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Datacraft makes memories 
that eliminate all transformers 
Datacraft makes memories 
that eliminate all intercard hardwiring 
Datacraft makes memories 
that eliminate risers 
Datacraft makes memories 
that eliminate drive currents betw en ca 

Now, do you sincerely believe you can miss calling Datacraft ? 

cal113051974-1700 
Or if you like, write for our brochure, " Inside the DC- 38: 
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Introducing "touch 8i see"swept impedance 
measurement. 

Now the "do-everything" RF test system 
does even more. 

ust add our new impedance probe 
to the HP 8407A Network Analyzer, and 
you can measure complex impedance of 
circuits, coax systems, discrete components. 
View impedance excursions over the wide 
range from 0.10 to 10KS-2 as you sweep 
between 500 kHz and 110 MHz. 

The HP 8407A Network Analyzer 
itself makes comprehensive swept RF 
measurements quickly, and with high 
accuracy. You see important characteristics 
like gain/loss, phase shift, voltage and 
current transfer functions, group delay, 
impedance, return loss and S-parameters. 
Dynamic range is greater than 100 dB, yet 
you can resolve 0.05 dB. It has 360' phase 
range with 0.2' resolution. 

The 8407A Network Analyzer with 
the 8412A Phase-Magnitude Display costs 
$4525. The new impedance probe (Model 
11655A) costs $750. Other accessory 
kits for -circuit probing and for general 
measurements in coaxial systems are also 
available, priced from $325 to $ 500. 

To learn more about how our 
"do-everything" network analyzer can 
help you in design and production test 
applications, call your field engineer or 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland. 

HEWLETT h PACKARD 

04112 

NETWORK ANALYZERS 
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Introducing the 3-speed FFT Signal Analyzer. 

So many different uses have been 
found for our signal analyzers that 
we've come up with three new models 
to cope with different needs. 

We think our new system and Fast 
Fourier Transforms Processors rep-
resent a significant step forward in the 
analysis of mechanical and structural 
vibrations, environmental stress, sonar 
and other acoustical studies. They can 
even be used for preventive maintenance 
and "listening" for oil. 

First gear: the new HP 5451A  
Fourier Analyzer. This complete, push-
button system is faster than our earlier 
versions, taking only one second to 
perform a 1024-point transform. We've 
extended its dynamic range to 80 dB 
for both power and voltage spectrums. 
So you don't miss those buried weak sig-
nals any more. Complete, ready-to-use 
software is furnished with the system 
but special user-written software can be 
easily added. On-site installation and a 

Circle 2 on reader service card 

comprehensive training program are 
included. Yet with all these advantages, 
the $ 35,000 price tag is much lower than 
any comparable system on the market. 

Second  gear: the new HP 5471A  
FFT Arithmetic Unit. Plug it right 
inside our Fourier Analyzer's computer 
and you get a 1024-point transform in 
160 milliseconds with no change in 
operation. The new FFT AU can also 
be used simply as an additional 
arithmetic unit in any HP computer 
to perform fast Fourier transforms of 
up to 2048 points. And it will only 
set you back $4500. 

Third  gear: the new HP 5470A Fast  
Fourier Processor.Add it to any of our 
analyzers and it gives you I transform 
time of 15 milliseconds, letting you 
carry out continuous real-time power 
spectrum analysis up to 20 kHz. Mul-
tiple 5470's can be used for even greater 
increases in speed. It handles complex 
block arithmetic including multiplica-

tion, conjugate multiplication, addition, 
block scaling and HANNING, in 
addition to the Fourier transform. 

The processor's self-contained 
memory allows parallel processing in the 
computer and the processor for 
faster analysis speeds. Options include 
transform sizes to 4096 points, and an 
8K memory instead of the standard 4K. 
The cost: $ 25,000. 

We'd like to show you all these new 
refinements. If you'd like to see them, 
call in your local HP representative. 
Or write for complete information to 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

02110 

HEWLETT PACKARD 

SIGNAL ANALYZERS 
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W ashington Commentary—that's 
the title of the new department 

we've inaugurated this issue. It's 
aimed at giving you the perspective 
and behind-the-scenes details to 
better understand the way things 
are going in the capital—and how 
they affect what's going to happen 
in our industries. 

Writing Washington Commen-
tary is Ray Connolly, our Washing-
ton bureau manager. A veteran 
newspaperman, Ray has covered 
the nation's capital for six years, the 
last three of those years for Elec-
tronics. A.cannier and more knowl-
edgeable commentator would be 
hard to find. 
The first commentary, on page 38, 

delves into the reasons and results 
of David Packard's resignation as 
deputy secretary of defense. Ray is 
just the man for that analysis, hav-
ing interviewed Packard a number 
of times since his arrival in the Ad-
ministration 35 months ago and 
having carefully reported his activi-
ties in the Pentagon. 

T he end of the year is traditionally 
the time for summing up. And it 

has become a tradition here at Elec-
tronics to bring you a triple-bar-
relled end-of-the-year summation of 
where the key electronics markets 
are headed. We've already covered 
Japan. This issue we feature Eu-
rope. The next is devoted to the 
U. S. 
To produce this year's West Eu-

rope special report (see page 87), we 
sent a group of one dozen reporters 
and researchers into action in 11 
countries. In addition to our own 
four overseas staffers, we had the 
help of eight reporters from 
McGraw-Hill World News, which 

maintains a worldwide stable of 
business journalists. 
Arthur Erikson, our Paris-based 

Managing Editor. International, 
coordinated both the country-by-
country survey and the writing of 
the report. 

"Until you've been involved on a 
deep-research project like this," 
Erikson writes, "you can hardly be-
lieve how much work is invested in 
it. As a rough estimate, I'd say that 
at least 30 man-weeks went into the 
interviewing to gather the data for 
the charts and the text. 
"And a good part of the toil was 

logged by our European Special 
Projects man, Oliver Ball, who 
scouted up inputs in 10 countries for 
the forecasts that go to make up the 
charts. We analyzed the mass of raw 
data to codify the inputs and devel-
oped some 3,200 consensus esti-
mates to describe the West Euro-
pean market." 

This is the seventh year we've 
done the job and the contributors 
are veteran reporters in their geo-
graphic areas, making the report, we 
feel, more authoritative than ever 
before. 
The credits: Electronics' own field 

men John Gosch (West Germany) 
and Mike Payne (Great Britain): 
World Newsmen Mike Johnson 
(France), Andrew Heath (Italy). 
Robert Skole (Sweden), James 
Smith (Holland and Belgium), 
Dominic Curcio (Spain), Laura Pi-
larski (Switzerland), John Heaslip 
(Denmark), and Haakan Boerde 
(Norway). 
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what's a BIPOLAR power supply? 

FOLLOW A VOLTAGE 

The world is full of power 

supplies that can do this: that can do this: 

• E 

E 

E 

E 

Even programmable ones 

Time 

Up to 

IV fp sec 

T line 

E„ 

Or this: 

E Up to 

kHz 

O 
Time 

Only a BIPOLAR OPERATIONAL POWER supply (we call 'em BOP) will let you do things like this: 

Up I u 
IV gSet 

\ No 
Glitch 
Through 
Zero 

/ A Biased 
Waveform 

V 

Symmetrical 
Waveforms 

LTo 30 EH,. 

1 

Tune 

We make a bunch of different BOP's: 

+15V to - 15V @ 20 amperes 

+36V to - 36V @ 1.5 amperes 

+36V to - 36V @ 5.0 amperes 

+72V to - 72V @ 1.5 amperes 

+72V to - 72V @ 5.0 amperes 

The ±36V BOP's are illustrated in metered 
and modular styles. 

The ±-15V and both ±-72V models are double 
width and rack- mount without adapters. 

The "OPERATIONAL" part of the BOP means that you use 'em like giant OP-Amps: 

SCALE OR AMPLIFY SUM OR SUBTRACT INTEGRATE 

CONTROL A CURRENT 
BI-DIRECTIONALLY 

If you think you can use one of our BOP's, call us 
for complete specifications, or write Dept. EC- 14 

OR WHATEVER 

OUT 

KE PC08 
KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 • (212) 461-7000 • TWX 710-582-2631 • Cable: KEPCOPOWER NEWYORK 

Electronics/December 20, 1971 Circle 5 on reader service card 5 



NEFF 11131111 

A highly reliable solid state high frequency transmitter — 'build 
it in the field'. 
Hermes Electronics Limited manufacturers a 100W Broadband 
linear amplifier which replaces tubes in power output stages. 
The 100W modules may be used singly or in groups to provide 
power output levels from 100 watts to many kilowatts. The 
amplifier has interface compatibility with the transmitter used 
in the majority of MANPACK systems, and with most mobile, 
airborne and fixed ground transmitter exciters. 
It covers the frequency range 2MHz to 32 MHz and in combina-
tion can achieve power outputs to 5KW. 
* unique cooling system gives high reliability under adverse 

conditions 
* constructed for vehicular use 
* embodies overload protection 
Hermes Electronics Limited can plug you into a wide range of 
HF equipment. 

ASK US 

Hermes Electronics Limited 
Suite 315 
2020 F. St., N.W. 
Washington, D.C. 20006 

Telephone 202 296 2978 
TWX 710 822 1106 

Readers comment 

Correct operation 

To the Editor: in my Designer's 
Casebook, "Comparator logic limits 
switching regulator current" [Nov. 
8, p. 79], there were a few errors. 
The inductor between DI and Q1 
should be 0.1 millihenry, not 0.1 mi-
crohenry. And the note "integrate 
pulse to get triangle" refers to the 
0.1-microfarad capacitor in the 
lower righthand corner of the draw-
ing. Finally, the switching points on 
the triangular wave should be oppo-
site each other, one on the rising leg 
and the other on the falling. 

Robert S. 011a 
National Semiconductor Corp. 

Santa Clara, Calif. 

Figure of merit 

I o the editor: I was interested in 
your summary of R.W. Keyes' con-
clusions regarding the eventual limi-
tations on computing speeds and 
performance imposed by heat dissi-
pation [Oct. II. p. 341. Two years 
ago, at the International Electron 
Devices Meeting, I reported identi-
cal conclusions, but in terms not 
simply of ultimate speeds, but of a 
more interesting quantity—how 
much computing capability a dol-
lar's worth of hardware will buy. I 
show that this figure of merit de-
pends on the power-delay product 
of the switching device, which, for 
semiconductor devices, appears to 
bottom out at about a few pico-
joules per bit. Only by lowering this 
can performance be improved. 

T. P. Brody 
Westinghouse Electric Corp. 

Pittsburgh, Pa. 

Mistaken acronyms 
To the Editor: Regarding the LEAA 
guidebook "Police Telecommu-
nication" [Nov. 8, p. 51], the follow-
ing may be helpful to your readers. 
The book is obtainable for $4.75 a 
copy from the Superintendent of 
Documents, U.S. Government 
Printing Office, Washington, D.C. 
20402. It was written by the IIT Re-
search Institute, Chicago. Ill. We are 
a part of the Illinois Institute of 
Technology, and not International 
Telephone and Telegraph Corp. 

B. Ebstein 
¡IT Research Institute 

Chicago, Ill. 
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We guarantee 
better performance and 

reliability at 3GHz 

co 

o 
cl 

Is 2N5596 
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GOLD METALIZATION 

MORE RUGGEDNESS 

MORE GAIN 

MRA 
2630-5 

2N6196 

• 2N6195 

• 2N6194 

3 GHz 4 GHz 

lto3GHz 

If you work with telemetry, ECM, phased arrays, 
navigational aids or radio relay applications up to 
20- watt outputs to 3 GHz, TRW microwave power 
transistors will beat all corners. In a properly tuned 
circuit, you'll get better performance, more rugged-
ness and reliability out of our transistors than any 
others. And we guarantee you will. Period. 

If you're in the designing stage of such applications, 
go a step further— with TRW MtCroAMPs. Disguised 

as transistors, they're actually amplifiers featuring 
outstanding reliability, broader bandwidth capability, 

easily matched 50-ohm input and overdrive rugged-
ness. And because MICroAMPs have half the thermal 
impedance ( 9i-c) of classic discrete devices, chip 
temperatures are much lower. 

If you work in the lofty frequency range up to 3 GHz 
get guaranteed performance— get TRW microwave 
power transistors and MICroAMPs. Call toll-free at 
(800) 421-2061 for immediate delivery. ( In California 
call collect at (213) 679-4561, ext. 455.) Or write TRW 
Electronic Components, Semiconductor Division, 
14520 Aviation Blvd., Lawndale, California 90260. 

TRW® 
SEMICONDUCTORS 
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How To Solve Your Power 
Supply Problem In 24 Hours 

...- r -
,e-..• - 

\ 
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., 

400 Aze to DC 28 VDC to DC 
Model W15D Model C28D 

Size 21/2 " x 31/2 " x 31/2 " Size 23/4 " x 31/s" x 35/8" 
Output 15 VDC at 2.5 amps Output 28 VDC at 1.8 amps 

o- 

I I 

irilr e.11 I I I 
u 

DC to 4004c,w r- 60 ete to DC 
Model S3D Model R5S 

Size 23/4 " x 3" x 4" Size 61/2 " x 4" x 71/2 " 
Output 115 VAC at 30 VA Output 5 VDC at 5 amps 

Abbott has four new lines of hi-perform-
ance power supply modules. Most of the 
popular voltages are carried in stock for 
shipment within 24 hours from receipt of 
order. All types of converters are available 
with any output voltage you need from 5 
to 3,500 VDC—and DC to 4(10 Hz in-
verters, with either 1 o or 3 o outputs. 

400 Hz to DC 
Designed especially for 400 Hz input, these 
hi-performance converters feature close 
regulation (±0.(57), low ripple (0.027), 
automatic short circuit protection, com-
plementary overvoltage protection and 
will meet the eletromagnetic interference 
requirements of NIIL-STD-461. Popular 
sizes are in stock for immediate delivery. 

DC to 400 Hz 
These. small lightweight inverters change 
28 VDC to 115 Volts 400 Hertz at operat-
ing temperatures of 100°C at base plate. 
Six power ratings between :3 and 120 

watts are available as well as frequencies 
of 400, 800, 1200 or 1600 Hertz and 115 
or 27 volts output. Popular sizes are in 
stock for immediate delivery. 

28 VDC to DC 
These hi-pertonnanee converters change 
28 VDC to any voltage between 5 and 
100 VDC. They feature close regulation 
(±0.057), low peak to peak ripple of 
less than 50 millivolts and electromag-
netic interference protection to meet the 
requirements of MIL-STD-461. Popular 
voltages are in stock for immediate delivery. 

60 Hz to DC 
Highly dependable, these convection 
cooled power supplies have output volt-
ages from 5 to 100 VDC. They feature 
close regulation ( -±-0.057), low ripple 
(0.027), operation at 100°F ambient and 
minimum size and weight. Popular volt-
ages are in stock for immediate delivery. 

Please see pages 930 to 949 of your 1970-71 EEM ( ELECTRONIC ENGINEERS MASTER Catalog) 
for complete information on Abbott modules. 

Send for our new 68 page FREE catalog. 

abbott transistor 

LABORATORIES, 
5200 W. Jefferson Blvd. Los Angeles 90016 

(213) 936-8185 Cable ABTLABS 

INCORPORATED 
1224 Anderson Ave. Fort Lee, N.J. 07024 

(201) 224-6900 

40 years ago 
From the pages ot Electronics, December 1931 

New tubes are being developed. 
New circuits are being invented and 
applied. New services are being put 
onto existing wire networks. New 
electrical principles are being ap-
plied for familiar uses. Ease of tun-
ing is being improved. Sound 
recording has been radically altered 
on disks and film. New converters 
and inverters give new flexibility of 
appliances and circuits. The exquis-
ite mechanics of the electron itself is 
being harnessed for everyday serv-
ice. And even the citadel of the 
atom and its positive nucleus are 
being hammered and now bid fair 
to crack—with what undreamt elec-
tronic results! 

The number of radio receivers in 
Europe seems to keep pace with the 
number in the United States, In 
1929, the number in use in Europe 
was roughly 11,000,000, in the 
United States and Canada slightly 
less, in 1930 the numbers were 
about the same, and in 1931, the 
number of receivers in use in Eu-
rope was 13,000,000 roughly. 

Radio has never taken seriously the 
threat that music might, someday, 
come into the home by means other 
than through "the air." Telephone 
wires are in telephone service only 
18 minutes of the day; systems are 
ready by which programs of high-
grade music could go over the same 
conductors. A system is ready for in-
stallation for transmitting several 
music channels over power wires. 

Already announced is a phono-
graph record that will play for 15 
minutes, or 30 minutes if turned 
over once. There need be no talk on 
them. Fidelity and volume range 
can be vastly better than the aver-
age radio set can interpret. 

By a close decision of three to two, 
the Radio Commission has denied 
the application of the Columbia 
Broadcasting System to install a 
250-watt booster station in Wash-
ington, D.C., to be synchronized to 
the clear channel of WABC, its New 
York key. The station was sought as 
an experiment on feasibility of com-
mon frequency operation. 
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counters with innovation 

A year and a half ago we introduced the best universal 
counter/timer available on the market ... the 8000. Now we 
have made it even better in the 8000B, by providing the user 
with increased flexibility through the use of more optional 
capability and increased performance ... and it's made to 
sell from $1195 with features you wouldn't believe ... 1 mV 
sensitivity to 500 MHz; trigger level monitoring and 
indicator; 8-digit display; 150 MHz direct count; 1Ons time 
interval; 150 pico seconds time interval average; systems 
interface; and much more. We think it's the best counter 
you can buy in its price range. 

Check us out before you buy. Let us send you complete 
information on 8000B ... and our 8100 Automatic Counters 
too, if you want. We'll prove to you that we make really 
great counters, 11 of them. You have the budget and the 
decision ... Dana has the ELECTRONIC COUNTERS. 

oR,nn Dana Laboratories, Inc. 
2401 Campus Drive, Irvine 
California 92664 (714) 833-1234 

COUNTERS When Test and Measurement Count 
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The GR Systems Family 

GR Resistance Anodize Trim System 
Circle 221 on reader service card 

Low Cost Logic Circuit Tester 
Circle 222 on reader service card 

The Ultimate Network/Circuit Test System 
Circle 224 on reader service card 

Micronetic's Laser Trimming System 
Circle 220 om reader service card 

Full Capability Logic Circuit Analyzer 
Circle 223 on reader service card 

Total systems capability from Gener 



The Ultimate Network/Circuit Test System 
Theré's something in it for you 
. . . a faster, lower-cost way to 
perform ana og tests, logic tests, 
and passive ests. Take your pick 
of any combination to measure 
(simultaneosly, if you wish) ana-
log, hybrid nd digital pc boards; 
active and nassive networks; hy-
brid IC's; active, passive and dig-
ital components. But, get only the 
capabilities you need now. Don't 
worry about adding more later; 
we've already made provision for 
expansion with modular hard-
ware and software. 

Here's the big difference between 
our system and others. The meas-
urement units il GR Systems 

2200 are modules especially de-
signed for computer control. 
They are not automatic instru-
ments adapted for ccmpLter con-
trol but unique rrodlules that do 
their jobs faster bar instruments. 
There's no time wasted translat-
ing commands, diving readouts, 
and the like. You get faster test-
ing, increased throughput, and 
over-all ccst savings in your test 
operations. 

The ' ultimate" system illustrated 
was designed and built for a giant 

electronics manufacturer who 
needed 10-station capability to 
handle a huge volume. Almost 
everybody's testing require-
ments, however, can be satisfied 
with a single-station system., se-
lecting from the several modules 
already designed for the 10-sta-
tion ultimate. 

Let's talk about what GR: can do 
for you Write or call your GR 
sales engineer or GR, Concord, 
Mass. In Europe write Postfach 
CH 8034, Zurich, Switzerland. 

0 General Radio 
NEW, "OAK (N.Y.) 212 964-2722 ( N.J ) 2)1 790-8993 • BOSTON 617 646-0550 

CHICAGO 312192-0000 • WASHINGTON, D C. 3011131-5333 • LOS ANGELES 714 540-9630 
TORON0 416 202-3395 • ZOR.CH (01) 55 24 20 

GRASON-STADLER 617 369-3787 • TIME/DATA 415 327-8322 



NOW: 
THE OP AMP 
YOU CAN 
PROGRAM 

e 
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Our new uA776: Closest thing to a universal op 
amp yet devised. 

We call the RA776 our "do-everything" op amp. 
It probably is the next industry standard: one high 
quality device that, with the addition of a simple 
external resistor, can be tailored for optimum 
performance over an enormous span of applications. 
From the world's linear leader. 

RA776 Typical Performance 
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The wide range of available characteristics makes 
it extremely versatile. And useful. It is 
adjustable for either standard or micropower 
application. It can be biased to have any of a 
number of fixed characteristics; or biased so that 
the characteristics of the amplifier can be 

varied in response to an input signal. And it 
can be turned on or off externally. 

The RA776 offers superior operation at levels 
similar to standard general purpose op amps. In 
fact, when biased with a 15RA set current, it 
has approximately the same gain, slew rate and 
bandwidth as a RA741. But with an order of 
magnitude improvement in input bias current, 
input offset current, noise current and power 
dissipation. 

Or you can operate it from a supply voltage of 
only ± 1.2V. This means the device can be run 
off of tWo battery cells and with the proper set 
resistor the total power drain of the op amp will 
be lower than the battery leakage. 

The broad versatility of the RA776 means it is 
ideal for micropower applications, battery pow-
ered systems, medical electronics, long-time 
integrators, high-accuracy sample and hold, 
frequency processors and active filters. For 
many uses, it becomes the only op amp you 
need specify on your standard parts list. 

Available with complete data package, from 
your friendly Fairchild distributor. 

FAIRCHILD SENICCINCIpCTOR 

New LIC Data Book 

The RA776 is the newest 
of 17 general and specific 
purpose op amps. 
All fully described in our 
new LIC Data Book: 
320 pages covering 84 
quality LIC devices. 
Available now by writing to the address below. 

NEAR 
INEAR 
INEAR 
INEAR 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415)•962-5011. TWX: 910-379-6435 
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FREE 
Engineering 
Handbook 
on 
Electromagnetic 
Delay Lines 

We've reserved 
a copy 
for your desk... 
Terms ... engineering 
definitions . . . how to 

specify delay lines . . 

characteristics of various 
types ... specifications 

... they're all included in 
this concise, easy-to-read 
handbook... yours for 
the asking. 

LUMPED CONSTANT ... 
DISTRIBUTED CONSTANT 
... VARIABLE 

all three types are covered 
in this reference 
handbook. 

RÇL 
RCL ELECTRONICS, Inc., 
General Sales Office: 

Seven Hundred 
South Twenty First Street 

Irvington, New Jersey 07111 

People 

Saxton wants EEs 

to hear traveling music 

Although he calls himself "one of 
the new breed of NASA retreads," 
Lyle G. Saxton has a dedication to 
ground transportation systems that 
extends beyond merely earning his 
livelihood. His avocation is to inter-
est aerospace-oriented EEs in broad-
ening the engineering base of trans-
portation. 

"There's a real future for the elec-
tronics community in surface trans-
portation systems," says Saxton, 
head of the Federal Highway Ad-
ministration's Systems Develop-
ment and Technology group. "the 
appreciation for the systems as-
pects— interaction of programs, and 
hardware design and fabrication 
cycles—make aerospace experience 
useful," he contends. 

Saxton typifies the engineer he is 
trying to convert to traffic systems 
engineering—he previously worked 
as a systems manager at NASA's 

Goddard Space Flight Center on 
the Earth Resources Technology 
Satellite, and earlier, at RCA's Astro-
Electronics division in camera de-
sign for meteorological satellites. 

Challenge or frustration? The big-
gest difference between NASA and 
the ground transportation agencies 
is the 30,000 political subdivisions 
that the Federal highway, railroad, 
and mass transit agencies have to 
deal with. For example, "since the 
Federal Highway Administration 
doesn't own and operate its system 
like NASA does," Saxton explains, 
"implementation is a sales program 
to the states." Like the diverse mar-
kets that companies run up against 
when developing transportation 
electronics systems, the agencies' 
relationships with the states can be 
seen as either challenging or frustra-
ting. 

Saxton's biggest part-time effort 
in his campaign to convince aero-
space F.Es to make the jump to 
transportation was a stint as guest 
editor on the IEEE Transactions on 
Vehicular Technology, where he 
produced a special issue on highway 
electronic systems for February 
1970. "And we're planning another 

Saxton: Of the new breed of NASA retreads. 

special issue for February 1973," he 
says. "The first was a survey of the 
state of the art: the next will have 
sections on automatic vehicle moni-
toring [Electronics, Aug. 2, p. 77], 
dynamic traffic control, and high-
way communications [Electronics. 
Oct. 25, p. 10l]." 

Reinig expects 1975 

to be a happy new year 

Many medical electronics marketing 
men forecast a steady rise in the de-
mand for patient monitoring sys-
tems. But William Reinig has a dif-
ferent idea. He expects business to 
level off, stay there a while, then 
jump in 1975. To prepare for that 
jump, the former Medtronic vice 
president has started his own com-
pany in Madison, Wis., called Med 
Data Inc. 

Reinig is an EE who became inter-
ested in medical electronics while 
designing data-acquisition systems 
for electroencephalographic studies. 
His decision to start the new firm 
springs partly from a desire to get 
back to such design work. 

In March, Med Data will intro-
duce a series of electrocardiogram 
machines featuring computer analy-
sis. But the company's eye is real.), 
on the middle of the decade when, 
as Reinig puts it, there will be a "re-
naissance in monitoring gear." 
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Meetings 

Power Engineering Society Winter 
Meeting: IEEE, Statler Hilton Ho-
tel,New York. Jan. 30-Feb. 4. 

Integrated Optics Meeting: IEEE, 

OSA. Sands Hotel, Las Vegas, Nev., 
Feb. 7-9. 

Aerospace & Electronics Systems 
Winter Convention (wiNcoN): IEEE, 
Biltmore, Los Angeles, Feb. 8-10. 

International Solid State Circuits 
Conference: IEEE, Sheraton Hotel, 
University of Pennsylvania, Phila-
delphia. Feb. 16-18. 

International Geoscience Electron-
ics Symposium: IEEE, Marriott Twin 
Bridges Motor Hotel, Washington, 
D.C., April 9-14. 

International Conference on Mag-
netics (INTERMAG): IEE, Kyoto In-
ternational Conference Hall, Kyoto, 
Japan, April 19-21. 

Southwestern IEEE Conference & 
Exhibition (SWIEEECO): IEEE, Baker 
Hotel & Dallas Mem. Aud., Dallas, 
Texas. April 19-21. 

Off-Shore Technology Conference: 
IEEE, Astrohall, Houston, Texas, 
April 30-May 3. 

Spring Joint Computer Conference: 
IEEE, Convention Center. Atlantic 
City, N.J., May 15-18. 

CALL FOR PAPERS 

1972 International Symposium on 
Electromagnetic Compatibility: 
IEEE; Arlington Heights, Ill.. Jul. 18-
20. Submit all papers to J.J. 
Krstansky, Chairman, Program 
Committee. ITT Research Institute, 
10 W. 35th St.. Chicago, Ill. 60616, 
no later than Jan. 14. 

1972 Annual Conference of the As-
sociation for Computing Machinery: 
IEEE. Boston, Mass.. Aug. 14-16. 
May 20 is the deadline for submis-
sion of papers to Prof. John J. 
Donovan, Acm72 Technical Pro-
gram Chairman, MIT Project MAC, 
545 Technology Square. Cam-
bridge, Mass. 02139. 

Kitimat 
culture that counts 

automatic 
machines 

for electronic 
and electromechanical components 
Machines for winding and precise finishing of the most different 

types of electric coils. Capping, spotuelding and soldering 
machines for contact leads, lacquering and grinding machines, 

for the production of resitors. Winding, rimming, spot and ultrasonic 
welding machines for the production of electrolytic capacitors. Tinning 

pots, tinning machines, lamination stacking machines, rotating 
tables for precision assembly processes, taping devices 

etc., for the production of components. 

KINOMAT Head office: 20021 BARANZATE DI BOLLATE 
CINEMATISM1 (Milano) ITALIA Via Monte Bernina, 22 

phone: 9903020/9901820 
cable : KINOMAT-BOLLATE 

AUTOMAT!SMI telex : KINOMAT 34565 

1 
Please send us, wnhout any engagement for us, iechnical inforrawn):, conce:Mag 

your machine for:   

ADDRESS TO .   

Ià 
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Bell developing 

fast 15-megabit 

bubble memory 

Project Search 

test results called 

'very good' 

NRMEC cuts price 

of SOS ROMs 

Bell Laboratories' massive magnetic-bubble effort is paying off to the 
point where researchers are developing a 15-megabit mass memory that 
can access each of its 1,328-word blocks in 1.25 milliseconds. Each garnet 
chip contains 19,920 bits stored in 80 249-step shift registers, and each 
register is linked to I/O circuitry via a single 249-step register. 
The importance of the development can be seen in a comparison with 

disk files. A moderate size disk file-10 million to 100 million bits—would 
occupy 2 feet on each side. In contrast, the bubble memory would require 
only 2 to 3 inches of space. For power, the bubble requires 10 watts but 
the disk needs 500 W. Access time for the bubble is an order of magnitude 
less, while its storage density is three orders of magnitude better. And the 
price probably would be one-tenth that of disk files per bit of storage. 

Initial tests of Project Search, the narrow-band transmission of finger-
prints across the country via satellite [Electronics, June 7, p. 46], have 
proved the feasibility of the concept, says Paul Wormeli of Public Sys-
tems Inc., national program coordinator. He adds: "The tests are going 
well. Initial results are very good for both the Videofile system and the 
facsimile system, and overall system degradation is less than we had 
expected." The tests are aimed at determining if the relay is economical, 
if the image is adequate, and how much the fingerprint search can be 
speeded up. 

In the test, a facsimile land link from Los Angeles to Sacramento 
simulated a local police department's transmission to state headquarters. 
Then, prints were sent from Sacramento to Tallahassee, Fla., via satellite 
using both Ampex's Videofile and fax to simulate state-to-Federal trans-
mission. Videofile handles a video analog signal while the faxed signal 
can be either analog or digital. 

Silicon-on-sapphire technology appears finally to be reaching long-
awaited production and demand status. At least that's the word at North 
American Rockwell Microelectronics Co. which, after introducing a 40-
by-128 diode ROM in development quantities [Electronics, Feb. 1, p. 24] 
and later as a production device, is cutting prices on the unit as much 
as 42%. The reason: NRMEC has increased production to meet brisk 
demand for the ROMs as microprogramed memories; the company says 
it has 10 major firms in its backlog. Applications range from character 
generation to speech synthesis for stored messages; the array also can be 
used as a rnicroprogramed control store in ROMs where speed of at least 
50 nanoseconds is needed. 
The biggest price cut comes in quantities from 500 to 999, where the 

unit, designated 159-66NA, has been slashed from $45 each to $26. Price 
cuts in other quantities average about 30%. Approximately 3,200 bits are 
available for laser encoding on the array, which works out to a price per 
bit of 0.7 cent in the larger quantities. 

National courting In an effort to broaden its customer base, National Semiconductor Corp., 
is goine after custom MOS business. While the company has built its 

custom MOS business reputation as a standard-products-only house, it actually has been work-
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ing on some high-volume custom MOS programs. 
As one source at National puts it, "We have a large market share in 

many segments of the business; so, to expand and become a bigger com-
pany, we have to look into some new areas, such as custom MOST Besides, 
the custom business will bring in more standard-product business for us 
in market areas that we haven't served previously." 
Heading the new operation is Roy Thiels, who was one of the founders 

of Unisem in Phoenix. 

TTL clock offered 

in TO-5 can 

Signetics to sell 

D/MOS transistors 

Addenda 

Users of TTL now can get a low-frequency crystal clock oscillator in a 
TO-5 can. What's more, the manufacturer, the Statek Corp. of Orange, 
Calif., says that price is competitive with that of the substantially larger 
digital oscillator modules being sold for TTL applications. 
The device, the SQXO-2 TTL logic clock, offers frequencies from 10 

to 100 kilohertz, includes a thin-film hybrid substrate with resistors, plus 
three chip capacitors, three transistors, and the quartz crystal, and is 
compatible with 5-volt logic circuitry. The logic clock will sell for as 
little as $11 in quantities of 5,000 for a device that operates over the 
—55°C to +125°C military temperature range. The price for quantities 
from one to nine over the same temperature range is $84, which Statek 
president Jergen Staudt says is competitive with that of larger oscillator 
modules. 
The device also offers size and price reductions to quantity buys over 

the AT-cut crystals often used with divider circuitry to get from the 
crystal's 5-megahertz frequency to the lower frequency required for TTL 
systems. Statek produces the quartz crystals photolithographically 
[Electronics, Oct. 25, p. 26]. 

Signetics Corp. is getting into the transistor business. According to 
informed sources, the Santa Clara, Calif., IC house is looking for a mar-
keting manager to handle "high-technology, high-frequency discrete 
devices." This means that the firm plans to go ahead with its D/MOS 
double-diffused microwave transistor [Electronics, Jan. 4, p. 24]. These 
devices are good low-noise, high-frequency amplifiers and are thus a 
natural for cable TV systems. Although the company won't comment, 
samples are expected to be available by midyear. 

Honeywell will modify its APN-194 short-pulse, leading-edge aircraft 
radar altimeter, now in production for the Navy's Grumman F-14 fighter, 
to go on the Navy's Harpoon antiship missile now in development at 
McDonnell Douglas. .. . Engineers at North American Rockwell Micro-
electronics Corp. have developed what they say is the first MOS/LSI 
telephone-frequency tone generator. It's not a standard product yet, but 
NRMEC has "a few evaluation circuits available," and is investigating 
"the best characteristics of voltage and frequency to meet industry 
requirements," a spokesman says. . . . IBM has received a 1.5% across-the-
board price increase from the Price Commission [Electronics, Dec. 6, 
p. 26]. It had requested increases ranging from 3% to 8%. . . . Robert C. 
Wilson, new president of the Collins Radio Co., has reorganized the 
company into four groups. They are avionics (based in Cedar Rapids, 
Iowa), international operations and telecommunications and switching 
systems (both in Dallas), and special telecommunications (Newport Beach, 
Calif.). 
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Only one OEM xy recorder is cast for the role. 

Ever try to find an xy recorder de-
signed io adapt to your OEM system? 
We've built a totally new cast alumi-
num recorder because you've been 
tuyirg modified laboratory machines 
for OEM applications. Ard paying for 
them in more ways than one. 

HP's 7040 won't force you into buy-
cg anything you cart use. An OEM 
maehine from the ground up, it's de-
signed around a one-piece, die-cast 
aluminum mainframe...a rugged Oat-
form for the modular features you se-
lect. But only the features you select. 

A complete cast o4 options lets you 
specify exactly what you need to do 
the job« Everything from a control 
panel (shown above) to rear conned-
tor. Nearly 40 independent options 
in all. 
You get standard features that make 

sense in any OEM application. Things 
like Auloarip electrostatic holdckown. 
IC circuitry a long- life hybrid poten-
tiometer. disposable pens and more 
Al! the things we learned while pio-
neering the development of xy record-
ers for two decades. 

A rugged die-cast mainframe. A 
complete cast of options. HP's new 
7040 is the only OEM xy recorder cast 
for the role. Get specifications and 
discount data from Hewlett-Packard, 
16399 West Bernardo Dr. San Diego, 
California 92127; Europe: 1217 
Meyrin -Geneva, Switzerland. 

HEWLETT ikl PACKARD 

GRAPHIC RECORDERS 



Introducing the little counter that can. 

It can become four different systems. 

It can  go anywhere you do. 

It can protect  you against obsolescence. 

It can make buying  and maintaining a 
counter less expensive than ever before.  

Meet the Hewlett-Packard 5300, 
the snap-together counter that's not much 
bigger than the palm of your hand. It 
has six digit accuracy, solid state display 
and autoranging. It'll make period, 
frequency, time interval and ratio 
measurements, operate on its optional 
snap-on battery pack and drive a printer. 
Rugged dust-proof aluminum case 
resists almost any bumps it might get in 
the field. Prices start at only $520 for 
one of the most amazing counters 
you've ever owned. 

Start with the basic mainframe 
($395). Then snap on any of the 
following modules (more on the way) 
to make just the counter you need, 
and avoid obsolescence, too: 

10 MHz frequency module Model 
5301A, $ 125. 

50 MHz all-purpose module in-
cludes period, time interval. Model 
5302A, $250. 

500 MHz module with both 509 
and 1 Ma inputs. Model 5303A, $750. 

100 ns time interval module with: 
unique "time holdoff" feature, dc 
coupling, slope and trigger level con-
trols, and period and frequency measure-
ments to 10 MHz. All the functions 
you'd pay $ 1200 for in a universal 
counter. Model 5304A, 3300. 

Rechargeable battery pack module 
works with any of the other modules for 
cord-free operation. Model 5310A, $ 175. 

The 5300 is one system you have 
to use to appreciate. If you've ever 
needed to accurately measure frequency 
or time interval, you owe it to yourself 
to call your nearby HP field engineer 
for further information. Or write 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Counters that  promise a lot and  
deliver it all. 0210) 

HEWLETT dik PACKARD 

ELEC'RONIC COUNTERS 
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Navy wants to put 
electronics gear 
outside new subs 
Hull-mounted devices able 

to survive 90 days in water 

are technological challenge 

to electronics manufacturers 

A Navy study of the submarine of 
the future—one in which most of the 
boat's electronics would be mounted 
between its pressure hull and out-
side shell—could sire a new breed of 
ultrareliable components. 

However, the Office of Naval Re-
search concept hasn't been met by 
universal enthusiasm. Even Ray-
theon Corp., which has just started 
the second phase of the study, "was 
reluctant to do it" when the Navy 
proposed the concept less than a 
year ago, according to the ONR proj-
ect office. " But when they got going 
they became more and more inter-
ested"—to the extent of putting five 
people on the program and "com-
pany money in an amount equal to, 
or more than" the total of its one-
year, phase two contract of $60,000. 
Though the money isn't much as de-
fense contracts go. Navy advocates 
see a successful program producing 
a complete change in submarine de-
sign and warfare. 
Mounting a submarine's electron-

ics between the hull and the shell, or 
fairings, poses some obvious prob-
lems. Chief among them is the in-
ability to service components while 
under way. 

Don't exist. Thus, says the ONR, 
the whole concept of "hands-off 
hardware" could rise or fall on in-
dustry's ability to come up with ul-
trareliable components that do not 
now exist. 

"We're looking for 90 days of fail-
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ure-free performance from hull-
mounted systems," says an ONR 
source, "a requirement that cannot 
now be met and one that will prob-
ably lead us to take a closer look at 
how manufacturers make things." 
The overriding consideration is 

the issue of component reliability, 
however. "That single question of 
reliability is so serious as to say go 
or no-go" at that point in the future 
when the Navy decides whether or 
not the performance it needs can be 
achieved. Since word on the ONR's 
concept began to spread among in-
dustry's submarine specialists, 
"there- has been an awful lot of in-
terest and a lot of skepticism, too." 

Negativism within the industry 
appears premised on the view that 
hull-mounted electronics would nec-
essarily "require a whole new set of 
mil specs" for component perform-
ance, says ONR's man, "and manu-
facturers are fearful of the increased 
costs" these would produce. For this 
reason the ONR's approach toward 
this particular innovation is slow 
but steady. 

Positives. On the plus side, the 
Navy can see multiple advantages. 
The saving within the pressure hull 
in terms of space and elimination of 
cooling systems for electronics is 2-
for- l on the basis that "for every cu-
bic foot of hardware you put outside 
you gain two cubic feet" now re-
quired for spares and maintenance 
space. 

At the moment, preliminary in-
formation leads the ONR to believe 
that virtually all a submarine's elec-
tronics could be hull-mounted in ei-
ther pressure-hardened (gas-filled) 
or pressure-compensated (water-
filled) containers. "The exceptions, 
of course, are those things you need 

to get your hands on and repair, like 
navigation, fire control, and weap-
ons systems," the Navy explains. 

Extending technology to permit 
hull mounting has Raytheon explor-
ing such obvious areas as integrated 
circuits and semiconductors gener-
ally, as well as fiberoptics for com-
munications and superconducting 
systems to extend lifetimes. 

Modular subs. Raytheon's efforts, 
says the ONR, is "just one facet of a 
larger look at submarines of the fu-
ture." Conceptually, these boats 
would consist of interchangeable 
modules with one containing all or 
most of a boat's electronics. 

Components 

Connector for peripherals 

ripples IBM pond 

For years, IBM has had a neat little 
way to keep close track of competi-
tive peripherals that were being 
plugged into 360 and 370 computer 
mainframes. To be compatible, 
other peripheral manufacturers 
needed a connector that mates with 
the one on the end of the cable from 
IBM's mainframe. And, as it turns 

Checkmate. Amp's Amplimate 48-position 

connector is billed as competitor to IBM's 

Serpent for plug-to-plug peripheral market. 



Electronics review 

out. IBM was the only source of the 
connector. 
Now, Amp Inc., Harrisburg, Pa., 

and National Connector Inc., Minne-
apolis, are offering those manufac-
turers an alternative. Amp's Ampli-
mate. a 48-position hermaphroditic 
connector. Although Amp's market-
ers are treading lightly in their pro-
motion of the Amplimate lest they 
disturb their position as a supplier 
to IBM, they say their connector will 
do all that IBM's so-called Serpent 
connector does. National's is the 
200318. 
Amp pushes an additional ad-

vantage: peripheral makers can re-
duce their costs by assembling their 
own connectors using Amp's au-
tomatic termination machines, 
which handle the contact reels. 
The contacts themselves are phos-

phor bronze, plated with gold over 
nickel and with heavier gold on the 
mating areas. Insulation support 
ears on the contacts eliminate the 
necessity for heat-shrink tubing to 
achieve strong terminations for co-
axial cable. The housing is a heat-
stabilized nylon block that's fire-re-
sistant and self-extinguishing. Other 
features are a spring-loaded jack-
screw for locking mated connectors, 
a strain relief cover clamp that iso-
lates loaded contacts from stresses, 
and coding on the front and rear or 
side for cavity identification. 

Communications 

Millimeter-wave repeater 

prepares to leave lab 

Millimeter-wave-guide communi-
cations have been brought a step 
closer to practical application by sci-
entists at Bell Laboratories, who 
have operated a manufacturable re-
peater. They are part of the Bell 
team developing a buried wave-
guide system [Electronics, Feb. 2, 
1970, p. 38]. 
"Until now, experimental re-

peater configurations have been 
pieced together, often spreading 
over several lab benches," says Per 
Brostrup-Jensen, who supervises the 
millimeter-wave circuit design 

RF DOWN-

IN CONVERTER 

LOCAL 

OSC. 

EQUAL 
IZER 

AGC 
AMPLIFIER 

AFC 

DETECTORHPULSE 
REGENERATOR 

BASEBAND PULSE STREAM 

TIMING 

CLOCK 

IMPATT 
CW OSC 

ISO L OR 

pin DIODE 

MODULATOR 

RF 

OUT 

Baseband repeater. Pulse-modulated inputs are downconverted and detected for regenera-

tion at baseband. The reconstructed data stream then phase modulates the rf output. 

group at Holmdel, N.J. "This one is 
packaged in an 18 x 18 x 4-inch box. 
Also, the components of the design 
could be manufactured on a pro-
duction basis," he adds. 

In a typical system, this channel 
repeater would be one of 120 used 
in a relay station operating from 40 
to 110 gigahertz (the channel re-
peaters have a bandwidth of several 
hundred-megahertz and are spaced 
almost equally in the 40-to- 110-
GHz range). 

Error rate. The error rate of a 
single link, from baseband at one 
repeater to baseband at an adjacent 
unit, has not been accurately deter-
mined. "We are encouraged by the 
results obtained so far," says Brost-
rup-Jensen, adding, "We feel confi-
dent that we can achieve an error 
rate less than 1 bit in 109 bits trans-
mitted." 
The repeater recently tested has 

an information bandwidth of over 
400 MHz centered at 57.4 GHz. It is 
sensitive to inputs down to -50 deci-
bels per minute and retransmits at a 
level up to 100 milliwatts, giving a 
gain of as much as 70 dB. 
The repeater's receiving portion 

consists of a down-converter fol-
lowed by i-f amplification and filter-
ing in the band from 1,200 to 1,600 
MHz. The i-f signal then is equalized 
and detected at baseband fre-
quencies from dc to about 300 MHz. 
Timing is extracted from the aver-
age frequency from dc to about 300 
MHz. Timing is extracted from the 
average frequency of the pulse 

stream to produce properly recon-
structed pulses at baseband. 

In the repeater's transmitter, a 
millimeter-wave signal from a cw 
Impatt oscillator passes through a 
circulator in which the side arm to-
tally reflects the signal. The point of 
reflection is at a p-i-n diode which, 
in its conducting state, represents a 
short with a reflection coefficient of 
-1 and an open of + 1 in its noncon-
ducting state. By turning the diode 
on and off, the phase of the millime-
ter-wave carrier can thus be made to 
shift by 180° in response to the base-
band pulses, yielding a two-level, 
phase-shift-keyed output. 

Arinc to build its own 

microwave networks 

Aeronautical Radio Inc., the air-
lines' communications service orga-
nization, plans to build two regional 
microwave networks. The move 
comes after Arinc complained about 
the doubling of its annual bill to $60 
million since 1968 [Electronics, Sept. 
13, p. 25]. Arinc runs the world's 
largest commercial private-line net-
work, with lines leased primarily 
from AT&T. 
The two regional nets, forerun-

ners of a national network, will be 
based on a study made by Collins 
Radio Co. earlier this year [Elec-
tronics, April 12, p. 381 Arinc says it 
will ask the FCC next April for per-
mission to start building the links at 
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an estimated cost of $8 million. 
They would be located in the Los 
Angeles area and between Chicago, 
Cleveland. and Detroit, and go into 
operation about a year after FCC ap-
proval. 
The Los Angeles basin network 

would comprise 18 stations with 
1.220 voice channel ends, including 
a Las Vegas extension. Twenty-
three airline users would be served 
over the 376-mile system at 14 ser-
vice locations. The Chicago seg-
ment. 23 stations and 1,520 voice 
channel ends, would extend over 
474 miles and serve 44 airlines at 10 
service points. 

Competitive bids. Further site, en-
gineering. and frequency studies 
have to be made for the two sub-
nets. Arinc says. The subnets. fi-
nanced by bonds, will be con-
structed on a competitive bid basis. 
There is speculation that Collins 
would be a major contender. 
When Arinc talked about build-
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ing its own network before, the 
speculation was that it was talking 
to keep its charges from AT&T down 
or to force the telephone company 
into a competitive situation with 
other proposed systems. Industry 
sources now believe that Arinc is 
serious, but point out that large 
problems remain for a nationwide 
network, such as finding the neces-
sary $267 million, site selection, ob-
taining rights of way for coaxial ca-
bles where microwave interference 
from other networks precludes new 
stations in congested areas, and get-
ting complete engineering studies. 

IBM proposes common 

data bus for shuttle 

It isn't often that a system used in 
oil field management winds up in an 
aerospace program, much less the 
proposed manned space shuttle. But 

Industrial-commercial electronics um 
Consumer electronics 
Defense electronics 
Total industry 

JFMAMJ J A SONDJFMAMJ J A SONDJ FMAMJ J ASOND 
1969 1970 1971 

Segment of Industry Oct. ' 71 Sept. ' 71* Oct. ' 70 

Consumer electronics 87.5 81.9 89.9 
Defense electronics 114.0 112.5 118.2 
Industrial-commercial electronics 118.4 118.4 123.4 
Total Industry 110.9 109.1 114.6 

IBM's Federal Systems division is 
proposing just that to NASA; using a 
common data bus—in this case, an 
electronic "party line"—to carry and 
route traffic among the many avion-
ics subsystems in the shuttle and 
space station. 
Frequency modulation tech-

niques will allow many of the units 
to use the data bus almost simulta-
neously at the low data rate require-
ment of 1 megabit per second. The 
result is that the spaghetti wiring 
common to many airborne electron-
ics interconnections is eliminated. 
This should save space and weight-
50,000 feet of wiring or more than a 
ton, IBM says—and increase reliabil-
ity and ease of maintenance. 
Can handle 32. Combination in-

put/output units called standard 
terminals are spaced along the 
length of the bus, a pair of twisted 
shielded cables connected by line 
couplers of single toroid cores. The 
terminals, each of which can handle 

Electronics 
Index of 
Activity 
Dec. 20, 1971 

October's production index was up 1.6% 
over the previous month's, though it was 
still 3.2% below its year-ago level. No 
category of the index fell, though indus-
trial-commercial showed no change from 
September's revised 118.4. 
Consumer climbed a healthy 6.8%, 

leaving it down 1.7% from a year ago. 
Defense showed a 1.3% gain, 3.6% 
lower than its October 1970 total. 

Indexes chart pace of production volume for total in-
dustry and each segment. The base period, equal to 
100, is the average of 1965 monthly output for each of 
the three parts of the industry. Index numbers are ex-
pressed as a percentage of the base period. Dala is 
seasonally adjusted. 
• Revised. 
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Space bus. IBM Federal Systems division has proposed this data bus to NASA for space 

shuttle. IBM says it will save more than 50,000 feet of wiring or more than a ton on shuttle. 

signals from 32 separate avionics 
sensors, allow the sensors to trans-
mit data within the whole avionics 
system. Driving the bus is a data bus 
supervisor directed by a data man-
agement computer which serves as 
line driver, formatter, and receiver. 

Follows trend. As a standard data 
communications trunkline, the bus 
will enable modifications of systems 
design and configurations without 
major redesign of cabling or elec-
tronics, according to IBM. Any ter-
minal can be moved almost any-
where providing it's within plug-in 
reach of the bus. Thus, the concept 
takes advantage of two aerospace 
trends: the move toward on-board 
digital systems and the swing away 
from individual subsystems to to-
tally integrated systems. Both trends 
reflect the increased data load com-
plex aerospace systems now carry. 
The data bus also will "reduce the 

requirement of onboard power sup-
ply," says staff engineer Richard R. 
Manasek of the division's Hunts-
ville, Ala., electronic systems center. 
"Instead of 100 terminals using the 
system at full power, there's essen-
tially only one up at any given in-
stant." He estimates a 99-to- 1 reduc-
tion in needed power on the shuttle 
in that instance. Most of the time, 
only about 20% of the system's data 
traffic capability will be used, leav-
ing plenty of spare capacity to 
handle peak loading. 

Manasek says the design enables 
the system to accept normalized 
analog, discrete, and digital signals: 

to handle particular input/output 
signals when directed; and to pro-
vide a universally acceptable inter-
face for the avionics subsystems. 
Use of four computer/supervisor 
units, five twisted-pair cables, and 
extra terminals provides enough 
redundancy to preclude system fail-
ure, Manasek says. For example, 
the terminals are interconnected so 
that each can use any given cable 
pair. One cable is a command line 
and another a response line, giving 
three redundant cables. 

Five tasks. Directed by the com-
puter, the supervisor provides all 
signal conditioning, controls, and 
buffering required for computer in-
terface with the data bus. The su-
pervisor has five major functional 
elements: transmitter, receiver, tim-
ing and control logic, buffers, and 
word and address counters. A volt-
age mode transformer handles the 
interface with any given terminal. 
The pulse-code modulation tech-

nique used is a baseband and bi-
phase L (also known as Manchester 
2 code). It allows the system to ex-
tract the necessary timing signals 
from the data itself in both the com-
mand and response lines. This way 
IBM gets around using a separate 
clock line as in synchronous sys-
tems, Manasek explains, or individ-
ual clock oscillators used in asynch-
ronous systems. Error control can be 
handled by self-testing within the 
computer and supervisor unit, 
Manasek says. 
IBM is designing the system for 

North American Rockwell, prime 
contractor for the space shuttle, and 
for McDonnell Douglas, prime con-
tractor for the space station due to 
start orbiting in the early 1980s. 

Computers 

Computers take DC- 10 

'around the world' 

McDonnell Douglas DC- 10 trijets, 
by means of a computer-controlled 
test system, are undergoing some of 
the most exhaustive ground testing 
ordeals ever imposed on a commer-
cial aircraft. The system is taking a 
DC- 10 through accelerated fatigue 
and structural testing equivalent to 
six plane lives, about 120,000 hours 
of simulated flight conditions. This 
is roughly equivalent to 2,600 trips 
around the world under the severest 
conditions imaginable. The system 
is similar to one that will be used for 
the Anglo-French supersonic Con-
corde [Electronics, Electronics Inter-
national, March I]. 
The work is being performed in a 

new 257,000-square-foot engineer-
ing development center in Long 
Beach, Calif. The complex test is 
under central control of a Systems 
810B/wrx computer manufactured 
by Systems Engineering Labora-
tories, Fort Lauderdale, Fla. 

Also included in the computer 
network installed at the Douglas 
Aircraft division facility are an ad-
ditional 810B computer, five 810A 
computers on mobile carts around 
the test aircraft, 1 million words of 
fixed head disk memory, and pe-
ripherals. 

Sliced plane. For the tests, the 
DC- 10 is separated into nose, cen-
ter, and aft sections. The computer 
controls 150 hydraulic jacks (the 
Concorde system uses 100) that flex 
and stress various parts of the air-
craft as in flight maneuvers such as 
towing, turning, taxiing, takeoff, 
climbing, cruising, descent, and 
landing. It also simulates ground 
time in all types of aerodynamic 
conditions, such as gusts, updrafts, 
and downdrafts, as well as smooth 
air. An average test "flight" lasts 
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Bell & Howell & Heads You Win 

"Wow! We've done it! A super headed recorder/reproducer 
like nothing nobody's ever seen!" 

This from one of our brighter back room boys as he charged 
into our office. 

"Take a look guys. 2MHz performance at 60 ips. Realize what 
that means? Perfect recording with half the tape. And at about 
$200 a reel, that's a cash register full of saved bucks." 

"Not bad." 

"And it's so good we've given the record head a whompin' 
5,000 hour warranty." 

"Well, I think we got something to work with. Anything else?" 

"Yeah, those are both industry firsts from Bell & Howell." 

"And?" 

"Well, it has the usual 14 channels. 15/16 to 240 ips and stuff 
like that, in the conventional format." 

"Ummm, who uses the thing?" 

"R&D types mostly. It's about as sophisticated as you can 
get. They use it for aircraft tests. Cars. To pull down whole 
libraries of data from field recorders. That sort of thing." 

"Sounds like a heckuva machine." 

"System." 

"Okay, system. So what do you call the super headed system?" 

"The VR3700B." 

"Wow. That really tells it like it is. Okay, we'll do an ad. But 
first I'll flip you for coffee. Call it." 

"Heads." 

"You win." 

"Hey, not a bad headline for the..." 

"Are you kidding? Beat it. Sheez, can you imagine." 

Read about it. Bell & Howell, CEC/Instruments Division, 
360 Sierra Madre Villa, Pasadena, California 91109. 

CEC/II1STRUMErITS Division 

13 BELLE HOWELL 

Ce Copyright 1970 Bell & Howell 
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about 3.5 minutes, and is approxi-
mately an hour of actual flight. 
To begin a simulated test flight, a 

computer operator initiates a pro-
gram on the 810B/R-rx that in turn 
requests a specific flight profile from 
the disk system. Once the test is un-
der way, the central computer com-
municates flight parameters to the 
load control computer, which in 
turn communicates with a data ac-
quisition and servo control system 
500 feet away in the remote control 
station. There, the load control sys-
tem activates servo amplifiers that 
drive the jacks stationed around the 
DC- 10. 

Positioned around the three sec-
tions of the craft are five carts, each 
containing an 810A and associated 
data-acquisition equipment. The 
810A machines are linked to the 
810B by serial communications links 
and monitor the testing while re-
porting status to the RTX system ev-
ery millisecond or upon demand. 
Overrides built into the system 
automatically stop the test when a 
checked parameter is not within 
predefined tolerances. 
No people. The carts containing 

the 810A computers are closed-loop 
systems. Communication with each 
cart is restricted to the 810B/RTx 
system and there is no need for per-

sonnel on the test floor to interact 
with the units. The mobile comput-
ers can simultaneously conduct 
three nonrelated tests each. Reading 
data at a rate of 20 kilohertz, the 
five test stands can conduct 100,000 
measurements each second. 
McDonnell Douglas describes the 

system as the most sophisticated 
and most comprehensive ground 
testing program ever devised for a 
commercial jetliner. It also marks 
the first time aircraft test engineers 
have entrusted the computer with 
such a magnitude of responsibility. 
Douglas officials say that the system 
saved several million dollars over 
former testing systems in manhours 
and equipment 

Space electronics 

Shuttle control system 

getting simpler approach 

As NASA has made numerous 
budget-induced reduction in plans 
for the space shuttle [Electronics, 
Dec. 6, p. 42], the vehicle's elec-
tronic control system also has un-
dergone changes to reduce its com-
plexity, scope, and—of course—cost. 
As it became apparent that most 

PC] 

Congressmen and the Adminis-
tration were not as heavily com-
mitted to the shuttle as NASA would 
like, the space agency backed off 
from initial proposals for completely 
new systems. In an attempt to make 
the program appear more reason-
able, the agency decided to use as 
much available and proven hard-
ware and techniques as possible. 

Integrated. The shuttle will differ 
from any vehicle yet developed in 
that it will be both an air and space 
craft and must have the capability 
to perform in both environments. 
Although aircraft and spacecraft 
guidance and control systems are 
well developed and proven, no ve-
hicle ever has had to combine the 
two. NASA, initially hoping to de-
velop an integrated system to con-
trol the shuttle in both modes, 
awarded contracts with this in mind. 
An additional complication was 

that—unlike Apollo's single control 
system and manual backup—NASA 
wanted the shuttle to have highly 
redundant systems. A quadruply re-
dundant system based on a data bus 
was chosen because it would permit 
two partial failures without system 
failure. 

Systems using four central pro-
cessing units, as well as four in-
put/output bus control units, were 

Grounded. Test system for DC- 10 uses 150 

hydraulic jacks and battery of computers to 

"fly" craft equivalent of 2,600 around-the-

world trips in Long Beach, Calif. 
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in Ion Implantation there 
is only one manufacturer 
with proven performance: 

A-2 

40 Implanters already in the Field 
processing thousands of wafers per 
week after week after week . . . 
If the industry's rapid swing towards Ion Implantation has got 

you thinking about a facility of your own, why not gibe us a call? 
We'll recommend a system from our wide line of research and/or 

production Implanters, that best suits your needs. We can usually 
deliver in 60 days and, while you're waiting, we'll get you started 

by Implanting your wafers at our own facility. 

Accelerators. Inc. offers a complete line of fully auto-
matic, programmable production Implanters with un-

equaled throughput capability. 

For information on our Implanters and/or Implantation 
Service, write or call: Accelerators, Inc., /' 212 Industrial 

Blvd. / Austin, Texas / 78764 / 512-444-3639. 

a Accelerators, In:. 

T he full-tim2 Ion Implantation Company 
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ways 
wanted to know about hybrids 

but were afraid to ask. 
Now it can be told. 
The inside story on Hughes hybrids. 

From the people who are doing it all. 
The Thin Film/Thick Film Hybrid 

Integrated Circuits Book. 
In it you'll find all kinds of Hughes 

hybrid stories: the simple, the complex. 
Everything from simple resistor networks to 
LSI hybrid circuits. 

Along with information how Hughes 
designs, develops, builds, tests and 
guarantees the total hybrid package. 

And some revealing facts on Hughes 
hybrids that are being used in very high 

Circle 30 on reader service card 

places: missile systems like STANDARD ARM, 
PHOENIX, MAVERICK, and AGENA; aircraft 
like E-2C, DC- 10, S-3A, F-14 and F-15. 

It's what you need to know about 
hybrids. 

And just so there's no mistake, it's 
illustrated. 

Write: Hughes Microelectronic 
Products Division/500 Superior Avenue  
Newport Beach, 
CA 92663. Or call: HUGHES 
(714) 548-0671. 

HUGHES AIRCRAFT COMPANY 
MICROELECTRONIC 

PRODUCTS DIVISION 
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plied Physics Laboratory in Balti-
more, which is cooperating with In-
terior's Geological Survey on the 
project. 

Interestingly, says MacDonald, 
one of the advantages of the dop-
pler system is that it will accurately 
fix reference points from which 
good maps can be made so that ex-
plorers can find those points to 
make even better maps. 

People 

David L. Sarnoff of RCA, 

industry pioneer, dies at 80 

Gen. David L. Sarnoff, one of the 
giants of the electronics industry. 
died on Dec. 12 at his New York 
townhouse. A radio pioneer whose 
entrepreneurial genius built RCA, 

Sarnoffs rise was the classic story of 
the immigrant who started at the 
bottom—he was a $5.50-a-week of-
fice boy—to become chairman of the 
huge communications company. 

It's generally agreed that without 
Sarnoff's driving force the television 
and radio industries would have ar-
rived much later. He was respon-
sible for RCA's initial investment of 
$50 million in television: before 
that, he had molded the National 
Broadcasting Co. into the model for 
today's broadcast networks. 

Sarnoff was a minor officer in the 
Radio Corp. of America, then 
owned by General Electric and 
Westinghouse, when, in 1915, he 
wrote a memo to management that 
is a landmark of the communi-
cations business. It read in part: "I 
have in mind a plan that would 
make radio a household utility in 
the same sense as a piano or phono-
graph. The idea is to bring music 
into the home by wireless." 

Years later, he took another giant 
step when, answering objections to 
RCA'S acquisition of Victor Talking 
Machine on the grounds that the 
phonograph and radio were natural 
enemies, he said, "We'll combine 
radio and the phonograph." 

But perhaps his crowning 
achievement was persuading the 
FCC in 1953 to change its mind and 
base standards for color television 
on the RCA compatible system after 
the agency had first ruled in favor of 
a CBS noncompatible system. 

For the record 

Competitor. The latest challenge to 
Bell's Picturephone comes from 
Sweden. Called the LME (see picture 
below), it is the progeny of L M 
Ericsson, which says it offers better 
resolution than the Picturephone: 
650 lines at 25-hertz frame fre-
quency versus 525 at 30 Hz. Erics-
son will start making the LME "in 

Hughes is more than 
just electronic devices 

and equipment. 

It components too. 

Electrical connectors (RS 287) 

Flat flexible cable and circuit assemblies 
(RS 288) 

Direct view storage tubes and scan 
converter tubes (RS 290) 

Display systems ( RS 291) 

.6,--411111116 

Microwave products: TVVTs, TVVTAs 
and solid state ( RS 289) 

Multiplex systems for remote 
communications/control (RS 292) 

HUGHES 
HUGHES AIRCRAFT COMPANY 

 IAL ELECTRONICS CROUP 

RUILDINO 100, MAIL STN. C•1111 

CULVER CITY. CALIFORNIA •01310 

Circle appropriate 
Reader Service (RS) numbers. 
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eestetto 
HOW TO SAVE MONEY ON 

tlitIMBWHEELS: 
Lower Prices... 
Better Discounts 
on Cherry 
Thumbwheel 
Switches 

Those high- flying thumbwheel prices just came down. 
Cherry's new down-to-earth prices are an average reduction 
of 24% ... as much as 46% reduction on some models. 

›. 
o  - o 

wit 

$ 3 

CV • o',̀  
4,•'s 

No v .rwerer- _ 

*i abir 

•Prices shown are 
for 2000 piece quantity. 
Lower prices 
on larger quantity. 

SEND FOR NEW LOW PRICES AND CATALOG 

TWX 910 235.1572 or PHONE (312) 689-7600 ext. 7703 or WRITE 

CHERRY e® 
CHERRY ELECTRICAL PRODUCTS CORP. 

3608 Sunset Avenue, Waukegan, Illinois 60085 

Makers of patented Leverwheel/Thumbwheel Switches, Matrix 
Selector Switches, Snap- Action Switches and Keyboards. 

small quantities" in about 18 
months. As for hookup to Bell's 
phone lines, Ericsson is offering a 
converter. 
The LME uses a vidicon camera 

and optical scanning. However, the 
company says that in the near fu-
ture a silicon target unit, with a 
bandwidth of 6 or 7 MHz, will be -of-
fered as an option. 

Morton dies. Jack L. Morton, 58, 
who was in charge of Bell Labs' de-
velopment of the transistor, was 
killed Dec. 11 in Neshanic Station, 
N.J. At his death, Morton was vice 
president of electronics technology 
at the labs. 

Morton, whose body was found in 
his burning auto, was responsible 
for many semiconductor develop-
ments. After the invention of the 
transistor, he led the group that 
made it economically and techni-
cally feasible for manufacture. He 
suggested the first widely used 
equivalent circuit for the transistor, 
as well as methods for finding other 
equivalent circuits. 
Among major developments to 

which he contributed were the 416 
close-spaced triode and the trav-
eling-wave tube. 

Destroyer. Hughes Aircraft Co.'s 
Ground Systems group. Fullerton, 
Calif., has picked off a big plum in 
the subcontracts being awarded by 
the Data Systems division of Litton 
Industries Inc., Van Nuys, Calif., for 
the Navy's Spruance-class destroy-
ers. 
The Hughes group has won a 

$30.1 million contract to provide 
digital displays for 30 of the de-
stroyers. 

Precious process. Many package 
makers have been reluctant to in-
vest in expensive equipment to 
eliminate the gold-plating bottle-
neck of Lsi package fabrication. But 
now they have an alternative: a 
gold-plating solution from Engel-
hard Minerals and Chemicals Corp. 
of Newark, N.J. With Engelhard's 
EHS acid-gold solution higher cur-
rents can be used, and time in the 
tank is cut to four minutes from 10 
or 15 minutes. 
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We cured IC testers 
of mnemonic. 

Mnemonics has always plagued the IC 
tester business. Chronically. 

Now there's a computer controlled IC 
tester you can talk to in plan English. And 
have it answer you right back in English 
just as p air. 

It's our Model 4400 Digital Module 
Tester. The easiest IC tester to program 
ever createo. I: ' eta your operator operate, 
irstead of program. Just respond to the 
questions asked by our 4400's computer. 
Program format errors won't even be 
accepted. 

Within 30 minutes you're ready to test. 
And that means test any kind of IC: UL, 
DL., RTL, ECL or MOS in any configLra-
tion: SSI, MSI, LSI or printed circuit cards. 
We purposely configured the 4400 to meet 
present needs, and yet have plenty of room 
for your future requirements. 

And :Fat's only one benefit of the 4400. 
Others rclude its high throughput rate, 
total test capability, expandability, and 
ease of operation_ 

Since we introduced our 4400 about a 
year ago, we've peen tested by a lot of 

companies ourselves. And as a result, 
we've outsold our two biggest competitors 
combined by 2 to 1. 

Find out why. We've put together a 
spec-by-spec comparison of the 4400 and 
the other guys. Send for it, and detailed 
procuct literature, today. Or call Sam 
Duran, our Marketing Manager collect. He 
likes to make housecalls. - 

DATATRON, INC. 
1562 Reynolds Ave. 
Santa Ana, Calif. 92705 
(7141 540-9330 
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5 compelling 
reasons 
why Electronics is 
your passport to 
the world 
of electronics 
marketing 

Electronics is the best- read magazine in 
its field in Europe. 

Electronics contains more marketing in-
formation that pertains to Europe than any 
other magazine in its field. 

Electronics has the highest pass-along 
readership of any magazine in its field. 

More of the world's leading electronics-
equipment manufacturers advertise in 
Electronics than in any other magazine in 
its ield. 

Advertisers may elect to reach only the 
Electronics audience of 16,000 outside 
of tne U.S. and Canada through the Inter-
national Advertising Section, which is 
available in all issues. You may, of course, 
also use thefull run, which reaches 86,000 
Electronics subscribers world-wide. 

For more reasons why Electronics is the best 
place to reach your local markets, ask your 
Electronics representative. He can provide you 
with a personal copy of our new Electronics Inter-
national Profile Study and a copy of the only 
European Product Preference Poll available. 

Electronics 
TH 1 INTERNATIONAL MAGAZINE FP;IP 
OF ELECTRONICS TECHNOLOGY 11P1 
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THE 
CROWD 

e DISAPPEARS 

AT 20M Hz „le 
Now we're alone with the world's first 20 megahertz function 

generator, which starting at 0.0001 Hz, makes it twice the frequency 
range of other wide-range function gererators. The model 7230 thus opens up 

new signal generator applications in the testing of MOS devices and IC's where 
1111 frequenc es are well over IC MHz and will be going higher. It also will find application in pulse 

generation with its 30V P-P outputs and 10 nanosecond rise/fall times (equivalent slew rate of 2400 
V/microsecond). Another new field for the 7230 wil' be intermediate frequency applications ir FM receivers 

and telemetry. For only $795 you get a precision source of sine, square, triangle, ramp, pulse and sync wave-
forms, plus these other features: VCF input control; several choices of DC offset; sync input for 
locking the generator to an external clock. and 80 db of step attenuation. And if 11 MHz is 
still all you need, you should check out EXACT's other three fine instruments in this series: 
the Model 7030, which has the same operating features of the 7230 above but saves you 
$200; :he Model 7050, same as the 7C3C but with the additional capability to trigger 
and gate (with variable start/stop leves or the tr ggered and gated waveforms) for 
$745; and the Model 7060, which at $845 adds a second generator (again at 11 
MHz) for ramp, pulse and sweep, 1000 seconds to 100 nanoseconds. Call on us 
to rise above the crowd with your next function generator 
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electronics, inc. 
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Hillsboro, Oregon 97123 

(503) 648-6661 
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Look how we 
widened a 
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We've done it again— four more times, in fact. We've 
left our competition blinking in wonder. 

Study the four winners acove carefully. They have 
performance characteristics our competition finds hard 
to believe. 

For example, we call U310 "SuperFET" because 
of its high gfs and gfs/c. Our CR Series Current Regu-
lators have zero temperat-re coefficient. Our U290 
switch has the lowest ON resistance in the industry and 
the lowest price. Our HC 100/101 Schottky Diodes fea-

IF5 iliconix incorpora.ted 

\Yee 
jot less w40.0ffine, 

ture picosecond switching times and SR108 has V, 

<0.5 V at 150 mA. 

The point is: we immodestly feel that anybody who 
can produce these four devices at competitive prices 
must be leading the field in advanced technology. Best 
of all, they are only a few samples of our latest talents. 

So whether your application calls for something 
special, or off the shelf, just let us know. 

You can believe you'll get the best. 

2201 Laurelwood Road • Santa Clara • Calif. 95054 
Phone (408) 246-8000 Ext. 201 • TWX: 910-338-0227 

Siliconix distributors. Hamilton/AVNET. Semiconductor Specialists, Cramer Electronics, Liberty Electronics, Elmar Electronics, Western Radio, Norelcom. Siliconix 
sales offices. Bethpage, NY (516) 796-4680 / Norwood. MA (617) 769-3780 / St. Louis, MO (314) 291-3616 / Minneapolis, MN (612) 920-4483 / Long Beach. 
CA (213) 420-1307 / Santa Clara. CA (408) 246.8000 / San Diego. CA ZE 7-1301 / Denver, CO (303) 744-0404 / Phoenix. AZ (602) 947- 3183. Overseas sales 
offices. Siliconix Limited. Saunders Way. Sketty. Swansea, Great Britain / Siliconix GmbH. 7024 Bernhausen, Postfach 1340. W. Germany / Siliconix S.A.R.L., 
94- Saint- Maur. France, Tel. 283-57-90. 
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Washington Newsletter 

December 20, 1971 

Study suggests Air Force jobs around microwave radiation sources produced the most 
d ble disability discharges due to eye pathology and blood diseases in 1970, microwaves isa 

the Bureau of Radiological Health has found. When asked about the 
AF personnel unpublished epidemiological study, project head Dr. Loren Mills said 

there appeared to be more eye problems among workers repairing naviga-
tional, communication and directional radars, or exposed to the com-
mercial microwave ovens used for cooking. But Mills cautions that no 
firm concluions can be drawn before three or four additional years of 
disability records have been compared with the current study. 

Senate angry 

with FAA deal 

over Aerosat 

NASA tries again 

to sell its 

technology 

Addenda 

In its attempt to get into the aeronautical services satellite business, the 
Federal Aviation Administration is running into heavy Senate opposition. 
The upper chamber is annoyed by the agency's rather arbitrary handling 
• of the proposed agreement with the European Space Research Organiza-
tion. Until the matter is resolved, Commerce Committee Chairman 
Warren G. Magnuson (D., Wash.) has asked the Appropriations Com-
mittees not to fund the satellite project, and also has asked the White 
House not to sign the agreement. :The FAA will be called before the 
Commerce Committee early next year to answer for its actions. 
The FAA is certain to have a diffictilt time, if powerful Sen. Howard 

W. Cannon (D., Nev.), who will chair the hearings, is any measure. 
Cannon doesn't buy the FAA's argument that the agreement won't bind 
the U.S. to full operation. He also questions putting the agency into 
business when "you have commercial facilities available such as Comsat." 
That company reportedly stirred up the Hill. 

The National Aeronautics and Space Administration is having another 
go at recovering its lost momentum by launching an Office of Applica-
tions. It will explore a wide range of earth-oriented programs, from 
navigational satellites to waste disposal technology, for clients from other 
Government agencies and industry. 
The sales shop could run into some trouble, however, because it will 

have no research capability of its own and will have to negotiate its work 
with other NASA groups. According to its head, Charles M. Mathews, 
the office is considering taking over the Office of Technology Utilization, 
itself created to transfer applications of space technology • to earthly 
problems. Among the projects Mathews has on tap is a study for a 
navigational satellite program to establish the precise position of all 
ships on a global basis, with requested FY 1973 funding of $1 million. 

Watch for the Senate's quick approval in January of the creation of a 
second deputy defense secretary post, an action stymied in committee by 
Sen. Stuart Symington (D., Mo.) the day before David Packard quit. . . . 
With two Pentagon deputy slots to be filled—most likely from within be-
cause of the short time before the election—Defense Secretary Melvin 
Laird is considering these candidates: DDR&E chief John S. Foster, Jr., 
Air Force Secretary Robert Seamans, top SALT negotiator and former 
Air Force Secretary Harold Brown, and, on the administrative side, 
Pentagon comptroller Robert Moot. 
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Washington Commentary 

The Pentagon loses 

Packard ... 

... will the nation 

lose sight of 

his goals as well? 

When David Packard resigned as Deputy Secretary of Defense on 
December 13, he received lavish and deserved praise from nearly every 
quarter for his 35 months on the job. Secretary Melvin Laird called his 
effort "the best thing that has happened to the Department of Defense 
since it was established." Though that broad judgment must stand the 
test of time, Laird's estimate that Packard's combination of "honesty, 
realism and straight talk" was a major factor in his success is unques-
tioned. But it was that combination, rare in the Capitol, that occasionally 
got Packard into trouble. His initial opposition to a federally guaranteed 
loan to Lockheed Aircraft Corp. is the best example. 
That lost battle was but one of many frustrations for a man who is 

neither professional politician nor bureaucrat and unaccustomed to 
losing. Officially, Packard's reasons for resigning were "strictly personal," 
ostensibly tied to his sacrifice of an estimated $1 million a year in income. 
But sources close to the man stress his increasing concern with the politi-
cal constraints that hampered his taking a harder line with the services 
and contractors who dragged their feet. He was, for example, furious 
with the Navy and Grumman Aerospace when cost overruns on the F-14 
fleet defense fighter came to light only because of a totally unrelated 
event—the crash of the first plane because a hydraulic system failed. 
"He would have loved to have canceled the F-14, but he couldn't," says 
one source. "There was nothing in the pipeline." 

The ultimate frustration for David Packard was that DOD too often 
found itself with no available options when a major program encountered 
technical or economic problems. He moved to counter that with a series 
of directives that reflected his own success as an engineer and a manager. 
In addition to demanding better definition of weapon systems needs, 
better planning and better procurement, he instituted a program for 
competitive prototyping that would permit evaluation of hardware, rather 
than paper proposals [Electronics, Aug. 30, p. 65]. But just as that pro-
gram was about to take off, Congress shot it down by cutting out funds 
for 10 of the 12 programs on the grounds that all but two of the Air Force 
efforts were merely sour wine in new bottles [Electronics, Nov. 22, p. 46]. 

Subsequent events suggest that Packard, too, like Congress, believed 
his prototyping plan was being exploited by the, military as a means of 
funding old concepts previously rejected. And he remains disturbed by 
"the growing anti-defense attitude in this country" and the program over-
runs and mismanagement that contribute to it. One of his last public 
statements laid the issue out: "I want to emphasize that better manage-
ment . . . is a responsibility above the parochial interests of the military 
services and above the selfish interests of industry." 

Unfortunately, the mere expression of an ideal rarely makes history, 
and many of Packard's advocates are afraid his fresh ideas and their effec-
tive implementation—prototyping included—will die on his departure. 
Bureaucrats in Government and in industry, in uniform or not, may feel a 
thorn has been removed from their side; taxpayers who wonder if the best 
national defense is necessarily also the most expensive believe they have 
lost a champion. For some electronics manufacturers, Packard's inclina-
tion to take useful technologies where he found them—overseas, if neces-
sary—was upsetting. Others were pleased with his programs to consolidate 
similar military requirements such as communications into single systems 
like the Tri-Tac svvitcih. Some of these efforts will surely now fade. 

—Ray Connolly 
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Our new DIP gives 
you just what you need 

and no more. 
First we put four fixeo resistors and a trimmer in 
one module. We called it our TAN (Trimming Re-
sistive Network) package. Great. 
Now you can get the same module, with the same 

dimensions for automatic insertion and the same 
excellent characteristics, in a DIP trimmer. And 
just a trimmer. 

Not just a 3/4 -irch commercial trimmer turned on 
its side, but one That has been developed from the 
ground up to meet all dimensions in accordance 
with EIA Microelectronic Outline DIP Family with 
0.300-inch-row spacing. 

Resistance range of our new DIP is from 10 ohms 
to 1 megohm. The resistance tolerance is T. 10%. 

And like the TRN, the DIP offers excellent TC of 
100 ppm standard with 50 ppm availab e The op-
erating temperature range of this DIP is —55 C to 
+125°C. Power rating is 3/4 -watt at 40°C. 

So if you want the whole works—trimmer and 
from 1 to 4 fixed resistors—in one package, get 
our TAN. But if you want a trimmer and no more, 
then our new DIP will g"ve you just what you leed. 
Bo:n are now available through Amphenol's dis-
tributor retwork. 

For more information write Amphenol Controls 
Division, Bunker Ramo Corporation, 120 South Main 
Street, Janesville, Wisconsin 53545. 

BLINKER 
FtAIVIO AMPHENOL 
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Amp• COST SAVINGS BY DESIGN VVORLDVVIDI 

it pays. 
Take a close look at the 
broad line of AMP -M" 
Series Connectors. You'll 
see how everything is de-
signed and made better to 
give you better performance 
and higher reliability, at the 
lowest installed cost ... this 
iswhat we call Economation. 

®The right pin and socket 
contacts for the job. Formed 
contacts with special socket 
spring design to make 
stronger and more uniform 
electrical contact—an AMP 
mated connector exhibits 
less resistance per contact 
than equal length of wire. 
Formed pins and sockets 
available in contact sizes 20, 
18 and 16 accommodating 
wire ranges 14 to :± 30 
AWG. Solid, sc ,ew-ma-
chined contacts available 
for military or aerospace re-
quirements down to -;--32 
AWG wire. 

CI AMP contacts are de-
signed to be manually or 
automatically crimped on 
wire, or for soldering or 
welding techniques. Special 
contacts are designed for 
back-bay wiring, with either 
AMP TERMI-POINT* point-
to-point wiring or wrap type 
methods. 

N 

Single crimp coaxial con-
tacts. AMP COAXICON* 
Sub-miniature Coaxial Con-
tacts cover a range from 
RG174U to RG196U includ-
ing some twisted pairs. 
These contacts are termi-
nated with one quick crimp-
ing action ... inner conduc-
tor, outer braid and cable 
support, all simultaneously. 
VSWR and noise levels are 
kept at minimum. The fin-
ished termination is inspect-
able via a see-thru port. 
Coaxicon subminiature con-
tacts tit all " M" Series blocks 
to allow complete freedom 
of mixiig with standard 
contacts. 

©The right contact plating 
—the right thickness. With 
AMP, you can select from 
various platings engineered 
to do a specific job best. 
Available in gold, silver, tin 
and special alloys. Proper 
thickness during AMP man-
ufacture is assured by ex-
clusive X-ray emission 
analysis techniques. 

()Largest selection of con-
nector blocks. AMP offers 
more variety of contact con-
figurations and a choice of 
quality molded plastics — 
"KC Se,ies blocks are made 
from phenolics for all around 
service, or diallyl phthalates 
for stability under extreme 
conditions. They also meet 
Mil Spec requirements. 
Available in 6 to 160 posi-
tions for standard or coaxial 
contacts. Mix or match for 
your particular circuit needs. 

*Trademark of AMP Incorporated 

C: CD 

©Pick from the broadest se-
lection of hardware. Choose 
from a complete line of guide 
pins, sockets, strain- relief 
clamps. And two piece 
shields, with either lock-
spring, quick- release or 
jackscrews, and cable 
clamps up to 11/4 " diameter. 
Internal and external pin 
hoods are available for pin 
protection. Jackscrews of all 
types .. . fixed, turnable, 
short-short to long-long. 

Everything about our "M" 
Series Connector design 
permits mating with almost 
any similar connector avail-
able today. So you can use 
them to retrofit, modify or in-
terface ... at a cost savings. 

OHigh-speed crimping or 
point-to-point wiring ma-
chines. AMP offers the most 
complete line of automatic 
application machines for 
use in your plant that give 
you capacities of 1,000 to 
12,000 terminations per 
hour. Human error is cut to 
the absolute minimum. And 
operator skills are quickly 
and easily learned — we 
even train your production 
personnel. 

The unique semi-automatic 
AMP Stripper/ Crimper* 
simultaneously strips and 
terminates unstripped leads 
or wire harnesses at speeds 
up to 1,200 pins or sockets 
per hour. 

Our fully-automated AMP-0-
MATOR* Machine does 
everything . . . cuts wire to 
exact length, strips, termi-
nates one or both ends. And 
with the same or two differ-
ent contacts. Maximum ca-
pacity . . . 12,000 termina-
tions per hour. 

The AMP line is thoroughly tested. Tests cover all areas 
of electrical and mechanical performance and adverse en-
vironments — contact resistance, millivolt drop, shock, 
vibration, heat stability and corrosion resistance. Data 
covering these and other criteria is available. 

Get nosy. Get all the information you need and learn how 
our " M" Series line pays off in reliability and improved 
productivity through AMP Economation. Write: Indus-
trial Division, AMP Incorporated, Harrisburg, Pa. 17105. 

I& 'VIII= 
INCORPORATED 
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A-B breakthrough 
wil change your thinking 
about photo resistors. 

Allen-Bradley's unique electroding 
process gives new material and sur-
face topography improvements. 
And superior photodetector re-
sponse and speed. It means a whole 

new generation of miniaturized cad-
mium sulfide and cadmium sulfo-
selenide photodetectors for hybrid 
applications. Custom styles to fit 

Actual 
size 

vat 

your needs. Chips. Bars. Arrays. And 
leaded devices for circuit board ap-
plications. Temperature limit 85°C. 
Response as fast as 10 milliseconds 
at 10 footcandles. Three spectral 
sensitivities. Standards available as 
PHOTOCHIPS, multi-cell PHOTO-
CHIP ARRAYS or single-channel 
PHOTO BAR detectors and PHOTO-

CHIPS in TO-18 metal or TO-98 plas-
tic packages. All with traditional A-B 
quality and service. Large-area cus-
tom devices are our specialty. Re-
quest Publication 5910. Write: Allen-
Bradley Electronics Division, 1201 
South Seccnd Street, Milwaukee, 
W. 53204. Export: Bloomfield, N.J. 
07003. Canada: Galt Ontario. 

NEW DIMENSION ELECTRONICS / 

ALLEN-BRADLEY AB 
EC71-27 Allen.Bradley 1971 
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Technical articles 

Planox nrnds MOS back into the density cinrby. n 

Though oxide isolation technologies are being used widely by bipolar IC designers 
to increase density, they originally were intended for MOS devices, says author 
Franco Morandi. The Planox technique is going back to its MOS roots: when com-
bined with self-aligning silicon gate technology, Planox through an extra process-
ing step yields significant density—and hence cost—advantages over comparable 
bipolar circuits. 

Communications engineers need high-quality remote data acquisition systems, but 
what they don't need are data errors and circuitry that drains battery power sup-
plies. The right team for the job, says author Alex Young, is pulse code modulation 
and complementary MOS: the former gives reliable data handling while the latter 
combines high immunity to the noise often encountered in field environments with 
very low power dissipation. 

How to get along with pulsed laser diodes: p. 59 

There's no doubt that the new large-optical-cavity structures developed for injec-
tion laser diodes have scored impressive gains in efficiency and power capacity. 
However, says author Ron Carroll, they do require high-quality current pulses to 
realize these benefits, and he tells how to obtain and handle them for optimal laser 
operation. 

Special report: European markets at the crossroads: p. 87 (cover) 

Infected with inflation, monetary woes, and rapacious competition in essential 
world markets, the health of Europe's economy is ailing, according to Electronics' 
staff report. These diseases have taken their toll in the electronics community, and 
while electronics continue to do better than the European economy as a whole, the 
days of 25%-or-better annual gains may be over. For 1972, Electronics' survey 
predicts only a 10% gain for European equipment markets, with computers and 
color -ry racing ahead, and components and semiconductors falling behind. 

And in the next issue. . 

How U.S. electronics markets shape up for 1972 . . radar takes to the road . 
new self-aligned gate technique for MOS transistors. 
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Planox process smoothes path 
to greater MOS density 
By leveling the oxide surface of MOS chips, an Italian process improves 

their mechanical reliability; automatic partial self-alignment boosts 

performance also, and full self-alignment is possible with polysilicon 

by Franco Morandi, Società Generale Semicondutton SpA SGS. Milan, Italy 

0 Contrary to popular belief, the new oxide isolation 
methods that increase the packing density of bipolar in-
tegrated circuits are not the sole province of bipolar 
technology. In fact, the original Planox process was in-
vented for discrete and itc mos devices, and only later 
adapted to bipolar circuits. Moreover, when it's com-
bined with the low-voltage, self-aligning silicon gate 
process, Planox offers the mos circuit user a clear ad-
vantage in density and with it a significant cost gain 
over comparable bipolar components. 

It is important to point out that the Planox process is 
not a sudden, dramatic advance in tc technology, but 
part of a continuing effort by semiconductor manufac-
turers to improve their devices. Specifically, the aim 
here was to reduce the threshold of each mos transistor 
so that circuit speed could be increased and logic levels 
boosted to bipolar levels. 

For openers 

Where the method differs from the planar technique 
of 1c fabrication is in its way of creating openings in the 
oxide layer covering the surface of the semiconductor 
material. 

In the conventional planar process, a film of silicon 
oxide is grown or deposited over the whole surface of a 
silicon wafer. This oxide is then etched away, with hy-
drogen fluoride, from selected areas that are defined by 
photoresist maskings. 

In the Planox process, however, first, a layer of silicon 
nitride is deposited on the wafer, and etched to the de-
sired circuit configuration. Next the wafer is put into a 
furnace in an oxidizing environment. Since the nitride 
layer prevents any thermal oxidation of the silicon un-
derneath it, oxidation occurs only on the etched, unpro-
tected areas. Finally, the silicon nitride is removed com-
pletely with phosphoric acid, which has practically no 
effect on either the silicon beneath the nitride or the sili-
con oxide. 

Figure 1 contrasts the configurations of the openings 
in the oxide obtained by the two different methods. Fig-
ure 2 portrays the sequence of operations constituting 
the mos Planox process. Not shown are the usual, final 
operations of aluminum evaporations, metal mask, and 
alloy. 
One point should be made clear concerning this fab-

rication process. During the formation of the oxide on 
the field region, the silicon nitride is slightly lifted at the 

Si0 2 

Si 

(a) 

SO2 

Si3 N 4 
(TO BE REMOVED) 

Si 

(b) 

1. The difference. In the conventional MOS process (a), a layer of 

silicon dioxide is first grown over the surface of the wafer and then 

removed from selected gate areas by photoresist maskings and 

etching. In the Planox process (b), a layer of silicon nitride is first de-

posited on the wafer, then etched away according to the desired cir-

cuit pattern. The remaining Si3N4 layer acts as a mask for further 

gate diffusions. Thus the Planox process offers partial self-alignment. 

edges of the protected region. The effect is visible in the 
greatly enlarged photograph in Fig. 3(a), and is shown 
schematically in Fig. 3(b), where it can be seen that the 
oxidation spreads under the rigid silicon nitride. Hap-
pily, it produces a controlled narrowing of the first mask 
vis-à-vis the dimensions of the working plate, and can 
be used to obtain very narrow p + regions or load tran-
sistors. 
A degree of self-alignment is an important benefit. 

Since the gate regions are defined by the superposition 
of the first and second mask patterns, the source and 
drain diffusions are self-aligned with respect to the gate 
dielectric. But perfect self-alignment of the gate struc-
ture, such as can be achieved with the silicon gate tech-
nique, is not obtainable, because the metal electrode is 
not used as a mask but is produced subsequently by 
evaporation and etching of aluminum film. This means 
that the mask tolerances used with conventional pro-
cessing must be maintained. 

However, even with metal gates the Planox method 
greatly reduces parasitic capacitances between the gate 
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SECOND MASKING p DIFFUSION OF 

SOURCE AND DRAIN 

—0.7µ 
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AND DRAIN AREAS 

-moo Â 

REMOVAL OF Si3N4 FROM THE GATE REGION GROWTH 
OF THE GATE OXIDE; SECOND DEPOSIT OF Si 3N4 (THIRD 
MASKING FOR THE CONTACTS) 

2. The process. In the Planox process, the subsirate is first covered 

with silicon nitride, and then the areas selected for the active region 

are etched away with phosphoric acid. The process ends with the 

usual operations of aluminum evaporation and metal mask and alloy. 

b) 

1 

SURFACE 

SECTION 

3. Overlap. During the formation of the oxide on the field, the silicon 

nitride is slightly lifted at the edges of the protected region as shown 

in the magnified photograph and in the schematic. These rounded 

edges prevent the process from being completely self-aligning. 

and either drain or source. This is because there is no 
overlap of the thin oxide beyond the contour of the 
source and drain regions. If it is supposed that an oxide 
growth of 0.7-micron thickness exists on the source and 
drain regions, it is easy to show that the parasitic capaci-
tances are reduced by about a factor of three. 

Plain benefits 

For the production of integrated circuits, the most ob-
vious advantage of the Planox process is the reduction 
in the differences between levels on the final wafer sur-
face. Figure 4(a) shows that the planarity of the surface 
is almost perfect, and the aluminum strips are unbroken 
and regular, making the contacts more reliable. Fur-
thermore, the shape of the step from oxide to silicon, as 
Figs. 4(d) and (e) show, ensures perfect continuity of the 
metalization, even in those areas of contact where it is 
not possible to avoid different levels in the oxide. Be-
cause the metal continuity is assured, the minimum 
width of the strips can be reduced to 0.3 mil. This repre-
sents a considerable reduction in chip area that's espe-
cially valuable for large-scale integration devices. 
The Planox technique also dodges a disadvantage of 

Electronics/Decemper 20, 1971 45 



41.". 

KEY 

• 

• 

• 

LOAD 

CONTACT ON THE p+ AREAS 

GATE REGION 

CROSSOVER OF THE METALIZATION 

OVER A p+ STRIP 

GROUND CONTACT 

01111.11.111 AMMO'_ 

4. Flat out. The most obvious advantage of the Planox process is the reduction of the difference in wafer surface levels. The smooth surface 

can be seen after the first metal mask step (a). After the gate region is formed (b), ground contacts and crossovers (bottom strip) are put on 

the p + region. In (c) is shown the surface of the load after the metal mask, while (d) and (e) show ground contacts left and right of the step. 

How MOS circuits matured 

Of recent years, there have been mos innovations. In gen-
eral, the changes have aimed at reducing the 
threshold voltage and size of each mos transistor, in-
creasing circuit speed, and providing better compatibility 
with bipolar ics. 
The figure represents a sectioned mos device, in which 

the marked areas have been modified over the years to 
achieve higher performance: 
• Silicon substrates with an orientation of 1-0-0, instead 
of the more common 1-1-1, reduce surface charge 0„, 
and lower the threshold voltage. 
• The ion implantation technique, by lowering substrate 
resistivity in the gate regions, permits more precise con-
trol of threshold voltage. 
• The gate dielectric structure has been modified for 
protection against accidental contamination; many man-
ufacturers use a double layer of silicon oxide/silicon ni-
tride in place of the simple silicon oxide film. 

• Aluminum gate electrodes can be replaced by poly-
crystalline silicon that's made conductive by suitable 
doping; this silicon gate process allows faster self-align-
ment and closer spacing of devices. 
These changes have reduced threshold voltages to the 

1.5- to 2-volt level necessary for Tit compatibility. In ad-
dition, logic-voltage swings have been increased, making 
logic-sensing easier. And using the silicon gate tech-
niques provides still lower threshold voltages and greater 
flexibility in interconnecting different circuit elements. 

STANDARD p-CHANNEL PROCESS 

STRUCTURE 
IMPROVEMENT TO BOOST 

PERFORMANCE 

1. SUBSTRATE 

2. GATE 
REGION 

3. GATE 
DIELECTRIC 

n < 111> IS REPLACED BY n , 100 FOR 

LOW VOLTAGE PROCESS. 

ION IMPLANTATION: THE RESISTIVITY 

IS INCREASED LOCALLY BY PARTIAL 
COMPENSATION OF THE SUBSTRATE 

DOPING. 

MNOS STRUCTURE: SiO2 FILM IS 
REPLACED BY THE DOUBLE LAYER 

Si02 iSi3N 4 . 

4. GATE 
ELECTRODE 

THE METAL; GENERALLY ALUMINUM, 
IS REPLACED BY POLYCRYSTALLINE 
SILICON SUITABLY DOPED. 
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PLANOX 

conventional fabrication methods, which make it diffi-
cult to obtain values of layer resistivity in the diffusion 
areas of less than 100 ohms. Such values are routinely 
obtained with the Planox process, and lead to lower 
voltage loss and high logic level swings. 
The reason is that the growth of the field oxide con-

ventionally occurs after deposition on the source and 
drain areas, sck that the more fully doped surface layers 
of the silicon become oxidized and, in the case of boron, 
the doping element in the oxide is adversely redistrib-
uted. It is this redistribution that causes the high, final 
values for sheet resistivity. 
With the Planox techniques, on the other hand, the 

oxide on the field is grown before the diffusion of source 
and drain materials, and the doped regions are sub-

SiO2 

CONVENTIONAL 

Si 02 

5. Better protection. The Planox device provides better diode pro-

tection because the overlap of the oxide onto the p + region—where 

a strong potential difference could form with respect to the field 

plate— is minimized. In the conventional process, the grounded field 

plate creates an accumulation of charge on the p region, so that the 

breakdown voltage only slightly exceeds the supply voltage. 

6. Big RAM. Using the silicon gate process together with the Planox 

technique yields a 1.024-bit random access memory with lower 

threshold voltages than possible with conventional processing. 

Shown here are the details of a single cell magnified 1,000 times. 

sequently oxidized more weakly. Consequently, the fi-
nal sheet resistivity is less, and can easily be as low as 80 
ohms. 

Finally, the process also protects the oxide better. The 
inputs and outputs of mos circuits are generally pro-
tected by low breakdown voltage devices, which prevent 
static accumulation or accidental voltage spikes from 
damaging the gate oxide. One of the most widely used 
devices is a diode with a control gate to reduce its 
breakdown voltage. 

Figure 5 shows protection diodes produced conven-
tionally and with the Planox process. In the former, the 
field plate, which is generally connected to ground, is 
used to create accumulation of charge on the surface in 
the p region, so that the breakdown voltage of the struc-
ture is only slightly greater than the standard supply 
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PROCESS 

LOW-VOLTAGE PLANOX PROCESS : DEVICE PARAMETERS 

MATERIAL 

JUNCTION DEPTH 

OXIDE THICKNESS — FIELD REGION 

OXIDE THICKNESS — p REGION 

GATE STRUCTURE 

n- type, 111, p = 6.8 to 7.5 e/ x cm 

xi 1.65 ± 0.15p 

xof = 1.7 ± 0.1p 

xop = 0.8 ± 0.1p 

Xo + Xn 1000 Â 

ELECTRICAL 

THRESHOLD VOLTAGE 

FIELD INVERSION VOLTAGE 

p- REGION RESISTIVITY 

BREAKDOWN VOLTAGE 

GATE RUPTURE VOLTAGE 

CAPACITANCE : 

METAL OVER THICK OXIDE 

METAL OVER GATE 

METAL OVER p- REGION 

CONDUCTANCE CONSTANT 

VT = 1.8 to 2.5 V 

VT F 30 V 

at 10 pA 

at 10 pA 

80 Wo 

Vg = 40 ± 5 V at 10 pA 

Vg(rup) = 115 ± 10 V 

0.017 pF/mil 2 

0.25 pF/mil 2 

0.036 pF/mil2 

k' = µeft €0 1 Xo = 8.6 ± 0.8 p A / V2 

voltages. With the Planox process, not only is the area 
covered by thin oxide reduced, but also the overlap of 
the oxide onto the p + region (that is, the area in which 
a strong potential difference could form with respect to 
the field plate) is minimized. It now extends only for a 
width equal to the lateral diffusion of the doping ele-
ment. Thus, although the same breakdown mechanism 
exists, the structure is less subject to damage. 

Process pairing 

The Planox method can, of course, be used in con-
junction with other methods. To obtain lower threshold 
voltages, it can be coupled with silicon-nitride MNOS 
structures. Moreover, devices that combine the advan-
tages of Planox's mechanical reliability with the high 
voltage swing and good protection against contamina-
tion offered by the Si31•14 process, can be produced in a 
plastic-DIP assembly at a considerable cost advantage. 

Table 1 gives the basic parameters of the Planox 
MNOS process. Again, owing to the high dielectric con-
stant of silicon nitride, the threshold voltage is reduced 
to values around 2 volts (at 10 microamperes), which 
makes it possible to achieve complete compatibility be-

Learning the process 
MUNN 

The last half of 1971 has seen new processes for 
building both bipolar and mos circuits that may prove 
to be as important as the silicon gate technique. Be-
cause new processes often herald new devices, Elec-
tronics will, in the next several months, publish a num-
ber of articles on the most significant of these 
innovations. 

This issue has covered the Planox process. In the 
next issue a new approach to self-aligned gates in 
mos—a self-aligned, thick-oxide (SATO) technique in-
troduced by Texas Instruments—will be explored. 

tween mos and TTL circuits. Furthermore, higher ca-
pacitance per unit area can be obtained with the double 
layer of silicon oxide/silicon nitride than with an equal 
thickness of oxide alone. 
The Planox technique can also be coupled to the sili-

con gate process. Used to obtain the first mask configu-
ration in the first growth of thermal oxide, it makes it 
possible to obtain steps of reduced height and of 
oblique shape with the thickness of SiO2. In this way, 
breaks are avoided in the polycrystalline silicon layer to 
be deposited, and the thickness of the thermal oxide can 
be increased to provide a planar surface. 
With a greater thickness, there is, of course, a corre-

sponding increase in the threshold voltage on the VT 
field. Therefore polycrystalline can be freely used as an 
additional interconnection layer. 

Figure 6 is a microphotograph of one cell of a 1,024-
bit dynamic shift-register produced by the Planox sili-
con gate process. With this construction, an area reduc-
tion of about 30% and an increase in maximum oper-
ating speed of about 50% are obtainable compared to 
conventional devices. The thickness of SiO2 on the field 
is now only 1.6 micrometers, yet full oxide protection is 
obtained. 

At present it's difficult to choose between the advan-
tages and limitations of the various mos process tech-
niques. Eventually, perhaps, just one p-channel process 
will win out, or perhaps each will survive to optimize a 
particular class of circuitry. But regardless of which pro-
cess is used, implementing it with the Planox method 
should increase performance. El 
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PCM plus C/MOS spells reliable, 
low-dissipation data acquisition 
Remote data systems require low error rates and a minimum of drain 

on battery supplies; two established techniques team up to 

meet all the requirements for acquisition stations 

by Alex Young, RCA Solid Slate division. Somerville. N. J. 

0 The data explosion has brought with it a tremendous 
demand for acquisition stations capable of providing in-
formation to a central location for recording and pro-
cessing. A particular challenge to designers is remote 
stations for geologic, oceanographic, and space appli-
cations, where high data reliability must be combined 
with low-dissipation circuitry to conserve power sup-
plies. 

Pulse code modulation and complementary mos 
make an excellent combination for these applications. 
PCM has inherently high noise tolerance during trans-
mission and interfaces easily with digital data-process-
ing gear. c/mos, for its part, is already highly regarded 
for its low operational and standby power requirements, 
as well as for its excellent immunity to noise even in se-
vere environments [see "cimos and the designer," 
p. 501. 
One such digital data acquisition system uses both of 

these techniques to accept one digital and eight analog 
inputs from data sensors. The data then is assembled 
into a sequence of digitally coded eight-bit words. Serial 
output can feed a computer directly, or can modulate 
an rf carrier for telemetry to a distant data sink. 

Developing the basics 

The order in which data channels are sampled is ba-
sic to a data acquisition system. This ordering into a 
predetermined format includes synchronization words 
necessary to decipher the data. A word is the smallest 
number of bits handled as a single entity. Word length 
(the number of bits per word) determines the maximum 
accuracy of data measurements. Words are sub-
sequently grouped into frames. The frame is an integral 
number of words and includes a synchronization word. 
In Fig. 1, a typical format has N words grouped into 
one frame. 
Sampling rate of data words is based on the bit rate 

to be transmitted, word length, and the frame length: 
bit rate  

Sampling rate — 
word length X frame length 

Thus, for a bit rate of 8 kilobits per second, a word 
length of eight bits, and a frame of 10 words, the sampl-
ing rate is 100 times per second. 
The format in Fig. 1 requires that sampling rates are 

the same for each input. However, many applications 
require a range of sampling rates for efficient operation. 
Two fundamental techniques—supercommutation and 

DATA DATA DATA 
,› 

DATA DATA 
CONTROL WORD WORD WORD WORD WORD 
WORD 1 2 3 

t, 
Ni N 

FRAME 

1. Format. In the basic format of acquisition systems, a frame con-

sists of an integral number of words and a synchronization control 

word. A word is the smallest number of bits handled as an entity. 

WORD 
SLOT 

2 3 4 5 8 

SYNC• 02 03 04 05 06 

WORD 
SLOT 

MAIN 
FRAME 

(a) SUPERCOMMUTATION OF CHANNEL D1 

2 3 4 5 6 7 8 

SYNC DI 
SUB-

FRAME 
SYNC 

03 D4a 01 05 06 

SYNC D1 02a 03 04b 01 05 06 

SYNC 01 D2b 03 04a 01 05 DE 

SYNC 01 D2c 03 04b DI 05 06 

FRAME 
NO 

I 19 SUBCOMMUTATION OF WORD SLOTS 3 AND 5 

SUB 
SYNC 01 FRAME 

SYNC 
03 D4a 131 05 06 

D2a 

D21) 

D2c 

045 

(c) SHORTHAND REPRESENTATION OF FIGURE 3b 

2. Multiple sampling rates. Supercommutation and subcommuta-

tion are techniques used to accomplish sampling rate variation for 

efficient utilization of a system's channel capacity. 
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subcommutation—accomplish this needed sampling rate 
variation (Fig. 2). 

In supercommutation, as in ( Fig. 2(a), data channels 
in a given frame are sampled repeatedly to obtain 
sampling rates that are integral multiples of the funda-
mental rate. For the format parameters shown, channel 
D1 is sampled at twice the fundamental rate. In effect, 
the process means dividing the frame-length term of 
equation 1 by the number of repetitions of a given 
channel. Proper supercommutation requires that the 
word slots be evenly spaced in a frame. 

Subcommutation, as in (Fig. 2(b), is the alternate 

C/MOS and the designer 

Although complementary symmetry metal oxide semi-
conductor circuits (c/mos) have found extensive use 
in military systems, many circuit designers have had 
little exposure to these devices. Nonetheless, they 
should find wide appeal in practical circuit appli-
cations based on two key features: 
• The extremely low power dissipation of the devices 
permits economical battery operation of complex sys-
tems, a point that's sure to make engineers designing 
aerospace, oceanographic, and other battery-pow-
ered systems look up. 
• The high inherent noise immunity of c/mos devices 
often reduces requirements for complex filtering cir-
cuits. This immunity is primarily due to the false-trigger 
margins between the two logic levels and the trigger-
ing threshold that separates these levels. (These and 
other features of c/mos, standard mos, and transistor-
transistor logic circuits are compared in the table.) 
A breadboard of the data acquisition system has 

been constructed using cimos circuits; its total dissi-
pation is 200 milliwatts, less than 10% of a similar sys-
tem using Tn. circuits. Only one-quarter of this 200 mw 
is used to power the c/mos logic (150 mw is con-
sumed by the two analog comparator circuits). 
The trial system was operated at a typical clock 

speed of 100 kilohertz in making the comparison 
above. cimos power dissipation depends on operating 
speed, so the cimos power advantage over rri. would 
be expected to degrade as switching speeds increase. 
Most data acquisition applications, however, require 
clock speeds of less than 100 kHz. 

In a standby mode, where bias is applied to c/mos 
circuits but switching does not occur, power dissipa-
tion is virtually zero. For rri_ circuits, power is dissi-
pated even when switching does not occur. 
The high noise immunity of c/mos ics is attributable 

to their relatively low output impedances (approxi-
mately 600 ohms), moderate-speed operation, and 
trigger levels very near 50% of supply voltage level. 
c/mos circuits are guaranteed not to trigger falsely 
when noise reaches levels as high as 30% of supply 
voltage for a logic 0 or as low as 70% of supply volt-
age for a logic 1. Unlike rrt., cimos logic can switch to 
within 10 millivolts of the 1 and 0 levels with fanouts as 
high as 50 gates. 
As ctmos circuit popularity increases, more circuit 

functions will become available. Presently, RCA, Moto-
rola, Harris, Ragen, and Solid-State Scientific, have 
announced commercially available product lines. This 
list will certainly get longer. 

WORD 
SLOT 1 2 3 4 5 6 7 8 9 lo 

SYNC Al A2 A3 A4 A5 AG AI AG -01 

BR = 8 x 10 x 200 = 16 kb/s FOR EIGHT- BIT WORDS 

WORD 
SLOT 1 

I a / FORMAT CONFIGURATION 1 

2 3 4 5 6 7 8 

SYNC 
Al 

(200) 
SUB-

FRAME 
SYNC 

A3 
(100) 

A4a 
(50) 

Al 
(200) 

01 
(100) 

A5 
(100) 

A2a 
(25) 

A2b 
(25) 

A2c 
(25) 

A4b 
(50) 

SAMPLING RATES 
IN PARENTHESES 

BR = 8 x 100 x 8= 6.4 kb/s FOR EIGHT BIT WORDS 

b) FORMAT CONFIGURATION 2 

3. Efficient formats. Supercommutation and subcommutation allow 

bit rate reduction from 16 to 6.4 kb/s in this example. 

sampling of data channels from frame to frame to ob-
tain sampling rates that are a fraction of the fundamen-
tal rate. 
The entire data cycle (the smallest number of words 

that repeat periodically) is called a subframe and in-
cludes the main frame and subsequent frames. Subcom-
mutation can be applied to more than one main frame 
word but the number of subcommutations must have 
an integral relationship to all other subcommutation 
lengths. For example, lengths of two, four, and 16 
frames are acceptable, but two, eight, and 10 are not be-
cause 10 is not an integral multiple of eight. The inte-
gral relationships in subcommutation assure synchro-
nization of subcommutated channels for 
decommutation. 

A practical example 

Manipulation of the bit rate, frame length, and sub-
frame length parameters is required to obtain an opti-
mum format from sampling rate requirements. Assume 
the need to design a format with input requirements of 
one channel at 200 samples per second (analog); three 
channels at 100 samples/s (two analog, one digital); two 
channels at 50 samples/s (analog); and three channels 
at 25 samples/s (analog). 
One solution is to sample all channels at 200 sam-

ples/s. This meets the requirement of the most active 
channel at the cost of oversampling the others. The re-
sulting format has a bit rate of 16 kb/s for an eight-bit 
word length, as in Fig. 3(a). This format is inefficient 
and results in having to record and process redundant 
data. 
An alternate format, as in Fig. 3(b), consists of eight 

100 sample-per-second main frame words; it uses super-
commutation and subcommutation to generate alter-
nate sampling rates. Supercommutation of two word-
slots (2 and 6) produces a 200 sample/s channel. Sub-
commutation of one word-slot (5) twice and another (3) 
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ANALOG 
INPUTS 

Al 

A3 

A5 

A2a 

A2b 

A2r 

A4a 

A4b 

W2 
WE 

W4 

W8 

F 
F3 

W3 

W4 

F2 
F4 

ANALOG MULTIPLEXER 
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TIMING FROM 
A/D CONVERTER 

DIGITAL WORD 
SELECT (WI) 

DIGITAL MULTIPLEXER 

DMUX 
OUT 

SYNC COUNT 
WD I ENABLE 

Fl • W3 T3 
SO 

AMUX 

VII 

VTFIRt $1-10Lo 

ADCL— 

OIVIDE-BY-10 
A/0 CONTROL PULSE 

GENERATOR 
DECODER 

I I I9 
SO Si S 

--
LADDER 

— NETWORK 

A/D CONVERTER/DIGITAL DETECTOR 

r CLOCK OSCILLATOR 

DIVIDEBY-8 
BITS/WORD COUNTER 

ANO DECODER 

BIT RATE I I . .. 
CLOCK TO T1 TI 
U3FICL) BIT TIMING 

SYNC BIT 1 

SUBFRAME 
SYNC BIT 1 

B1 

SYNC BIT 2 

SUBFRAME 
SYNC BIT 2 

82 

SYNC BIT 8 

SUBFRAME 
SYNC BIT 8 

88 

SYNC 

Fl • W3(SUBFRAME SYNC) 

WI 

BRCL— 

BRCL 

D 

CL 

o 
DATA 
OUT 

ASSEMBLER/SE RIALIZER 
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P
A
R
A
L
L
E
L
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O
 S
E
R
I
A
L
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O
N
V
E
R
T
E
R
 

LOAD 

LEGEND: 

E  = TRANSMISSION GATE 

BRCL = BIT RATE CLOCK 

ADCL = A/D CONVERTER CLOCK 

AMUX = ANALOG MULTIPLEXER OUTPUT 

OMUX = DIGITAL MULTIPLEXER OUTPUT 

DIVIDE-BY-8 
WORD FRAME COUNTER 

ANO DECODER 

• • • I 
WI W2 W8 

DIVIDE-BY-4 
FRAME/SUBFRAME 

COUNTER AND DECODER 

FI F2 FI3 
WORD TIMING FRAME TIMING 

CLOCK/PROGRAMER 

4. Block diagram. Data acquisition systems can be easily implemented using C/MOS logic. The basic system functions include analog and 

digital multiplexers, a system synchronizer-programer, an analog-to-digital converter, assembler, and output serializer. 

four times produces two 50 and four 25-samples/s chan-
nels. The bit rate required by this format is 6.4 kb/s, 
roughly one-third of that required previously, and is 
achieved with only a small increase in hardware. 

This example requires implementation of the primary 
functions of a data acquisition system and can be used 
as the basis for a system design. This design can be 
readily extended to more complex format structures. 
The system's basic functional blocks include analog 

and digital multiplexers, an analog-to-digital converter 
and digital detector, a synchronizer-programer, and a 
data assembler and output serializer ( Fig. 4). 
The synchronizer-programer provides basic timing by 

reducing the bit rate clock timing into words, frames, 
and subframes; bit rate frequency is divided by eight in 
the bits-per-word counter. Outputs are decoded from a 
50% duty cycle so that no two outputs are in a logical I 
state at the same time. Similarly, the word-per-frame 
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CLOCK 

SO 

COUNT 
ENABLE 

SI 
cco 

S2 z< 
occ 
r-> 

S3 ow 

0 -I 
CC= 
u_ca- S9 

MS8 81 1  

82  1 1 

B3  

84 

85  I1 

66   

B7  I II  

LS8 88  Ii I  

SERIALIZER 
OUTPUT 

5. A-d encoding sequence. The flip-flop outputs (131-138) result 

from the a-d coding for an analog input of 1.410 volts. Parallel out-

puts are loaded into serializer after control pulse S9 arrives. 

and frames-per-subframe counters generate the re-
quired format matrix column and row dimensions. The 
eight-word-per-frame requirement is satisfied by using 
a divide-by-eight counter; the low-frames-per-subframe 
length is provided by counting down from the frame 
counter. 

Combining analog inputs 

The analog multiplexer samples the analog inputs for 
transmission to the a-d converter. This process is called 
"successive approximation." If the input voltage is 0 to 
5 volts, a reference voltage (VR) is given as 5 v in the 
a-d converter. For an eight-bit system, the input voltage 
is compared to the reference voltage divided success-
ively by 2, 4, 8, 16, 32, etc. up to 256 (the eighth power 
of 2). Thus, for a 5-v reference the lowest discrete level 
of quantization is equal to 19.6 millivolts, so, for an 
eight-bit system, a zero voltage would mean all Os; with 
a 19.6-mv input, the a-d converter would generate a 1 
and seven Os, etc. At 5 NI , all Is are generated. 
The timing sequence for encoding an analog input of 

1.410 y is shown in Fig. 5. Operation is initiated by the 
programer when a word-slot is assigned to an analog in-
put. At time S 1 the a-d holding register is set to a 1 and 
seven Os (half scale). A reference voltage (VR) of 2.5 
volts is applied to the comparator, (Al in Fig. 4). 
The comparator output is 0 if VR = AMUX (the sam-

pled input voltage from the analog multiplexer); there-

BUSY 

BUSY 
ADCL 

CLOCK 

DATA 

—D— 

REQUEST   
ACCEPTED 

DATA REQ  
BUSY —D 

RESET 

CHANNEL ADDRESS REGISTER 
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_ o< 
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READY 
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READY 
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CONVERSION 
COMPLETE 

ADDRESS/ 
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COUNT NINE 

CLOCK 17:>__I 
CLOCK 

CLOCK 

A/D 
CONVERSION 
COMPLETE 
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REQUEST 
ACCEPTED 

FROM A/O CONVERTER 

• • • 
DATA REGISTER 
PARALLEL/SERIAL 

CONVERTER 

÷ 10 COUNTER 
WITH DECODER 
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TRANS-
MISSION 
GATE 

DATA 
READY 

6. Remote control. Options such as the slaved programer shown extend the versatility of the basic data acquisition system. Here, the slaved 

programer accepts the necessary control signals on request. The acquired data is then telemetered out on the DATA/ADDRESS line. 

52 Electronics/December 20, 1971 



CLOCK 

DATA 
REQUEST 

REQUEST 
ACCEPTED 

BUSY 

ADDR 
DATA 

DATA 
READY 

II 

_J I  1  

7. Interface signals. In this slaved system, the control logic services requests on a first-in, first-out basis and ignores any requests initiated 

while it is in the BUSY state. After accepting a request, the acquired data is transmitted on the ADDRESS/DATA line (see Fig. 6). 

fore the 0 inputs to the register flip-flop elements ( B1, 
B2, etc) are 0. At time S2 the first flip-flop is clocked to 0 
and the second flip-flop is set to the 1 state. The result-
ing reference voltage ( 1.25 v) is less than Arvtux, and the 
comparator output goes to the 1 state. At time S3 the 
second flip-flop is clocked to I. and the third flip-flop is 
set to the 1 state. This procedure continues until all the 
bits have been considered. 

Standard circuits can be used in the analog section of 
the a-d converter. c/mos devices can drive ladder net-
works directly with typical output impedances of 2 
kilohms. The a-d network yields accuracy within 1.5% 
to 2% with eight-bit resolution at rates of approximately 
10 kb/s so that the encoder can handle the data require-
ments of most operational applications. What's more, 
converter speed or accuracy can be increased by the use 
of gates or buffers to reduce impedance at the flip-flop 
outputs. 

A-d converters are subject to numerous error sources, 
many of which go unnoticed. Temperature variation is 
one of the major causes: changes in temperature as 
small as 10° can cause an output variation equivalent to 
a quantizing level. Other sources of error must be con-
sidered in a practical design, and include such para-
meters as sampling rate variations, aperture time, inter-
polation errors, source impedance and multiplexer 
leakage. Data is available (outputs B1 through B8 in 
Fig. 4) for parallel serial conversion for entry into the 
output bit stream. 

Clocking the data out 

The serializer gathers data from the a-d converter, the 
frame sync word generator, and the subframe sync word 
generator; the assembled data is loaded into a parallel-
in-to-serial-out shift register and is clocked out at the bit 
rate. Data goes into the register and is clocked out at the 
bit rate. Data goes into the register asynchronously; it's 
controlled by the bit rate clock. A flip-flop is added to 
the end of the register to serialize symmetry. 
Where fixed-format PCM data systems aren't ideal for 

many industrial control and data management systems, 
slaved-data acquisition sub systems may do better. In 
such setups. data and control are provided on request, 

substantially reducing redundant data and transmission 
rates, and providing control capability at remote loca-
tions. The PCM telemetry system can be adapted to this 
operation; in fact, logic implementation of remote 
slaved-data acquisition systems with c/mos devices is 
desirable because power consumption of the system is 
reduced significantly as the switching activity in the cir-
cuits decrease. 

Slaved programer adds flexibility 

A slaved programer must include a channel address 
register, as well as data request recognition and output 
transfer-control logic. The format is defined by an exter-
nal programing source and is not constrained by the 
programer format in the acquisition system except for 
maximum channel capacity; format words-per-frame 
and frames-per-subframe counters are unnecessary. 
The interface can range from a single wire to several 

parallel buses. A typical slaved programer ( Fig. 6) uses 
a single ADDRESS/DATA line and five supporting control 
lines: CLOCK. DATA. REQUEST. REQUEST ACCEPTED. 

BUSY. and DATA READY. 
A request is initiated by applying a logic 1 to the data 

request line ( Fig. 7). The control logic services requests 
on a first- in first-out basis and ignores and requests ini-
tiated while it is in the BUSY state. When a request is 
initiated at a valid time, a REQUESTED ACCEPTED pulse 
is generated, the BUSY line is set to I. and the input to 
the channel address register is enabled for loading by 
the requesting device. When the channel address infor-
mation is received, the data is acquired, the DATA 
READY line is set to 1 and the output data register is en-
abled for clocking onto the ADDRESS/DATA line by the 
requesting device. The interface control logic is sub-
sequently reset and the system is ready to acquire a new 
data word. 

Options such as the slaved programer add much ver-
satility to the basic data acquisition system; those avail-
able to communications systems designer are as numer-
ous as the applications for such designs. Commonly 
used options include extended accuracy, sample-and-
hold, selectable input levels, high data-input imped-
ance, and remote digital data processing. 
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Designer's casebook 

Divide-and-sample loop cuts 
phase-locked VCO slippage 
by Charles Deming 
Hughes Research Laboratories, Malibu, Calif. 

A reference sine wave can be sampled to obtain the 
control voltage for a voltage-controlled oscillator (vco) 
so that lock-in takes only about a dozen cycles. A steady 
intercycle voltage can be obtained for the vco without 
the usual integrating circuit and its attendant delay—a 
common cause of initial instability. 
The reference frequency, 60 hertz in this case, ap-

pears across capacitor Ci. A sampling switch then trans-
fers Ci's voltage at a given time to capacitor C2. Sam-
pling time must be short compared to the reference 
cycle time, and C2 must be small compared to C1. The 
sampled voltage controls the vco. 

Oscillator frequency is initially set to equal the refer-
ence frequency times the counter dividing factor. For 

this circuit, the vco is set at 60 Hz (reference) times 100 
(counter dividing factor) or 6 kilohertz. The counter, 
whose output is approximately 60 Hz, fires a blocking 
oscillator once per cycle to operate the sampling switch. 
The 6-kHz output frequency is now locked to the 60-Hz 
reference. 

Except for its input and output connections, the 
sampling switch should be isolated from the circuit. The 
switch makes use of a tertiary winding on the blocking 
oscillator. In its off condition, the switch is open in both 
directions because a positive collector voltage is applied 
to the cutoff transistor. If C1 is more negative than C2, 
diodes DI and D4 are back-biased; if C1 is more positive 
than C2, the back-biased diodes are D2 and D3. 
During an on pulse, transistor base current is sup-

plied by the tertiary winding and limited by resistor RI. 
Transistor collector current is limited by resistor R., and 
flows through all diodes to close the switch. Although 
the transfer current between C1 and C2 is also limited, it 
can be made quite large because of its low duty cycle. 
The transfer of voltage, therefore, can be made 
quickly—within only a few microseconds for the 60-Hz 
oscillator. 

Sine-wave reference. Phase-locked voltage-controlled oscillator employs 60-hertz reference to stabilize 6-kilohertz output. Reference sine 

wave is supplied across CI. Switch then samples CI's voltage and transfers it to C2 for driving VCO. Blocking oscillator triggers sampling 

switch so that sampling phase difference prevents output frequency drift. Output frequency is reference frequency times counter factor. 

REFERENCE 
SINEWAVE 
(60 Hz) 

SAMPLING 
SWITCH 

Ci 

OUTPUT 
16 kHz) 

VOLTAGE 
CONTROLLED 
OSCILLATOR 

DIVIDE-BY 100 
COUNTER 

BLOCKING 
OSCILLATOR 

(60 Hz) 

C, 
0.1 FT 
(NOM) 

L = TERTIARY VVINOING ON 
BLOCKING OSCILLATOR 

SAMPLING SWITCH 

Digital phase shifter 
maintains quadrature 
by Kurt Leuenberger 
Stanford Electronics Laboratories, Stanford. Calif. 

When analog multipliers are used for phase detection, it 
is often necessary to maintain a 90° phase difference be-
tween the reference signal and the carrier of the modu-
lated signal for optimum dynamic range and linearity. 
The carrier frequency, which is usually a known quan-
tity that changes only by very small amounts, can be 
corrected for phase drift (from the desired 90° differ-
ence) with a digital phase-locked loop. 
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The digital phase shifter shown adjusts the reference 
phase for a zero dc output level so that a quadrature 
phase relationship can be maintained with the carrier of 
the incoming signal at frequency C. The unshifted refer-
ence signal must be available at the nth harmonic of 
Two operational amplifiers. A I and Ao, perform as 

level detectors, sensing any excess dc level at the phase 
detector output. Detector A1 supplies a logic 1 if its non-
inverting input is more positive than VI; Ao gives a logic 
1 when its inverting input becomes more negative than 
-V I. 

When A1 goes high, one-shot FF 1 (which consists of 
four NAND gates) is triggered by a positive output tran-
sition of gate G I, corresponding to a positive transition 
of the reference signal. The one-shot then generates a 
pulse whose length, T1, must be shorter than a half pe-
riod of the reference signal. 

This pulse enables gate G:3, and advances the counter. 
Therefore, the counter output signal at fo is shifted to a 
leading position by 1 / nth of a period. 

For negative reference-signal transitions, one-shot 

RELCOM M6D 
MULTIPLIER 

PHASE-
MODULATED 
SIGNAL ( f()) 

PHASE 
ADJUSTED 
REFERENCE 
SIGNAL 

REFERENCE 

A, OR A2 

VA 

FF, 

G 

FF 2 

G4 

FF 3 

FF9 is triggered by gate Go, if Ao is high. The one-shot's 
output is a pulse of length To that enables G4 and re-
sults in a suppressed positive transition at the counter 
input. 

Phase shift now goes to a lagging position at the 
counter output by 1/nth of a period. Both FF 1 and FF., 

trigger one-shot F1:3, which inhibits the shift process at 
gates G1 and Go for a time T3, long enough for the en-
tire loop to recover. 
The circuit illustrated can be operated at a frequency 

(fo) of I megahertz, with a dividing ratio (n) of 10 and 
inhibit timing (T:1) of 0.1 second. The error voltage to 
which the loop responds can be decreased by increasing 
the dividing ratio. 

It is also possible to use the digital phase shifter as an 
open-loop circuit for phase or frequency modulation to 
tens of kilohertz. Modulation is accomplished by reduc-
ing T3 and by keeping either A1 or A2 high to generate 
a continuous count addition or subtraction. 
Output waveforms are shown for several points in the 

circuit. 
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1 IF A2 HIGH, SUBTRACT 
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Locking phase digitally. Reference signal and input carrier are kept 

in quadrature by digital phase shifter. Comparators AI and A, sense 

any excess dc in phase-detected signal. If Al goes high, GI is en-

abled during positive transition of reference, advancing divide-by-n 

counter output by 1 / nth of a period. When A2 is high, negative refer-

ence transition causes counter output to lag by 1 / nth of a period. 
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Instrument amplifier 
offers high gain 
by Richard S. Burwen 
Analog Devices Inc., Norwood, Mass. 

Intended for use as an input stage for dc laboratory in-
struments, an amplifier circuit provides a dc gain of 1 to 
1,000, while maintaining a gain-bandwidth product of 
approximately 200 kilohertz. Amplifier gain is switch-
selectable in decade steps. 

Series input resistor R1 protects the amplifier against 
overvoltages of up to -±20 volts whenever the power sup-
plies are turned off. Resistor R2 determines the circuit 
input impedance ( 10 megohms in this case) and is used 
to zero amplifier input bias current by means of the 
temperature-compensating (due to diode characteris-

tic) reference voltage developed across diode DI. 
Amplifier offset voltage is zeroed with potentiometer 

R3. A pair of selected resistors (R4 and R5) reduces the 
voltage span of R3 to about 400 microvolts, referred to 
the amplifier input. Selection of R4 and R5 is necessary 
to permit offset adjustment with R3 since the amplifier 
has a rated offset voltage of 1'0.5 millivolt. If a coarser 
adjustment can be tolerated, a single 10-kilohm pot can 
replace R3, R4, and R5. 
A feedback network, consisting of resistors R6 

through R12, allows amplifier gain to be switched in 
decade steps. This network also provides a constant 
source impedance for the amplifier's inverting input. 
Because of resistor arrangement, circuit output is zeroed 
(with no input applied) for all gain ranges if it is zeroed 
for the highest one. 
The circuit can attain overranging of -±150%. 

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 thor-

oughly the circuit's operating principle and purpose We'll pay $50 for each item published. 

Instrument aid. Reference voltage for instrument input amplifier is developed with diode DI, compensating for amplifier input bias current 

through 1 00-kilohm pot and resistor R2. Offset zeroing is accomplished with potentiometer R3 and resistors R4 and R5. Feedback resistor net-

work permits gain selection from 1 to 1,000. Impedance at amplifier inverting input remains constant, no matter where switch is set. 
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PM 3210 
$1350 

eaW 
Best 
price/ 
performance 
ratio 

25 MHzilmV 
15 pf input capacitance 
No dc drift* 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

75:1 S FULT3N AVE_ MT VERNOS* N Y ,0550 

A DIVISCN OF PEPI INC 

For service application in production 

testing, quality control, medical 
research and computer servicing, 
Philips' new PM 3210 easily gives 
you the best all around price/ 
performance ratio of any scope 
in its field: dual trace 25 MHz at 1 mV 
sensitivity per channel ... dual delay 
lines ... input impedance 1M S2/15pf 
X-Y displays with only 2' phase 

shift from 0 to 5 MHz ... 16 
combinations 
of vertical display modes 

Easy to use 
No correction needed for dc drift, 

self-correcting ... push button mode 
selection ... automatic triggering, 10 
H, to 25 MHz 

Easy to read 
10kV acceleration and 8 x 10 cm 
screen produce clear, unambiguous 
displays 

Easy to service 
Plug-in circuit boards throughout 

Easy to buy 
Call Dick Rude, Sales Manager, Test 
& Measuring Instruments today 
(914-664-4500). He's holding a 
demonstrator for you. 
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°cote 
point-to-point 

New Gardner- Denver eiebttlf 
Terminal Locator with .001 accuracy. 

Electronic production schedules up to one million wires 
per year can be wired with this new 14YN Wire-Wrap 
Terminal Locating Machine recently announced by 
Gardner-Denver Company. Positioning rate is adjustable 
from 120 to 360 inches per minute, and position resolu-
tion is .001 on both axes. Wrap area is 36" on the "X" 
axis and 24" on the "Y" axis. 

Machine can be used with twisted wire pairs, as well 
as a wide range of wire gauges. Standard equipment in-
cludes the Terminal Locator, a lighted wire bin with 32 

tubes, and a Gardner-Denver solid state tape reader and 
numerical control. Write for further information, or ask 
your Gardner-Denver Wire-Wrap Specialist about speci-
fications and assistance in your wiring requirements. 

GARDNER-DENVER 
Gardner-Denver Company, Quincy, Illinois 62301 

*Wire-Wrap is a registered Trademark of Gardner.Denyer Company 
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Different ways of driving 
a pulsed injection laser 
Uncooled injection lase's need careful control of current 

pulse height. width, and rise time; here are six drive circuits 

that will cope with the requirements of most applications 

by Ron Carroll, Texas Instruments Incorporated. Dallas. Texas 

LI The large-optical-cavity structure that has recently 
been developed for injection laser diodes not only has a 
higher efficiency and power capability, but also makes 
bigger demands on the circuit that drives it. In fact, all 
uncooled pulsed laser diodes require current pulses of 
high quality. 1 In this they are unlike devices cooled be-
low 150° K, which can tolerate fairly sloppy current 
pulses. 

Rise time is the key parameter. Times as long as 500 
ns will not reduce the peak power output of a cooled 
laser diode. At higher temperatures, on the other hand, 
80 ns is about the limit—an effect that is even more pro-
nounced in diffused diodes than in heterostructure and 
LOC lasers.2 
Next in importance is the accurate control of pulse 

width. For a particular device structure the optimum 
pulse width is determined partly by quenching and 
partly by a not-too-well-understood catastrophic failure 
mechanism. Essentially, quenching is the complete loss 
of optical output caused by the rise in temperature dur-
ing the pulse, while the catastrophic failure mechanism 
dictates that, for a given emitting junction width and 
thickness, the pulse width and its height must be in-
versely related.3•1.5 

Six ways of doing it 

The many ways of producing high-power pulses can 
be boiled down to six basic approaches: conventional 
tube circuits, conventional transistor circuits, avalanche 
transistor circuits, SCR discharge-type circuits, hybrid 
avalanche-power transistor circuits, and mechanical 
methods. 

While each of these circuits has its own areas of appli-
cation (see table below and circuit descriptions on pp. 
60-61), the first two are particularly valuable if an am-
plitude-modulation capability is desired. The amplitude 
of their output pulses can be modulated merely by 
varying the amplitudes of their input pulses. With the 
other circuits, modulation of the dc bias on the final 
driving stage is required. 

Since the output impedance of the dc bias supply 
must be very low to supply the high currents demanded 
by a laser diode (or diodes), modulation requires appre-
ciably more power—and circuit complexity—than first 
considerations would seem to indicate. 

Let there be light 

For illumination applications, such as low-light-level 
television (L3Tv), and systems for undetectable night-
viewing, a circuit should be chosen to maximize the 
laser's average power output. These pulsed active view-
ing systems have an important advantage over cw illu-
mination systems in that they lend themselves to range 
gating, which effectively suppresses backscatter from 
the regions between system and target. 

This approach, called gated viewing, allows the view-
ing range to be varied by varying the time between the 
transmission of the pulse and the switching on of the re-
ceiver. 

For L3TV, as with any illumination application, max-
imum average power is the principal consideration. But 
pulse purity ( rise, fall, and flatness) are more important 
than in general illumination applications because good 
picture quality requires that uniform illumination be 

CHARACTERISTICS OF LASER DIODE DRIVER CIRCUITS 

CIRCUIT TYPE OUTPUT 
RISETIME 

Ins) 

MAXIMUM MAXIMUM 
PULSE PEAK 

REPETITION RATE CURRENT 
(kHz) 

MAXIMUM 
PULSE 
WIDTH 

Ins) 

MEANS OF PULSE WIDTH CONTROL 

Tube 

Mechanical 

SCR 

Avalanche transistor 

Conventional transistor 

Hybrid avalanche 
power transistor 

10-20 500 200 250 Varying input pulse length 

0.5 —0.2 20 300 Varying physical length of charged coaxial 
transmission line 

100-200 10 200 5,000 Varying capacitance of discharge capacitor 
or lumped delay line 

5-10 100 40 300 Varying capacitance of discharge capacitor 

200 1,000 100 , 5,000 Varying input pulse length 

15-40 100 50 1,500 Varying capacitance of avalanche transistor 
discharge capacitor 
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1. Conventional tube puiser circuits can 

provide good rise times and high voltages, 

but theio high saturation resistances make 

them a poor impedance match to the laser 

diodes. As the circuit diagram shows, how-

ever, the use of high-quality transformers al-

lows a fair job of impedance matching. 

But when transformers are employed, ob-

taining flat-top pulses longer than a few hun-

dred naroseconds is at best difficult. At high 

power levels. ft is expensive, as well. Also, 

the atterdant undershoot problems can cat-

astrophically exceed the reverse breakdown 

ratings of laser diodes. 

3. Conventional transistor circuits at 

these cuirent levels ( 10 to 100 A) are not as 

clean as -night be expected. It is important to 

bear in mind that at 60 A. a good, fast, high-

power switching transistor may have an hvE 

of less than 5. This will probably result in 

more stages of amplification than is desir-

able. Each stage tends to degrade the rise: 

and fall times, and generally widens the en-, 

tire pulse because of stored-charge effects. 

Although the circuit does not produce a 

discharge-type pulse, some perturbation in 

the flatness of the top of the pulse is to be 

expected as the width is increased beyond 

1.5 microseconds, because the power sup-

ply bias will begin to drop. 

C
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R
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T
 
(
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200 

100 

o 

100 
100 200 300 

PULSE WIDTH Ins) 
o 

+VAVAL ANC:HE + 2 V 40 

o 
100 200 
PULSE WIDTH Ins) 

o 

2. Avalanche transistor circuits (shown above) differ from SCR circuits in two important 

'espects. First, if C is 0.02 microfarad or less, the avalanche transistor will turn off by itself 

once it has partially discharged the capacitor. Therefore, IR can be as low as 150 ohms with-

out causing any latching problems. This allows high-frequency operation without any need 

tor special charge-up circuitry. The second difference is less favoiable. The device will toler-

ate only a small variation in bias. Increasing the bias does increase the current, but care 

must be taken as V„,„1„„,.1„. approaches Vritit . Good performance and reliability can be ob-

tained by applying a voltage of V„,„1„„..1„. plus 2 volts. The additional 2 V ensures avalanche 

operation at high frequencies (increased transistor temperature). 

The device is normally operated in the negative resistance region of secondary break-

down. If driven too far into secondary breakdown, the device will fail, So it's a good idea to 

protect it by limiting the value of C. 
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4. SCR discharge-type circuits (shc-v, n at 

iighl) presently offer dilore power per pulse 

than any other circuit :ons,dered here. The 

basic c rcuit ( a) is limited tc low eepetition 

lates because R must be high enough to 

preven- latching of the SCFi —fin other words, 

Fi must pe less than le, where 1,, is the 

holdinc current of the SOP. The fieguency 

limit can be extendec -to beyond 1D 1.1-z by 

adding a charge- up circui• ft), which, by al-

owing the capacitor Ito cnarge up through 

32, makes it unnecessary to use R a: all to 

prever i latching. But the power burden im-

posed Dn C.1 is identiml to hat on 01. 

A: these power levAls, to go much above 

10 kHz is very difficut because each SCR 

must roman unbiasen ton a finite lergith of 

time at-er ' urning off. Re-applying the bias 

too soon will cause both SCRs to labh up, 

invitinc disaster to them, the laser aid the 

power supply. Thus, a minimum quiescent 

lime rr Jst be observed between the appli-

catim Pf the laser firing pie, V, and the 

application of the charging pulse, V,. 

6. Mechanical pulsing chicults (shown at 

right) offe - excellent ose tires bu generally 

ha-?e a limited power :apapdity. In operation, 

the c.rcuit discharges a charçed trans-

mission I ne through the mercJry-wetted 

contacts, a matching resishr, and the laser tà, 

dicde Fo. long pulses, The length cf trans-

mission mile required becomes impractical. 

Th.e. -esistor mainta ns the fide ity of the 

pulse shape, but creatly ,educes the ci -

cud's current-drive capab Idles. The relay 

and t-e ciarge-up circuitry restrict the max-

im JM repetition rate to a few huncred iertz. 

5. Hybird avalanche-power •ransistor cir-

cuits (shown at left) are esseritially conven-

tional transistor circuits with ' ewer transis-

tors and a capacitively cor trolled pulse 

width. Overdriving the base pf the output 

transistors with a short, high-current pulse 

will produce a 15- to 40-ns rise time and a 

10- to 50-A pulse. Because of the stored 

charge in the output devices the pulse width 

is stretched. C must be selected for the de-

sired width at the desired drive power, since 

reducing the output bias will tend to stretch 

the pulse width further. 

If the larger part of the power burden for 

each pulse is shifted to the output power 

transistor, the problem of e>cessive dissipa-

tion in the avalanche device is alleviated. Al-

though not a flat pulse, it does not have as 

pronounced a spike as in tie adalarche or 

SCR circuits. When all fac..ors are consid-

ered, the hybrid circuit seems to offer the 

best match for the electrical requirements of 

driving laser diodes, thougi it's surpassed 

by SCR circuits in peak pulse power. 
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The latest word on laser diodes 

The recent advances in injection lasers have been 
many and rapid. Perhaps the most significant is the de-
velopment of (AlGa)As-GaAs heterojunction diodes, 
which can be operated efficiently at room temperature. 
The four basic types of injection laser diodes are best 

described in the order in which they were developed. 
They are the homojunction laser, made either epitaxially 
or by diffusion; the single heterojunction "close-confine-
ment" laser, which has been commercially available 
since early 1969; the double heterojunction laser; and 
the new " large optical cavity" (Loc) laser. 
To a certain degree, the heterojunction devices com-

plement each other because they are not all capable of 
sustained operation at high levels of peak power. 
The key feature distinguishing the heterojunction la-

sers from the previous homojunction types is the greater 
confinement of the optical radiation to the junction re-
gion. To a large extent, the width of the confining region 
determines the threshold current density—the narrower 
the region, the lower the threshold. However, the strongly 
confined radiation also leads to the problem of cata-
strophic failure. This phenomenon is known to be related 

CLEAVED SURFACES 
(REAR ONE IS MIRRORED) 

LASING 
LIGHT 

DIFFUSED "MODE 
STOPPERS" THAT 
PREVENT LATERAL 
"LASING" EMISSION 

DIFFUSED HOMOJUNCTION LASER 

CLEAVED SURFACES 
(REAR ONE IS MIRRORED) 

LASER 
LIGHT 

OPTICALLY 
DIFFUSING 
SURFACES 

DOUBLE HETEROJUNCTION LASER 

to the optical flux density, which is on the order of mega-
watts/cm2. Therefore, the diode designer has to consider 
the intended application of the laser. In the great majority 
of cases, laser diodes are most useful when pulsed oper-
ation is required. 

In the single heterojunction laser, the radiation is con-
fined to a region about 2 microns wide. Devices such as 
these have room-temperature, threshold current den-
sities of 8,000 to 10,000 A/cm2, with differential effi-
ciencies of 40 to 50%. 
The double heterojunction laser allows the confine-

ment of the radiation to a narrower region (as thin as 
about 0.2 micrometer) with resulting threshold current 
densities as low as 1,000 to 2,000 A/cm2. But this laser is 
extremely susceptible to catastrophic damage. 
The Loc laser controls the thickness of the radiation-

confinement region in a rather different fashion: it uses a 
thin p-type layer for carrier recombination and a wider n-
type layer for light propagation. Since the passive n-type 
material absorbs the propagating light only very weakly, 
the radiation can be distributed over a wider region with-
out degradation of the differential quantum efficiency. 

CLEAVED SURFACES 
(REAR ONE IS MIRRORED) 

LASER 
LIGHT 

OPTICALLY 
DIFFUSING 
SURFACES 

SINGLE HETEROJUNCTION LASER 

CLEAVED SURFACES 
(REAR ONE IS MIRRORED) 

RECOM-
BINATION 
LAYER 

LASING 
LIGHT 

maintained on many sequential scan lines. 
The best circuits to use in these high-average-power 

applications are the SCR, conventional transistor, and 
hybrid avalanche-power transistor configurations. All 
three circuits can produce large, wide pulses at high 
repetition rates. And average power is directly propor-
tional to the product of pulse height, pulse width and 
repetition frequency. 

In range-finder applications, a high repetition rate is 
not as important as maximization of the total power in 
each transmitted pulse. On this basis, the SCR circuit is 
the obvious choice. However, it is usually desirable to 
minimize the rise time, size, weight, and cost of the cir-

OPTICALLY 
DIFFUSING 
SURFACES 

LIGHT PROPAGATION 
LAYER 

LOC LASER 

cuit, as well. For these reasons, the avalanche transistor 
circuit is often better than the SCR approach. 

In laboratory applications, where the emphasis 
frequently is on minimizing the rise time, the mechani-
cal circuit has no peer. But though it is at least an order 
of magnitude faster than any of the other approaches, 
its extremely low repetition rate makes it an unlikely 
candidate for use in the field. 
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PUERTO RICO now. 
mROUFACTURERS OF 

1111010111SURL commumurnon 
DEVICES can INCREASE 
RETURN on SALES 

BY 140%. 
. • • 

:_• • -ri 
• I s/ ,/ • 

• • / • 

- • - 

This substantial profit potential is disclosed in a newly released analysis by 
the Fantus Company, an acknowledged independent 

authority on plant locations: 
A plant in Puerto Rico with annual sales of $8 
million, for example, could realize the following 
advantages over mainland operations: 
A saving in yearly operational costs ranging 

from $206,340 to $252,380. 
_iAn equivalent of 29% to 36% increase in operating profits. 

An improvement in net profits/net sales of 140% to 152% with full 
exemption from state, federal and local taxes. 
A complete executive summary of this study is available to 
interested manufacturers by simply mailing a request to: 
Commonwealth of Puerto Rico 
Economic Development Administration t Dept. F-2) 
666 Fifth Avenue. New York, N.Y. 10019 

m uerteejtTO RICO U.S.A. 
) 1971 
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Probing the news 
Anal‘r,.s ol IPChr101OgV and busmess developments 

ARPA registers a big net gain 
The defense agency's computer network, now going 

operational, is opening the door to a new national utility 

by James Brinton, Boston bureau manager 

A nationwide computer utility may 
be on the way, now that the Ad-
vanced Research Projects Agency's 
experiment in computer resource 
sharing, the Arpanet, is nearly oper-
ational. 
Today the network links about 20 

Government and university com-
puter centers across the country. 
Each center or node contains com-
munications miniprocessors called 
interface message processors Ines or 
terminal IMPS (TIPs), which have ac-
cess to 50-kilobit lines leased from 
the Bell System. Only about ten 
nodes have computers (called hosts) 
that do more than "log into" the 
net, but Lawrence G. Roberts, 
ARPA's information processing di-
rector, figures active members will 
quickly increase in the next six 
months, and that the number of 
nodes should rise to about 25 by 
mid- 1972. 

Already ARPA is taking steps to 
put the existing operations on a 
businesslike footing. Roberts says 
that ARPA can't continue its role as 

manager. He makes it clear that 
when the Arpanet is a fully going 
concern, some agency—public or 
private—will have to take over. 
How to run it. Network prime 

contractor Bolt Beranek and New-
man, Cambridge, Mass., which de-
veloped the IMP and TIP, also is con-
tinually recording and analyzing 
node status data, traffic flow infor-
mation, outages, service problems, 
and other network parameters. 
Frank Heart, vice president of 
BB&N's Computer System division, 
asserts, "The net should be run like 
a power company—someone has to 
spot problems, service new custom-
ers, shoot trouble, and send out 
bills." Heart implies that EIB&N 

probably would go after the position 
of network manager if the net went 
independent. 
ARPA began the project in 1969 

with the dual goal of ( 1) aiding its 
dispersed electronic data processing 
contractors by communications and 
resource-sharing processing via Ar-
panet and (2) locating pitfalls that 

Terminal IMP. The TIP allows users without a large computer to enter the Arpanet with ter-

minal equipment alone. The TIP can accommodate up to 64 terminals. 

might trip up the future military 
computer nets [Electronics, Sept. 30, 
1968, p. 1311 In addition, ARPA has 
shown that networking of large 
computers can succeed even within 
the confines of the available com-
munications services. 

But while the first to benefit are 
ARPA's EDP research contractors, the 
unclassified program seems to have 
anticipated many of the problems 
that await civilian nets too. 
What next? ARPA's Roberts sees 

three broad trends growing out of 
the net's success: first, growth 
toward distributed, network-con-
nected computer services instead of 
the large isolated centers now com-
mon; second, a trend toward net-
work-unified data bases, which oth-
erwise would have to be duplicated 
in multi-site applications; and third, 
a sharing of software nationally. 

Heart expects not only sharing, 
but "through a sort of natural selec-
tion, an improvement in effec-
tiveness of task-oriented software." 
To hardware makers, however, 

Arpanet is no bonanza. If anything, 
more nets like ARPA'S could cause 
contractions in the large mainframe 
and memory markets. Conversely, 
though, terminal makers could pros-
per if the TIP is allowed wide use: 
the ability of users to hook into the 
network without their own main-
frame to access the net's resources 
could create a new market for 
graphics consoles, teletypewriters, 
and other terminals. 
The net now is expanding beyond 

its original research contractor base, 
and includes "customers" like the 
Air Force and the National Bureau 
of Standards. 

According to Heart and Roberts, 
there's a long waiting list that in-
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dudes private companies. Roberts 
breaks the list down into categories: 
about two or three who would pay 
to become net members, about 20 or 
so who would come in if the Gov-
ernment ponied up the money, and 
several times that number who have 
"evinced interest." 

But before Arpanet grows into a 
computer utility, there are still a few 
problems that must be solved. 
One probably due for solution al-

most overnight is that of network 
control program software and so-
called host-to-host protocols. "We 
have one of almost every common 
computer type in the net," says 
Heart, "and these software prob-
lems, once solved for a given unit, 
can be applied to other computers 
of the same type with little modi-
fication." Since so many network 
users have or are nearing solutions 
to these problems, the passing along 
of solutions will bring active mem-
bers into the net at a faster rate. 
A knotty one. A potentially knotty 

problem is allocation of resources. 
The average data processing man-
ager is willing to allocate about 109i 
of his center's time to the network, 
according to Leonard Kleinrock, 
professor of computer science at 
UCLA and head of the network's 
measurement center. 
For example, an observer notes 

that "UCLA would like nothing bet-
ter than to increase utilization of its 
360/91 through the net, but com-
puter operations managers at other 
nodes may feel that incoming traffic 
is disruptive, less important than 
their own needs, or that UCLA's use 
of the net should be shunted to slack 
hours. But slack hours at one place 
are probably inconvenient hours at 
another. This is a human relations 
policy problem, and it must be 
solved before resource sharing 
really becomes meaningful." 

Although it is drawing the praise 
of net members, even the IMP could 
be improved, according to Heart. 
"There are no problems that could 
make the net unworkable," he says, 
"but there are parts we would like to 
improve. So far, we're thinking up 
potential problems and solving 
them faster than network growth or 
usage can trigger them." 
Making problems. With the IMP 

as originally programed, it was pos-
sible to get what Heart calls conges-

IMP perfects Arpanet 

More than any other piece of hardware, the interface message processor 
(IMP) makes Arpanet workable and cost-effective. The IMPS distribute the 
load of control among themselves, and allow use of inexpensive Bell Sys-
tem data transmission services. 
The first IMP cost about $100,000 and, like its successors, was built 

around a Honeywell H-516, 16-bit computer with 12,000 words of 0.96-mi-
crosecond core, 16 multiplexed input/output channels, and 16-level prior-
ity interrupt. Later versions of the IMP are using the less expensive H-316 
computer on a more or less experimental basis. 
Once several IMPS had been built, it was possible to project a monthly 

lease price of about $1,700, plus communications line charges. These too 
were relatively low, because the minicomputer-based IMP interfaced well 
with AT&T'S type 303 lines. Over these 50-kilobit lines it was possible to send 
a megabit of data over a 1,400-mile link for only about 23 cents—the only 
cheaper method of data transmission available in 1969 was mailing tape. 
The IMP divides outgoing messages into 1,000-bit packets suitable for 

transmission, passes messages from one IMP to another so that data 
reaches its destination in minimum time—checking for error as it does so— 
and assembles messages for its host. 
The routing algorithm for one IMP is one of the secrets of the Arpanet's 

success. Through this software, any message is sent along the fastest avail-
able route. For example, if several IMPS pass along a message, each checks 
a " look-up table" in memory—updated twice a second with notices from 
other IMPS— to estimate transmission delay for each of its output circuits. 
This allows the IMPS to transfer messages in only about a tenth of a second. 

For those without a computer, there is the terminal IMP, or TIP, which al-
lows a user to hitch up as many as 64 peripheral devices to the net. Since 
there's a second minicomputer in the TIP to act as a " host" computer, the 
TIP is about $1,600 a month more than the IMP, but in exchange it offers the 
ability to get on line with few, if any, software problems. 

tion—a momentary inability to 
handle ultra- heavy, multi-user 
requests. So far, this kind of over-
load has only been simulated in 
BB&N's laboratories and never en-
countered in practice. 
Another problem can occur when 

hosts momentarily overload IMP-W-
IMP links. Again this has never hap-
pened in practice, but software 
changes are being made to prevent 
both problems. 

Others note some lesser problems. 
ucLA's Kleinrock says it's possible 
to "flood" an IMP as the communi-
cations processor tries to service one 
incoming packet before finishing 
with its predecessor. Also, he adds, 
reassembly of messages with many 
1,000-bit packets can sometimes be 
troublesome. Message assembly 
space within an IMP is at a premium, 
according to Kleinrock, and while 
there's enough for efficient store-
and-forward movement of message 
packets between IMPS, Klienrock 
would also like to see a special 
preamble to any overly long mes-
sage, warning the IMP at the destina-
tion node that space should be re-
served in memory. 

Kleinrock doesn't worry much 
about either problem, seeing easy 
software solutions to both. In fact, 
nobody on the net is unhappy with 
its communications aspects. BB&N 
isn't worried either, and notes that 
from its network control center, it 
can broadcast software changes to 
all IMPS at once. Thus the net's very 
ability to communicate allows paper 
solutions quickly to become real 
ones. 

Utility. The net's rapid communi-
cations capability has other uses, 
says Richard Watson, manager of 
the ARPA network's information 
center at the Stanford Research In-
stitute. This center would act as an 
active directory of net resources, he 
says. Using data supplied by other 
net members, it would take queries 
and either reply with the node loca-
tions of the resource the user needs, 
or switch him automatically to the 
node with the program, power, or 
data he requires. At its slowest, the 
latter could take about as long as a 
local phone call. 
And if that's not acting like a 

computer utility, it's coming very 
close indeed. El 
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Probing the news 

Avionics 

Air Force Naysat takes to the road 
The DDR&E will have an alternative to the Navy's Timation 3 for its 

proposed defense Naysat if tests of the Air Force's system prove out 

by Lawrence Curran, Los Angeles bureau manager 

How fast the Air Force navigational 
satellite system—program 621B— 
will get off the ground will be de-
cided after tests that begin next 
month at White Sands Missile 
Range, N.M. If the feasibility tests 
prove out, the Directorate of De-
fense Research and Engineering 
could adopt the 621B system as its 
Defense Navigation Satellite Sys-
tem, in preference to either the 
Navy's Timation satellite or a mix-
ture of the two concepts. 
No matter which system flies as 

the DNSS, the impact on the elec-
tronics industry will be more com-
pelling in terms of dollars than tech-
nology. There will be big money in 
user equipment since nearly all mili-
tary aircraft would need new receiv-
ers. Also, transmitters and comput-
ers constitute a potentially rich 
plum. The satellite portion will be 
only a minor part of the system. 

Presently, Grumman Aerospace 
Corp., Bethpage, N.Y., is prime con-
tractor for the 621B tests. Hazeltine 
Corp., Little Neck, N.Y., is a sub-
contractor to Grumman for the 
transmitters and receivers to be 
used, and Magnavox Co.'s Research 
Laboratories, Torrance, Calif., is 
also providing a receiver. 
How accurate? The Air Force ex-

pects 621B to deliver accuracies of 
tens of feet. These are roughly com-
parable with the projected accu-
racies of the Navy's Timation 3, 
which, however, will be strictly a re-
search and development technology 
satellite and not the "ultimate" sys-
tem the Navy might fly. 
Such precision is required not 

only for aircraft but also for ground-
based receivers, because a pilot 
needs to be able to pinpoint both his 
own and the target location accu-

rately, especially in close air support 
strikes, where his fire could endan-
ger friendly forces near by. 

Maj. Richard Jessen, project engi-
neer in the 621B program office at 
the Air Force Space and Missile Or-
ganization (Samso), says that in an 
orbital system, three or four 621B 
satellites would form constellations. 
All of these would be tied into a glo-
bal grid system to yield precise, 
three-dimensional position and ve-
locity information. 
Computer needed. Because of the 

accuracy of the system, a computer 
will be required at the receiver. Jes-
sen says the system could be used by 
ships, aircraft or foot soldiers, and 
could conceivably replace Loran 
and other navigation aids, such as 
Tacan and conventional instrument 

landing systems, in 10 years. 
It's Jessen's contention that 

621B's continuous L-band trans-
mission provides the required spec-
trum spread of 30 to 40 megahertz 
needed to preclude jamming. The 
Navy has held out for a two-fre-
quency system using both uhf (400 
MHz) and continuous L-band. One 
Defense official says that "down at 
uhf you're lucky to find a couple of 
useful megahertz." But he's quick to 
admit that no one has yet found a 
solution other than the Navy's to 
the problem of L-band inaccuracies 
stemming from ionospheric propa-
gation. 

Jessen says the Air Force is by no 
means at loggerheads with the Navy 
over this. "We may find out from 
the Timation tests that uhf is better 

Inverted satellites. To test the Air Force 621B Naysat without flying it, four transmitters will 

be arranged on ground as in orbit. The MCS will check system accuracy. 
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NEW! First comprehensive guide 
to every aspect of TTL devices 

and their practical applications 

DESIGNING WITH TTL 
INTEGRATED CIRCUITS 
Prepared by the IC Applications Staff 

of Texas Instruments Incorporated 

Edited by Robert L. Morris and John R. Miller 

This thoroughly comprehensive and practical volume— 
the first to explore the entire family of TTL integrated 
circuits— is a complete source book on the newest, most 
versatile, reliable, and economical innovation in systems 
technology. It covers not only design philosophy, eco-
nomics, basic descriptions, and electrical performance 
of TTL devices; but many practical applications of the 
circuits in digital systems. 

It will save you time and work by providing many com-
pleted designs easily converted to your particular needs 
... reduce costs by suggesting the most cost-effective 
integrated circuits to use in your system... help your de-
cision making by reviewing all modern logic types and 
giving you a comparison of the characteristics of sub-
series within the TTL series. 
The first book devoted exclusively to the transistor-

transistor logical family of integrated circuits, this 
volume will prove invaluable to electronics engineers, 
computer designers, and systems analysts and to non-
engineer managers who want information on the best 
uses of TTL devices. 

384 pages, 380 illustrations, $18.50 
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The IC 
trouble-
shooters 
match 
on. 

Here comes the latest member of 
HP's Troubleshooters searching out 
faulty IC's. The HP 10529A Logic 

Comparator slips li iieer 
over the in-

circuit IC 
you're testing 

and in 5 seconds or less 
tells you whether it is functioning 
properly. 
A clever comparison scheme uses 

the circuit's power and input stimulus 
to do all this. Even dynamic errors 
as brief as 200 ns are stretched and 
displayed. Complete with accessories 
for only $295. 

We're thinking ahead. The compar-
ator carrying case A also holds our other 

0 two Troubleshooters. 
The HP 10525A Logic 

Probe lights up for pulses as 
narrow as 25 ns and indicates 
pulse polarity, pulse trains and 
logic states. $95. 
The HP 10528A Logic Clip 

clamps over IC packages to show 
the state of all 16 
(or 14) pins instantly. 
$125. 

You can buy all three 
as the 5010A for $495, 
saving you time, aggrava-
tion and $20. 

e 

The IC Troubleshooters 
march on. Wait 
until you see 

what we're work-
ing on now! 

Call your HP field 
engineer to get your 
hands on them right 

away. Or if you want to know more, 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Mey-
rin-Geneva, Switzerland. 

02116 

HEWLETT â PACKARD 

Probing the news 

than L-band, and we could go to 
uhf, too." 
The White Sands tests, to be con-

ducted over three and a half months 
with the support of the 6585th Test 
Group at Holloman Air Force Base, 
N.M., are called the user equipment 
test and demonstration program. 
These are intended to come as close 
as possible to putting the whole sys-
tem together—short of actually 
launching a satellite. The overall 
system concept, the instrument 
landing system, and multipath er-

rors will all be checked. 
Jessen emphasizes the importance 

of the White Sands tests. "If the sys-
tem works, that's to be expected; if 
it doesn't, we'll have a lot of ex-
plaining to do." He adds, though, 
that the Air Force will probably 
have a chance to regroup if they 
don't succeed the first time. 
A grounded constellation. In the 

overall system tests, the Air Force 
will invert the satellite constellation 

it expects to use in an orbital sys-
tem. Instead of putting four trans-
mitting satellites into orbit, the 
transmitters will be placed on the 
ground in the same arrangement as 
the proposed orbital system, and 
send 1,575-MHz signals to an Air 
Force NC- I35A aircraft flying at 
various altitudes, speeds and direc-
tions over the ground-based "con-
stellation." There will be a mobile 
calibration station on the ground 
with the same kind of receiver and 
recorder as in the aircraft ( see dia-
gram). 
The raw receiver outputs will be 

taped and computer-processed on 
the ground after the flights. To get a 
solution from this aircraft data, it's 
also necessary for the mobile cali-
bration station to provide time-bias 
information (the difference between 
the times the different transmitters 
sent out the signals). 
The processed tape information 

will give the aircraft's position and 
velocity, and this data will be com-
pared to that obtained from ground 
tracking of the aircraft to determine 

Will DNSS put it all together? 

It's been more than a year since the Directorate of Defense Research and 
Engineering got its first proposal for a Defense Navigation Satellite System, 
and—because of the complexity of the system— it may be another year or 
more before a tri-service Naysat system is approved, says a member of the 
eight-man executive steering group that tracks the effort for DDR&E. Even af-
ter a demonstration DNSS has been orbited, it's unlikely to become oper-
ational for about five years. 

Defense officials insist there will be a " joint service effort under DNSS," 
based on the Air Force 621B and the Navy's Timation concept. Neither 
source has "more than a couple of million dollars" for its program this year, 
says DDR&E'S George Solton, who holds the development concept paper 
draft for DNSS. (The Navy's Transit, of course, has long been operational.) 
Other money, says Solton, is being spent for studies of satellite system re-
quirements, interfaces with other systems, and concepts for ground-based 
transceivers. 
Though 621B and Timation " appear to be highly competitive," says one 

Defense official, the two services are thinking in more cooperative terms in 
view of the budget limitations being imposed on all projects. " It's getting 
them in the pocketbook where it counts, and they are looking for help." 

Experience with existing satellites is certain to answer some of the tech-
nological questions, as will the Area Coordination Paper now in the hands 
of DDR&E. The paper, which is intended to concentrate available knowledge 
of Naysat technology, was completed about three months ago, and is being 
modified with comments from participants and other sources. The final ver-
sion should be available to 000's top officials next month, sources say. 

Attempts to predict the impact of DNSS on such ground-based systems as 
Loran and Omega would be premature, since no firm recommendation has 
been made within DOD on a single Naysat, says Solton. Assuming a decision 
favoring DNSS is made " in a year or two" he adds, it is possible that systems 
like Loran and Omega may later be " reduced, phased out, or replaced," 
But that won't be for five years or more, according to sources on all sides. 

Ray Connolly, Washington Bureau Manager 
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the accuracy of the 621B-type infor-
mation. 

Maj. Ernest Miller, Jr., Samso's 
project officer for the White Sands 
tests, explains that the ILS portion of 
the exercise will have the "satellite" 
transmitter aloft in a balloon at alti-
tudes from 1.000 to 5,000 feet. The 
NC- 135A will fly ILS glide-slope ap-
proaches to a runway while receiv-
ing position and velocity informa-
tion from the balloon- borne 
transmissions. 
ILS for Cat 3. After these flights, 

the data will be reduced, and again 
compared with ground-tracking in-
formation obtained during the same 
approaches, to see if the 621B sys-
tem can provide accurate enough 
signals all the way to a "hands off" 
touchdown in category 3 landing 

conditions (when ceiling and run-
way visual range are very limited). 

Miller says the ground user multi-
path tests are intended to get multi-
path reflections from different kinds 
of ground surfaces. To obtain these, 
the transmitters will be either bal-
loon-borne or located on moun-
tains—arrangements that will give 
high elevation angles. An omnidi-
rectional antenna on the gr9und will 
show any multipath conditions by 
means of digital data reduction. The 
tests are expected to show that any 
signals delayed by more than 100 
nanoseconds will be rejected. This is 
particularly important in ILS. 

It will be proved. All three phases 
of the tests, says Miller, will show 
"what we've been saying for three 
years—that the technology is here 

and it works. We've stressed all 
along that 62IB uses state-of-the-art 
techniques, and the White Sands 
tests will confirm what we've been 
saying about the accuracy of posi-
tion and velocity information." 
The 621B concept has been advo-

cated for years by both the Air 
Force and Aerospace Corp., El Se-
gundo, Calif., and probably would 
have flown earlier had it not re-
ceived a lower funding priority. 
"Now it's a matter of integrating the 
hardware and distributing the 
money according to priorities," says 
Jessen. "Aircraft programs have 
been getting a lot of the money 
lately." According to a Defense offi-
cial, funding for all Naysat efforts 
within the services is a bit less than 
$10 million this fiscal year. 

Avionics 

CAS causes conflict 
Congress, industry want airborne collision avoidance systems 

now; the FAA favors improved, ground-based CAS later 

William F. Arnold. Washington bureau 

Because of its lack of confidence in 
a purely airborne collision avoid-
ance system, the Federal Aviation 
Administration is about to clash 
with Congress and the aviation in-

dustry for a second time in recent 
months. The agency soon will be 
called before the Senate aviation 
subcommittee to justify its seeming 
unwillingness to spell out a national 

standard for airborne CAS. 

This summons results from the re-
cent introduction of a bill by Sen. 
Frank E. Moss (D., Utah), who 
charges the FAA with "a remarkable 
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Probing the news 

ability to avoid positive action" on 
the mid-air collision problem. The 
bill would require the installation, 
by 1975, of CAS units on aircraft 
weighing more than 12,500 pounds 
and of pilot warning indicators on 
lighter aircraft. 

The FAA, however, contends that 
airborne CAS units, which it sees as a 
backup to an improved ground-
based air traffic control system, need 
more testing and evaluation before 
they can be used in commercial air-
craft. The airplane industry charges, 
however, that such a ground-based 
network is some years away, air-
borne CAS would make parts of the 

Four collision avoidance systems 

Airborne collision avoidance systems are based on the tau (time before in-
tercept) concept developed by John S. Morrell of Bendix Radio in 1956. 
The concept states that CAS units could evaluate the likelihood of a mid-air 
collision by exchanging data on the altitudes of, and the distance and clos-
ing speed between, aircraft carrying them. 

If each aircraft randomly asked every other aircraft for its altitude, dis-
tance and speed data, chaos could result. So the time frequency concept 
anchors all CAS communication to 3-second long, 2,000 slot "epochs," and 
assigns each aircraft one 1.5-millisecond slot in which to transmit its data. 
Sharing the same time base, each CAS computer can calculate another air-
craft's speed by the Doppler shift in the transmitted signal frequency. The 
precise timing required is achieved by ground-based atomic clocks and a 
means of resetting simple airborne crystal oscillators developed by 
McDonnell Douglas engineers in 1961. 
McDonnell Douglas began working on CAS when two of its fighters col-

lided in 1960. Today, it claims to have flight-tested EROS (eliminate range 
zero system) units on over 16,000 pre-delivery flights on its F-4 Phantom 
jets. United Airlines is flying EROS units on two 727s, and Piedmont Airlines 
is equipping its 737 fleet with EROS units. 
The EROS CAS consists of two antennas, a maneuver indicator to tell the 

pilot what action to take, and the collision avoidance unit. The last houses a 
transmitter, exciter, discriminator, receiver, crystal oscillator and low-volt-
age power supply packaged around the digital logic core. An 8-pound " mi-
cro-cAs" version for light planes sorts out possible threats by range and al-
titude only, dropping the Doppler and allied processing for range rate or 
speed determination. Like its big brother, the unit can resync its timing from 
a ground station or from an airline plane. 
A similar time frequency system called Image (for intruder monitoring and 

guidance equipment) has been built by Bendix. 
RCA'S Secant system is different. It's advertised as a family of units, be-

ginning with an $800 emitter for light planes that simply tells all aircraft " I'm 
here," a $1,000 pilot warning indicator (Pwi) that monitors range and not al-
titude, a $3,000-5,000 intermediate system for executive aircraft, and a 
fullblown airline version. 

Heart of the fuller RCA system is a transponder technique that allows each 
plane to interrogate its environment for the presence of other planes. Each 
query is uniquely encoded so that each aircraft can tell which of the many 
replies indicates a potential collision. A random noise generator ensures 
randomness by determining on which of two frequencies the query will be 
sent and answered. 
RCA says that since the system knows the order in which it interrogates, it 

can convert replies received in the proper sequence into positive signals 
and filter out interference or signals from nonthreatening aircraft. RCA has 
conducted some testing on the unit, and the Naval Air Development Center 
is also testing a version. 

Honeywell also is developing a cooperative system, similar to RCA'S, and 
derived from its development of Pwis for army helicopters. The Honeywell 
system, also a nonsynchronous device, uses a radio frequency transponder 
rather like beacon radar to derive position and altitude data. Whereas with a 
time frequency unit only one plane transmits at a time, the Honeywell sys-
tem uses short transmissions of a few billionths of a second so that all 
planes can "talk" almost at once but none at the same time. 
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network unnecessary, and in the 
meantime lives are being needlessly 
lost. 

This year mid-air collisions 
caused hundreds of deaths, and the 
National Transportation Safety 
Boards estimates that, at present 
levels, there will be a total of 335 
collisions and 792 deaths resulting 
from them in the decade from 1968 
to 1978. The airlines also are con-
cerned with protecting their huge 
investments in jetliners and insuring 
themselves against increased legal 
liability: damage claims approach-
ing $70 million arose from the 
wreckage of one recent collision. 

Big dollars. At stake in the CAS 
controversy is a potential market in 
airborne CAS equipment for elec-
tronics manufacturers estimated at 
several hundred million dollars. A 
CAS unit for each of the 3,000 com-
mercial airliners is now figured to 
cost $50,000, and some jetliners 
would need double systems. About 
80,000 planes in the general avia-
tion fleet would need either a so-
called "mini-CAS" costing between 
$1,500 and $2,500 or a pilot warning 
indicator costing between $400 and 
$800. 

Leading the way, two corporate 
giants—McDonnell Douglas, St. 
Louis, Mo., and RCA, Moorestown, 
N.J.—are battling each other to have 
their airborne CAS system chosen by 
the FAA. McDonnell Douglas' EROS 
2 CAS is a time-frequency-based sys-
tem. It uses ground signal bursts be-
tween aircraft that tell individual 
CAS units the distance and speed of 
other aircraft. 

RCA's Secant CAS (for separation 
and control of aircraft by nonsyn-
chronous techniques) does not rely 
on ground synchronizing signals but 
uses airborne interrogators and 
transponders to determine range, 
range rate, altitude and bearing 
data. Both systems are cooperative 
in that they only warn against colli-
sions with similarly equipped air-
craft. 
What ATA wants. The time fre-

quency concept is being strongly 
promoted by the Air Transport As-
sociation, the airlines trade group, 
which is just as strongly against the 
RCA system, partially because it says 
the system needs too much testing. 
Some airlines, however, might wel-
come some delay because the high 

COMEIISTONE 
Regardless of your specialty, you can bui d your own celculating 

system using the Wang 600 as the cornerstone. 

When you start with the basic 60ü, you have a calculator with the 
best price/performance ratio in its class. It has sixteen special keys 
whose functions you determine. AnJ you don't have to give up any 
functions: you always have trig Leis, stat keys, and push-button 
programming with full decisions and five- level sihroutines. 

55 storage registers or 312 progran- steps are standard, but you can 
build your 600 all the way up to 247 registers or 1848 program steps. 
Because you can swap registers and steps, you can find the exact 
combination to solve your problems. 

Now you can build on this foundation aith an almost endless 
variety and combination of peripheral modules. You can select alpha-
numeric printers and plotters, on-line interfaces and off-line paper 
tape readers, and many more. And yu can add on whenever you're 
ready, right in your office. 

Custom-building your own calculating system is easy and in-
expensive — when you start with tre correct cornerstone. Call Mr. 
Courtney, collect, at 617-851-7211, for our complete list of building 
supplies. 

WANG 
_ABORATORIES. INC. Dept. E-1 2 

836 NORTH STREET, TEWKSBURY MASSACHUSETTS 01976 

TEL. (617) 851.7311 TWX 710 343 6769, TELEX 94.7421 
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The vehicle? Nikkei Electronics — 
the Japanese version of Electronics 
Magazine published in Japanese for 
consumption in Japan only. 

JetZ44 Vteatee 

Nikkei Electronics will be published 
bi-weekly by NIKKEI/McGRAW-
HILL INC. — a joint venture of NI-
HON KEIZAI SHINBUN and 
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely 
in the Japanese language including 

advertisements. For your conven-
ience in placing advertising in 
Nikkei Electronics, the sales staff 
of Electronics Magazine has been 
designated as your liaison. 

The editorial staff of Nikkei Elec-
tronics consists of ten full-time 
editors plus contributions from 
Electronics editors, the McGraw-
Hill World News staff and the news 
services of NIHON KEIZAI SHIM-
BUN—the world's largest publisher 
of financial newspapers. 

Every two weeks, these editors will 
produce a news and technology 
Japanese language magazine for 
electronics engineers in Japan. 

• Nikkei Electronics will begin pub-
lication with a paid Japan circu-
lation of 15,000 in April and with 
a guaranteed paid Japan circula-
tion of 20,000 within the first year 
of publication. 

• Nikkei Electronics circulation is 
restricted to: engineers and man-
agement in companies manufac-
turing electronics products; users 
of electronics products; and 
managers of governmental and 
independent R&D; educational 
and electronics studies associa-
tions. 

• The subscriber universe for 
Nikkei Electronics is 120,000 elec-
tronics engineers plus 18,000 new 
engineers graduating annually. 

• Nikkei Electronics is the only 
Japanese Electronics magazine 
going ABC. All others are not 
audited. 

z4, 
Nz,l4144Eltetleiet 

• If you sell, or want to sell your 
products in Japan, you can talk 
to 20,000 buying influences in 
their native tongue for just $400 
a page. 

• If you are already advertising in 
any of the unaudited lesser media 
in Japan, here is your opportunity 
to consolidate your schedule in 
the one strong medium, make a 
dominant impression and save 
advertising dollars. 

If you are interested in advertising 
in Nikkei Electronics contact your 
local Electronics salesman or any if 
the Electronics sales offices in the 
U.S. and Western Europe. 

N41 
Eltet4e, 

A Nikkei/McGraw-Hill Publication. 

Probing the news 

cost of CAS units are a heavy consid-
eration in a depressed air travel 
market and such a delay could 
create a more competitive situation 
that would drive down CAS costs. 
McDonnell Douglas itself argues 

that its tested EROS CAS should be 
adopted because "it is here—now," 
Anatole Browde, vice president of 
the company's CNI programs told 
the Senate aviation subcommittee 
early in December. "We strongly 
urge that all responsible parties . . . 
adopt time frequency collision 
avoidance." 
The later arrival in the field, RCA, 

"is concerned over the pressures to 
seek an early solution by hastily 
adopting the time frequency system 
as a basis for a national standard," 
Joseph F. McCaddon, division vice 
president, cautioned the Senate sub-
committee. In calling for more test-
ing to determine which is the better 
system, he proposed that a "compe-
tent, objective evaluation group" be 
formed. 
The only evaluation group up to 

now has been the ATA-led technical 
working group that has endorsed 
time frequency CAS concept. In 1969 
it contracted with Martin Marietta, 
Baltimore, Md.. to test systems by 
McDonnell Douglas, Bendix, and a 
Sierra Research-Wilcox Electric 
team at the FAA's Atlantic City ex-
perimental center. This followed 
earlier .FAA contracts to Bendix, 
Sperry Rand, and Collins for testing 
of theoretical and hardware con-
cepts. Collins reported that time fre-
quency was the most promising in 
1965, the same year that McDonnell 
Douglas displayed flight-tested CAS 
units. 
CAS from the ground. What is the 

FAA's attitude toward the competing 
systems and pressure from aircraft 
owners for CAS? Gustave E. Lund-
quist, associate administrator for en-
gineering and development at the 
FAA says, "we think we can do the 
job more effectively from the 
ground." The former Air Force offi-
cer says that "the FAA favors any 
form of collision avoidance system 
which is compatible and comple-
mentary with the basic air traffic 
control system." He adds that the 
present air traffic control system, 
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when upgraded, will provide sepa-
ration service and collision 
avoidance by itself. 

Meanwhile, the FAA says it will 
continue testing the time frequency 
systems, and will watch the Navy's 
tests of RCA'S Secant system and the 
Army's trials with Honeywell's sys-
tem. The agency plans to go out for 
studies on the integration of air-
borne CAS into the ATCS, PWI devel-
opment and, importantly for the 
time frequency system, develop-
ment of a ground synchronization 
station. 

This approach finds favor with 
the light plane owners, who prefer a 
free ground-based CAS because it's 
unfair to charge an occasional flyer 
with an expensive "mini-cAs." The 
airlines, on the other hand, pointing 
out that many mid-air collisions are 
between light planes and airliners, 
argue that light planes must be 
equipped with some form of CAS to 
make the jetliners' systems work. 
One world not heard from in all 

the fuss is the Defense Department, 
which is less than enthusiastic about 
standardizing the airborne collision 
avoidance systems for its 3,000 
planes flying in civil air space. In-
dustry speculation is that the mili-
tary, having spent billions for its 
own programs, doesn't want to buy 
civilian CAS units, but that if the 
civil market buys CAS, congressional 
pressure will force the military to go 
along. After all, the reasoning goes, 
it wouldn't look good if a civilian 
CAS-equipped plane collided with a 
military craft that wasn't so 
equipped. 
Among the companies that have 

developed or experimented with 
CAS are: McDonnell Douglas, RCA, 
Collins Radio, Bendix, Honeywell. 
Raytheon, Sierra Laboratories, Wil-
cox Electric, Texas Instruments, 
Sanders Associates, IBM, Hazeltine 
Corp., and 'Tr Gilfillan. Some can 
be expected to be vigorous competi-
tors when airborne CAS becomes 
marketable. 
There seems little doubt, how-

ever, that some system will even-
tually be adopted. No matter which 
one it is, airborne CAS market 
should provide a bonanza for elec-
tronics avionics manufacturers, 
since none of the prime developers 
will have a monopoly on the mar-
ket. 

no -rethy1-2-C 
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all cautionary: 

liQuid RIVET 
One drop bonds almost anything to almost anything for 

almost forever. We call it Eastman 9106) Adhesive. 
It works with metals. With plastics. With rubber. With 

glass. With bonds that are often stronger than the 
materials being bonded. 

It works without heat. Without solvents. Without pressure. 
Without catalysts. And without a lot of waiting. 

Philco-Ford uses Eastman 910 to bond aluminum to 
aluminum. Cessna uses it to bond rubber to acrylic 

plastic. Bendix uses it to bond steel to brass. 
For more information, call your Eastman representative. 

Or write Eastman Chemical Products, Inc. Kingsport, 
Tennessee. 

You may find that Eastman 910 bonding is a lot easier 
than what you're doing now. 

More economical. Maybe even 
quieter. 

Circle 73 on reader service card 

Roll Out the Red Carpet 
For Toko's 

New Low Cost 
High-Speed 
Memory 
System 
Here's a real eye-opener for computer 
designers—Toko's new 65K byte memo-
ry system, HS-400L. Ifs constructed with two 
basic sub-assemblies—woven-plated-wire memory stacks 
and electronics packages. Designed for medium and large scale 
computers, the HS-400L offers high reliability, easy maintenance and a 
flexible arrangement of word lengths. 

General Specifications: • Memory Capacity: 32,768 words-18 bits (Internal Or-
ganization is 8K words-72 bits) • Access Time: 220 ns Random Access • Cycle 
Time: Clear/Write 450 ns Read/Restore 450 ns • Operating Mode: Destructive 
Read-Out • Temperature Range: 0° C to 50 C (Operating) • Measurement: 
16.5(H) x 19.0(W) x 10.0(D) • Interface Level: TTL compatible • Power Dissipa-
tion: 0.3 m W/bit max. 

For further information, just call or write 

re' TOKO, INC. 

I ;VWHead Office: 1-17, 2-chome, Higashi-Yukigaya, Ohta-ku, Tokyo, Japan 
New York: Toko New York Inc. 

350 Fifth Avenue, New York, N.Y. 10001 U.S.A. Tel: 565-3767 

Los Angeles: Toko, Inc. Los Angeles Liaison Office 

1830 West Olympic Blvd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417 

Düsseldorf: Toko, Inc. Europe Liaison Office 

4 Düsseldorf, Kolner StraBe 246, Düsseldorf, W. Germany Tel: 78-7064 
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A11111.11" 
of the semiconductor 
memory systems built 

and operating toddy use the 
/VMS 6002 MOS RAM 

The AMS 6002 MOS RAM has already established more than 

16 million hours of field performance in more than 
40 installations. Six months after its introduction, the 6002 is still the 

fastest 1024-bit RAM available with 150 nanosecond access and 
250 nanosecond cycle times. It is the only MOS RAM that utilizes 

field-proven a-channel processing and a ceramic package. 

That's why most of the systems out there today use the 6002. 

Shouldn't you? 

AlAIL"' 
Advanced Memory Systems, 1276 Hammerwood Avenue, Sunnyvale, Ca 94086 (408) 734-4330 

Powell/Philadelphia 
S. Island Road/Box 8;u5 
Philadelphia, Pa. 19101 
(215) 724-1900 

Powell/Washington 
10728 Hanna Street 
Beltsville. Md. 20705 
(301) 474-1030 

Powell/Huntsville 
Box 488. Fayetteville 
Tenn. 37334 
(615) 433-5737 

Powell/Florida Powell/California 
2049 W. Central Blvd. 411 Fairchild Dr./Box 997 
Orlando. Fla. 32814 Mountain View. Ca. 94040 
(305) 423-8586 (415) 964-0820 

Powell/California 
Southern California 
(213) 988-3330 
(213) 873-6431 

Apollo Electronics, Inc. 
101 Binney Street 
Cambridge. Mass. 02115 
(617) 868-3120 
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New products 

Beam lights way 
to high-speed 

equipment assembly 
by Stephen E. Scrupski. Packaging and Production Editor 

Semiautomatic machines use 

projector to spot wiring 

paths, mechanical makeup, 

and component location 

Automation is a lot like wealth—a 
little bit never hurt anybody, but too 
much brings on a whole new set of 
problems. For those companies not 
yet ready for full computer control, 
a new family of semiautomatic pro-
duction machines handles a variety 
of tasks from component assembly 
on printed circuit boards, to making 
cable harnesses, and even mechani-
cal assembly. 

Built by Ragen Precision Indus-
tries, the machines are designed 
around a numerically controlled 
light projector that can position a 
spot of light at any point on a sur-
face with a repeatability of a few 
thousandths of an inch. Ragen uses 
the same light source already stan-
dard in its printed circuit board as-
sembly machines, the PcP-300 and 
PcP-75. Added features, such as a 
component delivery system with 
programable bin positioning, 
lighted wire bins, and illuminated 
messages comprising mechanical 
drawings in transparency form, re-
sult in a family of machines that will 
speed up production of equipment. 

Co-founder of the family, the 
PcP-300 runs from punched paper 
tape, and performs two functions to 
aid an operator in inserting a com-
ponent in a printed circuit board: it 
delivers one component bin at a 
time ( it can randomly access any of 
300 bins), and it indicates the 
proper position on the printed cir-
cuit board with the light spot. The 
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spot is arrow-shaped, its head indi-
cating polarity, in the case of a 
diode, or keying, in the case of a 
transistor tab or an lc package. 
The PcP-75 is similar except that 

it delivers 75 bins in sequence to the 
operator. It's intended for shorter 
production runs, where the bins are 
loaded before each run, while the 
PcP-300 is intended to serve as a 
parts warehouse, storing compo-
nents for a whole series of boards. 
Both machines position the light 
spot on a 10-inch square with a re-
peatability of 0.015 inch. 
The same light projector is used 

in the new cable harness machine, 
but instead of being about 2 feet 
above the work surface, it will be 
raised about 71/2 feet, since it must 
cover a larger area—about 36 inches 

square. The 36-inch-square area 
would not suffice for large har-
nesses, but is adequate for many ap-
plications in small computer termi-
nals and modems. The light spot 
will be programed to indicate the 
starting point of each wire in the 
harness, critical bend points along 
the path, breakout points, and fin-
ishing points. 
The advantage the machine has 

over the older blueprint-and-nail-
board method, according to James 
Hobbs, Ragen marketing manager, 
is the ease with which changes can 
be made in the paper tape. Hobbs 
points out that once a board is made 
by driving nails through a print into 
the board, it's quite easy to forget to 
change the nails when a new print is 
issued. Storage of the boards can 

Follow the light. Overhead projector beams spot that indicates placement of components. 

Message panels on model PCP-150, below, can display assembly sketches. 
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Buy 
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1-Watt Zeners 
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nail heads 
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Prices 
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All welded and 
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Kit contains a 51-piece assortment 
of SCHAUER 1% 1-watt zeners 
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to 16.0. Three diodes of each volt-
age in reusable poly bags. Stored 
in a handy file box. Contact your 
distributor or order direct. 
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SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 

Telephone: 513/791-3030 

New products 

also be bothersome. The paper tape 
overcomes such problems and also 
adds a new capability—the light spot 
can indicate which wire to use in the 
harness. For example, if various col-
ored wires have to be led into the 
sides of the machine through wire 
cutters, the light spot can first move 
to the cutter for the proper colored 
wire and then move to the harness 
area to indicate the correct routing 
of the wire. 
On a smaller scale, point-to-point 

wiring of component boards or 
backpanels can also be done with 
the machine. Here, the advantage 
would be the low cost of the ma-
chine. In addition, users would re-
tain the ability to switch functions 
and put the machine back in a com-
ponent assembly mode. The paper 
tape could be used to energize a 
lamp above the proper wire bin, or 
actually to deliver the wires to the 
operator, says Hobbs. 

For mechanical assemblies, the 
light spot could indicate positions 
for parts while also displaying 
sketches of assembly details from 
programed message panels. The 
panels measure 2 inches square and 
can be lighted under paper tape 
control. 
The basic machines, with only an 

overhead light projector, will sell in 
the $6,000 to $7,000 range, but 
Hobbs also notes that Ragen is now 
giving added emphasis to rental 
agreements for capital-short cus-
tomers. Full versions, with parts de-
livery systems, will be marketed to 
sell in the range from $ 10,000 to 
$11,000. 

In addition to the new machines, 
Ragen is introducing new variations 
of the earlier component assembly 
machines. The PcP-75 NI is aimed 
at assembly of pc-board cordwood 
modules. The projector indicates 
positions of component connections 
and delivers sequentially up to 75 
different component arrays. The 
PcP-75 N3 will handle boards mea-
suring up to 15 inches square. The 
PCP- 150 series comprises expanded 
versions of the NI, N2, and N3, ex-
cept that it offers 150 component 
trays. 
Ragen Precision Industries, 9 Porete Ave., 

North Arlington, N.J. 07032 [338] 

CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 

USED OR SURPLUS EQUIPMENT 

HOW MANY 

MILLIONAIRES 
ARE THERE IN THE 
UNITED STATES? 

. . . and how many NEW mil-
lionaires join the ranks every 
year? How did they acquire 
their wealth? The number and 
the reasons may astonish you! This amazing story 
is revealed in a valuable new booklet, 
"NEW ROADS TO WEALTH AND OPPORTUNITY." 
Even more exciting are the factual details about 
a specific business opportunity that is nothing 
short of a gold mine. Why? Because, as an asso-
ciate of the organization providing the oppor-
tunity, you help others to succeed. 
For your free copy of "New Roads to Wealth and 
Opportunity," phone, wire, or write immediate-
ly to: 

E.L.E.K. INTERNATIONAL 
Box 22125• Denver, Colorado 80222 • (303) 757-5500 

Radiation D•vio•• Co. 
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OEM'S— BROADCASTERS 
UNIVERSITIES— SERVICE COMPANIES 

Review Our Economical Line of Instruments. Accessories, and 51g 
sal Processing Components Spanning The Frequency Range From 
DC to 2 GHz. To Get Best Value For Your Electronics Dollar Bra 
chures and Application Notes Are Available Upon Your Request. 

RADIATION DEVICES CO., BOX 8450, BALTIMORE, MD 21234 
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AAAAA SYSTEMS GROUND AND AIRSORNE. AUTOMATIC 
TRACKING ANTENNA SYSTEMS. NIKE AJAX. NIKE HER-
CULES, M-33. NISO-1A. MPS- I9. MPS-9, SCR 584 TPS-1D 
TPS-28. FAA-ASR-2. AIRBORNE SYSTEMS. APN-84. APN-102. 
APS-20. APS-27 APS-45 DPN-19. DIGITAL COMPUTERS 
IBM 630. IBM 704 

LARGEST INVENTORY OF RADAR AND 
MICROWAVE EQUIPMENT IN THE WORLD. gyRADIO RESEARCH INSTRUMENT CO. 

3 OU1NCY ST., NORWALK, CONN 06850 12031 853-2600 

CIRCLE 968 ON READER SERVICE CARD 

WELDING HAND TOOL 
TW 17A 
$ 48.00 

EWALD Instruments Corporation 
• , 06757 
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free catalog 
POTTING APPLICATORS 
MANUAL AND DISPOSABLE 

12" 30" 

FOR POTTING, ENCAPSULATING AND 

SEALING OF MINIATURE COMPONENTS 

PHILIP FISHMAN COMPANY 
1 CAMERON SI WE/U/LIT SI, MASSACHUSETTS 

CIRCLE 970 ON READER SERVICE CARD 

PART-TIME WORK WANTED 

Engineer of electronics wish to collate data 
or computers. Age 37, graduate of La 
Salle Univ. Would like to murale spare 
time ‘tork ‘% ith sour firm. PTWW - 5747, 
ELECTRON ICS. 
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New products 

Network analyzer 
sweeps to 500 MHz 
by Michael J. Riezenman. Instrumentation Editor 

Test unit for wideband 

communications measures 

group delay directly; offers 

polar. rectilinear display 

As the emphasis in communications 
shifts to high-speed digital trans-
mission, automatic test equipment 
must be capable of performing 
rapid, swept-frequency measure-
ments on the wideband components 
used in such systems. This was one 
of the major factors behind General 
Radio's development of its model 
1710 rf network analyzer. 
The instrument measures ampli-

tude and phase over the range from 
400 kHz to 500 mHz in three over-
lapping bands. This makes it useful 
not only for the analysis of wide-
band digital transmission systems, 
but for CATV, radar i-f, telemetry, 
and very-high-frequency communi-
cations systems. 
An optional feature of the instru-

ment—one that makes it particularly 
valuable in the analysis of digital 
systems—is its ability to measure 
group delay directly on a swept-fre-
quency basis. Simply pushing a but-
ton produces a display of d¢/df as a 
function of frequency over any se-
lected bandwidth. 
The instrument's display covers a 

dynamic range of 80 dB, and it can 
measure up to 115 dB using rf sub-
stitution techniques. This extra 
dynamic range is needed for the 
study of filter reject bands, and in 
the measurement of isolation, cross-
talk, and high levels of attenuation 
(such as the attenuation of 3,000 
feet of cable). 
Another important feature of the 

1710 is a low-cost option that en-
ables it to switch from a rectilinear 
display to a polar display at the 
touch of a button. Its only direct 
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competition—the HP 8407A—pro-
vides either one or the other. To get 
both requires the purchase of two 
display units. 
The basic price of the 1710 is 

$6,850. This includes a tracking 
sweep generator, a tracking detec-
tor, a processor, and a Tektronix 604 
CRT display unit. The basic price 
does not include the polar display 
capability, which adds $295 to the 
price, or the group-delay measure-
ment option, also at $295. 
Two inputs. A prosaic-sounding 

but extremely useful feature of the 
1710 is the fact that it has two mea-
surement channels (plus a refer-
ence) instead of the usual one. 
These allow the user to examine 
both the transmission and reflection 
characteristics of a filter simulta-
neously while tuning it, or to look at 
both outputs of a diplexer while ad-
justing it. 

In addition, this feature makes it 
easy to compare two devices, or to 
measure one of them against a cali-
bration standard. 

While basically a 50-ohm instru-
ment, the 1710 has a complete line 
of 75- as well as 50-ohm accessories. 
Using the 75-ohm cables, bridges, 
and tees does not reduce the instru-
ment's rated resolution. The analy-
zer has a sensitivity of 0.025 dB per 
major division. 

In making measurements on ac-
tive devices, like amplifiers, it is im-
portant to know and control the ab-
solute level of the drive signal at the 
device's input. Otherwise, the device 
may inadvertently be driven into a 
region of nonlinear operation. With 
the 1710, no external equipment is 
needed to monitor or adjust the 
drive level. The instrument displays 
the absolute level at the input to the 
device under test, and allows the 
user to vary the drive level from 0 to 
-70 dBm. The sweep generator ac-
tually develops a maximum of + 13 
dBm to allow for 13 dB of measuring 
circuit loss without a comparable 
loss in test level. 
General Radio Co., 300 Baker Ave., Con-

cord, Mass. 01742 [339] 

Convenient. Analyzer shown includes optional s-parameter measuring set. 



New products 

Components 

Plug-in houses 

72 switches 

Package designed for matrix 

switching eliminates special 

wiring or pc board design 

Connecting and switching comput-
ers to computers or to peripherals or 
modems often requires a massive 
wiring job. To eliminate this costly 
task in high-density switching appli-
cations, T-Bar Inc. has developed a 

series of switch assemblies which 
package as many as 72-pole single-
throw switches in a unit that can be 
plugged into standard printed cir-
cuit board connectors. 
The series 6800 T-Bar Pluggables 

are available in steps between 36-
pole, double-throw switches and the 
72-pole, single-throw size. Each is 
housed between a pair of printed 
circuit boards, and measures 61/2 by 
41/2 inches and 11/2 inches thick. Out-
put contacts are spaced 0.100 inch 
apart, and plug into a pair of edge 
card connectors. 

For the gang and matrix switch-
ing involved with computer inter-
facing, data pulses with rise times of 
up to 100 nanoseconds can be read-
ily passed, the company says. The 
switches are also applicable to mas-
ter matrices in voice communi-
cations and automatic test systems. 

Altogether, a 72-pole unit will oc-

cupy about the same volume as a 
switching system made, for ex-
ample, from 13 individual four-pole 
relays, the company asserts. Such an 
arrangement would include 13 sepa-
rate coils, with their associated 
power sources and a printed circuit 
board on which to mount them. The 
T-Bar, a design the company has 
applied in various switching prod-
ucts for more than 11 years, relies 
on a single solenoid to activate all of 
the switches simultaneously. 

This difference is at the heart of 
the T-Bar's design. It uses a T-
shaped insulator, driven up or down 
by a solenoid, to make or break the 
mechanical switching contacts. With 
contacts placed on both sides of the 
T's horizontal bar, the contact ca-
pacity for a given volume is just 
about double that of an ordinary re-
lay, according to the company. 
Large numbers of contacts are ob-
tained by stacking the Ts and their 
associated contacts and driving 
them from the same solenoid. 

Because only a single solenoid is 
used, power dissipation is also less. 
The 72-pole unit dissipates 6.5 
watts, about half the power required 
when individual relays are used, ac-
cording to the company. Contact 
ratings range from microamps up to 
1 ampere, 28 volts dc. Throughpath 
resistance is typically 200 milliohms, 
contact life (at 10 milliamperes, 30 
millivolts) is 20 million cycles. 
T-Bar Inc., 141 Danbury Road, Wilton, 

Conn. 06897 [341] 

Readout flashes 48 discrete 

messages on small screen. 

Twenty-four different projection 
systems, each comprised of a light 
source (an incandescent lamp and 
an optical system), make up the 
series 1002 rear projection readout 
unit. The device can flash 48 dis-
crete messages on a screen measur-
ing 0.45 by 0.53 in. The optical sys-
tem projects an image from a 
discrete section of a piece of film 
containing all message intelligence. 
The film is moved by solenoids, an 
increment vertically exposing a new 
set of 24 messages to the projection 

paths. Quantity price is $82. Deliv-
ery is from stock. 
Industrial Electronic Engineers Inc., 7720-40 

Lemona Ave., Van Nuys, Calif. 91405 [348] 

Potentiometer offers 25-turn 

settability in 3/8-in.-sq pack 

A potentiometer with molded-in ter-
minals, where one terminal also 
functions as the collector in the 
wiper system, is rated at 0.5 watt. 
The model 3299 cermet Trimpot of-

fers 25-turn settability in a 
square package. package. A choice of three 
pin styles is available. Resistance 
range is from 100 ohms to 1 me-
gohm, resistance tolerance is -±10% 
standard, and the temperature 
coefficient is -±150 ppmr C max-
imum. Price is $ 1.20 for 500 to 999. 
Bourns Inc., 1200 Columbia Ave., Riverside, 

Calif. 92507 [346] 

Hybrid relays come in 

single-, dual-diode versions 

Hybrid relays designated the 3sBs 
series are available in single- or 
dual-diode versions. Both types pro-

. • 
• 

• 

• 

• 

• 

• 

• 

vide suppression of the relay coil by 
adding diode chips within the relay 
enclosure. In addition, the dual ver-
sion protects against the accidental 
application of reverse polarity. The 
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Build a Better Hybrid with... 

relays are built for one million oper-
ations at low level, and have shock 
resistance to 100g. 
General Electric Co., 777 14th St. N W 

Washington. D.C. 20005 [343] 

Low-priced trimmer resistor 

mounts directly on pc board 

A line of cermet trimmer resistors 
designated Centrim have an alu-
mina substrate on which the cermet 
track is bonded. A knob entirely 
covers the resistance track and 
wiper, but the unit is also available 
without the knob. The trimmers 
come as single, dual, triple or quad 
with a variety of lead configurations 
for printed circuit board or point-to-
point soldering applications. Cen-
trims are rated at 3/4 w per section at 
70°, derated to 0 at 125'C. Resist-
ance ranges from 100 ohms to 1 
megohm at 350 v maximum. Price 
is under 20 cents each in production 
quantities. 
Centralab 5757 N Green Bay Ave., Mil-

waukee, Wis. 53201 [ 345] 

Shielded adjustable inductor 

is available in 73 values 

Designed to accommodate close in-
ductance adjustments in high-den-
sity circuits, the Wee V-L shielded 
adjustable inductor is available in 
73 values ranging from 0.10 to 
100,000 p.H. The unit combines high 
stability and high Q in a 0.400- by 
0.300-inch package. The adjustable 
inductance range is -±10% over the 
entire span, and minimum Q and f0 
values are not less than 80% of spec-
ified value at nominal inductance. 
Darlington Div., Nytronics Inc.. Darlington, S. 

Carolina 29532 [ 344] 

SPRAGUE 
THIN 4ie  
FIL W Ile 4 

00  

(3x actual size) 

ert> 4%. 
RESISTOR 
7„1-11PS 

Choice of Nickel Chromium or Tantalum Nitride 

Very low noise Discrete Resistors or Networks 

Don't eeze your hybrid circuit design until you check these specs! 

NiCr TaN 

Resistivity Range 125 to 25012/D 100 to 30012/0 

Resistance Range 1512 to 950K12 1512 to 800K12 

TC of Resistance 0 to + 50 PPM/°C —50 to + 200 PPM/°C 

Tolerance Coefficient + 5 PPM/°C +5 PPM/°C 

Stebility-1,000 hrs. life <.25% (125°C) <.25% (85°C) 

Noise (Max) 
0.1 eiv/V Max. 

per MIL-STD-202D, 
Method 308 

.01 µv/V Max. 
per MIL-STD-202D, 

Method 308 

For complete information, call or write to 
Ronald Beck, Semiconductor Division, Sprague 
Electric Co., 115 Northeast Cutoff, Worcester, 
Mass. 01606. Telephone 617/853-5000, 
Extension 270. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

SPRAGUE® 
THE MARK OF RELIABILITY 
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New products 
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Instruments 

Test generator 
is programable 

Timing unit controls pulse 

period, width, delay for 

IC or data link tests 

Despite the spate of integrated cir-
cuit test systems, some capable of 
ultra-fast checking of ultra-large Ics, 
some makers and users of integrated 
circuits still build their own testers. 
This also is true of firms in the corn-

.e-te, UM UM ' ' l 

munications and communications 
equipment business, especially as 
digital data transmission burgeons. 

For those who "roll their own", 
Tau-Tron Inc. has developed the 
TG- 100 programable timing gener-
ator. In a system block diagram, the 
TG- 100 would follow a test pattern 
generator. Its output would be ca-
bled to a test fixture in the case of IC 
testing, or to a modem in communi-
cations applications. The machine 
has a 10-KHz-to-20-MHz range, and 
sells for $ 17,500. 

Nominally a four-channel device, 
the TG- 100 actually offers control of 
pulse period (or repetition rate), 
width, and delay over eight outputs 
since it offers both true and comple-
mentary bit streams. This control 
can be maintained to within ±-5 na-
noseconds, regardless of any pro-
gramed value, thanks to an internal 
stable local oscillator running at 100 
megahertz and serving as the base-
line reference for all timing. 

Both manual and remote control 
are possible with the unit. Panel 
BNC connectors accept cables and 
binary coded decimal instructions 

from any control computers used. 
Manual settings are made with digi-
tal readout switches on the front 
panel, which also generate BCD in-
structions for the TG- 100's internal 
electronics. 

Four-digit thumbwheel switches 
select period, width, and delay. Pe-
riod varies from 50 ns to 99.99 ns; 
delay can be set from 0 to 99.99 ms; 
pulse width can be varied from 10 
ns to 99.99 ns. 

TTL-compatible true and comple-
mentary outs are located on the 
front panel; they have rise and fall 
times under 10 ns when driving 50 
ohms. There are EcL-compatible 
back-panel outputs with the same 
specification. 
Synch and reset also are control-

lable at the back panel with TTL in-
put levels, and there is a front-panel 
push button to do the same job: 
synchronizing all output signals 
from the leading edge of the reset 
input. 
Though the basic unit is sold with 

four width and four delay modules, 
the mix is variable to suit user 
needs. The TG- 100A, for example, 
has six delay and two width mod-
ules. 

Delivery time is 6 to 8 weeks after 
receipt of order. 
Tau-Tron Inc, 685 Lawrence St., Lowell, 

Mass, 01852 [351] 

Miniature scope has 20-MHz 

bandwidth, sells for $595 

A two-year-old San Diego manufac-
turer of oscilloscopes, Vu-data 
Corp., has decided to move into one 
of the newest areas of the business— 
portable miniscopes— with a 20-me-
gahertz unit that sells for $595. 
Two versions of the Ps900 are 

available: the 13/4-inch-high, half-
rack-wide Flat-pack, and the 31/2-
inch-high, quarter-rack-wide Stack-
pack. The $595 price does not in-
clude nickel-cadmium batteries, 
which add $50, or alkaline batteries, 
which boost the price by $25. The 
scope will also operate on eight 
standard "C" batteries. 
Vu-data has achieved a low price 

by buying CRT displays in large 

volume and by cutting the mechani-
cal and electrical parts count. 
The Ps900 covers dc to more than 

20 MHz, within 3 decibels, and verti-

cal deflection is 10 millivolts per di-
vision to 20 volts per division in 11 
calibrated ranges over the entire 
bandwidth. Trigger modes are inter-
nal or external, with automatic or 
manual level-slope selection. Au-
tomatic operation eliminates trigger 
level adjustments, and is functional 
above 40 hertz. 
The Ps900 will operate for 5 hours 

on battery power. 
Vu-data Corp., 7595 Convoy Court, San 

Diego, Calif. 92111 [352] 

Power source programer 

can handle six functions 

A programable oscillator called the 
model 830T can provide the inter-
face between a digital computer and 
an ac power source. It programs fre-
quency, amplitude, and phase angle 
independently, under direct control 
of the ac power source. Up to six 
functions can be programed simul-
taneously. The 830T is intended for 
automated component or sub-
assembly test systems and automatic 
power simulation systems. 
California Instruments, 5150 Convoy St., 

San Diego, Calif. 92111 [353] 

Five-digit multimeters 

are accurate to 0.005% 

Two five-digit multimeters, the 
model 5330 for bench use and the 
5333 for systems use, span 5 dc 
ranges from 0.1 volt to 1,000 y full 
scale, with a resolution of 1 itv and 
accuracy of 0.005%. Other features 
include autoranging, dual-slope in-
tegrating with 74-dB normal mode 
noise rejection, front and rear input, 
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Our Reconstituted 
Mica Capacitors 
Are Tested Harder 

You get higher 
capacitor reliability 
for less 

Because Custom Electronics, Inc. 
is the reconstituted mica capaci-
tor maker who precisely grades 
the dielectric material before it 
reaches production, other manu-
facturers' final mistakes are never 
started at Custom. The result is 
fewer production rejects, and 
lower job quotes for Custom Elec-
tronics' customers. Add this grad-
ing system to Custom Electronics' 
rather fanatical Quality Control ef-
forts throughout the production 
process, and it becomes clear why 
our client list reads like the who's 
who of high voltage electronics. 

If your high voltage capacitor 
needs are RELIABILITY and IM-
MEDIATE SERVICE write or call 
Custom Electronics, Inc., Browne 
St., Oneonta, N.Y. 13820. Phone 
607-432-3880. Twx 510-241-8292 

The QC Fanatics 
STON1 

CUSTOM ELECTRONICS, Inc. 

Circle 161 on reader service card 

analog output, and 10,000-megohm 
resistance. Ac voltage measurement 
capability to 250 kHz and resistance 
measurement to 10 megohms are 
options. Price for the 5330 is $ 1,295; 
for the 5333, $2,095. 
Dana Laboratories Inc., 2401 Campus Dr., 
Irvine, Calif. 92664 [357] 

Square wave generator has 

range from 20 Hz to 50 MHz 

A square wave generator called the 
model 760 has repetition rates of 
from 20 Hz to 50 MHz in ten over-
lapping ranges with fine frequency 
control. True and complement out-
puts are provided with simultaneous 
amplitude variation from + 250 mv 

to + 5 v across 50 ohms with inde-
pendent switch selection of an inter-
nal 50-ohm termination. Each out-
put has rise and fall times of less 
than 4 ns. Price is $350. 
Dytech Corp., 391 Matthew St., Santa Clara, 
Calif. 95050. [358] 

Waveform digitizing system 

is computer-controlled 

Designed for users who need to col-
lect vast amounts of oscilloscope 
data, the model S-3003 comput-
erized waveform measurement and 
analysis system is capable of acquir-
ing signals from dc to 14 GHz. Ap-
plications include test equipment 
engineering and checkout of linear 
devices. The system, largely custom-
assembled, is built around a pro-
gramable sampling oscilloscope, a 
minicomputer, and a data coupler. 
Price is $25,000 to $70,000 depend-
ing on options. 
Tektronix Inc., P.O. Box 500, Beaverton, 

Ore. 97005 [354] 
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›- ACCURACY: 

100 pico 
seconds. 

›- MODULAR 
MEASUREMENT 
OPTIONS: 

I> 8 parallel 
channels 

I> 32 parallel 
channels 

I> 64 series 
pulses 

MODULAR 

OUTPUT OPTIONS: 

I> printer 

I> internal 
memory 

I> direct 
computer 
input 

U. S. REPRESENTATIVE: 

HAMM 
800 SHAMES DRIVE 

WESTBURY, N.Y. 11 590 
TEL. (516) 334.44 02 

Q 
THOMSON-CSF 

DÉPARTEMENT 
INSTRUMENTATION 

SCIENTIFIQUE 
ET NUCLÉAIRE 

51 BD DE LA RÉPUBLIQUE 
78 CHATOU/FRANCE 
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Now your "1 source for digital is 
also your "1 source of reference. 

el':1̀ • 

ffloe 
weiMe` 

The "can-do" champions in dig-
ital capability put it in writing. 
With the most complete 
"how-to" library available 

off-the-shelf. Check the 
coupon below, or call 
your local Signetics 
salesman or rep. 

Signetics-Digital 
811 E. Argues Avenue 
Sunnyvale, California 94086 

Please rush your digital manuals, con-
taining comprehensive logic diagrams, 
schematics, pin configurations, oper-
ating characteristics and application 
information on Signetics # 1 Digital Line. 

Check or money order, payable to 
Signetics-Digital, enclosed to cover 
nominal postage and handling costs. 
$1.00 for entire set, 50C each for 
individual handbook. 

D Complete Digital Package 
(6 books). $1 00 

ID 54/7400 TTL Handbook. 
256 pages. 50C 

• Utilogic 11/600 TTL/DTL 
Handbook, 64 pages. 50Z 

D 8000 Series TTL/MSI and 
Memory Handbook, 208 pages. 5oe 

• DCL SSI 84/8800 TTL/DTL 
Handbook, 112 pages. 5oe 

• MOS Silicon Gate 2500 Series 
Handbook. 176 pages. 50C 

D 8000/5400 Chip Catalog. 
72 pages. 504 

Name 

Title 

Company 

Address 

City 

State Zip 

Telephone ( ) 

r.‘14[1.5 CO.PoIrrloON — • 51.10S.O.Or• Or .00m. Gr•Sr. WORK 

— 1 
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SALES OFFICES 

CALIFORNIA 
Del Mar: (714) 453-7570 
Irvine: (714) 833-8980 (213) 437-6718 
Sunnyvale: (408) 739-7700 
FLORIDA 
Boca Raton: (305) 391-8318 
Clearwater: (813) 726-3469 
ILLINOIS 
Rolling Meadows: (312) 259-8300 
MARYLAND 
Silver Springs: (301) 946-6030 
MASSACHUSETTS 
Lexington: (617) 861-0840 
NEW JERSEY 
Fort Lee: (201) 947-9870 
PENNSYLVANIA AND SOUTHERN NEW JERSEY 
Medford: (609) 665-5071 
VIRGINIA 
Reston: (301) 946-6030 

REPRESENTATIVES 

ALABAMA 
Huntsville 
Compar Corp. (205) 539-8476 
ARIZONA 
Scottsdale 
Compar Corp. (602) 947-4336 
CALIFORNIA 
San Diego 
Celtec Company (714) 279-7961 
CANADA 
Montreal, Quebec 
Corning Glass Works of Canada 

Toronto, Ontario 
Corning Glass Works of Canada (416) 421-1500 
COLORADO 
Denver 
Elcom (303) 771-6200 
CONNECTICUT 
Hamden 
Compar Corp. (203) 288-9276 
FLORIDA 
Altamonte Springs 
WMM Associates, Inc. 
(305) 831-4645 
Clearwater 
WMM Associates, Inc. 
(813) 446-0075 
Pompano Beach 
WMM Associates, Inc. 
(305) 943-3091 
INDIANA 
Indianapolis 
R. H. Newsom Associates 
(317) 849-4442 
MARYLAND 
Silver Springs 
Mechtronic Sales, Inc. 
(301) 622-2420 
MASSACHUSETTS 
Newton Highlands 
Compar Corp. (617) 969-7140 
MICHIGAN 
Grosse Pointe Park 
Greiner Associates, Inc. 
(313) 449-0188 (313) 449-0189 
MINNESOTA 
Minneapolis 
Compar Corp. (612) 922-7011 
MISSOURI 
St. Louis 
Compar Corp. (314) 567-3399 
NEW MEXICO 
Albuquerque 
Compar Corp. (505) 242-3633 
METROPOLITAN NEW YORK 
Manhasset, Long Island 
Win-Cor Electronics Sales Corp. 
(516) 627-9474 
UPSTATE NEW YORK 
TriTech Electronics, Inc. 
(315) 446-2881 
NORTH CAROLINA 
Winston-Salem 
Compar Corp. (919) 723-1002 
OHIO 
Dayton 
Compar Corp. (513) 890-9260 
Fairview Park 
Compar Corp. (216) 333-4120 
SOUTHERN NEW JERSEY AND PENNSYLVANIA 
Haddonfield, N.J. 
Compar Corp. (609) 429-1526 
TEXAS 
Richardson 
Semiconductor Sales Associates 
(214) 231-6181 
UTAH 
Salt Lake City 
Elcom (801) 846-2317 
WASHINGTON 
Bellevue 
Western Technical Sales 
(206) 454-3906 

New products 

Packaging and Production 

ROM speeds up 
wire bonder 

Machine attaches chip pads 

to 14-pin DIP in 15 seconds, 

cuts cost to 0.4 cent per IC 

One of the most time-consuming 
and labor-intensive tasks in IC man-
ufacture is wire-bonding the pads of 
a chip to the lead frame of a dual in-
line package. David Davis, market-
ing manager at Ultimation Inc., 

•01 

Sunnyvale, Calif., estimates that 
"for every 14-pin DIP, the direct la-
bor cost is about 6 to 8 cents if you 
figure that one girl finishes 50 to 75 
packages per hour and is paid $4 
per hour." (This does not include 
costs for die attach, molding, or sort-
ing.) 
A machine built by Ultimation 

and called Multi-Matic completely 
wire-bonds a 14-pin DIP in about 15 
seconds, and since one operator can 
run three machines, the cost per IC 
is reduced to 0.5 cent. This beats the 
cost of off-shore assembly, Davis 
points out. The Multi-Matic is 
priced at $28,500. 
The secret of Multi-Matic's speed 

lies in a semiconductor read-only 
memory. The user lists the coordi-
nates of the bonding pads for the 
specific lc he is working with—a 14-, 
16- or 18-pin device—and converts 
them into a ROM code. For a fee of 
$125, Ultimation will do the ROM 
programing and send the customer 
the Roms on a plug-in board, or the 

customer can buy a ROM programer 
and do it himself. Once the machine 
is programed, all the operator has to 
do is position the chip and push a 
button; the Multi-Matic then pro-
ceeds to bond all of the pads to the 
lead frame, stepping around the 
chip until it is completed. A TV cam-
era and a CRT monitor are em-
ployed instead of the usual micro-
scope, so the operator can rapidly 
align the chip and observe the 
bonding operation from a distance. 
The chip is aligned with the aid of 
two cross-hairs on the screen. Chip 
alignment time is about 2 seconds 
and the bonding time is about 12 
seconds, including the indexing time 
of the automatic lead-frame feed 
mechanism. 
As far as the actual bonding is 

concerned, the modularly designed 
Multi-Matic is a tail-less thermo-
compression, gold-ball bonder. Al-
most any DIP lead frame can be 
used, and wire size is variable from 
0.7 to 2 mils. 
Ultimation Inc., 1050H East Duane, Sunny-

vale, Calif., 94086 [391] 

Tester checks IC packages 

before lead frame is added 

Testing a package before the lead 
frame is attached can save a lot of 
time and trouble afterwards, and 
that's what a test fixture from Pylon 
Company Inc. accomplishes. 

Contact is made to the lead-frame 
bonding pads of an IC ceramic pack-
age via the company's POGO con-
tacts, which are miniature spring-
loaded devices. These are then 
wired to multipin connectors for ex-
ternal access. 
The tester first checks for leaks 

and continuity of the conductors on 
the ceramic package, and then 
checks the finished device without 
lead frame. The result is the manu-
facturer can be sure that lead 
frames are being attached to good 
circuits only, thus saving the expense 
of having lead frames attached to 
those circuits that have failed under 
tests. 
Pylon Company Inc, 50 Newcomb St., Attle-

boro, Mass 02703 [394] 
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COMPONENTS BENDING TOOL 

Bending Length: min. mm. 12 max mm. 50 

CUT AND BEND TOOL 

NEW 

Cuts lead wires 

from 0,3 to 1,5 mm. 

EIMEC 
SASSO MARCONI - ( Italy) 

P 0 BOX N. 1750 

40100 BOLOGNA 

HOLDER FOR PRINTED CIRCUITS 

PCS'2M for printed circuits 200x250 mm. 
PCS 3G for printed circuits 200x450 mm. 

• 

AGENTS AND DEALERS REQUIRED. 

New products 

Wide-angle sockets permit 

manual or machine insertion 

Many users of dual in- line inte-
grated circuits are now depending 
on sockets instead of soldered con-
nections for improved main-
tainability or to provide the needed 
wire wrapping tail. They are also 
moving to individual socket pins, 
using the printed circuit board 
rather than completely molded 
sockets for providing the insulation 
between pins. 

For such users, Augat Inc. has de-
veloped wide-angle, tapered socket 
terminals that can be inserted either 
manually or by automatic equip-
ment. 

Intended for high-density boards, 
the devices have a machined open-
ing on both outer sleeve and inner 
contact that's about four times the 
entrance size of regular sockets, or 
0.060 in. as compared to 0.028 in. 
This allows the integrated circuits to 
be automatically inserted at differ-
ent angles and funneled into the 
sockets. About twelve times as many 
sockets as usual can be loaded in an 
hour. The technique also reduces 
the number of damaged ics and 
panels. 

Applications include computers, 
peripherals, and communications 
equipment. 
Augat Inc., 33 Perry Ave , Attleboro Mass 

02703 [393] 

Flat connectors stackable 

on 0.100-inch centers 

The Flex-Strip line of connector 
cable assemblies is designed to capi-
talize on the thinness of flat cable. 
The connectors can be plugged into 
either side of back-panel wiring sys-
tems, to pins mounted on pc boards, 
to NAH-type hardware, and to ends 
of other cables. They can be stacked 
row-to-row on 0.100-inch centers. 
Three types of contacts are avail-
able: a female socket for 0.025-inch 
square Wire Wrap pins or posts, a 
female socket for 0.020-by-0.050-
inch blades, and male blades to 

mate with tuning-fork female con-
tacts. A standard 12-in, cable assem-
bly with Flex-Strip connector on 
both ends is priced at $7.50 per as-
sembly in 1,000-lots. 
Ansley Electronics Corp., 4100 N. Figueroa 

St., Los Angeles, Cal f. 90065 [395] 

Scriber-dicer cuts through 

wafer, eliminates breaking 

Low-kerf-loss dicing and high-speed 
scribing have been combined in the 
model NRC 7111 machine for semi-
conductor wafer production. Full-
depth cutting with a kerf of 0.0025 
in. is achieved by thin, high-speed 

diamond wheels without a slurry. 
Not only does cutting completely 
through wafers eliminate the break-
ing operation, but the rubberoid 
wheels are said to be less expensive 
than plated wheels and are readily 
ganged, dressable, easily changed, 
and less prone to clogging. A built-in 
microscope allows precise alignment 
in less than 10 seconds. 
Varian, 611 Hansen Way, Palo Alto, Calif. 

94303 [396] 
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New products 

Semiconductors 

Calculator IC 
is low-priced 

Four-function chip designed 

for 12-digit machine sells 

for $ 12; $ 14 with memory 

After deciding it would be very 
tough, if not impossible, to compete 
head-on with the Japanese in elec-
tronic calculators, Donald Brown, 
president of Cal-Tex Semiconductor 
Inc. decided to join them. And out 
of that move has come a calculator 
lc for general sale. 
The company will start two joint 

ventures based on MOS/LSI circuits 
designed and built by Cal-Tex, the 
first of which is a one-chip calcu-
lator circuit selling for $ 12 each in 
quantities of 100,000. 
One joint venture has been set up 

with three Japanese companies, and 
the other with two Italian com-
panies. Brown, who had been with 
TI for many years before starting 
Cal-Tex, says, "We will ship the ics 
to Japan and Italy and there they 
will assemble machines for domestic 
sale. We will assemble machines in 
our Santa Clara plant for sale in the 
U.S." Now Cal-Tex is also offering 
the chips on the open market. 
Two versions are available. The 

model 5001 is a four-function chip 
for a 12-digit calculator and has no 
memory. The 5002 is the same as 
the 5001 except it has a memory 
and sells for $ 14 each in quantities 
of 100,000. 
From the start, the chips were de-

signed to be high-yield products, 
says Brown. Both are made by a 
standard high-threshold p-channel 
process, and the total chip area, in-
cluding the memory, is 180 mils on 
a side. ( Mostek's chip is 180 mils on 
a side, and TVs chip measures 230 
mils, and neither has a memory.) 
Partly because the process is stan-
dard, it took only two and a half 
months to go from logic design to 
working chips. 
A useful feature of the Cal-Tex 

chip is the output driver section, 
which can be described as hefty. 
Brown says they allotted a little ex-
tra chip area for the output drivers 
so that no buffers are needed be-
tween the calculator chip and the 
display decoders. The chips work 
well with Nixie tubes, Panelex dis-
plays, Digitron tubes, and LEDs. In 
fact, the 5001 and -2 can drive H-P's 
5800 LED display-decoder directly. 
The first complete machine em-

ploying the Cal-Tex chip is the Eiko 
calculator [Electronics, Nov. 8, 
p 134], which is priced at about $90 
in Japan. A second, pocket-type, 
Eiko machine will be announced 
soon. 

According to Brown, Eiko has a 
complete family of printing calcu-
lators-8-, 10-, 14- and 16-digit—and 
Cal-Tex is completing work on a 
two-chip calculator set that will 
directly drive these Eiko printers. 

Both the 5001 and 5002 are avail-
able in sample quantities, and 
Brown says that he can deliver parts 
in volume by February. 
Cal-Tex Semiconductor Inc., 3090 Alfred 

St, Santa Clara, Calif. 95050 [411] 

Photodetectors are made for 

hybrid circuits, pc boards 

Designed specifically for hybrid cir-
cuits, a new line of cadmium sulfide 
and cadmium sulfo-selenide pho-

todetectors, called Pc Photochips, 
are so flexible that the user can 
make up an array on his own alu-
mina substrate or printed circuit 
board. Applications include drum 
programing, prototype arrays, dif-
ferential drives, sequence switches, 
and money-changing machines. 
Three basic materials are offered, 

with peak spectral responses at 625, 
575, and 515 nanometers. Price is 43 
cents in quantities of 1,000. Delivery 
is from stock. 
Allen-Bradley Co., Electronics Div., 1201 S. 

Second St., Milwaukee, Wis. 53204 [418] 

MOS static shift registers 

operate at 3 megahertz 

Two silicon gate mos static shift reg-
isters, one organized 6 x 32 bits 
and the other 6 x 40 bits, are for 
use in data processing equipment 
such as line printers, card equip-

ment buffers, and sequential access 
memories. Each is integrated on a 
single monolithic silicon chip and is 
fabricated by p-channel enhance-
ment mode techniques and low-
threshold silicon gate technology. 
Typical clock and data rate is 3 
MHz. Both registers, the model 
2518B (6 x 32) and 2519B (6 x 
40), are priced at $6 in quantities 
between 250 and 999. 
Signetics Corp., 811 E. Argues Ave . Sunny-

vale, Calif. 94086 [415] 

Complete memory system 

is on 6-by-8-inch board 

A rrL-compatible integrated circuit 
memory system called the System 
in-20 is designed to provide ran-
dom-access buffer storage for a vari-
ety of computer peripheral appli-
cations. The system stores 1,024 12-
bit words on one 6-by-8-in. printed 
circuit board and may be expanded 
to four boards storing 4,096 12-bit 
words. Maximum system cycle time 
is 900 ns, and power requirements 
are + 5 v and -9 y with an oper-
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GETTING 
THE MESSAGE 

ACROSS! 

That's our job at IEE and, we've been at it for close to two decades. 

Whatever your message: Letters, words, numerals, colors, etc., 

you tell us and well put it all together, and, in any size— subminia-

ture, standard or jumbo 3" high displays. For every type readout 

we also have a compatible I.C. or hybrid Driver/Decoder series 

with a wide range of features and options.When it comes to "man to 

machine communications" and demanding display requirements 

contact IEE. After all, one message certainly deserves another. 

Industrial Electronic Engineers, Inc. 7740 Lemona Ave., Van Nuys, Calif. 
Telephone: (213) 787-0311 • TWX 910-495-1707 

New products 

ating temperature range of 0° to 50° 
C. Price is 2 to 3 cents per bit in 
quantity. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 

Calif. 95051 [414] 

MOS shift registers put 

1,024 bits into small package 

Two mos shift registers, the mm4013 
and tvtm5013, are packaged in eight-
pin mini-Dips, TO- 100 cans, or 10-
pin To-5 cans (with two pins inac-
tive, as a replacement for older 10-
pin types). The two pins are elimi-

nated by merging the chip select 
control function with the read and 
write controls. Other design features 
include bipolar compatibility, Tri-
state outputs, and a frequency range 
of 400 Hz to 2.5 MHz. The mm5013 
sells for $ 16.60 in quantities of 100, 
and the mm4013 for $ 16. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051 

[416] 
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El On both sides of the English Channel, on both sides 
of the Rhine, and on both sides of the Alps, foreign 
trade has become the lifestuff for a thriving Western 
European economy. But recently Europe's foreign trade 
has been in jeopardy as the upheaval in the world's 
monetary system stifled international business. 
Even before President Nixon triggered the upheaval 

in mid-August—by cutting the dollar's ties to gold and 
levying an import surcharge—there had been a falloff in 
world trade because of the slowed economic pace in the 
U.S. It now looks as if the major industrial nations can 
work out their parity problems in time to ward off a 
worldwide recession. But its anybody's guess how soon 
business will start to snap back after the solution comes. 
There's practically no chance of solid recovery for 1972. 
West Germany, the key economy in the Common 

Market, registered a true gain of only 3% in its output of 
goods and services; next year's figure may be as low as 
1%. Great Britain's economy grew less than 1% this year 
and doesn't figure to better that figure by much in 1972. 
The characteristic pace throughout Western Europe 
next year will be a hobble. 

A $ 10.2 billion equipment market 

Electronics' reporters in Western Europe talked to 
marketing people from nearly 200 companies, trade as-
sociations, and government areas to get a fix on what's 
ahead. Nearly all were more tentative than ever before. 

All told, Electronics' consensus forecasts for 1972 
equipment markets add up to $ 10.2 billion for the 11 
countries surveyed. That's 10% up on the $9.3 billion es-
timated markets total for 1971. The nominal expansion, 
however, loses its luster when discounted for inflation. 
Computers and other data-processing hardware add 

up to the biggest market. With rentals figured in on an 
"if-sold" basis, the computer category checks in at $3.5 
billion, 12% higher than this year's $3.1 billion. For 
computer makers, however, that's flying low. 
As for components markets, they went nowhere this 

year. The survey logged $2.9 billion both for 1970 and 
1971. For next year, the consensus forecast is a 7% rise 
to $3.1 billion. There's no solid optimism among com-
ponents producers, but many see hope in the fact that 
the equipment makers have generally worked off the in-
ventories that have made them order cautiously. 

West Germany 

Economy slows to a trot, 

despite racy appearance 

El The frenetic construction activity in Munich, which is 
readying for next year's Olympic Games, and in other 
West German cities strongly suggests a fast-paced econ-
omy. But the bustle is deceiving—actually, the economy 
has slowed to a jog. 
To be sure, the number of foreign workers has 

reached an all-time high-2.23 million—and unemploy-
ment is respectably low—around 1%. Then too, con-
sumer spending continues at high levels. But other in-

dicators are quite disturbing: Industrial planners have 
sharply curtailed their investments for plant equipment. 
As a result, order books are getting thinner because of 
slackening demand for capital goods. Many workers are 
on "Kurzarbeit"—shorter work weeks—or unpaid vaca-
tions. And many of the thousands of laborers from 
Italy, Greece, or Yugoslavia now homebound for 
Christmas won't be coming back. 

Electronics markets outpace economy 

All told, the short-term outlook for the West German 
economy is truly dismal. This year was marked by stag-
nation and inflation, one of the worst combinations pos-
sible. As a result, the country's output of goods and 
services grew only 3% in 1971, discounting price rises. 
Next year, the real growth rate may drop as low as 1%. 

In times like these, West German industrialists nor-
mally would step up their activities in foreign markets, 
as they did during the slump five years ago. But today's 
foreign markets aren't what they were then. In the king-
pin U.S. market, for example, the Germans now find it 
hard to keep competitive: they're up against the 10% 
surcharge slapped onto most imports and de-facto re-
valuation of the Deutsche Mark, which makes German 
goods cost about 10% more in the U.S. than before. 

• Luckily, the stagnation won't last forever. The gov-
ernment has some $3 billion in reserve to prime the 
economy, most of it from income-tax surcharges, which 
the government has to pay back by 1973. Some eco-
nomic sages say that the bulk of the payback will go 
straight into the bank as German taxpayers cushion 
themselves against further hard times. Still, enough will 
be pumped into the economy next year to get industrial 
growth headed soundly upward again in 1973. 

Computers still lead, but . . . 

For electronic equipment alone, the outlook isn't 
quite so bleak: Manfred Beinder, head of the market re-
search department at Standard Elektrik Lorenz AG, an 
rrr affiliate, pegs the rise in output next year at between 
7% and 8%. The market will perform better than that, 
largely because of heavy deliveries from inventory. 
Electronics' forecast, based on inputs from dozens of 
West German companies, puts the 1972 market for 
electronics equipment at $3.27 billion, up 10% over an 
estimated $2.96 billion for 1971. 
Computers will continue to outrun other sectors of 

electronics in 1972, there's no doubt about that. And ev-
erybody in the business agrees there's a slowdown on 
tap next year. There are sharp differences of opinion, 
however, as to how much. 
Some experts believe the growth rate of new installa-

tions will slow to somewhat less than 20%. Others see 
15% as a more likely figure, and a few put growth even 
as low as 11% or 12%. Electronics' consensus forecast 
checks in at 15% with an estimated market of $ 1.11 bil-
lion for 1971 and a climb to $ 1.26 billion for 1972. ( For 
the survey, rented EDP hardware is figured on an "if-
sold" basis.) 

Next year should see a decided bulge in the market 
for small machines—hardware with monthly rentals be-
tween $ 1,200 and $6,000. The trend has been going on 
for some time but now is really gaining momentum, and 
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reasons aren't hard to find. There's increasing emphasis 
on satellite systems with "intelligent" terminals that can 
handle part of the data processing. Even very large 
companies that relied heavily on big, central main-
frames are shifting to distributive processing, largely be-
cause they don't want to pay for capacity they can't use 
in a large machine. "Customers are becoming more 
cost-conscious these days," says Dieter Sauer, market-
ing director at Sperry Rand GmbH. "They are asking 
themselves: 'How useful is a computer?' It's this that's 
changing the nature of the business." 

Small computers, terminals score 

Not surprisingly, then, the small-machine makers will 
chalk up the largest sales gains next year. "We'll be well 
above the average for the industry generally," says an 
official at Nixdorf Computer AG. Nixdorf, Europe's 
most successful small-systems producer, has seen its 
sales skyrocket tenfold over the past five years. 

Siemens, the largest native computer maker, is set to 
tap the low-priced end of the EDP market too. The latest 
addition to its line, the Model 404, expands the com-
pany's market coverage downward. 
The spurt in small systems and remote processing au-

gurs well for producers of terminal displays. Some mar-
ket-watchers, among them the crew at Deutsche Philips, 
see the number of cathode-ray tube displays for com-
puter applications increasing more than 35 fold over the 
next four years. As of mid- 1971 there were about 1,300 
such units installed in West Germany, all accounted for 
by only 90 computer users. The increase next year will 
be to 11,300 units: in 1974 32,000 should be installed, 
and in the following year around 46,500. 

Sales of electronic desktop calculators will bounce up 
some 16% next year. The survey figures: $90 million for 
1971 and $ 104 million for 1972. Little of this money, 
however, will flow into the coffers of German manufac-
turers; Japanese firms claim up to 80% of the market. 
Japanese officials say they will not step up their sales ef-
forts in Europe just to offset their U.S. losses, but Ger-
man companies are skeptical. 

Consumers tighten their belts 

Anyone caught up in the crowds surging through the 
big department stores of the Main-Taunus shopping-
center these days would find it hard to believe that Ger-
mans could keep their purse strings drawn. But that's 
what many companies think consumers will do next 
year. "In our projections for 1972 we are figuring on 
slower growth rates because of slackening consumer de-
mand," says Johanna von Ronai-Horvath, head of mar-
ket research for Graetz GmbH and Schaub-Lorenz 
GmbH, two ITT entertainment-electronics producers. 
Her view is shared by nearly everybody in the indus-

try. Joachim Prange, a Siemens marketing official, fig-
ures that there will be hardly any increase in production 
next year. Standard Elektrik's Beinder projects a pro-
duction increase between 2% and 3% and a rise in do-
mestic consumption of about 6%. Electronics' forecast 
works out to a $ 1.07 billion market in 1972, up 8% from 
this year's $997 million. 
As for color receivers, the industry's mainstay, 1971 

didn't quite live up to original expectations. Last year, 

West German Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 
Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 
Components 
Exchange rate: VI == 3.34 marks 

1971 1972 

2,963.3 3,269.2 

997.4 1,070.5 

1,106.5 1,264.6 

379.5 411.3 

280.2 306.7 

90.5 95.9 

109.2 120.2 

946.2 1,012.0 

many forecasters figured sales could well reach 1 mil-
lion sets in 1971. They won't. Despite a late summer 
rally, the market was well out of range of the I million 
market as retailers readied for the Christmas rush. The 
yearend spending spree will put the final figure around 
800,000 sets, judging from the $333 million consensus 
estimate of the survey. There's no disagreement, 
though. that the biggest sales stimulant for color next 
year will be the Olympic Games in August: largely be-
cause of them the market should run up to $404 million, 
Electronics forecasts. 

In TV technology, the big story this year has been the 
110° color tube, which, despite initial skepticism by re-
tailers, is catching on fast. Wilhelm Kahle, manager of 
domestic sales of AEG-Telefunken's radio, television, 
and phono division, figures that half of all color sets 
sold now have the new tube, whose shorter neck and en-
velope make for slimmer TV sets. 

110 tube speeds transistorization 

The swing to the new tube has accelerated another 
technological trend. Because they have to change de-
signs to accommodate the shorter tube anyway, set 
makers are putting semiconductors into the power out-
put stages of the horizontal and vertical deflection cir-
cuits, the last redoubt of receiving tubes in TV sets. 
Heretofore, German set makers shied away from tran-
sistorizing these stages because of relatively high cost 
and limited reliability of high-voltage power transistors, 
drawbacks now overcome. Grundig, often the paceset-
ter, will be the first to have fully transistorized color 
sets: they will start turning up in shops early next year. 

"Radios are still a lucrative business," says Bodo 
Renne, marketing manager at Norddeutsche Mende 
Rundfunk KG (Nordmende). What's keeping the mar-
ket buoyed are millions of teenagers with plenty of 
cash for items like portable radios. The number of por-
tables and "pocketables" sold next year should reach 
5.1 million, von Ronai-Horvath says. That's a rise of 
about 3% from this year. For all radios, Electronics' 
forecasts sales of $204 million, up from $ 194 million. 
A new consumer electronics market—video tape re-

corders—will emerge next year. Philips will be the first 
on the scene with its video cassette recorder (vcR). It 
will hit the market in April and initially will be avail-
able as a playback and recording system for color TV. 
Philips' marketing people figure they'll sell around 
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20,000 VCRs at about $850 each next year. The biggest 
customers initially will be schools and institutions, but 
by 1980, the company figures, there should be about 1.2 
million audio-visual systems in use in West Germany. 
About a year after Philips puts its VCR on the market, 

AEG-Telefunken will come out with its "Bildplatte"—the 
revolving video disk played with a stylus. It will be 
available in color. The company has settled on an 8-
inch disk as the standard version, good for five minutes 
of playback time. Up to 12 disks can be held in a maga-
zine, giving an hour of playback. 

Components on a one-way slide 

Among components producers, "Bad as ever before" 
is a likely response to anyone who risks asking "How's 
business?" Indeed, the unthinkable happened this year. 
Components sales fell from a 1970 level of $ 1 billion to 
an estimated $946 million this year. There's some recov-
ery in sight, according to Electronics' survey. The fore-
cast is for 1972 sales of $ 1.01 billion, a 7% gain. 

Perhaps the most discouraged lot are the semicon-
ductor makers. Says an official at SGS Deutschland 
GmbH, "The golden era in our business is past." Prices 
tumbled more than 50% this year for some devices as 
excess product spilled from plants in Europe and in the 
U.S. Then, to make matters worse, there was the early-
1971 slowdown at consumer electronics makers, who 
normally sop up between 40% and 50% of the semicon-
ductors used in Germany. On top of that the new mar-
kets—like the automotive industry—haven't come on as 
fast as expected. 
One bright spot is the outlook for mos circuits. Some 

70% of them are custom designs currently and thus are 
still profitable, but there's a trend towards standard de-
signs as mos components gain mass entry into memory 
devices and the like. And in semiconductors standard 
designs mean rugged price competition. 

Communications makers are secure 

Communications equipment producers, unlike the set 
makers, don't face the uncertainties of a market swayed 
by fickle consumers. The big customer for their hard-
ware is the Post Office, which runs the country's com-
munications utilities and seems blessed with an ever-
rising budget. 
The agency doesn't get its definitive detailed budget 

for 1972 until mid-December, but everybody in the in-
dustry is convinced that next year's allocation for tele-
communications will top the $ 1.35 billion earmarked 
for 1971. Much of the money will go for cables, hand-
sets, crossbar exchanges, and the like. There should be 
plenty left, however, to keep the 30-odd communi-
cations hardware makers reasonably busy in 1972. 

But not as busy as they've been this year, judging 
from Electronics' survey: it turned up an estimated mar-
ket of $380 million for 1971, up $40 million over last 
year. Next year, a lesser rise to $411 million looks likely. 
As before, equipping Munich and the country as a 

whole for the Olympic Games will help communi-
cations markets next year. One prestigious hardware 
item that will help get the words and images out is the 
third ground terminal at Raisting, about 30 miles south 
of Munich, scheduled to be ready by midyear. Prime 

Relay. With the Olympic Games se for Munich next year, Siemens 

AG is readying portable TV relay equipment. 

contractor for the $9 million installation, which will 
work through Intelsat 4, is Siemens. 

Another Olympics-related project is the "Wertachtal" 
facility, a $48 million, I 2-transmitter short-wave station. 
AEG-Telefunken is the prime contractor for the station, 
which will be the largest and most powerful of its kind 
in Europe when completed in 1974. Five of the 12 500-
kilowatt transmitters will be ready for the Olympics. 
Than, too, there's the German-French "Symphonie" 

satellite venture to give the communications market a 
bit of a lift. A $2.1 million ground terminal for 4- and 6-
ofiz links with Symphonie wi3 be begun next year. 

Data transmission, of course, is coming in for much 
attention. Siemens, for example, has come up with a 
computer-controlled electronic data switching system 
EDS that works with teletypewriter and other digital 
transmission lines. A prototype version was tried out 
this year over an experimental link between Siemens' 
Munich facilities and the Post Office's research labs at 
Darmstadt. The Post Office says the first EDS system will 
be in service in time for the Olympics. 

Great Britain 

Color TV races anead, but 

most market segments lag 

Li Prime Minister Edward Heath rates high marks as a 
racing yachtsman. And he proved this fall he can navi-
gate the ship of state through the rocks and shoals of the 
English Channel when he skippered Britain into the 
Common Market. But so far Heath has fared poorly in 
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plotting a course to prosperity for Britain. The economy 
has virtually stopped growing and there's no sign that 
it's going to start again. 
The government has done all the usual things, like 

cutting sales taxes and easing credit restrictions, but the 
only result has been a boomlet in consumer durables. 
Industrial investment is flat, and largely for that reason 
this year's gross national product edged up in real terms 
less than 1% over the 1970 level. 
Although the economy dawdles, manufacturing costs 

are shooting up, so much so that many industrialists 
have shied away from new plant investments because 
they fear they could never sell the output at a profit. A 
big element in the cost push is wages, up about 13% this 
year. Prices have gone up steeply. too. 

Growth rests on consumer buying 

All told, capital and consumer equipment markets in 
the UK will run $2.01 billion next year, Electronics' sur-
vey shows. That compares with the $ 1.83 billion logged 
last year. Just about all the growth here- 10%—is 
chalked up by consumer goods. For most other sectors 
it's more a question of who'll survive rather than who'll 
thrive for companies heavily dependent on the home 
market. 
Communications equipment makers will be next-best 

off. The Post Office Corp. is now getting into stride on 
expanding and updating Britain's telecommunications 
networks. The corporation will now invest some $ 1 bil-
lion for new plant in 1972 and at least as much in the 
four following years. Only a small part will go for elec-
tronics hardware at the outset, but there's enough in-
vestment in sight to see suppliers through a recession 
year. Communications-hardware sales to other govern-
ment agencies will be reasonably firm, too. 
The toughest times will be had by companies whose 

customers are mainly industrial. Whether it's a big com-
puter, an airport radar, a process-control installation, or 
merely a desk calculator or a voltmeter, industrial buy-
ers are holding off as long as they can, waiting for the 
economy to turn around. Hence, producers must look 
more and more to exports for profit in 1972. 

Britain goes color-crazy 

Color i N, is rocketing ahead in Britain. Amidst the ac-
companying euphoria, enthusiastic forecasters are talk-
ing about a 1972 market of 1.5 million sets worth $550 
million. This year's figures will work out to 900,000 sets 
and $340 million, they insist. Electronics' consensus 
forecast doesn't quite reach these heights. But it does 
come in at $300 million for 1971, with a leap to $420 
million for 1972. Either way, there's a heady year in 
sight for color TV sales. 
With color TV demand running high for the fore-

seeable future, set makers won't bother making techni-
cal changes unless there's a clear benefit: lower cost, 
better performance, or both. Hence 110° color tubes, 
which looked a good upcoming bet a year ago, won't 
supplant 90° tubes as fast as they have in some other 
PAL-system countries. 

Cartridge playback TV units will appear in small 
numbers next year, but they'll be mainly interesting 
novelties. Most installations will be Columbia Broad-

casting System's EVR equipment made in Britain by 
RBM; deliveries started recently and the company 
claims to have nearly 1,000 orders for hardware from 
Britain and West Europe. EVR's major competitor in 
Europe. Philips' video cassette recorder. won't get to 
England at least until midyear. 

Computers fall short 

rime was when solid growth for computer makers in 
the UK was as sure a thing as the quarter-hour clanging 
of Big Ben. Now business has turned as erratic as a 
cheap pocket watch. For most makers, order backlogs 
are down this year so 1972 deliveries will drop from the 
1971 peak. Electronics' forecast pegs next year's market 
at $501 million, $ 11 million down from the estimated 
$512 million 1971 total. 

Orders for complete systems from new customers 
have fallen most sharply; when cash is short, a proposed 
computer system is one of the first things to be slashed. 
Surprisingly, small systems—$ 100,000 to $200,00—are 
taking the hardest knock, no doubt because small sys-
tems plans have less inherent momentum than big sys-
tems. Alan Wakefield, manager of marketing objectives 
for International Computers Ltd., says that wt.'s orders 
from UK customers for the biggest systems show no 
signs of dropping off. However the chill will spread up-
ward if there's no upturn in the general economic cli-
mate next year. 
Some potential small-systems buyers undoubtedly 

will turn to midi- and minicomputers, which figure to 
keep getting cheaper, so makers of sophisticated sys-
tems with good all-around support and backup can look 
forward to a reasonably good year. 

Because of the slide in demand for new processors 
and memories, practically nobody—maker or buyer—is 
likely to experiment much with new technology. Some 
American systems with semiconductor memories are 
likely to get to England in 1972, however. And IcL is 
carrying on with its 1904S system, which is graced with 
a Cogar n-channel mos main store of 96,000 24-bit 
words. The first system will be completed by summer. 

In minis, it's not likely that any British maker will 
switch from cores to chips for memories. The core 
makers keep dropping prices enough to keep just a step 
ahead; prices have dropped 50% in a year. Most of the 
technical effort next year will concentrate on cutting 
production costs. One exception: a new Ferranti mili-

British Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $2.50 1 pound 

1971 1972 

1,833.4 2,009.2 

643.8 788.3 

512.3 500.8 

448.2 483.2 

135.8 139.1 

59.7 64.2 

33.6 33.6 

696.0 733.7 
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tary computer using a Schottky TTL processor—the first 
British computer to do so. 

Communications is hung up 

Communications equipment makers as a group can 
add a new meaning for "group delay" to their glos-
saries—next year's market. Electronics' survey predicts 
they'll ring up $483 million in domestic sales during 
1972, an 8.5% gain over 1971's $448 million and enough 
to cover inflation but little more. 
There are some bright spots. Sales of land-mobile ra-

dios should once again log the 12% gain they did this 
year. And there'll be a trade wind blowing in from the 
sea as the Post Office starts to replace its double-side-
band hf coastal transmitters with single sideband hard-
ware to meet new international regulations. There's 
some succor, too, from knowing the Post Office has am-
bitious plans for electronic telephone exchanges. 

For their other lines, communications equipment 
makers will be hard put to hold their gain levels. In 
space, the government's penchant for making decisions 
on a short-term, hand-to-mouth basis will keep rocket 
and satellite builders occupied during 1972 but worried 
about 1973. The two main firms are Hawker Siddeley 
Dynamics Ltd. and British Aircraft Corp. 03/%0. 
Hawker Siddeley is prime contractor on one small 

British technology satellite and an ESRO satellite. The 
company also has work on other projects, including 
Anglo-American space shuttle studies. BAC is prime 
contractor on a British scientific satellite and has a lot of 
subcontract work from Hughes Aircraft Co. on Intelsat 
4 communications satellites. Both still have some 
launcher work in a declining British program. 

Avionics rides on one advanced plane 

Avionics men are worried, too, for basically similar 
reasons as space men. There's work in hand to keep 
production lines rolling for a year or two—longer than 
that if the supersonic transport Concorde gets into full 
production, which now seems likely. But there's only 
one advanced technology aircraft on the horizon: the 
Panavia 200 British-German-Italian, two-seat Multi-
Role Combat Aircraft ( mRcA). 
Advanced avionics R&D next year (and much of Brit-

ish weapons systems from 1975 onwards) depends heav-
ily on the international share-out of orders for this 
plane. Award of the nose radar contract earlier this year 
to Texas Instruments Inc. hit the British airborne radar 

In the dark. For low-light- level image intensification jobs, the coming 

thing in England is the channel electron multiplier tube. 

industry hard. As a result, development contracts for 
other MRCA hardware are vital for Britain. 

Meanwhile Elliott, Ferranti and Smiths Industries 
Ltd.—the third major British avionics maker, which will 
build MRCA'S head-up displays—will produce avionics 
for Concorde, the Hawker Siddeley Trident, and the 
BAC I 11. In addition to these civil transports there are a 
few military planes, notably the Jaguar, the Harrier, 
and helicopters, plus hardware for foreign aircraft such 
as Elliott's head-up display for the U.S. Navy's A-7 
fighter. 
Ground radar manufacturers, too, have dull pros-

pects. The primary radar chains and the microwave 
data link networks for Britain's Linesman (military) and 
Mediator (civil) integrated aircraft traffic control sys-
tems are now complete, so little will happen in primary 
ATC radar next year except for routine updating. 
As for now, action in radar is concentrated at the bot-

tom end: the military is buying magnetron-powered 
portable battlefield radars from GEC, and a half-dozen 
companies are selling several thousand Gunn-diode 
powered intruder-alarm radar systems a year. 

Lean year for components 

Components makers in Britain figure to fare poorly in 
1972. Electronics' survey spots the market at $734 mil-
lion. That's 5% up nominally on the 1971 figure of $696 
million; but discount price inflation and there's no 
growth. 

Semiconductor marketers apparently can count on 
one consolation: the downward slide of sales this year 
will be checked next year. Anyway, that's what the sur-
vey shows. Sales for 1970 are clocked at $ 154 million, 
then down to $ 142 million this year, then back up 
slightly to $ 150 million next. 
How well the forecast stands up depends on how well 

prices stand up. Suppliers say prices have bottomed 
out; but equipment makers show an increasing willing-
ness to try out cheap imported devices. There are excep-
tions, usually where there aren't many suppliers, such as 
rf power and microwave devices. 

For standard IC lines, battered during the past two 
years by a fierce price war, the worst seems to have 
passed. Prices are steady, delivery times are lengthening 
for some devices and established buyers are ordering in 
larger quantities. New and old customers are buying 
medium-scale-integration ICs which will account for the 
slight growth in the digital bipolar market next year. 
Last year's sensation, Schottky TTL, hasn't made much 
headway, but will appear in a new computer and some 
instruments next year, and in a combined digital-linear 
chip by Ferranti for store output driving. 

Semiconductor memories have been making the news 
lately but nobody expects much in the way of sales until 
late in the year—if then. Both Plessey and Mullard are 
challenging the U.S. semiconductor memory makers on 
their own ground: the standard volume chip. A Mullard 
executive justified it: "You've got to, to get a hold in the 
computer market, where the big sales will be". 
The brightest future is for RAMS. Present chips pack 
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in 1,024 bits, which is almost certainly below the opti-
mum. Mullard says it could make 2,048-bit chips now 
but would rather wait till it can make 4,096 bits in a 
new pack, the better to suit computer makers. GEC 
Semiconductors Ltd. and ITT Semiconductors Ltd. are 
more cautious, preferring to keep their technologies for 
custom memory orders. 
Look for some interesting developments in low-light-

intensifying tubes. The established three-stage cascade 
tube may have a job to fight off the upcoming channel 
electron multiplier tube, which is much smaller. Trans-
formerless, and therefore small, power supplies should 
catch on. Three British makers have them in early pro-
duction stages. 

Hard days ahead for Industrial sector 

Industrial buyers have the word straight from the ex-
ecutive suite to keep corporate purse strings taut and 
that's made life very difficult for sellers of controls and 
instruments. For industrial electronics, the survey 
turned up a market that's going nowhere. The figures: 
$136 million for 1971 and $ 139 million for 1972, a rise 
that won't cover inflation. 

There'll be a big lift for industrial electronics, every-
body's convinced, when the automakers start buying 
original-equipment hardware like electronic fuel injec-
tion systems and antiskid brake controls. But British au-
tomakers won't be buying heavily next year. 
The best-selling item, as this year and last, will be 

generator controls, mostly made by the Joseph Lucas 
Group. And Smiths' ic-based tachometers will get into 
more cars, including Ford's Capri range. 

Sales of test and measuring instruments showed no 
gain at all this year, dipping slightly below last year's 
$60 million. At best, this sector will bounce back up a 
little in 1972. The survey pegs the market at $64 million. 
Automated test equipment, a market that looked so 

promising a year ago. is picking up only slowly. It won't 
accelerate much next year except possibly in mobile ra-
dio: there are now so many sets around that automatic 
check and fault diagnosis can pay off. Bright spots are 
spectrum analyzers for communications use and high-
frequency counters. Relatively inexpensive Ecubased 
instruments are getting to vhf/uhf radio users who 
wouldn't have bothered a year ago. Look for more new 
counters next year, possibly reaching 1 gigahertz, cer-
tainly 800 megahertz. 

France 

Telephone, TV will help 

shaky electronics industry 

E Ask the French man in . the rue to tick off what's 
wrong with his country and chances are he'll top his list 
of ills with telephone troubles. Not too much later—af-
ter traffic jams and taxes perhaps—will come a com-
plaint about television programing. 

What's bad for the man in the street, though, will be 
good for the electronics industries next year. The goy-

ernment has mounted a herculean effort to catch up 
with the rest of the world's highly industrialized coun-
tries in telephone service. And French consumers, for 
their part, have started to show some interest in color 
TV, although the fare provided by the official French 
broadcasting agency still doesn't come anywhere near 
that dispensed by broadcasters in Germany and Britain. 
Although Finance Minister Valery Giscard 

d'Estaing's people are talking about something like a 
5.2% growth rate for the country's economy, other fore-
casters have a gnawing feeling that gains won't be any-
where near that figure in 1972. Inflation is a problem in 
France and unless there's a turnabout from recent expe-
rience the government's 1972 target of only 3.6% price 
inflation doesn't stand a chance. 

With much that's spongy in the overall industrial out-
look, electronics markets are hard to peg. If the econ-
omy doesn't take an exceptionally hard knock, equip-
ment sales will run $ 1.71 billion in France next year, 
Electronics survey predicts. That's an 11% gain nomi-
nally and an improvement over 1971 when equipment 
markets rose 9% to $ 1.54 billion. Price inflation, of 
course, takes the sheen off these gains. 

Color takes off 

Color Tv, at long last, is starting to. move. Sales this 
year will hit about 320,000 sets and the upward push is 
expected to accelerate to about 420,000 in 1972, an in-
crease of 31%. Philips, Thomson-CSF and irr-Oceanic 
are among those scrambling for a market that they 
know has to take off eventually. They are counting on 
the Olympic Games at Munich next year to boost sales. 
The fanfare that will accompany the inauguration of 
the third French network, an all-color operation, also 
will help; but the real effect of the third network won't 
come before 1973. 
The French telephone system planners hope to bring 

the system into the modern world by 1980. The national 
economic plan calls for doubling government invest-
ment in the phone system between 1971 and 1975— 
from $736 million this year to $ 1.45 billion in 1975. The 
abnormally high investment rate will continue till 1980, 
when it is expected to level off. 

Instrument curve is flat 

Test and measuring instruments are in for a flat year 
in 1972, barely holding their own with 1971 sales in 
most categories. The overall Electronics projection 
shows a slight probable increase to $73.1 million, up 
from $70 million this year. Jean-Noel Hervé, marketing 
manager for Europe at Schlumberger Instruments and 
Systems, hopes to increase Schlumberger's 22% share of 
the instruments market in France; but his long-range 
hope is for the untapped market behind the Iron Cur-
tain. Schlumberger is joining up with the ITT company 
Metrix SA to open a permanent office in Moscow. 

Charles Billet, director-general of Tektronix-France, 
the company that still dominates the French oscillo-
scope market, says Nixon's economic plan has touched 
off a "psychosis of fear" in Europe. "Our customers 
have already told us their orders will be smaller next 
year," mainly because of monetary and trade uncer-
tainties, Billet says. But he believes the fear is exagger-
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French Electronics Markets Forecast 
(in millions of dollars), _ 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $ 1 = 5.53 francs 

1971 

1,535.5 

441.0 

528.4 

316.5 

117.4 

70.0 

62.2 

483.5 

1972 

1,710.2 

468.6 

608.6 

364.0 

128.1 

73.1 

67.8 

529.1 

ated. "We have registered only a slight decline in or-
ders," he says. 

Schneider Electronique, about to spin off on its own 
from its former parent, Schneider Radio-Television, 
foresees an invasion by U.S. instrument makers in 1972. 
Small American companies will lead the penetration, 
offering multimeters at "prices that bear little relation-
ship with their prices in the United States," says Martin 
Birnbaum, a Schneider director. While unwilling to ac-
cuse his U.S. competition of dumping, Birnbaum says, 
"The industrial market in France runs the risk of being 
disrupted." Schneider, of course, has done well in the 
U.S. with its own low-cost Digitest instruments. Schnei-
der's other strong line, desk calculators, has secured 
about 15% of the French market. 

Good times ahead for peripherals, software 

Computer makers in France see a continuing slow-
down in the computer sales growth rate, but a healthy 
increase in peripherals and software business. With an 
estimated market of $600 million in computer-hardware 
sales in 1972, IBM, Honeywell-Bull and the national 
conglomerate Compagnie Internationale pour l'Infor-
matique (c1T) are heading for an increase of only 12.8%, 
according to Electronics' market study. But software 
and services are climbing at a rate that should hit 25% 
annually over the next five years. 
Maxime Bonnet, marketing director of Honeywell-

Bull, expects to feel the effects of Nixon's economic 
measures in 1972. "The repercussions of the U.S. reces-
sion are more psychological than material," Bonnet 
says, "but they are there. People feel that a slowdown is 
coming so they spend more prudently." 
A crucial factor in the French computer market is the 

growth of cii, which got a new lease on life this year 
with the renewal of the "Plan Calcul" and another $ 100 
million in government credits for research and develop-
ment over the next four years. More ominous, say cii 
competitors, is the fact that government agencies are 
under pressure to "buy cii" whether the ch machine fits 
their needs or not. With French government protection 
and encouragement, al more than doubled its turnover 
since its conception in 1968 and this year is aiming for 
$121.8 million turnover, up 25% from last year. 

In November, CII announced that it will design and 
build a new medium-large computer that will be mar-
keted in the United States by Control Data Corp. The 

new machine is expected to be ready in 1974. The 
agreement gives ch its first opportunity to penetrate the 
U.S. market, which accounts for 65% of the world's 
computer sales. 

Components makers seek stability 

Semiconductor makers still will face the salvos of the 
device price war early next year but most now think 
that prices should stabilize by the end of 1972. What 
will bring about the stabilization is a matter of opinion. 
François Dufaux, the new Texas Instruments commer-
cial director for France, the Benelux countries, Spain, 
and South Africa, says some of the dozen semicon-
ductor makers in France are bound to drop out of com-
petition in 1972 due to the country's "production over-
capacity." 
Dufaux sees no likelihood of recovery for the semi-

conductor industry as a whole until 1973. "We just have 
too many suppliers, so we have to export," he says. 
"And since our main customer is Germany, we can't re-
cover until they do." Dufaux is banking on stabilization 
of the international monetary uncertainties during 1972. 
If Germany emerges unscathed, recovery should follow 
swiftly there, he says. 

TI says it has been "very difficult to make money" in 
semiconductors in 1971. Some integrated circuits that 
were selling for $4 in 1969 are down to $ 1 now. A new 
sector that will be hit by price-slashing will be power 
transistors over 100 amperes, Dufaux fears. 
Claude Hervouet of the commercial division of La 

Radiotechnique-Compelec, a Philips subsidiary, is less 
gloom-prone. He sees semiconductors recovering some-
what in 1972 due to rising demand in such fields as 
color television, telephone production, and computers. 
"We will clearly be better off than in 1971," he says. 

Electronics survey, too, points to some amelioration 
next year. It shows semiconductor sales in France 
edging up from this year's $94.8 million to $97.9 million 
next year. The survey pegs the total components market 
at $529 million, up from $484 million this year. 

Medical gear prognosis is static 

Medical electronics equipment makers are projecting 
growth that will keep them abreast of inflation but little 
more. Electronics' survey points toward an increase in 
the French market to $67.8 million next year, up from 
$62.2 million this year. Thomson Medical Telco is pro-
moting its new portable electrocardiograph as one of its 
main new products. About 200 were sold this year in a 
market estimated at 1,000 in France. Other new prod-
ucts slated to come out in 1972 include a $ 1,500 heart-
lung-temperature monitoring instrument for premature 
babies that collects data via three electrodes. 
The Compagnie Générale de la Radiologie (co R), in 

an effort to boost sales well above the survival level, 
also has readied a batch of new products for 1972. The 
new Futura 2000 examining table, equipped with lc 
controls to change its position, will sell for $60,000; the 
Neurocentrix, an instrument to provide rapid brain 
analysis, will sell for $ 120,000. COR technical director 
Edouard Niay says 1972 will be an exceptionally heavy 
year for new products. 
The hospital market, which accounts for 50% of CGR's 
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Europe report 

total sales, could take a leap in 1972 if state financing 
comes through for equipment for the four new univer-
sity hospitals now under construction. Niay says some 
$2 million in contracts should have been awarded this 
year, but high construction costs used up the budgeted 
funds prematurely. 

Italy 

Consumers bank money 

as production stagnates 

The "Italian miracle" went up in smoke during the 
"autunno caldo" two years ago; since that hot autumn 
of crippling strikes, wondrous economic growth has 
ceased. In its place have come more strikes, higher 
wages. and lower industrial production. 

For the moment. Italian trade union leaders seem in-
tent on keeping their cool. But the work force alone 
can't bring off another economic miracle, particularly 
now that the country's investors are themselves "on 
•strike." Always edgy about the rebellious work force, 
they are unwilling to put up new money for plants when 
industrial output is running below capacity. What's 
more, consumers seem intent to put their spare lire in 
the bank rather than spend them. 
Government state-of-the-economy figures accentuate 

the bleak situation. Official economy watchers estimate 
that the GNP increased between 7% and 8% this year 
over the 1970 level of $95 billion. This rise, however, re-
flects price inflation more than anything else. In real 
terms the growth is between 1% and 2%. "It is liable to 
be much closer to 1% than to 2%," says Almerina 1pse-
rich of isco, a statistical organization that works on 
macroeconomics for the government. As it looks now, 
I 972's economic growth rate should settle at 3.5%. 

One step forward, two steps back 

There's backlash for the Italian electronics industry in 
all this, of course. Consumer goods manufacturers and 
the components makers who supply them have been 
hardest hit. Semiconductor producers have to cope with 
a flood of cheap U.S. imports washing into an ebbing 
market. Hoped-for new. semiconductor markets haven't 
materialized. The regularly touted switch to transis-
torized automobile equipment and household appli-
ances has again been postponed—slack consumer de-
mand has kept experimentation at a minimum. Set 
makers are balked by the government's perennial inde-

cision over color TV. And despite predictions of strong 
growth to 1975 for large computers, they have begun to 
lose ground to mini computers and peripherals. 

For 1972, then, the outlook is reserved. Electronics' 
survey spots a rise from $911 million this year to just 
over $ 1 billion next for assembled equipment. That's a 
gain of 10% and seems high until you remember most of 
the increase is price inflation and not real growth. 
There are something close to 3,000 large computers in 

operation in Italy, and some projections point to three 
times that number by 1975. All the same, the market 
right now lacks the luster that it had when growth rates 
ran 25% and more. The economic downturn has caused 
management to take a closer look at costs, and the 
scrutiny often leads to a cooling of interest in large-
computer projects. 
Awed by the unknown in big computers, many busi-

nessmen feel safer with smaller systems and there's 
been a swing to them as well as to minicomputers this 
year. Despite the gloomy 1971 economy, minicomputer 
manufacturers report good sales, some even expect 1972 
increases of up to 20%. "It is impossible for this market 
to go down" says one. With minis and peripherals run-
ning strong, the market for computers next year will 
mark a rise to $475 million from this year's $403 mil-
lion, according to Electronics' forecast. 

Color indecision blackens consumer outlook 

For entertainment-electronics makers. 1971 has been 
a grim year. Once more the Italian government has 
dawdled over the decision whether to choose the Ger-
man PAL or the French Secam system as the country's 
color TV standard. There's no sign yet of a final deci-
sion, and until one is made, set makers can't exploit the 
new product that's buoying consumer electronics in 
northern Europe. 

Meanwhile, consumers have been holding off pur-
chases of new black-and-white sets. And Electronics' 
survey predicts that sales of black-and-white TV sets will 
slide to $ 128 million next year from this year's $ 132 mil-
lion. If it happens, it will be, in effect, an improvement: 
this year's figure was $29 million below 1970's $ 161 mil-
lion. All told, the consumer electronics market will run 
dead flat this year and next at $224 million, according 
to the survey. 

Meanwhile, there's a "second-set" market develop-
ing—small portable 'us with screens 12 inches and un-
der that already have captured 25% of the market. Sil-
vio Sansilverinati of Philips S.p.A. feels that 1972 could 
see this market open up in Italy and Europe, with Ital-
ians the main European manufacturers. It is with small 
TV sets, though, that Japanese producers are making big 

Slowed to a walk. Strikes have held back the Italian economy this year, and electronics producers haven't been spared. 
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inroads. Import of TVs and radios from Japan are lim-
ited to $310,000 annually by bilateral agreement, but 
they are all the same an added pressure for smaller 
companies trying to survive in trying times. 

Communications up again 

Telecommunications-equipment makers can count on 
steady growth whether times are good or bad. As in 
France, there's a lot of catching up to do in Italy for the 
telephone network. Heavy spending by SIP, the state 
telephone agency, will buoy the communications sector 
even though most of the money goes for nonelectronic 
hardware. Electronics' survey pegs the 1972 market for 
communications equipment at $ 132 million, up from 
$123 million in 1971. 
There is plenty of work ahead in telephone switching 

and transmission equipment in 1972 and beyond. The 
1971 strikes badly retarded telephone installations by 
SIP, which generally receives 600,600 new applications 
for phones annually. The backlog of applications ran up 
from 50,000 to 250,000. 
To meet the demand, SIP plans to invest something 

like $600 million next year to improve its telecom-
munications network. Some $40 million will go for 
transmission equipment and some $ 150 million for 
switching equipment. Electronic exchanges are still ex-
perimental hardware in Italy; sophisticated electronic 
transmission hardware, by contrast, is becoming stan-
dard. Next year, between 8,000 and 10,000 pulse code 
modulation circuits will be installed; by 1974, there'll be 
more than 30,000. 

Components firms run to stand still 

Italian components makers have a multitude of head-
aches. Their big customers—the set makers—are having 
it rough and are therefore not buying heavily. What's 
more, there's heavy price pressure from all sides. As a 
result, the components market is stagnant: Electronics' 
survey registered a very slight drop to $229 million this 
year and forecasts a modest rise to $238 million next. 

For semiconductor producers, the 1972 figures mean 
more migraine. This year they fell some 10% to $40 mil-
lion; next year's market looks like $38 million. 
Main casualty of the crisis has been Italy's major 

semiconductor manufacturer Società Generale Semi-
conduttori (sGs) S.p.A. It has been taken into the fold of 
Italy's state holding company, IRI, and is currently 

Italian Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 
Components 
Exchange rate: $ 1, 612 lire 

1971 1972 

910.7 1,005.9 

223.8 224.2 

402.5 475.2 

123.0 131.6 

93.4 99.5 

39.8 43.4 

28.2 32.0 

228.8 237.5 

being merged with Ates Componenti, another IRI group 
components outfit. Giancarlo Maimone, managing di-
rector of Ates and now also of SOS, foresees many merg-
ers in European electronics over the next few years. 

ICs, although in some cases down to a third of their 
price of two years ago, still cannot compete in price with 
discretes in the consumer-oriented Italian market. Ser-
gio Minoretti, international marketing manager for 
General Instruments-Europe, thinks that ics will get 
their big chance in Tv when the 110° tube makes it. 

Sweden 

Economists sweat figures 

rationed by foreign trade 

D Market forecasters in Sweden are as anxious about 
their 1972 figures as calorie counters confronted by a 
sumptuous smorgasbord. 

For Sweden's economy, much depends on how world 
trade goes. President Nixon's dollar-defense moves 
have hurt Swedish exports of heavy electrical machin-
ery to the U.S. And there've been repercussions in other 
major markets. Until foreign trade picks up, the econ-
omy will dawdle. 
At home, there's worrisome unemployment, close to 

4% and the highest level in some 20 years. Prices are ris-
ing much faster than the economy is expanding. It now 
looks as if the best growth possible next year for the 
gross national product is something like 2% or 3%, even 
though the government has launched a $400 million 
program to stimulate business and to create more jobs. 

Against this general background, the outlook for elec-
tronics markets in the Land of the Midnight Sun next 
year is mostly shadows. There's one bright spot, 
though—the glow from the color TV screens. Largely be-
cause of a bound in sales of consumer hardware, Elec-
tronics' survey pegs the total 1972 market in Sweden for 
assembled equipment at $485 million, up from an esti-
mated $430 million for 1971. 

Consumer market rests on color TV 

Set makers will go into 1972 with tremendous mo-
mentum from 1971. Color Tv sales this year have, in 
fact, topped even optimists' estimates and should run 
some 200,000 sets when the yearend buying splurge has 
finished. This year's sales move Sweden into top spot 
among European countries in the color-sets-per-capita 
rankings. One Swedish family in six now has color TV. 
Next year, the Olympic Games are sure to spur sales 

in a land of sports enthusiasts. What's more, there will 
be plenty to see in color. Half the TV programs of the 
Swedish Broadcasting Corp. (and nearly all new films) 
go out in color. The outlook is for 300,000 color sets 
next year. That will push sales of consumer electronics, 
according to the survey, to $214 million next year. 
To Svenska Philips will go the biggest purse in color 

market. Philips has a large production facility in Norr-
koping, a city 60 miles southwest of Stockholm. The 
only other domestic Swedish maker is Luxor, a pri-
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vately owned company that has been doing extremely 
well against Philips and the West German giants. Both 
Swedish makers are moving toward greater use of ics in 
their color TVS. 

Com puter contracts fall to outsiders 

Computer sellers, too, should fare reasonably well. 
Electronics' survey puts the market at $ 104 million next 
year. That's a rise of 12% over the estimated $93 million 
logged this year. 
To the distress of many Swedes, though, much of the 

computer business will go to U.S. companies. Saab-
Scania AB is the only native maker of general-purpose 
computers, but it has been having trouble picking up 
what would seem to be almost-sure business. Indeed, 
the Statskontoret, the agency that handles government 
computer purchases, recommended that IBM, not Saab, 
get a $4 million order for a system destined for the mili-
tary's administrative services. Saab has since offered an-
other, newer computer and may yet get the business. 

In peripherals, it's another story—and a more satis-
fying one for Sweden. The major banks in the country 
are well along with big on-line systems, and their early 
start has nurtured development of terminals, which are 
fast becoming a high-growth item in data-processing 
hardware throughout Europe. Svenska Philips, which is 
supplying the terminals for the Svenska Handels-
banken, has an order to supply 80 terminals for the 
Dutch savings bank, Nutsspaarbank. They'll work with 
a pair of computers built by the parent company in Hol-
land. 

"We'll be the first foreign maker to hit the U.S. mar-
ket," says Art Carney, Addo's U.S. sales manager. "By 
1975, we aim at having 25% to 35% of the multi-station. 
data acquisition market." The complete station will sell 
for between $4.000 and $5,000. which Carney says will 
be competitive on the U.S. market. 

Government to boost communications 

Communications-equipment makers should get some 
fallout from the government's $400 million package to 
perk up the economy. Part of the package will go for 
new construction and that should bolster sagging sales 
of intercom equipment, long a Swedish specialty. 
As in Europe generally, there's a strong lift for com-

munications-hardware builders from the state-run tele-
phone network. Land-mobile communications, for ex-

Swedish Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Pioducts 

Computers 

Communications 
Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $1= 5.02 kroner 

1971 1972 

429.8 484.8 

175.2 213.7 

93.2 103.7 

44.1 48.7 

52.4 53.0 

22.9 22.0 

42.0 43.7 

111.7 119.3 

ample, will get a boost from the Board of 
Telecommunications' automobile-telephone system, 
which started up late this year. The system is semiau-
tomatic and going first into the populous central area of 
Sweden. The fast-growing state-owned company Sonab, 
among other, has equipment ready for this market. 

Components: time to start moving again 

Components makers, too, go into the new year tinged 
with uncertainty. "Nobody knows what's really going to 
happen in 1972," says Ingvar Ferner, managing director 
of Erik Ferner AB, a large Swedish distributor of im-
ported components and instruments. "On the compo-
nents side, the market must come up; companies have 
been living with what they have in stock." 

Electronics' survey backs up Ferner's assessment. The 
components market this year slid off slightly to $ 112 
million and should climb back up to $ 119 million next 
year. 
Although the natural reflex is to cut down on product 

lines during rough times, two of the major Swedish 
components companies are venturing into new fields 
this year. Ericsson's parts-making subsidiary RIFA, for 
example, has readied, for a 1972 debut, thick-film hy-
brid ICs for telephone handset amplifiers. 
HAFO, another major components maker, is moving 

into custom mos circuits. HAFO managing director Dick 
Lundquist, notes however, "We said last year that mos 
applications would grow—we knew there was interest. 
But now, one doesn't know. Industry is uneasy." 

Netherlanfie 

Wage, price tides dampen 

1972 economic outlook 

111 Holland's famed dikes, undoubtedly, will stand up 
next year to whatever battering the North Sea brings. 
But the country's economy figures to spring some leaks. 

It's hard to see, for example, how the rising tide of 
wages and prices can be checked. On the average, 
Dutch workers got a 14% boost in pay this year. Next 
year's pay packets could go up between 11% and 13.5%. 
Consumer prices presumably will move up nearly 7%, 
as they did this year. To add to the undercurrent of pes-
simism coursing the country, the growth rate is expected 
to sag to about 2.5% next year from this year's 5%. 
The situation isn't all bad, of course. Color TV seems 

set for a good year in 1972 in Holland as in the other 
North European countries. Telecommunications, too, is 
running strong. Largely because of the gains in these 
two sectors, the Dutch market will move up to $478 mil-
lion next year, according to Electronics' survey. That's 
about 8% better than the estimated $444 million for this 
year. 

Video cassette recorders are in the offing 

Although the big money still is in television sets. Phil-
ips. the Netherlands-based giant, will be keeping close 
tabs on a product making its real market debut this year 
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in Western Europe—the video cassette recorder (vcR). 
K. T. Jongelie, VCR product manager for the firm's 
electroacoustics division, says at least eight manufac-
turers, including Philips, will have hardware for sale 
next year using the Philips system. Jongelie estimates 
initial sales will be mainly to schools and other institu-
tions, but he sees an interesting market developing for 
"group watching" in places like hotels, pubs, clubs, and 
professional organizations. Software companies are 
gearing up for rentals of prerecorded cassettes in the 
Netherlands, Jongelie says. 
Audio cassettes, too, will get special attention from 

Philips next year. The company is pushing to keep cas-
settes compatible at a time when some hi-fi equipment 
makers have started to introduce players with faster-
than-standard speeds to improve sound quality. 

Philips insists that hi-fi quality can be had at the 17/8 
inch-per-second speed now standard for cassettes and 
has developed a prototype stereo player that meets the 
German DIN 45500 standard, the accepted norm in 
Western Europe for reel-to-reel equipment. 

Phone gear paces telecommunications market 

lime's a strong market ahead for telecommuni-
cations. Philips Telecommunicatie Industrie, the com-
munications equipment subsidiary in Hilversum, ex-
pects to have its first PRX 205 semielectronic telephone 
exchange in operation in Utrecht in October 1972. Tele-
communicatie expects to start production runs of the 
system in 1973. The Dutch Post Office (PTT) plans to or-

Dutch Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 
Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $1.3.35 guilders 

1971 1972 

444.2 478.2 

126.1 138.3 

112.3 120.5 

95.4 105.5 

54.0 54.8 

44.7 45.9 

11.7 13.2 

132.8 143.7 

der some 100,000 lines per year of semielectronic ex-
changes from Philips beginning in 1975. J. J. Mulder, 
assistant director of the commercial department at Hil-
versum, predicts production of electromechanical ex-
change equipment will peak in 1972-73, phase out by 
1978. 
The PRX equipment, developed jointly with the 

Dutch PTT, is Philips' answer to ITT's Metaconta system. 
The U.S. firm is also vying for a share of Dutch tele-
phone business. ITT's Dutch subsidiary, Nederlandsche 
Standard Electric Maatschappij, is installing a 1,000 
line Metaconta-type telex exchange in The Hague. In 
addition, after considerable teething troubles, Sweden's 
L M Ericsson has started up its experimental exchange 
in Rotterdam and also seems in the running for part of 
the Dutch telephone business. 

In all, business for Philips' Telecommunications and 
Defense Systems (TPs) division hit the $330 million 
level in 1970 and is expected to increase 15% annually 
in 1971 and 1972. A soft spot for Philips: microwave 
links. Because of heavy foreign competition, 1135 has 
pulled out of microwave production in Holland. 
Look for some sort of restructuring, too, in Philips' 

computer activities. As they released third-quarter re-
sults last month, company officials confirmed they 
would take a loss of $50 million on their computer oper-
ations this year. This brings the cumulative loss since 
Philips went into the computer business in 1968 to $ 170 
million. Philips says it will specialize its computer lines 
to cut future losses. Since the company went into the 
black on its office computers this year, they look like 
one specialty. 

Switzerland 

Inflation diverts economy 

from orderly growth plan 

In Swiss economic annals, 1971 will go down as the 
year when the country's orderly economic growth ran 
into treacherous going due to inflation. 

Real growth of the gross national product this year 
will check out between 3% and 3.5%, off from the 4% 
and higher registered in the last few years. At the same 
time, prices have climbed steadily. Last year the con-
sumer price index jumped up a record 5.4%, and the 
1971 figure will be even higher—an absolutely un-Swiss 
state of affairs. Indeed, the president of the staunchly 
free-enterprise Swiss Union of Commerce and Industry 
actually proposed this fall that the country consider 
price and wage freezes. 
As a Swiss executive at an American electronics com-

pany in Zurich puts it, "The edge of the boom has been 
broken. There's a fair year, but maybe not a good year 
ahead." That's an assessment that few would quarrel 
with, components suppliers excepted. Consumer goods, 
computers, and communications will boost the market 
enough for it to rise 11% nominally to $290 million, ac-
cording to Electronics' survey. But the survey predicts a 
components market of $78 million, up only $3 million 
on this year's figure. 

Swiss bankers and businessmen computerize 

The forecast rise will come despite a general tight-
ening of corporate purse strings. Growth rates for in-
dustrial spending, for example, fell from 10% last year 
to 6% this and seem headed further downward in 1972. 
Nonetheless, computer equipment makers see a good 
year ahead. The survey predicts a rise to $ 102 million 
for 1972, up from an estimated $85 million registered 
for 1971. 

Banks and insurance companies continue strong in-
vestors in computer systems, along with machinery 
makers, watch and instrument makers, and chemical 
producers. The Swiss Post, Telephone, and Telegraph 
Office (Prr) is doing its part, too. The prr runs Swiss 
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communications and over the last few months has put 
into operation in Zurich an automatic telegram ex-
change with computer control. 

Affluent buyers buoy consumer goods 

No big change" is the prevalent opinion about con-
sumer electronics markets in Switzerland next year. The 
survey spots the market at $70 million, up nicely from 
this year's $63 million. Color television sets have sold 
better than expected in 1971, and a new spurt is ex-
pected early next year as viewers get ready for the Win-
ter Olympics. Sales of some 140,000 TV sets, at least 
80,000 of them color, look certain this year. That's a rise 
of 10% to 12%, and one that promises to hold in 1972. 
Retail dealers report a trend to Japanese small-screen 
black-and-white models as a second set for the family. 

In other consumer electronic goods, like radios, tape 
recorders, and record players, the Swiss market remains 
brisk. The Japanese, with their lower-priced tape 
recorders, are reported to have some 70% ot this market 
in Switzerland. Philips AG remains the big supplier of 
TV sets. The market for home video cassette recorders 
appears on the verge of opening up here. 

In communications, the vrr continues to expand the 
telephone and telex networks. The number of tele-
phones in Switzerland now has reached some 48 per 100 
inhabitants, which puts the country third in the world 
after the United States and Sweden. The density contin-
ues to rise and for 1972, the PIT has budgeted some 
$228 million for telecommunications expansion and 
modernization. The goal is a system of fully-integrated 
telephone exchanges. There's a steady buildup of the 
country's color TV network too. Swiss cable TV also is 
growing, but the p-rr is not actively a participant. 

Electronic watches are humming 

The Swiss electronic watch industry is moving nicely. 
Ebauches Electronics expects to double its output in 
1972, reaching a level of 2 million electronic watch 
movements. "No one can deny that the electronic 
wristwatch is the future of the industry," says the com-
mercial director of one of Switzerland's largest prestige 
watch companies in Geneva. Ebauches continues to 
turn out three different generations of electronic wrist-
watches—with transistor-controlled balance wheels, with 
mechanical resonators, or with quartz crystals as the ba-
sic timing element. The higher output is for the lower-

Swiss Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment. total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $1=4.00 francs 

1971 1972 

261.0 290.5 

62.7 69 9 

85.0 101.6 

55.0 56.0 

37.3 39.5 

13.0 14.6 

8.0 89 

74.8 78.0 

price balance-wheel movements. Faselec SA continues 
to supply most of the semiconductors for Ebauches. 

Experts in watch technology foresee that both com-
plementary mos and bipolar ICs will remain in conten-
tion during the coming year. The new Swiss prototype 
to watch for in 1972 is a completely electronic 
wristwatch with a display—electroluminescent or liquid 
crystal—that stays on. 

Spain 

Francos brow furrows 

as inflation paces growth 

0 Despite the affluent-looking bustle in car-choked 
cities like Madrid, Barcelona, and Sevilla, Spain's econ-
omy hasn't been perking the way the Franco govern-
ment thinks it should. 
To be sure, the gross national product this year 

moved up past $30 billion for the first time, putting 
Spain in the same class as highly industrialized north 
European countries like Belgium, the Netherlands, Swe-
den, and Switzerland. But the 1971 growth-5.5%—was 
accompanied by an even higher inflatiln rate of 6%. 
The target government planners are shooting for is 

7% growth without inflation. It seems overly optimistic, 
but the government has unlimbered its big guns for a 
third four-year development plan that starts with the 
New Year. And Franco's economy-guiders say they'll 
go into " El Tercer Plan" with some momentum. The in-
dustrial production index turned upward at the end of 
the summer, they note, perhaps signaling the end to the 
sluggishness that has marked the economy since late 
last year. 
Under the four-year plan, electronics and tele-

communications have been earmarked as a sensitive 
sector. The aim here is for growth just under 25% yearly 
in the country's production. On paper, then. Spanish 
electronics output is slated to grow from $345 million 
next year to $840 million by the end of 1975. 

Military likes made-in-Spain label 

A big chunk of this big boost will come from military 
electronics hardware if the plan pans out. Like military 
men everywhere, Spanish brass feels considerably more 
comfortable when its equipment is coming from domes-
tic suppliers. Details are classified, as you'd expect, but 
the military target is to get home production up to the 
$260 million level by the end of 1975. A big order, since 
the figure is now next to nothing. 
Along with production targets, the plan also predi-

cates annual jumps of 23% in Spain's electronics mar-
kets. This would carry them past the $ 1 billion mark by 
the end of 1975. Electronics' consensus forecasts fall far 
short of the official figures. They log $313 million for 
equipment markets this year, moving up 11% to $348 
million in 1972. Communications and computers figure 
to mark fairly strong rises, but consumer electronics will 
mark time. Spain has made the decision to adopt the 
PAL system for color TV broadcasts, but they won't start 
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Spanish Electronics Markets Forecast 
(in mill' 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $1=68.6 pesetas 

1971 1972 

313.2 347.7 

130.7 136.0 

98.3 119.2 

45.0 51.0 

28.9 30.9 

6.9 6.9 

3.4 3.7 

72.6 76.6 

next year. "Maybe in 1973," say official sourdes. 
The government's industrial holding agency Institute 

Nacional de Industrial ONO had a small go at going it 
alone in electronics during 1970 and even had a name 
for the company that would have had things under its 
wing—Empresa Nacional Electronica. 
That didn't work, and now INI is trying to get some 

joint ventures going, with Empresa a partner with for-
eign firms. INI now has talks going with U.S. and Euro-
pean electronics companies. One of the most promising 
prospects, apparently, is a deal with Motorola Semicon-
uctors Inc. 

Computers are favored 

INt's new policy could bring a shakeup in the com-
puter market, which IBM now dominates. The govern-
ment, apparently, plans to throw most of its business to 
companies that will eventually manufacture computers 
in Spain and back up that aid with a tariff wall. IBM has 
acquired a site near Valencia, but the company won't 
confirm whether it's for a computer components plant. 

Spain's government-controlled telephone company, 
Compania Nacional Telefonica de Espana, also is push-
ing joint ventures in the communications field. A $ 10 
million cable manufacturing plant in Saragossa, held in 
partnership with General Cable Corp., is now in pro-
duction. Talks with Sweden's LM Ericsson for a switch-
ing-equipment plant are nearing fruition. Telefonica 
has earmarked $ 12 million to build a research and de-
velopment facility. Other upcoming plans: a mobile ra-
dio system for Spain in 1972, and expansion of the $3 
million pilot data-transmission network. 

Belgium 

Foreign plants move in, 

growth rate moves up 

CI Belgium's industrial propagandists make much ado 
about the country's being at the hub of the Common 
Market. And it's true that Belgium boasts an impressive 
list of foreign companies that have headquartered their 
European activities in the country. 

But even when you're at the hub, you can't turn faster 

than the rim. Belgium thus goes into 1972 with the pros-
pect for very moderate growth in her economy—about 
3% in real terms. The nominal growth will run well 
above that since there'll be price inflation. This year, 
consumer prices rose 6%, and the pressures that forced 
prices up persist. 
Equipment markets will move up to $289 million in 

1972, Electronics' survey forecasts, compared to $263 
million this year. 

Cable TV helps PAL color inroads 

Color TV business in Belgium got off to a slow start 
this past year after broadcasting started too late for the 
Christmas selling season. However, sales moved up 
faster than expected and will reach $ 16 million this 
year. The forecast is $24 million in 1972. 

So far in Belgium's complex multistandard market, 
the share of PAL-only sets has been moving up rapidly 
and they now account for some 50% of total color set 
sales. One reason of course, is their lower retail price: 
about $400 to $500 on the average, compared with $700 
to $800 for multistandard PAL-Secam units. But steady 
inroads in Brussels and other major cities of commu-
nity-ântenna television (CATV) operations, which trans-
code the Secam signals of French broadcasts into PAL 
format, probably means that PAL sets will eventually ac-
count for the bulk of the Belgian market. Some Belgian 
electronics firms think sales of combined PAL-Secam 
sets will be confined to small communities where CATV 
systems are not practical. 
With their lift for PAL, the CATV networks will speed 

the demise of the multistandard set that's been the 
mainstay of Belgian producers. Belgian, German, and 
French telecasts can all be picked up in the country, and 
a receiver that can handle them all thus needed PAL and 
Secam decoders, 625- and 819-line time bases, and 
French, Belgian, and European black-and-white stan-
dards. 

This year, Belgium shifted to the 625-line standard 
for vhf, thus wiping out one reason for multistandard 
sets. Another will go when the French finally shift to 
625 lines for their first network, which is currently on 
819 lines. At that time, a PAL set will do for anyone tied 
into a CATV system. All this is much to the benefit of 
German and Dutch set makers who export their wares 
to Belgium. 

Electronic switching systems click 

As with color television, the Belgian market for elec-
tronic switching is expected to move forward next year. 
irr's Belgian affiliate, Bell Telephone Manufacturing 
Co. (aTm), delivered 10,000 lines of electronic switching 
capacity to the Belgian Régie des Télégraphes et des 
Téléphones (Rerr) in 1970 and will add 50,000 more 
lines this year. The figure will probably double with in-
stallation of an additional 80,000 to 100,000 lines in 
1972. In all, ITT expects to install a total of about 
230,000 lines by the end of 1973. 

In addition, m's outlook for electronic switching out-
side Belgium is bright. The Dutch government will 
move toward electronic switching next year, and ITT al-
ready has part of this business. Its Dutch subsidiary, 
Nederlandsche Standard Electric Maatschappij, will put 
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a 1,000-line Metaconta electronic telex exchange into 
operation early in 1972. Spain, France, and Germany 
are expected to move to electronic switching by the 
m id- 1970's. 

In order to meet anticipated demand, in has shifted 
part of its Metaconta production outside Belgium. set-
ting up production units in Norway. France, and 
Austria. It will start up manufacturing in Spain. Italy. 
and Germany by 1975. 
Other activity included startup last July of a Meta-

conta-type toll-switching center in Austria. BTM and Is-
kra. a Yugoslav electronics manufacturer, have a $20-
million-plus joint project, involving installation of 15 
toll exchanges in Yugoslavia over the next three to five 
years. Bell also has an order from Bermuda's telephone 
system for a 6,000-line exchange to be ready by 1974-
75. A Metaconta telex system is also on order in Nor-
way. 

Computer sales will rise, despite casualties 

West Europe's economic turndown has produced 
some negatives for Belgium's electronic sector. Mem-
orex Corp. has cut back plans to step up disk memory 
and tape production at its plant near Liège. In addition 

Belgian Electronics Markets Forecast 
en millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $1 -= 46.6 francs 

1971 1972 

263.3 289.1 

60.0 65.6 

85.9 98.6 

37.0 42.3 

47.8 48.1 

25.4 26.7 

7.2 7.8 

100.3 110.9 

new production facilities for computers planned by 
Manufacture Belge de Lampes et de Matériel Electro-
nique ( ABLE), a Philips affiliate, and Philips' Electrolo-
gica in the region of Mons have not materialized. That 
project was part of a progress contract under which the 
Belgian government agreed to take 25% of its new com-
puter needs from Philips and West Germany's Siemens 
AG over the next five years in return for expansion of 
their production facilities in Belgium. 

However, last year MBLE started work on new facil-
ities in Liège for production of channel selectors, van-
cap diode tuners, and deflection units. The first part of 
the plant should be fully on stream in 1972. Siemens, 
the other company to benefit from the government con-
tract, expanded its telecommunications facilities at 
Oostkamp this year, adding about 1,000 workers. 
Scheduled for construction in April. 1972. are a relay 
plant near Namur and consolidation of workshops and 
a technical center near Brussels. Last October, the firm 
opened Europe-wide applied research facilities at 
Ghent. 
The computer market in Belgium will bounce up 15% 

next year to reach a level of $98 million, according to 
Electronics' survey. A major boost in the computer busi-
ness came in October when RIT moved into time shar-
ing. the first such scheme by a European telecommuni-
cations authority to become operational. 

Denmark 

Government moves seek to 

right foreign trade imbalance 

El Even Hamlet could discover in a trice what's rotten 
in the economic outlook for Denmark-the balance of 
payments. This year the number behind the perennial 
minus sign will be about $480 million, the highest ever. 
There are some slight signs, though, that Denmark 

will do better in 1972. The government's campaign this 
year to slow the rise in private consumption had some 
effect: imports rose only 7% during the first half of the 
year. compared to a 14% rise for the corresponding 
year-earlier period. Exports grew better than 7% during 
the first half, the first time they've outstripped imports 
in growth since 1968. Just to make sure there'd be no re-
lapse, the government slapped a 10% surcharge on 
nearly all imports late this summer. All told, there 
should be an improvement of some $ 130 million in the 
balance of payments in 1972. Official forecasts put the 
deficit next year at $345 million. 

Market slide due next year 

As usual, Denmark's small but staunch crew of mea-
suring instrument makers figure to do their bit toward 
righting the balance of payments. The latest official fig-
ures, for last year. show an output of $38 million and 
exports of $35 million for the group, led by A/S Bruel 
and Kjaer, Disa Elektronik A/S, and Radiometer A/S. 
The same sort of record was logged this year and should 
be repeated again next. Storno A/S, the country's lead-
ing communications-equipment producer, also has been 
scoring good export success with its land-mobile gear. 
Overall, though, electronic equipment and components 
have been adding to the deficit for the past six years. 
The Danish market will show a very slight slowdown 

in 1972, Electronics' survey predicts. Consumption of 

Danish Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: $ 1 . 7.26 kroner 

1971 1972 

190.8 204.4 

66.6 71.6 

44.6 51.8 

42.4 43.2 

23.7 24.0 

10.1 10.1 

3.4 3.7 

54.1 59.6 
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equipment will total some $204 million, up from an esti-
mated $ 191 million this year. This year's growth ran 
slightly above 11%; next year's gain, if the forecast 
holds true, will run slightly under that level. 

Norway 

Smooth sailing predicted 

despite gusty economic winds 

0 Norway ranks in many respects as Europe's most 
nautical nation. And the country's official navigators see 
fairly smooth sailing for the economy in 1972. 

There's no flood tide of prosperity in view, by any 
means. But the gross national product (GNP) will rise 
4.7% to a level of $ 14.5 billion if the current plots are 
right. That's not too bad, although it's a dip of 0.4% on 
this year's GNP growth. There's a slight dip, too, in the 
offing for the rate of growth of investments-but not 
much below this year's 7%. Industrial output is tagged 
to move up 5.5% in 1972 over this year's level. 
The electronics markets will show fuller sails than the 

economy generally. A committee chaired by the present 

Norwegian Electronics Markets Forecast 
(in millions of dollars) 

Assembled equipment, total 

Consumer Products 

Computers 

Communications 

Industrial Electronics 

Test and Measuring Instruments 

Medical Electronics 

Components 
Exchange rate: 51 = 6.85 kroner 

1971 1972 

136.0 152.9 

23.6 27.1 

40.9 48.0 

38.3 41.7 

21.8 23.7 

7.9 8.5 

3.5 3.9 

33.0 36.8 

minister of industry, Finn Lied, looked into long-term 
prospects for electronics production in Norway this year 
and forecast average growth of 20% yearly through the 
1970s. 
The markets for electronics presumably should grow 

more or less apace. But next year's market increase will 
fall short of that, according to Electronics' survey. It 
forecasts equipment consumption totalling $ 153 mil-
lion, up 12.5% over this year's estimated $ 136 million. 

Government orders spur computer sales 

Look for a strong lift in computers. The survey fore-
casts a 1972 market of $48 million, a spurt of 17% over 
this year's $41 million. One big order coming up next 
year is a central data-processing system for the govern-
ment. It will be worth $2.5 million initially, and the 
company that gets it can almost surely count on another 
$4.3 million more over the next five years to fill out the 
system. Burroughs Corp., Control Data Corp., Honey-
well- Bull. Ism, and the Univac division of Sperry Rand 

Corp. are vying for the job, but IBM seems the front 
runner. 

Control Data already has its consolation prize, a $2.9 
million system that is Norway's biggest data-processing 
facility yet. It will be used jointly by the government's 
weather bureau. Oslo University, a military research in-
stitute, and the Institute of Nuclear Energy. 
There is also a potential big-system market in the 

country's hydroelectric generation network, which is 
moving to computer control and should one day be 
fully integrated. One hardware maker even thinks the 
string of shipyards along Norway's 2,000-mile coast can 
be persuaded to buy terminals to link up with a big cen-
tral computer. 

It's not in big systems like these, though, where the 
big computer potential in Norway lies. In the long run, 
small ship computers figure to add up to a bigger mar-
ket. There are some 100 new ships coming off the ways 
yearly for the country's fleet owners and about three-
fourths of them have some sort of automation in the en-
gine room. Computers are also going into ships for nav-
igation and for anti-collision systems. 

There's enough potential that the shipowner's feder-
ation and two semiofficial organizations have ear-
marked $5 million to develop sea-going data-processing 
systems. "I think this market will be ten times as big in 
1974 as it is now," asserts Lars Monrad-Krohn of A/8 
Norsk Data-Elektronikk, one of the country's ship-com-
puter suppliers. 

Color TV broadcasting is just ahead 

Consumer electronics, too, seems set for a rewarding 
cruise next year. The survey pins the rise to $27 million, 
13% over this year's estimated $24 million. 
Color television will provide most of the headway. 

Unless there's a last-minute hitch, Norway's monopoly 
broadcasting corporation will start test colorcasts early 
in 1972. Up to now, all the color viewers could get came 
from Sweden. 

Color set sales, then, are sure to bound upward. The 
question is how much higher sales will go above this 
year's 10,000 sets. Some peg the market at 30,000 sets 
next year, and some forecasts run as high as 50,000. 
Electronics' forecasts a much-less-heady rise, to $7.5 
million next year from this year's $4.2 million. 

For the long haul, professional electronics looks like a 
better bet than consumer equipment to many manufac-
turers. Tandbergs Radiofabrikk, for example, has won 
world renown for its tape recorders. But, to diversify, 
Tandberg has teamed up with Norsk Data-Electronikk 
to develop a control system for nuclear reactors. 
The market for automobile telephones, too, is tagged 

as a comer with growth of 15% to 20%. About 40% of 
the country is covered by mobile phone service and the 
government telecommunications agency plans to have 
all main highways covered before too long. There's a 
new international airport coming up in the 1970s for 
Oslo, and that promises a long-term lift for communi-
cations-equipment makers. Meanwhile, there's the tele-
phone system, which has a continuing expansion and 
updating program. 
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1972 
European 

components 
markets 
Passive components 
Antennas and antenna hardware 
Capacitors, fixed 
Capacitors, variable 
Connectors, plugs, and sockets 
Crystals and crystal filters 
Delay lines 
Ferrite devices 
Filters and networks (except crystal) 
Loudspeakers (OEM type) 
Potentiometers, composition 
Potentiometers, wirewound 
Power supplies ( OEM type) 
Printed clrcults 
Relays 
Resistors, fixed and wirewound 
Servos, synchros, resolvers, and solenoids 
Switches ( for communications and 

electronics) 
Transformers, chokes and coils 

(includes TV yokes and flybacks) 

Semiconductors, discrete 
Microwave diodes, all types 
Rectifiers ( including diodes rated 

more than 100 mA) 
Signal diodes ( rated less than 

100 mA, including arrays) 
Thyristors (SCRs, four- layer diodes, etc.) 
Transistors, power 
Transistors, small signal 

(including FETs and duals) 
Zener diodes 

Semiconductors, integrated circuits 
Hybrid ICs all types 
Digital bipolar, small ( less than 12 gates) 
Digital bipolar, MSI ( 12-100 gates) 
Digital bipolar, LSI (more than 100 gates) 
Digital MOS, small and MSI 
Digital MOS, LSI 
Linear ICs, (except op amps) 
Op amps, monolithic only 

Semiconductors, optoelectronic devices 

Tubes 
Cathode ray tubes ( except for TV) 
Power tubes 
Receiving tubes 
TV picture tubes, monochrome 
TV picture tubes, color 

Total components consumption 
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1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1371 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 

2.0 2.0 4.0 4.3 24.0 31.0 5.0 6.4 3.4 3.7 1.4 1.3 3.7 3.8 3.0 3.4 3.2 3.2 7.8 7.8 55.0 61.0 112.5 127.9 
8.4 9.2 8.5 8.6 54.0 58.2 26.2 29.0 12.0 12.7 3.2 3.4 11.0 12.1 17.1 17.3 7.9 8.5 81.3 85.1 125.6 138.2 355.2 382.3 
1.3 1.4 0.6 0.7 3.3 3.5 4.1 4.3 1.3 1.3 0.3 0.4 2.7 3.0 1.4 1.4 0.4 0.4 4.8 4.8 11.3 12.1 31.5 33.3 
1.3 1.4 2.0 2.1 40.6 43.0 10.8 11.0 5.7 6.0 1.9 2.0 3.4 3.1 5.0 5.2 3.9 4.2 55.1 60.1 44.1 49.0 173.8 187.1 
1.1 1.2 0.7 0.8 3.2 3.6 1.8 2.0 1.3 1.4 0.6 0.7 0.3 0.3 1.8 2.1 1.9 2.1 9.8 11.3 6.1 6.7 28.6 32.2 
1.2 1.4 0.8 1.0 2.7 3.4 1.4 1.7 1.4 1.5 0.4 0.4 0.2 0.3 0.6 0.6 0.4 0.4 3.8 3.9 4.8 4.8 17.7 19.4 
2.0 2.1 0.7 0.7 3.7 4.2 4.5 4.8 3.2 3.5 0.8 1.0 1.3 1.5 1.0 1.0 3.1 3.4 9.8 12.5 23.2 24.5 53.3 59.2 
0.8 0.9 0.8 1.0 4.7 6.2 1.8 2.0 0.9 1.0 0.9 1.0 0.7 0.8 2.6 2.9 0.4 0.5 3.1 3.2 6.0 6.6 22.7 26.1 
3.4 3.7 1.6 1.7 8.7 9.6 10.0 11.0 4.8 5.4 0.9 1.0 1.8 1.8 3.9 4.1 1.3 1.4 11.2 12.7 18.1 18.8 65.7 71.2 
2.1 2.2 2.0 2.1 8.2 9.0 4.8 5.0 3.4 3.7 0.7 0.7 2.4 2.8 2.2 2.4 2.6 2.6 14.9 15.8 45.0 47.3 88.3 93.6 

0.6 0.6 0.5 0.6 2.9 3.2 1.0 1.0 1.2 1.3 0.3 0.3 0.4 0.4 1.0 1.2 0.4 0.5 5.5 5.9 15.0 15.7 28.8 30.7 
2.9 3.2 1.6 1.7 10.5 11.2 6.4 6.5 4.3 4.5 1.4 1.4 1.3 1.4 2.5 3.0 1.9 2.0 /.8 8.6 19.1 20.0 59.7 63.5 
6.0 8.0 1.8 1.9 18.0 20.5 21.8 21.0 5.0 6.2 1.7 1.9 1.0 1.1 4.3 4.5 5.0 5.2 12.8 14.0 19.1 21.0 96.5 105.3 
5.4 6.5 2.5 2.6 34.5 37.3 9.9 10.5 7.7 8.3 2.5 2.5 5.0 5.3 11.0 12.0 4.0 4.1 41.2 43.1 48.5 48.5 172.2 180.7 
5.1 5.2 2.7 2.9 26.0 28.5 7.9 8.0 6.4 6.5 1.1 1.2 2.3 2.5 5.8 6.0 3.7 3.8 33.1 37.0 60.3 62.9 154.4 164.5 
0.8 0.8 0.3 0.3 5.5 6.1 2.0 1.7 1.6 1.6 0.1 0.1 0.7 0.7 1.0 1.1 2.5 2.9 12.0 13.0 8.5 8.8 35.0 37.1 

3.5 3.9 1.5 1.6 9.1 10.0 2.6 3.0 2.6 2.9 1.4 1.5 1.3 1.4 2.3 2.4 1.6 1.7 15.0 15.9 30.6 31.9 71.5 76.2 

7.0 7.6 4.8 4.8 26.1 28.0 13.0 14.0 9.0 9.6 3.1 3.2 3.0 3.2 9.2 10.0 5.7 5.8 34.5 37.3 42.4 440 157.8 167.5 

0.3 0.3 0.2 0.2 2.1 2.4 0.6 0.6 0.6 0.6 0.1 0.1 0.2 0.3 0.3 0.3 2.4 2.6 3.1 3.3 9.9 10.7 

1.1 1.1 0.9 1.2 12.5 12.9 3.7 3.8 1.8 2.0 0.7 0.8 2.8 3.1 1.5 1.6 1.1 1.1 17.6 19.0 12.5 12.5 56.2 59.1 

1.9 2.0 0.6 0.7 6.5 5.3 1.9 1.5 2.6 2.4 0.4 0.5 1.6 1.8 1.5 1.6 2.2 2.1 13.6 13.1 19.7 17.7 52.5 48.7 
1.0 1.0 0.5 0.8 4.9 5.4 2.4 2.9 1.4 1.5 0.4 0.4 0.6 0.7 1.2 1.3 0.7 0.8 7.5 7.9 12.5 13.7 33.1 36.4 
1.7 1.9 1.0 1.1 11.0 12.5 4.0 4.0 3.4 3.6 0.8 0.8 1.0 1.1 2.0 2.1 1.5 1.6 13.2 14.0 15.5 17.0 55.1 59.7 

4.5 4.0 2.6 2.5 21.2 20.0 12.8 9.0 6.0 6.0 1.5 1.8 4.2 4.9 4.5 4.8 3.7 3.3 40.5 40.7 61.6 56.6 163.1 153.6 
0.6 0.7 0.6 0.8 3.7 3.7 0.6 0.7 0.9 1.0 0.4 0.5 0.7 0.6 0.9 1.0 0.6 0.5 7.6 7.6 7.4 8.0 24.0 25.1 

0.3 0.4 0.3 0.5 5.6 6.2 1.0 1.3 0.5 0.6 0.2 0.3 . . 0.4 0.4 0.4 0.4 4.8 5.7 4.3 4.4 17.8 20.2 
1.8 1.9 0.6 0.9 14.0 12.5 9.0 8.0 3.1 3.0 0.6 0.7 0.1 0.2 1.1 1.1 1.8 1.6 14.2 14.2 19.0 18.0 65.3 62.1 
0.5 0.6 0.2 0.4 3.5 4.0 1.3 1.5 0.8 1.2 0.3 0.4 -. 0.9 1.0 0.5 0.7 6.1 7.0 3.2 4.8 17.3 21.6 
0.1 0.2 . 0.1 1.9 2.8 0.1 0.3 0.3 0.5 0.1 0.1 . . 0.2 0.2 0.3 1.0 1.9 1.6 3.2 5.3 9.6 
0.3 0.6 0.1 0.2 1.6 2.6 0.3 1.2 0.1 0.2 0.1 0.2 0.3 0.4 0.1 0.2 1.8 2.0 3.6 5.0 8.3 12.6 
0.2 0.3 0.2 0.3 0.6 1.6 0.2 0.6 0.3 0.6 0.1 0.1 . 0.4 0.6 0.2 0.8 3.2 4.3 1.0 1.5 6.4 10.7 
0.7 0.8 0.5 0.7 3.4 3.7 1.7 2.2 1.0 1.1 0.4 0.6 0.3 0.5 1.1 1.2 0.8 0.8 5.9 6.9 4.8 5.9 20.6 24.4 
0.3 0.5 0.3 0.4 2.3 2.3 05 0 5 03 04 0.1 0.2 0.4 0.4 0.2 0.3 2.5 2.5 3.0 3.5 9.9 11.0 

0.5 0.6 0.3 0.6 1.9 2.8 0.3 0.6 0.4 0.6 0.1 0.1 0.4 0.4 0.2 0.3 .3.9 4.1 4.5 6.0 12.5 16.1 

0.1 0.1 0.1 0.1 2.3 2.8 1.0 1.1 2.0 1.9 0.1 0.1 
3.0 3.0 1.9 1.9 26.5 29.5 7.4 7.5 6.7 7.0 1.0 1.0 
4.0 3.8 1.8 1.8 20.0 18.1 11.0 9.6 6.0 5.5 0.4 1.0 

13.2 12.0 0.8 0.7 19.5 17.5 29.0 28.0 7.3 6.9 1.0 1.0 
9.3 13.8 3.2 4.3 32.8 44.0 5.0 9.7 121 16.0 1.5 2.1 

0.3 0.4 
2.0 2.1 
6.4 5.6 

10.1 10.1 

0.5 0.5 0.3 0.3 8.6 9.2 4.4 4.5 19.8 21.0 
5.3 5.4 2.9 2.9 40.1 44.0 22.8 23.5 119.6 127.8 
2.0 2.0 2.0 1.8 30.0 25.0 20.1 17.2 103.7 91.4 
1.2 1.2 2.6 2.0 33.0 25.0 26.9 18.9 144.6 123.3 

10.2 11.2 2.6 3.2 75.0 85.0 112.0 145.0 263.7 334.3 

Factory prices in millions of dollars 

Note: Estimates in this chart are 

based on market data supplied by 

more than 180 companies, 

government agencies, and trade 

associations. The figures show 

the consensus forecasts for 

consumption of components 

used to produce equipment 

destined for both home and 

export markets. 

Participants were asked to value 

components at factory prices if of 

domestic origin and at cost-

insurance-freight (CIF) if imported. 

Some categories included in 

earlier surveys have been dropped in 

this one and some categories, 

particularly for semiconductors, 

have been revised to reflect 

changes in market patterns. For 

this reason, and because the 

parity of most European 

currencies has changed during the 

past year, figures on this chart should 

be compared with those on earlier 

charts only after making the 

necessary allowances. The 

estimates in this chart were 

converted into dollars at the 

following rates. (for $ 1)• 

Belgium 46.6 francs 

Denmark 7.26 kroner 

France 5.53 francs 

Italy 612 lire 

Netherlands 3.35 guilders 

Norway 6.85 kroner 

Spain 68.6 pesetas 

Sweden 5.02 kroner 

Switzerland 4.00 francs 

United Kingdom 

40 pence ( 1£.--- $2.50) 

West Germany 3.34 marks 

à, Copyright 1971 

Electronics 
100.3 110.9 54.1 59.6 483.5 529.1 228.8 237.5 132.8 143.7 33.0 36.8 72.6 76.6 111.7 119.3 74.8 78.0 696.0 733.7 946.2 1,012.0 2,933.8 3,137.2 A McGraw-Hill Publication 



European 1972 
equipment markets 

Factory prices in millions 
of dollars. 

Note: Estimates in this chart 
are based on market data 
supplied by more than 180 
companies, government 
agencies, and trade 
associations. The forecasts 
are for equipment 
consumed in the country 
whether manufactured 
there or not. 

There have been revisions 
in the chart categories 
and the conversion rates 
from European currencies 
into dollars have changed 
from previous years. Both 
factors should be considered 
when comparing these 
figures with those of 
previous charts. The 
conversion rates used this 
year are ( for $ 1): 

Belgium 46.6 francs 
Denmark 7.26 kroner 
France 5.53 francs 
Italy 612 lire 
Netherlands 3.35 guilders 
Norway 6.85 kroner 
Spain 68.6 pesetas 
Sweden 5.02 kroner 
Switzerland 4.00 francs 
United Kingdom 

40 pence ( 1£ = $2.50) 
West Germany 3.34 marks 

'Computers that are 
integral parts of 
navigation, process 
control, and like systems 
are not included here; 
they are counted as 
part of the system. 

*Less than $75,000 

t Copyright 1971 

Electronics 
A McGraw-Hill Publication 

Consumer products 
Audio tape recorders and players 
Hi-fi equipment 
Phonographs and combinations 
Radios ( including car radios) 
TV sets, black and white 
TV sets, color 
TOTAL 
Computers and related equipment 
Digital computers, central processors 

(except minicomputers) 
Digital minicomputers ( value less than S10,000) 
Mass memories 
Remote terminal equipment 
Analog and hybrid computers 
Read- in and read-out equipment 
Converters, analog/digital and digital/analog 
Electronic desk calculators 
TOTAL 
Communications equipment   
Broadcast equipment 
Closed-circuit TV 
Intercoms and intercom systems 
Microwave relay systems 
Navigation aids ( except radar) 
Radar ( airborne, ground, and marine) 
Radio communications equipment 
Telephone switching, electronic / semielectronic 
Wire message equipment 
TOTAL 
Industrial equipment  
Industrial X-ray, inspection and gauging 
Infrared inspection and gauging equipment 
Machine tool controls 
Motot speed controls 
Photoelectric controls 
Power electronics equipment 
Process controls and related equipment 
Ultrasonic cleaning and inspection equipment 
Welding equipment ( with electronic control) 
TOTAL 
Test and measuring instruments  
Amplifiers, laboratory type 
Calibrators and standards, active and passive 
Components testers 
Counters and timers 
Electronic meters, analog ( except panel types) 
Electronic meters, digital ( except panel types) 
Generators and synthesizers 

(pulse, signal, sweep-to 1 GHz) 
Microwave test and measuring instruments 

(above 1 GHz) 
Oscillators 
Oscilloscopes and accessories 
Power supplies, laboratory type 
Recorders 
Spectrum analyzers ( audio to 1 GHz) 
TOTAL 
Medical electronics equipment   
Diagnostic equipment (except X-ray) 
Patient monitoring equipment 
Therapeutic equipment (except X-ray) 
X-ray equipment, diagnostic and therapeutic 
TOTAL 

Total equipment consumed 

'b e 
.e e ... ,,,., e•:, ae* •),., 

1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 

3.2 3.4 10.0 10.5 33.1 36.5 21.5 22.0 8.1 8.9 3.9 4.5 6.3 7.8 14.3 15.7 
3.5 4.0 13.2 14.6 17.5 21.0 5.7 7.2 2.8 3.2 1.6 1.9 2.5 3.0 13.5 13.5 
4.5 4.0 3.9 4.0 40.0 37.0 23.0 23.0 7.5 7.4 2.3 2.4 10.0 9.0 15.8 17.9 
6.0 6.2 15.0 15.2 75.0 73.0 40.2 43.0 11.7 11.8 5.3 5.3 17.0 17.2 16.7 16.7 

26.8 24.0 8.8 8.9 147.9 130.0 132.0 127.6 33.0 29.0 6.3 5.5 94.9 99.0 19.9 15.9 
16.0 24.0 15.7 18.4 127.5 171.1 1.4 1.4 63.0 78.0 4.2 7.5 95.0 134.0 
60.0 65.6 66.6 71.6 441.0 468.6 223.8 224.2 126.1 138.3 23.6 27.1 130.7 136.0 175.2 213.7 

1971 1972 

7.1 7.5 
5.5 6.0 
4.0 4.5 
9.1 10.9 

15.0 12.0 
22.0 29.0 
62.7 69.9 

1971 1972 

22.5 30.0 
60.0 80.0 
42.5 43.8 
63.8 67.5 

155.0 147.0 
300.0 420.0 
643.8 788.3 

444, 

1971 1972 1971 1972 

157.2 157.2 287.2 354.4 
53.1 64.5 178.9 218.9 
45.5 45.5 199.0 198.5 
193.5 203.5 453.3 470.3 
214.8 195.2 854.4 661.8 
333.3 404.6 978.1 1,288.0 
997.4 1,070.5 2,950.9 3,273.8 

40.0 
0.5 

21.5 
12.0 
7.3 
1.2 
0.9 
2.5 

85.9 

46.0 
0.6 

24.5 
13.8 
8.4 
1.2 
0.9 
3.2 

98.6 

21.7 25.0 
NA NA 
16.7 19.5 
3.6 4.2 
1.6 1.9 
0.2 0.2 
0.1 0.1 
0.7 0.9 

44.6 51.8 

204.8 
27.9 

140.0 
93.3 
27.0 
5.2 
7.5 

22.7 
528.4 

235.5 
31.1 

161.2 
107.0 
31.1 
5.4 
8.3 

29.0 
608.6 

152.0 185.0 
12.0 17.5 
111.2 127.0 
97.1 110.0 
15.8 20.0 
1.2 1.2 
2.4 2.5 

10.8 12.0 
402.5 475.2 

47.3 48.5 
7.0 8.0 

34.6 38.0 
11.2 12.8 
6.3 6.9 
1.6 1.6 
2.4 2.8 
1.9 1.9 

112.3 120.5 

20.4 
0.8 

12.0 
3.4 
1.9 
0.9 
0.5 
1.0 

40.9 

23.9 
1.1 

13.5 
4.0 
2.2 
1.0 
0.6 
1.7 

48.0 

31.5 38.0 
14.0 16.0 
31.5 38.5 
7.2 8.6 
8.2 11.5 
0.9 0.9 
0.6 0.7 
4.4 5.0 

98.3 119.2 

44.5 49.5 
NA NA 
26.4 29.5 
10.5 12.0 
6.7 7.0 
1.1 1.0 
0.5 0.5 
3.5 4.2 

93.2 103.7 

35.5 40.0 
1.5 3.0 

25.2 30.1 
8.1 10.5 
5.5 7.3 
3.5 4.0 
3.9 4.2 
1.8 2.5 

85.0 101.6 

260.0 250.0 
12.0 12.5 
90.0 84.0 
78.0 78.0 
30.0 30.0 
4.3 4.8 
3.0 3.0 
35.0 38.5 

512.3 500.8 

431.0 469.8 1,288.7 1,411.2 
147.9 174.5 223.6 264.3 
301.8 362.1 810.9 927.9 
93.8 100.3 418.2 461.2 
30.0 40.5 140.3 166.8 
8.9 9.8 29.0 31.1 
3.3 3.6 25.1 27.2 

89.8 104.0 174.1 202.9 
1,106.5 1,264.6 3,109.9 3,492.6 

3.2 
1.8 
4.6 
1.2 

12.2 
8.4 
5.0 
0.4 
0.2 

37.0 

3.4 
2.6 
5.5 
1.2 

14.2 
8.9 
5.7 
0.6 
0.2 

42.3 

5.0 
0.7 
2.4 
3.6 

11.5 
5.9 
8.4 
0.1 
4.8 

42.4 

3.0 
0.8 
2.5 
4.4 

11.5 
6.2 
9.5 
0.1 
5.2 

43.2 

18.0 
9.0 

23.0 
43.5 
29.0 
90.0 
50.0 
6.0 

48.0 
316.5 

35.0 
9.5 

24.0 
50.0 
29.0 
90.0 
55.0 
11.5 
60.0 

364.0 

6.0 
8.0 
2.6 
8.0 

35.0 
16.0 
11.2 
1.2 

35.0 
123.0 

6.0 
8.8 
2.8 
8.0 

35.0 
17.0 
12.7 
1.3 

40.0 
131.6 

7.0 7.5 
1.8 2.0 
7.7 8.0 

11.8 13.6 
41.0 45.0 
12.8 14.5 
6.9 7.7 
0.5 0.5 
5.9 6.7 

95.4 105.5 

6.0 
0.5 
2.3 
3.1 

10.0 
8.0 
4.6 
0.8 
3.0 

38.3 

6.0 7.1 7.6 
0.6 2.1 2.5 
2.6 1.4 1.6 
3.5 7.0 8.0 

10.1 11.1 12.0 
9.5 7.0 7.5 
5.3 4.8 6.0 
1.1 
3.0 4.5 5.8 

41.7 45.0 51.0 

2.0 
0.6 
1.4 

11.8 
5.0 
3.5 

13.0 
1.0 
5.8 

44.1 

2.0 
0.7 
1.4 

13.9 
6.0 
3.5 

14.2 
1.0 
6.0 

48.7 

6.1 
1.1 
4.5 
3.4 

20.0 
10.0 
4.4 
0.5 
5.0 

55.0 

6.5 
1.3 
5.0 
4.3 

18.0 
10.0 
5.0 
0.5 
5.4 

56.0 

14.9 
4.5 

34.0 
6.7 

92.4 
92.5 
99.0 
23.7 
80.5 

448.2 

15.4 
5.0 

35.0 
5.5 

94.5 
96.3 

117.5 
26.0 
88.0 

483.2 

10.4 
10.0 
7.5 

38.0 
57.2 

106.5 
106.4 

3.5 
40.0 

379.5 

11.9 
10.5 
7.5 

44.0 
57.2 

120.5 
110.2 

3.5 
46.0 

411.3 

85.7 
40.1 
91.4 
138.1 
324.4 
360.6 
313.7 
37.7 

232.7 
1,624.4 

104.3 
44.3 
95.9 
156.4 
332.5 
363.9 
348.8 
46.1 

266.3 
1,778.5 

0.8 
3.2 
1.2 
5.0 
0.2 
0.9 

35.9 
0.2 
0.4 

47.8 

0.8 
3.2 
1.3 
5.0 
0.2 
1.0 

36.0 
0.2 
0.4 

48.1 

1.1 
0.8 
1.5 
2.7 
0.3 
0.4 
16.5 
0.1 
0.3 

23.7 

1.1 
0.9 
1.5 
2.8 
0.3 
0.5 

16.5 
0.1 
0.3 

24.0 

6.1 
8.5 
5.5 
4.3 
2.1 
5.2 

78.0 
2.7 
5.0 

117.4 

6.5 
8.8 
7.0 
4.5 
2.1 
6.2 

85.0 
2.7 
5.3 

128.1 

2.5 2.8 
5.8 5.8 
5.2 5.2 
5.0 5.0 
1.2 1.2 
2.4 2.7 

68.8 74.1 
0.6 0.7 
1.9 2.0 

93.4 99.5 

2.2 
3.3 
1.6 
6.1 
0.6 
1.7 

35.0 
2.2 
1.3 

54.0 

2.2 
3.2 
1.7 
6.2 
0.7 
1.9 

35.0 
2.5 
1.4 

54.8 

0.6 
1.2 
1.2 
1.9 
1.1 
0.3 

14.9 
0.3 
0.3 

21.8 

0.7 
1.4 
1.2 
1.9 
1.2 
0.4 

16.3 
0.3 
0.3 

23.7 

0.6 
1.0 
1.2 
3.6 
0.4 
1.1 

18.0 
0.4 
2.6 

28.9 

0.6 
1.1 
1.2 
3.7 
0.5 
1.2 

19.5 
0.4 
2.7 

30.9 

1.9 
1.6 
1.8 
5.3 
0.9 
0.8 

39.0 
0.3 
0.8 

52.4 

2.0 
1.6 
1.9 
5.4 
0.9 
1.0 

39.0 
0.3 
0.9 

53.0 

0.7 
1.6 
4.0 
4.3 
1.5 
0.7 

23.5 
0.3 
0.7 

37.3 

0.8 
1.5 
4.4 
5.0 
1.8 
0.8 

24.2 
0.3 
0.7 

39.5 

6.4 
14.0 
11.5 
13.9 
4.0 
4.1 

74.5 
1.2 
6.2 

135.8 

6.4 
14.0 
12.8 
13.9 
4.3 
4.0 

76.0 
1.2 
6.5 

139.1 

13.5 
29.0 
17.6 
14.4 
7.9 
8.9 

174.8 
2.6 

11.5 
280.2 

14.2 
30.0 
20.8 
15.8 
8.6 
9.8 

191.9 
2.9 

12.7 
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from terminals terminals to handles to 
spacers—Cambion RD standardized 
the basic components 
Name your terminal need - printed circuit, wire-wrap*, self-
piercing, insulated. They're all standard with CAMBION and 
immediately available in massive quantity. 

The hardware basics include spring loaded component clips, 
handles and ferrules, knobs and a wide range of front panel 
and internal mounting hardware. 
It's easy to satisfy your design requirements when you stick 
with the basics. You'll find they're still standard with CAMBION 
and ready for delivery. Our latest jumbo catalog 747 gives 
complete details. Those who've tried it say they'd be stuck 
without it. Cambridge Thermionic Corporation, 445 Concord 
Avenue, Cambridge, Mass. 02138 and 8703 La Tijera Boulevard, 
Los Angeles, California 90045. 

Standardize on 

CAMBION® 
The Guaranteed E:eci ronic Components 

.Refastered Mark of Garener.Denvor Co 

Circle 1 15 on reader service card 

'Ue YOU'RE WHISTLING IN THE DARK... 

if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE... so more will live 

HEART FUND 
Contributed by the P:.' 

How Can You Sort 
Useful Information 
from 100 Million 
Bits Per Second? 
Today the television camera is an extremely 
versatile data acquisition tool. It can give you 
around 100 million bits of information per 
second — spatial dimensions, brightness, color, 
time — with a wide range of 
sensitivities. Not all of what 
the camera sees is usable, 
however. 

How can you extract the 
exact, useful data you 
need from this source? 
Colorado Video has the Model 
321 Video Analyser specifically designed to 
help you pinpoint the data you want and 
eliminate the redundant or useless bits. 

The 321 can be used on a " stand-alone" basis 
as a laboratory instrument for such 
applicatrons as image analysis and 
camera-to-hard-copy interfacing. Or, 
the 321 can provide input to your 
computer for a 
variety of analysis 
functions. It can 
also be controlled 
by the computer. 
The 321 now is being 
Jsed for such diverse operations as automatic 
instrument calibration via computer, cancer 
cell analysis and measuring changes in the 
diameter of human veins. 

Find out what the Colorado Video Model 321 
Video Analyser can do for you. Write or call 
for information. Price: $2500. 

COLORADO VIDEO, 
INCORPORATED 

:40010! 

!Do -tj e 
o•0 

• 

P.O. Box 928. Boulder, colorado 80302. Phone (303) 444-3972 
Video Data Acquisition • Processing • Display • Transmission 
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QUALITY OF 
THE FIRST ORDER 

GH RELIABILITY' 
PHOTOCE LLS 

arkTBraT4i, - 

MAIN PRODUCTS 
• CdS Photoconductive Cell 

• CdSe Photoconductive Cell 

• Photocell- Lamp 

• Se Photovoltaic Cell 

• For catalog, please write to 

MORIRICA ELEA TH11%1( it. LTD. 

205. Tonaka-machi. Toauka-ku. Yokohama. Japan 
Tel 045.881-2331 Cade Add,... MORIRICA VOKOHAMA 

1(ld um redder service (_; é_id 

1H13 SPACE C.QtiTRBUTLU BY THE PuBL, -HER 

I 1 sTEN 
To y()tit 

If something's going wrong, 
it'll tell you. 
I. Change in bowel or bladder habits. 
2. A sore that does not heal. 
3. Unusual bleeding or discharge. 
4. Thickening or lump 

in breast or elsewhere. 
5. Indigestion or difficulty 

in swallowing. 
6. Obvious change in wart or mole. 
7. Nagging cough or hoarseness. 

If you have a warning signal, 
see your coctor. If it's a 
false alarm, he'll tell you. 
If it isn't, you can give him 
time to help. Don't be afraid. Ili Its what you don't know 
that can hurt you. 

American Cancer Society 
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Megohmmeter and Hipot? 
YES! For true integrity in HV bench-
testing of electrical or electronic equipment 
—you need both! Megohmmeter to test insulation 
resistance ( IR) Hipot to test dielectric strength. 

HIPOTRONICS OFFERS 
a full line of high 
resistance megohm-
meters — 
sixteen 
models with 
ranges to 
20,000,000 
megohms and a • • • 

high current 
capability for 
testing insulation 
resistance to ASTM 
specification D-257, MIL, and UL standards. 

HIPOTRONICS ALSO OFFERS 
a full line of AC/DC hipots — twenty-seven 
models with ranges to 10KV AC and 25 KV 
DC for non-destructive measurement of 
leakage current, corona discharge, 
AC and DC insulation strength. 
HIPOTRONICS GUARANTEES 
complete high voltage — high 
resistance capability for thorough 
testing of switches ... motors ... coils ... chokes ... insulation 
... transformers ... cables ... electrical/electronic assemblies 
.. harnesses ... and more. 
For more information write or call our marketing department 
for brochures HP7101 and HP7107. 

1--II PC)-1-12.01•7 'CB 
BREWSTER, N. Y. 10509 
Phone: (914) 279-8091 

e 

Circle 109 on reader service card 

DPhis Actual Size 

In 21/2,3% or 41A-digit models. 

We've got them all. 

Just ask us. 

GRaLEx 
INDUSTRIES 

DIV. OF GENERAL MICROWAVE CORP. • 155 MARINE ST.. FARMINGDALE. N. Y. • 516-694-3600 
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SLIDE SWITCHES 
Miniature series of-
fers multiple circuit 
switching in limited 
P. C. space. Choice of 
upright mounting or 
right-angle mounting. 
Compact size for P. C. 
cards. Economically 
priced. 

ALCOSINITCH® 
()IV OF ALCO ELECTRONIC PRODUCTS, INC. NORTH ANDOVER, MASS. 01845 

IDEAL SIZE FOR 
PRINTED CIRCUITS 

Cir ole 1 10 cii reade , service COI d 

DRY REED 
PROXIMITY 
Long-life reed switch 
and Alnico-5 mag-
net assembly actu-
ates within dis-
tances of 1". Use as 
interlock, counters, 
alarms, other appli-
cations requiring 
fast operations. 0.5A 
break, 1.0A carry. 
Available N.O. or 
N.C. 

MAGNETIC 
SWITCH ASSEMBLY 

ALCOSINITCH® 
DIV OF ALCO ELECTRONIC FRODUCTS, INC NORTH ANDOVER, MASS. 01845 

Circle 1 1 1 cl reader service card 

KEYLOCK SWITCH 
Attractive appearance, 
with convenient one-
hole mounting. Key 
is removable in either 
on/off position.. Uti-
lizing double— bitted 
keys with selection of 
25 combinations. 5A-
125VAC rating. Sup-
plied with two keys 
@ $4.95. 

ALCOSINITCH® 
DIV OF ALCO ELECTRONIC PRODUCTS, INC NORTH ANDOVER, MASS. 01845 

Circle 112 on reader service car d 

WORLD'S 
NO. 1 MINIATURES 
The original minia-
ture switch is avail-
able with standard, 
flat, long and plastic 
toggles. Normally 
supplied with silver 
contacts. Gold-plat-
ing or P.C. terminals 
are available on re-
quest. Common 1/2 " 
case size. Rate 5A 
@ 115VAC. 

ALCOSINITCH® 
DIV. OF ALCO ELECTRONIC PRODUCTS, INC. NORTH ANDOVER, MASS. 01845 

MST SERIES 

124 STYLES ON THE SHELF 
FOR IMMEDIATE DELIVERIES 

How much 
free time 

do you have 
available for 
reading? 

Add up the number of magazines that 
come across your desk. 

Multiply them by an average reading time 
— minutes to scan, an hour or more to dig in. 

Most people can only spend six hours each 
week on all sources of occupational information. 

So how do you fill your professional needs 
and still keep your reading within reason? 

Leaf through this issue again. 
Notice how much of its editorial is 

designed to keep you aware of trends, show 
you how new technologies are being applied, 
and give you information on new products. 

If you want to keep yourself up to date and 
cut down on your reading time, do the same 
thing with every issue of Electronics. 

When you make Electronics your regular 
habit, you'll find you have only occasional 
need for other electronics magazines. 

More information, in less reading time, is 
one reason it pays you to have your own 
subscription to Electronics. 

Electronics. 
It's all you need to read. 
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