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• Scaled for ±10V DC output 
• Operates from ±15V supplies 
• No external adjustments 
• Hermetically sealed 
• Output short circuit protected 
• Units can be altered to operate with 

different L-L Voltages or frequency 

Specifications 
Accuracy: ±1% over temperature range 
Input: 11.8V, 400HZ line to line 3 wire 

synchro voltage 

0 

Output Impedance: less than 10 Ohms 
Input Impedance: 10K minimum line to line 
Reference: 26V ±10% 400HZ (Unit can be 

altered to accommodate 115V if available 
at no extra cost) 

Operating temperature range: -25°C to 
+as·c 

Storage temperature range: -55°C to 
+1oo·q 

DC power: ±15V ±1% @ 75ma (approx.) 
Case material: High permeability Nickel Alloy 
Weight: 6 Ozs. 
Size: 3.6" x 2.5;1 x 0.6" 

Precision 
Analog 

Components 
for Signal 

Manipulation 
and .Function 
Generation 

• Radiation Hardened 
Analog Multipliers 
and Modulators 

• Linear DC to 
Synchro Converter 

•Sine-Cosine to 3 Wire 
Converter 

•3 Wire to Linear 
. DC Converter 

• 3· Wire to Sine-Cosine 
Converter 

•Sine-Cosine 
Generators 

•Precision 
Modulators 

• Precision Analog 
Multipliers 

•Squaring/Square 
Root .Modules 

• Precision Analog 
Divider 

• Precision A.C. 
Regulators 

• Demodulators 
• Transformers 

Analog 
Computing 

Applications 
•Trigonometric 

Manipulations 
•Multiplying 
•Dividing 
•Squaring 
•Modulating 
•Automatic Gain 

Control 
•Demodulation 
•RMS Computation 
•Phase Measurement 
•AC Amplitude 

Regulation and 
Modulation 

•Linearizing 
•Square Rooting 
•Power Measurement 
•Ratio Measurement 

4 Quadrant Magnetic 

·Analog 
Multiplier 
DC x AC = AC Output 

# MCM 1351·2 

' 
Product Accuracy 
is ±1 /2% of all 
readings Over Full 
Temperature Range 
of-55°C to +125°C 
• Product accuracy is specified in % 
· of reading for all output analog 

voltage product points over the full 
military temperature range instead 
of % . of full scale error giving 
superior results for small values. 

• Linearity, product accuracy and 
zero point virtually unaffected by 
temperature changes. 

• All units are hermetically sealed and 
completely shielded from external 
electric or magnetic fields. 

Specifications Include: 
Transfer equation: E = XY/3 
X & Y Input signal ranges: O to ±3V Peak 
Maximum static and dynamic product 
error: V2 % of point or 2 MVRMS 

whichever is greater, over entire 
temperature range 

Input impedance: X = 10K; Y = 10K 
Full scale output: 3 VRMS 
Minimum load resistance for 
full scale output: 2000 ohms 
Output Impedance: Less than 50 ohms 
X Input bandwidth: 

±0.5db, 0 to 200 hertz 
Y input bandwidth: 

±0.5db, 20 hertz to 1000 hertz 
DC power: ±15V unless otherwise 

required @ 20 ma 
Size: 1.811 x1.1" x0.5" 

Circle 900 on reader service card 



HP's new low cost, plug-in oscillographic 
recorder gives you more of everything. 

(Make the trace-to-trace comparison) 
= First, check HP's bigger picture, a full - -

50 mm wide. Then there's smear-proof, -- - skip-proof black ink that goes bone 
- - dry on contact ( even at high speeds) . =--- --:: Pulse or square wave recording won't = = 

produce overshoot problems. And non-- -= fatiguing stainless steel pens help -- --:: - make the trace virtually fail-safe. You = -- can even get remotely controlled --= - event marker and timer options. = -- Trace-to-trace, HP's 7402 out-- ---= - performs oscillographic recorders costing -- = - --:: twice as much. Plus it's the only -
machine with ten combinations of - -
plug-in signal conditioners. For low-- -

- - gain recording, the basic 7402 comes -= - complete with two 20MV / div -
= - - plug-ins. Economical high or medium-

- gain modules are available as options. - ---= Make your own trace-to-trace -
- - comparison. You'll sell yourself on - - the 7402's combination of big picture, = --
- Cl fail-safe writing, versatility, high -= a:: - performance, HP reliability and low <( 

= x: - cost. Get complete details from your - (.) 
<( field representative, or write Hewlett-a.. -
~ 

- Packard, Palo Alto, California 94304; 
- IJJ - Europe : Box 85, Ch-1217 Meyrin 2, - ...J - Geneva, Switzerland; Japan : Yokogawa--

~ -- -
IJJ - Hewlett-Packard, 1-59-1, Yoyogi, -- :c: = - - Shibuya-Ku, Tokyo, 151. - 1 13-04 -= ---:: - = 

HEWLETT llJ PACKARD - -= = 
- -- --= = HP sales , servi ce , and support in 172 centers in 65 countries 
- = 
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The Caelus Tape Drive 
We're very proud of our reputa­

tion for quality at Caelus. So when 
we developed a I ine of tape trans­
ports, we started where everyone 
else stopped . Analyzed every com­
petitive model. Improved the good 
features. Avoided the mistakes . 
S implified design to simplify 
maintenance. 

The results? Gratifying even by 
our stiff standards. Data error rates 
less than one bit in 108, computer 
verified. 4000-hour MTBF. 7000-
hour head life. Semi-automatic 

2 Circle 2 on reader service card 

loading. Direct drive reels and cap­
stan. Instantaneous and long term 
speed variation -+-1 %. And we left 
the options open : 7, 81/2or101/2 inch 
reel size; speeds from 12.5 to 45 
ips, bi-directional ; choice of NRZI 
and I or phase encoded recording; 
7 or 9 track formats ; single or dual 
gap read/write head configuration. 

Whichever model you choose, 
you get Caelus quality. Backed by 

the full resources and engineering 
capabilities of Electronic Memories 
and Magnetics-the world's fore­
most independent memory com­
pany. 

If you 'd like complete technical 
and pricing information, please · 
write or call Ken Collins at (408) 
298-7080. 

Emm CAELUS 
MEMORIES 

Box 6297, San Jose, Cali fornia 95150 
A Division of Electronic Memories & Magnetics Corporation 
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Highlights 

The cover: Plane facts about wiring, 84 
Flat cable and flexible circuitry , originally 
military in purpose, have commercial advan­
tages, too . In this special report , one author 
tells of the labor savings that result from de­
signing a system around flat cable, another 
describes a dual-dielectric flat cable for 
high-speed data transmission , and the third 
analyzes the assembly economies possible 
with flexible circuits. Cover graphics are by 
Gabor Kiss. 

Electronics enters the nation's newsrooms, 65 
Attracted by large savings in labor costs, all 
sizes of newspaper all over the country are 
beginning to computerize their production 
processes. The larger papers need mini­
computers, the smaller ones can manage 
on intelligent terminals . 

Two-way CATV awaits low-cost frame-grabbers, 77 
The FCC wants interactive TV, the cable-TV 
operators are strongly in favor, but the engi­
neers have yet to come up with one of the 
essentials-a reliable video refresh memory 
or frame grabber costi ng about $100. 

Minicomputer evaluates epl layer on ICs, 102 
A bottleneck occurs in the production of ICs 
when the quality of newly deposited epitax­
ial layers has to be checked by hand. But, 
as the fifth " Minicomputers in action" article 
shows, linking a minicomputer to the test in­
strumentation speeds the process up and 
increases its accuracy, too . 

And In the next Issue. . . 

Modern technology makes majority logic 
available to everyone ... special report on 
industrial robots. . .minicomputers take 
over airplane testing (sixth article on " Mini­
computers in action" ). 
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A s the Watergate saga unfolds, it 
goes to prove that the best stories 

out of Washington don't come from 
press releases but from the hard dig­
ging-"trudging around town with 
pencil and paper, talking to 
people," as Ray Connolly, our 
Washington bureau chief puts it. 
Aerospace Editor Bill Arnold, the 
No. 2 man in Washington, agrees. 

Both Connolly and Arnold offer 
proof of the point with their respec­
tive stories assessing the prospects of 
trade with the Peoples Republic of 
China (p. 73) and the future needs 
of the U.S. space program in the 
shuttle era (p. 74). What both stories 
have in common is that they stem­
med from internal documents that 
the sources were willing to discuss 
but unwilling to release. 

Arnold's story came out of a 
meeting of NASA's Space Program 
Advisory Committee, comprised of 
university and industry scientists. 
Though Arnold later was refused a 
copy of the NASA Office of Space 
Science budget outlook for 1975 and 
beyond, no one kept him out of an 
open meeting where he took exten­
sive notes on its contents. 

John Sodolski, vice president for 
communications and industrial elec­
tronics at the Electronic Industries 
Association, provided fuel for Con­
nolly's pencil after the EIA vice pres­
ident returned from Canton in 
search of a market for U.S. goods. 
Even though Sodolski held back an 
EIA staff report on China he talked 
about it freely , stressing how the 
Chinese "put great importance on 
the existence of 'American friends 
of the new China'." 

oesign engineers are accus­
tomed to repeated encounters 

with a kind of technological deja 
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Publisher's letter 
vu-what they design is used in the 
production of every-day items that 
they themselves use. But it's not of­
ten that an engineer can actually 
help to change the very nature of 
that item. 

Something like that is happening 
with daily newspapers. Because of 
the adoption of electronic editing 
and printing systems, such as are 
described in the Probing the News 
on page 65, newspapers can print 
more-up-to-the-minute news. Those 
CRT terminals , optical character 
readers, and computers have broken 
a decades-old cycle in which news 
stories were typed, edited with a 
pencil, cast into lines of metal type, 
molded into stereotype plates that 
were locked on a press, and finally 
printed and delivered. So much 
time has been saved that some 
newspapers actually can make 
changes in "breaking" stories only 
five minutes before those stories are 
printed. 

planar wiring- a concept that in-
cludes flat cable and flexible cir­

cuits-has done a lot to ease the in­
terconnection headaches in today's 
compact, sophisticated systems. 
Starting on page 84, y •u'll find a 
three-part special report on planar 
wiring that was put together by 
Packaging and_ Production Editor 
Steve Grossman. The report high­
lights how the planar approach to 
interconnection can bring signifi­
cant economies to system design, 
how flat cable can now handle the 
computer's ultrafast pulses, and how 
flexible circuitry can save on assem-

bly tim~ {/flt~ 
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If you want a power supply 
· that's as fast 

as the rest of your system 
look into 

KEPCO 
lo Psi 

Operational power supplies, 
the fast programmable voltage stabilizers 

that you can program with a computer. 
There are ten different OPS Groups 

ranging from 
10 watt modules to a kilowatt 

OPS groups VI, VII &VIII are comprised of 31 separate models ranging from 
0-6 volts to 0-150 volts, in 100 watt, 250 watt, 500 watt and 1000 watt power classes. High 
open loop gain, superb comparators and stable references permit them to function with 
better than 0.005% stabilization. A unique "no-filter-capacitor" output circuit allows them 
to follow rapid fire programming instructions. Their entirely linear design generates no 
hard-to-suppress transients. 

Ask your Kepco man for details about the Kepco OPS. If you don't know who he is, call 
(212) 461-7000 collect, or write Dept. EQ-14 and we'll be glad to direct you to the most 
exciting power supplies on the scene. 

Half-Rack : 250- 500W Full -Rack : 1000W+ 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 • (212) 461-7000 •TWX # 710-582-2631 •Cable: KEPCOPOWER NEWYORK 
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Reduce Your Power Supply Size 
and Weight By 70% for $49 

A new way has been found to sub-
. stantially reduce power supply size 
and weight. Consider the large 
power supply shown at left in the 
above photo - it uses an input 
transformer, into a bridge rectifier, 
to convert 60 Hz to 5 volts DC at 
5 amperes . This unit measures 
6W'x4"x7W' and weighs 13 pounds. 
It sells for $170 in small quantities. 
For just $49.00 more, Abbott's new 
model Z5Tl0, shown at right, pro­
vides the same performance with 
70% less weight and volume. It 
measures only 2Wx4"x6" and 
weighs just 3 pounds. 

This size re<luction in the Model 
Z5Tl0 is primarily accomplished 
by eliminating the large input 
transformer and instead using high 
voltage, high efficiency, DC to DC 
conversion circuits. Abbott engi­
neers have been able to control the 
output ripple to less than 0.02% 
RMS or 50 millivolts peak-to-peak 

maximum. This design approach 
also allows the unit to operate from 
100 to 132 Volts RMS and 47 to 440 
Hertz. Close regulation of 0.15% and 
a typical temperature coefficient of 
0.01% per degree Centigrade are 
some of its many outstanding fea­
tures. This new Model "Z" series is 
available in output voltages of 2.7 
to 31 VDC in 9 days from receipt 
of order. 

Abbott also manufacturers 3,000 
other models of power supplies 
with output voltages from 5 to 7 40 
VDC and with output currents from 
2 milliamps to 20 amps. They are 
all listed with prices in the new 
Abbott catalog with various inputs: 

60~to DC, Regulated 
400~ to DC, Regulated 
28 VOC to DC, Regulated 
28 voe to 400 ~ , 1 <1> 

24 voe to 60~, l e/> 

Plea se see pages 686 to 699 of your 1972-73 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
for complete information on Abbott modules. 

Send fo r our new 56 page FREE catalog. 

abbott transistor 
LABORATORIES , 

~~;cnernl ot'fices 

5200 W. Jeffe rson Blvd./Los Angeles 90016 
(213) 936-8185 Telex: 69-1398 
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NCORPORA TE D 
eastern office 

1224 Anderson Ave. / Fort lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 

Readers comment 

On microprocessors 

To the Editor: Four American man­
ufacturers of microprocessors were 
listed in "East challenges West," 
[Electronics, June 7, p. 40]. As pre­
viously reported in Electronics, 
Rockwell International also has a 
microprocessor. 

Scotty Maxwell 
Rockwell Microelectronics division 

Anaheim, Calif. 

IC timer corrections 

To the Editor: In my article, 
"Timer's duty cycle can stretch over 
99%," in Engineer's notebook [Elec­
tronics, June 21, p. 129], the timing 
equations in the first figure (a) 
should have contained the constant 
0.685 , rather than 0.8. In the second 
figure (b), resistances RA and RB are 
each composed of a portion of the 
10-kilohm potentiometer in series 
with a 1.2-kilohm resistor. 

Michael S. Robbins 
Los Angeles, Calif. 

Calculating square roots 

To the Editor: I am writing to sug­
gest a rather obvious possible im­
provement in the algorithm for root 
extraction that was presented in 
your Engineer's notebook article, 
"More computation shortcuts with 
pocket calculators" [Electronics, 
March 29, p. 92]. 

For the square-root algorithm, I 
suggest that, having found the first 
approximation, rather than clearing 
the register, you should take the re­
ciprocal and then multiply by N. It 
is still necessary, unless the calcu­
lator has a memory, to write down 
the first approximation result so that 
it can now be added as the next 
step. Where higher-power roots are 
to be extracted, the result of the first 
approximation calculation could be 
raised to the appropriate power (by 
squaring or higher-power al­
gorithms, which are, I think, univer­
sally known, and which were men­
tioned in your article), and then you 
take the reciprocal and carry on as 
before. 

W. Lyons 
Managing Director 

Lyons Instruments Ltd., 
Hoddesdon, Herts. , England 
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For your present microwave designs 

Anything aluminum can do ... gold can do longer! 

Almo Electronics 
Bell Industries 
Cramer Electronics Inc. 
De Mambro Electronics 

Electronlcs/July 5, 1973 

TRW's microwave 
amplifier parts give you 
the long-life reliability advantages 
of gold metalization for your present designs. 
Wherever you are now using aluminum parts, you 
can use TRW gold parts. 

The performance is the same- maybe better. 
And the performance certainly lasts longer, 
with greater reliability, thanks to TRW's exclusive 
gold metalization process. 

The price is the same as for the old aluminum 
parts. So it's like getting .. . free gold! 

There is a TRW gold part for every ordinary 
aluminum one you are now using : 

Aluminum Gold 
Part No. Part No. Power Frequency 

MSC2001 TRW2001 1W 2 GHz 

MSC2003 TRW2003 3W 2 GHz 

MSC2005 TRW2005 5W 2 GHz 

MSC2010 TRW2010 10W 2 GHz 

MSC3001 TRW3001 1W 3 GHz 

MSC3003 TRW3003 3W 3 GHz 

MSC3005 TRW3005 5W 3 GHz 

You can improve your present designs now. 
TRW gold-metalized microwave parts are available, 
off-the-shelf, from any TRW distributor. 

For full information use the reader service card. 
Or, if you can 't wait to get started, phone (213) 
673-4561 . Ask for Dick Oden. 

TRW Semiconductors, 14520 Aviation Boulevard, 
Lawndale, California 90260. 

These products are available through the following authorized distributors : 

Eastern Radio Corp. 
Electronics Marketing Corp. 
Elmar Electronics Inc. 
_Hall-Mark Electronics Corp. 

Harvey-Michigan Inc. 
Liberty Electronics 
Powell Electronics 
Pyttronics 

Semiconductor Concepts Inc. 
Summit Distributor 
R. V. Weatherford Co. 
Westates Electronics Corp. 

TRW.SEMICONDUCTORS 
Circle 7 on reader service card 7 



Another Sarague Breakflir git' 

Solid flame-retardant 
epoxy with precise --t• '; 
dimensions for 
automatic insertion. 
Completely shock and 
vibration resistant. 

Flat surface permits 
clear easy-to-read 
marking. 

No rundown to interfere 
with seating of capacitors 
on printed wiring board. 

Rugged 0.025" dia. tinned~ 
leads maintain alignment. 
0.100" lead spacing for 
standard PWB grids. 

PRODUCTION-ORIENTED 
SOLID TANTALUM 
CAPACITORS 

Top flat for easy 
identification of 

positive lead either 
visually or by touch: 

Standoff feet on base 
to eliminate moisture 

entrapment and 
facilitate cleaning of 

wiring boards. 

Formed leads with either 
0.200" or 0.250" spacing 

to permit 
interchangeability with 

dipped capacitors. 

ACTUAL SIZE 

Type 198D Low-cost 
Econoline*Tantalum Capacitors 

Lead in Performance! 
When it comes to low-cost solid tantalum capacitors, the new Sprague 
Type 1980 Econoline Capacitors outperform all other designs. Here are 
some additional advantages: 

• Low d-c leakage • Withstand severe 

• Low dissipation factor 

• Wide voltage range, 

temperature cycling and 
temperature shock over 
-55 C to +85 C 

4 to 50 voe 
• Capacitance range from 

• Speedier handling for insertion 

0.1 to 100µ.F • Easier-to-read markings 

The new Sprague Type 1980 epoxy-encased Econoline Capacitor is tooled 
for mass production and priced competitively with imported dipped units. 
Investigate this new Sprague breakthrough without delay. 

8 

Call your nearest Sprague district office or sales representative, or 
write for Engineering Bulletin 3546 to: Technical Literature Serv­
ice, Sprague Electric Co., 35 Marshall Street, North Adams, 
Mass. 01247. 

4SM·2110 

*Trademark SPRAGUE~ 
THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 

THE MARK OF RELIABILITY 

Circle 8 on reader service card 

40 years ago 
From the pages of Electronics, July 1933 

Radio production and the jobs of ra­
dio engineers depend on radio sales. 

Radio engineers and radio techni­
cal men generally will therefore be 
deeply interested in the plans which 
the Radio Manufacturers Associ­
ation has underway for a vigorous 
Radio Prosperity Campaign during 
September. 

This month of active retail sell­
ing-coupled with rehabilitation of 
existing radio sets-will prepare the 
nation for a great series of special 
broadcast programs-Radio Prog­
ress Week, October 2 to 7. 

Nearly seven million homes have 
obsolete radio sets which should be 
replaced. Thirteen million other 
homes have no radios at all. And 
among the millions of homes with 
workable sets, a large proportion 
need overhauling of installation, 
tubes or parts. Then there are op­
portunities to sell second or third 
"additional" sets, and automobile 
radios. And to put radios in offices, 
shops, stores and places of business. 

The Radio Prosperity Campaign 
is a constructive, well-planned effort 
to stimulate radio sales and radio 
prosperity all along the line-among 
set manufacturers , parts makers, 
raw material suppliers, and broad­
casters. It is a united drive to get, for 
radio, the dollars of the general 
public, for which the manufacturers 
of automobiles , refrigerators , 
clothes, and other personal com­
modities will be bidding. 

The Radio Prosperity Campaign 
will put radio "back on the map," 
this Fall. 

Industry's "New Deal" is under way. 
With the signing of the National 

Industrial Recovery Act and the ap­
pointment of General Hugh S. 
Johnson as its administrator, Presi­
dent Roosevelt has put into action a 
revolutionary change in the indus­
trial structure of America. 

And now, like other businesses 
and industries, the radio industry is 
trying to find out just how it fits into 
the new industrial picture under the 
National Recovery Act, and what its 
responsibilities and benefits will be 
under the new plan. 
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Preamplifier Hydrophone Preamplifier 

What's in it for you? 
Just about everything you need for 
precise, accurate signal acquisition and 
conditioning. Like low noise, high gain, 
and stability. 

And you can use our equipment on 
your application. In air and water acoustics. 
Seismic and microseismic. Vibration 
measurement (acceleration , velocity, or 
strain). Noise measurement. And more. 

Like biomedical research. Magnetometry. 
Photometrics (any detector type) . 

And radiometry. 

Almost anywhere signal amplification, 
conditioning or filtering is needed ... 
lthaco products perform. 

lthaco AC signal conditioning 
instrumentation. Off-the-shelf or custom 
designed. There 's a lot in it for you. 

For more information write lthaco Inc., 
735 West Clinton Street , Ithaca, 
New York 14850. Call 607-272-7640. 
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0.25 AMP 0.8 AMP 12 AMP 1 

SC Rs ~ ~ ~ 
,,_ 

C11129 Pllatlc Pllltlo C..221.U 
Case 28 T0-92 CHI 77-02 C1119N4 C111 90-04 Tt-221 .. 
StJle 8 Style 10 StJI• 2 Stfll 1 Strlt 1 Strlt 1 

15 v MCR051 MCRlOl 
25 v MCR3000-l 

30 v MCR052 
MCR102 

2N6236 MCR106-l MCR107-l MCR406-l MCR407-l 2N5060 

50 v 2N6237 2N4441 2N6394 2N6400 
MCR3000-2 

60 v MCR 053 
MCR 103 

MCR106-2 MCR107-2 MCR406-2 MCR407-2 
Vo,,,. 2N5061 

v ..... 100 v MCR054 MCR104 
2N6238 MCR106-3 MCR107-3 MCR406-3 MCR407-3 MCR3000-3 2N6395 2N6401 2N5062 

BLOCKING 
150 v MCR115 

VOLTAGE 2N5063 

(OC OR PEAK) 200 v MCR120 2N6239 MCR106-4 MCR107-4 MCR406-4 MCR407-4 2N4442 2N6396 2N6402 2N5064 MCR3000-4 
VOLTS 250 v 

300 v MCR106-5 MCR107-5 MCR3000-5 

400 v 2N6240 MCR106-6 MCR107-6 2N4443 2N6397 2N6403 MCR3000-6 

500 v MCR106-7 MCR107-7 MCR3000-7 

600 v 2N6241 MCR106-8 
2N4444 2N6398 2N6404 MCR3000-8 

800 v 2N6399 2N6405 
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Build plentiful 16 amp thyristor control. 
With plastic. 

r We're building plastic thyristor 
power up so you can get econom­
ical control right where you want 
it. 

... Our plastic triacs are now up 
to 12 A/800 V. 
... Our plastic SCRs are now 
up to 16 A/800 V. 
... Our plastic thyristors are 

now up to dependable low-cost 
control providing single, dual and 
quad-mode firing; with standard 
triggering or sensitive gate trigger­
ing for easy IC interfacing; with 

all diffused, glass-passivated die 
construction for built-in reliabil­
ity, long-term voltage stability 
and increased savings. 

Now you can get control in solid 
state relays and light industrial 
applications from plastic triacs 
starting at 0.45 A current capabil­
ity, 30 V blocking voltage, priced 
low as 50¢, 100-up. Or, in higher 
voltage designs use our latest 
triacs in the rugged, dependable 
Thermowatt T0-220AB case, the 
first 12 A plastic in the industry 
to provide 9600 W of full-wave 
control. 

Now you can get control from 
SCRs beginning at 0.25 A at 15 V 
and offering a low, low 100-up 28¢ 
price. Try a 4-amp device for 
temperature control. Move up to 
8-amps for battery charging appli­
cations. Then build up to the 
highest-current plastic SCRs in 

the industry - our new 16 A 
2N6400 series. 

See your Motorola distributor 
or factory representative today. 
He'll help you pick the plastic 
thyristors you want, for the pre­
cise degree of full or half-wave 
stepless power control you need. 
They're up to it! 

Use the reader service number 
to get your copy of our new 
"Guide To Thyristors." It con-

·=: tains selection 
and application 
guides, talks 
about definitions, 
symbols, technol­
ogy and terminol-

.111\~~~;~>Rf; ogy, provides a 
""'~m""'"' '"""" complete cross 

reference and lists prices of all 
Motorola thyristors: SCR, triac, 
unijunction or trigger; plastic or 
metal. 

~t~ 
From MotorolaftheA thyristor producer. 

ON·STATE (RMS) CURRENT 
-~llll'~AM.- _!.8 AMP 4_!AMP 8:!~ 10AMP l!AMP 

TR IA Cs ~ ~ ~ ~ ~ ~ 

c·r .. r C1se 221-02 C1se 221-02 
Case 77 T0..220 AB C11e 90 T0.220 AB 

StJlt 12 SIJle 5 Style 2 SIJle 4 Style 2 

25 v - - - 2N6068 2N6068A 2N6068B - - MAC! 1-1 MACI0-1 - -

30 v MAC92-l MAC93-l MAC94-l - - - -MAC92A-l * MAC93A-l * MAC94A-l * - - - - -

50 v - - - 2N6069 2N6069A 2N6069B - - MACll-2 MACI0-2 - -

60 v MAC92-2 MAC93-2 MAC94-2 - - - - - - -MAC92A-2* MAC93A-2* MAC94A-2* - -
VooM 

VRRM 100 v MAC92-3 MAC93-3 MAC94-3 2N6070 2N6070A 2N6070B - - MAC! 1-3 MACI0-3 MAC92A-3* MAC93A-3* MAC94A-3* - -
BLOCKING 

200 v MAC92-4 MAC93-4 MAC94-4 2N6071 2N6071A 2N6071B 2N6342 2N6346 2N6154 2N6151 2N6342A 2N6346A VOLTAGE MAC92A-4* MAC93A-4* MAC94A-4* MACll-4 MACI0-4 

me OR PEAK) 
300 v MAC92-5 2N6072 2N6072A 2N6072B MACll-5 MACI0-5 MAC92A-5* - - - - - -

VOLTS 

400 v MAC92-6 - - 2N6073 2N6073A 2N6073B 2N6343 2N6347 2N6155 2N6152 2N6343A 2N6347A MAC92A-6* MACll-6 MACI0-6 

500 v - - - 2N6074 2N6074A 2N6074B - - MACll-7 MACI0-7 - -

600 v - - - 2N6075 2N6075A 2N6075B 2N6344 2N6348 2N6156 2N6153 2N6344A 2N6348A MACll -8 MACI0-8 
* Denotes 
A Version 800 v - - - - - - 2N6345 2N6349 - - 2N6345A 2N6349A 
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COMPLETELY REVISED 
AND UPDATED! 

precislOn 
and 
Power 
wire-Wound 
resistors 

WIRE-WOUND 
RESISTO.R 

ENGINEERING 
HANDBOOK 

the industry's most exten­
sive and most accurate 
compilation of engineering 
information on wire-wound 
resistors 

PRECISION/HI-SPEED 
POWER/WIRE-WOUND 

RESISTORS 
including: established rel i­
ability res istors, beryllium 
ox ide co re power resistors 
... 22 special temperature 
coefficients from - 50 PPM 
to + 6000 PPM . . . sub­
miniat ure precision res is­
tors . . . ladder and sum­
ming networks. 

ELECTRONICS, INC. 
700 South 21st Street 
Irv ington, New Jersey 071 11 
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Computer 'ombudsman' 

steps up from designing 

Janet Norman, the newly appointed 
vice president of communications at 
Singer Corp.'s Business Machines 
division, New York, has two distinc­
tions in her present position- the 
post was created especially for her, 
and she is the first woman vice pres­
ident of the division. 

"My function will be to act as an 
ombudsman," says the soft-spoken 
Miss Norman. Specifically, Miss 
Norman will have several functions 
including: organizing and presiding 
at point-of-sale industry shows, 
holding seminars, handling news re­
leases, giving demonstrations of the 
POS system, working with financial 
analysts, arranging contracts, and 
working with various customers in 
all aspects of customer relations. 
The new vice president was instru­
mental in the design of the Singer 
POS unit, the MDTS or Modular 
D ata Transaction System, and one 
of her aims is to educate the public 
about her electronic cash register 
system and the capability of com­
puters. "No one has ever really ex­
plained to the public what comput­
ers are and what they can do, and as 
a result, there are many misconcep­
tions, fears, and mixed emotions 
about them," she observes. 

Innovation. About the creation of 
the point-of-sale systems and her 
role as a computer expert, she says: 
"Very rarely does one get involved 
in the innovation of design. Al­
though I will miss designing, being 
part of market-support manage­
ment is, of course, a great attain­
ment." Miss Norman, an expert in 
terminal-based information systems, 

joined Singer in 1966 as manager of 
advanced systems for the Consumer 
Products division. She moved up to 
director of systems research in 1970, 
and then became director of retail 
systems support for the Business 
Machines division in 1972 before at­
taining her present post. 

A native New Yorker, Miss Nor­
man graduated magna cum laude 
from Hunter College in three years 
and won a Phi Beta Kappa key. 
Later, she studied mathematics at 
Cornell University. Before joining 
Singer, Miss Norman worked as a 
computer expert with Foster 
Wheeler Corp. and for the ITT In­
formation Systems division. Before 
coming to Singer, she worked for 
the American Stock, Exchange, de­
signing a terminal system, and she 
was the first woman allowed full­
time on the floor of the exchange, 
overseeing the design and operation 
of the terminal system. In her spare 
time, the petite Miss Norman col­
lects cash registers because "POS is a 
computerized cash register." 

Phil Thomas sets a 

fast pace for himself 

Twelve years ago, he recalls with a 
smile, he was explaining to custom­
ers why Fairchild's logic-product 
line wouldn't make it, and why 
Texas Instruments' logic would. To­
day, Philip R. Thomas, urbane, 38-
year-old transplant from England's 
West Country--and U.S. citizen as 
of 1969- is the new general manager 
of the MOS Products division of 
Fairchild Camera & Instrument 
Corp. , Mountain View, Calif. He 
succeeds Roy H. Pollack, who re-

Distinction. Janet Norman's vice presidency is a job created especially for her. 
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NEW 
FAST 
ANSWER FOR 
ELECTRONIC 
NOISE 
PROBLEMS ... 

_,. 
~/ t / Ceramag® Ferrite Beads on Lead Tape 
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Stackpole Ceramag® ferrite beads pro­
vide a simple, inexpensive means of ob­
taining RF decoupling, shielding and 

. parasitic suppression without sacrificing 
low frequency power or signal level. 

Now beads are available with leads, cut 
and formed or on lead tape. Most equip­
ment that is capable of automatic inser­
tion of lead tape components can be 
modified to accept this special Stackpole 
bead. 

No other filtering method is 
as inexpensive ... and now 
as fast to insert in your cir­
cuit. Starting with a simple 
ferrite bead (a frequency­
sensitive impedance ele­
ment) which slips over the 
appropriate conductor, 
Stackpole has available a 
variety of mater i als and 
shapes providing imped-

ances from 1 MHz to 
over 200 MHz. The 
higher the permea-

bility, the lower 
the frequency at 
which the bead 

becomes 
effective. 

CERAMAG® FERRITE BEAD 
CHARACTERISTICS 

GRADE NUMBER 
Initial 
Permeabilit 
Volume Resistivity 

25 ·c 
*Effective 
Suppression At: 
Curie Temperature 

24 70 5N 11 

2500 850 500 125 

1.0x102 l.4x105 1.0xlQ3 2.0x107 

20 MHz. 50 MHz. 100 MHz 

140 200 385 
•A tutorial guide on how these passive components be· 
have with frequency and geometry is available from the 
Electronic Components Div. 

Impedance varies directly with the bead 
length and log [0.D./l.D.J. Beads are 
available in sleeve form in a range of 
sizes starting at .020" l.D. , .038" O.D., and 
.050" long. The bead on lead tape is .1 38" 
O.D. and .175" long. Where quantities 
warrant, other beads on leads and/ or 
lead tape are a design possibility. Tight 
mechanical tolerances are held in sizes 
and shapes as varied as the pair of giant, 
mating channels shown on the left which 
are used to eliminate the effect of tran­
sient noise in computers. 

Sample quantities of beads are available 
for testing. Consult Stackpole Carbon 
Company, Electronic Components Div., 
St. Marys, Pa. 15857. Phone: 81 4-781-
8521 . TWX : 510-693-4511. 

0o STM:KPOLE 
ELECTRONIC COMPONENTS DIV. 
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New 

I• 

High 

0 
0.1 ~0 

630- -~ s::2: 

pulse dutv 
capacitors 
tor power 
electronics 

0.22 
400"' 
630-

• WIMA MKC10 
Polycarbonate dielectric 
(radial lead). 

• WIMA MKP10 
Polypropylene dielectric 
(radial lead). 
All plastic design with 
self healing properties. 
Very low power factors 
of up to 1 to 3 x 10-3 and 
2 to 3 x 10-4 . 

Pulse rise time rating of 
up to 150 V/µs. 

• WIMA MKB 10 
Polypropylene dielectric. 
Metal case housing 
similar capacitor units 
to the WIMA MKP 10. 
Capacitances up to 15 µF. 
Pulse rise time rating of 
up to 75 V/µs. 

The newly developed capacitors 
are the answer to improving 
the reliability of your 

WILHELM 
WESTERMANN 

Spezialfabrik 
tur Kondensatoren 
D-68 Mannheim 1 
Fed. Rep. of Germany 

equipment. 
Please send for 
the latest 
technical catalogue. 
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Augusta-Anlage 56 
P.O. Box 2345 
Tel.: (621) 408012 

People 

signed to return to RCA Corp. 
Thomas says he came to the U.S. 
from Tl's office in England 10 years 
ago because "the pace of U.S. busi­
ness excited me more." 

He began working for Tl's Bed­
ford, England, office in 1961, and he 
eventually became operations man­
ager of the company's linear and 
custom digital bipolar operations in 
Dallas. In 1972, he went to General 
Instrument Corp., New York City, 
as vice president and general man­
ager of the MOS LSI division. Since 

Transplant. Briton Philip Thomas runs Fair­

child's MOS activities in U. S ... overseas. 

his arrival at Fairchild in mid-April, 
Thomas has 'outlined his answers to 
the challenge of U.S. business, and 
specifically, the excitement of the 
MOS business. 

Most challenging to Thomas will 
be relating isoplanar technology to 
MOS, both p-channel and n-channel. 
He also plans to place more "em­
phasis on standard products versus 
custom." Thomas says, with a bare 
trace of British accent, that custom 
products will not be ignored, but 
"we need to be in both camps." 
Thomas received his B.A. in physics 
and M.A. in electronics from the 
University of London's extension 
program. He wrote his Ph.D. thesis 
and was a step away from getting 
his doctorate when he decided busi­
ness was more important. 

In his new post, Thomas will 
travel to Europe on visits to Fair­
child's plant in Germany, where he 
is setting up a complete MOS oper­
ation, and to Fairchild's recently ac­
quired plant in upstate New York. 
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The NAKED MINI LSI. 



What this country 
needs is a good $1,000 

full·scale computer. 

Introducing the computer for everybody. 
NAKED MINI/LSV" 

It's the computer for people who never 
thought they could afford a computer for 
their product. 

It's also for people who have always been 
able to afford more, but have always gotten less 
computer than this. 

NAKED MINI/LSI is the first OEM 
computer designed for widespread, multi-level 
use. The first computer able to do more jobs 
than any computer could ever do before. 

Jobs that computers were too expensive 
to do. Jobs that were, consequently, always left 
to old-fashioned hardwired circuitry. Which 
meant that products weren't as flexible or 
immune to obsolescence as they could have been. 

Or jobs that were done by more expensive 
computers. Which meant that products cost 
more and were less competitive than they 
should have been. 

To make a computer capable of handling 
this kind of range, we had to give it an unheard 
of combination: extensive 16-bit computing 
power and a small price tag. Specifically, NAKED 

MINI/LSI is the first computer powered to 
satisfy 90% of all potential minicomputer 
applications - and yet be priced as low as $990 
in OEM quantities of 200. 

Imagine it. For a price less than most 
hardwired circuitry, your product can benefit 
from a computer having arithmetic capabilities, 
full byte and 16-bit word processing, and 
extremely flexible input/output. Without going 
into all the jazzy widget features, let's just say 
that the NAKED MINI/LSI gives your product 
all the intelligence it needs to monitor, sequence, 
and control effectively. 

At this point, you may be wondering why 
a computer with all this clout was ever named 
the NAKED MINI/LSI. Actually, the name is 
very appropriate. 

The NAKED MINI means that we 
designed it without all the over-design found on 
other minicomputers. All the extra, redundant 
features that make other minis too unwieldy and 
costly for OEM use have been purposely left 
off. (But everything you need has been 
deliberately built in.) 

The LSI stands for large-scale integration, 
the latest technological advance in electronics. 
It enabled us to build a complete computer that 
fits on a single 1" x 15" x 17" card, weighs only 
4 lbs., and uses 89% fewer components for 
unequalled reliability. 

For full details on the NAKED MINI/LSI 
(or its stand-alone counterpart, ALPHA/LSI™), 
write Computer Automation Inc., 18651 
Von Karman, Irvine, California 92664. Or 
call: (714) 833-8830. TWX 910-595-1767. 

from Computer Automation. 
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-DearGabbY--------------

Readers Win $100 
For Sending Questions 
to Dear Gabby 

Httndreds of engineers have asked 
Gabby's advice on subjects from 
love to LEDs and sex to semicon­
ductors. Ottr judges have finally 
chosen the winners who will each 
receive a crisp $100 bill. 

* * * 
D EAR GABBY: When my wife 
and I were first married , our love 
was incandescent, but recently she 
has been spending more and more 
time away from the house - "Out 
with the gals", she says. I think 
it's out with the Ga As, but she 
says its just a filament of my imag­
ination. What should I do? 

my watts end. Can you shed some 
light on my problem? 

DIM BULB 

20 

CONCERNED 
(Joe Crowther, Hazelcrest, Ill.) 

(Robt Wilbur, San Antonio, Tex) 

D EAR DIM BULB: It's the 
same old story. The grass looks 
greener (or redder in the case of 
LEDs) on the other side of the 
street. Prove that you're much 
more desirable than that LED by 
brightening up your personality 
with Shelly incandescents, which 
come in blue, amber, clear, green 
and red - either with translucent 
or transparent caps, and he'll come 
back into the fold . You can even 

D EAR CONCERNED : You're 
seeing red and are green with 
envy - a common problem with 
LEDs. Bring color and variety 
back to your marriage with SHEL­
LY microminiature incandescents. 
15 standard Tl lamps to choose 
from in 70 different cap styles! 

GABBY 

specify a numeral, letter or sym­
bol on the cap. Ask him if his ' 
LED can match that. GABBY 

* * * 
* * * 

D EAR GABBY : My engineer 
husband is having an affair with a 
LED at work. His argument is 
that LEDs are cheaper to feed 
than incandescent bulbs. I'm at 

Circle 20 on reader service card 

For the whole story on Shelly/ 
Datatron microminature incan­
descents, just check the reader 

card. 
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c1sco, Sept. 11- 14. ' San Fran-
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ton, Washingto~~c~~t.: 8~~~~, Shera-

Optical Society of Am . 
Meeting: OSA H l"d enca Annual 
t ' o i ay Inn Do 
own, Rochester, N.Y., Oct. ~- 12~n-

Interna tional Telemetering 
ence/ USA. Confer­
east W h: ITC, Sheraton North-

, as mgton, D.C., Oct. 9- 11. 

Canadian Computer Show 
ence: CIPS Exh"b· . & Confer-
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Fluke problem solvers 

Introducing the Fluke 81008. 
At $595, you'll wonder 
how we did so much in a 
4Y2 Digit Multimeter. 

The new version of Fluke's most successful DMM, 
Model 81008, gives you the most value for your money 
ever offered in a quality digital voltmeter. 

With a basic de accuracy of 0.02%, the Fluke 81008 
measures ac and de volts in four ranges from 100 
microvolts to 1200 volts and resistance from 100 milli­
ohms to 12 megohms. With an optional ac/dc current 
shunt accessory, it measures from 10 nanoamperes to 
12 amps in six switched ranges. 

Features include an active 2-pole switchable filter and 
automatic polarity indicator. All functions are push­
button selectable. 

For $100 extra, a rechargeable battery pack can be 

added to give the user complete portability with up to 
eight hours continuous operation. Other options in­
clude RF and high voltage probes, switched ac/dc 
current shunts, data output and a ruggedized case. 
Demonstrated MT8F is over 10,000 hours, to make the 
instrument the most reliable available. The 81008 has 
tough environmental specs to ease your workload. 
Fully backed by Fluke's no-nonsense 12-month guar­
antee and service policy, here's an instrument that 
will meet your greatest expectations. 
Call your local Fluke sales engineer for a demo and 
details. In the contiguous U.S., get his location by dial­
ing our toll free number, 800-426-0361. Otherwise, 
address one of the locations listed below. 

For details call your local Fluke sales engineer. In the continental U. S., dial our toll free number, 800-426-0361 for 
his name and address. Abroad and in Canada, call or write the office nearest you listed below. John Fluke Mfg. Co., 
Inc., P. 0. Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX : 910-449-2850. In Europe , address 
Fluke Nederland (B.V.), P. O. Box 5053, Tilburg , Nederland. Phone 13-673973. Telex : 844-52237. In the U. K. address 
Fluke International Corp., Garnett Close, Walford , WD2 4TT. Phone, Walford , 33066. Telex : 934583. In Canada, 

=IF5L5U::K::E::t 
address ACA, Ltd., 6427 Northam Drive, Mississauga, Ontario . Phone 416-678-1500. TWX: 610-492-2119 
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--HP: DIGITAL SOLUTIONS FOR DIGITAL PROBLEMS---------

The ordinary way of looking at digital 
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Introducing the HP 5000A Logic Analyzer. 
At last, a fast, simple, easy - and above all -
accurate way to look at digital signal streams. 
Highs and lows are displayed by "on" and 
"off" states of LED's that make intuitive sense 
when you're working with truth-tables or 
timing diagrams. 

For the first time ever you can look 
backwards as well as forwards in time from 
a trigger event. Plus, fast, easy-to-use wave­
form storage lets you conveniently capture 
single-shot or transient bit streams. Add to this 
straight-forward, almost self-explanatory 
controls and you have an ease of operation and 
display interpretation unmatched by any 
other method of monitoring digital bit streams. 

The HP 5000A can be effectively applied 
anywhere digital signals are used. A capture 
rate of up to 10 Megabits/ sec., adjustable 
threshold, and 1 megohm impedance let you 
use it with any existing logic family. In addi­
tion, its unique digital triggering lets you 
select any AND combination of three inputs as 
the trigger word. This feature gives you wide 

latitude in defining the event or failure state 
to which you wish to key the display. 

Precise digital delay makes algorithm­
checking and accessing of particular data in 
long streams incredibly easy. Simply by 
dialing delay into the front panel thumb­
wheels, you can move the 32- or 64-bit display 
"window" forwards from your selected 
trigger up to 999,999 clock pulses - or back­
wards as many as 64 clock pulses. Because 
timing and display are keyed to your clock 
signal, absolute repeatability is assured. You're 
always certain exactly which pulses you're 
looking at in the data sequence. 

That's a lot of performance for $1900. * 
But the HP 5000A has still more features to 
make your work easier in the lab, on the 
production line, or in the field. The facing page 
tells more of the Logic Analyzer's revolu­
tionary story and what it can do for you. To 
arrange for a demonstration, call your local 
HP field engineer today. Or, write us for 
complete specifications. 
*Domestic USA prices only. 02304 
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bit streams has just become obsolete. 

What led up to a failure? 
What resulted from it? 
The HP 5000A can be 
quickly set up to show 
data both immediately 
preceding and following 
your selected trigger. 

Keep the display as 
long as you need it; store 
it indefinitely at full bril­
liance or just until the 
signal changes. 

The LED display can 
show you simultaneous 
32-bit segments of any 
two signal streams. 
Or, you can set it up 
to look at one 64-bit 
stream. 

Another display mode 
allows you to hold a data 
pattern in one channel 
while continuously 
monitoring an on-going 
data stream in the other. 

If you choose to use 
the HP 5000A for pro-
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duction or quality control 
instead of in the lab , 
yet another feature per­
mits you to compare 
production units against 
a known good circuit 

and have only the "bad" 
data bits show up on 
the display. 
Short pulses due to 
noise or other causes 
are no problem for 

HEWLETT iii PACKARD 

Sales , service and support in 172 centers in 65 countries. 
Palo Alt o. Cal1 !01n1a 94304 Ol!1ces in principal c111es throughoul tne U S 

the 5000A. It not only 
detects these "spikes," 
it indicates where in the 
data stream they occur, 
and even tells you their 
polarity. 

Portable, the 5000A is 
ideal for field service. 
With its negative delay 
and single-shot storage 
capabilities, you can 
perform " on site" analy­
sis of the causes of 
intermittent errors -
even those frustrating 
once-an-hour, or 
once-a-day events. 

You get safeguards 
against wasted effort too. 
LED's light up at each 
input connector to show 
signal activity; two 
other LED 's indicate 
arming and triggering. 
You never spend time 
looking for pulses that 
aren 't there. 
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Versatile. Stable. Economical. 
Tis new- dual voltage controlled oscillator. 
SN54S/74S124 VCO is here-an ex­
cellent match of cost and capability. 

Made possible only through Tl's 
broad Schottky TTL technology 
and experience. 

The S124 is a self-starting, free­
running dual symmetrical, square­
wave generator, very useful as a 
clock generator in digital systems. 

Center frequency is determined 
by an external component-either 
a crystal for a fixed frequency, or 
a capacitor for variable frequency 
operation. There are 2 voltage­
sensitive inputs. One varies output 
frequency from the capacitor-set 
center. The other determines fre­
quency range. 

Set it to operate at any frequency 
between 0.12 Hz and 85 MHz. Use 
a capacitor and your control fre-
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INPUT VOLTAGE 

YR 3.SY 

YR 4.0Y 
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quency range will be ± 1 % to ± 
100% . A single 5-volt suppl y 
operates it. 

Operating at a center frequency 
of 1 Hz, the change in output fre ­
quency from - 55° to 125°C is a 
stable + 0.5% with V, at 5 volts and 
V; at 3 volts. 

S124 is available in a plastic or 
ceramic 16-pin dual-in-line-pack­
age, or ceramic flat pack. 

The 74Sl24N is priced at $2.61 in 
100 piece quantities. 

Order SN54S/74S124 from your 
local authorized TI distributor or 
directly from Tl. For data sheets, 
specify by type number and write: 
Texas Instruments In-~ 
corporated, P. 0. Box !}, 
5012, M/S 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 84089 



Big RAMs will 

clash this summer 

Lockheed drops 

helicopter line 

H-P opens shop 

in Moscow 

Military money 

dominates laser R&D 
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The contenders in the battle of the 4,096-bit MOS random-access 
memories shape up as r-channel designs. One of the big RAMs has a 
single transistor per cell, and the other has three transistors per cell. 

The single-transistor memory is made by Texas Instruments, which 
is now sampling its device; TI will be joined by Mostek in the fall. Mi­
crosystems International Ltd. , presently the only supplier of 4,096-bit 
RAMs, uses the three-transistor design; MIL will be joined by Intel, 
probably this month. 

Since both designs have practically identical specifications-single 
clock, standard power supplies, 300-nanosecond access, TTL-compati­
bility, 400- to 500-milliwatt operating power, and identical pinouts-the 
outcome of the struggle will depend on availability. This, in turn, is 
closely tied to yield and determination of which design is best suited for 
mass production. 

After losing the Army competition for the Advanced Attack Helicopter 
(AAH) [see p. 40] to replace the canceled AH-56 Cheyenne gunship, 
Lockheed-California Co., Burbank, is dropping out of the helicopter 
business, an official has confirmed. Lockheed, which, for five years had 
been prime contractor for Cheyenne, is moving approximately 70 per­
sons left on the AAH project to other assignments. The company's ear­
lier efforts to develop commercial models based on Cheyenne had also 
proved unsuccessful. No other major military programs are in sight. 

Hewlett-Packard is the first U.S. electronics company with a permanent 
accreditation in Moscow. The company is seeking office accom­
modations in the Soviet capital to establish what a company official de­
scribed as a " technical-marketing-support base" for growing sales. 

H-P will concentrate its sales efforts in the field of medical electronics 
and minicomputers, which already account for the largest chunk of its 
current sales volume in the Soviet Union of $3 million a year. Wash­
ington gave H-P approval to sell the Soviet Health Ministry a $300,000 
time-sharing computer system, the first such unit to be cleared for sale 
to the USSR. The company, which considers the issuance of the pre­
viously denied export license a breakthrough, is hopeful that other 
similar opportunities will open up in the electronics field. 

Military money continues to dominate Federal funding for lasers, de­
spite efforts to broaden U.S. support in other areas [Electronics, June 
21 , p. 70]. Three new DOD efforts, typical of its preeminence in the 
field , include : $1.7 million to United Aircraft's Pratt & Whitney divi­
sion in West Palm Beach, Fla. , for a high-energy, gas dynamic laser for 
the Air Force Special Weapons Center's airborne laser laboratory; $2.5 
million to Honeywell's Aerospace division, St. Petersburg, Fla., for a 
three-axis inertial-guidance system, containing helium-neon ring laser 
gyros, to be used by the Naval Weapons Center in the Advanced Tac­
tical Inertial Guidance System (Atigs), plus a $74,000 Naval Air Sys­
tems Command award to Rockwell lnternational's Autonetics division, 
Anaheim, Calif., to build a gas-laser accelerometer for use in another 
advanced inertial-guidance package. "We can't begin to match DOD 
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Singer and Hitachi 

hatch mutual deal 

Industrial robot 

may star in the 

automotive scene 

Commuter system 

checks military 

communications net 

Addenda 

Electronics newsletter 
~~~~~~~~-

money," moans one Health, Education, and Welfare department laser 
specialist. 

A 50-50 arrangement between the Singer Co., New York City, and Hi­
tachi Ltd. , of Japan has been formed to produce calculators, point-of­
sale equipment, and accounting machines for both Japanese and ex­
port markets. Besides developing POS systems through the joint venture 
each partner will manufacture products already made by the other. 

A prototype of a small-parts manipulator, the first to be designed with 
a programable controller for memory and control, is being used experi­
mentally to load three punch presses. The "robot" was designed by the 
Industrial Machinery group of USM Corp., whose DynaPert division, 
Beverly, Mass., manufactures component-insertion equipment for the 
electronics industries. 

Little more than a pivoting arm with an attached hand for grasping 
parts, the robot has five-plus axes of motion, and it can lift a maximum 
of 5 pounds. It uses a PDP-16 controller from Digital Equipment Corp. 
with a read/write memory that can store as many as 50 program points. 
USM is considering selling the manipulator for jobs in the automotive 
and electronics industries. Eventually, the robot could be used in con­
junction with USM's own insertion gear. Target price for the still-devel­
opmental robot is under $20,000. 

The first ATEC (automatic technical control facility) in the U. S. De­
fense Communications System (DCS) has begun operation at Croughton 
Air Station in England. ATEC, being produced by Honeywell Informa­
tion Systems under a contract from the Rome Air Development Cen­
ter, Rome, N. Y. , will eventually take over most of the routine monitor­
ing, test , and control chores now being performed manually 
throughout the network, which has long been plagued by transmission­
q uality problems. The ATEC system will eventually consist of approxi­
mately 17 regional centers, each with a control console and a central 
processor to coordinate data from outlying ocs sites. At these sites, 
many computer-controlled test sets and telemetry units will contin­
uously monitor links in the DCS long-haul communications network to 
indicate which need attention. 

IBM, which has been rumored to be entering the point-of-sale market 
for months, may be ready to make the move, observes Ken Ford, senior 
researcher at Creative Strategies Inc. , Palo Alto, Calif. To avoid any 
antitrust difficulties, the company, Ford says, will enter the food or su­
permarket end of POS, rather than the retail sector, with a software­
based mainframe system. IBM, which has a POS research-and-develop­
ment center in Raleigh, N.C., refuses comment on the matter . .. Data 
General will have two new Nova computers, the 2/ 4 and 2/ 10, avail­
able in three months to OEMs and systems houses interested in purchas­
ing at least five machines. The company also has a new core-memory 
module that stores 16,384 16-bit words on a single printed circuit board 
and uses a double herring-bone pattern to conserve space. Prices for 
the computers range from $3,850 to $10,150. 
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E PUT 14 YEARS OF 
ISTOR EXPERIENCE 
INTO EVERY 

UNITRODE SCR. 

And that means a better industrial product. Our 
performance record proves it. In industrial/ commercial 
applications, the use of Unitrode SCAs doubled last year 
and has doubled again this year. For the military, Unitrode 
supplies more lead-mounted SCAs than everyone else 
combined. Unitrode is the only SCA supplier with Military 
Qualification Approval on all T0-5 and T0-18 mil. specs. 
Why this kind of acceptance? Our experience. It means 
a lot to people who've had experience with less. 

Our broad line of SCAs including plastic and hermetically 
sealed metal types offers a wide range of choices for 
literally hundreds of applications. The Unitrode SCA 
product line ranges from our very popular, rugged 

0.8 amp T0-92 plastic package and T0-18 hermetically 
sealed series to our 1.6 amp T0-5 and T0-39 series 
and 5 amp T0-59 stud series. Some series are available 
to 600 volts. 

It's what you would expect from a company that makes 
thyristors a major part of its effort- not just a sideline. 

For fast action, call Sales Engineering collect at 
(617) 926-0404 Unitrode Corporation, 580 Pleasant St., 
Watertown, Mass. 02172. For the name of your 
local Unitrode representative, dial (800) 654-9200 
toll free or in New York State (516) 294-0990 
collect. Check listing below for your nearest 
Unitrode distributor. 

[1!!J UN ITRO 0 E quality takes the worry out of paying less. 
Unitrode Franchised Distributors: ARIZ., Kierulff, Phoenix (602) 2H-7331; CAL., Kierulff, Los Angeles (213) 68S.5511, Palo Alto (415) 968-6292, San Diego (714) 278-2112; CANADA, 
Schweber, Toronto (416) 92S.2471; COLO., Kierulff, Denver (303) 343-7090; FLA., Schweber, Hollywood (305) 927-0511; GA., Schweber, Atlanta (404) 449-9170; ILL., Schweber, Elk 
Grove (312) 593-2740; MD., Schweber, Rockville (301) 881-2970, Technico, Baltimore (301) 828-6416; MASS., Schweber, Waltham (617) 890-8484; MICH., Schweber, Troy (313) 583-9242; 
N.J ., Schweber, Somerset (201) 469-6008; N.M., Kierulff, Albuquerque (505) 272-1055; N.Y., Schweber, Rochester (716) 328-4180, Westbury (516) 334-7474; N.C., Schweber, Raleigh 
(919) 832-8881; OHIO, Schweber, Beachwood (216) 464-2790; TEX., Kierulff, Garland (214) 271-2471, Hamilton-Avnet, Dallas (214) 638-2850, Houston (713) 52&-4661, Lener!, Houston 
(713) 22S.1465; UTAH, Alta Electronics, Salt Lake City (801) 48&-7227; WASH., Kierulff, Seattle (206) 763-1550. 

See EEM Section 4800 and EBG Semiconductors Section for more complete product listing. 
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When a customer doubled 
and then redoubled 

his MCM needs, GE met 
both deadlines. 
KING RADIO MCM DELIVERY 

SCHEDULE 

GE had been 
supplying King Radio with 

microwave circuit modules (MCM's) 
for air traffic control transponders. 

Business suddenly boomed for King. Needing more 
MCM's, they doubled the number called for in the 

original contract - and gave us two weeks to deliver. 
GE went to work for them. Clarence Reynolds, head 

of our MCM operations in Owensboro, Kentucky, expe­
dited the job and sped up production schedules. People 

went on extra hours. We rushed delivery. And got the com-
ponents to King on deadline. 

Business kept growing for King. Before long they called us back 
and again doubled their order. And still gave us two weeks to 
deliver. 
GE put its resources back to work. And once again King got their 

components before deadline. 
Customers like King Radio need the components availability, 

pricing, and delivery they get with GE. That's why we're in business. 

GE won't leave you alone. 690
-
16 

OUR NO. 1 GOAL' .~ 
TO MAKE ; 

GENERAL ELECTRIC ~ 
YOUR BEST BUY ~ 

GENERAL fj ELECTRIC 
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Electronics review __ 
Significant developments in technology and business 

NASA's dilemma: 
What else in 70s 
besides shuttle? 
Vast space science program 

hinges on fiscal 1975, 

as agency fights for needed 

$3.4 billion a year 

NASA's Office of Space Science 
plans a strong new program for the 
rest of the decade, beginning with 
the projected Pioneer-Venus mis­
sion to start in fiscal 197 5 [see "The 
race to Venus," below]. The big "if' 
is whether the Office of Manage­
ment and Budget and Congress will 
approve such plans. 

The dilemma confronting the Of­
fice of Space Science is that the 
space shuttle proportionally is eat­
ing up more of the agency's dollars 
while the budget goes down. NASA 
will get a little over $3 billion in fis­
cal 197 4, down from $3 .2 billion in 
fiscal 1973. This amount is sig­
nificantly less than the $3.4 billion 
(in 1971 dollars) that NASA Admin­
istrator James C. Fletcher tells the 
budget office and Congress that the 
agency needs to carry out healthy 
programs in space science and ap­
plications, as well as the shuttle. If 
the trend continues, big cuts will 
have to be made. 

For the science office, the Pioneer 
probe may be the only bright spot in 
the fiscal 1975 budget. The oss had 
informally requested about $489 
million, down from $584 million in 
fisca l 1974. This funding was 
needed to complete the 1975 Vik­
ing-Mars missions, oss chief John 
E. Naugle says. Barring further 

Big view. Planned for final 1976, NASA's 
$350 million large space telescope will be 
serviced by the space shuttle in the 1980s. 
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whacks during year-end budget go­
arounds, his toughest battle could 
be to get funding levels up to a 
problematical but "respectable" 
level of $650 million a year in sub­
sequent fiscal years. Naugle says the 
proposed programs are options, de­
pending on how much money he · 
has to work with, but they indicate 
his thinking. 

Programs. For fiscal 197 6, oss 
would start the following programs: 
• A $350 million lunar polar orbiter 
• A spin-stabilized gamma- and X­
ray detector using some Pioneer 
technology 
• The solar maximum mission, a 
departure from the orbiting solar 
observatories, using a $30 million 
three-axis stabilized spacecraft and 
• The $220 million inner-planets 
mission, a 1980 probe of Jupiter and 
Uranus. 

For the big fiscal 1977 new start, 
oss envisions beginning a $300 mil­
lion Viking '79 program, a mission 
updating the results of the 1975 
Mars probe and using existing Vik-

The race to Venus 

ing hardware with new scientific in­
strumentation. Other new starts for 
the decade include a $2.3 million 
Venus-Mercury extended mission , a 
Pioneer H prototype, a $5 million 
large-aperture infrared telescope, 
and a Pioneer-Saturn probe. During 
this period, Explorer satellite pro­
grams would run about $30 million 
a year, and the previously sus­
pended High-Energy Astronomical 
Observatory program [Electronics 
Jan. 18, p. 119) will receive about 
$135 million. 
· NASA officials say that the agency 
has to get the 1975 budget "to see 
what makes sense" so that it can 
plan for later years. For fiscal 1975, 
Naugle says, he would like to "start 
the Pioneer-Venus program, if pos­
sible, and have the resources to keep 
open the other options." Obviously, 
if budgets remain low, "I'm not go­
ing to propose three major new 
starts in 1976," he told the agency's 
space program advisory council on 
June 14. 

"With a constant, level budget of 

The two competitors for the $1 00 million portion of the projected Pioneer­
Venus missions are Hughes Aircraft Co .. El Segundo , Calif ., teamed with 
General Electric 's Space division , Philadelphia, Pa ., and TRW Systems, Re­
dondo Beach, Calif ., teamed with Martin-Marietta Corp ., Denver, Colo. 
Since the mission hasn't been officially approved , the winner will sign an 
advanced-design contract in February and be awarded the hardware por­
tion in November 197 4, when NASA gets the money from Congress. 

Scheduled as a fiscal 1975 new start , the $157 million Pioneer-Venus 
program wo uld laun ch , in May and August 1978, an orbiter and another 
craft containing three small probes equipped with such electronics as mass 
spectrometers and field-particle analyzers to explore the planet's atmo­
sphere. NASA wi ll try to complete the program below estimates by design­
ing the orbiter around the probe pieces for commonality. The teams, which 
have each been under a $700,000 preliminary design effort , are the only 
two eligible to compete for the hardware contract, NASA says . They will an­
swer requests for proposals by Aug. 1 5. 
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$3.4 billion [over the next several 
years] we can recoup," says NASA' 
associate administrator Homer E. 
Newell. "If it stays down to $3 bil­
lion, we'll have to regroup." D 

Space electronics 

NASA's Mariner 
has digital controls 

The Mariner spacecraft scheduled 
to fly by Venus and Mercury this 
winter is an indication of either the 
maturity or the poverty of the space 
program. The Mariner Venus/ 
Mercury (MY ! M) will contain only 
one major new subsystem, aside 
from experiments developed to in­
vestigate for the first time the planet 
nearest the sun. 

The new subsystem will digitally 
control positioning of the experi­
ments platform, high-gain dish an­
tenna, and solar panels. Digital con­
trols proved to be about $1 million 
cheaper than analog controls. Most 
other flight subsystems are copies or 
versions of equipment used on 
previous Mariner and lunar orbiter 
spacecraft, say Tord Dannevig and 
Ivan Hudgins, the engineers respon­
sible for control and communi­
cations subsystems at Boeing Aero­
space Company, Seattle, Wash. 

Boeing built the MY / M for the Jet 
Propulsion Laboratory, Pasadena, 
Calif. , which manages the Mariner 
program for NASA. Boeing recently 
completed construction of the MY /M 
and sent it to J PL for tests. JPL is 
scheduled to ship it to NASA's God­
dard Space Flight Center, Green­
belt, Md., where it is to be equipped 
for the November launch. 

Dannevig and Hudgins view the 
use of off-the-shelf subsystems as 
evidence that spacecraft design is 
settling down to the use of mature, 
proven equipment. Yet the MY / M 
has been nicknamed the "poor 
man's spacecraft" at Boeing because 
of its low cost. Boeing will receive 
only $42.5 to $48 million for the 
flight model sent to JPL, plus a test 
model being refurbished to serve as 
a flight backup. In contrast, the 
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company was paid $240 million for 
six lunar orbiters-$40 million 
each-in NASA's heyday. 

The first television pictures of 
Venus and Mercury will be made 
with two cameras mounted on the 
experiments platform. The antenna 
will point toward earth as the probe 
journeys around the sun to catch up 
with Mercury, and the panels will 
be rotated to lower the angle of inci­
dence at which the intense sunlight 
hits the solar cells. 

Rather than retain the individual 
analog control channels of the ear­
lier spacecraft, JPL and Boeing de­
cided to use digitally multiplexed 
controls. Digital signals from the 
ground or from the five-year old 
Mariner control computer on the 
spacecraft drive tiny stepping mo­
tors. The motors, which take only 13 
watts of power, drive 9,000: 1 gear 
boxes and provide a pointing reso­
lution of 0.04°. 

One other major design change is 
the way the spacecraft is thermally 
biased. The sun 's heat won't warm 
up the craft until it approaches 
Venus. During the first part of the 
flight, resistance heaters will keep 
the equipment warm in thermal 
blankets. The heaters will be turned 
down during the flight, freeing 
power for the experiments. Then, as 
the sun 's heat rises, louvers con­
trolled by bimetal springs, will open 
up to cool the spacecraft. D 

Consumer electronics 

Computer terminal 
makes consumer bid 

A computer terminal-with a price 
tag of less than $500-is aimed at 
the consumer market. The unit, to 
be on the market by year-end, is 
also expected to attract buyers in 
business and the professions. The 
terminal, developed by Cassette Sci­
ences Corp., Los Angeles, uses a 
conventional television set for its 
display and acoustical coupling to a 

Teacher. Cassette Sciences ' learning center 
wil l use TV and phone links. 

conventional telephone to help keep 
the price low. A companion unit for 
a similar price will show motion-pic­
ture films through a TV set, and the 
two can operate together. 

The computer terminal, which 
has a conventional 50-key keyboard, 
displays a maximum of 16 64-char­
acter lines on the TV screen. The 
company hopes in the future to 
have numerous en tertainment, 
educational, and business programs 
available through toll-free lines to 
interact with computers in major 
areas. The estimated cost of films is 
$1 per hour. Programs to be avail­
able include golf lessons, budget 
planning, information retrieval, and 
shopping, plus conventional Basic 
computer manipulation. The hard­
ware in the system was developed 
by Special Purpose Technology 
Corp., Van Nuys, Calif. 

The film player and computer ter­
minal can be used independently of 
each other; both connect to the TV­

set antenna terminals in the manner 
of an older uhf converter. The film 
player takes super 8-millimeter car­
tridges and reels up to 1,200 feet 
long. A 16-mm version will be ready 
next year. The system uses a flying­
spot scanner operated at relatively 
low light level, contributing to long 
film life and permitting easy view­
ing of stills. Eastman Kodak Co. last 
year introduced a similar machine, 
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but it is priced at $1,195 and is 
aimed at the commercial/ educa­
tional market. 

Cassette Sciences, a subsidiary of 
Allied Management Corp., picked 
film rather than videotape partly 
because of large existing libraries. 
The company has access to the 
Transamerica film library, including 
2,400 feature and special-purpose 
films, which Allied expects to rent to 
subscribers for $2 to $10 each. D 

Components 

A uhf varactor tuner 
relies on light pots 

The multiple pre-set carbon poten­
tiometers that vary the voltage ap­
plied to varactor diodes tend to 
drive up the price of a conventional 
varactor TV tuner. To replace them, 
Standard Components of Chicago 
has developed a light-controlled 
voltage divider that tunes its pro­
totype 82-channel varactor tuner to 
frequency. 

The "Photomatic 82" [Electronics, 
June 7, p. 36] has a single pair of 
concentric knobs for channel select 
and fine tuning of channels 2 to 83, 
plus a memory system to maintain 
the correct dial setting in sub­
sequent returns to a channel posi­
tion. The tuner, which is priced un­
der $15, has a reset accuracy within 
150 kilohertz; according to the com­
pany, this is well within the capabil­
ity range of the automatic fine tun­
ing circuitry. 

Because of its two light poten­
tiometer systems, each consisting of 
a matched pair of cadmium sulfide 
photocells and 82 polarizing filter 
disks, the tuner effectively incorpo­
rates 164 potentiometers. A stan­
dard pilot lamp is the light source 
for the filters and photocell pairs as 
well as for back-lighting the channel 
number display. 

" Rotating the selector knob 
brings both a new channel number 
and a new pair of filters into posi­
tions ," says William L. Fulton, the 
unit's inventor and chief advanced 
design engineer at Standard Com-
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Light dialer. Standard Component 's Photomatic 82 varactor-tuning system uses two light­
potentiometer systems, each consisting of a pair of photocells and 82 filter disks. 

ponents. The channel numbers and 
filter pairs are mounted on a contin­
uous filmstrip- "the film is loaded 
on feed and takeup reels, and the 
channel select knob advances the 
film frame by frame, channel by 
channel," says Fulton. "Channel se­
lect is tuned at the factory ; a push­
to-tune concentric fine-tuning knob 
rotates the second polarizing filter 
disk for user fine tuning." 

Not critical. The rotation of the 
disk causes a difference in light in­
tensity between the cells in each 
pair, and therefore a difference in 
voltage output of the cells. This volt­
age difference is used to tune the 
channel to frequency. "Because the 
polarizing filter requires rotation to 
cross-polarize, mechanical toler­
ances aren't critical," Fulton ex­
plains, "and because cells and filters 
are arranged so that voltage changes 
are a result of the ratio of light to 
the cells, intensity of the lamp is not 
critical either." 

Although the tuner is designed 
for remote control, skip-channel 
programing for remote control is 
difficult on 70- and 82-detent tuners. 
And so Standard Components pro­
posed a 36-detent version that, FCC 
permitting, it plans to offer. The vhf 
channels would be detented individ­
ually, and continued rotation of the 
knob would exhibit the numbers for 
three uhf channels at each detent-

"any one of which can be selected 
and memory fine-tuned with the 
fine-tuning knob," Fulton says. D 

Communications 

The better way is 
two-way for CATV 

The promise of rapid profits from 
selling premium television to CATV 
subscribers has pushed two-way 
cable out of the laboratory and at 
least part way into the sales room. 
Cable equipment manufacturers 
and systems operators gathered at 
the recent convention of the Na­
tional Cable Television Association, 
Anaheim, Calif., were preoccupied 
with pay TV both on the show floor 

Pay-TV expansion. Oak's converter will al­

low one-way, then two-way , pay CATV. 
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-
and in the technical sessions. 

In essence, the message was: get 
into pay TV now with present one­
way systems and plow the profits 
back into providing the better ser­
vice of bidirectional or interactive 
hookups. On every count-security 
of scrambled transmission, custom­
ers' ease of ordering, accuracy of 
billing, ability to expand to other 
services-two-way is superior, cable 
manufacturers said, but it is also 
more expensive than one-way, cost­
ing perhaps as much as $250 per 
subscriber to install. 

Thus, the effort in most hardware 
design in the pay TV line has been to 
make one-way use as practical as 
possible until bidirectional becomes 
economically viable. For example, 
the CATV division of Oak Industries 
Inc. , Crystal Lake, Ill. , has devel­
oped a system called ESP (for expan­
dable scrambled programing) that 
walks a cable operator through the 
steps from installing a TV receiver 
converter to adding a one-way pre­
mium-program scrambler to the 
consummation of two-way pay TV. 
In the last two steps the operator 
has his original varactor converters 
retrofitted at the Oak plant, adding 
about $60 to $70 to the original in­
vestment for the one-way scrambler 
and another $50 for two-way ser­
vice. This saves buying a completely 
new terminal with each changeover. 
For the one-way operation, sub­
scribers would have to phone in or-

32 

Now see this! 

Some 16,800 discrete red light­
emitting diodes spell it all out on 
this message display delivered to 
the U.S. Army Electronics Com­
mand. Five units , built by Gen­
eral Instrument Corp .'s Elec­
tronic Systems division , 
Hicksville , N.Y. , will be installed 
in communication control cen­
ters where teletype messages 
will be electronicall y processed 
and displayed . The display 
screen measures 3 feet wide and 
2 feet high and consists of 480 
characters , each made up of a 5-
by- 7 diode matri x. There ' s 
enough light from the diodes for 
messages to be legible from up 
to 30 feet away. 

ders; in the two-way mode, the op­
erator's computer will take orders. 

At the same convention, Gold­
mark Communications Corp., Stam­
ford, Conn., revealed the avail­
ability of devices for polling cable 
subscribers over standard 50-220-
megahertz one-way cable plants. 
Meanwhile, hardware manufac­
turers Jerrold Electronics Corp., 
Horsham, Pa., which is the domi­
nant hardware supplier in the CATV 
industry, EIE division of RCA, North 
Hollywood, Calif., and Theta-Com 
of California , Los Angeles, dis­
played two-way systems that are 
now undergoing tests. 

Significantly, Tocom Inc. of Dal­
las, Texas, announced that it claims 
to have the first production contract 
for installation of a two-way cable 
system by Rossmore Leisure World 
in Mesa, Ariz. The contract, worth 
about $3 - 5 million, calls for turnkey 
installation of 6,000 to 7,000 termi­
nals initially, 11,000 by the time the 
project is completed. D 

Production 

Video camera with 
chip set gets smart 

A smart video camera- one that in­
spects parts on a production line, 
controls parts sorting, prepares pro-

duction records, and prints in­
ventory lists-is nearing completion 
at Reticon Corp., Mountain View, 
Calif. It will be ready to go to work 
as soon as the programs for the 
camera's microcomputer control are 
debugged-probably within a 
month. 

Reticon's president, John J. Rado, 
started planning the system last 
winter, when his company began 
producing the first solid-state indus­
trial cameras [Electronics, Feb. 1, p. 
121]. The next step was to develop a 
digital control that converted a cam­
era into an inspection station. The 
addition of a microcomputer up­
grades the camera to a general-pur­
pose system. Operating routines will 
be varied with data entered into 
random-access-memory chips. 

Fractions of a mil. The camera's 
sensor is a linear array of photo­
diodes. Inspection accuracy depends 
on the number of diodes in the ar­
ray. With a 512-diode array, Rado 
says, the dimensions of a part can be 
checked to accuracies within a frac­
tion of a mil. 

The general-purpose controller 
allows the camera to make go-no-go 
inspections, feed raw inspection 
data to a remote computer for pro­
cessing, and actuate sorting mecha­
nisms. "Signatures" of the parts to 
be inspected are set into the control-
1 er by means of thumbwheel 
switches. 

Suppose, Rado explains, the cam­
era is used to check the size of ring 
washers. The threshold of the diodes 
is set so that the sensor sees the 
washer as white and the conveyor as 
black. The next determination is 
how many high and low pulses the 
array will produce when it scans the 
diameter of a good washer. For ex­
ample, the signature might be 50 
high pulses produced by one side of 
the ring, 50 low pulses produced by 
the center hole, and 50 high pulses 
by the other side. 

Other applications. Similar setups 
can be used to check sparkplug 
gaps, holes in punched parts, wire 
gauges, printing-press alignment 
marks, and knots in plywood, Rado 
points out. But to prepare produc­
tion records and convert the pulse 
outputs to absolute measures, in 
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production and process control ap­
plications, it would be necessary to 
connect the controller to a com­
puter. 

The microcomputer- an Intel 
MCS-4 chip set-will take over such 
chores, feeding processed data to a 
teletypewriter, a central computer, 
or both. A central computer would 
be needed to coordinate prepro­
cessed data from several camera 
systems. The smart version will also 
be able to read and record inventory 
code marks on boxes, Rado says. O 

Military electronics 

On-board navigation 
sought for satell ites 

In its search for a self-contained 
navigation system that will make 
earth-orbiting satellites independent 
of ground stations, the Air Force is 
funding three industry design efforts 
for possible development of flight 
hardware. Contracts have been 
awarded by the Space and Missile 
Systems Organization to Honeywell 
Inc., IBM Corp., and TRW Inc. 

Called ANT, for autonomous navi­
gation technology , the program 
aims at enabling a satellite to deter­
mine its position- and correct it if 
needed- before completing one full 
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orbit of the earth. This is especially 
useful for short-lived military satel­
lites. The contracts, which run 
through mid-May of next year, in­
clude $820,000 to Honeywell's 
Aerospace division, St. Petersburg, 
Fla.; $901,289 to IBM's Federal Sys­
tems division, Owego, N.Y.; and 
$761,039 to TRW Systems, Redondo 
Beach, Calif. 

Sensors. Honeywell is actively 
discussing its ANT efforts, which are 
directed by David C. Paulson. The 
company plans to develop a labora­
tory prototype of what it calls a 
down sensor assembly. Two DSA 
strapdown systems, containing semi­
conductor arrays in a focal plane, 
work in conjunction with an on­
board computer, in which there is a 
gravitational model of the earth, 
and another strapdown device. De­
veloped under an earlier Samso 
contract (see diagram), this device, 
the Space Precision Altitude Refer­
ence System, or Spars, is designed 
to stabilize the DSA measurement 
rate. (The Spars hardware has been 
tested and already flown on one Air 
Force program.) 

The two DSAs, strapped to the sat­
ellite body, look vertically at the 
earth and receive radiated energy 
on their photodetectors. The time 
between the two DSA sightings of 
the same image is the basic mea­
surement used to update the satel­
lite's position and velocity, says 
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Honeywell's ANT. Satellite navigation set uses star sen sors and " down " sensors. 
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Paulson. The two semiconductor 
matrix arrays convert signals 
sensing earth landmarks into digital 
form and then store them in the sat­
ellite computer, which performs a 
statistical algorithm to determine 
the shift of the satellite's position. 
Advantages of its strapdown hard­
ware over gimbaled systems include 
both economy and performance, in 
Honeywell's view. 

Whatever system the Air Force 
pushes to development later, the 
service has long sought a system like 
ANT, which promises to shorten re­
sponse times in satellite navigation 
and at the same time permit econ­
omies of scale by reducing costs of 
building, manning and maintaining 
ground tracking stations. O 

Displays 

Liquid crystals 
may aid CRT viewing 

Finding an electronic display tech­
nique that doesn't wash out in high 
ambient light-for instance, in air­
craft cockpits and air traffic control 
towers-has been a long-standing 
problem. The most common answer 
is the high-brightness storage cath­
ode-ray tube. Now there is a new 
method on the horizon: a CRT with 
a faceplate containing liquid crystal 
squares, instead of a phosphor. 

The advantage of the liquid crys­
tal is that the contrast between data 
and background does not decrease 
with increasing ambient light, so 
that the display can always be read, 
no matter how bright the sunlight. 
The phosphor CRT, on the other 
hand, is difficult to read in brilliant 
sunlight. 

Britain's Services Electronics Re­
search Laboratory (SERL), therefore, 
has a research project aimed at 
making a storage CRT with a liquid­
crystal faceplate. A small faceplate 
has already been built as a matrix of 
liquid-crystal squares 40 mils across, 
which has been operated success­
fully in a vacuum chamber standing 
in for a proper CRT. 

As in a conventional storage tube, 
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there are two guns-a write gun that 
switches on selected squares and a 
flood gun whose energy produces 
dynamic scattering and maintains 
that state in the liquid crystal. How­
ever, several years' work must be 
done before anything likely to be 
operationally acceptable can be 
built. 

Obstacles. Colin Gooch, ongma­
tor of the SERL work, explains that 
there are two main problems. The 
first, over which other researchers 
have stumbled, is to find a practical 
method of applying the beam 
energies to the liquid crystal and to 
combine that method with the use 
of alternating current to drive the 
liquid crystal. With direct-current 
driving, liquid-crystal life is unac­
ceptably short. The experiments so 
far indicate that Gooch has solved 
this problem. 

The second problem is to find a 
way of making the unit area of liq­
uid crystal excited by the beam 
small enough to give the display ac­
ceptably high resolution. While 
Gooch can see how this resolution 
problem probably could be solved, 
he doesn' t know whether it can be 
done at acceptable cost. 

Gooch has built a second face­
plate that goes some way toward 
providing adequate resolution. The 
thin liquid-crystal layer is sand­
wiched and sealed between the glass 
front plate of the tube and the tar­
get. The target is also a sheet of 
glass, with several thousand stain­
less steel wires running through it 
from front to back. The wires have 
2-mil diameters , 10-mil pitch, and 
are theoretically on a true matrix. 
Each end is capped with metal so 
that the effective area on the end of 
each wire is more than 2 mils in 
diameter. In fact, the wire-packed 
gl ass is a proprietary material 
bought from American Optical 
Corp. , Southbridge, Mass., and the 
caps are added by ev aporating 
metal over both faces and photo­
etching it. 

Transfer medium. The wire trans­
fe rs energy from a rear cap to a 
front cap and so to a small area of 
liquid crystal on the front face. The 
charging process is started in se­
lected caps by a pulse from the write 
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gun, which changes the cap poten­
tial relative to the potential of the 
flood gun and a collector mounted 
behind the target. To erase the dis­
play, the collector potential is low­
ered. 

The process works like this: ini­
tially the flood gun and target are at 
ground potential and the collector 
at about 150 volts. The write-gun 
pulse starts secondary electron emis­
sion from the cap, thus raising its 
potential. The pulse is sufficient to 
cause emission above a critical min­
imum level, from which the flood 

gun takes over and increases emis­
sion until cap potential stabilizes at 
collector potential. This voltage 
drives the liquid crystal. Reducing 
collector potential suppresses emis­
sion, and the cap returns to zero po­
tential. 

An ac drive to the liquid crystal is 
obtained by modulating the collec­
tor potential ±25 v at about 50 
hertz, which similarly modulates the 
target potential. The de level at the 
target is isolated from the liquid 
crystal by interposition of a thin di­
electric layer (for instance, silicon 

Segment of Industry May '73 April '73* May '72 -Consumer electronics 145.2 145.1 113.6 -Defense electronics 114.9 115.4 105.2 -Industrial -commercia l electronics 143.7 142.3 124.6 

CJ Total industry 128.9 128.6 112.5 

The index inched up 0-2% in May, but it remained a heal thy 14.6% 
higher than last year _ Consumer electronics was 27.8% above last 
May's level, while industrial-commercia l electronics posted a 15.3% 
year-to-year increase. May's only loser was defense electronics, whic h 
fell 0-4% from April 's level , but was sti ll 9.2% higher than in May 1972_ 

Indexes chart pace of production volume for total industry 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 expressed as a percentage of the base period. Data is seasonally adjusted . 
• Revised. 
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oxide) over the complete target sur­
face in contact with the liquid crys­
tal, which thus gets a true ac signal. 

Gooch believes system resolution 
has to be improved. A 10-mil wire 
pitch gives 500-line resolution on a 
screen 5 inches high. This might be 
acceptable, except that the present 
minimum beam-spot diameter of 20 
mils means that the write pulse acti­
vates too many wires. Ideally, says 
Gooch, the beam needs to have half 
that diameter, and the wire needs a 
pitch of less than 4 mils. O 

Microwaves 

Millimeter waves 

tamed by Bell's ICs 

The use of millimeter waves, slow to 
be adapted for communications sys­
tems, may become more widespread 
with the development of rnillimeter­
wave integrated circuits (MMICs). 
Bell Laboratories, Murray Hill, N.J., 
among others, has developed MMICs 
that are similar to hybrid microwave 
ICs, but they operate at frequencies 
as high as 240 gigahertz. 

The circuits appear particularly 
a pp lica ble to wideband tel e­
comm unications using circular 
waveguides, but they should also be 
useful in high-resolution radar, ra­
diometry, and radio astronomy. Au­
tomobile anticollision radar is also a 
possibility. 

The present equipment in the 
millimeter-wave spectrum (lO mil­
limeters to l mm or 30 to 300 gi­
gahertz), uses waveguide tech­
nology. Most equipment must be 
considered experimental, and it re­
mains in limited use at least in part 
because of the high cost of the preci­
sion subminiature waveguide struc­
tures necessary to operate in this 
range. For wider use, less expensive 
techniques appear necessary, and 
the Bell Labs MMICs appear to offer 
opportunities. A major telephone 
use would be line repeaters, and 
vast numbers would be required for 
this application. 

The MMICs, built by microstrip 
techniques on silica substrates, in-
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elude various receiver and trans­
mitter components : among the 
more exotic are a lOO-GHz Impatt 
oscillator with 30 milliwatts cw out­
put, a 240-GHz detector, a 120-to-
240-GHz doubler, and a 140-to-l.4 
GHz converter that uses a gallium­
arsenide Schottky barrier diode. In 
general, photo techniques, highly 
developed for the monolithic IC in­
dustry, are needed for constructing 
the thin-film circuits, but some of 
them have been cut with a scalpel 
under a microscope. 

In the range of circuits that have 
more immediate use in the 30-GHz 
band, Bell Labs has developed an 
Impatt oscillator with 240-mw out­
put and 5% efficiency, a lO-to-30-
GHz frequency multiplier with 50-
mw output and 29% efficiency, a 30-
GHz-to-l.6-GHz down-converter 
with a total 5.5-dB single-sideband 
noise figure (see photo) and a 30-
GHz ferrite circulator with 15% 
bandwidth for 20-dB isolation and 
only 0.55-dB loss, including transi­
tions. 

Unfortunately, design techniques 
at millimeter-wave frequencies are 
not as well developed as they are for 
microwave ICs because of the tiny 
size and losses in materials, as well 
as unfamiliarity. Bell Labs reports 
good results by designing lower-fre­
quency circuits, then scaling their 
output to a higher frequency. This 
technique, though well known, has 
not been used widely because of the 
difficulty of scaling device parame­
ters and finding suitable substrate 
materials for the large low-fre-

For millimeter waves. Down-converter 
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News briefs 
House cuts off Aerosat 
Following the lead of the Appropriations Committee, the House of Repre­
sentatives passed the FAA budget without $2. 7 million for the Aeronautical 
Services Satellite (Aerosat). The committee directed the agency to obtain 
the support of the airlines after it heard airline representatives ' criticism this 
spring of the FAA's joint effort with Europe and Canada. The program also 
received similar treatment before the Senate Commerce Committee [Elec­
tronics, March 29 , p. 41] . 

Telex-IBM battle almost over 
A decision is expected shortly on the year-and-a-half-long antitrust battle 
between IBM and Telex. Jack Biddle, executive director of the Computer In­
dustries Association, feels that Telex has proved its case. Says Biddle, 
" Whether the judge can write an opinion that will correct IBM 's predatory 
practices is hard to say. The counterclaim against Telex- that Telex hired 
away IBM people to learn details of IBM's designs-should technically be 
ruled in IBM's favor, but the judge should dismiss the case because no 
harm has come to IBM on this account. " 

Univac computer pacts total $43 million 
Sperry Rand's Univac division has won four Government awards for com­
puter hardware with a combined value of $42.8 million and a potential for 
much more in follow-on business . The two largest awards are $30 million 
for 15 large-scale 11 08 computers to be used in the Army 's Military Person­
nel Center near Washington , and $11 .9 million from the Air Force to pro­
duce weapons-system controllers for the Minuteman ICBM launch facility. 

Smaller awards are $673,454 from the Naval Electronic Systems Com­
mand for models of a standard combat-system processor, and a $250,000 
contract from the Department of Transportation for three 1616 computers. 

Five years for liquid-crystal display 
A clock radio with a liquid-crystal display that is expected to last five years 
is being built by a small one-year-old electronics firm in Stamford , Conn., 
called Abatronics. The unit, which will debut within three months and sell 
for about $80, is being marketed by Dalamal Electronics Corp., New York. 
A spokesman for Abatronics says that although the plug-in proprietary dis­
play will last five years , the company is actually guaranteeing the crystals 
for only one year, the current life expectancy of liquid crystals. 

Helicopter prototypes awards go to Bell , Hughes 
Bell Helicopter Co ., Ft. Worth , Texas, and Hughes Tool Co ., Culver City, 
Calif., recieved Army awards of $44. 7 million and $70.3 million , respec­
tively, to build prototypes of the advanced attack helicopter (AAH) . Losers 
in the competition to build two each of the AAH prototypes for a competitive 
flyoff were Boeing Vertol Co., Lockheed California Co ., and the Sikorsky Di­
vision of United Aircraft Co. The Army expects the flyoff to be completed by 
mid-1976 , but a production go-ahead is not expected until the end of 1978. 

Navy awards Trident design to RCA 
RCA Corp. will design and build two prototypes of a new integrated radio 
room for the Naval Electronic System Command. For use on the Trident 
class of the next generation of ballistic-missile submarines , the radio­
room 's processors will handle vii , If , hf , and uhf equipment , data switching , 
an antenna interface, a teleprinter , and control, monitor , and test equip­
ment. 

Digital instrument standard is near 
A standard for digital panel instruments that will allow interchangeability, 
provide common definitions for features , functions, and displays is ex­
pected soon from the National Electrical Manufacturing Association . The 
committee will also standardize electrical and mechanical test procedures 
for the instruments. 
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OHIO, Cotumbus Tom Mulligan & Associates .... .... (614)457-2242 
PA, Huntingdon Valley ABC Electron ic Sales .... (215)W17-5641 /2 
TEXAS, Addiaon Campion Sales ................................. (214)239-9196 
UTAH, San Lake City Barnhill Five Inc .................... (801)487-1327 
WASHINGTON, Seattle Carlyle Technical Sales ..... (206)632-4290 

distributors 
U.S.A. 
ARIZONA, Phoenix KierulH Electron ics ................... (602)273·7331 
CALIFORNIA, 
Cereon Hi·Rel Distributor Sales ... . ................. (213)537-6500 
Los Angelea Wesco Electronics... . ............... (213)685·9525 
Menlo Park Bell Ek!ctronic Corp... . ....... (415)323·9431 
Rtverlkle Electronic Supply..... . ................................ (714)683-5591 
San Carlos Sterling Electronics Corp ... ........... ........ (415)592-2353 
San Diego Kierulff Electron ics.... . ...................... (714)278-2112 
COLORADO, Denver Kierulff Electronics ................. (303)343-7090 
FLORIDA, C'911rwater Southland Electronics ........ (813)443-4514 
LONG ISLANO, 
Farmingdale Arrow Electronics Inc ........................... (415)323-9431 
Freeport Milgray Ektctron ics Inc ...... . ...................... (516)546-6000 
MARYLAND, 
BaHlmore Arrow Electronics Inc ..... 
Rockvltle Pioneer Ektctronics Inc .. 
MASSACHUSETTS, 

.. .............. (310)247-5200 
.... (301 )424-3300 

Boeton DeMambro Electronics.. . . ... .. ................ (617)787-1200 
Dedham Gerber Electronics .... . .................... (617)329-2400 
Watertown Sterling Electronics Corp... . ................. (617)926·9720 
NEW JERSEY, Haddonflekl Mid.Atlantic Electronics(609)428-8288 
NEW YORK, 
P'81nvlew Newark Electron ics Corp.. . .................. (516)822-5000 
Rochnter Simeona Electronics ...... . ................... (716)328..3230 
Rome, Rome Etectronics Inc..... . ................ (315)337-5400 
NEW MEXICO, Alburquerque Klerulff Electronics ... (505)247-1055 
TEXAS, D•llas Semiconductor Specialists 1nc ......... (214)358-5211 
WASHINGTON, SeatUa Kierulff Electronics .... _, ...... (206)763-1550 

CANADA 
B.C. Vancouver R.A.E. Industrial Electronics Ltd .... (604)687·2621 
ONTARH), Manon 
Semiconductor Specialists (Canada) Ltd ................... (416)678·1444 
QUEBEC, Montreal Cesco Electronics Ltd .............. (514)735·5511 

Also throughout Europe, Japan, Asia and 
Australasia 
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Microsystems International ... 

Big in Memories 

MOS & Bipolar Memories from 
the performance leader . ; ; . . . ; , .. . . . . . 
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1 microsystems 
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~'ONCORD. ELECTRON/CS 
(.; CORPORATION 

37 GREAT JONES STREET, NEW YORK, N. Y. 10012 
(212) 777-6571 TWX 710-581-4930 

Circle 42 on reader service card 

the only calibrator designed for 
DIGITAL (as well as analog) METERS 

... High accuracy - 0.005% DC; 
0.05%, AC 

... Broad operating range - 6 voltage 
ranges; 6 resistance ranges; 7 current 
ranges; frequencies to 10 kHz 

... Closed-loop operation - provides 
instant, automatic response to dial 
settings ... eliminates fussy manual 
adjustments 

... Digital error rea~out 

... Programmable operation available -
Model 310 

... Unprecedented flexibility - ideal for 
calibrating analog meters and panel 
meters of all types, including 3, 4 
and 4Y, digit AC or DC ammeters, 
voltmeters, multimeters and A-to-D 
converters 

Complete specifications 
and data are now avail­
able on the Series 300. 
Send for your free copy 
today. ~ 

ROT EK INSTRUMENT CORP. 
40 Guinan Street, Waltham, Mass. 02154 Tel. (617) 899-4611 

42 Circle 14 7 on reader service card 

Electronics review 

quency circuits. 
Bell Labs gets around this ob­

stacle by employing modified device 
packages at low frequencies and us­
ing inexpensive quartz plates for 
substrates. Careful attention must 
be paid to materials and compo­
nents at the higher frequencies be­
cause of the relatively low Qs ob­
tainable there. The company also 
builds the circuits in narrow chan­
nels below wave cutoff to eliminate 
undesired modes. D 

Companies 

Ampex tu rns 

around on losses 

Ampex Corp. executives said last 
month that the firm is recuperating 
from "catastrophic" reverses in 
1970, which left the firm operating 
at a $90 million loss, more than 
$250 million in debt, and on the 
verge of closing its doors. The op­
timism was occasioned by the fiscal 
1973 report, showing an after-tax 
profit of $873,000 on sales of $256 
million and net earnings of 
$3,654,000. 

During the year, operating profits 
rose from 1.8% in the first quarter to 
10.4% in the fourth quarter. With 
retrenchment to the company's 
more traditional lines- primarily 
professional audio and video equip­
ment, computer memories, instru­
mentation recorders, and tapes­
costs were reduced some $60 million 
and liabilities by nearly $40 million. 
Ampex, it was said, leads the indus­
try in all but the tape line, and the 
others account for 70% of its sales . 

The most significant development 
reported at the meeting was a soft: 
ware package that allows the firm's 
terabit tape memory to be used as a 
giant disk memory on IBM comput­
ers. The software is expected to 
open up commercial sales of the 
memory , which has a capacity 
equivalent to some 30,000 reels of 
tape. Two of the systems have been 
sold to Government agencies, the 
first without and the second with the 
software. D 
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What's 
INFO MAG 

doing with 
• • 1nstrumentat1on 
recording 
heads? 

PLENTY. 

........ . -­~~->-4 --~--"'"' 

- - A 

-.. 

INFOMAG, the largest independent manufacturer of disc pack recording heads and linear motor 
positioning systems, is now producing and delivering a series of high quality replacement heads 
for a wide range of instrumentation recorders. Designed for low, intermediate and wide band appli­
cations, heads are laminated , or Alfesil tipped ferrite for long life. Best of all, most types are avail­
able within 4 weeks . . . and at very competitive prices. 
INFOMAG heads are direct replacement equivalents fo r the following (and other) instrumentation recorders: 

Ampex 
FR 600 
FR 1400 

Honeywell 
7600 Series 

Bell & Howell (C.E.C.) 
VR 2800 
VR 3300 
VR 2600 
VR 3400 
VR 3600 
VR 3700 

Astro Science 
MARS 1400 Series 
MARS 1000 Series 

MARS 1400 LT Series 
MARS 2000 

M-14 

Check with INFOMAG if your recorder is not listed here. 

Winston Research 
P-5000 

~ -
Write or phone for detailed technical data 

INFO MAG 
INFORMATION MAGNETICS CORPORATION 
INSTRUMENTATION RECORDING HEAD GROUP 
2875 Metropolitan Place • Pomona, California 91767 

Phone : (714) 593-7461 
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the digital processing 
oscilloscope ... 
processing-a new dimension 
for the 7000-Series 
Oscilloscope family. 

The Digital Processing Oscilloscope 
combines the waveform viewing power of 
the 200-MHz general-purpose 
oscilloscope with the processing power 
of the modern minicomputer. The 
P7001 Processor, housed between the 
Acquisition Unit and Display Unit, 
provides complete two-way computer 
communication. 

Any waveform and its parameters which 
can be displayed on the CRT can be 
digitized, stored, and sent to the 
minicomputer for processing. The 
processed results returned by the 
minicomputer can be stored and/or 
displayed on the CRT. 

The P7001 contains an 1/0 interface, 
AID converters, DI A converters and 
4,000 words of 10 bit core memory. It 
can store up to four digitized 
waveforms, associated parameters and 
messages. Sixteen User Definable 
Program Call buttons permit the 
operator to call prestored computer­
measurement programs. 

Processing means the user is no 
longer limited to 'scope waveforms 
for his information. The conventional 
display is usually of amplitude vs 
time (YT) format. 

Suppose that the desired data is 
really of the dV I dt form. The 
derivative of a waveform can be 
calculated manually (providing 
that the waveform can be expressed 
as a math equation). BUT the 
Digital Processing Oscilloscope 
will perform the desired operation 
AND display the result at the 
press of a button. For this 
application and others see 
the illustrations at right. 

The Digital Processing Oscilloscope 
is available in packages complete with 
Oscilloscope, plug-ins, Processor, 
minicomputer and APD Basic Software. 
For complete information contact 
your local Tektronix field engineer 
or write Tektronix, Inc., P. 0. Box 500, 
Beaverton, Oregon 97005 
for your copy of the "Digital 
Processing Oscilloscope" brochure. 
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what it means 
to you ... 

A very fast rise pulse is to be processed. 
The ground level is 4 divisions below the 
center line as indicated in the lower 
right corner. 

Above we see a waveform with so 
much noise present that no meaningful 
information is visible . 

The electrical signal caused by contact 
bounce in a switch is stored on a single 
shot sweep of the time base. 

your 
waveform 
here 

D 
I DERIV I 

..... 
D 
ls•G AvEI 

..... 
After pressing the SIG AVE (Signal 
Averaging ) button the resultant 
waveform appears. 

D 
I FFT I 

..... 
CJ 
I I ..... 

... a few examples of the new 
measurement capabilities 
available at the 
press of a button. 

The result of pressing the Program Call 
button gives dV/dt for the waveform. 

The signal was averaged 5,000 times 
and automatically rescaled for this 
display. Note the vertical 
sensitivity for this display is 
500 nV/div. 

Pressing the FFT button shows the 
frequency distribution of the switch 
contact bounce with a frequency span 
of 512 Hz/ div. 

your 
processed 
waveform 
here 

What is your measuring requirement? 
Press the button of your program which 
you wrote for your requirement. The answer will appear above. 
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Field-proven test systems for 
incoming inspection, engineering 
evaluation/ characterization, and 
production testing of MOS/bipolar 
LSI memories, random logics, and 
all other IC's. 

If you 're using LSI devices in the manufacture of calcula­
tors, electronic clocks and watches, point-of-sale terminals, 
process and machine tool controllers, automotive electron­
ics, organs, or computers of any kind - a Macrodata test 
system may save you thousands of dollars of system de­
bugging for just a few pennies a circuit. 

MD-100 A memory system exerciser that changed all the 
old-fashioned IC testing concepts ... introduced new 
Macrodata test .programs such as: WAKPAT, GALPAT, 
GALWREC, MASEST, MSCAN, MARCH, etc. Now the stan­
dard bearer of the industry throughout the technological 
world, with far more MD-100's in the field testing memories 
than all competitive instruments combined. Users now doing 
functional testing on both bipolar and MOS-RAM's, ROM's, 
sh ift registers, random logics, even UAR/T in chips pack­
ages, memory cards, subsystems, and final systems. Prices 
start at under $10,000. 

MD-104 The MD-104 was the first true 10-MHz LSI func­
tional test system to be introduced that offered all these 
benefits : (1) a high-quality, built-in tape reader; (2) a 10-
MHz rep rate that allows the user to test bipolar memories 
- even ECL's - on-line at system operational speeds; (3) 
faster throughput for the user working with the large bipolar 
memories; (4) simple operation with an improved instruction 
set and enhanced subroutine and test looping capability, 
including automatic refresh for dynamic memories; and (5) 
compatibil ity with the MD-100 existing personality cards for 
testing all the most popular MOS and bipolar memories, plus 
an option for testing random logics and all other IC's. 

MD-110 At last, here is a highly-efficient test system 
especially designed for the functional and parametric test-

ing of digital random logic circuits, such as the chips for the 
low-cost calculators and other related commercial elec­

. tronic products. Although specifically designed for the test­
ing of devices requiring large pattern storage and genera­
tion, the system has a built-in MD-104 with its full capability. 

MD-150 A cascaded, computer-controlled system de­
signed to perform functional and parametric testing on all 
types of MOS/bipolar LSI devices at speeds up to 5 MHz. 
It tests RAM's, ROM 's, shift registers, as well as random 
logic circuits. Both MOS and bipolar devices are testing 
optimally because of the 150's unique universal pin elec­
tronics. It is the ideal system for most users who do not 
require test speeds higher than 5 MHz, and is presently in 
use for engineering device characterization and evaluation 
as well as around-the-clock production testing and incoming 
quality inspection. 

MD-154 Also a cascaded, computer-controlled system 
like the MD-150. It too is capable of performing functional 
and parametric testing on all types of MOS/LSI and bipolar 
devices, but it can perform at output/input speeds up to 
10 MHz. The MD-154 gets much of its speed and power from 
its 10-MHz microprogrammable multiprocessor, which has 
sufficient instructions and processing capability to test the 
new generation of complex random logic devices. The MD-
154 is the "top-of-the-line" system for most LSI users. 

MD-500 The world's finest and most versatile general­
purpose LSI test system for both semiconductor users and 
manufacturers. Hardware and software is modularized for 
your selection - so you can have a test system that's built 
the way you want it now. and which is expandable for the 
future. Naturally, it tests everything - from MOS/bipolar 
LSI memories to random logic LSI chips - and, with univer­
sal pin electronics, it can handle up to 128 channels at data 
rates as high as 1./J MHz. DC parametric and high-speed 
functional tests can go on independently or simultaneously 
on up to four user stations and one compiler station. Simul­
taneous operation includes engineering characterization 
and dedicated production testing of the same device - or 
different devices - at the same time. 

For more information use the reader service number, 
and for immediate action, call us directly. 

Macrodata 

Macrodata Corporation, 6203 Variel Avenue, Woodland Hills, California 91364, Phone: (213) 887-5550, Telex: 65-1345 
Sales Offices: Northern California Area Tel. (408) 735-9560 • Southwestern Area Tel. (213) 644-3611 • West/Central Area - Denver Tel. (303) 934-5505 • 
Scottsdale Tel. (602) 947-7841 • Albuquerque Tel. (505) 299-7658 • Dallas Tel. (214) 231-2573 • Houston Tel. (713) 621-0040 •Minneapolis Area Tel. (615) 
636-1770 • Chicago Area Tel. (312) 455-5100 • Cleveland Area Tel. (216) 461-8333 • New York and New England Area Tel. (914) 962-7797 • Southeast Area 
Tel. (205) 883-0140 • International : West Germany - Munich Tel. (0811) 34 56 00 Telex: (841) 521-5969 •Milan, Italy Tel. 871-988/899-248 Telex: (843) 

~ ~;314 • Sweden and Norway - Stockholm Tel. (08) 87 03 45 • Switzer/and and Austria - Bern Tel. (031) 22 44 81 Telex: (845) 33172 • T&/ Aviv, Israel Tel. 
~ 55 69 • Tokyo, Japan Tel. (03) 985-5266 Telex: (781) 272-2171 • Buckinghamshire, England Tel. High Wycombe (0494) 36 3 81 Telex: (851)837236 



MD-100 A 5-MHz Functional Tester for RAM 's, 
ROM's, and Shift Registers Circle 240 

MD-110 A Functional/Parametric Tester for 
Calculator-Type Random Logics Circle 242 

MD-154 A 10-MHz Computer-Controlled Func­
tional /Parametri c Tester with Pin Electronics 
for All Devices Circle 244 

/ 

/ 

/' 

MD-1 04 A 10-MHz Functional Tesler for 
RAM 's, ROM's , Shift Registers , and Random 
Logics Circle 241 

MD-150 A 5-MHz Computer-Controlled Func­
tional / Parametric Tester with Universal Pin 
Electronics for All Devices Circle 243 

MD-500 A 10- MHz, Genera l-Purpose, Mull i­
Stat ion , Funct i on al / Param etr ic Tester for All 
Devi ces Circle 245 

, 
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What has 
EMR Telemetry 
been doing lately? 
Ask Boeing .... 
about their new EMA A ircraft Flight Test Data 
System, using our newest dual PDP-11 /45 
Telemetry/ Computer System. 

Ask The Latter Day Saints Hospital . .. 
about their EMA Phone Line Compatible FM 
System for coast-to-coast transmission of EEG 
data over voice grade lines. 

Ask John Deere ... 
about their EMA industrial telemetry equipment 
for farm tractor development testing . 

Ask the U.S. Navy ... 
about their EMR PAM and FM demultiplexing 
equipment for monitoring Point Defense missile 
firing . Also let them tell you about their special 
EMA FM multiplexing/ demultiplexing 
equipment for underwater sound data and 
general data communications. 

Ask Cessna ... 
about their EMA Mini-Telemetry/ Computer 
System designed to process flight test data from 
small aircraft. 

EMA-Telemetry ... innovators of systems that 
provide you with reliable quality data. The kind 
of data you need to make important decisions ... 
decisions that could have lasting effects on the 
success of your prog ram . 

Ask us ... about our hardware, our systems, ou r 
breadth of technical expertise and accumulated 
practical skill . 

Write for our ww condensed catalog 

Circle 48 on reader service card 

Now ... 
what are we 
going to do 
for you? 

EMR Telemetry 
Weston Instruments, Inc. 
Box 3041 , Sarasota, Florida 33578 
813-958-0811 
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Army's PEPE order 

could prompt major 

computer advance 

FAA plans more 

voice-switching 

systems for ATC 

Another fight looms 

over AT& T's tariffs 

for data-under-voice 
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Washington newsletter __ _ 

Pentagon computer specialists foresee "a major step forward" in tech­
nology stemming from the Army's decision to proceed with the devel­
opment of PEPE-the parallel-element processing ensemble for inter­
continental missile defense. The first PEPE will be installed and tested 
over a 39-month period at the Advanced Ballistic Missile Defense 
Agency, Huntsville, Ala. Under a $9.5 million award to System Devel­
opment Corp., "more than $5 million" was subcontracted to Burroughs 
Corp. for 36 small processors using medium-scale integration and de­
signed to System Development's specifications. 

"This should make the computer-utility concept more viable" in the 
competition with minicomputers for the expanding data-processing 
market, contends one Government source, "regardless of whether a 
SALT agreement with Russia" precludes deployment of an anti-missile 
system. PEPE technology permits interconnection of up to 288 comput­
ers-each able to handle up to 5 million instructions per second-and 
links them with a Control Data Corp. 7600 control computer. In the 
ABMDA application, the small modified commercial processors handle 
data from missile-defense sensors, and the large CDC machine is used 
for system command. The PEPE concept was proved in 1971 at Bell 
Laboratories, where a brassboard configuration of 16 small Bell-devel­
oped processors was run by an IBM 360/67 [Electronics, May 24, 1971 , 
p. 32]. 

A $100-150 million program for electronic voice-switching units for 
larger airports and a later program for units for small airport towers are 
on the FAA's drawing boards to complete the agency's Switched Avia­
tion Communications (Savcom) network. The Satellite EVS System 
program for larger airports will place 150 units at hub airports and air­
traffic-control towers with 10 to 100 ATC positions. Present FAA plans 
call fo r requests for proposals to go out to industry in early 1975, fol­
lowing evaluation of Litton Industries' prototype system, which goes 
into operation at Dallas-Fort Worth in September. The smaller system, 
called the Electronic Key System and serving towers with five positions 
or less, is several years away. 

Both of the switching systems would be added to the main EVS sys­
tem now underway. The prototype contract for that EVS was won by 
Philco-Ford and included a production option to install units at 20 en­
route ATC centers, for about $100 million total cost [Elect1'Dnics, Jan. 
18, p. 115]. 

Now that the Federal Communications Commission has given AT&T 
the go-ahead for its commercial data-under-voice service between five 
eastern cities, the special-service common carriers are expected to wage 
their next battle with Bell over the tariffs for the upcoming service. 
They want to make sure that Bell doesn't try to subsidize the service by 
hiding costs in existing amortized facilities. Following the commission's 
approval of the first $1 million data-under-voice segment, FCC staffers 
will have the thorny job of sorting out AT&T's cost allocations to ensure 
they are fair and competitive. 
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Washington commentary ____ _ 

Defense: what you buy and what you get 

"What are we talking about here?" demanded 
the congressional staff investigator. "Are we 
talking about building a strong national de­
fense? Or are we really talking about keeping a 
lot of companies alive?" Because those argu­
mentative challenges were delivered in the cor­
dial atmosphere of a corporate hospitality suite 
in the capital not long ago, they did not seem 
particularly threatening to the Pentagon R&D 
official who heard them. Th us was he able to 
respond with a smile and an evasion: "You Hill 
people are really feeling your oats with this 
Watergate business, aren't you?" The laughter 
that followed in that corner of the room was 
more nervous than hearty. And, as the Penta­
gon's man later observed, "I'm glad that came 
at a party instead of a hearing. I am also glad it 
is not my job to come up with the answer." 

The men whose job it will be to answer are of 
course DOD's new secretary, James R. Schles­
inger Jr. , and his deputy, William P. Clements. 
Nevertheless, the questions are certain to be 
raised by a feisty Congress that has indeed 
been reinvigorated by Watergate. 

Up the F-111 

The Senate Armed Services Committee, for 
example, has guaranteed a confrontation with 
the Pentagon by following the lead of its House 
counterpart and adding an estimated $175 mil­
lion in procurement money to the DOD budget 
for continued production of General Dynamics' 
F-111 interceptor. That Air Force program was 
recently cancelled by Clements in his role as 
acting secretary while Schlesinger awaited Sen­
ate confirmation [Electronics , June 21, p. 52]. 
Congressional sources report that the vote by 
both committees was "virtually unanimous" in 
overruling Clements' action, one reportedly 
taken to offset rising Air Force costs for devel­
opment of the B-1 strategic bomber at Rock­
well International. 

Clements also faces problems with his pro­
posal to buy more Navy F-14 fighters from 
Grumman Aerospace Corp., while obligating 
another $475 million to develop alternative fol­
low-on programs. Congressional budget cutters, 
led by Wisconsin Democrats William Proxmire 
in the Senate and Les Aspin in the House, want 
the F-14 cancelled. Though both men "gener­
ate more sound than clout," as one F-14 sub­
contractor's man puts it, he concedes they are 
picking up some powerful allies in their drive . 
Among these are Sen. Stuart Symington (D. , 
Mo.) , acting Armed Services chairman, and 
Sen. Howard Cannon (D. , Nev.) , whose Tac­
tical Air Power subcommittee is investigating 
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the troubled F-14 program once more. 
What should concern Government electron­

ics prime and subcontractors is the question 
that is of concern to an increasing number of 
legislators who must vote the annual appro­
priations: are the military services getting the 
operational weapons-as opposed to airframes, 
ships, or other weapons platforms- they re­
quire? Marine Corps commandan t Gen. Rob­
ert E. Cushman, for one, believes his is not. In 
recent congressional testimony, he played the 
good soldier by replying circuitously when 
asked if Clements had "shoved the F-14 down 
the throat" of his service by ordering it to sub­
stitute fewer Grumman planes for the larger 
number of uprated McDonnell Douglas F-4s it 
wanted. Afterwards, however, he was heard by 
congressional staffers to say angrily: "Just give 
me a plane, dammit. Any plane." 

Needs and priorities 

Such frustrations are heard increasingly 
among the military, who accuse Clements of in­
advertently producing the same kind of envi­
ronment that came to haunt Robert S . 
McNamara in his later Pentagon years, one in 
which a variety of weapons systems lingered in 
development without ever reaching large-scale 
production. Sen. Proxmire, who insists he fa­
vors a strong national defense instead of a 
series of "paper weapons," has dramatically ob­
served that it will not be many years before the 
U.S. has fewer operational fighters than such 
potential minor adversaries as, say, North 
Korea, though several are in development. 

Where Congress has fallen down, however, is 
in its ability to vote given programs up or down 
while still in R&D, before they move into pro­
duction where cost and performance problems 
make them front-page news. Nevertheless, the 
Congress seems to be picking itself up at last 
and preparing to make some rough judgments 
on a number of languishing military develop­
ment efforts. Among them are a variety of mis­
siles, such as the Subsonic Cruise Armed Decoy 
and the SAM-D air defense system, as well as a 
number of aircraft like the Airborne Warning 
and Control System (Awacs) and others less ad­
vanced in the R&D cycle. 

The fact these judgments seem to be coming 
at thi s point in time is only peripherally related 
to Watergate. It is more directly linkeci ro the 
military's growing complaints about its dimin­
ished operational inventory. And contractors 
should be forewarned. It is they who are in the 
middle in this renewed confrontation of the 
Congress and the Pentagon. - Ray Connolly 
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the New BUSS® SNAP-LOCK 
Rear Panel Mounted FUSEHOLDERS 

Dimensions of HTA-00 holder. 
When tooling up for mounting get latest blueprint. 

Electronics/ July 5, 1973 

Easy .. . 
Quick .. . 
Time Saving . • • 

The new BUSS fuseholder with special "SNAP-LOCK" 
feature is quick and easy to install. It saves time 
because the fuseholder can be pre-wired and 
"snapped" quickly into place from rear of panel. A 
fastening nut is eliminated because the "SNAP-LOCK" 
feature securely holds the fuseholder in place. 

The fuseholder with "SNAP-LOCK" feature is simply 
installed by pushing it into panel from rear side. 
"SNAP-LOCK" fingers engage edge of hole in panel 
and lock holder securely in place. 

The new BUSS "SNAP-LOCK" fuseholder can be used 
in panels .025 to .085 inch thick. (See recommended 
mounting hole in dimensions below). 

The BUSS "SNAP-LOCK" feature is available on the 
following BUSS fuseholders: 

to take 1/.lxt V4 inch fuses: 
Symbol HTA-00, Space Saver, extends just 1 in. behind 

panel. 

Symbol HLD-00, Visual Indicating Fuseholder. 
Symbol HKP-00, Standard Fuseholder. 

to take 1/.lxt inch fuses: 
Symbol HJM-00, Standard Fuseholder. 

All are available with quick 
connect terminals, if so desired. 

BUSSMANN MFG. DIVISION 
McGraw~Edison Company 

St. Louis, Mo. 63107 
M aken of a fu ll line of EleccTic Fuses 
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Electronics international _ _ _ _____ _ 
Signi ficant developments in technology and business 

Ceramic device scatters light 

for large-screen display 

Large-screen projection of alphanu­
meric and graphic data is the goal of 
a group developing a small ferro­
electric ceramic display device. The 
device features high-speed, real­
time , read-while-write operation 
and retains the memory capability 
of previous ceramic displays not ca­
pable of real-time operation. 

Projection. The device, developed 
at Nippon Electric Co.'s Central Re­
search Laboratory, is built on a 
transparent wafer on lead zirconate 
titanate that has been doped with 
lanthanum. In operation, the front 
surface of the wafer is illuminated 
through a hole in a parabolic mir­
ror. This light passes through the 
wafer, is reflected at the rear surface 
of the ceramic by a mosaic of reflec­
ting aluminum electrodes, and then 
is focused on the projection screen 
by the mirror. Scattering of the light 
depends on the orientation of do­
mains within the ceramic overlying 
the reflecting electrode. 

To enable addressing of individ­
ual picture elements, the device is 
fabricated in sandwich form, start­
ing with a transparent ceramic wa­
fer that measures 20 millimeters in 
diameter and 300 micrometers 
thick. An electrode, a semitranspa­
rent film of gold, is applied to the 
front surface, and reflecting elec­
trodes- a mosaic of aluminum is­
lands measuring 200 micrometers 
on a side and about 1 micrometer 
thick with a pitch of 250 micro­
meters- are applied on the back. 

Barrier. The next layer on the re­
verse side consists of a high-resist­
ivity light-barrier layer of a sulfide 
material. Then comes a layer of 
photoconductor, such as arsenic 
selenide, and another semitranspa­
rent gold electrode. 

Writing to form a latent image re­
quires a light pattern on the reverse 
side of the device and a voltage 
pulse. In initial experiments, the 
pattern source was a transparency in 
contact with the rear surface. Writ-
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ing was performed by illuminating 
the transparency while applying a 
250-volt pulse of about 0.1-second 
duration between semitransparent 
electrodes. At points under clear 
areas of the transparency, reduced 
photoconductor resistance causes 
the voltage to be applied, in effect, 
between the aluminum reflector 
electrode at that point and the 
front-surface electrode, and do­
mains in the ceramic are realigned. 

illuminated, and a voltage pulse of 
opposite polarity is applied between 
semitransparent electrodes. 

Erase is performed by a process 
similar to writing. The surface be­
hind picture elements to be erased is 

Once information is written into 
display it remains until erased, pro­
viding a no-power memory func­
tion. The light-barrier layer pre­
vents the reading beam from 
interacting with the writing beam 
and thus disturbing the memory 
function of the device. Response of 
the ceramic is about 100 nanosec­
onds, but devices made so far oper­
ate at millisecond speeds because of 
the slow photoconductor response.o 

Around the world 
Two storage states, two colors emitted 
In the summer of 1971 , researchers at St. Andrews University in Scotland 
discovered that zinc selenide overlaid with an insulator and gold and oper­
ated as a diode had two distinct conductivity states at constant voltage. In 
the high-current state, it emitted yellow light [Electronics , Sept. 13, 1971, p. 
169] . Now a researcher at the University of Manchester Institute of Science 
and Technology has discovered a similar effect in a similar structure in 
which the layers are gallium phosphide, an insulating oxide of gallium phos­
phide, and gold. 

In this case, the light is green in the high-conductivity forward state, and 
a reverse pulse produces orange light. What's more, a silicon / silicon 
oxide / metal structure can also be made to operate in two conductivity 
states, although it does not emit visible light. Saeed Haeri, the institute re­
searcher, thinks the similar effect in devices made from wide ly different ma­
terials indicates a semiconductor phenomenon that might be developed to 
make a new type of storage device . Light or the absence of light could be 
used as an indicator of the state of the store. Alternatively , display elements 
could be made with an integral , nonvolatile memory, so ttiat constant re­
writing to maintain the steady state is unnecessary. 

X-band oscillator handles 60 mW 
The designers were out for power when they developed the YIG-tuned 
swept Gunn-diode oscillators that RTC-La Radiotechnique-Compelec has 
readied for market . The oscillators develop 50-60 milliwatts in X-band 
(5 .2-10 .9 gigahertz) versions. The explanation for the higher power is 
simple, according to Vlad Pauker, the engineer in charge of the develop­
ment. Usually, in YIG-tuned oscillators the power output is coupled through 
a YIG sphere . Since the sphere has to be very small to work at microwave 
frequencies-0 .6 millimeters in diameter for X-band-there's an inherent 
power limit. RTC lifted this limitation by putting the load coupling at one end 
of a Gunn-diode chip and the reactive part of the oscillator at the other end. 
The coupling taper and the diode mount on a ceramic beam . The YIG 
sphere lies at the end of the beam opposite the taper, linked to the diode by 
a quarter-wave strap . The sphere, then , is out of the power circuit. 

Other international developments in electronics 
See page 73 for a Probing the News on China trade and page 34 for a story 
on a British display with a liquid-crystal faceplate . 
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Microdata 
unwraps 

a bold, new 
communications 

package. 
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We've combined microprogramming with commu­
nications and created a system which outperforms 
them all at a price no one else can match . It's the 
new Microdata 1600/60. And it features our Twin 
Mini , a processor with two microprogrammed CPU's 
each having separate high speed control memories 
and 1/0 facilities. The Microdata 1600/60 handles 
up to 256 asynchronous lines, up to 32 synchronous 
lines or any combination of the two at the rate of 
40,000 characters per second. Find out why our 
entry into the communications market is the finest 
package available today. Write for details. Micro­
data Corporation. 17481 Red Hill Avenue. Irvine, 
California 92705. (714) 540-6730. 
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Philips begins 

making instant-on 

color-TV tube 

More British 

companies opt for 

touch controls 

Memory-building process 

finds job in 

pc-board production 
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International newsletter -------

Philips Gloeilampenfabrieken has started to move from pilot-plant to 
full-scale production on a "quick vision" 26-inch color-TV tube. On the 
new tube, a viewable picture comes on about 5 seconds after switch-on 
if the set has the right solid-state circuitry. Normal picture tubes take 
from 15 to 30 seconds to warm up. 

Philips slashed the warmup time for its new tube without resorting to 
preheating. Instead, the tube has a smaller-than-usual cathode with a 
coil-shaped heater tucked inside it. The combination heats up to oper­
ating temperature some four times as fast as a conventional cathode 
having an M-shaped heater filament. Along with faster tum-on, the 
new cathode design cuts heater power by about 20%, Philips maintains. 

Very few changes-sometimes none-are needed in receiver circuits 
to make possible the switch from conventional 110° tubes to the new 
types. The main requirements: scanning circuits and the tuner voltage 
must stabilize within 5 seconds, and the impedance of the heater voltage 
source must suit the lower power requirements of the new heater. 

Several British companies are starting to promote equipment fitted 
. with finger-tip-touch controls instead of push-buttons. As well as ap­
pearing on new TV sets [Electronics , June 7 1973, p. 65], a new fre­
quency-analysis instrument from Solartron Electronic Group Ltd. has 
touch buttons for the entire front-panel controls. And the touch-wire 
display controller developed by Plessey Co. for air-traffic-control dis­
plays is being offered by Ferranti Ltd. for use with many other com­
puter-controlled displays. The advantage of touch control is elimination 
of mechanical movements, providing greater reliability and easier use. 

In the TV sets, the finger surface completes a circuit. Thorn and GEC 
use the current that flows to apply a voltage to the gate of an MOS tran­
sistor in a special-purpose IC made by Emihughes Microcomponents 
Ltd. That transistor triggers logic to latch in the chosen channel and 
positively latch out the other channels. Rank Bush Murphy uses dis­
crete bipolar circuitry to achieve the same end and claims it's no more 
expensive. Philips has yet to decide on an approach: discrete bipolar, 
IC MOS, or bipolar IC made by Siemens. In all systems, the touch 
switches in a varicap diode tuner. 

In the Solartron and Plessey-Ferranti systems, the finger connects 
the body's capacitance into a live circuit, and the change is detected to 
switch the system. Solartron uses metal films covering small rectangles 
that light up when touched, so that specifying frequencies using calcu­
lator-format touch panels is easier than using buttons. Ferranti uses 
printed wire sandwiched in transparent plastic, with the wire exposed 
and gold plated at touch points. A crt behind the plastic provides sym­
bology. The technique is aimed mainly at retrieval-type computer op­
erations such as reservation systems and stock control. 

Thompson-CSF's Corbeville research laboratory now makes multilayer 
printed-circuit boards using its "copper insulation" technique. The 
company's researchers reported at the mid-June Brussels lnternepcon 
meeting that they have made both three- and four-layer boards including 
ground planes with 300-micrometer spacing for the conductors. 

Thomson-CSF originally developed the technique for integrated-core 
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Swedish firm 

starts computer 

sales to Russia 

Spain seeks 

foreign help 

in computers 

International newsletter -------

memories [Electronics, April 26, 1971, Electronics International] . Al­
though the memory itself didn' t pan out, the company's researchers re­
alized that the technique pointed the way to low-cost printed circuits 
compatible with semiconductor-chip dimensions. With it, through­
holes down to 10 micrometer diameter and conductor spacings to 25 
micrometers can be had easily, as can "inverse beam lead" structures. 

The Corbeville technique starts with a copper layer deposited onto a 
stainless steel sheet with the through-hole pattern engraved on it. The 
resulting copper sheet is peeled off and serves as a temporary mechani­
cal substrate. Gold conductor patterns are electrodeposited onto the 
copper with no interface, obviously, at the holes. For multilayer cir­
cuits, added layers of copper and gold conductor patterns go on. Fi­
nally, the mechanical substrate is replaced by insulating material in 
two steps. Half the copper is etched away first, and the voids filled with 
insulation. Then the remaining copper is removed and replaced. 

Saab-Scania has received its first computer-system order from the So­
viet Union, and according to the company, this opens a whole new 
market. The order went through D atasaab-Valmet of Finland, a 
jointly-owned firm of Saab-Scania of Sweden and the Finnish state­
owned conglomerate, Valmet. The order includes a D5-/30 mini­
computer- with a memory of 64,000 16 bits words- about 16 crt termi­
nals made by StanSaab, which is owned jointly by Saab and Swe­
dish government, two disc drives, two line printers and a card reader. 
Hardware will be supplied from Sweden, while Datasaab-Valmet will 
handle software. The order was from the MBS Bank, which serves as a 
central clearing agency for Comecon countries. 

As the order was being signed, Datasaab-the computer division of 
Saab-Scania-put into operation its first computer-run bank-teller ter­
minal system in the U.S., at a branch of the Central Savings Bank of 
New York. The order for this on-line installation-similar to a system 
Saab is delivering to all Scandinavian savings banks-was received in 
January, and the first units were in service in mid-June. 

Spain, which lacks a home-grown computer industry, is about to enter 
the field with outside help. Madrid officials are currently negotiating 
with three foreign computer groups about starting up an edp-equipment 
production center in which Spanish interests will amount to 31%. The 
three contenders for setting up the facility are the computer combine 
composed of West Germany's Siemens AG and France's Compagnie 
Internationale pour l'Informatique- which Philips of the Netherlands 
is expected to join soon-Japan's Fijitsu, and West Germany's Nixdorf 
Computer AG and Britain's International Computers Ltd.-two com­
panies which have been cooperating in data processing on a loose 
basis. A decision is due before the end of the year. 

Significant by their absence are U.S. electronics groups. IBM and 
Univac, which jointly dominate computer sales in the Spanish market, 
have not entered bids in the contest thus far, according to well-placed 
sources . At stake is Spain's $30 million computer market, which also is 
one of the fas test-growing in Europe. Japan's Fujitsu is reported to 
hold the inside track with an offer to divide the interest in the venture 
evenly with the government's industry ministry. 
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Deltrol's New catalog lists 1570 relays, 
232 solenoids and 218 timers ... and 
it's yours, free! 
One of Deltrol's relays, solenoids or timers may be just what you're looking for. 
You'll find engineering specs and prices for 5, 10, 15 amp AC and DC general 
purpose relays, including the popular new 160/165 series ... 25 amp heavy duty 
power relays with or without auxiliary switch ... magnetic latching relays up to 
6PDT .. .low, medium and highpower intermittent and continuous duty solenoids 
with optional buzz trimmer that eliminates AC hum ... medium and heavy duty 
clappers with adjustable stops ... and interval, pushbutton , repeat cycle, fixed or 
adjustable automatic reset timers. We 'll send you this catalog free if you circle 
the number below or write to ... 

DELTROL 
oontiPols 
Otvmon Of Deltrol Corp . 

0 

2745 S. 19th St. , Milwaukee, Wis. 53215 
Phone (414) 671-6800 Telex 2 -6871 
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HP's Calculator 
Aided Design-­
Your Answer To 
The High Cost 
Of Engmeering 

New HP calculators and program 
software put the advantages of inter­
active modeling right on your desk 
top. HP's calculator aided design is 
a tool that enables you to go from 
an idealized design to a practical 
case as fast as you can enter the 
data and read the results. And you 
can try a dozen alternatives in less 
time than it would take you to 
modify a circuit. Use Quine­
McCluskey techniques for logic mini­
mization; do network analysis using 
a program similar to ECAP. Have 
the power, at your finger tips, to 
take a complex transfer function and 
quickly realize an actual circuit. See 
the results of your design inquiry 
graphically pictured on labeled X-Y 
plots. It's a wide ranging electronic 
engineer' s design tool that helps you 
solve the everyday design problems, 
at a cost you can afford . 

For example, in filter design, 
enter your data into one of our 
Series 9820 calculators and let HP's 
software program automatically de-



sign your 2-pole active filter. HP' s 
X-Y plotter will draw your circuit 
schematic, calculate all component 
values, label those components , and 
plot gain and phase versus fre­
quency-all automatically . Or try 
another component value and see 
the results of your changes, immedi­
ately . We have other programs for 
multiple-pole filter design. 

If your job is microwave de­
sign, you 'II be interested in the HP 
Model 9820 and its accompanying 
S-parameter design programs. With 
thi s powerful combination , you' ll 
perform microwave circuit design 
with more confidence and achieve 
better results, in much less time . 

For magnetic designers, we offer 
transformer design techniques that 
have been used and · refined for five 
years. You' ll be amazed when you 
watch your Model 9830 print out 
both primary and secondary wire 
sizes, turns, layers, percent fill , 
temperature rise, and all the other 
important physical and electrical 

characteristics you need to physical­
ly build and test your transformer. 
But that ' s not all , with another pro­
gram, you can enter your shop 
practices and quickly generate a 
costed material list with complete 
details of time and cost from as­
sembly through final test. This pro­
gram eliminates the most tedious of 
tasks, from the time you start on a 
quote , through delivery . 

Control systems engineers can 
really put the advantages of inter­
active design to work . Start with 
our Series 9830, enter your pre­
recorded program , key in your par­
ameters, press EXECUTE and per­
form a time domain analysis or find 
the root locus of your system. Now 
add the plotter and watch the time 
waveform of a selected node or 
watch the poles and zeroes move as 
you change system parameters. With 
the 9830 calculator system, it's hard 
to believe that control system analy­
sis and design can be so easy. 

If you ' re designing components, cir-
For a demonstration. circle reader service no. 60 
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cuits, networks or systems, there's 
probably an HP calculator program 
waiting to make your job easier. So 
check into calculator aided design with 
HP software: Write or call -

093/4 

HEWLETT?& PACKARD 

Sales, Service and support in 172 centers in 65 countries. 
Love land . Colorado 80537 Oll1ces in principal c111es throughout !he u S 

Hewlett-Packard , P .O. Box 301, 
Loveland , Colorado 80537 . 
D Please send me more information on 

HP' s Software Programs . 
D Please have your nearest calculator fie ld 

engineer call for an appointment. 

Name. _____________ _ 

Title. _____________ _ 

Company ___________ ~ 

Address ____________ _ 

City _____________ _ 

State _________ Zip ___ _ 

Phone Ext. __ _ 

My application is: 

For 
More -

Info 



Comparator Supermarket 
Variety that lets you pick exactly what you need. 

NE521 ± 5 

NE522 ± 5 10 

NE526 ± 5 10 

NE527 ± 5 to ± 12 10 

NE529 ± 5 to ± 12 10 

µA710 + 12, - 6 

µA711 + 12, - 6 

LM311 + 5, GND to ± 15 

Life sweetens a little. When you can get every­
thing in comparators, from the fastest TTL to the 
finest precision with one call , you save a lot of 
migraine and a lot of bucks. 

5 

The chart also tells you something else. You can 
choose exactly the device you 
want for each of many different 
requirements. So you can 
optimize your systems , 
which gives you one kind 
of economy. And you can 
combine your comparator 
orders to get more econ­
omy. Known as smart­
money thinking. 

Say one of you r 
interests is speed. You 
look at the four l isted 
comparators that go from the 
NE527 with 16nS propagation delay 
down to the NE521 , an 8nS dual. That's a 
spectrum you 'd be looking in if you ' re building MOS 
memory sense amps, or maybe a Schottky line 
receiver. 

If you turn around and go to the other end, pre­
cision, the nastiest you 'll probably specify is the 
LM311 . When you want it, you 've got it. 

The middle ground is where you trade off. For 
speed versus precision, as in glitchless voltage 
comparison and peak detection, the versatile NE526 
hits the right balance. If it's straight price you 're 
fighting, for applications that are pretty much 
standard, grab the 1..tA710/711 . 

5.0 20.0 7.5 12 

5.0 20.0 7.5 10 15 

5.0 35.0 5.0 40 48 

0.75 2.0 6.0 16 26 

5.0 20.0 6.0 12 22 

5.0 25.0 5.0 40 

15.0 100.0 5.0 40 

0.05 0.250 7.5 200 

Standard 
Economy 

Ultra High 
Speed NEl21/U2 

It just makes sense for a supplier of com­
parators to build the full line in quantity. Signetics 
figures it ought to make the same sense to a design 
engineer to check first with the supplier who has that 
philosophy. 

So check. The left hand column is reserved for 
you. 

CLIP TH IS COUPON TO YOUR LETTERHEAD 
FOR IMMEDIATE ATTENTION . 

Signetics-Comparators 
811 E. Arques Avenue 
Sunnyvale, Califo rn ia 94086 
(408) 739-7700 

I'm sending the coupon instead of the " b ingo card " because 
I'd like some techn ical detai ls reasonably promptly. Please send 
the data sheets on the full comparator line, plus any applications 
information you have lying around . 

Name Title 

Company 

Address 

City State Zip 

Signetics Corporation, a subsidiary of Corning Glass Works 

99,gDDliC!i 
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Now that the world has 
flipped over our OEM Model 74, 
can we make them fast enough? 

Circle 64 on reader service card 

)) When we introduced our Model 74 in 1972, we 
knew we had a great little OEM minicomputer. 

We just didn't know how great. 

We knew a lot of OEMs would like the hardware 
multiply/divide, 16 general registers and directly 

addressable 8KB core - expandable to 64KB. But we 
didn't know so many OEMs would beat down our door 

to sign up for it within the first 6 months. 

What you need is what you get. 
We had an idea that the SO-nanosecond solid-state 
Read-Only-Memory and the multiplexor providing 
an 1/0 system for communicating with up to 255 
peripheral-oriented device controllers would turn on a 
lot of OEMs. But who would've guessed we'd have 
the big machine tool manufacturers, electronics 
companies, peripherals houses and controls 
companies standing in line for it? 

The $3600*0EM Model 74. 
We were pretty sure a lot of OEMs would 
appreciate the upward compatibility of the 
Model 74 and our Mix and Match discount 

schedule, which gives cumulative credit for 
all machines bought, regardless of model. But 

we rtever even dreamed we'd have to tell our 
manufacturing people to make them by the bushel 
to keep our 30-day delivery schedule. 

Maybe it's the $3600 price. 

Maybe it's the no-frills design. 

Maybe it's just the way it does so many jobs so wel I. 

Whatever it is, we'll keep making them just as fast 
as our OEM customers want them. 

The more the merrier. 

2 Crescent Place, Oceanport . New Jersey 07757 (2011 229-4040. Denver - (3031 758-0474. 
Boston - (6171 89().0557 . Chicago - (3121 437-5120. Dallas - (2141 238-9565. 
Detroit - (3131356-5515. Houston - 17131 783-1830. Los Angeles - (2131640-0451. 
Orlanco - (3051851 -6962. Palo Alto - (4151 969-1180. Philadelphia - (2151 436-5579. 
Washington - (7031 525-4806. Toronto 7 (4161678-1500. United Kingdom - Uxbridge 52441. 
Sydney - NSW 439-4155. West Germany - 0811 /8543887 . Tokyo - 270-7711 . 



Probing the news __________ _ 
Analysis of technology and business developments 

Daily newspapers go electronic 
Intelligent terminals linked to computers and OCRs that punch tape 

are replacing typewriters and pencils in nation's newsrooms 

by Howard Wolff, Associate Editor 

America's daily newspapers are 
edging into the electronic age. 
While most may not be equipped 
yet with editing terminals or use 
computerized typesetting, many of 
their executives are looking hard at 
the equipment that's responsible for 
the most radical changes in news­
paper production since the inven­
tion of hot-metal linecasting ma­
chinery. 

The motivation is money. As one 
newspaper professional puts it, "If 
they couldn't get it back in savings 
on labor, they wouldn't be inter­
ested." By "they" he means the pub­
lishers, and any time a newspaper 
publisher is told that he can make a 
dramatic dent in his overhead for 
the mechanical departments, he's 
going to listen carefully. 

Profits swell. The experience of 
one small newspaper-circulation 
around 9,000-is typical. The pub­
li s h er says that by investing 
$ 100,000 in electronic equipment he 
went from being unprofitable 80% 
of the time to being profitable 80% 
of the time. What he did was buy 
IBM Selectric typewriters, two Da­
tatype bar-code readers, hard-wire 
them to two Hendrix cathode-ray­
tube terminals for editing, and 
hard-wire the terminals to a pair of 
Compugraphic photocomposition 
machines. The result was reduction 
of the composing room force from a 
total of nine men to two. 

Of course, that newspaper is small 
enough so that it can get by without 
a central processor; the intelligent 
terminals contain enough memory 
to provide all the hyphenation and 
justification (making lines align at 
left and right margins) required. But 
a larger, big-city newspaper needs 
more capacity. The result is a bur-
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geoning market in m1rucomputers, 
particularly the Digital Equipment 
Corp. PDP-8 series with its Typeset 
software as well as IBM 1130s and a 
scattering of almost every other 
minicomputer made. 

There are, generally, three ap­
proaches to integrating the editorial 
and mechanical functions-and, in 
some, cases, the advertising oper­
ation-electronically. They are: 
• The total video display system. 
Reporters write their stories directly 
on the intelligent CRT terminals, 
which are hard-wired to computers. 
Editors then call up stories, as they 
need them, on their terminals- also 
wired to the computers-for correc­
tion and length adjustment. Stories 
go from computer to phototypeset­
ter, which turns out photocopy for 
pasting into forms. The D etroit 
News uses this arrangement (see 

"News at the News: call it input," p. 
66). 
• OCR scanner with paper tape. 
Stories are typed, the OCR converts 
them to punched paper tape, a com­
puter hyphenates and justifies the 
copy, and the copy is then converted 
to photocopy or metal type. The 
Providence Journal and Bulletin, 
R.I. , have taken this route. 
• Video display for editing, OCR for 
input. This combination of the other 
two approaches is what most dailies 
will wind up with. With it, after the 
OCR has converted hard copy to 
punched tape, the terminal is used 
for editing. Richmond, Va., News­
papers Inc. will produce its two 
dailies and its weekly financial pa­
per in this fashion. 

The biggest problem most dailies 
have encountered in their efforts to 
go electronic is the interface with 

Flt for all the news. This is the system that will be used for news and ads in Richmond, Va. , 
to produce the morning Times-Dispatch, the evening News-Leader.and the Financial Weekly. 

NEWS ROOM : 
(IBM SELECTRIC TYPEWRITERS) 
NEWs-PROCESSING UNIT WI LL 
ENCODE AND ROUTE NEWS AND 
SYNDICATED COPY 

HENDRIX 5700 VIDEO DISPLAY 
TERMINALS USED BY NEWS· 
PROCESSING UNIT TO ENCODE, 
EDIT, AND CORRECT COPY 

FOUR PHOTON INC. PACESETTER 
815 MARK ll s WILL PHOTOCOMPOSE 
ALL LOCAL NEWS AND WIRE 
SERVICE MATERIAL 

ECRM OCR SYSTEMS 
ON ·LINE TO CON­
TRO LL ER. TE XAS 
IN STRUMENTS 980 A 
CENTRAL CONTROL 
UNITS WI LL ALLOT, 
STORE, AND 
PR OC ESS ALL INPUT. 

RETAIL ANO CLASSIFIED DISPLAY 
ADVERTISING: 
(IBM-SELE CTR IC TYPEWRITERS) 
OCR PREPARED ADVERTISERS 
COPY WI LL BE ROUTED BY 
ADVERTISING PRODUCTION UNIT 

HARRIS 2200 CONTRO LLER S 
WITH DIGITAL EQUIPMENT 
CO RP. POP 11 COMPUTE RS 

HARRIS 2200 LAYOUT MARKUP 
SYSTEM. SIX HARR IS 2200 
TERMINALS WI LL COMPOSE ALL 
RETAIL ADVERTISING ANO 
OUTPUT PAPER TAPE TO ORIVE 
PHOTOCOMPOSITION UNITS 

TWO PHOTO INC. 532s WI LL 
PHOTOCOMPOSE ALL RETA ! L 
ADVERTISING 
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existing hot-metal linecasting ma­
chinery. The fastest such machine 
can chug along at 14 lines per min­
ute, so that a good deal of the speed 
picked up in the editing process is 
lost when punched tape must be fed 
through those very slow Linotype 
machines. 

The answer is the photosetting 
equipment now on the market that 
can handle 300 lines a minute in 
type sizes ranging from 5 point to 72 
point- in other words, for every­
thing from classified ads to page 1 
headlines. 

Program tailoring. Another ob­
stacle is one commonly encountered 
when electronics is discovered by an 
industry. In the words of Joseph M. 
Ungaro, managing editor of the 
Providence Bulletin, "Manufacturers 
tend to think that one system can do 
the job for all newspapers. But there 
are almost as many different ways 
of moving news onto a page as there 
are newspapers. The result is that, 
while by and large the hardware is 
excellent, software has been a real 
problem. As a result, I have a feel­
ing that most larger papers will 
eventually do their own program­
ing." 

Another thing most larger papers 
could eventually be doing is print­
ing their newspaper, or regional edi­
tions of it, in plants that are miles 
away from the downtown news 
rooms. This would enable them to 
sell space in regionally circulated 
editions to local businesses without 
forcing those advertisers to "buy" 
readers in, say, another state; it 
would also do away with the truck­
delivery straitjacket that forces 
newspapers to sell early editions to 
many suburban readers and late, 
up-to-the-minute papers to a rela­
tively few subscribers in the down­
town city area. 

What will permit this vast physi­
cal separation of input and output is 
something America's nati o n al 
dailies have learned to handle-fac­
simile. Those national papers, The 
Wall Street Journal and The Chris­
tian Science Monitor, use regional 
printing plants. But wider use of fax 
has been blocked by the high cost of 
communications lines between the 
editorial offices and the remote 
plants- the combined requirements 
for high resolution and high speed 
have dictated the use of expensive 
broadband channels. 

However, the Monitor has just 
bought a $500,000 fax system-as 
have the Journal and several Euro-

News at the News: call it input 
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The Detroit News, which sells about 800,000 copies each afternoon, is 
America' s most electronicall y advanced big-city daily newspaper. It has vir­
tually eli'minated the typewrite r from its newsroom in downtown Detroit. 
" We keep a few in case a reporter wants to write a personal letter," says 
Albert Abbott , associate editor , communicat ions, " but most of them even 
take notes over the phone on terminals." 

The News has 72 Hendrix 5700 terminals spl it into three 24-machine sys­
tems. The keyboards have been tailored for newsroom use so that no re­
porter or editor needs special training to operate one. For the same reason , 
editors' and reporters ' terminals are identical. There are six PDP-11 com­
puters , each controlling 12 terminals , and three PDP-8 machines , each a 
central° processor for two PDP-11 s. Since punched tape is generated by the 
computers, the system has eliminated composing room keyboarding , even 
though type is still set by hot-metal linecasting machines. 

The system will really come into its own at the end of the month when all 
of The News ' production is moved 23 mi les from downtown to a new plant. 
And the newspaper is about to hook the computers via a Datatype system 
directly to its eight bureaus , including one in Michigan 's state capital at 
Lan sing and another in Washington, D.C. 

Abbott emphasizes that the terminals have been made to simulate as 
much as possible the old 8 Y2 -by-11 sheets of copy paper-they even show 
the same number of lines as a sheet of paper . Also, keyboards were simpli­
fied , and supershifts removed . " With our battery of 5700s, a man can go on 
four weeks' vacation and remember how to work the terminal when he re­
turns,'' says Abbott. 

pean newspapers-that is changing 
the rules of the fax game. Called 
Dacom 300 Telepress, it uses a pro­
prietary technique called by Dacom 
digital data compression. The sys­
tem will transmit in six minutes a 
14-by-21-inch page including text 
and halftone reproductions with a 
resolution of 600 lines per inch. 
Transmission is at 50,000 bits per 
second via AT&T lines. Combined 
with a new scanner and film 
recorder developed by Muirhead 
Ltd ., Dacom 300 opens the way to 
fast, inexpensive, and interference­
free transmission. 

Perhaps the most sophisticated 
technology to be embraced by the 
Fourth Estate will be used starting 
next year by the Associated Press to 
transmit photos. The AP will use la­
sers for what it calls its Laserphoto 
service. The system, developed at 
MIT by William F . Schreiber, uses 
two lasers-one to scan the photo at 
a rate of 100 lines per inch at the 
transmission end, the other to trace 
out the information on dry silver pa­
per. For transmission, photodetec­
tors pick up the reflected laser 
beam. 

Ink-jet printing. Finally, research­
ers and study committees aren't ne­
glecting the actual printing of the 
paper. As pointed out by Peter P. 
Romano, director of the production 
department of the American News­
paper Publishers Association Re­
search Institute, "Tons of iron are 
used to push ounces of ink into 
newsprint." So the ANPA /RI has a 
scientific advisory committee work­
ing on plateless printing. At the mo­
ment, says Romano, ink-jet tech­
niques are favored , with a prototype 
system perhaps 10 years away. As 
Romano notes, printing a paper is a 
feasible compromise among time, 
economy, and quality-with quality 
running a poor third . Thus, it 
shouldn't be too difficult to put to­
gether an acceptable system. With a 
computer operating the jets, a story 
could be changed or replaced while 
the "presses" are running-and the 
whole process of hot metal, ster­
eotype plates, and photoengraving, 
with pressmen in their square paper 
hats designed to keep hair from 
catching in the rollers of giant web 
presses, wi ll join the reporter with 
press card tucked into his hatband 
as just another memory. D 
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Look what 5 volts 
can get you. 

A low-cost 3112 digit DPM for OEM appli­
cations. An advance in price/performance 
capabilities for 31/2 d igit DPMs. LED dis­
play. Bipolar, single-ended input. Full scale 
range of 0 to ± l99.9mV. 0.05% ± 1 digit 
accuracy. Automatic zero and polarity. 
Normal mode rejection of 40dB at 60Hz 
or 50Hz. Common mode rejection of 60dB 
at ± 200mV. Fully-latched DTL/TTL com­
patible outputs and control interface 
signals. Optional ratiometric input. 
Only 3fei" deep. $89 in lOO's. AD2010. 

A high-performance 4112 digit DPM for 
systems applications. Capable of per­
forming precision measurements of float­
ing differential voltages in noisy environ­
ments. LED display. Full scale range of 
0 to ± 1.9999V. 0.01 % ± 1 digit accuracy. 
Automatic zero and polarity. Normal mode 
rejection of 60dB at 60Hz or 50Hz. 
Common mode rejection of 120dB at 
±300V. Optically-isolated ana log section. 
Fully-latched DTL/TTL compatible BCD 
outputs and control interface signals. 
$199 in lOO's. AD2004. 

A simple, reliable 3112 digit DPM for high­
visibility display applications. Incandes­
cent disp lay. Bipolar, single-ended input. 
Full scale range of 0 to ± 199.9mV. 
0.05% ± 1 digit accuracy. 
$89 in lOO's. AD2001. 

These five DPMs use the same 5VDC sup­
ply that powers the digital logic in your 
system. 

This simplifies your design and improves 
reliability. It saves space, saves money, 
and reduces the amount of heat that's 
generated. And, because there's no line­
power voltage near the DPM , internally 
generated noise is virtually eliminated. 

So you get more reliable readings. 
And here's what else you can get for 

5 volts. BCD outputs. Overvoltage, 
polarity, and status indication. Automatic 
zero correction and programmable 
decimal points. Aluminum cases that 
install in a snap. 

Each meter is given a seven-day burn-in 
before shipping. And we're shipping right 
now. 

Our 5 volt DPMs are a whole new class 
of digital panel meters-a whole new way 
of thinking. Because now you can think of 
the DPM as a component, just like any 
other component in your system. 

Take a look below. You'll find a meter 
that solves your particular problem. Then 
give us a ca ll. Order a sample. 

A high-performance 31/2 digit DPM for 
systems applications. The kind of per­
formance you need for complex system 
interfacing and data p rocessing. Incan­
descent display. True differential instru­
mentation amplifier input. Full scale range 
ofO to ± 199.9mV. 0.05% ± 1 digit accu racy. 
Automatic zero and polarity. Normal 
mode rejection of 40dB at 60Hz or 50Hz. 
Common mode rejection of 80dB at 
± 2.5V. Fully-latched DTL/TTL compatible 
BCD outputs and control interface 
signals. $99 in lOO's. AD2003. 

A low-cost 2112 digit replacement for analog 
meters. Incandescent display. Unipolar, 
single-ended input. Full scale range of 
0to+1.99V. 0.5% ± 1 digit accuracy. 
Optional: variable reading rates, BCD 
outputs, and control signals. $59 in lOO's. 
AD2002. 

r.ANALOG a.... DEVICES 
Norwood, Mass. 02062. 

Call 617-329-4700 
for everything you need to know about 5 volt DC-powered DPMs. 
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Probing the news 

Commercial electronics 

Smart traffic lights prevent errors 
Intersections controlled by own microcomputers relieve drivers of need 

to make decisions and also cut dangers of high-speed travel 

by George Sideris, San Francisco bureau manager 

MOS microcomputers and Califor­
nia's mile-long traffic jams have 
given a needed push to the concept 
of using roadside computers to con­
trol traffic signals at isolated inter­
sections. As a result, the "smart" 
light and "intelligent" intersection 
have become competitive with con­
ventional hard-wired controllers­
even though smart lights have, to 
date, won only a tiny share of the 
$100-million-a-year traffic-control 
market [Electronics, Feb. 1, p. 74]. 

Smart lights have had a gestation 
period longer than an elephant's. 
Though commercially available for 
three years, they've been the most 
expensive class of traffic-control au­
tomation. At a minimum cost of 
$20,000 or so per intersection, 
stand-alone computers were no eco­
nomic match for either conventional 
controls or signal-control networks 
operated by remote computers. 

This summer, however, at least 
two pioneers in smart-light tech­
nology will introduce systems gov­
erned by MOS microcomputers but 
priced in the conventional-control­
ler range. Though not as versatile as 
the previous minicomputer models, 
these units are more flexible than 
conventional controllers, which 
must be custom-wired to cope with 
unusual traffic patterns. Smart lights 
are simply reprogramed, avoiding 
the expense, delay, and spare-parts 
inventories of custom equipment. 

Tough sale. "It has been difficult 
to supply a dedicated minicomputer 
controller for under $20,000," says 
William J. Shiltz, traffic control sales 
manager at Eagle Signal division of 
Gulf and Western Industries Inc., 
Davenport, Iowa. His company 
started selling systems containing 8-
bit Microdata 400 minis in 1971 and 
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now has some 25 at scattered instal­
lations across the country. 

So, in August, Eagle will an­
nounce a new series of smart lights 
priced in the $6, 135 to $12,500 
range of complex hard-wired con­
trollers. The systems will handle two 
to eight traffic phases, four fewer 
than the minicomputers but not 
many intersections have more than 
eight phases. Eagle chose an Intel 
8008 MOS microcomputer as the 
central processor. 

Another system with Intel's 8-bit 
microcomputer is being readied at 
Multi-Sonics Development Corp., 
Alamo, Calif. Multi-Sonics hasn't 
disclosed details, but Peter Josse­
rand, director of sales, says it will be 
competitive with conventional con­
trollers. Once a consulting firm, 
Multi-Sonics participated in Eagle's 
early smart-light development ef­
forts. Since then, its principal busi-

ness has been manufacturing sys­
tems controlled through centralized 
16-bit minicomputers. 

In 1971, Multi-Sonics supplied 
the California State Division of 
Highways laboratory with two mini­
computers, which the division engi­
neers converted into experimental 
smart-light controllers. That was the 
genesis of the first major smart-light 
project in the country-a project 
that has opened up a new and 
promising field for minicomputer 
controllers. 

Speed in a crowd Most smart 
lights have been used to relieve sub­
urban traffic jams. However, Cali­
fornia 's highway engineers have fo­
cused most of their attention on the 
typical California driver, accus­
tomed to freeway speeds, who goes 
full-bore down crowded highways. 
Their experiments indicated that 
smart lights could reduce accident 
rates by as much as 40%. They also 
projected a savings of 25% in con­
troller costs if minicomputers rather 
than custom controllers were used at 
complicated intersections. 

As a result, the division plans to 
equip more than 100 intersections a 
year for the next several years with 
smart lights. At present, the specifi­
cations call for 16-bit, general-pur­
pose minicomputers to facilitate 
standardization while ensuring op­
erational flexibility. However, the 
assistant state engineer coordinating 
the project, Gerald Bloodgood, says 
he has not ruled out future use of 
microcomputers. "It depends on 
which proves more cost-effective." 

An order for 40 controllers in 
single and dual-minicomputer con­
figurations and 10 backup comput­
ers was placed last November with 
Econolite division of Altec Corp., 
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Anaheim, Calif.-a sale roughly 
equivalent to nationwide sales of 
smart lights in previous years. State 
engineers are checking out Econo­
lite's first production models. Each 
controller is a Data General Nova 
1210 minicomputer with four kilo­
words of core memory and sensor 
and signal interfaces. 

Econolite bid less than $10,000 
per controller in order to get in on 
the ground floor of a potentially lu­
crative market. Other firms bid 
$15,000 or more, and Rockne Lam­
bert, Econolite's computer-systems 
manager, says a typical price for 
such systems would be about 
$18,000. However, the state is pre­
paring its own operating programs, 
which will be modified at the street 
corner with portable tape readers. 

Speed control. Bloodgood intends 
to use some of the initial installa­
tions to explore advanced methods 
of controlling high-speed traffic. Ex­
periments will be conducted, on, for 
example, better methods of coordi­
nating signal timing to traffic gaps. 
"You don't just turn the yellow light 
on those guys," he explains. "You 
can't force them to make the deci­
sion about whether to stop or not." 

Since the data already gathered, 
and that to come, will have the im­
primatur of civil engineers with long 
experience in highway traffic, the 
project has aroused high interest in 
other state highway departments. 
"We hope other jurisdictions will 
pick up what we have developed," 
Bloodgood comments. 

One major contribution is the first 
generally recognized set of design 
standards and specifications. Most 
companies developing smart lights 
are working to the state's standards 
since national standards won't be 
ready until 1975, says A.J. Barry, 
advanced product planner for Auto­
matic Signal division of LFE Inc. In 
fact, the Norwalk, Conn., firm de­
cided to put his lab in Santa Clara, 
Calif., to make it handy to Golden 
State engineers. 

Though unsuccessful in the No­
vember bidding, LFE built two mod­
els to state specifications. The state 
is trying them out at two inter­
sections on El Camino Real in San 
Mateo county. The computers are 
packaged versions of Computer Au­
tomation Inc.'s Naked Mini. Barry 
hopes to cut the cost of the proces-
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sor from about $5,000 to $1 ,500 or 
less in future models with Computer 
Automation's new MOS processor, 
the Alpha LSI. 

Also, he thinks the time is ripe to 
eliminate the cost of air-condi­
tioning controller cabinets-now 
necessary to protect core memories 
from thermal degradation- by sub­
stituting solid-state for core memo­
ries. He notes that air conditioning 
is not used in conventional control­
lers because they are cheaper and 
more reliable when made with mili­
atary-grade semiconductor devices. 

But smart lights still have a long 
way to go to catch up in sales vol­
ume with the "half-smart" lights 
becoming popular in centralized 
computer networks. Automatic 
Electronic Systems Inc. of Montreal, 
for example, is supplying General 
Railway Signal Co., Rochester, 
N.Y., with 1,000 of its AES-80 TIL 
processors for the Baltimore, Md., 
control system. General Railway 
Signal Co. is supplying the street­
comer equipment, including 964 
microprocessors and 494 ultrasonic 
vehicle detectors, under a $3.8 mil­
lion contract from TRW Inc.'s Trans­
portation and Environmental Oper­
ations group in Redondo Beach, 
Calif. TRW will also be setting up 
the central office computer facility 
for Baltimore. 

Located at the lights, the proces­
sors are programed to react to sen­
sor inputs, actuate the signals, and 

communicate with the master com­
puter. 

Paul Mack, Automatic Electronic 
Systems' Eastern regional sales 
manager, says the company is bid­
ding on a dozen traffic-control proj­
ects involving a total of some 20,000 
processors. Each processor costs 
from $500 to $2,500. Even at the 
lower figure , the half-smart market 
today dwarfs the smart-light mar­
ket. 

The microprocessor, says Mack, is 
generally faster than mini­
computers. The AES-80 can operate 
with a 240-nanosecond full-cycle 
time for executing an instruction 
when working with bipolar memory. 
He compares this with a cycle time 
of 1 µ.s for the average mini and 10 
µ.s for Intel's 8080 chip. 

Memory mix. The byte-oriented 
processor also has a serial in­
put! output bus capable of transfer­
ring more than 100,000 eight-bit 
characters per second. It's also pos­
sible to intermix different types of 
data and instruction memories in 
the AES-80. Memory modules con­
sist of 256 eight-bit data words or 
12-bit instruction words; they may 
be bipolar or MOS read-only and 
random-access, core RAMs, capaci­
tive ROMS, or special-purpose de­
signs. In making its processor, Auto­
matic Electronic has avoided 
specially designed circuits or chips 
because of their high cost, says 
Mack. D 

Stop and go. This is a typical California intersection of the sort that would lend itself to con­
trol by " smart" lights. It 's isolated and cars tend to move through it rather fast. 
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A high-speed 
isolator breakthrough. 

Two new optica lly-coup led isolators take advantage of our advanced photo 
IC capabi lity giving speeds fou r times faster th an o ther opto couplers. The 5082-4360 

Series optica ll y-isola ted gates opera te up to 20M bits. This device has a photo 
detector IC circuit consisting of a photo diode and high-frequency linear amplifier. 

It is complete ly TTL compat ible at the input and output and it's capable of feeding 
eight TTL ga te loads. The 5082-4350 Series isolaiors operate up to 4M Hz bandwidth. 

This device consists of a monolithic photo detector with a photo diode and high frequency 
transistor on the same substrate, making it ideal for linear and digital applications. 

The 5082-4350 Series prices start at $2.00 in I K quantity; the 5082-4360 Series is priced 
at $4.50 in IK quantities. Detailed specs are as close as your nearby HP distributor. 
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Sales, service and support in 172 centers in 65 countries. 
Palo Al!o , Callforn11 94304 Olt1ces in pronc1 pal c1 11es Throughoul !he U S 
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SURPRISE! 
SURPRIS~~! 

The isolator that keeps up 
with your computer 
is available from these 
HP distributors. 

Distributor Stocking Locations : 

SCHWEBER 
ELECTRONICS 

Hollywood, Florida 
(305 ) 927-0511 

Elk Grove Village, Illinois 
(312 ) 593-2740 
Troy, Michigan 
(313) 583-9242 

Rockville, Maryland 
(301 ) 881 -2970 

Waltham, Massachusetts 
(617) 890-8484 

Rochester, New York 
(716 ) 328-4180 

Westbury, New York 
(516 ) 334-7474 

Somerset, New Jersey 
(201) 469-6008 

Beachwood, Ohio 
(216 ) 464-2970 

WYLE 
DISTRIBUTION GROUP 

Liberty Electronics/ Arizona 
Phoenix, Arizona (602 ) 264-4438 

Liberty Electronics 
El Segundo, California (2 13) 322-8 100 

Elmar Electronics 
Mt. View, California (415 ) 961-3611 

Western Radio 
San Diego, California (714) 235-6571 

Elmar Electronics 
Commerce City, Colorado (303) 287-9611 

Liberty Electronics/ Northwest 
Seattle, Washington (206 ) 763-8200 

HALL-MARK 
ELECTRONICS 

Huntsville, Alabama 
(205) 539-0691 
Lenexa, Kansas 
(913 ) 888-4747 

St. Louis, Missouri 
(314) 521-3800 

Raleigh, North Carolina 
(919) 832-4465 

Oklahoma City, Oklahoma 
ENterprise 50094 
Tulsa, Oklahoma 
(918) 835-8458 

Austin, Texas 
(512) 454-4839 

Dallas, Texas 
(214) 231-6111 
Houston, Texas 
(713 ) 781-6100 

EUROPE 
Celdis Ltd. 

37-39 Loverock Road, READING, Berks , England 
Tel. : READING 58 22 11 

l.S.C. France 
20, rue <1ambetta, 92-Boulogne, France 

Tel. : 604.52. 75 
lngenieurbiiro Dreyer 

238 Schleswig, Flensburger Strasse 3, Germany 
Tel. : (0462 1) 2 31 2 1 

EBV Elektronik 
8 Munich 2, Gabriel-Max-Strasse 90 

Tel. : (0811 ) 644055-8 
6 Frankfurt / Main I , Myl i usstras~e 54 

Tel.: (0611 ) 720416-18 
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Communications 

The specialized carriers 
are setting up shop 
New companies prepare to open private-line channels, 

but find established carriers block $1 billion market 

by Lyman Hardeman, Communications & Microwave Editor, 
and George Sideris, San Francisco bureau manager 

Much water has passed over the 
regulatory dam since the FCC en­
dorsed the concept of specialized 
communications common carriers in 
the 1960s. Now, as several carriers 
have opened segments of their mi­
crowave networks to the public, that 
concept is hardening into reality. 
With the progress has come a quick­
ening of the competitive pace 
among the new carriers as well as 
between them and such established 
common carriers as AT&T and West­
ern Union. 

The new companies, some of 
them regional, are bidding for over 
$1 billion in annual business from 
those private-line users who need to 
transmit large volumes of data and 
voice and video signals. The conten­
ders include: 
• MCI Communications Corp. , 
Washington, D.C., the company 
that first filed with the FCC 10 years 
ago and by now has operated a link 
between Chicago and St. Louis for 
over a year. MCI plans operation of 
a Los Angeles-New York link by 
December of this year. 
• Data Transmission Corp ., 
Vienna, Va., the financially belea­
guered company that's the only one 
constructing an all-digital network. 
Datran expects to begin service to 
its first customers in December be­
tween Houston and St. Louis, and to 
provide nationwide service some 
time in 1975. 
• United Video Corp., Tulsa, Okla., 
a cable-television company with 
some 1,300 route miles for carrying 
video in the Midwest, and plans to 

Putting It up. MCI crew erects microwave 
relay tower. Company says it's building sta­
tions at rate of one a day, and adding 500 
miles daily !O its network. 

expand throughout the South. The 
company plans to use these routes 
to transmit both voice and data. A 
700-mile Tulsa-Dallas link is to be 
completed late this year. 
• Southern Pacific Communications 
Corp., a San Francisco-based sub­
sidiary of Southern Pacific Railroad. 
Using railroad right-of-way, SPCC is 
constructing a network that will 
stretch from Seattle to Los Angeles 
and Dallas and then to St. Louis. A 
San Francisco-Los Angeles segment 
is set for August. 
• Nebraska Consolidated Commu­
nications Corp., with headquarters 
in Lincoln, Neb., is already oper­
ating a link between Omaha and 
Chicago and is constructing links to 
expand its system to Oklahoma 
City, Houston, and Minneapolis by 
late summer and to Atlanta later 
this year. 
• Western Telecommunications 



The Elegant 
Molded Parts 

For elegant applications. Custom-made 
or standard , EPC parts come with thin 
walls down to 5 mils, tolerances to 
± .050/o - even threaded bushings. In 
six different materials: fluorocarbon, ny­
lon, glass-reinforced nylon, OAP, poly­
ester and epoxy. For temperature ranges 
that go up to 200°c. 

It's just the sort of selection and 
craftsmanship that you expect from EPC 
as an EAi component company. Look to 
EPC also for transformer kits. Or to EAi 

for thick-film audio amps. 
Capacitors. Custom coils. 
Solenoids. Active filters. 
Analog I digital convert­
ers and other special 

function modules. Plus a growing list of 
other elegantly crafted etceteras. 

EPC 
Electrical Plastics Corporation 

500 Long Branch Avenue 
Long Branch, New Jersey 07740 

Tel. (201) 870-9500 
A Subsidiary of Electronic Associates, Inc. 
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Inc. , Denver, Colo., the main busi­
ness of which has been hauling tele­
vision signals through the Rocky 
Mountains to 16 stations. WTC has a 
San Diego-Yuma, Ariz., link and 
plans for Los Angeles, Phoenix, and 
Tucson ties by Aug. 1. 
• Communications Properties Inc., 
Austin, Texas, which is also a CATV 

carrier with video systems in Texas 
and Ohio. The company is con­
structing a voice and data link for 
Dallas, Austin, San Antonio, Hous­
ton, Beaumont, and Corpus Christi 
by October. Plans are to extend the 
network into West Texas and Loui­
siana next year. 

All of these applicants have re­
ceived FCC construction permits and 
are actively building microwave re­
lay links. Two other applicants- Hil­
derth Communications, with plans 
for a link between Boston and Port­
land, Maine, and Eastern Micro­
wave Corp., planning a Washing­
ton, D.C.-Boston link-have not yet 
been granted the construction green 
light by the commission. 

Uphill fight. Several obstacles still 
loom before the new specialized car­
riers. First, they must still solve the 
problem of connecting their termi­
nals to customer locations in each 
city. Also, in order to sign new cus­
tomers, each carrier must be able to 
provide a nationwide service, 
whether with its own facilities or by 
interconnection with other carriers. 

Both of these requirements ulti­
mately involve the Bell Telephone 
System, which is in direct competi­
tion with the specialized carriers. 
The reason is that, for most inter­
connections with customers within 
each metropolitan area, the special­
ized carriers will have to contract 
with telephone common carriers 
(usually operating companies within 
the Bell System) for existing local 
distribution loops. And the new car­
riers have received varying degrees 
of welcome from Bell. 

Take John Albertson, vice presi­
dent and general manager of SPCC. 
He's quite frank about what he de­
scribes as his troubles with Pacific 
Telephone, a Bell System company. 
He charges that Pacific Telephone 
has been stalling on agreements to 
interface local loops. But he adds 

that these problems are being re­
solved, and he hopes to sign an in­
terconnect contract within 30 or 40 
days. 

Others are not as unhappy as Al­
bertson. James McNabb, an MCI 
vice president, says that his com­
pany will have to depend on the 
Bell System for local distribution in 
the cities, particularly in New York, 
since it would be impossible to get a 
city's approval to dig up streets for 
private lines. He adds that so far he 
has found the telephone company 
cooperative. Most new carriers, 
however, seem to be accepting Bell 
terms in order to get business 
started, and hope to renegotiate. 

Fighting AT&T. The need for spe­
cialized carriers to provide a nation­
wide service stems from the nature 
of private-line customers which, 
more often than not, are among the 
bigger companies and have offices 
across the country. Emphasizing the 
need to accommodate such custom­
ers, one industry insider admits, 
"The name of the game in private­
line business is ubiquity, and that's 
where AT&T has the lead." 

The more effectively to market 
their services, then, most of the new 
specialized carriers are scrambling 
to go nationwide, whether through 
expansion of their own systems, by 
interconnecting with other special­
ized carriers, or by interconnecting 
with AT&T. To date, however, AT&T 

has been unwilling to "piece out," 
or lease, portions of its intercity 
trunks to the specialized carriers. 
This would allow the specialized 
carriers to complete a link between 
two customer sites with the special­
ized carrier providing one segment, 
and AT&T the other. 

On the other hand, AT&T charges 
the specialized carriers with "cream­
skimming," or building only in 
high-density routes, and leaving 
AT&T with low-density routes where 
equipment overhead is higher. Re­
acting, AT&T has proposed its "high­
low" pricing to the FCC [Electronics, 
March 15, p. 49]. 

Satellites. In time, the specialized 
carriers will make use of domestic 
satellites to expand and supplement 
their long-haul systems. According 
to Edward Taylor, president of 
United Video, "By 1977, no cus­
tomer will pay more than $700 for a 
voice-grade private line." D 
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Electronics abroad 

Tapping the Chinese market-slowly 
EIA's Sodolski finds at the Canton Trade Fair that the People's Republic 

. responds cautiously, but looks with favor on commun ications trade mission 

by Ray Connolly, Washington bureau manager 

Let a hundred flowers blossom. such a mission as "a good idea." 
Let a hundred schools of thought The technique of moving slowly 
contend. from discussions of generalities to 

-Mao Tse-tung matters of substance is something 
It has been 16 years since chairman Sodolski finds that the Chinese pur­
Mao explained in Peking that his sue artfully. On his arrival at the 
"policy of letting a hundred flowers fair, he recalls, discussions dealt 
blossom and a hundred schools of only with " trade and the growth of 
thought contend is designed to pro- friendly relations between our two 
mote the flourishing of the arts and nations." Later, as the week pro­
the progress of science." While the gressed, Sodolski was apprised of 
time until the People's Republic of the merit of a U.S. trade mission­
China begins importing American but at a more appropriate time. 
electronics technology to aid in that When will that be? The Chinese 
scientific advance is expected to be cited limitations on moving too 
less than 16 years, the first impres- swiftly. For example, the EIA official 
sions of U.S. executives is that the was told "relations between our two 
Chinese are playing it as inscrutably countries have just begun, and we 
as ever. must get to know each other." 

This is the view of John Sodolski, Hardware. "Very little electronic 
staff vice president of the Electronic equipment was on display at the 
Industries Association, after a week fair, and what was there often was 
in Kwangchow at the annual Chi- not labeled ," Sodolski recalls. 
nese Export Commodities Fair, "There was one small, low-capacity 
commonly called the Canton Trade computer, an rf direction finder, a 
Fair. "The tone of all the meetings 
was good-natured , as well as 
friendly,'' recalls Sodolski, but "the 
Chinese gave very little information 
and rarely responded directly to 
questions." Others who have been 
to the fair confirmed that view, one 
man noting : "They don't even re­
spond indirectly." 

Mission. Sodolski, who heads 
EIA's Communications and Indus­
trial Electronics division, says he 
had hoped to return from Kwang­
chow with a commitment for a U.S. 
communications equipment trade 
mission or trade delegation. While 
that hope was not realized, he does 
believe that "we will be hearing 
from the Chinese in the relatively 
near future" since, after a week at 
the trade fair, he was advised by Softly. EIA's Sodolski warns that the hard 

Chinese officials that they regarded sell won't work in dealing with Chinese. 
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laser cloud-height ceilometer, some 
unlabeled test and measurement in­
struments, and a variety of 
semiautomatic machine tools." 
There were no TV receivers, al­
though there were some small con­
sumer radios, presumably transis­
torized. Finding out the nature of 
the hardware was difficult, however. 
"No pictures of the exhibits were 
allowed,'' and permission was re­
quired to merely jot down what few 
details of the equipment were re­
vealed on cards. 

What came through clearly to So­
dolski and others who made the 
journey to Canton is what most 
Americans who track Chinese af­
fairs have suspected for some time: 
technology is not highly developed 
in the People's Republic. And, if the 
Chinese want it, there is a poten­
tially vast market for everything 
ranging from light bulbs to tele­
phone and television systems. 

But EIA's mission to Kwangchow 
proved to Sodolski that the Chinese, 
long known for patience, appear to 
be in no great hurry. 

As a result, Sodolski says he is ad­
vising EIA member companies to 
carefully select the people who will 
represent them in dealings with 
China. Beyond being thoroughly 
knowledgeable in their field, "they 
should be familiar with the ideo­
logical basis on which current Chi­
nese political thought is structured, 
have some knowledge of Chinese 
history, but- most important-they 
must possess almost unending pa­
tience and resilience." 

" Attempts at hard-sell techniques 
simply don't work,'' Sodolski cau­
tions. But, on the other hand, a lack 
of initiative may be viewed as a lack 
of sincerity. D 
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Probing the news 

Space electronics 

Scientists reserve shuttle space 
Groups gather at Woods Hole to lay out plans and stake claims 

to footage aboard the space bus when it starts trips in 1980 

by William F. Arnold, Aerospace Editor 

If scientists have their way, the 
space shuttle will carry loads of new 
electronic experiments when the 
space bus begins flying between the 
earth and earth orbit in 1980. Dur­
ing a meeting July 2 to 14 sponsored 
by NASA and the National Academy 
of Sciences at Woods Hole, Mass., a 
group of astronomers, physicists, 
high-energy astrophysicists, and 
other scientists will discuss a topic 
significant for the future of space 
science : how to use the space 
shuttle. 

What the scientists are doing is 
defining further what they'd like to 
see on board-and staking claims to 
a proportionate share of shuttle 
flights. Implicit in their deliber­
ations are such questions as how 
many and what type of experiments 
should be flown after NASA's $5 bil­
lion shuttle program becomes oper­
ational. 

But, from all indications, the 
shuttle should advance the scientific 
application and development of a 
wide variety of instruments needed 
to detect and measure phenomena 

from extragalactic gamma radiation 
to ocean current temperatures. 
Communications, too, will receive 
attention. 

The Woods Hole group will be 
using for their discussions the final 
reports of the NASA-run working 
groups on the space shuttle's pay­
load planning, already well coordi­
nated with the scientific community. 
Pointing toward what scientists 
want, the groups covered the fields 
of astronomy, atmospheric and 
space physics , high-energy as­
trophysics, life sciences, solar phys­
ics, communications and navigation, 
earth observations, earth and ocean 
physics, materials processing and 
space manufacturing, and space 
technology. 

Evolution. The solar physics 
working group, for example, sees 
the shuttle as a step toward develop­
ing larger instruments for a free-fly­
ing large solar observatory in the 
1980s. Strongly endorsing the need 
for a data relay spacecraft system, 
the group says that data trans­
mission rates for a shuttle solar ex-

EXPERIMENT OPERATIONS OBSERVATION PORT 

SUPPLEMENTAL SUPPLIES 
COMMUNICATIONS, TARGET ACQUISITION 

periment would peak to 107 bits per 
second. For earth observations, the 
working group envisions the DC-9-
sized shuttle orbiter as both a test­
bed for calibrating sensitive instru­
ments and an operational platform 
for high-resolution imaging. 

See the sea. For remote ocean dy­
namics studies, the earth and ocean 
physics group wants to use micro­
wave scatterometers, precision mul­
tifrequency coherent imaging radar, 
multifrequency dual-polarized mi­
crowave radiometers, and a host of 
laser instruments, including a laser 
scanning photometer. To monitor 
solid-earth dynamics, the list in­
cludes imaging radar for double-ex­
posure holography, fm correlation 
radar, and multifrequency laser and 
microwave differential refraction 
equipment. 

What makes scientists think of so 
many instruments is partly the large 
orbiter payload of 65,000 pounds, 
compared with "a few thousand 
pounds now" on a satellite, notes 
Alois W. Schardt, deputy director of 
NASA's space and astronomy pro-

SO LAR MON ITOR 

Space scientists ' office. This sortie lab of the Atmospheric Science Facility is one suggested type of payload for the shuttle . Martin Marietta 
has performed preliminary studies of the four-element design for the space agency. Shuttle trips are to start in 1980. 
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grams. Partly, too, scientists are in­
trigued by the shuttle's presumed 
versatility. For one thing, it can be 
used as a stage-2 rocket to launch 
outer space probes more cheaply. 

As an orbital launch pad, the 
shuttle also could release and pick 
up earth-orbiting satellites, as well 
as automated free-flying experi­
ments, such as the projected large 
space telescope. The proposed cost 
of the telescope has fallen from $1.5 
billion to about $350 million, 
Schardt says, because with the 
shuttle ''you can build it, take it up, 
use it for a while" and if it's not 
working right either retrieve it and 
fix it up there or "bring it down, 
change the instruments, and go 
back up again." 

Also capturing scientists' imagi­
nations is the sortie mode, either an 
automated flatbed of instruments or 
a combination of instruments and a 
manned laboratory where a few sci­
entists could work in shirtsleeves for 
a week running their experiments, 
somewhat like Skylab. 

Sortie lab. An example of one 
kind of shuttle payload is the atmos­
pheric science facility with a 
manned sortie lab (see illustration), 
for which Martin Marietta Aero­
space, Denver division, has per­
formed preliminary studies for 
NASA. Basically the design has four 
elements; the sortie lab, containing 
data processing and monitoring 
equipment: the basic module, con­
taining the prime observation gear; 
the previewing and solar monitoring 
systems module; and a fourth ele­
ment which could be secondary ex­
periments or service units. 

The shuttle's quick response, re­
lease and fetch capability, coupled 
with the large payload generates 
other benefits. According to an NAS 
staff member, "the relaxed size and 
weight constraints mean you don't 
have to go for so much subrninia­
turization nor long testing as with 
current launch vehicles." 

Scientists are debating whether to 
use the shuttle as "a big truck and 
pack it with cheap experiments" or 
as a platform for big expensive in­
struments, the NAS staffer says. 
"Finding reasonable, low-cost ways 
of starting to do low-cost science on 
the shuttle" is a point of discussion. 

Whether or not the shuttle means 
cheaper science remains to be seen, 
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of course. Even though shuttle 
launch costs are estimated at $10 
million per launch, what the scien­
tific experiments cost-and how 
much money science is able to get­
can't be determined now. The earth 
and ocean physics working group 
estimates that, with just two testbed 
flights a year during the 1980 dec­
ade, it would cost about $362 mil­
lion for their experiments alone. 
NASA's Schardt cautions that the 
working group "figures haven't been 
endorsed by NASA top management, 

or OMB, or this Administration." 
An unresolved question is "what 

degree of computer control we'll 
use," Schardt says. "Why train a 
man to turn dials if he can punch 
commands?" he asks, except that "a 
computer uses a lot of software," 
and, for last-minute changes, it's 
easier to put in a switch than re­
program a computer. The solution 
probably will be a combination of 
both human control and automation 
since, Schardt says, "we need the 
flexibility." D 
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When charged at room 
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Technical articles 
~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Two -way CATV's future hinges 
on inexpensive frame grabbers 
Until the cost of video refresh memories goes down, the entry 
of interactive cable television into consumers ' homes will be stalled; 
but work in five memory technologies is beginning to show promise 

by John L. Volk, Mitre Corp. , McLean, Va. 

D Two-way cable television is on its way to U.S. homes. 
It's coming in part because the Federal Communi­
cations Commission has mandated that all new CA TV 
systems be capable of bidirectional transmission. 
What's more, cable-TV entrepreneurs see a profit-mak­
ing opportunity in offering consumers more services 
than simply pumping network TV broadcasts into living 
rooms or picking up sports events from local arenas. 

Many uses of the two-way capability have been pro­
posed and tried experimentally-including automatic 
meter reading, burglar and fire protection, polling, and 
even shopping by TV. None is as exciting or as poten­
tially profitable as the computer-based personal services 
that interactive TV can offer. Various hardware manu­
facturers and CATV operators have set up two-way trials 
around the country to find out the extent of demand for 
various services, many of which are interactive and built 
around a computer. 

Based on these experiences, it appears that the only 
major technological impediment to the mass introduc­
tion of interactive TV is a reliable, low-cost video refresh 
memory (VRM). These memories, also called "frame 
grabbers," record a single TV field or frame and then 
play it back continuously. They have had limited appli­
cations in video-signal processors, TV special-effect 
equipment, airport display systems, motion detectors, 
graphic computer terminals, and scan converters. 

If the cost of the video refresh unit can be brought 
down to $100, interactive TV may become the next sig­
nificant new consumer electronics market. Even with a 
cost of $300 to $400 for a unit, interactive TV may find a 
market niche. 

There are other technical difficulties in two-way sys­
tems-such as noise accumulation on the lines-and 
there are certainly marketing problems in determining 
what services will attract CATV subscribers and how 
much they would be willing to pay for them. But from a 
strictly engineering viewpoint, the video refresh 
memory poses the most difficult questions concerning 
type of machine, cost, and reliability. 

What interactive TV can do 

Interactive TV opens a whole new market for elec­
tronics. Two-way systems use the home TV receiver as a 
display terminal for computer-generated information, 
rather than solely an entertainment box. The viewer can 
order computer-based information using a small key-
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board or can enter information into the computer's data 
base with a larger, alphanumeric keyboard. In other 
words, it is possible to transmit data via the cable 
"downstream" from the CATV "headend" and "up­
stream" from the individual subscriber. Thus a dual- or 
single-cable multiplex arrangement turns a CATV sys­
tem into a kind of telephone party-line, only without 
switching stations. 

Besides remote shopping and polling, other func­
tions-such as computer-assisted instruction, banking by 
TV, computer-mediated games, access to directory list­
ings, ticket reservations, gambling, and the like-are 
possible with interactive TV. In this system, the frame 
grabber plays an essential role at the home or receiving 
end, similar to the application of CRT displays in indus­
trial and commercial computer time-sharing arrange­
ments, but in many ways quite different. 

In both terminals, computer-generated data is dis­
played at sites remote from the computer, and both use 
TV technology for the display. But in two-way CATV, the 
home receiver is connected to the computer via a broad­
band communications channel, while the time-sharing 
terminal uses a telephone line. The home viewer may 

HOME 
TERMINAL 

TV 
RECEIVER 

REFRESH 
MEMORY 

KEYBOARD 

TWO -WAY CABLE LINK 

CABLE ·TV 
HEAOENO 

INTERACTIVE 
COMPUTER 
FACILITY 

1. Interactive TV In action. Schematic of a two-way cable-tele­

vision system shows all of the pieces that are required to link a com­
puter facility to a home receiver. They include the all-important video 
refresh memory and the home keyboard . 
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2. Dlsplay types. Three possible approaches show where the frame 
grabber fits into the system : (a) with a time-sharing terminal, (b) with 
a limited display, and (c) with interactive TV. 

only use an interactive-TV system for less than an hour 
each day; time-sharing terminals are in use several 
hours a day. The home unit has to be able to handle 
both graphic and photo display, capabilities not typi­
cally found in computer time-sharing terminals. Above 
all, the home TV terminal has to be much less expensive 
than the time-sharing version. 

Setting up interactive TV 

To appreciate the importance of video refresh memo­
ries to interactive TV, it is necessary to look at the over­
all system (Fig. 1). A typical time-sharing terminal is 
the simplest approach because it is designed to min­
imize the bandwidth required for the communications 
link over ordinary telephone lines. 

The terminal's refresh memory captures computer­
sent codes-perhaps 11 bits. of data for each letter to be 
displayed-and repetitively (at least 60 times per sec­
ond) passes them to the display generator, which con­
verts the codes into a TV signal. However, the simplest 

approach prohibits use either of graphics or of photo­
graphic material. 

A cable system could use this type of terminal for in­
teractive services, but the limitation on display capabil­
ity is a major disadvantage. For the display generator to 
be reasonably inexpensive, it must have only a small, 
fixed set of display characters; graphic display is expen­
sive, and computer-retrieved photographic display is 
out of the question. 

A more flexible display would be possible using a 
centralized display generator and the wideband capa­
bility of cable TV. Under the computer's control, the dis­
play generator creates a single-frame (or single-field) TV 
signal that represents the computer display. The signal 
passes over a regular TV channel on the cable in l /30 
(or 1/60) of a second. At the receiver, the VRM captures 
the signal and plays it back continuously on the screen. 
By adding a home "address" to each display generated, 
one display generator and one TV channel on the cable 
can serve many users simultaneously. 

The expense of the display generator can be prorated 
over many users, so that increased display capabilities 
can be included without a significant boost in user cost. 
It 's also possible to retrieve photographic images, con­
vert them to TV signals, and transmit them as single 
fields or frames in the same manner as the computer­
generated signals are handled. The viability of this ap­
proach, though, rides on the cost of VRMs and the extent 
to which home viewers value the computer services that 
the interactive-TV system delivers (Fig. 2) . 

There's another way of lowering the cost of VRMs-if 
home use of the interactive services will be limited to 
less than an hour a day. In this approach the refresh 
memories are located with the display generator and 
the computer. Each refresh memory is connected to a 
different TV channel. When the home viewer wishes to 
use the interactive system, he is assigned a channel tied 
to an unused memory. 

The advantage of this approach is that the costs of 
both the display generator and the memory are pro­
rated. The disadvantage is the need for what today is an 

3. Refresh sharing. A centralized interactive system would perm it sharing of video refresh memories and thus redu ce costs. The problem is 
that such a network is not compatible with present practice in cable-te levision operation. 
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untraditional cable-TV network, one that uses many 
hubs to achieve through space-division multiplexing the 
equivalent of thousands of separate TV channels in a 
city (Fig. 3). Each hub would require several trunk 
lines, and each trunk would feed several hundred 
homes. What's more, while carrying broadcast-TV chan­
nels in common, each hub would have its own set of in­
teractive-TV channels connected to VRM. 

A recent Mitre study has shown that this system in an 
urban environment and providing 30 minutes a day of 
interactive computer services to each subscriber could 
be operated with a fee-per-home level comparable to a 
typical phone bill. A major weakness of this approach is 
that massive demand could cause long waits for the in­
teractive channels. 

Therefore, a combination of the two ideas might be 
ideal. The casual user could take the shared frame­
gra b ber route, and the more serious user could have a 
VRM installed in his home. In either case, however, the 
VRM is a key element in the system. 

VRMs in assorted styles 

It is possible now to build VRMs using magnetic disks 
with either digital or frequency-modulation recording, 
magnetic-tape players, electronic storage tubes, or MOS 
technology. Each of these technologies has certain oper­
ational or economic limitations. 

The ideal VRM for an interactive system must be, first 
of all, reliable, and second, low in cost. A mean time be­
tween failure of 2,000 hours and a cost of about $100 
would be acceptable. It should be able to record and 
play back TV images of color photographs without in­
troducing noticeable noise or loss of resolution. And it 
should be possible to alter or edit part of a recorded im­
age rapidly without having to retransmit the entire im­
age. For instance, if a photograph were displayed by the 
computer in the upper half of the screen and text on the 
lower half described the photo, it should be possible for 
the computer to erase the text and continue with new 
text without retransmitting the picture. 

Digital magnetic-disk recorders 

An incoming monochrome TV image in a digital mag­
netic-disk recorder may contain from 100,000 to 300,000 
bits for text and line graphics, depending on the resolu­
tion desired. Two to four tracks are required on the 
magnetic disk to hold this kind of image with the disk 
rotating at 1,800 rpm. Three or four times as many bits 
are needed to record a black-and-white photograph. 
Color photographs increase the number of bits by two 
or three times over that. 

The digital magnetic disks produced today are not of­
ten used for storing photographic or color images (Fig. 
5), because storing the large number of bits is costly. 
User cost is around l 110 to Yi a cent per bit. In addition, 
to keep system costs down, separate disk memories for 
each display are replaced by a large disk with as many 
as 64 tracks. The large disk provides storage for several 
refresh-memory subsystems in one larger central dis­
play system. 

A major advantage of the digital recording technique 
is the ease of editing. For instance, it's possible to re­
place a single character with another on a screen full of 
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4. Punchy. An interactive television keyboard would be used at 
home to request data from the computer. The prototype shown here 
is produced by Jerrold Electronics. 

text without disturbing the rest of the text. On the other 
hand, it is handicapped as a VRM by the difficulty and 
expense of recording color photographic information 
and the difficulty of meeting the required mean time be­
tween failures. 

Magnetic disk using fm recording 

A more direct way of using magnetic recording tech­
nology is to record the TV image without digitizing it. As 
with the digital version, the disk rotates so that a signal 
for a black-and-white TV image is frequency-modulated 
and recorded on the disk. Equipment now on the mar­
ket proves that this recording can be done with a low­
cost machine. A unit from Hitachi, for example, which 
has a bandwidth of 5 megahertz, sells at $200 in small 
quantities. 

Recording color-TV images with this technique is 
complicated by the NTSC color-encoding standard that 
calls for phase-encoded hue. The mechanical disk can­
not rotate precisely at the TV field or frame rate, and 
these otherwise minor speed variations garble the 
phase-sensitive color information. 

There are two straightforward solutions to this prob­
lem (Fig. 6). The first answer is to decode the incoming 
NTSC signal into its red, green, and blue components, 
recording them on separate disk tracks as if each were a 
black-and-white-signal. The individual signals can be 
combined at the output to produce an NTSC signal for 
the display. 

The second solution is to convert the incoming NTSC 
signal to an encoded signal that is not phase-sensitive, 
such as the French Secam technique, before recording. 
This Secam signal can then be recorded as if it were a 
black-and-white TV signal on a single disk track. How­
ever, the Secam signal must be converted to NTSC be­
fore being transmitted to the home receiver. This ap­
proach can be further simplified. The computer could 
send Secam-like signals instead of NTSC signals to the 
VRM in the first place. 

The fm recording technique does complicate editing, 
however. There is no direct way to erase a single charac­
ter from a frame of text or add a new character to a 
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screen already fully occupied. It is possible to replace 
whole lines of previously recorded data with new infor­
mation, if the disk mechanism is closely synchronized 
with the TV field rate. 

Video-tape recorders/ players 

Video-tape machines, especially the cassette versions, 
have received the most comment as potential home-en­
tertainment products (Fig. 7). So far, they have been 
slow to win acceptance by consumers. However, be­
cause in several years many people may have them in 
their homes, these machines are good candidates for the 
role of VRM- if it is possible to modify them inexpen­
sively. 

Video-tape recorders use slant-track, or helical, 
recording in which a single TV field is recorded as an fm 
signal on a track that is angled to the tape's axis. The 
tape moves around a drum containing a recording head 
(or, more usually, a pair) which spins at an angle with 
respect to the tape, completing a slanted track 1/60 of a 
second. Stopping the tape motion past the head would 
freeze a recorded image displayed on the receiver and 
convert the recorder/ player into a frame grabber. The 
only modification required is to provide a means of 

5. Disk jockey. This digital disk refresh memory, which is produced 
by Data Disc Corp ., has already been put to use in interactive tele­
vision experiments carried out by Mitre Corp. 
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stopping the tape and switching rapidly from record to 
playback. 

From an operational standpoint, the video tape ma­
chine has the same advantages and disadvantages as 
the magnetic disk. However, the head for the disk is sta­
tionary, simplifying the mechanics of the system, which 
means that the disk should generally be more reliable 
than the tape player. 

Electronic storage tubes enter the picture 

Direct-view storage tubes, like those in oscilloscopes, 
are not actually VRMs, but they are capable of perform­
ing that function as well as the display. However, their 
high cost, slow erase time, and absence of color capabil­
ity make them poor candidates for use in an interactive­
TV system. 

The standard storage tube uses secondary emission to 
add or subtract charge to a target of nonconducting ele­
ments on the face of the tube. The charge-holding ele­
ments are on a conducting surface. To read, the elec­
tron-beam potential is lowered so that it cannot affect 
the charge on the nonconducting elements. Then, as a 
raster scans the target, the current reaching the conduct­
ing surface is a function of the charge on each charge­
holding element the beam passes over. 

The picture quality recorded on the tube is directly 
related to the quality of the target-that is, the number 
of charge-holding elements, the number of imperfec­
tions, and the relation between scan pattern and the 
pattern of the charge-holding elements. 

Storage tubes are relatively expensive as frame grab­
bers because they include not only the tube, but the 
electronics to direct the beam, which usually contains a 
fairly expensive magnetic deflection yoke. One manu­
facturer has experimented with a low-cost storage tube 
that uses electrostatic deflection, rather than the high­
priced magnetic yoke. 

A major drawback with storage tubes is that they do 
not reproduce color. It has been suggested that if a stor­
age tube had sufficient resolution, an NTSC signal could 
be recorded on the tube and the color information re­
covered along with the luminance information. Another 
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6. Fm that refreshes. There are two ways of using frequency-modulated disk tracks for color-by separating three color signals and record­
ing them on separate tracks (top) , or by record ing a Secam signal on a single track (bottom) . 
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7. Tape holder. This Sony video-cassette tape player could be used 

as a refresh memory for interactive television if the tape could be 
stopped at one frame and that frame then displayed on the receiver. 

possibility being tried is the use of three storage tubes to 
hold the red, blue, and green components separately, 
but this has not been too successful. 

It is quite easy to add new information to a display 
stored on an electron storage tube. However, it is diffi­
cult to erase information already recorded. It may take 
over Vi a second to erase an entire display, which is 
rather slow for an interactive-TV system. 

Solid-state versions look good 

It is now possible to build a solid-state VRM. MOS in­
tegrated circuits can be designed to hold a digital repre­
sentation of a TV image in much the same way as is 
done with a digital magnetic-disk memory. 

Mitre has developed a $700 solid-state refresh 
memory consisting of two subsystems- one for lumi­
nance and one for color refresh. Both use digital tech­
niques-a shift register for luminance and random-ac­
cess memory for color. The computer-generated display 
has the capability of being coded in seven different col­
ors, including white. The display format is 17 rows of 43 
characters each, with a character being a 10-by-12-bit 
matrix. 

The MOS luminance register, which is manufactured 
by the Intel Corp., consists of 88 1,024-bit n-channel 
MOS shift-register ICs. As shown in Fig. 8, the refresh is 
organized as eight 13,264-bit registers operating in par­
allel. This allows operation of the register at a 10-MHz 
clock rate, although the individual registers are only 
being clocked at 1.25 MHz. The register operates in one 
of four modes-replace, selective erase, overstrike, and 
recirculate. The luminance refresh is contained on an 8-
by-10-inch circuit card and requires power supply at 
only 5 volts. The color refresh memory is a 1,536-by-3-
bit static MOS RAM, operating at a 1-MHz rate. Four 
color memories are contained on one 8-by-10-in. card. 

With the digital disk refresh, bits are wasted during 
the TV-signal retrace interval and when the TV beam is 
hidden behind the tube's mask. With the MOS tech­
nique, though, the refresh clock may be stopped or 
slowed down significantly during these periods to cut 
this waste. Mitre's MOS design has 87 ,720 bits holding 
the desired image, the remaining bits are used to main-
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8. Solld state. An MOS IC digital refresh memory uses fewer data 

bits than a digital disk to display the same photo . The model shown 

was designed by Mitre and built by Intel Corp. 

tain the minimum shift-rate requirement during the 
vertical and horizontal blanking intervals. 

By comparison, the same image stored at the same 
resolution on a disk would require 166,667 bits. Because 
the cost per bit of MOS shift registers approach the cost 
per bit of digital disk memory, this saving is significant. 
In addition, the cost per bit of MOS memory is not as 
sensitive to memory size as it is in the disk version, 
which approaches the cost of an MOS type only if many 
units share a single disk. Besides, the MOS memory 
doesn't suffer from mechanical reliability problems, it is 
adjustment-free, and it is easy to repair. 

On the other hand, the MOS refresh memory has the 
same major weakness as the digital disk. It is not eco­
nomical today to store either color or black-and-white 
photographic images. What's more, the cost per bit for 
MOS shift registers, while less than V2 a cent, is not low 
enough to cover the vast numbers of bits required for 
gray-scale material. 

Combinations add up 

Although all of the memories described here have 
significant disadvantages, these should not inhibit the 
development and use of interactive-TV systems. For ex­
ample, Mitre's Time-Shared Interactive Computer­
Controlled Information Television system being in­
stalled in Reston, Va., will use both MOS and fm mag­
netic-disk refresh. The MOS devices are to be used for 
displays with line graphics and text, while the fm disk is 
to be used for black-and-white photographic data. This 
system will begin delivering interactive services to sev­
eral thousand homes this fall. 

In the near future, low-cost fm disks capable of hold­
ing color photographs should be available. Further 
ahead, charge-coupled devices and other analog 
equivalents of the digital shift register may take the 
place of the refresh memories now in use. In the mean­
time, large-scale production may also bring down the 
cost of electronic storage tubes. The outlook for inex­
pensive, reliable video refresh memories is better than 
at any time. It remains for software developers to make 
their contribution toward getting interactive-TV systems 
off the ground. D 
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WE CALL THE 840 
THE LOADED NOYA. 

IT'S TOO BIG AND HAIRY TO 
BE A MINICOMPUTER. 

By minicomputer standards, 
our new Nova 840 is big and 
hairy and costs a lot of money. 

But, in terms of combined 
hardware/software perform­
ance, minicomputer standards 
just don't apply to the 840. 

BIG HARDWARE 
We loaded the 840 with a 

brand new Memory Manage­
ment and Protection Unit that 
turns it into something far more 
than a minicomputer. MMPU 
lets the 840 grow to 128K 16-bit 
words (256K bytes) of main 
memory, and, most important, 
lets it take advantage of all 
the hairy software we've 
developed. 

The 840 also comes with a 
whole list of peripherals and 
high-performance options, 
including a superfast new 
Floating Point Unit that handles 
single and double precision 
arithmetic at speeds that match 
most big computers. 

HAIRY SOFTWARE 
But hardware is only the 

vehicle. What makes the 840 a 
different kind of machine is 
software: the most powerful 
software available with any 

Circle 82 on reader service card 

computer at anywhere near 
its price. Proven software we 
can deliver today. 

It has a Real-time Disc 
Operating System that super­
vises the whole system; our 
new Fortran 5, that produces 
globally optimized, fast­
executing code that's as effi­
cient as machine language; 
Batch; remote job entry soft­
ware; timesharing BASIC; and 
Extended Algol. 

Dual Operations on the 840 
lets you run any two major 
software streams concurrently 
and with complete security: 
multi-terminal timesharing 
BASIC along with remote job 
entry, or a real-time control 
application while you're doing 
prototype development in 
Algol. 

THE PROOF 
With all that hardware/ 

software muscle, the 840 has 
embarrassed a lot of far bigger 
computers in price/perform­
ance benchmark comparisons. 

For instance, there was the 
XDS Sigma 7 that was 40% 
faster running an independ­
ently conducted Fortran 

benchmark. And then got 
wiped out by the 840's more­
than 10-to-1 price advantage. 

Or the DECsystem-1050 that 
cost eight times more than the 
840. And was actually 7% 
slower running the benchmark. 

If you think those bench­
marks are too good to be true, 
just call us. We'd love the 
chance to give you a lot more 
details on the benchmarks and 
how Data General software 
makes that kind of price/ 
performance possible. 

THE PAYOFF 
We know that Data General 

isn't the only minicomputer 
company with a big hairy 
machine. 

We also know that the 840 
is, capability-for-capability, 
feature-for-feature, consis­
tently less expensive than the 
competition. 

And we know we can deliver 
the 840 faster than the compe­
tition can deliver their ma­
chines: 90 days after you call 
us with an order. (617) 485-9100. 





Although spawned out of military necessity to save weight 
and space and to augment equipment reliability, planar in­
terconnection techniques have now developed to the point 
that their advantages should no longer be ignored by design­
ers of consumer and commercial equipment. And indeed they 
are not, as a glance into modern computer and communi­
cations systems coming off the line will attest. 

Planar wiring is attractive to system designers because it 
offers cost savings in many situations where traditional 
round-wire cable interconnections must be forced into small 
spaces, or where a lot of costly hand labor is required to form 
the harnesses needed in a particular design. 

There are two major approaches to planar inter­
connections-fl.at cable and flexible circuit wiring. Flat cable, 
basically a planar version of a circular cable containing 
round wires, is usually fabricated from either fl.at rectangular 
or round conductors, made of bare or plated copper and lam­
inated or molded in flexible plastic insulation. The cable is 
available in a wide range of wire sizes, conductor spacings, 
and configurations. 

The other major category of planar wiring-flexible cir­
cuits-is a first cousin to the printed-circuit board, except 
that a flexible plastic, like polyester or polyimide, is substi­
tuted for the rigid materials of pc boards. Laminated to this 
plastic base is a thin layer of copper that is etched to form 
the required circuit configuration, just as with a pc board. A 
flexible circuit can be designed to fit exactly into a limited 
space and reliably make the required interconnections, thus 
eliminating the unwieldy harnesses, lacing terminal lugs, 
and other inconvenient and time-comsuming appurtenances 
of conventional round wiring. 

In the following pages, three experts describe some of the 
new techniques being used to exploit the unique properties of 
fl.at and flexible cable interconnects. First, Westinghouse 
Electric Corp. 's Jim Henderson shows how he realized econ­
omy with fl.at cable by applying good design principles early 
in the design phase of an engineering project. 

Then Joseph Marshall of Ansley Electronics Corp., a sub­
sidiary of Thomas & Betts Inc., shows how fl.at cable can 
now handle the ultrafast pulses of modern computer systems. 

And finally, Peter Maheux of Bell-Northern Research 
presents a use of flexible circuitry that produces extraor­
dinary savings in assembly time. -Stephen E. Grossman 
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Designer must plan 
early for flat cable 
Matrix enables interconnections to be 
optimized in initial stages to achieve 
cuts in design and fabrication costs 

by James A . Henderson , Westinghouse Electric Co .. Baltimore. Md. 

D Electrical interconnections are seldom given much 
thought in the initial design phase of a sophisticated 
electronic system. Often they are ignored until system 
partitioning and packaging designs are completed, and 
then the spaces available for the cables are sometimes 
so small and cramped that costly redesign may be re­
quired merely to incorporate the necessary signal and 
power conductors. 

Flat cable changes all this, for it imposes a require­
ment for careful planning and system integration of 
electrical interconnections. Because of its planar con­
struction, the address of each lead falls into a given po­
sition, which cannot be altered later as in a conven­
tional round-wire harness. On the other hand, because 
the cable is designed in and not added on as an after­
thought, much costly branching can be eliminated and 
significant labor savings achieved. 

Figure l pictures a flat-cable assembly, and Fig. 2 in­
dicates the labor savings possible. In quantities of 100, 
the 26-connector conventional round-wire bundled 
cable shown represents $680 worth of materials and 100 
hours of labor. On a branch-for-branch, connector-for­
connector basis (Fig. 2b), material costs for a compa­
rable flat cable rose to $785 , but labor dropped to 67.5 
hours. With repartitioning, the system material costs fell 
to $720, and labor dropped markedly to 38 hours. 

Thus, the extra cost of flat cabling materials is more 
than offset by the elimination of individual wire laying, 
shaping, and conductor-terminating techniques associ­
ated with round-cable assemblies. They are replaced 
with one set of design steps that determine the form and 
fit of the cable as an integral unit. 

Interchanges 

While conventional wmng employs break-outs and 
branch points to enable each wire to exit from the 
bundle and seek its termination, flat cable employs in­
terchanges. These interchanges may consist of a single­
sided printed-circuit wiring board with crossovers ac­
complished by judicious location of cable inputs on the 
board. 

Alternatively, the connections may be automatically 
(or semiautomatically) wired matrices or multilayer 
printed-wiring matrices (Fig. 3a and 3b). In the latter, 
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1. Challenger. Typical wiring harnesses are 

being replaced by new flat-cable tech­

niques, which eliminate expensive prototype 

and production pitfalls . 

the cables are usually terminated at a junction box and 
interconnected within it by the same techniques. Fi­
nally, the interchanges may be a welded matrix (Fig. 
3c), in which one layer of flat-conductor cable is laid on 
top of another, and conductors are welded together 
through the insulation as desired . This last technique 
lends itself best to thermoplastic insulations. 

Interchanges are expensive, however, not only in dol­
lars, but also in lowered reliability, increased require­
ments for quality control, and higher system weight. A 
good designer will eliminate them whenever possible by 
careful planning and pa rtitioning. 

A case history 

As an example of the design procedure, a weapons 
system was originally interconnected by hand-formed 
harnesses, but it was failure-prone because of wire 
breakage at the short lead-ins to the connectors from 
the main branches. 

To optimize the design, a functional flow diagram of 

the system was prepared, outlining initial system parti­
tioning and subassembly identification (Fig. 4) . The sig­
nal and power-connection requirements were entered in 
an elementary interconnection matrix, with the matrix 
sequenced in order of planned subassembly location­
that is, the su bassemblies were listed on the left side of 
the chart in the order of their planned phys ical place­
ment in the system. This list was repeated in identical 
order from left to right along the top of the chart, form­
ing a square matrix. The number of interconnecting 
leads required between subassemblies is shown at the 
proper intersections in the matrix-for example, three 
twisted pairs and nine single conductors were needed 
between subassemblies D and E. 

This interconnection matrix was developed as a prac­
tical offshoot of a shortest-path algorithm for inter­
connecting cables. With the matrix ordered in the phys­
ical sequence of the subassemblies in the system, it is 
easy to see where interconnections must take long 
paths, by virtue of their being relatively far removed 

2. Evolution. Mere ly replacing a traditional harness (a) , on a branch-for-branch, connector-for-connector basis as in (b), will yield signifi­

cant savings in labor, with a slight increase in material cost. However, repartitioning the system can optimize labo r and material costs (c). 

(a) 

/CONNECTOR 

BUNDLED ROUND·WIRE 
CABLE HA RNESS 

MATERI A L: $680 
LABOR: 100 HRS. 
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(b) 

REPLAC E WITH FLAT CA BLE, 
SAM E CONNECTOR/ PIN 
ASSIGNMENTS 

MATERI A L: $785 
LABOR : 67.5 HR S. 

(c) 

l .Jllll 

I T,__ _ ____.~ 

NEW (OPTI MUM) 
DESIGN 

MATERI A L: $720 
LA BOR: 38 HR S. 

• 
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(a) WRAPPED-WIRE MATRIX 

Daughter 
board 

(b) MULTILAYER PRINTED CIRCUIT MATRIX 

(c) WELD-THROUGH MATRIX 

3. Complex. The wrapped-wire matrix (a) is desirable when 

changes are anticipated . In large systems with complex wiring, a 

multilayer back panel (b) is programed by daughter boards. The 
compact welded-through matrix (c) is fine for a planar interface. 

from the diagonal "zero-distance" axis (see, for ex­
ample, row E, column M in Fig. 4). 

To alleviate this situation, one or both of two possible 
courses of action may be taken: one of the subas­
semblies may be relocated to shorten the path, or the 
circuit function requiring the stray pair of wires may be 
moved to a different subassembly. Both of these tech­
niques are used to optimize the system in an early stage 
in the design phase-a simple task, thanks to the matrix. 
The matrix also enables early resolution of wiring dis­
crepancies, as in the example shown in boxes JG and 
GJ. There is little likelihood that a wiring requirement 
will be overlooked. 

After subassembly input / output requirements have 
been establis· 'ci. the signal and power cables are de­
fined , and cor:ductors chosen within the cables so as to 
obtain the greatest degree of separation possible be­
tween noisy emitter and sensitive receiver circuits. This 
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S •SINGLE CONOUCTOR 
TP • TWISTEO PAIR 

OTP IZ 

TT • TWISTEO TRIAO 
SJ • SHIELO EO ANO JACKETED 

4. Tool of the trade. Interconnection matrix is the key to optimizing 

a flat-cable design . Letters are assigned to the various subas­

semblies in the system . Interconnections are located as close as 

possible to the diagonal line. 

essential step departs from the practice of allowing the 
individual subassembly designers to select connec­
tor / pin assignments. For ifthe designers were free to se­
lect them, this would probably result in random assign­
ments of signals to conductors and compromise cable 
design by requiring added interchanges. Instead, once 
the fiat-cable designer has completed the conduc­
tor I signal assignments, he assigns signals to connector 
pins at all interfaces to complement the conductor as­
signments. 

The mockup 

Each cable section has to be designed with enough 
spare leads to accommodate minor changes and addi­
tions to the circuitry, since extra conductors cannot be 
added one at a time, as in round cable. For major 
changes, requiring more than the spares complement, 
new cables would have to be added. 

Electronics /July 5 , 1973 



5. Mockup. Mylar film serves as a model for flat-cab le wiring in de­

veloping prototype of cable assembly. Note the model for the planar 

in terchange on the wall . At the right are patterns for the flat-cable in­

terface with the connectors. 

The next step is to develop a cable mockup using 
clear Mylar film. For this purpose, an accurate mockup 
of the component layout of the actual system must be 
available as a basis for determining how and where the 
cables are to run, how they are to be mounted, and 

what their fold, bend, and retraction requirements are. 
The actual system enclosure can be used as the mockup, 
as shown in Fig. 5. 

After the Mylar mockup is completed, the Mylar is 
removed from the mockup and is used to prepare the 
detail and assembly drawings, as well as the fixtures for 
the production cable assemblies. The time required to 
assemble such a fiat-cable prototype is considerably less 
than that required to prototype a hand-formed round­
wire harness. 

These factors , coupled with the.initial fit and form de­
velopment using the Mylar mockup, result in cables 
that fit the first time. What's more, the need for docu­
mentation change to relieve poor-fit areas is virtually 
eliminated. 

Table 1 demonstrates the power of prototyping with a 
Mylar mockup. It compares the labor costs for engi­
neering a 300-wire cable system employing traditional 
cabling techniques with the costs of the new design 
techniques employing fiat cable. Although both engi­
neering and drafting costs are somewhat higher for flat 
cabling, the manufacturing time for the prototype is 

TABLE 1: NONRECURRING LABOR COSTS FOR 300-WIRE ROUND AND FLAT CABLES 

TRADITIONAL BUNDLED·ROUND-WIRE DESIGN FLAT-CABLE DESIGN 

HOURS HOURS 

ENG. DRAFTING MFG. ENG. DRAFTING MFG . 

Basic cable design: Prepare interconnection 

select connectors and matrix and resolve 

wire and prepare wire 80 40 discrepancies 60 
(Note 1) 

Define cable and connector-

pin assignments and tabulate 80 

Develop cable, Verify cable run lengths, make 

wire by wire 600 Mylar layup, and prepare 40 360 Note 2 

drawings 

Mount prototype in unit 32 Mount prototype in unit; 

no recycle necessary2 8 

Rework, correct errors, 

and relieve tight areas 40 20 

TOTALS: Eng. 120 TOTALS : Eng. 180 
Drafting 60 Drafting 360 
Mfg. 632 Mfg. 8 

Notes 

1. Or Electronic Data Processing. 

2. Large manufacturing and rework effort is eliminated by engineering design employing Mylar mockup. 
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drastically reduced-down from 632 hours to only 8 
hours. 

Retraction techniques 

As part of over-all cable design, retraction and exten­
sion must be considered. Some of the common tech­
niques are shown in Fig. 6. The one to be used depends 
primarily on the available space. 

The window-shade form of flat cable may be either 
retractor-controlled (as with an automobile seat belt) or 
formed into the memory of some insulation systems. 
The controlled fold may be rigid at the bends and flex­
ible at the straight sections, or flexible throughout. It is 
better not to allow flexing at the cable bends because 
the work-hardening encountered during bend forma­
tion may reduce the life of the copper significantly. 
Controlled-roll flat cable provides a slide-rolling action 
within a narrow enclosed conduit. The design includes 
se lection of the conductor and insulation systems as re­
quired for the electrical and environmental conditions. 

The last step is to produce a prototype of the cable to 
validate both mechanical and electrical design. The fi­
nal cable assembly produced from preformed detail 
parts is the one illustrated in Fig. 1. This assembly is 
easily mounted into place, using adhesives and support 
brackets, as shown in Fig. 7. D 

6. Retract. Flexible cable is usable with sliding drawers. doors, and 

hatches-window-shade (a) and contro lled-fold (b) versions used 

where motion is straight pull-out and return . The controlled-roll type 

(c) , confines the flexing cable to a shallow conduit. 

(a) WINDOW SHADE 

(b) CONTROLLED FOLD 
Conduit 

(c) CONTROLLED ROLL 

7. Installed. Jacketed cables, with potted connectors that are costly fabrication procedures. The flat-cable assembly is clean and com-

to assemble, are replaced by flat cabling , which eliminates expensive pact and provides short thermal paths for all conductors. 
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Flat cable aids 
transfer of data 
Two dielectrics permit multisignal 
cable to operate well at nanosecond 
speeds with a minimum of crosstalk 

by Joseph B. Marshal I, Ansley Electronics Cprp., Doylestown, Pa. 

D To transfer high-speed data from one point to an­
other with minimal distortion, conventional cabling is 
not good enough. The system designer must think in 
terms of high-frequency transmission lines and their at­
tendant parameters of impedance, attenuation, and par­
ticularly crosstalk. Such lines must often interface satis­
factorily with printed-circuit boards, and their cost 
should be low. 

Coaxial cable has been used for data transmission, 
and so have stripline techniques, but, besides requiring 
expensive connectors, and being expensive to fabricate, · 
they are not really flexible enough. Nor, until recently, 
was fl.at cable able to perform where switching speeds 
were faster than 4 to 5 nanoseconds, because its far-end 
crosstalk was too high. 

A recently developed dual-dielectric fl.at cable, how­
ever, provides the necessary transmission-line charac­
teristics and, most significantly, has drastically reduced 
crosstalk at nanosecond switching speeds. Since its sig­
nal leads are spaced on 50-mil centers, it satisfies the 
density requirements and, compared with coax, it is also 
economical. 

A fl.at-cable version of a transmission line is the cul­
mination of a long-established trend (see "Planar trans­
mission lines," p. 92) . Cabling that interconnects pc 
boards should ideally be planar, like fl.at cable. Also, it 
should exhibit high wire density, as does fl.at cable, be­
cause the wide, rectangular body of insulation, covering 
a multitude of conductors, is physically strong, the con­
ductors in such cable can be very thin- no thicker, in 
fact, than is necessary to fulfill attenuation require­
ments. Also, automated tooling is available to rapidly 
strip and terminate such cable, whereas twisted pairs or 
grouped coaxial cable cannot be terminated nearly as 
fast. However, conventional fl.at cable's serious short­
coming is its susceptibility to crosstalk at high switching 
speeds. 

Crosstalk 

Generally, when conventional flat cable is used to 
transfer data, it develops high crosstalk whenever the 
signal propagation delay along its length approaches 
the rise time of the pulse being propagated. The propa­
gation delay is· related to the length of the line and the 
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Boom to high-speed data. Twenty-channel flat cable handles 1-na­
nosecond data signals with negligible crosstalk . White polyethylene 
dielectric is folded back along with the 21 rectangular ground leads 
to expose the 20 signal lines. 

square root of the effective dielectric constant of the in­
sulating material. Some representative dielectic con­
stant values for commonly used insulation materials are 
shown in Table 1. 

A handy rule of thumb for adequate crosstalk control 
is that the principles of transmission lines should be ap­
plied when the delay time between connections exceeds 
1 /25 of the transmitted pulse's rise time (tr). To get an 
idea of what this means dimensionally, these conditions 
are met by a IO-nanosecond pulse rise time on a poly­
ethylene-insulated cable 3.2 inches long, or in air over a 
path only 4.8 in. long. Since data-processing equipment 
now commonly operates at two or three times this 
speed, and new designs employ subnanosecond rise­
time devices, it's obvious that most system and device 
interconnections must be made by high-frequency 
transmission-line techniques. At the same time, me­
chanical compatibility with pc boards must be main­
tained. 

A worst-case crosstalk condition occurs when, say, 
four out of five adjacent signal transmission lines are 
pulsed simultaneously, with the quiet line in the center. 
The interference level on the quiet line is expressed ei­
ther in decibels of isolation between the active pulse­
carrying signal lines and the quiet line, or as a percent­
age of the signal level on the active lines. 

Relevant equations1 are: 
Crosstalk (dB) = 20 log (Va/ Vq) 
Crosstalk(%) = (Vq / Va) X 100 
Figure 1 represents two adjacent uniform signal lines, 

one of which carries a pulse-type signal. The coupling 
between the two lines is represented by mutual induc­
tive and capacitive components, L12 and C12, respec-

TABLE 1 
SIGNAL PROPAGATION DELAY IN VARIOUS DIELECTRICS 

Media 

Air 

FEP (Teflon) 

Polyethylene 

Polyvinyl chloride 

Polyester 

G- 10 epoxy-glass-cloth 
printed-circuit board 

Propagation delay (ns/ foot) 

1.016 

1.47 

1.545 

1.8 - 1.9 

1.85 

2.0 - 2.2 
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NEAR END 1 FAR END 

Jl_-+ i 1 12 
EXITI NG SIGN AL LI NE L,2 

7 J T -
NEAR END FAR END 

QUIET 
CAPACI TI VE CAPACITIVE 

LI NE - Jl_ JL. -
INDUCTIVE INDUCTIVE 

-=- - JL ~- -=-

1. Crosstalk. Unshielded , signal lines that are adjacent and parallel 

are vulnerable to crosstalk. The distributed capacitive C12 and induc­

tive components L12 couple the spurious crosstalk-signal compo­
nents that propagate in the directions shown in the schematic . 

tively. Signals introduced into the active line will be 
coupled into the quiet line by the electrostatic and 
electromagnetic fields that accompany the traveling sig­
nal. 

The induced voltage and current propagate in both 
the forward and backward directions at the same speed 
as the exciting signal, but there are significant differ­
ences in the polarities of the components of the back­
ward and forward crosstalk. The capacitively coupled 
component propagates in both directions with the same 
polarity as the signal in the exciting line. The induc­
tively coupled component propagates backward with 
the same polarity, but forward with the opposite polar­
ity. 

The net effect of all these interactions comes to this. 
The near-end crosstalk will be the sum of both the ca­
pacitive and inductive effects; hence it will be an atten­
uated replica of the pulse on the active line. This pulse 
will reach a maximum amplitude when the effective 
propagation delay of the quiet line corresponds to tr/2. 
(For example, a pulse with I-nanosecond rise time will 
generate maximum backward crosstalk on a quiet air­
dielectric line, 6 inches long or longer.) The far-end 
crosstalk component is the net difference between the 
inductively and capacitively coupled effects because 
they are opposite in polarity. Hence, if these compo­
nents are equal, forward crosstalk is zero. 

Coupling coefficients are expressed by the following 
formulas: 

POLYETHYLENE CABLE CO RE (e,) 

0.044 IN. lt~~II: 
""+<:...::...~:t"-':...::...'-4''--0.'""'05'""'0'"'1N~. ~ 

o .9501N .~J 
- - ----1.100 IN. .,. 

- ------1.150 IN. 

2. Two dielectrics. Inner polyethylene and 15-mil outer polyvinyl 
chloride dielectrics have differing dielectric constants (e1 and ez) that 
in combination minimize far-end crossta lk. Dense construction en­
ables 20 signals to be carried in a cable a little over 1 inch wide. 
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kL = Liz/ (L11Lzz)11z 
kc = Ciz/[(C11Czz)i1z + Ciz] 

where 
h = inductive coupling coefficient 
Ln, Lzz = inductances of the independent signal 

lines 
Liz = inductive coupling between adjacent signal 

lines 
kc = capacitive coupling coefficient 
C11 , C22 = line capacitances of the two signal lines to 

the ground plane 
Ci2 = capacitive coupling between two adjacent sig­

nal lines 
The fact is that uniform matched impedance lines in 

a homogeneous dielectric medium exhibit kL = kc. The 
result is zero differential far-end crosstalk. But the di­
electric medium of multiconductor cables, twisted pairs 
and conventional fiat cables does not present a homo­
geneous cross-section to the propagating electrostatic 
and electromagnetic fields. 

Portions of these fields extend beyond the solid di­
electric into the surrounding air, altering the capacitive 
coupling coefficient considerably but not affecting the 
inductive coupling coefficient. The resulting differences 
in coupling coefficient polarities create far-end differ­
ential crosstalk. Far-end crosstalk increases by the 
length of cable and also by the faster pulse rise time; in 
the worst case could be as high as 40% of the trans­
mitted signal. 

A dual dielectric 

The main reason for the development of high cross­
talk in conventional fiat cables is that their mutual ca­
pacitance, Ciz, is much lower than the self-capacitances, 
C11 and C22, compared to a transmission line where the 
fields are in a uniform dielectric. This deficiency can be 
compensated for, and crosstalk considerably reduced, 
by a dual-dielectric cable configuration in which con­
ductors are surrounded by a core of low-dielectric con­
stant material and that core in turn is clad by a material 
with higher dielectric constant, as shown in Fig. 2. This 
principle has been embodied in a line of fiat cables des­
ignated Black Magic, manufactured by the Ansley Elec­
tronics Corp. 

The concept was the side-effect of an attempt to pro­
duce a cable at reasonable cost that has an insulation 
with better electrical and self-extinguishing character­
istics than was then available. The prototype cable with 
a polyethylene center core and vinyl jacket not only ex­
hibited the desirable characteristics, but it unexpectedly 
appeared to virtually eliminate far-end crosstalk. 

It turns out that the dual-dielectic cable corrects the 
imbalance between Ci2 and the self-capacitance be­
cause the higher dielectric constant of the vinyl jacket 
over the low dielectric constant of the polyethylene core 
equalizes the inductive and capacitive coupling coeffi­
cients. The configurations are shown graphically in 
Fig. 3. 

Performance 

Just how well does the dual-dielectric cable stack up 
against its competitors? Figure 4 illustrates the magni­
tude of the crosstalk on 20-foot lengths of both standard 
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TABLE 2: CROSSTALK IN TWISTED PAIR VS. DUAL DIELECTRIC CABLE 

SINGLE CABLE LAY ER SIX TWI STED PAI RS BUNDLED 

Length of cable 10 ft 

Pulse rise ti me 1 ns. 

No. of Active lines 4 

Near-E nd crosstalk, peak 18.8% 

Far-E nd crosstalk, peak 14.0% 

Length of cable 30 ft 

Pul se rise time 1 ns. 

No. of Active lines 4 

Near-End crosstalk , peak 22% 

Far-E nd crosstalk , peak 21 % 

SING LE CABLE LAY ER TEN PLANA R TWISTED PAI RS 

Length of cab le 30 ft 
Pulse rise time 5 ns. 
No. of Active lines 4 
Near-End crossta lk, peak 25.8% 
Far-End crossta lk, peak 21.5% 

THREE LAYERS OF CABLES 

t:.ength of cable 30 ft 
Pul se rise time 5 ns. 
No. of Act ive lines 8 
Near-End crosstalk, peak 26.7% 
Far-E nd crossta lk, peak 24.6% 

and dual-dielectric flat cables. Pulse rise time in both 
cases is 0 .18 nanosecond. 

Tests employing two twisted-pair geometries yielded 
the results shown in Table 2. The six pairs in the cylin­
drical bundle exhibited a characteristic impedance 
ranging from 50 to 65 ohms, whereas the 10 pairs of 
wires arranged side by side in the single plane were 80-
ohm pairs. The results, as shown in the table, indicate 
that dual-dielectric cable affords an improvement in 
both near-end and far-end crosstalk. The most dramatic 
improvement occurs for a 30-ft cable carrying 1-nano­
second rise-time signals. The improvement ratio is over 
8: l. 

A dual-dielectric version of solid-logic-technique 
cable was also compared with conventional SLT cable. 
The far-end crosstalk improvement is five times for a 

DUAL-DIELECTRIC CAB LE IMPROVEMENT RATIO 

10 ft 
1 ns. 
4 
3.5% 5.4 
2.5% 5.6 

30 ft 
1 ns. 
4 
4.2% 5.2 
2.5% 8.4 

DUAL·DIELECTRIC CABLE IMPROVEMEN T RATIO 

30 ft 
5 ns. 
4 
8.1% 3.2 
3.3% 6.5 

30 ft 
5 ns. 
8 
8.0% 3.3 

6.0% 4.0 

1-ns signal (Fig. 5). What is paramount, however, is that 
these tests show the dual-dielectric cable reduces cross­
talk below a troublesome level for all the fast digital­
logic families. 

In summary, in regard to electrical performance, the 
polyethylene inner core determines the characteristic 
impedance, the propagation velocity, and the attenua­
tion. The polyvinyl jacket, with its higher dielectric con­
stant, limits the crosstalk. 

With an over-all thickness of 55 to 77 mils, the dual­
dielectric cable is well suited for intra- and intercabinet 
applications. Flexibility is excellent, in that the cable 
may be bent into a radius equal to its thickness. It may 
also be bent over at 45° to form right-angle turns-and 
all with neither physical damage to the cable nor detri­
ment to the electrical performance. What's more, the 

3. Boost the epsilon. In (a), the dielectric reg ion between signal lines is largely air. Adding the polyvinyl chloride outer cover (b) raises the 
dielectric constant of the region , which tends to equalize the coupling coefficients. The result : lower far-end crosstalk. 

SI GN AL 

E, 1 

Eo 

(a) CONVENTIONAL CABLES (b) DUAL-DIELECTRIC CABLES 
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4. Performance. Dual-dielectric cable shows five-fold improvement 
in crosstalk over conventional flat cable when excited by 0.18-ns 

rise-time pulse. Cables are 20 feet long. Horizontal scale is 
2 ns/ division; vertical scale is 5% crosstalk / division . 

5. Comparison. The graph depicts far-end crosstalk for both the 
dual-dielectric and conventional SL T cable . Each is 1 0 feet long, with 

the quiet line between four sets of active lines. At 1 nanosecond, the 

dual-dielectric cable exhibits a five-fold improvement. 

cable fulfills Underwriters Laboratories' requirements 
for flame retardancy. 

There is only one ground conductor to terminate be­
tween two adjacent signals (in conventional round-wire 
flat cables, two or more grounds have to be used). With 
flat and round conductors alternating in the cable, iden­
tification of signal and ground conductors is easy. This 
feature is particularly helpful when signals and grounds 
will terminate to two different conductor planes-such 
as a printed-circuit board used as microstrip. D 

REFERENCE 
1. N.C. Arvanitakis . J .T. Koli as, and W. Radzelovage, "Coupled Noise Prediction 1n Printed 
Circuit Boards for a High-Speed Computer System," IECP, 1966 Wescon . 
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Planar transmission lines 
Planar transmission lines first appeared as stripline, 
which was introduced by R. M. Barrett for use in mi­
crowave components such as hybrid junctions, direc­
tional couplers , power-divider networks, and filters . 
This configuration evolved from coaxial geometry and 
made use of the etched printed-circuit board. As 
shown below, the cylindrical outer conductor of co­
axial geometry is exchanged for two parallel ground 
planes . This promotes the propagation of a true trans­
verse electromagnetic mode (TEM) along the line, just 
as in coaxial cable . 

Microstrip is simpler in structure than stripline , hav­
ing only one ground plane . It is characterized by an 
impure TEM-wave propagation , due to the air dielec­
tric above the single strip. Still , with careful design , it 
will transmit high-speed data signals with fidelity. An 
even simpler geometry may be achieved by locating 
the ground and signal conductors in the same plane­
a coplanar transmission-line configuration that 
achieves a performance comparable with that of mi­
crostrip. 

Each of these geometries can be applied either to 
pc boards or to flat cables. In practice, though, strip­
line and Microstrip are more often applied to pc 
boards , and the single conductor plane is usually fa­
vored in flat-cable design. 

A 16-conductor flat cable was used by IBM in 1963 
in the 1440 series SMS computers. Individual signal­
transmission-line properties were not considered, so it 
was designed for optimum mechanical and fabrication 
qualities: flexibility, foldability, simple strain relief, 
small size , and ease of termination, including stripping 
and soldering . 

The logic speed of IBM 360-series computers (pulse 
rise time in the neighborhood of 5 nanoseconds) , 
however, required high-frequency transmission lines 
for interconnections . In 1964, IBM developed the 
solid-logic technique (SL T) cable . Sixty conductors 
carry 20 signals, since each signal conductor is cen­
tered between two ground conductors . The dielectric 
is self-extinguishing polyethylene , and the nominal 
characteristic impedance is 95 ohms. Signal-propaga­
tion time is 1 .57 ns / foot , attenuation at 75 megahertz 
is 15 decibels per 100 ft maximum , and the worst-case 
cross-talk is 10% with a 2 .6-ns rise-time pulse. 

Because the geometry of the SL T design can be 
adapted to various impedance values, conductor 
sizes, and insulation materials , it is still a favorite today 
for conventional signal-transmission-line flat cables. 
But , as rise times approach 1 ns, there 's a i;ieed for an 
even better cable . Such an improved flat cable is the 
multisignal dual-dielectric cable, described in the ac­
companying article, in which crosstalk can be kept be­
low 10% even in the region of picosecond switching 
speeds . 

COAXIAL STRIPLINE MICROSTRIP CO-PLANAR 
TRANSMISSION 

LI NE 
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Accordian. Flexible circuit , such as one 

made by ITT-Cannon Electric (left), pro­
vides a dense yet flexible interconnection 
between two circuit assemblies. Pleat 

enhances flexability. Insulation is usually 

a polyimide, which is more stable over 

wide temperature ranges than compet­

ing Teflon and Mylar . 

Zip. Flat cable (below) consists of paral­

lel insulated conductors, which can be 
readily separated by hand or machine. 
Cable, such as this from 3M Co.'s 
Electro-Products division, which makes it 

in widths of up to 50 conductors, is fine 

for computer wiring, readouts, control 

panels, and electronic test equipment. 

Multilayer. Flexible circuit (left) has a multilayer construction and 

mounts several connector types. This assembly was manufactured by 
the Parlex Corp . Note the simulated twisted-pair conductor pattern. 

Planar-wiring provides good thermal dissipation . 

Shielded. Flat cable (below left) has 28-gage stranded conductors lo­
cated on 50-mil centers and a mesh-shield ground plane. Made by 3M 
Electro-Products division for computer-mainframe and peripheral appli­

cations, it is available in 16- , 34-, 40- , and SO-conductor versions. 

Woven. Planar cables (below right) can be custom woven with Teflon , 

Nylon, or other fibers to suit customer requirements . These cables, fab­

ricated by Woven Electronics , illustrate both single-conductor and 

twisted-pair cables. 
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Pierce and crimp. These Amp Inc. flat-cable connector pins can be attached by auto­
matic equipment at the rate of two per second. Designed for standard flat cable with 

63-mil-wide conductors spaced 1 00 mils apart. 

Tailored. Scissors makes fast work of 

separating wires of woven flat cable (be­
low). Woven wiring employs textile tech­

niques to combine wires into flat configu-
rations required by a customer. This 

cable is made by Woven Electronics. 

Quick Strip. In two-step automated stripping technique (below, left and right) tool, developed by the Spectra-Strip Corp. and Tek­

tronix Inc., strips and separates end of the 10-conductor flat cable in 3 seconds. 
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Flexible circuitry consolidates 
hardware for interconnections 
Prefabricated wiring, which eliminates several conventional parts , 
allows simplification of assembly process, as well as the design of 
other components; it is especially suitable for solid-state displays 

by Peter Maheux, Bell-Northern Research, Ottawa, Canada 

D One of the greatest attractions of fl exible circuitry is 
that it can entirely replace the individual rigid printed­
circuit boards, hard wiring, and the piecemeal, cum­
brous, and expensive interconnection techniques that 
boards and wire require. 

A system that best illustrates these advantages is a 
telephone set. Figure I illustrates how the traditional 
arrangement in a telephone set can be reduced to three 
basic elements : flexible circuitry, connectors, and a 
housing. The key and the circuit contacts are portions of 
the foil exposed in the circuit's plastic covering. This 
does away with a set of contacts and the conventional 

APPARATUS HOUSING 

KEY BO A RD BAN K 

IC PACKAGES PLUG DI RECTLY INTO FL EX IBLE CIRCU IT 

multicomponent connector-often complex assemblies 
by themselves. 

The circuit is fabricated and assembled before being 
installed in the housing, much as a ship model is assem­
bled before it is inserted in a bottle. The housing, be­
sides providing mechanical stiffening and a shield 
against the environment, also has cavities molded into 
its wall to mount connectors. The flexible circuit is then 
formed about the lips of the connector interfaces; re­
taining clips hold the fl exible circuit securely in place 
about the male and female mating parts. 

Figure 2 demonstrates how the conjunction of circuit 

CONDUCTOR S EX POSED TO 
PROVIDE ELECTRICAL CONTACT 

FLEX IBLE CIRC UI T 

CONNECTORS MOUNT DIRECTLY IN HOUSING 

1. Package revolution. Flexible circuit ban ishes traditional discrete-component mounting methods and laborious point-to-point wir ing , of­

fering instead pressure interconnections that are quickly assembled. Terminals , soldering , and conventional connector hardware are gone. 
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FLEXIBLE 
CIRCUIT 

PROJECTION ON KEY HOUSING 

FLE XIBLE Cl RCUIT 

2. All wrapped up. Flexible circuit starting at the push-buttons of 

telephone-handset subassembly is connected to the light-emitt ing­
diode lamps, secures and is connected to several ICs, and finally is 

wrapped round a projection to form a connector. 

and components can provide electrical interconnection 
and mechanical placement. Here a light-emitting-diode 
bank and a push-button bank, like the one used in a 
telephone handset, become a single structure. The plas­
tic projection on the key housing turns part of the flex­
ible circuit into a male connector component. The 
whole assembly is plugged into the mating receptacle 
on the apparatus housing. (Not shown in the figure are 
the exposed areas of the circuit's conductive foil that 
form one set of contacts for the push-button bank.) The 
flexible circuit also makes contact with the pins on the 
integrated circuits and holds each JC in place, allowing 
the design of other components to be simplified and re­
ducing the labor required- the assembler merely inserts 
the flexible circuit in the over-all assembly, adds the JCs, 
and presses the retaining clips in place. 

Both the housing and the connector components are 
molded from acetal copolymer, which has good me­
chanical properties and dimensional stability, changing 

3. How it mates. The flexible circuit is wra pped about the male and 

female portions of the plastic shapes to form the contact interfaces. 
With th is configuration, no separate connection step is required be­

cause the flexible circuit is both wiring and connector contact. 
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LIGHT·EMITTI NG 
DIODE, PLUG·IN 
NUMERIC DISPLAYS 

FEMALE 
CONNECTOR 

STACKING TRAY 

STACK ING 
TRAY 

4. Ideal for LED displays. Flexible circuit teams with tee-shaped 

plastic connectors to form a ve rsatile socket system for digital dis­

plays. Any number of connectors may be slid into stacking tray to 
mount the number of displays desired. 

little in humid environments up to 85° C. It molds read­
ily and resists cold flow after extended periods of sus­
tained stress. A connector made up of these components 
and a flexible circuit is shown in Fig. 3. 

The flexible circuit is fabricated from 3-mil polyimide 
and a 1.4-mil (I-ounce) copper foil. Gold plate 100 mi­
croinches thick is applied to the contact surfaces to pro­
vide reliable interconnections. 

Flexible circuitry is especially good for mounting 
solid-state displays because it does away with an entire 
set of interconnections. Conventionally, the chips that 
make up the display would be wire-bonded to pads on a 
ceramic substrate. Then Kovar pins would be bonded to 
the pads, and the entire device encapsulated in plastic. 
Finally, the package would be either plugged into a 
printed-circuit board and soldered, or plugged into a 
dual in-line socket already soldered to the pc board . 

With flexible circuitry, however, though the chip is 
wire-bonded to the ceramic substrate as before, the in­
terconnect leads are run directly along the substrate to 
its edge. When the device is plugged into an associated 
female interconnect shape (Fig. -1), the substrate leads 
are forced against the exposed foil contacts on the flex­
ible circuit. The tee-shaped base on the socket permits 
any number of sockets to be arrayed in a tray or other 
support structure. Again, the result is lower hardware 
costs and fewer assembly hours. 

This kind of interconnect scheme has no metal parts, 
other than the conductive foil in the flexible circuit. 
Also, the connectors have but one interface, while many 
conventional connectors on the market today may have 
from three to five interfaces. D 
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TTL interface circuit 
synchronizes computer clock 
by Jim Crapuchettes 
Stanford University Medical Center, Stanford, Calif. 

A clock-synchronization circuit for computer interfacing 
allows the counter of a continuously running real-time 
clock to be read by the computer when the counter is 
not changing. The circuit requires only two TTL IC pack­
ages. The normal approach is to use complicated cir­
cuits requiring a latch or flip-flop for each bit of the 
clock counter. 

There are only two restrictions on the two-IC clock­
synchronization circuit: the computer processor must 
have time states available for the circuit, and the longest 

DEC 
M405 

CLOCK 

FLIP-FLOP 

1N914 

MONOSTABLE 

MODULE 02t-~~~~~~~~~~~~ 
K2 

150 pF 

BTSl 
TSl 

H2 

~~ 
50 ns _J [- I 
~20µs--j 

TS2 
BTS3 
TS3 TS4 

~~~~~~,-------A-----. 

...it.. -''-

250 ns 350 ns 
f+- 300 ns or to 300ns -

450 ns 3 µs 

( b) 

(a) 

cycle time for the processor must be shorter than the 
period between two successive pulses from the system's 
clock-pulse generator. 

Essentially, this simple circuit (a) forces the clock into 
synchronization with the processor, rather than trying to 
synchronize the processor with the clock. This is done 
by letting the contents of the clock counter be changed 
only during that portion of the processor cycle in which 
the counter cannot possibly be read by the processor. 

This particular synchronization circuit is designed for 
the PDP-8 / E minicomputer with an external I/O bus 
option, which is made by Digital Equipment Corp. of 
Maynard, Mass. The circuit can also work directly from 
DEC's Omnibus bus design, and it can be applied di­
rectly to DEC's PDP-8 / I, PDP-8/L, and PDP-12 mini­
computers. 

The processor cycle, which is drawn in (b), is split into 
four time states, TS 1 through TS4. Two of these time 
states, TS 1 and TS3 , are brought out from the processor 

BTS1 

CLOCK 
PULSE 

GENERATOR 

(c) 

CONTROL 
GATE 

7400 

TO PROCESSOR 

FLAG 
I ANO 
L------- ----i CONTROL 

12-BIT 
PRESET 

FROM PROCESSOR 

LOGIC 

Reading out data. Synchronization circuit (a) forces real-time counter clock to be in step with computer processor so that data is read only 
when the counter is not changing . The delay, time state TS2, in the processor 's timing cyc le (b) between counte r changes (TS1) and the exe­
cution of 1/ 0 instructions (TS3) is used. Block diagram (c) of real-time clock indicates where sync circuit goes. 
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on the l/O bus as buffered time states, BTS 1 and BTS3 . 
All 1/0 instructions are actually executed during TS3 , 
and there is a minimum delay of 250 nanoseconds be­
tween TSl and TS3. Therefore, as long as the contents 
of the clock counter changes only during TS l and all 
carries across the counter a re finished in less than 
250 ns, the counter changes and the computer readouts 
cannot overlap. The diagram (c) of the system's real­
time clock shows the circuit's location. 

A pulse from the clock-pulse generator sets the R-S 
flip-flop formed by gates G 1 and G2. The next occur­
rence of time state TS 1 (it may be occurring when the 
flip-flop is se t) will trigger the monostable multivibrator. 
(The 74121 is used here because it produces a fixed­
length pulse or none at a ll, contains part of the neces­
sary ga ting, and has complementary outputs.) The 
diode, which is between the monostable and ground, 
prevents undershoot from the BTS 1 line of the l/O bus. 

The Qpulse output from the monostable resets the 
flip-flop. To be sure that the flip-flop will always be reset, 
the duration of this Q pulse must be longer than the du­
ration of the pulse from the clock pulse generator. Since 
this clock pulse is 50 ns, an 82-picofarad capacitor is 
added to stretch the monostable pulse to about LOO ns. 

The flip-flop has no provision for initia liza tion to the 
reset state, but it will be set correctly within one cycle of 

Analog-to-digital converter 
produces logarithmic output 
by Ronald Ferrie 
Communications & Controls Co., Pittsburgh, Pa. 

When th e loga rithm of a signal voltage must be con­
verted to a digita l number, a log converter is norm ally 
used in conj unction with an analog-to-di gita l converter. 
But the circui try involved becomes much simpler if the 
a-d converter is made to perform the log conversion it­
se lf. Th e resulting di gita l log converter has a two-dec­
ade dyna mic ran ge that can be se t over a wide range of 
voltage levels. 

In the circuit , a START pulse sets flip-fl op FF 1 and re­
se ts the counter to zero. This acti on closes switch S1 and 
opens switch S2 . (F ield-effect transistors are used fo r 
these switches.) Th e unknown input voltage is now ap­
plied to the integra tor, charging ca pacitor C through R1 . 

The refe rence voltage for the comparator is initia ll y 
se t at zero. As the output voltage from the integra tor 
passes through zero, ga te G 1 is ena bled so tha t pul ses 
from th e osci Uator enter the counter at frequ ency fo. 

When the counter is fill ed (N pul ses accu mula ted) , 
th e next pulse causes the counter to return to ze ro and 
to generate a carry-out pulse tha t rese ts flip-flop FF1. 
This opens switch Si, disconn ecting th e input vo ltage 
fro m the integrator, and closes switch S2, ca using ca­
pacito r C to di scha rge through resistor R2. Also, the 
comparator refe rence voltage becomes ER. 

The integra tor's output voltage decays until it reaches 
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the processor. Initialization is necessary only if the clock 
control gating is between the dock-pulse generator and 
the synchronization circuit. 

Gates G3 and G 4 a re needed if the clock must con­
tinue to run even when the processor is in the halt 
(pause) sta te and if the processor does not halt in the 
time state used for clock counting. In the case of the 
PDP-8 / E, the processor halts in TS 1, so these gates are 
not needed. 

When used, they cause the pulses from the clock gen­
era tor to be gated directly to the circuit's output if the 
flip-flop is set. As soon as the processor returns to the 
run state, the flip-flop releases the pulse it has been 
holding, triggering the monostable and allowing the 
normal sequence to continue. 

The correct number of pulses, therefore, always 
passes through the circuit, whether the processor is run­
ning or not. The only difference will be a long pulse 
period when the processor is halted and a short pulse 
period when it continues. 

It should be noted that the same synchronization 
technique could be used with a computer tha t has only 
one time state brought out to periphera ls. The trailing 
edge of that time sta te could be used to trigger a mono­
stabl e whose output pulse would perform the same func­
tion as the BTS I pulse of this circuit. D 

the comparator reference of ER. This decay period is: 
tx = R2C In (Eocpk)/ ER) = R2C ln (EiN / R1 CfoER) 

At time tx, the comparator output goes to ze ro, inhib­
iting ga te G1 a nd termina ting the count. During th e de­
cay period, pulses still enter th e counter a t freq uency f0 

and accumul a te for a count of: 
Nx = fotx = LR2C ln(Ei N / R1Cf0 ER) 

Since time tx began with the counter set to zero, this 
equation represents the tota l cou nt stored at the end of 
the decay period. Th e expression can be rewritten as: 

Nx = Ko ln (E;/ K1) - a 
where : 

Ko = foR2C 
K1 = R1CfoE R/ N 
a = Ko ln(K1) 

Th e second equ a tion for Nx shows that the number 
stored in th e counter a t the end of the cycle is propor­
tional to the logarit hm of th e input voltage minus a con­
stant term , a. The plot of output count ve rsus input 
voltage shows two typica l performance curves for differ­
ent values of Ko and a. 

The log converter nominally has a two-d ecade dy­
na mic range, which can be ex tended to a bout three dec­
ades easi ly and to about 3.5 decades with some diffi­
culty. This dyna mic ra nge ca n be se t a t a lm ost any 
vo ltage leve l, depending on the components selected. 
The low-voltage limit is primarily determined by the 
d rift a nd offset voltage of the integra tor op a mp. And 
resistor vol tage ratings limit th e high-voltage leve l. 

Ty pica lly, a two-decade log converter built this way, 
and having an a value of zero, will accept inputs o f 1 to 
100 volts, producing an output pulse count of 0 to 460 . 
For such a converter, N = 1,000, f0 = 50 kilohertz, 
R1 = 100 kilohms, and C = 2 rnicrofarads. D 
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Digital log converter. Modified a-d converter provides logarithmic output over two-decade dynamic range. Integrator capacitor C charges 
from input voltage until counter accumulates N pulses. When counter resets and begins to count again, the capacitor discharges until in­

tegrator output reaches comparator reference ER . Conve rter 's output for this decay time. t., is proportional to the log of the input. 

Analog multiplier I divider 
simplifies frequency locking 
by Moise Hamaoui 
Fairchild Semiconductor, Mountain View, Calif. 

In phase-locked loops, servo systems, and TV receivers, 
it is often necessary to lock two different frequencies to­
gether. The conventional method is quite cumbersome. 
First the higher of the two frequencies is divided down 
to a value close to tha t of the lower frequency. Then a 
signal that is proportional to the difference between the 
stepped-down frequency and the low frequency is gen­
erated. Lastly, this signal is used to adj ust the high fre-
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quency so that it is locked to the low frequency. 
The analog multipler/ divider shown, however, locks 

the two frequencies in one step. The block diagram il­
lustrates how the circuit accepts pulses of frequency fi n 
and generates pulses at frequency fout = Mfin, where M 
is a constant determined by the designer. 

De voltages V 1 and V 2 are proportional to the two 
frequencies to be locked together : 

Y1 = Kifin 
Y2 = K2fout 

The output voltage is the difference between these tw9: 
Yout = A(V1 - Y2) = A(K1fin - K2fout) 

where A is the gain of the differential amplifier. The 
output frequency is given by: 

fout = KVout = KA(K1fin - K2fout) 
which can be rewritten as: 

(K1fin - K2fout)l fout = l/KA 
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As amplifier gain A becomes very large: 
KiCn - K2fout .<::f 0 

Solving for fuut yields: 
foul = (K1 / K2)Cn MCn 

By varying K1 and K2, then, the input frequency can be 
multiplied or divided by any factor. For the hardware 
implem entation shown, either f;n or fout may range from 
30 hertz to 10 kilohertz. D 

FREQUENCY-TO -VOLTAGE CONV ERTER DIFFERE NC E AM PLIFIER VOLTAGE-CONTROLLED OSCILLATOR 

FD 111 
1/ f out 
H 

100 k.ll JUL 
-I f.-~t 

I A = GAIN = R2/R1 I 
LF~ ~=!;i ·!: ~·...J 

FREQUE NCY-TO -VO LTAG E CONV ER TER 

I c, & C2 DETERMI NE 
I LOW-PASS CUTOFF F REG. I 
I f0 (10 ) ~ f in I 
L ~1~ ~N:! I~ o~ R.!... _J Ve: DETERMINES 

FRE E-RUNN ING FREQUENCY 

1

1 

C3 & C4 DETERMINE 
LOW-PASS CUTOFF 

OP AMPS: FAI RC HILO 

I FREQ _ f o (f0 ) ~ fou t I 
L 2.'.:.A~~Tl~~~ _J 

Step saver. In single operation, analog multiplier/ divider locks two different frequencies together_ Diffe rential amplif ier accepts voltages V1 

and V2 , which are proportional to the frequencies to be locked. Varying the consta nts, K, and Kz, multiplies or divides the frequencies_ 

Quad NANO gate package 
yields two-frequency clock 
by Howard L. Nurse 
Applied Technology Division, Itek Corp. , Palo Alto, Calif. 

Crystal-controlled clock oscillators generally require 
three logic gates to produce a single output frequency. 
This means that the fourth gate in the common quad­
type gate package is not used. But, with just a couple of 
extra parts, that fourth gate can be put to work. 

The two-frequency crystal clock in the diagram takes 
maximum advantage of a quad TIL NAND gate package 
with a minimum of external components. And this eco­
nomical circuit can be remotely programed by ground­
ing one of its three input lines. 

With input A grounded, the circuit oscillates at the 
frequency of crystal A. With input B grounded, it oscil­
lates at the frequency of crystal B. If input C is 
grounded, the circuit is inhibited. 

The TIL-compatible output of this two-channel clock 
is a 40% square wave when either input A or input B is 
grounded. With the low-power TIL NAND-gate package 
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~-----+--<O CRYSTAL B 

10 k.ll 

INPUT A 

INPUT C 

CJ 
CRYSTAL A 

INPUT B 
10 k.ll 

Two for the price of one. Dual-frequency crystal-clock oscillator uti­
lizes all four gates in a quad package, whereas conventional single­
frequency oscillators make use of only three. This inexpensive circuit 
can be remotely programed by grounding input A to operate at the 
frequency of c rystal A or by grounding input B to oscil late at crystal 
B's frequency . Grounding input C inhibits the circuit. 

used here, operating frequencies in excess of several 
megahertz can be achieved. D 

Designer 's casebook is a regular featu re in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor­
oughly the ci rcu it's operating pr inciple and purpose. We'l l pay $50 for each item published. 
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P-channel 
J FET 

N-channel 
J FET 

CMOS 
FE Ts 

P-channel 
MOS FET 

N-channel 
MOS FET 

Since 1962, Siliconix has evolved FET technology and applied it to 
a complete range of singles, duals, arrays, and ICs. So what's new? 

Industrial Analog Switch: 
80¢ Per Channel 

Now available: analog switches specially selected for industrial control service, 
at per-channel prices as low as 80c (DGSOlCJ) and 90c (DG172CJ) in 1000-unit quantities. 

I 

' ' : 
' ' ' ' 

-----~::-:--.- - ...... ,. 

DG172CJ 

You can't go wrong with our epoxy 
analog switches if you're a designer of 
industrial control circuits. Choose from 
a variety of switch configurations 
and structures: 
• PMOS monolithic-DG501CJ , 

8 channels, break-before-make switch 
action, ± 5 V analog signal range 

• PMOS/bipolar-00172 , 4 channels , 
20 V peak-to-peak signal capability, 
PMOS FETs and bipolars on a 
single chip 

DGSOlCJ 

All of these FET switch/driver 
combinations are off-the-shelf and at your 
nearest Siliconix di stributor right now. 
They're priced to compete with reed 
relays and other electromechanical 
devices-and they switch 1000 times 
faster , last far longer, require less drive 
power and associated hardware , and 
operate directly from industrial 
computer logic . 

Our catalog line of FET analog switches will cover most a pplications. 
If your switching problems are unique-and whose aren't-

call our applications people. They ' re eager to help. For complete information 

write for data 
Applications Engineering (408) 246-8000, Ext. 501 

Siliconix incorporated 
2201 Laurelwood Road , Santa Clara, California 95054 
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------PaEf V of a seEies 
Minicomputer controls evaluation 

of epitaxial deposition for ICs 
Automated process speeds semiconductor wafer fabrication with less 

personnel , providing increased accuracy at critical measurement point; 
the system now accommodates more than half of a plant 's production 

byC. A. Germano, M. R. Ellett, and M. J. Russ, MotorolaSemiconductorProductsDivision , Phoenix, Ariz. 

0 A key step in the production of integrated circuits of 
all sizes is the epitaxial deposition of a layer of semicon­
ductor material on a substrate of crystallographically 
similar material that differs substantially in the nature 
or concentration of its controlled impurities. ("Epi­
taxial" means having the same crystalline orientation.) 
In this layer, by a series of etchings and further depo­
sitions controlled by masks, the individual components 
of the integrated circuit are created. 

Since the quality of the epitaxial layer is fundamental 
to the quality of the finished re, its evaluation immedi­
ately after the deposition is critical. Some highly sophis­
ticated techniques have been developed for making this 
evaluation, which involves primarily checking the thick­
ness and the electrical resistivity of the layer. But since 

102 

the evaluation is usually done manually, this step is a 
bottleneck in the entire production process because it is 
slow and tends to be somewhat inaccurate. Motorola 
found that, in order to maintain the fl.ow of wafers to 
subsequent steps in production, more people were re­
quired for evaluation than for deposition. 

To clear this bottleneck, the conventional evaluation 
equipment was combined with a minicomputer. The 
automatic system is substantially faster and more accu­
rate than manual evaluation, and results of each eval­
uation directly adjust the deposition process. As a 
bonus, the system is self-calibrating, although it is more 
reliable than manual evaluation and lower in operating 
cost. Furthermore, the system can handle a variety of 
wafer sizes, epitaxial-layer specifications, and depo-
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1. Interferometer. Two instruments are combined in one, to measure interference caused by the double reflection from the epitaxial layer 
and to trigger the monitoring computer . Infrared radiation is used in the thickness measurement, while the auxiliary contains a laser. 

sition processes. Moreover, outpu t data can be 
presented in any of several formats. 

Although the system cannot yet handle all the wafers 
that Motorola produces at Phoenix, it can evaluate a 
significant proportion of those produced during normal 
operations. Its capacity is about 7,000 wafers a day. 

Interferometer measurement 

For the thickness measurement, the fi rst of the two 
steps in the evaluation, infrared interferometry is best. 
It requires no physical contact with the wafers and can 
provide reproducible measurements, especially when 
used in conj unction with laser position monitoring and 
digital computation . F urthermore, the digital computer, 
which is indispensable in making the in terferometer 
measurement, can also easily supe(Vise wafer transport, 
combine thickness and resistivity calculations, and store 
test specifications. 

For the second step, measuri ng resistivi ty, the most 
reliable, production-p roven technique uses a colinear 
array of four equally spaced probes that contact the sur­
face of the test specimen. A constant current passes 
from one of the outer probes to the other outer probe, 
and the voltage drop is measured between the two inner 
probes. The ra tio of voltage to current is, of course, the 
resistance, in ohms. T his value can be translated in to 
sheet resistance in ohms per square by a relatively 
simple formula, and sheet resistance multiplied by 
thickness gives resistivity. 

An alternative method uses a probe with only two 
points. A constant voltage is applied to the probes, and 
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the current flowing between them, through the speci­
men , is measured . This meas ur ement , call ed the 
"spreading resistance," in some ways resembles the use 
of a simple volt-ohmmeter. 

Both these methods of measuring resistivity have sev­
eral disadvantages: they require contact with the wa­
fers, with attendant ri sk of contamination and damage; 
they must be frequently calibrated ; and preventive 
maintenance requires much attention. However, all 
other measurement techniques that would not be sub­
ject to these disadvantages- fo r exa mple, microwave 
conductiv ity- are of limited accuracy when applied to 
epitaxia l layers. Therefore the four-point probe was 
chosen, and means were prov ided for automatic calibra­
tion and switching to a redundant probe head if the 
main head dri fts too much or fa ils. 

Jet-propelled wafers 

An important subsidiary part of the evaluation sys­
tem is the means of transporting the semiconductor wa­
fers through the evaluation process. In the system de­
scribed here, air bearings transport the wafers. Tiny jets 
of air under the guide track blow air upward to lift the 
wafers a tiny fraction of an inch off the track, and the 
jets are angled forward to move them along it. T he 
beari ngs have no surfaces that contact the wafe rs and 
could contami nate them, and, because they involve no 
mov ing parts, they are highly reliable. Their main dis­
advan tage is that keep ing track of where the wafer is a t 
any point in time is more difficult with air bea ri ngs than 
with, say, a conveyor belt of some kind ; to overcome 
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JMINISINACTION .......................................... .. 

this deficiency, the system includes a series of photo­
electric sensors that monitor the position of the wafers 
as they proceed through the test. 

The interferometer, a standard commercial instru­
ment, consists of an infrared source, a beam splitter, a 
fixed mirror, a moving mirror with two surfaces, and an 
infrared detector (Fig. 1). The front surface of the mov­
ing mirror is used in the thickness-measuring operation, 
and the back surface is part of a second interferometer 
that monitors the position of the mirror and triggers a 
recording of the measurement, as described later in this 
article. 

The moving mirror is driven by a coil between the 
poles of a magnet; a driver circuit generates a current 
with a triangular waveform that pulls the coil back 
sharply with the attached mirror, then lets them slide 
slowly forward almost linearly over a period of about 
400 milliseconds to their original position. 

The source emits radiation over a broad band of 
wavelengths, of which a range of 4 to 40 micrometers is 
utilized in the interferometer. One component of this 
radiation is reflected from the top surface of the epi­
taxial layer. Another component, much weaker, is re­
flected from the layer's interface with its semiconductor 
substrate, passing twice through the layer and, when it 
emerges, interfering with the top reflection. The two 
components then pass to the beam splitter, where they 
are further divided into four components, two strong 
and two weak. 

Two of these four components of radiation pass 
through the beam splitter, to the fixed mirror, back to 
the beam splitter, and then to the infrared detector. The 
other two are reflected by the beam splitter to the front 
side of the moving mirror, then back through the beam 
splitter to the detector. An additional degree of inter-

MI RROR 
DISPLACEME NT 

2. Three peaks. Optical properties of the beam splitter and of the 
epitaxial layer being measured create a complex three-maximum 

output. Spacing between· outer two peaks measures layer thickness. 
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ference occurs when the four components recombine 
before entering the detector. 

For a particular mirror position, when both optical 
paths through the beam splitter are the same length, all 
four of these components of radiation are in phase; at 
that point the detector's output shows a strong peak. 
The output tapers off on both sides in an oscillatory pat­
tern that resembles the graph of the function 
y = (sinx)/x, which approaches 1 as x approaches 0-a 
familiar function from elementary calculus. 

For two other mirror positions, each of which defines 
a difference in the lengths of the two optical paths that 
is somewhat more than twice the thickness of the epi­
taxial layer, one of the strong components is in phase 
with one of the weak components, while the other two 
components are out of phase. At these mirror positions 
two smaller peaks occur in the detector output. 

Maximum spacing 

The relationship of the layer thickness to the path­
length difference is determined by the fact that the 
weaker of the two in-phase components was reflected 
from the bottom of the epitaxial layer, passing through 
it twice at an angle. (The stronger component was re­
flected from the top.) A simple correction compensates 
for the angular path and for refraction. 

Thus the thickness of the film is about one quarter of 
the distance between the two positions of the moving 
mirror at the moments the two smaller maximums oc­
cur at the detector. This distance is measured by a sec­
ond interferometer, which is illuminated by a laser and 
uses the back of the moving mirror. The laser light's 
path encounters no double reflections, as in an epitaxial 
layer. Hence, the second detector produces only one 
pulse, where the difference in the distances from the 
secondary beam splitter to its own fixed mirror and the 
moving mirror is a multiple of the laser light 's 
wavelength. Normally, the moving mirror makes a 
series of cycles, producing a series of interferogram -
scans that are averaged. 

Up to this point, operation of the interferometer in 
the computerized system is identical with that of the 
one used in manual measurements. When one is used 
manua lly, the pulse from the auxiliary interferometer 
triggers a signal averager; the averager's display shows 
the main detector's output, which can be measured di­
rectly or photographed (Fig. 2). 

But in the automatic system, the pulse triggers data­
collection opera tion in the computer, which processes 
digitized versions of the information from both the 
main and auxiliary interferometers and computes the 
average of several scans. 

For each type of epitaxial film, a reference signal, 
generated by inserting a front-surface reflector in place 
of the wafer, is kept in the computer's memory. The 
computer subtracts this reference signal, which contains 
only the strong central peak, from each digitized inter­
ferogram pattern, thus emphasizing the peaks of the 
two side bursts in the interferogram. Otherwise, in very 
thin layers, these side peaks would sometimes be lost in 
the clutter surrounding the central peak. From the spac-
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ing between these peaks, the computer determines the 
thickness of the layer then being measured and sends 
the result to a printer and to a display unit. The whole 
process, using 15 scans of the moving mirror, takes 6 
seconds. 

Some kinds of wafers, such as those with buried lay­
ers, may tend to absorb more of the infrared radiation 
than others and th erefore require more scans. The num­
ber of scans required, along with the appropriate refer­
ence signal, is kept in a disk storage unit, identified by 
the wafer's code number, and brought into the main 
memory at the start of a series of measurements on a 
particular wafer type. 

The system's precision depends on how well-defined 
the side bursts are, a condition that establishes how well 
their separation can be determined. Their definition de­
pends in part on the properties of the materials of the 
epitaxial layer and the substrate and in part on the com­
ponents of the interferometer. The latter place an inher­
ent limit of ±0.05 micrometer on the system's precision; 
this precision is approached by those wafer materials 
and configurations that produce the strongest infrared 
reflections. 

Resistivity 

Because further processing often depends on the re­
sistivity of the epitaxial layer on the semiconductor wa­
fer , resistivity is a fundamenta l parameter. As men­
tioned previously, the standard method for measuring 
resis tivity uses a four-point probe. 

This measurement can be affected by a host of vari­
ables, including the material of the probes, the radius of 
their tips, their spacing, the pressure with which they 
are applied to the sample, the temperature of the 
sample, its mechanical stability (how easily it bends or 
cracks), and the current applied. Because of these vari­
ables, measurements by different people in different 
places are likely to vary somewhat, particularly when 
the measurements are made manually. 

Ordinary manual production measurements may be 
precise only within ±5%, whereas a procedure defined 
by the American Society for Testing Materials reduces 
this tolerance to ±2% for measurements in different lab­
oratories. On the other hand, a semiautomated mea­
surement can be accurate within ± 1 %. Th us, the advan­
tages of automation are clear. 

The automated system does not depend on the oper­
ator's placement of the sample being measured, and it 
can control the environment closely. It can readily opti­
mize the sample current on the basis of a quick survey 
reading, followed by a second measurement for a pre­
cise determination. The system can measure the resis­
tivity in several different sample positions and compute 
a statistical average while the next sample is being eval­
uated for thickness in the interferometer. 

One of the most important advantages of the auto­
mated system is that it can calibrate its own resistivity 
measurements und er computer control, instead of at ar­
bitrary intervals, as is the case with manual measure­
ments. At intervals that can be determined by the com­
puter program-either at fixed time intervals or 
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whenever the computer detects a trend in the measure­
ments that may not reflect the true state of the wafers­
the system can stop work on the production wafers and 
substitute a wafer drawn from a cal ibration stack (Fig. 
3) . If the measurement is within the proper limits, the 
calibration wafer is returned to its place and the work of 
evaluation resumed. If the measurement does not meet 
the proper specifications, the whole stack of calibration 
wafers may be measured to determine a new calibration 
functi on, and production evalu ation is resumed. Or, if 
the calibration is too far "out of spec," a redundan t 
probe head can be brought into position, and the need 
for repair or readjustment of the original head is sig­
naled to the system operator. 

Computer control 

The entire automatic evaluation process is controll ed 
by a Digital Equipment Corp. PDP-11 computer with a 
main memory of 12,288 words, a 1.2-million-word disk 
storage unit, a card-read / punch unit, and the usual pa­
per-tape and teleprinter equipment (Fig. 4). 

Data from each evaluation run is punched into cards 
that accompany each batch of tested wafers through 
subsequent processing operations. Similar punched 
cards feed data from the evaluation run back to another 
computer, a Control Data Corp. 1700, which controls 
the reactor in which the epitaxial deposition takes 
place; thus, the results of the evaluation are used to 
modify the deposition process directly. This feedback is 
planned eventually to take place th rough a direct inter­
face between the PD P-11 and the 1700, so that the pro­
cess is controlled on line. 

As mentioned previously, the disk storage unit stores 
procedures and specifications for evaluating several 
hundred different types of wafers, corresponding to dif-

3. Calibration. Computer stops work on production wafers when 

conditions demand it, turning instead to a stack of calibration wafers 

with which it readjusts the automatic system. 
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4. Computer system. A PDP-11 controls the eva luation, punching results into cards that control subsequent processing , and , if required , 

modijy the deposition process in th e following wafer run . Eventually an on-line feedback path to the reactor will be added. 

ferent crystal structures, different deposition techniques , 
and so on. It also stores a Fortran compiler, which is 
used when the system is reprogramed for new or im­
proved evaluation procedures. And. in addition to 
these , it has room to store data on the results of eval­
uation of various wafer types; this data is the input for a 
later statistical analysis. 

System capacity 

The air-bearing transport can send wafers down the 
track at a maximum rate of about one per second. How­
ever, it usually doesn't maintain this rate because the 
evaluation procedure is limited by the thickness mea­
surement, which requires from 6 to 13 seconds for each 
wafer. Resistivity is usually finished in a few tenths of a 
second, including the averaging process. 

Under these conditions, assuming the system runs 
about 80% of the time during a 24-hour day, its capacity 
is about 7,000 wafers a day. This throughput could be 
nearly doubled if the system were modified to incorpo­
rate two interferometers feeding one four-point probe ; 
this modification, however, would be very expensive. 

Nevertheless, not all wafers can be measured on the 
system. It evaluates most of wh at Motorola produces in 
Phoenix ; but the resistivity of wafers with, for example, 
an n-type layer on an n+ substrate can't be evaluated 
directly with the four-point probe because the resistivity 
of the layer can ' t be distinguished from that of the sub­
strate. 
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Furthermore, if the layer and the substrate have 
nearly the same refractive index, practically no radi­
ation is reflected from their interface. Reflection occurs 
primarily when the refractive indexes are different. In 
most cases, the reflection is substantial; but even so, the 
layer itself absorbs a great deal of the radiation, so that 
the signal emerging from the layer may be 50 to 100 
times smaller than the radiation reflected directly from 
the front surface of the wafer. 

Where n-on-n wafers mu st be evaluated, a special 
n-on-p check wafer can be included with each batch of 
producti on wafers. These check wafers are evaluated 
and the results assumed to apply to the entire batch. Al­
though using these check wafers reduces the output of 
the reactor by about 10%, it tightens the specifications 
and increases the yield by more than enough to com­
pensate for their use. 

At the present time, the system can evaluate about 
60% of the wafer types produced during normal oper­
ations. This frac.:tion is expected to increase when al­
ternative measurement techniques are added to the sys­
tem. These techniques will include a radial resistivity 
profile, obtained by making more detailed probe mea­
surements ; checking for spreading resistance and 
photoluminescence; optimizing the evaluation proce­
dure more so than at present for different categories of 
wafers; class ifying and sorting the wafers before eval­
uation ; and statistically analyzing the results of succes­
sive runs to determine long-term yields. O 
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Engineer's notebook _________ _ 

Curve-fitting program 
matches measured data 
by Glen Miranker 
Yale University, New Haven, Conn. 

A Fortran computer program called FIT can do your 
curve fitting for you. The program, which utilizes a 
least-squares method of approximation, takes a set of n 
data points and fits a polynomial (up to degree n - 1) 
to these points. 

FIT determines the coefficients of the polynomial by 
solving a system of normal equations, which are derived 
by considering some quantity, y, as a polynomial func­
tion of another quantity, x. Then, for the ith data point: 

6. + y; = aox;0 + aix;1 + azx;2 + ... + anx;0 

where 6. is the difference between the "correct" data 
value and the observed or measured data value. If the 
coefficients provide a good fit, 6. can be neglected. Sum­
ming over the data points yields: 

2:(aox;0 + aix;1 + azx;2 + ... + anx;0 v Y;)2 = 6.2 

which is the form of a least-squares fitted curve. FIT 
computes the coefficients to minimize 6.. 

To find the best-fitting curve for a given set of data, 
all FIT needs to know is the values of the observed data 
points and the desired degree of the polynomial ap­
proximation. The first part of the program (statement 
numbers greater than 999) accepts the data, stores it, 
and organizes it for use in the rest of the program. 

At this point in FIT's program list, a subroutine (like 
the one called FUNCTION at the end of FIT's program 
list) can be used to redefine the x variable so that ap­
proximations can be made to curves that are not strictly 
polynomials in x. For example, ify = sin2(x), a polyno­
mial fit can be made by letting F = sin(x) since y is a 
polynomial in sin(x). 

The second part of the program, statement numbers 
from 99 to 999, set up the normal equations. Statements 
20 through 90 then solve this normal equation system, 
avoiding cumulative errors through judicious use of 
single- and double-precision variables. In the final part 
of the program (statement numbers less than 20), the re­
siduals (differences between the fitted and the measured 

Getting a good fH. Fortran instruction list for curve-fitti ng program named FIT generates a polynomial, of up to degree n - 1, to fit a set of 
n measured data points. By writing a subroutine, like the one called FUNCTION at the bottom of this list , approximations can be made to 
curves that are not strictly polynomials. The program makes use of a least-squares approximation method to do the curve fitting. 

~: TlllS I S THE FI RST LINE OF FIT 
DOUBLE PR EC ISI ON D<,1.:12) 
RF.AL :<< 100 ), Y<Hl0 ), IH0 -' 100) , Z< B,. 100 ), t:i<,1> , 8<:11 , :1 2), CC:51 , :52 > 
TYF-E 1001 
FQi;-MAT<' i=iRE YOU USI NG STO RE D OATA? ', t ) 

ACCf PT 1002, COMM EN 
t01.)2 FORMAT<A1> 

10130 

2"00 

'1000 

4S00 

100 

:i'OC 

300 

41)0 

40t 

IF<COMME~I EC . 'Y') GO TO 6000 
TYPE 1000 
FORMAT <' PLEASE ENTER THE NUMBER OF SAM PLES - MAXll'IU l'I 1 00 ',/) 
ACCEl-' T 2000, NP 
WR T TE< HL 200 0 >HP 
FORMAT ( 12> 
l 'l'PE 3000 
FORMAT<' EN TER THE DATA TABBI NC ONC E AFTER EN TER INC '• 

:t ' THE X DATA') 

T'r'PE 4000 
FORMAT(' TYPE IN THE DATA POINT S . '•"•"•' SAMPLE NUMBE R 

XDATA 'r'OATA',/) 
DO 5001 1.,,1,NP 

TYPE 4 5rd{), I 
FORMAT< 1H+ , T7 .1 I2 , T21, S) 

ACCEPT 500Q,X(I),Y(I) 
FORMAT~2~ ) 

llR llE U0 ,5{)00>X<J>.Y<I> 
C.ONl l tlUE 
EHD Fllf:. 10 
REW1t4D 10 
Rf AO <10, 200 0 >HP 

DO 100 J ;;- 1,HP 
F:EAO <1.0, 50Q0>-X< 1 >, Y< I > 
xt l) .. r o :<1 n 
CONT I UUE 
1 'r'P E 200 
FORMAT(' Etnt:R THE ORDER OF THE DESIRED POL'r'NOMIAL 

(MllX IMUM "' THE llUMBER OF POltHS-1)',/) 
ACCEPT J00, M 
F-"OR MA T< 12> 
~1 ( 0 F= tlP 

DO 401 l "- 1.HP 
DO 400 J :11 1,2.:tM 

~l (J) •IHJ> + X( I ):tt J 
2L.J>"ZtJ) +'r'( I ) -* X< I ):U J 
C.ONT!tiUE 
Z< 0 >sZ< 0) +V ( I ) 
CO tJTIMUE 

00 500 J r..; 1 , M ~1 

00 500 J:o 1, M+1 
B<l.J ),,. W(J -2 +1 > 
B< I . M• 2>= Z < 1- 1 > 
CONT ltlUE 

THE FOLLOMIHG S l:'.RIES OF Nl:STED DO LOOPS DO lHE FOLLOWIHC 
THE FI RST ST~PS lHE DO SYSTEM SOLVING FOR EACH COEFFIC IENT 
S UCCE S I VEL Y 
THE SECO ND CLOCKS THE 00 LOOP SYSTEM DE CREA S JNC THE l'IAHl:I X 
S IZE B'r' ONE ROW ANO OtlE COLUM N EACH I TE RAT I ON 
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,. 

25 
27 

30 

35 

•• 
50 ,. 
•• ,. 

THE THIRD AtlO THE FOURT H TAKE THE ITH ROW ANO DIV I DE IT BY 
IT S rHH COLf-F l l..IHH THEt l MU L TIPLIES THE ITH ROW BY THE NTH 
CCErr I C' lrtlT OF" THE <I•UTH ROW Fll~t:ILLY IT SU BTP l"lCTS THE 
I+ 11 H F: UM FRO M THE I TH 
THE LAST TWO 00 LOOPS RESTRUCTU RE l'IATRI X 0 SO THAT IT 
CONTAI NS THE C MATRIX MINUS THE NTH COLUMI~ ANO THE L AS T ROW . 

l>O 50 H-t. M+1 
DO 20 It•l, M+t 
00 20 J1 • 1 , M+ 2 

Dl 11. J1>•B < 11 , Jt> 
00 40 K•t. M 

IF <N- KJ25.25.23 
L•1 
GO TO 27 
L•2 

00 30 1 • 1.Mt-1-K 
DO 30 J• t. M+J-K 

C( I •• n=<O( J, J) ..- D( I, L) HD < I +1 . L>-D< 1 ~t . J> 
CO NT I NUE 

DO 40 1 • 1,/'1+1-K 
00 40 J= 1 , M .. 2-K 

I F (J GE L>GOTO 35 
Ol I, J)•C( I , J> 
GO TO <f0 
Oll,J>•C(J,J+1 ) 
CO NT I NUE 
A ( H )c () ( 1 , 2 ),,.0(1.1) 
CONT ItlUE 

00 -;0 1• 1.M+l 
T'l"PE 71iL I.1HIJ 
F ORMAT (' COEFFICI ENT NUHBER',JJ, '"' '. 1PE15 5> 
~I F-ITE ( 11. ?0) 1 , A ( I > 
(QHTIHUE 
TYF'E 10 
F ORMAT (' DO YOU WANT A LIST OF RtSIOUl=ILS?', S ) 
A CC EPT 1002, AtlS 
JF (14!"lS tlE ' Y' >GO TO 1 
00 5 K • l.NP 
THEOKV•0 
00 7 l•l, M+1 
THEORV•At I ) 1" )(lK) U ( 1-1 > +THEOR Y 
RE S I D•Y ( K>-THEORY 
TYP E J ,K, RE S IO 
L-IR l lE < 1 2, 3 ) K. RE -3 1 0 
FOF:MAT( ' DATA PO ltH '. 13.' '.lPE15 5) 

STOP 
EHD 

T:ttiitt1. n tttt:tU:1:itltt.1::t1:*-ltttt1:1:t::t1:i1:1:11ltt:tt:tttt:.ttt lt:t tttttt:ttttt.tl:t1ttt1:ttt 
TNIS FUtl CT JON i:'.IL LO l.I S APPkOXIMATIONS TO BE MADE TO CURVES THAT 

i:'.IRE t-IQT S.T RICTLY POLYNOMIAL S BY REDEFIMING THE ~ x ·· VARli:'.IBLE 
lt:tll'f t: tlt:t t rtit:r'f:r.t:s1::sttti-ttttti ti:t:tit:i::ts:tr ti:1 i:t:t:11t t1 1:tti::t1 i:s rrt s:tit tt tl itt tt 

F UNCTIOtl F CO 
F•1 / XiT2 
PETURH 
EHD 
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curves) are calculated, providing some indication of 
how good the fit is and allowing convenient comparison 
of fits of different degree for a given data set. 

The sa mple program list shown for FIT, with the 
FUNCTION subroutine, could be used to check the pass 

Power hybrid circuit 
controls tape-recorder speed 
by W.D. Harrington 
University of Florida, Gainsville, Fla. 

A hybrid power amplifier, the HClOOO from RCA, 
makes it possible to build, for only abou t $50, a speed 
control for line-operated tape recorders with ratings of 
up to 35 watts. The circuit is essentially a power con­
verter, consisting of the hybrid amplifier and a power 
transformer. The amplifier is a multi-purpose plastic­
packaged device that provides a 7-ampere peak output 
current at up to 100 w root-mean-square. 

Most line-operated tape recorders employ synchro­
nous drive motors, permitting the tape speed to be con­
trolled by a change in the effective line frequency. Since 
the power converter's frequency is determined by the 
function generator, the line frequency effectively ap­
plied to the recorder can be varied by changing the fre­
quency of the function generator. 

characteristics of a nonlinear amplifier, which should 
have a pass characteristic of l /x2• The size of the residu­
als computed by FIT could indicate how much of the 
amplifier's distortion can be analyzed as a second-order 
effect. O 

~ 

The transformer may be any filament- or power-type 
unit having a 12-volt secondary rated for at least 5 A. 
(The secondary windings of several transformers can be 
paralleled to obtain this current rating.) The trans­
former is connected in reverse- that is , its secondary 
faces the amplifier and must be driven at close to 4 A 

peak at 12 v to deliver 35 w at 120 v to the primary. 
The bias network for the hybrid amplifier cancels its 

de offset voltage, which is typically 200 to 300 millivolts. 
This prevents the offset voltage from working into the 
fractional de resistance of the secondary transformer 
winding and causing unneccessary power dissipation in 
the amplifier's internal output transistors. 

When output power is at maximum- 35 w at 120 v­
and the effective line frequency is less than 60 hertz, 
some transformers become inductive and may activate 
the current protection circuitry of the HClOOO ampli­
fier. This situation can be avoided by lowering the input 
level of the function generator's so that the circuit oper­
ates at an effective line voltage of less than 120 v. Volt­
ages as low as 95 v may be used. 

The dual ±24-v de supply voltage can be provided by 
an array of motorcycle batteries, making the power con­
verter attractive for field use. O 

Tape control. This power converter varies tape speed by changing the frequency applied to a recorder 's synchronous motor . The circuit's 

input fu nction generator determ ines motor driving frequency and voltage. The heart of the converter is a hybrid amplifier that develops a 

35-watt output at 5 amperes. The transformer secondary faces the amplifier so that the motor receives the correct drive voltage . 

+24 Vdc-----, 

FU NCTION 
GENERATOR 

0.5 Vrms 

Av 

~i 

ADJU ST FREQUE NCY 
FRO M 45 TO 90 Hz 

5 A (FAST BLOW) 

10 kn RCA HC1000 

330 kn 
• 1 o kn _....,-"'""' ____ _ 

20µF 

+It----+----' 

(15 V) 

10 kn 

5 A (FAST BLOW) 

50 µF 

(15V)+l 

- 24 Vdc 

108 

lO µH 

12 Vrms @35 W 

"v 

I 
>­
a: 
<t 
::;; 
a: 
a.. 

l""I.. . 90 TO 120 
"V Vrms@ 

35 w 

~ "ANY FILAMENT TRANSFORME R 
WITH 12·V 5-A SECONDARY, 
i.e. STANCO R P-6434 

* ADJUST FOR V5 = 0 Vdc WITH NO INPUT SIGNAL. 

SONY 
TC-3530 

TAPE 
RECORDER 
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Capacitance of twisted wire 
trims fast FET op amps 
by Victor D. Roberts 
General Electric Co., Large Lamp Dept., Cleveland, Ohio 

High-speed FET-input operational amplifiers that have 
a large feedback resistor sometimes need a low-capaci­
tance trimmer that can be adjusted to prevent oscilla­
tion without appreciably decreasing the op amp's fre­
quency response. Try twisting together two short pieces 
of insulated wire to make a cheap and readily available 
trimmer capacitor. It's a technique that has been used 
for quite some time by builders of amateur radio equip­
ment for neutralizing rf amplifiers. 

Here is a typical application for this handy trimmer 
capacitor. A FET-input op amp is connected as a simple 
unity-gain inverter with a I-megohm input impedance, 
as noted in the figure. Without a feedback capacitor, the 
circuit produces damped 200-kilohertz oscillations when 

Oscillator converts counter 
to capacitance meter 
by M.J. Salvati 
Sony Corp . of America, Long Island City, N. Y. 

A relaxation oscillator will convert any counter that 
measures time periods into a direct-reading capacitance 
meter. The battery-operated circuit can be assembled in 
a small rninibox and plugged directly into the counter. 
For the capacitance measurement, seconds indicate mi­
crofarads, milliseconds indicate nanofarads, and micro­
seconds indicate picofarads. 

The conversion circuit uses a programable unijunc­
tion transistor (PUT) in a standard relaxation oscillator 
that is simpler, more stable, and more accurate than 
previous capacitance-measuring schemes. Since the two 
biasing resistors, R 1 and R 2, determine the PUT's firing 
characteristics, the oscillator period is substantially in­
dependent of PUT device characteristics. 

The osci llator period- and, therefore, the indicated 
capacitance-changes only +0.5% when the supply 
voltage is reduced from 18 to 14 volts. By using high­
stability resistors and a precision (±0.1 %) capacitance 
standard for initial calibration, an accuracy of better 
than 1% can be achieved over the capacitance range of 
5,000 pF to more than 10 µF . Below 5,000 pF, a constant 
error of about +40 pF degrades the accuracy of an ab­
solute-value measurement, but the relaxation-oscillator 
circui t can still be used to match capacitors having val­
ues as low as 100 pF. 

Because battery drain for the circuit is only 0.5 mil­
liampere, the two standard 9-v radio batteries that are 
used to power the circuit will last a long time. O 
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driven by a fast-rise-time square wave. Employing 11h 
turns of A WG #22 vinyl-insulated wire (0.4-millimeter 
wall) eliminates these oscillations without degrading the 
circuit's rise time. The twisted wire provides a capaci­
tance of approximately 2 picofarads. D 

1 Mn 
I N--'VV\r---+---t 

1 Mn 

} 
l Y, TURNS 
AWG # 22 

Twisting away oscillations. Short insulated wires make handy trim­
mer capacitor when twisted together. One or two turns can provide 

enough capacitance to stop fast FET op amps from oscillating. 

UNKNOWN 
CAPACITANCE 

PUT 

*METAL FILM 

CALIBRATION 

Capacitance meter. Period-measuring counter determines value of 
unknown capacitance. The test capacitor sets the timing of PUT re­
laxation oscillator . Microfarads are displayed as seconds. 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques. and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 
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Match phosphor 

and film to speed 

oscilloscope shots 

How to get on 

the microcomputer 

bandwagon 

Comparator joins 

programable family 

Keep it cool: 

flat cable saves 

Engineering groups 

propose standards 

How to get 

the right time 

Engineer's newsletter ___ _ 

Besides using large shutter openings and fast film for recording very 
rapid one-shot events, you can increase oscilloscope recording speeds 
by matching the sensitivity of the film with the peak color output of 
your oscilloscope phosphor. For example, the popular P-11 phosphor, 
because it is the best match for Polaroid type I 07 and 410 films , in­
creases writing rate by 50% faster than CRTs with P-31 phosphors. And 
by leaving the camera shutter open for at least 5 seconds after the sweep 
has passed, you can take advantage of the phosphor's afterglow. 

Here's your chance to profit from the microcomputer explosion. Soft­
ware Technique Inc., 8811 Colesville Rd., Silver Spring, Md., will con­
duct in your office hands-on workshops devoted to the capabilities and 
programing techniques of all available microcomputers. Included is a 
selection seminar in which all the known microcomputers are dis­
cussed, documented, and compared. Prices for the service start at 
$1 ,000. 

Joining the operational amplifier and voltage regulator in the growing 
family of programable ICs is the comparator-the device widely used to 
control current loads in industrial systems. In one new programable de­
vice, built by RCA, a separate terminal permits programing the output 
current up to 150 mA by means of a bias current. 

Here's a money-saving production tip : Use flat cable. Because flat 
cable conducts heat better than wire bundles, it keeps cooler, and you 
can use wire two or three sizes smaller than other methods allow. And 
since copper content determines wire costs, you can often save two or 
three times your normal cabling costs in complex data-processing and 
transmission systems. Caution : Smaller gauges mean higher voltage 
drops. 

To deal with the growing problems of professional engineers, 13 major 
engineering and scientific societies have drawn up a document called 
" Guidelines to Professional Employment of Engineers and Scientists." 
The guidelines, which can be obtained from the IEEE in New York, de­
fines the recommended employment practices in such areas as recruit­
ment, terms of employment, professional development, termination, and 
transfer. 

Complete, up-to-date information on the many services provided by Na­
tional Bureau of Standard's radio stations wwv, WWVH, and WWVB is 
available from True Time Instrument Company, 2255 Melbrook Way, 
Santa Rosa, Calif. 95405 . Request Bulletin #373-1. The NBS trans­
missions provide engineers throughout the world with extremely pre­
cise audio and radio frequency standards, as well as accurate time sig­
nals and radio-frequency propagation forecasts. 
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>ISC MEMORIES CAN'T FLY; 
)0 WHY DO WE NEED CANNON?" 
1e retorts. 

Brown took off:" Don 't knock Cannon 's 
1erospace background. That's how they 
:ame up with their DL rack and panel con-
1ector with a 10,000-cycle life, instead of 
he 500 or less we 've had to live with '. ' 

The VP blinked at the order of magni­
ude difference. But Brown had the 
1mmunition: " It 's simple. There's no wear 
>ecause the contacts don 't touch during 
nsertion . A quarter turn of the actuator 

cams them together and cleans the sur­
faces at the same time. No jackscrews, 
no problems:· 

As usual, someone brought up cost. 
Brown levelled him: "Cannon 's zero-force 

DL's cost less than any 
other rectangular con­
nector. And they've 

got an automatic strip-
and-crimp machine, too. 

We just cut the wires to 
length; it strips the end and 

crimps on a contact. Takes 
jacketed cable, and you know how much 
trouble we 're having with that . .. come to 
think of it, since our present sources can 't 

hack it, maybe it 's time now to look at 
Cannon :· 

Now maybe your forte isn't startling 
VP 's, like Brown, but maybe if you shook 
them up just a tiny bit, it might help them . 
And you . 

Write for our free catalog today. ITI 
Cannon Electric , lnterna- ~ ,.., 
tional Telephone "' I~\ 
and Telegraph 
Corporation , 
666 E. Dyer 
Road, Santa 
Ana, CA 92702. 
Phone (714) 
557-4700. 

uropean fac1 l1t1es 1n Brussels. Belgiu m ; Basingstoke. Hants, England . Toulouse. France. 7056 Beutelsbach/1 R . Germany, Milano. Italy. CANNON ITT 
Circle 111 on reader service ca rrl 



New products ___________ _ 

ICs blow the whistle on faults 
Monitoring circuits for instruments and other equipment sound alarm 
for calibration errors , power failures, overheating , signal-level changes 

by George Sideris, San Francisco bureau manager 

A quad monitoring circuit that blows 
the whistle when an instrument 
needs calibration is one of five un­
usual supervisory control circuits 
from Intech Corp. The Intech 3040 
calibration monitor also detects ex­
cessive ripple on supply lines and 
generates a precision voltage refer­
ence. 

Others in the lntech 3000 series of 
monolithic circuits look for power 
supply failures, equipment over­
heating, missing pulses and other 
equipment operating problems, or 
for changes in signal levels. When 
something happens in the system, 
they flash lamps, sound alarms, or 
switch shutdown logic. 

Hans Camenzind, whose com­
pany developed the circuits for dis­
tribution by Intech, expects the 3040 
to change the way component test­
ers and other industrial instruments 
are " kept honest." Camenzind, who 
originated the monolithic phase­
locked loop and several other inte­
grated circuits as a designer at Sig­
netics Corp., is president of Inter-

MONITORED 
VOLTAGES 

+V 

STEADY 
/ OUTPUT 

OSCIL· 
LATING 
OUTPUT 

Calibration monitor. If voltage changes by 
selected percentage, alarm is actuated. 

112 

design Inc., of Sunnyvale, Calif. 
Traditionally, he points out, test­

ers are periodically shut down for 
calibration, a procedure that does 
not ensure accuracy between cali­
brations. Besides, he says, the cost of 
routine calibrations often adds up to 
more than the original cost of the 
instrument. "With our calibration 
monitor," he says, "the instrument 
can stay on line until an indicator 
tells the operator that measurements 
can no longer be made within nor­
mal production tolerances." 

Drift. The 3040 monitors four in­
puts for drift or ripple. With stan­
dardized pin connections, the user 
can set input tolerance ranges of 5%, 
10%, or 20%. Alternatively, different 
tolerances can be set for each input 
line by connecting the inputs 
through potentiometers. 

The circuit compares the inputs 
against a reference voltage gener­
ated on the chip, actuating two 
alarm outputs if any input changes 
more than the set tolerance. One 
output will switch from a high-im­
pedance state to a low state suitable 
for driving a lamp, a light-emitting 
diode or a TTL input. The other os­
cillates between high and low, to 
flash a lamp or produce a pulsating 

·tone in a loudspeaker. The steady 
output ranges from 10 milliamperes 
at a voltage drop of 0.3 volt to 100 
mA at a 1-v drop. The oscillating 
output delivers 100 mA at 1-v drop. 
Both have a leakage of 0.1 micro­
ampere at 15 v. 

External resistors and capacitors 
may be used to control the oscilla­
tor. The oscillator has a frequency 
range of 0.1 Hz to 10 kHz and a duty 
cycle range of 30 to 70%. A third 
output pin makes the reference volt­
age available for other uses. It is 2.4 

±0.1 v at 25°C, with a stability of 50 
parts per million /°C. 

Another device, the 3010 tone 
alarm, also has steady and pulsating 
outputs, but compares two inputs, 
such as a signal and a reference 
voltage. For supply voltages from 5 
to 15 v, the reference voltage range 
is I to 14 v. If the signal input goes 
higher or lower than the reference, 
the alarm outputs are actuated. In­
put switch-point uncertainty is a 
maximum of 20 millivolts and typi­
cally 5 mv. 

The 30 !O's output specs are 
similar to 3040's. However, the 
steady output's current at a 1-V drop 
is 50 mA, and the oscillating output 
has a minimum frequency of 50 Hz. 
Also, the circuit's hysteresis is exter­
nally adjustable. Camenzind recom­
mends this circuit for checking dig­
ital voltmeter reference levels and 
transducer output limits. 

The three independent outputs of 
the 3020 triple flasher can produce 
either a steady output to drive a 
warning lamp or LED, or a pulsating 

INPU T 

V ref 

PERIOD 

+V 

STEADY 
OUTPUT 

PULSATING 
OUTPUT 

TONE FREQUENCY 

Signal watcher. If input deviates from refer­
ence, IC generates a tone or a light. 
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output to make the light flash when 
operating conditions become intol­
erable. Two of its uses are monitor­
ing supply lines and logic loops. 

Each flasher has two inputs. The 
output is steady if the first input 
goes to the TTL low level and pulsat­
ing if the second input goes low or if 
both inputs go low. Several pack­
ages will operate in parallel with 
common oscillator timing compo­
nents. Pulse duty cycle and period 
ranges are 5 to 90% and 0.1 to 10 
seconds. 

The 3030 temperature alarm trips 
when its temperature rises beyond a 
limit preset with resistors. Designed 
primarily to detect cooling-fan fail­
ures, it operates to l00°C and is ac­
curate within ±5°C. 

Several 3030s may be paralleled 
in a supply-shutdown, loudspeaker 
or flasher control circuit. The steady 
output is compatible with open-col­
lector TTL logic and the pulsating 
output sinks only 0.5 mA. Oscilla­
tion range is 0.1-millisecond to 10-
second periods and 30% to 70% duty 
cycle. 

Timer. Besides detecting sinu­
soidal signals or pulse trains, the 
3050 can monitor high-voltage lines 
(common-mode range is several 
kilovolts) , detect missing pulses or 
amplifier oscillations, and act as a 
timing element or latch. 

There are three inputs, one an op­
tional high-impedance input ( 100 
kilohms) and two that are normally 
coupled through capacitors to the 
signal lines. One of the two outputs 
normally sources current while the 
other sinks. If the input waveform 
peaks exceed a set level, the outputs 
reverse state. The circuit can also be 
set to trip if the input falls. 

All five circuits operate on single 
supplies from 5 to 15 volts, with 
quiescent current drains around 1 
milliampere. Operating tempera­
tures are - 25 to + 85°C, except for 
the temperature alarm. The pack­
ages are 16-pin ceramic DIPS. Prices 
in IOO-up quantities are: 3010, 
$4.90; 3020, $6; 3030, $5.30 ; 3040, 
$6.35 ; and 3050, $5 . Single-unit 
prices are , respectively , $8 .70 , 
$ 10.80, $9.50, $11.20, and $8.95. 
lntech Inc., 1220 Coleman Ave., Santa 

Clara, Calif. 95050 [338] 
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You gain fundamental 
design advantages 

with ceneral Electric 
infrared SSL'S (LED'S). 

3° I 13° I I' 

For example, General 
Electric guarantees* every 
SSL-55B and SSL-55C 
infrared lamp for: 

Precision beam align­
ment, to within 3 degrees of 
the mechanical axis of the 
lamp. (1 

Power output of each lamp LJ 
will be within the less than 2 to 1 
range, as published; the SSL-55B 

I I 

'I' I I 
11' 

'I' '1 
1, 
1 output ranges from 3.5 mW 

minimum to 6.0 mW maxi­
mum; the SSL-55C from 

4.8 mW minimum to 7.5 
mW maximum. 

Both types are available for 
immediate delivery, as are 

(1 most other General Electric 
LJ infrared SSL's. For prices and 

complete SSL infrared data write 
or call today. 

ereen Clow Lamp forflexlblllt't 
~-===========================- Actual 

Size 

This GE broad spectrum bright green 
glow lamp gives you greater design 
flexibility than ever before. It also 
emits blue, with suitable color filter. 

Called the G2B, it is directly inter­
changeable electrically and physi­
cally with GE's high-brightness C2A 
red/orange/yellow glow lamp. You 
can use the G2B alone for 120 volt 
green indicator service. Or together 

with the C2A to emphasize multiple 
functions with colors. For example: 
for safe/unsafe functions, for dual 
state indications and to show mul­
tiple operations in up to 5 colors. 

They should be operated in series 
with an appropriate current limiting 
resistor. Both the G2B and C2A save 
money because of low cost, small 
size and rugged construction. 

Now wedge Base Lamps In two sizes. 

If space for indicator lights ® 
is your problem, the GE T-1 % 
size all - glass wedge - base · 
lamp is your solution. It 
measures only .240" max. 
diam. The wedge-base construction 
virtually ends corrosion problems; 
it won't freeze in the socket. Like 

its big brother - the T-3~ 
wedge base lamp with a 
.405" max. diam., the fila­
ment is always positioned in 

•- the same relation to the base. 
And it makes possible simplified 
socket design. 

For free technical information on any or all of these lamps, just write: 
General Electric Company, Miniature Lamp Products Department, 
#4454- M, Nela Park, Cleveland, Ohio 44112. 
*Lamps not meeting published specifications will be replaced or money refunded. 

GENERALfj ELECTRIC 
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Here are two of the world's best oscilloscopes. 

Hewlett-Packard 1707B Tektronix 465 

Here's whyyou shouldn't own either one. 
You can lease one for as little as 

$45 per month. 
We can give you immediate 

delivery on either the Hewlett­
Packard 1707B or the Tektronix 465, 
in quantity. 

The Hewlett-Packard scope lease 
is $45 per month for 36 months. 
The Tektronix 465 is $50 per month 
for 36 months. 

Anyway you choose, leasing is the 
best thing that ever happened to a 
tight capital equipment budget. 
You pay for your scope as you use it 
. . . and you pay for it out of the 
profits it generates. 

114 Circle 114 on reader service card 

Call your closest Instant Inven­
tory Center and ask us about short 
term rentals, delivery, and other 
lease terms for scopes or any other 
electronic equipment you need, up 
to and including minicomputers. 

® Anaheim, California (714) 879-0561 
Dallas, Texas (214) 661-8082 
Fort Lauderdale, Florida (305) 771-3500 

Gaithersburg, Maryland (301) 948-0620 
Lexington,Massachusetts (617) 861-0667 
Mountain View, California (415) 968-8845 
Oakland, New Jersey (201) 337-3757 
Rexdale (Toronto) Ont., Canada (416) 677-7513 
Rosemont, Illinois (312) 671-2464 

Rental Electronics, Inc . 
A J2EP.SICQ leasing company. 
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New products 

Components 

Breadboarding 
made easier 

Terminal blocks in variety 

of sizes provide solderless 

contact with ICs, discretes 

Simplifying the often tedious chore 
of breadboarding circuits, a block of 
terminals makes easy contact with 
ICs, transistors, or passive compo­
nents: the components' leads are 
just pushed into holes in the blocks. 

Developed by Vector Electronics, 
Klip-Bloks are multiple versions of 
the company's earlier Klip-Strips. 
The new blocks provide four con­
nected contacts across in lengths of 
eight or 24 sets. All contacts are on 
standard 100-mil centers used for 
ICs. Two eight-contact units, for ex­
ample, can be spaced 300 mils apart 
and parallel to receive a 14- or 16-
pin IC, plus up to three additional 
connections per pin. Two of the 
larger 24-by-4 units can be used for 
three 16-pin ICs or a large IC of up 
to 48 pins, sufficient for dual in-line 
packages. 

Floyd Hill, vice president of mar­
keting at Vector, says that the com­
pany first introduced the basic con­
tacts as strips of four and longer 
buses of 32 and 48, but many users 
wanted larger blocks of contacts to 
eliminate the need for handling in­
dividual strips. 

The blocks are inserted into a 
Vector-perforated circuit board in 
the desired configuration (integral 
pins hold them in place), then com­
ponents and wires are pushed into 
the holes. Low insertion pressure is 
required, and the contacts are vir­
tually damage-free, yet contact 
resistance is less than 0.001 mil­
liohm per wire. The contacts take 
leads of any shape, 12 to 35 mils in 
diameter or to 50 mils with adapter 
clips. The nylon shell provides a 
stop to avoid damage, and oversize 
leads cannot fit through the holes in 
the shell. 

The leads can be inserted from 
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the top or bottom, making a neat as­
sembly with wires on the bottom 
and ICs and other components on 
the top. The assembly can be 
mounted on a plug-in board. The 
Klip-Bloks can be combined with 
the long Klip-Strips, which make 
buses for ground or power connec­
tions. The parts are reusable. 

The blocks can also be used verti­
cally, and for this application, they 
are available without mounting 
pins. The contacts are beryllium 
copper with fused tin-lead coating, 
and insulation resistance between 
the strips is 1,000 megohms min­
imum, with a safe voltage rating of 
300 volts. The contacts are rated at 5 
amperes, and strip-to-strip capaci­
tance is approximately 1.7 pico­
farads . The blocks are 0.47 inch 
wide, 0.30 in. high, and either 2.45 
or 0.85 in. long. Other sizes are 
available from the company as cus­
tom products. 

The blocks cost about 2 cents per 
point or 8 cents per quad. 
Vector Electronics Co., 12460 Gladstone 
Ave. , Sylmar, Calif. 91342 [341] 

At 1 0 mA, LED lamp 

emits 9 millicandela 

As top of the line of a series of gal­
lium-phosphide units, a red light­
emitting diode is said to be three 
times brighter than gallium-arse­
nide-phosphide backlights now 
available. The XC554-9 indicator 
lamp emits 9 millicandela at 10 mil­
liamperes. The developer, Xciton 
Corp., says this is a minimum lu­
minous intensity and that it com­
pares with 3- 4 med for GaAsP 

lamps in s imil a r app lications . 
Other backlit LEDs in the XC554 

series are units with ratings of 6 and 
3 med. All provide a concentrated 
24 ° viewing angle that illuminates a 
11<1-inch diameter circle (see below, 
left). Each is packaged in a two-pin 
red-epoxy lens housing and is a di­
rect replacement for GaAsP backlit 
illuminators. The XC554-9 can also 
replace incandescent and neon 
lamps in lighted push buttons and 
behind indicators with colored glass 
and plastic lenses. 

The new lights offer direct-drive 
compatibility with single-gate TTL 
and MOS logic. They may be 
mounted on printed-circuit boards 
or on front panels with snap-in clips. 
For 1 to 99 units, price of the 
XC554-9 is $1.75 each. 
Xciton Corp ., 5 Hemlock St., Latham, N.Y. 
12110 [342) 

Liquid-crystal display offers 

four digits, 1-inch height 

For clocks and instruments that 
need to be read from a distance, a 
four-digit liquid-crystal display has 
characters that are 1 inch high. 

The seven-segment readout oper­
ates directly from a metal-oxide­
semiconductor driver and requires 
24 volts peak to peak with a sym­
metrical waveform. Transmissive 
and reflective versions are offered. 
Power requirement is only 10 micro­
watts per segment. 

Life of the display is rated at 
10,000 hours. It measures 5.1 by 2.5 
in., is Vs in. thick, and plugs into a 
solderless, pressfit connector that 
has contacts on 100-mil centers. The 
unit includes four decimal points 
and a colon in addition to the fou r 
digits. Price is about $5 per digit. 
Industrial Electronic Engineers, 7740 Lem­
ona Ave ., Van Nuys, Calif. 91405 [343) 

Slide switch handles from 

9 to 1 3 detent positions 

A miniature, binary-coded linear 
slide switch is designed for use in 
computers, business machines, in-
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INTERNATIONAL'S 
MOE Crystal Oscillator 
Elements provide o complete 
controlled signal source 
from 6000 KHz to 60 MHz 
The MOE series is designed 
for direct plug-in to a standard dip 
socket. The miniature oscillator 
element is a complete source, 
crystal controlled , in an 
integrated circuit 14 pin dual-in­
line package with a height d'J~ 
of V2 inch. INTERNATIONAL 
Oscillators are grouped by 
frequency and temperature 
stability thus giving the user 

~ 1:;;; 
a selection of the overall accuracy 
desired. Operating voltage 

CRYSTAL MFG. CO., INC. 
10 NO. LEE • OKLA. CITY. OKLA. 73102 

3 vdc to 9 vdc. 

TYPE CRYSTAL OVERALL 2s0 c PRICE 
RA NG E ACCURACY TOLERANCE 

+ .002% Zero 
MOE-5 6000KHz to 60MHz -10° to +60°C Trimmer $35.00 

+ .0005% Zero 
MOE-10 6000KHz to 60MHz -10° to +60°c Trimmer $50.00 

116 Circle 116 on reader service card 

New products 

strumentation, and home entertain­
ment products. The series MCS-100 
is capable of handling from nine to 
13 switch positions. Detent force can 
be varied from a 10 ounce min­
imum. There is no visual readout on 
the switch housing, but the units can 
replace rotary and thumbwheel 
switches because of their size advan­
tage-type A with pc-terminal 
mounting is % by 3/.i by 3Ys inch, 
type B is % by Yi by 2-13116 inch. 
The unit handles 20 v de maximum 
and 1 to 10 milliamperes, and has 
60 picofarads capacitance between 

the common and any other switch­
ing circuit. The series MCS-100 is 
designed to customers ' requi re­
ments, and price is under $2 in 
quantities of 10,000. 
Standard Grigsby Co., 920 Rathbone Ave., 
Aurora, Ill . 60507 (344] 

Wideband current probe 

won 't affect circuit 

The miniature size and low imped­
ance of the model 711 current probe 
allows its insertion in the current 
path of high-speed circuits without 
affecting the circuit operation. 
Wideband response (80 kilohertz to 
100 megahertz) and rise time (less 
than 3.5 nanoseconds), combined 
with a sensitivity of I volt per am­
pere ± I%, makes the unit suitable 
for measuring high-speed current 
pulses such as those found in GaAs 
laser systems. Price is $30. 
American Laser Systems Inc., 106 James 

Fowler Rd ., Santa Barbara Airport , Goleta, 
Calif . (345] 
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Nhere your circuits require resistors with built-in fault 
:irotection, TRW may have a solution. Specifically: 

IRC Type PW. Wirewound power resistor, 2-50 watts. 
norganically constructed. Use as a standard power re­
>istor. Or use as a fusible resistor. Highly effective where 
fOU need a versatile , low-cost power resistor, or specific 
fusing characteristics. 

IRC Type BWF. Economical 2-watt wirewound resistor in 
the familiar 1-watt size molded jacket. For years an in­
dustry standard for high-volume, automated assembly 
:ippl ication. Now available with fusible flameproof fea­
ture for hazard applications up to 1000 X overload or 
1000 V. 

IRC Type PGR. Ceramic-insulated , semi-precision film 
resistor, 1-5 watts. Famous Metal GlazeT" construction­
rugged and stable. A low-cost, universally applicable 
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flameproof resistor in ranges up to 100K ohms-far 
beyond wirewound resistor capability. 

Complete resistor choice. Remember, TRW/IRC offers a 
total resistor capability-wirewound , carbon comp. , metal 
film , functions. 

/ 
/ 

~// 
/" / 

/ 
For technical data, flameproof specifications or specific 
application needs, contact your local TRW sales repre­
sentative . Or write TRW/IRC Resistors, an Electronic 
Components Division of TRW, Inc., Greenway Rd. , Boone, 
N.C. 28607. (704) 264-8861 . 

TRK!1Rc RESISTORS 
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New prod u cts 

Instruments 

Panel meter is 
system-oriented 

3%-digit unit costs under 

$90 in OEM quantities; 

uses Sperry readouts 

Progress can proceed in various di­
rections, including backwards, as 
Wes ton's latest digital panel meter 
demonstrates. Unlike its predeces­
sors, which were designed around a 
single MOS chip, the new model 

WESTON VOLTS D.C. 

-l2 3 0 

1230 consists mainly of standard 
7400 series TIL packages. The rea­
son is that the company wanted to 
provide parallel BCD outputs at TIL 
levels, and this was the cheapest 
way to do it. 

In addition to the parallel BCD 
output, which is available as a $5 
option, the 1230 features a max­
imum input bias current of 2 
nanoamperes, a 31/2-digit Sperry dis­
play, and an automatic zeroing cir­
cuit. The low input bias current and 
high-quality C-MOS transmission 
gates in the autozero circuit prevent 
detectable zero shifts even when 
measuring voltages from source im­
pedances as high as 10 to 20 ki­
lohms. 

But the biggest difference be­
tween the 1230 and earlier models is 
pricing. List price is $135, dropping 
to less than $90 for quantities of 
100, as compared with $285 for ear­
lier meters. 

The new meter is particularly well 
suited to systems applications. Its 
standard sampling rate of 7.5 sam­
ples per second can be changed to 
15 or 30 times a second by merely 
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moving a solder jumper. Further, if 
a system uses a master voltage refer­
ence, the DPM can be slaved to it, in­
stead of working on its own. A 
"hold" feature allows the user to 
freeze the display at any time by 
switching a terminal on the input 
connector. And finally, an option is 
available which allows synchro­
nizing of the start of the integration 
period with the application of a !­
microsecond TIL-level pulse. 

Full-scale ranges from 100 mili­
volts to 1,000 v an d 10 micro­
amperes to 100 milliamperes are 
available, with 100% overranging 
provided on all but the 1,000-v 
scale. Maximum error-over the full 
2,000-count range-is ±(0.1 % of 
reading + 1 digit) . Temperature co­
efficient is ±0. 125 digit per ±C, max. 

Common-mode rejection at 60 Hz 
is 80 dB, with a source imbalance of 
1,000 ohms. Prime power require­
ments are less than 5 watts at 117 v 
ac ± 10%. Weight is 13 ounces. 
Weston Instruments Inc., 614 Frelinghuysen 

Avenue, Newark, N. J. 07114 [351] 

Audio spectrum analyzer cuts 

both cost and analysis time 

Rf engineers have come to know 
and love the spectrum analyzer- for 
tweaking up a microwave filter or 
checking out a frequency multiplier, 
it's a hard instrument to beat. At 
lower frequencies, however, spec­
trum analysis . has met with less en­
thusiasm. Probably the long sweep 
times required to obtain the very 
narrow bandwidths typically desired 
in audio work are responsible for 
this cool reception. 

Things may change now that 
Hewlett-Packard has come out with 
a new spectrum analyzer that can 
cut the time of many analyses and 
eliminate much of the trouble asso­
ciated with long sweep times. 

To actually speed the analysis of 
a spectrum, H-P has come up with 
an innovation called ad a ptive 
sweep. With this featu re, signals be­
low a variable baseline, set by the · 
user, are swept automatically at 
speeds up to 20 times faster than the 
speed set by the instrument's con-

trols. When the signal rises above 
the threshold level, the sweep slows 
to produce a full-resolution display 
of the spectrum. Substantial reduc­
tions in analysis time can be 
achieved with this technique. 

The new analyzer uses a digital 
memory as the storage medium and 
an ordinary CRT for the display. 
This combination has several ad­
vantages : the intensity and focus 

controls, once set , need no re­
adjustment when the sweep speed is 
changed ; even the slowest (2,000-
second) sweeps are clear and steady 
with no flicker or fading ; if a trace is 
needed for future reference, it can 
be stored in memory at the touch of 
a button, and then recalled and 
superimposed on a later trace. 

In addition to these special fea­
tures, the 3580A spectrum analyzer 
has a minimum i-f bandwidth of 1 
Hz, a maximum input sensitivity of 
30 nanovolts, and an instantaneous 
dynamic range of 80 dB. Its input 
frequency range is 5 Hz to 50 kHz. 

Price of the 3580A is $3,800. 
Inquiries Manager, Hewlett-Packard Co ., 

1501 Page Mill Road, Palo Alto, Calif. 94304 

[352] 

Flatbed plotter has 

speed of 60 in . / s 

An automated fl atbed plotter offers 
a maximum diagonal speed of 60 
inches per second and maximum ac­
celeration is 2 g, reached linearly. 
Accuracy is to within ±0.005 inch, 
and repeatability is ±0.001 in. A fea­
ture of the plotter is a motor, which 
produces linear motion directly 
through the controlled interaction of 
magnetic forces . Where conven­
tional motors convert rotary motion 
to linear, and require lead-screw 

Electronics / July 5, 1973 



gear trains or other mechanical link­
ages, these problems are eliminated 
in this system. Price ranges from 
$40,000 to $100,000, depending on 
model and specifications. 
Xynetics Inc., 6710 Variel Ave., Canoga 
Park, Calif. 91 303 [353] 

Generator produces 

nonlinear functions 

For use in controlling a variety of 
testing, quality control, and process­
ing operations, a function generator 
produces nonlinear functions. The 
military-quality unit can also be 
customized for specific applications. 
It delivers an infinite variety of 
mathematical and empirical func­
tions, including those with multiple­
slope reversals. The functions are set 
up and modified easily by inexpe­
rienced operators. Price is $745 plus 
an interpolating potentiometer for 
$262.50. Industrial-quality units sell 
for $300 without interpolator. 
Perkin-Elmer Corp., Industrial Products Divi­

sion, Main Ave., Norwalk, Conn. [355] 

Voltage reference standard 

delivers 0-25-mA load 

A bipolar solid-state prime-voltage 
reference standard with I-ppm set­
tability is capable of delivering a 
0- 25-mA load current from a less 
than 50 x 10-6 ohms source. A 
front-panel switch selects either a 
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WE BUILD A 
BETTER MOUSETRAP. 

Sure enough. The world has been beating a path to our door. Two years ago, we were the 
little printed circuit company nobody ever heard of. Today, happily, we'te the largest 
proprietary manufacturer of printed circuit boards in the country. We got that way by main­
taining strict qual ity control, and, by seeing that deliveries were on time every time. 
Whether it was a single prototype or a production run of copper, solder, re flowed solder, 
nickel, gold, solder mask over bare copper circuits. In plated through two-sided, or multi­
layer boards. We've grown. And we' re still growing. It has a lot to do with the better mousetrap. 

3475 Edward Avenue, Santa Clara, California 95052 · (408) 249-0464 
Manufacturing facilities located in Santa Clara, Stockton and Santa Ana. 

Why mess around when you 
can have the ELECTRONICS 
BOXER clean up your 
copies-keep them in top 
condition. 

And , it's easy and 

Circle 11 9 on reader service card 

inexpensive to keep the 
ELECTRONICS BOXER in 
your corner. Just complete 
the coupon and mail. Your 
order will be processed 
immediately, postpaid. 

I ELECTRONICS BOXER 1 

I Jesse Jones Box Corporation I 
I 2250 E. Butler St., Philadelphia, Pa. 19137 : 

1

1 

Please send me : O boxes @ $4.25 each; I 
I 0 3 boxes @ $12.00 ; O 6 boxes @ $22.00 I 
I My check or money order is enclosed. I 
I Name __________________ : 

I Address I 
I City State Zip I 
L--------------------~ 
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11 1 The FET set! n 
Everything yoo need n It 

a 

in FET op amps ii 
The Burr-Brown family of T0-99 FET op amps offers you a one­
stop source for the exact FET units you need, regardless of 
your requirements. The three units highlighted below are rep· 11 
resentative of the performance and price advantages available 11 
from Burr-Brown's new 14 unit series. They are pin compatible 
with 741 types and are 100% tested to all min/max specifi· 
cations. 

Hybrid/thin-film techniques and a monolithic FET input stage 
provide excellent drift characteristics for source impedances to 
1 Mn. Active laser trimming of proprietary Burr-Brown high· 
stability, thin-film resistors contributes to outstanding per· 
formance at reasonable prices. Both output short circuit and 
input-to-supply-voltage protection are provided. Units are also 
available with MIL temperature ratings and MIL-883 screening. 

MODEL NO. 3521L 3522L 3542J 

Input Offset Voltage 

vs Temperature, Max. ± 1µ.V!°C ± 25µ.V/'C ±50µ.V/'C 
lnltial Offset, 25'C, Max. 250µ.V ± 500µ.V ±20mV 

Input Bias Current, Max. -lOpA ±lpA -25pA 
Price, 100 up $28.00 $12.50 $4.50 

FOR COMPLETE INFORMATION, use this publication's reader 
service card or call Burr-Brown. 

BURR - BROWN 
RESEARCH CORPORATION 

International Airport Industrial Park • Tucson, .Arizona 85734 
TEL: 602·294·1431 • TWX : 910-952-1111 • CABLE: BBRCORP 

CHICAGO OFFICE (312) 832-6520 
UNITED KINGDOM OFFICE : Watford WO! 8BT PHONE 33837 

IBBI 
3542J 

LOW PRICE 
$4.50 100 up 

Burr-Brown amplifiers 
deliver what tliey promisel 
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Low Cost 
Power 
For Modules and IC's 

Bu rr-Brown 's new line of small, 
low-cost modular power 
supplies offers outstand ing 
economy and flexibility. Dual 
supp lies are available with 
outputs from ±1 2Vdc to ±26Vdc 
and cu rrent ratings of ±25mA 
to ±200mA as wel l as 5 Vo lt 
log ic supplies rated from 250mA 
to 1.0 amp and a wide variety 
of DC-DC converters. A few of 
the more popular models are 
listed below. 

±l5VDC RATED REGULATION PRICE 
DUAL OUTPUT No load to 0 ·9) 

SUPPLIES Current (min.) full load (max.) 

550 
551 
552 
553 

5VDC 
LOGIC 

SUPPLIES 

±25mA 
±50mA 
±IOOmA 
±200mA 

±0.1% 
±-0.05% 
±0.05% 
±0.05% 

$23.00 
$37.00 
$49.00 
$69.00 

560 250mA ±0. l % $39.00 
561 500mA ±0.1 % $47.00 
562 I.DOA ±0.1 % $67.00 

FOR COMPLETE INFORMATION use 
this publication's reader service 
card or contact Burr-Brown. 

a1 .......... ~r:AOMIWl.MIW 
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New products 

1-v or 10-v full-scale output, which 
can be subdivided into 1 million 
parts through the use of six front­
panel lever-wheel switches. A num­
ber of models are available that 
have errors from ±0.005% of setting 
+ 5 microvolts to ±0.001 % of setting 
+ 5 µv. Price ranges from $855 to 
$1 ,000. 
Julie Research Laboratories Inc ., 211 W. 

tape transports in audio, video, and 
computer industries. 
Tentel, 1210 Camden Ave ., Campbell , Calif. 
95008 [357) 

61st si . New York, NY 10023 [354) Digital thermometer is 

Signal generator ranges 

from 4.5 to 520 megahertz 

A signal generator with a 4.5 -520-
megahertz range offers a-m, fm, and 
pulse modulation. The model 750A 
provides an accuracy from within 
±0.0001 % to within 0.005% of fre­
quency, which is said to be two or­
ders of magnitude better than most 

~- ,, -~"" _,,... .:. 
~~.\· 

instruments of this type. The instru­
ment is continuously tunable with­
out band switching, thus eliminating 
problems associated with band-end 
measurements. The fm can be used 
independently or with a-m or pulse 
modulation. The 750A has a 5-digit 
LED display. Price is $3,100. 
Logimetrics Inc ., 100 Forest Dr ., Greenvale , 

N.Y. 11548 [356) 

Tape-tension gage inserts 

onto stationary, moving tape 

A handheld tape-tension gage mea­
sures stationary or moving magnetic 
tape. Two models are available, and 
they accommodate Vs- inch to 2-in. 
tape widths. Ranges offered are 3-, 
12-, and 20-ounce full-scale configu­
rations, and logarithmic scales pro­
vide readability for low tensions. 
Applications include service, quality 
control, engineering-data compila­
tion, and preventive maintenance of 

accurate to within ±0.2% 

The model 921 PL digital ther­
mometer, suitable for a variety of 
industrial processing and research 
and development applications al­
lows continuous or intermittent op­
eration over the range from -85° to 
+ 200°C with an accuracy and sta­
bility to within ±0.2% of reading 
±0.15° over the full temperature 
range. A front-panel switch converts 
the display to Fahrenheit or Celsius, 
with the proper sign and decimal 
point automatically displayed. Price 
is $595. 
Stow Laboratories Inc., Kane Industrial Dr .. 
Hudson , Mass. 01749 [358) 

Digital IC tester 

operates at 200 kHz 

A test frequency of 200 kilohertz 
gives the model 3200 tester the abil­
ity to check complex digital ICs 
more thoroughly than before in the 
same amount of time. The instru-

ment performs parametric and func­
tional tests and accepts devices with 
up to 24 pins, expandable to 34 
pins. Tests performed include power 
consumption, fan in, fan out, func­
tion, and threshold. The model 3200 
also has a built-in diagnostic capa­
bility. Price is $4,250. 
Sitek Inc ., 1078 W Evelyn Ave., Sunnyvale , 
Calif . 94086 [359) 
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Now 
there's a 
genera _. · 

.. 

Here's the 50 MHz data generator you've 
needed all along-the one you've been 

stacking pulse generators to simulate. And 
it's a high speed pulse generator, too. 

Check out the front panel. You have pushbutton con­
trol of the data content of 16-bit words in either NRZ 
or RZ format. You can recycle words continuously 
(synchronously or asynchronously) , manually or by 
external command. You can vary pulse width continu­
ously when using the 218 as a pulse or RZ data gener­
ator. Output is upper/ lower level controlled . 

Of course, there's a remote programming option. And 
two or more 218's in parallel provide multi-channel 
outputs, if you need them. In series, they permit longer 
word lengths. 
You can 't buy or build a more complete , more versa­
tile data and pulse generator. 
Get the full story on the low-cost ($925) Model 218 
Data/Pulse Generator from your nearest Scientific 
Devices Office, or contact Datapulse Division , 10150 
West Jefferson Boulevard, Culver City,California90230. 
Telephone (213) 836-6100 ; TWX 910/340-6766 ; Telex 
67-3219. In Europe: Systron-Donner GmbH, Munich 
W-Germany ; Systron-Donner Ltd ., Leamington Spa U.K. 

OATAPULSE 
DIVISION 

-

SVSTRDN E j ® DONNER 

The Systron-Donner Instruments Group: 
Alpha Sc ient ific D Computer Systems D Concord Instruments D Datapulse D Kruse Electronics D Microwave D Trygon Electronics 
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New products 

Semiconductors 

Fast counters 
are variable 

Dividers operate to 300 MHz; 

large, fixed-ratio prescalers 

drain only 50 milliwatts 

An in-house program to develop a 
high-speed front end of a digital 
synthesizer has blossomed at Plessey 
Semiconductors into a family of 
high-speed counters, dividers, and 
prescalers that are being marketed­
in addition to synthesizer appli­
cations-for frequency meters , 
pulse-counting equipment, and tim­
ing instruments. 

Latest products in the British 
company's line are counters with a 
division ratio that is electronically 
variable. These include a divide-by-
10-or- l 1 and a divide-by-15-or-18 
prescaler working at up to 300 
megahertz, and a divide-by-10 with 
binary-coded decimal and carry 
outputs, clock inhibit, and reset. 

Prescalers now cover a range up 
to 1 gigahertz with division ratios of 
2, 4, 5, 10, 16, 20, and 32. For fre­
quencies up to 300 MHz, the larger 
division-ratio types consume only 50 
milliwatts. 

Using the same process, Plessey 
engineers are planning units that 
have acceptable performance above 
1.3 GHz. Most of the units are made 
by the Plessey Bipolar III process, a 
buried-n+ planar technique with re­
duced epitaxial layer and diffusion 
depths. These smaller diffusion 
depths have reduced the clearances 
necessary between the various diffu­
sions and hence the parasitic capaci­
tances. Geometries of the active 
components are much smaller, so 
packing density is higher, than with 
earlier processes. 

Among the most recent additions 
to the series are six uhf dividers, 
designated the SP640, 641, 642, 643, 
646, and 647, which are prescalers 
that may be programed to divide by 
10 or 11 , using pulse-enable inputs. 
All inputs have internal pull-down 
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resistors and may be directly 
coupled with emitter-coupled logic. 
Interfacing with transistor-transistor 
logic is accomplished by use of two 
external resistors. 

On the 640, 641, 642, and 643, 
both true and inverse outputs are 
provided at ECL lev ls. These out­
puts are capable of driving into a 
50-ohm load (to + 3 volts). The 646 
and 647 have an additional TTL out­
put that will drive up to three TTL 
gates at a maximum frequency of 
250 MHz, using common supply 
rails. An external pull-up resistor to 
the positive supply is required, and 
for best performance this should 
have a value of about 2,000 ohms. 

In quantities of one to 24, prices 
for the high-speed dividers range 
from $18.40 to $80. 
Plessey Semiconductors, 170 Finn Ct., 
Farmingdale, N.Y. 11735 [ 411) 

Injection lasers combined 

with drivers, charging circuits 

To improve on discrete combina­
tions of injection lasers with sepa­
rate pulser modules , Meret Inc., of 
Santa Monica, Calif., has developed 
a series of hybrid pulser-and-injec­
tion-laser combinations packaged in 
Ys-inch flat packs. According to the 
company, the unit prices of these 
devices are less than half the cost of 
other laser-pulser combinations of­
fered commercially. A complete 
transmitter, rated at 6 watts peak 
power for example, is available in 1 
to 4 lots for $230 and for $ 198 for 5 
to 9 quantities. 

The hybridization of the GaAs la­
ser die with SCR-driver electronics, 
says Meret, minimizes series resist­
ance and inductance, and reduces 
stray capacitance. Rise times of less 
than 10 nanoseconds and pulse 
widths of less than 30 ns are 
achieved at radiant power outputs 
(at 905 nm) greater than 20 watts. 
Units delivering more than 150 w 
peak power are also available. 

In addition, the company says, 
shorter rise times and pulse widths 
result in increased power efficiency 
and in improved performance in 
systems using threshold-detection 

principles. Pulse-repetition rates to 
25 kilohertz are said to be greater 
than those previously achieved. The 
increase in power efficiency and 
narrowing of the pulse width also 
make it possible to operate units at 
low current drains from a small 
67 Y2 -volt battery. 

Applications of the units, desig­
nated the FIP series, include labora­
tory investigations requiring short­
pulse visible and IR transmitters, 
high-precision ranging and survey­
ing using threshold-detection tech­
niques, intrusion alarms where bat­
tery-operated devices are essential­
as in airport perimeter surveil­
lance-and smog, fog , and haze de­
tection in a variety of modes. 

Options offered by the company 
include FIP series integrated with 
local oscillators, the laser emitter in 
center of flat pack or on a DIP, ther­
moelectrically cooled modules, and 
higher powers to 300 watts on custom 
orders. 
Meret Inc ., 1815 24th St. , Santa Monica, 
Calif. 90404 (412) 

Hybrid modules come in 

versions rated to 10 A 

Power-level hybrid modules, called 
PACE / pack, are housed in T0-3 
cans and are available with ratings 
up to 10 amperes average, operating 
from either 110- or 240-volt ac lines. 
Models available are a full SCR 
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bridge, two SCRs for center-tapped 
full-wave control, two SCRs and 
three power diodes in a semiconver­
ter, a half-wave inverter bridge, and 
a full-wave inverter bridge. Price is 
in the $5 range in production quan­
tities. 
Semiconductor Division , International Recti ­

fier Corp., 233 Kansas St. , El Segundo, 

Calif . 90245 [414] 

12-MHz op amp 

sells for $1 .95 

A wideband 12-megahertz oper­
ational amplifier called the AD518 
combines a slew rate of 70 volts per 
microsecond with internal com pen­
sa tion and is priced at $1.95 in 
quantities of 100. Unity-gain slew 
rate and bandwidth can each be 
doubled in inverting applications by 
adding feed-forward compensation. 
The settling time to within 0.1 % can 
be reduced to 800 nanoseconds with 
an external capacitor. Offset volt­
ages are below 2 millivolts, and off­
set drift is 10 µ,v /°C maximum. 
Analog Devices Inc., Rte . 1 Industrial Park, 

Box 280, Norwood, Mass. 02062 [ 41 3] 

Adder-subtractor 

operates four ways 

An expansion of the MECL 10,000 
logic function family , an MSI circuit 
called the MC-10180, is a dual high­
speed adder/ subtractor that oper­
ates four ways. Each circuit has 
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three binary data inputs. Outputs 
are the sum, its complement, and 
carry-out. Two select inputs deter­
mine the function performed. Price 
is from $22.50 to $18. Delivery is 
from stock. 
Motorola Inc., Semiconductor Products Divi­

sion , Box 20924, Phoenix , Ariz. 85036 [ 417] 

C-MOS circuits generate 

time base from 60-Hz line 

Three standard C-MOS dividers each 
generate a different time base: 10 
pulses per second, 1 pulse per sec­
ond, or 1 pulse per minute, with a 
50% duty cycle when operated from 
a 60-hertz line. The dividers are typ­
ically used where line-frequency ac­
curacy is adequate for generating 
pulses for use in time-keeping cir­
cuits, or where timing pulses are re­
quired for controlling instruments, 
time-delay circuits, counters, and 
general-purpose industrial controls. 
Price is $4.75 in 100-lots. 
LSI Computer Systems Inc., 55 Central Ave., 
Farmingdale , N.Y. 11735 [ 415] 

Transistor delivers 80 W 

of rf output power 

A 28-volt transistor with internal 
matching provides 80 watts of rf 
power output. Designated the 
2N6369, the unit is specifically de­
signed for broadband high-power 
vhf operation over the range of 
70-220 megahertz. The unit's inter­
nal matching eliminates problems 
caused by low input impedance and 
high input Q, problems commonly 
found in conventional power de­
vices. Price is $70 each in quantities 
of 100 to 499 and $90 for 1 to 99. 
Communications Transistor Corp ., 301 In­
dustrial Way, San Carlos, Calif ., 94070 [418] 

DIP couplers offer high 

direct-current transfer ratio 

Six optically coupled isolators in six­
pin plastic dual in-line packages are 
designated the TILi 14 through 119. 

Each coupler features a high trans­
fer ratio. The TILi 17, for example, 
has a minimum 50% current-trans­
fer ratio at a forward current of 10 

milliamperes. Price ranges from $1 
to $1.95 in quantities of 100 to 999. 
Texas Instruments Incorporated , Box 5012 , 

MI S 308 , Dallas Texas 75222 [ 416] 

TTL comparator has 

propagation delay of 6 ns 

Two dual voltage-comparator inte­
grated circuits, called the 521 and 
522, feature typical propagation de­
lays of 6 and 10 nanoseconds, re­
spectively. The units maintain a ±3-
volt common-mode range, a 7.5-mil-

livolt input offset voltage, and a 5-
microampere offset current. The 521 
has TTL-compatible output levels 
that can source or sink up to 10 
Schottky-gate loads. The 522 fea­
tures open-collector output struc­
tures that permit wired-OR appli­
cations. 
Signetics , 811 East Arques Ave ., Sunnyvale, 

Calif. 94086 
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YOU GOTTA BE KIDDING. LOOK 
AT HER LASER BEAM POSITIONER. 
BETTER THAN 100 MICRO-INCHES 
REPE.b.TAelLITY l'D SAY. 

YEAH, 1 KNOW WHAT. 
ANYBODY POSITIONS HER 
BEAM LIKE THAT YOU'D 
FOLLOW HERANYWHERE. 

Any resemblance to actual persons or to galvanometer or stepping 
motor laser trimming systems. alive or dead, is purely coincidental. 

The System 25 laser 
beam positioning 
system is sui generis* 

For the System 25 Laser Trim­
mer Electro Scientific Industries 
developed a sui generis method 
of positioning the laser beam, 
and in so doing achieved a 
breakthrough in repeatable po­
sitional accuracy and absence of 
hysteresis. 
Linear motors of the type used 
to position recording heads in 
computer disc memories are 
used to move an X-Y laser 
optics carrier of very 
low mass. Not only 
is a positional re­
peatability of bet­
ter than 100 
micro inches 
attained, 
but the 

1 25 on reader service card 

laser beam can typically be 
moved from one resistor to the 
next resistor to be trimmed in 
less than 30 milliseconds. 
Translation: Highest possible 
throughput for each circuit type 
being trimmed. 
This new positioning system also 
allowed the elements in the 
laser's optical train to be de­
signed to assure a uniform depth 
and kerf of laser cut over the 
entire 3" x3 "substrate area. 
You will want to know more 
than Galvo and Steppo will 
ever be able to tell you 

about the System 25. 
Write for the details . 

*Sui Generis: They 
ain't nothing like it. 

Electro Scientific Industries 
13900 N.W. Science Park Dr. 
Portland, Oregon 97229 
Telephone: (503) 646-4141 
Telex : 36-0273 



• Computef" data ifll)ut, tmear <Mt;· 
5e01i-random scanning 

• Communications: transmission of tv' 
images over voice grade circuits for 
conference ,.or data distribution purPQS8S 

• Environmental monitoring: transmission 
of TV signals for remote observation and . 
computer analysis 

• Data recording: utilization of conven­
tional audio cassette or reel-to-reel tape 
recorders for image storage 

• Biomedical image analysis 

• Industrial control 

• Computer image enhancement 

Video instruments for data acquisition, pro· 
cessing, transmission, and display. 

• 
Colorado Video, Inc. CV I 
P.O. Box 928 Boulder, Colorado 80302 (303) 444-3972 

126 Circle 126 on reader service card 

Cat your helium 
leak testing costs 

by503 
using TRACER·flo ® • 

the lest yon can trust . 

• 
11•,(~T I :i-. , TRACER-Ho 

performs both gross and fine non-
destructive hermeticity testing on MOS, 
LSI, hybrids and semiconductors using 
non-toxic, inert Krypton 85 tracer gas. 
Helium won't work for gross leak 
testing . . 

1411(~1, 2 TRACER-flo performs 
gross production testing to 1 X 10·6 atm. 
cc/sec. and fine testing to 1 X io-11

• 

Helium can't come near this sensitivity. 
We've found that an average of 38% 
of the helium rejects we retested on 
TRACER-Ho are good! 

1411(:11 :J TRACER-Ho's new low 
priced system sells for $10,950. That's 
competitive with helium equipment. 

11,.,(~T L'I :i-. , .. Facts 1, 2 and 3 add 
up to TRACER-Ho production testing at 
an overall cost that's half that of helium 
even in moderate quantities. 

Give us a chance to prove our claims. Get 
the facts . Call or write for a cost analysis 
comparison of TRACER-flo and helium 
testing. Or, call for a demonstration at 
either of our two facilities. - -

cJ? 
TRIO-TECH, INC. OF CALIFORNIA 

2435 North Naomi Street, Burbank, Ca. 91504 
(213) 846-9200 

1954-M Old Middlefield Way, Mountain View, Ca. 94040 
(41 5) 969-9600 

Circle 237 on reader service card 



New products 

Subassemblies 

FET op amp 
stresses speed 

Aimed at data conversion, 

unit settles to within 0.1 % 

in under 1 .5 microseconds. 

The speed required of operational 
amplifiers in data-conversion sys­
tems calls for the use of discrete de­
vices because integrated-circuit 
types are usually too slow. But dis­
crete op amps are bulky, and the ad-

dition of a field-effect transistor 
makes the package even larger. By 
designing its new A956 discrete FET­
input op amp specifically for data 
conversion, Hybrid Systems Corp. 
says it has been able to eliminate ex­
traneous components, bringing size 
down to 1.4 by 0.6 by 0.5 inches­
small enough to plug directly into a 
single 16-pin IC socket-and concen­
trate on speed. This approach has 
also kept the price to $24, compared 
to the $30 and up generally charged 
for FET op amps. . 

Sales manager Carl M. Kramer 
says Hybrid chose a special-purpose 
unit for its entry into the op amp 
market because "data conversion is 
one of the fastest growing, most dy­
namic fields ," The A956 trades off 
some of the performance character­
istics of general-purpose amps for 
speed and size. Instead of optimiz­
ing a typical discrete op amp for 
high speed and then adding a FET 
input, Hybrid says it re-examined 
conventional design techniques and 
optimized the design as a whole for 
its particular purpose. 

For instance, the unit settles to 
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within 0.1 % in under 1.5 micro­
seconds, a speed Hybrid claims is 
unmatched in the unit's size and 
price range. The remaining settling 
time is slower, since to settle faster 
would require extra steps and there­
fore extra space-consuming compo­
nents. And Kramer says, "We don't 
care if it gets past 0.1 % because, 
when looking at a CRT screen, the 
eye can't make that judgment." 

Over-all slew rate is 40 volts per 
µs , and unity bandwidth is 5 mega­
hertz. Output current of 20 micro­
amperes means the unit's speed can 
be realized in data-conversion sys­
tems. Output voltage range is ±10 v. 

The A956 is a complete amplifier 
package; it is internally compen­
sated, requiring no external resistors 
or capacitors. There are two mod­
els-the A956 has initial bias current 
of 50 picoamperes and voltage off­
set drift of 40 microvolts /°C, and 
the A956B has initial bias current of 
20 pA and voltage offset drift of 20 
µv /°C. Operating temperature for 
both is from 0 to 70° C. 

Price of the A956 is $24 for one to 
nine, and $29 for the A956B. Deliv­
ery time is from stock to two weeks. 
Hybrid Systems Corp., 87 Second Ave. 

Northwest Park, Burlington, Mass. [381] 

Log ratio module accepts 

current or voltage inputs 

Since they don't have internal sum­
ming nodes required for voltage in­
puts, most log modules can only op­
erate for two current source inputs. 
However, the model 756 log ratio 
module accepts voltage as well as 
current inputs. Unit price is $75, 
and this drops to $42 for OEM quan­
tities of 100. The unit is a tempera­
ture-compensated log ratio module 
with two channels, one containing a 
FET op amp and the other intended 

NEW 
SHORTER 

CASE! 
SCHAUER 

1-WATT 

ZENERS 
.160 MAX. A ll welded 

DIA. and brazed assembly 

No fragile 
L nail heads 

/ ~ High pressure 
. .J<o molded case 

.028 DIA. 
GOLD PLATED 

-·-41·'°",..+-..._. \7 
NICKEL CLAD 
COPPER LEADS 

U.S.A. Made 
ALKYD RESIN 

CASE LENGTH 
0.320" MAX.---

1t.!. 1~ 

SAME LOW PRICES FOR 
1 % TOLERANCE ZENERS 
ANY VOLTAGE 
FROM 2.0 TO 18.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

Price Each 
$1.07 

.97 

.91 

.86 

.82 

IMMEDIATE SHIPMENT 
Send for rating data and 
20%, 10%, 5% and 2% 
tolerance prices. 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4514 Alpi ne Ave., Cinci nnati , Oh io 45242 
Telephone 5131791-3030 
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Circle 128 on reader service card 

r=:1 VE_C!A~~-!0~KA~~~!~~L~~~Y~~1~~L~~!~~~L~0~ROBLEMS 
~ • NEW EASY-TO-ORDER NUMBERING SYSTEM. ' 

• BUILT IN ADJUSTABILITY AND FLEXIBILITY TO SOLVE YOUR 
PACKAGING PROBLEMS. 

Rack mountab le cage an d module system s available in 3~", 5~". 8%" heights 
CD and 9" , 12" , 15" depths. Immediate availability- assembled or multi purpose 

kit versions. 
'°' Rugged Vector Pak Card Cages with extruded ABS or aluminum guides located 
\V on .15" , .25". or .3" multiples. 
@ Dozens of new Plugbords for building Plug.In Cards- IC and discrete types. 
(i) Multi· Mod Cases - sleek functional aluminum cases for instruments and ot her 

circuitry. 4 slotted in terior surfaces for cards, mounting plates. 
~ EFP modules in 1.6", 2" , 3" , or 4~" widths have slots for cards 4~" x 6~· . 
VV 2.7" x 6.5", 8" x 9.6" , slide off sides 

128 

Send for new specification sheets. NJA1S bins and modules also available. 

VECTOR ELECTRONIC CO. , INC. 
12460 Gladst one Ave., Sy lma r, Califo r nia 9 1342 
Phone: (2 13) 365·966 1 • TWX (910) 496-1539 

Circle 152 on reader service card 

~) , 

New products 

primarily for use as a reference but 
capable also of signal processing. 
Analog Devices Inc., Rte. 1 Industrial Park, 

Box 280, Norwood, Mass. 02062 [382] 

Thermal converter offers 

accuracy to within 0.05% 

The model 4130 true-rms-to-dc con­
verter is a modular device that uses 
a thermal-conversion technique. 

j uuu 
1 .• , ••. 
r ••••·• 

The unit incorporates the com­
pany's thermal converter and is said 
to provides higher conversion accu­
racies for a wider range of input sig­
nal levels, frequencies and wave­
forms than is possible with the 
computer techniques used by other 
types of modules. Accuracy is to 
within 0.05%. Price ranges from $80 
to $150. 
Burr-Brown Research Corp., International 

Airport Industrial Park, Tucson, Ariz. [384] 

LED ind icators cost $2.95 

in quantities of 1 ,000 

Numeric LED indicators, suitable for 
commercial applications, are priced 
at $2.95 in quantities of 1,000. With 
uniformly illuminated, diffused seg­
ments, the units come in DIP hous-
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ings, and individual digits can be 
packed on 400-mil centers. Electri­
cally, the displays are re -compat­
ible, and forward voltage per seg­
ment or decimal point is 1.6 volts . 
Luminous intensity is typically 250 
microcandelas per segment. Typical 
operating current is 10 milliamperes 
per segment when strobed. Price is 
$3.95 each for 1 to 99 units and 
$3.25 for 100 to 999. 
Hewlett-Packard Co., 1501 Page Mill Rd ., 
Palo Alto, Calif. 94304 (385] 

De-de converter offers 

up to three output voltages 

For point-of-load and portable ap­
plications when power requirements 
are less than I watt, an ultraminia-

1~C· 
:'lf:.~s . 

,.,.s'(S f;.1'- ' f:.C oP. f; 1'- "I 
p.1."I co~" 

l'o'flt"'!lo~-----==-.' 
~of:.'- -------- _..-!lo. 

¢1\'"'-

ture de-to-de converter has provi­
sions for up to three output voltages. 
Input voltage can be varied from 3 
volts to 9 volts. In single-output­
voltage configuration, the power 
connector is available in OEM quan­
tities of I 0,000 pieces for as low as 
$5 each. 
Aztec Data Systems Inc ., 17805 Sky Park 
Circ le , Irvine, Calif. 92707 (386] 

A-d converter guarantees 

full MIL temperatures 

Eight-bit analog-to-digital conver­
ters are designated th e models 
MN502H and MN503H. The DIP 
converters guarantee operation over 
the full military range of -55° to 
+ 125°C. The units are factory­
trimmed for zero gain adjustment, 
and linearity of ±Y2 least significant 
bit is guaranteed over the full oper­
ating range. Price is $225 each for 1 
to 24, and the industrial versions of 
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OPEN-LINE 
REED RELAYS 
Quality Engineered at Low Cost 
Broad Line ... From Distributor Stock 

An exceptionally h igh quality line of Form A and Form Copen 
frame reed relays - with up to 6 contacts (Form A) and · 
4 contacts (Form C) per relay! Available in standard 
coil voltages 5 to 48 VDC .. . Capable of switching 
up to 1/2 amp, 250 VDC (Form A) or 1/4 amp, 28 
VDC (Form C) . Only .350" high by 1.125" long, 
with terminals on .l" or .15" grid spacing. 
Electrostatic and electromagnetic shielding 
optiona l. Top performance at low cost ... 
Tailored to fit your cost/environmental 
requirements. 

Phone, wire or write. 

ELEC-TROL, INC. 
26477 N. Golden Valley Road 
Saugus, California 91350 
(213) 788-7292 
TWX 910-336-1556 

Ci rcle 129 on reader service card 

Wired Systems in 
~· 2weeks 

2-D and 3-D wired systems in 
Spee-D fashion. That's EECO's 

new fast action program that 
merges a new computer 

program and a special 
hardware stock plan to 

give you two weeks or better 
delivery. Your hardware 
specifications and punched 
card inputs are all we need. 
~ (EECO can wire-wrap 
~ hardware from almost any 

customer-furnished 
input from hand drawn logic 

diagrams, pin lists or punched 
cards.) Spee-D computer aided wiri ng 

by EECO's digital electronics specialists is 
accurate, fast and economical (usually 

less costly than your own in-house facility) . @ 

Call Electronic Packaging (714) 835-6000 and get fast action. 
EECO, 1441 E. Chestnut Ave ., Santa Ana , Calif. 92701 . 

.~ 

~~©~ SPEE·D IC PACKAGING 
Circle 153 on reader service card 129 



• Mini-portable Oscilloscope • Battery or A powe 
• DC-20 MHz bandwidth • 10 mV/ div sensit ivity 

• Recharging circuitry • Rack mountable • Laboratory Quality 
The PS900's are the first mini-portable scopes to bring lab-quality to 

"on-site" DC to 20 MHz test and measurement applications. These are " true" 
portables, since they are of rugged construction, small size (will fit into 

your tool kit or brief case) and light weight (only 7 pounds with batteries), 
and since they will operate from internal batteries for up to 5 hours. 

Recharging circuitry is included, and standard "C" size cells can be used ... 
nickel-cadmium, a lkaline or in a pinch, even common flash light batteries ! 

• Interested? Call Bill K raus at (714) 279-6572, or write us at 

PS920A 
"STACK· 
PACK" 

7170 Convoy Court , San D iego, California 92111. 

AVAILABLE NOW FROM$ 5 9 5 
From the leader in Multi-Channel Monitor Oscilloscopes 

Two configurations 
are available .. . \/U-DATA ~ 

y _CORPORATION \ ~ 
" FLAT-PACK"-

. I~'." H x 8~2" W x 12" D 
"STACK-PACK"-
3~~,, H x 4~'4." W x 12" D 

Circle 130 on reader service card 

130 Circle 154 on reader service card 

New products 

the units are priced at $150 in the 
same quantities. 
Micro Networks Corp., 5 Barbara Lane, 
Worcester, Mass. 01604 [389] 

Op amp settles to 0. 1 % 

in 0. 7 microsecond 

The mono OP-01 is an operational 
amplifier that settles to within 0.1 % 
in 0.7 microsecond and has a slew 
rate of 18 volts per microsecond. 
These specifications are achieved 
through the use of an internal feed­
forward frequency-compensation 
network; no external capacitors are 
required. Power bandwidth is 250 
kilohertz, small-signal bandwidth is 
2.5 megahertz, bias current is 20 
nanoamperes, and power consump­
tion is 50 mw. 
Precision Monolithics Inc., 1500 Space Park 
Dr., Santa Clara, Calif. 95050 [383] 

D-a converter provides 

a resolution of 16 bits 

A digital-to-analog converter has a 
resolution to 16 bits and a tempera­
ture coefficient to ±0.000 l5%/ 0 C. In 
addition, linearity is ±0.00015% and 
accuracy is to within ±0.0015% of 
full scale. Designated the model 
DAC-HR16B, the unit uses a preci­
sion thin-film ladder network that 
tracks to within ±0.5 ppm /°C and is 
current-controlled within a high­
gain servo loop plus four IC quad 
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switches. Price is $495 for the unit. 
Datel Systems Inc. , 1020 Turnpike St., Can­

ton, Mass. 02021 [388] 

Field-repairable power 

supply is pc-mountable 

For the designer who needs a pc­
mountable power supply, the LZ 
series is available. They are field-re­
pairable and offer continuously ad-

justable voltage. The units are also 
multivoltage-rated. They have an 
input-voltage range of 105- 132 v ac, 
are shortcircuit proof and have a 
vacuum-impregnated transformer. 
Prices start at $35. 
Lambda Electronics Corp ., 515 Broad Hol­

low Rd ., Me lville, N.Y. 11746 [387] 

Generator provides secure 

data communications 

The model 213 generator provides 
an economical means of data coding 
for secure communications and 
computer data storage. The unit 
provides both transmitting and re-

ce1vmg modes of operation. It is 
programed to various codes whether 
manually , by means of thumb­
wheel switches, or electronically by 
35 TTL inputs. Price is $525. 
Crypto Industries, Box 23162, San Diego, 
Calif. 92123 [390] 
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TO-S's 
Complete line includes ex­
clusive 2-piece heat sinks 
in 3 models from economy 
to high performance. Also 
low cost press-on and clip­
on coolers. 

ALL ARE AVAILABLE 

T0-3 and T0-66's 
Unique fin design (left) uses 
slanted van fins. Highly effi­
cient and lightweight. Dia­
mond-shaped cooler (right) 
is designed for high-density 
applications. All available in 
variety of finishes and fin 
heights. 

THERMALLOY DISTRIBUTOR 

Thermalloy's other products include coolers for plastic packaged and 
disc compression devices. Write for FREE CATALOG. 

~ 
Therm alloy 
P.O . Box 34829 / 2021 W. Valley View Lane/ Dallas, Texas 75234 
Phone 214-243 -4321 / TWX 910 -860 -5542 

Circle 131 on reader service card 

$395 

Measure 103.807 Hz 
automatieally in 1 see. 
* AGC * Autoranging to 2 MHz in 1 sec. * Auto­
matic frequency readings to 0.001 Hz in 1 sec. * 
6 digits standard, 2 optional * 25 mV sensitivity * Leading zero suppression * 5 high stability 
oscillator options * Rechargeable battery option * 5-day delivery 

For Model 6220 literature, contact your local Scientific 
Devices office or Systron-Donner at 10 Systron Drive, 
Concord , CA 94518. Phone (415) 682-6161. Europe: 
Munich, W. Germany; Leamington Spa, U.K. 

BYSTRON 4!t$E3t~~~fI) DONNER 

Circle 155 on reader service card 131 



iAaCHL16HvrSSEC110N 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQU IPMENT 

OIVERSAL NAMEPLATE CO. 
P.O. Box 2337 

San Antonio, Texas 78206 
stock anodized nameplates ....... 

f KWAKU • !9 MONITOR SLOW 

REVERSE AUTOMATIC 
catalog on request 

CIRCLE 951 ON READER SERVICE CARD 

RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 
TRACKING ANTENNA SYSTEMS NIKl AJAX NIKE HER . 
CULES M .JJ MSQ-tA MPS-19 MPS-9 SCR 584 TPS. 10 
TPS -28 FAA -ASR -2 AIRBORNE SYSTEMS APN -84 APN-101 
APS -20 APS -27 APS-45 DPN-19 DIGITAL COMPUTERS 
IBM 6SO IBM 704 

~ 
LARGEST INVENTORY OF RADAR AND 

MICROWAVE EQUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 
J QUINCY ST., NOIWAlK , CONN 06850 12031 SSJ -2600 

CIRCLE 953 ON READER SERVICE CARD 

REMEMBER 
TO USE 

ZIP CODE 

FREE CATALOG 
HAID-TO-FIND PRECISION TOOLS 
Lists """" than 1700 Items-pliers, 

:i~~ze::1 :,1'!~~~~~;::1~ ~r'ki~; 
and eases. Also Includes four pages of 
useful "Tool Tlps11 to a id in tool selection . 

~ . fEN S EN TtHJ L S 
~ 411 7 N 44th SlrN•I Ph o<' n•• A"t 8~C ~ 

!OOLS -----

-
CIRCLE 956 ON READER SERVICE CARD 

IMMEDIATE DELIVERY 
Minis & Peripherals 

DEC-HIS 
SEL-HP-NOVA 

Card, Printer, Tape, Disk 
TELETYPES 
33,35, 37 

For Sale/Rent 
617 /261-1100 

Send For FREE Price List 
AMERICAN USED COMPUTER CORP. 
P.O. Box 68, Kenmore Sta., Boston, MA 02215 

CIRCLE 957 ON READER SERVICE CARD 

RESUME KIT 

Free Engineer's Resume Kit for Electrical 
Mechanical and Industrial Engineers. 
Scientific Placement, Inc., Employment 
Service 5051 Westheimer, Houston, TX 
77027. 

CIRCLE 952 ON READER SERVICE CARD 

Job-seekers ••• 
be the first to know 
with McGraw-Hill's 
Advance Job Listings 
By having our new weekly ADVANCE JOB LISTINGS sent First-Class (or by Air Mail, if 
you prefer) to your home every Monday you can be the first to know about nation-wide 
openings you qualify for both in and out of your field. 

This preprint of scheduled employment ad s will enable you to contact anxious domes· 
tic and overseas recruitment managers BEFORE their advertisements appear in up­
coming issues of 22 McGraw· Hill publications. 

To receive a free sample copy, plus information about our low subscription rates 
(from one month to 12). fill out anp return the coupon below. 

ADVANCE JOB LI STI NGS I P.O. BOX 900 I NEW YORK NY 10020 

PLEASE SEND A SAMPLE COPY 
OF ADVANCE JOB LISTINGS TO : 

NAME ADDRESS 

CITY STATE 

132 

ZIP 

E 6/21173 

New products / materials 

Materials for use in the production 
of light-emitting diodes and other 
semiconductor components include 
gallium arsenide crystals, ingots, 
and wafers ; binary gold alloys; 
aluminum for metalization; and 
nickel-chromium alloys for resistors 
and gold evaporation charges. The 
materials are nearly pure. 
Materials Research Corp., Rte. 303, 
Orangeburg, N.Y. 10962 [476] 

A resistor-paste system, designed for 
soda-lime glass substrates, is called 
the composition 2800 C series. The 
material exhibits narrow resistance 
distributions and low current noise. 
It fires at 575° to 625°C. The system 
is available in sheet-resistivity 
values of 10 ohms/square to 1 meg­
ohm/square. Voltage gradient capa­
bility is said to be high. 
Electro-Science Laboratories Inc .. 1601 
Sherman Ave., Pennsauken, N.J. [478] 

Pyro-Tape 546 is a glass-plastic tape 
that can withstand continuous tem­
peratures of 500°F and flash tem­
peratures up to 4,000°F. Designed 
for applications including masking 
surfaces for plasma- or fl ame-spray 
work and attaching thermocouple 
leads, the tape comes in 0.006-inch­
thick rolls with an adhesive backing. 
An 18-yard roll of 'h-in. tape costs 
$19.50; I-in. tape is $39. 
Aremco Products Inc., Box 145, Briarcliff 
Manor, N.Y. 10510 [479] 

A material called Siloxide Etchant is 
used in the photolithographic pro­
cess of manufacturing electronic de­
vices and circuits. The material is 
ready to use, operates at room tem­
perature with an etch rate of 40 
angstroms per minute, and is com­
patible with negative and positive 
photoresists. Price is $15 per gallon. 
Transene Co. Inc ., Rte . 1, Rowley. Mass. 
01969 (480] 
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Hutson 's advanced thyristor 
technology has produced a new 
power triac series in hermeti­
cally sealed 3/4" press fit and 
stud mount packages. 
This series features: 
• 60 Amps (1 11RMSI) 
• 200 V to 1000 V (V DROM) 

• 100 VI µsec, (dv/dt) (min) 
• 600 Amps (lrsM) at Tc = 75 ° C 
• o.64 °c1w (Ro Jd 
• 42 W for 10 µsec (P6 M) 

• Operating temperature range 
(Tc) -40 to +125°C 

• Center gate design for faster 
turn-on, lower switching 
losses and improved di/dt 
characteristics ti Ca// or write for qt complete lnlom>alWn. 

HUTSON INDUSTRIES 
BOX 34235 • 2019 W. VALLEY VIEW, DALLAS, 
TEX. 75234 (214) 241-3511 TWX 910-860-5537 

Distributed by: 
In Canada : WEBER -SEMAD ELECTRONICS, Downs· 
view, Ont . 416/ 635-9880 

Vice-President, European Operations: 
30 Rue Pierre Semard , Yerres , 91 France Tel: 
Paris 925 -8258 • TELEX 21 -311 

Distributed in Europe by: 
Belgium : C. N. ROOD S.A. Brussels 02 -352135 
• Denmark : E. Y. JOHANSSEN A/S, Copenhagen 
(01)' 295622 • Norway: IKTELCO, Box 158, 
47 2 207451, Sentrum . Oslo • Spain : BELPORT, 
Madrid 234.62.62 • Sweden : ELEKTROFLEX, Sun· 
dyberg 08 ·28·9290 • Switzerland : D. LEITGEB, 
Dubendorf 051 85 9666 • UK, CLAUDE LYONS, 
LTD, Hoddeston, Hertfordshire (09924) 67161 

Circ le 156 on reader service card 

New literature 

Removal tool. Product bulletin No. 
266 from Switchcraft Inc., 5555 N. 
Elston Ave., Chicago, Ill. 60630, de­
scribes a lamp-removal tool for use 
with subminiature lamps, pilot 
lights, and other components using 
T-1 3/.i lamps. Circle 421 on reader 
service card. 

Capacitors. The El mag Corp., 54 
Clark St., Newark, N.J. 07104. A 
six-page brochure describes a line of 
standard high-voltage capacitors 
and filters. An applications section 
is included. [422] 

Product catalog. The 1973 product 
catalog from Optical Electronics 
Inc., Box 11140, Tucson, Ariz . 
85734, is a 36-page guide to prod­
ucts, including operational ampli­
fiers, converters, comparators, volt­
age references, memories , and 
filters. [423] 

Modem. A six-page brochure de­
scribing the model 2012 synchro­
nous modem, and providing general 
information, is available from Inter­
tel Inc., 6 Vine Brook Park, Bur­
lington, Mass. 01803 [424] 

Capacitors. Cornell-Dubilier Elec­
tronics, 150 Ave. L, Newark, N.J. 
07101, has issued an eight-page 
technical data sheet describing the 
company's Class 201 .17 type HNLH 
capacitors. [425] 

Spectroradiometer. EG&G Inc., 
Electro-Optics Division, 35 Con­
gress St., Salem, Mass. 01970, has is­
sued an eight-page application note 
on measuring light-emitting diodes 
with the model 580/585 spectro­
radiometer. [427] 

Filters. Catalog 12F describes a 
range of custom-built precision L-C 
filters available from Allen Avionics 
Inc. , 224 E. 2nd St. , Mineola, N.Y. 
1150 I. The 12-page catalog includes 
specifications, graphs, and has a 
glossary of terms. [ 428] 

Switches. Control Switch Inc., 1420 
Delmar Dr., Folcroft, Pa. 19032. 
Six-page bulletin 73B describes a 
line of illuminated push-button 
switches and indicators. [429] 

This is what 
we're not! 

The Matrix printer is not an "ink spitter," 
thermal printer, magnetic printer, optical 
printer, electrolytic printer, or anything 
like that. 

Over 500 Matrix units are now operat­
ing with mini and midi computer systems 
throughout the world . 

So people are beginning to understand 
what we are. 

We're a true 
electrostatic printer. 

Versatec 's Matrix Electrostatic Writing 
Technique (MEWT'"') is demonstrably 
more reliable than any impact or other 
non-impact technique. (Matrix MTBF is 
over 3,000 hours!) 

For the performance the Matrix unit 
provides, it is the lowest cost computer 
printer in the world! 

Our Matrix Model LP-860 prints 64 
ASCII characters 80 columns wide on 
8Y2 11 fanfold paper at 600 Lines Per Min­
ute. That's 800 CPS . .. for only $3,900. 
Quantity one. 

And for $4,300 our Model LP-1150 
prints 132 columns wide on 11" fanfold 
paper al 500 LPM (1100 CPS). 96 ASCII 
character options for both models are 
available without reduction in printing 
speed. 

We also have fast printer/plotters at 
the lowest prices in the industry. And 
controllers and software for 23 mini's and 
midi 's. 

Our customer list is as impressive as 
our products. For complete information 
contact Versatec, Inc. , 10100 Bubb Road, 
Cupertino, California 95014. (408) 257-
9900. TWX : 910-338-0243. 

The Matrix Printer delivers 
600 LPM for only $3,900. 
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Two-for-One money Saver 
new from monsanto. 

1 It's A Function 
• Generator!! 

• Frequency Range 10Hz to 1MHz 
• Setability and Resolution to 0.1 Hz 
with digital display 
• Low Distortion-typically 0.1% 
• Functions : Sine, Square and 
Offset Square Waves 
• Attenuator-3,20db sections 
plus vernier to 4VRMS 

~ It's A 
C.. Counter!! 
• Frequency Range 5Hz to 15MHz 
•Six gate times for resolution to 0.1Hz 
• 4 Digit LED display with memory 
• Input sensitivity, 50mV RMS 
•Crystal Controlled Time Base 

Circle 157 on reader service card 

Your load impedances can't upset 
our 1 kW broadband amplifier 

Model lOOOL will drive 
any load impedance 

10 KHZ - 220 MHZ 

Versatile and reliable -- that's the 
best way to describe Amplifier 
Research's Model 1 OOOL. This 
powerful 1000-watt unit features 
unique protective circuitry to permit 
operation into any load impedance 
without shutdown or damage. And 
it's simple to operate -- all you need 
is a standard sweep or signal 
generator. Convenient front panel 
controls permit you to select the 
desired operating mode -- 100 or 
1000-watt CW output or 4-kilowatt 
pulse output. Model 1 OOOL is 
ideally suited for antenna and 
component testing, equipment 
calibration , EMI susceptibility test­
ing, biological research, and a variety of other applications. 
For complete information, write or call Amplifier Research, 
P. 0 . Box 7, New Britain, Pa. 18901. Phone 215-822-0161. 
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- FUNCTION GENERATQR / ·G~UNTER MODEL l04A 

o~. 
ltAN(,/ ~ '" 'ii I" ·"''"'u 

It's A Function 
Generator/Counter!! Only $445. 
United Systems Corporation, 918 Woodley Road, 
Dayton, Ohio 45403 (513) 254-6251 
A Subsidiary of 

Monsanto 

Presenting 
in your 
corner: 

THE 
ELECTRONICS 

BOXER! 
Why mess around when you 
can have the ELECTRONICS 
BOXER clean up your 
copies-keep them in top 
condition . 

And, it's easy and 
inexpensive to keep the 
ELECTRONICS BOXER in 
your corner. Just complete 
the coupon and mail. Your 
order will be processed 
immediately, postpaid. 

.--------------------. 
I ELECTRONICS BOXER I 
I Jesse Jones Box Corporation I 
I 2250 E. Butler St., Philadelphia, Pa. 19137 I 
I Please send me: D boxes@ $4.25 each; I 
I D 3 boxes@ $12.00; D 6 boxes@ $22.00 I 
I My check or money order is enclosed. I 
I I 
I Name I 
1~~ I 
I City State Zip I 
L--------------------~ 
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FReQuencv meTeR 
Direct 
Counting 
toSOOMHz 

Model 6421 B 
Model 6420 

500 MHz 
200 MHz 

$1 ,340.00 
$ 990.00 

Other measurements include ratio 
and periods. Measurements are 
instantaneous! In one second, read 
frequency to one Hertz. 

;·; . ; ~.,,..,o. •• _f)7: I~·'°"~] 
Two Counters in One! 
Model 6401 200 MHz $1 ,290.00 

136 MHz $1 ,190.00 
Each input channel is equipped 
with a separate attenuator to allow 
frequency ratio and t ime interval 
measurements between two signal 
sources. 

un1veR~A~ 21-co~umn 
DIOITA~ PRlnTeR 

Reliability, 
flexibility, 
portability, 
low cost. 

Model 1454 $1 ,055.00 
Offers IC or transistor compatibility, 
flexible input format and BCD col ­
umn expansion capability_ Accepts 
data in many codes. 

~1ne no1~e eeneRATOR 
Controlled m 
Line 

~:!~~~~20 $695.00 - • 

Perfect for testing instruments and 
systems fo r l ine noise immunity. 
Also measu res no ise up to 1 kW 
peak power. 

Berkeley Instruments, Inc., has 
acqu ired their h igh-qual ity line of 
d igital instruments f rom Beckman 
Instruments, Inc. and will maintain 
the same high standards of excel­
lence establ ished over the years. 

For more info rmat ion, call 
TOLL-FREE 

800-854-3253 
(outside Califo rn ia) 

l:U 
BERKELEY lnSTRumenTS inc. 

1701 Reynolds , Santa Ana, Calif. 92705 
(714) 556-0623 
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High 
Voltage 
Diffused 
Silicon 
Rectifiers 

Six series in a wide range of mini­
mum size packages with low leak­
age currents for commercial and 
industrial applications requiring 
high reliability at economical cost. 

These devices feature 1 kV to 40kV 
PRV with SmA to 2A, lo. All series 
available in fast recovery versions. 

Typical applications : CRT power 
supplies, RF transmitters, micro­
wave ovens, electrostatic copiers 
and precipitators. 

Series VG; 20kV PAV.$1.49 (1000). 

Rectifiers for medical and industrial 
X-Ray equipment and high voltage 
multipliers also available from Varo. 

Write for free catalog. 

Design us In -
We'll stay there VARO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676, 1000 NORTH SHILOH, 

GARLAND, TEXAS 75040 
(214) 272-4551 TWX 910-860-5178 

ALLIED ELECTRONICS, Chicago, Ill. 312/421-2400. 
THE ALTAIR CO., Houston, Tex. 731/781-5300; Rich· 
ardson, Tex. 214/231-5166. BELL INDUSTRIES, Menlo 
Park, Cal. 415/ 323-9431; -Skokle, Ill. 31Z/965-7500; 
Bellevue, Wash. 206/ 747-1515 . BWFF CITY DIST. CO., 
Memphis, Tenn . 901 / 725-9500. BRIDGEFIELD SUPPLY, 
Chesterland, Ohio 216/729-9451. CRAMER ELECTRON· 
ICS, Nationwide; Newton, Mass. 617 /969-7700; ELEC­
TRONIC PARTS CO., Denver, Colo. 303/266-3755. 
MILGRAY ELECTRONICS, Freeport, N. Y. 516/546-6000; 
Hyattsville, Md., 301 / 864-1111 ; Cheny Hill, N. J., 
609/ 424-1300. WESTATES ELECTRONICS, Ch1tsworth, 
Calif. 213/ 341 -4411. 

In Canada : 

ELECTRO SONIC, Toronto, Ont. 416/924-9301. R.11.E. 
IND. ELECTRONICS, Vancouver, B. C. 604/687-2621. 
PRELCO ELECTRONICS, LTD., Montreal, Quebec 
514/ 389-8051. WESTERN RADIO SUPPLY, Hamilton, 
Ont. 416/ 528-0151. 
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Advertising Sales Staff 
Pierre J . Brau~ [212] 997-3485 
Advertising Sales Manager 
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TRY SOME 
FREE SAMPLES 
OF BY-BUK 
PROFESSIONAL 
QUALITY 
ELECTRONIC 
CIRCUITRY 
DRAFTING 
AIDS. 

It's our way of proving that artwork 
layout accuracy can be accomplished 

in seconds with By-Buk pressure 
sensitive drafting aids. 

We'll also send you 
our catalog featuring 

thousands of ideas 
in individually 

die cut artwork 
patterns and 

conductor line 
tapes to connect 

them with. 

WEBTEK 
CORPORATION 
4326 W. Pico Blvd ., Los An&eles, CA 90019 

(213) 937-3511 
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s. s. HOPE, M.D. 
Doctor ... teacher ... friend to 
millions on four continents­
this floating hospital is a 
symbol of America's concern 
for the world's disadvantaged. 
Keep HOPE sailing. 

PROJECT 

~· Dept. A, Washington, D.C. 20007 
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Petroleum and You 
(A History of the Former) 

Chapter Three: A Giant Awakens 
In 1852 a Canadian chemist named 
Abraham Gesner succeeded in distill­
ing a new fuel from petroleum which, 
by a clever rearrangement of the 
letters of his name, he dubbed kero­
sene. This created an important new 
demand for petroleum, thus setting 
the stage for the emergence of a 
burgeoning industry. (See forthcom­
ing Chapter titled "Stage Settings 
of the 1850s. " ) 

Many historians of note credit 
Ru mania with the establishment of 
the first oil industry, citing the fact 
that in 1857 the country produced 
2000 barrels of oil. Of course in later 
years this output came to be looked 
upon as laughably small , and any 
Rumanian who contended otherwise 
was likely to be in for a round of good­
natured kidding in which his face 
would be mocked, his beard tweaked, 
and the lining ripped out of his hat. 

Rumanian hat lining. 

Also in 1857 James Miller Will iams 
discovered oil at Oil Springs, Ontario 
and set up a small refinery. However, 
his endeavor brought him only a 
limited amount of recognition since 
many people felt-some resentfully so 
-that to find oil in a place named 
Oil Springs was something almost 
anyone could have managed. 

Oil Springs, Ontario, circa 1857. 

Consequently the majority of informed 
historians prefer to trace the begin­
ning of the oil industry to the well 
drilled in 1859 at Titusville, Pennsyl­
vania by Edwin L. Drake. Drake, who 
was hired to drill the well by a con­
sortium of businessmen, was a retired 
railroad conductor, and therein lies 

CIRCLE 701 ON READER SERVICE CARD 

an exciting tale. Early on, there was a 
bold move afoot among the business­
men to hire a retired optician for the 
job, while, on the other hand, an 
opposing faction plumped strongly 
for a retired piano tuner. Hence, the 
happy compromise. 

In any case, on August 27, 1859, 
Drake struck oil after drilling to a 
depth of 69V2 feet, and from this well 
it is reported that he was able to 
produce 10 to 35 barrels a day. 

Also it is interesting to note that a 
neighbor of this same Edwin L. Drake 
was the inventor of the rubber spider. 

A real laugh-getter In 
the Drake neighborhood. 

This is the th ird chapter in a seven-part 
series presented as a salute to the industry. 
In addition we would like you to know that 
we offer a full line of lube oils, greases, 
cutting oils, fuels, motor oils, white oils, 
LP-Gas, and specialty products, with a 
complete network of service facilities. 

For further information and for a booklet of 
all seven chapters of the Petroleum and 
You series write to Mr. Frank Laudonlo, 
Atlantic Richfield Company, P.O. Box 
71169, Los Angeles 90071 . (You might also 
indicate any product interest and your 
business.) 

ARCO <> 
Petroleum Products of 

AtlanticRichfieldCompany 



Xerox introduces 
the3100. 

Such a big number 
for such 

a si11a]l copier. 
Sure, 3100 is a large nuniber for a 

not-so-large copier. 
But you have to consider the nuniber of 

things it can do. 
Since it conies on wheels and plugs into 

any ordinary wall socket, you can niove it 
wherever there's work for it. 

It uses a new- easy-to-load cassette, so you 
can change paper in seconds. 

And just like big Xerox copiers, it can 
even handle bulky bound volunies, light 
originals and hard-to-copy photographs. 

XEROX® and 3100 are trademarks of XEROX CORPORATION. 



All of which tneans it's as versatile a copier 
as you can find, regardless of size. 

So we present the Xerox 3100 conipact 
• copier. 

When you add it all up, niaybe 3100 is too 
sniall a nlllllher for a copier that's going to 
be so big. 

Xerox. The duplicating, cotnputer 
systenis, education, telecon1inunications, 
tnicrographics, copier conipany. 

And to think you knew us when. XEROX 

CIRCLE 702 ON READER SERVICE CARO 



Style-Tone ... the first 
mercury lamp with the 
warm color of an 
incandescent. 



Westinghouse has put the extraordinary savings of 
highly efficient mercury vapor lamps in a warm new 
light. All the color appearance you 'd expect to find in an 
incandescent lamp has been captured in our exclusive 
Style;rone™ Mercury Vapor lamp. 

Style;rone is the ideal mercury vapor lamp for use 
anywhere you want to impart a warm atmosphere. 
The way it flatters people and makes merchandise 
come alive-you 'd think it was incandescent lighting. 
But the maintenance records tell a different story; our 
Style-Tone lamp is rated to last more than 24,000 hours, 
with twice the light output of incandescent lamps. And 

with Style;rone lamps, you can now place mercury 
vapor fixtures adjacent to incandescent fixtures and 
achieve a pleasant, warm blend throughout. That's how 
I ittle color difference there is. (You can also substitute 
Style-Tone for any phosphor-coated mercury vapor 
lamp now being used in your present fixtures.) Available 
in 400, 250 and 175 watt sizes that operate on regular 
mercury lamp ballasts. 

Call or write your Westinghouse representative to find 
out how this new lamp color can create new I ighting 
opportunities for you. Ask, too, about Beauty Lite;™ 
Merchandising White and Supermarket White, the 
other exclusive Westinghouse vapor and fluorescent 
lamps developed to answer specific lighting require­
ments. Westinghouse Electric Corporation, Fluorescent 
& Vapor Lamp Division, Bloomfield, N.J. 07003. 

You can be sure if it's Westinghouse. 



Leeds & Northrup 
used advertising to 
look for trouble ... 
and found business 

Leeds and Northrup was not realizing 
their full sales potential because 
many customers and prospects weren't 
aware of all the instruments L&N 
makes. Through their agency, 
Schaefer Advertising Inc., Bala 
Cynwyd, Penna., L&N ran a series 
of full-color inserts communicating 
their broad capabilities and searching 
for the kinds of trouble they could 
eliminate. Ads ran in McGraw-Hill's 

wi., ,....r.o.,-, --• TY netwn al rts own. 

Electrical World and 33 Magazine, :=:::::::::::-- · 
among others, with the first four 
insertions in Electrical World 
pulling in over 1500 inquiries. 

In an Electrical World survey, 
verbatim comments showed that the 
ads were meeting their objective of 
broadening the prospect's conscious­
ness of L&N's complete line. 

And the entire campaign won the 
ABP I AJA Award for one of 1972's 
top industrial campaigns-an award 
based on definition of objectives and 
measurement of results. 

Advertising in McGraw-Hill maga­
zines can inform. It can pull inquiries. 
And it can help sell. If you're not 
advertising in McGraw-Hill magazines, 
you're looking for a different kind of 
trouble ... and losing out on sales. 

McGRAW-HILL MAGAZINES 
BUS INESS • PROFESSIONAL• TECHNICAL 
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FRED and BARNEY drive the 

BROUGHT 
WHAT? 

WE,RE INTHE 
TRUCKING BUSINESS 

BARNEY! 

11 EVERYTHING. 
WHATEVER YOU 

LIKE 

Without trucks, who could eat? 
It's true that if you've got it, a truck 
brought it. 
Everything travels by truck. 

Trucks also make air freight, rail freight, 
and ship freight possible. 

Even department store packages and 
milkmen's bottles come by truck. 

HOW'S THIS FOR A 
SLOGAN? 

IFYOU'VE GOT IT,. 
A TRUCK 

BROUGHT IT 

I LIKE 
LUNCHTIME! 

Trucks get it all to you, 
economically, safely. 

We're for that. 

© 197 3 Hanna-Barbera Productions, Inc. 

Eaton Corporation, Axle Division, 
Cleveland OH 44110, manufacturers of 
heavy-duty Eaton® truck axles;Transmission 
Division, Kalamazoo Ml 49001, manufac­
turers of Fuller® Road ranger® transmissions. 

I!!' , Ill"'" N Truck 
Ii • l. • Components 



Any sprinkler can control or put out a 
fire. 

But Grinnell's new Aquamatic On-Off 
sprinkler does more. It shuts itself off 
when the fire's out. It puts the water only 
where it's needed-on the fire, and not 
outside the fire area. So it keeps water 
discharge to a minimum. 

Aquamatic is ideal for places where you 
have high value inventories, materials ex­
tremely sensitive to water, flash fire expo­
sures, or expensive equipment and ma­
chinery. Because of its efficient use of 
water, it helps eliminate excessive down 

time after a fire, and puts you back m 
business faster. 

Aquamatic is maintenance free-it 
doesn't require replacement or adjustment 
after a fire. It automatically resets itself 
and is ready to go as often as needed. 

And Aquamatic is interchangeable with 
other sprinklers. It can be installed in 
existing systems or designed into new 
construction. 

Want to know more? Let us demonstrate 
Aquamatic in your office, or send for our 
new brochure. Just fill out and mail the 
coupon below. 

r•••••••••••••••••··~ 
I Grinnell Fire Protection Systems Company, Inc. I 

10 Dorrance Street 

I Providence, Rhode Island 02903 

1 0 Yes, I would like to see a demonstration of the new Aquamatic On-Off Sprinkler. I Have a Grinnell Sales Representative contact me. I 
O Send your Aquamatic brochure (no obligation). 

I Name Title I 
I Company I 
I Stree I 
I ~ ~re z~ I 
I Telephone I 

European Headquarters: f~ GRINNELL 
I Kopperschrnidt Sprinkler G.m.b.H., ~ I 

D-2358, Kaltenkirchen, Germany. GRINNELL FIRE PROTECTION SYSTEMS COMPANY, INC. 

~-------------------~ CIRCLE 703 ON READER SERVICE CARD 


