standardized— 
should further boost demand for office computers. ' 

CONSUMER 
VCRs provide only peak 
on otherwise flat horizon 

Developments in consumer electronics equip-
ment are often so rapid that products under-
go marked changes before they have a chance 

to mature or to saturate the market. Video cassette 
recorders are a good example. They have spawned porta-
ble and low-cost video cameras. Cameras featuring semi-
conductor image sensors are scheduled to hit the market 
this year, to be followed by camera-vat combinations in 
a few years. Video disks will be along toward the end of 
the year as well. 

For the high-end audio customer, pulse-code-modula-
tion adapters for VCRs and even separate PCM decks are 
expected to challenge open reel recorders. And before 
the year is out there will probably be an audio version of 
a video disk 26 centimeters in diameter and featuring 
three sound channels. The mass market will take a year 
longer to emerge. 
At the very low end of the audio sector, deck receivers, 

a new category in Japan, are increasing their market 
share at the expense of modular stereo—single units with 
a built-in record player. So new that its market share 
cannot be measured yet is microcassette stereo, including 
earphone-only portables, portable radio-cassette combi-
nations, and decks. Total sales of audio tape recorders 
and players should record rather modest growth this 
year, from $839 million to $900 million. 
The leader in sales growth last year and this year is 

the VCR, which climbed by 42% last year and is expected 
to leap another 34% this year to just over $790 million. 
Of course its manufacture is export-driven, with produc-
tion last year of almost 4.3 million units, about double 
that of the previous year. Total value was up about 80%, 
and this year unit production will race ahead of color 
television production. Still, the saturation index in Japan 
at the end of the year was only about 6%, so there should 
be a large demand for many years to come. About 25% 
of the systems shipped last year were portable, and that 
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number is expected to increase to about 30% this year. 
Most of the portables are the Video Home System 

(VHS) type originally introduced by Victor Co. of Japan 
Ltd. In fact, the market share of all VHS model VCRs 
appears to be increasing in Japan, though Sony Corp.'s 
sales of Betamax are also up sharply. The reason for this 
apparent paradox is that many consumers equate Beta-
max with Sony, and the other firms making machines in 
this format are not doing too well. In the VHS ground, 
Sharp Corp. carved out a big niche by selling low-priced 
one-speed machines. This window has closed, however, 
especially since Matsushita Electric Industrial Co. cut 
the price of its multiple-speed units. 

Since the color television boom occurred eight to nine 
years ago, replacement sets make up somewhat more 
than half of today's sales. These are to a large extent 20-
and 22-inch sizes, measured diagonally, with electronic 
tuning and multiplexed sound. 
Second TV sets for households in 14-in, and smaller 

sizes are the next best sellers. These are low in cost, 
although Sharp has also had success with more expensive 
sets with multiplexed sound earphone output. About 8% 
of the demand comes from first-time buyers. A $2.3 
billion total color TV sales this year will show no growth. 

Electronic range sales have been simmering at around 
$373 million a year, but perhaps the introduction of 
microprocessor control this year will help get them boil-
ing. Manufacturers have been developing various sensors 
for checking that food is cooked—including those for 
steam, smoke, and smell—because the Japanese do not 
like to impale food on temperature probes. 

After years of bringing out new features, calculator 
manufacturers have not found a new formula to increase 
sales. But they are creating a new market for language 
translators. These companies are also developing new 
products using voice synthesis. 

COMMUNICATIONS 
Digital conversion, facsimile 
terminals flash busy signals 

Communications equipment continues its 
steady growth of more than 10% last year 
and 11% this year. Everything is going digi-

tal, except for subscriber lines and the telephone sets. In 
March, Nippon Telegraph & Telephone Public Corp. 
(Nrr) will announce standards for time-division elec-
tronic private automated branch exchanges (EPARx), 
and strong competition among domestic and foreign 
suppliers is expected for this new market. 

Japan's digital exchange network was started with 
circuit switching for 4 cities at the end of 1979 and 
packet switching for 7 cities in mid-1980. By the end of 
this year circuit switching will be available in 13 cities 

and packet switching in a total of 30, which should foster 
increased demand for data-communications terminal 
equipment. 
As usual, the Japanese market in facsimile terminals 

is climbing steeply with a projected 18.62% increase to 
$414.09 million. Nrr's plan to start a facsimile exchange 
service this year could bring an additional boost. The 
present market mix is about evenly split between 3- and 
2-minute analog G-II machines and high-speed digital 
G-III machines, with many machines featuring dual- or 
multi-mode performance. The 6- and 4-minute G-I mode 
is offered in many G-II machines for communication 
with installed units, but new G-I sets are becoming a 
vanishing breed. There are now at least 19 manufactur-
ers in the competition, with Toshiba, NEC, Matsushita, 
and Ricoh Co. out in the forefront. Hitachi and Mitsubi-
shi are very aggressive, and Fujitsu is coming on strong 
in G-III, however. 

COMPONENTS 
Discretes show renewed vigor, 
though ICs still fly high 

The bubble has burst in the 16-K dynamic 
random-access memory market. Japanese 
manufacturers have been adding capacity to 

supply the U. S. market as if it were a bottomless hole. 
But U. S. demand has saturated and prices have fallen 

to less than $2 in some cases. The home market is still 
expanding, although much additional dynamic RAM 
capacity is coming on line to build 64-K devices. Mean-
while, the price of I 6-K RAMs will remain low. 
Some manufacturers are switching part of their 16-K 

dynamic RAM facilities to the production of static 
devices. Although the unit sales are only perhaps one 
third those of the dynamic RAMS, the dollar value is at 
least two thirds as much because prices are higher. 
Moreover, this market should grow as large-capacity 
devices become available. 
The latest products being brought on line by all manu-

facturers are 2-K-by-8-bit programmable read-only 
memories that are nominally pin-compatible with the 
popular 2716 PRoms. Some manufacturers have n-mos 
versions for low cost and complementary-MOS for bat-
tery backup, although this is not universal. Unlike 
dynamic RAMS, there was no U. S. prototype to adopt for 
the 2-K-by-8-bit parts, so specifications differ even 
though pinouts do not. By the end of the year, however, 
it should become apparent what the users want. Total 
memory consumption in Japan jumped almost 50% last 
year and manufacturers expect another good year in 
1981. According to the Electronics survey, mos devices 
should reach nearly $500 million this year. 

Microprocessor sales, at $296 million in 1980, are 
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rising rapidly, too, with 4-bit types still out ahead. Appli-
cations range from air conditioners and electronic ranges 
to calculators and toys. 
Although Intel-type devices produced by domestic 

manufacturers lead in the 8-bit market, giant auto mak-
er Nissan Motor Co. uses 6802 processors produced by 
Hitachi. Mitsubishi now makes the 6801 for internal use, 
and Matsushita Electric makes the 6802 for sale. Hita-
chi makes a full line of Motorola-type chips and uses the 
6809 in its latest microcomputer. As for 16-bit devices, a 
number of firms are currently using the 8086 or trying 
out the 8088, while the 68000 and Z8000 are still in the 
sample stage. 
The lion's share of linear ics goes into consumer 

equipment and should grow even faster as vats and 
digital audio take off. Electronics pegs the 1981 linear IC 
market at $566.6 million, a 12.98% increase. 
The insatiable demand of the Japanese electronics 

industry for discrete semiconductors and passive compo-
nents is one of the most noteworthy happenings in the 
components sector. Much of the increased demand for 
discrete devices, expected to reach $1.2 billion this year, 
is coming from VCRs, which use 200 to 300 devices each, 
plus healthy quantities of passive components. 

Because of the small boom in discrete devices, some 
firms are making an additional investment in the produc-
tion of small-signal transistors. But these moves are 
made cautiously lest the pendulum swing the other way. 
The same caution is apparent among passive compo-

nent makers. Funds that in the past would have been 
used for capital investment in new facilities by passive 
component manufacturers are being used for research 
and development and automation. Thus, planning differs 
from the past, reducing the danger that a slowdown will 
lead to dumping of passive components. 

TEST & 
MEASUREMENT 
IEEE-488 bus arrives for ATE, 
VCRs perk up consumer test gear 

Test and measurement equipment excluding 
analytic instruments is doing well with a 
growth of over 14% last year and one of 

almost 15% forecast for this year. It is being driven by 
the high growth in equipment and component markets 
and by the tendency of many users to opt for automatic 
test equipment controlled by the IEEE-488 bus. 
Tops in sales are integrated-circuit testers, which grew 

almost 25% to $84.66 million last year and are forecast 
to grow about 22% this year. Growth is also apparent in 
sales of printed-circuit board testers, which jumped 
about 25% last year to $22.73 million and are projected 

to gain another 50% this year, according to Electronics. 
Microprocessor development system sales are soaring, 

but Japanese test equipment firms have left the field to 
semiconductor manufacturers and joint-venture test 
equipment firms such as Yokogawa-Hewlett-Packard 
and Sony Tektronix Corp. Domestic test equipment 
firms are doing well in logic analyzers, though, which are 
pegged at almost $10 million this year. 

In the consumer field, the meteoric growth of VCRs, 
which could double again this year, has increased the 
consumption of many categories of test equipment, 
including spectrum analyzers, oscilloscopes, and signal 
generators. Video disks this year will add fuel to the fire, 
and digital audio equipment will fan sales of word gener-
ators to consumer firms. 
On the other hand, the availability of low-cost inte-

grated circuits and displays for implementing digital 
panel meters, and even counters, has taken some of the 
steam out of these products. 

INDUSTRIAL 
As process control goes digital, 
sales rise faster than the GNP 

The industrial sector grew at a healthy rate 
last year, paced by the giant process control 
sector, which registered a 19% gain to 

$840.91 million. This year's growth could be much bet-
ter than the near 7% indicated in the chart, even though 
the general economy is dull. 

Although few large new installations are booked, 
replacement controls are needed for rationalization and 
changed product mixes, which could keep sales humming 
even during the recession. 

Digital controllers have become the industry's main 
product, but the expected decrease in sales of analog 
controllers has not occurred. The falling off may come 
this year, especially as firms improve digital units. A 
major beneficiary of the switch to digital has been Toshi-
ba, which has used the new technology to leverage itself 
into a position among the leaders. 

Hokushin Electric Works Ltd. has made a bid to 
increase sales by supplying its one-loop controllers to 
Meidensha Electric Manufacturing Co., which has a 
different customer base, on an OEM basis. Its hardware 
will be almost the same as its standard line, but Meiden-
sha will change the software. Early this year single-loop 
digital controllers should be anounced by Yokogawa 
Electric Works Ltd. and Yamatake Honeywell. 

Steel production, which was down two years ago, 
picked up last year as firms invested in continuous 
casting and energy-saving systems, including power gen-
erator controllers. At the other end of the process control 
spectrum is a growing investment in food processing. D 
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JAPAN/EUROPE MARKET FORECAST 1981 

COMPONENTS, TOTAL (millions of dollars) 

JAPAN WEST EUROPE 
1979 1980 1981 1979 1980 1981 

9,064.0 10,497.3 11,845.5 10,683.20 11,604.50 12,281.80 

PASSIVE AND ELECTROMECHANICAL, TOTAL 4,279.0 4,806.5 5,448.8 5,658.8 6,140.9 6,523.3 
Capacitors, fixed 738.8 865.9 1,015.5 1,023.3 1,103.3 1,146.0 
Capacitors, variable 45.5 55.8 78.9 58.9 60.5 61.6 
Connectors, plugs, and sockets 262.5 285.0 333.3 899.6 985.7 1,067.5 
Fitters, networks, and delay lines 170.7 192.7 211.4 110.7 121.5 128.9 
Keyboards and keypads 227.3 250.0 272.7 41.8 55.0 65.5 
Loudspeakers, OEM type 227.3 257.0 284.8 166.7 176.1 185.1 
Microphones, OEM type 67.3 70.3 77.7 41.4 43.0 44.5 
Microwave components 159.1 168.2 177.3 _ - 
Potentiometers and trimmers, composition 314.0 363.6 435.6 212.6 224.5 230.9 
Potentiometers and trimmers, wirewound 14.6 15.2 15.8 68.4 71.2 72.7 
Printed circuits 422.7 481.4 577.7 1,169.6 1,301.3 1,417.0 
Quartz crystals (incl. mounts and ovens) 94.2 123.2 146.9 115.7 125.3 139.4 
Relays (for communications and electronics) 196.4 214.3 232.5 452.7 483.0 506.0 
Resistors, fixed (incl. wirewound) 259.1 290.2 324.9 337.4 352.3 362.8 
Resistors, nonlinear 29.6 31.8 36.4 50.8 56.3 60.2 
Servos, synchros, and resolvers 54.6 59.1 54.6 73.9 78.6 84.8 
Switches (for communications and electronics) 217.4 233.4 264.6 338.8 370.6 392.9 
Transducers (incl. pressure, strain, temperature, etc.) 20.5 27.6 41.5 - 
Transformers, chokes, coils, TV yokes, and flybacks 757.4 821.8 866.7 496.5 532.7 557.5 

SEMICONDUCTORS, TOTAL 3,379.5 4,192.1 4,881.4 3,088.6 3,576.5 3,861.6 
Discrete, total 982.6 1,140.7 1,220.0 1,177.0 1,246.4 1,272.9 
Microwave diodes, all types (above 1 GHz) 8.2 9.3 10.3 38.0 42.8 44.7 
Rectifiers and rectifier assemblies 210.9 237.3 249.0 240.4 254.8 257.6 
Seal diodes (rated less than 100 mA, incl. arrays) 93.2 113.6 120.8 90.3 93.5 93.7 
Thyristors (incl. SCRs and triacs) 80.6 91.0 97.2 141.3 154.9 160.3 
Transistors, bipolar power (more than 1-W dissipation) 203.5 240.7 255.6 224.8 241.2 251.9 
Transistors, bipolar small-signal (incl. duals) 217.3 255.3 272.6 297.5 303.4 301.6 
Transistors, field-effect power and small-signal 27.3 34.1 37.7 - - 
Transistors, rf and microwave 90.9 160.0 113.6 32.3 34.7 39.5 
Tuner varactor diodes (less than 1 GHz) 20.3 24.0 26.0 27.3 27.9 27.5 
Zener diodes 30.4 35.4 37.2 57.9 62.1 63.0 
Integrated drcults,total 2,072.1 2,680.4 3,211.3 1,764.2 2,152.4 2,388.2 
Hybrid ICs, all types 227.2 258.9 298.4 214.1 255.7 289.9 
Linear ICs (except op amps) 389.6 501.5 566.6 330.9 374.4 399.5 
Op amps (monolithic only) 40.8 53.7 63.3 77.4 90.8 98.8 
Loçic circuits, bipolar (general-purpose) 204.3 290.0 324.9 316.2 370.5 396.6 
Loçic circuits, MOS and C-MOS (general-purpose) 137.1 199.3 243.5 320.1 402.0 441.4 
Memory circuits, bipolar 42.2 54.6 67.7 64.2 75.3 83.5 
Memory circuits, CCD 31.8 35.0 38.6 - - - 
Memory circuits, magnetic-bubble 14.1 27.3 45.5 _ - 
Memory circuits, MOS and C-MOS 228.7 357.9 496.3 256.5 332.6 379.0 
Microprocessor and microcomputer chips 254.6 295.8 362.9 121.3 175.9 216.2 
Special-purpose LSI 501.7 606.4 703.6 63.5 75.2 83.3 
Optoelectronk, total 324.8 371.0 450.1 147.4 177.7 200.5 
Circuit elements 57.5 36.6 40.1 43.7 51.9 58.7 
Discrete liçht-emitting diodes 93.7 130.3 166.2 39.0 44.5 49.9 
Image-sensing arrays, area and linear 12.2 15.1 26.6 - - 
Laser diodes 4.6 9.6 11.4 - - 
Readouts 155.6 178.1 204.4 59.7 72.4 80.2 
Solar (photovoltaic) cells 1.2 1.3 1.4 5.0 8.9 11.7 

TUBES, TOTAL 
Cathode-ray tubes (except for N) 
Image-sensing tubes (incl. camera tubes and intensifiers) 
Liçht-sensing tubes (incl. photomultipliers) 
Power tubes (below 1 GHz) 
ReceWing tubes 
Microwave tubes (incl. cooking) 
N picture tubes, black and white 
N picture tubes, color 

1,405.6 1,498.7 1,515.3 1,935.8 1,887.1 1,896.9 
41.5 56.5 73.5 70.1 76.0 83.9 
88.6 129.6 140.0 68.9 72.6 75.3 
5.5 5.9 6.4 31.9 32.9 34.5 

12.3 12.6 13.0 125.7 131.1 136.2 
10.6 10.2 9.1 56.8 49.0 42.1 

334.9 267.5 260.6 162.3 173.5 187.8 
61.4 60.0 53.3 71.2 62.3 58.4 

850.8 956.4 959.4 1,348.9 1,289.7 1,278.7 

EQUIPMENT, TOTAL (millions of dollars) 

1979 1980 1981 1979 1980 1981 

20,381.1 23,027.6 25,248.9 42,296.10 46,741.6 51,281.0 

CONSUMER, TOTAL 6,903.9 7,656.5 8,134.3 13,025.6 13,995.8 14,798.1 
Audio tape recorders and players 706.5 838.9 900.9 648.7 

177-.6 697_.7 724.2 Eletronic games and toys 318.9 318.0 3 
Electronic ranges (microwave ovens) 348.5 373.6 33864..47 192.4 267.8 
Hi-fi component equipment 784.1 977.5 1,049.9 1,715.4 1,914.4 2,103.1 
Phonographs and phono/radio combinations 185.3 149.8 170.7 

191.6 518.2 452108..71 453162..45 Pocket calculators (personal and professional) 183.9 192.6 
277.5 399.5 Rados (incl. car radios) 306.4 551.8 666.2 736.3 270.0 1,392.0 1,371.3 1,747153..61 

Radio/recorder combinations 
Radio/TV/recorder combinations 90.9 145.5 163.6 661.1 718.3 -  - 
Telephone-answering devices 15.4 16.3 16.7 

742-.0 - TV sets, black and white 61.2 46.0 37.0 700.6 641.7 
N sets, color 2,274.3 2,287.5 2,270.1 5,791.7 6,124.1 6,327.8 

Watches and clocks (electronic) 563.4 571.5 608.9 512.3 415.0 

15.7 
591.3 
61.9 

790.7 

65.7 30.1 43.4 53.6 
Video projectors  

437.0 715-.8 
579.0 684947.67 

- 
Video tape machines (consumer) 

Video cameras (consumer) 82.6 149.9 133.6 
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JAPAN WEST EUROPE 

1979 1980 1981 1979 1980 1981 

COMMUNICATIONS EQUIPMENT, TOTAL 2,947.8 3,255.6 3,619.0 8,668.3 9,730.6 10,774.7 
Broadcast equipment 95.2 102.4 114.7 326.6 358.6 392.2 
Cable TV 60.7 61.8 62.3 - - _ 
Closed-circuit TV 73.0 90.1 111.4 123.2 134.9 152.2 
Data communications 114.1 143.6 175.0 229.2 271.5 311.2 
Facsimile terminals 279.5 349.1 414.1 31.5 42.4 54.9 
Intercoms and intercom systems 51.6 56.8 60.2 127.6 137.8 148.2 
Microwave relay 160.9 176.8 190.4 244.1 240.4 241.9 
Navigation aids (except radar) 63.3 64.4 66.7 792.0 948.0 1,072.4 
Paging systems - - 71.7 81.0 86.6 
Radar (airborne, ground, marine) 106.5 118.3 130.5 1,313.1 1,465.3 1,645.5 
Radio communications (except broadcast) 750.9 804.7 868.4 1,434.7 1,599.7 1,752.8 
Satellite earth stations - - 36.9 36.6 45.9 
Telemetry (industrial) 65.6 72.7 86.4 - - - 
Telephone and data switching, private 50.0 63.6 81.8 810.0 887.2 937.1 
Telephone and data switching, public' 361.4 400.9 496.4 1,913.1 2,223.6 2.561.9 
Video recorders and players (nonconsumer) 35.5 37.5 39,1 - . - - 
Wire-carrier equipment (il. FDM and PCM) 675.0 703.8 708.0 1,214.6 1,303.6 1,371.9 

COMPUTERS AND RELATED EQUIPMENT, TOTAL 7,378.5 8,355.9 9,408.9 15,213.2 17,090.9 19,212.4 
Data-processing systems, total' 3,916.0 4,306.9 4,735.7 9,589.4 10,775.7 12,210.6 
Microcomputers (chasis value less than $1,500) 109.1 118.2 131.8 - - - 
Desktop computers (less than $25,000) 340.9 363.6 386.4 596.8 778.1 1.001.5 
Small (system value less than $420,000) 554.6 654.6 744.7 3,056.9 3,541.3 4,103.0 
Medium ($420,000 to $1,680,000) 1,009.1 1,102.3 1,202.3 3.412.7 3,686.1 4,086.5 
Large (more than $1,680,000) 1.902.3 2,068.2 2,270.5 2,523.0 2,770.2 3,019.6 

Add-on memories 189.6 215.5 242.5 88.6 100.3 110.5 
Data acquisition 74.2 80.1 86.9 204.0 227.4 250.3 
Data entry/output 658.5 777.0 908.4 693.5 779.8 868.2 
Data mass storage 926.1 1,143.6 1,352.1 - - - 
Data terminals 1,043.3 1,201.1 1,404.9 1,391.3 1,680.8 1,964.6 
Office equipment 452.5 485.2 512.3 3,031.2 3,286.2 3,541.9 
Point-of-sale 118.3 146.5 166.1 215.2 240.7 266.3 

INDUSTRIAL, TOTAL 1,432.8 1,700.0 1,747.3 2,608.3 2,895.8 3,195.8 
Computer typesetting 9.4 10.4 11.7 - - - 
Inspection and gauçing equipment 40.0 44.1 48.2 51.6 55.3 59.8 
Machine-tool controls 172.7 250.0 227.3 154.6 170.3 186.7 
Motor controls 190.9 204.6 190.9 216.1 224.8 234.9 
Photoelectric controls - - - 54.0 57.0 58.1 
Pollution-monitoring equipment 31.4 32.5 31.8 19.0 17.6 17.3 
Process-control systems 704.6 840.9 897.3 2,025.8 2,277.7 2,539.0 
Ultrasonic equipment 88.3 100.9 110.5 32.9 36.5 39.0 
Welding controls 195.5 216.6 229.6 54.3 56.6 61.0 

MEDICAL, TOTAL 561.4 735.3 820.2 1,553.9 1,633.3 1,715.8 
Diagnostic equipment 118.2 127.3 150.0 329.5 347.7 366.0 
Patient-monitoring 41.7 52.0 62.9 150.4 167.8 179.0 
Prosthetic 22.5 24.3 28.4 183.6 193.0 209.2 
Surçrcal support 18.9 21.7 25.4 - - - 
Therapeutic (except X-ray) 28.2 31.3 34.9 76.0 83.8 89.1 
X-ray equipment, diagnostic and therapeutic 331.9 478.7 518.6 814.4 841.0 872.5 

POWER SUPPLIES, TOTAL 133.40 155.50 177.00 322.3 363.7 404.7 
Bench and lab 25.0 31.8 38.2 34.8 37.6 40.9 
Industrial heavy-duty 25.0 29.2 35.0 81.2 88.4 96.7 
OEM and modular, conventional 25.7 27.8 29.6 94.4 100.6 104.4 
OEM and modular, switching type 57.7 66.7 74.2 111.9 137.1 162.7 

TEST AND MEASUREMENT, TOTAL 419.5 477.2 547.6 904.5 1,031.5 1,179.5 
Amplifiers, lab type 14.9 16.4 18.0 12.9 13.5 13.9 
Analog voltmeters, ammeters, and multimeters 27.3 29.1 30.9 43.3 45.0 46.6 
Automatic component testers 4.6 5.5 6.8 31.0 37.9 43.0 
Automatic IC testers 68.0 84.7 103.1 42.8 47.5 54.1 
Automatic pc-board testers 18.2 22.7 34.1 54.4 71.1 87.8 
Calibrators and standards 7.3 7.7 8.2 11.9 12.9 13.4 
Counters and timers 17.0 18.1 19.7 47.0 52.1 57.2 
Digital loc (probes, analyzers) 7.6 9.9 12.5 34.1 42.9 50.0 
Digital muttimeters (incl. accessories) 16.3 17.9 19.5 56.1 61.6 67.3 
Microprocessor/microcomputer development systems 7.7 10.9 14.8 60.1 87.0 126.3 
Microwave test instruments - - - 73.2 84.6 96.0 
Oscillators 25.0 26.6 28.2 32.8 25.3 27.7 
Oscilloscopes and accessories 57.6 62.2 68.6 164.8 179.4 192.4 
Panel meters. analog and dtal 37.8 40.6 44.9 - _ _ 
Phase-measuring equipment 2.5 3.0 3.0 - - - 
Power meters 3.4 3.3 3.6 6.7 7.1 7.8 
Recorders 45.2 52.5 58.2 107.7 117.8 130.7 
Signal generators 42.3 46.1 50.2 82.1 93.1 104.0 
Spectrum analyzers 16.8 20.0 23.3 43.6 52.7 61.3 
Temperature-measuring instruments 36.4 43.2 50.0 - - 

ANALYTICAL INSTRUMENTS, RESEARCH OR CLINICAL, TOTAL 

AUTOMOTIVE ELECTRONICS, TOTAL 

443.2 495.5 543.2 

160.6 196.1 251.3 

'Electronic or semielectronic only. 
Includes stand-alone minicomputers but not computers that are integral parts of process-control and similar systems 
- No estimate available. 
Figures in this chart are based on an 11-country survey made by Electronics in October and November 1980. They show consensus estimates for consumption of components, valued at 
factory prices, used to produce equipment for both domestic and export markets, and for consumption of electronic equipment, with domestic hardware valued at factory sales price and 
imports at landed cost. 
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Technical articles  

Protecting optical data links 
from electromagnetic interference 

Ingenious design minimizes the susceptibility 
of the fiber-optic receiver to man-made noise 

by Vincent Mirtich, Motorola Semiconductor Products Inc., Phoenix, Ariz. 

El Man-made electrical noise, which can limit the per-
formance of any fiber-optic data link, degrades wide-
band systems most. The design of the optical transmitter 
and receiver should minimize whatever noise they gener-
ate internally. But that still leaves electromagnetic inter-
ference from the link's associated electronic equipment 
to be dealt with. 
Such man-made noise invades the link at the optical 

data receiver and artificially raises its noise floor. Else-
where, it has little impact. At the transmitter's interface 
with the cable, the noise immunity of the TTL devices 
normally used is more than adequate. The rest of the 
transmitter is even less sensitive because of the large 
signals and small impedances it uses. And of course, the 
dielectric optical-fiber cable is totally insensitive to emi. 

This emi has diverse sources (see "Where is all that 
noise coming from?"), but its effect on an optical receiv-
er can be minimized by clever circuit design techniques. 

Some of these, such as grounding procedures, are classic 
and come from the radio-receiver realm. Others, such as 
drive circuit design, are specific to fiber optics. 

If the designer fails to reduce the optical data receiv-
er's susceptibility to external emi, then the data link will 
perform poorly. But if he or she succeeds, then the 
signal-to-noise ratio at the receiver's amplitude detector 
will be determined by the receiver's intrinsic noise only 
and the bit error rate for the given input signal level will 
be the best possible. 

Lots of ways to couple 

The noise generated by interfering waveforms is either 
radiated or conducted to the optical receiver. In the 
former case, voltage transients are coupled through stray 
inter- and intra-board capacitance to the susceptible 
nodes in the receiver. As these stray capacitances are 
typically tenths of picofarads and less, they combine 

Where is all that noise coming from? 

The man-made noise that can affect a fiber-optic receiv-
er's performance has a variety of sources. Part of the 
noise arrives over the 5-volt bus used to power the receiv-
er. Usually a TTL system, the receiver includes micropro-
cessors, memories, crystal oscillators, frequency dividers, 
and clock drivers, and every node in it that switches TTL 
current levels produces a voltage transient on the 5-V bus. 
This multitude of transients adds up to a bus noise level 
typically much higher than the receiver's sensitivity. Worse 
yet, if the receiver is powered from the same 5-V bus, 
these transients will be conducted directly into it. 

Neighboring TTL systems also affect the receiver by 
radiation. Every one of their nodes that has a voltage 
swing between it and ground also has a time-varying 
electric field around it that is capacitively coupled to any 
adjacent circuitry. These radiated signals must be rejected 
by the receiver. Although all of the transients occur at 
different times, they are probably in synchronization with a 
master clock somewhere in the system and therefore will 
couple glitches into the amplitude detector at the same 
time that data entering this detector is going through zero 
crossings. Worse yet, this man-made synchronous noise 
will often not manifest itself as a problem until after an 
optical data link has been installed. 
An example of man-made noise that is not synchronous 

with a master clock is the radiation of the horizontal sweep 
signal in a cathode-ray-tube terminal. At the CRT's high-
voltage rectifier input, these pulses can be 10 kilovolts or 
more and have widths of 10 microseconds and repetition 
periods of 60 /Is. Such a high-voltage pulse generates 
spectral components at 16-kilohertz intervals, with the first 
envelope zero crossing at 100 kHz. As a fiber-optic receiv-
er may find itself placed inches away from such signals 
with only a plastic housing around it, it must also be 
capable of rejecting this signal radiation. 

Yet another source of emi is the optical transceiver 
itself. After all, the optical receiver's output and the optical 
transmitter's input are typically those same digital signals 
that modulate the system power supply and radiate from 
printed-circuit cards close to the receiver. This emi can 
radiate back to a linear amplifier's input and cause wave-
form ringing that may be detected as data transition, at 
the amplitude detector. The transmitter's digital input may 
radiate or conduct synchronous noise to the receiver 
amplitude detector input so that detectable transitions 
and thus bit errors are inserted into the data stream. Worst 
of all, the transmitter's light-emitting-diode driver may be 
switching currents of 200 milliamperes or more with rise 
times of 10 nanoseconds or less and thus cause unwanted 
power-supply modulation. 
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with the susceptible nodes' shunt resistance to provide 
coupling with an abnormally short time constant—on 
the order of a nanosecond. Consequently, these radiated 
transients, if they are generated from rn, waveforms, 
have rise times of 10 to 20 ns and thus appear to the 
parasitic coupling networks to be ramps rather than step 
functions. This means that the induced transient (the 
output of the parasitic coupling network) is somewhat 
gaussian in shape for the duration of the rn_ waveform 
transition time. 
When conducted interference is a problem, current 

transients in the digital system are producing synchron-
ous noise on the power-supply bus. This noise is con-
ducted back to the optical receiver. Unfortunately, indis-
criminate capacitive bypassing intended to solve this 
problem may route large ground currents through para-
sitic impedances that are also common to low-level 
ground-current paths. The large undesirable currents 
then cause a time-varying voltage drop across the para-
sitic impedance that in turn amplitude-modulates the 
desired low-level current flowing through the same 
impedance. 
Depending on the relative phase of the two currents, 

this modulation can result in either circuit oscillation or 
bit errors. What's more, any parasitic inductance in 
series with the supply bypass capacitors will induce 
additional voltage transients on the supply. And finally, 
every component lead that handles large variations in 
current is a potential radiator of these currents because 
of its own parasitic inductance. 

Most systems with which a fiber-optic data link must 
interface use -rm. Unfortunately, that logic family cre-
ates the most electromagnetic interference (see table). 
For example, TrL's 3-to-5-volt transition heights have a 
large enough amplitude and fast enough rise time to 
couple significant energy to a receiver through parasitic 
capacitances. Also, the large, fast current swings that 
Tri. generates are even more troublesome because of the 
power-supply noise they generate and the induced volt-
age effects they produce when parasitic inductance is 
present anywhere in the circuits. 

A typical receiver 

A simple discrete-component fiber-optic receiver has 
four functional blocks, or partitions (Fig. la). It employs 
a discrete p-i-n photodiode, a wideband current-to-
voltage converter (or transimpedance amplifier), a wide-
band voltage amplifier, and a line receiver or high-speed 
comparator serving as the amplitude detector—all com-
ponents that are available from many vendors [Electron-
ics, Oct. 9, 1980, p. 155]. 
Such a design exhibits a susceptibility to emi at the 

transimpedance amplifier input, across RF, and also at 
the voltage amplifier's input, but this pickup can be 
reduced by implementing three of these functional 
blocks with one integrated circuit (Fig. lb). Like the 
discrete version, the lc receiver can be put together from 
existing components. 

In this lc version, however, the transimpedance ampli-
fier's input node is still externally available and thus still 
susceptible to emi. Similarly, the feedback resistor, RF, 
is external to the lc, so that it may be changed for 

LOGIC FAMILY TRANSIENTS 
LIKELY TO AFFECT FIBER-OPTIC RECEIVERS 

Logic 
family 

Low-power 
Schottky 
TTL 
74LS04 

Complementary-
MOS 
14049UB 

MECL 
10 K 
10101 

Typical 
output 
voltage 
swing 
(V) 

3.5 

Typical 
output 

fall 
time 
(ns) 

15 65 

0.9 2 

Typical 
differential 
power 
supply 
current 
(mA) 

8 

AV/A t 
(V/µs) 

700 

2.4 230 

o 

Alied 
(mA/ms) 

800 

37 

450 O 

systems with different bandwidths, and it therefore is 
also likely to be affected by emi unless put under a 
grounded shield. Moreover, since the configuration 
requires the IC input to be single-ended, it has no inher-
ent common-mode noise rejection, and this is undesirable 
for wideband applications. 

For the best emi receiver characteristics, two ICs 
should be used with a different partitioning (Fig. lc). 
Here, the photodetector is not just a diode but a diode 
plus the transimpedance amplifier—in essence, a photo-
sensitive amplifier. This integrated detector/preamplif-
ier provides a low-impedance differential output. 

Since the second IC function is designed with a differ-
ential input, its voltage amplifier will reject the common-
mode signals induced by radiated emi. If the detec-
tor/preamp is in addition housed in a grounded optical 
connector that shields all the internal parts by acting as 
a waveguide below cutoff, the optical receiver will be 
almost totally immune to external emi. 

Keep it narrow 

As the required receiver bandwidth increases, the por-
tion of the ambient eini spectrum that it can respond to 
also increases. For best receiver sensitivity, the system 
bandwidth should determine the receiver bandwidth, and 
the receiver bandwidth should in turn be determined by 
the transimpedance amplifier bandwidth, since that 
amplifier produces most of the significant noise gener-
ated within the receiver. By using a transimpedance 
amplifier that has only as much bandwidth as the system 
requires and no more, the noise generated in the receiver 
is minimized. Since the LED speed, fiber bandwidth, 
optical detector speed, and the receiver's voltage ampli-
fier also contribute to the shrinking of the system band-
width, they must all either be significantly faster or have 
a wider bandwidth than the transimpedance amplifier. If 
this guideline is followed, then the system will have the 
maximum gain margin and thus accommodate the larg-
est loss budget possible for the particular system band-
width, source, and optical detector choseii. 
Sometimes the use of an LED that is too slow or a fiber 

that is too narrow in bandwidth for the application seems 
economically attractive. In this case, to meet the system 
bandwidth requirement, a wider-bandwidth receiver and 
thus better transimpedance amplifiers than would nor-
mally be needed must be used. This wider-bandwidth 
transimpedance amplifier will generate more noise and 

Electronics/January 13, 1981 147 



VREF 

PHOTO 
DETEC-
TOR 

(a) 

CURRENT-TO-
VOLTAGE 

CONVERTER 
(TRANS-

IMPEDANCE 
AMPLI FIER) 

VOLTAGE 
AMPLIFIER 

VREF 

AMPLITUDE 
DETECTOR 

DETECTOR/ 
PREAMPLIFIER 

c I 

+5 V 

INPUT A 

INPUT 

+5 V 

GROUND THRESHOLD 
' FILTER 

RF 

DATA 
OUT 

+5 V 

COMPARATOR 

VO LTAG E 
AMPLIFIER 

GROUND 

— 

— THRESHOLD 
T FILTER 
— 

DATA OUT 

1. Partitioning. The basic building blocks of a fiber-optic receiver may be defined as in (a). For immunity to man-made noise, however, (b) is 
somewhat better. The integrated-circuit approach in (c) is best of all since it keeps all electromagnetic interference to a minimum. 

establish a higher noise floor that cannot be compen-
sated for in succeeding stages. Worse yet, this systems 
approach, though seemingly good economics, may later 
prove only to have aggravated system problems and 
associated field testing and debugging because a wider-
bandwidth receiver responds to fast ambient emi that 
would elude a narrower-bandwidth device. 

In an optimum system design, the transimpedance 
amplifier, while being the most sensitive block in the 
receiver, has the narrowest bandwidth. The voltage 
amplifier block, on the other hand, has a much larger 
bandwidth while still being sensitive to small signals. 
Consequently, the portion of the receiver most sensitive 
to emi is one of these two components. With a well-
shielded transimpedance amplifier and a single-ended 
voltage amplifier input, the voltage amplifier is probably 
most emi-sensitive. But if the input to the voltage ampli-
fier is differential, even a well-shielded transimpedance 
amplifier can be the most emi-sensitive, because of inter-
ference conducted to it. 

Regardless of which amplifier is the most emi-
sensitive, its bandwidth relative to the speed of the 
AV/At and AI/At transients is critical. For instance, it 
can be shown that the amplifier must have a bandwidth 
of at least 35 megahertz before a Tn .. transient having a 
10-ns rise time can be conducted through its input with 
unchanged amplitude. (Here, the amplifier is assumed to 
have a single-pole, low-pass response.) A bandwidth of 

less than 35 mHz will attenuate the transient, and the 
degree of attenuation, or selectivity, to be expected may 
be calculated from: 

35 
20 log (ta(Bw3d8) 

where tr is the 10% to 90% rise time of the transient and 
BW3dB is the amplifier's 3-decibel bandwidth. 
The TTL voltage and current transients undergo other 

forms of attenuation besides that due to the amplifier 
selectivity. For example, there is attenuation limiting the 
conversion of the 800-milliampere/microsecond rn, cur-
rent transient (see table again) into noise on the 5-v power 
bus and more attenuation of noise between the 5-v 
power bus and any susceptible amplifier input. The 
smaller the total attenuation of these transients, the 
harder it will be for the optical receiver to recover data 
without errors. 
These difficulties make it necessary for the system 

designer interfacing optics to digital systems to minimize 
conversion of digital transients into power-bus noise, as 
well as to provide the needed attenuation of the conduc-
tion and radiation of such noise. This is done by employ-
ing adequate decoupling capacitance, by maximizing 
rejection of power-supply noise by using differential 
amplifiers, and by maximizing receiver selectivity by 
keeping bandwidth as low as the maximum data rate of 
the channel allows. As the required bandwidth of the 

(2) 
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2. Transmitter implementation. For narrowband applications, the simplicity of (a) or (b) may be adequate, depending on the supply current 

step that can be tolerated. For wideband applications, keeping supply currents balanced is the key to success (c). 

channel increases, so does the bandwidth of the emi-
sensitive amplifier, until eventually no selectivity will be 
available to suppress transients. For rrt transients, this 
occurrence may be defined by setting Eq. 2 equal to 0 dB 
and solving it for bandwidth. For a 10-ns rise time, the 
result is the previously used 35-MHz bandwidth. 

It is impossible to quantify the attenuation needed 
accurately enough to completely prevent the receiver 
from requiring special techniques to reject emi. How-
ever, if the designer decides that the receiver should 
reject all emi that has a peak amplitude of 10 times the 
peak input signal, then the receiver gain at the noise 
frequency must be 20 dB less than the signal gain. Thus, 
the selectivity has to be 20 dB. 

If it is also assumed that the emi has a 10-ns rise time 
because it is generated by TTL current swings, then the 
designer can estimate a receiver bandwidth number 
above which special emi rejection techniques have to be 
used. This bandwidth is 3.5 MHz for 20 dB of required 
selectivity on a transient with a 10-ns rise time. 

These figures are representative of a system that can 
transmit data at 7 megabits a second. Therefore, for the 
sake of clarity in discussing the problems of wideband 
systems, it is convenient to assume that the use of simple 
narrowband techniques is limited to TTL systems with 
less than 5-mb/s rates. The use of more elaborate wide-
band techniques is required for Tn. systems with data 
rates of 10 mb/s and above. Which techniques are usable 
for TTL systems between 5 and 10 mb/s depends on the 
particular system in question, the skillfulness of the 
design, and the kinds of emi present. 

In designing an optical transceiver for a wideband 
fiber-optic data link, the first priority is to modulate the 
LED by providing the required current drive levels and to 
do so quickly enough not to degrade the system rise time 
or introduce excessive timing distortion. The second pri-
ority is to implement the first function while generating 

a minimum amount of electromagnetic interference. 
For narrowband systems, a simple, low-cost TTL 

fiber-optic transmitter may prove adequate even if con-
figured alongside of an optical receiver. Care must also 
be taken with power-supply bypassing. 

A simple design 

The design illustrated in Fig. 2a uses the MC75454, a 
300-mA peripheral driver capable of sinking the current 
normally flowing through an LED. The 39-ohm resistor, 
the LED forward .voltage drop, and the regulated + 5-v 
supply allow 100 MA to flow through the LED when the 
input is high. When the input is driven low, the 
MC75454's open collector output and the LED turn off. 
Besides driving the LED directly, the MC75454 inter-
faces the LED with the TTL family. What makes this a 
poor way of driving the LED for a wideband application 
is the step in supply current when the device turns on or 
off. In this case the step is equal to the LED current (100 
mA, to be specific). 

Figure 2b shows a variation of this simple transmitter 
that is also better from the standpoint of modulation of 
the 5-v bus. Here, the MC75453, another 300-mA line 
driver, is normally on when its input is low, so that 
current is shunted around the LED. When the input is 
driven high, the MC75453 open collector output is driv-
en off, allowing current to flow through the LED. The 
+ 5-v supply, the LED forward drop, and the 39-e resis-
tor once again set the LED current to 100 mA. When the 
input is low, the output is sinking 5 v/39 S1, or 125 mA. 

This 25-mA step in supply current (due to output 
switching) is far better than the previous 100-mA step. 
But it is still large enough to cause cross talk in 
wideband systems when the transmitter and receiver are 
powered off the same + 5-v bus. Other problems asso-
ciated with these single-ended saturating LED drivers 
become significant at higher data rates where the driv-
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3. More complicated. For narrowband TTL applications, a simple optical receiver with a minimum of external components does the job (a). 

For wideband TTL applications, the receiver is far more complicated and demands a variety of external bypasses and chokes (b). 

ers' asymmetrical rise and fall times and their differen-
tial propagation delay distort the waveform duty cycle. 

In a slightly more complex optical transmitter—which 
has the best emi performance of all—the LED is the 
collector load in one half of a differential amplifier 
driven by a pair of 74LS40 peripheral drivers (Fig. 2c). 
Here, when the TTL input is high, Q1 and the LED are 
full on. When the input is low, Q2 is full on. In either 
state, the drive transistor is not saturated, and the 
current being drawn from the supply is the current 
through Q. As long as nothing affects the Q3 collector 
current, the sum of the currents through Q1 and Q3 is a 
constant, and virtually no power supply noise is pro-
duced. The diode at the base of Q3 temperature-compen-
sates the Q3 collector current, so that it is essentially 
constant. This emitter-coupled circuit is inherently fast 
and the current-limited operation provides symmetrical 
rise and fall times. 

Only one of the LS40 sections is required to drive the 
differential amplifier and to interface with the TTL cir-
cuitry. However, use of two of these NAND gate sections 
yields two advantages. The first is that with equal exter-
nal pull-up resistors, the sink current on each section is 
the same. Hence there is no change in supply current 
with input logic state, and, as a result, very little power-

supply noise is produced by the transmitter. 
The second advantage is that each data edge will be 

processed as a low to high transition by one gate and as a 
high to low transition by the other. The effects of differ-
ential propagation delay on duty cycle distortion are thus 
minimized. Use of this transmitter circuitry for a TTL 
interface greatly reduces the amount of duplex cross talk 
encountered when power-supply noise is conducted back 
to the receiver. It also minimizes the timing distortion, 
generated in the transmitter, that is critical at high data 
rates. Finally, since the supply bus is not experiencing 
large excursions in current, the long printed-circuit 
board runners that are typically used for the bus and 
that act as antennas are radiating much smaller fields, in 
keeping with the reduced changes in current. Thus, with 
the balanced configuration, the emi generated is rela-
tively low and is not sensitive to printed-circuit layout. 

Some more ideas 

A simple TTL receiver is also suitable for narrowband 
applications (Fig. 3a). It uses a p-i-n diode and a 
transimpedance amplifier implemented with an MC3405 
operational amplifier. This drives a voltage amplifier 
having a gain of 100. Following this is a differentiation 
network (RI, CI) that passes the data edges but not the 
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4. Ground bus. For the wideband receiver, even the layout of the 

printed-circuit board ground bus is critical. The optical input grounds 

and the amplified signal grounds are not only kept separate from 

each other but are also separated from the TTL digital grounds. 

data base line with its duty-cycle dependence. The com-
parator compares the amplitude of these differentiated 
pulses with a reference voltage that is adjusted to be 
midway between the TIT output levels. As long as the 
RIC, product is chosen to be less than one fourth of the 
bit width and great enough to pass the input rise time 
without introducing excessive loss, this edge-coupled 
detector will tolerate any change in duty cycle. In this 
narrowband system, the use of a single comparator with-
out the benefit of balanced currents, use of simple decou-
pling, and random grounding of component leads prove 
to be adequate. 

In contrast, wideband receivers need more careful 
design. Figure 3b shows a 20-mb/s rn, edge-coupled 
receiver. Here an integrated detector/preamp is used as 
the optical detector rather than a p-i-n diode. This 
device, the MFOD402F, while not of a differential 
design, does house the photodiode as well as a transimpe-
dance amplifier. Following it is an MC1733 voltage 
amplifier having a differential gain of 100. Its input is 
the last point in the receiver that is a single-ended 
interface. 

This amplifier's differential output is coupled to a rn. 
line receiver through two differentiation networks. The 
data transitions are all that couple through these net-
works to the line receiver, which, with its hysteresis, 
performs high-speed comparator functions. The differen-
tiators and line receiver operate together as a latch. 
A second line receiver section, which is available as 

part of a dual package, buffers the output swing of the 
first line receiver. The arrangement maintains constant 
hysteresis and also balances the TTL currents in the two 
logic states. The pairing of the inverting line receivers 
also tends to minimize any duty-cycle distortion due to 
differential propagation delay. 

All amplifiers are decoupled from power supplies 
through pi networks consisting of a ferrite bead and two 
0.1-microfarad ceramic capacitors. These bypass capaci-
tors are not grounded indiscriminately but in accordance 
with a specific ground bus philosophy. 
A ground plane structure designed to distribute 

ground currents and thereby reduce the effects of para-
sitic inductance is not used. Instead, the ground bus is 

used to control the direction of flow of the ground 
currents so that they are returned to the power supply 
via the proper bypass capacitors without sharing any 
common ground impedance with the ground currents of 
other stages. 
Such an approach is of particular importance at the 

input to the MC1733 voltage amplifier. This stage, 
having a single-ended input and high gain-bandwidth 
product, is particularly susceptible to any ringing that 
arises when large switching currents excite parasitic 
ground inductances. For this reason the input bypass 
capacitor from pin 1 to ground and the two input bias 
resistors to ground are all tied to ground bus between the 
detector/preamp and the MC1733 (Fig. 4). Similarly, 
the MC1733 supply bypass capacitors are tied to ground 
not near the MC1733 inputs but farther down the bus 
because of the larger currents they supply. Finally, the 
bypasses for the MC75107 are grounded even farther 
down the bus. This ensures that no portion of the TTL 
ground currents will split off and flow through the 
low-level ground before returning to the power supply. 
The input shield is grounded to the MC1733 input 

ground bus. Allowing TTL ground currents to flow 
through this shield would only induce the undesired 
input signals that cause ringing and result in bit errors. 
But by fitting a shield into the slot of the grounded 
mounting bushing, by allowing only low-impedance leads 
to leave the detector/preamp, and finally by embedding 
the optical port in the grounded bushing, the emi immu-
nity of the receiver front end is maximized. 
With this grounding philosophy, none of the ground 

fingers is connected to any other, so that all ground 
currents are forced to return to the power supply locally 
rather than through impedances common to other stages. 
Also, by convention, the power-supply leads, including 
the common, are connected to the circuit at the high 
signal level end of the board. At any frequency where 
power-supply bypassing is ineffective because of compo-
nent self-resonance, parasitic impedance, or too high a 
cutoff frequency on the power-supply filter, the ground 
currents must be returned to the power supply via the 
supply leads. The resulting impedance will be substan-
tially higher than the normal bypass impedance and 
should be minimized for the largest ground currents. 
That is why the power leads are connected at the high-
current end of the board. 

Other considerations 

Some other aspects of wideband receiver construction 
are essential to good system performance. For example, 
the MC1733 pin assignments (Fig. 3b) indicate that the 
inputs and outputs of the amplifier are at opposite ends 
of its dual in-line package, affording maximum isolation 
between them. Extending this concept to the entire 
receiver fabrication suggests that all ICs should be posi-
tioned on the board in the direction of signal flow, with 
optical inputs at one end and rrt output at the opposite 
end. Also, since the MC1733 input is sensitive to radi-
ated emi, the TTL electrical interface should switch from 
twisted pair to coaxial cable as the designer shifts from 
narrowband to wideband systems. In addition, if the 
receiver is to be operated in a hostile emi environment, a 
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5. The whole thing. It is possible to make a fiber-optic transceiver on one printed-circuit board and still keep electromagnetic interference 

problems to a minimum. The details of this wideband circuit are described in Motorola Application Note AN-794. 

shielded enclosure is required, to be placed around the 
entire unit. 
The techniques discussed have been applied to a prac-

tical optical transceiver (Fig. 5). Here the receiver band-
width is minimized and thus the selectivity is optimized 
for a 20-mb/s data stream. As the data rate is lowered, 
the sensitivity remains the same, and thus there is the 
ever-increasing disadvantage that results from using a 
20-mb/s receiver for narrower-bandwidth applications. 
The receiver partitioning employed is optimum, given 
the fact that the differential-output detector/preamps 

and the receiver lc (MFOC600) were not available at 
the time for this design. 
The transmitter and receiver circuits have been 

designed for optimal balancing of supply currents 
between logic states. The transmitter circuit resembles 
the one in Fig. 2c, and the receiver circuit the one in Fig. 
3b. The receiver's individual amplifiers have been decou-
pled with pi networks and the component grounds have 
been laid out in a bus structure. All the circuitry has 
been laid out on a double-sided printed-circuit card 
without plated through-holes. 
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Three Interconnecting modules, no 
hard wiring and you get the 
Switching Power Supply of the 80's 
Customer What's the significance of 
the 3 modules? 
ACDC Salesman: In the past, every-
body including ACDC produced specific 
switchers for given applications. You 
know, assemble the components in a 
box, wire them and then tweak and test 
and trim, etc. In our RS/RT switchers, we 
produce large quantities of three basic 
modules, and then test the daylights out 
of them, followed by full load, high temp 
burn-in. 
Customer What modules are you talk-
ing about and how do they work? 
ACDC Salesman: O.K., we produce in-
put modules, converter modules and out-
put modules. We have 16 different board 
modules that make up 50 different power 
supplies. We take various combinations 
out of stock and assemble them in a 
chassis, interconnecting them through a 
mother board. It's fast, reliable, and it 
eliminates hard wiring. 
Customer I see, you can make up most 

Complete steel 
EMI enclosure 

High power, 
High reliability 

LSI Control switching 
(low parts count) Transistors 

High frequency 
shielded power 
magnetics 
(low radiation) 

Low ESR 
output 
Capacitors 

2 section 
output Filter 
(low ripple) 

Control 
barrier 
Strip 
(Remote sense, 
inhibit. margin) 

ac 

any switcher I could want right out of 
stock. You say no hard wiring...what's 
wrong with wiring? 
ACDC Salesman: Harnesses are a 
point of potential failure. There are possi-
ble cold solder joints vulnerable to every-
thing including shipping vibration, not to 
mention noise considerations in how the 
harnesses are placed throughout. No 
one has ever successfully introduced a 
switching supply without hard wiring until 
our RS/RT Series. 
Customer When you say you test the 
daylights out of them, give me some de-
tails. 
ACDC Salesman: O.K. First, all of our 
active devices are 100% screened. We 
stable bake, temperature cycle, and then 
100% electrical test. All to MIL-STD-
883B. The modules themselves are com-
puter tested. When we assemble them 
into the final unit, we first Auto-Test, then 
burn-in for 48 hours at 50°C under full 
load, cycled, Auto-Test again with com-

Soft start 
Thermistor 
(low line inrush) 

Extra large 
Computer grade 
storage Capacitors 
(high reliability 
holdover time) 

115 VAC/230 VAC 
changeover 

EMI Filter 
(VDE 0875N) 

Interconnecting strip 
(no wire harness) 

puter print out- serialized. You get one 
copy of the hard test data and we keep a 
copy. In other words we all know exactly 
what you're getting. 
Customer Everything sounds good, but 
what about the cost? 
ACDC Salesman: Simple. We save you 
money because instead of building a 
hundred of these and fifty of those, etc., 
we continuously build thousands of the 
same modules each month. That saves 
us, and you, money. We test everything 
thoroughly and that eliminates warranty 
returns, reworks and all those costly 
problems. Believe me, if you've ever 
seen the production of power supplies, 
you'd know we have a uniquely superior 
product here...and, at a fantastically low 
price. 
Customer It sounds to me like you've 
brought power supply technology up to 
date. 
ACDC Salesman: Thanks...we think our 
RS/RT Series are the switchers of the 80's. 
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Designer's casebook  

Low-power inverter ignites 
gas-discharge lamps 
by Akavia Kaniel 
Measurex Corp., Cupertino, Calif. 

This inexpensive low-power inverter generates the high 
voltage required to ignite gas-discharge lamps of the 
mercury-vapor type and supplies the small current 
needed to maintain conduction. It also prevents the 
deposition of ions on the lamp's cathode that tends to 
shorten its operating lifetime. Using one integrated cir-
cuit, an operational amplifier, and two field-effect tran-
sistors, the inverter can be built for less than $30, 
including the cost of the unit's pulse transformer. 
As shown, the SG3524 pulse-width modulator and 

Arc-over. Low-power transistor-driven inverter generates high-voltage square wave to fire fluorescent and mercury-vapor lamps and provides 

low current to maintain ionization. Symmetry of inverter's output prohibits build-up of ions at lamp's cathode, thus increasing operating life. 

transformer T1 convert a 24-volt dc input into the 1,500-
v potential required for turning on the Ultra Violet 
Products 11SC2 lamp. When switch SI is closed, the 
chip's E. output goes high, thus inducing a high-voltage 
square wave across Ti's secondary. 
As current begins to flow in the primary, feedback 

amplifier AI comes into play. Detecting the relative 
magnitude of the current through the 0.2-ohm sense 
resistor, AI automatically sets the width of the 20-
kilohertz modulating pulses so that a constant ac current 
of 5 milliamperes is delivered to the lamp. Use of a 
push-pull output and the balanced transformer connec-
tion ensure that the switched square wave is symmetrical 
about the zero axis. This ac driving signal thus prevents 
the migration and subsequent buildup of ions around the 
lamp's cathode. 

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. 
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Lamp dimmer fades 
in equiluminous steps 
by Mark E Patton 
Sanders Associates, Nashua, N. H. 

This programmable light dimmer will serve particularly 
well as an intensity-control source for vision response 
testing and in theatrical lighting systems, where it can 
provide, as perceived by the human eye, a virtually 
linearly stepped increase or decrease in luminous output 

(the Munsell curve).' Using readily available chips, it 
can be built for less than $20. 

In operation, a triac-driven lamp is triggered by the 
60-hertz line input once during each half cycle, at a 
point determined by an eight-input binary-coded decimal 
control word derived from a microprocessor or a thumb-
wheel switch. Thus the lamp brightness may be easily 
selected and accurately maintained, or alternatively, it 
can be gradually diminished or increased as desired. 
As shown, the LM324, biased to operate from a 5-volt 

dc supply, works as a comparator to provide 60-Hz 
square-wave pulses to the CD4046 phase-locked loop 
and as a buffer to suppress line transients. The PLL and 
the 4029 up-down counters working together act to 
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Linear lighting. Programmable lamp dimmer can provide intensity increments and decrements in near-linear steps (as perceived by human 

eye), virtually meeting Munsell curve specifications. BCD control word, derived from microprocessor, sets switching point on 60-Hz line input. 
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RCA precision op amps: New lows 
for combined Mot drift, price. 

BiMOS design gives 
you high performance, 
low prices. 

The CA3193 instrumentation-
grade op amps. Bipolar first stage 
for very high gain; minimal low-
frequency input noise voltage; over-
all input offset voltage primarily a 
function of low first stage offset 
voltages. 
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multiply the line input by 200, so that the counters 
decrement from 99 toward 0 at a 12-kilohertz rate. This 
rate permits the selection of 12,000/(60 X 2) = 100 
brightness levels. 
Meanwhile the two-digit BCD control word is intro-

duced to the 74LS85 4-bit magnitude comparators, 
where it is compared with the output of the counters. 
When the line-synchronized output of the counter 
becomes equal to the control word, the opto-isolated 

triac, which is connected to the ac line, is fired. 
The triac should be heavily filtered to prevent switch-

ing noise on the line from reaching the logic circuitry. 
Also, to increase circuit stability near the zero and 
maximum-voltage switching points of the 60-Hz input 
signal, the outputs of the 74LS85s are gated for a loaded 
BCD code of 99 and are disabled for a code of O. 

References 

I. GTE Sylvania. GTE Sylvania Lighting Handbook. 5th ed.. 1974. 

Zero-crossing controller 
heats beakers noiselessly 
by Gerald D. Clubine 
East Texas State University, Fine Instruments Shop, Commerce, Texas 

Present-day low-cost heater/dimmer controls of the type 
used to warm the contents of laboratory beakers and 
flasks are primarily modeled after the hot-plate burners 
in electric stoves. Consequently, they feature thermal 
switches that generate unwanted electronic hash and 
noise spikes because of the make-and-break operation of 
the device under a varying thermal load. This circuit 
controls heat by varying the duty cycle of the heater 
coil—but it switches the coil on and off during the zero 
crossings of the 115-volt ac power line, thus eliminating 
all types of noise. In addition to offering solid-state 
reliability, it costs no more than the old hot plate. And it 
is far less costly than the widely used but unnecessary 
closed-loop controls that use a sensing element. 

Selective radiator. A triac fired by this controller applies power to and removes power from heater coil of hot plate during zero crossings of 

the 115-V ac power line, thus eliminating unwanted electrical hash and noise formerly caused by mechanical-type thermal switches. User sets 

temperature with duty-cycle control R2, which turns on A, and triac when V,e, is less than the instantaneous ramp output of oscillator Q,. 

The heart of the circuit is the CA3059 zero-crossing 
trigger, AI, which controls the solid-state switch, triac 
Q2. As shown, the ramp output of the unijunction oscil-
lator Q1 is applied to the on/off sensing amplifier at pin 
9. The ramp has a peak amplitude of 2/3 Vc and a time 
constant of R7C3, which is long compared with the 
60-hertz line rate but relatively short with respect to the 
thermal response time of the hot plate. 
A user-set reference voltage is applied to the other 

input of the sensing amplifier at pin 13. Potentiometer 
R2 thus sets the temperature by control of the duty cycle, 
for when Vref is greater than the instantaneous ramp 
voltage, AI and Q2 are turned off, and vice versa. Note 
that the control calibration will be linear to the degree 
that the ramp voltage is linear. Power is applied to the 
heater coil during the zero crossings of the line input and 
removed during these times, too; as a result, switching is 
achieved at the zero power level, and no noise can be 
generated. 
The choice of the triac will depend upon the amount of 

current required by the heater coil. In this case, a 
SC151B has been used, as the heater coil demand was 
only 6 amperes. 
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SHARP 

•1. 

Can be supplied anywhere, 
anytime and in any quantity 

by SHARP! 
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Current protectors take on surges 
without resetting or replacement 

With lower initial resistances than thermistors, conductive polymer switches 

also combine the advantages of fuses and resettable circuit breakers 

by George Ballog, Raychem Corp., Menlo Park, Calif 

III The positive temperature coefficient of some thermis-
tors, which increase in resistance in response to increas-
ing current, is a circuit-protection phenomenon that has 
been successfully exploited for several years. But these 
devices could never handle large currents of a few 
amperes or more because of their high initial resistances. 
Fuses -and circuit breakers can take on large currents but 
must be replaced or reset periodically. Now, recent 
advances in polymer material formation have made pos-
sible switching devices that can handle large currents 
and have the advantages of slow-blow fuses and resetta-
ble circuit breakers without their disadvantages. 
The new devices, trademarked PolySwitch protectors, 

offer designers an attractive alternative to low-voltage 
fuses and magnetic or thermal circuit breakers for appli-
cations requiring high-current interruption, vibration 
resistance, slow-blow current limiting, remote-reset 
capability, and freedom from electromagnetic and 
radio-frequency interference. 

PolySwitches rely on unique polymeric materials to 
duplicate in a more usable form the positive—tempera-
ture-coefficient switching effect of thermistors. They 
offer virtually unlimited design possibilities for surge-
controller, energy-limiter, battery-discharge limiter, and 
time-delay-multiprotector circuits, to name just a few 
[Electronics, June 19, 1980, p. 42]. 

Reducing initial resistance 

The most common positive—temperature-coefficient 
thermistors are made of doped barium titanate. Their 
resistance generally increases exponentially when their 
temperature exceeds a value known as the Curie point. 
This increase effectively cuts off power to the circuit a 
thermistor is operating in. The Curie point differs for 
each device, depending on its chemical composition. 
Though the thermistor has good resistance behavior 

with temperature rises, its chief drawback is its initially 
high resistance. This resistance produces high I'R heat-
ing sufficient to trigger a much higher resistance at 
currents as low as a few hundred milliamperes. The 
initial resistance is generally at least 10 ohms and 
restricts a thermistor's role in circuit designs to that of a 
sensor or heater. 
As for fuses, even the slowest-acting generally blow 

within seconds at currents as low as two times the rated 
current. The positive tempco of PolySwitch piotectois, 

however, is not limited by high initial resistance. These 
circuit protectors have a base-level resistance as low as 
0.04 St, about 1/250 the resistance of generally available 
thermistors, making them nearly invisible in a power 
circuit and ideally suited for high-current operations. 
A PolySwitch protector functions much like a resetta-

ble fuse, but unlike a fuse it offers a slow-blow behavior 
proportional to the amount of overcurrent passing 
through it. When exposed to an overcurrent, the device 
increases in resistance by up to seven orders of magni-
tude. Switching time can range from tens of milliseconds 
to 40 seconds or more, depending on the amount of 
current. Once the protector switches into the high-
resistance state, it stays latched and will not decrease 
back to its base value unless there is a complete interrup-
tion of power. 

During PolySwitch fabrication, radiation-crosslinked 
polymer material is mixed with a filler material to form 

1. Protection. The slow-blow characteristics of a fuse and the 

resettable characteristics of a circuit breaker are combined in a 

PolySwitch. The resettable positive-temperature-coefficient device 

takes longer to trip due to overcurrents than other protective devices. 
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a pill-shaped object. Leads are then attached and an 
electrical-grade epoxy is applied as an encapsulant. 
The choice of polymer and filler material and the 

exact geometry of the final part are the chief factors in 
determining the device's current rating. This relationship 
can be expressed by the basic resistance equation: 

R = pL/A 

where 
R = the device's resistance in ohms 
p = the material's resistivity in ohm-centimeters 
L = the device's length in centimeters 
A = the device's area in square centimeters. 
Here L corresponds to the device's thickness, since the 

current travels through it from one flat surface to anoth-
er. As is seen in the equation, the larger the area of the 
pill-shaped device, the lower its resistance value, so a 
higher current will be needed to achieve the necessary 
power-dissipation level to raise its temperature to the 
switching point. All PolySwitch devices are designed to 
meet most MIL STD 202 test specifications. 

Slow tripper 

Figure 1 shows how the slow-blow characteristics of a 
PolySwitch protector compare with those of typical 
magnetic and thermal circuit breakers. Note that for 
increasing multiples of rated pass current, the device 
takes longer to trip than other circuit protectors. At 
twice the rated pass current, for example, it will require 
a minimum of 40 seconds to trip, whereas a bimetallic 
circuit breaker trips within as little as 15 seconds. At 10 
times the rated pass current, its slow-blow characteristics 
are even more pronounced; it takes at least 600 ms to 
trip, compared with 100 ms for a bimetallic circuit 
breaker. 

2. Temperature. Different PolySwitch models are rated for different 

continuous pass currents (in low-resistance states). All protectors 

decrease in current-passing capability with increasing ambient tem-

peratures. Switching time increases with increasing currents. 

Different PolySwitch sizes are rated to trip at differ-
ent times for different currents. For example, the 
CO2R004 trips in 60 seconds at 6 amperes, 10 seconds 
at 12 A, and 2 seconds at 24 A. Higher currents produce 
even more rapid tripping times. Figure 2 shows the 
relationship of continuous pass current to ambient tem-
perature for three different parts. 
A PolySwitch operating as a circuit protector can best 

be illustrated by its use in series with a load in a simple 
circuit whose nominal load resistance is 40 a In accord-
ance with Ohm's law, the 50-volt circuit produces a 
current of 1.25 A and a power dissipation of 62.5 watts in 
the load. 

Increasing power dissipation 

With no power applied to the circuit, the PolySwitch 
protector is cool and exhibits an initial resistance of only 
0.1 It, insignificant when compared with the larger load 
resistance of 40 O. In this untripped state, it dissipates 
only 0.16 W. If the circuit develops a short across the 
load, this causes an increase in current and, within 
seconds, an increase in the PolySwitch's resistance to 
1,250 1-2, making it the primary load in the circuit. It can 
thus be seen that the power dissipation (V2/R) across the 
device will increase to 2 w while that across the 4041 
load drops to 0.06 W. More important is that current in 
the circuit is reduced to only 40 mA. 

In the high-resistance state, a PolySwitch's continuous 
safe operating voltage is rated at 50 y, and its tempera-
ture remains around 100°C. The device must be allowed 
to cool to its initial low resistance for the circuit to reset, 
and the only way to do this is to interrupt the circuit's 
power completely. Trying to cool the part by external 
means while voltage is applied across it will only cause it 
to draw more power to maintain its temperature in the 
range of 100°C. Sufficient cooling down for resetting, 
once power is manually switched off, takes about 3 to 4 
minutes. 
Heat causes a PolySwitch protector to switch from a 

low-resistance to a high-resistance state. In operation, 
the switching is based on a complex relationship between 
power delivered to the device in the form of current and 
the power it dissipates to the environment as heat. 
When plotted as a function of temperature, power 

input (power delivered to a PolySwitch) appears as a 
curve whose slope increases sharply at the device's 
switching temperature (Fig. 3). Power output (power 
dissipated to the environment) is a straight line whose 
slope intersects the X axis at a point corresponding to the 
ambient temperature. This line is known as the power-
dissipation line and is straight because of the following 
relationship: 

= K(Te — T.) 

where 
= the output power in watts 

K = the device's heat-transfer coefficient (approxi-
mately 0.02 w/°C in still air) 

Te = the device's temperature in °C 
T. = the ambient temperature in °C. 
The power-dissipation line's position relative to the 

input-power curve determines the operating state of the 
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3. Heat. A PolySwitch switches to a high-

resistance state due to its current-induced 

heat rise. Heat dissipated to the ambient 

increases as the PolySwitch tries to maintain 

a body temperature of 90° to 100°C, increas-

ing in resistance with increasing currents. 

TRANSITION 
REGION 

— V2/R 

POWER 
OUT (P0) 
= k (T0—T,) 

POWER IN (FAULT CURRENT)2 x R • POINT 2 

POWER IN = (NORMAL CURRENT)2 X R 

MENT NORMAL 
TEMPERATURE OPERATING 

Ta TEMPERATURE 

SWITCHING 
TEMPERATURE 

DEVICE TEMPERATURE, Td 

TRIPPED • 
TEMPERATURE 

PolySwitch protector. Tracing along the input-power 
curve, note that each point of intersection with the 
power-dissipation line represents a stable (points 1 and 
3) or unstable (point 2) equilibrium. The slope of the 
power-dissipation line is determined by the device's 
geometry and manner of cooling (by forced or still air, 
for example). 

Point 1 on the curve, where input and output power 
are equal, represents the normal operating condition of 
the PolySwitch protector in a low-resistance state. When 
a short occurs in the circuit, input power to he device 
increases. When input power increases beyond the point 
where it is tangent to the power-output curve, the Poly-
Switch is in an unstable equilibrium and will rapidly 
shift its operating state to point 3 on the curve. 

If an overcurrent does not raise the device's power-

4. Telecommunications. Sensitive telecom-

munications components like subscriber-

loop interface circuits can be protected 

against destruction by PolySwitches. They 

afford protection even when telephone and 

ac power lines accidentally touch. 

input curve sufficiently to separate the curve from the 
power-dissipation line, it will operate at a higher-temper-
ature (point 1) equilibrium. 

Point 3 represents the PolySwitch's high-resistance 
equilibrium state, a state in which input and output 
power are equal. At point 3, power to a circuit with a 
PolySwitch is effectively cut off and self-heating keeps 
the device at point 3 until power is completely inter-
rupted. 

Design possibilities abound 

PolySwitch protectors have been used in several differ-
ent circuits, improving performance at a lower cost than 
possible with other techniques. For example, they ensure 
intrinsically safe operation in an explosive environment 
in communications transceivers manufactured by Motor-
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5. Power supplies. PolySwitches find use in telecommunications 

power supplies that conform to Underwriters Laboratories Safety 

Standard 1012. Conventional ceramic PTC devices cannot pass 

typical operating currents before tripping into a high-resistance state. 

ola Inc., Fort Lauderdale, Fla., where they are placed in 
series with a resistor and the transceiver load. Poly-
Switches replace a multicomponent circuit and operate 
over an ambient temperature range of —40° to 60°C. 

In the Motorola transceivers, a PolySwitch protector 
functions as a resettable slow-blow fuse, passing the 
transceiver's 1-A transmitting, 90-mA receiving, and 
8-mA standby currents while guarding against overcur-
rents of 2 A or more. Furthermore, the Poly-
Switch-resistor pair limits spark energy—an extremely 
important characteristic in an explosive environment. 

Current and/or voltage surges are well-known ene-
mies of semiconductor integrated circuits. For telecom-
munications circuits, such surges can result from light-
ning or from induction or direct contact between tele-
phone and power lines. Figure 4 illustrates how two 
special high-voltage PolySwitches were used for sec-
ondary overcurrent protection in a circuit incorporated 
into subscriber-loop interface circuits (sucs). 

Special protection 

Ill this circuit, gas-discharge tubes or carbon-block 
arresters give primary protection by absorbing lightning 
energy and limiting the peak-instantaneous voltage at 
the so-called tip and ring terminals to less than 1,000 v 
with respect to ground. The PolySwitch protectors, on 
the other hand, limit peak-instantaneous currents so that 
the maximum voltages at the SLIC input terminals are 
less than + 3 and — 150 v. 

Induced transient voltages below the discharge tubes' 
breakdown voltage produce lower-level currents that 
result in lower-level output voltages. As long as their 
power-handling capabilities are not exceeded, the vans-
tor and diode bridge will continue protecting down-
stream components from extended faults by limiting 
voltage. But only the PolySwitch protectors can keep the 
standard protective circuitry from quickly becoming 
overloaded if power and telephone lines come into sus-
tained contact. When either protector is exposed to 
currents in excess of 100 mA for a specific period of time 
(depending on the model), it undergoes a reversible shift 
to a high-resistance state, decreasing the circuit current. 

In operation, the steady-state application of a 240-v 
alternating current potential between either tip or ring 
terminal and ground causes the PolySwitch protector to 
switch to a resistance of approximately 95,000 Q. This 
switching action severely limits circuit current to about 
2.5 mA, causing approximately 0.6 w to be dissipated by 
the varistor and/or diode bridge. Consequently, the con-
tinuous application of power-line voltage will not dam-
age these components, allowing them to continue limit-
ing output voltages to very low levels. 
When the power-line fault is removed from tip and 

ring terminals, the PolySwitch protectors cool down, 
returning to a low-resistance value of about 25 Q. 

Another telecommunications application for the pro-
tectors involves power supplies built to meet Underwrit-
ers Laboratories standards. iii Safety Standard 1012 for 
power supplies requires that telephone system supplies 
be limited in both maximum current and voltage-current 
outputs under short-circuit conditions. Based in part on 
the National Electrical Code requirements for Class 2 
and Class 3 circuits, the standard specifies that approved 
power supplies must be limited in energy when overcur-
rent protection is bypassed (including fuses and circuit 
breakers). As a result, designers have been forced to 
continue with the only method available to them—that 
is, the use of costly energy-limiting transformers. A 
recent ut.. ruling, however, lets them substitute a reliable 
positive-tempco resistor in series with the secondary 
winding of a standard transformer, to comply with UL 
Safety Standard 1012 (Fig. 5). 

But there is a catch. Conventional ceramic positive-
tempco devices cannot carry the typical operating cur-
rents of telephone-type power supplies. For example, an 
existing six-key small-business telephone system draws 
from 0.6 to 1.9 A from its power supply during normal 
operation in an ambient temperature up to 70°C. At 
these current levels and temperatures, the devices, whose 
base-level resistance is seldom below 10 12, trip into a 
high-resistance mode. 
A CO2R006 PolySwitch protector, rated at 40 mil-

liohms at 25°C, solves this design problem by allowing 
normal operation of the system at 1.9 A up to 70°C. And 
in the event of a short circuit, it limits output power in 
compliance with the UL 1012 test procedure. 
Whereas an energy-limiting transformer could add 

several dollars to the cost of a power supply, the Poly-
Switch protector adds less than a dollar. Typically, no 
other power-supply modifications are needed. 

Protecting batteries, too 

PolySwitch protectors have even found a niche in 
emerging battery technology. Lithium batteries are 
being considered for a variety of applications from elec-
tric automobiles to ICs and memories. But if discharged 
too rapidly, certain lithium cells overheat and vent 
potentially hazardous gases. 

PolySwitch protectors are currently being tested in 
various lithium battery designs. While protecting against 
sustained high-rate discharges, the PolySwitch's slow-
blow characteristic ensures that momentary current 
pulses will not shut off the battery, something that might 
very well happen with a fuse. D 

162 Electronics/January 13, 1981 



C-MOS uncommitted logic arrays 
are part-digital, part-analog 

Basic cells for logic and specialized analog quadrants serve 

many applications; software customizes metalization and contacts 

by Dan Yoder Jr., Applied Micro Circuits Corp., Cupertino, Calif. 

The uncommitted logic (or gate) array consists of a 
standard arrangement of active and passive devices that 
are interconnected by one or more final custom masks. It 
comes closer than any other chip to being the design 
engineer's ideal—a low-cost custom circuit with a fast 
turnaround time. 
Few of the arrays now on offer, however, support 

analog circuitry with any readiness, and an outdated 
layout can make it impossible to use sizable numbers of 
theoretically available digital elements. Neither of these 

1. Quick yet custom. The 0400 comple-

mentary-MOS uncommitted logic array con-

tains the equivalent of 1,500 gates. The die 

is partitioned into one analog and three digi-

tal quadrants to accommodate both linear 

and logic circuits. The lettered areas are 

defined in Tables 1 and 3, and the unlabeled 

sections constitute the wiring channels. 

deficiencies affects the Quickchip series of uncommitted 
logic arrays, which are designed to satisfy the require-
ments of a broad range of applications. 
The series consists of both low-power metal-gate com-

plementary-mos and high-speed bipolar devices. Two of 
the c-moS chips—the Q400 (Fig. 1) and Q401 — 
incorporate specialized cells dedicated to analog circuit-
ry. The bipolar arrays, built with a standard Schottky 
process, surround a fast core of emitter-coupled logic 
with Tu. input/output circuits in order to combine high 
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2. Growing longer. Interconnection lengths on an array increase 

with gate count. Also, many 1,000- to 2,000-gate chips use wiring 

channels that are far from compact and cannot be automatically 

routed, having been designed for much older and smaller arrays. 

performance with easy interfacing to the rest of a 
system. On all of the arrays, dense interconnection chan-
nels are routed automatically between the basic cells. 

If properly designed, logic arrays are easy to use. 
There should be a correlation between the way a printed-
circuit board is laid out and the algorithms used for the 
array's layout. Also, by making heavy use of elements 
called macrofunctions, or macros, which are designed to 
resemble small- or medium-scale integrated circuits, the 
manufacturer eliminates the need for specially skilled 
and costly personnel while simultaneously reducing 
array design time. 

Computer support 

Of more importance in reducing development time 
and cost is the availability of programs for automatically 
routing interconnections between macros. At present, 
however, few array manufacturers offer such programs. 
Most depend instead on various manual techniques such 
as taping the layout on sheets of transparent Mylar (as 
in a pc-board layout) or digitizing the layout from a 
worksheet. The customer may be required to do this 
work himself, and besides being tedious and somewhat 
liable to error, such techniques require him to acquire 
special skills. For the bipolar and c-mOS Quickchip 
series, however, the manufacturer or user performs the 
layout automatically, using Quickroute software to inter-
connect the various macros in accordance with the user's 
wiring list. 

Automatic test-pattern generation is an equally 
important consideration in selecting an array because it 
further minimizes development cost and time. It is pro-
vided for the Quickchip family along with logic simula-
tion, which is derived from the user's wiring list and the 
macro library. With the preprocessed wafers and auto-
matic layout and test-pattern generation, working proto-
types can be produced in less than six weeks from receipt 
of the customer's wiring list. 
The size of an array is often expressed in logic gate 

equivalents, which usually refer to two-input NAND or 
NOR gates. To select the proper size of array, therefore, 
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3. More channels. If an array is organized into rows of logic cells— 

the usual case—then the number of interconnection channels that 

traverse the chip can be estimated from this graph. Careful channel 

distribution will maximize percent utilization of the gates. 
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4. More compact. The interconnection structure (a) is customized 

only with metalization; fixed vias to the vertical diffused underpasses 

thus space out the horizontal wiring tracks. In Quickchip arrays, the 

contact layer is also programmable, so that wiring is compact (b). 

•  

the user needs to know the logic gate equivalent of the 
system he plans to integrate. 
The speed requirements of the system must also match 

the array's performance. Particular care must be taken 
in studying propagation delay for c-mos chips, since 
several manufacturers' specifications are based upon a 
fan-out of one with little regard for loading due to 
interconnections. 
The metal-gate c-mos Quickchip devices have propa-

gation delays of 15 nanoseconds at 5 volts with a fan-out 
of two and 50 mils of interconnection—a typical load in 
medium-sized to large arrays. To achieve 5-ns delays 
with the same load, the internal cells can be supplied 
with 15 V while the Ito sections are operated at 5 V. This 
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feature is unique to the Quickchip family. In fact, differ-
ent banks of logic elements can be operated indepen-
dently of the rest of the chip at voltage levels ranging 
from 1.5 to 15 V. On-chip level-shifting elements trans-
late the values of the internal signals as they move 
between sections. 

In recommending an array size to a user, manufactur-
ers often speak of percent utilization. This term is 
derived from the number of logic gates that can actually 
be used (as opposed to the number available on the 
array). As this percentage increases, so does the difficul-
ty in interconnecting the gates. 
With first-generation c-mos arrays, for instance, 

there was no problem in achieving a 60% utilization, but 
it took careful planning to reach 70% and was extremely 
difficult to achieve 80%. That meant that a 500-gate 
system required an array with more than 700 gates. 
The obvious objective is to increase percent utilization 

so that the smallest possible array can be used. However, 
it can only be done by adding to the number of intercon-
nection channels, which in turn tends to increase die size 
and thus die cost. This problem intensifies as the gate 
count grows from the 100- to the 1,000- to 2,000-gate 
level because the average length of a connection on an 
array increases by an exponential factor. 

Figure 2 shows how average connection length 
increases with gate count. These are empirical results— 
most arrays are not designed with this relationship in 
mind. Indeed, many of the 1,000- to 2,000-gate chips 
available today use expanded versions of an interconnec-
tion structure designed for 100-gate arrays. The result is 
a percent utilization that falls exponentially as gate 
count goes up. 

Estimating wiring length 

The length of the interconnections required for a given 
array can be estimated. For example, assume that each 
gate on a 1,000-gate chip makes three connections and 
the average length of each connection is equal to 2.5 
times the pitch of each logic cell. A cell's pitch is given 
by the square root of its area, and 2.5 is a constant from 
an empirically derived formula called Rent's rule. Total 
interconnection length is then the total number of con-
nections times their average length. 

If the array is organized in rows of logic cells—the 
usual case—the number of interconnection channels that 
run across the chip in the X or the Y direction can be 
approximated with the graph in Fig. 3, which gives the 
relationship between them and the gate count. The dis-
tribution of these wiring channels is also very important 
in maximizing percent utilization. 

In designing the interconnection structure for the 
Quickchip series, two objectives were set. One was to 
reduce the pitch of the logic cell without sacrificing 
speed, thereby minimizing the average connection 
length. The c-mos arrays therefore employ a basic cell 
containing five logic gate equivalents, with interconnec-
tions on either side, that reduces the cell pitch signifi-
cantly in comparison with other designs [Electronics, 
Sept. 25, 1980, p. 145]. 
The second goal was to reduce chip size by increasing 

the density of the interconnection channels. Figure 4a 
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TABLE 1 CONTENTS OF ANALOG QUADRANT OF C400 
UNCOMMITTED LOGIC ARRAY 

Element Quantity 

internally compensated operational amplifiers 

comparator 

programmable logic array (PLA), organized as 4 
(complementary) inputs X 16 mintermsf X 8 outputs 

programmable logic array (PLA), organized as 8 
(complementary) inputs X 16 mintermst X 16 outputs 

40-kn. resistors, tapped every 5 ks2 

18O-k2 resistors, tapped every 5 ks2 

0.75-pF capacitors 

bipolar npn transistors, with collectors tied to 
substrate 

pn diodes 

zener diodes 

single-pole, double-throw tranmission gate switches 

modular/bias current generators 

p-channel current mirror array 

input/output pads, with optional input protection 

4 

8 

2 

105 

15 

11 

3 

14 

6 

1 

8 

•The letters correspond to the areas called out in Fig. 1. 
,Minterrn = the output of the AND in the P LA's AND/OR structure. 

shows an interconnection structure for a first-generation 
C-MOs array. The diffusion and contact regions are 
fixed, and only the metal is programmable. To avoid 
unwanted connections, metal routing must therefore 
meander around these fixed contacts, making fewer 
channels available for routing. 
With Quickchip c-mos arrays, the contact layer is 

also programmable, dramatically increasing routing 
flexibility both in the channels and in the basic cells. 
Figure 4b shows the same interconnection scheme as Fig. 
4a, but exploits the programmable contact layer. This 
example illustrates a dramatic 125% increase in the 
number of lines in an interconnection channel—from 
five horizontal channels to nine. 

Gates versus pins 

Increased density is meaningless, however, without an 
appropriate gate-to-pin ratio. This is simply the ratio of 
logic gates to vo pads, and it depends on several factors. 
One is the type of logic to be integrated. Obviously, an 
vo-intensive circuit like a peripheral chip for a micro-
processor will exhibit a lower ratio than a serial commu-
nications controller. 
The partitioning of a system also has an effect on the 

gate-to-pin ratio. If a system must be divided among 
several arrays, or other ICs, the amount of tends to 
increase. So, in general, smaller arrays should have a 
lower gate-to-pin ratio. The 250-gate bipolar Quickchip 
has a gate-to-pin ratio of 7, whereas the 800-gate C-MOs 
Quickchip has a ratio of 16. 

Finally, yet another way of increasing the density of 
an array is to dedicate cells to common functions. For 
example, a D-type flip-flop can be implemented with the 
basic cells; however, the same function can be performed 
in less than half the area using a dedicated cell. 

Care must be taken in choosing which functions—and 
how many cells of that function—are dedicated. Func-
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TABLE 2: CONTENTS OF EACH OF THE 0400 ULA'S. 
DIGITAL QUADRANTS 

Element 

Basic cells, each containing 10 n-channel and 
10 p-channel devices 

Input/output pads with optional input protection 
containing 6 p-channel and 6 n-channel devices to 
perform input pullup or pulldown, three-state 
output, latched/multiplexed liquid-crystal display 
driver, and bidirectional bus I/O circuitry. 

Static D flip-flops 

High-impedance resistors 

Quantity 

24 

19 

10 

2 

tions used in a minority of cases should be implemented 
using the macros. Special functions that cannot be prac-
tically implemented with macros may also be candidates 
for dedicated cells. c-mos Quickchips use dedicated cells 
for static D flip-flops, dynamic shift registers, and speci-
al functions— particularly in the analog sections. 

Metal-gate c-mos provides many advantages in ana-
log designs. N- and p-channel mos transistors allow 
active loads to be used in high-performance operational 
amplifiers and comparators. They are also useful in 
building high-accuracy current mirrors for biasing and 
waveform generation. In addition, complementary 
amplifier output devices provide full power-supply out-
put swings. 
mos devices can be configured for constant-current 

sources. The stable impedance of these enhance com-
mon-mode and power-supply rejection without elaborate 
feedback networks. With c-mos, high-performance 
switches (transmission gates) can be built; and with a 
metal-gate process, high-quality linear capacitors, bipo-
lar npn transistors, pn diodes, and zener diodes are also 
available. Precision voltage references and nonlinear 
analog circuits are readily built from these components. 
c-mOS has many advantages in the digital domain, as 

well. It offers a wide power-supply range, high noise 
immunity, and low idle power dissipation, plus higher 
speed than n-mOS or p-m0S, flexible i/o capability, and 
easy conversion of logic levels. Dynamic logic is easily 
implemented in it, and densities equivalent to those of 
n-mos or p-mos can be achieved using ratioed logic and 
pull-up devices of the opposite polarity. 
With its 1,500 equivalent gates, the general-purpose 

c-moS Quickchip Q400 can be made to provide a wide 
variety of high-performance analog and digital circuits. 
It is partitioned into four basic quadrants, one analog 
and three digital. Other Quickchips use different combi-
nations of analog and digital quadrants to allow users to 
choose the functional capabilities that are best suited to 
their needs. 

Analog plus digital 

The analog quadrant contains the resources listed in 
Table 1. These can be used tó implement a wide variety 
of analog functions, such as: 
• Digital-to-analog and analog-to-digital converters, 
including both the integrating and the successive-
approximation types. 
• Active filters, as well as switched-capacitor filters. 

TABLE 3: OTHER Q400 ULA ELEMENTS 

Element Quantity 

o 

S 

on-chip crystal oscillator 

17-stage dynamic shift registers with 
parallel load 

nonoverlapping clock generator for the dynamic 
shift registers 

high-current (28 mA at 5 V) n-channel drivers 

high-current (8 mA at 5 V) p-channel drivers 

voltage-level shifters 

dynamic D flip-flops 

high-impedance resistors 

2 

4 

8 

8 

4 

8 

The letters correspond to the areas called out in Fig. 1. 

• Waveform generators. 
• Nonlinear function generators (using piecewise linear 
approximation). 
• Precision voltage and current sources, using zener 
breakdown or silicon bandgap references. 
• Analog multiplexers. 
• Sample-and-hold buffer amplifiers. 
In addition, the programmable logic arrays in the quad-
rant may be used to implement digital sequential state 
machine controllers or decoder circuits. 
Each digital quadrant contains the resources listed in 

Table 2. Besides a wide variety of digital functions, these 
can be used to implement precision current mirrors and 
simple operational amplifiers, further enhancing the 
analog capabilities of the Quickchip. 

Table 3 lists elements included over and above those of 
the basic analog and digital quadrants. These additional 
resources enable the Q400 to drive light-emitting-diode 
or fluorescent displays, to generate precision clocks, or to 
enhance the testability of the chip. 
The time spent on testing is costly to both the manu-

facturer in terms of engineering time and to the array 
customer in terms of its impact on die cost. The parallel-
load shift registers included on the larger Quickchips 
uses the scan-test method to decrease testing time. 

A case in point 

Figure 1, in fact, shows how the shift register bank is 
located across the center of the Q400 and the intercon-
nection channels are located below. Key nodes within the 
chip are routed to the parallel-load inputs of the shift 
register. The register can sample these inputs and shift 
them out through an output pad to reveal the internal 
status of the chip at any time. Every node in the system 
may be initialized to a known state to ensure ease of 
testing. 

Separate power and ground distribution bases are 
provided around the periphery of the digital portions of 
the Q400 so that pins may be flexibly assigned with 
minimal bus noise. The chip's substrate and p wells may 
also be used for power distribution, but because of 
increased path resistance their use is limited to non-
critical circuits. The power-bus routing makes possible 
an additional analog ground bus to minimize analog 
circuit noise. EJ 
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Applying CAD to gate arrays 
speeds 32-bit minicomputer design 

Price-performance ratio of lower-end VAX-11/750 

also is improved over that of older, compatible VAX model 

by Robert A. Armstrong, Deal Equipment Corp., Maynard, Mass. 

D The use of computers to design computers is growing 
into a fact of life, for these machines are as capable of 
benefiting the creation of their own kind as they are of 
aiding any number of scientific, industrial, and commer-
cial tasks. In the case of the VAX-11/750, the second 
model in Digital Equipment Corp.'s 32-bit minicomputer 
family, computer-aided design was an obvious way to 
reduce design cost and time. Further, CAD, coupled with 
gate-array technology, produced a central processing 
unit with 60% of the performance of the CPU of the first 
family member, the VAX-11/780, for 40% of the price. 

Before the VAX-11/750 .development began, these 
performance and price achievements had been made the 
primary design goal. Indeed, those targets were as much 
a challenge as a goal, because at the time they were set 
the VAX-11/750 design group had no idea how they 
were to be realized. 
The VAX-11/750 is a 32-bit, virtual-memory mini-

computer supporting a maximum physical memory of 2 
megabytes, with an effective memory access time of 400 
nanoseconds. It has 4-K 
bytes of cache memory, 
supports up to four in-
put/output ports—one 
Unibus and up to three 
optional high-speed 
Massbuses —and offers 
an optional 1-K-by-80-bit 
user control store (see 
"Inside the VAX-11/ 
750," p. 168). 
The logic is imple-

mented primarily with 
low-power Schottky 
large-scale integrated 
gate arrays designed and 
built in house—the com-
pany's first in-house inte-
grated-circuit develop-
ment and manufacturing 
project. In addition, de-
velopment of a CAD sys-
tem for gate arrays was 
established as a major 
activity in support of the 
VAX-11/750 program in 

order to provide a fast, low-risk design turnaround. 
In comparison, the bigger and older brother, the 

VAX-11/780, has an effective memory access time of 
280 ns, supports up to 12 megabytes of physical memory, 
has 8-K bytes of cache memory, and accommodates up to 
eight lio ports—four Unibuses and four Massbuses. The 
VAX-11/780 logic is implemented with a combination 
of off-the-shelf Schottky TTL parts, with the addition of 
some emitter-coupled-logic and custom Ls! circuits to 
optimize performance. 
The scope of the design changes was limited by the 

firm objectives that the VAX-11/750 was to have the 
same basic VAX architecture, including the large address 
space, and essentially the same mos semiconductor 
memory and was to be capable of running the same 
software as the VAX-11/780. Clearly, the substantial 
cost savings would have to be achieved in the CPU, which 
led to a search for an entirely new approach using Ls! 
circuit design. 

Four basic possibilities were considered: off-the-shelf 

' 
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1. Saving space. The VAX-11/750 Massbus adapter, using 12 gate-array modules (the light rectangles), 

fits on one board (bottom). The PDP-11/70 Massbus adapter (top) takes up four boards. 
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Inside the VAX-11/750 

The hardware architecture of the VAX-11/750 has these 
major components, as shown in the figure below: a central 
processing unit, a memory interconnection bus, a Unibus 
interface, a memory controller, Massbus adapters, and a 
console subsystem. 

Within the CPU, the data-path module provides three 
major data-path functions: 
ID Register files. 
D Arithmetic and logic unit. 
D Microinstruction address generator. 
Included in the ALU are integer, logical, and binary-coded 
decimal operations; a barrel shifter; and a special function 
generator to optimize the performance of variable bit-field 
operations and BCD-to-numeric string conversions. The 
microinstruction address controller contains conditional 
branch logic, the instruction decoder, and the microcode 
subroutine call and return stack. 

Also in the CPU is the memory interface controller. It 
provides address generation logic, the program counter, a 
translation buffer for virtual-to-physical-address mapping, 
4-K bytes of cache memory, an instruction prefetch buffer, 
and memory data logic for rotation and alignment of 
instructions of different lengths. 
The computer control store for the control microcode is 

a 6-K-by-80-bit programmable read-only memory. In addi-
tion, one zone of the computer control store module has 
pin connectors for attachment of the optional user control 

MASSBUS 
ADAPTER 

MEMORY 
CONTROLLER 

MEMORY 

MASSBUS 
ADAPTER 

store daughterboard, which consists of a 1-K-by-80-bit 
random-access memory array. With this store, users can 
add their own microcode without occupying space on the 
backplane. 
The CPU-to-memory interconnection (memory intercon-

nection bus) is an etched-in internal bus that links mod-
ules in eight slots of the CPU section of the card cage. The 
memory controller module generates timing and control 
signals for dynamic management of up to eight 256-
K-byte memory array modules and performs 7-bit error 
checking and correction. 
The Massbus adapter is the interface between the inter-

nal memory interconnection bus and a Massbus, the 
means by which high-speed mass-storage devices are 
connected to the VAX-11/750. The Massbus adapter 
performs all control, arbitration, and buffering functions 
between the Massbus and the rest of the VAX-11/750. 
Address mapping is similar to that done by the Unibus 
interface. Up to three Massbuses and adapters can be 
connected to the VAX-11/750. 
The Unibus interface allows input/output devices on the 

Unibus to access the main memory directly and provides 
access between these devices and the CPU. The standard 
CPU console terminal is the LA38 DECwriter IV desktop 
keyboard printer, but any ASCII terminal can be used for a 
console terminal. The 256-K-byte tape cartridge drive, 
model TU58, is part of the console subsystem. 

MEMORY INTERCONNECTION BUS 

MASS BUS 
ADAPTER 

MEMORY INTERFACE 
CONTROLLER 

UNIBUS 
INTERFACE 

DATA PATH MODULE 

USER 
CONTROL 
STORE 

COMPUTER 
CONTROL STORE 

— I CENTRAL 
I PROCESSING 
UNIT 

SERIAL 
LINES 

TAPE 
CARTRIDGE, 

TU58 
(256-1( BYTES) 

CONSOLE 
TERMINAL, 

LA 38 
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components, custom LSI chips, a combination of off-
the-shelf and custom parts, and gate arrays. After evalu-
ating the technical and economical plusses and minuses, 
the Midrange VAX Systems development group decided 
that the company would not rely on outside vendors but 
instead would design and make its own ics based on 
gate-array technology. 

The results 

Ninety percent of the VAX-11/750's logic is imple-
mented with gate arrays. This technology, combined 
with extensive use of the CAD system, cut the time and 
cost for the design to about 15% of what it would have 
been using custom LSI parts. Production cost savings 
result from reductions in the size and number of the CPU 
components, printed-circuit boards, power supplies, cool-
ing systems, and cabinets. Figure 1 shows an example of 
the space savings obtained with the gate arrays. The 
Massbus adapter module of the VAX-11/750 contains 
12 gate-array ICs of 5 different types (in addition to the 
27 types in the CPU and the memory controller) and 120 
off-the-shelf Schottky parts; in contrast, there are about 
350 devices on the four boards of the Massbus adapter in 
the PDP-11/70. 

Then, too, the machine costs less to operate because it 
needs less space, power, and cooling. And since there are 
fewer components and interconnections with LSI gate 
arrays than with off-the-shelf parts, the machine is more 
reliable as well. 
The gate-array lc is housed in a 2.5-by-0.6-inch, 48-

pin package (Fig. 2). Although the packaged chip is 
approximately four times the size of a typical off-the-
shelf lc, the customized gate array performs the same 
functions as 25 standard devices in about one sixth the 
space. As mentioned above, there are 27 different types 
of these low-power Schottky gate-array chips among the 
total of 55 devices in the VAX-11/750's CPU and memo-
ry controller modules. 
The benefits of gate-array technology over equivalent 

off-the-shelf chips can be summarized thus: 
• Half the power dissipation. 
• One sixth the module real estate. 
• Four times the reliability. 
• Half the cost. 

Design goals 

Besides the initial ones for cost and performance, the 
design team set goals for the circuit technology and the 
design system. One objective was to select a technology 
and a design system to employ it that would yield as 
natural a design process as possible for engineers experi-
enced in logic design using standard TTL parts. 
As is common in the computer industry, the company 

had many experienced logic designers and relatively few 
experienced semiconductor designers. With the gate-
array approach, the only transistor-level design task, 
development of the basic gate cell, was well within the 
capability of the internal semiconductor design groups. 
From that point, the next steps, design of the blank IC 
containing the array of basic gate cells and the individu-
al designs of the 32 customized ICs using the blank 
array, could be done by computer-design engineers and 

2. Building block. Mounted in a 48-pin package 2.5 by 0.6 inches, 

this quarter-inch-square, 488-circuit gate-array chip is the basis for 

the integrated circuits in the 32-bit VAX-11/750 minicomputer. It 
performs the same functions as 25 standard devices. 

would not require semiconductor specialists. 
Two specific design goals for the technology were a 

propagation delay of between 5 and 10 ns and a signifi-
cant fan-out—at least equal to the fan-out of 10 usually 
available with off-the-shelf T"rL parts. (A fan-out of 10 
means that a gate output can drive loads of as many as 
10 other gate inputs.) 
The CAD system selected was one already well estab-

lished at the company for the design, layout, and produc-
tion of pc boards. One reason was that the layout design-
ers were experienced in using it. Another was the deter-
mination that it could be adapted to the design and 
production of gate-array ICs with only a little modifica-
tion. Furthermore, all but one of the modules of the CAD 
system had been developed and refined in house over 
several years, and therefore there were people around 
who could easily modify it. A familiar design environ-
ment could thus be provided with existing tools. 

Considering the options 

A number of possibilities were originally considered in 
the search for the most cost-effective logic design to 
meet the goals. They involved decisions regarding chip 
technology, off-the-shelf versus custom design, internal 
vs external IC fabrication, and conventional vs gate-array 
chip design. If the same process were to take place today, 
advances in LS1 technology might have changed the 
assortment and relative weight of some of the options, 
but the decision to use gate-array technology would have 
been the same. 
The first option was to use off-the-shelf components. 

Schottky and low-power Schottky TTL chips had been 
used in the VAX-11/780 computer, and it would have 
been logical to do the same in the smaller machine. Also, 
the broader selection of standard TTL chips than was 
available when the VAX-11/780 was designed would 
have helped reduce cost. However, it would not have 
done so nearly enough to meet design goals. 
The design team also considered standard parts using 

a faster technology with a simpler, more serial design. 
ECL circuits offered two to three times the speed of 
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44 INPUT/OUTPUT 
GATES 

GROUND 
BUS 
(SECOND 
LEVEL) 

ONE CELL CATI 

12 COLUMNS OF POWER BUS 
32 GATES EACH (FIRST LEVEL) 

TWO 
CELL 
GATE 

1 COLUMN OF 
16 GATES 

3. Patterns. The gate-array chip layout contains 400 identical NAND gates surrounded by 44 

I/O gates, all of which can be customized. The adjoining cells in the middle 14 rows (one pair 

is highlighted) are mirror images of each other and can be connected to make two-cell gates. 

Schottky chips, but their memory density would have 
been much lower. As a result, the higher memory chip 
count would have increased the cost per bit, and the cost 
of the cPu's microcode would have become significant. 
The off-the-shelf ECL chips, moreover, were not nearly 
as varied as those then available in the Schottky and 
low-power Schottky families. In short, ECL technology, 
though excellent for strictly high-performance circuits, 
did not offer the most cost-effective design. 

Custom chips 

The second option was to have custom LSI chips 
designed and manufactured by semiconductor vendors. 
Preliminary analysis of the CPU circuitry by the design 
group indicated that about 30 unique chip designs would 
be required for the VAX-11/750. Several semiconductor 
manufacturers were asked to design 30 to 40 chips to 
meet the functional specifications. Each of the vendors 
stated that it did not have sufficient engineering 
resources for the parallel design of so many different 
custom chips. Furthermore, they said, staffing for such a 
large project would mean that they could not offer 
acceptable prices for the quantities projected. But even 
had their responses been positive, the custom chip 
approach had the unacceptable drawbacks of reliance on 
a single vendor and lengthy design time. 

It was then suggested that only a few custom chips be 
designed for use in combination with a large number of 
standard ICs. However, it was readily apparent that this 
approach was the least desirable of the three considered 

so far, as it combined the disadvan-
tages of the first two: the high cost of 
the first with the dependence on a 
single semiconductor manufacturer 
and lengthy system design time (al-
though not as much as a completely 
custom approach) of the second. 

Another option, gate-array tech-
nology, itself offered several possibil-
ities. As with conventional chips, 
gate-array chips could have been 
purchased as either standard or cus-
tom parts. The off-the-shelf gate-
array chips then available were inte-
grated-injection-logic products with 
propagation delays of between 50 
and 75 ns —10 times longer than the 
design goal of 5 to 10 ns. Custom 
gate arrays, on the other hand, could 
have been designed by the vendor in 
fast Schottky or low-power Schottky 
logic. That would have been done at 
the transistor level so as to achieve 
optimum lc design for the variety of 
functions involved in the VAX-
11/750's CPU. IC vendors, however, 
were more interested in manufactur-
ing and marketing commodity parts 
than special semiconductor circuits. 
Several would nevertheless have 
worked on custom designs, but they 
could not be guaranteed a large 

enough volume to ensure what they considered an ade-
quate profit for their efforts. 
The last option, designing and manufacturing gate-

array ICs in house, at first seemed beyond the company's 
resources. However, further study revealed not only that 
the resources were more than adequate—a designer for 
the basic cell, enough logic designers for the arrays, and 
the CAD system— but also that the in-house approach 
would produce the greatest cost advantage and the short-
est design time. 
The main reason was that the gate-array approach 

allowed the automation of all steps, from lc design to 
customized photolithographic masks. The time from an 
engineer's schematic until the tooling was produced for a 
customized gate-array chip was 10 to 12 weeks, com-
pared with five to six months, in general, for fully cus-
tomized chips; and the time from tooling to delivered 
parts was 2 or 3 weeks for the customizing layers on the 
gate array, versus about 13 weeks for a completely 
custom-designed IC. 

Chip pattern 

A gate array is a uniform pattern of hundreds of 
unconnected transistor-level gate cells. Connecting the 
cells, by adding interlevel contacts and intralevel routing 
at several wiring levels, converts the array into a custom 
ic. The design task for the basic array can be much 
simplified, as it was for the VAX-11/750, by repeating a 
single basic transistor-level cell throughout the array. 
As shown in the schematic diagram in Fig. 3, each IC 
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4. Options. The standard two-transistor cell is a four-input NAND gate. Possible connection 

points are shown as boxes with Xs. The cell can be configured in four ways—as a 

high-power, fast gate or a low-power, slow gate, with or without a clamp/pull-up output. 

consists of 400 basic cells in a rectilinear pattern sur-
rounded by 44 1/0 transceivers, for a total of 488 circuits 
in a space less than a quarter inch square. The pattern of 
cells in the array was selected to make the contacts more 
accessible to the routing channels (power and ground 
buses) and to simplify placement and routing algorithms 
in the CAD system. Each subgroup of 
four basic cells is located between 
two ground buses on the second 
interconnection level and straddles a 
power bus on the first interconnec-
tion level. In each subgroup, the con-
tact locations for each pair of cells 
on one side of the power bus are a 
mirror image of contacts on the oth-
er side of the bus, except for the one 
column of 16 single cells, which has 
its own power bus. The routing chan-
nels on the power and ground levels 
are brought down to the contacts on 
the transistor level through holes, 
called vias, in the dielectric layers. 
The basic VAX-11/750 array cell, 

a two-transistor setup (T1 and T2), is 
a NAND gate with four signal input 
contacts, two alternative output con-
tacts, and three power-swapping 
contacts (Fig. 4). Also in the cell are 
two 2-kilohm resistors for selecting 
either low or high power to T1 and 
the clamp and pull-up output 4-k9 
resistor and diodes. 

The basic cell had to have a fan-
out of at least 10, as noted, and also 
had to perform consistently at all 
possible loadings, meaning that the 
propagation delay of about 5 ns 
would not change significantly with 
loads ranging from 1 to 10 gates. 
This propagation-delay stability was 
necessary so that the circuit design 
simulation would accurately predict 
the performance of the real circuits. 
The basic cell can be configured to 

form any of four variations by mak-
ing different contact connections 
during the customizing stages of fab-
rication. The four are a high-power, 
fast gate or a lower-power, slower 
gate, either with or without a 
clamp/pull-up output. The resist-
ance RI can be either 2 or 4 k9 by 
applying the input voltage at either 
the high-power or the low-power 
contact. When RI is 2 kSZ, the gate 
has the shortest propagation delay 
possible while still retaining the fan-
out of 10. For the purpose of calcu-
lating fan-out, this fast, high-power 
gate counts as two loads. 
The low-power connection with Ri 

equal to 4 k1Z produces a slower gate 
but halves the loading on the input line, allowing more 
gates to be connected together. The low-power gate 
counts as one load. The output contacts can be selected 
to be an open collector without clamp/pull-up or a 
clamped output with a pull-up resistance of 4 lat. Each 
output pull-up counts as one load. A fan-out of 10 in this 

VGA 

RI = 4 kf).. 

jiil   

 e'V 

NAND 
OUTPUT 

-4- EIGHT-INPUT NAND GATE WITHOUT PULL UP 
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5. More options. Using three of the fdur transistors on two adjacent cells (T,, T,', and T2), 

an eight-input NAND gate can be created. By connecting the fourth transistor (T2') into the 

circuit, an eight-input AND gate is made. CAD creates these gates automatically. 
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6. Silent partner. The computer-aided design system, the components of which are shown in this flow diagram, played an extremely 

important role in the VAX-11/750 project. Most of these elements already existed for printed-circuit design and required little modification. 

case means that a gate can drive 10 low-power gates, 5 
high-power gates, or any combination that adds up to a 
total loading of 10. The total power loading of an 1c 
made with these gate arrays can be minimized by using 
fast gates and clamp/pull-up outputs only where needed 
to optimize performance. 

Two-cell gates 

An eight-input NAND gate is produced by combining 
two adjacent cells in the array grouping to form a 
double-cell gate (see Fig. 3 again). Figure 5 shows an 
eight-input NAND gate created by connecting three of 
the four transistors (T1, T1', and T2) in the two cells. 
This two-cell eight-input gate would have cost a designer 
five cells—two four-input NAND gates and three invert-
ers—if created discretely. The eight-input NAND gate is 
converted into an eight-input AND gate by using the 
fourth transistor (T2'). Similarly, this gate would have 
required four cells to create discretely. Thus, by making 
connections at the transistor level rather than at the gate 
level, the total number of gates needed for a given circuit 
function can be substantially reduced. 
These gate combinations are automatically created by 

the CAD system and so are transparent to the logic 
designer. The designer simply requests an eight-input 
NAND or AND gate at a certain location and the system 
makes the correct transistor-level connections in an 
appropriate two-cell gate. 

Various combinations of one- and two-cell gates offer 
a total of 32 NAND gate variations and 24 AND gate 
variations. In addition, 24 I/O gate types can be made 
from the 44 basic ho gates located around the edge of 
the chip (11 to a side): 4 kinds of receiver, 4 kinds of 

driver, or 16 transceiver combinations. 
The CAD system was introduced in order to minimize 

design risk by minimizing human error, to reduce the 
design time, and to maximize the efforts of the trained 
people involved in computer design and layout. Figure 6 
shows the system in block diagram form. 
The entry point into the system for a circuit design is 

the Stanford University Design System, or SUDS, an 
industry-standard interactive graphics drawing system. 
Many of the other elements of the system are modules 
that were developed in house and have been used heavily 
for the computer-aided design of pc boards. Minor modi-
fications of some of the modules and the addition of 
some translation software to go from a pc-board data 
base to an IC data base yielded a highly automated 
system for the design and testing of gate arrays. The four 
most important modules are: SAGE (for Simulation of 
Asynchronous Gate Elements), a logic simulator; Ideas, 
an interactive graphics design subsystem; WRC, a wire-
rule check program; and Oliver, a layout verification 
program for the pattern generation system. 

Into the data base 

The logic circuits for a chip are converted from paper 
into a computer data base through SUDS. The computer 
schematics are "drawn" directly into the SUDS system at 
a cathode-ray-tube terminal by engineers and techni-
cians, usually from rough notes and sketches, using a 
light pen (Fig. 7). Standard logic symbols associated 
with each gate variation are retrieved from a SUDS 
library file. Plot files, wire lists, and report files can be 
extracted from the data base, and reports on power 
consumption and gate usage are available. The SUDS 
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program also performs some basic error checking, 
including tabulations of wire-list errors. After verifying 
the completed drawing visually, the terminal user can 
get a printout of the logic schematic for checking by the 
computer engineer. 
The computer engineer then verifies the gate-level 

implementation of a specific logic function by feeding 
the circuit description directly from the SUDS data base 
into the SAGE logic simulation program. After debug-
ging the circuit using SAGE, final verification is done by 
simulating both the gate-level model and a higher-level 
functional model. Their operation should be identical 
when stimulated with a diagnostic test pattern. 

SAGE simulation 

SAGE also performs several different checks of the 
circuit model derived from the SUDS data base. For 
example, all networks are dynamically surveyed for 
proper dc loading. At a low level, the gate outputs must 
sink the currents associated with all network loads. At a 
high level, network current sources (pull-up resistors) 
must supply all input and output leakage currents. The 
networks are also checked for illegal combinations of 
input connections. 

Ideas—for Interactive Design for Engineering Auto-
mation System—converts a logic schematic in the SUDS 
data base into a physical gate-array chip layout. It was 
originally developed at DEC and has been widely applied 
in generating pc-board layouts. It was modified slightly 
for this project to produce gate-array chip layouts specif-
ically (rather than ics in general) but involves exactly 
the same design procedures as the staff has become 
accustomed to for pc boards. 

In converting a logic schematic into a physical layout, 
the cells are automatically assigned locations in the 
array that offer optimum routing between gates. Ideas 
then routes the metal connections according to rules for 
optimizing lc performance. The layout designer com-
pletes the process by manually specifying routing that 
the system cannot handle automatically. 
A number of physical design checks are also per-

formed in the Ideas subsystem. Space and continuity 
check programs determine whether design rules for 
width and spacing have been observed and whether the 
connectivity of the metal patterns matches the connectiv-
ity specified in the logic schematic. 
The WRC program analyzes each network for loading, 

connection length, metal widths, and metal resistivity. 
Based on calculations of the IR drop between the 
network source and the inputs, the program reports 
networks on the chip that violate allowable maximums. 
Networks in violation are reworked by the layout design-
er to increase metal widths or reduce connection length. 

Onto tape 

The Ideas layout is converted into an lc data base for 
entry into a commercial lc design system, which pro-
duces the pattern generation tape. This system had pre-
viously been used at the company for lc design but did 
not automatically place or route, both of which can now 
be done by the modified Ideas subsystem. The pattern 
generation tape controls the automated equipment that 

7. Computer drawing. Using the SUDS program, a CRT terminal, 

and a light pen, an operator transfers a circuit schematic drawing 

from paper to the computer. Standard logic symbols do not have to 

be drawn; instead, they are selected from a library file. 

plots the photomasks for the customization levels of the 

gate-array IC. 
Two final checks are made with the CAD programs on 

the tape to guarantee that it precisely represents the 
desired design. Although similar to the spacing and 
continuity programs run under Ideas, these final checks 
are performed on the full ic pattern rather than just on 
the cell-interconnection pattern. First, the Interconnect 
Verifier (iv) program compares a SUDS wire list with 
one that has been generated from the pattern generator 
and prints a difference list to identify open circuits, 
shorts, and other interconnection errors. 

Checking mask rules 

Secondly, the Oliver layout verification program ana-
lyzes the lc data base by running a series of checks 
concerned with the inter- and intra-photomask rules 
associated specifically with ic design. These rules 
include width and spacing limits within and between the 
geometries on the various masks used in the lc fabrica-

tion process. 
The pattern generation tapes are sent to a photomask 

vendor. By the time the resulting masks are received, the 
transistors in the diffusion level have been grown and the 
blank gate-array ics are ready for further processing. 
Contacts are then cut through the dielectric layers and 
metal is deposited in a standard lc production process. 
The CAD system also automatically generates diagnostics 
that can be used in computerized production testing of 
gate-array components. 
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Optosensor limits shunt 
supply's no-load current 
by A. D. V. N. Kularatna 
Ratmalana, Sri Lanka 

A shunt regulator's no-load current can be notably 
reduced with this circuit, which uses an inexpensive 
light-emitting diode and optocoupler in the supply's 
feedback loop to monitor current drain. Thus the sup-
ply's shunt transistor element no longer needs large heat 
sinks and its power-handling specifications for a given 
power rating are reduced. 
The technique is applied to the general-purpose supply 

shown in (a), which provides a regulated output of from 
4 to 22 volts at 100 to 600 milliamperes for a line input 
of 35 to 45 v. The supply has foldback characteristics 

Light limiting. LED and optocoupler in feedback loop of 600-mA shunt-regulated supply inexpensively limit no-load current to 120 mA, thus 

eliminating need for heat sinks for shunt transistor elements 03 and Q. Design-maximum output current is set by potentiometer Pi; P, and P3 

between them set output voltage, which is adjustable over 4-to-22-V range for a 35-to-45-V input. Output impedance is 0.1 ohm. 

(b) and, as expected in a shunt regulator, a low output 
impedance of about 0.1 ohm. The special feedback 
arrangement that includes the optocoupler and the LED 
light source reduces the supply's shunt current, which 
normally would be 600 mA under no-load conditions (c), 
to only 120 mA. 
The basic supply includes a voltage reference formed 

by zener diode DI and resistors RI to R3, differential 
amplifier QI—Q2, and voltage-sampling chain R12, R13, 
P2, and P3. Q3 and Q4 serve as the main shunt element. 
Q5—Q6 act as a variable resistor to ultimately regulate 
the load voltage. In this particular configuration, 
V., = Vref [1+ [R 12/(R 13 +P2+P3)1}, with P2 and P3 
used to set the desired output voltage. 

Light-emitting diode D2 and the optocoupler are 
placed in close proximity in the feedback network, ensur-
ing the I = [VD3— VBEQ5]/[Pi +11.7+(RoareQ5 )], where 
Ro is the resistance of the optocoupler and PI sets the 
design-maximum current. With this arrangement, the 
voltage across D2 = (V,,-12R11), where 12 is the current 
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flowing through the shunting Q3—Q4 combination. 
When the load is disconnected, the current through Q4 

tends to increase and the voltage across D2 decreases. 
This decrease reduces the amount of light emitted from 
D2, which in turn causes the resistance of the optocou-
pler to increase and limit 12 and supply current 13. On 
the other hand, the voltage across D2 increases and the 

resistance of the optocoupler decreases when load cur-
rent is demanded. 

Foldback protection is provided by D3. If the load 
current increases suddenly due to a short circuit, the 
output voltage drops and transistor Q2 moves into cutoff. 
This in turn reduces the voltage across zener D2, and the 
base drive to Q6 becomes virtually zero. E 

Adapter aids emulator 
testing of I/O board 
by Sharad Gandhi 
Siemens AG, Components Division, Munich, Germany 

With this simple adapter, Intel's ICE 86 and ICE 88 
in-circuit emulators can be used to debug the popular 
8089-based remote input/output board and so allow for 
easy testing of the system hardware. Only two 40-pin 
sockets and one resistor are required. 

Socket SI is wired to handle the emulator signals and 
to activate the request lines (RQ/GT) from the system 
bus while ignoring the nonmaskable interrupt (NNW, 
interrupt (INT), test-for-busy (TEST), and maxi-
mum/minimum-mode (Mx/MN) signals from the 8086 
microprocessor, which ultimately drives the fio board 
during normal operation. When plugged into the 8089 
on-board connector through the slightly modified 8089 
socket (S2), SI transfers the control signals from the 
emulator to the 1/0 board. S1 and S2 are removed from 
the 8086 when the RBF-89 real-time breakpoint facility 
(an aid that is widely used for software debugging) is in 
use. New signals include the queue status (Qs) and 
read-enable (1)) inputs. Note that the pins correspond-
ing to the interrupt-request (s1NTR), channel-attention 
(cA), channel-select (sEL), request, direct-memory-
access (DRQ), and external break (ExT) signals have 
been removed from S2 to avoid simultaneous application 
of more than one signal to the 8089 connector. 

If both the system bus and the I/O bus are 16 bits 
wide, the ICE 86 should be used for testing. If both 
buses are 8 bits wide, the ICE 88 is used. And if one bus 
is 16 bits wide and the other is 8 bits, ICE 86 should be 
used for the former and ICE 88 for the latter. 
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Plug in. Two 40-pin sockets provide emulator compatibility for 

debugging 8089-based I/O board (Si), and simplify system hard-

ware development (S2). Both sockets are connected in piggyback 

fashion to 8089 I/O board. User simply disconnects the adapter in 

order to implement RBF-89 software-testing aid. 

When the RBF-89 breakpoint facility is to be used, 
the user simply disconnects the adapter. The signals 
corresponding to the pins that are addressed by RBF-89 
can thus be applied. E 

Pulsed optosensor improves 
object-distance resolution 
by K. Hotvedt 
Redwood City, Calif. 

Pulsed-mode operation increases the resolution of trans-
mitter-receiver optosensors that use a reflection-lens 

arrangement to measure the size and range of a distant 
object. An example is Hewlett-Packard's HEDS-1000. 
This mode of operation also greatly extends the range of 
applications open to such sensors. In particular, it per-
mits their use in a single-channel bidirectional communi-
cations system that has high speed, good range, and 
excellent noise immunity and may be easily aligned. 
The HEDS-1000 (see figure) contains a light-emitting 

diode that radiates at 700 nanometers and a matched 
photodetector designed for optical reflective sensing. A 
bifurcated aspheric lens images the active areas of the 
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LCD 
DRIVERS 

FOCUS HUGHES EXPERIENCE ON YOUR PROGRAM. 

As the first source in LCD Drivers, Hughes-Solid State 
Products delivers millions of Drivers for products ranging 
from complex computer chess games to digital volt meters. 
Hughes standard products drive multiplexed arrays and 
custom displays, as well as 7 segment numerics. The 
Drivers are all CMOS and include oscillators, precision 
voltage dividers, and dual rank latches. Naturally, these 
circuits are cascadable and microcomputer compatible. 

For more information on the only 
complete line of LCD Drivers, call or 

DRIVER CAPABILITY  write: 
HLCD 0550/1* Up to 32 characters, 5 x 7 Dot Matrix. Includes character 

encode and refresh 

HLCD 0541/2 } 5 x 7 Dot Matrix or 8 row array with arbitrary 
HLCD 0538/9  number of columns, serial or parallel input 

HLCD 0540 Up to 32 x 32 array, 2 circuits required 

HLCD 0548 Up to 16 x 16 array 500 Superior Avenue, D80 
HLCD 0438A Any LCD, multiplexed or parallel drive, regardless of size Newport Beach, California 92663 
HLCD 0437 4 digit, 7 segment  (800) 854-3515 or (714) 759-2942 

HUGHES 
HuL,F-dlAtP ,AF 

SOLID STATE PRODUCTS DIVISION 

• 30, 1980 
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emitter and the detector onto a single spot whose intensi-
ty is at a maximum only 4.34 millimeters in front of the 
package. As a result, a light beam only 0.190 mm in 
diameter can be resolved. Because the intensity of 
incoming (reflected) light is a function of the distance, 1, 
of the reflecting object, the device is useful for locating 
lines and for paper-edge detection and tachometry. 

Normally, the unit operates in the dc, or continuously 
on, mode. But if the driving current reaches the LED 
through a 4066 analog gate that is sampled at a given 
rate and pulse width, it is possible to use a greater 
instantaneous anode current and so increase the intensity 
of the light the LED emits. Smaller variations in / may 
then be detected because, for a given drive current and 1, 
there will be a greater change in photodetector current. 
As for performance, the resolution will increase by 

approximately two (that is, from A/ to A//2) as com-
pared to the dc condition, for an input current at 1 
kilohertz having a pulse width of 300 microseconds and a 
peak amplitude of 75 milliamperes. That is, the circuit's 
ability to ascertain a given change in / is improved by the 
same factor. The curves shown give a good indication of 
the response to be expected under dc conditions and can 
be used to verify proper operation. 

Alternatively, if a set of driving currents correspond-

ing to a four-state data stream and four gates are added, 
an inexpensive optical communications system may be 
set up. At the receiver, a quad comparator and the 
appropriate voltage references can be used to pick off the 
levels corresponding to those that were transmitted. 
(Note that a second transmitter-receiver sensor would be 
needed to complete the two-way system.) 
Two problems arise when the sensor is used in the 

pulsed mode. First, there are internal reflections from 
the lens system, so that a small signal is reflected even in 
the absence of a reflecting surface. Second, the unit is 
somewhat sensitive to stray capacitance, and the amount 
of stray capacitance is dependent on the device. These 
drawbacks contribute to offset errors and switching tran-
sients, which generate spikes on the rising edge of the 
incoming driving signal and consequent errors in the 
transmitted signal level. 
The major problem, that of stray-capacitance anoma-

lies, may be overcome by adding a 5-to-10-picofarad 
capacitor between pins 1 and 2 of the device, as shown. 
Only small degradation in slew rate for a given sampling 
rate will result. El 

Engineers notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. Well pay $50 for each item published. 
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On the beam. Operating HEDS-1000 optical reflective sensor in a pulsed mode increases its resolving power in measuring the size and range 

of distant objects. Lens-focusing system can also be put to good use in inexpensive, medium-range optical data link, as shown, if four-state 

inputs are multiplexed. Curves, plotted for the dc (continuously on) mode, give indication of performance to be expected. 
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Engineer's newsletter  
Microwave transactions 

cumulative index 

is now available 

Dice are probed 

over military 

temperature range 

Design engineers engaged in any aspect of microwave theory or techniques, 
as well as those interested in the history of the field, will welcome the 
Institute of Electrical and Electronics Engineers' 27-year index of its 
Transactions on Microwave Theory and Techniques. The cumulative work 
of the publication, which has been the bible in the field since its inception, 
has separate subject and author listings covering the years 1953-79, plus 
a history of the transactions themselves, written by Theodore S. Saad. 
Copies are available for $5.00 to IEEE members or $10 to nonmembers. 
Write to the IEEE Service Center, 445 Hoes Lane, Piscataway, N. J. 
08854, and request the November 1980 edition, Vol. 28, No. 11, Part 2. 

Manufacturers of military hybrid circuits can now get semiconductor dice 
that have been 100% electrically probe-tested at —55°, + 25°, and 
+ 125°C. Hybrid Components Inc., Beverly, Mass., has developed a 
system that tests semiconductors in either wafer or individual die form. 
Call Art Pauk at (617) 927-5820 for more information. 

Service company Need metal parts or foils precisely welded, cut, or drilled? Check with 
Laser Services Inc. The company can laser-machine materials as thin as 

laser-machines 0.002 in. or even less with a positioning accuracy to within ± 0.0001 in. It 
metal parts uses a pulsed 400-w yttrium-aluminum-garnet laser and will handle 

prototype to production quantities. Contact Bruce N. Beauchesne, 11 
Esquire Rd., North Billerica, Mass. 01862; (617) 667-8358. 

Honeywell to run Computer users who plan to implement the industry-recommended Coda-
seminar on syl data base in their machines might be interested in a four-day seminar to 

be conducted by Honeywell Information Systems, Feb. 3-6, at the Shera-
Codasyl data base ton Greenway in Phoenix, Ariz. Not geared to any particular type of 

computer but using Honeywell's I-D-S II software as an example, the 
program will discuss data-base architecture, planning and design consid-
erations, steps in implementation, problem identification, application 
examples, and trends. Workshop portions of the course will address case 
studies in which the students play the role of consultants, analyzing the 
problems and recommending solutions. 
The fee is $625. For registration details, call (800) 528-5343 or write 

the Honeywell Registrar, Data Base Workshop, Honeywell Information 
Systems, M/S T-99-4, P. 0. Box 6000, Phoenix, Ariz. 85005. 

NBS wants 

research proposals 

The National Bureau of Standards is soliciting proposals for two research 
grants for precision measurement and the determination of fundamental 
constants for 1982. The one-year grants, which have been awarded since 
1970 to scientists in academic institutions for work in determining values 
for fundamental constants, investigating related physical phenomena, or 
developing new methods and instruments for making very precise measure-
ments of physical quantities, are worth $30,000 each. The NBS has the 
option to renew the contracts for up to two additional years. Prospective 
candidates must submit summaries of their proposed activities and the 
appropriate biographical information by Feb. 15. For further information, 
contact Barry Taylor, Building 220, Room B258, National Bureau of 
Standards, Washington, D. C. 20234. -Vincent Biancomano 
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If you're 
earching for 

more cost-effec 
more reliabl 

more flexi 
tape transpo 

than the SE 8800..i 

give up now! 

You'll have to go a long way to find a buffer arm tape transport to come near 
the SE 8800 for performance, dependability and user convenience — even further to 
find a transport with a lower cost of ownership. 

SE 8800 is a microprocessor- controlled intelligent tape transport system of 
totally modular construction with powerful interactive diagnostics. In fact you can 
install, commission and service the SE 8800 without the use of external equipment. 

Interfaces for most mini-computers are available 
and an integral formatter provides Dual, PE or NRZ 
options — all at the lowest system costs in the industry. 

A flexible reliable unit for OEM's, an easy-to-
operate, economical transport for the end user, SE 8800 DATA 
is the formatted high performance tape transport of PRODUCTS 
the 80's. Follow the sign to SE and find out more about 
SE 8800 and our unbeatable customer support. 

SE Data Products, SE Labs (EMI) Ltd., Spur Road, Feltham, Middlesex TW14 OTD, England. Tel: 01-890 1477 Telex 23995 

... thinking of Mag Tape— it has to be SE 

EMI A Member of the THORN EMI Group. 
Circle 700 on reader service card 





Harris Technology at Work 

Harris mux technology delivers 
max system performance. 

Industrial controls. 
Medical instrumenta-
tion. Telemetry. Data 
acquisition systems. Whatever 
the application, systems designers 
look to Harris Semiconductor for the industry's 
most advanced family of analog multiplexers. All 
feature Harris' unique Dielectric Isolation (DI) 
processing. And that means outstanding 
performance and reliability. 

Ultra-High Speed. Looking for unprecedented 
speed? The HI-516 and HI-518 are prime examples. 
How about 600 ns settling to 0.01% accuracy! And 
these two speedsters can be configured under logic 
control for 16-channel or 8-channel differential 
(HI-516), or 8-channel or 4-channel (HI-518) operation, 
for maximum flexibility: 

HI-516/518 
D Single/Dual Operation — 16/8 Ch. 
D Mode Programmable 
E Fast Access Time — 100 ns 
D Fast Settling Time — 

600 ns (.01%) 
Low Leakage — 35 pA 

E Low Charge Injection — 0.3 pC 
E High Off Isolation — 80 dB 

HARRIS HOT LINE! 
1-800-528-6050, Ext.455 
In Arizona: 1-800-352-0458, Ext. 455 
Call toil-free i except Hawaii & Alaska) for phone number 
of your nearby Harris sales office, authorized distributor or 
expedited literature service. Or check your IC MASTER 
for complete product listing and specifications. 

HI-524 — WORLD'S FIRST VIDEO MUX! 
D 4 Video Channels 
E High Input B.W. — 20 MHz 
D Fast Access Time — 150 ns 
III High Off Isolation — 72 dB (5 MHz) 

Low Cost — Low Power. Popular Harris 
multiplexers like the HI-506/507 and HI-508/509 in-
clude 16-channel and 8-channel differential versions 
that are TTL, DTL and CMOS compatible: 

HI-506/507/508/509 
D 16 and 8-Channel Versions 
D Access Time — 300 ns 
D Off Isolation — 75 dB 
E Low Power Dissipation — 4mW/Ch. 
El Low Cost — 63 cents/channel (1K qty) 

Input Protected — Low Power. Overvoltage 
protection? Take a look at the Harris HI-500A 
Series. These clever muxs withstand loss of power 
supply voltages and overvoltages up to 20 volts 
without faulting the output or any input channels. 
This feature gives you another competitive edge in 
system reliability: 

HI-506A/507A/508A/509A 
E 16 and 8-Channel Versions 
III Access Time — 300 ns 

Analog Input O.V. Protected 
D Low Power Dissipation — 0.5 mW/Ch. 

Optimum Quality. Choose from five HI-500 Series 
quality grades to complement your application needs: 

Commercial/Industrial (0°C to +70°C) 
1. Standard, Dash 5 code 
2. High-Reliability, Dash 7 code 
Military (-55°C to +125°C) 
3. Standard, Dash 2 code 
4. MIL-STD-883B, Dash 8 code 
High-Temperature (0°C to +200°C) 
5. Standard, Dash 1 code 

FREE WALL CHART! Harris multiplexers 
give you max performance. At competitive prices. 
And off-the-shelf delivery. For more examples of 
Harris technology at work, request your copy of the 

Harris Linear and Data Acquisiton Products 
wall chart. 
Use the Harris Hot Line, or write to: 
Harris Semiconductor Products Division, 
Box 883, Melbourne, Florida 32901. 

ON THE HORIZON 
Exciting Harris Semiconductor Product 

Now in Development 

HI-529 Low-Level Multiplexer 

Harris Technology rin HAjqptis 
...Your Competitive Edge -n-fLA SEMICONDUCTOR 

PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 



Introducing 100 MHz 
dock rates. 

The word's getting 
around faster than ever. 
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interface 
MODEL RS-680 100 MHz WORD GENERATOR/ TIMING SIMULATOR CLe (e0:1 

Introducing the RS-680. 
You probably think it's enough 

just to be the electronic industry's first 
100 MHz digital signal generator. 

But the RS-680 is also the in-
dustry's first stand-alone, 8-channel 
parallel programmable timing gen-
erator capable of operating with 
10 ns resolution. And the first 
16-channel parallel programmable 
data generator capable of operating 
at 50 MHz rates. 

It will generate even the most 
complex timing waveforms (perfect 
for checking out sophisticated IC's). 
And it has 50 ohm outputs for both 

ECL and UL levels. Use it as a bench 
instrument. Use it within an ATE 
system as a synchronizer, modulator, 
trigger or gating generator. 

Finally, there's one instrument 
that does it all. With speed. With 
power. And with innovative circuitry 
that combines ECL, MOS and Bi-
polar technologies for the best of 
all three worlds. 

How do you get one, two, four, 
eight or sixteen channel operations 
with up to a maximum of 4,096 bits? 
Use the RS-680 as a word generator. 

How do you get up to 256 states 
on up to eight simultaneous chan-

nels with resolution as low as 10 ns 
for each state's period? Use the 
RS-680 as a timing simulator. 

Use it in continuous, single cycle, 
burst (up to 4,096 cycles) or single 
step word modes. Trigger it auto-
matically or manually. 

The new Interface RS-680. Call 
for our new detailed brochure. That's 
the fastest way to get more words. 

interface 
TECHNOLOGY 

A Dynatech Company • 150 East Arrow Highway • San Dimas, California 91773 • (714) 599-0848 • TWX• 910-581-3847 
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For lowering your 
interconnection 
costs... 
Molex has the answer. 

molex Affordable Technology 

For more complete information on the Molex KK® 
Systems, call or write: 
Molex Incorporated, 2222 Wellington Court, 
Lisle, Illinois 60532 (312) 969-4550 

Electronics/January 13, 1981 

The Molex KK® modular interconnecting system has helped companies 
throughout the world lower their assembly testing and servicing costs 
with our system of "building blocks" which can be used to create 
thousands of different configurations thereby allowing each user to 
build a system that is precisely suited to any application on .100" 
(2.54mm), .156" (3.56mm), .200"(5.08mm) and .098" (2.5mm) centers. 

Eleven basic components are all that are needed to handle all your P.C. 
interconnection needs; cable-to-board, parallel, perpendicular, 
board-to-chassis and board-to-component. 

Illustrated here are examples of typical applications, configurations 
and components. The KKee .100" (2.54mm) system consists of .025" 
(0.6mm) pins; right-angle, straight and polarized wafers; both crimp-
type and P.C. board mount 
female connector housings and 
crimp or solder tail terminals; all 
featuring the Molex patented 
dual-cantilever terminal system. 
Non-flammable, 94 V-0 material 
is used in all KV 100 connector 
housing and wafer bases. 

To complement this system, 
Molex has developed the fastest 
and most economical pinsetting 
equipment in the industry. Our 
patented equipment can offer 
single or multiple pinsetting 
capabilities like the unique 
Molex honeycomb, vibratory 
system which can set 12,000 
pins in only 3 minutes. If you have 
a need for low cost interconnec-
tion systems or applicating 
equipment, just ask us. Molex 
has the answer. 

CANTILEVER 
DESIGN ASSURES 
UNIFORM CONTACT PRESSURE 
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NEC NEWSCOPE 

THE WORT.TYS LARGEST 

AND FASTEST COMPUTER* 

NEC recently unveiled an ultra-
large general purpose compu-
ter called the SYSTEM1000. At 

present, it is the largest commercially 
available computer in the world. The 
SYSTEM1000 was developed to meet 
increasing needs for large-scale pro-
cessing in on-line data base systems, 
engineering calculations and corn-

munications networks. 
NEC SYSTEM1000 has a 64MB main 

memory, and a 128KB cache memory. 
No other commercial computer can 
match these figures for main memory, 
cache memory and processing speed. 
To develop the sYsTEm1000, NEC 

made full use of its advanced LSI 
technology. The SYSTEM1000 incor-

porates high-speed logic LSIs, 64-
kilobit/chip high-density MOS LSI 
memories, and LSI high-density pack-
ages with up to 60 chips mounted 
directly on a multilayered substrate. 
A special feature of the SYSTEM1000 

is a very large data array address 
function which gives direct access 
to a volume of data as large as 1 
gigabytes by using a virtual memory. 
The execution processing unit incor-
porates an integrated array processor 
which can work out large-scale vector 
and matrix calculations very quickly. 

• As of November 17, 1980. 



NUMBER 115 

SWEDEN 1 ES 1S  

140 MB DIGITAL  

MICROWAVE SYSTEM 

T
he Swedish Telecommunications 
Administration is conducting 
field tests on an NEC-supplied 

two-hop 6.8GHz 8-phase 140MB 
digital microwave system. NEC is 
currently the world's only supplier 
of this type of system which features 
the highest bit rate recommended 
by the CCIR. 
The system transmits CEPT hierar-

chy 140Mbps digital signals, using 
an 8-phase PSK modulation system, 
over the radio frequency band rang-
ing from 6,430MHz to 7,110MHz. 
The digital capacity is equivalent 

to 1,920 PCM telephone channels. 
The transmitter-receiver may also 

be used in analogue service with a 
capacity equivalent to 2,700 FDM 
telephone channels. 
The system will be put into com-

mercial use in the public telephone 
network next year after testing is 
completed. 

NEC has also received orders 
for the system from Denmark and 
Switzerland. Many other European 
countries are taking great interest 
in the 6.8GHz 8-PSK 140Mbps 
digital system. 

RECORD INCOME  

AND SALES IN  

FISCAL 1980 

N
EC celebrated its 80th an-
niversary by setting 
new records for both 

income and sales in the 
fiscal year ended March 
31, 1980. On a conso-
lidated basis, sales 
and other income 
for 1980 rose to 
Y879.31 billion 
($4.03 billion), 
a gain of 9 percent 
over the previous year. 
Net income climbed to 
Y14.62 billion ($67.1 million), an 
increase of 85 percent. 

All four of NEC's major product lines 
recorded impressive growth in sales, 

with Telecommunications up 9 percent 
Electronic Data Processing and In-
dustrial Electronic Systems up 19 per-
cent, Electron Devices up 35 percent 
and Consumer Electronics up 26 

percent. Sales from international 
operations increased by 24 

percent, despite a generally 
adverse international 

business environ-
ment. 
To strength-

en its interna-
tional operations, 
NEC set up a new 

company in Brazil 
for the production of 

electronic switching 
systems, and a plant in the 

U.S. for assembly of domes-
tic satellite communications 

earth station systems. In addition, 
marketing networks were expanded 

in both the U.K. and the U.S. 
(In this article, US$1.) 

NEW FAMILY OF 

MINI ICs 

T
o meet the need for smaller, 
more highly-integrated package 
ICs, NEC has begun marketing 

a new mini IC 
Which is only 1/8 
the size of standard 
package products. 
The new package 

IC family is called 
the "Mini Flat 
Package Linear 
Series". It is offered 
in two types—one with 8 pins, the other 
with 14 pins. 
Dimensions with the pins not inclu-

ded are 4.4 x 5.0mm for the 8-pin de-
vices, and 4.4 x 10.0mm for the 14-pin 
products. Both types are a mere 1.5mm 

thick; pin pitch is 
1.27mm, just half 
that of standard 
products. 
The new ICs 

will be used in 
communications 
equipment, house-
hold appliances 

and consumer products. They will act 
as general purpose operational amp-
lifiers or circuit modules in hybrid ICs. 

NEC 
Nippon Electric Co.,Ltd. 
PO Box 1.Takanawa.Tokyo.Japan 



PRODUCED QUALITY 

AUSTRIA - Rieger Gmbh *,7.2 734684 - Wien • BELGIUM - Reguiation Mesure S.P.A.,— Ve, 7712020 - 
Bruxelles • DENMARK - Tage Olsen AS 7.2 02-658111 - Ballerup • EASTERN EUROPE (Bulgaria - 
Czechoslovakia - DDR - Hungary - Poland - Rumania) - Astech Gmbh rà. 7721842 - Berlin • FINLAND 
- Oy E. Friis - Mikkelsen Ab 90-32722 - Helsinki • FRANCE - Tekimex S.A. 22 3556300 - Paris • 
Eprom - Cabuset Raulot V. 479776 - Marseille Futur Ids 7494305 - Rueil Malmaison Mateleco 
V, 6577055 - Malakoff (Paris) • HOLLAND - Ritro Electronics B.V. '172 03420-5041 - Barneveld • ITALY 
- Adelsy SpA '/72 4524651 2 3 4 5 - Milano • Marcucci :2 576414-7386051 - Milano • G.B.C. V. 6189391 - 
Cinisella Balsamo • Adelsr sas •Z.2 540150 - Bologna • Libra srl V. 914244 - Falconara Marittima (An) 
• Faggioli •;2 579351 - Firenze • Cardella ".:2 873487'8 - Genova • F.G.M. Elettronica 22 22740 - Livorno 
• Adehl SpA 2 45778-45600 - Padova • Pantronic 3288048-3275450 - Roma • Libra srl 460130-
450061 S. Lazzaro di Savena (Bo) • Carter SpA 501665 - Torino • Dis.el srl V 736581 - 
Torino • JUGOSLAVIA - Mereka 4222-82106 - Klagenfurt - Austria • SOUTH AFRICA - Joseph 
Teer & Son (Ply) Ltd 22 783-6129 - Johannesburg • SPAIN - Hispano Elettronica 22 6194180 - Madrid 
• SWEDEN - Abemi Ab 08-7300790 - Solna • SWITZERLAND - Memotec Ag 063-281122 - Lotzwill 
• UNITED KINGDOM - Disfronic Ltd 32947 - Harlow - Essex / Electrostore Ltd - Coventry - West 
Midlands / Phoenix Electronics Ltd V 055583-2393 - Lanarkshire - Scotland / Radio Resistor Co. Ltd 
V 0462-54072 - Hitchin - Herts Verospeed 52 0703618525 - Eastlelgh - Hants 

THICK FILM 
nwies 

i4eit 

MASS 

NE0111‘4 SpA - 10040 LEINI' (To) ITALY 
Tel.; 9909553464 Tx: 210577 
Milan 9ff e Yet. 4696841-4980855 ..•.. 

- Oldham - Lancashire 
r624O261.249$t Tx: 666060 
• • ••••••<•,••• 



New products 

VLSI tester is highly modular 
40-MHz general-purpose semiconductor test system, the first 

of a series, eases investment through modular hardware, software 

by Richard W. Comerford, Test, Measurement & Control Editor 

Brian Sear and the group of experi-
enced automatic test equipment en-
gineers he heads at GenRad have 
seen the time ripening for a new 
generation of test systems capable of 
testing the very large-scale inte-
grated circuits that are and will be 
emerging in the 1980s. Now, follow-
ing a year's monumental effort, 
Sear's group, known as GenRad 
Semiconductor Test Inc. [Electronics, 
Feb. 14, 1980, p. 14], is introducing 
the first of a series of semiconductor 
test systems. 
One of the more powerful units in 

the planned series, the GR 16 tests 
VLSI devices at cycle rates as high as 
40 MHz. It is self-testing and cali-
brates itself automatically (calibra-
tion is maintained for up to 8 hours 
between automatic calibrations); 
these features are crucial to full uti-
lization of the system, which has a 

base price that is set at $480,000. 
But the system's most important 

feature, dictated by the past experi-
ences of both users and manufactur-
ers, is the highly modular architec-
ture that allows it to cope with 
changing requirements. The GR 16 
carries the concept of modularity to 
a higher level than has previously 
been seen in test systems; it is modu-
lar physically and functionally, in 
hardware—from test pin to card to 
cabinet—as well as software. 
The four basic functional blocks of 

the tester are the computing system, 
the functional test system, the test-
head assembly, and the user inter-
face. The first of these, the comput-
ing system, has a unique architecture 
that permits very large programs to 
be managed at high speeds. It con-
sists of two basic segments: the cen-
tral processing unit and a special 

controller for the test procedures. 
The GR 16's CPU is a standard 

PDP-11/34 working under Digital 
Equipment Corp.'s RSX-11M oper-
ating system. The basic system has 
128-K words of main memory, two 
0.5-megabyte floppy disks, and 5 
megabytes each of fixed and remov-
able hard-disk storage. The large 
amount of storage should prove par-
ticularly useful if the buyer chooses 
options allowing the system to work 
with a host computer or the GRnet 
network. 
The CPU communicates and con-

trols the test system's user inter-
faces. One or two interfaces can be 
provided, as well as two more sta-
tions for programmers. Program-
mers can write and edit test pro-
grams in the background while tests 
are being run in the foreground. But 
the CPU's major function is to share 
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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 ether 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 'DO-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. 

(A Cybernetic Micro Systems 
445-203 South San Antonio Road 
Los Altos, California 94022 
(415) 949-0666 

(Use your MASTER CHARGE or VISA 
charge card) 

New products 

the running of test programs with 
the test procedure controller (TPC). 
The reason for this sharing, says 

the system's chief architect, Robert 
Albrow, is that "most minicomput-
ers lack two essential ingredients for 
running test programs: memory and 
speed." Thus the GR 16 lets its CPU 
take care of the slower test plan (a 
definition of program flow, control, 
and input/output) and the TPC han-
dles the fast, memory-intensive test 
procedure (as defined by the test 
plan instructions). 
The CPU communicates with the 

TPC through a Unibus and down-
loads compiled test procedures to the 
TPC's memory. The basic TPC memo-
ry can store 128-K words but is 
expandable; an additional four 32-
K-word cards can be added and 128-
K-word cards can be swapped for all 
eight 32-K-word cards. Able to 
accommodate a mix of such cards, 
the TPC provides a significant boost 
in test-program storage ability. 

High-speed bus. The TPC sends the 
functional test subsystem and the 
test-head assembly instructions by 
means of a special 64-bit high-speed 
bus. This bus forms a backplane that 
interconnects all the cabinets, or 
crates. Built using 100-MHz emitter-
coupled logic, the bus distributes 
addresses and data to the appro-
priate elements of the system; 32-bit 
data words can be transferred to the 
functional subsystem or test-head 
registers at 5 MHz. 
The functional test system consists 

of six major elements: the test pat-
tern processor, the test pattern gen-
erator-analyzers, the phase-timing 
system, the pin-control table, the 
test-pattern selector, and the digital 
drive and comparison system. These 
elements are interconnected with 
separate high-speed buses. The first 
three elements work to create and 
analyze the test pattern; a 125-MHz 
crystal-controlled oscillator in the 
phase-timing system provides 16 
phases, each of which can have up to 
16 timing sets selectable in real time 
(without dead time). The functional 
system architecture allows the gen-
erator-analyzers to be changed at 
will, and sr plans to provide special 
ones—dedicated to random-access-

and read-only-memory and serial 
pattern generation for testing level-
sensitive-scan devices—sometime 
this year. 
The pin-control table and the test-

pattern selector work together to 
control pin functions at the device 
under test. Thus, with a 4-bit word, 
pin functions can be changed on the 
fly (at 40 wiz) letting the system 
test, for example, devices with multi-
plexed i/0 schemes. 
A significant feature provided by 

the dual-processor arrangement is 
that it permits parallel testing. Since 
the high-speed datâ bus communi-
cates with the test-head assembly as 
well as the functional system, ac 
functional tests, for example, can be 
carried out at one test head while the 
parametric measurement unit in 
another head performs parametric 
tests. "The addition of a second test 
head typically improves throughput 
by 50%," Albrow states. 
Two versions of the test-head 

assembly, each with a parametric 
measurement unit, are available, one 
with 96 pins and one with 48 pins, 
and both can be down-configured in 
8-pin groups to meet users' needs. 
The pins handle the voltage levels 
needed for mos, TTL, and ECL test-
ing. For one shift (8 hours) following 
an automatic system calibration, 
time-measurement accuracy is to 
within ± 1.0 ns under all conditions. 
By calibrating the system for an 
individual test program, accuracy 
within ± 0.5 ns is achievable. 

Test programs are written using a 
version of Pascal with special struc-
tures added for testing. Thus users 
can transfer test programs to other 
test systems without rewriting as 
configurations change. The system 
comes with a test-language and test-
pattern compiler, and software in the 
works includes a computer-aided-
design translator package and a pat-
tern converter to translate tests from 
other testers. 

Deliveries are scheduled to begin 
in April. A fully configured system, 
with dual heads and multiple pro-
gramming stations, costs $950,000. 
GenRad Semiconductor Test Inc., 2475 

Augustine Dr., Santa Clara, Calif. 95051. 

Phone (408) 496-0900 [338] 
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Because you want it. 

Measurement, Source 
and Multiplexing 
Solutions for Your 
Systems 
Requirements 

Not all systems requirements are the 
same. That's why Data Precision 
offers you a choice of instruments 
encompassing a wide selection of 
features, options and specifications. 
All accomplished without those 
burdensome customizing costs you're 
so familiar with. 

For additional information or a 
demonstration contact Data 
Precision: 
(800) 343-8150, 

(800) 892-0528 in Massachusetts 

Measurement requirements can be 
met with a choice of 41/2 and 51/2 
digit multimeters with basic 
accuracies of .007% and conversion 
speeds from 21/2 measurements/sec. 
up to 1000/sec. with full 51/2  digit 
resolution. You can choose a 
dedicated DVM or full function 
instruments with multiple ratio 
measurement. Programming can be 
accomplished through BCD, 
IEEE-488 or RS232 and resistance 
measured with either 2 or 4 wire. 
You can purchase only what you 
need now and extend your 
instrument's capability with field 
installable options later. 

Source requirements, both voltage 
and current, can be met with our 
programmable calibrator which will 
generate a different voltage or 
current level every millisecond 
(including settling time). Accuracy is 
lOppm for voltage and 100ppm for 
current with outputs of ±100nV to 
±100V and ±1µA to ±100mA. 
Capability can be extended with 
optional GPIB and ±1000V 
amplifier. 

Multiplexing requirements can be 
addressed with our 8/16 channel 
analog multiplexer with automatic, 
remote, manual and slave scanning 
modes at rates up to 10 channels/ 
sec. Range is 1iLV to 250V. 

DATA PRECISION 
DIVISION OF ANALOGIC CORPORA770N 

Data Precision Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923, (617) 246-1600, TELEX (0650) 921819. 
Circle #172 for additional information Ci rcle #189 for demonstration 



sepa 
automation 

the maturity that comes 
with experience, 
the strictness that 
science demands, 
the flair that comes from ideas. 
Experience, science, ideas - 
words that have become 
woven into the texture of 

SEPA since it first laid the founda-
tions of its independence in the fields of 
hardware, software and systems engineering 
over twenty years ago. 
Today, SEPA designs, builds, installs and 
services systems renowned for their maxi-
mum reliability. 
The name SEPA, in fact, has come to stand 
for start-to-finish automation. And for intelli-
gent, versatile automation as well. 
This is clear in all our achievements in a wide 
range of activities: industrial automation and 
instrumentation, the automation of services 
and utilities, marine automation, weapon sys-
tems, and the automation of power sta-
tions. You'll find it built into the next job we 
do for you - the next time you choose the ex-
perience, science and 
ideas that add up to 
SEPA. 

User size electronics 

SEPA - Società di Elettronica per l'Automazione S.p.A. 
Lungo Stura Lazio 45 - 10156 Torino (Italy) - Tel. (011)262.3333 (5 linee r.a.) - Telex 221527 Sepal 
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Since 1954, IWATSU Oscilloscopes have made a lasting contribution 
to R & D, to education, to production lines and many 
such areas as top-quality, reliable measuring instruments. 

Now, You can select from a wide variety of instruments in 
each of our product lines. 

uehcy Counters 
(up to 550 MHz) 

Digital Multi Meters 
(photo: UC-7641) 

Waveform Analyzer SAS-8130 
(sampling: up to 12.4 GHz) -4974 Digital Memory Scopes 

(photo: DMS-6430) 

Function Generators 
(up to 10 MHz) 
Pulse Generator 

(50 MHz) 
(photo: FG -350) 

Mini Oscilloscopes 
/field service use: 

up to 50 MHz 
\ photo: SS-3510 

Oscilloscope SS-5121 
(R & D use: 100 MHz) 

--ft Of II 
Miff UMW 

61 gli 1111111111 
VIE» WEI 

tom. 
- IMF KIM 

Signal Analyzer SM-2'00 

F FT, fdt,l, etc \ 

\totally 31 analyses modes 

011-711.3 DIGITAL. NORY 

•  

-:44*0-14-:41111.q:111>..41*11. 

474,941% 

Digital Memories 
up to 10 ns/word writing speed) 

photo: DM-7100 

Oscilloscope SS-5421 
IR & D use: 350 MHz) 

• Austria: Universal Elektronik Import GmbH 54 15 88 • Chile: Importadora Janssen Y Cia. Ltda. 72 3956 • Colombia: Intertel Ltda. 

• Denmark: HH Electronic apt (03) 28 38 41 • England: ITT Instrument Service 0279 29522 • Finland: Oy Etra AB 780 122 • Italy: 

Radiel Spl (02) 213.30.56 • Netherlands: Klaasing Electronics BV 01620-51400 • New Zealand: G.T.S. Engineering Ltd. 546-745 

• Norway: Solberg & Andersen A/S(02)19 10 00 • Spain: Tempel SA 254 44 01 • Sweden: Te.einstrument AB 08/38 03 70 

• Switzerland: Dewald AG 01/45 13 00 • Venezuela: Alpi Promociones Industriales C.A. • West Germany: NBN Elektronik GmbH 

(0 81 52) 390 

IWATSLI ELECTRIC CO.. LTD. 
ASAHISEIMEI BLDG., 2-1-3 NIHONBASHI, CHUO-KU, TOKYO, 103 JAPAN TELEX: J24225 TELEIWA 
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Connector shopping 
for the very SYR 
ne-stop s opping o save your valuable time. 
One source to solve your design problems. 

One name to remember: Amphenol® Connectors. 

• 

Amphenol 285 
Series Modular 

Telephone Jacks. 
Mount on PC boards 

without adapters. 8-
position keyed or non-

keyed, or 6-position (4 or 
6 contacts). Ring or spade lugs. 

PC tails or stripped ends Circle 
Reader Service Number 126 

A. 

4:5 

Amphenol FCP-type BNC 
Plugs and Jacks. 

Assemble faster, easier than stan-
dard BNC's Only three parts (not 

ilk six) to assemble. No special 
t; tools. Trim coax, solder center 

contacts, and slide parts to-
gether. For RG-58/59U and 62U 

cable. Circle Reader Service 
Number 127 

Amphenol 223 Series 
Tiny Tim Connectors. 
For potted-in or surface-mounted 
circuits, or for microminiature rack-
and-panel, cable-to-cable, or 
cable-to-panel. Five to 33 con-
tacts, polycarbonate or nylon 
bodies. Circle Reader Service 
Number128 

Amphenol 48 Series Miniature 
Circular Connectors. 
Qualified to MIL-C-26500. Lightweight. 
Easy-assembly crimp-removable contacts. 
Front release. Bayonet or threaded cou-
plings. Circle Reader Service Number131 

Amphenol 57 Series Micro 
Ribbon " Connectors. 
For telephony and EDP High-
contact density (14 to 64). 
Protective polarized shell. 
Circle Reader Service 
Number129 

/ 

Amphenol 
157 Series 

Micro-Pierce' 
Connectors. 

Fast, solderless termi-
nation in factory or field. 

Portable, easy-to-use ter-
, mination tools. Intermateable 

with currently used connectors in 
telephony or EDP Circle Reader 

Service Number130 



• 

Amphenol 8UfSeries 
Fiber Optic 
Connectors. 
Up to 8 individual 
channels. Low insertion loss. 
Environmentally sealed. Speedy rear inser-
tion/rear removal. Adaptable to multi-fiber 
bundles. Optional strain-relief mechanism. Circle 

•  Reader Service Number 132 

BUNKER 
RAMO 

Amphenol 225 Series 
Printed Circuit Connectors. 

Low contact resistance. Slotted 
bellows or folded-ribbon solder-

, type contacts. Low-friction mating for 
repeated insertion and withdrawals. 

Rugged, one-piece bodies. Wide range of 
contact positions and terminations. Circle Reader 

Service Number 134 

Amphenol 97 Series 
Standard Circular Connectors. 
Time-tested, highly reliable. Non-rotat-
ing, pre-aligned contacts. Rugged, with 
dially1 phthalate inserts and molded bar-

riers between each contact. 
Circle Reader Service 
Number 133 

Amphenol 221 Series Strip Connectors. 
Low-cost miniatures. High contact 
density. And you can cut and/or 
stack them to almost any shape. 
Circle Reader Service 
Number 135 

For more information, technical data, dimensions and prices, contact 
your nearest Amphenol North America sales office or distributor. 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenol North America Division Headquarters: Oak Brook, Illinois 60521 

Sales Offices: Atlanta (404) 394-6298 • Boston (617) 475-7055 • Chicago (312) 986-2330 • Dallas (214) 343-8420 • Dayton (513) 294-0461 

Denver (303) 934-2355 • Greensboro (919) 292-9273 • Houston (713) 444-4096 • Indianapolis (317) 842-3245 • Kansas City (816) 737-3937 

Knoxville (6151690-6765 • Los Angeles (213) 649-5015 • Minneapolis (612) 835-4595 • New York (516) 364-2270 • Orlando (305) 647-5504 

Philadelphia (215) 732-1427 • Phoenix (602) 265-3227 • St. Louis (314) 569-2277 • San Diego (714) 272-5451 • San Francisco (408) 732-8990 

Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington, DC (703) 524-8700 

Canada: Montreal (514) 482-5520 • Toronto (416) 291-4401 • Vancouver (604) 278-7636 • International: Oak Brook, Illinois TELEX 206-054 

Distributors: 

ALABAMA 
Hall-Mark Electronics Corp 
Huntsville 
12051837-8700 

ARIZONA 
Cetec Moltronics 
Phoenix 
16021272-951 
Wyle Distribution Group 
Phoenix 
1602) 249-22 32 

CALIFORNIA 
Cetec Moltronics 
South Gate 
(213) 773-1,521 
Kierule Electronics 
Los Angeli-s 
12131725-0325 
Wyle Distribution Group 
El Segundo 
1213) 322-1)100 
Cetec Moltronica 
San Diego 
17141 278-..020 
Kierultt Electronics 
San Diego 
(7141 278.2112 
Wyle Distribution Group 
San Diego 
1714) 565-01/1 
Cetec Moltronics 
Sari Jose 
14081263-73/3 
Bell Industries 
Sunnyvale 
1408i 734-35/0 

Western Electromotive 
Santa Clara 
(408) 727-7411 
Wyle Distribution Group 
Santa Clara 
(408) 727-2500 
Schweber Electronics 
Irvine 
(7141556-3880 

COLORADO 
Newark Electronics 
Denver 
13031 757-3351 
Wyle Distribution Group 
Thornton 
D031457-9953 

CONNECTICUT 
Connector Company 
New Haven 
(203 1 624-0127 
Wilshire Electronics 
Wallingford 
E703 I 265-3822 

FLORIDA 
Arrow Electronics 
Palm Bay 
1305) 729-1480 
Kierulft Electronics 
Gt Petersburg 
83131576-1966 
Schweber Electronics 
Hollywood 
C305) 927-0511 

GEORGIA 
Arrow Electronics 
Norcross 
4041449-8252 

ILLINOIS 
Bell Industries 
Chicago 
1312) 982-9210 
Newark Electronics 
Chicago 
13121 638-4411 
Ohm/Electronics, Inc 
Palatine 
1312) 359-5500 
Schweber Electronics 
Elk Grove Village 
1312) 364-3750 
Klaus Radio. Inc. 
Peoria 
1309) 691-4840 

INDIANA 
Graham Electronic 
Supply 
Indianapolis 
1317) 634-8202 
Genesis Electronics 
South Bend 
1219) 287-2911 

KANSAS 
Wichita Aircratt 
Wichita 
13161 838-1421 

MARYLAND 
Arrow Electronics 
Baltimore 
13011 247-5200 
Hall-Mark Electronics 
Baltimore 
13011 796-9300 
Pioneer Electronics 
Gaithersburg 
1301) 948-0710 

MASSACHUSETTS 
Kierullf Electronics 
Bilierica 
16171 935-5134 
Schweber Electronics 
Bedford 
(617) 275-5100 
Wilshire Electronics 
Burlington 
16171 272-8200 
Industrial Components Corp 
N Wilbraham 
1413) 596-3854 
Gerber Electronics 
Norwood 
1617) 769-6000 

MICHIGAN 
RS Electronics 
Livonia 
1313) 525-1155 
Wedemeyer Electronic 
Supply 
Ann Arbor 
13131 665-8611 

MINNESOTA 
Arrow Electronics 
Edina 
(6121 830-1800 
Newark Electronics 
Minneapolis 
1612) 331-6350 

MISSOURI 
Walters Radio Supply. Inc. 
Kansas City 
1816) 531-7015 
Olive Industrial 
Electronics. Inc. 
St Louis 
1314) 426-4500 

NEW JERSEY 
Schweber Electronics 
Fairfield 
1201)227-7880 
Wilshire Electronics 
Clifton 
1201) 340-1900 
Radio Electric Service Co 
Pennsauken 
t2151 925-6900 

NEW YORK 
Harvey Electronics. Inc 
Binghamton 
1607) 748-8211 
Genesee Radio 
Parts Co . Inc. 
Buffalo 
1716) 873-9661 
Summit Distributors 
Buffalo 
I /16) 884.3450 
Arrow Electronics 
Farmingdale 
(516)231-1030 
Progress Electronics Co. 
Plainview 
1516) 433-1700 
Schweber Electronics 
Westbury 
15161334-7474 
Simcona Electronics Corp 
Rochester 
1/161 328-3230 

NORTH CAROLINA 
Arrow Electronics 
Winslon-Salern 
i919) 725-8/ 11 

OHIO 
Schuster Electric Co. 
Cincinnati 
(5131 489-1400 
Pioneer Electronics 
Cleveland 
(2161 587-3600 
Schweber Electronics 
Beachwood 
12161 464-2970 
Pioneer Electronics 
Dayton 
1513) 236-9900 

OKLAHOMA 
Electro Enterprises 
Oklahoma City 
1405) 478-1752 

OREGON 
Bell Industries 
Lake Oswego 
15031241-4115 

PENNSYLVANIA 
Almo Electronics Corp. 
Philadelphia 
(2151 698-4000 
F'yttronic Industrial. Inc 

Mon151r4"3'-e2ree 
CAM/RPC Industries 
Pittsburgh 
1412) 782-3770 

TENNESSEE 
Electra Distribution Co 
Nashville 
1615) 329-3971 

TEXAS 
Hamilton/Avnet 
Electronics 
Irving 
(2141659-4111 

Sterling-Electronics 
Dallas 
(214i 243-1600 
Texas Instrument Supply Co. 
Richardson 
(214) 238-6821 
Allied Electronics 
Ft Worth 
(8171336-5401 
Sterling Electronics 
Houston 
(713)627-9800 
Hall-Mark Electronics 
Dallas 
(2141 234-7300 

UTAH 
Diplomat /Alta 
Salt Lake City 
1801) 486-4134 
Standard Supply Co 
Salt Lake City 
(8011 486-3371 

WASHINGTON 
Bell Industries 
Bellevue 
1206) 74 7-1515 
Wyle Distribution Group 
Seattle 
1206) 453-8300 

WISCONSIN 
Electronic Expeditors. Inc. 
Milwaukee 
(414) 228-8100 

CANADA: 
Distributors in major cities 



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 
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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! 
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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 Electionics. 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 
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P.O. Box 669 
Hightstown, NJ 08520 
Tel. (609) 448-1700, ext. 5494 
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A variety of 
recording options 
with flexible 
data analysis later 

The TEAC SR-50 and SR-30 are among 
the most flexible data recorders available, with 
an incredible ability to match themselves to 
your particular application. 

When recording, choose between wide-
bandwidth FM, intermediate-bandwidth FM, and 
optional DR formats. Then choose one of seven 
switchable speeds. You'll be able to select the 
optimum tradeoff between signal-to-noise ratio, 
frequency response and recording time per reel. 
A full 14 channels (7 with the SR-30), 
bi-directional recording, auto calibration and 

a whole range of optional, plug-in modules and 
accessories including a transport sequencer 
and a track sequencer further increase the 
possibilities. 

When it comes time to analyze your data, 
take advantage of the sophisticated 
search-for-ID and search-by-tape-counter 
functions to easily locate and process selected 
portions of the tape. Using the optional GPIB 
interface, you can connect the SR-50 or SR-30 
to your computer system, allowing analysis of 
recorded data by the computer with full 

computer control of all transport functions. 
The powerful SR-50 and SR-30. 

Flexibility to handle any job you can 
come up with. 

SR-30 

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

• Hongkong Dan Chong Hong Ltd.. Tel 5-261111, 5-226258 • Australia Jacoby Mitchell Pty. Ltd., Tel: 6307420 • South Africa Mayfair Sales (Ply) Ltd. Tel 011-834-2131 
• Belgium & Luxemburg Simac Electronics S.P.R.L.. • Denmark Danbit, Tel (03) 1415:5 • France Tekelec Airtronic S.A., Tel: (534) 7535 • Holland Simac Electronics 
By., Tel 040-533725 • Italy A.E.S.S.E S.R.L., Tel 54.64.741-2-3 • Spain Ataio Ingenieros SA., Tel: 1733) 3700 • Sweden teleinstrument ab. Tel: 0E-380 370 s United 
Kingdom International Reccrders Ltd.. Tel: 04427 5959 • West Germany & Austria nbn Electronik Sternberg, Tel: (08151) 13036 • U.S.A. B.J. Wolfe Enterprise Inc., 
Te i: (213) 877-5518 • Canada R.H. Nichols Co., Ltd., Tel: (416) 661-3190 
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New products 

Fast 16-K static RAM tolerates faults 
55-ns RAM is made with double-polysilicon process, has 

three redundant rows to raise yield and polyimide to fight alphas 

by Bruce LeBoss, San Francisco regional bureau manager 

A high-speed 16,384-bit static ran-
dom-access memory from Intel is 
neither the first, fastest, densest, nor 
least—power-consuming of its ilk. 
Nonetheless, the arrival of the long-
awaited 2167 is a milestone inas-
much as the 16-K-by-1-bit RAM 
exploits no fewer than three of the 
latest processing techniques that 
point the way toward increased 
availability of complex chips at rea-
sonable cost. 

Offering four times the density of 
industry-standard 2147 4-K-by-I -bit 
static RAMs, plus lower power con-
sumption per bit, the 2167 is the 
first Intel device to be fabricated 
using the firm's proprietary double-
polysilicon H-MOS ii (high-perform-
ance n-channel mOS) technology. 
Some earlier process changes simply 
shrank geometries, decreasing chan-
nel lengths and gate oxide thickness. 
The double-polysilicon H-MOS II pro-
cess instead locates a second layer of 
polysilicon, containing two resistor 
loads, above the basic four-transistor 
cell, nearly halving cell dimensions 
(for a cell area of 1.6 mil2) and thus 
quadrupling density. 

Additionally, the 2167 and a 
simultaneously introduced 64-K dy-
namic RAM (the 2164) are the first 
Intel products to use redundant 
designs [Electronics, Dec. 4, p. 108]. 
"The 2167 chip contains three extra 
memory rows not needed for basic 
functions," according to Kirk F. 
MacKenzie, strategic marketing 
manager for Intel's Memory Compo-
nents division in Aloha, Ore. "If a 
defect is discovered when a chip is 
tested, a faulty row is replaced with 
a redundant row. The result is six to 
seven times the yield of error-free 
devices, which leads to improved 

delivery and availability." 
Those benefits far outweigh the 

fact that the redundant circuitry 
increases die size approximately 6%, 
for a total of 42,400 mil', MacKen-
zie continues. 
Had Intel not used redundant cir-

cuitry, the 2167's die size would 
have been about 39,900 mil', still 
somewhat larger than Inmos Corp.'s 
IMS1400 and other 16-K static 
RAMS that are beginning to surface 
[Electronics, Oct. 23, p. 135]. How-
ever, as much as a 3% increase in die 
area from that of the original sam-
ples of the 2167 is due to the addi-
tion of polyimide tape die coats 
intended to reduce soft-error rates 

caused by alpha particles. By using 
the measured flux of less than 0.002 
alpha particle/cm2/h and acceler-
ated testing, Intel estimates the 
2167's soft error rate to be less than 
0.01% per 1,000 hours, or nearly an 
order of magnitude better than 
uncoated 2167s. 

This final version of the 2167 fur-
ther guards against alpha-parti-
cle—induced errors by adding gate 
capacitance to the two driver transis-
tors in each cell. This effectively 
adds capacitance from the polysili-
con resistors to ground, thus damp-
ing transient energy surges induced 
in the load resistors. The capacitance 
slightly increases die area but does 
not degrade performance. 

Primarily because of the redun-
dant circuitry, the 2167 pays the 
penalty of a small access-time slow-
down (approximately 8%) and an 
even smaller power increase (about 
3%). Nonetheless, the 16-K-by- 1 -bit 
static RAM maintains the 2147's 55-
ns maximum access time, which is 
also comparable to the access time of 
the IMS1400 [Electronics, Dec. 4, 
p. 22]. 

Its high speed, coupled with the 
fourfold increase in density, Mac-
Kenzie says, makes the 2167 "well 
suited for current 2147 high-speed 
mainframe and minicomputer appli-
cations, such as main memory, buff-
er, and cache." The 2167's 20-pin 
dual in-line package also means sav-
ings in board space over memories 
housed in 24-pin packages. 

In all, the 2167 will be offered in 
four speed and power combinations. 
They include: a 2167-55 having a 
maximum access time of 55 ns, a 
maximum active current of 125 mA, 
and a maximum of 40 mA standby; 

196 Electronics/January 13, 1981 



DIR SIP and chip networks and discretes 
for virtually any resistor needs. 

Allen-Bradley can satisfy most—if not all—of your fixed resistor needs. Networks and discretes. 
Thin film, thick film and carbon composition. Standards where you expect customs. Examples: 
Our I-DIP cermet networks are available in 542 stock configurations. Our discrete 
carbon composition resistors are available in custom high ohmic values at a million 
megohms in standard small body sizes. Write for technical information today. 

RESISTOR 
TYPE 

RESISTANCE 
RANGE 

POWER 
RATING TOLERANCE TCR 

Carbon 
Comp 

1 ohm to 100 megs 
(custom to 1 million megs.) 

thW to 4W 
@ +70°C 

-I-5% to -1-20% 
Typically less than 250 

PPM/0C In:15n +15°C to +75°C 

I-DIPs 
22 ohms to 1 meg 

(customs for other values) 

100 to 500 mW 
per resistor 
@ +70°C 

±1%. -I-2% -I-100 and -1:200 PPM/0C 

I-SIPs 
22 ohms to 1 meg 

(customs for other values) 

125 to 500 mW 
 per resistor 
at +70°C 

-I-2% or -I-1 ohm 
whichever 
is greater 

-I-100 PPM/0C 

Chips 50 ohms to 10 megs 
10 to 250 mW 
per resistor 
at +125°C 

as low as 
2-7.015% -I-25 PPM/0C 

Quality in the best tradition. 
ALLEN-BRADLEY 
Milwaukee, Wisconsin 53204 EC-196R 
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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 
PO. 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 E Bill firm E Bill me 

Charge to my credit card: H American Express 
Diners Club 7: Visa I: Master Charge 

Acct. No. Date Exp. 

On Master Charge only, 
first numbers above name 

Name 

Company 

Street 

City State Zip 

Signature 

New products 

and 2167L-70, 70 ns, 90 mA active, 
and 30 mA standby. The power dissi-
pation figures range from 495 to 687 
mw active and from 165 to 220 mw 
standby, operating from a +5-v 
power supply. 

Less power. Users who upgrade to 
the 2167 will markedly reduce their 
power consumption per bit, Mac-
Kenzie claims. For example, when 
compared with four standard 55-ns 
2147s, the 2167 uses 83% less active 
power and 67% less standby power. 
The power-down feature maintains 
RAM operating speed and system 
data throughput and, he points out, 
does not require clocking or complex 
power-switching techniques. 

Unlike other classes of mos RAms, 
the 2167 requires no clocks or timing 
strobes. Its fully static operation and 
identical access cycle times ensure 
the highest system data throughput 
available at these access times, 
MacKenzie claims. What's more, 
the 2167's inputs and outputs are 
TTL-compatible and are unlatched to 
ensure simple static timing. No 
address setup and hold timings are 
needed. 

Intel will soon be supplying sam-
ples of a 4-K-by-4-bit 2168 static 
RAM that will represent an upgrade 
choice for its own 2148 and 2114 
1-K-by-4-bit devices. It will also be 
housed in a 20-pin DIP and have 
maximum access times ranging from 
55 to 100 ns, and 180 and 30 mA 
active and standby current, respec-
tively. Second-quarter 1981 availa-
bility is planned. 
The 2167 will be available in 

quantity later this quarter. U. S. 
prices for the 2167-70 are $68.55 
each in quantities of 100. There is a 
premium of about 3% for faster and 
lower-power members of the family 
and about a 15% discount for the 
slower device. 

Also available this quarter will be 
a CM-92 memory module, a board 
that incorporates the 2167 into 
Intel's series 90 family of memory 
systems. Priced at $5,655 each in 
quantities of 10, the CM-92 is tar-
geted for general-purpose computer 
applications. 
Intel Corp. 3065 Bowers Ave., Santa Clara, 

Calif. 95051. Phone (408) 987-8080 [339] 

  -1 
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Accuracy without reliability can be worse than 
useless. Which is why it's essential to choose a recorder 
you can really depend on. 

VERSATILITY 
Instrumentation recorders in the Racal Recorders 

Store range are already in worldwide use in fields as 
varied as medicine, oil drilling and automotive research, 
and in applications as demanding as the monitoring of 
stress and vibration in aero-engines or as vital as the 
logging of a baby's heartbeat. 

RELIABILITY 
And the Store range's reliability is second to none. 
Available with 4,7 or 14 tracks, all models are fully 

portable and incorporate the latest advances in magnetic 
tape recording technology to give unrivalled performance 
under the most stringent environmental conditions. 

Racal Recorders 

I II] send me full details of the Store range of 
I instrumentation recorders 

111 phone me to arrange an appointment 

arrange a demonstration on my own premises 

Racal Recorders Limited, Hardley Industrial Estate, Hythe, 
Southampton, Hampshire S046ZH. Tel: (0703) 843265 Telex: 47600 



Now you can design an integrated circuit. 
Let Exar show you how Semi-Custom works. 

nuir 
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Exar's Semi-Custom program lets you create custom 
integrated circuits for your products. At a fraction of the cost 
of full custom. In just a few short weeks. 

Bipolar, êL and CMOS Master-Chips -
Our partially-fabricated linear or digital Master-Chips have 
the components you need already in place, but uncommitted. 
You design the final interconnections to fit your requirements 

We supply a Design Kit, a comprehensive Design 
Manual, layout worksheets for the interconnection mask, 
and the people to show you how easy it is—even if you've 
never designed an integrated circuit. 

Working from your layout, we etch the Master-Chip's 
final layers and fabricate your semi-custom ICs in any 
volume you need. 

Your ICs are produced in-house under our stringent 
quality controls. Each one is 100% tested. 

Cut your product costs. 

Replacing discrete components with semi-custom ICs reduces 
your board size, your component inventory, and your labor 
costs. And you design a proprietary product your competitors 
can't copy. 

Go to full custom later. 

As your product matures and volume increases, we can 
convert your semi-custom chip to a full-custom IC, reducing 
chip size, saving money, and often providing added 
performance. 

Add our design talent to yours. 

Our IC expertise is yours for the asking. Let us help you get 
to market faster with the most competitive product possible. 
We have representatives in all major U.S. cities to assist you. 
Call us today. 

Learn more about 
Semi-Custom. 

El Please send me your 
40-page data book, 
"Semi-Custom IC 
Design Programs"? 

Name 

Company  

Street   

City/State/Zip  

Phone  

My application is.   

 Title 

Exa4 750 Palomar Ave., Sunnyvale, CA 94086 
(408) 732-7970 

Master-Chip is a trademark of Exar Integrated Systems. Inc. 

X'PEXAR 
For semi-custom, custom or standard integrated circuits. Exar has the answer. 
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Who stole 
page 39? 

This whodunit happens all the time. 

By the time the office copy of Electronics 
Magazine gets to your name on the routing slip, 
a page is missing. Or maybe the reader service 
cards. Or an entire article has been clipped 
Sometimes you never get the magazine at all. 

Other times the magazine is (glory be!) 

intact. But dogeared Or otherwise abused. Or at 
the very least, you get it late. 

OK., we'll grant that a second-hand, 
third-hand, or maybe seventh-hand copy of 
Electronics is better than none. But it's no 
substitute for the copy that comes directly 
to you—to your home if you wish—with 
up-to-the-minute news and information of the 
technology in this fast-moving field. 

'lb get your very own subscription to 

Electronics send in a subscription card from this 
magazine. And if they are missing, write to 
subscription department, Electronics, 
McGraw-Hill, 1221 Avenue of the Americas, 
New York, N.Y. 10020. 

Electronics Magazine. 
The one worth paying for. 
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A New Page 
has been Added to 

100MHz Oscilloscope History! 

4 Channel 
8 Trace Display 
100MHz 4 Channel Oscilloscope 

es-2100 

Trio, known throughout the world for its re-
sponsiveness to the tough demands of oscillo-
scope users, has developed a 100MHz scope 
that is destined to change your thinking about 
100MHz oscilloscopes. 
The compact, 100MHz CS-2100 offers 4 
Channel/8 Trace display capability to solve 
even your trickiest display problems. The CS-
2100 is the successful culmination of a devel-
opment effort which sought to provide all the 
high frequency response and sensitivity de-
manded by today's state-of-the-art circuitry as 
well as a variety of features such as delayed, 
alternate and dual sweep display. The result 
of this effort is a full-feature 100MHz scope 
with designed-in solutions to your toughest 
problems. 

B 
SVVEFP TIME- 13, 

• Up to 1 mV/DIV sensitivity usable all the way 
to 100MHz. 
• Sweep times to 2ns/DIV with x10 magnifi-
cation for easy viewing of the fastest signals 
• Unique 4 Channel/8 Trace display 
• Indispensable Delayed Sweep feature allows 
simultaneous viewing of the delayed sweep 
and the main sweep. 
• Completely independent A and B Sweeps for 
easy viewing of signals of widely different 
frequencies. 
• 5an input impedance is selectable for observ-
ing fast pulses or signals on 5012 lines without 
the need for bothersome terminations. 
• Independently adjustable main and delayed 
sweep intensity. 

•16kV of accelerating potential and Auto-focus 
for a clear bright display. 
• Electronic switching and panel set-up memory 
• Compact 28.4cm(W) x 13.8cm( H ) x 40.0cmID) 
Package weighs only 7.4kg for true portability 
• Power saving circuit requires only 56W and 
needs no cooling fan. 

-TuRtce-x.rvwcpon cco Ft IFC1.1R. AT' ION Producer of world-renowned KENWOOD brand audio equipment 

TEST INSTRUMENT DIV.: SHIONOGI SHIBUYA BLDG. 17-5, 2-CHOME, SHIBUYA. SHIBUYA-KU. TOKYO 150. JAPAN 
CABLE: TRIOINSTRUMENT TOKYO TELEX: 242-3446 TRITES 
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Accu-plate is a perfect match for our 
newest achievement in time-saving 
backplane connectors—the AMP PACE 
(Pre-Assembled Card Edge) connector. 
It puts a plating of nickel on the high-wear 
ramp, gold on the final contact and tin-lead 
on wrap-type posts. 



Introducing Accullale— 
the precision plating thel gives 
reliability you can afford. 
You're looking at the latest advance in plating 
technology, Accu-plate. It's the cost-effective 
way to use gold, palladium and a lot of other 
plating materials—without compromising 
reliability or performance. 

Accu-plate gives you precision never before 
obtainable. This precision even allows us to 
employ several platings on the same contact. 
We use gold precisely where other metals can't 
perform as well. We can use tin-lead for 
solderability and nickel in high-wear areas. 

In other words, whichever plating performs 
best, Accu-plate enables us to put it in the right 
place. Nothing is wasted. You get a superior 
electrical contact at a price you can afford, and 
you are not faced with redesign costs. 

Want to gain the benefits of the 
best plating without excessive expense? 
Investigate Accu-plate. 

The Accu-plate plating line uses an advanced 
computer to precisely plate contacts on the 
surface area where it is actually needed. 

Where to telephone: Call the AMP Accu-plate 
Information Desk, (717) 780-8400. Where to 
write: AMP Incorporated, Harrisburg, PA 17105. 

AMP and AMP PACE are trademarks of AMP InoorPorated. 

ICLIVIIP means productivity. 

Accu-plate puts a plus in AMP-Latch connectors 
for terminating ribbon cable and small-gauge 
discrete wires. It enables us to precisely plate 
the receptacle with gold and the insulation 
displacing V-slot area with tin-lead. 

Accu-plate does wen for pin and socket 
connectors, too. We prestripe gold over nickel 
on unformed stock for sockets and tip-plate pins. 



New products 

Graphics system handles data base 
Dual-microprocessor design manipulates large high-precision 

color graphics data base to offload host computer 

by Linda Lowe, Boston bureau 

Computer-based systems incorporat-
ing interactive color graphics can 
expend a lot of their computing pow-
er on graphics-managing chores. The 
Graphics System 8000 raster color 
terminal from Lexidata eases the 
problem by offloading most of that 
work to its two internal microproces-
sors. One, Motorola's powerful 
68000, with its 16 usable 32-bit 
instruction registers and 16-mega-
byte addressable range, can manage 
and manipulate a large, high-preci-
sion graphics data base. The other, a 
12-bit bipolar bit-slice display pro-
cessor built by Lexidata, controls the 
raster frame buffer, including raster 
conversion of vectors, circles, and 
filled areas. 
The 8000 operates with a wide 

range of popular 16- or 32-bit mini-
computers via either direct-memory-
access parallel interfaces or an 

optional RS-232 link. Loaded with 
between 64-K bytes and 1 megabyte 
of random-access memory (with 
error-checking and -correction cir-
cuitry), the 8000 stores image data 
from the host computer and handles 
operator input and display output 
with minimal system interruption. 
Preprogrammed into about 60-K 

bytes of memory is a set of graphics-
function instructions common to 
most interactive-graphics applica-
tions, freeing users to concentrate 
software development efforts else-
where. Lexidata modeled these func-
tions after those recently proposed as 
industry standards by the Associa-
tion for Computing Machinery, says 
David L. Grabel, manager of appli-
cation software development. It fur-
ther extended them to meet the par-
ticular capabilities of raster graphics 
and to respond to the needs of highly 

interactive computer-aided-design 
systems, he adds. 

Its native intelligence should make 
the 8000 a boon to original-equip-
ment manufacturers and designers 
of in-house CAD systems, believes 
Martin Duhms, Lexidata's market-
ing vice president. "By adding high-
level graphics capabilities with so lit-
tle drain on the host, it not only 
extends overall efficiency but also 
allows the system to support more 
terminals," he asserts. Duhms says 
the 8000 aims at such applications as 
the design of circuit boards and very 
large-scale integrated circuits, sche-
matics and mapping, architectural 
engineering, and business graphics. 
The 68000 controls all input 

devices, including keyboard, data 
pad, digitizers, trackball, and joy-
stick. It echoes operator inputs 
directly on the 8000's 19-in, monitor 
and communicates keyboard com-
mands line by line to the host com-
puter rather than interrupting to 
transmit each keystroke. Prepro-
grammed input functions include 
screen echoing, tracking, and move-
ment of a standard hardware cursor. 

Update. The 68000 also controls a 
"world coordinate" system, which 
describes graphics primitives with a 
resolution of 2 billion addressable 
points per coordinate axis. The 8000 
retains these object descriptions in 
its data base, which users can seg-
ment to permit incremental updating 
without depending on the host com-
puter to reconstruct images after 
each design change. The 8000 thus 
can define multiple windows on the 
coordinate system, with quick up-
date from only that part of the 
graphics data base affected. 
The Lexidata bit-slice display mi-
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The European electronics 
industry has an ever increasing 
need for microsystems. A need 
that must be met by a European 
,ource. SGS-ATES, one of the 
major European semiconductor 
manufacturers, is meeting this 
need by producir% in EUTOpC one of 
the most advanced microprocessors 
available today, the Z80. 

But it's not only by producing 
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source of today's most advance,d 
technologies, SGS-ATES will soon 
be producing the Z8000, the most 
powerful 16-bit micropnacessor. 

Circle 24 
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We're keeping our promises.. 
We are now sampling the eeeelb' We've also committed 
Z8000 CPU. Produced, like the 
Z80, using our own H-MOS 
process, in our own package 
and tested in house, our Z8000 
is completely compatible with 
its Zilog equivalent. 

ourselves to supplying all the 
necessary support for the Z80, 
Z8 and Z8000, and we're 
doing it. 
Our commitment isn't going 
to end here though. Following 

on the CPU SGS-ATES will 
produce all the Z8000 family 
components. That's another 
promise we shall keep. 

ATE5 
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INTERNATIONAL HEADQUARTERS: SGS-ATES Componentl ElettronIcl SpA - Via C. Olivetti 2 - 20041 Agrate Brlanza - Italy - Tel 039-65551 - Telex: 330131-330141 
• BENELUX: Winston Churchill Avenue, 122-81180 Bruxelles - Tel.: 02-3432439 - Telex: 24149 B • DENMARK 2730 Herlev - Herlev Ton, 4 - Tel.: 02-948533 - Telex: 35411 
• EASTERN EUROPE: SGS-ATES Export Sales Office - Via C. Olivetti 2 - Agrate Brianza - Italy - Tel 039-655382 - Telex: 330131 • FINLAND: Kaanttipiiri 2 - 02210 Esbo 21 - 
Tel.: 90-881395/6 - Telex: 123643 • FRANCE: 17, Avenue de Choisy - 75643 Paris Cedex 13 - Tel 5842730 - Telex: 042-250938 • GERMANY: Haidling 17 - 8018 Grafing bei 
München - Tel.: 08092-691 - Telex: 05-27378 • HONG KONG: Canton Road Kowloon - 1329 Ocean Centre - Tel 3-662625 - Telex: ESGIE HK 63906 • ITALY: Direzione 
Commerciale Italia - Via Correggio 1/3 - 20149 Milano - Tel.: 02-4695651 - Telex: 330131-330141 • NORWAY Stensberg gata 29 - Oslo 1 - Tel.: 02-607222 - Telex: 17472 
• SINGAPORE: Lorong 4 & 6 - Toa Payoh - Singapore 1231- Tel.: 2531411- Telex: ESGIES RS 21412* SWEDEN: Box 30-19501 Mesta - Tel.: 0760-40120 - Telex: 042-10932* UNITED 
KINGDOM: Planar House, Walton Street - Aylesbury, Bucks -Tel.: 0296-5977 -Telex: 041-83245. USA: 240 Bear Hill Road -Waltham, MA 02154 -Tel.: 617-890-6688 -Telex: 923495 WHA. 



A REPORT ON THE 
INTEGRATED CIRCUIT INDUSTRY 

ONE-DAY 

EXECUTIVE SEMINAR 

Because of the ups and downs of this 
highly volatile industry, anyone who makes 
or uses integrated circuits will be better 
prepared for the critical decisions of 1981 
by attending this seminar. 

Subjects covered include: 
• Worldwide business climate 
• Forecasts of semiconductor 
production/consumption 
• Key applications and trends 

• Military/Aerospace market 
• Custom and semicustom alternatives 
• Profiles of top IC manufacturers 
• IC manufacturing economics 
• Key technologies 

Attendees will be privileged to receive pre-
publication copies of the Status '81 book 
which covers all of these subjects in detail 
and includes a microelectronics glossary 
and accurate, up-to-date listings of com-
panies providing services to the IC in-
dustry. 

ALSO—BASIC TECHNOLOGY 

An overview of the fabrication of 
integrated circuits. 

A one-day seminar directed to 
managers, technical sales and 
marketing personnel and others 
who need to know the basics of 
LSI manufacturing and the special 
terminology of the IC industry. 
• Overview of technologies 
• Processing fundamentals 
• Photolithography 
• MOS and bipolar 
• IC design considerations 

ii 

PRICE (FOR EITHER SEMINAR): 

In U.S. $195 

In France Fr 1100 

In Switzerland SFr 425 

Including documentation, lunch and re-

freshments 

Status '81 book only: 

U.S. $95 

Europe: SFr 200 

Prepaid orders shipped postpaid, others 

add $3 in U.S. or SFr 20 for postage and 

handling 

Publication 

March, 1981 

Schedule BT/Status '81 

Jan. 27/28 Palo Alto, CA 

Feb. 10/11 Jamaica, NY 

Mar. 12/13 Zurich' 

Mar. 19/20 Paris 

•At Hotel International next door to 

Semicon/Europa Convention 

For further details or reservations please. 

contact: 

In Europe 

ICE Coordination Office/Europe 

P.O. Box 265 

CH-8045 Zürich, Switzerland 

Telephone: 01-333-300 Telex: 555 91 

In U.S. 

INTEGRATED CIRCLPT ENGINEERING CORPORATO 

15022 N 75015treet • Scottsdale. Anzona 8526G 
Tel 602-9M-9780 • Telex 165-755 ICE SCOT 
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NEW 1980 Electronics Buyers' 
Guide 
The only book of its kind in the 
field. If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
this coupon. 

Yes, please send me copies of 1980 EBG. — 
D I've enclosed $30 per copy delivered in USA or 
Canada. Address: EBG, 1221 Avenue of the Americas, 
New York, N.Y. 10020. 

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

Name 

Company 

I Street 

City 

New products 

croprocessor, which has a 112-ns 
cycle time, controls the 12-bit-reso-
lution display. In color applications, 
screens are available with 640 by 
512 picture elements (pixels) at 
between 4 and 10 bits of color data 
per pixel, or with 1,280 by 1,024 
pixels at 4 bits per pixel. The former 
configuration has a 60-Hz noninter-
laced refresh rate, whereas the latter 
refreshes at 30 Hz. Black and white 
displays have the same two pixel 
configurations refreshable at either 
60 or 30 Hz each; noninterlaced 
refreshing of the larger configura-
tion gives the 8000 the highest-reso-
lution flicker-free black and white 
display currently available, says 
Grabel. 

Rainbow. At 640 by 512 pixels, 
the system can display 1,024 differ-
ent colors simultaneously from a pal-
ette of 16.7 million possible colors; 
16 simultaneous colors from a 4,096-
color palette can be displayed on a 
single 1,280-by-1,024-pixel monitor. 
A 10-bit lookup table holds user-
selected values for color information 
and can shift pixel data under user 
control to create new sets of colors. 
It achieves these changes by trans-
mitting new values to three 8-bit vid-
eo outputs, one each for red, blue, 
and green guns of the industrial-
grade video monitor. 
A software driver package and a 

library of Fortran-called subroutines 
accompany the 8000, for use with a 
variety of minicomputer operating 
systems via high-speed parallel inter-
faces. Eventually, says Grabel, this 
capability will expand to make the 
system operable with mainframes. 
Between 12-K and 24-K bytes of pro-
grammable read-only memory in the 
8000 aids in system power-up and 
bootstrapping and in go/no-go diag-
nostic testing. 

Base price for the Graphics Sys-
tem 8000 is $26,200; Duhms esti-
mates a typically configured system 
would cost in the neighborhood of 
$40,000, with OEM quantity dis-
counts available. First shipments are 
in mid-February; delivery takes 90 
days from receipt of order. 
Lexidata Corp., 755 Middlesex Turnpike, Bil-

lerica, Mass. 01865. Phone (617) 663-8550 

[361] 

208 

I State Zip Country 
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THINK 
BAUSCH & LOMB 
QUALITY 
Since 1959, when StereoZoome Microscopes were first 
introduced, more electronic assembly, packaging, and 
inspection operations have put StereoZoome Microscopes to 
work for them than any other instruments of their kind. 
The reasons all relate to Bausch & Lomb quality. Like 

human-engineered design that has been use-tested for over 
twenty years for operator convenience. World famous 
Bausch & Lomb optics that have enabled production lines to 
increase thruput without sacrificing quality. And a dedicated 
effort to listen to you, our customer, that has produced such 
quality innovations as patented coaxial illumination, the high 
performance StereoZoom 7 Microscope, and now, tungsten-
halogen illumination. 

This constant attention to your quality needs has made us 
industry's first choice. Call or write today for detailed catalog, 
applications assistance, or a personal demonstration. 
Precision. Value. Performance. Three good reasons to.. 
THINK BAUSCH & LOMB QUALITY. 

BAUSCH & LOMB 
Scientific Optical Products Division 
Rochester, New York 14602 USA 
716-338-6000, TWX 510-253-6189 TELEX 97-8231, CABLE: Bausch & Lomb 

Regional Offices SOPD International CANADA Bausch & Lomb Canada Ltd., Don Ws, Ontario 

EUROPE Bausch & Lomb GmBH, Muenchen, Germany Bausch & Lomb France S.A., Versailles, Fran 

Bausch & Lomb U.K. Ltd., Epsom Downs, Surrey 
FAR EAST Bausch & Lomb (Hong Kong) Ltd., Shaukeiwan and Singapore Circle 173 on reader service. 

You're On The Right Track 
with CEC/Bell & Howell Recorde 

CEC is a registered trademark of Bell & Howell 

CEC/Bell & Howell manufactures a complete 
line of DATAGRAPie recorders for the com-
mercial, industrial, scientific or military 
specialist . .. one who demands the finest 
quality, the last word in technology, and a name 
he can trust. 
Our all-new HR2000 Datagraph is the world's 

first all solid state recorder. It contains a unique 
programmable light gate array, which produces 
unexcelled linearity on direct print photo 
sensitive papers ranging in size from 35/8" to 
12" in width. Up to 28 channels of signal inputs 
are provided for maximum flexibility. 
Other models are engineered to meet a wide 

spectrum of requirements in channel capability, 
frequency response, paper width, price and 
portability. 
Ask us for Datagraph details. Compar 

You'll find you're on the right track! 

CEC Division 
360 sera Mamie Villa, Pasadena, California 91109 

eI BELLE' HOWELL 
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Program out 
Integrated 

Signetics' new IFL Series 20 maximizes design flexibility, 
lowers power dissipation, and cuts parts count. 
Integrated Fuse Logic is Signetics' answer to TTL 

logic replacement. With our versatile IFL family, you 
can turn almost any logic design into hardware with 
just a handful of programmable parts. You'll save 
design time, reduce inventory, and improve system 
performance in the process. 
Our new I FL Series 20 packs superior performance 

into 20-pin, PAL-compatible DIPs. Besides offering 
I/O structures and AND arrays that are fully pro-
grammable, the IFL Series 20 gives you unique 
features that maximize both design flexibility and 
cost effectiveness with only three standard architec-
tures: FPGA, FPLA, and FPLS. 

For starters, each IFL Series 20 device uses 81i 
milliwatts, maximum. That's 30% less power at th( 
same speed than comparable field programmabl( 
elements. Lower power means greater reliability. 
And thanks to open collector output options, IFI 

Series 20 lets you synthesize functions with greate 
complexity and faster switching speeds. 

Series 20 

DEVICE' 

ORGANIZATION 

INPUTS' 

OUTPUTS' 

PRODUCT TERMS 

SPEED* (max) 

POWER' (max) 

PACKAGE 

AVAILABILITY 

FPGA FPLA FPLS' 

825154/155 
82S156/157 
82S158/159 

AND AND/OR REGISTER 
AND/OR 

82S150/151 82S152/153 

18 

12 10 

12 32 

AND Array 
I/O Polarity 
and Direction 

30 ni 

AND, OR 
Arrays; I/0 
Polarity and 
Direction 

16 

12 

AND, OR, 
COMPLEMENT Arrays; 

I/O Polarity and Direction; 
Flip-Flop Type; 
OUTPUT ENABLE 

40 ni 15 MHz 

815 mW 

20-pin, 300-mil DIP 

2081 I NOW I 3081 

Device number designates respectively X4, X6, and X4 registered output configuration 
Open collector or three-state output versions available for each device. 
Maximum configuration. 
Commercial range. 



lot of TTL with 
Fuse Logic. 
You also get programmable output polarities to 

eliminate the need for external parts. Because each 
IFL device lets you program both active high and 
active low outputs. 
With the IFL Series 20 logic array (FPLA) and 

logic sequencer (FPLS), you'll achieve higher speeds 
and greater logic density via programmable "OR" 

Sedes 28 AIM 
FPGA FPLA FPRP FPLS 

82S102/103 82S100/101 82S106/107 82S104/105 

AND AND/OR REGISTER 
AND/OR 

16 

9 8 

9 48 

AND Array 
I/O Polarity 

AND, OR Arrays; 
I/0 Polarity 

AND, OR Arrays; 
INPUT Polarity 

AND, OR, 
COMPLEMENT Arrays; 

INPUT Polarity 

35 na 50 na 70 na 11 MHz 

895 mW 945 mW 

28-pin, 600-mil DIP 

NOW 

arrays. These allow you to "edit" logic functions even 
after delivery of systems to the field by just 
reprogramming spare gates. 

Moreover, the Series 20 FPLS allows you to: 

• Save I/O pins and minimize AND gates with on-
chip complement array. 

• Optimize AND gate allocation in counting, shift-
ing, and data buffering applications with program-
mable J/K, D, or T flip-flop options. 
• Save AND gates and free package pins for con-

trol functions with bi-directional flip-flops that can 
handle I/O bus data, or convert to direct input mode. 

• Use synchronous clocking together with asyn-
chronous flip-flop preset and clear for clock override 
or initialize functions. 

• Gain additional programming capabilities— 
including Boolean equation entry with standard 
programmers. 

Programming the IFL family is simple. Many stan-
dard PROM programmers selectively open fusible 
links on our IFL parts. Intact fuses couple all logic 
blocks for the desired function. 
IFL Series 20 now complements our field-proven 

IFL Series 28, specially designed for high-end 
applications demanding greater I/O capability. 
Find out how you can program flexibility into your 

next logic design with IFL Series 20, Series 28—or a 
combination of both. Write us today. Or contact your 
nearby Signetics sales office or authorized 
distributor. 

Signetics Corporation, 811 E. Argues Avenue, P.O. 
Box 409, Sunnyvale, CA 94086. (408) 739-7700. 

5 11 DtiCS 
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 E. Argues Ave, 
à P.O. Box 409, MS27, Sunnyvale CA 94086 ▪ • • 

à I' 
Please send me more details on your: D IFL Series 20 
0 IFL Series 28 D FPGA E FPRP E FPLA D FPLS 

D My need is urgent; have an applications specialist phone 
me at once: I )  

Naine Title  

Company Division  

Address MS  

City State Zip  
E113 
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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, 

7 /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 4  0 ns typ 
ICC 33 mA typ 
The 74F194 is 50% faster 
than Schottky and requires 
65% less power. Its cur-
rently available in a plastic 
or ceramic package. And 
we have three octal shift 
registers planned for the 
near future: the 74-F299, 
74F322 and 74F323. 

MULTIPLEXERS 

Data-to-Output Delay 
74F153 
Dual 4-input. . . . 5.0 ns 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 ycu 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 saes 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. TWX: 
910-379-6435. 

FAST Evaliation Kit 

France: 
Fairchild Camera 
& Instrument SA. 121 Ave. 
d'Italie. 75013 Paris Tel- 331 584 55 66 Telex: 0042 
200614 Italy: Fairchild SemiconcLittori S 
Corsica 7.20133 Milano Tel: 02 296001-5 Telex 
843-330522 Germany: Fairchild Camera & InEtriment 
(Deutschland) GmbH. 8046 Garct• ing Hochbrutc. 
Daimlerstr. 15. Muncnen. Tel: 089 320031 Telex 52 
4831 fair cl. England Fairchild Canera &Instrument 
(UK) Ltd 230 High SS. Potters Be. Herttordsr ire EN6 
5 BU. Tel 0707 511111. Telex: 262835. Sweden: Fair-
child Semiconducto-AB. Svartengsgatan 6. S-11620 
Stockholm. Tel: 8-448255 Telex: 17759 Japan: Fair-
child Japan Corpora•ion. Pola Bldg. 1-15-21 Shibuya. 
Shibuya-Ku. Tokyo 150 Tel 03 400 8351 Telex: 
2424173 (TFCTY0.1T Hong Kong: Fairchild Semi-
conductor (HK)Ltd_135 Hoi Bun Road. Kwun Tong. 
Kowloon. Tel 3-440233 Telex: HX73531 

Fairchild Camera and Instrument Corp. 

across the board. 
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BUT 
WE CAN GM YOU 

FIFTY GOOD REASONS. 
It's not any single feature that makes MCI' the 
best-selling IC handler. It's a combination of many 
features. 

In fact, MCT handling systems combine more 
reliability, versatility and efficiency than any other 
handler. That's what makes MCT the most 
cost-effective handler you can buy. 

Take our "dead bug" handling approach for 
example. It significantly reduces jamming and 
downtime while allowing MCT handlers to handle the 
widest range of package types in the industry. 

Or consider our superior contacts. They're made 
from gold-platinum for greater durability and better 
contact integrity. 

And consider our efficient, human engineered 
design or our range of speeds up to 10,000 DPH. 

Above all there's our professional service network 
— offering the most comprehensive installation, parts, 
service and training 
capabilities in the industry. 

We could list at least 
fifty more reasons why 
MCT handling systems are 
the best you can buy. But 
we don't have room for 
them in this ad. 

So, instead, we've put 
together a brochure that 
explains our reasons in 
depth. To get a copy just 
call (612) 482-5170, or 
write MCT today. 

THERE'S MORE 
TO AN 

NKT HANDLER 

Micro Component Technology, Inc. 
P.O. Box 43013, St. Paul, Minn. 55164 

• ENGLAND: Millhousc, Boundary Road, Buckingham Shire, Loudwater, High Wycombe, Tel: Bourne End 28231-5, Telex: 848798 • FRANCE: 32, Place 
De LaLoire, Suc 441,94593 RUNG IS Cedex, Tel: (Paris) 687 32 30, Telex: 842/26092 ITS-RUNG • WEST GERMANY: Lnadsberger Strasse 439, Munich 

60, Tel: (Munich) 089/71-44-021, Telex: 841/5212560 ITS D. 
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Tektronix 7854 Oscilloscope 

The first scope that makes 
waveform measurements 
a simple process. 

111 MI 

iïd ‘;mil;'0 %;.;■• MU» 

csre , •••• Caney mot. Cunt.0"0501. 

  'J L.• II 
Rktronix 7854 WAVEFORM CALCULATOR 

Now there's a digital scope that 
provides solutions to common 
waveform measurements, at the touch 
of a button. The 7854 Oscilloscope, 
featuring dc to 400 MHz digital and 
analog bandwidth. Its Waveform 
Processing, Keystroke Programming 
and IEEE-488 Bus can help you make 
significant advances in test and 
measurement productivity. 

Waveform Processing. 
The 7854 keyboard increases effi-

ciency by reducing common mea-
surements to push-button simplicity 

You'll save time and improve accu-
racy on rise time, fall time, delay, 
width and other pulse parameter 
measurements. 

And for the first time, you'll have a 
scope that can automatically perform 
arithmetic functions, integration, dif-
ferentiation, smoothing and signal av-
eraging. Plus there's a Cursor Mode to 
parameterize any area for measure-
ment. It even provides et-Tune and 
voltage readouts. 

Keystroke 
Programming. 

It's as simple as a hand-held cal- USA.. Asias Australia, Central re South Ammicaa culator. The keyboard lets you make dpan 

In fact, you may want to consider 
the Tektronix WP 1310 Waveform Pro-
cessing System. It lets you combine the 
7854 with the Tektronix 4052 Graphic 
Computing System for automation of 
extended waveform tests and mea-
surements. 

Want more information on the 
7854? That's a simple process, too. 
Just call or write Tek at the address 
nearest you. 

Tektronix, Inc. 
several measurements automatically Vae. xto1n7, 97075 
or generate routines for your own Phone: 800/547-1512 

Oregon only 800/644-9051 
tailored measurement tasks. For 503/644-0161 
example, you can use Keystroke gel= 910-467-8708 Cable: TEKTRONIX 
Programming to automatically find Africa, 
the area of an X-Y display. %Mart Tektronix International, Inc. 

European Marketing Centre 
Pcetbox 827 
1180 AV Amstelveen 
The Netherlands 
lelex: 18312 

IEEE-488 Bus. 
For even further processing 

capabilities or for mass storage, use 
our Bus to transfer data and programs 
to or from the 7854. 

Canada 
Tektronix Canada Inc. 
PO. Bcot 6500 
Barrie, Ontario JAM 4V3 
Phone: 705/737-2700 

Tektroni'x. 
Copyright © 1980, Tektronix, Inc. All right reserved. 912 COMMITTED TO EXCELLENCE 



New products 

In-circuit logic tester identifies ICs 
Unique hand-held analyzer scans extensive list of 

part numbers to identify IC and perform qualitative test 

The Myriad/XK 440 from Hy-Tron-
ix Instruments Inc. represents a 
major breakthrough in the field ser-
vice industry. The hand-held instru-
ment can automatically identify un-
labeled integrated logic circuits— 
displaying the generic part num-
ber — and perform a qualitative 
go/no-go test on the part. It does 
this while the logic (in various pack-
ages with up to 40 pins) is wired in 
the circuit, using 16-, 24-, and 40-
pin test clips on extender cables. 
Loose ICs can also be inserted in the 
socket on the instrument for testing. 
A long list of standard logic build-

ing blocks is covered by the 440's 
standard library of test patterns: 
more than 10,000 part numbers are 
on its list, though many of the listed 
parts overlap in function. And 
according to Robert Edgerton, presi-
dent of Hy-Tronix, there is plenty of 
room left over for additional firm-
ware for testing custom or special-
ized logic Ics. Custom firmware in 
erasable programmable read-only 
memories can be delivered in a short 
time at relatively low cost for field 
installation in the unit. 
The 440's standard library does 

not include any emitter-coupled log-
ic, microprocessors, memories, or 
programmable gate arrays. But the 
list of standard parts it can identify 
and test includes TTL, Schottky and 
low-power Schottky logic, MOs, 
complementary-mos, resistor-tran-
sistor logic, diode-transistor logic, 
high-threshold logic, high—noise-im-
munity logic, ICs on the Joint Army-
Navy Qualified Parts List, and 
European Pro-Electron logic. The 
7400 and 5400 TTL series are cover-
ed, as is the 4000 c-mos series. 
Manufacturers' renumbering of 

by Jeremy Young, New Products Editor 

standard logic parts, a practice that 
has made it difficult for service per-
sonnel to tap other sources for re-
placements, will not have that effect 
if a 440 is on hand to identify ics. 
A voltage regulator that includes 

the tester's microcomputer as part of 
its control loop (patents are pending 
on this and other aspects of the 440) 
allows it to operate at the voltages of 
the several logic types it tests. The 
dedicated microcomputer also con-
trols a programmable interface and 
runs self-diagnostics. 
At $3,875 in single quantities, the 

5.4-by-3.2-by-1.6-in., 15-oz instru-
ment is not inexpensive, but the price 
includes the results of a sizable soft-
ware effort. And the 440's automa-
tion allows its use by relatively 
unskilled operators. 
The user need only locate pin 1 on 

an IC's package, attach the test clip, 
and push a single button. The 440 

scans its list of parts to identify the 
applies a complete logic truth 

table test, says Edgerton, and beeps 
if the part passes the test—all in less 
than 1 second. It puts the IC's part 
number on its eight-character alpha-
numeric light-emitting-diode display 
and indicates visually that the part is 
A-OK. 

If the part does not match any of 
those in the 440's listing, the display 
tells the operator so. If the tester 
cannot identify the IC because the 
part is faulty and the part number is 
available, the operator can use the 
forward and reverse buttons to scroll 
through the 440's list of part num-
bers, stopping on the proper number 
and then pressing the test button. 
Holding the forward or reverse but-
ton down results in a progressively 
faster run through the roll table: 
some of the part numbers are skip-
ped during fast rolling, but the user 
can back up if he goes too far. 

Pinpoints faults. Once identified 
by man or machine, a faulty lc cov-
ered in the library can be tested and 
failure information obtained. This 
data includes the numbers of the 
pins on which failures appear, the 
function of each of these pins (input 
or output), and an indication of 
whether the pins are stuck at a logic 
high, low, or neutral. "Short" 
appears on the display if the power 
leads of the device are shorted. 
The 440 is not a parametric tester; 

it checks only the logic function of 
the device. But the company, known 
for its model 900 in-circuit discrete 
semiconductor tester, specifies that 
the probability of the 440's classify-
ing a good lc in its library as good is 
better than 99% and that the proba-
bility that a bad part from its list 
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Now available... 

LOW PROFILE 

Soar 
MONOBLOC® 

Ceramic 
Capacitors 

Style 
8121 

Actual Size 

200" 

Onk, NOw 
Lew Profile 1 

.125" 8121 LP* 

Style 
8131 

r 

New 
Low Profile 
8131 LP. 

Only 
.200" 

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 i.LF ... and 
voltage ratings 50 to 500 Vdc. 

ERIE standard size Red 
Cap Monobloc and Weecone 
(Plate) Ceramic Capacitors are available 
in a full range of sizes with capacitance 
values from 1 pF. through 10.0 µF. 

Write for our new Red Cap catalog 
SC8100-R1 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
State College, Pennsylvania 16801 

814-237-1431 

New products 

will be classified as good is less than 
1%. 
Tests run at a rate of 1,000 pat-

terns per second; pulse width is pro-
grammable up to 10 ps. A typical 
test procedure takes 0.1 s. The 440 
has 40 channels: 38 for logic, one for 
power, and one for ground. All its 
interface lines are protected from 
shorts to ground or power: the unit 
cannot be burned out by a faulty 
device, nor will it damage the device 
under test. Power is applied to that 
device only at the moment of the 
test, and it is cut off immediately if a 
fault is detected. Because power has 
to be supplied to in-circuit ICs and 
consequently other parts on the 
board, 1.5 A is available from the 
tester. 

Versatile. An assortment of flat-
pack adapters is available to aug-
ment the standard DIP clip leads. 
The 440, which can detect open-
collector logic, can also handle many 
modules, including military Stan-
dard Electronic Modules (sEms), 
Support Electronic Equipment Mod-
ules (SEEMS), Standard Hardware 
Packages, Standard Avionic Mod-
ules, and various special military 
packages. The socket pattern shown 
provides the capability of testing 
SEMs or SEEMs. The 440's versatility 
is assured by its ability to store 11/2 
megabits of firmware, less than 10% 
of which is occupied by the standard 
library. 
The hand-held tester runs on its 

rechargeable nickel-cadmium bat-
tery, 9-v transistor radio batteries, 
other de sources up to 28 1/, or using 
ac adapters for 115- or 220-v 50- or 
60-Hz line operation. If the battery 
voltage drops below a level permit-
ting reliable testing, the condition is 
indicated on the display automati-
cally. About 20 seconds of disuse 
invokes the unit's automatic shut-off 
facility. 

Intended to pass military tests for 
ruggedness, the 440 has a main 
printed-circuit board Vs in. thick, 
plus two standard boards. It is avail-
able from stock to 120 days after 
receipt of order. 
Hy-Tronix Instruments Inc., P. O. Box 827, 

301 W. Fifth St., Newton, Kan, 67114. Phone 

(316) 283-5730 [340] 

SYSTEM SOLUTIONS 
To problems in using the 

ELECTROMAGNETIC 
SPECTRUM 

• Communications • Radar 

• Satellite TT&C • C3I 

• Satellite Meteorology 

SERVING THE NEEDS OF 
INDUSTRY AND GOVERNMENT 
THROUGHOUT THE WORLD 

DATRON SYSTEMS INC. 
20700 Plummer St./Chatsworth, CA 91311 

Phone (213) 882-9616/TWX (910) 494/2787 

Circle 175 on reader service card 

/ \ tNEED SERVICE 
ON YOUR 
SUBSCRIPTION 

e TO ... 
Electronics 
Do you want to change 
your address? 

Have you missed an 
issue? 

Was your copy damaged? 

CALL 

(609) 448-8110* 
FOR IMMEDIATE lifiría 
HELP 

a.m.-4 p.m EST 

 .1 
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Al A2 A3 A4 

88 Bç 

D6 07 

F4 FS 

H2 H3 

19 .1 I 

AS Ao 41,7 Ah AY BI E2 33 84 E5 8,5 87 

C I C2 C3 Cd CS CO C7 C8 C9 DI 02 D3 Dd 135 

ce 09 El E2 E3 E4 ES E6 ET-' E8 E9 Fi F2 F3 

F6 FT F8 F9 G* G2 G3 G4 GS G6 G7 G8 G9 H I 

H4 Hi HO H7 H8 H9 1 I 2 13 14 15 I 6 1 7 1 8 

J2 .13 J4 J5 KI K2 KC; K4 KS K6 11 12 13 L4 

1.5 1.6 L7 L8 MI M2 M3 M4 MS M6 M7 M8 M9 NI N2 N3 

N4 NS NO Ni N8 N9 01 02 03 04 05 06 07 08 09 PI 

P2 P3 P4 P.5 P6 P7 P3 P9 CI. 02 03 04 05 06 07 RI 

12 R3 R4 RS R6 R7 R3 R9 SI S2 53 54 S5 SO S7 S8 

Fujitsu's all-new roll-type item keyboard. A 3200-item selec-
tion on a single, compact sheet keyboard. Here's how we do 
it: An easy-to-handle cartridge contains 20 pages, any o+ 
which can be located in one second. Simply press the high-
speed PAGE SELECT switch and the page automatically 
rolls into view. On each page you will find 160 items clearly 
readable from any angle thanks to a large item display sec-
tion. And if your needs go beyond 3200 items you have 

European Distributors 
AUSTRIA FRAHCE ITALY NETHERLANDS SWI TZERLAND 

mmeeeee 

only to exchange cartridges — up to 63 different replace-
ments — each requiring a matter of mere seconds. The 
result is a streamlined keyboard ideal for a variety of ap-
plications including small-scale computers and terminal 
equipment. For full details on Fujitsu's wide selection of 
keyboards, including its latest roll-type item models, con-
tact your nearest Fujitsu representative. 

UNITED KINGDOM WEST GERMANY 

ELBATEX GMBH 
A-1235 Wien, 
Breitenfurtestr. 351 
Phone: 1022218856 11 
Telex: 13 3128 

ERN 
ruede Fe o" 
Z A. le hoc 
B.P. NO. 4, 
78530 Buc 
Phone 95601311 
Telex 698637 F 

C.S.E. 
20146 Maw o, 
V Araega, 16 
Phone , 154992." 

41a/260 
Telex 3E1590 

BODAMEA INTER-
NATIONAL Et.V 
Havenstraer 
Postbus 
1500 AG 2.iandarri 
Phone 0703511 
Telex 19009 

ELRATEX AG 
CH-5430 Weitingen. 
Alb. Zwysigatrmm 
28 
Phone: 055.265641 
Tele, 55239 

TEMPATRON LTD_ 
6 Portman Roe]. 
Bat'Hearin Estee. 
Read -ng RG3 110 
Phone: Reading 
10734/ 596161 
Telex - 847732 

COMTEC GMBH 
Südl.Aultahrtmllee 56 
08000 München 19 
Phone 1089/ 178 1041 
Telex 0528435 

comtc D 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
FUJITSU 

Head Office (Component Marketing Division): 18 Mori Bldg., 3-13, Toranomon 2-chome, Minato-ku, Tokyo 105, Japan 
Phone: 03-502-016' Telex: 2224361 FJ TOR J 
Paris Office: Porte No. 207, 1 Voie, Feljx, Eboue 94021 Creteil Cedex, France Phone: 01-377-0355 Telex: 212544 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
Fujitsu Limited 'Tokyo. Japan 
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The first functional 
PCB tester good enough 
to be called Fairchild: 

It's the company behind 
Series 70 that puts it a 
generation ahead. 

In the 
world of 
ATE, no 
name has 
so consis-
tently been 
synonymous 
with innovative 
technology, dependable quality, 
and total systems support as the 
name Fairchild. 

With the introduction of Series 
70, Fairchild brings that long tradi-
tion of excellence to the functional 
board tester. 

Series 70 offers true state-of-
the-art hardware and software, 
developed for efficient and accu-
rate board test and program simu-
lation. It is modular in design for 
off-the-shelf economy and cost-
effective expansion. It has a 
computer specifically designed for 
functional testing. It has a high-
speed memory bus and a separate 
high-speed I/O bus. It can diag-
nose faults down to the component 
level with logic clip and probe capa-
bility. And it can test all of today's 
most advanced LSI devices 
—high-speed digital, analog 
and hybrid. 

Without a doubt, Series 70 is 
the most complete, comprehensive 
and capable functional tester avail-
able today. And with the increasing 
complexity of today's PC boards, 
you can't afford a system that 
offers less. 

And Series 70 is faster, 
smarter and easier. 

While other testers operate at a lei-
surely 1.8 MHz, Series 70 gives you 
data rates to 5 MHz across all digi-
tal pins in parallel and collects 
probe data at full test speed. It 

Circle 221 on reader service card 

de-see 

offers faster, more accurate fault 
isolation, and it lets you program 
timing increments with 20 ns reso-
lution. You can even track bus-
related faults at full speed with 
Series 70. 

Thanks to MEDIATOR, Series 
70 gives you a high-level conversa-
tional test program language 
instead of low-level code. And 
MEDIATOR is an English-like, 
multi-level language so you can 
write your own hybrid board pro-
grams easily and economically. 

More accurate, 
more flexible, 
and more adaptable. 

Compared to today's best 
known functional tester, Series 
70 offers specifications that 
are truly impressive: 

Series 70 An older tester 
SPEED 5 MHz 1 8 MHz 

PROGRAMMABLE Yes No 
PULLUP RESISTORS 

COMPUTER Specially PDP-8 
designed 
dual bus 
architecture 
16 bits 12 bits 
64 K words 32 K words 
memory memory 
(128 K bytes) (48 K bytes) 

SIMULATOR High Longer debug 
accuracy time 
Can be run Have to add 
on tester memory 

12 or 24 2.4 MBor 4.8 
MB disk MB disk 

Virtual 
memory 

Continuous 

operation 

Totally Boot from TTY 
automatic 

Fault tracing to No equivalent 
the component 
level with 
FLO-TRACER 

Live data No equivalent 
compression 

MASS STORAGE 

SOFTWARE 

EDITOR 

SYSTEM 
INITIALIZATION 

DIAGNOSTIC 
CAPABILITY 

ADVANCED LSI 
TECHNIQUES 

HIGH-SPEED 8 phase with OR No equivalent 
CLOCKS capability 

HYBRID 
CAPABIL 

Overlay & 
linking 

Call-up mode 

6 bus dual-pole Limited 
throughout scanner 

The world's first 
true hybrid tester. 

Unlike other functional testers, 
Series 70 covers all types of 
boards—bus oriented micropro-
cessors, dense dynamic memo-

ries, fast static memories, complex 
linear circuits and discrete devices 
And it can handle boards from 
MOS and CMOS to TUL and 
advanced bipolar. 

With Series 70, you also get a 
wide choice of fixturing systems— 
universal, edge connector, or 
optional Thinline® bed-of-nails 
interface. 

And it's from 
the first family of ATE. 

Like all Fairchild test systems, the 
Series 70 is backed by the largest 
support network in the industry. 
Training, applications software, 
special hardware configurations 
and maintenance are all part of the 
Fairchild support package. To-
gether they provide a comprehen-
sive, proven and state-of-the-art 
solution to your functional PCB 
testing needs today and tomorrow. 

For more information on the 
new Series 70 Functional Board 
Tester from Fairchild, call or write 
for our new brochure: 

Fairchild Test Systems Group 
Fairchild Technical Center 
Billerica, MA 01821 
(617) 663-6562 

Visit us at ATE Seminar/Exhibit, 
Booths 218-228, 310-321 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 
of ATE 



High accuracy Computer:16 bits, 1' 
simulator 64 K words memory 

Live data 
3 disk Dual IEEE bus compression 
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Wherever you are in this world, whatever your 
specialty...ELECTRONICS magazine's exclu-
sive worldwide, international coverage of elec-
tronic technology and business guarantees that 
our subscribers are the first to know precisely 
what's happening...when it's happening...re-
gardless of where it's happening. 

From San Francisco to Tokyo, Moscow to Tel Aviv, 
only ELECTRONICS covers the fast-paced 
changes taking place in today's world of elec-
tronic technology. Our overseas editors don't 
travel to where the news is breaking, they live 
and work there. They examine and interpret 
every significant technological and business 
development on the international electronics 
scene to make sure our subscribers not only 
keep pace...but keep on top. 

You owe it to yourself and to your career to find 
out why nearly 100,000 of your professional col-
leagues in 127 different countries explore the 
world of Electronics on a regular basis. Devote 
one hour of your reading time every two weeks 
and we'll broaden your dimensions in ways that 
no one else can. We'll keep you current on what's 
going on in the technology. 

To start your subscription to ELECTRONICS 
send in the subscription card found in this 
magazine. Or, write directly to Subscription De-
partment, ELECTRONICS, McGraw-Hill, 1221 
Avenue of the Americas, New York, N.Y. 10020. 

Electronics 
Magazine rm 
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New products 

Computers & peripherals 

Roundup: Printers under $1,000 thrive 
Recent crop of 80-column dot-matrix impact printers aimed at 

the personal computer market offers sophisticated features at low prices 

by Ana Bishop, Assistant New Products Editor 

The eight 80-column alphanumeric 
printers appearing on the chart on 
this page reflect a tendency pre-
dicted last year [Electronics, Jan. 31, 
1980, p. 113] and growing even 
stronger this year: printers are cost-
ing less and less. All of these dot-
matrix impact printers introduced in 
the last quarter of 1980, and the list 
is not comprehensive, sell for under 
$1,000 and are primarily aimed at 
the personal computer market. 

Creative Strategies International, 
San Jose, Calif., in its new report, 

"Low Cost Computer Printers," pre-
dicts that by 1985, the U. S. market 
for low-cost computer printers will 
exceed $300 million, "reflecting a 
compound annual growth rate of 
24%." The research firm goes on to 
stress that during this period, unit 
shipments will more than triple. 
The report defines the low-cost 

market as those printers that print at 
least 40 characters per line and are 
available to the end user for $1,000 
or less. "Serial impact matrix print-
ers will account for approximately 

80% of the low-cost printers sold in 
1980." 
This seems to be the case, due to 

the ability of these printers to pro-
vide multiple copies. The San Jose 
firm sees such technological ad-
vances as improved print quality as 
contributing to the 32% compound 
annual growth rate it forecasts for 
impact printers. In fact, all of the 
printers in the chart feature the 
ASCII 96-character set, with both 
upper and lower case, and many 
offer some sort of graphics capabili-

RECENTLY INTRO UCED LOW.COST MATRIX PRINTERS 

Unit 
price 

Company 
and model 

Column 
width 

(characters 
per line) 

Dot 
matrix 

Printing 
speed 

(characters 
per 

second) 

Interfaces 
Buffer 
size 

(characters) 
Size (in.) Extra features 

Axiom Corp. 
IMP2-Apple 

80/96/132 7 x 7 80 for Apple II 512 3.5 x 17.5 x 8.75 • prints graphics 
• includes 
connectors 

$895 

Data Royal Inc. 
I BS-5000A 

80/136 9 x 9 150 RS-232-C 
or parallel 
(optional: 
20-mA 
current loop) 

256 7 x 14 x 18.3 • has buffer that 
is optionally 
expandable to 
2,000 charac- 
ters 

$1,060; 
below 
$735 
in 100s 

DIP Inc. 
DIP-85 

80/96/132 7 x 7 
or 14 x 7 

100, 
bidirectional 

parallel and 
RS-232-C 

1,000 17 x 9.75 x 6.5 • prints graphics 
from cathode- 
ray tube 

$625 
in 100s 

Epson America Inc. 
MX-80 

80 9 x 9 80, 
bidirectional 

8-bit parallel 
(optional: 
RS-232-C or 
IEEE-488) 

80 4.2 x 14.7 x 12 • has $30 
disposable 
print head 
• self-tests 
• prints graphics 

$650 

Facit Data Products 
4520/4521 

80 9 x 7 100, 
bidirectional 

8-bit parallel 
and RS-232-C 

712 14.6 x 6 x 15 
or 14 

• has low noise 
level (less than 
60 dBA) 

$1,000 
or less 

Micro Peripherals Inc. 
88G 

80/96/132 7 x 7 100, 
bi- or uni- 
directional 

RS-232-C or 
TTL parallel 
(optional: 20-mA 
current loop or 
IEEE-488) 

2,000 16 x 10.5 x 6.2 • offers optional 
graphics from 
CRT 

$400 to 
OEMs; 
$799 with 
graphics 

Microtek Inc. 
MT-80 

80/132 9 x 7 125, 
bidirectional 

(optional: 8-bit 
parallel or 
RS-232-C) 

240 7.3 x 17.7 x 14.8 • has self- 
diagnostics 

S795 to 
$895 

Tandy Corp./Radio Shack 
Line Printer IV 

80/132 not 
specified 

50 for TAS-80 — 15 x 11 x 5 — $999 

. 
SOURCE , ELECTRONICS 
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ABLE CABLE. 
The solution to any flat cable need—from quality 

to availability—is always Scotchflex .R 

For utility and performance, 
Scotchflex round-conductor flat 
cable—the industry standard— 
is available in #24-30 AWG, 
from 9 to 64 conductors. 

Use Scotchflex color-coded flat 
cable for individual-wire convenience. 
Fully zippable, it's available with from 
9 to 64 conductors in 22, 26 and 28 
AWG stranded. 

educe cross-talk, boost signal 
density and control impedance with 
Scotchflex flat cable with copper 
mesh ground plane, in 28 and 30 
AWG, with or without drain wires. 

"Scotchflex" is a registered trademark of 3M. 

4 

For physical protection, there's 
heavy-PVC-jacketed cable; to protect 
against EMI and ESD, there's jacketed 
cable with 360° copper shield. Empty 
jacketing and custom constructions 
are also available, with and without 
shielding. 

3M offers you a broad range 
of Scotchflex cables. Cables with 
the assured quality of precision-
tolerance wire spacing. Cables with 
physical and electrical characteristics 
tailored to your specific needs. 

Every type can be delivered 
immediately, in the quantities you 
need for your application. 
So call your 3M representative 
or distributor today. Or write 
Electronic Products Division/3M, 
Building 225-4S, 3M Center, 
St. Paul, MN 55144 

SPECIFY THE SOURCE. 

3M Hears You... 

3M 
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Headers shipped 
by sundown. 

Need headers for connector 
systems, PCB's or wire wrapping? 
Your A P Distributor has them in 
stock and ready for delivery. 

Female headers come in single 
or double rows of 36 contacts. 

Male headers come in straight or right angle configurations in single or 
double rows of 36 contacts. All can be cut to any number of contacts by 
you or your A P Distributor. 

• Dielectric is black thermoplastic polyester and unaffected by flow 
soldering or board cleaning solvents. 

• Contacts are full hard-copper alloy 770. Gold plated or unplated. 

Immediate delivery! 
Call one of the distributors below and give him your requirements. 

He'll fill them "faster and easier" than anyone else. And you'll find his 
prices "easy", too. 

For more information call TOLL FREE: 800-321-9668 
Beaverton (OR) 
Bensenville (IL) 
Bohemia (NY) 
Buffalo (NY) 
Burlingame (CA) 
Burlington (MA) 
Canoga Park (CA) 
Cleveland (OH) 
Dallas (TX) 
Dayton (OH) 
Denver (CO) 
Denver (CO) 
East Hanover (NJ) 
Elmhurst (IL) 
El Monte (CA) 
Gaithersburg (MD) 
Hauppauge (NY) 
Hudson (NH) 
Houston (TX) 
Irvine (CA) 
Irvine (CA) 
Lakewood (CO) 
Mt. Laurel (NJ) 
Mamaroneck (NY) 
Milwaukee (WI) 
Natick (MA) 
Newton (MA) 
Newton (MA) 

503/646-0090 
312/595-6622 
516/567-4200 
7161522-1692 
415/348-0483 
6171272-8200 
213/999-5001 
2161587-3600 
214/233-5200 
513/236-8088 
303/427-1818 
303/534-6121 
2011887-2550 
3121279-1000 
213/686-0141 
301/840-9450 
516/273-2424 
603/882-1133 
713/777-0358 
714/549-8611 
714/556-6400 
303/232-8830 
609/234-9100 
915/698-9332 
4141475-6000 
617/237-6340 
617/969-8900 
6171964-6200 

Norwalk (CT) 
Orlando (FL) 
Palo Alto (CA) 
Philadelphia (PA) 
Phoenix (AZ) 
Plymouth (MN) 
Rosemont (IL) 
San Diego (CA) 
San Diego (CA) 
San Francisco (CA) 
San Jose (CA) 
Sunnyvale (CA) 
Sun Valley (CA) 
Tempe(AZ) 
Tucson (AZ) 
Tukwila (WA) 
Wallingford (CT) 
Wilmington (MA) 

Canada 

203/853-2010 
305/859-1620 
415/326-5432 
2151648-4000 
602/279-9446 
612/559-2211 
312/298-4210 
714/578-9600 
714/560-0515 
415/626-1444 
4081946-4300 
408/732-1100 
213/768-3800 
602/968-6181 
602/790-5687 
206/575-3120 
203/265-3822 
617/273-1860 

514/731-7441 

A P PRODUCTS INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Mentor Ohio 44060 
[216] 354-2101 
11/VX: 810-425-2250 

In Europe. contact A P PRODUCTS GmbH 
Baeumlesweg 21• D-7031 VVeil 1 • W. Germany 

New products 

Picturesque. Micro Peripherals' 88G printer 
with graphics option costs $799. 

ty. Some even provide hard copy 
from cathode-ray tubes—a still 
small but growing market need. 
Of major importance is the fact 

that the printers offer a wide variety 
of features at their low prices. Most 
of the new printers offer the choice 
of 80-, 96-, or 132-column widths. 
Standard for the units are cartridge 
ribbons and printing heads with life-
times of 100 million characters. 
Most of the printers handle both 
friction and tractor (pin) feeding of 
paper from roll or fan-fold stock. 

Tradeoffs. Indicative of the influ-
ence of the personal computer mar-
ket are the prices for printers aimed 
exclusively at the popular personal 
microcomputers, the Apple II and 
TRS-80. As noted on the chart, a 
printer for the Apple II from Axiom 
Corp. sells for $895 and one for the 
TRS-80 from Tandy Corp. retails 
for $999. These figures compare 
unfavorably with such low prices as 
the Epson America MX-80's retail 
price of $650. The Tandy Line Print-
er IV does not offer graphics, and its 
printing speed is 50 characters per 
second, while the MX-80's is 80 
characters/s, bidirectionally. In fact, 
50 characters/s is the lowest speed 
offered by any of the current crop of 
printers. 
The TRS-80 itself, however, does 

have RS-232-C serial and Centron-
ics 8-bit parallel printer ports avail-
able on expansion boards, so it could 
ostensibly handle printers that, like 
most of those featured on the chart, 
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Now Shell 
produces 

Epoxy flovolac 
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 case 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 developments 
in epoxy resins. 

Epikote 
Shell Chemicals 
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The biographies of 5,240 of your colleagues... 

the most important people 
in the electronics industries 
worldwide 

McGraw-Hill's 

Leaders in Electronics 
Prepared by the Staff of Electronics 
651 pages 

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. 

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. 

Order today using this coupon! 
r-

Sample Listing 
Jones, John 

Chmn & CEO, Microprocessor Div of Computers Inc, 
1023 W Warner Ave, Dayton, OH 45479, Tel (513) 555-

2000. Born: Mar 26, 1926, Philadelphia, PA. Education: 
MBA, Harvard Business School, 1950; BSEE, Univ of 
III., 1946; PhD (Hon), Yale Univ, 1977. Professional Ex-
perience: Natl Bur of Standards, 1956-74, Adm Eng; 
Litton Ind, 1954-56, Sr Eng; NCR Corp, 1950-54, Eng. 

Directorships: Computers Inc since 1975. Organizations: 
IEEE since 1946, Sec Head 1972-73; AAAS since 1971; 
Midwest Ind Mgt Assn since 1974. Awards: Fellow, 

IEEE, 1977; Public Service Award, City of Dayton, 1976. 

Patents Held: 8 in computer circuits, incl Special Circuit 
for Microcomputer Chip Design 1975. Achievements: 

founded Microprocessor Inc 1974; project manager 
of first application of microprocessors for standard 

interfaces 1975. Books: 4 incl Small Circuits and Their 
Applications (editor), McGraw-Hill, New York, 1975. 
Personal: married 1950 to Mary (Smith), children John 
Jr, Jane Anne, Kevin. Residence: 344 W 34th St, Dayton, 
OH 45403, Tel (513) 555-4343. 

Return coupon to: 
Leaders in Electronics 
P.O. Box 669 
Hightstown, New Jersey 08520 
(609) 448-1700, ext. 5494 

Send me  copy (copies) of Leaders in 
Electronics on a 10-day money-back guarantee. I 
understand that if I am not absolutely satisfied, 
I may return the book(s) within ten days at no 
further obligation. Otherwise, McGraw-Hill 
will bill me $39.50 for each copy, plus applicable 
sales tax, shipping and handling charges. 

Name  

Title  

Company  

Address  

City State Zip  

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all regular shipping and handling charges. 
Ten-day money-back guarantee still applies. 
  Check enclosed   Bill me   Bill my company company purchase order ir   
This offer subject to acceptance by McGraw-Hill. ELI 

_J 
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New products 

offer the RS-232-C or 8-bit parallel 
connection as standard features or as 
options. A user would have to con-
sider whether the price of a low-cost 
printer added to the price of an 
expansion board, if he lacks one in 
his system, would be competitive 
with the price of the Line Printer IV. 
Of course, matrix impact printers 

priced below $1,000 are not new to 
the market; such major printer man-
ufacturers as Centronics, Anadex, 
and Computer Printer International 
(Comprint) have offered low-cost 
printers for some time. What is new 
is that the latest printers are offering 
more features at prices approaching 
the $600 mark. 
Axiom Corp., 5932 San Fernando Rd., Glen-
dale, Calif. 91202. Phone (213) 245-9244 
[401] 

Data Royal Inc., 235 Main Dunstable Rd., 

Nashua, N. H. 03061. Phone (603) 883-
4157 [402] 

DIP Inc., 745 Atlantic Ave., Boston, Mass. 
02111. Phone (617) 482-4214 [403] 
Epson America Inc., 23844 Hawthorne Blvd., 
Torrance, Calif. 90505. Phone (213) 378-
2220 [404] 

Facit Data Products, 66 Field Point Rd., 

Greenwich, Conn. 06830 [405] 
Micro Peripherals Inc., 2099 W. 2200 South 

St., Salt Lake City, Utah 84119. Phone (801) 
973-6053 [406] 

Microtek Inc., 9514 Chesapeake Dr., San Di-

ego, Calif. 92123. Phone (714) 278-0633 
[407] 

Tandy Corp./Radio Shack, 1800 One Tandy 
Center, Fort Worth, Texas 76102 [408] 

$4,400 units yield hard copy 

from storage-scope tubes 

The 4611 and 4612 electrostatic 
hard-copy units provide high-con-
trast black and white images on 
dielectric paper from storage tubes 
and raster-scan video signals. Avail-
able for $4,400, the small, light-
weight copying devices use a dry 
carbon toner that contains carbon 
particles and wax to eliminate the 
seepage problems that can occur 
with liquid toners. Both units pro-
duce 81/2 -by-11-in. copies, with 256 
by 171 overlapping dots per inch. 
The units are especially suited for 

These days, an American 
made relay is like money 
in the bank. 
Think of the U.S. economy as a bank, one 
with too many withdrawals and too few 
deposits, and you've got a major cause for 
inflation. Putting your money into American 
made goods, like Wabash Relays, can help 
bring inflation under control. 

Wabash relays are 00% American made. 
That says something special about our 
quality and our fast, dependable 
service and delivery. Wabash 
offers ove- 6,000 reed relay 
variations alone, at a price 
competitive with those 
manLfactured outside the U.S. 

For relays you can bank on, give 
Wabash a call. Just tell 'em 
Sam sent you. 

Wabash Relay & Electronics 
First and Webster Streets 
Wabash, Indiana 46992 
(219) 563-2191 

Circle 229 on reader service card 

ASCII encoded keyboards: as low as $46:1̀  
New lighter touch for to 

improved typing. ji 

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. gum 
Or call our toll-free number: 800-233-0094. 
'OEM pnce Alsc evadable less case 
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Get the 
design advantage— 

match up with Triad. We manufacture one of 
the world's largest and most complete lines of 
transformers and related magnetic deflection 
components, both OEM and replacement. In 
all probability we can serve your needs from our 
vast parts inventory. But if your requirements are 
specialized, our professional team will custom 

design to your specifications. 

Either way, you'll have the 
Triad advantage. 

HOPE 
The project 
a ship launched. 
First there was the hospital ship S.S. HOPE, now retired. 

Today HOPE is on established project which has carried 
its goal of improving health through education to 24 
developing countries of the world and the United State! 

Give to: 

PROJECT Deportment Fi 

III1PF Washington, D.C. 20007 

New products 

use with low-cost terminals and 
desktop computers. Discounts for 
original-equipment manufacturers 
are available. 
Tektronix Inc., P. O. Box. 500, Beaverton, 

Ore. 97077 [363] 

Dumb terminal offers smart 

terminal features for $995 

The ADM-5 Dumb Terminal con-
sole provides standard features tradi-
tionally available only on smart ter-
minals, and does so for $995. The 
unit offers reverse video and reduced 
intensity, in addition to limited 
editing capabilities and a gated ex-
tension port for selective transmis-
sion of data from the terminal to any 
serial RS-232-C peripheral device. 
The ADM-5 has a 12-in.-diagonal 
display screen and a teletypewriter 
keyboard with the ASCII 96-charac-
ter set. 
The terminal operates asynchro-

nously in half- or full-duplex modes 
at any of 11 data rates from 75 to 
19.2 kb/s. The word format can be 
selected to be the standard 7- or 
8-bit words; with odd, even, or no 
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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 

r-
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- On MasterCard only, 
back guarantee applies on all books, first numbers above name   

Then look ahead to... 

e 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. 

ern. 0 Payment enclosed 11 Bill firm II Bill me 

charge to my credit card: E American Express 

0 Diners Club 11 Visa 111 MasterCard 

Acct. No. Date Exp 

Name  

Company  

Street  

City State Zip  

1 

Signature  

EL ti 
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OTTO 
snap-action switches 

make & break every time because the OTTO design 
breaks welds and wipes contacts clean. 

at normally closed position. rocking & wiping action. 

OTTO's design is featured in a variety of 
basic sub-subminiatures with a full 
complement of actuators Commercial 
and military versions Standards and 
specials 

ask for Catalog 100, 24 pages. 

TA 

Single & 
double-break 

basics. 

contacts snapping to 14.0. Position. 

Sealed & 
unsealed 
pushbuttons. 

Toggles. 

OTTO CONTROLS Division, ri OTTO engineering inc. 
2 Main Street, Carpentersville, Illinois 60110 • Phone: 312/428-7171 

' OTTO engineering inc. 1980 

Circle 232 on reader service card 

DTMF-MODEMS 
You are looking at the world's most 
complete line of DTMF receivers. ,,, 

Low power power 
BCD receiver' 

ezet, 

SSL's unparalleled performance in 

reliability, precision 

and competitive pricing 

have all come together 

to bring you the Selectable 106, 
BCD meter-

smallest and most 

Hex recelyer 
iteeee-' 

advanced DTMF 
.e«>•07-, 

receivers 1 of 16 receer 
ceee • available 

DTMF Modem 

Prog. Sel. 
Call Mo.derti.--'. 

.net 

No additional 

components 

required. 

Whenever your applications 

include industrial control 

PABX's, KTU's, or remote signal 

& selective calling, the SL 

DTMF's will solve your problem now! 

Call or write for a complete product specifications brochure. 

SCIENTIFIC 
SYSTEMS 
LABORATORIES 

2031 E. Cerritos, Suite J, Anaheim, CA 92806 
(714) 776-5003 

New products 

parity; and with 1 or 2 stop bits. 
The ADM-5 terminal is software-

and hardware-compatible with all 
popular computers offering RS-232-
C or 20-mA current-loop interfaces 
selected via a switch. 

Deliveries are scheduled to begin 
this month. 
Lear Siegler Inc., Data Products Divison, 714 

N. Brookhurst St., Anaheim, Calif. 92803. 

Phone (800) 854-3805 or (714) 774-1010 

[364] 

Quiet matrix printer prints 

125 to 300 lines per minute 

For small-business systems and dis-
tributed data processing, three ver-
sions of a quiet matrix tabletop 
printer provide printing rates be-
tween 125 and 300 lines per minute, 
depending on the number of charac-
ters per line. 
A 14-wire dual-column print head 

with an expected life of 300 million 
characters prints a standard ASCII 
96-character set in a seven-by-seven 
half-dot matrix. The print head and 
ribbon cassettes are easily changed. 
The printers use standard fan-

folded, edge-punched, continuous-
form paper 3 to 16 in. wide. They 
can produce an original plus five 
copies. 
The three versions are: the model 

4355, which includes a programmed 
input/output controller and is de-
signed to run under Data General's 
Real-time Disk Operating System 
(RD0s), Microprocessor Operating 
System (mP/os), or the diskette-
based disk operating system (DOS); 
the model 4356, which contains a 
data-channel controller; and the 
model 4354, which includes a serial 
1/0 interface. The three versions of 
the new matrix printer are priced at 
$6,650, $7,000, and $6,450, respec-
tively. All units operate with the 
Nova and Eclipse computers, and, in 
addition, the model 4354 works with 
the microNova. 

Quantity discounts are available, 
and delivery is 90 days after receipt 
of order. 
Data General Corp, Rte. 9, Westboro, Mass. 

01581. Phone (617) 366-8911 [366] 
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YOU'RE 100% RIGHT 
WITH DIT-NACO ATE 
RIGHT PERFORMANCE. 

DIT-MCO has continuity and short test sys-
tems to meet your testing needs. Total 
Systems Capability from low voltage MPU 
controlled testers to high voltage CPU driven 
analyzers. Termination capacities are avail-
able from 128 to over 100,000 points. Select 
from a broad range of analyzer-fixture com-
binations providing speed, versatility, flexi-
bility, and over-all test performance. 

RIGHT PRICE AND PAY-BACK. 

Price performance factors of DIT-MCO ana-
lyzer fixture systems are cost effective. 
Increased operator efficiency, faster product 
throughput, and reduced TEST/ QA costs 
contribute to a readily apparent and highly 
justifiable return on investment. 

RIGHT SOURCE. 

DIT-MCO analyzer-fixture systems are 
backed by over iquarter century of on-the-
line field proven use. You're 100% right 
when your planning includes DIT-MCO, the 
world's leading manufacturer of inter-
connect test systems. Call our toll-free 
number or your closest international repre-
sentative today. We'll tell you how DIT-MCO 
Total Systems Capability can satisfy your 
interconnect test requirements accurately, 
efficiently, reliably, 100%. 

DIT—MCO TOTAL SYSTEMS CAPABILITY 

‘ 111beitell i.-

b%le 
tiV eSP 

0001,0 

0 0 0 0 • 

0 3000 
naaen 

JAPAN 

TEL 
Shiniuku Nomura Bldg. 
26-2, 1-Chome, 
Nishishinjuku, Shinjuku-ku 
Tokyo 160, Japan 
Tel.: (03) 343-4411 

EUROPE 

RADIX HOUSE 
Central Trading Estate 
Staines Middlesex 
TW18-4XA • England 
Tel.: (0784) 51444 

iffl604 fflufflug 
fffle* emmeg 

efulleitg afflummr 
4Reem xemimutg 

*emus 3eRg8881: 

1V49VM•n 940vv9i, 

FRANCE 
TEKELEC (Paris) 
1-534-7535 

BENELUX 
ZEVA (Netherlands) 
1620-53941 

ISRAEL 
Arnold Trading Co (Tel-Aviv) 
3-280082 

ITALY 
DMG (Torino) 
11-726 716 

;UMW. 
Uenity. 

XICEggege 

ZURIAgg 

PF9F??5, 

WEST GERMANY 
MACROTRON (Munich) 
089-915061 

SCANDINAVIA 
WIKMAN and MALMKJELL 
(Stockholm) 08-756-0140 

Eastern Bloc Countries 

AMTEST ASSOCIATES 
U.K. Weybridge 52121 
W.G. Munich 08-106-7117 

DIT-IVICO MODEL 
1042 INTERCONNECT 
TEST SYSTEM 

Fully Automatic, Microprocessor Controlled, 
High Speed, With Floppy Disk... 

• Powerful CP/M and DIT-MCO software 
and software maintenance support. 

• Separate Continuity and Short Test Levels. 
• Creates Own Test Programs. 
• Product Error Printout in Both Analyzer 
and Product Language. 
• CRT Test Program Edit. 
• Reliable High Speed Sol id State Switching. 
•TEST Program Listing on Printer. 
• Communications Link with Host Computer. 

ACCESS FIXTURE: 
Select from the series of versatile standard 
DIT-MCO fixtures to complete the system. 
Model shown at left is Model AF-100 and 
Model AF-160 is above. Both feature quick 
change product adaptation through Tran-
sition Boxes or Offset Pin Boards. 

DIT-IVICO PATENTED 
OFFSET PIN BOARDS 
The most cost effective method of inter-
facing product. As little as $1 per point. Also 
available in kit form. 

Call TOLL FREE 1-800-821-3487 
(In Missouri Call 816-444-9700) 

INTERNATIONAL 
CORPORATION 
QUALITY TESTING QUALITY! 
5612 Brighton Terrace 
Kansas City, Missouri 64130 

Telex Number: 42-6149 
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Ybu either haw it, 

INTERNATIONAL OFFICES: AUSTRALIA. Dee Why West N SW. (2) 982-3222 AUSTRIA, WEST GERMANY. Dreieich. (6103)8-2021 CANADA, Ontario, Quebec. (416) 661-2761 ENGLAND, Luton, (582) 7-271 
JAPAN. Tokyo. (425) 77-4811 MEXICO, (905) 562-2643 SINGAPORE. 283-4244 SOUTH AFRICA. Benrose, (11) 6146451 SPAIN. Barcelona. (3) 3002252 SCANDINAVIA. Upplards Vasby Sweden. (760', 86140 



Precision at your fingertips. 
We fabricate everything in-house. Quality and precision are reflected 
in every part, from the plastic components and circuit boards 
to our gold contact systems. And our research and testing 
are uncompromisingly thorough. So naturally 
Digitran switches are made better. Dian-Rnn 

The Digitran Company, a division of Becton Dickinson anti Companv 

Headquarters: Pasadena, California 

UNITED KINGDOM: Melbourn, Royston • Herts. SG8 6DN (England) • Phone: 763-61600 • TELEX 851-81522 
EUROPE: 12 Boulevard de la Woluwe • 1940 Brussels (Belgium) • Phone: 2-720-48-44 • TELEX 846-64955 

JAPAN: Fuji Kasai Gotanda Bldg. 9th Fl. • 25-18, Higashi-Gotanda 5-Chome - Shinagawa-Ku, Tokyo 141 • Phone: 03-449-4741 • TELEX 781-28354 



6 Ways 
To Mount 
Cable Ties 

-ALL NYLON-

SCREW FASTENED— 

ADHESIVE FASTENED— 

High-
temperature 
adhesive 
available 

SNAP-IN— 

Write for catalog. 

COMPANI; Inc. 
4444 W. Irving Park Road 

Chicago, Jllinois 60641 (312) 282-8626 

New products 

Semiconductors 

C-MOS arrays 

interface with TTL 

300- to 1,260-gate arrays 

have 5-ns gate delays, are 

also compatible with MOS 

A family of power-saving high-speed 
complementary-mos gate arrays has 
been designed for TTL compatibility. 
Offering 5-ns gate propagation de-
lays, the arrays include interface cir-
cuitry to translate between TTL and 
c-mos levels for inputs and outputs. 
The interfaces are fully specified for 
both TTL and mos. 

Fabricated using oxide-isolated 
silicon-gate c-mos technology, cur-
rently available master slices num-
ber six, ranging from the 300-gate 
HC 310 to the 1,260-gate HC 1260. 
The 540-gate HC 540 is shown. The 
maximum number of pins ranges 
from 40 to 78 on either dual in-line 
packages or chip-carriers. Un-
mounted chips are also available. 
Operating voltage is 3 to 12 v; 
Schottky TTL speeds can be matched 
with a 10-v supply. 
A number of useful standard fea-

tures can be specified: three-state 
bidirectional bus drivers, oscillator 
drivers, high-current npn emitter-
follower outputs, pull-ups and pull-
downs, zener diodes, and high-
impedance bias resistors. An operat-

ing temperature range of — 55° to 
+125°C is available, as is high-
reliability processing and screening. 

Customization inputs can range 
from circuit specification to data-
base tapes. Costing $4,500, develop-
ment takes from 4 to 14 weeks, 
depending on circuit complexity. 
Production prices are from 2 to 4 
cents per gate. 
California Devices Inc., 282 Kinney Dr., San 

Jose, Calif. 95112 [411] 

128-K ROM comes in both 

n- and C-MOS versions 

NEC Microcomputers has developed 
both n-channel and complementary-
MOs 128-K read-only memories. The 
µPD23128 is an n-mos device pack-

aged in a 40-pin dual in-line package 
using the Joint Electron Device 
Engineering Council's type B pinout 
for compatibility with the widely 
used 2764 64-K erasable program-
mable Roms. 
The clocked device accesses in 250 

ns and has a standby mode that 
reduces its operating power from a 
275-mw maximum to 82.5 mw. Tar-
geted applications for the µPD23128 
are computer terminals, communica-
tion-control equipment, electronic 
translators, and voice synthesis. The 
unit, which will be in production ear-
ly in the second quarter of the year, 
will sell for under $30 in 1,000-unit 
quantities. 
The c-mos 128-K ROM, the 

µPD73128, is a +5-v device pack-
aged in a 52-pin flat housing and 
aimed at low-power-consumption ap-
plications like language translators. 
It accesses in 4 its and requires a 
maximum of 30 mw. It, too, will be 
available in the second quarter. 
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tam 

CALL US WHEN 
YOU NEED 

ea& A CONNECTION 
THAT'S NEVER 
BEEN MADE 
BEFORE. 

You've got signal or power to 
move. Or maybe a million lines. 
And you need a connection. But 
there's nothing standard about 
it. There's no catalog full of 
answers. No MIL spec. No 
precedent. 

That's the time to call ITT 
Cannon Electric, Phoenix. Be-
cause we can bring an end to 
your most unusual, most difficult 
connector problems. Our Phoe-
nix facility offers you 100,000 
square feet of people and ca-
pabilities. Wholly dedicated to 
answering never-before-seen 
connector applications. 

We've handled everything from 
low-cost 747 galley cart cables to 
giant penetrators for nuclear sub-
marines. From hermetics to RF 
and filter connectors. And we've 
seen our designs fly into outer 
space, dive deep under the sea 
and survive everything Mother 
Nature could dish out. 

So when you have an applica-
tion but no connector, call ITT 
Cannon, Phoenix. From writing 
original specifications to man-
ufacturing finished products, we 
can make a connection that's 
never been made before. Con-
tact us direct at ITT Cannon 
Electric, Phoenix, a division of 
International Telephone and 
Telegraph Corporation, 2801 Air 
Lane, Phoenix, Arizona 85034. 
(602) 275-4792. In Europe, 
contact ITT Cannon Electric, 
Avenue Louise 250, 
B-1050 Brussels, Belgium. 
Phone: 02/640.36.00. 

CANNON ITT 
You can always connect with cannon. 
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Microprocessor Designers... 

World-Concept 
Low Power 
Switchers 
and UPS 

Operate almost anywhere 
Compare Converter Concepts switchers and un-
interruptible power supplies and you'll know why 
they're becoming a world standard for design 
and quality. 

WIDE INPUT VOLTAGES Only Converter Con-
cepts produces 15 to 150 watt switchers that 
operate on any voltage from 90 to 250 VAC or 10 
to 40 20 to 60VDC — WITHOUT CHANGING 
SWITCHES, JUMPERS, TAPS OR OTHER 
MODIFICATIONS. 

LATEST SWITCHER CONCEPTS Wide input 
ranges are possible through the use of a simple 
single transistor, single transformer flyback de-
sign with soft turn-on and short-circuit protec-
tion. Means higher reliability and efficiency at a 
competitive price. 

MANY SWITCHER OPTIONS Single, dual or tri-
ple output options in four input power ranges: 

with one power supply 
printed circuit, open frame or RFI-resistant en-
closed packages; integral UPS options. 

UNINTERRUPTIBLE POWER Automatic, instant 
transition from AC fine to backup battery opera-
tion is available either as a separate unit for use 
with CCI's multiple output DC to DC converters 
and battery, or as the integral —04 switcher op-
tion which features integral battery charger. 

NATIONWIDE REPRESENTATIVES Call us today 
for engineering assistance, our latest catalog, 
prices and your nearest CCI representative 

frinCONVERTER 
‘”V CONCEPTS,. 
435 S. Main St Pardeeville, WI 53954. (608) 429-2144 

4081 
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SERVO 
FEEDBACK 

Design it in — your way! 
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servo-feedback elements simplify design and cut costs. 

Why box yourself in with "packaged pots" — and linear-to-rotary conversions, 

and linkages, and costly housings, shafts and bearings you don't really need? 

Design your system your way — with our long-lasting, low-noise, custom-made 

feedback elements. We can supply squares, circles, strips — any geometric 

shape you need in linear and non-linear plastic elements. You'll save time. 

Cut costs. And chances are you'll improve performance. 

Send today for full information. Or call (617) 358-2777. 

Waters Manufacturing, Inc. 
Longfellow Center, Wayland, MA 01778 (617) 358-2777 • Telex 948-441 

,AtAAJA, 

New products 

NEC Microcomputers Inc., 173 Worcester 

St., Wellesley, Mass. 02181. Phone (617) 

237-1910 [412] 

Chip generates tones for 

low-cost electronic organ 

West Germany's Intermetall GmbH, 
lead company of the irr Semicon-
ductors Group, has come up with a 
low-cost single-chip circuit for inex-
pensive electronic organs. Made with 
p-channel silicon-gate technology, 
the SAA 1900 offers a frequency 
accuracy of within ± 0.07%. The 
number of external devices needed 
for a typical application is about 15. 
The chip scans the organ's 56 keys, 
which are divided between "solo" 
and "accompaniment" keyboards, 
and produces 56 basic tones. 
To prevent abrupt dc jumps when 

one or more solo keys are pressed 
from producing audible clicks in the 
output, the 1900 has current sources 
that keep the mean value of the 
square-wave output constant. To 
detect closed keys, the 1c produces 
pulses that are sequentially applied 
at a rate of about 28 kHz to each of 
the on-chip scanner's eight outputs. 
Pulses are fed via the key matrix to 
the scanner inputs. Each crosspoint 
of the matrix is a key contact in 
series with a diode; the presence of a 
pulse at the scanner inputs indicates 
that the key is closed. A clock driver 
(using an external oscillator), a top-
octave tone generator, and frequency 
dividers generate the tones. 

Housed in a 24-pin plastic pack-
age, the SAA 1900 sells for less than 
$5 in quantities of 10,000 or more. 
ITT Semiconductors, 500 Broadway, Law-

rence, Mass. 01841 

Intermetall GmbH, 7800 Freiburg, P. 0. Box 

840, West Germany [413] 

8- and 16-K bipolar PROMs 

access in less than 50 ns 

Two superhigh-speed bipolar fuse-
link programmable read-only memo-
ries—a 16-K and an 8-K chip—are 
in full production at Supertek as the 
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"A NEW CASSETIE MEANS A 
NEW DMALOGGER While my 
Datalogger 3000 is 2 years old, it 
has the latest software technology. 
United Systems just introduced 2 
new Operating programs. Since 
they are on cassettes, I simply load 
one into my hardware and I have 
a new datalogger —with even more 
capabilities. Next year, if I want, 
I can upgrade it again. United 
Systems is constantly expanding 
software capabilities.. 

To find out how the 
Datalogger 3000 can make 
your process more efficient, 
increase productivity or 
provide better test data, 
send for complete informa-
tion. Better yet, arrange for 
a demonstration to see it 
for yourself. 

iFes 

"My Datalogger 3000 and these little 
cassettes give me everything I need 

to acquire, compute, record and use data..." 
'THE DATA I NEED—IN A 
FORMA'. I CAN USE. I can 
acquire data and/or alarm on 
fixed, floating or computed limits, 
deviations-from-a-mean, rates-of-
change and transition. Data is 
easily undeistandable by individ-
ual labels and group headings, and 
messages provide precise descrip-
tion or spell out alarms and in-
structions. Data can selectively be 
sent to the alphanumeric printer 
the cassette, the historical 
memory, to the fixed or scrolling 
portion of the "split-screen" CRT, 
or to the serial, parallel or video 
outputs. I can even format the data 
for recording up to 132 columns 
wide .. r 

"IT DOES 111E WORK OF 16 
DArALOGGERSI The Datalogger 
3000 can operate like 16 different, 
prioritized 'loggers: I can set up 
different inputs in each of the 
multiple 'loggers' or I can have the 
same inputs shared in multiple 
'loggers but processed differently 
in each. The data from one 'logger' 
can even affect the program execu-
tion in another. The flexibility 
s incredible!..:' 

'1HE 3000 HANDLES EVERY 
INPUT I HAVE—analog, digital, 
pulses, contact closures, it even 
excites and balances strain gage 
and load cell inputs 

matically.. 7 

DigTec 

"EVERY CALCULÉGION I 
NEED IS STANDARD. I simply 
use the front-panel keypad like a 
calculator. I can compute all types 
of averages, including moving 
window, deviations-from-a-mean, 
standard deviations, efficiencies, 
flow rates—everything I need.." 

"PROGRAMMING MY DATA-
LOGGER 3000 IS EASY. rm 
no computer technician and I 
don't want a list of unfamiliar 
programming terms. With the 
Datalogger 3000 I just follow the 
step-by-step prompting on the 
CITE It automatically sequences 
through the set up procedure 
by asking simple questions in 
plain English. It's the quickest 
and most accurate program entry 
I've found 
"IT PROGRAMS ITSELF. Once 
I've set up my Datalogger 3000 
for an application. I never have 
to program it again. I just store 
the proyiam on the cassette. I've 
created a file of application 
cassettes so using the Datalogger 
in any application is as quick and 
easy as inserting a cassette. I can 
even send programs to our other 
plants..r 

UnITED 
SYSTEMS 

CORPORAT1011 

918 Woodley Road Dayton Ohio 45403 
(513) 254-6251 TWX 1810) 459-1728 



VICTOR... Number 1 
in Impact Matrix Printing! 

P regme-

A Unique Printing Terminal 

• 80 column, bi-directional printing 
• Upper & lower case font 
• Full graphics — 480 columns per line 
• Top of form & horizontal tabs 
• True 100 cps throughput 
• Bi-directional friction and 

sprocket paper feed 

The Model 5080, shown 
above, is a heavy-duty print-
ing terminal offered for sale 
at most competitive prices. 
Only $995 in single quantity! 
This printer has been 
designed to conform to the 
most stringent computer 
specifications, including 
software on/off control, 
status feedback signals and 
a busy signal should you fill 
our extra large buffer. Don't 
delay, order now to insure 
early delivery! 

Victor has delivered more 
than 700,000 industrial, 
quality matrix printers. 
These are terminals, 
mechanisms, and heads 
designed to solve your prob-
lems. Products that are 
backed by a strong appli-
cation engineering staff, 
worldwide service and 50 
years of Victor pride in 
product. 

Model 5080 

• Large 360 character buffer 
• Four interfaces — standard 

parallel & RS232 & TTY & <IEEE-488> 
• Baud rate switch selectable 
• Self-test 
• UL/CSA approved 
• Intelligent shortest path head return 

A Complete Line of Impact Matrix Printers 

Model 5010 Model 80 

Model 130 Model 129 

VICTOR DATA PRODUCTS 
Subsidiary of Walter Kidde & Company, Inc. 

KIDDE 
3900 North Rockwell Street, Chicago, Illinois 60618 

Telephone: 312-539-8200 

GREAT BRITAIN — DATAPLUS, 0242-30030 GERMANY — BDT, (07 41) 8041 ITALY — CAI., 23.63.851 
SPAIN — CETA, 254 6607 SWITZERLAND — ERNI, 01 833 33 33 CANADA — MUNRO, (416)676-1042 
FRANCE — METROLOGIE, (1) 791 44 44 SOUTH AFRICA — EAGLE, 45-1421 
SINGAPORE — OG, 917788 or 918592 HONG KONG — GILMAN, 3-427144 
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New products 

first in a family of PROMS. The 16-K 
part, the SM82S190/191-1, is or-
ganized as 2 K by 8 bits. Claimed to 
be the smallest chip for this density, 
it has an address access time of 35 ns 
typically and 50 ns maximum. A 
version that meets military specifica-
tions, the MM82S190/191-1, has a 
60-ns access time. The 8-K PROM, 
the SM82S180/181-1, is organized 
as 1 K by 8 bits and accesses typi-
cally in 30 ns and in 45 ns maxi-
mum. Its military version, the 
MM82S180/181-1, has a maximum 
access time of 55 ns over the full 
military temperature range. Both 
parts come in 24-pin ceramic pack-
ages and are pin-compatible with the 
industry standard set by Signetics. 
The devices are now available in 
both sample and volume quantities. 
The 16-K parts are priced at $69 
each in 100-unit quantities, but 
prices have not been set on the 8-K 
PROMs. 

Supertex Inc., 1225 Bordeaux Dr., Sunny-

vale, Calif. 94086 [414] 

Power V-FET comes in 

1-kW, 800-V version 

A power vertical field-effect transis-
tor based on static-induction-transis-
tor logic is available with 300-w and 
1-kw power ratings and can with-
stand 600 or 800 V. Developed by 
Tohoku Metal Industries in Japan, 
the V-FET can be used in high-
frequency switching power supplies 
for direct commutation of rectified 
line voltage and in ultrasonic gener-
ators, high-frequency power oscilla-
tors, broadcast transmitters, and 
other high-power applications. 

Both the 600- and the 800-v tran-
sistors come in versions that drain 
either 20 or 60 A, operating at either 
10 or 5 MHz, respectively. Turn-on 
times are 200 or 250 ns and turn-off 
times are 250 or 300 ns. 
The 1-kw device is housed in a 

60-mm-diameter, 21-mm-thick ce-
ramic disk package, and the 300-w 
device comes in a modified TO-3 
package. Single-unit prices for the 
v-FErs vary from $50 to $330, and 
large-quantity prices (over 100 

Electronics/January 13, 1981 



Using Wavetek's Model 175 
Arbitrary Waveform Generator is 
like drawing on your oscilloscope. 
You have a 256 x 255 point grid to 
work with. Time is along one axis, 
amplitude is along the other. Simply 
program the waveform, point by 
point, either from the front panel or 
via the GPIB bus. ARB stores the 
shape you've programmed and will 
duplicate it at any frequency and 
amplitude you select. You can also 
edit point by point if you decide to 

Circle #245 for demonstration 

change the wave shape later on. 
Operational modes include 

continuous, triggered, and even 
tiiggered burst—which will take 
care of almost any application. 

If you've ever tried to generate 
sin x x or any other non-standard 
function on ordinary equipment, 
Circle #184 for literature 

you know what a breakthrough ARB 
represents. Now, instead of 
choosing just sine, square or 
triangle outputs, you can be 
completely arbitrary for only $3,995*. 
Provided you've chosen Wavetek's 
Model 175 to be arbitrary with! 
Wavetek San Diego, 
9045 Balboa Ave., PO. Box 651, 
San Diego, CA 92112. Tel: (714) 
279-2200; TWX 910-335-2007. 

AVE—rgIc 

The ARB generates 
any waveform you can draw. 
And we have the pictures 
to prove It. 



The 
Components 
Company. 
Quality products. 
Competitive 
prices. 
Good delivery. 
And a lot 
of answers. 
Quality products. Competitive prices. Good delivery. 
Clichés? Not at Stackpole. The Components Company 
makes some of the most reliable electronic compo-
nents in the industry. We price them fairly and deliver 
on time. But what really makes the Components Com-
pany special is our experience with such a wide 
range of components and materials. 
Overlapping experience. Switches, resistors and fer-
rites. What do they have in common? The many years 
they've been made by Stackpole. We invite you to put 
our years of overlapping engineering and manufac-

turing experience to work We'll adapt to your design 
or customize like no supplier in the industry can. 
Switches since the 1930's. Slides. Rockers. Over 6,000 
variations between the two. Need a special rotary 
switch? Some are compact. All can be customized. 
We specialize in adapting our switches to your appli-
cation with numerous variations in cases, mounting, 
lead wiring and special terminations. And look at our 
new keyboards and individual key switches, where 
the key is quality. 

11 
• 

SWITCHESRESIS 



Resistors since the 1920's. Stackpole carbcn comps 
have been around for as long as there have been 
resistors. They are the foundation for our design and 
application know-how in metal-film, carbon-film, as 
well as special-purpose and industrial, resistors. 
Ferrites since the 1940's. 159 different E's, U's, I's. And 
Stackpole pot cores and yokes are in more power 
supplies and tv's than you can count Our ferrite ma-
terial is so consistent and reliable, design engineers 
ask if there's anything it can't do. 

The Components Company. The place to find qual-
ity products, competitive prices and good delivery. 
But most of all, answers. Call or write Stackpole 
Components Co., P.O. Box 14466, Raleigh, N.C. 27620. 
(919) 828-6201. 

STAMM 
Get to know us. We can help. 
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THE CONNECTOR 

REVOLUTION 

There's 
one problem 

common to all computer systems. 
We've just solved it. 

The problem: here are hose The resist s our 254 DEC Series 
elements in high-speed circuits that 
need shielding. Soya: use a co-axial 
lead out to the P C connector. Put then 
you're stuck. You havem hook-up to a 
regular P C contact, creating an antenna 
ghat defeats your shielling and feeds 
nght bark into the circait. 

Our solution is the obvious 
one: build a co-ax connector 
into the P C connector 

tuttt maidled impedance So ohm con-
tacts with low VSWR. 

And mu can have there two ways, 
With2x :7P Ccontacts plus4Co-ax 

contacts Or with x 3IP Ccnntacts, 
plus 6 co-ax contacts, in a two-piece 

connector Simple -once you 
see it done. 

Call or write us for 
iksails including quotes 
on price and delivery 
The pans are m stock 

WCAPF3( 
1140MSON-CSF 

6660 Vane: A1.41111C Can. 9n Pork. CA 91303 
12131887.0753TM 910..101.195.1 Telex 6941161 

Call toll free m01123.57> except In Cato 
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"SURGE 
FREE" 

SURGE ABSORBABLE 
DISCHARGE TUBE 
(FOR CIRCUIT PROTECTION) 

• POINT 
(1) Usable at wider ambient condition, 

especially good under high humidity 

(2) Visibility for operation 

(3) Compact and easy assembly 
(4) Stable characteristics 

• TYPE 

• APPLICATION 
Computer circuit 

Communication equipment 

Home Appliance 

Aircraft and Automobiles 

Type 

Desch...an 
;cu..? 

(Vt., 
T.: err anon 

I nsolet ton 
Restslance 

IA' 

Dilemma 
C.,rent 

(Ai 

SA- 80 80 t 10% 10. min 2.000 

SA-100 140 ±10% 113 14 mtn 2.000 

SA-200 200 ±10% 10 mi min 2. 000 

SA-250 250 ±10% 10 mmin 2.000 

SA-300 300 ±10% 1C1mmon 2.000 

SA-350 350 ± 10% 111 .° min 2. 000 

SA- 7 K 7, 000 4 1, 000V In .0 min 2.000 

SA- 8 K 8. 000 .1.000V le.° min 2. 000 

SA-10K 10.000 =1, 000V 10'. mi n 2.000 

Change of Ez by 

cycling discharge 

(case)SA-80 

Surge Width 
Ea 1 >, 40 us 2 kV 

100 

so 

10 100 law moo 

Number of Cycle 

NEON GLOW LAMP, XENON FLASH LAMP, 
• MAIN RARE GAS, DISCHARGE LAMP. 
PRODUCT MINIATURE: BLACK- LIGHT, UV-LIGHT, 

FLUORESCENT COLOR- LIGHT. 

ELEVAM ELECTRONIC 
TUBE CO., LTD. 

NO. 17-8CHOU 2-CHOME OTA-KU. TOKYO JAPAN 

TELEPHONE: 03(774) 1231— 5 TELEX: 246-8855 ELEVAM 

New products 

units) range from $38 to $240. 
Energy Electronic Products Corp., 6060 

Manchester Ave., Los Angeles, Calif. 90045. 

Phone (213) 670-7880 [415] 

Manchester codec draws 

only 12 mA at 1 Mb/s 

A complementary-MOs digital Man-
chester encoder-decoder, the HD-
6409 allows 1-mb/s serial data com-
munication over the industrial tem-
perature range, from —40° to 
+ 85°C. It draws, in the worst case, 
only 12 mA (5 mA, typically) from a 
single 5-v ( ± 10%) power supply. 
The chip provides clock recovery 
from the received signal. Manchester 
code is used in applications such as 
magnetic tape recording and fiber-
optic communication, where data 
accuracy is imperative. 
The HD-6409 is manufactured 

using the manufacturer's self-
aligned silicon-gate technology. In a 
0.3-in.-wide, 20-pin dual in-line 
package it sells from stock for $8.36 
each in lots of 100. 
Harris Semiconductor Products Division, 

P. 0. Box 883, Melbourne, Fla. 32901 [416] 

272-bit EE-PROM 

is word-erasable 

The entire content or a selected word 
can be erased from the MN1218 
272-bit electrically erasable pro-
grammable read-only memory. The 
fully decoded n-channel mOS part 
has individual input and output ports 
and transfers data in a 4-bit format. 
Besides the main 16-by-16-bit array, 
it has a separate one-word (16-bit) 
register. Three power-supply volt-
ages are needed: + 5, —5, and —28 

dc. The EE-PROM survives a mini-
mum of 104 write cycles and 106 
read cycles. Data is retained on aver-
age for 10 years. 

Prices for original-equipment 
manufacturers are available on re-
quest. Deliveries are from stock. 
Electronic Component Division of Panasonic 

Co., One Panasonic Way, Secaucus, N. J. 

07094 [417] 
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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 realize 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 'cc 
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 45Ons 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. 

signuties 
a subsidiary of U.S. Philips Corporation 

Multiple Technologies from 8 Divisions: 
Analog, Bipolar Memory, Bipolar LSI, 
MOS Memory, MOS Microprocessor, 
Logic, Military, Automotiveffelecom 

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

I ) Please send me your complete ROMGUIDE. 
I'm particularly interested in: 
8K__16K_32K 64K_128K_@450ns_300ns faster_ 
in quantity with codes. 

E 1 I 3A 

Name Title  

Company —Division  

Address MS  

City State Zip  

0 I need help now. Please have a ROM specialist 

phone me immediately at: ( 
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YOU KNOW THE LARGEST 
ELECTRONIC COMPANIES 
IN THE WORLD. 
DO YOU KNOW ISKRA? 

Iskra group has some 29,000 employees including 2,000 research and development engineers in 81 factories, research, marketing 
and other organizations, and the most up-to-date technologies to work with. With a total turnover of 1.294 billion dollars last year, 
it has been classified among 16 largest manufacturers of electronic products in Europe. 

In its development, Iskra is oriented towards tomorrow's activities which go far beyond the traditional limits of electromechanics 
and extend to the widest application of electronics with priority being given to the promotion of the development of computers, 
communications, automation, microelectronics, optoelectronics and engineering activities. All to ensure that every project we 
handle comes within schedule and budget requirements and meets performance and client expectations. 

Iskra has 24 trading companies, representative offices and production plants in 18 countries all over the world. In the period 
1974-1979, Iskra's exports increased by 153% reaching 120 million dollars in 1979. In 1980, the total turnover is expected to be 
1.486 billions of dol:ars and the export figure approximately 145 million dollars. 

For more information call or write: 

Iskra Commerce, Trg revolucije 3, 61001 Ljubljana, Yugoslavia, Telephone-international: + 38 61 324 261; Telex: 31 356 yu iskexp 

USA: lskra Electronics Inc., 8 Greenfield Road, Syosset, N.Y. 11791, Tel.: (516) 364 2616—Germany: lskra Elektronik, GmbH, Furtbachstrasse 2b, 
7000 Stuttgart 1, Tel.: (711) 60 30 61—CEFRA, GmbH, Ungererstrasse 40, 8000 München 40, Tel.: 39 20 61—Italy: lskra Elettronica Italiana, S.r.I., 
Piazza de Angeli 3, 20 146 Milano, Tel.: 49 80 036—France: lskra France, 354, rue Lecourbe, 75015 Paris, Tel.: 554 04 27—United Kingdom: 
lskra Limited, Surrey CR 3 2 HT, Redlands, Coulsdon, Tel.: 66 87 141—Switzerland: lskra Electronics AG, Stalden 11, CH 4500 Solothurn, 
Tel.: (065) 22 81 22—Czechoslovakia: Iskra, Lazarska 5, 11000 Prague, Tel.: 20 27 71—Poland: lskra, Swietokrzyska 36 m 15, Warsaw, 
Tel.: 20 12 53—Germany DR: lskra, Hermann-Maternstrasse 46, 104 Berlin, Tel.: 28 28 322—Rumania: Iskra, Str. Visarion nr. 6, Bucharest, 
Tel.: 50 26 75—U.S.S R.: Iskra, Mosfilmovskaja 42, Moscow, Tel.: 147 84 03—Egypt: lskra, 34 Adly Street, Cairo, Tel.: 74 76 95—Iran: Iskra 
Teheran, 9th Street No. 6, Maydan Sanai, Teheran, Tel.: 82 67 65—Turkey: Iskra Istanbul, Yenicarsi Biltez Han No. 40, Galatasaray, 
Tel.: 44 75 00—Venezuela: Eurocommerce S.A., Apartado 68901, Altamira, Caracas, Tel.: 72 88 21. 

At. 
<=, Iskra 
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111EI DEALS IN CARD READERS! 

Whether you're-looking for an optical read head for OEM use, or a complete microprocessor-
controlled card reader with multiple features, bet on HEI for the best in price and performance! 

6-Our-Model 121-.-.1-10 read-
heàd4è-the.most adaptable 
markéceptirldheet-d_ard -reader _ 
you can buy. Thirtéen sett: • 

'-- biasing channels, -  shap-
ITt output. - - 

.• The:panel-mounted 122:1_is 
an-other useful OEM card 
reader': For punched cards 
only. Parallel output, TTL 
level, manual feed. Low-cost 
and accurate. 

• For simple hand-fed appli-
cations, the parallel output 

121-4 

\le 

121-3 

Model 121-1 is 4.o.L.ir_best 
buy. Sik-inisec-.orf7secip-
rocating feed through.* - - 

Need serial UART output in 
RS-232 format? Choose the 
Model 121-3. Reciprocating 
or feed through at 11-in./sec.* 

• The Model 121-4 is micro-
processor-controlled, with a 
family of switch-selected 
options. Card feed-through 
or return at 6-in./sec., Hol-
lerith to ASCII conversion, 

121-1-10 

parity _bit, self-test, paralleI7 
serial output, sttobe or non-
strobe. A-powerful (eager, 
acelirate, compact and 
econo-migal.* - 

*These units read marked 
or- punched cards inter-
changably, either pen or 
pencil, and a variety of 
colors. All have motorized 
drive of hand-fed cards, 
and are available.; with or 
without case, with or with 
out power supply. 

Call us and talk card readers with the HEI specialists. We have even more to tell you about the low-
cost, high-performance HEI line. For data collection tasks, you can't beat HEI card readers. Bet on it! 

The Optoelectronic et &is 

Jonathan Industrial Center • Chaska, MN 55318•44813510 • ' 
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•97.. by Dave Mulbps. Graph's St Op Ass Mazes, Doverpot, 

Test #1: You are a guard in this maze fortress and have the dile:of visiting all seven towers starting with 
the middle tower. You may leave the tower by either doorway and return through the other. If you visit 
all seven towers only once, never using the same path twice, what is the only course you can take? 



WE'D LIKE TO TEST 
YOUR CIRCUITS. 

We devised a fiendish little labyrinth to test your mental circuits. If it points out a 
better way to test your printed circuits, so much the better. 

It occurred to us that choosing an 
automatic test system is a lot like work-
ing your way through a labyrinth. 

One system looks pretty much like 
any other, in the same way one path 
looks just like another. And, unless you 
know the difference between products, 
you don't know which way to go. 

Some major differences 
between a GenRad system 

and all others. 
At GenRad we genuinely believe 

our systems can test your printed cir-
cuit boards more efficiently than any 
other system. The reason? A GenRad 
system is significantly different from 
other systems. 

Take software, for example. We 
made sure ours was well defined and 
well integrated with the hardware from 
day one. And we continue to update it. 
(Nine major enhancements in as many 
years, actually). The result? The very 
first system we sold nine years ago is 
still testing today's board designs. Can 
anybody else say that? 

Another key difference is program-
ming support. We have 8 Regional 
System Centers worldwide, where you'll 
find as many as 10 complete GenRad 
test systems in operation—with 
20 or more of our people ready 
to develop test programs for you. 
No one else can provide you with 
programming support like that. 

And consider our credentials. 
GenRad has been a leader in 
testing for 65 years. And our sales 
are now over $150 million. But 
perhaps the best testimony to our 
commitment to our customers is 
the fact that we have more board 
testers in use worldwide than 
anybody else. 

Some specific product 
differences to get you moving 

in the right direction. 
GenRad makes both functional and 

in-circuit testers. A lot of our customers 
use both advantageously. No matter 
which you choose, what's important 
is how long it takes to do a test program. 
And how much help the system gives 
you automatically. 
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The advantages of a GenRad 
functional system. 

When it comes to functional 
testers our systems give you plenty of 
help. A good-sized library of functionally 
modelled IC's, for example, can save a 
lot of time in developing a test program. 
We just happen to have the largest library 
in the business. Over 2000 SS! and MSI 
devices and over 100 LS! devices. 

Also an accurate simulator can 
keep you from going down a lot of blind 
alleys while working on a test program. 
So does the ability to prepare programs 
incrementally and do nodal verification. 
You'll find all of these things on a 
GenRad functional tester. But not on 
anybody else's. 

GenRad 

The GenRad 1795 Functional Test System 

The GenRad 2270 In-Circuit Test System 

When 4 comes to troubleshooting, 
isolating faults directly to a single IC 
can be a tremendous timesaver. Our 
special beyond-the-node software 
linked to a diagnostic resolution mod-
ule lets you do just that. 

The advantages of a GenRad 
in-circuit system. 

You want pretty much the same 
things in an in-circuit system that you 
want from a functional system—simple 

program prep and comprehensive 
diagnostics to maximize throughput. 
Look for a test system that does more 
than dump out a rough first pass of a 
test program. 

Look for one with software so auto-
matic you get a program that's almost 
ready to run as is. 

In that regard, you're going to be 
interested in these exclusive GenRad 
features: Automatic Bus Disable which 
frees the programmer from having to 
manually write a lot of extra tests in 
order to isolate the IC under test from 
the effects of other ICs on the bus; feed-
back squelch to automatically deal 
with troublesome spikes; and memory 
behind each pin to allow patterns to 
be applied and sensed in parallel. Go 
ahead and check out other systems, 
but you won't find these exclusive fea-
tures on any of them. 

One final thing to keep in mind. If 
you're going to design with two kinds 
of logic (and who isn't today?) your 
tester ought to be capable of testing 
two logic families simultaneously, right? 
Both our in-circuit and functional 
testers can. 

The logical conclusion. 
And an offer that's hard to 

pass up. 
If you've followed us this far, 

it ought to be pretty clear whose 
system can do the best job of test-
ing your printed circuits. Now 
how about a wall-size version of 
our labyrinth to show the world 
your mental circuits check out 
okay, too? We'll send you a giant 
poster if you drop us a note on 
your letterhead. And, by the way, 

if you'd like to know more about a 
GenRad System, the best course of 
action is to call us. 
How about right now? 

You can reach us at 300 Baker 
Avenue, Concord, Massachusetts 
01742. Telephone: (617) 369-4400. 

Kf GenRad 
THE BEST IN TEST 
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Stop chasing 
system 
ixoblems 
that started 
in your  power line. 
You can spend a lot of time and money diagnosing a 
system problem that's actually been caused by power 
line transients. The new portable Model 3600 Power 
Line Disturbance Monitor from Franklin Electric tells 
you what happened on your power line . . . 
and when, so that you can correlate a 
disturbance in real time with errors on 
the computer log. A microprocessor 
detects and classifies disturbances and 
provides an easy-to-read alphanumeric 
printout . . . top to bottom. All settings 
and calibration are performed by 
simple keyboard entry and verified by 
LED readout. Write Franklin now for 
the full story on the 3600. 
P. S. When you've verified that the power line's at 
fault, write to us for information on our complete line 
of UPS. 

eFranklin Electric 
Programmed Power Division 

995 Benicia Avenue, Sunnyvale, CA 94086 
(408) 245-8900•Telex No. 357-405 
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The price of 
upgrading your digits 
has come down. 

This is your opportunity to 
upgrade to high per-
formance. General Instru-
ment is now offering high 
performance digits at 
prices very competitive 
with standard red. 

After today, price should 
be no object when you are 
evaluating red against 
high performance. 

By any other measure, 
there's no comparison. 
General Instrument single 
and double digits are 
brighter and bolder than 
standard red. And you have 
your choice of colors: 
green, yellow, orange and 
high efficiency red. 

Making the switch is 
easy. General Instrument 
digits are direct replace-
ments for standard red in 
most applications.You can 
use a lower current drive 
and still get outstanding 
brightness. 

And all this now comes 
at a very affordable price. 
And you can quote us. 

Ask for the new figures 
on these great numbers. 
For a quote, call your 
General Instrument repre-
sentative.Or write to 
General Instrument, Dept 
MCD-3, 3400 Hillview Ave., 
Palo Alto, CA 94304. 

The light 
heavyweight 

GENERAL 
INSTRUMENT 
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VACT 
SILICON 

141010 VOLTAIC 
ETECTORS 

hotovoltaic'éiAls are 
ea detectors, available 

ENHANCED, LOW 
CAPACITANCE AND SOLAR 
processes. Characterized for 
Li, Ii. and Rsaz. capa ance 
for LOW CAPACIT CE 
series. 

VACTEC BLUE ENHANCED 
detectors with high 
radiometric sensitivity in the 
uy as low as 200nm with .16 
typical and .1A/W minimum 
at 365nm. These large area 
devices (up to .8 X .8 inch) are 
ideal for low level color 
separators, spectrophotometers 
and colorimeters. Vactec's 
care in processing provides 
stability in the uy (below 
400nm) normally only found 
in small junction phototdiodes. 

VACTEC LOW CAPACITANCE 
cells have fast respolise. A 
.2X.2 inch cell, operating in 
the photovoltaic mode has 
rise fall times less than 15,4s 
with a 10KU load. For optical 
encoders, remote control ane 
pptical communications, 
smoke detectors, laser 
surveying and presence 
detectors. 

VACTEC SOLAR process cells 
,have high 14,c at low light 
levels. At 1.0fc (.05mW/cm2) 
typical V.,,c is 200mV. 

VACTEC Photovoltaic 
detectors are available as 
chips, with flying leads, 
mounted or in custom 
assemblies to your 
specifications. Single cells, 
duals and multiple cells in 
mady standard sizes up to 
1.25 inch diameter. Request 
Bulletin VTS4000. 

VACTEC 
INC 

10900 Page Blv 
St. Louis, MO 6313 

I(314) 423-4900 TWX 910764-0811 

New products 

Instruments 

Analyzer stores 
spectrum data 

Plug-in spectrum analyzer's 

digital waveform storage 

gives it new flexibility 

The Tektronix 7L14 spectrum ana-
lyzer adds digital storage to the fea-
tures of the previously announced 
model 7L13. The 7L14's frequency 
range, 10 kHz to 1,800 MHz, is 
slightly short of the 1-kHz-to-1,800-
MHz coverage of the 7L13, but the 
storage capacity adds significantly to 
the instrument's flexibility. 

Digital storage allows the user to 
retain a reference waveform in the 
7L14's memory and to compare it 
with waveforms measured in real 
time. Most system response errors, 
for example, can be subtracted out in 
the 7L14 by using the "B minus save 
A" feature, where "save A" is the 
reference waveform and the B wave-
form is measured in real time. The 
total digital memory available for 
waveforms is 1,024 points across the 
screen, each digitized with 8-bit res-
olution. When comparisons of refer-
ence and real-time waveforms are 
made, each waveform can have 512 
points across the screen. 
No flicker. Another advantage of 

digital storage is the elimination at 
all sweep speeds of the flicker that is 
found on low-duty-cycle displays on 
previous analyzers. Flicker-free dis-
play is achieved, in fact, using a non-
storage cathode-ray tube with the 
standard P31 phosphor, rather than 
the more expensive storage CRT with 
variable persistence used on the 
7L13. The storage also makes possi-
ble a new feature, the "max hold" 
control. It allows the user to capture 
either a maximum signal level or 
maximum noise level among a long 
series of measurements. The analyz-
er can continue to sweep while 
updating the memory with the 
changes. "It's an excellent way to 
plot signal drift over time," notes 

Stuart Fox, product manager for the 
7L14. 
The 7L14 can also perform digital 

averaging on waveforms. It can, for 
example, sample a waveform 100 
times, sum the responses, and divide 
the result by 100. 
To protect the analyzer's critical 

first mixer, the 7L14 has a built-in 
limiter that does not degrade the 
analyzer's distortion-measurement 
capabilities. As a result, signal levels 
up to I w can be connected to the 
input without damage. The limiter 
can also protect the mixer from line-
frequency signals up to 50 V that 
may be present. 
The distortion specifications of the 

analyzer are very good, with all spu-
rious and intermodulation distortion 
70 dB below the signal. The 7L14 
also has a 70-dB on-screen dynamic 
range, a —130-dBm sensitivity, and 
30-Hz resolution, as well as 4:1 
shape-factor resolution filters and 
CRT readout of control settings. 
The two-compartment—wide 7L14 

costs $15,000, compared with the 
7L13 plug-in (also two compart-
ments wide) with a $10,500 selling 
price. The commonly used 7603 CRT 
mainframe adds another $2,260 to 
the system price. Delivery of the 
7L14 is approximately four weeks 
after receipt of order. 
Tektronix Inc., P 0. Box 1700, Beaverton, 

Ore. 97075. Phone (800) 547-1512 [351] 

Wideband video amp 

slews at 5 kV/its 

The CLC102, a linear amplifier with 
a fixed gain of 15 dB, has a symmet-
rical slew rate of over 5 kv/ms, so it 

256 Circle 256 on reader service card Electronics/January 13, 1981 



Look what's happened to 
HIPLOTTm 

DMP -2 $1,085 

DMP-3 
S1,250* 

DMP-6 
$1,850' 

• DMP-5 
E1,685* 

DMP-7 
1,985' 

It's grown into a complete 
family of quality low cost digital plotters 

In just two short years, the 
HIPLOT has become the most 
popular digital plotter among 
small systems users. With a 
record like that, what can we do 
for an encore? WE'VE IN-
TRODUCED A COMPLETE LINE 
OF HIPLOTs . . . with a model 
suited for just about every plot-
ting application. 
The HIPLOT DMP Series is a 

new family of digital plotters 
with both "standard" and "in-
telligent" models available with 
surface areas of 81/2" x 11" (DIN 
A4) and 11" x 17" (DIN A3). For 
the user needing a basic reliable 
plotter, we have the "old stan-
dard" DMP-2 (81/2" x 11") and the 
"new standard" DMP-5 (11" x 
17"). For those needing a lit-
tle more capability, there are 
the DMP-3 (8 1/2" x 11") and 
the DMP-6 (11" x 17")—both 

TM filPLOT and DM/PL are Trademarks 

of Houston Instrument 

Yes, they are UL listed!** 

microprocessor controlled and 
providing easy remote position-
ing of the X and Y axes (perfect 
for the OEM). For those who 
want this intelligence plus the 
convenience of front panel elec-
tronic controls, we've provided 
the DMP-4 (8 1/2" x 11") and the 
DMP-7 (11" x 17"). 
The "standard" plotters come 

complete with an RS-232-C and 
a parallel interface. The "intel-
ligent" DMP plotters accept data 
from either an RS-2I2-C or Centronics 
data source. For the "standard" plot-
ters, software is available from 
our ever expanding "Micrographic 
Users Group." The "intelligent" 
HIPLOTs use our exclusive 
DM/PLTm language which min-
inimizes plot software to a 
fraction of that normally as-

houston instrument 
GRAPHICS DIVISION OF 

BAUSCH& LOMB 

sociated wth digital plotting. 
With the new DMP Series, 

high quality digital plotting can 
now be a part of your system. It 
just doesn't make sense to be 
without this valuable tool when 
there is a DMP plotter with the 
plot size, speed and capabilities 
that are exactly tailored to your 
specific needs...and your 
budget. 

Prices for the DMP series 
range from $1,085* to $1,985". 

For complete information con-
tact Houston Instrument, One 
Houston Square, Austin, Texas 
78753. (512)837-2820. For rush 
literature requests, outside Texas 
call toll free 1-800-531-5205. For 
technical information ask for 
operator #5. In Europe contact 
Houston Instrument, Rochester-

laan 6, 8240 Gistel, Belgium. 
Telephone 059/27-74-45. 

'U.S. suggested retail prices only. 
• ' DMP 2, 3 and 4 UL listed 
DMP 5, 6 and 7 UL listing pending 
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Rack-mountable computer 

fits into automated tester 
ELECTRONICS 
In the electronics industry, the 
demand for precision quality 
molded parts has intensified. 
ITT Thermotech is a custom 
injection molder of thermosets 
and thermoplastics who has 
been meeting this demand, 
and has also been helping 
electronic manufacturers in 
the design of many of today's 

successful precision molded 
parts. Whatever your injection 
molded needs are, whether 
design assistance, close 
tolerance production, or 
careful assembly—ITT 
Thermotech has been doing it 
for over a quarter of a century 
and can do it for you. 

ITT THERMOTECH 
1202 SOUTH FIFTH STREET, HOPKINS, MN 55343 (612) 933-9400 
3200 TYRONE BLVD., ST. PETERSBURG, FL 33710 (813) 347-2191 

Circle 258 on reader service card 

a job 
that'll get you 

sornevvhere Professionally trained 
Navy people are serving throughout the world. 

For adventure, security and a challenging 
career, see your Navy recruiter or call toll-free: 

800-841-8000 (in Georgia, 800-342-5855) 

Navy 

New products 

can offer pulse rise and fall times of 
1.6 ns for a 10-v step into 50 9, with 
less than a 2% overshoot. At full 
power, the unit's — 3-dB bandwidth 
is typically 220 mHz while driving a 
50-9 load at 10 V peak to peak. At 
lower power levels, the bandwidth is 
over 300 MHz. Since rolloff past the 
— 3-dB frequency is approximately 
15 dB per octave, the frequency 
response remains very flat from dc to 
near the — 3-dB frequency. Typical 
gain flatness to 100 mHz is ±0.2 dB 
and the deviation of phase from lin-
ear is ± 2°. The settling time of the 
amplifier is 150 ns. The 3-by-3-by-
1.175-in, unit sells for $270, includ-
ing BNC connectors. Delivery is from 
stock to six weeks. 
C,omlinear Corp., 514 Railroad Ave., Love-

land, Colo. 80537 [353] 

The HP 9915A modular computer is 
a small box that contains the central 
processor, memory, operating sys-
tem, and input/output ports of an 
HP-85 desktop computer. It has 
been packaged as a rack-mountable 
unit that can be easily integrated 
into instrument systems and that 
runs programs developed on the HP-
85. Thus, it makes it economical to 
add intelligence to test or measure-
ment systems—the cost is $1,675 per 
module in the U. S. System software 
developed on the HP-85 can be 
transferred to the HP 9915A via 
erasable programmable read-only 
memory or magnetic tape. The mod-
ule can accept up to 32-K bytes of 
E-PROM—stored information al-
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THE MOST POWERFUL 
RENCHTOP TEST SYSTEM 

IN THE WORLD 

/
BIG SYSTEM PERFORMANCE ATA BENCHTOP PRICE. 
The LTS-2000 is a lot more than 

instrument you can use any-

go/no-go to full-blown Dis-

a simple tester. It's a powerful 

any kind of test from basic 

crepant Material Reports. And 
it can not only test DAC's and 

where in your plant for almost 

ADC's but a wide variety of 
linear components, including 
Op Amps, regulators, compar-
ators, bifets, etc. Test results 
are immediately displayed 
and printed, and full reports 
including statistical analysis, 
data log and summary 
sheets are available through 
the integral 20 column 
printer. 

Interface to peripherals, 
like line printers, CRT 
terminals or a HOST 
computer are easily 
accomplished via 
the IEEE-488 
interface or 
either of 
the RS232 
ports. 
The LTS-2000 
gives you true 
"big system" per-
formance, like sys-
tem measurement 
accuracy to greater 
than 16 bits, ±-. 1LSB; self-
calibration and diagnostics, 
16 bit microcomputer with 64K 
bytes of memory and more— 
all at 1/4 the "big system" price. 

EASY-TO-PROGRAM, 
EASY-TO-USE. 
The unique design also allows 
for easy use. You can set up a 

program in minutes either with 
a program from the device 
library or with the complete 
test menu of fill-in-the-blanks 
software. Just snap in the 
appropriate family board mod-

4111111111111111111111111111, 

IS 21)0 

ule and socket module, plug 
in the device and press "GO" — 
the LTS-2000 does the rest. 
There's even a full-edit capabil-
ity, so test parameters can be 
changed quickly and easily. 

IT'S THE MOST VERSATILE 
BENCHTOP 
YOU CAN BUY 
You can not only use the LTS-2000 
for incoming inspection, but 
component selection and grad-
ing, engineering analysis, 
quality control, final test, quali-
fication test, and even as a 
diagnostic tool for component 
evaluation. 

Never before has a compact 
benchtop linear test system 
offered so much versatility for 
so little. For more information 
on the LIS-2000, or the 
LTS-2010 which lets you pro-
gram in BASIC, contact Greg 
LaBonte at (617)273-4780, 
Analog Devices, PO. Box 280, 
Norwood, MA 02062. 

AND WE CAN -s-
DE 

Ne• 

ANALOG 
DEVICES 

WAY OUT IN FRONT 
"Visit us at ATE Seminar-Booth #434 
"Visit us at Southcorn-Booth #316 

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (6-17)329-4700; Midwest: (312)894-3300; West Coast: (71z) 842-
1717; Texas:1214) 231-5094; Belgium: 031/37 4803; Denmark: 02/84 5800; England: 01)941 0466; France 01/687 3411; Germany-
089/53 03 19; Japan: 03/263 6826; Netherlands: 076/87 92 51; Switzerland: 022/31 57 60, and representatives around the world. 
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Backlighted +4› lie 
CUSTOM DATA PANELS ® 

Complete low profile 

custom switch indicator 

front pa 

Feedback. offer high 

reliability design 

ties possibili 

nels. with Tactile 

• PCB Tab 
• Flex Tail 
• Connector Interface 
• Direct soldering 
• Terminals 

1 011111i> 

Ifik • 
Afe. .(><> • 

• 41> 
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EMBOSSING 
Adds three 
dimensional 
effect and 
human factors 
considerations 
on matte or 
glossy surface. 

MOUNTING 
PCB provides 
excellent rigidity 
requiring no addi-
tional support, 
using any of 
several mounting 
options available. 

ID° 
Incorporated 

DISPLAYS 
Cut outs 
available 
for back 
mounted 
displays. 

ENVIRONMENT 
All versions 
sealed from 
root. Can be 
environmentally 
sealed from 
back. 

Switch ass 
only 090 thick. 
Available with 
panel mounted 
L ED s. 

BACKLIGHTED SWITCHES 
ncandescent 2.5V to 28V 
eplaceable lamp with 
rold changeable colors. 
L.E.D. backlighted areas 
imired in size. Lighted 
switches only .375 thick 

CORPORATE HEADQUARTERS: 

2727 N FAIRVIEW AVE.OTUCSON, ARIZONA U.S.A. 8570581602) 792-22300TWX 910-952-13770TELEX 16-5540 

TEC International, Inc. 
EUROPEAN OPERATIONS: 
AVENUE LOUISE 148 — BOX 681050 BRUSSELS, BELGIUM 8102) 649 81 54•TELEX 848-63553 
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Keeping you ahead of the pack.. 
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 

though the standard HP 9915A 
comes with 16-K bytes of read/write 
memory available to the user. With 
an optional 200-K-byte cartridge 
tape unit ($425), the HP 9915A can 
exchange programs and data with 
HP data cartridges. An optional 
operator interface for adding custom 
keyboards and displays adds $350 to 
the module's base price. Deliveries of 
the modular computer take eight 
weeks from receipt of an order. 
Hewlett-Packard Co., 1507 Page Mill Rd., 

Palo Alto, Calif. 94304 [354] 

$300 512-MHz counter 

has ± 0.1-ppm time base 

A 512-MHz digital frequency count-
er, the portable model SM-2420 fea-
tures four rate times and eight-digit 
resolution for precise readings. The 

unit's crystal oven temperature is 
proportionally controlled to keep the 
internal time base within 0.1 ppm 
over a wide temperature range. 
The long-term stability of the 

instrument's crystal-controlled time 
base is less than 1 ppm per year, says 
the manufacturer. In addition, the 
frequency counter makes provision 
for using external time-base signals. 
The eight-digit light-emitting-diode 
display has the resolution needed to 
measure ultrahigh-frequency signals, 
and the unit's typical 4-to-15-mv 
sensitivity allows the counting of 
low-level signals. 
A factory-assembled and tested 

SM-2420 sells for $299.95. For 
$239.95, a kit version of the frequen-
cy counter, model IM-2420, is avail-
able, complete with an assembly 
manual. 
Heath Co., Benton Harbor, Mich. 49022. 

Phone (616) 982-3210 [355] 



A LITTLE GOOD 
NEWS FOR 

DATA GENERAL OEMS. 
Look what we've put together for you. 

A desk top computer that doesn't take up the 
whole desk. 

It's called MPT. 
And look what's inside this little thing; 

a 16 bit microNOVATm computer. 60 K bytes 
of memory. 80 column by 25 line screen. 
Full keyboard with 10-key numeric 
pad. And up to 716 KB of on-line 
storage on two 358 KB mini diskettes. 
(Also available with one diskette. 
Or none.) 

Out back you'll find an I/O bus 
that accepts the standard mi-
croNOVA peripherals. 
As well as your own 
interfaces. And two syn-
chronous/asynchronous 
communications ports, 
programmable to 19.2K baud. 
Standard. (We could go on about why 
that's an option on other systems. But don't get 
us started on that.) 

Also standard are power-up diagnostics 
that check out the whole system before it accepts 
your diskettes. So you and your software 
shouldn't be accused of hardware problems. 

MPT is upwards compatible with 
the microNOVA, NOVA® and ECLIPSE® 
computers you're probably using now. And 
because it uses a run-time version of MP/OS, 
you're going to be able to develop your software 
with your MP/OS and AOS operating systems. 
In PASCAL, FORTRAN, BASIC. 

You can get to work on your MPT 
software now. By calling your local Data Gen-
eral sales office. Or writing us at MS C-228, 
4400 Computer drive, Westboro MA 01580. 

Or if you really want to move, you can pick 
one up at your local Data General industrial elec-
tronics stocking distributor* this afternoon. 

You'll find MPT very easy to take. 
Partly because of the $4899 price (USA price, 
2 diskette version, OEM quantity 20). 
And partly because the whole thing weighs just 
30 pounds. 

Remember when you decided to become a 
Data General OEM? That was a very intelli-
gent decision on your part. 

MPT is good news for every Data General 
OEM. And bad news for those who are not. 

I . Data General 
We take care of our own. 

*SCHWEBER, HALL-MARK, KIERULLF, ALMAC/STROUM, R.A.E. in Canada 
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ONDOR Is Coming On Strong With. . . 

New 5 & 3 Output Fixed Disk Memory Power Supplies 
For Winchester, Shugart, Micropolis and Other Fixed Disk Memories 

Here they are, 7 brand spanking new 
fixed disk open frame power supplies 
for Winchester, Shugart, Micropolis and 
other fixed disk memories. Delivery is 
just stock to 4 weeks. And they are the 
only fixed disk supplies with an inter-
national transformer as standard. Take 
a peek at our specs and prices. Then 
pick up the phone and call Condor or 
your Condor rep and order yours. Also, 
ask for our 8 page catalog listing over 
120 open frame power supplies. 
CONDOR... WE'RE COMING ON STRONG! 

SPECIFICATIONS 
Input: 100/115/2151230V ± 10% 

47-440 HZ 
Line Reg: .02% for a 10% input change 
Load Reg: .02% for a 50% load change 

Ripple: 3.0 MV PK-PK max., 20V to 
200V .02% PK-PK max 

OVP: Output a1 
OVLD Protect: Auto, Current Limit, foldback 

Temp: 0 to 50°C at full current 
Temp. Co-efficient: ± .01% 1°C max. 

See EEM-Pg. 3324 & Goldbook, Vol. 1-Pg. 423 

Output 1 

+5V@15A 

Output 3 Output 4 Output 5 14 Pr. Model 

FDB13-149 

FNBB-119 

FCBB-89 

+5V09A 

+ 5V06A 

+24V0214.5A PK 

+ 24V0214.5A PK 

FDBF3-148 + 5VO 15A 

FNBB-120 +5V07A 

FNBB-118 +5Vat9A 

+ 24V01.514.5A PK 

+ 24V02/4.5A PK 

+24V03.515.5A PK 

FCBB-88 +5V@6A 

+24V02/4.5A PK 

+24V01.514.5A PK 

+ 12V0.8A 

+ 12V0.8A 

- 5V.0.8A 

+12V0.8A 

N/A 

- 5Ve1A 

- 12V01A 

N/A 

N/A 

- 5V 8A 

N/A 

- 12V01A 

DOS $189.00 

-12V0.8A 

N/A 

N/A 

N/A 

N/A 

-5V or -12V01.2A 

-5V or -12V01.2A 

- 5V or - 12VO 1.2A 

140.00 

- 5V or -12V0.8A 

DBB 

130.00 

149.00 

120.00 

120.00 

110.00 

CONDOR INC. DC Power Supplies 

Circle 262 on reader service card 

4880 Adohr Lane, Camarillo, CA 93010 • (805) 484-2851 

of the Art from 

2SPBT 
With this board in your LSI-11, you can run your console, 
another serial peripheral, a line printer, have a multi-device 
bootstrap, and bus termination, all in one slot. 

LP-SHARE 
This board allows multiple LSI-11's to share any printer 
with a standard Centronics or Data Products interface, 
delivers high reliability, and cuts the cos: of your system. 

Primarily an R&D house, Technical Magic makes available leading edge, high density interface boards. 

TEChniCai Mink 17742 Mitchell Avenue, Irvine, California 92714 (714) 556-2380 
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Every once in awhile 
some designer 
finds a spot in 
a new machine 
for a sensor, a 
pushbutton or a 

keyboard, and none 
of the 50000 devices we 
make will fit. 
It's always something. 
Considering the number of products we make, you'd think we could satis 
all of the people who design machines like computers and copiers. 

But no. 
Every once in a while, someone still comes up with an idea 

that our products don't quite fit. 
Naturally, we do everything we can to help. Which 

happens to be a lot considering the years of experience we have 
in the switching business. 

You see, one of the reasons we have so many 
sensors and manual controls in the first place is because 
people have always come to us with design problems. 
And they've usually resulted in new products. Which . • 
become part of our product line. 

switches 
So when you come to us with some new idea, we're 

in a good position to modify an existing product for you. 
Especially if you call us when you're starting a new project. 

That way, you get our nearly 50 years' experience helping 
customers solve design problems. 

Experience that includes the human factors engineering that makes 
our pushbuttons easier for people to use. And the Hall effect technology 
that makes our solid state sensors the most accurate you can buy. ,ele  

So, if you have a design problem that's been bothering 
you, call us at 815-235-6600. Or write MICRO SWITCH, 
The Sensor Consultants, Freeport, Illinois 61032. 

Keyboards 

MICRO SWI'TCH 
a Honeywell Division 

Basic 
switches 

Hall effect sensors 

Circle #263 for data 



Two new ways to reduce cost 

Model 528 20 MHz 
5 Decade Log Sweep 
Function Generator 
$995.00* 

Model 500SL 5 MHz 
4 Decade Log Sweep 
Function Generator 
$445.00* 

and get superior performance too! 

Many of today's function generators offer high 

performance for a lot of money, or low price 
with a lot less performance. Exact offers you a 
choice of two new log sweep function gener-
ators without short changing you on either. 

These two generators will probably fit 90% of 
the function generator requirements, so its a 
good bet one of them will do your job at a 
much lower price than you expected to pay. 

The Model 528 is the new performance leader 
at less than $1,000.00 providing 30 Volt P-P 
open circuit output, .001 Hz to 20 MHz 
frequency range, linear and log sweep, gate, 
trigger, pulse and burst modes. 

The Model 500SL shatters the under $500.00 
price/performance barrier with superior 
features such as: .005 Hz to 5 MHz frequency 
range, 3 decade linear and 4 decade logarith-
mic sweep, start and stop sweep limit controls 
to allow up and down frequency sweeping, 
gate and trigger modes, sine, square, triangle 
and haversine waveforms. 

Circle the number below and we will send you 
all the information. Circle both numbers and 
our representative will rush you a demo. 

* Domestic U.S. price only 

® BOX 347 TILLAMOOK, OR 

97141 Tel. (503) 842-8441 

TWX 510-590-0918 

EXACT electronics, inc. 

Circle #192 for 1 i terature Circle #264 for demonstration 



FROM HU 110 1115 
DDC's 
1553 Transformer, 
Transceiver and 

1553 Data Bus to Subsystem Bus 

Marchester II Converter hy-
brid circuits provide unique 
design solutions to the vital 
link between the 1553 Serial 
Data Bus and the Subsystem 
Parallel Bus. Model BUS-
8553 Transceiver features 
very low power dissipation 
and improved filtering on 
the receiver to enhance bit 

SUBSYSTEM ' 
BUS 

error rate of the sys-
tem. DDC's Model 
BUS-8937 Man-

ches:er II Converter offers 
encoding/decoding, serial/ 
parallel and parallel/serial 

conversion, address decod-
ing and recognition plus 
tri-state double buffered 

output atches. For complete 
details on how DDC can take 

you from bus to bus call or 
write today. 

ILC DATA DEVICE CDRPORATION 

EXECUTIVE OFFICES: ILC Data Device Corporation, Dept. K-4,105 Wilbur Place, Bohemia, NY 11716, (516) 567-5600,TWX: 510-228-7324 
LOS ANGELES: ILC Data Device Corporation, Dept. K-4, 7337 Greenbush Avenue, No. Hollywood, CA 91605, (213) 982-6454, TWX: 910-499-2674 

DALLAS: I LC Data Device Corporation, Dept. K-4, 415 East Airport Freeway, Suite 490, Irving,TX 75062, (214) 252-7624,TWX: 910-860-5902 
LONDON: DDC United Kingdom Ltd., Dept. K-4, 128 High Street, Hungerford, Berkshire, RG17 ODL England 04886-2141/2142, TLX: 851-848826 

PARIS: DDC Electronique, Dept. K-4, 4 Rue de (Abreuvoir, 92400 Courbevoie, France, (1) 333-5888,TLX: 842-630609 
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New products 

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 working directly from schematic, 

eliminating ;he need for "from-to" lists. 

PEN-ENT RY 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 offers 
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: 

Sysierns 'or Wee eelOreeMOII 

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

Data acquisition 

Modules spawn 
input card line 

Data-acquisition modules are 

used in three analog-input 

card families for STD bus 

Already strong in products compati-
ble with DEC, Intel, and Computer 
Automation mini- and micro-com-
puters, Data Translation Inc. estab-
lished a beachhead in the Mos-
tek/Pro-Log STD-bus market in 
1979 [Electronics, April 12, 1979, 
p. 255]. Now, three analog-input 
card families are being added to an 
STD line that, by mid-1980, already 
included five multichannel analog-
input, 8- and 12-bit analog-output, 
three input-multiplexer, and a pair 
of dc-dc converter cards capable of 
deriving ± 15 NI from the STD bus's 
5-v supply. 
The new cards take the line to 

higher resolutions. They are based 
on the firm's 14-bit DTi714 and 16-
bit DT5716 data-acquisition mod-
ules. Modular construction makes 
such market entries relatively 
straightforward; DT need only design 
the appropriate 6.5-by-4.5-in. card 
and mount the requisite data-acqui-
sition module on it. But some tight 
engineering is necessary, since the 
modules themselves measure 3 by 
4.6 in. The three new input card 
families are: the high-level DT2742 
family, the DT2744 family for low-
er-level inputs, and the DT2745 iso-
lated-input cards. 
The DT5716, on which the 16-bit 

offerings are based, is specified to 
have linearity within ± 0.006%, dif-
ferential linearity within ± 1 least 
significant bit, ± 10 ppm/°C con-
verter temperature coefficient, 100-
N412 input impedance, and 50-as con-
version time. For the 14-bit DT5714, 
linearity is within ± 0.009%, differ-
ential linearity is within ± 1/2 least 
significant bit, converter tempera-
ture coefficient is ± 20 ppm/°C, 
input impedance is 100 la, and con-

version time is 30 As. Each module 
includes a 16-channel multiplexer, 
multiplex register and counter, con-
trol logic and clock, sample-and-hold 
network, analog-to-digital converter, 
+ 6.3-v reference, and (optionally) a 
programmable-gain amplifier. 

Potential users face a sizable 
array of available configurations. In 
the DT2742 high-level family, for 
example, users can select among 12-, 
14-, or 16-bit resolutions and 8 dif-
ferential or 16 single-ended inputs; 
they may request programmable 
gain on most models and resistor-set 
gain on any; and they may specify 
20-mA current-loop output. They 
have a choice of ± 12- or ± 15-v 
power and of unipolar input ranges 
of 0 to + 5 and 0 to + 10 v, or ± 5-
or ± 10-v bipolar ranges. 
The alternatives in the high-level 

card family number more than 20; 
the same goes for the low-level 
DT2744 family. The only basic dif-
ference is in input ranges: unipolar 
ranges of 10 mv to 5 or 10 y full 
scale and bipolar ranges of ± 10 mv 
to ± 5 or ± 10 v full scale are avail-
able. Power-supply requirements, 
resolutions, inputs, and gain pro-
grammability are identical with the 
high-level family's. 

Isolation. The DT2745 isolated-
input boards form the smallest fami-
ly, numbering about 10. The user is 
limited to four isolated differential 
inputs, ±12 or ±15-v supply volt-
ages, 12-bit resolution, and the 
option of a 20-mA current-loop out-
put. The isolation rating is ±250 v 
and the common-mode rejection 
ratio is specified at 160 dB at 60 HZ. 
Thus the new STD-bus offerings, 

in all their permutations, number 
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Color-coded, TV-standard image obtained with a PyTioon pyroelectric-target imaging tube. 

Look into the future of thermal TV... 
with the THOMSON-CSF Pyricon 

The Pyricon... 
from THOMSON-CSF is a full-grown, 
in-production, application-proven, pyroelectric-
target imaging tube. It's available now, with 
guaranteed stable characteristics. This means 
that if you want to change'the Pyricon in your 
thermal television camera, you don't have to 
revamp your circuits; like with any production 
TV-camera pickup tube, you just need to 
fine-adjust. 

The Pyricon... 
pyroelectric-target imaging tube is sensitive. 
We're talking about an imaging tube, so just 
have a look at the image above, obtained with 
a camera incorporating a Pyricon. Unlike 
results obtained with conventional 
thermographic systems, a camera of this type 
gives images in real-time, in broadcast-
television standard (525/625 lines; 60/50 He, 
displayable on any standard TV monitor, and 
processable by any standard TV equipment. 

The Pyricon... 
is available at a fixed price, with a guaranteed 
delivery date, and with full after-sales support 
including advice on system design. 
For further information please contact 
THOMSON-CSF. 

1111 1111 111 11111 TilOMSON-CSF 
.11111111k CCDINPCDMEMUS 

THOMSON-CSF ELECTRON TUBES / 750 BLOOMFIELD AVENUE CLIFTON NJ 07015 / TEL: (1.201) 779.10.04 - TM: 710.989.7149 
BRAZIL - Sao Paulo 
THOMSOW-CSF COMPONENTES DO BRASIL _tda 
TEL (11) 542 4722 
FRANCE - Boulogne-Billancourt 
THOMSON-CSF DIVISION TUBES ELECTRONIOUES 
TEL (1) 604 81 75 
GERMANY - Munchen 
THOMSON-CSF GmbH 
TEL 1891751084 

UNITED KINGDOM - Basingstoke 
THOMSON-CSF COMPONENTS AND MATERIALS LTD. 
TEL.: (256) 29 155 
ITALY - Roma 
THOMSON-CSF TUBI ELETTRONICISRL 
TEL (6) 63814 58 
SPAIN - Madrid 
THOMSON-CSF COMPONENTES Y TUBOS SA. 
TEL.: (1) 419 88 42 

SWEDEN - Stockholm 
THOMSON-CSF KOMPONENTER & ELEKTRONFIÔR AB 
TEL. (8) 225815 
JAPAN - Tokyo 
THOMSON-CSF JAPAN K.K. 
TEL (3) 264 36 46 
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SERIES 5E3000 
Lightweight, 
instrumentation recorders 

that both 
you and your 
budget can carry 
These IRIG compatible 1/4 and V2 inch portable instrumentation 
recorders are the first to offer the features and performance of 
1 inch laboratory recorders that weigh and cost much more. 

• 8 tachometer or tape servo controlled speeds, 
from 15/32 to 60 inches/second 

• IRIG compatible recording up to 40 kHz FM, 
300 kHz direct, and 0.5 Mbit/second HDDR 

• 4, 7, 8, or 14 record/reproduce channels, 
plug in for any mix of FM, direct, and HDDR, 
fully aligned for 8 speed operation 

• Built-in calibration, complete electronics-to-electronics 
checkout (FM and direct) 

• Choice of interchangeable ac or dc power supplies 

Call today. You'll be surprised how little a 55 lb, 14 channel 
portable instrumentation recorder can cost. 
Or write for our new 4 page brochure. 

EMI EMI Technology Inc. 
100 Research Drive P.O. Box 2046 Stamford, CT 06906 
Telephone (203) 356-1300 TWX: 710-474-0128 
Toll Free Instrumentation Service: 800-243-2572 
A Member of the THORN EMI Group 

Sales Offices: 
• Newport Beach, CA 92660 
Telephone (714) 760-1955 
• Atlanta, GA 30339 
Telephone (404) 952-8502 

International: 
SE Labs (EMI) Ltd. 
Spur Road, Feltham, Middlesex 
TW14 OTD, England 
Telephone 01-890-1477 Telex: 23995 

New products 

about 50. Sources in the company 
feel that this makes DT's the broad-
est line of analog input and output 
cards tailored to the STD bus. 
The boards' base prices range 

from $525 to $595 each. Options 
and variations from standard config-
urations-14- or 16-bit resolution, 
programmable gain, and so on—add 
from $100 to $900 per unit. Delivery 
takes five days. 
Data Translation Inc., 100 Locke Dr., Marl-
boro, Mass. 01752. Phone (617) 481-3700 
[381] 

16-bit converters digitize 

position data to ±40 s 

The SDC-502 series of 16-bit syn-
chro-to-digital and resolver-to-digi-
tal tracking converters has a stan-
dard accuracy to within ± 1 minute, 
but a ± 40-second option is available 
for higher accuracy requirements. 
The manufacturer says that the high 
accuracy and jitter-free output of 
the converters are due to a patented 
control transformer algorithm. The 
converters' broadband input fre-
quency covers the 350-to-1,000-Hz 
range and can be extended to 10 kHz 
by using a voltage-follower buffer-
input option. One of the five models 
in the series is for direct input, two 
take synchro inputs, and two take 
resolver inputs. Two operating tem-
perature ranges are available— from 
—55° to + 105°C and from 0° to 
+70°C. 
Each converter is mounted in a 

standard 24-pin module. Delivery 
takes 30 to 90 days. A single unit 
sells for $750 in the U. S., $863 
abroad. 
ILC Data Device Corp., 105 Wilbur Place, 
Bohemia, N. Y. 11716. Phone (516) 567-
5600 [383] 

Data logger has low-level 

preamp and scan start clock 

Designed for acquiring data in 
remote, high-data-capacity, long-
term applications like pollution mon-
itoring, the miniature LPS-16 digital 
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ROHM has a thermal printhea 
for t rin er 
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ROHM has developed a complete line of standard 
printheads for all types of thermal printing require-
ments. These high speed, high resolution line and 
serial printheads set new standards for reproduction 
quality and reliability and are available now to meet 
your specific applications. 

ROHM line printheads are available with print widths 
to 10 inches, densities to 8 dots/mm (200 dots/inch) 
and line print speeds to 2 mS. Drive circuits, shift 
registers and diode matrices are mounted in IC form 
on the substrate to keep things simple, save space 
and improve reliability (MDLBF is 100 x 106). These 
units come ready to install, complete with heat sink 
and platen guide and with all connections terminated 
in a standard edge connector. 
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ROHM has the printhead for the printout you need 
From electrocardiograms to weather maps, from 
plotters to pari-mutuel tickets, from facsimile ma-
chines to desktop calculators — wherever an easy-
to-read, accurate and reliable copy is needed 

1 

08 

KO 

For serial applications we offer a full line of heads 
that achieve print speeds of 120 to 150 cps and life 
expectancies of 150 million characters or more. 

These standard configurations can be customized to 
match your specific requirements. For more infor-
mation, contact: 

R-OHM Corporation 
P.O. Box 19515, Irvine, CA 92713. 
(714) 546-7750. TVVX: 910-595-1721. 
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IS YOUR TRS-80 SMARTER 
THAN YOU ARE? A.I% 

Novice, Hobbyist. Educator. Student, Expert. Sams Books 
can help you get all the performance and features out of the 

TITS-80 that were built into it. The more you know about the 
hardware, software, language, and programming involved with the TOS-SO, 

the faster your computer will pay for itself. 

THESE SAMS BOOKS WILL HELP YOU USE All THE TRS-80 FEATURES YOU 
PAID FOR 

TRS-80 INTERFACING Books 1 & 2, By Jonathan A Titus. Book 1 introduces the signals 
available within the TITS-80 and how to use them to control external devices. Book 2 
explores more advanced interfacing techniques that will allow you to do real things that you 

didn't even know your TITS-80 could do. BOOK 1 Na, 21633, $8.95; BOOK 2 Na. 21739, $9.95: 
TWO-VOLUME SET—Books 1 & 2 Na 21765, $17.50. 

Mostly BASIC: Applications tor your TRS-80, By Howard Berenbon. No. 21788 $1t 95. Contains over 
15 actual programs for home, entertainment, business, financial and educational use on the TRS-80. 

Z-80 MICROCOMPUTER HANDBOOK.. By William Barden, Jr. No. 21500 $8.95. The more you know about 
the Z-80 microprocessor—the heart of the IRS-SO--the more you can get out 
of your computer. Here is everything you should know about the hardware. 
software and microcomputers built around the Z-80. 

Z-80 MICROPROCESSOR PROGRAMMING & INTERFACING Books 1 á 2, By 
Elizabeth A Nichols, Joseph C. Nichols, and Peter R. Rony. Book 1 explores Z-80 
software and machine language programming. Book 2 addresses interfacing 
digital circuits with the 2-80 CPU, PIP and CTC chips. BOOK 1 No. 21609 $10.95; 
BOOK 2 Na 21610 $12.95 TWO-VOLUME SET—Books 1 & 2 No 21611521.95. 

ams 
is 

ele Mail to Howard W. Sams & Co. Inc. 4300 West 62nd Street, PO. Box 7092, Indianapolis, IN 46206, (317) 298-5400 
• 
• Quantity 

• TRS-80 Interfacing—Book 1  No. 21633 
• TRS-80 Interfacing—Book 2  No. 21739 
• TWO-VOLUME SET—TRS-80 Interfacing Books 1 & 2  No. 21765 
• Mostty BASIC: Applications lof your 1R$-80  No. 21788 
• Z-80 Microprocessor Handbook  Na 21500 

No. 21609 
No. 21610 

• Z-80 Microprocessor Programming & interfacing, Book 1 
• Z-80 Microprocessor Programming á Interfacing Book 2 
• TWO-VOLUME SET—Z-80 Microprocessor Programming & 
• Interlacing Books 1 & 2   
• 

$ 8.95 
$ 9.95 
$17.50 
$11.95 
$ 8.95 
$10.95 
$12.95 

No. 21611 $21.95   
Amount of order $  

• Add local sales tax where applicable $  
• Shipping 8x handling costs $  2.00  

• Payment Enclosed 0 Check l] Money Order Total amount of order $  

: VISA E Mastercard Interbank No  (minimum credit cord purchase $10) 

• Account No  Expiration Date  

ID Name (print) 

• 
e Address   

• City State  Zip  

• Prices subject to change without notice. All books available from Sams Distributors; Bookstores, and Computer Stores. Offer good • 
• in US A. only In Canada, contact Lenbrook Industries Ltd., Scarborough, 141H, 1H5, Ontario, Canada. Offer expires 4/30/81 • 
• A0064 • 

Signature  
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Leaders in Electronics 

The only reference devoted solely 
to biographies of the most 
influential people in electronics 
• corporate executives • technical 
managers • designers and develop-
ers • government and military offi-
cials • academics • editors/pub-
lishers • securities analysts • 
trade! professional group directors • 
consultants ... plus an 80-page index 
of biographees by affiliation. 

Prepared by the staff of electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
(609)448-1700, ext. 5494 
Serd 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. 

CI Payment enclosed D Bill firm El Bill me 

Name 

Company 

Street 

City 

Signature 

State Zip 

New products 

cassette data logger has optional 
instrumentation-amplifier inputs and 
a start clock for automatic scanning. 
The battery-powered ( ± 12-v dc) 
unit can store 120,000 16-bit sam-
ples per cassette, whether they are 
12-bit analog data points from an 
internal analog-to-digital converter 
or external 16-bit complementary-
mos latched parallel data from the 
user's clock or counter. The 4-by-
4.5-by-7-in. device consumes 120 ov 
of power while on standby and 80 
mA while recording at a rate of up to 
five samples per second. With the 
instrumentation amplifier ($165 ad-
ditional), the LPS-16 has eight dif-
ferential channels. An optional on-
board c-moS clock ($100) allows 
selection of scanning intervals of up 
to 2 hours between scans. The basic 
model, the LPS-16-12B, is $1,360 
without clock and preamp options. 
Delivery takes 15 to 30 days. 
Datel Intersil, 11 Cabot Blvd., Mansfield, 

Mass. 02048. Phone (617) 339-9341 [384] 

Data-logging system 

is priced at $4,500 

The Fidac series 7240 data-acquisi-
tion and control system includes 
Basic and assembly-language pro-
gramming, a cathode-ray-tube dis-
play, a full typewriter keyboard, and 
program- and data-storage capabili-
ty for as little as $4,500. As $300 to 
$400 options, the 7240 has a range 
of plug-in function cards for analog 
and digital signals, plus a 51/4 -in. 
flexible-disk memory with a 340-K-
byte capacity and an impact printer. 
An IEEE-488 controller allows other 
compatible instruments to be inte-
grated into the system for automated 
electronic testing. 
A basic system incorporates a 12-

bit analog-to-digital converter with 
input multiplexer, digital input and 
output, and pulse counter for $4,200. 
The mainframe assembly communi-
cates by an 8-bit bidirectional paral-
lel port to leave the IEEE-488 bus 
free for simultaneous communica-
tion with peripheral devices. 
Fl Electronics, 968 Piner Rd., Santa Rosa, 

Calif. 95401. Phone (707) 527-0410 [385] 
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With Monochips; 
Alexander Graham Bell 
might have invented 
the picture phone. 

"Mr. Watson, come here — I want you." 
With this simple statement telecom-
munications technology was born. 

If Monochips" were around in 
the 1870's, Bell might have designed 
a phone system that let people see 
as well as speak to each other. Or a 

switching network to route a million 
calls in a matter of seconds. Because 
with Monochips, it's possible to create 

designs that improve existing technol-
ogies. Or even spawn brand-new 
industries — as Bell's telephone did. 

Monochips are semi-custom IC's that 
give you all the benefits of full-custom 
development without the lead time or 
expense. Their circuit components — 
the first five layers— are already in 
place when you start designing. So all 
you do is tell us how to connect them to 
make the circuit your design requires. 
Working from your layout, we etch 

the sixth layer and deliver prototypes 
in 8 weeks for $7,800 or less. When 
you approve them, we produce 1,000 
to 500,000 parts for you. 
The starting point is our Monochip 

Design Kits. They let you design your 
own custom IC— linear, CMOS, NMOS, 
CML, or bipolar — for only $25 to $59 
per kit. 

Put your flair for inventive designs to 
work now. Call us today to order your 

kit or for more information. Interdesign, 
1255 Reamwood Avenue, Sunnyvale, 
CA 94086. (408) 734-8666. 

Monochip:' 
the semi-custom IC. 

Interdesign is a Ferranti Company. 

Circle 271 on reader service card 



SUPER-INTELLIGENT 
INTERACTIVE DATA LOGGER 

YODAC•85S is a powerful new intelligent data logger that accepts analog in• 
puts up to 500 channels through scanners. Conversational menu programm-
ing through its built-in CRT display makes the YODAC•85S surprisingly sim-
ple to operate. No complex compuler languages are required. Dedicated 
computing functions include summation, maximum value, minimum value, 
mean value, standard deviation, and deviation between channels. A variety of 
easy-to-use functions, plus optional user-programmable linearizer and trend 
graph display, make it perfect for a wide range of applications from the 
laboratory to the industry. 

n g, 
process data monitoiing. power 
plant monitoring, water treatment 
plant monitoring, and nuclear 
pant monitoring systems. 

Typical Applications 

ra ... a a ogging, a • 
mobile data logging, air condi-
tioner efficiency test, weather 
data logging, solar energy 
efficiency test, 
and turbine ' MIMEO 
test systems. 

• -or, re rieràfor, ba ery, 
transformer, and temperature 
sensor (thermocouple, thermo-
stat) test systems, and electric 
machines power 
consumption 
and temperature 
tests. 

Over 60 years of quality, precision instruments 

YEW 
YOKOGAWA ELECTRIC WORKS 

YOKOGAWA ELECTRIC WORKS, LTD. 9-32. Nakacho 2-chome, Musashino-hi. Tokyo 180. 
Japan Tel: Tokyo 0422-54-1111 Telex: 02822-327 YEW MT J 

SALES OFFICE: P.O. Box 4125 Shinjuku Center Bldg. (50F) 1-25-1 Nish' Shinjuku, Shinjuku-ku, 
Tokyo 160, Japan Tel: 03-349-0611 Telex J27584 YEWTOK 

U.S.A.: YOKOGAWA CORP. OF AMERICA 2 Dart Road, Shenandoah, Ga. 30265, U.S.A. Tel 404-253-7000 TWX 810-766-4760 YCA SHEN 
EUROPE: YOKOGAWA ELECTRIC (EUROPE) By. Nederhoven 17-21, 1083 AM, Amsterdam, The Netherlands. Tel 020-423194 Telex: 14094 YEW NL 

ASIA: YOKOGAWA CORP. OF ASIA PTE. LTD. Suite 805 World Trade Centre. No. 1, Maritime Square. Singapore 0409. Tel 2729537 Telex: RS26137 YASSIN 
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E-H's new Model 1060 digitizes and stores the 
waveform samples for transfer via the bus. 

Circe 272 on reader service card 

Ince7303 Edgtwater Drive, Oakionc CA 94621•PH• 415/638-5656•TWX: 110-306-7258 



Miproc 16AP 
A cost and space saving 
associate processor for PDP-lrsystems 

Remember your DEC*11? Great when 
you first got it, but now you've outgrown it. 
Now, by adding on the Miproc 16AP you can 
turn your DEC*PDP-11* minicomputer sys-
tem into a more highly capable one. At low 
cost. 

You get all the compute power of a PDP 
11/70.* At a third of the price. 

Compare the figures 
for yourself PDP-11/70* Miproc 16 

Min Max Min Max 

• Integer Add, from memory 0.6 0.6' .25 .25 

• 32 bit floating point Add 0.9 2.52 1.25 3.50 

• 32 bit floating point Multiply 1.8 3.44 2.50 2.75 

Minimax times, all in microseconds.tModel source address. 

• Incredible I/O power:10 megawords DMA or 
1 megaword/second programmable 

• Memory up to 128k word of 16 bits 

But that's not all you save. With the 
Miproc 16AP, your system occupies a fifth of 
the usual space, at the very most. Just great 
for OEMs 

In its various configurations the Miproc 
16AP can be tailored to your system design, 
and throughput problems can be quickly and 
conveniently eliminated. 

In post-processing, pre-processing, I/O 
handling and other tasks, just plug in the 
extra power of Miproc. 

PLESSEY 
MICROSYSTEMS 

Plessey Microsystems Limited 
Water Lane, Towcester, Northamptonshire, United Kingdom 
NN12 7JN. Tel: Towcester (0327) 50312 Telex: 31628 and at 
19546 Clubhouse Road, Gaithersburg, Maryland 20760, 
Tel: 301-948-2791. 1641 Kaiser Avenue, Irvine, California 92714, 
Tel: 714-540-9931. 
'Digital Equipment Corporation trademarks 
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Unless it's from 

The Day of the ZEBRA® elastomeric connector is here 
and the reasons are clear. Only the ZEBRA elastomeric 
connector provides a simple, cost effective connection 
between the contact pads of printed circuit boards and 
liquid crystal displays (LCD's). 

The ZEBRA elastomeric connector is constructed of 
alternating layers of conductive and nonconductive 
silicone rubber, permitting high density interface con-
nections as close as 0.010" centerline-to-centerline. You 
also get nonabrasive contacts and superior shock and 
vibration protection. The seal is gas-tight making it 
resistant to humid and harsh environments. 

çffgee 
\ 1‘ 

VECKNIT;D 
it's not 
really a 
ZEBRA® 

elastomeric 
connector. 

The Day of the ZEBRA elastomeric connector means 
convenience during manufacturing and assembly through 
its ease of installation and reduction in breakage. Appli-
cations are almost endless — clocks, calculators, home 
appliances, test instruments and auto engine read-outs, 
to name just a few. 

For more information on the Day of the ZEBRA elastomeric 
connector, write TECKNIT, Inc., 129 Dermody Street, 
Cranford, New Jersey 07016. Phone (201) 272-5500, 
TWX (710) 996-5951, TELEX 685-3079:TCKNT. 

e REGISTERED TRADEMARK OF TECKNIT, INC 
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New products 

Packaging and production 

System generates 

board tests fast 

Test-pattern generator with 

schematic-editing graphics 

handles boards with 400 ICs 

Systems that automatically generate 
patterns to test integrated-cir-
cuit—laden boards are perhaps the 
most powerful tools available for 
checking the functioning of complex 
circuitry. Nonetheless, rapid in-
creases in board size and complexity 
have test engineers hard-pressed to 
develop test programs fast enough. 
To speed the development of such 
programs, Computer Automation's 
Products division will soon make 
available a new system that, it 
claims, is the industry's fastest auto-
mated test simulator for loaded cir-
cuit boards. 
To be formally unveiled at the 

Automatic Test Equipment semi-
nar/exhibit in Pasadena, Calif., Jan. 
19-22, Sprint is compatible with the 

company's Capable family, already 
recognized as the fastest test simula-
tors available in the industry. 
"We have significantly enhanced 

both hardware and software to 
achieve performance levels upwards 
of three times faster than our exist-
ing line," states Douglas Cutsforth, 
division vice president and general 
manager. Sprint, he adds, can gener-
ate comprehensive test programs for 
boards with 400 or more ics, or 30% 
to 50% more circuit capacity than 
prior simulators could handle. 

According to Richard A. Garlic, 
division director of engineering, "one 
of the biggest problems facing test 
programming engineers is trying to 
simulate complex circuit boards with 
upwards of 1,000 nodes." Whereas it 
presently "takes days to do just one 
simulation," he points out, the new 
Sprint system will enable users to 
reduce that time to several hours. 

Sprint achieves its speed largely 
through its new central processing 
unit, an LSI 2/120, whose expanded 
instruction set significantly improves 
block-mode operations by consoli-
dating statements. The Sprint pro-
cessor can now do in one statement 
what its predecessors may have exe-
cuted in as many as 60 statements. 

"The result is a tremendous im-
provement in throughput, software 
efficiency and programming produc-
tivity," says Cutsforth. 

Moreover, in purely hardware 
terms, Sprint's CPU is not only twice 
as fast as the LS! 2 in the company's 
prior simulators, but also has a new 
memory management unit to enlarge 
the processor memory space, as well 
as a 50-ns cache memory of 1-K 
words (2 bytes each) to improve 
access times. The system has a stan-
dard physical memory of 256-K 
words, in contrast with the earlier 
models' 96-K words. With these 
hardware enhancements, Garlic 
claims Sprint "can execute instruc-
tions an order of magnitude faster 
than was possible before." 
Among other major improvements 

incorporated into Sprint is a screen 
editor, a newly developed software 
tool that allows editing at the sys-
tem's cathode-ray-tube terminal in a 
word-processing, cursor-controlled 
fashion. It is designed specifically to 
provide programmers in testing ap-
plications with more control and 
editing capabilities as data is en-
tered, notes Garlic. 
Another proprietary software tool 

is a schematic editor with which 
users can enter and update data-base 
information in actual schematic for-
mat—"a tremendously fast and er-
ror-free means of entering circuit 
design specifications," notes Garlic. 

Sprint, which will be priced at 
approximately $132,000 for the 
complete hardware/software pack-
age, also comes with a new CRT that 
handles full graphic capabilities 
through the addition of 64 graphic 
character controls. The first deliver-
ies are scheduled for April, and it 
will be generally available by June. 
Computer Automation Inc., Industrial Prod-

ucts Division, 2181 DuPont Dr., Irvine, Calif., 

92713. Phone (714) 833-8830 [391] 

Semiautomatic wire-wrapping 

system costs $4,995 

The SW-101 semiautomatic wire-
wrapping system with microproces-
sor control sells for $4,995. The sys-

276 Electronics/January 13, 1981 



Maxi is not number one 
in keyboards... You are! 

1014104. 

Maxi-Switch is at the leading edge of micro-
processor keyboard technology, with a service 
reputation second to none. Maxi offers design 
leadership, and the ultimate in keyswitch 
price/performance. 

Since we're not pre-occupied with being the 
biggest, we can concentrate 
on serving you best. 
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Find your local representative in EEM. 
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If you're ready to be number one, call Maxi-Switch. 

=SWITCH CO. 
9697 EAST RIVER ROeil) • MINNEAPOLIS, MINNESOTA 55433 

(612)755-7660 
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WIRE STRIPPERS 
Available in four bench and one portable model. Clean strips every 
type of film insulation from heavy round and rectangular to fine 
wire. Closest possible tolerances maintained in one quick, simple 
operation. Production proven. FREE 
catalog available. 

FREE WIRE STRIPPING 
SERVICE 
Send a 3-5 ft. sample of 
your cable or wire and 
strip specifications. 
Stripped wire will be 
returned to you with a 
complete report and 
recommendations. 

M a/ A INIPPEAITEAP Fairgrounds Drive, Manlius, N.Y. 13104 
/ MFG. CO., INC. (315) 682-9176 

Circle 8 on reader service card 

Open 
For 
Business 
Bring on your forms, any forms. Whether you need to print on bank 
checks or multipart reports, standard pages or outsize sheets, our 
alphanumeric DMTP-8 impact form printer has a 50 character/line 
capacity, edge guide sensor and three open sides to take your work 
flow as it comes. Everything fits. And with the exceptionally long 
needle stroke, every message is crisp and clear — even on multiple 
copies from .003" to .015" thick. 

Work it hard. Work it long, even at high-volume POS jobs. With its 
heavy-duty construction and extra-long life dot matrix print head, 
the DMTP-8 is made to take it. Other advantages: programmable 
character pitch, and the long-haul economy of replaceable ink 
rollers and a self-reversing ribbon with a 10-million character life. 
And, of course,the price: just $269 in 100's.Write or call now for details. 

PRACTICAL 
AUTOMATION, INC. 
Trap Falls Road, Shelton, Conn. 06484/Tel: (203) 929-538;1 

New products 

tern features a 20-by-20-in. wiring 
area and can wire boards at a rate of 
10 in./s, moving the wiring head in 
0.025-in, increments across the 
board. The display shows the opera-
tor such parameters as sequence 
number, positioning, bin and pin 
number, and routing direction. The 
system includes a 40-tube wire bin. 
Its paper-tape transport contains its 
own microprocessor and buffer to 
ensure fast and accurate data trans-
fer, as well as smooth tape handling. 
The SW-101, which reads tapes in 
the ASCII or the Electronic Indus-
tries Association code, can also read 
tapes prepared either for absolute or 
for incremental positioning. As a 
special service, the maker will pro-
gram the unit's microprocessor to 
read tapes in the format of any wire-
wrapping machine manufacturer to 
provide complete software compati-
bility with existing equipment. 
A less expensive version of the 

unit, the SW-101F, comes with a 
reader for fan-folded tapes instead of 
the tape transport and costs $4,495. 
Both systems are available for imme-
diate delivery. 
OK Machine & Tool Corp., 3455 Conner St., 
Bronx, N. Y. 10475 [393] 

68-lead socket accepts Jedec 

leadless type-A chip carrier 

Maintaining the low cost and small 
size needed by production sockets 
yet offering the durability of a test 
socket, a new 68-lead socket has 
been designed to accept the Jedec 
leadless type A chip-carrier package. 
In addition, the socket footprint is in 
accordance with the Joint Electron 
Device Engineering Committee's 
standard, which requires a 0.100-by-
0.100-in. grid. The socket's lid acts 
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' Management graphs 
in less than a minute... 
from the finest value in 
desktop computing. 

I 

The 
Tektronix 

4051 
Desktop 

Computer iyht 1980 Telesortix,Inc. All rights reserved. GEM quotations available on request. 

rst fl ,-rr 

THE GRAPHICS GRAPHICS 
STANDARD 

From computing to data 
communications to compiling 
graphic reports, the 4051 puts 
no limits on your imagination. 

You can manipulate informa-
tion with array processing, floating 
point operations and other un-
usually powerful off-line functions. 
Construct reports or preview plots 
with more precision than with any-
thing comparable. 

Yet the 4051 is easy to oper-
ate and, most remarkably, easy 
to afford. Whether you're new to 
computers or a seasoned pro, the 
4051 conforms to your demands 
as a decision-maker. 

Easy BASIC lets you per-
form complex transforms or 
construct simple bar charts. 
Add the optional data communi-
cations interface for the terminal 
capability to work with the larg-
est data bases. For tape drive 
transfers. For programmable 
input/output. Or select from a 
range of ROM packs for special 
function desktop power. 

Get a personal view of the 
best value in desktop comput-
ing. Including a library of excel-
lent analysis and reporting 
software and our complete line of 
peripherals. Ask your local 
Tektronix sales engineer for a 
desktop demonstration. Or call, 
toll-free, 1-800-547-1512 
(in Oregon, 644-9051 collect). 

Tektronix, Inc. 
Information Display Division 
PO. Box 1700 
Beaverton, Or 97075 

Tektronix International, Inc. 
European Marketing Centre 
Post Box 827 
1180 AV Amstelveen 
The Netherlands 

Tektronix.° 
t tEAMIT TED TO EXCELLENCE 



NEW NICKEL FLAKE 
OUTSTANDING FOR 
RFI-EMI SHIELDING 
NOVAMET Ni-HCA-1 Nickel Flake Pigment Newly 
Developed for Electronics Applications 

Ni-HCA-1 is especially 
suited for RFI-EMI shielding as 
well as conductive adhesives. 
Specially developed for elec-
tronic applications, this new 
nickel flake pigment has been 
treated to yield metal-filled 
epoxy, acrylic and urethane 
paint and adhesive formulation 
with low surface resistance (1-3 
ohms/sq). 

Due to the high aspect ratio 
of the flake morphology (33:1 
average) equivalent electrical 
or shielding performance can 
be obtained with lower pigment 
loadings of Ni-HCA-1 than con-
ventional powders. This means 

Typical Properties of NOVAMET 
Ni-HCA-1 

Specular Reflectance (R8) >40% 
Average Flake Thickness 1.2 microns 

Typical Size Distribution: 

—44 p.m (-325 mesh) 97% 
—30 gm 90% 
—20 p.m 80% 
—10 I.Lin 35% 

Approx. Bulk Value .033 gal/lb 
Approx. Specific Gravity 3.66 
Approx. Apparent Density 1.30 g/cc 

easier handling and improved 
application characteristics of 
the coating or adhesive system. 

NOVAMET Ni-HCA-1 flake 
gives you outstanding environ-
mental stability. You also gain 
significant economies over 
silver filled coatings. 

You can take advantage of 
lower pigment loadings than 
conventional powder with Ni-
HCA-1 and still maintain equiva-
lent electrical or shielding per-
formance. This is the result of 
Ni-HCA-1's high aspect ratio of 
flake morphology (3 3:1 
average). And lower pigment 
loadings mean easier handling 
and application characteristics 
for both coating and adhesive 
systems. 

You should know more 
about NOVAMET's new nickel 
flake pigment. Call Sharon Per-
kins at (201) 891-7978. Or write 
to Sharon Perkins, NOVAMET 7, 
681 Lawlins Road, Wyckoff, N.J. 
07481 

NOVAMET 
TM of an INCO Company DV OF MPDTECH CORP 

Circle 18 on reader service card 

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

Give to: 

Fa EC1' Deportment R 
Woshington, D.C. 20007 

New products 

as a heat sink, but the socket can 
also be adjusted to take a device-
mounted heat sink. It has a low pro-
file (0.342 in.) for mounting on 
0.500-in. centers. The contacts are of 
beryllium-copper, and the socket 
body of Underwriters Laborato-
ries—approved material; the leads are 
gold-plated. In quantities of 1,000, 
the socket- is priced at $5.79 each 
and will be delivered in eight weeks. 
3M Textool Products Department, Electronic 

Products Division, 1410 W. Pioneer Dr., Irv-

ing, Texas 75061. Phone (214) 259-2676 

[394] 

Low-insertion-force sockets 

have special contacts 

The machined contacts on a family 
of sockets, with pins on 0.100-in. 
grids, have been specially designed 

so that only very low insertion and 
extraction forces are needed to 
accommodate planar-gate-array and 
similar plug-in chip packages. A pat-
ent is pending on the contacts, each 
of which is housed in a completely 
enclosed sleeve to prevent solder 
wicking or flux contamination. Sock-
ets for 64-, 72-, and 120-pin pack-
ages are already being manufac-
tured; other sizes are available on 
request. 
Augat Inc., Intelconnection Components 

Division, 33 Perry Ave., Attleboro, Mass. 

02703. Phone (617) 222-2202 [395] 

Leads from 64-lead ceramic 

package are on 50-mil centers 

A 64-lead high-density Diapak uses 
one half the area of conventional 
side-brazed packages, Cerpacks, or 
Cerdips because its external leads 
are on 50-mil centers with rows 
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We just elivere 
our one millionth 

Why the celebration? 
We just delivered our millionth D.C. power supply to a 
very happy customer. Borrowing a note from the record 
industry, we presented a special solid gold unit to 
further honor the occasion. 

One million. 
An impressive number in itself. But consider what it 
took to get there. 

Electrical Wire - about 475 million feet. That's 
enough to wrap around the world a few times. 

Sheet Metal - an estimated 820,000 sq. ft. Or enough 
to caver more than 17 football fields. 
Transformer Magnetic Steel - around 2,200 tons. 
This translates into the weight of about 1,250 
mid-size automobiles. 
Resistors, Capacitors and Semiconductors - 
approximately 54 million. And each one was 
individually tested, along with a double 
in-circuit test. 
Assorted Screws, Nuts and Hardware - 45 million 
pieces or so. Though mostly automated, it's still a lot 
of turns of the screwdriver. 

And on and on it goes. Which leads to the reason we 
have become, in just a few short years, the world's 
largest manufacturer of open-frame D.C. power supplies. 

We have the experience. 
We do all manufacturing in our new 100,000 sq. ft. 
facility. And we continue to guarantee the service, 
quality, and reliability you demand. 

So now begins the second million. And it won't take 
long to get there. Not when you see our expanded line 
of open-frames - plus a new and growing family of 
switchers. All at our same old low prices! 

See for yourself. 
Send forour new 1980-81 
Catalog and Power-One 
Tour Guide. You'll know 
why we reached the first 
million in record time. 

°Pager-OM 
me. rower SUPPLIES 
Power-One, Inc. • Power One Drive • Camarillo, CA 93010 
Phone: 805/484-2806 • 805/987-3891. TWX: 910-336-1297 
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eCrePee  
microsystems 

FLAI111/65 

FLAIM /65 is a complete, professional quality development 

system for the 6500 microprocessor family. FLAIM165 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 5 1/4 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 
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LARGEST RADAR INVENTORY IN THE WORLD 
SYSTEMS & 
SPARES 

AN/ALT-6-7-8 
AN-APG-33 
AN /APG-51 
AN/APN-69 
AN/AP N-102 
AN/AP N-169 
AN 
AN/APCI-55 
AN/APS-20 
AN/APS-31A 
AN/APS-42-45 
AN/APS-64 
AN/ASB-4/9 
AN/CPS-6B 
AN/CPS-9 
AN/DPN-32 
AN/FPS-6-8 
AN/FPS-14-18 
AN/FPS-20-75 
AN/FRC-39 
AN/FRT-15 
AN/GPA-30 
AN/GPA-126 
AN/MPG-4A-10 
AN /M P0-29 
AN 
AN/MPX-7 
AN/MS0-1A 
AN/SPA-4A 
AN 
AN/SPN-5 
AN/SPS-513 
AN /SPS-6C 
AN/SRW-4C 
AN/TPN-12/17 
AN/TPS-1D,E 
AN/TPS-10D 
AN/TPS-28 
AN/TPS-3413 
AN/TPS-37 
AN /TPX-21 
AN /UPA-25-35 
AN/UPX-4-6 
AN/UPX-14 
HIPAR 
MK-25 
Nike Ajax 
Nike Hercules 
SCR-584 

AUTOTRACK ANTENNA SCR-534 
RADAR SYSTEM 

360 deg AZ 210 deg EL. 1 mil. at:cu-
racy. Missile se!. accel. and slew rates. 
Amplidyne control. Handle up to 20 ft. 
dish. Compl. control chassis. ALSO in 
stock 10 cm. van mounted rad. system. 
Conical scan. PPI. 6 ft. dish. 300 pg. 
instr. bk. on radar. $50. 

 RF SOURCES   
17-27 KHz 200 W CW 
125-450 KHz 4 KW CW 
2-30 MHz 3 KW CW 
4-21 MHz 40 KW CW 
24-350 MHz 100 W CW 
80-240 MHz 500 W 2-5 uS 
175-225 MHz 300 KW 1, 20 uS 
200-2000 MHz 40 W CW 
210-225 MHz 1 MW 5 uS 
385-575 MHz 1.5 KW CW 
400-700 MHz 1 KW .03 DC 
950-1500 MHz 1 KW .06 DC 
900-1040 MHz 5-10 KW .006 DC 
1.2-1.35 GHz 500 KW 2 uS 
1.5-9.0 GHz 150 W CW 
3.2-3.3 GHz 10 KW .002 OC 
2.7-2.9 GHz 1 MW 1 uS 
3.1-3.5 GHz 1 MW 1.3 uS 
2.7-2.9 GHz 5 MW 2-3 uS 
4.4-5.0 GHz 1 KW CW 
5.4-5.9 GHz 5 MW .001 DC 
6 GHz 1 MW 1 uS 
6.2-6.6 GHz 200 KW .37 uS 
8.5-11 GHz 200 W CW 
9.375 GHz 40 KW .5-1-2 uS 
8.5-9.6 GHz 250 KW .0013 DC 
15.5-17.5 GH: 135 KW .33-1-3 uS 
24 GHz 40 KW .15 uS 
35 GHz 50 KW .1 uS 

 MODULATORS   
25 KW 5.5 KV 4.5 A; .0025 DC 
144 KW 12 KV 12 A; .001 DC 
250 KW 16 KV 16 A; .002 DC 
405 KW 20 KV 20 A; .1 DC 
500 KW 22 KV 28 A; .001 DC 
1 MW 25 KV 40 A; .002 DC 
3 MW 50 KV 60 A; 30 uS 
10 MW 76 KV 135 A; .001 DC 

KV 400 
66 MW 160 A; .00 

TRACKING SYSTEMS 
K BAND MONOPULSE 40 KW E-34 
X BAND NIKE AJAX/HERCULES 
X BAND HI-RES MONOPULSE MOD IV 
X BAND OCA PAR II 
X BAND FIRE CONTROL 250 KW M-33 
X BAND MOBILE 40 KW AN MPO-29 
X BAND BEACON 100 W AN/DPN-62 
S BAND 10 DISH 500 KW AN/MPO-18 
S BAND 250 KW AN/MPO-10A 
S BAND 250 KW AN/MPS-9 
X BAND HAWK MPG-34 
X BAND HAWK MPO-33 
C BAND 1.5 MW MPS-19(C) 
S BAND 14' DISH PRELORT 

SEARCH SYSTEMS 
KU BAND AIRBORNE 135 KW B-58 
X BAND WEATHER 250 KW AN/CPS-9 
X BAND WEATHER 40 KW AN/SPN-5 
X BAND 7 KW AN/TPS-21 
X BAND CW DOPPLER AN/PPS-9/12 
C BAND HOT FDA 1 MW TPS-37 
C BAND 285 KW AN/SPS-5B/D 
S BAND HGT FINDER 5 MW AN/FPS-6 
S BAND CCHERENT 1 MW AN/FPS-18 
S BAND 1 MW NIKE AJAX/HERC 
L BAND 40' ANT 500 KW AN/FPS-75 
L BAND 500 KW AN/TPS-1D/GSS-1 
UHF 1 MW HELIHUT TPS-28 

C BAND TRACKER 
Pwr: 1.5 MW Range: 250 miles 
Recv: paramp Display 5" "A" scopes. 
10' dish wrInear or circ. polarization. 

NIKE HERCULES 
SPARES/MAINTENANCE 

Over 10,000 major components in stock 
w/repairs and overhaul facilities incr: 
SHOP 1 & 2 MAINTENANCE VANS. 

SEND FOR FREE 24 PAGE CATALOG 

Radio 
Research 
Instrument 
Co., Inc. 

New products 

spaced 600 mils apart. The new 
package can be reflow-soldered di-
rectly to a circuit board, or it can be 
inserted in a new dual in-line pack-
age socket which has a 100-mil pin 
pattern for soldering to a circuit 
board. The Diapak is hermetically 
sealed and has a low-temperature 
frit-sealed lid and aluminum wire-
bond fingers. The planarity of the 
bond fingers meets or exceeds 
requirements for automatic wire 
bonders, the manufacturer says. The 
high-density package is also pro-
duced in 48- and 40-lead models, 
which are immediately available in 
sample quantities. 
Diacon Inc., 12810 Hillcrest Rd. No, 209, 

Dallas, Texas 75230. Phone (214) 233-2538 

[396] 

System transfers wafers 

in under 60 seconds 

Making it easy to adapt from one 
carrier or wafer size to another, a 
manually operated unit transfers 3-, 
4-, 5-, and 6-in, square or rectangu-



Introducing Ilvieurr Series 100 Connectors 

Interconnection 
is finally catching up with 

packaging density 
While increased packaging density has 
been making giant strides in recent years, 
ordinary card edge connectors have 
lagged behind. Now Panduit offers you a 
way to catch up with package density with 
Series 100 two-piece PC board connectors 
that offer you up to 96 contacts in three rows. 

PANDU1T Series 100 connectors are preci-
sion made to IEC 48B and DIN 41612 specifi-
cations and are fully interrnateable with all 
components produced to these standards. 

Utmost reliability 
Unique female contact 
with torsion spring de-
sign provides dual wipe, 
coined surfaces with 
strict mating tolerances 
that drastically reduce mating/immating 
contact abrasion and permit use of low gold 
thicknesses to help you reduce intercon-
necting costs. 

PANDUIT Series 100 maintains low contact 
resistance after hundreds of mating cycles, 
assuring you of excellent electrical charac-
teristics, even under adverse conditions. 

Maximum versatility 
Series 100 connectors are available in types 
B, C, Half C, D and E, in standard, compact 
envelope sizes providing 16, 32, 48, 64 or 96 
contacts in hundreds of pin arrangements 
and configurations. One, two or three rows 
of contacts let you match the connector to 
the specific requirements of your applica-
tion. 

Choose from three gold-over-nickel plating 
options: 30, 60 and 80 microirtches. 

Special female angle pin connectors 
mounted on card edge permit daughter 
board mating in the same plane. 

All Series 100 connectors are available for 
either wire wrapping, hand or wave solder 
termination. And the precise, uniform 0.1" 

grid lends itself perfectly to automated 
processes. 

Male connectors with long angle pins per-
mit direct connection to wire wrapped 
boards—reducing parts and installation 
time. 

Reduce board cost 
Reliable Series 100 termination pins adapt to 
varying board thicknesses, and the connec-
tors maintain strict mating tolerances re-
gardless of board quality. Also, the elimina-

tion of heavily gold plated fingers needed 
for edge connectors reduces board costs 
considerably. 

At last, PANDU1T Series 100, two-piece 
connectors give you the density plus re-
liability you've been looking for. And all at 
a price competitive with gold plated 
boards and card edge connectors. 

Ask for free demonstration 
and cost analysis. 

The Reliables ... Wherever Electricity is Used. 

ELECTRONIC PRODUCTS GROUP 

Tinley Park, IL 60477 • Phone: (312) 532-1800 
In Canada: Panduit (Canada) Limited 

Visit Panduit at NEPCON West Booth 815 Circle 28 on reader service card 



Motorola matches 
the display module 
to your application 
and budget 

Every Motorola module, from 5" to 23", is available in 
a variety of configurations and electrical specifications 
to meet the most diversified customer needs. It is this 
flexibility—adapting basic design to individual user 
specs—that has kept Motorola in the forefront of 
CRT display technology. 

The result is the best possible value for your 
information display dollar—real value measured in 
performance, reliability, experience and service 
support—value designed to complement the time 
and money you've put into your terminal and 
its application. 

The reliability of Motorola displays is measured in 
demonstrated and calculated MTBF Samples of every 
model are continuously monitored to duplicate 
customer life tests, assuring you top performance year 
after year. Write or call Motorola Display Systems. 

Motorola 
displays the 
character 
of your 
business. 

MOTOROLA INC. 

1299 E. Algonquin Road 
Schaumburg, IL 60196 
312/397-8000 
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NEW EDAC 
LOW PROFILE 
341 SERIES, .100" CARD EDGE 

CONNECTOR 

SAVES YOU 
SPACE AND 
EXPENSE 

EDAC inc. has been enjoying uncommon 
and remarkable growth for some 
remarkably common reasons: product 
integrity, responsibility, quick 
turnaround time and competitive 
pricing. 

In order to offer you the right 
connectors for the right job, 
EDAC has further expanded 
its extensive product line 
with the introduction of 
the 341 Series, Low 
Profile Card-Edge 
Connector, .100" 
Contact Spacing 
.140" Row 
Spacing. 

These connectors feature; 
.460" insulator height, 3 amperes 

current rating, 6 millohms maximum 
contact resistance, contact material — 

CA725 contacts with gold inlay 30 micro-
inches thick, Diallyl Phthalate (green color) 
insulating mater al, polarization in contact/ 

between contact— bifurcated contacts, 
insertable/removable contacts, available with 
solder hole, 3 lengths PC. Tabs, Lugless .128" 

mounting holes, floating eyelet, 4-40, 3 mm 
threaded inserts. 

Contacts are available in fourteen sizes, from 6/12 
to 50/100 

FOR ALL YOUR CONNECTOR REQUIREMENTS, 
CONTACT E DAC TODAY! 

Available through 
National and International 
Stocking Distributors and 

Representatives. 

EDAC INC. 20 Railside Rd., 
Don Mills (Toronto) Ontario M3A 1A4 

Tel: 416-445-2292 
TVVX: 610-492-1398 
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HUNTRON TRACKER, Model HTR 1005B-1S, an advanced instrument for 

trouble shooting solid state components and circuits. 

The unit features dual channel timed switching or fixed mode operation for com-

parison testing of analog or digital devices...in, or out, of circuit. Visual displays in-

dicate the condition of devices or circuits under comparison as they are tested 

without power applied. A graticule face plate supplies a reference standard for 

visual comparison of firing voltages for diodes, discrete components or IC's. 

Simple to learn, easy to operate and effective in cutting service/repair times and 

COSTS. 

MMIMr'IM U )1H1 
IM@LifJiMMI%kq'rgi 

exclusiodybq HUNTRON SALES 
15123 Highway99 North,Lynnwood,Washington 98036 

(800) 426-9265 
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ONE ORGANIZATION, OPTICAL INFORMATION 

SYSTEMS, i xlusively dedicated 
s ec  to the 

advancement of semiconductor light-source 
technology and electro-optical system applications. 

Each OIS resource is focussed on this one 
objective: staff training, talent, and disciplinary 
scope ...specialized facilities for research, 
production, and automated testing ...expertise 
and experience in the required support and 
interface technology, from circuitry to packaging. 

OIS EXPERTISE extends from fundamental 
metallurgical and materials technologies across 
the entire spectrum of semiconductor-light-source 
manufacturing techniques: effective QC and OA; 
product and methods engineering; mechanical 
packaging and processing., design of computer-
based ATE systems for bulk data acquisition 

OIS IS THE LOGICAL FIRST CHOICE TO BE 
and processing. 

YOUFt "DESIGN PARTNER" prototype 
to volume production ...either custom 
or standard •..for commercial, industrial, or 

military applications. 4 
LIGHT SOURCES. Current areas of interest and product 

development include injection laser diodes and 
LEDs operating at various power levels at less than 
840nrn, and at longer wavelengths for fiber-optics use. 
For demanding beam applications optical disc, 
graphics, instrumentation), for example, we build 

several devices with sin and 

gle-mode characteristics. For 

fiber-coupled applications, a significant ongoing effort 

has produced packages with connector or pigtail 
true hermeticity, thermoelectric cooling, 

FIBER-OPTIC COMMUNICATION MOoutes for the photodiode monitoring. 

rapidly expanding communications market. OIS offers 

featuring 

cost-effective solutions to a wide range of standard 
cornmercial and custorn performance requirements. 
Starting with its existing standard designs, OIS 
will meet the expanding requirements of OEMs for 
transmitters, receivers, and data links. OIS has the 
in-house optoelectronics expertise to create new 

sources and detectors, new support and 
interface circuitry, and new device and 
rno le packages, to keep pace with its 

"design  partners. TOMORROW'S 
Semiconductor 
Light sources? 

CALL 015...TODAY 
Applications Engineering "HOT LINE" (914) 592-6800 

OPTICAL INFORMATION S`ISTEMS 

WKON ENTE.RPRISES 
350 EXECeIVE BOULEVARD, ELMSFORD, N.Y. 10523 • TELEX 646174 
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We cover the world 
of electronics technology 
with the only international 
edition in the field 

You are reading the international 
edition of Electronics. The worldwide news 
and information is gathered for you by thirty-
one editors stationed around the globe. 

Every other week, the magazine is 
sent to subscribers in 125 countries outside 
of North America. Each issue is packed with 
important current information on indus-
trial, scientific and military applications, 
electronics manufacturing, new products, 
new research, new designs. 

Marketing information and statis-
tics keep subscribers up to date with latest 
economic intelligence and new market 
developments, with interpretation of their 
meanings to the electronics industries. 

Electronics magazine's interna-
tional edition is the only way electronics 
engineers can keep up with worldwide 
developments in the field wherever they 
occur. If you are not now a subscriber, you 
are invited to become one. Simply mail in 
the subscription card which is bound into 
this magazine. 

Electronics Magazine 
The one worth paying for. 
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Go with McGraw-Hill's EXPERIENCE! 
ELECTRONIC DISPLAYS 
by E. G. Bylander 
095/108 Pub. Pr, $24.50 Club Pr, $18.50 

PRINTED CIRCUITS HANDBOOK, 2/e 
by C. F Coombs 
126/089 Pub. Pr., $35.00 Club Pr, $26.50 

STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 11/e 
by a G. Fink & H. W. Beaty 
209/74X Pub. Pr, $54.50 Club Pr., $41.95 

ELECTRONICS ENGINEERS' HANDBOOK 
by D. G. Fink 
209/804 Pub. Pr., $57.50 Club Pr, $42.50 

ELECTRONICS DESIGNERS' HANDBOOK, 
2/e 
by L. J. Giacoletto & R. Landee 
231/494 Pub. Pr, $62.50 Club Pr, $47.50 

ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EXAMS 
by C. R. Hafer 
254/303 Pub. Pr., $19.50 Club Pr, $15.50 

INTRODUCTION TO THE THEORY AND 
DESIGN OF ACTIVE FILTERS 
by L. P Huelsman & P. E. Allen 
308/543 Pub. Pr., $28.50 Club Pr., $21.50 

HANDBOOK OF ELECTRONICS 
CALCULATIONS 
by M. Kaufman & A. H. Seidman 
333/920 Pub. Pr, $27.50 Club Pr. $21.00 

ELECTRONICS DICTIONARY, 4/e 
by J. Markus 

404/313 Pub. Pr., $24.50 Club Pr., $19.50 

MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL 
by J. Markus 
404/461 Pub. Pr, $44.50 Club Pr, $34.50 

BIT-SLICE MICROPROCESSOR DESIGN 
by J. Mick & J. Brick 
417/814 Pub. Pr, $18.50 Club Pr., $14.50 

MICROELECTRONICS 
by J. Millman 
423/27X Pub. Pr, $29.95 Club Pr, $23.50 

DIGITAL HARDWARE DESIGN 
by J. B. Peatman 
491/321 Pub. Pr, $26.95 Club Pr, $20.00 

MICROCOMPUTER-BASED DESIGN 
by J. Peatman 
491/380 Pub. Pr, $29.95 Club Pr, $22.50 

INTRODUCTION TO RADAR SYSTEMS, 2/e 
by M. I. Skolnik 
579/091 Pub. Pr, $34.95 Club Pr., $27.95 

HANDBOOK OF OPERATIONAL 
AMPLIFIER CIRCUIT DESIGN 
by D. E. Stout & M. Kaufman 
617/97X Pub. Pr., $31.50 Club Pr, $23.50 

MICROPROCESSORS/ 
MICROCOMPUTERS/ 
SYSTEM DESIGN 
by Texas Instruments, Inc. 
637/58X Pub. Pr., $24.50 Club Pr, $19.50 

ELECTRONIC FILTER DESIGN HANDBOOK 
by A. B. Williams 
704/309 Pub. Pr, $32.50 Club Pr, $25.50 

TRANSFORMER AND INDUCTOR DESIGN 
HANDBOOK 
by W. T. McLyman 
786/755 Pub. Pr, $35.00 Club Pr., $26.50 

PHASELOCK TECHNIQUES, 2/e 
by F M. Gardner 
582029-3 Pub. Pr, $21.50 Club Pr, $16.95 

BUY ONE of these great 
professional books when you 

join McGraw-Hill's 
Electronics and Control 
Engineers' Book Club and 

GET ONE FREE 
(values up to $62.50) 

-""4 standard 
HanclbooK 

for l 
Electra 

s_ Engineers 

Why YOU should join now! Electronic 
Filter 

Design 

Choose any one 

of these books at 

the special Club 

discount, and 
select any other 

as your gift 
free-of-charge 
when you enroll! 

• BEST BOOKS IN YOUR FIELD -Books are selected from a wide 
range of publishers by expert editors and consultants to give you 
continuing access to the latest books in your field. 

• BIG SAVINGS -Build your library and save money too! We 
guarantee savings of at least 15% off publishers' list prices on every 
book. Usually 20%, 25%, or even higher! 

BONUS BOOKS - You will immediately begin 
to participate in our Bonus Book Plan that allows 
you savings between 70-80% off the publisher's 
price of many books. 

• CONVENIENCE -14 times a year you receive the Club Bulletin 
FREE, fully describing the Main Selection and alternate selections, 
together with a dated reply card. If you want the Main Selection, 
you simply do nothing -it will be shipped automatically. If you 
want an alternate selection -or no book at all -you simply 
indicate it on the regular reply card and return it by the date 
specified. You will have at least 10 days to decide. If, because of late 
mail delivery of the Bulletin you should receive a book you do not 
want, just return it at the Club's expense. 

As a Club member, you agree only to the purchase of four books 
(including your first selection) over a two-year period. 

MAIL THIS COUPON TODAY  
McGrew-Hill Book Clubs 
Electronics and Control Engineers' 
Book Club 
PO. Box 582, Hightstown, New Jersey 08520 

Please enroll me as a member and send me the two 
books indicated. billing me for my first selection only at 
the discounted member's price, plus local tax, postage 
and handling. If not satisfied, I may return the books 
within 10 days and my membership will be canceled. I 
agree to purchase a minimum of 3 additional books 
during the next 2 years as outlined under the club plan 
descnbed in this ad. Membership in the club is continuous 
but cancellable by me anytime after the four book 
purchase requirement has been fulfilled. 

Write Code # of 
FREE selection here 

Write Code di of 
FIRST selection here 

Orders from outside the U S must be prepaid with international money 
orders in U.S. dollars. 

Signature   

Name  

Address  

City/State/Zip   

This order subject to acceptance by McGraw-Hill. All prices subject to change without notice. 
Offer good only to new members. A postage and handling charge is added to all shipments. 

E33486 
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MINIATURE 

MICROFAN 

0.36W 
1"lizez 
1í . 

AND LIGHTWEIGHT 

F-406 

(50grams) 

:3 , 8 (4 i mmx 35mm) "x13/ " 
7-------

, „ 
"Ir  

• ,1111 ill '' 
lillb '1' 0 

Ilk 

ABS  FRT. BLACK 

i 

1 I 

MI 406i M11 f 40613 

<9* - 
U3<isse - 

, 
i 

• . 
Nef 406D >Al 406C 

PERFORMANCE CURVE 

- 02 FEATURES: 

i 
5v . 6' 

Employing low-noise. 
precision coreless mo-
tor, it blows strongly 
but calmly neverthle-
ss it costs inexpensi-

AIR eOLUME CF M 

RATINGS: 
DC5V 6V 60mA 6.00Orpm 151F -120*F ,0.36W' 
8 5C F M 1 7 Aq(4nmAq) 1.13on5Ograms) 

WHERE TO USE 
Applicable to lonal cooling and ventilation for 
communication equipment, auto-control device, 
powe supply, computer, broadcasting equipment. 
measuring equipment, portable electric equipment 
and industrial equ pment. 

CINIPPON BLOWER 
NIPPON BLOWER co.,LTD. 

3-5-13 Soto-Kanda. Chlyoda-ku, Tokyo 101 Japan 
Phone: (03(251-3511 

Tokyo Japan 

New products 

Microcomputers & systems 

CPU eases move 
to Pascal, Ada 

Two-processor board set 

for S-100 bus 

is CP/M-compatible 

An S-100—compatible computer 
board set from Digicomp Research 
combines 8- and 16-bit microproces-
sors. The Pascal-100 central process-
ing unit has a Z80 8-bit processor on 
one board and Western Digital 
Corp.'s 16-bit Pascal Microengine 
on another; together they make a 
potent pair. 

Since the IEEE standardized the 
S-100 bus about a year ago, makers 
of S-100—compatible computer sub-
systems have seen their market's 
center of gravity moving steadily 
toward original-equipment manufac-
turers. Now, with 16-bit micropro-
cessors and higher-level languages 
becoming available, Digicomp sees a 
need for a system that can offer 16-
bit performance without making 
obsolete the vast amount of software 
already developed for S-100 systems 
based on the Z80, 8080, or other 
microprocessors supporting the 
CP/M operating system. The Pascal-
100 does that and adds user-friendly 
languages as well. 
The Pascal-100 initially will run 

version III UCSD Pascal, including a 
screen-oriented editor, compiler, 
linker, filer, and other utilities. The 
CPU also supports the large program 
library already available for the Z80 
and 8080 using CP/M. 

Since the Microengine executes 
Pascal p-code directly as machine 
language, it is a fast processor. 

Clocking at 3 MHz, it is from 7 to 12 
times faster at a given task than 
Pascal-programmed microprocessors 
using software interpreters. The firm 
claims that the Pascal-100 can be as 
much as 1.5 times faster than Digital 
Equipment Corp.'s PDP-11/45. 
And there are other advantages. 

Work is now under way that would 
make programs written in Fortran, 
Basic, and Cobol use p-code too, and 
James Elkins, vice president of the 
firm, expects the Pascal-100 to be 
supporting these languages this year. 

Languages like the Defense De-
partment's Ada as well as LISP will 
be available in 1981 also, he adds. 
Elkins expects the Pascal-100 to be 
one of the first CPUs in its market to 
support either language, and they 
will be especially valuable in mili-
tary, laboratory, and educational 
applications. 
A typical Pascal-100 addresses 

128-K bytes of paged memory direct-
ly and there is a mapped, 1-mega-
byte direct-address option using the 
extended-address feature of the IEEE 
bus standard. Important to cost-sen-
sitive OEM applications, a 4-K-byte 
block of main memory is available 
that would otherwise have been used 
for a Pascal interpreter, something 
the Microengine does not need. The 
100 is also capable of 32-bit IEEE-
standard floating-point mathematics 
at a higher speed than machines 
using Pascal interpreters. 
Though UCSD Pascal and the 

CP/M operating system are not usu-
ally compatible, there is some func-
tional overlap in the Pascal-100. The 
Z80 subsystem handles all interrupts 
and input/output operations in Digi-
comp's release of Pascal. Thus the 
Pascal-100's operating system can 
adapt to any user environment for 
which a standard CP/M basic in-
put/output system (BIOS) is avail-
able—and that means virtually all 
S-100—compatible disk and terminal 
controllers. 

1/0 routines also can be written 
directly in Pascal and installed in the 
operating system. Some users of 
hard disks and direct-memory-access 
disk controllers will find this an 
advantage. But, though both the Z80 
and Microengine can address 512 
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Model 1860 Model 1861 

Programmable 

devices 

i 2716 (12758), i2732, 
i2732A, i2764, TMS2532, 
TMS2564, i8755A, i8748A. 
i8741A and compatible. 

Exclusively for simul-
taneous ganged 

Programming of 8 MOS. 
12716, i2732, TMS2532, 
and compatible. 

Inter- 
face 

Serial 

I 

RS-223C and 20mA 
current loop (or TTL level ) 
switch selectable, 

RS-232C, 20mA current 
loop, or TTL level 
selectable as specified 
when ordering. 

Baud rate: 110. 300, 600,1200, 2400, 4800, 9600 

Parallel PTA parallel interface 

Size, weight 280 (W) x 208 (D) x 65 (H) 
mm, 2.5kg 

280 (W) x 208 (D) x 75 (H) 
mm, 3.5kg 

MINATO ELECTRONICS INC. 
4105, Munami Yamada-cho, Kohoku-ku, 
Yokohama, 223, Japan Phone: 045-591-5611 
Cable: MINATOELEC YOKOHAMA 
TELEX: 3822-244 MINATOJ 

Model 1860 
P-ROM Programmers 

New Series 1860 P-ROM Programmers. 
New Model 1860 Series for the age of P-ROM diversification 
Minato Electronics New Series 1860 P-ROM programmers 
meet the demands for wide applications. They are super 
compact, light weight and inexpensive. 
Model 1860 has two standard interfaces. 
MOS and bipolar P-ROM can be easily programmed by 
simply changing personal modules. Serial I/O data 
editing, optional high-speed 400th/sec. PTR, and 
other economical, efficient, and flexible functions 
are provided. 

Model 1861 simultaneously programs 8 
ganged MOS. 
Model 1861 is a special program-only pro-
grammer for simultaneous ganged program-
ming of 8 MOS. Data editing, PTR and 
other specifications are identical to those 
of the Model 1860. 
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NO BRIDGE 
TOO 
FAR. 
Gentron spans the entire 
spectrum of SCR bridge 
circuits 

Here's our newest family 
addition: the 15-amp and 
25-amp B series. Bridges the 
gap where small size, low cost, 
high thermal efficiencies are 
required. Choose either 
interconnect option: wires or 
fast-on terminals. The B series 
features the proven and 
reliable POWERTHERM 
process. 

A call will bring complete 
information and our new color 
catalog. Dial (414) 351-1660. 
Or write us today. 

GEAITFICIAI CORPORATION 
6667 N. Sidney Place • Milwaukee, Wisconsin USA 53209 

Circle 44 on reader service card 

BOEING .. BROOKHAVEN ... BULOVA SYSTEMS 
DOW JONES ... EXXON NUCLEAR 

FORD AEROSPACE ... GE ... GTE LABS 
GENERAL ATOMIC ... GENERAL MOTORS ... IBM 

LIVERMORE LABS ... McGRAW EDISON 
PRINCETON UNIV ... PERKIN ELMER 

SANDIA LABS... UNIV. CA — LOS ALAMOS 
WESTINGHOUSE 

Industry Leaders specify 
our Fiber Optic 

Transmission Systems 
for all kinds of signals 
— audio, video, hi-voltage control, TTL logic levels, 

status indications, DC levels, industrial control, etc. Our 
Fiberr ink Analog & Digital Systems can be battery-
powered for outdoor use. Multiple systems are rack-
mounted. Call or write for our 
60-page catalog on 
"Everything 

itgensgsraele--11 fiber optics' . 
z 

• » 

Math Associates, Inc. 
THE FIBER OPTICS PEOPLE 

New products 

ii0 ports, the Z80 is expected to do 
most of the housekeeping. 
So the bottom line is compatibili-

ty. An OEM or end user with a large 
library of cP/m-based software can 
upgrade to 16-bit performance levels 
without loss simply by using existing 
software and the Z80 during a tran-
sitional phase. Meanwhile, he or his 
customers can use Pascal now, and 
Fortran, Cobol, Basic, LISP, and Ada 
soon, to generate applications soft-
ware. Indeed, the Z80, because of 
the Pascal-100's extended address-
ing, can now handle larger programs 
and data bases than were typical 
before. 
Nor will insertion of the Pascal-

100 make other subsystem boards 
obsolete. With memory, for example, 
the Pascal-100 shuttles data into or 
out of memory in either 16-bit words 
or single bytes, depending on the 
memory's organization. Though the 
use of byte-oriented memory cuts 
processing speed, the operation is 
transparent to the user, with the CPU 
handling the interfacing automati-
cally. Memories organized either 
way can be mixed within one and the 
same system. 
The Pascal-100 costs $1,485 in 

single units, with volume discounts 
bringing the price down as much as 
one third. For an added $250, also 
discountable, users get a ticsp-Pas-
cal software package. The megabyte 
memory option costs $100. Delivery 
takes two to six weeks. 
Digicomp Research Inc., Terrace Hill, Ithaca, 
N. Y. 14850. Phone (607) 273-5900 [371] 

One-card computer 

reports for I/O tasks 

The model lop input/output proces-
sor is an 8-bit computer readied for 
work as a slave in microcomputer 
systems using the S-100 bus. It com-
prises a Z80A microprocessor, 16-K 
bytes of random-access memory, and 
up to 32-K bytes of programmable 
read-only memory on a single card. 
To the host processor, the 10P 
appears as two output and two input 
ports. It can be used alone or with 
other lops. It can also be used to 

6 Manhasset Ave., Port Washington, NY 11050 (USA) 516/944-7050 
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Sequence and insert radial lead 
devices fast and reliably. 
One of the last barriers to total automation of PC board assembly has fallen. 
In a single computer-controlled program, Universal's Model 6341 Radial 
Lead Component Sequence/Inserter sequences, feeds, orients and inserts 
capacitors, peaking coils, resin-mold transistors, and stand-up axial lead 
components. Your boards are filled reliably and accurately at a rate of 7,000 
insertions an hour. 

For greatest possible productivity, the Model 6341 can be equipped with 
Universal's new Pass-Thre automatic board handling system This keeps 
the machine's X-Y table supplied with fresh boards while delivering 
assembled boards to a magazine loader. If the versatility and speed of the 
Model 6341 are more than you need, we can equip you with the 40-station 
3,600 an hour Model 6385. 

Ask your Universal sales engineer to show you our Radial Lead !nsertion 
video tape, or send for literature on these remarkable new machines. 

-ILniversaL Subsidiary of DOVER CORPORATION 

Universal Instruments Corporation • Box 825, Binghamton, New York 13902 • Tel: 607/772/7522 • TM: 510/252/1990 
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"SIL-PADS 400" THE SUPERB 
HEAT-SINK INSULATORS . . . 

Overcome heat-sink problems with "SIL-PADS 400": 
thin, tough, laminated layers of silicone rubber and 
fiberglass. Thermally conductive and electrically insulat-
ing. Cut-through, tearing, and breaking problems are 
gone. Eliminates grease and mica or plastic film. 

Adhesive backing gives ex-
cellent contact for IC's, 
DIP's; to heat rails or PC 
boards. Attaches to vertical 
parts where you need 3 hands. Extensively 
used with solid stare relays, transistors, 
and bridge rectifiers. 

Scores of standard configurations 
are available and shown in litera-
ture. Custom parts are also pro-
duced to your design. Thicknesses 
to suit various applications. 

Since 1973, Bergquist has solved 
heat-sink problems with "SIL-
PADS". TEST 'EM! 

FREE SAMPLES and LITERATURE! 

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

New products 

interface the S-100—compatible cen-
tral processing unit with peripheral 
devices controlled over a new bus 
from Cromemco, called the C bus, 
that operates independently of the 
S-100 bus. In fact, the 1013 is 
intended primarily for control of the 
C bus. Assembled and tested, it is 
available for $695. 
Cromemco Inc., 280 Bernardo Ave., Moun-

tain View, Calif. 94043. Phone (415) 964-

7400 [373] 

Modules boost throughput 

of 8080A-based systems 

The series Il microprocessor-en-
hancement modules increase 
throughput in 8080A-based systems 
between 50% and 250%, depending 
on system memory access time. 
Using a code-compatible 8085A-2, 
the modules perform 8080A in-
circuit emulation. They are installed 
in only a few minutes by replacing 
the system's 8080A processor and 

status latch with connectors housed 
in dual in-line packages. Thanks to 
flat cables, the modules can perform 
in tight spaces. 
The clock frequency of the Intel 

8085A-2 is 5 MHz. Wait states for 
the module of from zero to three 
machine cycles are strap-selectable 
to accommodate memory access 
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Companies reduce their capital risks by renting 
equipment from Rental Electronics. You can, too 
... and could enhance your bottom line 
performance. When you rent electronic equipment, 
terminals or desktop computers, you save money. 
You get the equipment you nieed — and pay for 
that equipment only for the time you have it. You 
can rent one product or 1.000 for periods from 30 

days to three years. 

Renting from REI provides you with true off-
balance-sheet financing. And more. You expense 
all your rental payments. You have no concern 
about depreciation, inventory taxes, obsolescence 
or maintenance. That's part of your REI service. 
We've been serving customers since 1964 and have 
14 convenient U.S. and Canadian rental centers. 
Give us a call. We'd like you to profit from our 

purchases. 

For all the details on how renting can save your 
company money and time ... return the coupon 
beow, use We reader service card in this issue, or 
write today to REI, 19525 Business Center Drive, 
Northridge, Calif. 91324. Or phone toll-free to: 

Annalee B. Kaufer. V.P. Corporate Operations. 
Sandra R. Gilmore. Senior Vice Piresident and 
William D Rollnick. President GSA Contract # GS-04S-23560 

Rental Electronics, Inc. 
(800)227-8409 except California 
(800)225-1008 except Massachusetts 

For immediate assistance, attach your business 
card or complete this coupon. E 1/13/81 

NAME TITLE  

ORGANIZATION  

ADDRESS  

CITY/STATE/ZIP   

PHONE   

REI, 19525 Business Center Dr., Northridge, CA 91324 



There's more 
to Photodetectors 

than meets the 
eye 

E-Bearn Evaporators 
deposit high 
reliability metal 
contacts on all 
devices. 

Look to Applied Solar Energy for state-
of-the-art devices that meet your 

toughest requirements for high performance, reliability 
and economy. Superior technology and engineering 
support are the reasons. Their 75,000 sq. ft. plant is 
unmatched for economical, high volume production. 
And experienced applications engineers perfectly 
match your requirement to a finished, quality 
component. Whether it be a General Purpose, 
Blue-Enhanced or High-Speed device...custom or 
standard configuration...assembly or array. See the 
technical details for yourself. Write for the series of 
NEW Photodetector Data Sheets. 

Applied 
Solar 
Energy 
Corporation 
15251 E. Don Johan Road, P.O. Box 1212, 
City of Industry, CA 91749, (213) 968-6581, TWX 910-584-4890. 

Circle 51 on reader service card 

The magazine 
you're reading now 
could be your own. 
Drop off the routing list. Get your own fresh, unclipped copy mailed 
to your home or office. Turn to the subscription card in the back of 
the magazine. If somebody has beat you to it, write: Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

New products 

times of from 350 to 950 ns. Since 
target systems vary in hardware for 
the status latch associated with the 
8080A, the series II comes in three 
versions, geared for 8228, 8212, or 
74LS273 status latches, respectively. 
The price for original-equipment 

manufacturers is $350; an evalua-
tion design kit is available for $500. 
Delivery takes six weeks. 
Paragon Systems Inc., P. 0. Box 2050, Cor-

vallis, Ore. 97330 [376] 

Board adds error-correction 

capability to S-100 systems 

Although not an error-correcting 
memory by itself, an S-100—error-
correcting board creates a complete 
error-correcting memory, operating 
in parallel with the existing system 
memory. The board, which can be 
plugged in easily, monitors the exist-
ing system random-access memory 
via the bus signals, intervening to 
correct erroneous bus data before it 
is accepted by the central processing 
unit. The board corrects all 1-bit 
memory errors and flags all 1- or 
2-bit errors. Operating at up to 4 
MHz, it protects 64-K bytes of mem-
ory and is compatible with most stat-
ic and dynamic memories. 
The manufacturer suggests that 

the board, which is available now, 
can be plugged in on an emergency 
basis to help troubleshoot memory 
problems, in addition to being used 
continuously. In single quantities, it 
sells for $1,295. 
Correlation Systems, 81 Rockinghorse Rd., 

Rancho Palos Verdes, Calif. 90274 [374] 

Board multiplies, accumulates 

32-bit result in 15 ns 

A multiplier-accumulator board, 
compatible with the SBC bus, facili-
tates the use of such sophisticated 
arithmetic procedures as matched 
filtering and fast Fourier transforms 
in real-time applications. It multi-
plies 16 by 16 bits and accumulates 
the full 32-bit result in 15 ns. For 
ease of use, data and control bytes 
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Testing loaded boards is as 
easy as plugging in the series 55. 

When you plug in an Everett/Charles Test Equipment Series 5 
Shorts and Continuity Test System, you automatically find circuit 
opens, shorts or faulty resistors. It's that easy. 

Self-programmed from a known good board, the Series 55 can test 
over 1,600 assemblies in eight hours, 2048 test points in less than 
seven seconds — including handling time. Auto dwell, auto ranging 
and auto zeroing provide simplistic programming to make testing 
fast, operation simple. 

When positioned after low soldering and prior to in-
circuit and/or functional test equipment, the Series 55 
off-loads more complex equipment plus increases 
throughput. And as we all know, early detection of 

shorts and opens owers manufacturing costs, speeds 
production. 

In addition, the Series 55 uses the highly dependable Series 33 test 
fixturing with interchangeable test heads. The same Series 33 test 
head can be used through the entire in-circuit and functional test 
process for reliable testing, with lower fixturing costs. 

When you plug in E/C Test Equipment's Series 55 Shorts and 
Continuity Test System, you plug into loaded board 
testing that's easy, fast and cost effective. 

EVERETT/CHARLES TEST EQUIPMENT, INC. 
We're here to help. 
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• i• 
Semi-Finished 
Quartz Crystals 
Choose from the largest 
inventory in the U.S. 

P. R. Hoffman is one of the world's largest pro-
ducers of semi-finished quartz crystal wafers. 

For nearly 40 years, we specialized in providing crystal blanks 
to finishers. Today we grow our own High-CI pure Z cultured quartz 
and process natural and cultured quartz to meet customer require-
ments for electronic and electro -optical applications. We supply 
crystal blanks lapped to the customers final frequency tolerances. We 
can also meet the most stringent specifications supplied with 
regards to dimensioning and orienting to precise angles. 

P. R. Hoffman maintains an inventory of over 2,000,000 crystals 
and can often ship from stock to meet your requirements. For 
information and prices, send your specifications to: 

P.R. Hoffman A Norlin Technology Co. 
321 Cherry Street, Carlisle, PA 17013 Telephone: 717-243-2011 

Circle 54 on reader service card 

ELECTRICAL — ELECTRONIC — 
AIRCRAFT — AUTOMOTIVE — 
COMMUNICATIONS — ANY 
INTRICATE WORK 

• Thin blade same width as shank 
• Crimped shanks anchor firmly in handle 
• Extra-tough alloy steel blades • Precision-machined 
tips seat firmly in screw slot. SSDE 450 set — 1/8" 
blade width — 2 to 8 inches long. SSDE 650 set 
— 3/16" blade width — 3 to 10 inches long. Snap-on 
Tools Corporation 8051-A 28th Ave., Kenosha, 
Wisconsin 53140 

499 Sic e -on r ierh 

New products 

are memory-mapped. The multipli-
cands are written into four consecu-
tive memory addresses and the prod-
uct is available in the next five mem-
ory locations sooner than the con-
trolling central processing unit can 
perform a memory fetch, says the 
manufacturer. Available operations 
include addition, subtraction, multi-
plication, and accumulation on nor-
mal or sign-extended data. Results 
can also be sign-extended from 8 to 
32 bits, and functions can be per-
formed in 2's complement, fraction-
al, or integer notation. 
Adaptronics Inc., 1750 Old Meadow Rd., 

McLean, Va. 22102. Phone (703) 893-5450 

[375] 

Board shares software with 

Intel development system 

To compensate for the shortage of 
programmers,and the rising expense 
of developing software, the ZX-85 
single-board development system 
shares software with the Intel MDS 
series II development system. In 
fact, the ZX-85 sports the architec-
ture of the Intel development system 
and supports various standard disk 
operating systems. 
The ZX-85 comes with an 8085A 

central processing unit clocked at 10 
MHz, for execution of 8-bit code. It 
has a system bootstrap program and 
monitor in erasable programmable 
read-only memory and 64-K bytes of 
random-access memory governed by 
an 8202A dynamic-RAM controller. 
Its two RS-232-C channels feature 
model 8251A universal synchron-
ous/asynchronous receiver-transmit-
ters. The board also contains a timer 
and two 8259A interrupt controllers. 

In another version—the ZX-88 — 
the CPU in the ZX-85 is replaced by 
an 8088 for execution of 8086 code 
over the 8-bit Multibus. The monitor 
on the board may be exchanged for 
one compatible with the ÇP/M-86 
operating system available from the 
ZX-85's manufacturer. 
A single ZX-85 costs $2,660 and 

is available in four weeks. 
Zendex Corp., 6680 Sierra Lane, Dublin, 

Calif. 94566. Phone (415) 829-1284 [377] 
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jin col.* Oj'e 
In avicinids. 

USO COlor In-
reasée the amount of In-. 
ormatioreat pilot can absorb 
n à finite time frame. Think 
of the myriad uses of color. 
Ernergenëies or targets 
highlighted by red. Normal 
status is white or green. Sky 
shown- in _blue with the 
ground in brown tones. 
Almost anything displayed 
mechanically now can be 
displayed on a color CRT, 
with no parallax, a con-
densed format and less clut-
ter on the instrument panel. 

But color displays are many 
times more complex than 
monochromatic displays 
because of the critical in-
terface between CRT, yoke 
and circuitry. And avionic 
quality displays are too 
demanding for conventional 
color TV type yokes. 

•  

That% where Syntronic 
hemsthe diet« e'ngineer. 
For several rum, Syntronic 
inttruments, Inc., the leader 
inprecision Mee for 
military and industrial 
displays has been working 
with Makjr international 
manufacturers of full-color 
shadow mask tubes to 
develop high performance 
color yokes. 
High 
resolution, 
color purity 
and conver-
gence, along 
with faster 
speed for 
more display 
information, 
all combine 
to make 

defltidtioreyou de lgn 
a truly cha :task. 
Synttonle xo ere the . 
yoke ,'"design -eça0abillty and 
the téthithütt: assistance 
needed for »cliey's'and 
tomorrow's f00 quality color - 
avionics displays. 

If you're thinking color, 
think Syntronid Instruments. 
Call Dave Brown at 
312-543-6444 for more in-
formation. 

Precision yokes for exacting displays 

Syntronic Instruments, Inc., 100 Industrial Road, Addison, IL 60101 (312) 543-6444 

•••••••. 
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The assignment: offer a reliable switch element 
capable of evolving into a variety of specialized key-

and rocker switch designs. 

At ITT Schadow, we spe-
cialize in taking basic 
switch designs and chang-
ing them to fit your specific 
applications. We've built a 
reputation on our aware-
ness that the first two sylla-
bles of "customer" are 
"custom." 

Customized adapta-
tions work best when they're 
based on products with a 
proven record of reliability. 
Our popular Disc Switch is a 
case in point. When de-
pressed, its upper dome-
shaped diaphragm flattens 
to make positive contact 
with a lower diaphragm 
over a broad circular con-

UPPER DLAPHRAGNI 

The result: ITT Schadow's Disc Switch. 

tact area. This simple, sturdy 
design has a rated service 
life of up to 10,000,000 cycles. 
Schadow's Disc Switch is 
available as a basic switch 
element, in a variety of 
standard packages as 
shown, and in custom 
packages. You can choose 

from a selection of colors 
and graphics. 

Over the past two dec-
ades, we've made millions 
of pushbutton, key-, rocker, 
and rotary switches for some 
of America's largest con-
sumer and industrial OEM's. 
We are your "creative 

switchmaker" with the ability 
to design, adapt, and 
manufacture switches for 
nearly every requirement. 

Your ITT Schadow 
manufacturer's representa-
tive or distributor can tell 
you more. Or contact ITT 
Schadow Inc., a subsidiary 
of International Telephone 
and Telegraph, 8081 Wal-
lace Road, Eden Prairie, 
MN 55344. Phone 612/934-
4400, TWX 910-576-2469, 
Telex 29-0556. 

ITT Schadow 
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The new 
19811C Master. 
One book. Two volumes. 

Five Updates. 

The newly revised 
1981 IC Master is bigger 
and better than ever. 
Now expanded to 
two full volumes, 
it includes all of the 
latest information 
on over 50,000 ICs 
and microcomputer 
boards from 150 
different manufac-
turers, worldwide. 

Survey the entire 
industry—at a 
glance. There's no 
need to spend hours 
or days searching 
through dozens of 
separate manufac-
turer's catalogs 
and data sheets 
for the most current 
information. 

All you need is the 
IC Master. 

IC Master solves 
problems in seconds. 

Need to know who makes a 
16K Dynamic RAM with an 
access time of 300ns or faster? Or, a 
DIA converter with 12 bits resolution, 
2-± LBS linearity error and 24 mW power dissipation? 
Or, quad comparators with .8 offset voltage, 100 nA bias 
current and 25 nA offset current? 

You'll find the answers in the 1981 IC Master. 

IC Master's easy-to-use functional index system is divided 
into eight time-saving Master Selection Guides—Digital, 
Interface, Linear, Memory, Microprocessor, Micro-
computer Board—and two brand new sections on 
Custom ICs and Microprocessor Development Systems. 

The Master Selection Guides enable you to quickly find 
the products which are most appropriate to fulfill your 
major requirements—and then provides data for them. 

Within each category, products are classified by type and 
key parameters. Locating exactly what you need is a snap. 

Need an alternate source? 

To make your job even easier, the IC Master includes 
the industry's most comprehensive Alternate Source 
Directory listing over 40,000 direct replacement parts 
—plus a Part Number Index, Part Number Guide, 
Application Note Directory, Military Parts Directory 
and more. 

Five free Updates keep you current 
throughout the year. 

As complete as the 1981 IC Master is, we publish 
the IC Update magazine to help keep it that way. 

Five times in 1981, you'll receive a copy of IC Update 
listing all new products, application notes, and 
alternate sources that have been introduced since 
the publication of the current IC Master. Each issue 
is cumulative. And there's even an index on 
discontinued parts. 

Order your 1981 IC Master today. 

The new 1981 IC Master is 
ready now.To order, 

simply contact 
your local inter-

national distributor lief listed below. Or return the coupon. 

Sounds great! But first I need more information. 

It's just what I need. Send me an order form. 

il 

Name (Please Print)  

I Title  
Company  

ll Address  
City/State/Zip  

I 
Country  

I Telephone  
I 

The 1981 IC Master is available throughout the w orld from 

Imajor electronic component distributors and technical book I 
dealers. 

IMail to: United Technical Publications, Inc., ATT: D. Renoud, 4111 
645 Stewart Avenue, Garden City, NY 11530. 

eliiiiMMiniMMEMMUMille 

IC Master 
United Technical Publications, Inc. 
1333 Lawrence Expressway, Suite 101 
Santa Clara, CA 95051 (408) 248-8044/TWX: 910-338-0272 

AUSTRALIA A J Distributors PTV LTD, Tel. 269 1244. AUSTRIA LBG GMBH (0222) 92 46 74. BELGIUM Rampe Gauloise la, Tel. 02 478 4847. CANADA Future Electronics, 
Inc., Tel. (514) 731-7441. DENMARK Advanced Electronik, Tel. 01 194433. ENGLAND Paterson/Steadman a Partner Ltd., Tel, 0799 22612 or J. B. Tratsart Ltd., Tel. 02514-3334. 
FRANCE Alphatronic (1) 791-44-44. HOLLAND manudax-Nederland By., Tel. 04139 1252. HONG KONG CONMOS Products Ltd., Tel. 3-697241-5. INDIA Radio & Craft 
Publication, Tel. 277147. ISRAEL Sharon Industrial Agencies,Tel. 03-481667. ITALY Jackson Italiana Editrice SRL. Tel. (02) 680054. JAPAN Asahi Glass Company, Ltd., 
Tel. (03) 287-2821-7 or Overseas Data Service Co., Ltd., Tel (03) 400-7090 or Tokyo Information Communication Corp., Tel. 379-2561. KOREA Leewood International, Inc., 
Tel. 778-5831. NORWAY Ingenioertorlaggt A/S, Tel. (02) 11-51-70. SOUTH AFRICA Desatron (PTV) Ltd., Tel. (011) 836-3851. SPAIN Sagitron, Tel. 275 4824. 
SWEDEN Naxab, Tel. 08/985140. SWITZERLAND W. Stolz AG, Tel. 056840151. UNITED STATES United Technical Publications, Inc. Tel (408) 248-8044 
WEST GERMANY Astronic GMBH, Tel (089) 30 4011. 

Circle 40 on reader service card 



New products 

Software 

ISO Pascal puts 
out 8080 code 

Compiler conforming to new 

standard runs on GenRad and 

Tek development systems 

Pascal compilers had been making 
the rounds way before the recent 
approval of a Pascal compiler stan-
dard by the International Standards 
Organization. But if those estab-
lished compilers are to meet the new 
standard, some backtracking is nec-
essary. Cogitronics Corp. is among 
the first to offer an iso implementa-
tion of the Pascal language and is 
doing so with microprocessor system 
software development applications 
specifically in mind. 

Cogitronics Pascal is available for 
Gen Rad 2300 and Tektronix 8002A 
and 8550 development systems, us-
ing their standard environments. The 
Cogitronics compiler now produces 
the assembly language of 8080, 
8085, and Z80 processors, but 
expansion to other popular 8- and 
16-bit target processors is currently 
under way. 

Cogitronics Pascal allows modular 
compilation, dynamic memory allo-
cation and deallocation, external 
procedures, and numeric operations 
conforming to the IEEE standard for 
single-precision floating-point math. 
The language statements are corn-

piled directly into the assembly lan-
guage of the target processor with no 
intermediate steps. 

Using block-structured program-
ming techniques, users of the com-
piler can design Pascal procedure 
modules that can be developed indi-
vidually and compiled separately 
into assembly language. They can 
then be assembled, debugged, and 
integrated into the system under 
development. 
A complete Pascal run-time sup-

port subsystem is included with the 
compiler. Its modular segments can 
be tailored by users to fit particular 
system applications. The segments 
include run-time stack definition, 
data-manipulation routines, dynamic 
memory allocation and deallocation 
procedures, real-number manipula-
tion routines, error-handling rou-
tines, and either standard or custom-
ized input/output procedures. 

Operating modes. Cogitronics Pas-
cal has two modes of operation: error 
scan and full compilation. On a Z80-
based GenRad 2300 system, the 
error-checking mode can scan the 
source code to detect syntax errors at 
the rate of 2,200 Pascal source lines 
per minute. On the same system, the 
full compilation mode produces both 
assembly language and listing out-
puts at the rate of 800 lines/min. 
The listing output contains a symbol 
cross-reference table. 
The price for a single-system 

license for the Cogitronics Pascal is 
$2,000. This includes the compiler 
on a suitable medium, a Cogitronics 
notebook, installation and operating 
instructions, and a reference manual. 

ISO Pascal serves 16-bit microcomputers 

For systems designers who already use a GenRad 2300 universal develop-
ment system and who want to develop programs for such 16-bit micropro-
cessors as the Motorola 68000 and the Intel 8086, GenRad is offering a 
Pascal compiler that, like the Cogitronics compiler featured, conforms to 
the Pascal standards of the International Standards Organization. The com-
piler, which produces assembly source code as its output, can be added to 
the 2300 at approximately $1,500 per copy. Additional software support for 
the 16-bit processors includes an object program linker, screen-based 
editor, interactive debugger with disassembly and symbolic debugging, and 
command control language. Write to GenRad Development Systems Divi-
sion, 5730 Buckingham Parkway, Culver City, Calif. 90230, or phone (213) 
641-7200. [342] 

Included in the license price is the 
right to distribute products that are 
created with the compiler. Leasing 
arrangements are also available. 
Customer demonstration kits that 
allow users to write small Pascal pro-
grams, compile them, and assemble, 
link, and execute the compiler out-
put on their development systems are 
priced at $50. They include a dem-
onstration diskette and programs. 
The Cogitronics Pascal Reference 
Manual, which is included in the kit, 
is also available separately for $15. 
Cogitronics Corp., 5470 N.W. Innisbrook 
Place, Portland, Ore. 97229. Phone (503) 
645-5043 [341] 

VisiCalc with graphics 

offered for HP-85 computer 

A program that simplifies arranging 
and manipulating data in tables, 
VisiCalc from Personal Software 
Inc., is now being offered for the 
HP-85 personal computer as Visi-
Calc Plus. The new version allows 
users to turn VisiCalc tables into 
four-color graphics. It also features 
more than 20 functions not available 
on other VisiCalcs, including finan-
cial, statistical, and math functions 
such as internal rate of return, stan-
dard deviation, and variance. The 
program will be sold in tape car-
tridge and disk form for $200 by 
computer stores and dealers that sell 
the HP-85. A 16-K-byte memory 
module must be plugged into the 
computer to run VisiCalc Plus, in 
addition to an external plotter. The 
program is supplied under license 
from Personal Software Inc. 
Hewlett-Packard Co., 1507 Page Mill Rd., 
Palo Alto, Calif. 94304 [344] 

Tektronix adds nine programs 

for 4050 desktop computers 

Tektronix is adding nine new pro-
grams to its Plot 50 library of soft-
ware written especially for use with 
its 4050 series of desktop computers. 
Included in the offering are pro-
grams for creating graphs, drawing, 
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A FLIP OF THE SWITCH 
CONVERTS FROM 
115V QL TO 230V 

..\ 
'\ 

SE Series Switches 
Pat. Applied For 

THE ALL AMERICAN SWITCH 

DESIGNED TO MEET 
UL rebt  VDE STANDARDS 
SHELF STOCKED FOR IMMEDIATE DELIVERY! 
Designed to meet the needs of manu-
facturers througnout the world, these 
sophisticated switches are designed to 
meet requirements of UL, VDE, CEE, 
CSA, SEMKO arid DEMKO. 

This new series offers a choice of actu-
ation either by screwdriver slot or 
raised handle, available with a wide 

variety of terminal styles. 

Contact Walt Dinneen, Switch Product Manager 

For Engineering Information & Sample 

Electro-Components Division 
2713 Gateway Drive, Pompano Beach, Florida 33060 
Tel.: 305/973-8620 TWX: 510/956-9400 

AMF Electro-Components Division manufactures RCL Resistors, Delay Lines, Switches & JID Switches 
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NEW FROM 

ovenoure 
OSC 94-2 SERIES OF 
CRYSTAL OSCILLATORS 
VALUE ENGINEERED TO 
PROVIDE UNPARAL-
LELED PERFORMANCE 
FOR THE PRICE. 

Combines a precision 10MHz, third overtone, vacuum 
baked, HI-0 glass enclosed crystal and Ovenaire's 
unique thermal environment resulting in outstand-
ing control of output frequency. Retrace error due 
to loss of input power is controlled and specified 
within tight limits. The crystal, two buffer stages and 
all critical components are housed inside a high mass 
proportional controlled oven. Precise mechanical 
frequency adjustment is made possible by a 17 turn 
piston trimmer capacitor and an external potentio-
meter. The oscillator package is ruggedly con-
structed and sealed against humidity. Internal 
voltage regulation and trimmer reference voltages 
are provided. Four output configurations are 
available - OSC 94-2-0 5MHz Sinewave; OSC 94-2-1 5MHz 
Squarewave; OSC 94-2-2 10MHz Sinewave; OSC 94-2-3 
10MHz Squarewave. 

OVENAIRE-AUDIO-CARPENTER 
DI,slon of KKRle Inc 706 Forrest St. Charlottesville Va. 22901 
KIDDE 804-977-8050 TWX510-587-5461 
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ADD-IN MEMORY 
FOR PDP-11VILSI-11* 
Semiconductor Memory 

SU9008 for LSI-11* SU9009 for PDP-11* 

• High reliability, High density, and High speed 
• Complete plug-compatible 
• Employs 16K words— 1 bit dynamic RAMs 

• Includes parity bits 
• Provided with jumper switches to select 
internal or external refresh 

• Battery-back-up applicable 

' PDP-11 and LSI -liare registered trade marks of Digital Equipment Corporation 

FUJI fiti1:111CWIPfil CO.,LTU. 
• HEAD OFFICE: 5-36-11, Shinbashi, Minato-ku, Tokyo 105, Japan 

ft 03-434-1271 TELEX 242-2174(FNOVEL JI 
• LOS ANGELES OFFICE: 21 213-323-1134 • DÜSSELDOLF OFFICE: ft 211-3881 
• HONG KONG OFFICE: ft 3-691382 *TAIPEI OFFICE: ft 511-9171 

New products 

preparing documents, doing sta-
tistics, planning, management, and 
digitizing. Since the programs in the 
Plot 50 series have standard file for-
mats for data and pictures, informa-
tion can be shared among several of 
them without reformatting the data 
sets or reentering data for different 
programs. 
The new products in the line are 

user-oriented. Most are menu-driven 
or include built-in tutorials so they 
can be learned by a first-time user 
within an hour. 
The programs are sold separately 

at prices between $800 and $4,000. 
For example, the project manage-
ment package (distributed under 
license from Sheppora Software Co.) 
sells for $4,000; the document prepa-
ration package sells for $800; and 
the interactive digitizing package 
and picture composition software are 
priced at $1,500 apiece. 
Tektronix Inc., P. O. Box 500, Beaverton, 

Ore. 97077 [343] 

Microcomputer PL/1 

gets record-retrieval system 

The BT-80 is a comprehensive sin-
gle-user record-retrieval system de-
signed for use with the PL/1-80 lan-
guage, the first microcomputer ad-
aptation of the PL/1 originally 
designed for IBM mainframes. BT-80 
is to be used in PL/1-80 applications 
where single- or multi-keyed access 
to data records is required. The 
facilities of the new system may be 
accessed from PL/1-80 or assembly 
language application programs via 
two BT-80 system procedures that 
handle all data file and index main-
tenance. This frees the user to con-
centrate on application details. 
The BT-80 record-retrieval soft-

ware program runs on CP/M version 
2, MP/M, and CP/Net operating sys-
tems and requires the PL/1-80 run-
time library and Link-80 linkage 
editor to operate. It is available now 
for $200. The manual costs $25. 
Digital Research, P. O. Box 579, 801 Light-

house Ave., Pacific Grove, Calif. 93950. 

Telephone Curt Geske at (408) 649-3896 

[345] 
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THIS NEW DATA I/0 6IXX) FAMMY TESTER 
CAN SAVE YOU A LOT MORE THAN IT UM 

(111, 

Sic)," 1250 

Test 

Reject bad devices before they 
get into your production line. 
Everytime a faulty microprocessor or 
peripheral chip slips into one of your 
products it costs you profit in 
troubleshooting and replacement. 

With the new Data 110 Mode 
1500A, you can set up a low-cost 
incoming inspection program to detect 
faulty 6800 family devices before they 
get loaded into boards. 

Comprehensive testing detects 
problems in 6800, 68A00, 
68B00, 6802, 6808, 6810, 6821 
and 6850 devices. The Data I/O 
6800 family tester performs a full-
functional test on devices under worst 
case load and supply voltages at real 
time speed in less than one second. 

The test may reveal, for ex-
ample, that the clock is inactive, or 
a line on the address bus is not 
working, or the internal RAM 
is defective. 

Easy set-up and 
operation. Simply plug 
the correct test adapter into 
the tester and you're ready to 
begin. No need to hire skilled personnel 
to write test programs, specify test 
vectors or parameters. it's all contained 
in a pee-written test sequence. 

To operate, simply place the 
device in the socket and press the 
button. A green light identifies a 
functional part. A bad part triggers a 
three-digit code, which identifies the 
specific problem. 

Reduce parts shortages and 
ease device returns. You don't 
have to reject an entire lot because 
of a few bad components. 

With the 6800 family 
tester you can quickly 

and efficiently screen all 
devices to make the best use of the 
components you have. 

Most device vendors require 
proof of failure before they will accept 
rejects. The failure code provided by the 
6800 family tester identifies the problem 
and will speed up the process of 
returning faulty parts. 

Backed by Data I/0's 
commitment to quality and 
performance. We've put the same 
care and engineering skill into the 
Model 1500A that we put into our entire 

range of PROM and logic device 
programmer products. The Model 
1500A has been evaluated by 
device manufacturers and 
recognized as a viable test 
method. Each unit is backed by 
Data I/0's worldwide network of 
sales and service personnel. 

Find out more about this 
remarkable new approach to 
testing by circling the reader 
service number or contacting 
Data I/O, PO. Box 308, Issaquah, 
WA 98027. Phone 206/455-3990 
or TOLL FREE 800/426-9016. 

DATA, I/O 
Circle 84 on reader service card 



The NEW 
Electronics Buyers' Guide 

is now available! 

The 1980 EBG is only a postage stamp away! Completely new listings of 
catalogs, new phone numbers, new addresses, new manufacturers, sales reps, 
and distributors! The total market in a book—four directories in one! 

1. 
Directory of products. Over 
4,000 products, over 5,000 
manufacturers. 

Directory of catalogs. 
Includes six post-paid catalog 
inquiry cards for 10-second 
ordering. 

r-

The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

TO insure prompt delivery 
enclose your check with the 

coupon now. 

3. 
Directory of manufacturers. 
Local sales offices, reps, and 
distributors, with phone 
numbers. Number of em-
ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
Directory of trade names of 
products and their manufac-
turers. You can trace a prod-
uct by its trade name only. 

Yes, please send me copies of 1980 EBG. 
0 I've enclosed $30 per copy delivered in USA or Canada. 
Address: EBG, 1221 Avenue of the Americas, New York, 
N.Y. 10020. 
0 I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S18, 
201 England. 

Name 

Company 

Street 

City 

State Zip Country 
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UV-3...higher resolution with 
the Mffllrgrn 200 Series. 

'1111_11 
1.0 micron lines over 0.8 micron aluminum steps. 

Now you can achieve 11/8 micron 
resolution with Perkin-Elmer's 
Micralign 200 Series Projection 
Mask Alignment Systems with the 
new UV-3 option. It provides an ex-
posing wavelength of 3000A by 
capitalizing on: 
• The diffraction-limited, all-reflect-

ing projection optical system 
• Specially designed optical 
coalings 
• UV emission of the mercury lamp 
The UV-3 option provides 11/8 mi-

cron resolution while maintaining 
good process latitude and the high 
thruput that is characteristic of 
Perkin-Elmer Micralign systems. 
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0.9 
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08 

0+4 

0,5 
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01 

3 

_ ... - \ Not, 
Aperture 1 , 3 

- «aeons 3.0 2.3 

Me 200 300 400 500 800 

Spatial Frequency (c-ydeseen) 

700 800 

Figure 1. Model 200 (4000 Angstroms) 

With diffraction-limited optical 
systems, resolution is inversely pro-
portional to the exposing wave-
length without a sacrifice in depth 

City/postal code/state/country 

of focus. Figures 1 and 2 illustrate 
the improved resolution, as a func-
tion of partial coherence, of the 
UV-3 option as compared to a 

- ,... 

i 
Homer'. Required Modulefion 

i. 2 

I 
Cnicraj 3.0 20 1.5 125 1.0 0 

100 200 300 400 500 800 

Salem Frequency (cycles ran) 

700 800 

Figure 2. Model 200 UV-3 (3000 Angstroms) 
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Figure 3. Diffraction-limited modulation. 
1.5 micron lines and spaces (333 cycles/mm) 

with incoherent illumination 

standard 200 Series exposing at 
the standard wavelength. The 
modulation for very small feature 
sizes is significantly improved. 

Figure 3 illustrates the critical 
fact That the use of shorter expos-
ing wavelength to obtain greater 

resolution does not sacrifice depth 
of focus. 
The UV-3 option can be ordered 

on any model of the Micralign 200 
Series. This lets you select the cor-
rect Micralign instrument for your 
appl.cation. 
YOU would expect a higher per-

formance feature like the UV-3 to 
come from Perkin-Elmer. Improve-
ment to current models, as weq as 
development of the next generation 
of IC production equipment, are 
major on-going activities at 
Perkin-Elmer. 
The UV-3. A technological ad-

vance that gives you the competi-
tive edge - from Perkin-Elmer. 
For more information, write the 
Perkin-Elmer Corporation, Micro-
lithography Division, 50 Danbury 
Road, Wilton, Connecticut 06897, 
or call (203) 762-6057. 

PERKIN-ELMER 
Responsive Technology 

Circle 97 on reader service card 
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AMAZINGLY SIMPLE R&D EFFORT 
YIELDS UP TO 20 PERCENT 

EXTRA MOLDED DIP PRODUCTION. 

Increme 141,5•0 

Mollec DIP 
Pr ad uc t :vity 

}s Typical Moled DIP P r once tiv i t y 

The amazingly simple 
research works like this. 

You pick up the 
telephone. 

You call Hysol and ask 
for facts on our state-of-the-
art semiconductor transfer 
molding compounds. 

These advanced epoxy 
compounds are formulated 
for optimum production 
characteristics as well as 
superior device performance. 

For example, Hysol 
epoxies develop a higher 
hot hardness than 
conventional epoxy 
compounds. So instead of 

Circle 110 on reader service card 

an average three minute 
mold cycle, the same mold 
press can produce a finished 
shot in two. 

Hysol epoxies can also 
significantly reduce the need 
for deflashing. Or eliminate 
it completely. 

They can help reduce 
post-cure time by a hefty 
60 to 70 percent. 

And because they leave 
your molds clean more than 
twice as long, tney can reduce 
cleaning maintenance from 
once per shift to just once 
every two shifts or three. 

Result? 
You get five, ten—up to 

20 percent extra molded DIP 
production per shift. With no 
extra investment. 

Along with better 
productivity, of course, you 
get the extra assurance of 
Hysol quality. 

Plus all the advantages 
of Hysol performance. 
Like improved moisture 
resistance, better thermal 
cycling characteristics and 
increased thermal stability— 
for better reliability. 

Hysol is the leader 
in semiconductor epoxy 
technology. And to prove it, 
we'll supply the Hysol epoxy 
and qualified field support 
for a full productivity and 
performance comparison 
on your test line. 

So if you're looking for 

a major breakthrough in 
molded DIP production, just 
call Hysol. 

The best discoveries are 
always simple. 

HYSOL DIVISION 
THE DEXTER CORPORATION 

15051 East Don Julian Road, 
Industry, CA 91749. 
Telephone (213) 968-6511. 

MI» 

WW1 



Announcing... 
A state-of-the-art survey of the latest microelectronics 
hardware advances 
plus the most practical 
software breakthroughs. 

Microprocessors and Microcomputers 
One-chip Controllers to High-end Systems 
edited by Raymond P. Capece, Managing Editor, 
and John G. Posa, Solid State Editor, Electronics 
482 pages, 81/2 x11, $13.95 (softcover) 

Some three years of run-away microelectronics 
advances—including the appearance of second- and 
third-generation 8-bit devices, the development of 
high-performance 16-bit devices, and the birth of the 
one-chip microcomputer complete with memory and 
I/O control—are all brought together here in an out-
standing overview of both hardware and software 
applications. 

Strictly practical in approach, this newest edition to 
the highly respected Electronics Books series surveys 
everything from the simplest units used in games and 
appliances to multiple-chip boards and systems for the 
most sophisticated requirements. 

Analyzes the advances of numerous 
manufacturers, including... 
• National Semiconductor • Zilog • Motorola 
• Texas Instruments • Intel • Mostek 

Pinpoints the professional challenges 
facing... 

ee microprocessor system designers responsible for 
creating new system-architecture concepts and 
achieving software short-cuts 

ke product-line managers who must choose between 
numerous, rapidly increasing parts options 

le' and technicians, particularly in the biological and 
medical fields, who must apply microelectronics 
breakthroughs to their own specialties 

Microprocessors 
and 
Microcomputers 
Onochip C011bobra Bysionse 

«Raft, 
Olarrnerta Cep«. 

«eh. G Pos. $e. S.... E..elton, 

:5 aeCtip(BCS 
BIBIChlogesIne Books 

Brings you quickly and conveniently up 
to date on such vital achievements as... 
• major new device types for low-cost, minimum-
hardware intelligence 

• the latest 8-bit midrange processors built with 
low-power, complementary-MOS technology 

• the most advanced high-performance 16-bit 
processors 

• high-speed bipolar processors, including bit-slice 
devices 

• status of the peripheral support chips that vastly 
amplify microprocessor capability 

• the growing importance of signal processing in 
speech-synthesis and -recognition systems 

• new board-level microcomputers including such 
support products as analog-I/O and math-
processing boards 

• software for microcomputers from assembly-
language routines to such high-level languages 
as Pascal and Basic 

• wide-ranging microprocessor applications, includ-
ing hardware and software aids, error-correcting 
designs and memory-expansion techniques 

• and more 

Order today, and don't forget the other results-oriented 
references in the Electronics Books series! 

Electronics Magazine Books 
PO. Box 669, Hightstown, NJ 08520 
(609) 448-1700, ext. 5494 

No. of Copies Title Price 

L_ 

  Microprocessors $ 8.95 
  Applying Microprocessors $ 9.95 
  Large Scale Integration $ 9.95 

Basics of Data Communications $12.95 
  Circuits for Electronics Engineers $15.95 
  Design Techniques for 

Electronics Engineers $15.95 
  Memory Design: Microcomputers 

to Mainframes $12.95 
  Personal Computing: 

Hardware and Software Basics $11.95 
  Microelectronics Interconnection 

and Packaging $12.95 

Discounts of 10% on orders of more than 
10 copies of each book. 

  Practical Applications of 
Data Communications 

  Microprocessors and 
Microcomputers 

$13.95 

$13.95 

LI Payment enclosed Li Bill firm Li sill me 

If after my 10-day free-trial examination I am not 
fully satisfied I understand that my payment will be 
refunded. 

Name 

Title 

Company 

Charge to my credit card: 11 American Express Street 
GI Diners Club Ci Visa 0 MasterCard• 

Acct. No. Date Exp. 

'On MasterCard only, 
first numbers above name  

City State Zip 

Signature 
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NOW, THE BOOK 
The editorial edition of 

Electronics' 50th Anniversary 
issue of April 1Z 1980 

AN AGE OF 
INNOVATION 
The World of Electronics 

1930-2000 

by the Editors of Electronics 

Beautifully casebound and 
jacketed for your permanent 
pleasure. 
300 illustrations, many in full 
color. 274 pages, $18.50 

The most exhilarating, compre-
hensible look at past and future 
developments in electronics 
that has ever been published. 

Painstakingly researched and 
written, AN AGE OF INNOVA-
TION gives you an unforgettable 
overview of electronics. Every-
thing from the individuals 
whose foresight and daring led 
to the 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. 

Order today! 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
Ter. (609) 448-1700, ext. 5494 

Please send me copies of AN AGE 
OF INNOVATION @ $18.50 

Name 

Company 

Address 

City/state/zip 

McGraw-Hill pays regular shipping and 
handling on pre-paid orders. Ten-day 
money-back guarantee on all books. ELT 

New products/materials 

and apply, convenient to store, and 
safe to use. 
TRA-CON Inc., 55 North St., Medford, Mass. 

02155. Phone (617) 391-5550 [477] 

A nickel-graphite adhesive coating, 
Plasticoat EC-136 is made of nonox-
idizing, chemically inert graphite 
and nickel particles, antioxidants, 
adhesion promoters, and wetting 
agents blended in an oxidation-re-
sistant polymer. The coating is 
designed to provide electromagnetic 
and radio-frequency interference 
shielding in a frequency range not 
completely covered by either graph-
ite or nickel coatings. The graphite 
portion of the coating protects in the 
50-to-450-MHz frequency range; the 
nickel portion protects at higher fre-
quencies. 

Plasticoat EC-136 adheres to most 
polymeric surfaces without pretreat-
ment and is resistant to abrasion and 
environmental conditions. 
Plastic Systems Inc., 88a Ellsworth St., 

Worcester, Mass. 01608. Phone (617) 799-

2600 [478] 

A thixotropic plastic adhesive, Are-
mco-Bond 515 can adhere to ceram-
ics, glass, mica, and many other 
plastics. It can be used as an electri-
cal insulator and in joining dissimi-
lar materials such as ceramic or 
glass and metal. Aremco-Bond 515 
has a thick, butterlike consistency, so 
it can be applied to vertical surfaces 
without dripping. It is cured at 
450°F in 15 minutes. It can be 
spread with a spatula or injected 
using automatic dispensers and is 
available from stock at $30.00 per 
pint, $45.00 per quart, or $135.00 
per gallon. 
Aremco Products Inc., P. 0. Box 429, Ossin-

ing, N. Y. 10562. Phone (914) 762-0685 

[479] 

INTERNATIONAL REPRESENTATIVES 

FOR GRAYHILL 
SWITCHES AND KEYBOARDS 

AUSTRALIA—Acme Engineering Co., (Ply) Ltd. 
2-18 Canterbury Road 
Kilsyth, Victoria 3137 
Te(: (03) 729-6211 
Telex: 35786 WILACM 

BELGIUM/LUXEMBOURG— 
Rodelco SA/NV Electronics 
Avenue H Hooverlaan, 32 
1200 Brussels 
Tel (02) 735- 41- 37 
Telex 61415 

CANADA—A. C. Simmonds & Sons Ltd. 

975 Dillingham Road 
Pickering, Ontario L(W 382 
Tel: (416) 839-8041 
Telex: 06-981383 (SIMMONDS PICK) 

Also Calgary • Montreal • Ottawa. Burnaby 

DENMARK—E. V. Johanssen Elektronik A-S 
15, Titangade 
DK-2200 Copenhagen N 
Tel: (01)83 90 22 
Telex: 16522 (EVICAS DK) 

FRANCE—Radio Television Francaise 
73, Avenue Charles-De-Gaulle 
92200 Neuilly-Sur-Seine 
Tel: (01) 747-11- 01 
Telex: 611985 

GERMANY—Data Modul GmbH 
Landsbergerstr, 289 
D-8000 Munchen 21 
Tel: (089) 582053 
Telex: 5213118 (DAMO D) 

ISRAEL—Rapac Electronics Ltd. 
P.O. Box 18053 
Tel-Aviv 61180 
Tel: (03) 477115 
Telex: 922-33528 (RAPAC IL) 

ITALY—Microelit s.r.l. 
Via P. Uccello, 8 
20148 Milano 
Tel: (02)46 90 444 
Telex: 334284 MICROIT 

JAPAN—Jepico Corp. 
Sagmi Bldg. 
Shinjuku 4-2-21 
Shinjuku-ku, Tokyo 
Tel: (03) 348-0611 
Telex: 02 323167 (JEPICO J) 

NETHERLANDS —Rodelco BV Electronics 
Verrijn Stuartlaan, 29 
2280 AG Rijswijk 
Tel: (070) 995750 
Telex 32506 

NEW ZEALAND— 
S. D. Mandeno Electronic Equipment Co. 
10 Woodhall Road 
Auckland 3. 
Tel: (09) 600-008 

NORWAY—Hans H. Schive A/S 
Gustav Vigelandsvei. 5 
Oslo 2 
Tel (02) 55 76 92 
Telex - 19124 (SKIVE N) 

SOUTH AFRICA—L'Electron (Pty) Ltd. 
PO. Box 10544 
2000 Johannesburg 
Tel 408057 
Telex 8-2333 S.A. 

SPAIN—Unitronics SA 
Torre De Madrid 
Madrid, 13 
Tel (01) 242 52 04 
Telex: 22596 (UTRON E) 

SWEDEN—Bo Palmblad AB 
Hornsgatan, 58 
S-10462 Stockholm 17 
Tel: (08) 252720 
Telex: 10696 (ZEDKEY S) 

SWITZERLAND—Walter Blum Ltd. 
Honggerstrasse. 115 
CH-8037 Zurich 
Tel: (01) 42 23 42 
Telex: 53294 (WBLCO CH) 

UNITED KINGDOM—Highland Electronics, Ltd. 
8 Old Sterne 
Brighton BN1 1EJ 
East Sussex. England 
Tel: (0273) 693688 
Telex: 87616 (HIELEC G) 

Hillend Industrial Estate 
Dunfermline. Fife KY11 5JT. Scotland 
Tel: (0383) 822911 
Telex: 72672 HIELEC DUNFRMLN 
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Grayhill's enclosed SMALL switches 
offer BIG value and BIG selection 

Choice of ratings, circuitry, size, and features 
so you're sure to find a perfect fit! 

Single Deck 
1/2" diameter 

SERIES 50, 51 

221/2° 30°, 36°, 45°, 60°, or 
90° angles of throw-1 thru 
4 poles—military and water 
sealed versions available. 

Want more data? Circle 70 

Quality and Economy 
1/2" diameter, 1/4 amp 

multi-deck 

SERIES 71 

Value-engineered for premium 
enclosed switch performance 
at "open wafer" prices. Avail-
able in 30° or 36° angle of 
throw, 1-12 decks, PC or solder 
lugs, and many more options. 

Want more data? Circle 71 

Power Switch 

SERIES 19 

For the heavy loads, this 15 
amp UL listed husky is the one. 
Up to 11 positions, 30° index-
ing, solder lug or "Faston" 
terminals. 

Want more data? Circle 72 

Keylock operated 

High quality switches 
with secure locks—avail-
able in 4 different Grayhill 
series. Flat or round key 
options, various key 
pulls. 

Want more data? 
Circle 76 

Military Qualified 

Grayhill switches meet 
MIL-S-3786 SR04, SR13, 
SR20, SR35 and SR36, 
to provide the military 
product designer ur-
equaled flexibility. 

Want more data? 
Circle 77 

A wide variety of special 
features and options 

Spring return 
Pull-to-turn/push to turn 
PC mounts 
Isolated positions 
Unidirectional 

operation shaft 
Panel seals 
and many more. 

Want more data? 
Circle 78 

Single Deck Economy 

SERIES 24 

10 positions, 36° angle of 
throw. Choose plastic or stain-
less steel shaft, PC or solder 
lugs. The quality you expect 
from Grayhill, at under $2.75 
(in 1000 piece lots). 

Want more data? Circle 73 

The World's Smallest 

Rotary Switch 

SERIES 75 

Rated to make or break logic 
loads for 15,000 cycles 
minimum. Less than .300" 
diameter, 1 or 2 poles, 
36° angle of throw. 

Want more data? Circle 74 

Grayhill's Best! 

Rugged 1 inch, 1 amp 

SERIES 42/44 

All the features and options 
you could ask for, in the 
switch that's the work-horse 
of the industry. 

Want more Data? Circle 75 

Adjustable stops 

Available off-the-shelf 
from your Grayhill dis-
tributor in all popular se-
ries. They feature the 
exact electrical and 
mechanical characteris-
tics of fixed stop switches 
and the convenience of a 
simple rotational stop 
mechanism that you set. 

Want more data? 
Circle 79 

ENGINEERING 
cannot. 

And many more 

described in the 
switch specifier's bible— 
the Grayhill 
Engineering Catalog. 

Want more data? 
Circle 80 

the Difference Between Excellent and Adequate 

Y.— I x —, , 561 Hillgrove Avenue, LaGrange, IL 60525 312/354-1040 
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The NEW 
Electronics Buyers' Guide 

is now available! 

The 1980 EBG is only a postage stamp away! Completely new listings of 
catalogs, new phone numbers, new addresses, new manufacturers, sales reps, 
and distributors! The total market in a book—four directories in one! 

1. 
Directory of products. Over 
4,000 products, over 5,000 
manufacturers. 

Directory of catalogs. 
Includes six post-paid catalog 
inquiry cards for 10-second 
ordering. 

 —4> 

—r/M/M/M—MM/e -MP 

The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with the 

coupon now. 

3. 
Directory of manufacturers. 
Local sales offices, reps, and 
distributors, with phone 
numbers. Number of ern-

I ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
Directory of trade names of 
products and their manufac-
turers. You can trace a prod-
uct by its trade name only. 

Yes, please send me copies of 1980 EBG. 
D I've enclosed $30 per copy delivered in USA or Canada. 
Address: EBG, 1221 Avenue of the Americas, New York, 
N.Y. 10020. 
D I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S18, 
2Q1 England. 

Name 

Company 

Street 

City 

State Zip Country 
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MDB makes Interprocessor Links with speeds 
of 500 K words/sec. for distances up to 3,000 feet. 

Imagine what else we can do! 
Hook 'em up. Networks of PDP*-11, VAX*-11/780 
and (never possible before) LSI*-11/2 and 11/23. 
Name your configuration, even PDP to LSI or 
LSI to LSI, — MDB interprocessor links will provide 
high speed DMA (parallel) data transmission at 
speeds as high as 500 K words/sec. For extra long 
line applications MDB's PDP-11 to PDP-11 boards 
are equipped with differential drivers and receivers 
for high speed operation up to 3,000 feet. The 
security of optically isolated receivers is standard 
on all boards for LSI and available for PDP & VAX 
models. Optical isolation provides AC/DC circuit 
and ground loop isolation at distances up to 1,000 
feet. All this performance is compactly housed on 
MDB's small size boards —a hex for PDP models 
and quad for LSI. And you get the convenience of 
complete DEC DAI1B software compatibility. 

Imagine even more. Because MDB manufac-
tures the most complete line of interface products 
available for DEC, Data General, P-E and IBM 
Series One computers. We make boards for H-P and 
Intel too. Like our line printer controllers— we 
offer more than 100 printer/computer combinations. 
Our communications interfaces range in perfor-
mance from plain vanilla to plain incredible and 
all MDB foundation modules require only one 

'Trademark Digital Equipmenc Corporation, 

Circle 146 for LSI-11,147for PDP-11, 148 for DG, 
149 for PE, 150 for IBM. 

card slot. We've got PROM memories that let you 
program ROM on the board and multiplexors that 
allow mix and match of 20 milliamp and EIA. 

All MDB products are warranteed for a full 
year. Most can be delivered in 30 days or less and 
you can buy them under GSA contract #GS-00C-
02423. What else can we do—for you? 

I1D13 714-998-6900 1995 N. Batavia Street 
Orange, California 92665 

SYSTEMS INC. TWX: 910-593-1339 
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Best supporting actor 
for 8086 product 
development... 

DISPLAY 

the GenRad 
Slave Emulator 
Our slave emulator thinks and acts 
just like the 8086 microprocessor. 
At the same speed. Without inter-
ruption. And so transparently that 
your prototype may never know 
there's an "actor" in the circuit. 
In fact, no other emulator can play 
this 16-bit part so well. Because 
the 2302 accesses its "lines" via 
a separate processor-memory bus. 
Emulator and development system 
(or network station) operate inde-
pendently and simultaneously. The 
resources of your target processor 
aren't needed for debugging. 
Programs are executed at full 8086 
speed from an internal or prototype 
clock. Without wait states or other 
timing constraints. Up to 512k bytes 

GenRad 2300 Microcomputer Development System 
with 2302 Slave Emulator for 8086 microprocessor. 
(Also available for GenRad 2301 network stations.) 

of 2302 memory 
can be mapped 
anywhere within 
your prototype's 
address space. 
Without restrictions 
on control line use or interrupts. 

Full symbolic debugging makes 
hardware development faster too. 
With easily remembered short pro-
gram labels that replace absolute 
addresses in your commands. 

With an "auto command 
completion" function 
that allows you 
to produce a full 
command on the 

display with 
just a few 

keystrokes. 
And by 

entering a "?" after 
any command you see 

NOV co 7jF8 

DISASSEMBLED 
PROGRAM FLOW 

ASCII MEMORY 
DATA 

NEXT INSTRUCTION 
TO EXECUTE 

SELF 
COMPLETING 
PROMPTING 
COMMAND 
LANGUAGE 

HEXADECIMAL 
MEMORY DATA 

P 045.. 
gs: 

REGISTER OFFSET REGISTER OFFSET 
DISPLAY WINDOW DISPLAY WINDOW 

THREE INDEPENDENT 
WINDOWS. EXPAND-
ABLE TO FOUR 

ABSOLUTE OFFSET 
DISPLAY WINDOW 

rom L 
4F 001 

a display of all the 
functions and options for that 
command, reducing the need 
to reach for a "cue" card. 

The 2302 allows you to view your 
program in single-step, snapshot 
or logic analyzer modes. In a format 
that matches your needs even for 
the most complex memory seg-
mentation, interrupt driven or 
multi-processor environments. 
With the 2302 your stage is set 
for bigger and better hardware 
developments. For simultaneous 
emulation of multiple processors. 
For other 16-bit parts (68000), 
8-bit parts (6809) and for processor 
cessors in the wings (Z-8002). 

Ask for a command performance today. 

GenRad 
5730 Buckingham Parkway 
Culver City, CA 90230 
(213) 641-7200 TVVX: 910-328-7202 

Visit us at SOUTHCON Booth No. 658. Development Systems Division 
Circle 116 on reader service card 



NEW LONG 
SCREEN 
PRINTING 
MACHINE 

In 30 years as the leading manufac-
turers, we have developed from our 
own technology a complete line of 
over 20 standard models. Our pro-
duction total of more than 5,000 
units gives us a 70% share of the 
Japanese market, the most competi-
tive and demanding in the world. If 
our present models do not fill your 
needs, tell us your requirements. 
Our engineering department can 
meet any challenge 
Hydraulic-powered Precision 
Screen Printing Machine 
for Printed Circuit Boards. 

MODEL LS-50A 
Hydraulically driven mechanism 
ensures high printing pressure re-
sulting in clear and in uniform 
printing. 
• Printing area: 10 x 22 in. (500 x 500mm) 

• Frame size: 37 in. (950 x 950 mm) 

• Squeegee stroke: Max. 28 in. (700mm) 

Variable 

• Squeegee speed: 0 -12 in. (0 -300mm) 

Distributors 
U.S.A. 
The Christpher Group 

23342 South Pointe Drive Unit D 
Laguna Hills Ca. 92653 U.S.A. 

Phone: 714-581-7491 Telex: 9105952462 
EUROPE & W. GERMANY 
Gunze Düsseldorf GMBH 
4, Dusseldorf KOnigsallee W. Germany 

Phone: 0211-80271- 2 Telex: 8587450 
HONG KONG 

Kong King Trading Co., Ltd. 

Wongs Industrial Bldg., 6/FL.. 42 Hung To Rd., 
Kwun Tong, Kowloon, Hong Kong. 
Phone: 3-450111 Telex: 36810 

Marneoriurer: 

„CD.  NEW LONG 
NEW LONG SEIMITSU KOGYO CO., LTD. 
4-6, NISHIGOTANDA, 7-CHOME, SHINAGAWA-KU 
TOKYO 141, JAPAN 
PHONE: (03)492-7571 TELEX: 2466040 NEWLON J 
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New literature 

Switches. A 32-page catalog de-
scribes a line of thumb-wheel, lever-
wheel, and push-wheel switches. It 
covers operating principles, actua-
tion, mounting, wiring, switch char-
acteristics, electrical loads, legends, 
color, and finish and includes draw-
ings and specifications for 23 differ-
ent types of switch. A "Quick 
Select" reference chart with order-
ing information such as output 
codes, truth table identification, 
number of switch positions, and part 
numbers will be included with the 
catalog. For a copy of catalog No. 
CE-666, write to Cherry Electrical 
Products Corp., 3600 Sunset Ave., 
Waukegan, Ill. 60085. Circle reader 
service number 421. 

Photomultipliers. "Photomultiplier 
Handbook" discusses the design, 
construction, and operating theory of 
photomultipliers, as well as their 

.411111111311111111111111111.111111SM. 

RCA 

Photomultiplier 
Handbook 
T...rY D..19^ APPI,..,,on 

characteristics relating to the photo-
cathode, gain, dark current and 
noise, time effects, pulse and scintil-
lation counting, and environmental 
conditions. It presents, in 180 pages, 
applications including Cerenkov ra-
diation detection, time spectroscopy, 
oil-well logging, gamma-ray cam-
eras, computerized tomographic X-
ray scanners, positron cameras, pho-
tometry, spectrometry, Raman spec-
troscopy, fluorometry, laser range 
finding, and image scanning. The 
appendix contains: a glossary of 
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New literature 

Corcom is the 
world leader in RFI 
pollution control. 
Our RFI Power Line 
Filters are recognized 
by every major 
product safety agency 

Shouldn't you be using 
Corcom World Filters? 

Don't stand 
for any 
interferen 

Ke Cer© qifi 
RFI Power Line Filters 
1600 Winchester Road Libertyville,1111nois 60048 USA 
312-680-7400 TWX 910-684-3269 

terms; sections on light and radiant 
energy measurement, spectral re-
sponse designation systems, photo-
metric and radiometric units, spec-
tral matching, and radiant energy 
sources; and a selection guide. A 
copy of the handbook, PMT-62, can 
be obtained for $5.00 by sending a 
check or money order to RCA Elec-
tro-Optics and Devices, Box 3200, 
Somerville, N. J. 08876 [422] 

Integrated circuits. "MNOS IC Hand-
book" contains information on met-
al-nitride-oxide-semiconductor inte-
grated circuits and discusses the 

applications of nonvolatile logic. The 
60-page handbook covers power-on 
and power-off circuits, elapsed time 
indicators, last program memories, 
and eight- and six-decade counters. 
Technical data on nonvolatile log-
ic—such as electrical characteristics, 
operating notes, antistatic precau-
tions, package details, absolute max-
imum ratings, and switching charac-
teristics—is provided. Block dia-
grams, graphs, and tables illustrate 
the book. Plessey Semiconductors, 
1641 Kaiser Ave., Irvine, Calif. 
92714 [423] 

Computer graphics. The Harvard 
"LAB-LOG 1980" describes and ex-
plains nine different programs and 
more than 70 publications related to 
computer graphics and geographic 
information systems and lists avail-
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With tlie,hustle and mu de - 
to handle MILC38999 
And then s - 

Bendix-designed and DOD-preferred, our 
high performance Series Ill Tri-Start 
connector meets the challenges of new 
technology. Challenges that depend on 
Tri-Start's ability to: 
• wrthstand vibration (60G peak at 
temperatures up to 200')C) 

• suppress electrolytic erosion 
▪ provide superior EMI shielding 
• resist corrosion (by withstanding 
500-hour salt spray) 

A new breed in connector capabilly, tlyt 
general duty MIL-C-38999 Series.111,4 
Tri-Start eliminates lock-wiri couples 
in a 360° turn of the co nut, and 
intermounts with stanE MS connectors 
Tough and dependatie, Bendix Tri -Start 4s 
available in a variety of shell styles and 
service claps, including class K firewall. 

Insert arrangements cover contact sizes 
12»r,tough 22D. 

Pe complete information, call 
607-563-5323 or write The Eendix 
Corporation, Electrical Components 
Division, Sidney, N.Y. 13838. 

We speak connectors. Bereiwiix 
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OPTOELECTRONIC 
MODULE 

for REFLECTIVE SENSING 

'CYCLOPS' 

Cyclops, single-channel 
reflective Source-Sensor 

Typical USi 
Custom Assembly 

Available in visible 
red, green, & infra-
red sources 

Low Cost 

High Resolution 

NoMinimum 
Sense Distance 2 

Solid State 
Reliability 

Non-Contact 
Sensor 

High Density 
Package 

Custom Designs 
Available 

"CYCLOPS" is a registered trademark of Ultra Sensors, Inc. 
Cyclops is registered under Patent No. 3,914.309 

ULTRA SENSORS, INC. 
3415 46TH AVENUE NORTH 
MINNEAPOLIS, MINNESOTA 55429 

Telephone: 16121537-7659 
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ALUMINUM 
VACUUM 

APPLICATIONS 
IC, LSI and other vacuum 
deposition materials. 
Sputtering target material, 
Optical applications, 
High purity experiments, 
Low temperature power 
transmission experiments. 
Others 

/ONE 
REFINED 
MELTING 

FEATURES 
• Purity 99.999% or higher 
(Resistance Ratio 
R298K/R4.2K? 5000) 

•Alkali metal free 
'Volatile components free 

SHAPES 
Wire, pellets, EB hearth 
ingot, etc. 

rSPL7r71=ETS AND BONDING SERVICE 
S We can also supply SPUTTERING TARGETS (Al, Al-Si, Al-Cu. Melt Cr) for 
II the electronics industry. 

For further information, please contact us. 

MM./ \ .11r.rnirsAIRIFIVUMIIKAMM,M\ff 

MAISIV ,INVYWNIVNIII\IAVNIV\IFSIVNIMW,M,IFIrM\MMMINVI 

ORDERING Please address all orders and inquiries to: 

y re VACUUM METALLURGICAL CO ., LTD. 
SALES DEPT: Shonan Bldg., No. 14-10, 1-chome, Ginza, Chuo-ku, Tokyo. Japan 

Telephone: (03)562-3831 Telex: 252-2675 VMCJ 

New literature 

able cartographic data bases. Some 
of the programs are KWIC, a general-
purpose bibliographic processing sys-
tem; Gimms, a general-purpose, 
user-oriented thematic mapping sys-
tem; and mps(x), a collection of 
multidimensional scaling algorithms 
linked together under one command 
language. The 32-page catalog pro-
vides general background informa-
tion such as the history and capabili-
ties of the Laboratory for Computer 
Graphics and Spatial Analysis. For a 
free copy, contact the aforemen-
tioned laboratory at the Graduate 
School of Design, Harvard Universi-
ty, 520 Gund Hall, Cambridge, 
Mass. 02138 [424] 

c-mos switches and multiplexers. 
Monolithic complementary-mos 
multiplexers and switches, both di-
electrically and nondielectrically iso-

JOILIVIICRO 
POWER 
SYSTEMS 

Linear CMOS 
Switches and 
Multiplexers 

Yn•duet• 

Nonolithw, 1.11. Multullrarr• 
• Unerierolcally lenlaled 

t4,.......14ce 
• INelertnroellt 

lated, are listed in a 56-page catalog. 
The switches and multiplexers are 
compatible with TTL and diode-tran-
sistor logic, as well as with c-mos. 

"Linear c-mos Switches and Mul-
tiplexers" gives detailed information 
on each device, including features, 
functional diagrams, truth tables, 
ordering information, performance 
and switching characteristics, test 
circuits, and absolute maximum rat-
ings. The catalog also contains pack-
aging dimensions and bonding dia-
grams; it describes the advantages of 
C-MOs and the dynamic perform-
ance of c-mos switches. Terminolo-
gy and typical c-mos switch applica-
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Big, Bright, Beautiful and Smart! 
Microprocessor Control \lakes 
Interfacing a Snap 

It's all in the family. 
The SM-810-002 is the second in a 

series of dot matrix display systems. Its 
field of 20 half-inch characters provides 
outstanding viewabilitv as a result of 
75fL typical brightness and a 130° view-
ing angle. Like its predecessor, the 40 
character SM-810-001, it is microcom-
puter controlled. It can be used in 
process control, instrumentation appli-
cations, business equipment and a 
variety of terminal, as well as other 
OEM designs, including point-of-sale 
equipment, industrial controls and 
computer peripherals. 

Interfacing is greatly simplified be-
cause the display system incorporates 
an 8 bit bidirectional parallel data bus — 
a design that can be used with either a 
parallel ASCII keyboard or an outboard 

Electronics/January 13, 1981 

microprocessor. In either case, the unit 
can generate a continuous display or 
accommodate updating of real time 
data from either an operator monitored 
process or an instrument. 

All of the operational features of the 
SM-810-002 are the same as those of the 
001; however, the larger characters of 
the 002 appear brighter and, of course, 
can be read from greater distances. 

Both display systems have the ability 
to blink a field that includes 96 standard 
ASCII symbols and the degree sign, plus 
the Greek letter "Mu." In addition, 
the SM-810-002 accommodates left-to-
right data entry. Mounted on a compact 
PC board, it incorporates a custom 
masked ¡LC with IK of ROM. Powered 
by a single 5V supply, the SM-810-002 
dissipates only 8.75W (typ). 
The microcomputer's built-in intelli-

gence simplifies the setup of special 
messages: An operator can completely 

blank, and then unblank, the display 
to generate a message immediately; or, 
can scroll a message from right-to-left. 
A self-test feature is also included. 

For complete details, write: Display 
Systems Division, Beckman Instru-
ments, Inc., 350 N. Hayden Road, 
Scottsdale, AZ 85257. 
Phone (602) 947-8371. 

In Europe, write: Beckman Instru-
ments (Belgium) S.A. 14, Avenue 
Hamoir, 1180, Bruxelles, TELEX: 
23577. 

Beckman Displays. The Visible Edge. 

BECKMAN 
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NOW AVAILABLE: 

HY-4580 
CRYSTAL 
CLOCK 
OSCILLATOR. 
• DRIVES Z80A 

Z8000 
MK 3880-4 

• STANDARD FREQUENCY: 4 MHZ 

• FREQUENCY RANGE AVAIL: 3.5-8 MHZ 

• PACKAGED IN HERMETIC DIP 

• DIRECT REPLACEMENT FOR K1160-A 

• DELIVERY: STOCK TO 10 WEEKS ARO. 

hytek microsystems incorporated 

16780 LARK AVENUE, LOS GATOS, CALIFORNIA 95030 
PHONE (408) 358-1991 TWX 910-597-5393 

Circle 138 on reader service card 

Free! Jensen 
Test Equipment 
Catalog 
Jensen's new catalog features more than 15 pages 
of most needed test equipment. Included are 

hand-held analog and 
digital VOM meters, 
oscilloscopes, bench-
type meters, 
tachometers, circuit 
testers, probes, fre-
quency counters, and 
much more. This 
popular catalog also 
contains hundreds of 
hard-to-find precision 
tools, soldering equip-
ment, power tools, and 
Jensen's world-famous 
line of electronic tool 
kits and tool cases. 
Many of the items are 
illustrated with full 
color photography. 

JENSEN TOOLS INC. 
1230 SOUTh PRIEST DRIVE Tempe. ARIZONA 85281 

(602) 968-6231 

New literature 

tions are discussed. Micro Power 
Systems Inc., 3100 Alfred St., Santa 
Clara, Calif. 95050 [425] 

Circular connectors. Amphenol 97 
and 69 series standard circular con-
nectors are featured in a 36-page 
catalog. "Amphenol standard circu-
lar connectors" contains a guide to 
circular connector selection that 
includes considerations about envi-
ronmental capabilities, wire gauges, 
plug and receptacle requirements, 
shell-type needs (solid or split), sock-
et location, and finish options. A 
chart summarizes circular connector 
styles such as wall, cable, and box 
receptacles, and straight, quick-dis-
connect, and angle plugs. Amphenol 
North America Division, Bunker 
Ramo Corp., 2122 York Rd., Oak 
Brook, Ill. 60521 [426] 

Data converters. An eight-page cata-
log describes more than 65 data-
conversion products. Technical data 
and specifications for analog-to-digi-
tal, digital-to-analog, synchro-to-
digital, and resolver-to-digital con-
verters are given. Also covered are 
data-bus products, sample-and-hold 
and track-and-hold amplifiers, con-
trol transformers, and synchro in-
struments, with a description of ILC 
Data Device Corp.'s capabilities and 
facilities. Postage-paid cards are 
provided for additional information 
or assistance. This short-form cata-
log can be obtained from the Mar-
keting Department, ILC Data Device 
Corp., 105 Wilbur Pl., Bohemia, 
N. Y. 11716. [427] 

Digital signal-processing designs. 
The differences between a discrete 
Fourier transform and a fast Fourier 
transform are explained in a 45-page 
catalog. "An Introduction to Digital 
Spectrum Analysis including a High 
Speed FFT Processor Design" by 
Richard J. Karwoski, describes the 
decimation-in-time FFT, the design 
of a high-speed FFT processor, the 
address-generation system, and the 
design of FFT sequencers using sin-
gle-chip microprogram sequencers. 
TRW LS1 Products, 2525 E. El Se-
gundo Blvd., El Segundo, Calif. 
90245. [428] 
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We married SSR technology 
to military needs... 

and the family keeps growing 

It all started with our M640 series — miniature SSRin 
hermetically sealed TO-5 packages. These were the first solid 
relays ever to receive QPL approval to MIL-R-28750. 

Teledyne is still the first and only SSR manufacturer with a 
family of products designed specifically for military and 
aerospace applications. We have AC and DC models with outputs 
ranging from milliamps to 25 amps, featuring optical as well 
as transformer isolation. All utilize military grade components 
and hybrid microcircuit techniques to reduce parts count and 
increase reliability. Our latest is a 3-phase AC SSR designed for 
220 volt, 400 Hz operation. 

If you need a solid state relay for military or aerospace 
applications, come to the recognized leader in military SSR 
technology — Teledyne Relays. 

ON" TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 
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ltron Advanced Alphanumerics. 
They'll put your readouts upfront. 
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11411111W1ONAL REPRESEMATIVES 
WEST GERMANY: Neumuder GmbH. Eschonstr 2. 8021. Taullarchen, 
Munich Phone 089/6118-245 Telex: 522106 

FRANCE: Europa via France. 5 Avenue Leon Harmel 92167 
Antony Cedex Phone. 665-21-10. Telex'. 42204381 

UNITED KINGDOM: ITT Meridian. West Road. Harlow. Essex CM20 
2BP Phone: 0279-35351 Telex: 817202 

SWEDEN. AB Nordcp:ist & Berg. Box 9145 S-10272. Stockholm. 
Phone. 08-690400. Telex: 13407 

DENMARK - E. V. Johanessen Elektronik A-S. Titagade 15-2200. 
Copenhagen. Phone: 01/839022. Telex: 16522 

HONG KONG. Phone: 5-232420. TAIPEI: Phone: 351-0293 
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With itron's evolutionary 14-segment and dot matrix alpha-
numeric displays, your readout designs are sure to be front-
runners everytime. They're offered in a wide selection of 
character heights from 5 mm to. 15 mm, and character counts 
that range from an 8-character 14-segment mini-package 
array, all the way up to the unique 240 character, 5 x 7 dot 
matrix (6 line x 40 characters/line) plug-in panel—and even 5 
x 12 dot matrices for upper/lower case fonts. 

Their long-term field-proven reliability, even under severe 
environments, further enhance their desirability for most 
every application where bright, easy-to-read legibility (even at 
a distance and under high ambient light), wide viewing angles 
and flat-glass simple-to-mount 
packages—plus low voltage and 
low current-drain are paramount. 
So, since brevity is called for, con-
tact us to find out all the parti-
culars on how to put your read-
out designs in the forefront with 
itron's Advanced Alphanumerics. 

FLUORESCENT DISPLAYS 
Patented and Manufactured by 
ISE ELECTRONICS CORP 

NORrAKE ELECTRONICS, INC. 
EASTERN OFFICE: 41 Madison Avenue. New York, NY 10010 (212) 481-3440 • Telex: 12-5469 
CENTRAL OFFICE: 16250 Northland Drive, Southfield, MI 48075 (313) 569-0088 
WESTERN OFFICE: 22410 Hawthorne Boulevard. Torrance, CA 90505 • (213) 373-6704 •Telex: 67-4910 

NORITAKE COMPANY, LIMITED 
JAPAN: 1 - 1, Noritake-Shinmachi, Nishiku, Nagoya-Shi • (052) 562-0336 *Telex: 159738 
EUROPE: Burotel Belgium SA, Rue de la Presse 3-5. 1000 Bruxelles • (02) 217-83-60 *Telex: 4626962 
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Products Newsletter  

National provides National Semiconductor Corp. will soon make available development 
support for its NSC800 8-bit microprocessor family, which combines the 

development support powerful instruction set of the Z80 with the compact bus structure of the 
for NSC800 8085 in chips made with a new high-performance double-polysilicon 

complementary-mos (Pc-mos) process. The support offering includes: an 
integral in-system emulator (isE) package that plugs directly into the 
Santa Clara, Calif., firm's Starplex development system and consists of 
two boards giving the user 32-K bytes of tracing and mapped memory; and 
an emulator package, consisting of a target board and cable pod that 
provide the physical and electrical interface between the ISE package, 
Starplex, and the NSC800-based system under development. 

Cherry will make Exar Integrated Systems Inc. of Sunnyvale, Calif., has entered into an 
agreement with Cherry Semiconductor Corp. for the Cranston, R. I., firm 

Exar's PL to second-source Exar's integrated-injection-logic master slices by March 
master slices 1981. The family of four semicustom chips, designated XR-200, -300, 

-400 and -500, are customized into monolithic large-scale integrated 
circuits with the addition of three custom mask layers and can accommo-
date circuit complexities of from 200 to 500 gates. 

Burndy's DIP sockets 

can now be 

inserted by machine 

To meet the particular demands imposed by machine insertion, Burndy 
Corp.'s Components division in Norwalk, Conn., has made minor modifi-
cations on its DILB sockets for dual in-line packages. The changes, which 
involved a strengthening of the standoff and its relocation inward to reduce 
lead length, have not increased the cost of the sockets, nor have they 
affected their use in hand-assembly operations. Instead, the changes ensure 
that the sockets will be accepted by all the machines made by the three 
leading insertion equipment suppliers: Universal Instruments, Dyna/Pert, 
and Amistar Corp. The contact design of the sockets provides gas-tight, 
high-pressure interconnections for as little as 0.5 cent per line, says the 
manufacturer. 

Price changes • Semi Processes Inc., Santa Clara, Calif., has reduced prices by as much 
as 55% on its SP7010 and SP7005 uncommitted logic arrays fabricated 
using the firm's proprietary selective-oxidation silicon-gate comple-
mentary-mos process. The SP7010 1,000-gate devices in 40-pin plastic 
packages have gone from $45 to $36 apiece in quantities of 10 to 99 and 
from $18.50 to $12 in lots of 5,000 to 9,999. In similar quantities, the 
SP7005 544-gate arrays have gone from $40 to $20 and from $16 to 
$7.20, respectively. At the 2,500-piece level, the 2-cent-per-gate price for 
the 7010 rivals that of low-power Schottky TTL, yet the ULAS consume 
even less power. 
• Xicor Inc., Sunnyvale, Calif., has again reduced the prices of its X2201 
5-v 1-K-by- 1 -bit nonvolatile random-access semiconductor memory from 
$48.75 to $25 each for purchases of 100-unit quantities. 
• Micro Switch, Freeport, Ill., has announced a 4% to 10% price increase 
on its manual products (including keyboards), basic switches, solid-state 
sensors, industrial products, and photoelectric and proximity controls. No 
price increases are being applied to pressure transducers. 
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MDD Series 
CMOS MOS I.C. Dispensers 

FEATURES 
* Simple yet very effective design. 

*Capability to ha,ndle all known I.C. carrying tubes. 
*Dispenses I.C.'s of 0.3", 0.4" e? 0.6" pitch up to 42 pins. 
* MOS, CMOS protected — material is carbon filled. 
* Dispenser clamp to hold tube firmly in position. 

* Adjustable stop to suit length of I.C. 
* Empty tubes can be removed with ease. 

* Easy pick up of I.C.'s. 
* I.C.'s cannot "piggyback". 

* I.C.'s automatically released— one at a time. 
*Grounding lug fitted. 

* Available in 1,5 e? 10 channel versions as standard. 
*Ex stock and competitively priced. 

MDD-1 $21.85 MDD -5 $83.43 MDD -10 $160.45 
OK Machine & Tool Corporation 

3455 Conner St., Bronx,N.Y. 10475 U.S.A. 
Tel. (212) 994-6600 Telex 125091 

*Minimum billings $25.00, add shipping charge $2.00 
New York State residents add applicable tax 

 111000M pen ea   
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Today's Manufacturer's Representative 
narrows the gap between 
technology and man's needs. 

*4 • -;•.-

,  

The manufacturer's representative is 
more than a commissioned salesman. 
He's a territory manager .... A personnel 
manager . . . A customer service man-
ager . . . A sales manager . . . A product 
manager .... A merchandising manager. 
And an independent businessman! 

He knows the territory better. It's his 
territory—his permanent territory, and 
he has learned how to gain the maxi-
mum potential from that territory. 

Talk to a manufacturer's representative, 
he can make your market plans a reality 
—today! 

For more information on how manufac-
turers' representatives can help you 
and how you can get in touch with them, 
write or call the Electronic Representa-
tives Association—by return mail you'll 
receive a complete kit to give you 
answers. 

Electronic Representatives Association 
233 E. Erie Street, Suite 1002 

Chicago, Illinois 60611 
(312) 649-1333 

—Manufacturers' Representatives Make Good Business Sense, at a time when we need it most— 
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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 

cant 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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We put a little extra into our 
Monolithic Ceramic Capacitors 

Most design engineers give our 
monolithic ceramic capacitors a 
rating of 101/2 —on a scale 
of 1 to 10. 

That's because we put "a 
little extra" into every one we 
build—whether it's a chip, SIP 
or radial-leaded component. 

And that's why we've 
earned a reputation during the 
past 32 years for being a high-
quality ceramic capacitor manufacturer. 

Our "VEE JEM" Chip Capacitors are 
built in 11 sizes, three dielectrics and 
with values from 1.0 pF to 1.0 ,uF. You can 
obtain them with such extras as marking, 
soldered terminations, and tight capaci-
tance tolerances. 

Our Single-In-Line Package (SIP) 

e 

Capacitor Networks have a little 
extra, too. You can select them 

with 6, 8, 9 or 10 leads—and with 
combinations of capacitance 

values and dielectrics on one part. 
Or you can design them 

your way. 
Our new "VP" Ceramic 

Capacitor—compact, rugged 
and versatile—joins the ranks 
of the other radial-lead mono-
lithic ceramic devices we've 
been offering since 1959. 

There's only one true test of 
how well they perform: try them 
in your circuits. If you'd like to 

put a little extra in your designs, 
please call us—or request 

our free catalogs. 
sà, es, 
>#41 ‘• 

Vitramon North America 
Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel: (203) 268-6261 

ea. 

Vitramon Limited (London) 
Vitramon GmbH (Stuttgart) 

Vitramon France S.A.R.L. (Paris) Vitramon Japan Limited (Tokyo) 
Vitramon Pty. Limited (Sydney) Vitramon do Brasil Ltda. (Sao Paulo) 
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Career outineor 

Amendment causes uproar 

• A proposed amendment to the 
constitution of the Institute of Elec-
trical and Electronic Engineers to 
create the office of president-elect 
and to move control of election tim-
ing from the members to the board 
of directors has passed, but just 
barely and amid a great deal of con-
troversy among the tellers' commit-
tee, the board of directors, those 
opposed to the amendment, and the 
general staff at IEEE headquarters. 
The fuss started when the method of 
tabulating the votes came under 
close scrutiny and was found very 
loosely defined in the constitution 
and the bylaws. 

Technically, it is possible to tabu-
late in one of two ways: the yea, nay, 
and blank ballots may comprise the 
total to be counted; or just the yeas 
and nays may be used, omitting the 
blank ballots. For an amendment to 
pass, two thirds of the ballots must 
be yeas. 

In the case of the recent amend-
ment, using the first tabulation 
method, 35,335 yea, nay, and blank 
ballots were cast, of which 23,333 
were in favor of the amendment. 

That represents somewhat less than 
the two thirds needed to pass. If the 
second method is used, leaving out 
the blank ballots, a total of 32,487 
votes was cast, with over 70% in 
favor of the amendment. 

This creates a dilemma for the 
tellers' committee, which is the body 
appointed by the IEEE's board of 
directors to oversee the election and 
referendum process. "We were spe-
cifically informed [according to the 
manual] to count the blank ballots," 
notes Robert E. Anderson, chairman 
of the committee. Furthermore, he 
notes that not only do the committee 
members have a responsibility to the 
board, but also to New York State 
as election inspectors to ensure that 
the election conforms to whatever 
state laws may be applicable in such 
cases. 
The tellers' committee sought 

legal advice through the general 
staff at IEEE headquarters on the 
problem; the lawyers cited cases 
found in common law, such as public 
elections, where blank ballots are not 
counted. 
The committee took a straw vote 

of 9 to 3 against passing the amend-
ment because it did not receive two 
thirds of all ballots, including the 
blanks, cast. 
The general staff thought differ-

ently and, interpreting the legal 
advice in another way, issued a state-
ment that the amendment had 
passed. "We followed tradition by 
plugging in the numbers the tellers' 
committee gave us, and then sending 
out the results. The product of the 
tellers' committee has always been a 
count rather than an interpretation 
of what that count means," says Eric 
Herz, who has been general manager 
for the past two years. 
Not so, argues Anderson, who 

points out, "I think a mistake was 
made, and they're covering it up. 
The board of directors did not meet 
before the announcement went out, 
and I think the decision was illegally 
reached." 

Arbiter. To settle the dispute, the 
board of directors took the matter up 
at its general meeting in early 
December. After a 2-hour debate 
with legal counsel present and all 

sides given a chance to offer their 
views, the board voted 20 to 3 with 3 
abstentions to pass the amendment. 
"The board of directors is the ulti-
mate source of authority for the 
IEEE, and the board took the position 
that the amendment had passed," 
notes Leo Young, 1980 president of 
the institute. 
Members not happy with the out-

come are appealing the decision 
using a variety of means. For Robert 
A. Rivers, an IEEE Fellow opposed to 
the amendment from the beginning 
[Electronics, Aug. 28, p. 337], the 
solution lies with the New York 
attorney general. 

"I filed a complaint with the 
attorney general and I expect that 
other people will be joining me," 
says Rivers. His complaint lists a 
number of points: 
• That 23,333 votes in favor of the 
amendment is not the required two 
thirds of 35,335 ballots. 
• That the general manager caused 
statements to be issued saying that 
election officials verified passage of 
the amendment though the tellers' 
committee does not agree with these 
statements. 
• That the general manager failed 
to withdraw his unauthorized state-
ments. 
• That improper parliamentary pro-
cedures were used by the board of 
directors at its meeting in December. 
• That the board of directors has 
usurped the authority of the tellers' 
committee in upholding passage of 
the amendment. 

Alex Gruenwald, a member of the 
tellers' committee, is working within 
the IEEE to find a solution to the 
problem. He has petitioned the 
board of directors to turn the matter 
over to the credentials committee to 
adjudicate. The credentials commit-
tee, appointed by the board, can 
declare the amendment void and call 
for another referendum if it finds the 
results were arrived at unsatisfacto-
rily, notes Gruenwald. "The request 
to the credentials committee is an 
attempt to try to police our own 
affairs and get this mess cleaned 
up," he says. "Outside legal suits 
would be like washing dirty linen in 
public." -Pamela Hamilton 
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ELECTRONICS ENGINEERS: 

Replica Radars 

Electronic Warfare Simulation 

Intelligence Systems C' Systems 

A rcraft Stores Management Systems 

§-mart Terminals 

The F-16. It's just one side of 
General Dynamics Fort Worth. 

You probably know that we have designed and are building 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, divers-
ified 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 oeople 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 Design 
• 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 plan, and access to an 80-acre recreational 
area and 18-hole golf course for employee/family use. 

Send your resume to R.D. 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 Requ.red. An equal opportunity employer M F 
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ELECTRONIC ENGINEER 

We are a major employer located in North Dallas and 
printer of nationally recognized periodicals and cat-
alogs. This opening reports to Manager, Electronic 
Engineer and responsible for maintaining, debug-
ging, modifying, trouble shooting, design and 
development of manufacturing process equipment, 
and electro mechanical systems. Requires digital and 
analog controllers experience and minimum of as-
sociate degree in Electronics Technology. BSEE 
preferred. 

Benefits and challenge are excellent. If interested 
submit resume with salary history and salary re-
quirements to. 

TEXAS COLOR, INC. 
Paul Reeves, Personnel Manager 

P.O. Box 401010 
Dallas, TX 75240 
(214) 233-3400 

an equal opportunity employer M/F 

PROMOTE 
YOURSELF 

ENGINEERS 
INSTRUMENTATION AND CONTROL SYSTEMS 
We currently hove ten MAJOR OIL & GAS CLIENTS 
seeking your expertise. If you hove ANY TWO of the 
following, YOU CAN QUALIFY for these positions: 
(1) a BS in Engineering (DSEE Preferred), (2) SCADA 
systems experience, (3) 3+ years INSTRUMENTATION 
experience in o process or related environment, 
(4) I & CS experience in POWER PLANTS or related 
applications, and (5) Real-lime MICROPROCESSOR/ 
MINI-COMPUTER experience. 

These positions (ALL IN HOUSTON except foreign 
assignments) are os follows: (1) Staff Engineer, 
(2) Software Engineer, (3) Lead Engineer, (4) Con-
struction Engineer, (5) Project Engineer, (6) 
Supervising Engineer, and (7) Field Engineer. 

Houston Positions To $ 45,000 
Foreign Positions Pockoge To $ 95,000 

All Fees Assumed Dy Clienr Companies 

Interview and Relocation Expenses Paid Dy Client Compones 

ADDINGTON G ASSOCIATES 
PERSONNEL SERVICES. INC. 

6471 RICHMOND AVENUE HOUSTON TEXAS 77057 (713) 7I50-6510 

N R L 

ELECTRONICS ENGINEER 
NAVAL RESEARCH LABORATORY 

Space Science Division 

GS-12 ($26,951—$35,033 per annum) 
GS-11 ($24,736—$31,486 per annum) 

Grade and Salary dependent upon qualifications 

Supports developments utilizing optical techniques for advanced signal/ 
data processing operations with electronic hardware design capabilities. 
Assignments include an exploratory development program which attempts 
to incorporate wideband analog optical techniques with state of the art 
electronic techniques to enhance future Navy systems capabilities wide 
band spectrum analysis and correlation. 

Expertise desired in electronics design, analog and digital system design, 
computer programming and computer interface design, and breadboard 
testing. 

This is a career Civil Service position with all the normal fringe benefits. 
Interested applicants should submit a Standard Form 171 Personal 
Qualifications Statement or detailed resume by, 23 January 1981 to: 

NAVAL RESEARCH LABORATORY 
Civilian Personnel Office 
Attn: Code 79-237-15 E 
4555 Overlook Avenue, S.W. 
Washington, D.C. 20375 

An Equal Opportunity Employer 

ENGINEERS 
Hardware/Software needed for 
our Fortune 500 client company 
in their Advanced Manufacturing 
Technology Group which includes 
Process, Robotics, CAD/CAM, 
Thick/Film hybrid, Quality Con-
trol, EE, Metallurgists, Tooling 
and Test. Salaries range in all 
levels from 20-45K. Fee Paid by 
our client company. Send Re-
sume in Confidence to: 

Lynn Evans Associates 
855 Worcester Road 

P.O. Box 2099 Dept. Eng. 
Framingham, Mass. 01701 

(617) 872-3577 

ENGINEERS 
ELECTRONICS ENGINEERS to 
$60,000. Choice entry level to 
management positions immedi-
atcly available in Pennsylvania 
& national locations. Reply in 
strict confidence to J. G. Weir, 
President, WEIR PERSONNEL 
SERVICES, 535 Court St., Read-
ing, PA 19603 (215/376-8486). 
DESIGN ENGINEERS to $38K. 
Central Penna. & nationwide. 
Design connectors / terminals, 
microprocessors, controls. Re-
ply in confidence to Z. A. Gon-
glewski, MECK ASSOC. PER-
SONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

I nPo NATIONAL PERSONNEL I 
CONSULTANTS 
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COMMUNICATIONS 
ENGINEERS 

More job challenge, more vacation and 
up to 40 percent more pay. Aramco offers them all 

to the highly motivated, self-starting communications professionals 
we need now for major projects in Saudi Arabia. 

Aramco needs outstanding people 
on the energy frontier in Saudi 
Arabia. We're offering outstanding 
incentives to get them: up to 40 
percent pay premium, 40 days' 
vacation every year, and a chance 
to work on vast and challenging 
projects with the world's largest 
oil-producing company. 
Among our major projects is an 

enormous communications system 
which interlinks our vast network 
of operations in Saudi Arabia. 
You'd have to look hard to find 
a system quite like it anywhere. 

If you have the qualifications, 
we have the following openings 
in which you could expand your 
communications career. 

Radio Engineers 
Your areas of responsibility will 
include system engineering, design, 
operational support for all our HF, 
VHF, UHF radio systems. You'll 
work on a team responsible for 
major additions to our HF radio, 
mobile radio, paging, radio-
telephone, marine and IMTS 
systems. 
Requirements: a BSEE, plus at 
least 10 years' experience in radio 
communications engineering. 

Radio/Microwave Engineers 
You will oversee engineering studies, 
design and development phases 

of projects and facilities; imple-
ment modifications on existing 
systems and facilities. 
Requirements: a BSEE or equiva-
lent, 7 years in some or all of the 
following: microwave, telephone, 
mobile radio, analogue-digital, 
communications and control 
systems. 

Senior Projects Engineer— 
Radio/Microwave 

You will supervise design and mate-
rial procurement; provide work 
direction for engineers and direct 
design and project management 
contractors. Also responsible for 
engineering aspects of new systems 
design, system additions, and 
modifications. 
Requirements: a BSEE or equiva-
lent. Minimum 12 years in systems 
engineering, with planning on ma-
jor communications projects. 

Unsurpassed compensation 
and benefits 

The Aramco salary is competitive 
and a cost-of-living differential 
increases it even further. Aramco 
people in Saudi Arabia receive a 
tax-protected premium for overseas 
employment which can amount to 
up to 40 percent of the base salary. 
Money aside, Aramco offers 

an outstanding combination of 
benefits, including the long vaca-

tion, comfortable housing, abun-
dant recreation, and an excellent 
American-style school system for 
the children. 

Extra overseas bonus and new 
voluntary "bachelor" status 

for married employees 
Newly hired employees for Saudi 
Arabia also receive a one-time, 
lump-sum, fully tax-protected 
Overseas Employment Bonus of 
up to $5,000. 
And now all of the attractive 

compensation and benefits are 
available for married employees 
who may want to work overseas 
on a temporary "bachelor" status 
for the first year. This program 
includes three free repatriation 
trips by air during this one-year 
period, and the option to request 
family status at three conversion 
dates during that same year. 

Interested? Call our 24-hour line 
any day:(713) 750-6965. If you 
wish, call toll-free: (800) 231-7577, 
ext. 6965 between 7 A.M. and 5 
P.M., Monday-Friday, Central 
Time. 

If you prefer, send your résumé 
in full confidence, or write for 
more information to: Aramco Ser-
vices Company, Dept. ELT0113-
NBO4A, 1100 Milam Bldg., Hous-
ton, Texas 77002. 

CHALLENGE BY CHOICE 

ARAMCO 
SERVICES COMPANY 
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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 

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 positions.. Electronics Engineers, Communications 
Specialists, Computer Scientists and Specialists. 

Salary range S15,947 S35.033 

Some overseas positions available in Germany. Japan 
and Korea 

Apply Now 

These are civil service positions and all federal employment 
benefits apply. 

Send detailed resume or Standard Form 171 to 

Defense Communications Agency 

Attention: Code 370.8 
Washington. DC 20305 
Call Collect. 202 692 2794 

TO ANSWER BOX 

NUMBER ADS 
Address separate en-

velopes (smaller than 11" x 
5" for each reply to: 

Box Number 

(As indicated) 

Electronics 

Box 900, NY 10020 

R. F. ENGINEER 
needed by design group of 
unique laboratory under govern-

ment contract to build two of the 

world's largest and technically 
most advanced cyclotrons. Sig-

nificant experience with HF 
power amplifiers is essential. 

Position involves working 

with other electronics engineers 

and technicians, including RF 

specialists. Possibility for future 

promotion to RF group supervi-
sor. Immediate responsibilities 

include all aspects of the design 

of a 250 KW HF power am-

plifier, including power stage, 

driver stage, automatic tuning, 

and output phase and amplitude 

regulation. 

Opportunity for continuing 

education is included in this 
position. 

Applicants should send a re-

sume including salary history to 

Dr. B. Waldman 

National Superconducting 

Cyclotron Laboratory 

Michigan State University 

East Lansing, MI 48824 

Michigan State University is an 
equal opportunity/affirmative action 

employer. 

* ATTENTION ELECTRONIC ENGINEERS!!! 
Electronic Design Engineers 
Design Engineers (Digital) 
Analog Design Engineers 
Systems Design Engineers 
Electrical Design Engineers 
instrumentation Design Engineers 
Test/Design Engineers 

24-36K 
25-35K 
-25-35K 
-28-35K 
-24-40K 
-25-40K 
-24-35K 

Our clients are aerospace and electronic firms who pAy 
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 

• Design 

• Development 

• Project 

• Software 

$20,000-$50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronics enginee rs 
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 payall fees 
For details call or send resume ir 

strict confidence to Phil Riddick 
President. 

Riddick 
Associates, Ltd. 
9 Koger Executive Center 

Norfolk, VA 23502 

Area 804-461-3994 

POSITIONS VACANT 

Electronic Engineers—Sunbelt/ 
Southwest. Opportunities in Design 
Software, Digital/Analog, M icro-
processing. Personalized representa-
tion. Employer fee paid. J. Gifford 
Inc., 5310 East 31st Street, #225 
Tulsa, Oklahoma 74135. (918) 665-
2626. 

POSITIONS WANTED 

Thick film engineer two years 
experience, Resistor — conduc-
tor. PW-3599 Electronics 
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Digital Control 
Systems Research 

At General Electric 
Research and Development 

Center 

As part of a major corporate thrust in 
electronics, General Electric's R&D Center 
is expanding its activities in microcom-
puter-based control systems research and 
development. 

Microcomputer technology is seen as the 
key to innovation and growth in the 1980s 
and beyond. To meet this opportunity, we 
are seeking people with appropriate 
degrees/experience in the following fields: 

• Digital/Microcomputer Controls 
Systems 

• Software Architecture & Development 
Systems 

• Adaptive, Fault-Tolerant Systems 

• Interface Electronic Circuit Design 

• Data Acquisition; Analog I/O 

• Signal Processing 

GENERAL 

We have immediate openings for creative 
people who can lead the development of 
advanced hardware and software technlogy 
for a variety of applications including: 

• Industrial Control Systems 

• Transportation Control Systems 

• Consumer Electronics 

• Aircraft Engine Controls 

• Lighting and Energy Management 

• Communications and Signal Processing 
Systems 

Investigate excellent salaries, benefits and 
personal career growth prospects by 
sending confidential resume to Mr. Neff T. 
Dietrich, General Electric Research and 
Development Center, Ref. 78A, P.O. Box 8, 
Schenectady, New York 12301. 

rte,e 
db _ 

ELECTRIC 
An Equal Opportunity Employer, M/F/H 
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ATARI 
on the SAN FRANCISCO PENINSULA 

Yearn no more for unlimited challenge and excite-
ment in design engineering — It's all possible at 

ATARI where your technical management skills will 
be blended with the most advanced technological 
environment imagIneable and unbelievable growth 
momentum that few other companies can offer. 

ELECTRICAL 
ENGINEERING 

MANAGER 
Move Into the ultimate hardware design environment 
as you manage the electrical design group involved 
with hardware design of personal computer system 
peripherals. Your 3-7 years in-depth experience in 
computer peripheral and hardware design should 

have emphasis on high volume product design utiliz-
ing low cost design skills. Project management 

background a must. BS/MSEE preferred. 

ENGINEERING 
LAB MANAGER 

Apply your considerable experience to this challenge 
as you manage all facets of consumer engineering 

under the immediate direction of the VP/Engineering. 
Your 5-15 years experience in consumer electronics 

and computers, managing project engineers and 
projects in a senior-level capacity is essential. Your 
effective methods for coordination of engineering, 

marketing and manufacturing are also key. 
85/MSEE preferred. 

Our salaries and benefits are as exceptional as our 
growth and Include Company-paid Employee Life/ 

health/Disability/Dental insurance plus a Sabbatical 
Leave Policy which offers 7 weeks paid leave of 

absence after 7 years continuous service with ATARI. 

Please send resume, including salary history, or 
contact our Employment Department, ATARI, INC. 

P.O. Box 427, 1265 Borregas Ave., Sunnyvale, 
CA 94086. (408) 745-2030. We are an equal 

opportunity employer. 

A Warner Communications Company 

Advanced IC 
Process 
Development 

Project Leader 

Our bipolar process development group is 
at the leading edge of technology. This Tek 
Labs group recently developed the production 
bipolar analog process used in the world's 
fastest oscilloscope (Teks 7104, 1 GHz scope). 
We are looking for a project leader to continue 
the push for greater performance and integration. 
If your background includes advanced bipolar 
device structures and process development, 
consider this opportunity with a respected 
company that has been developing high 
performance custom ICs for 14 years. 
Specifically, this position involves leading a 
team of engineers in the development of high 
frequency (multi-gigahertz), high density 
(tens of thousands of devices per chip), bipolar 
ICs utilizing such techniques as DSW, ion 
implantation and plasma technology. 

To discuss this unique opportunity, please 
call Gary Hecht toll free at (800) 547-1164 or 
send resume to Gary Hecht, MS Y6-010, 
Tektronix, Inc., P.O. Box 500, 0-28, Beaverton, 
Oregon 97077. 

An equal opportunity employer m/f/hc. 

Tëictronbc 
COMANTTE0 TO EXCELLENCE 

ENGINEERS 
Quality Control Industrial 

Maintenance/Instrumentation 

DESIGN 
Analog 

Software 
Test Equipment 
Salary ranges are $20-60,000. 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: TWT & Associates Inc., 3724 N. 
Mitthoefer Rd., Indianapolis, indiana 46236 

Digital 
Micro Processing 
Instrumentation 

SOUTH 8. SOUTHWEST POSITIONS 
Engineering and Management posi-
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees. Send resume or cat Bob 
Hogue. P.E (513) 658-3525. 

Soateeea 7£clute.-eae 
P.O. Box 33070, 

San Antonio, Texas 78233 

• ENGINEERS • 
• Project • Design 11 
$22,000-$40,000 

Product bkgd desired in tele-data 
communications, A T.E Software III 
Hardware computer systems Any of II these areas qualifies you for our subur-
ban NJ. NY. PA &CT and national client III companies This strong economy has 
created new technical positions. 

MI State-of-the-Art Engineers can look 
In forward to a 15%-20% salary increase 

with a new position National statistics 
show if you have been with your present 
company 3 yrs. to continue career 
growth, its time for a job change. In 

Call or send resume with salary history 
& geographical preference to JIm 
Mann. VP 

III "THE ENGINEERING PROS .. 
ARTHUR 

PERSONNEL CONSULTANTS II 
8 Forest Avenue 

Caldwell. NJ 07006 16 201/226-4555 
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Shed new light 
on the 
future. 

The Aero-
space Corporation is 
looking for one highly-
motivated individual to 
direct the coming chal-

lenges of the Lasers and Optics Department. 
As Department Head, you'll provide 

technical leadership to a program of research 
into laser communications, lidar, laser electronic 
applications, integrated opto-electronic devices 
and optically pumped far-infrared laser systems. 
This position offers an excellent salary — 
and benefits which include a three week vacation 
the first year, fully paid medical, dental and 
life insurance plans, full tuition reimbursement, 
a seven-year vesting retirement program and a 
tax deferred savings plan. 

You'll guide the efforts of 22 highly-
motivated individuals — professionals of the 
highest calibre, with the drive and freedom to 
think in daring new ways about some of the 
most pressing technological problems of our time. 

You should have a PhD in electrical 
engineering or applied physics (with concentra-
tion in quantum electronics and/or solidstate 
electronics), five years' experience as a super-
visor and / or project leader and high visibility 
resulting from technical publications in profes-
sional journals. 

And you'll be a part of the Aero-
space Corporation. A non-profit company which 
serves as a unique technical resource in the 
public interest. And whose sole product is 
ideas — for now and for the future. 

To apply, pleasP call (213) 648-7082. 
Or submit your resume to: M.A. Bohnet, Bldg. 
A6/2669, Dept. 00007, P.O. Box 92957, Los 
Angeles, CA 90009. 

The Aerospace Corporation 

Affirmative Action Employer M / F 
U. S. Citizenship Required 

ENGINEERS 
$20,000-$60,000 
Nationwide fee-paid opportunities 
in aerospace, defense electronics. 
weapon systems, microwave, com-
munication systems. 

• DIGITAL & ANALOG 
• MICROPROCESSOR 
• MARKETING 
• CONTROL 

Call collect or send resume to 
Glenn English. President. 

ean ElIGL1Sh Accna 
7840 Mission Center Court 

San Diego, CA 92108 
(714) 291-9220 

S.W. & SUNBELT 

• 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. robert 3bompson companies. inc. 
MUM Management II Employment Consultants 

1 II 2200 West Loop South. Surte 800 

Houston. Texas 77027 713/627 ,1940 

ELECTRONIC 

ENGINEERS 

Seeking a challenge? The Electronic Warfare 
Laboratory, a modern well equipped Govern-
ment laboratory located at Fort Monmouth NJ, 
is seeking recent ambitious college graduates as 
well as experienced Electronic Enginers interest-
ed in the application of state-of-the-art electron-
ics research and development to Military equip-
ment and systems. As one of this country's lead-
ing laboratories in the development of tech-
niques and equipments to detect, locate, identify 
and counter all types of electromagnetic systems, 
we are looking for personnel with training/expe-
rience in one or more of the following: 

• Electronic Countermeasures 
• Electronic Support Measures 
• Radar 
• Electro-Optics 
• Infrared 
• Communications Electronics 
• Signal Processing 
• Computer Software 

Salary up to $35K commensurate with qualifica-
tions. Opportunities for advancement to senior 
level professional and/or managerial positions 
with incentives for superior accomplishment. 
Liberal educational benefits. 
These are career positions in the Federal Ser-

vice. We also have student opportunities in the 
cooperative education and summer employment 
programs. US citizenship is required. 

Fort Monmouth, NJ is located close to Asbury 
Park, NJ and within 50 miles of New York City. 
Relocation costs will be paid. If interested, send 
a detailed resume and salary history to: 

Director, Electronic 

Warfare Laboratory 

ATTN: DELEW-DA 

Fort Monmouth, NJ 07703 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

*********************************t 
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International Maritime Satellite Organisation 
LONDON, ENGLAND 

The International Maritime Satellite Organisation is a new international organisation established for the purpose of improving maritime communications by the use of satellites, 

and which will operate on a commercial basis. 
We are now seeking to expand our small team of engineers in the Technical & Operations Division, and applications from professional engineers with skills in the satellite 

communications and operations areas are invited. 
In addition we seek applications from experienced data processing personnel to set up and operate a data processing unit. 
As a small but rapidly expanding organisation, INMARSAT offers scope for the individual to exercise considerable initiative and innovation. The terms and conditions of employ-

ment are designed to attract international recruited experts to London. 

OPERATIONS 
All positions require professional expertise in satellite communications and/ 

or international telecommunications. 

Operations Control Centre Manager 
Responsible for setting up the Operations Control Centre which will co-ordinate 
satellite systems in 3 ocean regions providing satellite communications to 
earth stations and ships worldwide. 7-10 years experience and demonstrated ability 
in operations, together with the ability to work accurately under pressure managing a 

team of engineers and technicians. 

Operations Control Centre Engineer 
Reporting to the Operations Control Centre Manager. Responsible for preparing 
master plans, scheduling tests and analysing data from earth stations relating to 
systems operations. 5-7 years practical experience required. 

Operations Engineer 
Reporting to the Operations Manager. Will be involved in the planning and the com-
mencement of operation of INMARSAT's satellite system and the installation of 
operational control facilities. 7-10 years practical experience required. 

COMMUNICATIONS (3 positions) 
Engineers with 5-10 years experience in some of the areas of expertise listed below 
are invited to join a small team with a broad range of responsibilities in the commu-

nications area. 

Satellite Communications Systems Engineering 
Experience in transmission engineering (including signal design, radio link impair-
ment analysis, telephony transmission planning, digital link synchronization). Expe-
rience in network design engineering (including traffic engineering, signalling system 

design, call routing and terrestrial interface design.). 

Communications Satellite Engineering 
Experience in satellite communications feasibility studies, knowledge of design and 
performance characteristics, knowledge of satellite procurement and/or testing. 

Earth Station Engineering 
Experience in development of standards for earth stations and evaluation of their 
performance, earth station design, marine electronics design and experience in ship 

radio testing. 

DATA PROCESSING 
A new section to be set up using standard 32 bit minicomputer facility. 

Data Processing Manager Data Processing Staff (2 positions) 
Responsible for initial installation of INMARSAT's computer Reporting to the Data Processing Manager, should be 

facility and management of data processing section. At familiar with business aplications of computer. At 
least 8 years experience in computer user applications, and least 5 years experience in data processing with abili-
3 years heading a data processing operation. Ability to iden- ty to develop data base using standard minicomputer 

tify the organization's information requirements and to software. 

manage a small data processing team. 

• INMARSAT 

e>' 
Further details can be obtained 

by submitting your resume in 

strict confidence to 
The Director General 

INMARSAT 

Market Towers 

1 Nine Elms Lane 

LONDON SW8 5NO 
Telex No: 264604 Telephone 
(collect): 01-7202266 

ENGINEERS: 
The Right Opportunities Are With 

Ford Aerospace in Houston, Today! 

THE RIGHT COMPANY: Ford 
Aerospace 8( Communications Cor-
poration is a leader in space informa-
tion systems. We were the principal 
company responsible for the develop-
ment, design, manufacture of equip-
ment, installation, and continued main-
tenance and operation of the Mission 
Control Center. 

THE RIGHT PROJECTS: We are in-
volved in some of the most challenging 
projects of our time including the Space 
Shuttle and NASA's Space Telescope. 

THE RIGHT LOCATION: We're just 
25 miles southeast of downtown 
Houston, a city with a vibrant economy, 
and we're minutes from beautiful lakes 
and the Gulf. And in Texas, there is no 
state income tax. 

Currently we have opportunities for the 
following engineers: 

COMMUNICATIONS 
ENGINEERS: For command and 
operations control center. Work in-
volves detail hardware design, system 
design and checkouts, and recon-
figuration. 

DIGITAL HARDWARE 
DESIGN ENGINEERS: For 
development of custom high speed 
data handling/processing equipment 
including telemetry equipment, micro-
processor control subsystems, digital 
video processing, and mini-computer 
system design. 

We also offer excellent salary and 
benefits package. So, if this sounds like 
the right opportunity for you, send your 
resume to John Brown, Ford Aero-
space 8( Communications Corpora-
tion, Dept. AJH, P.O. Box 58487, Houston, 
Texas 77058. (713) 488-1270. 

Ford Aerospace & 
Communications Corporation 
Space Information Systems Operation 

We are an equal opportunity employer. m/f 

INHERE 
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 low (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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Computer Professionals Hardware/Software 

At General Electric we're 
using computers in ways 
no one thought of before. 

Creating new applications of technology. 

Applying it to GE products, businesses, operations 
and services. 

Few other corporations are involved in programs 
of such breadth and diversity. 

Our commitment to computerization has already 
made GE one of the world's largest' users of 
computer technology. And this commitment 
continues to expand. 

The computerization of GE has scored notable 
successes in a wide range of areas: 

medical care...transportation...aircraft 
engines ... spacecraft... electronic 
controls...process automation...mobile 
communications... energy... computer aided 
design and manufacturing...automated 
assembly... industrial robots... information 
processing...financial services...optical 
scanning...automated testing equipment 

...and this barely hints at our scope. 

CAREER OPPORTUNITIES 
at many U.S. locations are steadily being 
created for degreed computer hardware and 
software professionals with virtually every 
type of experience. 

Access these now. Send one resume to: 
Roger T. Sobkowiak, Manager 
Computer Manpower Development 
Bldg. 30EE, Room 78B 
1285 Boston Avenue 
Bridgeport, CT 06602 

An Equal Opportunity Employer 

Applying computers to make our most important product: Progress 

GENERAL ELECTRIC 
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Published by Electronics magazine... 

Books of special interest 
to our readers 

Applying Miçroprocessors 

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. 

miatope esimeNQ 

New hardware, 
software and 
applications 

design 
tecln 

fOR eleCle" 
engineefes 

B9ctrones. 
ë,o-ok 

MicToolectleres.....„ 
Inteproccooleincee.cno9... 

TO 
TO 

OTCI 

aRcei;:5'  

cCIIRKUcuiltsiS 
aRCuits 
CIRCurls 
aRcuts 
fort eiectRonics 
engineeRS 
,≥nqineekb 
,e)gineeRS 
,?ngineeRS 
engneeRS 
--,1-KjineeRs BeCtinnie 

Peeed 

KeeNCee 

Ond 

t)n ' 

eedxceee. 
ibcksenes 

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! 

memory 
design 
memory 
design 

memory design. 
MlatiOCOMPUTERS 
ln MAINFRAMES 

• ,TlerflOf y 

esscpes 

'mime 

ariceitetnecessors 
Micr 1y 

rs 

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. 

R  -

Price 

R-

R-

R-

R  -

Total 

Name 

Title 

Company 

Street/P.O. address 

City/state/zip 

0 Payment enclosed (payment must accompany orders under $25) 
0 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 
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DID YOU 
KNOW? 
When you need 
special magnet 
fabrication, 

PERMAG 
HAS THE 
ANSWER! 
...PERMAG grinds, cuts and 
fabricates all of its products 
to your needs. PERMAG's 
special equipment can make 
countless kinds of modifica-
tions on all kinds of mag-
netic materials, precisely and 
promptly. Close tolerances 
are our specialty. Our 9 
modern plants are stocked, 
staffed and equipped to meet 
your every requirement. 

"In Me magnetic held. PERMAG o. Na. 1" 

ALL ACROSS THE COUNTRY 

NEW YORK • BOSTON • ATLANTA • TOLEDO 

CHICAGO • DALLAS • LDS ANGELES • SAN FRANCISCO 

MINNEAPOLIS/ST. PAUL 

Consult VeII.s Pag.•s fo • address & phone number of PERMAG des , you 

Circle 152 on reader service card 

TWICE the I/O (and more) 
on a single STD BUS card. 

From simple input/output to automatic pulse genera-
tion or unattended event counting, this new pro-
grammable I/O / timer / counter board will save you 
time, money and space in almost any application. 
The V10-8 board features: 

A_mur. 
• Eight programmable I/O 
ports 

• Four 16-bit self reloading 
timers 
• Four 16-bit event counters 
• Four programmable shift 
registers 
• Programmable interrupts 
• Switch selectable ad-
dressing 
• Easy-to-use output con-
nectors 
• 65/6800 STD BUS compat-

ibility 
• Single 5V supply operation 

With its on-board t:mers, counters, and twice the I/O 
of other STD BUS programmable I/O boards, it's hard 
tc believe the $199 price Try one in your next project. 

FORETHOUGHT 
PRODUCTS 

87070 Dukhobe Rd., Eugene. Oregon 97402 (503) 485-8575 

parts for 
printers 
and 

disc drives 
BMC can offer a full line of custom processes 
and parts for all kinds of computer line print-
ers, including both standard and custom de-
signed items. They include: 

• daisy print wheels 

• continuous print bands 

• encoders 

• timing devices 

• flexible circuits 

If you're looking for fast-turnaround service 
on precision parts, consider BMC. Buckbee-
Mears is an established supplier of stamped, 
etched and electroformed parts, flexible cir-
cuitry, digitizer boards and perforated metal 
parts. Our capabilities include computerized 
design and artwork production as well as vol-
ume manufacturing capacity. Call for more 
information. (612) 228-6302 

BMC. .to be precise! 

BUCK131-;E-N1VARS CONIPANY bMC 
Precision Components Group 

MICRO PRODUCTS DIVISION 
245 EAST SIXTH ST . ST PAUL. MN 55101 

Circle 154 on reader service card Circle 155 on reader service card 345 



The NEW 
Electronics 
Buyers' Guide 

is now available! 

Completely new 
listings of catalogs, new 
phone numbers, new 
addresses, new 
manufacturers, sales 
reps, and distributors! 
The total market in a book 
—four directories in one! 

— — — 
= 

re. k 

The only book of its kind in the field. 

If you haven't got it, you're not in the 
market. 

To insure prompt delivery enclose 
your check with the coupon now. 

Yes, please send me copies of 1980 EBG. 
CI I've enclosed $30 per copy delivered in USA or Canada. 
Address: EBG, 1221 Avenue of the Americas, New York, N.Y. 10020. 

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

Name 

Company 

Street 

City 

State Zip Country 

Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire Blvd., 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 Stien 
100 Colony Square, 1175 Peachtree St., N.E. 
[404] 892-2868 
Boston, Mass. 02118: Frank Mitchell 
Paul F. McPherson, Jr. 
607 Boylston St., [617] 262-1160 
Cleveland, Ohio 44113: William J. Boyle 
[716] 248-5620 
Fort Lauderdale, Fla. 33308: Peter Sties 
3000 N.E. 30th Place, Suite #400 
[305] 563-9111 
New York, N.Y. 10020 
1221 Avenue of the Americas 
John Gallie [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, III. 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 
[303] 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 
Sen Francisco, Calif. 94111: Don Farris, 
Larry Goldstein, 425 Battery Street, 
[415] 362-4600 

Paris: 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 Silvera 
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 Sal jo 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 
[212] 997-2044 
Karen Walpole 
Production Assistant 
[212] 997-2843 
Frances Ilallone 
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 
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MaMIL 

FASTEST HIGH-VOLUME EPROM ERASING! 
WITH RELIABLE _gPEcr---- SYSTEMS 

near' 
Whether you're erasing one EPROM chip or a thousand, you'll want the 

latest and most advanced UV erasing system available. We are 
- proud to Introduce the four latest additions to our Spectroline -  

family of EPROM erasers. The new PC-1100, PC-2200, PC-3300, 
• and PC-4400 cabinets will erase between 72 and 288 chips, 

and are specially designed to accept wafers, modules, 
boards and even open-face stocking tubes! 

tereeee''' 
4•10`7, 

-r 

System 
Auto. Timer 
' Shut-Off 

Chip Erasing 
Capacity Price 

PE-14 No 6 S 78.50 
PE-147 Yes 6 108.50 
PE-247 Yes 9 154.50 
PL-265T Yes 20 225.00 
PR-125T Yes 16 339.00 
PR-320T Yes 36 549.00 
PC-1000 Yes 72 1,050.00 
PC-1100 Yes 72 1,050.00 
PC-2000 Yes 144 1,795.00 
PC-2200 Yes 144 1,795.00 
PC-3300 Yes 216 2,550.00 
PC-4400 Yes 288 3,295.00 

These large capacity cabinets are the fastest erasing units 
available, each capable of providing complete erasure of 
chips in less than 6 minutes! In addition, every unit is 
equipped with a safety interlock mechanism to protect 
against accidental exposure to hazardous short wave 
ultraviolet. A 60-minute timer is provided for automatic 
shut-off of the erasers. 

So come to Spectronics Corporation...the world's largest 
manufacturer of EPROM-erasing UV equipment! Write or 
call us today for more information on all 12 models In our 
product line and for the name of your local authorized 
stocking distributor. 

ri SPECTRONICS CORPORATION 
956 Brush Hollow Road, P.O. Box 483 
Westbury, New York 11590 
(Tel.) 516-333-4840 • (TWX) 510 222 5877 

THE UP 
MEMORY 
• For program loading, 

diagnostics, PROM 
emulation 

• Over 1 megabits, 2.4K 
Baud rate, 4.8K optional 

• Includes all read/write 
and motion electronics 

• Power 1 Watt @ 5VDC, 
TTL I/O 

Model CM-600 MInI-Dek8 

BRAEMAR 
COMPUTER 
I DEVICES, INC. 

11950 TWELFTH AVENUE SOUTH 
BURNSVILLE, MINNESOTA 55337 
(612) 890-5135 
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if we told you 
it wasn't 
GREAT 

The C-90 Memorase EPROM Erasing System. 

Erases King-size jobs of up to 600 Eproms in less than 
7 minutes. Like all Memorase - Systems, the C-90 has speed, 
reliability and outstanding performance built right in, plus 
nearly 50 years of UV experience and technology from the 
Industry's leader — Ultra-Violet Products, Inc. 

UVP light sources are fabricated from the purest available 
quartz under strict clean-room conditions. All are crystal-
clear and contamination-free which maximizes lamp output. 
Smooth, uniform fusions add durability and strength. Strong, 
even illumination is achieved without destructive hot spots. 

The C-91 Memorase EPROM Erasing System. 

Designed for Cub-sized jobs up to 96 Eproms, this system 
delivers the same performance and reliability of the C-90 
Memorase , only on a smaller scale. 

apollcabon problems , Call Jarme Matter 

10,4 VI I I/41 IIÀ IA I r//:al rI I 'I' 

The source of Ultra-Violet  

ULTRA-VIOLET PRODUCTS, INC. Eg35100 WALNUT GROVE AVE. SAN GABRIEL. CALIFORNIA 91 7 '-

TELEPHONE (213)285-3123 

SIMMS 
&SPAM 

We stand out in standoffs 
and spacers, both 
regular and hinged. Not 
to mention our complete 
line of electronic 
components. 

To give you an idea of how we 
cover you: In standoffs and 
spacers alone, we carry over 
300 assorted sizes and styles. 
Aluminum, brass and 
phenolic, tapped or thru-hole 
for all thread sizes. We have 
them for every possible 
application. 

HINGED RES 
In hinged standoffs we have a 
variety of sizes. Ideal for P.C. 
Boards and Terminal Boards, 
to give you easy access for 
testing and faster main-
tenance. The applications are 
unlimited and time saving. You 
cut the cost of servicing your 
equipment and interconnect 
circuits without danger of shorting. 

So, whatever you want, the 
odds are we have it — 
catalogued for your quick 
and easy selection. And for 
immediate delivery from stock. 
What we do not catalog, we 
can design and make for you 
in any size or material... 
(There's no charge for our 
engineering service.) We do 
everything ourselves, both 
designing and manufacturing. 
All of which makes for high 
quality and low prices. 

Ask for our new 3 color easy-to-read 

81/2" x 11" Engineering Wall Chart. It's Free! 

NEW FREE CATALOG ON REQUEST 

K leS-1-C) I\1 IE 
ELECTRONICS CORP. 

TWX 710-581-2861 CABLE-KEYELCO 

49 BLEECKER STREET, NEW YORK, N.Y. 10012 212-475-46110 
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Bectronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions & Renewals 

Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 

r MIS ISM MS Nei OM MY Mal WY Ye kikel Mall Willi Mill MY hi» MI Mali WI Ye MI ilk 

This reader service card expires April 13, 1981 Electronics January 13, 1981 
NAME  TITLE   

PHONE (     COMPANY  

STREET ADDRESS (Company 0 or home 0 check one)   

CITY  COUNTRY  
Was This Magazine Personally Addressed to You' 0 Yes 0 No 
Industry classification (check one): 
a 0 Computer & Related Equipment e D Test & Measuring Equipment 
b El Communications Equipment & Systems f D Consumer Products 
c CI Navigation, Guidance or Control Systems g D Industrial Controls & Equipment 
d D Aerospace, Underseas Ground Support h D Components & Subassemblies 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
X D I do electronic design or development engineering work. t D Management 
y D t supervise electronic design or development engineering work. Engineering 
z D I set standards for, or evaluate electronic components, systems and materials. 

u 
N 

1 

E 

E 

1 

1 

8 Source of Inquiry—All Other INT'L. 
j D Independent R&D Organizations 
k D Government 

Estimate number of employees at this location: 1. D under 20 2. E 20-99 3. D 100-999 4. D over 1000 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 

2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 

3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 

4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 

5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 

6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 

8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 
10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 

11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 t197 702 717 960 
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Your design function (check each letter that applies): Your principal job responsibility (check one) 
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y D I supervise electronic design or development engineering work. y D Engineering 
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Bectronics 
Reader Service 

If the cards below have already been used, 

you may obtain the needed information 

by writing directly to the manufacturer, 

or by sending your name and address, 

plus the Reader Service number and issue date, 

•to Electronics Reader Service Department, 

P.O. Box No. 2530, Clinton, Iowa 52734, U.S.A. 

• Ma WM Mal Ma WM MR RIM MN UM NM MI MI MI Ma Ma MR Mil NM Ma 

Place correct airmail 

postage here ... for 
faster service 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 

U.S.A. 

MI MBE laM IBM BM 

Place correct airmail 

postage here ... for 
faster service. 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 

U.S.A. 



Wherever you need 
100 Watts of RF power 

from 10kHz to 400MHz... 

ENI ha 
Imagine the tremendous versatility 
you could enjoy with the extremely 

wide coverage of just these two 
broadband power amplifiers. 

The ENI 5100L spans the frequency 
range of1.5 to 400 MHz with a Class 
A linear output rating of100 Watts 

anda flat 50 dB gain. And it will de-

liver 200 Watts from 1.5 to 200 MHz. 

The ENI 2100L covers the range from 

10 kHz to12 MHz with a Class A linear 
output of more than100 Watts. And it, 
too, can deliver 200 Watts over much 
of its useful frequency range. 

vered. 

Both units are solid state. Both ,units 
are unbelievably rugged. Uncondition-
ally stable. Will not oscillate for any 

conditions of load or source imped-

E NI 

ance. And will withstand all mis-

matched loads including short and 
open circuits. 

Now there's no need to buy a whole 
expensive spread of individual units. 

With just these two portable ampli-

fiers, you can work on an almost 

infinite range of applications. If it's 
100 Watts... ENI has it covered! 

For more irformation, a demonstra-
tion, or a full line catalog, please 

contact us at ENI, 3000 Winton Road 

South, Rochester, NY 14623. Call 716/ 
473-6900, or telex 97-8283 EM ROC. 

The advanced design line of RF power amplifiers 

ENI products available through ENI Rower Systems, Ltd., 23 Old Park Road, Hitchin, Hertfordshire, England SG52JS, Tel: Hitchin 51711, TELEX 825153 
ENI UK G. And: AUSTRALIA: Elmeasco Instruments Pty Ltd., Concord N.S.W. Australia, Tel: 939-7944 BELGIUM: Regulation-Mesure S.PR.L., 1150 Brussels, 
Belgium, Tel: 771.20.20 DENMARK: Instrutek, 8700 Horsens, tel: 05-611100 EGYPT: Electronic Precision Instrument Co., P.O. Box 1262, Cairo, Arab Republic 

of Egypt, Tel 860819 FRANCE: Comsatec, 92300 Levallois-Perret, France, Tel 75859.10 GERMANY, AUSTRIA: Kontron Elektronik GmbH, 8057 
Eching/Munich 1, Germany, Tel. 89-3188-1 ISRAEL: RDT Electronics Engineering Ltd., Tel Aviv 61210, Israel, Tel 483211-5 ITALY: Vianello S.p.A., 1-20121 Milano, 
Italy, Tel: 34.52.071 JAPAN: Astech Corporation, Shinjuku-ku, Tokyo 160, Japan, Tel: Tokyo 343-0601 NETHERLANDS: Koning en Hartman Elektrotechniek 

B.V, The Hague 2040, Netherlands, Tel: 70-678380 SOUTH AFRICA: Associated Electronics (Pty), Ltd, Johannesburg, South Africa, Tel: 724-5396 
SWEDEN: Saven AB, S-I8500 Vaxholm, Sweden, Tel 0764/31580 SWITZERLAND: Kontron Electronic AG, 8048 Zurich, Switzerland, Tel: 01 62 82 82 

UNITED KINGDOM: Dale Electrontcs„Ltd Frimley Green, Camberley, Surrey, England, Tel. Deepcut (025161 5094 
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Shugart Associates is the first name in 
low-cost, high quality disk drives. And 
now, Hamilton/Avnet stocks the complete 
Shugart line including the field-proven 
SA1000 Series of 8-inch fiikdd disk drives 
in 5.3 and 10.7Mb versions. . 
The Shugart drives run the gamut of 

application requirements — from the 
SA400/450 5%-inch single- and double-
sided Minifloppies'", to the SA801R/851R 
8-inch single- and double-sided floppies, 
to the 14.5Mb and 29Mb SA4000 14-inch 
Winchester drives. 

Because Shugart designs and builds 
its own floppy read/write heads arid 
actuators and controls other key technol-
ogies, they can insure high reliability and 
uninterrupted volume production. So you 
can depend on the utmost in performance 
and consistent availability. 
The complete works of Shugart — in 

stock now at Hamilton/Avnet. Call any of 
our 42 locations today for immediate 
processing of your order and same-day 
shipment. 

SHUGAFtT FROM HAMILTON/AVNET 
World's largest local distributor with 42 locations stocking the world's finest lines of system components 

SOUTHERN CALIFORNIA 
Avnet. L.A (211 558-2345 
Avnet, 0.C. (714 754-6111 
Hamilton. L.A. ( 13) 558-2121 
Hamilton, 0.C. (714) 641.1'00 
SOUTHWEST 
San Diego (714) 571-751C 
Phoenix (602) 275-7851 
NORTHWEST 
San Francisco (408)L43-3355 
Portland (593) 635-8831 
Seattle (206) 453-9344 

ROCKY MOUNTAIN 
Salt Lake City (801) (172-2800 
Denver (303) 779-999d 
Albuquerque (505) 765-1500 
NORTH CENTRAL 
Chicago (312) 678-6310 
Minneapolis (612) 941-3801 
Milwaukee (414) 7844510 
SOUTH CENTRAL 
Dallas (214) 659-4111 
Houston (713) 780-1771 
Austin (512) 837-8911 

MID CENTRAL 
Kansas City «(913) 888-8900 
St. Louis (314) 344-1200 
GREAT LAKES 
Cleveland (2161_831-3500 
Dayton (5131 433-0610 
Detroit (3131 522-4700 
Indianapolis (317) 844-9333 
NORTHEAST 
Boston 1617i 273-7500 
Syracuse (315) 437-2641 
Rochester (716) 475-9130 

METROPOLITAN 
Long Island (516j 454-6060 
Connecticut (203 797-2800 
N. New Jersey ( 01) 575-3390 
MID ATLANTIC 
Baltimore 1301) 995-3500 
S. New Jersey A609) 424-0100 
Raleigh (919) 829-8030 
CANADA 
Toronto (416) 677-7432 
Montreal • (514)131-6443 
Ottawa (613) U6-1700 

SOUTHEAST CENTRAL 
Atlanta (404) 447-7507 
Huntsville (205) 837-7210 
SOUTHEAST 
St. Petersburg (813) 576-3930 
Miami (3051 971-2900 
INTERNATIONAL 
Telex 66-4329 
Telephone (213) 558-2441 
JAPAN 
Tokyo (03) 662-9911 
Osaka (06) 533-5855 
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