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Belp exterminate 
the QUADRADECAPEDE! 

West Concord, Mass. - Doctors here announced a cure for 
the virus streptocircuitus integratus, transmitted by the 
fourteen-legged logic bug and prime cause of inflamed logic 
and many chronic output diseases. 

A statement released by the group said in part, "By 
using the new General Radio 1790 Logic-Circuit Analyzer, 
with all its active ingredients, we are now in a position to 
perform 100% functional testing - on even the most com­
plex modules. The computer-controlled 1790 can test 
devices with as many as 96 inputs and 144 outputs, 
checking from a simple functional GO/NO-GO test to a 
detailed step-by-step analysis for the debugging of defective 
units, and the optional programmable logic levels permit 
marginal testing! 

"For only $32,500 we can't see why any user of print­
ed-circuit boards or integrated arrays would be without one 
- especially since extensive programming knowledge isn't 

required . The results have been overwhelming! In several 
thousand test cases we've been able to eliminate defective 
IC's and modules early in the game, thereby producing 
harmony, well -being, and great cost savings in production." 

Help increase the yield and longevity of logic circuits! 
Write or phone for more information from General Radio 
Company, West Concord, Massachusetts 01781 ; telephone 
(617) 369-4400. In Europe write Postfach 124, CH 8034 
Zurich 34, Switzerland. Price applies in U.S.A . 

GENERAL RADIO I 
~ 
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If price and performance 
are important-
here's a 7 MHz value 

This is a lab-quality, all-solid-state 
scope-at a price you'd ordinarily 
expect to pay for older vacuum-tube 
models. 

Value - DC to 7 MHz bandwidth. 
This frequency range covers audio, 
video and most control circuit appli­
cations. 

Value-5 mV to 20 V per division 
deflection factor. Here is sufficient 
capability to pick up most electronic 
or electro - mechanical system out­
puts without distortion or need for 
additional amplifiers. 

Value-Rock solid triggering with 
capabilities ordinarily found only in 
more expensive lab type oscillo­
scopes . . . triggered or recurrent 
sweep, single-sweep, and automatic 
triggering. 

Value- Low drift, long-term sta­
bility. Field effect transistors virtually 
eliminate drift from temperature 
changes, shock or vibration. Long­
term stability means less frequent 
calibration. 

Value-Easy to use. Logical ar­
rangements of controls, beam finder, 
auto-triggering make operation easy. 
Interlocking controls on sweep time 
and magnifier prevent readout errors. 

Value-Easy-to-see display. Inter­
nal graticule, 8 x 10 cm CRT for mea­
surement accuracy. Bright, small 
spot-size trace increases visibility 
and resolution. 

Value-Available in single channel 
cabinet or rack versions (1215A or 
12158), or in dual-channel cabinet or 
rack versions (1217A or 12178). Elec­
trical characteristics are identical. 
Rack version is only 51/4'' high. Panel 
on the cabinet version is about the 
size of this page. 

Value - Price, 1215A/B, $950; 
1217A/ B, $1175. Add up the features, 
then divide by price and you'll find 
this is the greatest performance/ 
dollar value ever offered . 0001• 
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These 7 MHz oscilloscopes are 
new members of HP's growing family 
of low- and mid-frequency oscillo­
scopes. In addition to these new mid­
range scopes you have 500 kHz 
scopes in 14 models with your choice 
of: Single or dual trace, 100 µV/cm 
or 5 mV I cm deflection factors, con­
ventional display or variable persis­
tence and storage, all in cabinet or 
rack versions. 

If you're looking for accurate mid­
frequency measurements, ease of 
use, reliability-all at a low cost­
here's a real 7 MHz value! 

Call your local HP field engineer. 
Or, write to Hewlett-Packard, Palo 
Alto, California 94304. Europe: 1217 
Meyrin-Geneva, Switzerland. 

OSCILLOSCOPE SYSTEMS 
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When you buy a low-cost electronic 
counter from us, you get a unique 
bonus. Us. 

With 5 5 service offices in the United 
States and Canada and 86 offices world­
wide, we're always close by if you need 
help. And we give the same complete, 
dependable back-up to customers who 
spend a few hundred dollars for a counter 
as we do to those who spend a few 
thousand. That's a good thing to keep in 
mind when you're looking for an inex­
pensive way to solve your counting 
problems. And when you add the price 
and service to the performance you can 
expect from these counters, you know 
you're onto a real bargain. 

for instance the Hewlett-Packard 

Count onus 
for as little as 
$425. 

5321A counts frequencies up to 10 MHz, 
has a 100 m V sensitivity and l Mll/30 pF 
input impedance, tf -digit readout with 
display storage, zero blanking for easier, 
faster reading. All this is 5425. 

The more versatile and more accurate 
Hewlett-Packard 5321B gives you BCD 
recorder output, 5-digit readout, frequency 
ratio and pulse duration measurement, 
additional gate times and a quartz crystal 
time base. Yet the price is just $775. 

The Hewlett-Packard 5221A/ B 
Counters are the same in everything but 
shape. They' re higher, narrower and not 
as long as the 5321A/ B. 

If you need greater capability, the 
Hewlett-Packard 5 2 I 6A will provide it for 
$985 . This counter will totalize, measure 

frequency, period, multiple period aver­
ages, ratio, mu ltiple ratios and pulse 
duration. It has a 7-digit readout, gate 
times of 0.01 to 10 seconds, 10 millivolt 
sensitivity, BCD recorder output, and a 
maximum count rate of 12. 5 MHz. 

So when you need a low-cost counter, 
talk to the people who can deliver the 
goods and whatever service you need, 
whenever you need it. Call your local 
Hewlett-Packard field engineer for all the 
details. Or write to Hewlett-Packard, 
Palo Alto, California 94304; Europe: 
1217 Meyrin-Geneva, Switzerland. 

HEWLETT"' PACKARD 

E LEC T RONIC COUNT E RS 
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NASA's closing of ERC-why now? 
•As any bureaucrat can teM you, Government center·s are 
easy to create, ibut •agonizingly dlifficult to phase out. Just 
how painful will be the death of NASA's Electronics Re­
search Center in Cambridge, Mass., remains to be seen, 
but ERC didn't even have an easy birfh. Seldom has a 
Government agency had ·to battle so hard through so many 
,hearings and rehearings as NASA did to convince Congress 
that ERC was essential to the space program, and that the 
MIT-Harvard neigh!borhood was the place for it. Politics 
was a factor, df ·course, but probably no more so fhan in 
the choice of Houston lfor the Manned Space Flight Center. 

So it is eminently relevant to ask: What makes E1RC so 
e~pendable all of a sudden? It's hard-doubly so for this 
publication-to take seriously NASA Administrator Thomas 
0 . Paine's comment about a general de-emphasis of elec­
tronics in space plans . .Nlso unpersuasive is the "economy" 
explanation. 'Ilhe center spent only 1 % of the NASA budget, 
.and wasn't in operation ilong enough to prove either a 
waste or a igood investment. 

The ·center's programs were ev'olving, oif course. But 
basically, ERC was chartered to advance the state of the 
.art in electronic technologies for both space e~ploration and 
aviation-along a broader front than what could be done 
by centers involved in specific NASA missions. 

Few ERC programs can be "de-emphasized" if the nation 
remains committed to space exploration and aviation improve­
ments. Some of those that could be endangered include: 
~Component development, t'ailored to the sipace environ­
.ment. 
~ Semiconduotor reHaibillty, with recent emphasis on proc-

ess control for improved IC's and LSI circuitry, on computer­
aided testing, and on specifications for a semiconductor data 
_bank. 
~Sensor technology, primarily for the earth resources 
program, focusing on ultravidlet and microwave techniques. 
These are areas where there are few experts. 
~ Bioinstrumentation, origin:ally conceived to develop ad­
vanced sensors for space telemetry, and broadened to the 
point where the group rbecame a bridge between the Boston­
area medical and engineering communities. 
~Power processing. The goal was to apply the same level 
df control to onboard space and aircraft power-generation 
as in signal- or data-processing. 
~ VI STOL avionics· program, priil'cipaMy ito develop a 
digitally based navigation and landing system. 
~CTOL avionics, including an automatic .fonding system for 
conventional jet aircraft. 
~A pilot waminig in:dioator-a simple collision-avoid'ance 
technique using diode detectors to spot nearby aircraft. 
~ L~band navigation satellites. 

And as of November 1969, EiRC had awarded about 250 
R&D ~ontracts to industry and universities for work on 
spaceborne computers, microelectronic inter.connections, ap­
plication of 'computer-aided design to space hardware, strap­
down gu'idan'ce systems, detection of clear-air turbulence, 
and a dozen other technological advances that will prove 
valuable in the future. 

All of these programs are not going to die with ERC. 
Some work, like the V /STOL program, is shared with other 
centers and agencies. And some programs will lbe transferred, 
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Readers Comment ~ 

fairly intact, to surviving centers. 
But i't is unrealistic to <assume .that the space effort won't 

.be hurt at all. One of the most important achievements of 
the center was the organization of teams-scientists, engi­
neers, and administrators-for in-house research and for moni­
toring icontracts .to indusitry. People usually don't relocate 
in teams, and Civil Service bureaucracy regulations may not 
,permit team transfers. For example, the ERC work on power 
systems for future spacecraift and airplanes logically might 
be transferred to the Lewis Research Center. But to pre­
.serve momentum, Lewis would have to absol.'b the personnel 
who were involved, no mean feat fur a Federal center caught 
in a budget squeeze. 

One of t!he most serious dislO'Cations will be the multifuceted 
NASA microelectronics reliability .program, which has carried 
ll:he ERC stamp from the beginning, The program's ad­
ministration can be relocated, hut it probably will be impos­
slible to move the technical team intact. 

Even more puzzling than Administrator Paine's "de-empha­
sis of electronics" comment is his reported assertion that 
,ERC's work can be performed as well or :better by con­
tracting out research to industry. 

In fact, most of the center's work already was contracted 
out to industry; ERC was the monitor, supervisor, some­
times initiator, and guardian of NASA's and the government's 
interests. But Paine's remark brings into sharp focus the 
illogic of the ERC shutdown: if its work can be performed 
better by private industry, why was it created, and allowed 
to continue in operation so long? And why, suddenly, did 
ERC become so expendaible?-H.T.M. • 

McGraw-Hill News Service 
Director: Arthur L. Moore; Atlanta: Fran Ridgway; Chicago: Robert E. Lee; 
Cleveland: Arthur Zimmerman; Dallas: Marvin Reid; Detroit: James Wargo; 
Houston: Barbara LaRouax; Los Angeles: Michael Murphy; San Francisco: 
Margaret Drossel, Tyler Marshall; Seattle: Ray Bloomberg; Washington: 
Charles Gardner, James Canan, Herbert W. Cheshire, Seth Payne, Warren 
Burkett, William D. Hickman; Bonn: Robert F. Ingersoll; Brussels: James 
Smith; Hong Kong: Kate Mattock; London: John Shinn; Mexico City: Gerald 
Parkinson; Miian: Jack Star; Moscow: Jack Winkler; Paris: Robert E. Farrell, 
Stewart Toy; Tokyo: Marvin Petal 
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Opposes closing 

To the Editor: 
In regard to the recent announcement of 

the intended closing of NASA-ERC [see Edi­
torial Comment, facing page; Electronics, 
Jan. 5, p. 33], I must admit this news left 
me astounded, to say the least. 

It seems incredible that the U.S. Govern­
ment is unable to plan effectively for a span 
of no more than half a decade. After making 
an investment of over $36 million to imple­
ment the center, the Administration now ap­
parently believes that the benefits from ERC 
do not justify funding operational monies to 
maintain it. This type of decision-making is 
responsible for the worst in Government in­
efficiency. 

In my opinion the product of ERG-elec­
tronics research and development-h.as great 
value to the country as a whole, particularly 
in the areas of collision-avoidance systems 
and other aircraft-related work badly needed 
at this time. · 

Basic research and electronic product de­
velopment have broad value only when the 
results of such development are well com­
municated. ERC has done an outstanding job 
of communicating to industry and other Gov­
ernment agencies in this regard. As a result, 
concepts developed for a space application 
may well find additional applications in air 
and water pollution, or in relieving airway 
congestion. 

The concept of Government-sponsored R&D 
has been one of the cornerstones of recent 
economic growth in this country. The clos­
ing of ERC represents a significant and dan­
gerous step backward in the progress of this 
country. 

Parametric Industries 
Winchester, Mass. 

A blue note 

To the Editor: 

Howard B. Foster 

The information in your special report on 
communications [Nov. 24, 1969, p. 73] relat­
ing to electronic music and the · Moog Syn­
thesizer is consistently wrong. The Vocoder 
and the synthesizer bear no relationship to 
one another. The Moog isn't essentially a 
keyboard instrument (a keyboard is only one 
of many possible accessories). And except 
for a couple of custom units, no synthesizer 
has 12 oscillators. Walter Carlos, a New York 
recording engineer, not George Harrison, 
made "Switched-on Bach." The Moog Syn­
thesizer does not make synthetic sounds. 
The Moog Synthesizer makes real, syn­
thesized sounds as do all other electronic 
(continued on p. 6) 
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Coastal States 
Gas Producing Co. 
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uses Farinon 
microwave systems 
for reliable 
communications 

So do three oil companies 
in Africa, four more in Venezuela, 
nine major US oil producers, 
43 major US telephone companies, 
16 US government agencies, 
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and five railroads ... 
.. . among 223 others. 

They appreciate Farinon's skill 
at combining high performance 
and reliability with economy. 

Write for our catalog of radio, 
microwave and multiplex equipment, 
accessories and services. 
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Readers Comment 

music synthesizers. 
As for your statement that "syn­

thetic refrains" don't have the 
power associated with high record­
ing levels, this is meaningless both 
musically and technically. And 
what video tape recorder fitted out 
with up to 32 tracks do you have 
in mind? I know the recording in­
dustry fairly well, but I never heard 
of a 32-track recorder. 

President, 
R.A. Moog Inc. 
Trumansburg, N.Y. 

R.A. Moog 

• The relationship between the 
Vocoder and the synthesizer was 
mentioned merely to illustrate that 
music, as well as speech, could be 
synthesized electronically. The 
Moog Synthesizer, as Mr. Moog 
points out, may not be a keyboard 
instrument. But by his company's 
own count, upwards of 99% of all 
Moog Synthesizers are sold with 
keyboards. And as for Mr. Moog's 
contention that, barring custom 
units, no synthesizer has 12 oscilla­
tors, the synthesizer examined by 
El.ectronics' Roger Field did indeed 
have 12 such voltage-controlled de­
vices. This unit was a custom syn­
thesizer, as are all synthesizers. 

These oscillators produce vari­
ous frequencies , one at a time, as 
voltages corresponding to desired 
musical notes are supplied by 
either the fingered keyboard or 
some other sequencing device, 
such as a computer. The oscillators, 
unforhmately, are not without 
drawbacks. According to some syn­
thesizer users, the oscillators are 

temperature sensitive, drift off 
pitch, and need frequent tuning. 

With regard to synthetic music's 
apparent lack of power, there is 
both a musical and technical ex­
planation. An orchestrator reckons 
musical power in terms of projec­
tion, fullness of sound, sharpness 
of attack, tuning and cleanliness of 
the musical sound, and, of course, 
sheer volume. Intonation, or pitch, 
can be used to create the effect of 
power. 

Perceived acoustical power can 
be increased electronically by 
boosting audio power levels, es­
pecially in the middle ranges of the 
audio spectrum to which the hu­
man ear is most sensitive. The 
Moog Synthesizer's apparent lack 
of power relates to the relative pur­
ity of the generated sound-enhar­
monic oscillations in the upper­
middle and the upper portions of 
the audio spectrum are lacking, 
and the signal strength at both ex­
tremes of the spectrum can be ex­
cessive. 

Unquestionably, 24-track audio 
heads on 2-inch video-tape decks 
have become commonplace. And 
some studios reportedly are work­
ing with 32-track machines. 

Electronics goofed on one point. 
Mr. Carlos d~d indeed make the 
"Switched-on Bach" recording. The 
Beatles' George Harrison com­
posed the music for another syn­
thesized recording, "Electronic 
Sound." Also, Mr. Moog's semantic 
point regarding synthetic vs. syn­
thesized sounds is provocative. 
One might also argue that syn­
thetic music is real music. 
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D/ A CONVERTERS 

A HYBRID CIRCUIT 

PRICE/PERFORMANCE 

BREAKTHROUGH. 
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Falls (216) 247-6488 Dayton (513) 223-9187 Cincinnati, no charge call operalor, Enterprise 3-8805 TEX. Richardson (214) 235-1256 
WASH. Seattle (206) 632-7761. 
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SPRJIGUE 
THE MARK OF RELIABILITY 
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m.ore 
functions 
in less space 
radiation hardened magnetic Flat Pak 
modulators, analog multlpllers, 
demodulators mount directly on IC cards. 
• Flat Pak design only 0.1 " thick. • Zero Hysteresis. 

• Hybrid assemblies mount directly on IC cards. 
• Space saver design ... typical dimensions 0.1" thick x 0.5" 

x 0.75". 
• Rugged design, extreme reliability. MTBF design goal 0.25 

per million hours. 
• Extremely low drift over -55° to + 125°C range. 
• Not affected by high intensity nuclear radiation. 
• Capable of operating on carrier frequencies as high as five 

Mhz. 
• One or more isolated or floating input signals may be used 

for modulating, multiplying, dividing, squaring or extracting 
a root. 

•No external nulling or offset adjustments. 
• No additional components or compensation required. 
• No external operational amplifiers required. 
•Standard± 15 V DC power supplier unless otherwise speci­

fied. 

MAGNETIC MULTIPLIERS 
Dynamic Product Range 

80 db 

Magnetic Modulators 
Dynamic Range: 

60 db 

As an Analog Multiplier of a Bipolar be signal times an AC signal , 
the output product accuracy is 1 % of point, or 2 MV, wliichever is 
greater over a dynamic range of 10,000 :1 in each quadrant. 

Over the temperature range of -55°C to + 125°C, the following 
parameters hold: 

1)Zero Point Drift : ... Less than 2 MV of in phase component 
2)Gain Slope Stability: ............... .. ........ Less than 2% change 
3) Dynamic range and output wave quality independent of 

temperature variations 
Typical input/output parameters : 

X Signal : ...................................................................... O to ±SV 
Y Signal : ........ .... ..................................... ..... .... ..... .. ..... o to ±SV 
Output : ... ........ ....... O to SV RMS across SK or greater load 

impedance 

Magnetic DC x DC Multiplier Squaring Square Root 

Division Amplitude Modulation 

There is No Substitute for Reliability 

~ GENERAL MAGNETICS, INC. 
· ~ · · 135 Bloomfield Avenue, 

Bloomfield, New Jersey 07003 



Who's Who in this issue 

Chasek 

Authors of the article beginning on 
page 107, Peter Langlois and Nye 
Howells worked on the wafHe-iron 
memory from 1964 until early 1969. 
Langlois headed digital storage 
space development in the magnetic 
materials division of Standard Tele­
phones and Cables before joining 
the Standard Telecommunications 
Laboratories in 1968. Howells was 
an STC computer specialist. He 
moved to STL five year ago, and 
has been working on theoretical 
studies of telephone networks and 
signaling systems. Alan Cooper has 
worked on the wafHe-iron store 
since 1965. Previously, he special­
ized in digital circuits for tele­
phone exchanges. 

Fichtenbaum 

~Circle 8 on reader service card 

Involved in designing microwave systems and components for 
19 years, Norman Chasek, author of the article starting on 
page 87, is one engineer who certainly appreciates the impor­
tance of making sure a system actually is operating the way it's 
supposed to. Chasek is president of the International Microwave 
Corp. of Cos Cob, Conn., a company he founded in 1961. It's 
one of a few companies that produce the tiny noise diodes des­
cribed in the article. One of the first products put out by the 
fledgling company was a tunnel diode amplifier which, Chasek 
admits, he never thought would prove practical. But Chasek 
now estimates his firm is the world's leading supplier of tunnel 
diode amplifiers, producing about 2,000 a year. Prior to organiz­
ing International Microwave, Chasek was employed for five 
years by Bell Labs' radio research department in Holmdel, N.J., 
and spent four years at the Air Force's Rome Air Development 
Center, designing jamming systems. He has a master's degree 
.in electrical engineering from Polytechnic Institute of Brooklyn. 

Materials research and develop­
ment manager at Litton Systems' 
Guidance and Control division. Ro­
bert Vieth, author of the article 
beginning on page 102, directed 
studies of the projected post-and­
film memory, and of the ferrite 
and film materials, following which 
his group produced a prototype 
nondestructive readout stack. Then 
co-author Charles Womack' s mem­
ory systems development group 
took over at Litton's Data Systems 
division. Vieth has a Ph.D. from 
Michigan State, and has been work­
ing at Litton since 1963. Womack 
has a Ph.D. from the University of 
Kansas, and worked at Collins Ra­
dio before joining Litton. 

In his undergraduate days, New­
York-born Matthew Fichtenbaum, 
author of the article that begins on 
page 82, spent one semester work­
ing at General Radio and two 
semesters studying at MIT. After 
going on to earn an advanced de­
gree in electrical engineering from 
MIT, Fichtenbaum returned to 
General Radio as a development 
engineer. When General Radio 
made the decision to build a com­
puter-controlled test system, Fich­
tenbaum was called upon to per­
form the programing chores. 
At present, he notes, "I do a fair 
amount of work both with pro­
graming and hardware systems 
design in digital processing." 

Vieth 

Concluding the series on 
acoustic surface-wave tech­
nology in this issue, J.H. 
Collins and P.J. Hagon of 
Autonetics, in their article 
starting on page llO, exam­
ing the important new and 
developing applications for 
surface waves-from ana­
log filters to video displays. 
The first article discussed 
the theory of the technol­
ogy, amplification, materi­
als, transducers, delay 
lines, and waveguides. The 
second of the three articles 
concentrated on surface 
waveguides and acousto­
electric amplifiers. 
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23 months ago, 
this was 

American Data Systems. 
Today, it's 200 strong. 

TI Supply supplied the supplies. 
Here, behind company president 
Arthur Wilkes, is where American 
Data Systems got its start. 

Not too impressive, perhaps, but 
the products that came out were. 
Demand for the company's data 
transmission terminals has been so 
great that the staff has grown from 
6 to 200 employees in less than two 
years. And American Data Systems 
is moving into a modern 100,000 sq. 
ft. plant. 

TI Supply-a new breed of indus­
trial distributor-played a key role 
in this meteoric growth 

. . . with engineering assistance in 
matching electronic components to a 
product that's pushing the state of 
the art. 

... with balanced inventories and 
scheduled deliveries to keep produc­
tion lines running without ADS tying 
up a large amount of money. 

. .. with overnight delivery of spe­
cial TTL integrated circuit orders 
from far-away stocks. 

We've supplied American Data Sys-

terns with connectors, resistors, ca­
pacitors, integrated circuits, wire, 
and cable. 

Plus lots of personalized service. 
But these aren't the only ways we 

serve our customers. 
You might want to use our assem­

bly and custom-marking services, 
tailoring products to your specific re­
quirements. 

Or our testing service to screen de­
vices to specific electrical parameters. 

Many of our customers needing 
high-reliability semiconductors 
couldn't do without our "burn-in" 
services . 

But above all, we are dedicated to 
helping your business grow. We have 
thirty-nine world-wide locations, any 
one of which is ready to serve you now. 

Maybe your problems are not the 
same as those of American Data Sys­
tems, but if they involve electronic 
components, industria l supplies or 
services, there's a good chance we 
can come up with right solutions. 

Give us a call. 

Make the correct 
connector connection: 

Among the supplies American 
Data Systems required were 
connectors. And they got con­
nectors perfectly matched to 
the application. Because TI 
Supply maintains in-depth in­
vent ories of a wide choice of 
connectors: Amphenol, Burn­
tly, Cinch , Kings, Sealectro, 
Tl, U.S. Components. (Not to 
mention IC sockets.) So, like 
ADS, you're assured of always 
getting the correct connector. 

But TI Supply goes further. 
We'll assemble your connec­
tors, quickly and economically. 
And we'll put a conne ctor 
specialist to work on your par­
ticularly knotty connector 
problems. 

Make the correct connector 
connection - call your local TI 
Supply branch office or write 
TI Supply Co. , P. 0 . Box 35486, 
Dallas, Texas 75235. 

~ Tl SU PPL Y. .. the problem solvers. 
EAST 
Boston (Canton). Mass (617) 828-5020 
Clark New Jersey (201) 382-6400 
New York . New York (212) 895-0803 

or (516) 488-3300 
Ph1ladelph1a (215) 664 - t 132 

Electronics J January 19, 1970 

MIDWEST 
Kansas City. Missouri (816) 753-4750 
Minneapolis (Edina). Monn (612) 941-5020 
Chicago (Rosemont) . Ill . (312) 296-7187 
W1ch1ta (Derby). Kansas (316) 788- 1714 

SOUTHWEST 
Austin . Texas (512) 454-2531 
Dallas. Texas (214) 357-6121 
Fort Worth . Texas (817) 332-9361 
Houston . Texas (713) 785-4800 
Tulsa, Oklahoma (918) 437-4555 

WEST 
Los Angeles. Cal1torn1a (213) 776-4490 
Denver. Colorado (303) 757-767t 
San Francisco (Sunnyvale). Call t (408) 732-5555 
CANADA 
Montreal (St Lau rent) , P.O (514) 332-3550 
Toronto (Richmond Holl) , P.0 (416) 889-0844 
Ottawa. P 0 . (613) ~5-3716 
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How to get the world's 
first monolithic dual FET. 

By design. 

12 Electronics I January 19, 1970 



By tomorrow. 
There's never been an N-channel dual FET 

remotely like it. We should know. With FETs by the 
millions under our belts, this little 2-in-l device is 
something else again. 

It's monolithic. It's matchless. It's National's 
FM3954. Wipes out the sticky problem of matching 
two separate FETs for identical specs. This revolu­
tionary new dual eliminates the entire costly, time­
consuming process. By designing both FETs on a 
single chip, the match is built in to tay. 

Our monolithic marvel 's a unique performer too. 
Even the best discrete matched duals can't touch its 
track record; off set voltage (Sm V max.), tempera­
ture drift (5µV/° C max.), from SOµA to SOOµA. 

Not to mention its flexibility of use or the reliabi l­

ity advantage because it's monolithic. And because 
it's National. 

Electronics I January 19, 1970 

Available now. No maybe's about it. We've got 
monolithic dual FETs packed on the shelves, ready 
to ship without delay. Priced from $2.40 to $15.00 
in hundred lots. 

Write or call for complete spec data. We'll throw 
in a brief li sting of our hundred or so other discrete 
FETs. National Semiconductor, 2900 Semiconduc­
tor Drive, Santa Clara, Cali fornia 95051 ( 408) 
732-5000 TWX: 910-339-9240 
Cable: NATSEMICON 

National/FET 

Circle 13 on reader service card 13 



14 Circle 14 on reader service card 

Who's Who in electronics 

Robert Mammano 

New semiconductor companies 
seem to pop up every week, but it's 
often years before they make any 
market impact, or even deliver their 
firs-t products. Based on its early 
performance, Silicon General Inc., 
founded last March in W estmins­
ter, Calif., bears watching as a 
comer in the linear integrated cir­
cuit business. One of the reasons 
for Silicon General's fast start is 
the strong influence on product 
choice exercised by Robert Mam­
mamo, engineering vice president. 

The 34-year-old Mammano was 
formerly manager of the Electronic 
Technology group at the Arinc Re- . 
search Corp. in Santa Ana, Calif. 
He was responsible for circuit de­
sign and analysis and development 
of computer programs for auto­
mated IC design. 

Gently. "We won't try to press 
the state of the art," says Mam­
mano. "You can't until you become 
established. We'll stay with known 
processes, principally monolithic 
bipolar technology, and move into 
other areas when it makes sense." 

Silicon General already has six 
linear IC' s in production, and made 
its first shipment in November­
just 5 rrionths after firing up its 
diffusion furnaces. The firm was 
able to get going fast because 
roughly 80% of its present produc­
tion equipment was bought from 
Westinghouse when the Molecular 
Electronics division got out of the 

commercial market. 
Four of Silicon General's initial 

products are second-source items: 
Fairchild's µ.A 710 and 711 voltage 
comjJarators, plus two ver~ions of 
a Texas Instruments high-speed 
sense amplifier. The other two are 
Silicon General designs: a wide­
band video amplifier and a varia­
ble-gain amplifier/multiplier. But 
there are six more second-source 
products designed and ready to go, 
including the 741 operational am­
pliRer and National Semiconduc­
tor's LMlOlA op amp. And there 
are at least two more proprietary 
products designed. 

At your service. Silicon General 
has its sights set on sales of $20 
million by 1975, and officials ex­
pect to ship "well in excess of 1 
million devices" in 1970. How will 
they do it? "Through service," says 
Mammano. "That's what a small 
company [35 to 40 employees now J 
has to offer. There's a tremendous 
demand for products to meet given 
requirements. The big houses may 
not want to be bothered with small 
orders, or they may charge heavily 
for custom design." That's the op­
portunity Silicon General hopes to 
seize. 

A new man is at the controls of 
W estbn Instruments. Early in Dec­
ember the Newark, N.J., firm pro­
moted Roger Swanson from direc­
tor of mar.keting to president, 
replacing Charles Kirkland, who 
moved to the New York head­
quarters of Weston's parent com­
pany, Schlumberger Ltd. 

The new president, who came 
to Weston in 1968 from Sylvania's 
Semiconductor division, has set 
three goals: "I want to increase 
profits, restore or regain our leader­
ship in instrument sales and tech­
nology, and expand our operation 
here in Newark." 

Because Swanson is satisfied 
with the facilities he has in New­
ark, expansion will take the form 
of hiring. "We have been adding 
to our engineering staff and we 
have a substantial increase in num-
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ClnCH 
ELECTRONICS 

YOU ARE NOW ENTERING 

THE 
MULTILAYER CIRCUIT 

CENTER 

Cinch-Graphik is a volume producer of all 
types of printed circuits, but multilayer 
boards are our specialty. We produce them 
with the newest and most advanced auto­
mated equipment. 

For information on Cinch-Graphik, write 
for our new Capabilities Brochure ... avail­
able from any Cinch Electronic Group 
District office or by writing Cinch-Graphik, 
200 South Turnbull Canyon Drive, City of 
Industry, California. 91744, Phone (213) 
333-1201. CG ·7001 

I CINCH-GRAPHIK I 
DIVISION OF UNITED-CARR 

£ROUP. CINCH MANUFACTURING. CINCH-GRAPHIK. CINCH-MONAONOCK AND CINCH-NUL!Nf DIVISIONS OF UNITED -CARR INC . A SUBSIDIARY OF TRW INC 
~---' 
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ROTARY ATTENUATORS 
tuned into the needs of OEM and Systems firms, and 
into the full state-of-the-art capabilities of today 's elec­
tronic instrumentation, Texscan's RA-50 and RA-51 are 
rugged, dependable top performers. Both easily with­
stand aerospace or shipboard environments ... feature 

precision film resistive elements, lightweight 
irridited aluminum housing ... are available 

in either 50 or 75 ohms impedance and 
all types of connector configurations 

... are designed for a service life 
exceeding 100,000 operations. 

U11.equalled 
ill. CJJelivery." 
10 pieces or 
fewer from stock; 
consu It factory for 
larger quantities. 

U11.sutjJassed Peifot"'ma11.ce. 

Frequency Range 
Attenuation 
Accuracy 

KEY SPECIFICATIONS 
RA-50 

DC to 2000 MHz 
0-10 db in 1 db steps 
± 0 .5 at 1500 MHz 

Circle 16 on reader service card 

RA-51 
DC to 2000 MHz 
0-70 in 10 db steps 
± 2 db at 1700 MHz 

Who's Who in electronics 

Roger Swanson 

bers budgeted for this year," he 
says. 

Competition, according to Swan­
son, has cut into Weston's former 
dominance of the market. "Looking 
at panel meters and portable in­
struments," he says, "it isn't that 
we've dropped in image or our 
volume; more and more competi­
tors are all taking a small share 
of the market, which has decreased 
our total percentage." 

Has a plan. The drive to boost 
profits will center around a three­
year plan Swanson has submitted 
to Schlumberger. Refusing to give 
details , Swanson claims that Wes­
ton's growth in 1969 "was sub­
stantially ahead of the industry." 

Swanson does say that Wes ton 
won't fuel its growth by acquiring 
or by adding different types of 
products to its line, which com­
prises panel meters, portable volt­
meters and multimeters, relays, 
and tachometers. 

Swanson also wants to boost 
overseas sales. "One of our weak­
nesses," he says, "is that we 
haven't done a very good job in 
the international area. I plan to 
put some greater effort into inter­
national sales. We just haven't 
made the effort in giving them 
[overseas customers] the service 
and putting the manpower and so 
forth into this area." Swanson says 
overseas sales account for "under 
10%" of Weston's total; he wants 
to reach 20% to 25%. 
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Fluke. Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211 . 
. TWX: 910-449-2850. 

In Europe, address Fluke Nederland (N.V.}, P.O. Box 5053, Tilburg, Holland. 
Telex: 884-50237. In the U. K., address Fluke International Corp., Garnett Close, 

Watford, W02 4TT, England. Phone: Watford 27769. Telex: 934583. 



Metal-clad circuit materials 
We supply metal-clad laminates 
in flexible, rigid board, and 
ultra-thin. Our lineup includes 
the widest selection of flexible 
materials, including Kapton and 
Mylar types. We offer highest 
quality glass-epoxy laminates 
of all grades, to military, NEMA, 
and IPC specs. 

Laminated plastics 
We manufacture laminated 
sheets, rods, and tubes in an 
unmatched variety of materials, 
dimensions, and shapes to suit 
the most exacting requirements. 
In sheets, for example, we offer 
more than 50 base grades with 
reinforcements of paper, glass, 
fabric , asbestos, and other 
materials. 

Molded plastic parts 
Molding thermosetting plastic 

· parts calls for experience and 
equipment-and we have both. 
We offer molding capability that 
produces parts of unusual 
shapes that require little or no 
finishing, and with strength 
comparable to laminated 
plastics. Our know-how results 
in economical molded parts. 



Fabricated plastic parts 

Specialized equipment, 
experience, rigid quality control, 
and application engineering 
are four big advantages of 
Synthane-Taylor plastics 
fabrication . We can handle 
every step, from raw materials 
selection to tooling and 
production. We produce any 
size, in any quantity. 

Vulcanized fibre 
We furnish vulcanized fibre in 
sheets , rolls, coils-and 
fabricate it, too. It has excellent 
electrical and mechanical 
properties: resistance to arcing, 
flame, abrasion, impact, wear, 
chemicals. It is strong, flexible, 
formable. 

Synthane-Taylor has the 
capability to meet your every 
need every day of the week. 
There are three plants, local 
warehouses, and a nationwide 
staff of sales engineers to 
serve you. 

Today's the day to find out more. 
Send the coupon for full 
information . 

... ----------I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Synthane-Taylor Corporation 
Valley Forge, Penna. 19481 

Please send __ information 
and/or __ samples on: 

D Metal-clad circuit materials 
D Laminated plastics 
D Molded plastic parts 
D Fabricated plastic parts 
D Vulcanized fibre 
D Have a sales engineer contact me 
My application is. ________ _ 
Name. ____________ _ 

Title _____________ _ 
Firm _____________ _ 

Stree.__ ___________ _ 

City ____ State ____ Zip, __ _ 

L----------

synthane·taylor 
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high-reliability, low-cost reed types­
now available from stock. 

Designed for switching at logic levels, these handsome 
Raytheon keyboard reed switches have a featherlight 
touch that is precise and reliable. Just a 21/2-oz. touch ac­
tivates the switch. Bounce is less than 250 microseconds. 
Operation is smooth and quiet in both directions. 

Wide range of special electrical configurations are 
available on special order to meet keyboard needs for 
data entry devices, calculators, data retrieval systems, and 
many other applications. Unique backlighted switches 
and function lights, with two 25,000-hour lamps and 
matching cap designs, are also available. 

Two configurations of key caps-regular square caps, 
white with black characters, and a truncated design with 
2-color molded characters-are available. Standard colors 
are grey or black with white characters, and white with 
black characters. All alphanumerics available from stock. 
Caps with custom-engraving are available on special order. 

Long life expectancy*. In terms of on-off operations, 
mean operation to failure is 800,000,000 operations. At a 
usage rate of one per minute, the indicated MTBF is 
19,000,000 hours. At worst case usage rate of one per sec­
ond, MTBF is 300,000 hours. 
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Highest quality materials used throughout: stain-re­
sistant caps, polycarbonate see-through cases; stainless 
steel springs and beryllium copper contact supports. Reed 
contact material is rhodium-plated for low contact resist­
ance and long life. 

Unique low-cost mounting. Switches are designed to be 
plugged into printed circuit boards 1/ 16" to 1/8" thick. Con­
tact pins snap in and firmly lock in place for flow solder, 
dip solder,or hand soldering. No wiring or mounting hard-

KBFR-1 KBSR· l KBFR-2 KBSR-2 

r~ r:-r:i 

ware is required. This unique, low-cost mounting signifi­
cantly reduces installation time and costs. 

All switches are available with flat bases or slanted 
bases with 10° slope. 

Send reader service card for complete information. For 
free sample, write on your letterhead-describing your 
application-to Raytheon Company, Industrial Compo­
nents Operation, 465 Centre Street, Quincy, Massachu­
setts 02169. *Established in government-qualified testing laboratory. 

KBFR-4 KBSR·4 

(RAYTHEON] 
KBFR-6 KBSR·6 KBFR-7 KBSR-7 KBFR-9 KBSR-9 

r~MMr-irT~ 
Back-lit Simultaneous Closures 
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SOLVING 
electro-optical 
problems 
is OPTRON,s 
ONLY business .... 
SO, WE HAVE 
TO BE GOOD! 
You can count on Optron for high 
interest and undivided attention to 
your most exacting optoelectronic 
device requirements. And, you'll 
get product design, development 
and manufacturing benefits that 
only Optron experience can offer. 

For example, through contin­
uous process monitoring made 
possible by the use of diffusion lot 
traceability, Optron maintains the 
highest possible reliability. Still 
other special Optron manufactur­
ing techniques make possible op­
timum device performance in vari­
able light and temperature condi­
tions . You get sensors with a 
lens/ device relationship previously 
thought impossible. 

Versatile OP 600 Series NPN 
planar silicon light sensors elimi­
nate cross-talk and are ideally 
suited for high density arrays. In 
addition, these small, rugged de­
vices will satisfy virtually any ap­
plication requirement in optical 
character recognition. But, if your 
application isn 't standard, you'll 
especially like Optron's fast reac­
tion to your custom programs, too. 

22 

Write today for 
Optron product 
technical data 
and the name 
of your nearest 
sales 
representative. 

OPTRON, I NC. 
1201 Tappan Circle 
Carrollton. Texas 75006 
214/ 242-6571 

Circle 22 on reader service card 

Meetings 

EE's and MD's to talk it up. 

More talking and les·s listening 
awaits engineers and physicians at 
the Second National Conference on 
Electronics in Medicine, set for 
Feb. 12 to 14 in San Francisco. 
Moving away from last year's stress 
on prepared papers, conference 
chairman Samuel Weber is devot­
ing almost half the meeting to six 
simultaneous "work sessions" cov­
ering on-line computer applica­
tions, . automated laboratories, 
multiphasic screening, patient-mon­
itoring, the problems. faced by a 
physician without access to a large 
hospital, and purchasing and main­
taining electronic equipment. At 
each session panel members will 
talk for a few minutes, and then 
the moderator will ask the audience 
for questions, views, and gripes. 

IBM's Dr. G. Eric Marler will 
lead the discussion of how comput­
ers can help care for a patient and 
diagnose his ills. Until now the 
computer's medical role has been 
largely confined to record-keeping. 

Patient monitoring systems, the 
fastest-selling items in the medical 
electronics catalogue, will be ex­
amined by a panel made up of 
Duane Sutfin from Honeywell and 
three physicians experienced in us­
ing these systems. 

Multiphasic screening at its most 
primitive is a computer, armed 
with a decision tree, taking a pa­
tient's history; but many physicians 
say that multiphasic screening 
promises an economical method of 
giving physicals on a large scale. 
A panel chaired by Stanford Re­
search Institute' s Alexander Sarros 
will discuss when, if ever, that 
promise will be kept. 

Just listen. The conference's pre­
pared papers will be given in three 
morning sessions. Following the 
keynoter, Dr. George Burch of Tu­
lane University, will be Robert Al­
lison from the Scott and White 
Clinic in Texas and Dr. Arnold 
Pratt from the National Institutes 
of Health, talking about what's 
right and wrong with electronic in­
struments and with the computers 
used in medical work. Then the 

Government's top physician, Roger 
Egberg, assistant secretary for 
health and scientific affairs, will 
speak at the first day's luncheon. 

On the second day, Johns Hop­
kins University's George Webb 
and the University of Missouri's 
Dr. Donald Lindberg will look at 
the problems faced by an engineer 
working in medicine. Staff mem­
bers from Oakland's Samuel Mer­
ritt Hospital will take over on the 
third morning, explaining how they 
evaluate electronic equipment. 

For further information contact Samuel 
Weber, Second National Conference and 
Exposition on Electronics in Medicine, 330 W. 
42nd St., New York, N.Y. 10036 

It's a bird ... 
With two lunar landings· already 
history, the Institute of Navigation 
will appraise recent U.S. space ef­
forts, then explore navigational 
theory and practice in the post­
Apollo era at its 1970 National 
Space Meeting. The conference, 
from Feb. 17 to 19, will be hosted 
by NASA Ames, Moffett Field, 
Calif. 

The meeting will be divided into 
four sessions-the first two will look 
at lunar navigation retrospectively 
and in the near future. Highlights 
include an appraisal of lunar orbi· 
ter spacecraft guidance and control 
by James E. Montgomery of Boe­
ing, and a paper from the Marshall 
Space Flight Center on its experi­
mental program for surface navi­
gation equipment. 

Getting around. At the third ses­
sion, devoted to space transporta­
tion, Robert L. Eshbaugh of TRW 
Systems in Redondo Beach, Calif., 
will present a paper on guidance 
system cost vs. reliability. Space 
shuttle automatic landing systems 
and the application of aircraft sys­
tems technology will be the topic 
of a paper by Walter Maas of 
Lockheed! and Harold N. Tobie of 
Boeing. 

The final session will focus on 
planetary missions, emphasizing 

(Continued on p. 24) 
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where in-stock printed circuit connectors are closing today's communications gap. 

Typical of Winchester Electronics' capabilities in 
printed circuit connectors are our l ines of card 
edge and board joiners pin and socket connector. 
And for even more exacting applications, our 
military approved HB/HBD series. 

MIL-C-21097 requirements but exceed them in 
quality and reliability· at an economical price. 

So, before you go to the expense of ordering a 
special printed circuit connector, look into the 
in-stock selection at Winchester Electronics. Just 

Available in single and dou­
ble row terminations, these 
connectors not only meet rm! \NIN CHESTER 

LO ELECTRONICS 

write Winchester Electron­
ics, Main Street and Hillside 
Ave., Oakville, Conn. 06779. 

DIVISION OF LITTON INDUSTRIES 
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Champagne 
quality 

BFl/EMC 
filters 

at beer prices 

A toast! May you and your products benefit from 
finer, lower-cost filters from Captor Corporation. 
Captor combines knowledgeable application en­
gineering with a quality assurance program that 
extends through every manufacturing step from 
order entry to final packaging. Costs are closely 
controlled because production is geared to a spe­
cific electronic components family: miniature 
RFl/EMC filters, communications and security fil­
ters, and custom designed filters and assemblies. 
Captor's new environmentally conditioned plant is 
designed expressly for fast, efficient manufacture 
of this integrated product line. Write for our capa­
bilities brochure today and drink in the whole story. 

WNrg~~~~~ 
Electronics Division 

5040 Dixie Highway, Tipp City, Ohio 45371 , Phone : (513) 667·8484 
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Meetings 

(Continued from p. 22) 

the exploration of Mars·. Thomas C. 
Duxbury of the Jet Propulsion 
Laboratory will take a look at navi­
gation data already received via 
the Mariner Mars. tv pictures in 
1969. Instrument requirements for 
outer-planet :ffy_:by missions will be 
the subject of a paper from MIT. 

For further information, contact the Execu· 
tive Director, Institute of Navigation, 711 
14th St., N.W., Suite 912, Washington, D.C. 
20005. 

Calendar 
Winter Power Meeting, IEEE; Statler 
Hilton Hotel, New York; Jan. 25-30, 
1970. 

Annual Symposium on Reliability, 
Group on Reliability of the IEEE, Amer­
ican Society for Quality Control, Amer­
ican Society for Nondestructive Test­
ing, and the Institute of Environmental 
Sciences; Biltmore Hotel, Los Angeles; 
Feb. 3·5, 1970. 

International Solid State Circuits 
Conference, IEEE, University of 
Pennsylvania; Sheraton Hotel and 
University of Pennsylvania, 
Philadelphia, Feb. 18-20, 1970. 

Second National Conference and 
Exposition on Electronics in Medicine, 
Electronics/Management Center, 
Electronics, Medical World News, 
Modern Hospital, Postgraduate 
Medicine; 
Fairmont Hotel, San Francisco, 
Feb. 12-14, 1970. 

Symposium on Management and 
Economics in the Electronics Industry, 
IEE; University of Edinburgh, Scotland, 
March 17-20, 1970. 

International Convention, IEEE; New 
York Hilton Hotel and the New York 
Coliseum, March 23·26, 1970. 

Meeting of the Association for the 
Advancement of Medical 
Instrumentation, Statler Hilton Hotel, 
Boston, Mar. 23-25, 1970. 

Symposium on Submillimeter Waves, 
IEEE, Polytechnic Institute, Brooklyn, 
New York, March 31-April 2, 1970. 

Communications Satellite Systems 
Conference, American Institute of 
Aeronautics and Astronautics; 
International Hotel, Los Angeles, 
April 6-8, 1970. 

(Continued on p. 26) 
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9 from the pines 
You may get weary. Bleary-eyed. 
And a mite confused. 

With the thicket of 1,637 switch­
ing diodes to choose from.* 

But stout heart! 
Tl's nine meet the majority of 

switching diode applications. 
We make them by the millions. 

High quality. Double-plug con­
struction. Keenly competitive 
prices. With ultra fast delivery 
from TI factory or distributor 
stocks. 

All are part of Tl's preferred 
semiconductor line. Selected after 

months of computer demand analy­
sis. To save you time and money 
in specifying discrete components. 

So turn to TI switching diodes 
first. For computers. Calculators. 
Memories. Peripherals. Or any 
diode application that calls for low 
capacitance and fast switching 
speed. 

If one of the nine doesn't fill 
your specific needs, TI makes 
dozens more switching diodes. 
Also logic and core drivers for com­
puters and high-voltage diodes 
for TV. 

• 19s9 Worldwide figure from 0.A.T.A., Inc., publishers of Elecll"onic Data. 

Tl 's Preferred 
Switching Diodes 

1N251 1N4148 
1N661 1N4154 
1N914 1N4448 
1N914B 1N4454 
1N3070 

Write for your copy of Tl's new 
1970 Pref erred Semiconductors and 
Components catalog: Texas Instru­
ments, PO Box 5012, MS 
308, Dallas, Texas 75222. 
Or just circle reader ser­
vice card number 168. 

TEXAS INSTRUMENTS 
INCORPORATED 

Electronics I January 19, 1970 25 



GENERATION 

DISC PACKAGED 
REGENERATIVE GATE 

SC Rs 
Operation to 20 KHz with low switching losses 
® di/dt capability to 800 A/µsec. ® low power 
gate drive ® dv /dt capability to 500 V /µsec. 
® 175 and 370 amperes RMS ® turn-off time 
capability to 10 µsec. ® also available 
in stud type package to 470 amperes RMS. 

For additional information and application assistance, 
write or call National Electronics, Inc., 
a varian subsidiary, Geneva, Ill. 60134, 
phone (312) 232-4300. 

NATIONAL ELECTRONICS, INC. 
a varian subsidiary 

1969 COMPETITION WINNER 
Cited by Industrial Research Inc. 
as one of the 1 00 most 

*
significant technical products of the year. 

A NATIONAL® exclusive. 
Patent Pending. 
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Meetings 

(Continued from p. 24) 

Reliability Physics Symposium, IEEE; 
Stardust Hotel and Country Club, 
Las Vegas, Nevada, April 7·9, 1970. 

Meeting and Technical Conference, 
Numerican Control Society; Statler 
Hilton, Boston, April 8·10, 1970. 

Computer Graphics International 
Symposium, IEE; Uxbridge, Middlesex, 
England, April 13·16, 1970. 

International Geoscience Electronics 
Symposium, IEEE; Mariott Twrn Bridges 
Motor Hotel, Washington, April 14-17. 
1970. 

American Power Conference, IEEE; 
Sherman House, Chicago, April 21·23, 
1970. 

International Magnetics Conference 
(INTERMAG), IEEE; Statler Hilton Hotel, 
Washington, April 21·24, 1970. 

Annual Frequency Control Symposium, 
U.S. Army Electronics Command; 
Shelburne Hotel, Atlantic City, N.J., 
April 27·29, 1970. 

Short courses 

Safe-Life Design Practices: Practical 
Applications of Fracture Mechanics, 
Engineering 879.4; Boelter Hall, Room 
4442, University of California, Los 
Angeles, March 16-20, $285 fee. 

Aerospace and Marine Corrosion, 
Engineering 868.9; Boelter Hall, Room 
4442, University of California, Los 
Angeles, April 20-24. $285 fee. 

Laser Fundamentals and 
Communications; Rice University, 
Houston, Texas, May 4-6. $300 fee. 

Call for papers 

International Conference on Engineering 
in the Ocean Environment, IEEE 
Panama City Section of Region 111, IEEE 
Oceanography Coordinating Committee; 
Panama City, Fla., September 21·24. 
March 3 is deadline for submitting 
abstracts and summaries to C.B. Koesy, 
Code P750, Naval Sh·ip Research and 
Development Laboratory, Panama City, 
Fla. 32401. 
Systems Science and Cybernetics 
Conference, IEEE Systems Science and 
Cybernetics Group; Pittsburgh, Pa., 
Oct. 14-16. April 15 is deadline for 
submitting abstracts to Prof. A. Lavi, 
Carnegie-Mellon University, Pittsburgh, 
Pa. 15213. 

Circle 27 on reader service card-+ 





mic:rotopic:s 
1024-bit static ROM 

The Philco® MOS 1024-bit read-only 
memory has a static output data level. 
It remains valid as long as an address 
is present. 

That means you can address it as slowly 
as necessary to be compatible with your 
output device, and the extra expense 
of clock generators and drivers is 
eliminated. 

Bit pattern, 128 8-bit words; access time, 
typically 2 µs; cost in 100-piece lots, less 
than 4 cents per bit. 

· T-he pMS1024C static ROM is packaged 
in a 24-lead hermetic DIP. Samples avail­
able now in character generator form. 

And for high-speed applications, try our 
dynamic ROM ... comparable costs and 
access times less than 1.0 µS. 

CIRCLE5120N READER SERVICE CARD 

COMING SOON 
FROM PHILCO-FORD 

• MSI 9300 Series 

• New MOS memory products 
256-bit RAM 
2048-bit static ROM 
2240-bit static character 
generator ROM 

• PL7751 Differential 
wide-band memory sense 
amplifier 

• Schottky-barrier diodes in 
new packages 

Our lnSb multi-element IR detectors 
are all ours. 

UHF to Ku band. 

Because Philco® detectors are made 
entirely in-house. The whole assembly 
... detector array, liquid nitrogen - or 
cryostat-cooled dewar with cooled filter, 
and matching current-mode preamp. 

What does this mean to you? Your inter­
face problems are eliminated. You also 
gain from the start-to-finish quality con­
trol. By growing our own lnSb, for ex­
ample, we control impurity levels for 
maximum sensitivity and low noise 
performance. 

And we've been doing these things for 
over 10 years ... long enough to have 
more lnSb photovoltaic detectors in the 
field than anyone else. 

Take a look at some of the specs ... 
elements as small as .05 mm x .05 mm 
with element spacing .025 mm for high 
resolution, detectivity approaching theo­
retical limits, linear arrays of more than 
100 elements, and detector impedance 
of 10 megohms or more. 

CIRCLE513 ON READER SERVICE CARD 

How 1s that for broadband switching!' 
That's what you get with our new Philco® 
P9800 Series coax switch assemblies. 

And switching performance over any part 
of that range is better than just about 
any narrow-band switch assembly you 
can find. 

The secret? The P9800 Series employs 
our new L8370/L8380 Series integrated 
switch modules. These hermetically 
sealed modules eliminate the package 
parasitics which limit the broadband per­
formance of conventional semiconductor 
diode switches. 

These new modules, which are also avail­
able separately, permit switching ratios 
in the order of 50 db over the specified 
operating frequency range with switching 
speeds down to 10 nanoseconds. 

You can get the new P9800 Series switch 
assemblies with integral hybrid drivers 
to solve your control circuit interface 
problems. In addition, units designed to 
exhibit linear attenuation or other special 
characteristics can be supplied as 
required. 
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The better idea people in microelectronics. PHILCO Gu» 

PHILCO-FORD CORPORATION• MICROELECTRONICS DIVISION • BLUE BELL, PA. 19422 

Three new low-drain linear IC's 
make up a complete IF-audio system. 
A Philco® IF amplifier-audio system suit. 
able for future-generation FM radio 
receivers is here today . .. the CP 1057 
input amp and limiter, CP 1058 output 
limiter and quadrature detector, and 
CP 1059 audio amp. Designed for narrow­
band systems, these bipolar IC's operate 
in the range of 9 to 12 MHz-on a low 
70 to 90 milliwatts of power each. Audio 
output of the system is in excess of 50 
milliwatts. 

The CP 1057 includes an amp with 50 
ohms input impedance and a 50-db 
limiter. Internal voltage regulators mini­
mize the number of external connections. 
Other specs: power consumption, 70 mw; 
input amplifier voltage gain, 32 db; com­
bined gain, 82 db. 

The CP 1058 consists of a limiter amp, 
quadrature detector, and audio buffer 
amp. One simple detector coil makes for 
easy tuning, during manufacture or in 
the field . Two matched diodes are in­
cluded for optional demodulator connec­
tion. Other specs: power consumption, 
70 mw; limiter gain, 23 db. 

The CP 1059-which can be used alone 
to feed any balanced transformer­
coupled audio amp-comprises a buffer 
amplifier, phase splitter amp, power­
amp, and a Class B push-pull power out­
put stage. Other specs: power consump­
tion, approximately 90 mw; gain, 45 db; 
distortion, 4%. 

CP1059 

Need analog MS/ P 
Call a Philco Hybrid Hunter. 

Want to microminiaturize a circuit now 
designed for discrete components? Need 
more voltage, current, or power capa­
bility than you can get from monolithic 
integrated circuits? 

Then you need an AMSI by Philco. Here's 
an example of an AMSI hybrid circuit now 
in volume production at our Spring City 
hybrid facility. It's a triple detector cir­
cuit, contained in a 1 x 1-inch all-her­
metic flatpack made by Philco-Ford. Look 
what's inside: 

• 13 thick-film resistors, in values from 
3.9K to 182K ohms. All resistors are 
1% tolerance, low TCR. 

Each IC is available in a 14-lead flatpack, 
and all operate over the full MIL tem­
perature range of -55°to+125°C. Engi­
neering units are available for evaluation. 
Write to Bipolar Products Marketing. 

CIRCLE 515 ON READER SERVICE CARD 

.. 

• 6 capacitors, in values from .033 to 
.33 µfd . All capacitors 1% tracking 
with temperature. 

• 19 active PNP and NPN devices, with 
Vbe and Vee matching ± 5 millivolts. 

When you need AMSI, call a Philco Hybrid 
Hunter. Just show us your circuits ... and 
give us a month. We'll have prototype 
hybrid circuits on your desk. They will 
be ready for production in one of the most 
experienced hybrid facilities in the country. 
And they will be priced competitively. 

CIRCLE 516 ON READER SERVICE CARD 
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113 functions you can count on - 657 ways to go! Motorola's 
five families of T2L provide "no compromise" solutions to 
your design requirements. The choice is yours, whether your 
need be military or commercial, ceramic or plastic dual 
in-line, or flat packages, our T2L versatility will work for you. 
Optimize your system design by flexible selection from the 
industry's most popular T2L families. 

MTTL I MC500/ 400 Series .. . Medium speed 
logic circuits with typical gate propagation delay 
of 10 ns. Electrically interchangeable with SUHL I. 

MTTL II MC2100/ 2000 Series .. . High speed logic 
circuits with typical gate propagation delay of 
6.0 ns. Electrically interchangeable with SUHL II. 

MTTL Ill MC3100/ 3000 Sedes .. . Advanced 

design high speed logic circuits with typical gate 
propagation delay of 6.0 ns. Compatible with 
MOTL and SN54H/SN7 4H Series devices. 

MC4000 MSI Series . . . Complex function cir­
cuits offering state-of-art increases in logic per 
fundion and significant reduction in package 
count. Compatible with all MTIL and MOTL lines. 

The option is yours - exercise it. 
You' 11 see that ... Nobody - but nobody 
offers as many T2L functions as Motorola. 

MC5400/ 7400, MC5400L/ 7400L, MC7400P 
Series .. . Electrically interchangeable with Series 
SN5400J/SN7400J, SN7400N types. 

MC5400F/7400F Series . .. Electrically inter· 
chongeahle with Series SN54F/SN74F types. 

MC5400/7 400 Series Complex Functions . .. MSI 
circuits desig~ed for compatibility with MC5400/ 
7 400 Series Qates and flip-flops. 

MTil, MDTl T,aO.ma,k1 af Motarala I"'· 
SUHL I, SUHL II f,adema,h of Syl¥onlo Electt'lc !trodt.Kh, lrK. 

MOTOROLA Integrated Circuits 
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Miniature, submin,iature 
connectors, yes. 

Miniature, subminiature contacts, no. 
Microelectronics can give you a pain in the tweezers. You have to 
be perfect. And you have to be perfect in places so small that a 

is sketched at the left). 
See the four mating 

surfaces? flea would have trouble scratching his back. 
Actually, the electronics part isn't too hard, what with 

piezoelectric this's and thin-film that's to work with. 
Four mating surfaces, coined 

so that they're exceptionally hard 
and smooth. But, inevitably, there comes the day when all the 

this's and that's have to be put together. It's a prob­
lem. Mechanically. Electrically. 

You don't want to put a big fat plug on a skinny 
little mini-circuit. 

So you need miniature or subminiature 
connectors. Those we have. By the catalogfull. 

But you sure don't need undernourished 
contacts. You·need all the strength you 
can get, all the contact area you can get, 
all the hang-togetherness you can get. 

Four mating surfaces, held together 
snugly by the spring-like action of the 

design. And by the innate characteristics 
of the phosphor-bronze. 

Four mating surfaces, strengthened by a 
. .reinforcing web. 

Four mating surfaces, on a contact that floats 
in its insulator to make sure that the four mating 

surfaces mate. 
No comparably sized contact can match the Bi/Con's 

dimensional, electrical, and mechanical characteristics . Those we give you. Every mini­
ature in our catalog is made with 
our patented Varicon™ contacts 
(you probably already know 

. And no subminiature contact can match the Bi/Con's 
incredibly low price, either. 

about them). Our newer sub­
miniatures are made with 
Bi/Con'l'M contacts (which 

Circle 32 on reader service card 

For more information, write, wire, call 
or TWX us for our Microelectronics catalog. 

Elco Corporation, Willow Grove, Pa. 19090. 
(215) 659-7000. TWX 510-665-5573. 

----------~---------S_e_e_u_s_at Nepcon West 1970. Booth #509. 



Phillips quits 

at Autonetics ••• 

••• because he felt 

'like an apple 

among oranges' 

Raytheon may have 

display woes licked 

Electronics j January li, li70 

Electronics Newsletter 
January 19, 1970 

Autonetics, lmown as a maker of integrated circuits for military systems, 
is suffering some hard knocks in its effort to crack the commercial IC 
market. First there was trouble with its initial commercial contract 
-a two-year, $30-million deal with the Sharp Corp. of Japan (fo~erly 
Hayakawa Elechic Co.) calling for MOS LSI circuits to go into a desk­
top calculator [Electronics, Oct. 13, 1969, p. 54]. Now;· Alvin. Phillips, 
who was named general manager of the Autonetics Products division 
just last November, has resigned suddenly. 

The departure of Phillips, who was brought in because of his back­
ground in commercial IC production and marketing, caused industry 
rumors about the Sharp difficulties to Hy once again. Last summer, 
Phillips said the problem, caused by a change from 1.5-inch-diameter 
to 2-inch wafers, was under control. As for the renewed rumors higgered 
by his resignation, Phillips denied there is further difficulty in meeting 
the Sharp contract. 

The word from Japan backs him up. Sharp apparently is getting large 
quantities of MOS LSI kits after Autonetics made changes in circuit 
patterns and processing. The best indication that the array kits are 
rolling in comes from increased work schedules at Sharp. -

Alvin Phillips, while denying he left Autonetics because of the Sharp 
contract, offered some insight into what can happen to the commercial 
semiconductor man who moves into a military-aerospace operation. It's 
also interesting to note that Phillips won't be replaced-the job has been 
eliminated. 

Phillips says he resigned 'because of philosophical differences about 
handling a commercial semiconductor business in an aerospace environ­
ment." He adds: "I felt like one big commercial apple in a basket of 
aerospace oranges." Although he stresses that he resigned under amicable 
terms, in effect his resignation, turned in Jan. 8, was to take place 
immediately. 

Phillips came to Autonetics in April 1968 from Sylvania as assistant 
for microelectronics planning to S.F. Eyestone, president. Before being 
named general manager last November, he had been operations man­
ager of the infant Autonetics Products division. The general manager 
duties will be resumed by Robert S. "Sam" Carlson, an aerospace man 
who had been vice president and general manager before relinquishing 
the latter responsibility to Phillips. 

Raytheon "has made very significant progress" in solving design prob­
lems in its planned view display consoles for the en-route portion of the 
advanced National Airspace System and "may be out of the woods." 
That's the view of the Federal Aviation Agency, which promised three 
months ago that if the problems weren't solved by December, the agency 
would look for a backup source [Electronics, Oct. 27, 1969, p. 54]. 

A decision will be made the week of Jan. 19 following an extensive 
technical audit. H the company's equipment division in Wayland, Mass., 
has not been able to eliminate display brightness and line width dif­
ficulties, Sanders Associates of Nashua, N.H.-originally an unsuccess­
ful bidder-may be tapped to supply a new version of its Model 990 



EM&M bows out 
of plated-wire picture 

FCC's new row: 
Johnson vs. Burch 

Honeywell opens unit 
at ERC building 

Electronics Newsletter 

advanced data display system now being used for telemetering. The 
Mitre Corp., the FAA's systems engineering contractor, informed the 
agency that Sanders was the only company that could supply equipment 
not requiring important design changes. 

Electronic Memories and Magnetics is the latest firm to drop plated­
wire memories as a viable venture. It follows the decision by the Libra· 
scope group of Singer-General Precision to abandon its woven-wire 
operation [Electronics, Nov. 10, 1969, p. 33] EM&M, formerly Elec­
tronic Memories Inc., had begun manufacturing plated-wire memories 
(though not woven) and sample products made with it before acquisi­
tion of Indiana General, which was a little further along in plated wire. 

The old EMI plated-wire operation in Hawthorne, Calif., has ceased 
operating, although some military work continues at what used to be 
Indiana General's Electronics division in Kearny, N.J. A company spokes­
man says EM&M "continues to assess its position in plated wire," but 
he wouldn't predict whether the activity would be discontinued. 

More 1970 headlines involving the Federal Communications Commis­
sion are being predicted in Washington after round one of a slugfest 
between maverick Commissioner Nicholas Johnson and his new chair­
man, Dean Burch. In a year of multiple decisions on public communica­
tions policies ranging from domestic satellites to how much profit 
AT&T should be permitted, Johnson is becoming even more outspoken 
in criticizing the new FCC chairman than he was with the former chair­
man, Rosel Hyde. 

The first Johnson-Burch clash came after the FCC denied a petition 
by the National Association of Regulatory Utility Commissioners-includ­
ing AT&T's competitors-to reject AT&T's long-distance telephone 
rate reductions. NARUC objected, asserting that the reductions would 
aggravate "intolerable" disparities between intrastate and interstate 
rates, would create revenue hardships for the 1,850 independent tele· 
phone companies, and would add to "the existing grave telephone service 
situation." 

In a curt exchange, Johnson charged the commission with being 
"solicitous of AT&T' and attacked Burch's "apparent pride" in the $150 
million rate reduction, when "we are left with the fact that AT&T 
grossed over $14 billion last year." Burch, defending the majority action, 
expressed "personal distaste for broadside attacks upon the intelligence 
and integrity" of the FCC and its staff. The Nixon appointee says John­
son's ''broad generalities [are] devoid of any reference to fact" and should 
result in "embarrassment" to Johnson. 

With discussions going on between ERC officials and representatives of 
both industry and other Government agencies aimed at keeping intact 
at least part of the Electronic Research Center's capabilities · and staff 
[see p. 39], Honeywell jumped into the act by leasing space for a new 
operating unit in a Cambridge building that also houses ERC. The new 
Information Sciences Center's mission will be basic, not applied, research. 
While the group will number only six to eight men at the outset, insiders 
wonder if the "other computer company" has its eye on ERC's computer 
research cadre. 
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3M's Flat Cable and Connectors ... 
your systems approach to circuitry. 

Speed and dependability are yours for yourcircuitry 
system assemblies. 3M has the answer with new 
"Scotchflex" Flat Cable and Connector Systems. 
They provide fast simultaneous connections of cir­
cuitry ... help reduce equipment packaging costs. 

"Scotchflex" Flat Cable and Connector Systems 
win on every count (no stripping or soldering) • 
Reduce wiring errors • Permit easy trouble-shoot­
ing • Provide predictable electrical characteristics 
• Speed production. !Connecting Systems? I Think 3M! 



"Scotchf lex"® Brand 
Flat Cable and Connectors 

provide the perfect transition. 

Printed Circuit Board Transitions. Transition flat cable 
to printed circuit board s simply and reliably. Up to 64 con­
ductors on .050" centers can be te rminated simultaneously 
with 3M's unique "U" contact princip le. 

Wire wrap post socket Transitions. Self-stripping 26, 34 
and 40 position wire wrap post sockets interface directly to 
.025" square posts on .100" x .100" grid. Completes your 
transition dependably. 

Dual In-Line plug Transitions. 14 and 16 position DIP 
plugs transition between round conductor fl at cable on 
.050" centers to l.C. Socket patterns . Pins are located on 
.1 00" x .300" grid. 

PCB Edge Card Transition. A double sided printed cir­
cuit board on .100" centers can be transitioned to flat cable 
on .050" centers with the 50 position edge card transition 
quickly and easi ly. 

For complete technical information on " Scotchflex" Flat Cable and Connector 3m 
Systems, write: Dept. EAH-1, 3M Company, 3M Center, St. Paul, Minn. 55101 rnmPANv 



The Following Performance 
Is Brought To You By The 
Only Manufacturer Of 50 A, 
Hot Carrier Rectifiers 

• 0. '5 V maximu 

• 
p@ 100 A 

nstant rectification efficiency 
00 KHz and beyond 

50% less power loss than conventional 
alloy or diffused devices! 

That's the advantage in efficiency behind 
the new MBD5500, 50 A (Io) hot carrier 
silicon rectifier. And, not oniy does this 
unique high-current device cut your 
power losses through unmatched low for­
ward voltage drop but it trims time and 
money outlay for required heat sinking 
through one of the most efficient, low-cost 
package designs available - the pressfit 
(D0-21 outline). 

Employing Schottky barrier, low resis­
tivity, metal-over-oxide junction tech­
hiques in a large area chip, the 20 V 
(VRM (rep)) MBD5500 is perfect for 
use in low voltage power supplies in com­
puters and other applications where 
power loss and/ or high frequency rectifi­
cation are prime design considerations. 

I ts "majority carrier" operation makes it 
inherently suitable for applications where 
extremely low stored charge is required 
or where commutation transients are a 
problem. 

Combine these advantages with top rec- · 
tifica ti on efficiency, excellent surge­
handling, low thermal resistance and 
passivated junctions and you've virtually 
got the "ideal" diode ·. . . the MBD5500 
- available now for evaluation from your 
franchised Motorola distributor. 

Turn one loose in your circuit design and 
watch it go - efficiently! Write Box 20912, 
Phoenix 85036 for more data. 

-wlieutkp~Uuj~iA~ ~MOTOROLA 
VR E c T I F I E R s 
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Look into our new low level multiplexer. 
It's good for your system. 

Our DM40 solid-state differential multiplexer makes a great 
front-end, with amplifier per channel performance. It accepts 
analog signals from thermocouples, strain-gauges, resistance 
bridges, transducers, amplifiers and the like. It has very low 
noise and you don't have to worry about acquisition errors 
due to previous channel overload. The DM40 takes 128 input 
lines and you can hook eight units together for a total of 1024 
inputs. It multiplexes and amplifies each signal and transmits 
it to your digitizer at a rate up to 1 OKHz. When you use it 
with one of our controller-digitizers you can get 13 different 
gain ranges. 
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NASA prepares for ERC surgery 
Better known efforts probably will be shifted elsewhere, but future 

of semiconductor reliability, bioinstrumentation work is bleak 

"I guess we'll spend the next five 
months getting ready to pass our 
files to whoever eventually gets 
our projects," says a branch chief 
at NASA's Electronics Research 
Center. But he doesn't know for 
sure; nobody at ERC knows for sure 
about the future of the projects, 
and no one knows when he'll find 
out. 

projects and programs to be re­
tained by NASA. 

Apparently, ongoing work will 
be summarized before the end of 
the fiscal year and given a priority 
ranking by the ERC staff, and the 
reports passed along to NASA head­
quarters. "We'll propose, they'll 
dispose," says a spokesman. "HQ 
will decide what survives and who 
gets which bloody chunk." 

brought to a neat, if abrupt, com­
pletion may be stopped dead in 
their tracks with an even more cha­
otic result. 

When the closure of the center 
was announced, so was the crea­
tion of a committee at NASA head­
quarters to help the people of the 
center find new jobs within NASA 
or the Government; apparently the 
same committee system is going to 
be applied to the selection of the 

Finally, spokesmen can't even be 
sure of having a full five months to 
wind things up. Spending on cur­
rent contracts and on those yet to 
be funded is being held up pend­
ing a headquarters go-ahead. Thus, 
some projects that might have been 

Survivors. ERC's more visible 
projects probaibly will survive in 
some form. The VI STOL (vertical/ 
short takeoff and landing) avionics 
program is one example. A joint 
effort with the Langley Research 
Center, it would have resulted in 
development of a set of in-depth 
tradeoff studies of a combined navi­
gational, stability augmentation, 
flight control, and landing system 
for helicopters and less conven­
tional VI STOL aircraft. ERC was 
supplying the digital computer sys-

Ripples spread in the Bay State 
"The back of the hand" is 1a universal cliche. It 
also is what Mass'achusetts seems 'to be getting from 
the Federal Government. The closure of ERC marks 
only the latest in a series of Federal spending cuts 
aimed at Massachusetts, and it's rumored there 
. will be at least one more, also with an effect on 
technology. 

Bay state political spokesmen point to the shut­
down during the summer of 1969 of operations at 
Westover Air Force Base, note that the Boston 
Navy Yard is about to be moved and cut in size, 
and add tihat the city of Boston has just lost $63 
million in ul'ban renewal funds. 

Also, the rumor that the Air Force's Electronic 
Systems Division at Hanscom Field will be closed 
has resurfaced. As rumors go, this one is a gray­
beard, and it has been categorically denied by the 
Air Force. 

Signs. But Rep. Alexander Pirnie's (R., N.Y.) 
sole share of the pork barrel is the Rome Air 
Development Center at Rome, N.Y., and as RADC 
is his district's largest source of income, recent 
spending cuts have hurt his voter image. TI1e Ad­
ministration tried to 'help out by giving Pirnie a 
role in the draft lottery ceremony; Pirnie's quiet 
spreading of tihe word in his home district that ESD 
would be moved to Rome is more interesting to 
observers. It's noted, however, that a more logical 
merger would be Rome into ESD. 
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Nobody at ESD will confirm the rumor, though 
they acknowledge that the idea has been breezed 
around repeatedly. Nor will spokesmen estimate the 
effect EsD's movement would have on the Air Force 
Cambridge Research Labs-also at Hanscom Field . 
However, with Massachusetts now a politically weak 
sitate, rumors are more likely to grow into fact than 
they were when, say, John F. Kennedy was President. 

Massachusetts has no force in the capital. Only 
former Governor, now Secretary of Transportation, 
John A. Volpe and Sen. Edward W. Brooke have 
access to Republican councils. And Volpe is said 
to be weak, while Brooke lacks seniority and con­
.nections-Brooke was pooh-poohing the ERC closure 
the week before the ax fell. 

Wrong pick. Mias·sachusetts 1alS'O gave :the Demo­
crats a large plurality in the 1968 Federal election. 
lt has a governor with little following within the 
state and less in Washington, even though he is a 
Republican. And Senator Edward M. Kennedy's 
influence, which might have saved ERC, has declined 
mightily since tihe summer's incident at Chappa­
quiddick Island. 

There are rumors that several firms are interested 
in the ERC shop, and that the Department of Trans­
portation wants to take over ERC for the FAA-but 
not until the fiscal 1971 budget is settled. However, 
such a move is unlikely because of general Federal 
economy moves. 
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tern and inertial platform ref er­
ences, and had in the works several 
advanced strapdown and laser gyro 
developments. If the center's clo­
sure is final, says Robert W. 
W edan, director of the technical 
programs, the VI STOL avionics 
work probably will move to Lang­
ley, although that facility is analog­
processor oriented and won't have 
openings for ERC's V/STOL project 
personnel. 

The FAA may pick up a parallel 
program aimed at providing an ad­
vanced automatic landing system 
for conventional jets. Wedan says 
the joint ERC-FAA Rights will be 
finished well before the end of 
the fiscal year, but regrets that a 
second phase that would have ex­
tended the aircraft control into hold 
zones and approach areas will be 
delayed and perhaps forgotten. 

The L-band navigational satellite 
work being performed by ERC may 
have been severely damaged by the 
closure and by its timing. Ironi­
cally, just before the ERC closure 
announcement, the International 
Civil Aviation Organization made 
public its request to NASA head­
quarters that a back-up satellite 
carrying Navsat experiments be 
launched as quickly as possible. 
But Leo M. Keane, head of ERC's 
satellite programs branch, fears 
that any L-band work will be de­
layed, even if (as Keane now antic­
ipates) the Goddard Research Cen­
ter gets Na vs at research respon­
sibility; "While the men at Goddard 
are good, they don't have the four 
to five years' experience with Nav­
sat problem analysis we do. And 
like everyone else, I'm not too opti­
mistic about finding slots down 
there for me and my men." 

If NASA hadn't closed ERC, the 
L~band back-up satellite might 
have been the center's first hard­
ware-oriented major project. Now, 
in the confusion, a decision on the 
proposed satellite is sure to be de­
layed. And the deployment of an 
operational North Atlantic Navsat 
System will also be postponed>-­
some say by as much as three to 
five years, or even into the 1980's. 

Also . ... Other programs aren't 
as public as these three, and it is 
felt that they will probably suffer 
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Vital. James C. Elms, ERC director, 
says bioinstrumentation group 
shouldn't be broken up. 

even more. ERC's advanced tech­
nology directorate has long been 
working to boost semiconductor re­
liability in a multitude of programs. 
Over the past four to five years, 
ERC has funded investigations of 
failure mechanisms in discrete and 
integrated semiconductors, investi­
gated diffusion and interconnec­
tion techniques, developed what 
amounts to a Duncan Hines rating 
system for IC production lines, and 
developed with industry's cooper­
ation a visual inspection specifica­
tion for semiconductors. Most 
recently, it has worked hard to 
develop the production controls 
necessary for high yields of large­
scale IC's. 

Many of the contracts in this 
broad area were small, and many 
were brainchildren of individuals 
in the center. Thus, while ERC 
would have gone on to investigate 
computerized testing of LSI and 
similarly advanced areas, it now 
may find most of its reliability work 
at a dead end unless spots can be 
found for key personnel. 

The ibioinstrumentation group 
may be one of the most fragile of 
ERC's components. Like the satel-

lite programs office, it warrants 
special concern because the chief 
loss will be the skilled personnel 
dispersed after the time taken to 
bring them together. 

Center Director James C. Elms 
cites it as an example of what must 
not be lost in the closure of ERC. 
The group expanded upon its char­
ter for development of space med­
ical sensors to develop so-called 
diagnostic chairs, capable of meas­
uring pulse, respiration, blood pres­
sure, and other parameters without 
the patient's knowledge. Blood 
pressure sensors capable of being 
implanted in the bloodstream also 
came out of its labs. But just as 
important, says Elms, is the bridge 
built by the group between the en­
gineering and scientific community 
and the medical profession. Much 
of this involves personal relation­
ships, and so in this case, it would 
be almost impossible to divorce 
people from projects, according to 
Eugene G. Manella, advanced tech­
nology director. Just moving the 
paper work won't save the projects. 

Budget punch ... 

When NASA Administrator Thomas 
Paine Hew to Boston on December 
29 to tell 850 electronics research 
center staffers the center will be 
closed this year, he did more than 
confirm the first published report 
eight days earlier [Electronics, Dec. 
22, 1969, p. 62]. Paine also indi­
rectly acknowledged the clout be­
ing wielded in Washington by 
Budget Bureau Director Robert 
Mayo. And, it's a fiscal fist that iS 
sure to affect 1970 plans of other 
Federal agencies as well. 

Hurting NASA just as much as 
Paine's formal announcement of 
the center's coming shutdown is 
the unannounced fact that there are 
no billets at any of the other space 
agency centers to accommodate 
any of the 850 persons who will 
lose their jobs at Cambridge. 

A high NASA official notes that 
the agency had asked the Budget 
Bureau for at least 300 billets so 
that some of the more important 
program people at ERC could be 

Electronics I January 19, 1970 



transferred to other centers, but 
Mayo refused to budge from his 
position. "Now we'd take almost 
anything," moans the NASA man. 

A few options. However, per­
sonnel at these centers would sim­
ply have to take on a heavier work 
load if the research were to be con­
tinued. ERC people would have to 
move to other agencies, join private 
electronics or aerospace firms, or 
start collecting unemployment in­
surance. However, under Civil 
Service rules, some veteran per­
sonnel may be able to "bump" 
newer NASA employees with less 
seniority. 

... and follow-through 
At least a pair of other centers-the 
Michaud Assembly Facility in New 
Orleans, and the Mississippi Test 
Facility in Bay St. Louis, Miss.­
may be next to receive the ax in 
the continued! slash of NASA's budg­
ets, both the one already approved 
for fiscal year 1970 and the yet-to­
be approved one for the fiscal 1971 
year. 

And because of the cancellation 
of Apollo 20, and the NASA ground 
rule that all lunar orbital experi­
ments must be flown at least twice, 
two new experiments planned for 
Apollo 17 and six for Apollo 19 may 
be placed aboard earlier launches 
or dropped. 

For AAP. The Saturn 5 launch 
vehicle "saved" by NASA from the 
canceled Apollo 20 is now sched­
uled to be used to get the first 
Apollo Applications Program (AAP) 
workshop off the ground in July 
1972. The first space station will 
be moved ahead to 1977 or 1978, 
and a second workshop or the first 
space shuttles will be flown after 
Apollo 19 in 1974 and before the 
space station in 1978. 

"We'll know where we stand af­
ter President Nixon presents the 
budget to Congress and after the 
spring hearings," a spokesman ex­
plains. At present the President is 
expected to request $3.6 billion for 
the agency-the lowest NASA 
Ludget since fiscal 1963. The deci­
sion on whether to advance the first 
shuttle launch or to put up a sec-
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ond workshop may be made at that 
time. 

AAP's workshop program prob­
ably is one of the safest NASA pro­
grams-if any project can be called 
safe in these jittery budget-juggling 
days. If the Administration decides 
that the space station will be part 
of the nation's space efforts, the 
workshop must Hy too. It will con­
tain about 50 experiments to assess, 
experiment with, and increase 
man's capabilities in space for 
longer and longer periods. 

In addition, the capability and 
reliability of experienced manned 
space flight personnel-both at the 
agency and at shuttle contractors 
-must be maintained. 

"We can justify keeping people 
for a year between launches," one 
NASA official explains, "but it will 
be damn tough to justify keeping 
them for two years without a 
launch, and almost impossible for 
three years." 

Semiannual. As now planned, 
future Apollo shots will be spaced 
about six months apart to give 
scientists more time to analyze and 
evaluate returned data. Apollo 16 
and 17 will fly 18 to 20 months 
apart, during which time the three 
workshop missions will be flown. 
However, contractors will be ex­
pected to hold to the original de­
livery schedules, NASA said. 

If a second workshop is okayed, 
it would be launched in late 197 4 
or early 1975 and would have mis­
sions lasting three to four months 
-no longer. While a second work­
shop will be delivered with the first 
by McDonnell Douglas, there is no 
backup launch vehicle authorized 
or planned for construction as yet. 
The launch of one or more flights 
of the space shuttle could take up 
the remaining years before the sta­
tion's estimated lift off in 1978. 

The Coast Guard and the Depart­
ments of Transportation and Hous­
ing and Urban Development have 
been discussing sharing the use of 
the Mississippi facility with NASA. 
The Coast Guard reportedly wants 
to set up headquarters there for its 
ocean data buoy project. Trans­
portation is thinking of using the 
facility to test high-speed trains for 
its urban mass-transit program. 

U.S. Reports 
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Sensitivity training 

SILVER, 
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Slim. Bismuth-on-silver-on-berryllia 
thermocouple has 30 nsec response 
time for measuring fast-pulsed 
infrared laser. 

Thermocouples provide a great 
way to measure infrared radiation 
-they're simple, inexpensive, and 
easy to use. Unfortunately, how­
ever, thermocouples respond slowly 
to the i-r stimulus. The typical re­
sponse time of several milliseconds 
is just too slow to measure a fast­
pulsed i-r laser, so laser researchers 
have had to resort to inconvenient 
cryogenic devices-usually ger­
manium photoconductors cooled to 
77°K-to make their measurements. 

But relief is on the way. Oscar 
L. Gaddy and his coworkers in the 
department of electrical engineer­
ing and nuclear engineering at the 
University of Illinois, reasoning 
that the relatively large mass of 
the conventional thermocouple is 
what causes its sluggish response, 
are building thin-film thermocou­
ples. By vacuum-depositing a thin 
film of bismuth on a thin film of 
silver on a beryllia substrate, the 
Illinois researchers have achieved 
response times of 30 nanoseconds 
with Q-switched carbon dioxide 
lasers. The films are 1,000 ang­
stroms thick and they overlap in 
a 0.6-millirneter-square area of the 
thermocouple. 

Heat's off. Bismuth is used for 
the topmost film because of its 
high absorption of infrared and its 
high thermoelectric coefficient, 
characteristics that contribute to 
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the sensitivity of the device. Silver 
is used for its conductivity, and 
beryllia for its heat-dissipation 
properties. 

The thin-film thermocouple has 
withstood IO-kilowatt peak-power 
laser pulses for several minutes 
without burning out. This corre­
sponds to a repetitive transient­
temperature increase of about 
l ,000°C. The device has ample tol­
erance of high-energy beams, the 
researchers say. 

Oost of the thin-film thermocou­
ple will be no more than a dollar, 
Gaddy predicts. He points out that 
the thermocouple output must be 
preampli.fied before it can be ap­
plied to a measuring instrument; an 
integrated circuit costing $10 to 
$15 is used for this. Regardless of 
this requirement, the thin-film de­
vice is less expensive than cryo­
genic devices, and it's certainly 
easier to use. 

The major difficulty in develop­
ing the device has been sensitivity 
-getting an adequate number of 
output volts per watt of input power 
from the laser. The problem is that 
sensitivity is proportional to the 
film thickness, whereas response 
time is proportional to the square 
of the thickness. Designing for fast 
response necessarily means a trade­
off with sensitivity, the Illinois re­
searcher points out. 

Developing. Gaddy reports that 
sensitivity is now adequate for 
many laboratory measurements. 
Nevertheless, he still calls the de­
vices experimental. The reason is 
that calculations show there's still 
much room for improvement: re­
sponse time could be reduced even 
further, to less than a nanosecond. 
The significance of this prediction 
lies not so much in the response 
time-it's already fast enough-but 
in the possibility it opens for im­
proving sensitivity. According to 
the prediction, sensitivity should be 
100 times what it is now at the 
present 30-nsec response time, and 
the job now is to get it to that 
higher level. 

Meanwhile, other materials 
aren't being neglected. The Illinois 
group is looking at low-conductivity 
glass substrates and at thin metal 
film and bulk semiconductor ther­
moelectric junctions. 

Space electronics 

Lasedwords 

There were some raised eyebrows 
when NASA passed over Hughes, 
General Electric, Sylvania, Honey­
well, and Philco-Ford to award 
Aerojet-General a $5 million con­
tract for a C02 laser communica­
tions system to be placed aboard 
the ATS-F applications technology 
satellite. The explanation, says Al 
Belikow of Aerojet's Electronics 
division, is simple. "Some people 
wondered why we got the contract, 
but we probably have the best and 
most complete optical testing facil­
ities in the world, although they 
have mainly been used for highly 
classified work." The work he refers 
to is the Air Force's spy satellite. 

While the communication sys­
tem will be just one of 18 experi­
ments aboard the sixth ATS when 
it's launched into a 22,000-mile 
synchronous orbit in the spring of 
1972, both NASA and Aerojet are 
hopeful that eventually it will be 
usable for commonplace communi­
cations between points in space as 
well as for satellite-to-ground sys­
tems. 

The feasibility experiments will 
seek to establish communications 
between the Goldstone tracking 
station in Mojave, Calif., and the 
satellite. "The C02 laser was se­
lected because there is a nice 
window in the earth's atmosphere 
at 10.6 microns, and that wave­
length also brings the size of the 
optics down to an acceptable 
level," says Belikow. "It also yields 
savings in weight and space, and 
a reduction in complexity, all of 
which are important in terms of 
erecting an antenna in space." 

Prime coming. The final package 
configuration awaits award of the 
prime ATS-F contract, expected 
shortly, to either Fairchild-Hiller 
or GE, Belikow says. However, its 
size will be about 17 by 15 by 22 
inches, and weight will be 45 to 50 
pounds. Aerojet will produce five 
systems, three for preflight tests , 
one flight model, and a backup. 
The laser subsystem is being sub­
contracted to RCA, and the receiver 
Airborne Instrument Laboratories. 

Thirty watts of input power are 
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used for the f-m system, with a 
transmitter output of 547 milliwatts 
and a maximum signal bandwidth 
of 5 megahertz, adequate for color 
tv. The transmitted beam width is 
14 arc-seconds, half-power, and 
received beam width is 32 arc­
seconds, half-power. The antenna, 
or course pointing mirror looking 
toward earth, is a polished beryllia 
ellipse with a 7-inch minor axis. 
The primary telescope mirror is 
similar, except that it is circular. 
Heterodyning techniques are em­
ployed on the received signal; 
signal-to-noise ratio at the receiver 
is 23 decibels. 

Three C02 laser tubes are used, 
including a transmitter laser 29 
centimeters long with an 8-milli­
meter internal diameter, and a local 
oscillator 16 cm long with an 8-mm 
internal diameter. A backup local 
oscillator provides redundancy if 
the tube fails. It also can act as 
an unmodulated carrier-wave trans­
mitter for other experiments, such 
as testing atmospheric effects on 
the laser beam and far-£eld inten­
sity of the beam. 

A gallium arsenide modulator 
with a crystal length of 5 cm is in 
the transmitter laser cavity. A 
single mercury-cadmium-telluride 
detector measuring 10 by 10 mils 
is used. The detector acts as a 
mixer, beating the local oscillator 
frequency against the received fre­
quency. The detector is cooled to 
100°K or lower with black body­
metal radiators, consisting of 
stacked disks made of a proprietary 
material. The radiators can dis­
sipate a heat load of 27 mw; re­
maining heat is transferred through 
a base-plate heat sink in the pack­
age. A conical shield over the radi­
ators keeps out sunlight. The 
ground station at Goldstone will 
use a liquid nitrogen refrigeration 
system for cooling. 

Broader beam. For signal acquisi­
tion, the receiving station beam is 
widened to 32 arc-seconds and 
scans. To facilitate the search, nine 
designated areas, or squares, of 
space are scanned, in turn, by the 
beam. A computer-controlled search 
is made in each of the nine squares. 
Acquisition time is 100 seconds 
maximum, according to Aerojet. 
Changes in the satellite's attitude 

Mockup. Aerojet General's C02 
laser communication system for 

the ATS-F satellite. Cone 
shields heat radiators from 
direct or indirect sunlight. 

up to 0.2° can be handled by 
image-motion compensation in the 
system. Mean time for critical fail­
ure is estimated at 2,000 hours of 
operation over a two-year orbiting 
period. 

At leas t in the ATS-F law1ch, the 
laser system will use a 30-foot 
S-band microwave antenna on the 
satellite to provide telemetry for 
checking laser operation. Officials 
at Aerojet claim, however, that 
once their system is proven, the 
bulky S-band antenna may no 
longer be necessary. 

Looking ahead to the ATS-G in 
1973, Belikow says a bandwidth 
up to 100 Mhz may be employed. 

Contracts 

Accounting for it 

An amendment to the Defense Pro­
duction Act of 1950, offered by Sen. 
William Proxmire (D., Wis.) and 
which he asserts will save $1 bil­
lion over present accounting meth­
ods, would change the Defense 
Department's armed services pro­
curement regulation (ASPR) to in­
clude uniform cost accounting for 
contracts that amount to over 
$100,000. 

Slated to come before the Senate 
Banking and Currency Committee 
early in the new session, the 
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barrier 
Fast-switching 
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SCA Current 
families Volts (rms) 

TA7395 600 40A 
400 
200 

40555 600 5A 
400 
200 

40216 600 35A 

2N4101 600 5A 
400 
200 

Typical Applications 

modulators/inverters, 
small radars, sonars, 
high frequency inverters, 
pulse modulators 

Sock most SC R's with a 400A/11.s pulse and 
they're destroyed-they can't turn off fast 
enough. Slam the developmental RCA­
TA7395 with the same kind of pulse, and it 
keeps working ... and working ... and work­
ing. (It literally breaches the current bimier!) 
That's because RCA SCR's turn off in 10 µ.s 
and spread forward current faster-so switch­
ing losses are low-and less heat is dissi­
pated internally. 

In addition to fast turn-off times, the TA7395 
and other RCA SCR families have high dv/dt 
characteristics, and may be used at frequen­
cies up to 25 kHz. 

Engineers take notice: RCA SCR's are sub­
jected to the most stringent quality assurance 
tests in the industry. With case temperatures 
held at 120°C, the SCR's are pulsed by 100 
A/ /J.S and 250 VI µ.s (up to rated voltage) 
signals to check turn-on switching losses 
and turn-off times. 

For further details, see your local RCA 
Representative or your RCA Distributor. Or 
write RCA Electronic Components, Com­
mercial Engineering, Section Nl-2/UR5, 
Harrison, N.J. 07029. In Europe: RCA Inter­
national Marketing S.A., 2-4 rue du Li~vre, 
1227 Geneva, Switzerland. 

I 

/ 

/ 



TRYGON 
oowar 
SUDDliBS 
are ... a New 
systems grouping 
providing the utmost in 
flexibility and economy 
OEM Modules; '01 racks; V2 racks; full racks 
-all compatible with ruggedly constructed 
rack adapters for up to 161 VDC and 70 amps. 

• Complete Systems Reliability 
• Unattended Continuous Operation 

TPS 
Super Trypack Series 
Slot range system module 
from $56. 

LVW-LVS 
Liberator Sub-Rack Series 
Slot and wide range modules . 
from $89. 

LQS 
Liberator Sub-Rack Series 
l/4 rack slot range, 
optional metering 
from $135. 

LHS 
Liberator Sub-Rack Series 
1/2 rack slot range, 
optional metering 
from $219. 

..,,, ___ -- ------- .. , ... 
,,,,~~~ .lllTl l••••• ii~~ .i\. ... ~ 

"' 0 ;-. . • • ~ 

f: :::r. . .;J~ • J .. ;... ~'!' Li .. 
• •"' I •. '· • 

- -== -L3R/L5R Liberator Series full rack systems 
power supply from $450. 

Unregulated units available for 
NIXIE and relay applications. 

TRY60N MEANS POWER! 
Write now for complete data and pricing 
of this new systems grouping. 

TrRYGON POWER SUPPLIES 
111 Pleasant Avenue, Roosevelt, New York 11575 
Tel: 516·378·2800 TWX: 510·225·3664 
Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany 
Prices slightly higher in Europe. 
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amendment, if passed, would re· 
quire the General Accounting Of· 
flee to "p~omulgate uniform cost 
accounting standards within 18 
months of enactment of the legis­
lation," says Proxmire. The 1950 
act simply mandated study of fea­
sibility of uniform cost accounting 
standards. 

A report by the GAO on noncom­
petitive contracts over $100,000-
awarded on the basis of contrac­
tors' catalog prices-led to the Prox­
mire amendment. The GAO charges 
that the Pentagon's rules in award­
ing such contracts are too vague, 
and that it generally fails to verify 
contractors' commercial sales data 
used to substantiate a contractor's 
claim of a reasonable catalog price. 

Same rules. In accepting a cata­
log price as the basis for a con­
tract, the Defense Department does 
not require submission of cost or 
pricing data, and doesn't specify 
how much of an item procured 
must be sold in the commercial 
market, only that commercial sales 
be "substantial." The GAO says 
ASPR regulations should be more in 
line with the Renegotiation Board's 
requirement of 55% commercial 
sales of an item before it can be 
defined as a "standard commercial 
item," or as one the Renegotiation 
Board feels can be accepted for a 
contract on the basis of catalog 
price. A single set of rules is 
needed, says the GAO. 

In examining the noncompetitive 
awards, which are made on a firm, 
fixed-price basis, and about a third 
of which are for electronic equip­
ment, the GAO finds that many of 
them "should not have been ac­
cepted on a catalog-priced basis,'' 
since contractors' commercial sales 
data in most cases was either not 
obtained or not verified by the Pen­
tagon. In some instances, subcon­
tractors selling items to prime gov­
ernment contractors record these 
sales as commercial. 

The GAO also found instances 
where a company sells an item to 
a commercial customer "at a lower 
price than that paid by the Govern­
ment on purchases of greater quan­
tities." 

To iron out these discrepancies 
in noncompetitive contracts, the 

GAO suggests that Congress change 
ASPR to require contractors and 
subcontractors to use a standard 
form in claiming exemption from 
the requirement of submitting cost 
or pricing data. It's likely that this 
recommendation led Proxmire to 
seek uniform accounting on a 
grander scale. The GAO would fur­
ther require contractors to open 
their books for verification of claims 
by the Defense Department. Up 
until now, contractors have resisted 
this request. A leader of the resis­
tance before he !became Deputy 
Secretary of Defense was David 
Packard, who took the Hewlett­
Packard Co.'s case right to the top 
of the Federal court system-and 
lost. 

Communications 

Sticky business 

.Launch time for two orbiting 
Mariner Mars 1971 spacecraft still 
is more than a year away, but Jet 
Propulsion Laboratory engineers 
already have a sticky problem on 
their hands. Dan Schneiderman, 
Mariner '71 project manager, says 
his group is trying to prevent mag­
netic tape in the on-board reel-to­
reel recorder from sticking to the 
playback heads and stalling the 
motor. "We don't know yet how it 
can be corrected," he says, "but a 
similar problem has been encoun­
tered in the Nimbus weather satel­
lites." 

[Harry Press, manager of the 
Nimbus project at Goddard Space 
Flight Center, says that the prob­
lem is a classic one. To get around 
it on Nimbus 3, which went up 
last April, considerable testing was 
involved. Also, the tape and the 
heads were matched carefully. But 
on Nimbus 2, all the tapes were 
lost six months after launch.] 

Apart from such mundane diffi­
culties as sticky tapes, Schneider­
man says operation of the two craft 
in orbit around Mars for 90 days 
"will be hellishly complicated" be­
cause of the vast quantity of data 
to be returned and the time lag 
between Mars and Earth. 

However, most of the scien-
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Band-Pass Filters 

PARAMETER RANGE 
Center Frequency .. .. ...... .. ...... ........ ...... 10 Khz-75 Mhz 
Bandwidth .. .. .... .. .. .... .... .. .. ............ .... 01 %-3% of C.F. 
Phase Linear i ty ... .................................... ......... <±5% 
Transient Overshoot .... .... .............. .. .. .. .. .. ........ > 40 db 
Shape Factor .. .............. ............ .. .... .. ............ .... < l.25:1 
Differential Phase Sh ift .. ........ .. .. .... .. .............. .. .. <±2' 
Group Delay Uniformity ........ .... .. ...... ................ < ±5% 

Band-Reject Filters 

PARAMETER 

Whether your signal shaping need is a 
sharp rejection notch, a band-pass or 
a single side-band filter - call Damon. 

Choose from dozens of computer­
assisted standard designs including 

Butterworth, Chebyshev, Gaussian or 
Bessel. Or let Damon create a custom 

filter to your specs. Either way, you're sure 
of the exact crystal filter you need. A produc­

tion run or a prototype, Damon meets your sched­
ule. Try us. Damon / Electronics Division, 
115 Fourth Ave., Needham, Mass. 02194. 

RANGE 

Phone: (617) 449-0800. 

Single Side-Band Filters 

PARAMETER RANGE 
Center Frequency .......... .. .. .... ........... 10 Khz-35 Mhz Center Frequency .... .. .. .... .. .. .... ........ .. 10 Khz-35 Mhz 
Reject Bandwidth .................... 01 % to .5% of C.F. Pass Bandwidth .. .. .... .... .... .... .. . . 01 % to 2% of C.F. 
Pass Bandwidth .......... .... ...... .. .... Up to 100% of C.F. Carrier Rejection .... .. .. ........ .............. .. ........ .. > 40 db 
Shape Factor .... .. .... .. .............. .. .......... ...... ...... < l .8:1 Shape Factor Carrier Side ........ .................. .. < l.15:1 
Notch Rejection .. .. .............. .. .... .... .. ...... ...... .. > 80 db Shape Factor Side·Band Side .... ........ .. .......... < 1.25:1 
Insertion Loss ........ .................. .. .. .. ............. .<0.5 db Insertion Loss ........ .. .... .. .......... ...... ............ ........ < 3 db 
Ripple .... ... .... ..... ... ............. .. .. .... .. .. .. ... ......... < 0.25 db Ripple ............... ............. ...... .. ................ ... ......... < l db 

cb>DAMON 
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tific instruments, including wide­
and narrow-angle television cam­
eras, infrared radiometers , and 
ultraviolet spectrometers, will be 
basically the same as those proven 
in Mariner '69. One exceptioh: the· 
infrared spectrometer, which has 
been replaced with an infrared in­
terferometer using a pyroelectric 
detector, and operating in the 6-
to 22-micron spectral range. The 
interferometer is a modified ver­
sion of one developed for the God­
dard Space Flight Center and used 
on Nimbus. 

Schneiderman says the change 
was made to obtain a higher-reso­
lution spectrum and because cryo­
genic cooling of the detector, nec­
essary witl1 the previous i-r spec­
h·ometer, isn't feasible for the 
longer Mariner '71 mission. Some 
data was lost during the 1969 mis­
sion when a failure in the cryo­
genic cooling system caused the 
loss of one channel in the i-r spec­
trometer. 

Faster shutter. Optics in the 
narrow- and wide-angle television 
cameras will be the same as in 
Mariner '69, but faster-down to 3 
milliseconds-shutter speeds will 
be used in both cameras, and the 
wide-angle unit will have a com­
mandable filter wheel, permitting 
random selection of red, green, or 
blue filters. In the earlier mission, 
the filter wheel was sequenced au­
tomatically. 

Another change is in the data 
stream, wl1ich will be totally digi­
tal. In Mariner '69, the most sig­
nificant bits were digitally re­
corded and transmitted: the least 
significant were sent in analog 
form. 

"Going all-digital will increase 
our ability to reduce the pictures 
because we won't have to match 
the digital and analog data streams , 
and it will result in a cleaner sys­
tem with less noise," says Schnei­
derman. And the reel-to-reel con­
figuration contrasts with Mariner 
'69's lubricated, continuous-loop 
tape. Since the tape deck will be 
in constant use during the mis­
sion, Scheiderman explains, "we 
want to avoid the crud that ac­
cumulates on the heads over a 
period of time when a loop with 
lubricated tape is used." 

Another innovation wilt be all­
digital data storage and handling 
in the spacecraft. In Mariner '69, 
two tape recorders were used; a 
digital recorder for scientific data 
nlus the most significant video in­
formation, and an analog recorder 
for the remainder of the video data. 
Mariner '71 requires only one ma­
chine. 

Data rates will be variable 
down to 1.012 kilobits per second. 
The variable rate is necessary be­
cause of the constantly changihg 
communications link characteris­
tics caused by the spacecraft's or­
bit, Schneiderman says. Data rates 
below 2 kilobits per second will 
be handled by 85-foot antennas in 
the ground station network at 
Goldstone. 

The project manager says the 
line arrangement in the video sys­
tem has been changed from the 
704 lines by 945 elements per line 
used in 1969 to 700 lines with 832 
elements per line. Each element, or 
spot, is converted to a 9-bit word, 
compared to 8 bits in last year's 
mission. 

"The systems will provide an ac­
curacy of one part in 512, and give 
more resolution in terms of light 
intensity than we had in 1969," he 
says. "We are seeking albedo 
rbrighrness] information rather 
than object discrimination in this 
tnission." he adds. During 90 days 
in orbit, the two Mariner '71 space­
craft are expected to send back 
7,400 pictures, compared with 
about 200 relayed to earth by 
Mariner '69. 

Memory in the spacecraft's com­
puter/processor has been increased 
to 512 words with 22 bits per word 
to provide more command and se­
quencing flexibility than was pos­
sible with Mariner '69's 128-word 
memory. 

For the record 

Deflation. Monsanto, which is 
set to introduce a new type of solid 
state readout, has cut prices on its 
MAN-I solid state numerics by 
more than 60%. This, says the 
company, makes them more com­
petitive with Burroughs' Nixie 
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When you can't afford a "wrong number" ... 

bring ERIE in early. 
Where are they? How are they? What do they see ... 
and say? NASA and the world want to know. And, the 
only way to find out is over the special Motorola S-band 
equipment on both the Command and Lunar Modules. 
Once the Apollo Astronauts are over 30,000 miles 
out, it's their only communications link with Earth. 
It simply can't fail. That's why Motorola called 
on ERIE TECHNOLOGICAL to develop the EMI filters 
and Monobloc capacitors that would help this 
equipment perform flawlessly on every Apollo 
mission since Motorola has been involved. 
Proof, once again, that it pays to bring ERIE in early. 

Symbolic representation of the TV, voice, 
ranging data and biomedical telemetry signals 
from the moon. Photograph courtesy of NASA. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
644 West 12th Street, Erie, Pennsylvania 16512 
(814) 456-8592 
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THAT'S OUR BAG. 
The Post Office is on $8-billion-a-yeor business. And we're in it. Working with 

specialists from the Deportment, we' re designing a prototype post office 
from the ground up. How come they asked us? Because we've done some 
unusual things in computer analytical techniques and dynamic modeling. 

The postal people aren't looking for the tried and true, and we don't intend to 
give it to them. So it's fresh ideas, bright ideas, that count. The kind that carry 
the moil speedily through snow, and ra in, and sleet, and hail, and gloom . . . 

Mortin Marietta Aerospace Group. Headquarters: 
Friendship International Airport, Maryland. 

MARTIN MARIETTA 
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tubes. The price of Monsanto's 
seven-segment readout has been 
trimmed to $11 in quantities of 
1,000, from $25. A comparable 
Nixie costs $4. The new Monsanto 
type will be made monolithically, 
so the diodes can be deposited on 
the substrate during processing, 
instead of being bonded manually. 
The saving in time and labor could 
bring Monsanto's price down to 
that of Burroughs. 

Thud. A super-secret effort to 
combine biochemistry and elec­
tronics in an automated blood­
analysis instrument has been 
dropped by the Medical Diagnostic 
operation of the Xerox Corp., leav­
ing about 300 persons jobless. The 
move may portend discontinuation 
of the MDO as a separate Xerox 
entity, although the work on "xer­
oradiography" continnes. Xeroradi­
ography produces an X-ray-like im­
age for medical analysis, and has 
been used initially to detect breast 
cancer in women. An MDO spokes­
man says cancellation of the blood­
analysis instrumentation project 
does not mean the xeroradiography 
effort will lbe deemphasized; in 
fact, the aim is to get experimental 
units into the field for clinical 
tests "in the next few months," 
said the spokesman. 

Loser's spoils. North American 
Rockwell Corp.'s Aerospace and 
Systems group has been down­
graded and its top management 
reshufHed after the company lost 
out in the Air Force F-i5 fighter 
production contract competition. 
The group has been redesignated 
the aerospace and systems office. 
John R. Moore, who had been the 
group's president, is now a corpo­
rate vice president assigned to the 
general offices staff. 

Migration. Charles Stark Draper, 
the U.S. father of inertial naviga­
tion, has a new post: president of 
the newly established research cen­
ter bearing his name at the Florida 
Institute of Technology at Mel­
bourne. Draper will continue as 
vice director of MIT's instrumenta­
tion Laboratory, now renamed the 
Draper Laboratory. 
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The Family Portrait 

REDCOR Closed Loop Analog Modules 

The REDCOR Module line has "guaranteed performance" for easy 
use by the syslem and instrument designer. The nine modules shown 
above are only part of the growing family. Meet some of the relatives: 

• BUF-FET Amplifier/770-406 
• Dynamic Bridge Instrumentation Amplifier/770-440 
• 1MV High Speed Comparator/770-724 
• 0.1 % Sample and Hold/770-708 
• 0.01% Sample and Hold/770-715 
• 10 Chanhel Multiplexer/770-730 
• 12-Blt Digital to Analog Converter/770-712 
• REDIREF@ ± 10V Reference Supply/770-501 
• 12-Bit Analog to Digital Converter/770-750 

The relatives can be combined in a variety of ways to solve your 
individual analog problem. They are all compatible, to each other, 
and the "outside world." If you would like to learn more about the 
members of our family, write or call: 

m REDCOR m CORPORATION 

Complete Systems Capability I 7800 Deering Avenue, P.O. Box 1031 , 
Canoga Park, California 91304-(21.3) 348-5892 
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Cinch originated 
111/ these back 
plane connector 
features? 

You deserve a pat 
on the back! 

Were you really 
first to use a 
monoblock 
insulator? 

First with 
removable bus 
bars and contacts? 

OK wise guy, 
take out this one. 

You keep telling 
engineers they'll 
need less gold 
with Cinch 
selective plating . 

You can apply a 
separate voltage 
or ground to any 
contact in the 
assembly? And 
easily remove 
them too? 

Cinch used special 
coordinate testing 
to maintain .01 O" 
contact radius 
tolerance over the 
entire panel. 

OK, I'm convinced! Cinch is the place 
to go for innovations in back plane 
connector designs! 
But will you make me famous? 

Cinch pioneered the back plane assembly features 
that have become industry standards. More im­
portant, we will apply the same creative engineer­
ing to your connector requirements. For further 
information on Cinch back plane connectors-or 
any connector problem contact your nearest Cinch 
Electronics Group sales office or Cinch Manufac­
turing Company, 1501 Morse Avenue, Elk Grove 
Village, Illinois 60007. 

I CINCH I -------A DIVISION O F TRW INC . 

GROUP. DIVISIONS OF TRW INC.; CINCH MANUFACTURING, CINCH -GRAPHIK, CINCH-MONADNOCK ANO CINCH-NULINE 
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The little things set them apart. 

Things like superior electrical 
properties. Better environmental 

properties, too . 

Things like variety. Tape-wrap , 

epoxy or hermetically sealed . 
Axial or radial leads. Voltages 

from 50 volts to 600 volts. Values 
from .001 mfd . to 10.0 mfd. And 

Electronics I January 19, 1970 

tolerances to 1 %. 

And not so little things like un­

equalled experience in metallized 

mylar "' . And the technical know­

how to meet special requirements. 
They all add up to a big difference! 

Contact any TRW distributor , 

or TRW Capacitors , Box 1000 

Ogallala , Nebraska. Phone (308) 
284-3611 . TWX 910-620-0321. 
TRW Capac itors is a Divis ion of 
TR w IN c. ' DU PONT REGISTERED TRADEMARK 

TRW 
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If your product has to be cleaned 
completel1 safely, efficiently, 
you should be using 
FREON® cleaning agents. 
Here's why ••• 
1 Low boiling point (under 120° F) for low-temperature vapor degreas­

e ing. Eliminates cooling time for post-cleaning processes ... no damage 
to heat-sensitive parts. Minimal heat passed into work environment. 

2 High density combined with low surface tension evacuates soil from 
• pores, crevices and cracks-floats away contaminants. 

3 Clean without damage. Compatible with widely used materials of con­
• struction. Clean completed assemblies instead of individual parts. 

4 Chemically pure and stable. No acid acceptance and scratch tests 
• necessary. No inhibitors needed. Parts dry residue-free. 

5 Safe to people, as well as to material-nonflammable, nonexplosive, 
• low order of toxicity. 

6. Lower overall cleaning costs possible. FREON solvents are recover­
able for reuse indefinitely. Very low power requirements in vapor 
degreasing because of a low heat of vaporization. Better cleaning re­
sults in fewer production rejects. 

Du Pont FREON cleaning agents have been used to solve critical cleaning prob­
lems in the electronics and aerospace industries for many years. If you have a 
critical cleaning problem, or are looking for a better cleaning system, write 
today to Du Pont Company, Room 8703, Wilmington, Delaware 19898. 

~FREON® 
•H . u.s. ,AT.otr. SOLVENTS 
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ora 
choice cut 

This new, computer-controlled Astrodata Data 
Acquisition and Control system is a low-cost, 
expandable unit based on over ten years of Astro­
data experience in data systems. A basic ADAC 
system will accept up to 10 low-level signals 
[expandable to 500), amplify, filter, condition, mul­
tiplex, convert, compute, control and record them, 
for less than $30,000. 
What's also convenient about the ADAC concept 
is that you buy only as much system as you need 
now, with low-cost plug-in expandability for 
future functions. Or perhaps your requirements are 
for ADAC components only. Look at the selection: 

1. 

2. 

~-, 

c 5. J ,_; 

ASTRODATA 

ASTRODATA INC., 240 E. Palal8 Rd., Anaheim, C.llf. 92803; (714) 772-1000 

t. "Front-end" Equipment 
Astrodata 889 Low­
leve l amplifiers; 
wide band, differen­
tial, high gain and 
compact. Astrodata 
889-900 Filters, low 
pass 3-pole devices 
with SdB cutoff 

points at 9 frequenci plus wide band. 
Astrodata 889-600 Signal Conditioners which in· 
clude isolated power supplies and bridge com­
pletion networks for transducer excitation and 
signal conditioning. 
2. Low-Level Multiplexing 

With the ADAC. 
you have a 
choice of Astro­
data's Model 960 
Low-Level Mui· 
tiplexer which 
can accept 10 to 
100 inputs (using 
10-channel 

cards), has 5 gain ranges from ±5 to ±100 mv, 
with speeds up to 10 kHz, OR Astrodata's new 
Model 990 featuring wider dynamic range and 
speeds to 40 kHz. Either can be provided with 
programmable offset voltage. 
3. Analog to Digital Conversion 

The ADC in this 
system Is an 
ASTROVERTER 
data converter-­
and does it per­
form I Through­
put rate is 100 
kHz with an 
accuracy of 

± 0.06% full scale ± t/2 least significant digit. 
Output is eleven binary bits plus sign. But the 
ASTROVERTER is much more than an ADC. By 
merely replacing a few cards, the ASTROVER· 
TER becomes a DAC, or a 128-channel high-speed 
multiplexer, or a slmultanous sample-and-hold 
device. It can also be used as the total interface 
betwen analog and digital signals. Its great flexi­
bility, high speed (5 µsec digitizing) and low cost 
provide a panacea for the system designer. 
4. Computation 

The selection of a 
computer allows 
the ADAC system 
to be fitted more 
precisely to the ap­
plication. By having 
more than 40 com­
puting devices from 

which to select, Astrodata engineers can supply 
exactly what's required, allowing for future ex­
pansion, and reducing overall system coat. If you 
already have a computer at your installation, IO 
much the better, interfacing is our middle name. 
5. Software 
With a staff of nearly 100, Astrodata's software 
group can develop any, yea any, type of pro­
gram your application may require, from simple 
data acquisition to a highly involved control 
complex. 

That's ADAC - its parts and its entity, all 
products of Astrodata, its people and its 
resources. Call us now if you want more data, 
write for the ADAC brochure, or request 
information on specific system components. 
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15 nano-second 
memory. .. 

there's a lot behind it 
For one year we have been quietly mobilizing the industry's most capable semiconductor 
memory team. Personnel from all disciplines to design, assemble, test and volume produce 
the fastest, most reliable memory systems. 

Here are the results: 

1. Our memories are the world's fastest 
-15 nsec. access and 10 nsec. cycle 
times. 

2. Our designs are pre-evaluated and 
optimized by computer simulation. 

3. Our chips are individually packaged 
in proven, low-cost, ceramic Dual-Tn­
Line packages and mounted on standard 
P IC cards. 

4. Our cards are fully functional and 
incorporate our own logic support cir­
cuits to enhance system performance 
and minimize overhead circuit require­
ments. 
5. Our quality is verified every step of 
the way by computerized testing that 
performs up to 5000 tests I sec. on the 
chip, the packaged devices, and the 
modular assemblies. 
6. We are now in production. 

We design our memories to be modularly expandable and we supply them in ECL and TTL 
compatible configurations. Our products reflect total capability ... The kind of capability that 
puts a lot behind us, including the competition. 

Our first series of modular cards is now available. To order: 

32 x 8 
32 x 9 

Price: (I to 9) ECL Compatible TTL Compatible* 
$768.00 AMS 0328E AMS 0328T 
$845 .00 AMS 0329E AMS 0329T 

*Delivery on TTL-one month. 

ADVANCED MEMORY SYSTEMS, INC., 1276 HAMMERWOOD AVENUE, SUNNYVALE, CALIFORNIA 94086, TEL. (408) 734-4330 
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Dipped Mica by the Millions! 
The greatest selection of Dipped Mica Capacitors 

available-from the exclusive CD6 (the smallest dipped mica in 
existence) through the entire range of standard mica ratings. 

J __ 
7 

P.!l!P-I CORNELL­
From the inventor of the Mica Capacitor. lilflil DUBILIER 



CRT Tubes-buy the components and build the display system you need. CRT Terminals-buy the full-scale system and get more than you need. 

Minimum Maximum 
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APPLIED DIGITAL DATA SYSTEMS INC 

New CRT Readout-buy exactly what you need and pay less to get it. 

Optimum 
Announcing the MRD-200-a new, low-cost way to 
display alphanumeric data using TV monitors. 
Now there 's a practical way to read out alphanumeric 
data from computers , keyboards, magnetic tapes 
or any other sequential source. 

The MRD-200 accepts ASCII data, stores it in its own 
memory, converts it to a composite video signal 
and displays it on any 525-line TV monitor. In from 32 

to 1024 character 
positions in 1, 2, 4, 8, 
or 16 lines with either 

32 or 64 characters per 
line. Data may be 

displayed on any number of monitors at any number 
of locations with just a single coaxial cable. 

Cost for an MRD-200, not including monitors, starts 
at $1250. 

Control features let you advance to any line or 
character position, blink any character or combination 
of characters on and off, use a cursor symbol for 
tracking the location of the next character, and erase 
all or part of the screen . 

The MRD is also available in other configurations. 
The MRD-500, for example, can read as well as write, 
and has random access capability. Thus, 
it's ideal for custom-designed display systems. 
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So if you have an alphanumeric display problem in 
process control , test equipment, data acquisition, 
computer consoles or data transcriber displays, 
you no longer have to go to extremes. 

Now there's a happy medium. 

From the company that spe­
cializes in innovative data 
communications systems. 

ADDS 
Applied Digital Data Systems, Inc. 

~-------------------------. 

Mr. Richard Kaufman, Dept. 18 
Applied Digital Data Systems, Inc. 
89 Marcus Boulevard 
Hauppauge, New York 11787 

Please send more information about the MRD-200. 

Title _ _ _ ____________ _ 

Company _ _____ ___ _ ___ ~ 

Address _______________ _ 

City _______ ________ _ 

State Zip ___ _ 

L---------~---------------~ 
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"The Clevite electrostatic printer 
increases our printout 

capability · 
anywhere from eight to 

two hundred times.•• 
That's how Mr. Stanley Y. Curry, 

President of Chi Corporation sums up 
their experience with the Clevite 

4800 hardcopy printer. 
A Cleveland-based computer 

service firm founded by Case Western 
Reserve University, Chi wanted a fast, 

versatile printer to complement its third 
generation Univac 1108. Chi uses its 

Clevite 4800 printer to perform a wide 
variety of highly sophisticated scientific 
and engineering computations, for both 

the university and over 100 customers 
currently using the firm 's many services. 

Here are some more 
of Mr. Curry's observations ... 

"We use the Clevite 4800 in 
three principle areas . . . text editing; 
intermixing text and pictures; circuit 

diagrams, plotting and perspective 
drawings. Currently, we're experimenting 
with applying it to our billing procedures 
and are exploring its use for high-speed 

label printing. It looks as if the printer 
is useful for just about any output. 

"Take text, for example. The 
4800 is ideal because of the speed with 

which it provides copies. Change, 
delete, add, then program the computer 

accordingly. Almost instantly the 
electrostatic printer provides a clean 

copy of the edited material. 
"Our experience with core 

dump has been quite impressive. Here 
is an area where the printer 's diagnostic 

ability really comes to play. Our 
computer stores some four million binary 
bits of information, and core dumping 
used to take around twenty minutes. 
With the Clevite Printer, we're now 
completing a core dump in just two 
minutes," Mr. Curry concludes. 
MORE FACTS ON THE CLEVITE 4800 
Clevite 4800 reproduces signals 
from any source of digital input or data 
transmission by telemetry, radio 
microwave, and/or land line. It produces 
accurate printouts of both alphanumerics 
and graphics almost as fast as the 
computer supplies them. 
A productivity rate of 412,000 
characters per minute means fast-acting 
computers are no longer hampered by 
mechanical equipment, noisely hammering 
out a few hundred lines per minute. 
No other printer gets as much 
out of your computer as fast as Clevite 
4800. And no other printer is so 
economical. The Clevite 4800 reduces 
capital investment, because conventional 
equipment costs more per unit. Also, there 
are few moving parts, reducing the need 
for constant maintenance and servicing. 
Clevite 4800. It's faster, more 
versatile, quieter, and more dependable 
than anything else you can buy. 
Drop us a line to find out how it fits 
into your computer room. Graphics 
Division, Gould Inc., 3631 
Perkins Ave. , Cleveland, Ohio 44114. 

GOULOCLEVITE 

Clevite 4800. The next generation of high-speed printers. 
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HELIAX 
ELLIPTICAL 
WAVEGUIDE 

twelve 
ways 
to 
beat 
the 
clock ... 
by eliminating planning and installation 
complications of rigid waveguide ... 

Yes, we have twelve sizes of 

HELIAX® elliptical waveguide for the 

microwave spectrum: 10 in stock, 2 more 

soon. Coverage from 1.7 to 15.2 GHz. 

Andrew's unique corrugated con ­

struction makes the difference . 
.--......... 

---~·Makes HE LIAX copper 

waveguide stronger, 

more flexible. Long 

continuous lengths 

are easily fitted to your layout. You save time 

and money all down the line. Wouldn't you like 

to know more? Communicate with Andrew. 
10·68 , .... 

.-JIS ANDREW 

CONTACT THE NEAREST ANDREW OFFICE OR ANDREW CORPORATION, 10500 W. 153rd Sl'REET, ORLAND PARK, ILLINOIS 60462 
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Singapore lands 
GE assembly plant 

British tv makers 
underestimated surge 
in color-set sales 

Siemens to expand 

computer activity 
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General Electric is about to take the first step in what Singapore 
officials hope will become a major investment program there. The 
company is reported ready to open next month an electronics assembly 
plant employing 300 to 400 workers. First products: modules for GE 
radios, using both U.S. and Japanese components. All of the modules 
are expected to be shipped back to the U.S. 

GE began gearing up for its Singapore operations few months ago 
when a subsidiary, General Electric (USA) Consumer Electronics (Pri­
vate) Ltd., was registered, and a factory was rented from the govern­
ment. Local sources expect GE to rent another plant by the end of 
the year for manufacturing small electric motors for applicances. 

Other investments may be in the works, too, judging by the number of 
company executives visiting Singapore in recent months. One possibility 
hinges on Singapore's hopes to establish an aerospace industry on the 
site of the Royal Air Force bases, which will be turned over to the 
local government in December 1971. Lockheed already is planning a 
maintenance and repair depot, and the bases may become an important 
center for avionics and other military electronic activities. 

Demand for color television in Britain is outpacing all expectations. 
When color broadcasts were extended from 35 to 100 hours per week 
in November, everybody expected sales to take off, but not nearly as 
fast as they have. Color set sales, which averaged only 7,500 monthly 
from January to August last year, leaped to 17,000 in September and 
averaged nearly 26,000 monthly during the last quarter of 1969. Cur­
rent production capacity is likely to keep deliveries at this level through 
the next few months; waiting time for popular sets averages three 
months. 

The boom is causing many makers to revise their plans upward. Thom 
Colour Tubes Ltd., which splits the color tube market with Mullard 
Ltd., will build a new plant, doubling present capacity to 300,000 tubes 
a year. Thorn is owned by Thorn Electrical Industries, a major British 
tv set maker, and RCA. The new plant, costing $25 million and incor­
porating RCA's latest production-line techniques, follows closely Thom's 
plans for a third receiver assembly plant, devoted exclusively to color 
sets, which the company decided to build in December-after the boom 
began. 

Siemens AG, after a decade of trying, is now West Germany's No. 2 
computer maker-and shows every sign of hanging in as IBM's chief 
competitor in that nation. After several lean years following its 1959 
entry into the computer business, Siemens is chalking up big sales 
both at home and abroad. It has in 10 years installed or received orders 
for about 800 systems worth nearly $410 million. What's more, at 
least one out of every four computer orders placed by first-time users 
in Germany this year will be for a Siemens machine. 

Although much of its success in the last few years is due to a 
five-year-old agreement with RCA-under which Siemens is building 
its 4004 series using Spectra 70 technology-fully 10 of the 16 computers 
Siemens offers are based on in-house development work. In a move to 
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French atomic lab 

develops low-drift 

MOS-bipolar preamp 

British compatible 

pushbutton phones 

start to sell 

Yamaha to make 

Philco-Ford IC's 
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further strengthen its position, Siemens is planning a huge data proc­
essing center on the outskirts of Munich. The installation, which re­
portedly will cost $140 million, will consolidate sales and service, 
research and development, and other related activities in data process­
ing. The center, to be started this summer, initially will employ 8,000 
people and about 15,000 eventually. 

France's Atomic Energy Commission, faced with the need to measure 
currents as weak as 10-14 amps in nuclear reactors, has developed a 
differential MOS preamplifier with a temperature drift of less than 
40 microvolts/°C. Using MOS technology in weak-current measure­
ment presents an impedance problem, which designers solved by com­
bining the IC's seven MOS transistors with two bipolar transistors. 
The circuit thus has an input impedance of more than 1018 ohms and an 
output impedance of 700 ohms. 

More than 400 prototypes have been ordered by various laboratories 
of the 30,000-man organization. Its Grenoble Laboratory will sell proto­
types to all comers at about $25. There are no serial manufacturing 
plans at present, but the laboratory hopes to eventually license pro­
duction to a private company. The circuit also shows promise in ana­
log memories, say its developers, because the high input impedance 
permits charging an input capacitance, which gives analog storage of 
the input charge. 

It's still a year before the British Post Office will decide which way 
to go on pushbutton telephones. It is looking at both integrated cir­
cuit-equipped subassemblies that are functional equivalents of a regular 
telephone dial and at voice-frequency circuits that require changes 
in central office equipment, but offer extra capabilities. 

One company-the Telephone Manufacturing Co.-has decided not to 
wait for the government to make up its mind. Instead it started volume 
production of its pushbutton phone system, gambling that early pro­
duction would give a big jump on the competition and open new markets. 
The gamble has paid off. TMC, a Philips subsidiary, has just landed 
a contract for $380,000 from the Hong Kong Telephone Co., which 
ordered several thousand units. 

TMC's phone uses an integrated circuit as a functional equivalent 
to the conventional circular dial. General Instrument-built MOS chips 
generate 10 or 20 pulses per second. Although that is slow, it means 
the phones are directly compatible with existing switching office gear; 
as far as the switching office can tell, dial and pushbutton phones give 
the same signals. -

Philco-Ford, which lays claim to manufacturing one-third of the IC's 
imported by Japan, is making further inroads into the Japanese market. 
It is reported in Japan that U.S. firm has concluded a $5 million licensing 
deal with the Nippon Gakki Co., better known as Yamaha. In addi­
tion to providing Yamaha with MOS licenses, Philco-Ford is giving 
technical assistance to help the Japanese company set up production. 
Initially, Philco-Ford will supply Yamaha with circuits, which it will 
use in its line of electronic organs. 
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Plated-wire memory tapped 
for Japanese telephone system 
Costs kept down to 2.5 cents per bit by five layers of plating, 

ribbons of plated wires and economical use of peripheral circuits 

An electrically alterable semiper­
manent memory for telephone elec­
tronic switching systems has been 
developed at the Nippon Telegraph 
and Telephone Public Corp. In­
stead of metal punched cards or 
magnetically encoded cards to alter 
infrequently changed information, 
such as subscriber addresses or 
phone numbers, the new memory 
needs only an electric signal. 

Although the unit resembles 
other plated wire memories, the 
company's development team­
headed by Sachinobu Shimizu-had 
to keep costs down to levels com­
petitive with other telephone mem­
ory systems. By using five layers of 
plating on the digit wires, ribbons 
of plated wires, sharing of sense 
amplifiers and limited peripheral 
equipment, a total memory cost of 
2.5 cents per bit is possible even if 
only 20 million bits per year are 
made. Of this, only about 0.3 cents 
is the cost of the actual memory, 
the remainder being the cost of the 
peripheral circuits. Higher volume 
resulting from using the memories 
for other applications might bring 
the total price down to 1.4 cents 
per bit. 

Nippon Telegraph and Tele­
phone will use the new memories 
in the upcoming DEX-21 electronic 
exchanges, which is an improved 
version of the DEX-2 and will be 
the first type to be installed for 
commercial use in Japan. 

Layered. Combination digit and 
sense lines in this memory consist 
of 0.1 millimeter diameter beryl­
lium-copper wires plated with five 
layers of magnetic material. The 
first, third and fifth layers are per­
malloy with a thickness of 2,500 
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angstrom units. The second and 
fourth layers are nickel-cobalt with 
a thickness of 600 angstrom units. 
The low-coercivity permalloy is a 
soft magnetic material, while the 
nickel-cobalt layer is hard. The ef­
fect of a strong magnetic field 
during plating is an easy magnetic 
axis around the wire, and a hard 
magnetic axis along the wire. 

The plated digit lines are at­
tached to the plane perpendicularly 
to the word lines. To facilitate fab­
rication of the planes the digit lines 
are sandwiched between a layer of 
polyester tape and a layer of poly­
ethylene tape and compressed 
under heat to form a laminated 
cable. Each word has 33 bits; but, 
since some spares are required­
there is no way to repair a com­
pleted assembly-each laminated 

ca:ble contains 72 parallel pairs of 
plated wire. There are two cables 
side-lby-side on each plane, so that 
288 bits are under one word line. 

Eight of these planes form one 
module. The laminated cable digit 
lines are continuous for all eight 
planes and greatly simplify fabri­
cation by eliminating interconnec­
tions. In the eight-plane module 
there are a total of 270,000 mem­
ory bits, not counting spares. Four 
of these modules are enclosed in 
one standard telephone rack to give 
a memory capacity of 1,080,000 
bits, or about 33,000 words 33 bits 
long. The remainder of the rack is 
taken up by peripheral and power 
supply circuits. 

Although a telephone exchange 
might have a number of these mem­
ory racks, a single rack for writing 

Beribboned. Plated wires laminated in plastic run across five-turn word lines. 
When several planes are clamped together, ribbon is held rigidly between 
planes, keeping magnetostrictive effects low. Loops of ribbon linking different 
planes serve as simple interconnection wires. 
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would be sufficient because writing 
is needed only intermittently, and 
thus circuits could be shared. Writ­
ing is one word at a time; but, if 
necessary, all million bits in a rack 
can be rewritten in less than four 
seconds, one word at a time. Al­
though contents of this memory are 
sensitive to electrical changes, tests 
show that stored information can 
be read more than 1011 times with­
out deterioration. Life tests of the 
memory planes show that at 40°C 
expected physical life of memory 
plane components is 100 years. 

Makes sense. Readout cycle time 
of the memory is 1.4 microseconds. 
Access time is just 0.7 microsec­
onds. During readout a 270-milli­
ampere current with a rise time of 
160 nanoseconds is impressed on 
the selected word line. To reduce 
the word drive current to this con­
venient value, a five-tum word line 
is used. A one-turn ribbon word 
line with drive current in excess of 
1 ampere has also been tested, but 
makes for more expensive periph­
eral circuits. The word drive cur­
rent induces a voltage of about 11 
millivolts into the digit lines. This 
is more than is needed, and it is 
possible to simplify the memory 
by sacrificing some of this voltage. 

Rather than providing sense am-

plifiers for each of the four memory 
modules, only 33 sense amplifiers 
are provided in each rack. Digit 
lines on two modules are connected 
together in pairs. Selection :between 
words in a given pair is by word 
drive, and the desired pair is con­
nected to sense amplifiers by low­
level selectors. When two modules 
are paired, half the output voltage 
is wasted in the unselected module 
in parallel with the selected one. 
Thus, the available output voltage 
is only 5.5 millivolts. Tests have 
shown that even for worst-case 
variations in current during writing 
and reading, operation at tempera­
ture extremes, worst-case strobe 
timing for sense amplifiers, and de­
gradation from 20 years' use, the 
output voltage for even the poorest 
crosspoints will exceed 2 millivolts. 

Great Britain 

Camp followers 

As more and more devices are 
squeezed on to an integrated cir­
cuit chip, more and more holes 
have to be cut in the master masks. 
The holes are basically simple 
shapes and sometimes a high pro-

By the quartz. The crystal controlled w11istwa1'ch movement deve}oped 
by Japan's Suwa Seikosha Co. [El,ectronics, Jan. 5, p. 70] packs a host 
of components into a 30"millimeter diameter package, almost the same 
size as the conventional mechanical movement. Photos above show the 
front and hack of the movement as if rotated about its top-to~bottom 
axis. The tube at !'he top of the left photo .contains the quartz crystal, 
which oscillates in a bending mode at 8,192 hertz. Dark block at 
lower left holds the hybrid dividing and waveshaping circuits feeding 
the miniature stepping motor (center), which shifts 60° once per second. 
Segment at top of right photo holds the oscillator circuits. Just ibelow 
is the coil of the stepping motor. Round silver cell powers watch. 
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portion are repeated many times, 
but cutting has to be done very 
precisely. A minor error in one of 
the later holes can write off a 
week's work. 

Consequently, most mask cutting 
is now done with tape-controlled 
cutters, which eliminate human 
error from the cutting if not from 
preparation of the tape. What's 
more, computer operation is a lot 
quicker so devices get to the cus­
tomer faster. 

To get faster ·tum-around, three 
British-owned IC makers-Marconi­
Elliott Microelectronics Ltd., Ples­
sey Co., and Ferranti Ltd.-are us­
ing computer methods to make the 
cutting tape itself. 

Though each has its own particu­
lar techniques, all use a language 
and compiler program developed at 
the Royal Radar Establishment for 
digitizing mask dimensions and 
processing them in a computer to 
produce a tape that can be fed 
straight into a cutter. RRE's system 
is known as CAMP, for computer­
aided mask production. It's been 
two years in development, was first 
tried out a year ago, and is now 
pretty well bug-free, says John 
Wood, its main developer. 

Four points. CAMP exploits four 
redundancy characteristics of mask 
patterns. First, all hole shapes are 
really straight lines and circles, 
which can be easily defined. Sec­
ond, most holes have sl;des parallel 
to the x and y axes. Third, many 
masks, particularly MOS, have hole 
patterns repeated many times, 
sometimes with the same perspec­
tive, sometimes rotated or reflected. 
These shapes need be detailed only 
once, after which they can be 
called up by giving them a name, 
and adding a repeat, rotate or re­
flect instruction. Fourth, whole cir­
cuit sections are often repeated, 
and can be treated as repeated 
shapes. This principle can be ex­
tended, so that commonly repeat­
ing shapes and circuit sections­
such as a standard transistor ge­
ometry-can be stored in a library 
and called up as required. 

When CAMP was first tried out, 
the circuit designer transformed 
his completed multiple mask lay­
out drawing into CAMP language 
manually. That is, he divided his 
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layout into polygons, rectangles, 
circles, and part-circles and noted 
which shapes and groups of shapes 
were identical so that they could 
be partially lumped together in the 
instruction list, and he punched out 
his list in CAMP on a teletypewriter. 

For a polygon he would punch 
in "poly," followed by a number in 
brackets to indicate which mask 
the polygon was on, followed by 
the letter "s" if all sides were 
parallel to the axes, and then the 
absolute coordinates of one corner 
followed by the length of each side 
with or without a minus sign to 
indicate direction. Rectangles, 
which are common, had an abbrevi­
ated code. 

Thereafter, wherever a shape 
was repeated, he had only to punch 
in the identifying letter of the poly­
gon and enter the locating coordi­
nates, with a code indicator for 
any variation, such as "rotate 
through 90°." Similar action han­
dled groups of shapes, and patterns 
held in the library. The tape would 
then be run through the computer 
with the CAMP compiler to produce 
the cutter tape. 

Labor saver. But every coordi­
nate still had to be read off the 
grid paper and punched in by hand, 
so the companies have inserted co­
ordinate digitizers between the lay­
out drawing and the computer. Ac­
cording to Plessey, cutting tape for 
a big mask that might take two 
weeks to prepare without CAMP can 
be prepared in two days. 

In the computer, the tape is read, 
checked for errors, and stored on 
temporary file. When it's required, 
the layout description is trans­
ferred to the core store, the library 
group definitions are read in at the 
proper places and the categorized 
shapes read in fully. The resulting 
data structure is then compiled into 
a list of coordinates of corners, and 
transferred to a disk store. 

Post-processors turn the disk con­
tents into a tape that can be run 
through two types of automatic 
drafting machines, a microfilm plot­
ter and a crt display, so that the 
tape can be checked and modified 
if necessary. The Contraves draft­
ing machine tape used in the sys­
tem is also suitable for automatic 
cutting, because the Contraves cut-
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ter, the one RRE has, is in effect a 
drafting machine modified to take 
a cutting head instead of a pen. 
Plessey, Ferranti, and Marconi-El­
liott use either RRE's cutter or ser­
vice bureau cutters, but all will 
soon have their own. 

Because CAMP is a joint project­
the Philips subsidiary Mullard Ltd. 
and the ITT subsidiary STC Semi­
conductors Ltd. have also con­
tributed to it, though presently they 
don't use it, prefering to develop 
their own systems-nearly all the 
program is written in machine-in­
dependent Algol and is easily trans­
latable from RRE's Elliott computer 
to other computers. RRE has trans­
lations to ICL 1900 and Burroughs 
5500 computers . CAMP will cope 
with up to 23 masks at a time, and 
needs 32-K of memory to cope with 
current complex masks, though 
24-K will do for simpler IC's. 

Argus-eyed 

A Briton in the market for a small, 
cheap computer can now "Buy 
British"-and have a choice. Until 
now, U.S.-owned companies have 
had a vir_tual monopoly of the Brit­
ish market for computers costing, 
say, $5,000 dollars with lK of mem­
ory or $10,000 with 4K. Small in­
dependent companies have been 
formed to promote native designs, 
but so far only one of these new­
comers has actually delivered a 
computer [Electronics, Oct. 13, 
1969, p. 205]. 

Now Ferranti Ltd., one of the 
three big British computer makers 
and oldest established in process 
control, has jumped in with a new 
machine, the Argus 600. Using lK 
memory blocks expandable to a 
maximum of BK, it features TTL 
processor logic and an 8-bit word. 
A slim instruction code of 17 func­
tions and restricted arithmetic-9.2 
microseconds add time-and sub­
routine capabilities mean that it's 
essentially a controller and data 
gatherer, not a data processor. 

In its simplest configuration­
processor and lK of store for build­
ing into a larger system-price is 
just over $4,000. With monitor 
panel and teletypewriter drive, it 

Watchful. Aimed at data gathering 
and control, computer starts at $4,000. 

meets the opposition's price-$5,540 
-but has the advantage of big com­
pany backing. 

Sales target. Ferranti is aiming 
mostly at industrial process system 
builders who need an on-line small­
scale controller or a time-sharing 
data gatherer serving a large re­
mote data processing computer. 
Because the company is well-estab­
lished in industrial computer con­
trol, volume production will help 
it supply off-the-shelf units for data 
loggers, sequence controllers, and 
direct digital controllers, replacing 
equipment currently custom built. 
In the data gathering field the com­
pany will be entering new territory, 
but has sold one already-to a bank 
-for time-sharing the telephone 
link between a big central computer 
and branch peripherals, where 
speed is not a prime essential. 

The way Ferranti looks at it, 
the present need is for a small 
machine that can be very simply 
programmed. Hence the limited 
instruction code. This means that 
programing tends to be longwinded 
but it can be done, claims the com­
pany, by a complete novice. "We 
designed the code so that a norm­
ally intelligent graduate engineer 
can sit down with the programing 
instruction manual, and within a 
week start to write his own pro­
grams," says Mike Eyre, design 
engineer with Ferranti's Automa­
tion Systems division. "Basically, 
the code's not unlike a simplified 
PDP-8 code," he says. 

To strike a balance between cost 
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and speed, the company designed 
a machine that could gather data 
with three 1200-bits-per-second 
data lines, or monitor 32 three-term 
control loops once per second. 

Ferranti uses Mullard-built core­
store modules with 4-microsecond 
cycle time, and 14- and 16-lead TTL 
logic packs, MSI where possible. 
All the logic is mounted on a single 
board, which fits the monitor panel, 
controls, interface, and power sup­
plies into a 19-inch rack. The input/ 
output interface logic is DTL for 
compatibility with the company's 
larger Argus computers and estab­
lished peripherals. If only lK of 
memory is used, the module at­
taches to the rear of the frame. 
If more is used, a separate rack is 
required. 

Central America 

Missing link 

Five Central American countries, 
whose only direct communication 
with each other is by telephone, 
will have an all-purpose micro­
wave network in operation by mid-
1971. 

The five countries-Costa Rica, 
Nicaragua, Honduras, El Salvador 
and Guatemala-currently only have 
direct telephone communications 
via vhf. Telegrams, teletype mes­
sages, and other communications 
have to be sent by radio to New 
York, then relayed back to the re­
ceiving country. 

The wide band, 960-channel net­
work will transmit telephone, tele­
graph, teleprinter, tv and computer 
data signals directly, and allow 
direct dialing of telephone num­
bers throughout the zone. 

A contract for $8.5 million was 
recently signed with Japan's Nip­
pon Electric Co. to install 31 re­
peater stations, equipment, build­
ings, and roads. Still to be let is 
a contract for five switching cen­
ters, one for each capital. Bids will 
be asked for sometime in the next 
two months. As in the case of the 
microwave network, the contract 
will probably go to one company 
so as to make the equipment uni­
form throughout the zone. Total 
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cost of the system, including the 
microwave network, will be around 
$15 million. 

The five countries make up the 
Central American Common Mar­
ket, an organization designed to 
stimulate trade and industry 
through free intrazonal trade and 
other measures. The market's Cen­
tral American Bank of Economic 
Integration is financing the com­
munications project. 

The project is being directed by 
the Comisi6n Tecnica Regional de 
Telecomunicaci6nes, a zonal organ­
ization created by a special treaty 
in 1966. Coordinator for the project 
is Antonio F. Canas, an electronics 
engineer and submanager of the 
Instituto Costarricense de Elec­
tricidad, Costa Rica's state-owned 
communications company and elec­
trical utility. 

Net value. All microwave equip­
ment will be solid state and will 
have a I-watt output at 4 gigahertz, 
with an input of 45 watts. Power 
will come from local power lines, 
when available. In the absence of 
powerlines, the mountain-top re­
peaters will be equipped with 
three 8-kilowatt generators one for 
daytime use, one for night and one 
standby unit. 

The generators' a-c output will 
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be rectified to d-c and fed to bat­
teries, which will provide the op­
erating power of 48 volt d c. If 
all three generators fail, the bat­
teries will keep a station operating 
for up to 24 hours so that repairs 
may be made. 

In addition to providing direct 
communications between the five 
countries, the system will also give 
Central America a direct link with 
the U.S. via Mexico's microwave 
network. It will also allow direct 
lines with Europe and South Amer­
ica by Sateilite, through an existing 
ground station in Panama, which 
is not a member of Comtelca. 

Comtelca had planned to build 
its own ground station for satellite 
communications in Honduras, ap­
proximately in the center of the 
zone. However, last summer's war 
between El Salvador and Honduras 
has stopped this project for the 
foreseeable future. The war also 
set back the microwave project a 
few months, as it was originally 
scheduled to go into operation at 
the beginning of 1971. 

"This system should give a big 
boost to our common market," says 
Caiias. "Not only will we offer 
services which are not now avail­
able, but we will be able to lower 
tariffs on existing services." 

NICARAGUA 

Hot line. Directly dialed telephone calls, as well as tv signals and data 
communications, will course down Central American microwave net. 
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The result-microcircuits 

No one offered thick film micro­
circuitry as a serious answer to 
reliability and miniaturization re­
quirements 25 years ago. But 
Centralab got right into the thick 
of it. And it' s diffi cult to catch 
someone with a 25 year head 
start. In numbers alone our lead 
is commanding. We've produced 
more than 500,000,000 units, with 
some 5,000 custom designs. No 
one can approach this production 
record. In material selection our 
experience again gives us a sharp 
edge. Ceramics, metallizing com­
pounds, resistor inks, glaze and 
sealing materials have all been 

specially developed by Centra­
lab 's Material Sciences Group to 
our specifications for durability 
in processing and application. 
The Semiconductor Division is a 
ready source fo r a wide variety of 
chips. We even manufacture our 
own ceramic substrates through 
an exclusive thin sheet process 
that is superior to any other 
method in the industry. And our 
computer-aided analysis service 
provides prompt, practical an­
swers to circuit design problems. 
We don't mean that thick film 
chip hybrids are the answer to 
every problem in microcircuitry. 

But you'll be surprised at how 
many solutions these low-cost 
custom units provide. For more 
information on how you can get 
into the thick of it with Centra­
lab , turn the page. 

CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 



1945-1970 

A quarter century of technology on your side 
First use of 
Centralab"s 

thick film 

Centralab pioneered thick film micro ­
circuitry in 1945 when we developed 
a miniature oscillator-amplifier circuit 
for a mortar shell proximity fuse. This 
first -of-a-kind unit, admittedly crude 
by today's standards, consolidated car­

bon composition resistors, silver-ceramic capacitors and 
silver circuit paths screened onto a ceramic substrate, 
which met tough shock requirements. The completely 
sealed unit was about 3 inches in diameter and 4 inches long. 

100,000,000th 
microcircuit 

This assembly, which became known 
as a Packaged Electronic Circuit (PEC), 
opened the door to an entirely new 
technology. By 1959, we had produced 
our 100,000,000th unit. A plaque com­
memorating this historic production is 
on permanent display at the Smith­
sonian Institute, a milestone in .!.b& 
electronic industry. 

PECs are still being used extensively 
for industrial, military and consumer 
applications . But continued technologi­
cal developments have brought a new 
degree of sophistication to the art of 
thick film microcircuitry. So we've 
developed our new thick film chip 
hybrid microcircuits. Chip active de­
vices - diodes, transistors, and !Cs -
are combined with fired on resistors, 

Centra lab"s new thick wiring and capacitors to provide a 
fi lm chip hybrid reliable circuit module. These are 

smaller, harder working, more sophisticated devices that 
are custom designed for specific applications. 

We're uniquely qualified to provide thick films because our 
25 years of experience have given us an intimate knowledge 
of materials, technology, design, production and service. 
Following, in more specific terms, is what we mean: 

Materials to service: The Centralab capability 
Basic to the ultimate performance of thick film chip hybrid 
microcircuits is the evaluation, selection and development 
of materials that will withstand sophisticated manufactur­
ing processes as well as demanding applications. The 
Centralab Material Sciences Group of specialized technical 
personnel determines what materials will best support the 
special requirements of our design and production facilities. 

Materials developed 
specifically by Centralab 

One example of the work of this group is the ceramic 
substrate used in our thick film circuits. To meet design 
parameters for maximum thermal conductivity and mechan­
ical strength, as specified by our engineers, an exclusive 
thin sheet ceramic production process was developed that 
produces substrates of unexcelled surface finish and reli­
ability. These are so superior to others available, that Centra­
lab is a leading supplier to other microcircuit manufacturers. 
Our ceramic capability has also provided high performance 
hermetic packages. 

Centralab substrates and packages 

Another joint effort of our materials and engineering devel­
opment personnel resulted in a monolithic chip capacitor 
(Mono-Kap) that has virtually eliminated pin holes that 
destroy capacitor reliability and long life. 

Micrographs of 
Mono-Kaps and 
competitive 
units 

Mono-Kap Competitor A Competitor B Competitor C 

We've also produced molybdenum/gold substrates with 
amazingly complex pattern geometry. These substrates , and 
our proprietary process (patent applied for) for producing 
them, permit thicker gold deposits and are ideally suited to 
ultrasonic and thermocompression bonding methods. 

Molybdenum/gold substrates 

Our computer-aided design and circuit analysis services 
can provide optimum design to minimize failures, enhance 
performance , and reduce cost. Our comprehensive thick 
film background gives us another head start in being able 
to program our computer so that improved design is as­
sured at the most reasonable cost. 

All of our experience and technological skills are re­
flected in the design and production of Navy Standard 
Hardware Modules. These plug-in modules combine circuit 
functions to constitute a complete electronic system that 
is reliable, flexible and economical. 

'~, . 
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Navy Standard Module 

One more thing. With all our capabilities, we realize that 
speed is often the most important criteria for judging a 
thick film microcircuit manufacturer. That's why we are 
gP.nrP.d to provide production samples to your specifications 
in as little as three weeks; production quantities eight 
weeks after prototype approval. 

It all adds up to one fact: No other manufacturer is better 
qualified to help you find the most efficient use of thick 
film chip hybrids in your circuit design. And if you'd like 
to find out precisely how we can help you , send your 
requirements or circuit design to Centralab Application 
Engineering. There's no better way to get into the thick of it. 

CENTRALAB 
Electronics Division 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 
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DOD's Laird demands 
bigger economies ... 

... but wants more 
for Safeguard ABM 

Washington Newsletter 

January 19, 1970 

Although the first Nixon budget does not go to Capitol Hill until Jan. 
27, firm intelligence is developing on fiscal 1971 spending plans and 
priorities. Defense Secretary Laird, for example, has tipped the press 
that the Pentagon request will be cut substantially more than another 
percentage point of the Gross National Product. That would bring it 
from 9% to less than 8%, with the goal 7% [Electronics, Nov. 24, 1969, 
p. 63]. 

Though this could bring the Pentagon's total obligational authority 
down to somewhere between $70 billion and $72 billion, it would put 
new obligational authority-the figure industry reads to get a handle on 
where new funds will be committed-to about $63 billion. 

The driving force behind much of the reduction in the spending level 
is Deputy Defense Secretary David Packard, who takes a hard-nosed 
approach on weapons hardware, demanding that the military subordi­
nate enthusiasm for blue sky technology in favor of systems that can 
be rapidly deployed and easily maintained with service personnel. 

A forthcoming recommendation by Secretary Laird and Deputy Secre­
tary Packard to accelerate development of the highly controversial Safe­
guard antiballistic missile system, coupled with the threat to go forward 
with other strategic systems-the B-lA bomber and Navy's Undersea­
Launched Missile System-at first appears inconsistent with the Defense 
Department's planned economies. Too, the recommendations-especially 
Safeguard_,are sure to generate much heat in Congress. But, excepting 
Safeguard, Washington insiders categorize Laird's proposals as political 
talk rather than 1970 engineering realities. The B-lA and ULMS sys­
tems are viewed as vulnerable to strategic arms negotiations with the 
Soviet Union, and likely to be kept in a holding pattern unless such 
talks prove fruitless. 

But Army's Advanced Ballistic Missile Defense Agency at Huntsville, 
Ala., is already proceeding with a study on a Safeguard variation called 
Coastal Antisubmarine-Missile System, which it hopes to contract within 
two months. Where does the Defense Department expect to find new 
funds for Safeguard and other strategic programs? It looks for about 
$6 billion in savings from Vietnam as costs there drop from more than 
$23 billion to about $17 billion in fiscal year 1971, plus a few hundred 
million dollars from cuts in domestic civilian and military manpower. 

People problem grows More evidence that the Administration means business when it says it 
at Defense De t. too will balance ~e fiscal 1971 ·~md?et is reflected in ~emoranda being 

P ' sent by Washmgton electromcs mdustry representatives to corporate 
offices. Under the gun to compete for a diminishing number of new con­
tracts and thus limit layoffs, an official of one major company wrote 
home that "Washington's got a people problem, too." The Defense 
Department is expected to drop about 73,000 civilians this year; the first 
10,000-man cut already has been disclosed. The total could rise to 150,-
000 by July 1971-about half the number of defense industry job losses 
projected for the same time frame. Government reductions in civilian 
staff are over and above an anticipated military manpower cut of a 
quarter-million people. · 
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Will Hickel handle 

pollution control? 

NASA to push 
second Workshop 

Safety group to list 
fire-prone color tv's 

IBM plugs, unplugs 
a '4th generation' 

AF due to cut off 

F-111 production 

72 

Washington Newsletter 

Consolidation of widely disbursed government activities in pollution 
and environmental problems under one Federal authority is under con­
sideration by the Nixon Administration, with the most likely choice an 
expansion of Secretary Walter Hickel' s Interior Department into a 
Department of Natural Resources. 

President Nixon is preparing to make a "substantive commibnent" to 
pollution R&D in his first State of the Union address this month [Elec­
tronics, Dec. 22, p. 61] and undoubtedly would like to see environmental 
activities consolidated under a single management. In return for HEWs 
air pollution and solid waste disposal activities, Interior would turn over 
its Bureau of Indian Affairs to HEW. 

Look for NASA to put forth some strong arguments for Hying a second 
Workshop in 1974, now that Philip E. Culbertson has been named direc­
tor of the Advanced Manned Missions Program. The Workshop, basically 
an experimental space station, has received most of Culbertson's. atten­
tion since May 1967, while he was director of project integration for 
the Apollo Applications Program. He joined the agency in 1965 as 
director of Manned Lunar Missions from General Dynamics/Convair 
where he had held key aerospace positions for 11 years. Culbertson, 44, 
now will direct the long-range planning for manned space flight. 

And if the budget-balancing Administration doesn't okay another 
Saturn 5 rocket to launch the second Workshop, expect a second Apollo 
landing to be scrubbed-as was Apollo 20, to use its launch vehicle for 
the first Workshop. 

Listings by maker and model of fire-prone color television receivers are 
set for publication Jan. 26 by the National Commission on Product 
Safety. The action is scheduled to come after some tough face-to-face 
discussions with manufacturers a week ago to discuss Government stud­
ies of which sets are potential fire hazards. Industry and the NCPS are 
upgrading standards which a Tracor Inc. study contends are not good 
enough. As for tv receiver emission of X-radiation, manufacturers began 
on Jan. 15 to label sets meeting maximum allowable Federal emission 
standards [Electronics, Jan. 5, p. 34]. 

An IBM computer package dubbed FS-4 within the company's Federal 
Systems division at Gaithersburg, Md., was scheduled to get its first read­
ing at the IEEE computer group conference that opens in Washington 
June 16. But no longer. Asked about the paper, IBM officials said it has 
been withdrawn, called its inclusion in a preliminary program schedule 
"premature," and asked, "Are you calling it 'fourth generation'?" Sources 
suggest the FS-4 may be a modification of the IBM 4 Pi airborne system, 
which never really flew. 

Cancellation of the remaining Air Force buy of General Dynamics 
Corp.'s controversial F-111 swept-wing fighter is expected soon. After 
Sen. McClellan (D., Ark.) announced another round of hearings this 
session on the trouble-ridden aircraft, Secretary Laird disclosed that 
internal USAF reviews might lead to the program's cancellation. . 
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In a world that offers 
a million different connectors, 

who needs 7 more? 
We don't want to complicate your life. 
We want to make it easier for you. 
And we think these 7 printed circuit 

connectors are just the ones that can do it. 
-Each one started as a special order for a 

customer like Univac, Automatic Electric, 
or Mohawk. Each had so many possibilities 
that we got permission to make them for 
everybody. 

So here's the biggest little line of connec- · 
tors in the business. Utterly unique, not 
available as standard items anywhere else. 

27-pin, I-position connectors are made with our famous 
welded gold-dot contact design that puts 

gold only where it's needed, yet holds 
contact resistance below Sm V drop 

at SA. 
Until recently, you couldn't 

buy off-the-shelf connectors 
like these for love or money. 

You still can't buy them 
for love. Sylvania Metals & 
Chemicals, Parts Division, 

Warren, Pennsylvania 16365. 
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power buffer 
NH0002 - NC0002 

NH0002C : NC0002C 

MOS clock driver 
NSC NH0007 - NC0007 

NH0007C : NC0007C 

two phase clock driver 
NH0009 - NC0009 

NH0009C - NC0009C 

lamp relay driver 
SH2001 - NC2001 

SH2001C - NC2001C 

GENERAL INSTRUMENT 

Westinghouse { 
voltage regulator 

WC109T : NC109T 

Amelco 

JFET analog switches 
2126BG - NC2126 
2137BF _ NC2137 
2114BF - NC2114 

General Instrument was the first to manufacture hybrid 
microcircuits. Since that time, some ten years ago, while 
othe·rs have entered the field, General Instrument has 
maintained its no. 1 position by providing not only the 
broadest, but the most advanced line of hybrid ICs 
available. 

As a second source too, General Instrument is no. 1, in 
making available exact pin-for-pin replacements for some 
of the more popular hybrids being produced by other 
manufacturers in the field ... such as those listed. 

The above General Instrument hybrid ICs are immediately 
available from your authorized General Instrument Dis· 
tributor. 

For full information write, General Instrument Corpora· 
tion, Dept. H, 600 West John Street, Hicksville, LI., N.Y. 
11802. (In Europe, write to General Instrument Europe 
S.P.A., Piazza Amendola 9, 20149 Milano, Italy; in the 
U.K., to General Instrument U.K., LTD., Stonefield Way, 
Victoria Rd., South Ruislip, Middlesex, England.) 

GENERAL INSTRUMENT CORPORATION • BOO WEST .JOHN STREET. HICKSVILLE. L . I., NEW YORK 
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EAGL~ FOLLOWS YOU THE WORL~ AROUND 
World-wide ... that's Eagle. Specify Eagle machine and process controls for your equipment and you can be 
assured of on-the-spot service and replacement units whenever you need them, wherever your equipment 
goes! A stock of more than $1 million in Eagle time/count controls, control relays and precision potentiom­
eters is waiting to serve you now ... including the U.S.A., Canada, South America, the United Kingdom, 
Europe and Australia. 

Electronics I January 19, 1970 

Insist on Eagle •.• Where the state of the art 
is the standard of the Industry 

Eagle Signal 
a systems division of 

GULF + WESTERN INDUSTRIES. INC. 
736 Federal/Davenport, Iowa 52803 
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D 

111111 
Model 262 

Digital 
Multimeter 
(AC, DC, Ohms) 

I 

A .1% Multimeter for everyday 
usage. A necessity for design 
and development, production, 
quality control, or anywhere 
that DC volts and current, AC 
volts, and ohms are measured . 
Battery pack available. 

$375 

For complete specifications 
request new catalog D69A 

76 Circle 76 on reader service card 
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Precision 
Calibrator 

Model 311 

(Voltage & current source) 

A .01% precision voltage and 
current Calibrator that serves as 
a working standard . In addition, 
the high current capability may 
be used as a lab source for de­
veloping those critical circuits 
so essential in electronics today. 

E c 

Model 691 

21 Column 
Printer 
(3 lines per second) 

A Drum Printer which is ex­
pandable from 4 to 21 columns 
to satisfy your specific require­
ments. This versatile printer ac­
cepts all standard BCD inputs 
and provides 38 symbols along 
with "floating" decimal point. 

starting at $770 

by UNITED SYSTEMS CORPORATION 

918 Woodley Road • Dayton, Ohio 45403 • (513) 254-6251 
Representatives Throughout the world 
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Solid state displays 

The MAN 1 is a seven-segment light-emitting 
all-semiconductor alpha-numeric readout. 

Put the attention-demanding red light from electrically 
excited GaAsP to work in your digital displays for industry, 
computer peripherals, or avionic/marine instrumentation. 
Our MAN 1 is shock-resistant and long-lived. Offers styling 
advantages because it's flat, parallax-free and visible within 
1 so•. Reads out all numbers plus A, C, E, F, H, J, 0 , P and 
U. Available now. Any quantity. 

Brightness : 200 ft-lamberts@ 1, = 20 ma, 3.4V, per segment 

Compatibility: directly interfaces with off-the-shelf IC de­
coder/drivers • ~ .' /~ 

'"'" 1 . , '" ' .,.
00

• -~ %~ ! 

12 mW @1A IR emitters 
0 

New high power low cost 9000 A GaAsLITEs 
give you extra mW for your$. 

Design these powerful infrared sources into your next card 
or tape readers, intrusion alarms, or calibration units. Any­
thing that uses silicon detectors wants our ME 2 and MES 
GaAs infrared emitters. They give you a 2SOO-mil2 emitting 
area with either lambertian (ME 2) or collimated (ME S) 
radiation patterns. Guaranteed minimum output: 10 milli­
watts at 1 amp. (Less expensive ME 2A and SA versions ra­
diate 7.S mW.) 

Peak forward current: (1µs pulse width, 300 pps) 2S amps 

Forward voltage: 1.3 V typ (l,=1.0 A) 

Rise time : 10 nanoseconds 

Prices: ME 2, S: 1-9, $30; 1,000, $12.SO 
ME 2A, SA: 1-9, $14.7S; 1,000, $8.00 

The superfast detector 
Our SOO-picosecond silicon PIN photodiodes, MD 1 
and MD 2, complement our light-emitting diodes. 
High speed optical switching has all kinds of sexy uses to­
day : Laser detecting, for instance, and optical encoding. 
Even simple burglar alarms can use it. 
Their half-a-nanosecond response cycle makes them per­
fect mates for Monsanto GaAsLITEs. And they work with 
other sources, too. Packaged in standard transistor cans, 
they're easy to handle and mount. Available with either flat 
lens or built-in optics. 

Rise time: .S nanoseconds (V•= 20V; RL= SO!J) 
Breakdown voltage: SOV (I.= 10µA) 
Sensitivity: MD 1 1.S µA/mW/cm' (min) (.9 microns, 

v. = 20 volts) 
MD 2 3.0 µA/mW cm' (min) (.9 microns, 

v. = 20 volts) 
Price : 1-9, $6.2S: 1,000, $3.40 
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GaAsLITE Update 

GaAsLITEs by the millions 

Bright red solid state lights are here. And affordable! 
Want high performance and low Pfice? Immediately? Or­
der our new MV SO: 
7SO ft-lamberts @ 20ma; thousands ready to be shipped 
from your Monsanto distributor at $1.SO each. 
Finally, a price that lets you justify GaAsLITEs for high vol­
ume applications. MV SOs can replace miniature and sub­
miniature lamps down to the T3/4 size. Their solid-state 
reliability makes them ideal for indicator lights in com­
puter systems, data processing equipment, communications 
systems, and as diagnostic lights on pc boards. And just 
think what you could do with them in large arrays and in 
optical logic systems .... 
Size: 0.10" diameter 0 

Output : 7SO ft-lamberts (6SOO A) @ 1.6V, 20 ma 
Switching time: 1 nanosecond 
Price : 1-9, $2.30; 1,000, $1.SO 

Monsanto 

All available through Schweber, Semiconductor Specialists , Kierulff 
or K-tronics. For additional technical information and world-wide 
distributor list, write Monsanto Electronic Special Products, 10131 
Bubb Road, Cupertino, California 95014. (408) 257-2140 
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MINI-SPEED 
MODULAR PLUG-IN CONTROL 
These new compact plug-in units offer the ultimate 
in solid state reliability, and operate equally well 
on the output signal of magnetic pickups, proximity 
switches or your existing circuitry. They are tem­
perature stable in ambients of -30°F to +160°F. 

FIVE MODELS COVER ALL PRACTICAL RPM RANGES 
Typical case: From 0.1 to 15,000 RPM using 60 tooth gear 

Each model provides a choice of two control func­
tions: over or under speed with either function 
operable in latch or non-latch mode. Both mode 
and function can be determined by the user at the 
time of installation. In all models, the input signal 
triggers on a pulse amplitude as low as 1 volt peak 
at 0.1 MA. 

Write for Bulletin MS-769 for complete informa­
tion on the five models available. 
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NOW 

$agso 
F.O.B. Factory 
SOCKET EXTRA 
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CE] ELECTRO 
ELECTRO PRODUCTS LABORATORIES, INC. 
6126 West Howard St., Chicago, Ill . 60648 • 312/647-8744 
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CAN OPENERS 

ADDING MACHINES 

AIR CONDITIONERS 

AUTOMATIC TYPEWRITERS 

FILM PROJECTORS 

PHOTOCOPIERS 

WASHING MACHINES 

VENDING MACHINES 

COMPUTERS 

~~ 

----=--==C=L""O=T~H-ES DRYERS 

rfll' 
want to start something? 

COLLATORS AUTO TURN SIGNALS 

VACUUM CLEANERS TAPE RECORDERS 

RADIOS BLENDERS 

PRINTING PRESSES COFFEEMAKERS 

PHONOGRAPHS TELEVISION SETS 

specify Cherry long-life switches. 
This year, 17 million products will start with Cherry switches. 
Product designers like Cherry's long·life coil-spring mechanism. 
Production people find high-overtravel Cherry switches install 
much easier. If you are looking to start something and need 
operating forces as low as 114 grams or electrical ratings as high 
as 25 amps, check CHERRY. 

Just off the press! Send for complete new 44 -page Cherry Switch Catalog. 

CHERRY 
CHERRY ELECTRICAL PRODUCTS CORP. • 1656 Old Deerfield Road • Highland Park, Illinois 60035 

TESTING EQUIPMENT GARAGE DOOR OPENERS 

POWER TOOLS DISHWASHERS 

CALCULATORS DEHUMIDIFIERS 



Now Models 809 and 859 Voltage Regulators are available 
at $5.82 each (1000 quantity) or $8.95 (1-9) from local stock. 
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Beckman · 

INSTRUMENTS, INC. 

HELIPOT DIVISION 
Fullerton, California 92634 

INTERNATIONAL SUBSIOIAIUES1 AMSTERDAM; CAPETOWN; OEN EVA; GLENROTHES, 

SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA 



Computerized testing: 
fast and economical 

page 82 

Noise diodes allow 
in-service testing 

page 87 

Memories: 
Post and thin film 

page 102 
Waffle iron 

page 107 

The many applications 
of surface wave technology 

page 110 

New process points way 
to monolithic MIC's 
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January 19, 1970 I Highlights of this issue 

Technical Articles 

General Radio used to check out each of its digital subassem­
blies with its own specially designed fixture. But as the sub­
assemblies became more complex, General Radio found it was 
spending too much time and money on the fixtures. The com­
pany made its own computer-controlled tester, and reports 
that this system not only tests faster and more reliably, but 
also is less expensive over the long run. 

Avalanche diode noise sources are the basic components in 
systems that monitor in-service performance of radar, com­
munications, and electronic countermeasures systems. Imme­
diate action then can be taken when a degradation in system 
operation occurs, rather than relying on bench checks. The 
diodes, small, inexpensive, and with long lifetime, allow 
checking of such parameters as front-end noise, amplifier 
gain, and tracking of gain and phase. 

Batch fabrication has been a memory designer's goal for 
years; though ferrite-core arrays have been the standard, 
problems with stringing up to four wires through thousands 
of the tiny rings have challenged inventive people to devise a 
better way. One approach is the post-and-film method; a 
similar British approach is called a waffle-iron memory. Fol­
lowing these discussions is a report on similar techniques 
around the world. 

Signal processing with acoustic surface 
waves already is under way, with pulse-ex­
panders and compressors, analog matched 
filters, and multiplexers being developed 
rapidly. But radar, communications, and 
navigation represent only a small portion of 
the potential applications for this important 
new technology. For example, computer 
logic, video filters, readout displays, and 

even flat tv tubes are just some of the areas where surface 
waves show great potential. This concluding article of the 
series explores the expanding horizon for new applications. 

Coming 
Generally, !C's for intermediate and microwave frequencies 
must use hybrid components. The old screen-printing tech­
nology yields high-loss components unsuitable for most ap­
plications. But a new thick-film process, arc-plasma spray, 
could eliminate the hybrids, leading to a truly monolithic 
microwave circuit technology. 
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Computer-controlled testing can be fast and reliable 
and economical without extensive operator training 
Simple language, versatile functions reduce costs while helping to design, 
test and troubleshoot circuits; Matthew Fichtenbaum of General Radio 
explains how his firm made the move to a programed system pay off 

e One of the most important decisions facing engineers 
is whether to turn to computer-controlled systems to 
solve test problems. The automatic rigs are faster and 
more reliable, and they do a better job of keeping rec­
ords. But it was felt that the high cost of systems and 
the time and expense of training people to program them 
offset these advantages. Well, they're not expensive, and 
it isn't tough to train operators. Since computer-con­
trolled systems can be modified to test different subas­
semblies by changing no more than a program, there's 
no need to go out and buy new voltmeters, counters and 
other gear just because you've stopped testing some 
control circuits and are starting to test shift registers. 
Therefore in the long run the systems are much less 
expensive. And training programers is a simple pro­
cedure if the system uses an uncomplicated language. 

Typical of the systems being built is the one General 
Radio engineers use to test digital circuit boards and 
other subassemblies. The system poses none of the 
problems General Radio had been encountering in its 
former test methods. The old approach was to build a 
hard-wired test fixture for each subassembly tested. This 
was fine as long as the subassemblies were simple, but 
digital circuits are getting more and more complex and 
using a specific fixture for each presents problems. 

Designing and buiiding these fixtures requires con­
siderable time and effort. The simplest takes a week 
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to design and fabricate, while putting together a more 
complex one can take a month. And these fixtures often 
demand special mechanical design effort, custom-etched 
printed-circuit boards, and specialized instrumentation. 
Furthermore, all this time and trouble must be multiplied 
by the number of subassemblies in an instrument. 

It's also difficult to design a fixture that thoroughly 
tests a subassembly without making the fixture itself a 
fairly sophisticated piece of equipment. And fixtures, as 
a rule, just test; they give very little indication of the 
cause of a failure. \Vith subassembly complexity increas­
ing, engineers need test systems that do troubleshooting 
and repairing. GR's computer-controlled system, on the 
other hand, has cut diagnosis-and-repair time to one­
eighth of what it had been. Finally, storing fixtures takes 
up space; besides, "good" subassemblies must be built 
and then stored with those fixtures that are basically 
comparators. 

The arguments most heard against computer-con­
trolled systems are that they are costly and require long 
development times. True, it is costly and time-consuming 
to design and build one, but since a good system tests 
many subassemblies, the time and money eventually 
would be dwarfed by the time and money spent building 
a multitude of special fixtures. And it's not necessary to 
buy special instruments for each subassembly to be 
tested-the software is what changes, not the hardware. 
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Check out. When the user puts the test 
program into the memory, plugs a 
subassembly into its adaptor, and hits 
the ST ART button, the system runs a 
complete set of functional tests, 
displaying or printing instructions for 
the user when necessary. Typically tests 
run in a minute or less. 
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Typical Program 

(1) /BOARD NUMBER 1790-4140 
(2) /USE ADAPTOR 4 
(3) /PROGRAM REVISION I 
(4) *I (1, 2, 14, 15, 17) 
(5) • 0 (20, 21, 22. 23, 30) 
(6) l; IH(#) OH (22, 23) 
(7) 2; IL (14, 2) 
(8) PRINT MOVE SI TO POSITION 5 

(9) AND PRESS CONTINUE 
(10) PAUSE 1 The numbers 
(11) DO 5, 30 and Greek letter 
(12) 3; IH (2) IL (17) $ in the left-hand column 
(13) 4; IL (1) OH (30) aren't part 
(14) 5; IH (1) IL (2) OL (30) of the program. 

(15) DELAY 100 
(16) IGNORE (21. 22) 
(17) 6; OL (20) 
(18) IF (23) 7 
(19) PRINT PROBE TEST POINT I AND IF HIGH, 

THEN 1C8 IS BAD 
OTHERWISE CHECK lCG ! 
PAUSE 2 

...................................... 
(n) END 

The computer, reading the slash be­
fore each of them, ignores ( 1), ( 2) , 
and ( 3), which are annotations put 
there for the system user. ( 4) names 
as inputs terminals 1, 2, 14, 15, and 
17 of the subassembly being tested, 
and (5) names as outputs 20, 21, 22, 
23, and 30. 

( 6) is test I. After setting all inputs 
high, the computer checks whether 
outputs 22 and 23 are high. (7) tells 
the computer to set 14 and 2 low (all 
other terminals are left at the same 
state they were in during the previous 
test), and check whether the states of 
outputs change. 

( 8) and ( 9) order the computer to 
display instructions for the operator, 
after which (10) tells it to wait until 
the instructions are fullowed. 

( 11) puts the system into a DO 

loop in which tes·ts 3, 4, and 5 run 30 
times. The dollar sign in test 3 signals 
the computer to ignore the output's 
states during that test. 

After stopping for 10 milliseconds 
(100 x 0.1 msec) the computer reads 
(16), which tells it to stop checking 
21 and 22 until further notice. 

After test 6 comes an IF statement, 
which sends the computer on to test 7 
(not shown) if 23 is high and 20 and 
30 are low. ( 19) lists troubleshooting 
steps taken if test 7 comes up bad. 



Old and new. General Radio engineers built this 
rig to test circuit boards put into an automatic 
capacitance bridge. In the fixture on the right are 
mounted two boards, the one tested and the 
"good" one used for comparison. The bottom 
photo shows four adaptors for the computer-controlled 
system. Little more than metal boxes with some 
interconnecting wires, an adaptor can be built 
in a few hours. The one on the bottom left is for 
MOS shift registers; the others for circuit boards 
used in a real-time analyzer. 

In a typical system, GR's digital-circuit tester, the com­
puter is a Digital Equipment Corp. PDP-8/L. The test 
program, read into the component's memory on a tape 
reader, controls the computer. Also connected to the 
computer are a control panel, a teletypewriter and a 
display oscilloscope. 

Each type of subassembly tested plugs into its own 
adaptor, connecting the subassembly to the system's in­
put and output terminals and power supplies. Specific 
adaptors for different subassemblies allows flexibility 
in handling subassemblies of different sizes and shapes. 

What's the difference between an adaptor and test 
fixture? Plenty. An adaptor is built from commonly avail­
able parts and usually contains no circuitry other than 
interconnecting wires. In no way does it control or de­
termine test sequences. And since an adaptor's jobs are 
simple and well defined, designing them is a straightfor­
ward task, usually taking no more than two to four hours. 

The GR system performs only functional tests; at each 
test-sequence step the computer reads an input pattern 
of logical "l" 's and "O" 's from the test program; sends 
this pattern to the subassembly being tested; reads the 
subassembly's outputs-again "l" 's and "O" 's-and com­
pares them with predetermined correct responses stored 
in the computer's memory. If the computer determines a 
failure it prints out an error message through the tele­
typewriter and displays the message on the oscilloscope. 
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If one or more steps in the test sequence requires action 
by the operator, the computer prints and displays in­
structions when these steps come up. 

The input pattern, correct output pattern, and test se­
quence are controlled by the specific test program. These 
programs normally are stored on paper tape and are 
loaded into the computer memory through the photo­
electric reader. Only the program tape and the cor­
responding device adaptor are required to set up for a 
particular test. 

Using the system's controls the operator can read a 
test sequence from a tape into the memory, start a test 
sequence, continue a sequence from an error or pro­
gramed pause, and switch the system into one of several 
diagnostic operating modes. 

This particular system wasn't designed to measure 
dynamic parameters, such as pulse duration and rise 
time, because the equipment required would be expen­
sive, and measurement time per test is as much as 100 
times greater for dynamic testing. Also, since the sub­
assemblies to be tested are made with integrated circuits 
that have been dynamically tested by the manufacturer, 
failures tend to be functional in nature. 

A major objective in the system's design was to elimi­
nate the need for the operator to directly program the 
computer. This, of course, demands that programing be 
simple, without restricting the system's capabilities. To 
achieve this goal, the system was designed so that it 
can be programed with a higher-level language than the 
computer itself uses. Special programs in the computer's 
memory convert a system program to the lower-level 
language of the computer. Written in the language de­
veloped for this system, a typical test program is simply 
a step-by-step statement of the test inputs and outputs 
to and from the subassembly. 

Training people to use such a simple language is no 
problem. Of the 10 technicians and test engineers at 
GR now able to write programs, only one had prior 
computer programing experience. They had no formal 
instruction on the language; instead they learned from 
a written set of programing rules. On average, these men 
were writing test programs within two days. To write 
a complete program takes at most a few days. For ex­
ample, one of the more complex subassemblies that the 
system has tested is a p-c board (from the GR 1921 
Real-Time Analyzer) that contains 40 integrated circuits, 
and 76 discrete components. It took two days' time to 
write and debug the test program for this board, and 
less than half a day to build the device adaptor. The 
program has 650 tests and runs in 150 milliseconds. 

Writing programs for other subassemblies has taken 
from 30 minutes to 12 hours, and these programs run in 
times ranging from a few milliseconds to a few seconds. 
For most-subassemblies, test time is limited mainly by 
the time it takes to remove one subassembly from the 
adaptor and insert another. 

The test system also has been helpful to designers, 
who find that writing a test program and building an 
adaptor is the easiest way to verify the performance of 
a prototype or model board. When the board reaches 
the manufacturing stage, the same program and adaptor 
can be used for production testing. 

A program consists of a number of test steps, each 
representing an application of l's and O's to the sub­
assembly, and the comparison of the outputs with the 
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correct pattern. Four types of statements are needed. 
These set inputs and outputs to 1 or to O; only those 
inputs or outputs that have changed since the previous 
test need be specified. 

If desired, only the subassembly's inputs need be 
programed. The outputs may be read from a subassembly 
known to be good, and stored on tape. 

Besides input-output instructions, the language has 
additional statements which don't directly control the 
subassembly. For example, the DO statement allows a 
predetermined repetition of a test or group of tests; 
PRINT orders the display of commands or diagnostic 
information. 

But testing isn't the system's only strong point: it 
also is good at troubleshooting. The system can help 
locate and repair a fault in 15 to 30 minutes; previously, 
it took hours. With the test program sufficiently detailed, 
information on the cause of a subassembly failure can 
be found by determining only the test number at which 
the failure occurred. 

To test very complex subassemblies, diagnostic deci­
sion trees can be included within the program. With the 
conditional-branch instruction IF, the program compares 
the subassembly's outputs with a specified pattern and 
changes the program How in line with the result. The 
comparison may trigger a transfer to a program section 
that finds out what caused a failure. 

A clip-on IC probe wired to the adaptor provides an 
additional group of outputs. When the test program de­
tects a fault, it instructs the system operator to attach 
the probe to a particular IC. Based on the outputs from 
the probe, the program makes further decisions includ­
ing whether to probe other packages. 

The system has several operating modes which help 
in troubleshooting a bad subassembly. Besides the nor­
mal test mode, the operator has such options as: 
~ Single-test. The system pauses after each test, and 
displays the test number and the states of the inputs 
and outputs. 
~ Single-loop. This is like single test, except programed 
DO loops are executed without intermediate stops. 
~ Restart on fail. The system, upon encountering an 
error, restarts the test sequence, allowing oscilloscope 
observation of error occurrences. 
~ Restart on go. The system continually cycles 
through the test program until an error occurs. A sus-

pected subassembly may be subjected to voltage or 
temperature variations or stress while being tested. 
~ Trigger on specified test. The system generates an 
externally-available trigger pulse concurrent with a spec­
ified test. 
~ Stop on specified test. This augments the single-test 
mode by allowing the system to step through long por­
tions of a program at normal speed. 

The extent to which the computer-controlled system 
has helped General Radio can be measured by looking 
at the case of the GR 1192, a small, inexpensive counter 
made in large volume. It has only three circuit boards, 
and one contains all the digital circuitry-counting dec­
ades, read-out drivers and tubes, and clock circuitry. 
It's a very complex board, more difficult than the average 
board to troubleshoot and repair. However, because of 
its high component count it's more economical to repair 
than to scrap. Therefore any test setup designed for 
the board must have troubleshooting ability. 

The system completely checks this board in three 
minutes. When a fault occurs, it's usually found and 
remedied within 30 minutes. The test program for the 
board took only one week to write and debug, and the 
adaptor, also of greater-than-average complexity, took 
a week to design and build. If the system had not been 
around, the counter could not have been built to sell 
for anywhere near its present price. • 

Counter clearance. Mounted in its 
adaptor is the main circuit board from 
a frequency counter. Even though the 
board contains a particularly complex 
array of circuitry, its test program took 
but a week to write. It runs in three 
minutes. 



Avalanche diodes permit in-service measurements 
of critical parameters in microwave equipment 

Bench .testing often doesn't turn up defects that could occur in operation; 
Norman Chasek of lnt'I Microwave Corp. shows how solid state noise 
sources can be built into microwave gear to insure reliable performance 

e Checking out ipe.rfonnance of microwave equipment 
under bench.Jtest iconditions is fine-for bench operation. 
But what a:bout in-service monitoring? If important 
parameters could be measured while a radar or long­
distance relay station actually was operating, time, 
money, and perhaps even lives could be saved. Now, 
tiny solid state microwave sources of white noise-ava­
lanche diodes-in combination with some additional 
components, are set to do a big job when built into 
equipment. 

Until now, most in-service monitoring has ibeen done 
on a go or no-go basis. For example, meters are pro­
vided to indicate whether voltage is turned on, or cur­
rents are up to a certain value. Little effort is expended 
to monitor parameters that may be gradually deteriorat­
ing. Such monitoring equipment, often using argon-gas 
noise sources, for example, would be too bulky and 
e::1.'Pensive, and is itself unreliable. But the avalanche 
diodes, which can be easily built into equipment, are 
inexpensive, smaH-'less than a quarter culbic inch-and 
require H:ttle power-onily tfive to 10 milHamips at 10 volts. 

They make it possible to measure not only receiver 
front-end noise but also system distortion and gain, and 
gain-and-phase tracking, while the system operates with 
hardly any interference. Rapid measurements also can 
be made on swept receivers, such as those used in elec­
tronic countermeasures and frequency agile radars. 
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The diodes' output power-ranging over bands from 
0.1 to 20 Gigahertz-is supplied for long periods at a 
high level, typically 30 to 35 decibels ·above kT, the 
Boltzmann's :constant room temperature reference. This 
is high enough so thrat the noise can be coupled into 
a system through st1andar1d 20-<lh 1couplers and thus 
minimize interference to the sys.tern. The ievel is 
constant to within a half-decibel over wide temperature 
ranges. The noise, coupled into the system like a test 
signal, lis easily ga'ted at microsecond rates, a must 
for the test techniques employed. And because the test 
noise and receiver front-end noise have similiar ·spectral 
characteristics, measurements are independent of the 
receiver's bandwidth, band shape, and gain. 

Noise figure measurements usually are made by com­
paring noise, generated externally at a standard level 
and injected into the system, with the system's own 
internal noise. 

New measurement te'chniques using white noise­
w'hich represents an infinite number of inooherent sine 
waves of constant amplitude uniformly spread over the 
diode's frequency band-require that .the noise be igated 
into the system, not injected continuously. After it 
passes •through the system, the gated test noise, which 
now 'also 1cont1ains system noise, is fed into a square law 
detector. The detector transforms the incoherent test 
noise into a coherent signal at the gate frequency. 

Noise choices. Typical solid-state 
avalanche diode noise sources have 
bandwidths that range from about 0. 1 
Gigahertz up to 20 Ghz. 
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Steady as she goes. Noise output of 
avalanche diode is fairly constant over 
a wide temperature range. 

The amplitude of this coherent signal now serves as 
a reference level since it is mathematicaHy proportional 
to the injected test noise. In effect, the square-law de­
tector has taken some fraction of the power distributed 
through .the test noise band and translated it to power 
at the gate frequency. 

The summing process that occurs as a result of the 
square-law detection makes it possible to use a low 
level of test noise that's considerably below the system­
noise level, so that measurements can be performed 
while the system is in operation with little adverse effect. 

Following square-law detection the coherent signal is 
filtered out of the remaining noise with a narrow-band 
filter whose center frequency coincides with the gate 
frequency. The narrower the filter, the lower the test 
noise can be and the more it can be submerged in the 
system noise. 

To measure the system noise figure, an operator first 
would switch in the gated test noise, and the output 
from the narrowband filter would be used to deflect a 
voltmeter. The test noise then would be turned off so 
that the unmodulated system noise alone comes through 
the square-law detector and the narrow-band filter de­
flects the meter. The system noise figure depends upon 
the two meter readings as follows: 
[system noise+ gated 'test noise reading] 

(system noise) reading cc noise figure 
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The constant that relates the noise figure and the two 
measurements is ascertained by calibrating the system. 

But 1it isn't always necessary to insert noise in this 
fashion. A time domain test is poss·itble; it's especially 
useful for radar systems. 

To test a search or surveillance radar, for exiample, 
a narrow noise pulse, synchronized to the pulse rate 
of the radar transmitter, is injected at the time cor­
responding to a specific range-generally the radar's 
maximum. The noise, introduced through a 20-db cou­
pler, as shown on p. 89, causes a ring m circle to 
appear at the maximum-range position on the radar's 
plan position indicator (PPI) scope. In effect, the noise 
acts as a target surrounding the radar. As long as the 
ring appears clearly before the radar operator, the entire 
receiving system is operating properly. But as the re­
ceiver's front-end noise increases, the noise ring gets 
wider and more diffuse. In effect, the noise ring meshes 
into the background noise on the scope. 

An actual target also would fade into the background 
but would not be as apparent as the fading noise ring­
the radar operator knows the noise ring should be 
there; he's not so sure about the target. Thus, as the 
ring fades into the background noise the operator can 
judge when the radar's performance has been degraded 
to the point where repairs are required. 

It's very convenient to use such a calibrating noise 
ring. The operator can check on the radar's performance 
while he's doing his job. And as long as the ring is 
visible, the radar's gain levels are set to give small tar­
gets maximum visibility among large targets. 

If the entire radar including the antenna's rotary joint 
must be monitored, the noise injection system can be 
placed on the rotating antenna pedestal and powered 
from the llO volts a-c usually available there. Isolators 
in series with the noise source will protect against dam­
age from :transmitter ipower. Such a system monitors the 
rotary joint, waveguide feed, transmit/ receive tubes, 
microwave receiver, and the video and display system. 

The performance-noise figure, gain- and phase-track­
ing-of a tracking radar, with its dual receivers, can be 
monitored using the manual switching arrangement 
shown on p. 89. The noise source is connected through 
equ1al lengths of line, .to identical directional couplers 
leading to each receiver input. The intermediate-fre-
9-uency outputs from the two receivers are coupled off 
mto a hybrid, again through equal-length lines. The 
output of the hybrid is fed into a narrow-'band amplifier 
tuned to the modulation rate. 
~e . noise figure of each channel is measured by 

sw1tchmg the modulated noise into one receiver at a 
time. As with the search and surveillance radars the 
ratio of receiver noise levels when the noise sour~e is 
on and off yields the noise figure. 

Gain tracking is monitored iby alternately switching, 
at a slow repetition rate, the test noise into one receiver 
and then into the other. If the output of the narrow­
band amplifier is rectified and passed through a filter 
tuned to this slow repetition rate, the amplitude of this 
alternating component is proportional to gain track. 
Zero output, which corresponds to the same output 
from the narrowband amplifier for each switch position 
indicates perfect gain track. ' 

Phase track can be determined by feeding test noise 
to both receivers simultaneously. If the output of the 
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hybrid is zero, there is perfect phase-tracking across the 
entire transmission band of the receiver. Any phase­
tracking error is proportional to an output signal from 
the hybrid. Broadband noise for phase-track testing 
instantaneously checks the receiver's entire transmission 
band. Also, phase h·ack is continuously monitored as the 
receiver is tuned over any radio-frequency band. 

In weather radars, receiver gain as well as its noise 
figure, should be monitored. When the gain is known 
it's possible to calibrate cloud return and determine more 
accurately their density. 

Noise at 1a known level and gated at a high repetition 
rate is injected into the radar during the dead period 
before the transmit pulse. · It's then picked up at the 
receiver oultput by a narrow~band amplifier, whose 
outpult i's proportional to the receiver's gain. Variations 
in ou'tpu't are caused by ,gain changes within the system. 
Autom>a:tic or manual adjustment then can be made in 
the i-f amplifier to maintain the receiver's gain level. 

For a microwave communications system, monitoring 
the noise peclormance of each of the repeater stations 
is most desiraiblle. This can be readily done for a re­
mod'ullating type of repeater which demodu]ates the f-m 
carrier and converts it inlto a baseband signal that then 
is used to remodulate the tmnsmitter. The test noise is 
in'trodu•ced into the receiver front end and the noise 
figure is monitored at the bas'eband output. 

Ring of bright noise. Noise burst, 
synchronized to the pulse of a radar's 
transmitter, produces a ring on the 
radar's PPI scope that can be used to 
monitor system noise. When the ring is 
clearly visible, noise in the receiver 
system is low. If the ring fades into the 
background on the scope, system noise 
level has risen and maintenance may 
be needed. 

But it isn'it: possible to do this with a heterodyne 
repeater system. Here, tihe carrier sign1al and the in­
formation it con~ains are trans~ated only to intermediate 
frequencies, amplified and then 'translated back up to 
microwave. A monitor sysltem for such a repeater would 
have to l'ap a demodu]ator into the i..J line to .bring the 
signal down to the needed baseband range, a very ex­
pensive proposition. 

However, heterodyne communications systems have 
stations which drop and add ch:annels. The information 
channels at these sitart:ions are h'ans~a'ted down to base­
band frequencies so th1at the noise techniques for the 
remodulating repeatelis can be used there. 

Actu•ally, •the test measures the over-all noise figure­
the sigma noise figure-of the ,communications system 
at the repeater station. This is similar to receiver noise 
figure except that the sigma figure lumps together noise 
that's been accumulated earlier in the system and noise 
genera~ed at the repeater being monitored. The sigma 
noise in a mulitichanneil communications sysltem, then, 
is ·the sum of inte:rmodrufatfon and transmitter noise gen­
erated earlier in the sys,tem, and receiver front-end noise 
at 'the repeater being monitored. 

The sigma noise figure measurement can be made 
on a microwave repeaiter wrth the arrangement shown 
on p. 90. The modul'ated noise source test signal is intro­
duced into each channel, either selected by an operator 

ANTENNA ANTENNA 

GATE 
SWITCH 
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SOURCE 
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On the right tracks. Depending on the 
switch positions, the modulated noise 
source can be used to monitor noise 
figure, gain-tracking, and phase-tracking 
of a tracking radar. If receivers are 
tracking properly, and noise is coupled 
to both receivers, the output of the hybrid 
should be zero. Hybrid output increases 
as channels get out of track. 
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or automatically through a standard 20~db coupler. 
However, the frequency gating the noise is higher 
than the highes•t baseband channel frequency, so that 
any h'affic-'and the system should be moni1ored during 
peak ti·affic hours-can be readily filtered out and not 
affect measurement. 

The output of each channel is passed through a band­
pass filter, whose center frequency is the gating fre­
quency on the noise source. The filter bandwidth !'hould 
be wide enough to yield an adequate sample of the out­
put, but narrow enough to exclude any baseband signals. 
One megahertz is a typical value for bandwidth. 

The filter output is square-law detected, providing a 
coherent component which then is filtered out, using an 
extremely narrow (100 hz) bandpass filter. The filtered 
output then is amplified and measured. 

Often, system distortion must be monitored as a sepa­
rate parameter by adding gated noise from the diode 
source on top of the normal signal traffic. If there is any 
system nonlinearity, the superimposed gated noise will 
mix with the traffic to produce out-of-band signals. 
These signals, with components at the same frequency 
a:s the noise's gating rate, can be separated out by a 
filter tuned above the baseband, square-law detected, 
and then passed through a second filter tuned to the 
gating frequency. 

The amplitude of this final signal is a measure of the 

DIRECTIONAL 
COUPLER 

PEAK 
DETECTING A.C. 

VOLTMETER 

Countermeasures monitor. Modulated 
noise, coupled to the input of a swept 
electronic countermeasures receiver, is 
used to monitor average noise figure 
across the receiver band. Peak noise 
points within the band are presented 
on the peak-detecting voltmeter. 

system's nonlinearity. It can be measured in one of 
three ways: as an absolute measurement made with a 
voltmeter; as a ratio to a reference level of noise injected 
into the receiver; or as a ratio of levels generated by 
any hvo consecutive repeaters that are tested alternately. 

In electronic-countermeasures and intelligence-gather­
ing equipment a crystal video receiver is often used, 
preceded by an r-f filter and low noise preamplification. 
Such receivers also can be multiplexed with each con­
tinuously surveying a small portion of the spech·um. 
Three parameters can be monitored to assess perform­
ance: noise level, gain, and gain tracking. 

Usually, the noise performance of these receivers is 
checked by increasfog its tangential sensiitvity using 
pulse techniques and an oscilloscope. 

But noise figure can be measured automatically 
through switching a diode noise source from channel 
to channel. Here the noise source is modulated at a 
repetition rate anywhere within the transmission band 
of the video amplifier-generally between 0.1 and 2 Mhz. 
The modulation is square-law detected and filtered, and 
the noise ratio is taken for the conditions when test 
noise is on and off. The receiver's gain is simply moni­
tored by checking the level of the noise test signal at 
the output and comparing it with the noise input. 

Since the noise input is known and constant, output 
levels changes are due to gain changes. 

CHANNEL 
,.....---+---1;___.,. RECEIVER 1---+--B_A_SE_B_A_N_o_o_u_T_PU_T __ Noise on the line. Modulated noise 

source is coupled to the repeater channels 
of this microwave communications 
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system to check on noise levels. The first 
filter only passes signals above the 
system passband so that traffic does not 
affect the noise reading. Second filter 
zeros in on the coherent signal, produced 
by the square-law detector, that is 
proportional to the system noise. 
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In direction finding systems, gain tracking between 
the receivers associated with each antenna is required. 
In this case, separate noise sources permanently attached 
to each channel, or one source switched between chan­
nels, will monitor the receiver over the complete r-f 
band. The basic method is similar to that used for the 
tracking radar, with the noise source gated at a rate 
somewhat lower than the video bandwidth. 

First one noise source and then the other is switched 
into each ·channel at a silow rate. The output of each 
channel then is ooupied off and combined. The signal 
is filtered, detected, and then :filtered again at the switch­
ing rate. Average gain .tracking over the 1complete r-f 
spectrum of the system is proporti:onial ·to the amplitude 
of t'he output signa~-if gain tracking were perfect the 
signal amplitude would be zero. 

Swept receivers, used for countermeasures and sur­
veillance, also can be tested through the noise sources. 
In this receiver the local oscillator sweeps over the r-f 
band at a relatively slow rate-once every hundredth of a 
second, for example. It's possible for receiver sensitivity 
to fluctuate over the band because of bad spots in the 
local oscillator, mixer, or preselector filters. Or the aver­
age noise figure can be low because of a noisy i-f ampli­
fier or bad mixer diodes. Receiver performance can be 
determined by monitoring either the average noise figure 
over the swept band or peak fluctuations in the r-f 
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Flatness check. Gain variations across 
the transmission band of the preamplifier 
in a satellite ground station also can be 
monitored. Switched at a slow rate 
between the preamp's input and output, 
the noise produces a tone in the tunable 
receiver whose amplitude depends on 
the preamplifier's gain. 

transmission loss in the receiver's front end. 
Test noise is inserted every other sweep of the local 

oscillator. The ratio of the two noise levels provides the 
average noise figure. R-f loss fluctuations are determined 
from t'he output wlith a peak detecting voltmeter. 

The performance of pulse-code modulation systems 
can deteriorate severely after a threshold level of noise 
is reached. When this happens, output noise increases 
very rapidly, although there are only small increases in 
noise at the input. 

Again, the injected reference noise is keyed on and 
off and compared with the noise in the system. In 
phase shift keying or in bipolar pcm a simple full-wave 
rectifier will convert the pcm into a full-wave-rectified 
sine wave, leaving most of the lower end of the video 
band devoid of signal. 

Satellite ground terminals use threshold extension sys­
tems that tolerate only a very few decibels of noise to 
make the difference between a perfectly working sys­
tem and failure. Thus, it's wise to monitor both the noise 
figure of the receiving system and the gain of the sys­
tem's parametric amplifier. The solid state noise sources 
inject noise across the operating band of the system 
through 40-db directional couplers. This attenuation is 
sufficiently high so that the coupler does not load the 
system. All working channels can be monitored for noise 
figure as well as net channel gain. 

With the noise sources, it's also possible to check on 
the gain and transmission flatness of the low-noise 
parametric amplifiers in the satellite ground station's 
microwave receiver. A noise source and a receiver tun­
able across the amplifier's band are used as shown 
above. The 'test noise is alternately switched into the 
input and the output of the parametric amplifier, with 
the attenuator adjusted to yield equal signal-to-noise test 
ratios in each switch condition. 

The testing is based on the fact that if the gain of the 
parametric amplifier varies across its frequency band, 
there'll be a change in the output level of the second 
detector that's in the tunable receiver. If switching, 
for example, occurs at a 100 hz rate, the noise levels at 
the input and output are balanced until there is no 
100 hz tone after the second detector. The receiver then 
is tuned across the parametric amplifier band to detect 
the gain variations. Because the gain is referenced 
against passive components-the directional couplers 
and attenuator-its variations are independent of the 
tunable receiver or noise-source characteristics. And by 
adding a narrow 100 hz filter after the second detector, 
measurements will lbe unaffected by signal ·traffic. e 
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Circuit design 

Designer's casebook 
Designer's casebook is a regular feature in 
Electronics. Readers a,re invited to submit 
novel circuit ideas and unusual solutions to 
design problems. Descriptions should be 
clear. We'll pay $50 for each item published. 

Diodes eliminate crossover 
distortion in video amplifier 

By Roland J. Turner 
General Atronics, Philadelphia, Pa. 

A video amplifier with a dual Darlington transistor 
configuration operates in a true class B manner 
because silicon diodes bias the transistors into im­
mediate conduction. Unlike most resistor-biasing 
used in other amplifiers, crossover distortion is 
completely eliminated over a wide temperature 
range because the forward drop of the diodes 
tracks the forward drop of the transistors with 
changing temperature. 

During positive signal swings Q1 and Q2 con­
duct; during negative swings Q3 and Q4 conduct. 

10JLf 

INPUT 

3k 

10JLf 
o, 1N414B 

02 1N4148 

-=-
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The result is a low output impedance for both 
positive and negative signal swings. Diodes Di and 
D2 are forward-biased to provide a I-volt d-c bias 
to transistors Q1 and Q2 . This overcomes the initial 
forward blocking voltage across the base-emitter 
jun1ctions in each translistor so :that the complete 
positive cycle of the input signal can be trans­
mitted. Since the same applies to the biasing of 
transistors Q3 and Q4, the full negative swing is 
transmitted. 

The output impedance of the driver is 12 ohms 
at up to 2 megahertz. And 50- to 100-ohm trans­
mission cables can have up to 100-picofarad loads 
and still be driven efficiently. 

The video amplifier delivers 270-milliampere sig­
nal swings into a 30-ohm load at 1 Mhz. The 3-de­
cibel cutoff frequency for the amplifier is 13 Mhz. 

If the 10-ohm resistors in the emitter circuits of 
the output transistors are eliminated, then the out­
put impedance of the amplifier will be 2 ohms at 
up to 2 Mhz with a small tradeoff in linearity. 
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Shift register simplifies 
design of phase comparator 

By lvars Breikss 
Honeywell Test Instruments Division, Denver, Colo. 

A bidirectional shift register and one other inte­
grated circuit are all th1at's required to build a ph'ase 
compa11ator for puilse trains of varying frequencies. 
The register produces an output pulse parttern with 
a duty cycle proportion'al to the relative phase of 
fhe two input sign·als, but in contrast to other 
comparators, it produces no outputs if other fre­
quency ratios are present. The re1'ative phase 
between the two signals may vary over a 360° 
range. 

The shHt register contains four bits, of which 
three are used. The bits in the regis·ter are shifted 
when the positive edge of a pulse arrives at the 
clock inpu't to the register. The shift is to the right 
when the parallel enable input, PE, is at logical 0, 
arrd to the lefit: when PE is a logical 1. 

The shift direction is determined by the state of 
the Hip-Hop G1 and G2. The input signals, f 1 and f2, 

I 
I 
I 

11011 

trigger the Hip-Hop, wh~se output is a 1 when a 
puts·e from f 1 occurs and is 0 with a pulse from f2. 
Thus f1 drives PE to a 1 and shifts fhe register 1 
bit to the right, while f2 drives PE to 0 and shifts 
the contents 1 bit to th:e leflt. 

A 0 is continuously entered into the first b it posi­
tion of the register and a 1 in the third bit position; 
the four th bit is not used. A pulse from f 1 shifts the 
0 to the second bit position of the register and 
the ou'iiput Q1 is a 0. 

As long as pulses on the f1 input arrive, or a pre­
ponderan•ce of f 1 pulses occur, the logic state of 
Qi will remain at 0. If the f2 pulses begin to pre­
dominate, the 1 applied at the third b it position 
P2, will be shifted to the leflt and the output will 
be a corrs'tant logic 1. If the puls·es at f 1 and f2 

arrive alternately, then the 0 and 1 applied at P0 

and P2 will be alternately shifted into bit position 
P1, resulting in an ou'tput containing an al'ternating 
pulse paftern of l's and O's. The duty cycle of the 
pulse pattern wiU indicate the relative plhase-or 
equivalent delay--1between t'he two input trains of 
the same frequency. 

Appropriate filtering at the ou'tput provides a 
d-c level proporitional to the phase difference be­
tween fi and f2 when the hvo frequencies are equal. 
A miaxirnum or minimum vol'tage indicates one of 
the other modes of operation. 
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IC line-receiver converts 
pulses to logic levels 

By Ken Erickson 
Interstate Electronics Corp., Anaheim, Calif. 

When digital data is transmitted over long dis­
tances, use of transformer coupling is desirable for 
maintaining isolated signal grounds at opposite 
ends of the transmission line. But because the data 
is in true-and-false, constant-voltage, logic levels, 
the pulse transformers cannot handle this data 
format. Thus the data must be transmitted by 
short pulses accompanied by clock pulses. Because 
of differences in h·ansmission line and driver de­
lays, timing problems often ensue. However, a 
digital data line receiver using integrated circuits 
can convert the data and clock pulses 'back to the 
original data format of logic levels, while allowing 
a generous tolerance on the skew deviation be­
tween pulses. 

The receiver is equipped for four input data 
channels and one clock channel, but can be ex­
panded to handle more data channels. One 9300 

DATA 
INPUTS 

register would be required for each additional four 
bits added. Each data channel contains an IC line 
receiver and a latch made with a pair of NAND 
gates that temporarily store the incoming data. 
Before a clock pulse arrives, all the latches are 
held in the reset mode by one of the comple­
mentary outputs of the I-microsecond, one-shot 
multivibrator. The reset signal is removed when 
the one-shot is triggered. A latch is set whenever 
a data pulse is received on one of the input chan­
nels; otherwise the latch remains reset. 

The 9300 register is clocked! on the trailing edge 
of the 1-l'sec pulse from the one-shot, transferring 
the data stored in the latches. to the register. 

The two other one-shots in the circuit generate 
a 150-nanosecond output clock which is delayed 
by 800 nsec with respect to a change in the output 
data. The delay eliminates any race conditions be­
tween the clock and data outputs wherever the 
two signals are used. 

The circuit receives four channels of data at a 
rate of 600 kilohertz with a nominal pulse ampli­
tude of 5 volts and a pulse wid!th of 300 nsec. The 
resistor R should have a value that · matches the 
characteristic impedance of the coax or twisted­
pair transmission line. The input threshold voltage 
is about 1.4 volts and is obtained by forward-bias­
ing two 1N914 diodes. 
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New15 MHz scope: 
two guns, 
two delay lines. 

PM 3231 O-l5MH1 
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Compare specs. Compare prices. 
PM 3231 costs only $975. PM 3231 
is a new general-purpose scope 
incorporating all the features needed 
for accurate pulse measurement. 

PM 3231 is a new scope, a new design . 
It uses delay lines and advanced 
components like FET's. It has two guns 
which are essential if you want to know 
where and when you're trig·gering. 
Time-shared beam switching can lead 
to mis leading results. 

For example, feed this same signal to 

both channels on a time-shared scope 
and you might see this, 
a fact we'd gladly demonstrate. 

PM 3231 uses delay lines which are 
essential if you want to see leading 
edges properly. 

Other features include triggering from 
either channel. And drift is fed back and 
virtually eliminated . (at max. sensitivity 
less than 1 /4 div/24 hours) . 

So, if bandwidth permits, and 15 MHz 
does, you should think real two-gun, 
not dual trace. 

For information, contact: 
Philips Electronic Instruments, 750 S. 
Fulton Avenue, Mt. Vernon, N.Y. 10550. 

More of the Unbeatable 
Ph ili ps Scopes 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

750 &.FULTON AVE .. MT. VERNON, N .V. 10550 
A DIVISION OF PEPI , INC 
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.. 
NO 

OPERATORS 
WANTED '· __________ ..... 

Model 364 does it all 
Place the PC board on any conveyor at your 

component inserting station . .. then hands off. 
"Fingers" on adjustable conveyor rails gently pick 
up any PC board or chip from 2" to as much as 24" 
wide, depending on model, and carry it through 
programmed foam fluxing, flux-drying, pre-heating, 
soldering and cleaning stations to deliver a perfect 
product every time . 

Additional controls, instrumentation or modules 
can be applied readily to customize Model 364 to 
your exact requirements. 

Model 364 is the ultimate in wavesoldering au­
tomation, truly representative of the engineering 
skill, ingenuity and craftsmanship that goes into 
every piece of Electrovert equipment. Yet, the sim­
plicity of design reduces maintenance to an abso­
lute minimum and virtually eliminates downtime. 

Incidentally, if your operation does not require 
adjustable conveyor rails, Electrovert Model 346 
will achieve the same automated precision at con­
siderably less cost. Write for detailed specifications. 

"See our exhibit at NEPCON WEST" 
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Electronics' 
guide 

January 
Seventh Annual Solid State 
Physics Conference 
January 6-8 
Manchester University, England 

Major Europe 
Janu 

February 
International Audio-visual 
Aids Salon 
February 6-11 
Pare des Expositions, Paris 

March 
Leipzig Spring Fair 
March 1-10 
Fairgrounds, Leipzig 
East Germany 

Third IFAC Symposium­
Automatic Control in Space 
March 2-6 
Palais des Congres, Toulouse 

Seminar on Digital Processing 
of Analog Signals 
March 11-13 
Swiss Federal Institute 
of Technology, Zurich 

17th International Scientific 
Congress on Electronics 
March 16-19 
Palazzo dei Congresso, Rome 

Management and Economics 
in the Electronics Industry 
March 17-20 
University of Edinburgh, Scotland 

Field-Effect Transistors 
Conference 
March 17-19 
University of Freiburg, 
Freiburg/Breisgau, Germany 

6th International Aerospace Ai 
Instrumentation Symposium 
March 23-26 
College of Aeronautics, 
Cranfield, Berkshire, England 



In order to delve deeply into the sub­
ject, the physics department of Read­
ing University plans to limit its semi­
nar on defects in semiconductors to 
some 50 participants. The chosen few 
will learn about both point and com­
plex defects, their interactions, their 
causes, and their effects. 

For British electronics, the Instru ­
ments, Electronics and Automation 
Exhibition is the greatest show on 
earth. The last IEA (1968) drew wares 
from 900 firms, which were scrutin ­
ized by 110,000 visitors. There'll be 
more of both this time around; plus 
private showings in hotels around 
Olympia Hall. They are held by com­
panies-many of the American-that 
feel there's too much visiting and too 
little buying at the main show. 

A wide review of processing methods 
for radio telephony transmission is 
on tap at this May London meeting. 
Among the topics: bandwidth reduc­
tion, power conservation, matching 
transmission to propagation path 
characteristics, digitizing and speech 
quality assessment. 

• 

Space electronics experts from 10 
countries will present papers at the 
International Federation of Automatic 
Control's third symposium, held this 
year in Toulouse. There'll be 25 Rus­
sian papers and 24 American ones. 
The 15 sessions will cover about 
everything that happens in a space 
mission after a vehicle goes into orbit. 
Some of the main topics: man-ma­
chine problems, docking, planetary 
exploration, attitude control, gu id­
ance and navigation, and reentry. 

Electronics' 
guide 

Major European 
shows and meetings 
January-June 1970 

Full measure 
There'll be considerable shuttling be­
tween the huge dome of the CNIT 
on the outskirts of Paris and the Ver­
sailles meetings hall during late May 
and early June. At lmeko V there'll be 
eight main subjects and they'll be 
covered by 176 papers by authors 
from 21 countries. Half the subjects 
are particularly electronic. They are: 
data-acquisition systems, new instru­
mentation components like lasers, 
environmental problems with instru­
ments, and industrial applications of 
vhf measurements. Meanwhile, back 
at CNIT, there'll be a display of test 
instruments, data-handling equip­
ment, automation equipment, and 
measuring instruments put on by 
some 1,400 firms. About 100,000 
visitors are expected. Anyone bother­
ed by the traffic jams around the CNIT 
can head to Versailles and possibly 
learn how they'll be unjammed. From 
June 1 to June 5 there 's a symposium 
on traffic control - on roads, rails, 
air lanes, and waterways. 



See ng thi gs In Parts 
A half-dozen French groups involved 
in audio-visual aids - either as users 
or equipment makers - have banded 
together to mount an international 
salon that will have its premiere this 
year. TherP'll be a series of confer­
ences on audio-visual aids plus an ex­
position of equipment: language lab­
oratories, video recorders and closed­
circuit tv, teaching machines, kits, 
and the like. 

B h inZ rich 
Tilere'H be s~ial emphasis on com­
puter appffcations at the Zurich digi­
tal-processiq seminar. General 
papers presented at morning ses­
gions will summarize the state-of -the­
art; afternoon sessions will concen­
trate on reports of recent research in 
the use of digital computers and soft­
ware to operate on analog signals. 

Links to Rome 
Telecommunications will bethe prime 
topic at this year's electronics con­cress in Rome. There'll be four main 
Jlemes: data transmission, switching 
networks, broadcasting, and land mo­
bile telephone services. Most likely 
top1es for the most I ively debates a re 
tv transmission by satellite-direct or 
indirect-and community antenna 
systems as general networks. 

A round of Scotch 
Lord Polwarth, who as head of the 
Scottish CQu.o.Qil sparked a campaign 
that brougtft tr thriving electronics 
industry to Scotland, will lead the 
Edinburgh symposium on electronics 
management and economics. There 
are six keynote themes: management 
of innovation, marketing, economics 
of production, management services, 
personnel and training, and the role 
of governments. 

In the clouds at Cranfield 
There'll be a look at aerospace instru­
mentation from both sides of the 
Atlantic at the Cranfield conference. 
In a session on American flight test 
data systems, W.J. Irwin of the Boeing 
Co. will talk about the hardware for 
the 747 jumbo jet. In a session de­
voted to European instrumentation, 
there's a paper on the Anglo-French 
Concorde, by T. T. Waters of the Brit­
ish Aircraft Corp. Other aircraft whose 
test hardware will get an airing dur­
ing the eight sessions include the 
Dutch Fokker F-28, the Canadian 
CF5A, and the Franco-British Jaguar. 

April in Paris 
There'll be a three-ring circus as well 
as chestnuts in blossom for electron­
ickers in Paris during the first fort­
night of April. Ring 1 features an MSI/ 
LSI seminar, sponsored by Electron­
ics. It will put designers through three 
days of presentations and work ses­
sions that will leave them equipped to 
handle MSI and LSI circuits as basic 
subsystems. lnthecenterring, there's 

• I 

the Salon des Composants, biggest 
of Europe's components shows. Third 

1 

attraction is a four-day colloque that 
will cover advanced IC's, complex 
microelectronics systems, and com­
puter-aided design. 

Drawn to Uxbridge 
Brunel University's 1968 symposium 
on computer graphics drew such en­
thusiastic crowds that its sponsors 
have increased the size and scope of 
both the technical sessions and the 
accompanying exposition. There'll 
be some 60 papers presented (com­
pared to 17 last time), with special 
emphasis on industrial applications 
of displays. The number of firms 
exhibiting should double: 30 are 
expected. 



n shows and meetings 
ry-June1970 

April 
SI/LSI Circuits Seminar for 
1uipment & Systems Designers 
>ril 1-3 
>tel Hilton, Paris 

ternational Components Salon 
>ril 3-8 
ire des Expositions, Paris 

ternational Colloquium 
1 Advanced Microelectronics 
>ril 6-10 
esco, Paris 

h Thin Films Conference 
ril 6-8 
ading University, England 

minar on Defects 
Semiconductors 
ril 13-17 
ading University, England 

mputer Graphics 
ril 14-16 
unel University, Uxbridge, 
'ddlesex, England 

nover Fair and 
rman Air Show 
ril 25-May 3 
ir Grounds and Langenhagen 
port, Hanover 

May 
International Instruments, 
Electronics & Automation 
Exhibition (IEA) 
May 11-16 
Olympia Hall, London 

Signal Processing Methods 
for Radio Telephony 
May 19-21 
IEE, Savoy-Place, London 

Fifth lmeko Congress 
May 25-30 
Palais des Congres, 
Versailles, France 

Mesucora-Measure, Control 
and Regulation 
May 27-June 4 
CNIT, Puteaux (Paris) 

June 
International Aeronautics 
And Space Salon 
June 5-14 
Torino Esposizione, Turin 



Announcing two new standards 
of power supply engineering 
for laboratory, test bench 
and production 

l 
~~~ 

• 
DC Power Supply Tester 
Model 1006 

, 
·""' 

• DC and variable frequency floating electronic 
loads 

•Tests transient response, regulation, ripple 
and impedance 

• Loads from 0 to 10 A at 0 to 120 volts 
in 4 ranges 

•Triangular and square wave current loading 
continuously variable from 100 seconds to 
100 microseconds 

•External modulation 

• Meter monitors output voltage and load in all 
modes 

DC Power Supply 
Model 1004 

• DC output 0 to 20, 0 to 50 and 0 to 100 volts 
at 0 to 4, 0 to 2 and 0 to 0.5 amperes 

• Constant current or constant voltage 
operation in all ranges 

• Digital indication of voltage settings 

•Vernier output control to 0.5 mv resolution 

• Overvoltage protection, with crowbar, 
continuously adjustable from 5 to 105 volts 

•Temperature coefficient: constant voltage 
20 PPM/°C; constant current 100 PPM/°C 

•Ripple and noise: constant voltage 50 
microvolts rms ; constant current 
75 microamperes rms • Scope output with selectable SOX and I OOOX 

gain, 10 Hz to 1 KHz or I 00 KHz bandwidth 

• Scope sync pulse at either low-high or high-low 
transition 

•Regulation, line and load, better than 50 PPM 

• Size 8" wide by S"·high by 12" deep 

• Overvoltage and overcurrent protection with 
overvoltage signal lamp 

•Size 8" wide by 5" high by 12" deep 

•Price $650 

Electronics I January 19, 1970 

•Price $425 

bfp 8. L. PACKER CO. 
5-05 BURNS AVENUE, HICKSVILLE , N. Y. 11801 • (516) 433-4470 
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• Post-and-film memory delivers NDRO capability, 
low noise, high speed, but avoids problem of creep 
Fixing one or two continuous films on a grooved ferrite wafer forms 
a batch-producible memory with paths for flux closure; Robert F. Vieth 
and Charles P. Womack of Litton Systems discuss the process in detail 

e A hybrid technology has been devised that combines 
anisotropic thin-film and ferrite-core memory technol­
ogies. It grants a designer the advantages that thin films 
have over ferrite cores, such as batch fabrication, high 
speed, wide temperature range, capability for nondestruc­
tive readout, and low noise; but at the same time it over­
comes thin films' disadvantages, such as close tolerances 
on drive currents and tendency to creep. 

The memory produced by this technology, called the 
post-and-film memory, comprises either one or two con­
tinuous films atop a ferrite wafer that has two sets of 
closely-spaced grooves cut into it at right angles, thus 
creating an array of square posts that provide a path for 
Hux closure, thereby preventing creep. \i\Tord wires are 
in the grooves parallel to the film's easy axis of mag­
netization; digit wires are in the orthogonal grooves. 
The one-film memory, shown ibelow, reads data destruc­
tively, so that data read out must be regenerated for later 
use; the two-film version, on the opposite page, permits 
non-destructive readout (NDRO). 

This design offers higr1 reliability and wide operating 
tolerances, as well as manufacturing costs as low as 2¢ 
per bit. These memories also dissipate very little power, 
so that their drive and sense circuits can lbe built with 
monolithic integrated circuits. Their speed-250 nanosec­
onds in the current model-is limited more by their as­
sociated circuits and connecting transmission lines than 

102 

by an intrinsic characteristic of the memory elements. 
Each ferrite wafer is one inch square and contains 

64 grooves in each direction. The film stores one bit 
above each pair of groove intersections in the basic de­
sign; this density can be doubled by using one intersec­
tion per bit-straight digit lines instead of the U-shaped 
ones shown below-but the elech·onics costs more. 
Shortly, the designers expect a further increase in den­
sity; they plan to decrease the groove spacing and to 
use 21/4-inch square film substrates to achieve a 50,000-bit 
capacity per substrate. 

Simple thin-film technology has significant advantages 
that are retained in the post-and-film approach: 
~The array can be batch-fabricated. Other batch-fabri­
cated memory forms have turned out either to have 
severe problems in development, or to be difficult or im­
possible to manufacture in quantity, or to pose operating 
or packaging problems due to magnetostriction. 
~Like simple thin films, the post-and-film structure is 
potentially capable of 100-nanosecond cycle times. 
~It is potentially capable of producing large output 
signals, which are possible for two reasons : first, the 
film's permeability is much higher than that of ferrite; 
and second, the volume of each film element is less than 
that of a core. Thus, the total magnetization is about the 
same order of magnitude. 
~It can operate satisfactorily over a wide tempera-

~ARD I AXIS 

FERRITE 
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ture range, because the film is made of materials that 
have high Curie temperatures and which therefore, re­
tain their magnetic properties. 
~It is capable of nondestructive readout, without main­
taining tight tolerances on the drive current, as long as 
the film's magnetic hard axis remains unsaturated. 
~The signal is inherently less noisy than that from a 
ferrite-core memory. 

This noiseless operation is a critical factor in a mem­
ory's speed. In the presence of noise, the output signal 
has to be much larger or of a significantly different char­
acter from the noise in order to be distinguished from it, 
which tends to lengthen the cycle; and the noise gener­
ated during a given memory cycle must be allowed to 
die away before a new cycle can begin, otherwise the new 
output signal will be contaminated not only by its own 
noise but also by noise left over from a preceding cycle. 

There are three reasons, or three and a half, for this 
nearly noiseless operation in thin films: first, a core, be­
ing much bulkier than a film element, necessarily has 
part of its magnetic material considerably more distant 
than other parts from the wire carrying the drive current. 
The more distant parts are subjected to weaker fields 
than the nearer parts, so that the core switches more or 
less gradually. This gradual switching generates noise. 

Second, when the magnetization vector in a core 
switches, it does so all the way from a positive maximum 

GLASS SUBSTRATE 

PERMALLOY FILM WITH 
LOW COERCIVE FORCE 
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Open book. Current model of post-and­
fl Im memory has memory elements 
mounted on one side of base plate, 
electronics on opposite side; two plates, 
hinged together, close up for 
compactness, or open for maintenance. 

to a negative maximum relative to a particular reference, 
whereas a film switches from the positive maximum to 
zero as the vector rotates through a right angle. 

Third, core arrays are usually wired with the cores at 
an angle to the wires, so that only a fraction of the ap­
plied field acts to switch the cores. The remaining com­
ponent is parallel to tihe core's axis and therefore has no 
effect on switching. 

The half-reason is related to this angular wiring; it's 
the fact that the sense wire is usually parallel to the 
drive wire, permitting a high degree of coupling from 
one to the other. In thin films the conductors are neces­
sarily orthogonal to the storage elements and to each 
other, for maximum coupling to the elements and mini­
mum coupling to each other. 

These advantages in simple thin films are accom­
panied by a number of disadvantages, which have been 
overcome in the post-and-film technique: 
~Unlike simple thin films, the post-and-film's NDRO 
capability resides in its stmcture-the two films set 
against the ferrite wafer-rather than in the control of 
its drive currents. Therefore, the tolerances on these cur­
rents can be much looser in post-and-film than in simple 
thin films. The latter require such tight tolerances that, 
in fact, they are rarely designed for NDRO. 
~In the post-and-film technology the flux paths from 
the film, which stores the data, close in the ferrite posts, 

Two versions. In the one-film version of 
the post-and-film memory (far left), data 
is stored in film, read and written with 
the aid of wires laid in the grooves 
between the posts. In the two-film model, 
flux from hard film restores data in soft 
film after reading, thus permitting 
nondestructive readout. 
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as shown below. This control of the flux also enhances 
the output signal. In simple planar thin films , the flux 
paths close in air, so that the magnetic patterns repre­
senting stored data are subject to creep, a phenomenon 
caused by repeated reading and writing at one location, 
which tends to affect the data stored in nearby locations. 

Various artifices have been employed to avoid this 
difficulty. One strategy uses a coupled-film design, in 
wihich two film spots on separate substrates are placed 
face to face to provide a flux path entirely within mag­
netic material except for a small air gap separating the 
two films; this gap is established by the drive lines pass­
ing between the films. Another approach would be to 
use a keeper, which is a slab of ferrite or other magnetic 
material placed over an array of film spots or a continu­
ous film. It specifically provides a closed flux path. In a 
way, the post-and-film memory is an extension of the 
keeper concept. Almost all planar thin film designs uti­
lize one of these or a similar strategy. 
~The films in the post-and-film structure are plated 
in an electron-beam evaporation process, in which only 
three parameters must ibe controlled: the substrate tem­
perature, the melt composition from which the evapora­
tion takes place, and the thickness of the evaporated film. 
Many ordinary thin films are electroplated. This process 
is difficult to control because it involves many variables: 
the temperatures of the various solutions, the plating 
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Closed path. Flux lines from magnetic 
storage elements close in ferrite posts, 
for high reliability at low cost. 

HARD FILM 

~ ___/ 
WORD FIELD TURNS ON 

"'- SOFT FILM 
VECTOR ROTATES 90° 

current, the substrate's surface roughness, the magnetic 
field in which the plating takes place, and many others. 
There is no one-to-one correspondence between varia­
tions in any of these parameters and variations in some 
specific quality of the plated film. 

Development of the post-and-£.lm memory was initi­
ated at Litton as an in-house research project, and is be­
ing continued for the Naval Air Development Center 
under contract N62269-69-C0239. 

The single-film version of the post-and-film memory 
operates in much the same way as simple thin films. 
When a saturating field is applied at right angles to the 
single film's anisotropic easy axis, the magnetization vec­
tor rotates to align itself with the field. Removing this 
word field pern1its the vector to rotate back to the easy 
axis. It may rotate back in either direction; a small digit 
field parallel to the easy axis "tips" it back toward the 
proper direction before the word field turns off. 

A current in a word wite parallel to the easy axis gen­
erates the word field; a digit wire at right angles to the 
word first carries a readout pulse generated by the mag­
netization vector's rotation, and then carries a current to 
generate the digit field. This is the method used to write 
new data in thin film and regenerate old data following 
a destructive readout. 

All simple thin-film memories operate this way. With­
out the small restoring field following readout, the vec-
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HARD FILM RETURNS. TO NORMAL WORD FIELD TURNS OFF 

tor would drop iback to the easy axis in either of two 
directions, at random, and the stored data would have 
been destroyed; in this case, readout would be destruc­
tive. For NDRO, the vector would have to rotate far 
enough to generate an adequate output signal, but not 
so far that its dropping back to its original orientation 
can't be guaranteed; this requires impractically precise 
word currents. 

The principal advantage of the post-and-film mem­
ory over simple thin films is its Hux closure in ferrite 
rather than in air. 

In the double-film version, one of the films is "hard" 
-that is, it has a much higher coercive force than the 
other, so that it requires a much stronger external field 
to significantly affect its magnetization. A small read 
pulse in the word wire rotates the magnetization in the 
"soft" film to read out the data, while having only a very 
small effect on the magnetization of the hard film. When 
the read pulse turns off, the magnetization in the hard 
film drags that of the soft film back to its previous orien­
tation, without the need for an external digit field, as 
shown above. To write new data in the double-film mem­
ory, a much stronger word current rotates both the hard 
and soft magnetizations. 

This description ignores the effect of the ferrite posts 
on the Hux paths. Because they provide low-reluctance 
paths for the Hux, the posts bend the magnetization away 

FERRITE POST GROOVE 

J 

Turn vs. twitch. Flux lines of data stored in 
two magnetic thin fllms close within the fllms 
(left). But a word fleld large enough to saturate 
the soft fllm in its hard direction (center) has 
hardly any effect on the hard fl Im. As a result, 
the hard fllm restores the magnetization in the 
soft fllm (right) for nondestructive readout. 

from true alignment with the easy axis, as shown below, 
but the memory operates essentially as described. 

Currents for the post-and...film memory are only 40 
and 250 milliamperes in the digit and word lines respec­
tively-as against 125 and 800 ma for plated wire or 300 
and 800 ma for ferrite cores. A memory of 8,192 words 
of 16 lbits each dissipates only 22 watts, compared to 70 
for cores. 

Three different batch fa:brication techniques are ap­
plied in manufacturing the post-and-film memory. These 
are the film evaporation process, the ferrite base prepara­
tion, and the wiring of the array. 

The film evaporation apparatus, shown on page 106, is 
basically similar to that used in the semiconductor in­
dustry and elsewhere; it contains an electron gun that 
shoots a beam of electrons down onto a water-cooled 
copper block serving as the anode. But sitting on the 
block in the path of the beam is a container holding a 
small quantity of permalloy, which melts at about 
1,500°C under the electron beam's bombardment. Be­
cause the apparatus is evacuated, a significant vapor 
pressure quickly builds up, and metallic permalloy pre­
cipitates on the relatively cool substrates, which are 
mounted around the block but out of the beam's path. 

The substrates to lbe coated with film are mounted 
in holders that have two pole faces and two field coils. 
These apply a magnetic field across the suibstrate while 

Curved axis. Ferrite posts, having much 
lower reluctance than air, distort the 
magnetic vector in the soft fllm, but 
without destroying its basic anisotropic 
character. 

( 
SOFT FILM 
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the film is being deposited, to establish the direction of 
the film's easy axis. They are maintained at a tempera­
ture of about 400°C. 

In the process currently in use at Litton Systems, four 
large substrates are coated in a single operation; each is 
21/4 by 2% inches, thus containing enough surface to hold 
four of the inoh-square ferrite wafers. Thus enough thin 
film is prepared with each evacuation of the evaporator, 
assuming 100% yield, to make 16 post-and-film memory 
arrays of over 2,000 bits each. The substrates are cut 
apart later to the smaller size. 

Only two tests are required on the film. The films are 
not etched, nor do they age . or deteriorate in any way as 
a result of mechanical or thermal stresses. As a result, 
their yield is indeed very nearly the 100% assumed in 
the preceding paragraph. 

The ferrite bases are stamped out from powder in the 
same way as other ferrite components, and the grooves 
are cut in them using the same standard techniques as 
for dicing semiconductor wafers. There are two ways to 
do this:. one method relies on a small circular saw with 
diamond teeth, and the other uses an oscillating wire and 
a slurry of abrasive material. Both techniques use several 
of these cutters ganged together, so that a whole ferrite 
wafer is grooved in only two operations, one for each 
orthogonal set of grooves. 

The wires that thread the posts are preformed and drop 
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BELL JAR 

Evaporator. Electron beam (color) melts 
piece of permalloy on hearth; permalloy 
evaporates in vacuum, and vapor 
precipitates on relatively cool substrates. 

quickly in place. Although details of the preforming 
process are proprietary, in general, the conductor pat­
tern is etched from a piece of copper-clad epoxy board, 
new layers of copper and insulation are then built up, 
and the epoxy is removed. This leaves a preformed struc­
ture that resembles a small piece of fine screen, and that 
fits over the ferrite wafer. 

After the wires are in plar::e, the ferrite wafers are at­
tached to printed-circuit boards to which the wires are 
connected. Then the films, on glass substrates, are placed 
on the wafers, film side down; alignment isn't critical be­
cause the films are continuous. However, the film's easy 
axes must be closely aligned with the direction of the 
word wires; to achieve this the substrates are slightly 
rotated by hand until the output of a sampling of bits is 
a maximum. Because some of the thin-film elements may 
have easy axes with a certain angle of skew relative to 
the nominal easy axis, the substrates' final position may 
appear to be rather carelessly out of line with the wafers. 

Finally, the substrates are thermally laminated to the 
ferrite wafers and the asseµiblies given a final test. 

Repairs can be made at each of these stages, if neces­
sary. For example, individual preformed wires can be 
cut out and replaced if faults are detected before the 
films are put in place. Even after the laminating step, the 
ferrite wafer with the film in place can be removed and 
replaced, if necessary. e · 
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Simple electroplating process allows high-density 
waffle-iron memory to be built easily, inexpensively 

A thick-film layer atop a grooved ferrite block produces a memory whose 
performance approaches that for plated· wires, say Peter Langlois, Nye 
Howells, and Alan Cooper of Standard Telecommunications Laboratories 

e Another batch~fabricated memory superficially simi­
lar to the post-and.filhn memory [page 102] is the waffie­
iron memory. Although it uses square wafers of ferrite, 
grooved to make an array of posts, it uses a one-layer 
film about 10,000 angstroms thick-perhaps two orders of 
magnitude thicker than Litton's film-that is magneti­
cally anisotropic. 

In the waffie-iron memory, shown below, ea:ch wafer 
has 5-mil grooves spaced 15 mils apart. The word and 
digit lines define a storage element at every pair of 
groove intersections-two intersections per bit. The stor­
age density is thus very high; but even so, improved 
mechanical 'techniques, su'ch as for grooving the ferrite 
wafers, could double the 'density. 

One set of grooves contains the digit lines, which are 
U-shaped-they go "out" and "back" in adjacent grooves. 
The other set, at right angles to the first, contains the 
word iines, which are straight. Simultaneous word and 
digit currents magnetize the film over their two inter­
sections diagonally from left to right, as shown on page 
109, for eit'her direction of digit ·current. In general, 
the digit 'Current magnitude is smaller th'an that of the 
word current, so it d0esn't des troy data in cells where no 
word current is present. 

A reverse current in the word line, in the absence of 
a digit current, destroys this diagonal pattern and 
switches the flux to directly adjacent ferrite blocks, from 
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right to left. This switching generates readout pulses 
in the digit line; the readout is destructive. Nondestruc­
t'ive readout techniques are being developed, ibut are 
still experimental. 

Design characteristics of a typical waffie-iron memory 
appear in t'he taible on page 109, compared w'it<h a 
typical plated-wire design. The waffie-iron is easier to 
build, and therefore costs less, and its performance com­
petes with the plated wire. 

Fabrication of 'the waffie-fron memory occurs in three 
main steps; the ferrite preparation, the film and sub­
strate, and the mating of the two parts. 

Plates of ferrite are lapped flat to within 6,000 ang­
stroms, or approximately one wavelength of visible light. 
Then they are grooved with a multiple blade cutter, 
polished to make a good mating surface, and cut into 
1/4-inch squares. 

The storage film is electroplated on a metal substrate 
an inch square. Because the film is thick and isotropic, 
the plating process doesn't require the stringent physical 
controls used in most thin-film memories, the electro­
plating yield is very high. 

These substrates have 16 times the area of the fer­
rite wafers. This is done to permit the wafers to be 
interchanged more readily; one-inch square wafers could 
be made ju'st as easily as the 1/4-inch square ones, and 
at about the same cost. 

Continued on page 109 

Groovy. Ferrite wafer has 5-mil grooves 
spaced 15 mils apart, to hold word and 
d igit wires. Thick magnetic film on 
substrate laid over the grooves stores 
data, is switched by currents in the wires. 
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X-shaped clamp. Eight of the 
ferrite wafers are held in 
place in a frame containing 
word and digit wires by 
X-shaped spring clamps that 
permit individual wafers to 
be removed for maintenance 
and repair. 

Working models. At far left is waffle­
iron array storing 512 words of 64 
bits each, showing spring clamps, and 
IC diode packages, 12 per chip. With 
hole-storage diodes, only one per 
word is needed, not two. Small 
photo shows reverse side of same 
array; diamond-shaped plates (one 
removed) hold film substrates. Below 
left is closeup of different array 
showing wires and ferrite wafers. 

Different recipes for waffles 
Besides the versions at Standard Tele­
communication Laboratories and at 
Litton Industries, waffie-iron-shaped 
memories are also being worked on at 
a number of other p}aces. 

In Japan, at the government-owned 
E-lectrotechnical Laboratory, research­
ers are working on a version of ithe 
waffie-iron that uses plated-wire as 
the sense-digit line instead of plain 
wire [Electronics, Dec. 22, 1969, p. 
167]. They do not use the overlaid 
thin film on top of the ferrite plate. 
And lukewarm efforts are said to have 
been made at a number of private 
laboratories, including those of Tohoku 
Metal Industries Ltd. 



Performance comparison 

Bits per sq. inch 
Switching t ime 
Word cu rrent, read 
Word current, write 
Digit current 
Output 
Capacit ive coupling 

Continued from page 107 

Waffle 
Iron 
2,000 
25 nsec 
+500 ma 
- 180 ma 
± 80 ma 
± 20·25 mv 
0.05 pf 

Plated 
Wire 
200·300 
15-25 nsec 
+ 500 ma 
+500 ma 
± 50 ma 
± 8-10 mv 
0.3-0.5 pf 

Word and digit wires are stretched over a l-by-1h-inch 
aperture in a frame, and bonded to the frame's sides. 
Into this window eight of the %-inch ferrite squares are 
placed, so that the wires fit into the grooves. They are 
held in place by a simple spring clamp, as shovm at left. 
The film on its substrate is secured on the underside 
of this assembly, against the ferrite and covering the 
grooves. 

If necessary, for repairs or inspection, either the film 
or the ferrite can be easily removed. A single l/4-inch 
square can be removed and replaced without disturbing 
its neighbors; the wires are kept in place by the other 
squares and the frame. 

Skeleton models of memories as large as half a mil­
lion bits-4,096 words of 128 bits-have been built; they 
achieved cycle times of less than 250 nanoseconds. A 
smaller memory of 256 by 128 bits has been completely 
assembled and is in satisfacto1:y operation, and one of 
1,024 by 64 bits is being tested. • 

WRITE 0 

READ 

DIGIT 
WIRE) 

This is the 15th installment, and the 35th and 36th 
articles, in Electronics' continuing series on memory 
technology, w'hich began in the Oct. 28, 1968, issue. 

Catercorner. Flux paths in the thick film lie 
diagonally over the intersections of two 
grooves; two intersections store one bit. 

At Thomson-CSF in France, two 
versions have been developed. One 
of these resembles Litton's two-'layer 
post-and-fii1m memory; the company 
is shooting for a 72,000-bit production 
pro~otype somebime this winter, with 
a 100-nanosecond cycle time. 

The other is a read-only memory 
in which squares are etched out of 
the film \Vherever a binary 0 is stored; 
the memory can hold mticroprograms, 
mathematical tables, a cathode-ray 
tube charooter generator, and so on. 
A 16,000~bit prototype has been built, 
with an access time of 55 nsec. 

At Iowa State University, in Ames, 
Iowa, researchers under the direction 
of A.V. Pohm are wor~ng on a similar 
idea using, instead of the waffie-iron 
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plate, a fabricated keeper fom1ed by 
pouring a slurry over an array of wires 
and letting it dry. The wires are either 
plated wires-cylindrical thin films­
or the driive and sense wires for a 
planar thin film. The slurry fa made of 
powdered magnetic material of low 
penmeability dispersed in an organic 
solvent, which dries by evaporation. 

At AC Electronics, a division of 
the General Motors Coup., some work 
was done a few years back on what its 
designers called a waffie-iron memory, 
but it was different from the waffie­
iron memories which used film struc­
tures. H was a read-only memory com­
prising a grooved ferrite p}ate, drive 
and sense lines in the grooves, and 
iron slugs on a printed-oirCUJit card 

to complete the flux paths across the 
intersections of the grooves. The slugs 
lay in either of two diagonal direcbions, 
thus coupling from the driive line to 
the sense line in either of two pofar­
ities, corresponding to l's and O's. 

Bell Telephone Labomborues did 
most of the original work on waffie­
iron memories in the United States. 
But it got the idea from a Philips 
Gloeilampenfabrieken patent on a 
method for batch-fabricating core ar­
rays. Philips used a flat ferrite s1ab 
;:tcross the top of the ferrite waffie­
iron to complete the flux paths around 
wtires in the waffie-riron grooves. Bell 
Labs discontinued its waffie-iron work 
to begin plated-wire investigations­
which it 1has now also discontinued. 
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Surface wave delay lines promise filters for radar, 
flat tubes for television, and faster computers 
Advances in technology can open up broad spectrum of new applications; 
J. H. Collins and P. J. Hagon of Autonetics tell how surface waves decode sig­
nals, compress and expand waveforms, and modulate beams of electrons 

• Still a brand-new technology, surface acoustic waves 
have progressed from simple delay lines to sophisticated 
signal processing functions. As the technology devel­
oped, so did methods of manipulating signals during the 
delay. For the first time acoustic resonators, couplers, 
and signal routing guides ibecame feasible for signal 
processing on the same substrate. 

Yet the more difficult but more useful processing func­
tions, such as tapped delay lines leading to analog 
matched filters, and pulse expansion and compression 
for chirp radars, had to wait for a more advanced acous­
tic technology-new methods of acoustic h·ansduction 
and acoustoelectric amplincation, and new materials 
with greater electromagnetic acoustic coupling and lower 
transmission losses . This work has now reached the 
point where surface acoustic wave technology is ready 
for advanced applications. 

The most important property of surface acoustic 
waves for tapped delay lines leading to analog matched 
filters is accessibility to tapping at any point between 
input and output transducers. Since a signal can be 
stored in the line for a time equal to the total delay, 
th is tapping capability allows signal-sampling at many 
points at the same time. Once the signal is tapped and 
s·arnpled it can be compared to other signals from dif­
ferent parts of the system, or it can be instantaneously 
compared with different sections of the same signal. 

AMPLI TU DE 

THRESHOLD OR 
DEC ISION LEVEL 
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And since coded incoming signals must be compared 
either to a standard decoding program or to another 
signal stored in the system, signal manipulation becomes 
essential in exh·acting information from, or decoding, 
incoming signals. 

Analog matched filters are important in the decoding 
process, especially when the system must handle the 
complex signals used in today's radar, 1communication, 
and navigation systems. Specifically, these filters are 
required to pass only the signal bearing the information 
and reject all others. This task, however, is quite difficult. 

Usually the received information, impressed on a car­
rier by phase, amplitude, or frequency modulation, al­
ways is corrupted by random fluctuations in phase and 
amplitude from the transmission medium-either cable 
or atmosphere-and further deteriorated by noise in the 
initial stages of the receiver. Furthermore, operational 
military systems may have to contend with jamming 
signals. 

Just how complicated the decoding process can be 
may be seen from the waveform shown in the figure 
below, which is a typical output of a receiver after un­
dergoing the initial stages of mixing and i-f amplica­
tion. Clearly for this type of transmission the signal must 
be differentiated from the noise. For radar this means 
determining which is the return echo; for communica­
tions, which information bit is present. 

TIME 

Coded waveform. A matched 
fl lter extracts the desired 
information from this sketched 
portion of a radar waveform by 
giving a signa l at information 
point t3 only, and re jecting noise 
signals at points ti and t2 . Setting 
the thresho ld leve l high 
enough to eliminate all noise 
peaks introduces the chance of 
loosing an informat ion point. 
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Many fow-level noise pulses could be removed simply 
by setting a threshold or decision-level device to give 
an output when a pulse amplitude rises above threshold, 
and to ignore lower amplitudes. But often a noise pulse 
as well as an echo pulse rises above threshold, resulting 
in a false output. Raising the threshold level to eliminate 
all false outputs undoubtedly will cause some true sig­
nals to fall below the threshold and be lost. 

This problem is common to all radar and communi­
cations systems operating at maximum range or where 
strong interference-random or jamming-is present. The 
solution is a matched filter, which is matched to the 
expected input signal so that useful signals aren't lost 
and no false alarms ·are sounded. In effect, the filter must 
maximize the signal-to-noise ratio. 

But the matching must be done in a very special way. 
Analysis of white noise present in these types of signals 
shows that proper matching will occur when the impulse 
response of the filter is the time-reversal of the received 
signal. And since a variety of signals are used in differ­
ent systems, the structure of surface-wave matched 
filters can vary considerably. A matched filter for a 
biphase-coded continuous waveform-that is, a wave­
form that changes its phase by 180 degrees at a specific 
time-could be •a tapped delay-line structure with, say, 
50 constant-period taps. On the other hands for the 
linear f-m waveform of ·a chirp-radar system, the 

matched filter would consist of two transducers with a 
graded periodicity. 

Matched filters for biphase coded c-w signals can be 
built using tapped delay lines consisting of an input­
output interdiigital-tmnsducer pair •and iintermediate­
placed single finger-pair taps separated by a distance 
corresponding to a particular surface wave delay. When 
a coded waveform enters this delay line from the input 
transducer, it proceeds through the series of interme­
diate taps, shown in the figure below along with the in­
put transducer. Waveforms of the first and second bits 
of the code are shown at a particular time in relation to 
the position of taps 1 and 2. 

In this code, both bits, and every sulbsequent bit, con­
sist of four cycles of the carrier frequency with a dura­
tion or bit time equal to the time between taps. As the 
signal proceeds, the output at tap 1 is {A + N), where 
A is the information part of the signal, and N is the 
noise. Further, because of the tap spacing, the signal 
appearing at tap 2 is - (A + N). The polarity of this 
signal, however, can be inverted by reversing the tap 
connection, and its contribution is - [- {A +N)] or + 
(A + N), the same as from tap 1. When both contribu­
tions are added from tap 1 and 2, because the informa­
tion-bearing parts of the signal are exactly in phase, 
they will add coherently, increasing by a factor of 2, 
while the noise contributions, being random, add in-

Pl EZOELECTRIC 
SUBSTRATE A+N UTPUT 

r--------+-...-.....,2AIN 

A+N 
INPUT 

AMPLIWOE j-:--==+-+-+--'1-+--+-f_.._+-+-+=-I~ ........ -.-----• r- TIME 

k-- BIT 2 ---- BIT l I 2 BITS OF BIPHASE ----t CODED WAVEFORM 
I· t t----! 
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Enhancement. Because the information 
amplitudes, A, are coherent and add in 
phase at each tap (two are shown along 
with a portion of a coded signal) while 
the random noise, N, adds as the square 
root, signal to noise enhancement is 
obtained at the end of the line. Errors in 
tap spacing-spacing is critical and 
equals the bit distance-lead to errors 
in phase which degrade the 
summed signal. 
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Reducing code. Although enhanced in 
amplitude (top) a summed filter output 
has a broad envelope equal to the total 
time in the line. To overcome the resulting 
uncertainty, a code is used that cancels 
the signal at all times except when bits 
coincide with taps, thus reducing the 
rise time (bottom) to one bit time. 

TIME 

TIME 

coherently, increasing only by a factor of y2. In short, 
the addition from both taps is 2A +Nv2. The result 
is that the signal-to-noise amplitude ratio from two 
added taps is yl2 times the signal-to-noise amplitude 
ratio from a single tap. And most important, for a 
50-tap line, the added signal at the end of the line is 
50 A + Ny50, an output signal-to-noise power ratio 
improvement or "processing gain" of 50:1 over a single 
tap. All 50 taps add in phase at each bit time, so as 
a 50-bit signal passes through the line the summed 
output will increase by A at each bit time, and after a 
time 50t, bit 1 will coincide with the 50th tap. At this 
point the summed signal amplitude will be 50 A. The 
signal then will drop to zero after a further time 50t as 
the coded waveform exits. 

Although the signal-to-noise ratio is vastly improved 
by a 50-tap matched filter, the envelope of the output 
signal will be spread out, that is, some uncertainty will 
exist in the actual time the output crosses the threshold. 
To overcome this problem, a code must be used that 
allows positive and negative phase signals from taps 
to cancel each other at all points except when the 50 
signal bits are opposite the 50 taps. Then the peak, 
still occurring at 50t, will rise from 0 to 50 A in one 
bit time, giving much higher time accuracy. This allows 
for accurate synchronization of the receiver for efficient 
decoding of following signals. By choosing a code 
such as the Barker code, used where high data solution 
is required, the time sideloibes can be reduced to ampli­
tudes appreciably less than the 50 A of the m'ain peak. 
Thus ·t'he tapped de'lay line provides both sign•al-to-noise 
ratio improvement 1arid decoding functions. 

The delay line can also produce codes. If for exam­
ple, a single 4-cycle bit of duration t is applied simul­
taneously to all 50 taps connected together in a specific 
polarity or biphase code, a 50~bit code of duration of 50t 
will emerge from the input transducer. Thus with this line 
a single bit can be encoded into a 50-bit biphase coded 
waveform and then be transmitted. A receiver with an 
identical tapped delay line can decode this signal, re­
trieving the original information bit with high accuracy. 
Comparnble accuracy can be obtained by transmitting 
the information bit at 50 times the power level needed for 
the coded waveform. Thus the coded waveform tech­
nique allows peakpower to be much lower within a given 
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Communicating 

There are many codes used in radar. 
A common one is the Barker code, 
frequently used where accurate, un­
ambiguous time synchronization is re­
quired. A biphase-modulated c-w sys­
tem, it consists of coded pulse 
sequences impressed at fixed intervals 
on amplitude, frequency, and phase 
of a coherent c-w carrier. 

Consider a seven-bit Barker code 
with four cycles per bit. The coded 
waveform, representing a single in­
formation word which contains seven 
bits, requires a matched filter that can 
give a single, unambiguous output 
when the waveform passes through it. 
This output, which is the initial de­
coding stage, is an information bit 
ready for subsequent process. There­
fore, a seven-bit Barker code can be 
used to encode a single information bit 
into a seven-bit biphase coded signal, 
which can be transmitted, received 

180° 180° 180° 0 

+ + + 
0 

and passed through a matched filter to 
retrieve the original information bit 
with high certainty. 

Under the decoding arrangement, 
a maitched filiter ds designed for the 
seven-bit code by depositing seven 
interdigital transducers on a surface 
acoustic-wave delay line bel:\veen the 
input and output transducers. The 
spacing between successive trans­
ducers must be four times the carrier 
surface acoustic wavelength to achieve 
coherent addition of tap outputs. 

Phase reversals at specific taps also 
are necessary for coherent signal sum­
mation. These reversals are chosen for 
the first, third and fourth taps, because 
at these points the signals are 180° 
out of phase with signals from the 
second, fifth , sixth, and seventh taps. 
Further flexibility in phase reversals 
can be attained by reversing tap con­
nections. 

The output of the delay line, as the 
coded waveform enters and passes 
through, consists of a series of six 
signals-one signal per bit period­
with amplitude alternating between 0 
and -A, where A is the amplitude 
from one tap. When bit 1 arrives at 
tap 7-the tap closest to the input 
transducer-a signal of -A is obtained 
from the summed output. One bit-time 
later, bit 1 is at tap 6, giving an output 
of -A; simultaneously, bit 2 is at tap 
7 giving an output of +A. This can­
cels the -A to give a net output of 
zero. Adding and cancelling continues 
until, during the seventh bit period, 
the amplitude is 7 times A, obtained 
when the output of all seven taps are 
adding in phase. This is followed by 
six further bit periods with amplitude 
of 0 or -A; thus one distinct output 
corresponding to the information bit 
is obtained. 

CODED WAVE FORM 
Good timing. This 7-bit 

I 
I Barker-coded biphase-

0 180° 0 I PHASE modulated carrier with four 

+ I POLARITY carrier cycles per bit is used 
I in radar systems where 

0 0 I DIGITAL TAP OUTPUT accurate time synchronization I 
is required. 

CODED 
SIGNAL 
INPUT 

TAPPED SURFACE WAVE DELAY LINE 

SURFACE 
WAVE 

(Al 

(8) 
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INTER DIGITAL 
TRANSDUCER 
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BIT 
PERIOD 

Bit by bit. This schematic of 
the 7-tapped surface wave 
delay line will decode the 
above 7-bit waveform by the 
method of biphase corre la­
tion. The output waveform 
shows the desired information 
extracted in the 7th bit. 
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Tapped for Radar 
Long radar codes need multiple-tap, 
matched-filter delay lines in which the 
number of taps equals the bit capacity. 
One example is an YX quartz, 11-tap 
line designed for a 150-megahertz 
carrier frequency. Tap spacing is 0.125 
inch, corresponding to a I-micro­
second time interval, or 151 wave­
lengths. This matched filter can handle 
11 bits at 1-Mhz bit rates. It has a -3 
decibel bandwidth of 6 Mhz, which 
results from the 24-finger-pair input 
interdigital b·ansducer. 

High-icapacity delay lines require 
longer delays. To this end, a 50-tap 
line, the largest to date, has been 
fabricated on quartz. It's designed for 
future multiple access communication 
systems that require accurate and un­
ambiguous synchronization of data 
streams. In this line the center fre­
quency is 120 Mhz with a -3 db 

bandwidth of 5 Mhz, determined by 
the 24-finger-pair input interdigital 
transducer. Tap spacing is 25 mils, 
corresponding to 200 nanoseconds or 
24 wavelengths of the 120-Mhz 
carrier. This represents a 5-Mhz rate. 
The 3-finger-pair taps have a 40-Mhz 
bandwidth, each extracting 1/32,000 
of the total acoustic power from the 
surface-wave beam as launo'hed by the 
input transducer. 

This acoustic-wave delay line was 
built into a flat package measuring 
I% by 11/s inches. Each tap was con­
nected by wire bonds to one of the two 
sum lines ( 0 ° -180 ° ) deposited on a 
thin-film substrate. 

Performance was tested with a 63-
bit 11Jiphase code obtained by feeding 
a digital drive signal (I st trace) into 
the modulation port of a double­
balanced mixer. A 120-Mhz c-w siignal 

also is fed into 'the 1mixer, resulting in 
a biphase-moduJated >e-w code with 
the phase, 0° or 180°, determined by 
the corresipondling digital signal 0 or I. 

'I1he 2°d trace, Showing the summed 
output, is attained with the des.ired 
sharp correlation peak every 63rd bi:t 
when all 50-tap oµtput add in phase. 
The summed-output correlation peak 
shown in the last trace has been ex­
panded, indica!ting a 1200-nsec ris·e 
time. Insertion 'loss from input to out­
put correlation peak is approximately 
16 db. Furthermore, the 75 khz 3-db 
bandwidth of.the correlation peak is in­
versely pl'oporbional to the total delay 
time between the first and last taps. 
This means that doppler information 
is readily transmitted, because doppler 
frequency shifts iin most radar system 
applications are significantly less tlmn 
37.5 khz. 

I lllllllllllllfllllllllllllllllllllllllllllllll i I ' 
II 1111111 UJ i1 J JJI I i 1 J Lii I l IJ U LUJ JI II I J 11 U l : . I . 

Long codes. These 
laboratory-fabricated 
matched filters can handle 
the complex codes of today's 
radar. Top, an 11-tap line 
designed for a 150-Mhz 
carrier with a bit rate of l 
Mhz. Bottom, the largest 
capacity to date, a 50-tap, 
120-Mhz fl lter with a 5-Mhz 
bit rate. 

Tight fit. Fabricated in the lab, 
this new 50-tap filter makes a 
package of only l % x l Vs inches. 
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50-tap performance. First 
trace, the digital drive for 
the biphase modulator. The 
fl lter output with its sharp 
correlation peak is shown in 
the second trace after all 50 
taps add in phase. Expanded 
in the last trace, this peak 
has a 200 nsec rise time. 
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TAP NO. 

INPUT 
TRANSDUCER 

4 4 

2 

SUM LINE 

3 N·2 N·1 

GROUND LINE 

range, or a greater range for a given transmitter peak 
power, or a higher immunity to jamming for a given 
transmitter. 

Tapped surface acoustic-wave de}ay 'lines have key 
properties that make them valuable for analog matched 
filtering. For one thing, they are ideal for processing 
biphase coded c-w waveforms in the 50-500 megahertz 
range, which is well-suited for acoustic surface wave 
devices. For another they're linear processing systems 
with wide dynamic range. Data taken from an existing 
delay line using an interdigital transducer with 30 finger­
pairs deposited on a Y-cut X-oriented quartz substrate 
at 100 Mhz show an insertion loss of only 10 decibels 
maintained over a range of inputs from 10 microvolts to 
5 volts-a dynamic range greater than 100 db. 

Further, these small, light, passive delay lines have 
high reliability and low projected costs, and the sum 
of these virtues adds up to an extremely attractive pack­
age for analog matched filter applications. 

However, to accomplish the decoding with a minimum 
of error the delay line must be designed to meet certain 
critical line processes. For example, the input trans­
ducer impulse response must be matched to the bit 
period so that it will act as an efficient bandpass filter, 
passing all the useful signals while rejecting all un­
wanted signals and extraneous noise outside the band. 
Also, the time delay between taps must equal exactly 
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OUTPUT 
TRANSDUCER 

\ 
I 

Burn program. Encoding an analog 
matched fllter with N-taps so that each 
tap has a 0° or 180° phase to match its 
coded waveform can be accomplished by 
burning out lines l and 4, or 2 and 3, 
with a programed laser beam. 

both the bit period and an integral multiple of the car­
rier period. When this is done all tap outputs sum co­
herently and signal-to-signal ratio is maximized. 

Clearly the performance of these multi-tap delay lines 
depends critically on the accuracy of the tap placement. 
In fact, tap placement accuracy within + 1 micron of 
required position, which corresponds to less than + 14° 
phase error, is needed for a line operating at 120 Mhz. 
Larger phase errors will cause partial cancellation be­
tween signals from different taps , resulting in conse­
quent degradation of summed signal peaks and signa'l-to­
noise ratio. However, standard photolithographic mask 
fabrication techniques common in microelectronic tech­
noloQ'.y can insure this level of accuracy. 

Temperature can present problems in these lines. For 
a quartz line operating at 120-Mhz 'Carrier frequency, 
with a total delay of 10 microseconds at 3-db 'correlation 
bandwidth of 75 kilohertz, the frequency of the correla­
tion peak increases at a rate of 28-parts-per-million per 
degree centigrade, representing a 3-dB loss in peak am­
plitude for a 15°C temperature change. This problem 
can be eased by using a closely temperature-controlled 
( ± 1°C) enclosure of the crystal-oven type. It can be fur­
ther reduced by using Z-propagating lithium niobate as 
the substrate material. This has one-sixth the linear 
thermal expansion coefficient of X-propagating quartz, 
and will not adversely effect acoustic propagation. With 
Z-propagation lithium niobate a control of less than 
±6°C is required. 

Multi-tap delay lines also require a large number of 
lead bonds, a potential cause of system failure. But 
there's a method to eliminate all but four of the bonds, 
that is 98 of the 102 leads required for, say, a 50-tap 
line. This involves running two parallel lines, each con­
necting all taps on a side, and each requiring only two 
lead ibonds. One line serves as the sum line, the other the 
ground line. A programed laser-beam burn-out tech­
nique can then be used to give each tap connected with 
either the 0° or 180° phase required to match the sys­
tem's coded waveform. 

Multiple-tapped delay lines offer techniques for han­
dling fixed codes; however, many applications require 
matched filters which can be rapidly set to different 
codes, and these will require microelectronic circuitry, 
such as low capacitance diode switches, to switch the 
tap coding of a fixed multiple-tap surface wave delay line 
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DC 
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SUPPLY 

SW-SWITCH SR-SHIFT REGISTER SECTION 

Variable codes. This schematic of an analog matched filter handles 
variable codes by using a pair of tapped surface acoustic wave delay · 
lines in combination with microelectronic shift registers and switches. 
Capable of handling 50-bit or longer codes, this filter is switched between 
channels by a series of slave switches, SW, controlled by the shift 
register, SR, memory cells. With this set-up, it is possible to change the 
tap coding rapidly to match the filter to any received code. 

CHANNEL B 

DELAY LINE 
PIEZOELECTRIC 
MEDIUM 

SEMI CONDU C, OR 
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AMPLITUDE 

TRANSMITTED WAVEFORM 

FREQUENCY 

::~-~ 
I 

FREQUENCY OF TRANSMISSION 

AMPLITUDE 

REFLECTED SIGNAL RECEIVED 
AND COMPRESSED 

----71 
f2 _/ j 

I I 
I I 

:..- tiT ~ DELAY 
TIME 

FREQUENCY CHARACTERISTIC 
OF COMPRESSION FILTER 

Graded for radar 
One important application for pulse 
expansion and compression filters with 
graded transducers is in Chirp radar. 
In this system, the Chirp transmitter, 
linearly swept across a fixed frequency 
band for a set time period ( ~ T) , pro­
duces a relatively long rectanguar 
pulse. The filter compresses the pulse 
returnmg to the receiver into a higher­
amplitude, but shorter, time period, 
~t. The filter has a linear time de­
lay-frequency characteristic which 
matches that of the transmitted pulse. 
The filter's pulse compression ratio is 
~T/~t. 

Surface-wave pulse-compression fil­
ters use two transducers with graded 
fingers widths ·and spacings. To obtain 
the linear time delay-frequency char­
acteristic, the transducers must be 
mirror images of each other about a 
common reference plane. In operation, 
one end of the input transducer re­
sponds only to high-frequency (£1 ) 

signals, sending them through the 
transducer pair, where after a time T 2 
they are picked up by the high­
frequency side of the output trans­
ducer. Likewise, the other ends of the 
transducers only respond to the low­
frequency signals (f2) and delays 
them by a time T 1· 

The differential time delay between 
the high and low frequencies is Tr T 1 

and the transducers are designed so 
that T2-T1 = ~T. For a bandwidth B 
= frf1, with interdigital transducers 
containing M fingers ( M/2 finger 
pairs) on a piezoelectric with surface 

SURFACE WAVE PULSE COMPRESSION FILTER-TRANSDUCER PAIR 

wave velocity v, the transducer design 
equations are 

( ~T) v 
Yi = v 2B f2 - 4 f2 

m=l, 2· · · ·M 

M = 1 + 2 ( __!?__) . ~T 

l[ ( ~;:) ~- - 4~1 J 
- [ ( ~BT ) ; - 4~2 J t 

To increase resolution of pulse-com­
pression systems, time sidelobe reduc­
tion must be accomplished. This is 
par.ticularly important for radar using 
complex codes with high bit rates. 
Time sidelobe reduction can be ef­
fected either by changing the trans­
ducer-finger over-lap distance ( ampli­
tude weighting) , or the finger position 
(phase weighting). Computer-aided 
designs to determine the optimum 
parameters are currently under inves­
tigation. 

~-------------~T2--------------~ 

----T,---...i 

-+-
I 
I 
~ 

I 
I 

-I-.. 
I 

I l I I ~ Yt+j 
~Yz-----+! 

I 
------ Ym -----.i 

REFERENCE PLANE 
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Identical twins. This 
transducers pair, with graded 
finger width and spacing, 
are mirror images of each 
other about the reference 
plane. The arrangement, used 
in surface wave pulse 
compression filters, is needed 
to give the required frequency 
characteristics. 
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Monopulse Radar 
Monopulse radar, another system that 
uses pulse compression, can achieve 
high range resolution as well as high 
angular sens'iltivity by employ'ing three 
receiver channels. 

Monopulse radar uses a short time­
duration energy burst generated 
periodically by a pulse generator at 
the pulse repetition frequency. This 
burst, of constant amplitude, is fed 
into the expansion filter which shows 
a frequency dependent delay over a 
bandwidth centered at the i-f fre­
quency. The filter both expands the 
burst in time and limits its bandwidth 
to that of the filter. The signal then is 
up-converted into the microwave­
frequency region, amplified, and 
radiated from the antenna. 

The reception mode relies on an­
tenna apertures and associated micro-

wave circuits to produce the desired 
information. The receiver produces 
three signals: a sum signal ( ! ) , its 
error signal for azimuth information, 
!az, and its error signal for elevation, 
! .1. Each requires an identical process­
ing channel. Each signal undergoes 
frequency down-conversion to i-f and 
amplified before passing through the 
pulse compression filter. Undesired 
time sidelobes from both the pulse ex­
pansion and compression filters are 
removed with an amplitude-weighting 
network, yielding a signal with a time 
length of about 1.4 its original time 
length. Low-level spurious energy that 
follows each main signal still remains, 
caused both by reflections arising dur­
ing transmission and reception and by 
small nonlinearities in certain com­
ponents. It is time separated from the 

main signal and can be removed by a 
transversal equalizer, essentially a 
tapped delay line whose taps are at 
the necessary time separations and 
phase inversion. Spurious energy can 
be ·reduced to 40 dlb below the mruin 
signal. The clean signal then can be 
detected and used as a video output 
to 1the radar-display sulbsystem. 

This system requires one pulse ex­
pansion filter and three compression 
devices. Typical parameters are 5-µ.sec 
radiated pulses which can ibe fre­
quency modulated over 20 megahertz 
with an ~A frequency of 60 Mhz. Fil­
ters with these performance dharacter­
isti·cs can be ifaibcioated by opromask 
and etching techniques on a single­
pie21oelectric chip, assuring identical 
characterisl!ics and automatic il:emper­
ature compensation. 

~ MICROWAVE f--, TRANSMITTER 1-- FREQUENCY PULSE PULSE 
CONVERSION EXPANSION 1--1 GENERATOR 

OR COOING 

-

IF PULSE 
COMPRESSION . 

AMPLIFIERS OR DECODING 

FREQUENCY 
t--- f:i¥1.l) .,..___., 1--

CONVERSION · t--- I .,..___., 1--

t--- ~LJ 
.__.... 1--

_A_ 
c hannel three. Monopulse radar with pulse 
c ompression requires three channels of identical 

erformance. In the future, surface waves p 
c ould perform all the receiver functions-from 
f requency conversion to detection. 

118 

tijEL\-
};---i 

L'l\ci~---1 

(\ 
-+~ 

(\ 

IF ~ ~ 
_n _{j__{j_ 

WEIGHTING v vv 
AMPLIFIERS 

v v 

.._.._..., 

........., 

-l~r-

+ DETECTORS TRANSVERSAL 
EQUALIZERS 

t--

i---

Electronics I January 19, 1970 



called for in the code program. 
This switching can be effected through two adjacent 

acoustic channels and a series of slave switches, each 
controlled by the content of one memory cell of the shift 
register to which it is 1connected. For a 50-bit code, a shift 
register capable of holding 50 bits for an extended period 
of time is employed to control a series of these slave 
switches. Each bit stored in the shift register can order 
a corresponding slave switc:h oo either turn itself on and 
pass the tap signal to a sum line or cut off the signal. The 
taps can be coded by feeding a binary code serially into 
the shift register until it is full and then holding for any 
required period. The delay-line tap coding is set because 
the shift-register bits have set the slave s·witclies, which 
in turn control the tap outputs. Code changing can be 
effected in approximately 50-shift register clock times by 
feeding a new code serially into the shift register, 50 bits 
being fed into the shift register to change the coding of 
50 taps. Now it is possible to change the tap coding 
rapidly to match the filter to any required received code. 
This approach removes the restriction of the fixed-tap 
placement and connection which yields a line matched 
to one code only. 

Radar signal-processors require another specific type 
of matched filtering-pulse expansion and compression 
filters. With these devices radar systems can operate at 
long range with high resolution and can overcome an 

Electronics I January 19, 1970 

Graded. Used in pulse expansion and 
compression filters, this graded-periodicity 
interdigital transducer (left) has a center 
frequency of 60 mhz, contains 143 periods, and 
operates over a bandwidth of 20 Mhz. 
The pulse compression filter package (above) 
includes matching networks. 

inherent disadvantage of present transmitters-they be­
come peak-power limited before becoming average­
power limited. 

These expansion/ compression filters employ highly 
controllable time delays both monotonically increasing 
and decreasing with frequency, in such a manner that 
each is the frequency conjugate of the other. This re­
quirement is necessary to ensure that energy at all fre­
quencies receives the same total delay after traversing 
both filters. With this condition satisfied, a short pulse 
that is fed into the expansion filter will be reconstituted 
approximately as the same short pulse after traversing 
the compression filter. This is a must for high-range 
resolution. 

Controllable dispersive networks not only are the key 
to pulse expansion and compression which can produce 
this conjugation, but they can provide time delays which 
are linear functions of frequency. To accomplish con­
trolled dispersion, the inherently nondispersive surface 
acoustic wave must be converted into a controlled dis­
persive one. There are two ways of doing this: coded 
transducers, or slower acoustic material overlaid on the 
delay line substrate. 

Coded transducers that offer the required dispersion 
are designed with graded periodicity throughout their 
length. This is done by grading the distance between 
adjacent interdigital fingers. An acoustic wave passing 
through the finger pairs will be synchronous at different 
frequencies depending on local periodicity. Expressed 
analytically, each frequency component, f, generated at 
the plane within the transducer, corresponds to the con­
dition v = f p, where p is the local periodicity and v the 
Rayleigh wave velocity. Since v is a constant-fixed and 
unique for the cut and orientation of the piezoelectric 
material employed-frequency is an inverse function of 
the periodicity alone. High frequencies are gener­
ated and detected where the interdigital periodicity is 
small; conversely low frequencies are generated where 
the interdigital periodicity is large. 

Laboratory transducer models with graded periodicity 
have been built with 143 finger pairs deposited on a 
quartz substrate yielding 143 different periods. The dis­
tances between fingers are tapered so that one end cor­
responds to high frequencies, the other to low frequen­
cies, yielding a frequency range of say 20 Mhz. 

By collinearly spacing two of these graded transduC'ers 
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The Other Road 
There's another way to build micro­
wave delay line for signal processing­
with magnetic surface waves, using 
yttrium iron garnet ( yig) films on a 
new substrate material, non-magnetic 
gadolinium gallium garnet, ca. In 
these delay lines transduction is done 
through a periodic array of current 
bars, shorted at their ends, or through 
a meander line providing spatially pe­
riodic r-f magnetic fields which couple 
to the magnetic waves. Although the 
magnetic waves are sensed in a man­
ner similar to that used in surface 
acoustic waves, the magnetic yig delay 
lines offer higher frequency of opera­
tion-up to 5 gigahertz or higher. This 
high frequency is acheivable because 
above 500 megahertz, magnetic wave 
propagation los,ses increase linearly 
with frequency, instead of as the 
square of the frequency, as is the case 
with acoustic surface waves. 

But up to now, the flux-grown sin­
gle-crystal yrig, the method commonly 
used to grow the crystals, presented 
problems. This is because fu.brication 
of geometries with fairly uniform in­
ternal d-c magnetic fields had p110ved 
pos.sible only in the undesirable sphere 
geometry. Slab geometries convenient 
for magnetic wave propagation exhibit 
dispersion pl'operties that vary from 
point to point in the yig crystal, thus 
limiting their usefulness in delay l!ines. 

The advent of epitaxial films of yig 
grown on the ca substl'ate using 
chemical vapor deposition techniques 
opens up a new magnetic-wave delay­
l!ine technology. Now highly uniform 
fields are readily atl:ained, making the 
magnetrc propagation spatially inde­
pendent along the subsl:I1ate. Further, 
the wave is readily tapped, with the 
dispersion pmperties inVlarianlt to mp 
position. Also, pure magnetic waves 
don't radiate into the substrate, which 
is imporllant because radiation into 
bulk waves in the subswate is an ever-

present danger in surliace acoustic 
wave technology. 

Further, with tllls eprtaxia:l growth 
technique, ferromagnetic resonance 
linewidths at 9 Chz already are down 
to 0.6 oe11steds, meaning that losses 
are comparable at this high frequency 
to surface acoustic wave losses at 
much lower frequencies. And mag­
netic waves in films are inherently 
ddspersive, so that pulse compression 
and expansion are easily attained. 
Ful'ther, if dispersion is not wanted in 
a particular application such as in 
many radar decoding systems, gmded 
periodicity tnansducers, similar to 
acoustic transducers for pulse com­
pressii'on, can be employed to remove 
dispersion over specified frequency 
ranges. 

The two basic types of magnetic 
waves in yig film,s are surfu.ce and 
volume. With surface waves the bias 
magnetic field is applied ol.'thogonally 
to the direction of propagation, while 
wiJth volume waves the field is applied 
in a parallel direction. 

The r...f magnetization of which a 
surface wave is composed has polari­
zation properties very similar to parti­
cle displacement for the acoustic Ray­
leigh wave; similarly, coupling to the 
outside world is made through the 
associated r-f magnetic field. Since the 
wave is diispel'Sive, it has an inherent 
adVlanitiage: wavelength can be kept 
invariant of frequency merely by ad­
justing the bias field thus avoiding the 
use of scanning electron microscopy 
for transducer fabrication. The sur­
£ace nature of the wave is such that, 
for propagation in one direction, en­
ergy clings <to •the upper surfu.ce, 
whereas for propagation in the oppo­
site clirection energy clings to the 
lower surfu.ce. This inherent traffic 
contml pmperty could lead to two 
way transmission on the same sub­
sltra:te all: the same •time. And signifi-

canrt:ly, this surface mode is nonrecip­
rocal, opening up 1aipplioations in 
isolators. 

Because arbitrary two-dimensional 
shapes can be readily etched, epitaxial 
yrig films have an imporlant degree of 
flexibility. Already over 50 yig discs of 
0.020-inch diameter and 2.8 microns 
thick have been etched out of a single 
ca substrate, allowing precision in­
vesligiation of sample-to-s·ample fer­
romagnetic linewidth Vlariations. This 
arrangement makes possible topo­
graphical magnetic waveguides with 
c110ss-seotional areas of approximately 
one square wavelength, non-radiating 
into the C3 substrate. Thus, magnetic 
waveguides and directional couplers 
analogous to their surface acoustic 
wave counterparts should be realiz­
able. 

This yig research is paying off in 
devices. Spacially-periodic transducers 
have been fabricated and their char­
acteris.tics determined, both at fixed 
frequency with variable bias field and 
at fixed bias field with variable fre­
quency. A series of '5patiaHy-parallel 
L-band microwave pulse-compression 
filters with identical characteristics 
suitable for the monopulse radar ap­
plication are operational on a single 
substrate. Further, the anisotropy of 
the wave vector for magnetic surface 
waves has been utilized to realize a 
d-c current-controlled steerable delay 
line configuration [Electronics, Dec. 
22, 1969, p. 37] in which energy can 
be switched between an army of input 
and output transducers. 

As a possibility of using a comibina­
;tion of ·technologies in the same sys­
tem, surface magnetic waves and sur­
face acoustic waves may be made to 
interface. Here, ,the magnetic trans­
ducer periodicity is set equal to .the 
appropriate acoustic wavelengths at 
the operating frequency to produce 
magneto-acoustic waves. 

Round trip. The input of a 60 Mhz expansion/compression filter (left) is a nominal 50 nanosecond pulse. The expanded output 
(center) has a 4.6 microsecond duration, determined by the physical lengths of the transducers. The Fresnel ripples on this 
pulse, arising from the finite aperature of the radiating antenna, have little effect on further signal manipulation. After 
passing through the compression filter, the compressed pulse (right) has a lobe width of 50 nanoseconds, thus recovering the 

original input pulse. 
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so that the high frequency ends are closest to each other 
and the low frequency ends are furthest apart, the high­
frequency waves travel a shorter distance and thus ex­
perience less delay than the low-frequency waves. This 
differential time delay produces the required pulse ex­
pansion or compression for the correct input signal. 

Conjugate networks can he formed readily with these 
graded-periodicity transducers by flipping the input anc;l 
output transducers. The low-frequency waves experience 
the shortest delay and high-frequency waves the longest 
delay. And by fabricating two parallel delay lines on a 
single piezoelectric substrate, it is possible to design 
an expansion/ compression network using one line as an 
expansion filter and the other, with flipped transducers, 
as the compression filter. Here, acoustical cross-coupling 
between filters can be kept below 40 d:b by spacing the 
filters at greater than two acoustic beamwidths. Further, 
this arrangement 1can .provide for the important function, 
automatic temperature compensation. 

Extended to monopulse radar, expansion/ compression 
filters will yield simultaneous high-range resolution and 
high~angular sensitivity. One expansion fJ.r1ter and three 
identical pulse-compression fHters are required. And ror­
rent state-of-the-art methods can allow the necessary 
four parallel delay lines to be fabricated on a single 
substrate. 

Also, with these filters it is no longer essential to op-
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erate under linear delay changes with frequency. Witli 
the coded form of interdigital transducer, matching of 
expansion and compression characteristics is easy; radar 
systems can be designed for almost arbitrary waveforms. 
This means that the system can operate with a numlber 
of matched-filter cbaracteristics simply by switching in 
sequence from pulse to pulse between pairs of delay 
lines. This flexibility offers different range resolutions. 
Furthermore, jamming is easier to circumvent. And since 
the wide range of center frequencies can be accommo­
dated with the coded transducer, the technique offers 
a broader range than is commonly available with other 
pulse-compression filters. In fact, designs for center fre­
quency in the 10-to-800 Mhz range with operating frac­
tional bandwidths of at least 0.35 are possible now. 
Further, the maximum differential-time deJ:ay is limited 
primarily by optomask techniques, which are improving 
steadily. Currently, for 60-Mhz operation, 15 p.sec is the 
limit. 

On the other hand, one of the problems plaguing these 
high-performance filters is mechanical loading of the 
surf ace acoustic wave due to the metal electrodes re­
quired in the transducers. This loading causes additional 
dispersion and may necessitate precision phase-com­
pensation techniques. 

Guessing time scales on the future state-of-the-art of 
surface acoustic-wave technology is virtually impossible. 
But the fact is, in under two years the technology has 
evolved from the theoretical to the practical in high­
performance functional signal-processing components. If 
this is an indication, the movement in the next two years 
should be even greater. And applications seem abundant 
in the many parallel fields, such as matched filters for 
radar communications and sonar, i-f filters for color tele­
vision, and acoustic logic for computers. 

But the technology may have certain fundamental sys­
tem limitations. For example, pulse compression filters 
with integrated weighting networks may be difficult to 
obtain with sidelohe suppression better than 30 dlb, a 
requirement for some radars. Also, MOS large-scale ar­
rays off er serious competition because they can perform 
the matched filtering function ,digitally. Here the trade­
off s must be analyzed, but it is likely that the inherent 
planer nature of surface acoustic wave technology will 
be a decisive choice factor. But more progress must be 
made on digital operation and its implementation in ac­
tive tapped delay Hnes, and on electronically-variable 
phase shifters. All are important for data processing, 
doppler processing, and spectrum analysis. 

An application of surface acoustic waves destined to 
have a profound effect on display technology is the con­
trol of elech·onic emission utilizing the electric fields 
associated with Rayleigh waves on a piezoelectric. This 
phenomenon, demonstrated by Blackledge and Kaufman 
of Arizona State University, promises to be valuable in 
flat television-display tubes. 

The basic principle is that the "voltage" between 
crests of a Rayleigh wave can correspond to energies of 
1 electron-volt for acoustic powers of only 100 milliwatts 
per centimeter of acoustic beamwidth. And one electron­
volt is just the energy level required to control the elec­
tron emission from solid-state photocathodes. 

Use of this surface wave "voltage" requires a photo­
emissive material to be deposited on a piezoelectric ma­
terial. This can be done iby heteroepitaxial-growth tech-
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LIGHT 

Good picture. Promising for flat tv, 
surface waves achieve video action when 
an acoustic beam passes over the 
illuminated photocathode grown on the 
substrate. The anode-aluminized 
phosphor illuminated by photocathode 
action-serves as the video output by 
receiving the enhanced line of light which 
is controlled by the voltage between 
surface wave crests. 

INPUT 
PULSE 

niques. Suitably illuminated, this sheet emits electrons 
which are visible when accelerated by 10 kilovolts 
against an aluminized-phosphor screen. Therefore, an 
acoustic pulse can make a transverse line of light on the 
screen; moving at the Rayleigh velocity, it provides 
horizontal scan. Vertical scan can be obtained through 
a spacially-orthogonal acoustic beam applied simultan­
eously to the substrate. 

Certain radar-processor requirements represent an­
other ideal application for surface waves. Experiments 
at IIT Research Institute have used an electron beam to 
sense the propagation of the surface wave on the piezo­
electric substrate. Read-outs are obtained from second­
ary emission much the same way as in the ultrasonic 
image converter tube and scanning electron microscope. 
The ultimate bandwidth limitation here is that the wave­
length of the information impressed on the acoustic sig­
nal must be comparable to the width of the electron 
beam. Operation well into the microwave region there­
fore is predicted. 

Surface acoustic waves also have potential in com­
puter applications fur high-speed data processing-bit 
riates in excess of 100 Mhz. Digital-logic bits are con­
verted to pulses with the required phase by an input gate 
civcuit, then passed through an arrangement of surface­
wave transducers which perform the logical operations 
by providing outputs of either zero, or pulses of high 
amplitude. These outputs are converted back into digi­
tal outputs or into pulsed r-f waveforms for further 
processing by an output gate civcuit. With this system, 
using 5 cycles of 500 Mhz signals as a single bit gives a 
bit rate of 100 Mhz, illus'trating the system's capability 
for high speed. Further, "Logical inverter," "NAND", 
and "OR" gates have been operated at 120 Mhz with a 
5-Mhz bit rate; also operation through two stages of 
.logic has been demons'trated without <the need for ampli­
fication. 

Yet another important application CYf surface acoustic 
waves is to displays associated with high-resolution radar 
systems. Normal radar displays usually have band­
widths of less than 10 Mhz, but high-resolution radar 
systems require much larger bandwidths-500 Mhz. The 
operating radar bandwidth therefore must be reduced to 
display bandwidth. Wideband surface acoustic-wave de­
lay lines can be used to buffer the radar to the display. 
Stored and recirculated, the signals may be sampled 
and displayed at a lower frequency. The next generation 
of avionics-system radars likely will employ either sur­
face or bulk acoustic-wave delay lines for ·th,is purpose. 
Further, surface acoustic wave technology may reverse 
the trend toward digital techniques embodying MOS 
devices. e 
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if you want to find out which company is such a far-and-away leader in TTL that an 
ever-increasing number of IC manufacturers are starting to second-source its 8000 series! 

3 .• 

8 .• 

7 .• 

4.• 
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(P.S. Once you've connected the dots, connect with us­
by writing for our DCL handbooks. They show why we're the 

leader in TTL-including the most·wanted MSI like Adders, 
Multiplexers, Shift Registers, Counters. Our address: Signetics, 

811 East Arques Avenue, Sunnyvale, California 94086.) 
A SUBSIDIARY OF COR NING GLASS WO RKS 
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Get mixed pricing 
on 7400 and 9300 series 

TTL MSI circuits 

Only llT offers both 7400 series and 9300 series lTL MSI circuits. 
Therefore, only llT gives you the advantages of mixed pricing 
on large quantities of these popular types. 
Available Now: the 7475, 7490, 7491 A, 9300, 9301, 9304 and 9309. 
All are ceramic packages, all with input diode clamps to prevent 
ringing, and all completely interchangeable with MSI devices 
offered by leading suppliers. 
Coming Soon: all the other devices that leave series 7400 and 
series 9300 almost without competition in the MSI field . 
Start now to simplify and economize your MSI procurements. 
Make llT your single source by contacting your field sales 
representative or stocking distributor. llT Semiconductors is a 
Division of International Telephone and Telegraph Corporation, 
.3301 Electronics Way, West Palm Beach, Florida 33407, 
telephone 305/842-2411 . 

semiconductors ITT 
FACTORIES IN FLORIDA • MASSACHUSElTS • ENGLAND • FRANCE • GERMANY • PORTUGAL • AUSTRALIA 
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What's so special about GR's 1192 Counter? 

The answer has to be VALUE. 

Where else could you get a $575, 5-digit counter that 
measures frequency (de to 32 MHz), period (single or 
multiple), frequency ratio, and time interval? Or 10-m V 
input sensitivity up to 20 MHz, a 10-MHz crystal time-base 
with a stability better than ±2 x 10-s per month, or manual 
attenuation up to 60 dB? 

You say you want more for your money? How about 
automatic units-of-measurement and decimal point displays, 
and SPILL and COUNT indicators? 

For a few more dollars we can really make it worth­
while! Get a 6-digit counter for $675, or 7 digits for $775; 
add a BCD data output for $50 and a rack mounting for $20. 
And if you have higher frequencies to look at, tack on our 
500-MHz scaler for $850. 

Now that you're interested, why not get all the details 
from the General Radio Company, West Concord, Mass. 
01781; telephone (617) 369-4400? In Europe write Postfach 
124, CH 8034 Zurich, Switzerland. To sweeten the deal, we'll 
tell you about our quantity discounts and Annual 
Purchase Agreement. 

Prices apply in USA. 
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• 
Private firms available for 
research and development 
contracts . 

Proprietary research and 
development. 

Universities available for 
• research and development 

contracts. 

• Government agencies doing 
research and development. 
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Colorado's New Front 
Range of Science and 
Technology is one of 
the places the expanding 
universe is expanding. 
Jn fact, it's one of the fastest-growing places in 
America. 

The new Front Range of Science and Technology 
is a 150-mile span on the high plains immediately be­
fore the Rocky Mountains. Metro Denver is the heart. 

It's growth country for the growth companies . .. 
because it's an environment for profit. 

Some of the companies who moved here are East­
man Kodak (2,853-acre site and a manufactur­

ing complex that will cost "tens of mi llions 
of dollars," to quote Kodak President Dr. 

• 

Louis K. Eilers), IBM in operation with 
over 4,000 employees in more than 1 mi l­

lion square feet of space, Western Electric 
now building a $15 mill ion complex 

for 3,000 employees, Bell Te lepho ne 
Laboratories with 250 scientists, 

Gulf & Western with a $15 million 

All the economic indicators-construction starts, 
population growth, bank footings, reta il sa les, etc.­
are at record levels. 

The thrust behind this expanding economy is mag­
nificent recreation and a dry, sunny climate, fast and 
economical transportation coupled to geograph ic 
centrality, business-oriented community attitudes, 
abundant power and water, and educat iona l excel­
lence that results in skilled, productive, and highly 
stable manpower. 
WRITE TODAY - If you're interested in a new plant site, research 
fac ility, admin istrative headquarters or distribution center. ask for our 
new 68 -page brochure w hich gives a broad review of Metro Denver 
and Colorado's Front Range of Science and Technology. All inquiries 
confident ial. Write Manager. Forward Metro Denver, Dept. 262. 1301 
Welton Street, Denver, Colorado 80204. Telephone (303) 534-3211 

FORffTARI"> 
~l~TRO 

DENVER 
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Model 630-A 
Laboratory V-0-M 

1. ± ll/2% DC, ± 3% accuracy. 
2. One selector switch mini· 
mizes chance of incorrect set­
tings and burnouts. 
3. Rugged 5l/2" suspension 
meter movement with 41;,11 mir­
ored scale. Suggested USA user 
net price $75. 

Model 630-APL 
Laboratory V-0-M 

1. ± ll/2% DC, ± 3% accuracy. 
2. One selector switch mini­
mizes chance of incorrect set­
tings and burnouts. Polarity re­
versing for DC. 
3. Suspension meter movement 
diode protected against instan­
taneous overloads. Suggested 
USA user net price $75. 

General Purpose V-0-M 
Model 630-PL 

1. One selector switch mini­
mizes chance of incorrect set­
tings and burnouts. Polarity re­
versing for DC. 
2. 4.4 Ohms center scale, 0.1 
ohm to 100 megohms resistance. 
3. Meter movement diode pro­
tected against instantaneous 
overloads. Suggested USA user 
net price $64. 

Laboratory 
or General Purpose 

Triplett meets the need 
precisely 

General Purpose V-0-M 
Model 630 

1. One selector switch mini­
mizes chance of incorrect set­
tings and burnouts. 
2. 4.4 Ohm center scale, reads 
from 0 .1 ohm up to 100 meg­
ohms resistance in 4 ranges. 
3. 20,000 ohms per volt DC sen­
sitivity; 5 ,000 AC. Suggested 
USA user net price $64. 

Products of Triplett's long experience in the design and manufacture of high­
quality, high-performance V-0-Ms, these representatives of the great Model 630 
series offer the most-wanted features combined as perfectly as the skills of dedi­
cated craftsmen can guarantee. 

See your Triplett representative or distributor for a free demonstration of any or 
all of these versatile instruments. 

BLUFFTON, OHIO 45817 

MANUFACTURERS OF THE WORLD'S MOST COMPLETE LINE OF V-0-Ms 
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seven. 
Our seven basi~ AT toggle switch assemblies 
are made up of precision snap-action basics 
under a single toggle actuator. 

They offer hundreds of design options. All 
right off the shelf. 

Like multiple circuits. Get up to eight or 
more SPDT precision switches under a single 

toggle. Or take your pick from a wide 
selection of circuit combinations. 

Get them with two and 
three position toggles, main­
tained and momentary lever 
positions, or pull-to-unlock 
levers. 

There are also sealed 
switches and "electric memo­
ry" switches. And a choice of 
high capacity or dry circuit 
capabilities. 

As we said, literally hun­
dreds of design options. And 
MICRO SWITCH can supply 
them all. For more informa­
tion, call your Branch Office 
or Authorized Distributor 
(in the Yellow Pages under 

"Switches, Electric"). 

MICRO SWITCH 
FREEPOR T , ILLI NOIS 81032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL: Sales and service offices in all principal cities of the world . 
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STORAGE/PLUG-IN 
CONVENIENCE I MEASUREMENT 

Calibration aid used to extend plug-In. 

Split-screen bistable storage, automatic erasure and 
plug-in measurement flexibility .... all are features 
of the Tektronix Type 564B MOD 121N. 

STORAGE 
The contrast ratio and brightness of stored displays 
produced by this instrument are constant and inde­
pendent of viewing time, sweep speeds, or signal rep 
rates - a special feature of Tektronix "bistable stor­
age". The auto-erasure mode is an operator conven­
ience feature and may be used to view very slow 
changing waveform phenomenon by employing a con­
tinuous sequence of storing, viewing, and erasure 
of the upper half, lower half, or the entire screen. 
Variable viewing time allows observation of the stored 
display for up to 12 seconds before erasure. A "SAVE" 
mode retains the stored image up to 1 hour. 

FLEXIBILITY 

multi-trace 
Make dual-trace measure­
ments from DC-to-10 MHz 
with 35-ns rise-time capa­
bilities and a 1 O mV I div to 
10 VI div deflection factor. 

Type 3A6 Plug-In ........ $550 

sampling 
Extend your measurement 
capabilities to 14 GHz with 
25-ps rise-time, internal 
triggering, dual-trace and 
sweep rates to 20 ps/div. 

differential 
Measure from DC-to-500 
kHz with a 100 µV/div de­
flection factor, dual-trace 
and a 50,000:1 common­
mode rejection ratio. 

Type 3A3 Plug-In ........ $950 

spectrum analysis 
Analyze the frequency 
spectrum from 50 Hz to 1 
MHz with calibrated disper­
sion and calibrated deflec­
tion factors. 

Type 3T2 Time-Base .... $1100 Type 3L5 Plug-in . . .... .. $1125 
Type 3S2 Amplifier ...... $ 950 

MEASUREMENT FLEXIBILITY 
More than 25 plug-in units are available for the Type 
564B MOD 121N, covering single channel, multi-trace, 
differential, sampling, spectrum analysis and other 
special purpose applications. Adapting your measure­
ment capability to meet your changing measurement 
needs is assured. 

Your local Tektronix Field Engineer will show you 
how storage lets you concentrate on the results of 
the measurement, rather than making it. Please call 
him. For detailed specifications, consult your cur­
rent Tektronix catalog, or write: Tektronix, Inc., P. 0. 
Box 500, Beaverton, Oregon 97005. 

Type 5648 MOD 121N Oscilloscope ......... . . ... $1250 
Type 383 Time-Base Plug-in . . . . . . . . . . . . . . . . . . . . . $ 680 

U.S. Sales Prices FOB Beaverton, Oregon 

Tektronix, Inc. 
committed to progress in waveform measurement 
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Mass production of s,ilicon vidico,ns 
holds key to Picturephone's future 
Industry will benefit from Western Electric's pioneering effort 

to get extraordinarily complex silicon-target camera tube 

out of the laboratory and onto the assembly line 

By Leon M. Magill 

Electronics staff 

Facing a goal of 1 million Picture­
phones in use by 1980, the Bell 
Sys,tem is having a difficult time 
ironing out formidable production 
problems. With only 500 to 1,000 
Picturephones expected to be in op­
eration by the end of 1970, · assem­
bly is virtually a handmade opera­
tion-any sort of volume production 
of the highly complex instrument is 
at least a year away. Bell has been 
promoting Picturephone service 
heavily in the past year or two, but 
delivery to customers will be 
highly selective when the actual 
installation begins in July. 

The major problem in building 
·Picturephone is the silicon-target 
camera tube, which some industry 
spokesmen say is an order of mag­
nitude more difficult to build than 
any previous electronic device. One 

manufacturer of silicon-target cam­
era tubes likens the technology to 
large-scale integration on an even 
greater scale. In fact, the number of 
components per wafer-5,000 for LSI 
and about 750,000 for the silicon 
target-indicates the complexity of 
constructing the camera-tube tar­
get. And if lead attachment were 
necessary, as in LSI, the silicon 
targets simply could not be built, 
says one of Wes tern Electric' s pro­
duction engineers. 

Pilot production of the camera 
tubes is taking place at Western 
Electric's Reading, Pa., plant in 
what amounts to a model shop at­
mosphere. However, creation of a 
production facility is under way, 
and Wes tern Electric hopes to be 
ready to s·tart volume production in 
mid-1971. 

Face to face-on a small scale 

Proclaimed by the Bell System as 
the advent of face-to-face com. 
munications, Picturephone will put 
only a few faces in contact during 
the initial offering in July. The new 
service will be offered in New York 
City, south of 59th Street in Man· 
hattan, and in Pittsburgh's Golden 
Triangle section. If previous trials 
are any indication, a lot of prospec­
tive users will be banging on Ma 
Bell's doors in the scramble for 
those first 500 to 1,000 units. 

The videophone, developed by 
Bell Labs, received its first public 
exposure in 1964 at the New York 
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World's Fair, where randomly se· 
lected visitors tried the service for 
10 minutes. Initial public reac· 
tion was very good. In 1965, the 
first commercial trial was between 
the Union Carbide Corp.'s offices 
in New York and Chicago. Union 
Carbide was so pleased with the 
results that it chose to keep its 
12 instruments and use them as 
interoffice videophones. They are 
still in use today. In 1967, the 
trial was expanded to cover three 
Bell Labs locations. And Bell Labs 
has since explored additional uses 
of Picturephone, such as an inter-

What the Bell System learns in 
setting up volume production of 
the new silicon vidiicons would pro­
vide an example for other compan­
ies that will have to face up to 
the same problems in the near 
future. Last month, Bell System of­
ficials met with more than a dozen 
licensees, exchanging information 
relating to this new technology. In 
fact, this exchange included pro­
prietary information. 

Using present technology, West­
ern Electric can produce a target 
in a week to 10 days using two 
eight-hour shifts. Presently, the 
company is making more targets 
than vidicons-about 20% more­
with the yield ranging between 
33% and 66%. When the Picture­
phone goes into service, Behl is 
hopeful of a vidiicon life expectancy 

face between man and computer. 
The most recent test was con­

ducted in 1969 between the Wes­
tinghouse Electric Corp.'s offices 
in New York and Pittsburgh-the 
route of the July offering. The trial 
was hailed by both Westinghouse 
and the Bell System as a success. 

The experiment, consisting of 
29 Picturephones in Pittsburgh and 
11 in New York, allowed Westing­
house executives the choice of 
face-to-face communciation or 
graphic-data retrieval. Information 
was hand-fed into the computer 
every half-hour. 
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Inside look. This partially assembled Picturephone is one of 

the units going into service later this year. The silicon­

target camera tube is mounted above the display tube. 

exceeding 10,000 hours. This would 
be five times the life expectancy of 
present silicon camera tubes. Con­
tributing to the vidicon's longer 
life, while the heater is in the al­
ways-on condition, is a new cath­
ode made of nickel-coated carbon­
ite. Wes tern Electric engineers feel 
that advances in the state of the 
art will allow them to produce 100,-
000 camera tubes a year by 1975 
and 250,000 by 1979, and thus en­
able them to meet the 1980 goal of 
1 million Picturephones. For the 
time being, there are no plans afoot 
for Bell to second-source the tube, 
but the company doesn't rule out 
such an eventuality. 

The silicon-target camera tube 
was chosen over the conventional 
vidicon whose glass target was cov­
ered with antimony trisulfide. The 
new tube has a better ability to 
prevent burnout and an improved 
response to low light levels. The 
new silicon vidicon used by Bell in 
Picturephone can be used where 
light levels range from 2 foot-lam­
berts to 500 foot-lamberts, and it's 
automatically adjustable, too. The 
tube is so rugged that it can be 
pointed directly at the sun for long 
periods, say an hour, without any 
physical damage. 
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The target itself consists of a 
planar array of reverse-biased 
silicon photodiodes which are ac­
cessed by a low-energy scanning 
beam similar to that used in con­
ventional vidicons. The planar ar­
ray is made up of 840,000 diodes, 
750,000 of which are partitioned for 
use on the 112-inch-square wafer. 
Of prime concern to Bell engineers 
is diode failure. Dark-current leak­
age, wherein a diode approaches a 
short-circuit condition, yields a 
white spot on the screen; a missing 
or open-circuited diode causes a 
dark spot. Of the two types of fail­
ure, the open-circuited type is far 
more tolerable-black spots are 
less-easily perceived on the screen. 

Preventing shorts. To prevent ex­
cess charge from building up be­
tween diodes and then leaking out 
through them, a vacuum evapora­
tion of a resistive film is used over 
the entire target. The technique, 
developed by Bell Laboratories, in­
volves the evaporation of either 
gallium arsenide or antimony tri­
sulfide onto the target to form a 
resistive sea. This layer prevents 
the charge from building up in the 
regions between the p-type silicon 
islands in the sea. The required re­
sistivity is high and one of the big 

problems faced by Bell Labora­
tories in obtaining a suitable re­
sistive-sea structure has been re­
producibility. The proper resistive 
film allows vacuum baking of the 
vidicon, thereby contributing to a 
cathode's lifespan. 

Unquestionably, cleanliness is 
the foremost problem facing West­
ern Electric engineers in their quest 
for high-yield production. Cleanli­
ness of the air, water, paper, and 
other materials is paramount if 
highly reliable targets are to be 
produced. 

Dust particles several microns 
large can ruin a silicon target if 
contact is made during fabrication. 
In fact, increased activity during 
production generates more dust 
and dirt, thereby lowering the tar­
get yield. "The environmental con­
trol of silicon targets must be at 
least an order of magnitude better 
than present cleanliness in semi­
conductor and IC fabrication," says 
Tom Mendel, department chief of 
Picturephone engineering at West­
ern Electric's Reading plant. To 
provide stringent environmental 
control, Western Electric is con­
structing a 10,000-square-foot class 
100 clean room at a cost of more 
than $1 million. 

Cleanliness extends to everything 
in the presence of the silicon waf­
ers. Teletypewriter terminals are 
being placed inside and outside of 
the clean rooms to relay informa­
tion and data. Special paper will be 
used to assure the required degree 
of cleanliness. 

Environmental control of water 
in the manufacture of silicon tar­
gets is far more stringent than in 
IC technology. Triple distillation is 
not satisfactory, and during the 
rainy season, soluble silica, which 
can't be removed from solution, be­
comes a problem. Western Electric 
is working on a defl.occulation 
method, adding chemicals to the 
water so that the silicon particles 
coagulate in little clumps and can 
then be filtered out. Present manu­
facture of targets uses processed 
water for rinsing steps at the rate 
of 5 gallons per minute with a filter 
at the point of use. 

Toothbrush. The importance of 
the cleanliness of the silicon wafers 
is borne out by the 13 cleaning 
steps required-two acid baths, two 
alkali baths, two special solvent 
baths, five water rinses , one ultra-
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sonic cleaning, and one mechanical 
scrubbing prior to oxidation. Origi­
nally, an operator scrubbed each 
wafer with an electric toothbrush. 
Now, 14 silicon wafers in a tray 
are placed into a special cleaning 
tank. The tray rotates when the 
cover is closed and a counter-ro­
tating ibrush emerges and scrubs 
the wafers; water and detergent are 
applied from the cover using the 
Venturi effect. 

Western Electric is using new 
and different techniques to process 
more wafers in a shorter time. One 
such method diffuses five times as 

On target. A silicon-target vidicon is 
handled with care in one of its 
final assembly stages. 

many wafers as in the past. A 
groove is placed in the quartz 
furnace tube to allow passage of 
larger trays with more silicon waf­
ers. Before the grooves were used, 
the targets would score the tubes, 
causing the quartz to Hake and de­
posit on the wafers in the oven. 

High-speed production also is be­
ing held back by the vacuum re­
quired for electron-beam scanning 
of targets. "If we could utilize a 
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Pfizer Research advances 
the science of sound 
and image recording. 

• The phenomenon of magnetism, which occurs naturally 
in some minerals, was known to the Greeks six 
centuries before Christ. Yet it remains perhaps the 
least understood of all forces. 

For example, how can a thin coating of special iron oxides­
on any of many base materials-reproduce with high fidelity 
almost the entire range of sound and visual communications? 

Pfizer probably knows as much about this mystery as anyone, since we've 
pioneered in magnetic recording for over 20 years. Not in making tapes, drums, 
and discs except for test purposes . . . but rather in the iron oxides they require. 
Oxides possessing exceptional performance characteristics. 

Pfizer has learned a lot about the subject, and is continuing to learn more, 
from our extensive research, development, and pilot plant manufacturing. If you 
make any of the products concerned, for consumer sales or industrial use, our 
advanced knowledge may help you. 

Your technical inquiries will receive 
immediate attention. 

Photo Caption: 

GOETHITE-Fe203•H20, hydrated fer­
ric oxide. Named after poet J. W. von 
Goethe. Specimen from Gomor, Hungary 
and reproduced in scale of 4.3 : 1 reduc­
tion. High purity grades of synthetic 
Goethite are among the major sources of 
Pfizer's wide range of oxides for magnetic 
recording purposes. 
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PIGMENTS 
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Dept., 9E3 235 Ea1t 42nd Street 
New York, New York 10017 
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The things we do to stay in front! 

Because we're No. 1 in control knobs ... 

and because we're Rogan 
Our reputation means a lot to us. 
So much in fact that 
the knobs we make are quality knobs ... 
knobs that are "out in front" with 
"real design appeal" 
-yet priced right to fit your budget. 
Write today for free New color catalog 
or see us in Sweets or Thomas Micro catalogs. 

FCc:J9a.-..._ 
BROTHERS, INC. 

8031 N. MONTICELLO AVE. 
SKOKIE, ILLINOIS 60076 

PHONE: (312) 675-1234 

Circle 194 on reader service card 

OPTICAL SCANNING ? 
Convert Your TV Camera (or ours) into a highly Versatile 
computer input device with the CVI model 321 Video 
Analyser! 
Sampling bandwidth compression allows convenient low 
rate digitization of wide band video signals with line 
or raster scanning, X-Y-Z point analysis, noise reduc­
tion, and other significant operations. 

• c v I COLORADO VIDEO, INCORPORATED 

P 0 BOX 928 BOULDER, COLO. 80302 PHONE (303) 444-3972 

Video Data Acquisition-Processing- Display - Transmission 
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continuous vacuum, we could test 
a target every two minutes," says 
Mendel. The continuous target ap­
proach was developed for tantalum 
circuit-sputtering, and Western 
Electric hopes to use it in its new 
production facility. The targets are 
set in a horizontal cylinder and 
passed through an ori£ce where the 
fit is less than .001 inch. Then, us­
ing new high-speed pumps work­
ing against the leakage, the inside 
of the cylinder is at a 10-7 tor 
vacuum while the outside stays at 
room pressure. This in-line vacuum 
system will provide Western Elec­
tric with continuous access to the 
targets under test; present testing 
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...... ...... ... .... 

.... ~ .... ...... ... .... .... 
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Target reject. One undersized and 
four missing diodes cause a dark spot 
on the video display; diodes are 8 
microns in diameter. 

requires 20 targets to be brought 
down to vacuum in 3112 hours with 
testing taking an additional 1112 
hours. When the continuous vac­
uum is developed and put into 
service, Western Electric expects 
to test 30 targets an hour. Mendel 
indicates he could test more targets 
in a shorter time, but the extra time 
required to pump them down to 
vacuum would nullify any gain. 

An electron beam scans the tar­
get and displays the output on a 
video monitor. The operator then 
takes Polaroid photographs of the 
display of any marginal targets for 
evaluation. Two pictures are taken, 
using different illuminations, to as­
sure that the fault lies in the target 
and not in the photographic film. 
In fact, Mendel likens the present 
testing method to grading lumber 
-it relies solely on the operator's 

Electronics I January 19, 1970 



... evaluating silicon vidicon targets 
at present is much like grading lumber . 

judgment and experience. While 
this method is accurate, Wes tern 
Electric isn't satisfied with it for 
production and is looking at meth­
ods that utilize automatic defect 
counters linked to a computer. 

The photolithography techniques 
used to set the diode pattern are 
constantly being developed. Pro­
jection masking, using positive 
photoresist, has the inside track at 
the present time. However, Bell 
has not abandoned contact mask­
ing using negative photoresist. Pro­
jection masking can provide infinite 
mask life-but only if dust and dirt 
are kept from the masking surface. 
This is the technique that Wes tern 
Electric probably will bring into its 
new clean room. 

Getting operators. Personnel 
training is very difficult, according 
to R.M. LeLacheur, development 
and manufacturing engineering 
manager at Western Electric's 
Reading plant. The company's pilot 
training program started last Sep­
tember and has just begun to pro­
duce qualified operators who can 
work without engineering supe.rvi-

It's more than just a tube 

The display tube and beam-lead in­
tegrated circuits used in the Pic­
turephone don't require the ex­
traordinary production controls 
needed in silicon-target fabrication. 
However, Picturephone's high re­
liability standards do necessitate 
special manufacturing techniques 
for its components. 

"Western Electric has taken spe­
cial care with the Picturephone dis­
play tube,"says R.M. Lelacheur, 
manager of development and man­
ufacturing engineering. "Rim 
bonding has been used to attach a 
special tempered glass cover to the 
picture tube for safety," he as­
serts, noting that the glass plate is 
tinted to reject reflection. 

The display tube has a 5-by-5¥2 
inch screen and is prefitted with 
deflection coils and yoke, and then 
covered with polyurethane foam. 
The final package needs no pread­
justment prior to installation. All 
that's required is the connection 
of the flying leads. And since ac-
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sion. Wes tern Electric' s new pro­
duction facility will occupy 10,000 
square feet, complementing the 
clean room of the same size, and will 
speed up production. The work has 
been going on for more than a year, 
and funding has been allocated for 
procurement and installation of 
new equipment. On completion in 
1971, the facility will be the largest 
of its kind. 

Camera-tube production utilizes 
a 10-joule ruby laser to drill .002-
inch holes in the beam-focusing 
electrode. The laser emits a 5-milli­
second pulse to drill the hole in a 
single shot. Although the laser drill 
is still used on an experimental 
basis, it is drilling several thou­
sand electrodes a year. The camera 
tube is a completely brazed struc­
ture and uses a .002-inch-aperture, 
beam-straightening mesh that is 
smaller than most commercial 
meshes and allows 45% beam 
transmission. However, Wes tern 
Electric is in the process of devel­
oping a finer mesh, which, the 
company hopes, will boost beam 
transmission to 60%. 

celeration voltage is only 14,000 
volts, the tube has no harmful 
X-ray emission. 

There are about a dozen beam­
lead IC's used in Picturephone, but 
Western Electric plans to more 
than double that number in the 
near future. "The cost factor 
hasn't shrunk yet but the promise 
of IC's is there and this is cer­
tainly the way to go," says Le­
lacheur. 

Western Electric's Reading plant 
is setting up a pilot program to 
produce 90% of the IC's required 
for Picturephone. Manufacturing 
at the Reading plant is in a lab­
oratory environment; all pieces are 
hand-carried from one station to 
the next. The pilot line is shared 
on an equal basis by Western Elec­
tric and Bell Labs, with the latter 
involved in developmental work. 
However, Bell Labs' involvement 
will be cut to 25% this year, allow­
ing more production time for West­
ern Electric. 
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You meet more characters in this business. 

When you do business with Fairchild-DuMont, your display tube hang-ups 
dissolve, your horizon widens. You can think of computer readouts with 1000, 
2000, even 4000 characters. You can think of tubes that are smaller than an 
inch across - or nearly three feet. You can choose magnetic or electrostatic 
deflection - or both. Most of all, you can think of Fairchild-DuMont - the 
prime source for precisely any display tube you need. Chances are the de­
sign is in stock. If not, we design it for you. 

Every size and shape . . . the optics, resolution and phosphor type to su it 
your specific kind of alphanumeric or graphic display ... and the parameters 
you need built into the tube rather than solved in the circuit ... that's the 
kind of business we're in. 

Fairchild-DuMont tackles your problem from all standpoints - glass, gun, 
phosphor and operating requirements. We've designed more guns, coated and 
modified more glass, and met tougher specs than anybody in the information 

display tube field. F=P\.I RC HI L..c::J 
But there's a way to find out for yourself. Discuss with us the CRT you 

need. We can usually have a sample on your desk in ten days .. . plus a 
quote ... plus the fastest delivery of production tubes anywhere. Anything OU MONT ELECTRON TUBES 
less would be out of character for us. Try us. And see. Call Computer Tube A 01v1s10N oF FA1RcH1Lo CAMERA ANo 1NsrnuMENT coRPoRAT10N 

Sales at (201) 773-2000 for technical sales assistance. 750 BLOOMFIELD AVENUE, CLIFTON, N. J. 07015 
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Electronics abroad 

Is Russian market ready to boom 
for computers, peripheral equ·ipment? 
Over 40 U.S. firms are now represented in Moscow; best tools for sales 

researchers are a feel for Soviet politics and a sixth sense about prospects 

By Jack Winkler 
Moscow news bureau 

"Wait until the Americans get in­
terested in this market," West 
European businessmen in Moscow 
have been saying for years, "then 
the competition is going to heat 
up." That interest would burgeon, 
the guessers reckoned, as soon as 
the Vietnam war ended. 

They miscalculated. · The year 
1969 can be marked as the year 
when, electronically speaking, the 
Yanks landed in the Soviet Union. 
In the past 12 months more than 
40 U.S. electronics firms have been 
actively trying to sell the Russian 
market, mostly through European 
subsidiaries. And their names, with 
a few conspicuous exceptions, read 
like a register of American big busi­
ness: General Electric, Westing­
house, Philco-Ford, Honeywell, 
National Cash Register, 3M, Hew­
lett-Packard, Bendix, Litton Indus­
tries, Control Data, Burroughs, 
Clarkson Industries, Varian Asso­
ciates, and others. There are even 
rumors in Moscow that IBM is ne­
gotiating to sell software. 

Arcane art. Predicting the Rus­
sian import market for electronics 
is something of a iblack art. The 
1968 guess was ·$15 million to $100 
million [Electronics, Dec. 9, 1968, 
p. 126]. Because Soviet officials 
don't even understand the concept 
of market research and treat it as 
somethir).g Qf a treasurn hunt-"The 
clever man will be able to find out," 
says one senior aide with a wink­
businessmen in Moscow must sam­
ple the political winds as a rough 
indicator of what the USSR will be 
buying. And lately, political indi­
cators of importance to the elec­
tronics industry have been very 
strong. 
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The feeling now is that the So­
viet electronics imports are about 
to take off. The main areas will be 
automation and process-control 
equipment. Such machinery was 
the subject of an exhibit last spring, 
and since then there has been con­
siderable public complaint about 
inadequate automation of the So­
viet economy. Moreover, a decree 
has been issued supporting major 
advances in automation, a boost in 
industry's technical level, and the 
inh·oduction of new equipment. 

There also should be increased 
interest in office electronics-desk­
t~ calculators, accounting equip­
ment~ apd small computers-be­
cause they, too, have been the sub­
ject of a decree and the USSR does 
virtually nothing in the field. One 
U.S. manufacturer trying to sell 
such equipme~t last spring (before 
the decree) met vast interest but 
made no sales. Things should be 
different in the next 12 months. 
Raznoimport, one of the foreign-

trade organizations, has just set up 
a display room, occupying an en­
tire floor, filled entirely with West­
ern office equipment. 

Also facing a bull market is 
peripherals, another area in which 
the USSR admits its weakness. It's 
believed that Britain's International 
Computers Ltd., the biggest elec­
tronics exporter to Russia, consid­
ers the peripheral market its best 
bet. 

Big computer roadblock 
Completing the list is big com­

puters. The Russians have been 
trying for some time to get their 
hands on such machines, but find 
U.S. controls blocking the way. 
Control Data found this out the 
hard way. The sale of one CDC 
6600 to the Nuclear Research In­
stitute in Yerevan has been held 
up by export control regulations 
and has become the central issue 
in a projected exchange of nuclear 
physicists between the U.S. and 
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Available in an epoxy dual in­
line package, the Quantum FET 
input op amp is produced using 
the latest thin film microtech­
nology, and computer selected 
components. Its low price com­
bines with its advanced design 
to make it ideal for inclusion in 
the most sophisticated of instru­
ments and equipment. 
Send for more details on our 
custom hybrid capabilities. 

Voltage offset 
Initial @ 25°C ±5mv max. 
Trimmable to zero 
with 10K pot 

Voltage offset vs. temp. 
(-25°C to +a5°C) 

OA-109 Typical 65 uv/°C 
Max. 100 uv/°C 

Open loop gain 150,000 typical 
CMRR 65dB min. 
Input bias current 75 pa max. 
Voltage swing 

(RL = 2k Vs = ±15V) ±10v min. 

Price (100 lot) $15.50 

QDC 

QUANTUM DEVICES CORP. 
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15 West Main Street, 
Bergenfield, N.J. 07621 

(201) 385-9600 
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Russia. The Russians want the 
Americans to bring the computer 
along if they do experimental work 
at the giant Scrpukhov accelerator, 
and so far this hasn't been allowed. 
And Guri Marchuk, one of the 
USSR's leading cyiberneticians, says 
his country can use four or five 
times the current annual computer 
production. 

Factions. It's in the computer 
area that a businessman can find 
the most clearly defined interaction 
of Russian politics, technology, 
and business. Of much greater sig­
nificance in the long run than any 
trade developments is the sudden 
revival in the last months of 1969 
of the cybernetics faction among 
Soviet economists, planners, and 
politicians. The computer has be­
come a political symbol in the So­
viet Union. It stands for a rational 
technocratic control of the econ­
omy and, ultimately, Soviet society. 
As such it presents a threat to the 
long traditions of political control 
and discipline by the party and 
has become the focus of a crucial, 
though largely behind the scenes, 
battle. 

The computer advocates are the 
continuation, both in logic and per­
sonnel, of a faction of dissidents 
that has existed throughout the 
years of Soviet power, stretching 
back through the economic reform­
ists , anti-Stalinists, anti-collectiv­
ists, the new economic policy men, 
and, ultimately, to the Mensheviks. 
They are the soft-liners and are 
usually called progressives in the 
West. In earlier Soviet debates, 
fought solely on policy . grounds, 
they usually came out the losers. 
But the computer offered them a 
technical advantage: they could do 
something in the party that hard­
liners could not. With the economic 
reform of 1965, they seemed to 
come into the ascendancy. They re­
mained there until early 1968 when 
the conservatives 'began a counter­
attack, pointing out correctly that 
the computer hadn't produced an 
immediate economic improvement. 
This was immediately followed by 
the Czech crisis showing, to the 
hard-line point of view, the politi­
cal dangers of economic reform. 
The computer faction seemed to be 
losing. 

Then in late September and Oc­
tober came the five Soviet govern­
ment decrees designed to raise 

labor productivity. They specifi­
cally advocated greater use of com­
puters, automation, and even the 
firing of workers where necessary, 
thereby killing a 50-year-old sacred 
cow that had reached enormous 
proportions. The new measures 
were quite clearly sponsored by 
the controversial and conspicuous 
reform economist Aleksandr Bir­
man. The computer faction appears 
to have vaulted back into the sad­
dle again. 

Role debated 

The practical significance of all 
this political intrigue is that the 
electronics industry, and comput­
ers ih particular, appear to be in 
for major expansion. The crunch of 
the political debate was the scope 
of the role to be given to computers 
in the economy. The hard-liners 
wanted to restrict computer appli­
cations to process control and 
information gathering, leaving deci­
sion making to the party. The com­
puter faction, however, has held 
out the vision of a whole planned 
economy being run by a vast net­
work of computers all over the 
country. If the cyberneticians have 
won their fight for a big role for 
computers, as it appears they have, 
the consequences for the industry 
could be enormous. 

It would almost certainly mean a 
massive increase in domestic pro­
duction of both computers and soft­
ware, and a reorganization of the 
industry's structure. At the least, 
this would mean bringing the five 
ministries now engaged in produc­
tion under one roof. Then, there 
would be increased imports of all 
sorts. In the USSR, command over 
foreign exchange and hence im­
ports is a function of political 
weight. If the computer men have 
indeed won they will start buying 
abroad. 

Progress on the state network of 
coµiputing centers might also re­
sult. The intention was to have 800 
of t,hese operating as time-sharing 
centers by 1975. The system be­
came stalled by the political de­
bate, with the conservatives appar­
ently trying to subordinate it to the 
central statistical board as a mere 
information-gathering network. In 
the latest report, the system, 
planned for at least five years now, 
was still "on the threshold." At 
least the major political hurdle may 
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Trade winds 
U.S. policy on trade with Commu­
nist nations is undergoing a mid­
winter thaw. Congress has passed 
a liberalized export-control law that 
requires the Commerce Depart­
ment to review its ·list of restricted 
products and technologies. The ob­
ject: free items that do not make 
significant contributions to the mili­
tary potential of the Communist 
bloc and thus pave the way for 
freer trade. 

Under the new law, Commerce 
will have to explain why a license 
is required for an item even when 
it is available elsewhere, and if a 
license is refused, why it was. 

have been surmounted. 
Finally, major automation of in­

dustry could be in the cards. The 
decree on machinery has given a 
start to the work. The Lvov and 
Barnayul experiments in com­
pletely automated factories should 
soon be finished with, the computer 
men hope, a viable system result­
ing. 

But whatever happens, the 
Americans won't have the Soviet 
market to themselves. Britain's ICL, 
long a front-runner in Eastern 
Europe, is now installing a com­
puter-distribution system for So­
viet steel and has just been allowed 
to open a permanent office in Mos­
cow, the only electronics firm so 
privileged by the Soviet govern­
ment. 

Here they come. Neither will 
trade be all one way. For the first 
time, the USSR displayed its micro­
circuitry at this year's Paris Inter­
national Electronic Components 
Show. More than 200 types, both 
hybrids and monolithic, were 
shown and some at least were in­
ternationally competitive. Licens­
intorg, the Soviet license trading 
monopoly, has been building up an 
electronics section and now offers 
10 items, eight of them already pat­
ented in the U.S. and Western 
Europe, including multistable cir­
cuitry [Electronics, April 28, 1969, 
p. 157]. 

After Paris, the Russians put 
their circuits on display in London 
and Scandinavia. Initial reaction 
seems to indicate that Scandinavia 
has the most potential, but it's still 
too early to say. • 
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TEMPERATURE 
COMPENSATING 

SOLDER-INS 

for 
UHF APPLICATIONS 

SPECIFICATIONS 

CAPACITANCE: Within 
tolerance @ 1 MC and 25 °C 

CAPACITANCE 
TOLERANCES: ±5 % , 
±10% or ±20% (but not 
less than ±.25 pf) 

WORKING VOLTAGE: 
500 VDC 

INSULATION RESISTANCE: 
Greater than 7500 
Megohms @ 500 VDC 

FLASH TEST: 1000 VDC for 
1 second 

ELECTRODE: Pretinned for 
assured solderability 

These new solder-in capacitors are 
designed for use in UHF applica­

tions requiring the absolute mini· 

mum in lead inductance effects. 
Solder-ins are available in a wide 

range of temperature coefficients 
in capacities from 1.5 to 105 pfd. 

If your application requires spe· 
cial physical or electrical charac· 

teristics, contact RMC's Engineer· 
ing Department. 

Write today on your company 
letterhead for your copy of the 
RMC Catalog. 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY & CO. , INC. 

GlNlRAL OFFICE: 4242 W. Bryn Mawr Ave . , Chicago 46, Ill. 
Two IMC Plant• Devoted Exclu1lvely to Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. A 0 
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Our 1~ oz. alarm will blast you with BDdb 
of the most irritating noise in the world. 
Nothing can drown out or cover up the persua­
sively piercing sound of the Mallory Sonalert® 
electronic audible signal. It 's made to be heard. 

The light, compact Sonalert is of solid state 
design for maximum efficiency and reliability and 
requires as little as 3 milliamps current. No arc­
ing. No mechanical wear. 

You can use Sonalert in hundreds of places­
autos, trucks , boats, planes, laboratory, home 
and industry-anywhere a warning signal is re­
quired. Its penetrating audible signal scares bur­
glars, warns of dangerous conditions and is an 
adjunct to many types of visual signals. It pro­
duces no RF noise, making it ideal for low-volt-

age circuits in computers, medical electronics, 
instrumentation and communications equipment. 

Sound intensity range is 68db @ 6VDC to 
80db @ 28VDC. Sound frequency levels are 
2900 ± 500 Hz and 4500 ± 500 Hz, depending 
on model. Warbling , pulsing and AC models also 
are available. You can get Sonalert from your 
local Mallory distributor. 

For a free 48-page idea booklet of applica­
tions, # 9-406 " How to Use Sonalert," write to 
Mallory Capacitor Company, a division of P. R. 
Mallory & Co. Inc. , Indianapolis, Indiana 46206. 
Sonalert " - Registered trademark, P. R. Mallory & 
Co. Inc. 

MALLORY 
MALLORY CAPACITOR COMPANY 
a divis i o n o f P . R. MALLOHY & CO. I NC. 

3029 E. W ashing t o n S t. . India n apoli s , India n a 4620 6 ; T e l eph o n e: 3 17-6 3 6-5 353 

Electrical and Electronic Components • Sequence Timers • Metallurgical Products • Batteries 
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Word generator has 48 outputs 
Unit built for testing the larger LSI arrays expected soon; 

outputs are adjustable from 10-bit to 4,000-bit lengths 

By Owen Doyle 
Electronics staff 

Engineers at the Educational Com­
puter Corp. feel at times as though 
they are bucking the tide. First, 
while all the other companies bent 
on making large-scale-integration 
array testers are turning out com­
puter-controlled systems, ECC has 
been offering a manual unit that 
takes up to an hour to set up. 

Now ECC is going against the 
current again. The company is pre­
paring-for introduction at the IEEE 
Show in March-a 48-output word 
generator, something that ECC 
feels array makers will be demand­
ing very shortly. However, ECC is 
bucking a trend in the way it makes 
the generator. The key part of any 
word generator is its memory. With 
the speed of LSI circuits increasing, 
it would be expected that a gen­
erator's memory would be made of 
semiconductor arrays, or at least 
of shift registers. But ECC is using 
a core memory. 

The vice president and chief en­
gineer, Alfred Homann, feels that 
his company is moving in a profita­
ble direction. In the case of the 
tester, Homann points out that his 
company's unit is at most one-fifth 
the price of computer-controlled 
systems. "Our tester goes for 
around $40,000" he says. "Texas 
Instruments is quoting $358,000 for 
its 561, and Autonetics is asking 
$250,000 for the 310." 

And Homann finds many reasons 
to justify using the core memory in 
the new generator. When the deci­
sion had to be made about the 
memory, the question that had to 
be answered, says Homann, was: 
"Is this (cores) the way to go, or 
should we use semiconductor ar­
rays? This is tough to answer be-
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cause array makers are talking 
about speeds of 10, 20 or 30 nano­
seconds-which means you could 
have a word generator that runs at 
10 or 20 megahertz. 

"My ansiwer," recalls Homann, 
"was to go to the cores because 
they're proven, reliable, and avail­
able. If semiconductor memories 
become available at the right price, 
we've made the generator so that 
we'll be able to use them." 

ECC ruled out .shift-register 
memories. "The testers I know of 
made by other companies-TI and 
Fairchild and so forth-rely on shift 
registers for memories, either static 
or dynamic" says Homann. "If 
they're static, the tester can go 
down to d-c but it's pretty limited 
in the kinds of testing it can do. 
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If they're dynamic, they're limited 
to at least 100-hertz minimum fre­
quency, and 1 kilohertz if you want 
to make sure they don't drop any 
bits. It sure seems to me that shift 
registers have a notorious habit of 
dropping bits." 

Another reason for going to the 
core memory was the price. ECC 
buys the memories from Califor­
nia's Core Memories Inc. , paying 
$10,000 each. Homann estimates 
that the cost for a shift-register or 
semiconductor memory would be 
several times that. 

The new generator has a repeti­
tion rate of d-c to 1.5 Mhz, and the 
length of its 48 output words is 
adjustable between 10 bits and 
4,000 bits. And the outputs are 
compatible with transistor-transis-

• CAlll:I> 
lllAHtl•I .. 

D 
AUDY 

OPl!RATOtG 
MODE 

Words to test by. Switch at the lower left hand of word generator's 
control panel determines how much of the total data comes out 
at any one interval. Buttons at right of center section are used 
to correct mistakes detected during data input operation. 
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Opportunities for 

RADAR 
SYSTEMS 
ENGINEERS 
Expanding activity on long-range 
programs and advanced projects has 
created stimulating assignments for 
Radar Systems Engineers qualified In 
the following areas: 

ANALYSIS & FUNCTIONAL DESIGN 
These openings Involve generation of 
system design requirements and spe­
cifications, analysis of system per­
formance and technical design coor­
dination. Experience Is required In 
doppler, monopulse or high-resolution 
radar systems; background in signal 
processing or clutter analysis Is 
desirable. 

TEST & EVALUATION 
Immediate assignments are available 
Involving performance of radar sys­
tems, Integration and evaluation tests, 
analysis of test data and recommen­
dation of appropriate design action. 
Radar systems test and evaluation 
experience is very desirable; hard­
ware design, flight test or field engi­
neering experience will also be con­
sidered. 

CIRCUIT & PRODUCT DESIGN 
These positions Involve the circuit or 
product design and development of 
advanced radar hardware compo­
nents, including antennas, transmit­
ters, receivers, signal and data proc­
essors, range/velocity/angle trackers, 
compression circuits and power sup­
plies. Experience with digital/analog 
micromln circuits Is desirable. 

For Immediate consideration, please 
airmail your resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace Divisions 
Dept. 42 
11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

r------------------, 
I I 

I HUGHES I 
I I 

L------------------J HUGHES AIRCRAFT COMPANY 

AIEllO&PACIE DIVISIONS 

An equal opportunity employer-M & F 

U.S. citizenship is required. 
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... in later models, commands will be stored 

in the memory, allowing the generator 

to make a choice among several test programs 

tor-logic circuits. 
The memory has 48 planes, one 

for each word, and each plane is 
64 by 64 bits. 

Ins and outs. In any digital-cir­
cuit tester, the word generator puts 
out a variety of signals which go 
to the inputs of the circuit being 
checked. The tester compares the 
resulting outputs from the circuit 
against what it knows to be the 
correct responses. Thus, there are 
two steps involved in using a word 
generator: storing the test signals 
in the memory, and then reading 
these signals out. 

In the ECC generator, the test 
sequences can be read in by tele­
typewriter, punched cards, or by 
hand, although a card reader does 
by far the fastest job. 

Regardless of the input means, 
the signals come in serially, the 
address first and then the word to 
be stored. Sin.ce the address is part 
of the input, the memory is a ran­
dom-access unit and no special 
care need be taken about the order 
in which the data comes in. 

The input signals first pass 
through a mode detector, which 
determines whether the signals are 
test sequences or commands. Ini­
tial models of the generator will 
only accept test sequences, but ECC 
engineers want eventually to store 
commands in memory. When this 
is done, the generator will be able 
to do such things as store more 
than one test program, Homann 
points out. 

When the time comes to use the 
data, it comes out of the mP-mory 
into a bank of JK flip-flops. Then it 
passes into a second bank of flip­
flops , which are strobed. ECC uses 
two sets of flip-flops because while 
all the data leaves the memory at 
once, some of the outputs can come 
out of the second bank of flip-flops 
at one time, and the rest of the out­
puts an interval later. 

On the generator's front panel is 
a switch that controls the strobing. 
With it, the user can have all the 
data come out at once, or have 24 
words come at one time and 24 an 
interval later, 30 words and then 

18, 36 words and then 12, or 42 
words and then 6. 

Also on the front panel is a set 
of thumbwheel switches with which 
the user can dial any address in 
the memory. A button on the panel 
allows the user to change the data 
at that address without changing 
his punched cards. 

At the bottom of the panel are 
the 48 jacks for the generator's out­
puts. 

The generator is 19 by 17 by 19 
inches, weighs 50 pounds, and 
plugs right into ECC's present 
tester. The word generator now 
used by the tester puts out 40 words 
of 100 bits at rates up to 2.5 Mhz. 
But Homann points out: "You can 
just see the way arrays are going in 
physical size, and they're starting 
to put a couple of arrays into one 
package. If we didn't come up with 
a bigger generator, we'd be out of 
the market within a year." 

The generator by itself will sell 
for $39,000. The LSI tester with the 
new generator will cost $64,000. 
Deliveries are scheduled to start in 
May. At Brst, says Homann, ECC 
will be able to ship one unit a 
month, because that's as fast as 
ECC can get the memories. How­
ever Homann expects the produc­
tion rate to go up by year's end. 

ECC expects its customers will 
include companies wanting the 
complete tester, and those building 
their own test systems but unwill­
ing to spend a lot of time design­
ing the generator. 

Says Homann: "The demand 
would be greater if LSI existed, or 
-rather-existed in quantity at a 
price you could afford. The people 
building equipment around LSI 
now design the smallest, lightest, 
and probably best equipment 
around. But it's a real sticky situa­
tion they can get themselves into if 
they're not careful. If they can't get 
the circuits, they're in trouble. And 
I think it's safe to say that all the 
leading producers of LSI arrays 
have disappointed people in the 
past on deliveries." 

Educational Computer Cor., Sicklerville, 
N.J. [338] 
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The cable that won't 
, hold you back 

To move ahead in today's complex technology, the wire and 

cable you specify must be as sophisticated as the equipment 
it connects. Being unable to repair themselves, connections 

have to be more dependable than the humans they replace. 

The wire and cable you put in today should have the most 

contemporary construction and electronic capabilities 

available ... to minimize rewiring as you expand. 

It should be equal to the unfamiliar equipment and 

interfacing systems that you're going to be living with soon. 

This is the kind of wire and cable that Brand-Rex can 
bring you because we've been in on the development 

of these systems for years. 

Are you the push-forward type? Send for our "all­
products brochure'.'. It covers contemporary wire 

and cable for telephone/ communications .. . 
computer/peripheral ... commercial/appliance .. . 

municipal ... industrial/utility ... and military applica­

tions. Tubing and sleeving, too. Brand-Rex Division, 
American Enka Corp., Willimantic, Conn. 06226. 

Phone 203 423-7771. 

Connect for tomorrow 

BRAND-REX 
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... Ultraminiature 
reed relays 

LOOK FOR 

• Two new lines of Picoreed®relays give you a wider choice in 
sensitivity, contact configurations and space-saving size. For 
example, note the new low profile of Types PRA and PRB­
allows .375" pcb mounting centers. And note the new high sensi­
tivity of Types PRAH and PRBH. 

Both lines available in one to five Form A contacts with traditional 
Clare reliability. 100,000,000 operations at signal levels. 5 volt 
(must-operate 3.75v), compatible with standard 5 v DTL and 
TTL logic families. 6, 12 and 24 volt standard relays also available. 

For information, circle Reader Service number, or write for Data 
Sheet 971A. C. P. Clare & Co., Chicago, Illinois 60645 ... and 
worldwide . 

Low Profile 
High Sensitivity 

Type PRB 

Types PRA/PRB- Types PRAH/PRBH-
Electrical and Low Profile High Sensitivity 

Dimensional Characteristics 
Form1A Form 5A Form1A Form 5A 

Operate time, including bounce 500 µS 600 " " 600 µS 900 µS 

Average nominal power for 5 volt units 65 mw 250 mw 46mw 140 mw 

Pcb mounting centers .375" .375" .500" .500" 

Length .781 .800 .800 .800 

Width• .250 .675 .400 .800 

Height .187 .225 .350 .350 

•Widths vary according to number of switches. One through 5 available. 

a GENERAL INSTRUMENT company 
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New instruments 

Sweeper tries to plug into wide market 
Available with video, vhf and uhf generators, 

unit delivers output that is flat to within 0.05 db 

Priced in the $2,000-and-above 
range, sweep generators are too ex­
pensive to supply to each man in a 
laboratory. As a result they remain 
pass-around instruments. Marconi 
Instruments Ltd.'s new sweeper 
can't be called dirt-cheap, but at 
leas·t, because of its wide frequency 
range, it can be passed around to a 
lot of people. Using plug-ins, the 
instrument covers the range from 

25 kilohertz to around 3 gigahertz. Marconi's U.S. office has yet to 
set prices for the sweeper. Tenta­
tive figures are $2,800 for the main­
frame and video plug-in, and $3,300 
for the mainframe, vhf plug-in and 
an attenuator. A Marconi spokes­
man in the U.S. calls these "the 
maximum possible prices". No 
prices have been set for the uhf 
plug-in. 

Multichannel analyzer called Spec­
trazoom can be used either as a 
conventional pulse-height analyzer 
or as a multiscaler. It has an 8 
Mhz analog-to-digital converter 
combined with a memory cycle 
time of less than 8 µ.sec. Fea­
tured are: display on standard tv 
monitor, and two floating-point, 
100-address memories. Packard 
Instrument Co., 2200 Warrenville 
Rd., Downers Grove, Ill. [3611 

Autoranging digital dbm/khz test 
set llOlA is for telecommunica­
tions circuits. It combines the ca­
pability for both frequency and 
transmission level measurements. 
It provides direct digital readout 
for signals between -50 dbm and 
+10 dbm; 10 readings per sec at 
a resolution of lhz. Price is 
$1,185. Telecommunications Tech­
nology Inc., 920 Commercial St., 
Palo Alto, Calif. [3651 
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A mainframe, called the TF 2361, 
and one of three plug-ins make up 
the sweeper. The TM 9692 video 
plug-in's range is 25 khz to 30 
megahertz; the TM 9693 very-high­
frequency unit goes from 1 Mhz to 
30 Mhz; and the third plug-in, 
scheduled for April release, will 
cover the ultra-high-frequency band 
(300 Mhz to 3 Ghz). Besides wide range, the sweep-

Pulse modulators are computer­
controllable for automated testing. 
Type 101 provides up to 10 kw 
of regulated and continuously var­
iable peak power output in a com­
pact design .. Standard units are 
available with peak outputs of 3.5 
kv at 3 amps, 5 kv at 2 amps, and 
100 v at 100 amps. Price is 
$985; delivery, 2 weeks. Bertan 
Associates Inc., 15 Newtown Rd., 
Plainview, N.Y. [3621 

Precision d-c voltage calibrator 
model 472A features ±0.0025% 
accuracy of setting. It is adapta­
ble, with two ranges-9 to 11 v 
and O to 110 mv output. An input 
current of 20 ma can be drawn 
on the 11-v range; a 100 to 1 di­
vider provides simultaneous output 
of O to 100 µ.v at 10 ohm output 
resistance. Precision Standards 
Corp., 1701 Reynolds, Santa Ana, 
Calif. 92705 [3661 

Dual programable pulse generator 
model 1210 is a general purpose 
unit for use in manual or com­
puter-controlled applications. Both 
generators are fully programable 
in pulse repetition interval from 
200 nsec to 9.99 msec (100 hz to 
5 Mhz), and pulse widths from 
100 nsec to 0.99 msec. Price is 
$995; delivery, 60 days. Antekna 
Inc., 4015 Fabian Way, Palo Alto, 
Calif. 94303 [3631 

Digital relay testers measure and 
digitally display the time of all 
moving electromechanical relay 
functions. The series ORT units 
feature all solid state modular 
construction and Nixie tube read­
outs. Models are available with a 
100 khz or a 1 Mhz clock rate. 
Relays can be accommodated from 
6 v to 28 v d-c. Holland Electron­
ics Inc., 842 E. 94th St., Brook­
lyn, N.Y. 11236 [3671 

Pulse generator model 448 is used 
to simulate the output of semi­
conductor 'detectors for the cali­
bration of high-resolution spec­
trometry systems. It can be set 
with an accuracy of 10 ppm. Sta­
bility is typically ±10 ppm, with 
a long term drift of no more than 
15 ppm for a 24-hr period with 
temperature and voltage constant. 
Ortec Inc., 224-L Midland Rd., 
Oak Ridge, Tenn. 37830 [3641 

X-Y calibrator model 132, for os­
cilloscopes and volt ohmmeters, 
provides accurate d-c or square 
wave output up to 1 Mhz and 
from 0.10 through 10 v. Precision 
time base calibration with 
0.005 % accuracy is provided by 
crystal oscillator and IC dividers. 
It measures 3 x 11 x 6 in. Price 
is $99 .50 in kit form or $198.50 
assembled and tested. Paramatron 
Corp., Rochester, N.Y. [3681 
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SAN-E 
MSP-4 full four track stereo 
RIP head for auto-reverse 
cassette system 

MSP-4 ~ track full 4 heads R/P 
head for phillips cassette tape 
PE-IVI AC bias eraser for MSP-4 
head 

Other product 
8 track (MS-8) stereo head 

for home & car stereo 

* write immediately 
for further details 

SAN·E DENKI COMPANY. LIMITED. 
110-1 Minami-Kawahori-cho, Tennoji-ku, 
Osaka, Japan 
phones: 779-1591 
cable: SANMAGNETICS 

Circle 195 on reader service card 

TYPE FRC 

Spirals, folds, knots, tocks without change in charac­
teristics! Custom woven lo your specifications. 
FRC, a flat tightly woven yet flexible ribbon cable 
does the job of heavy, bulky cables, yet fits in tight 
spaces or along edges. Breakouts do not disturb 
insulation of adjacent conductors. 
Specify 4 to 100 conductors with any type insula· 
lion in any combination of colors, breakouts or 
conductor sizes. 
Available woven in synthetic fibers such as Kapton, 
Teflon, Nylon, Nomex , as well as cotton or linen. 

For lull information on specialized high-performance 
Fob-Ri-Coble ond ZT Jacketing, contact: 

THE ZIPPERTl1BING®co 
CORPORATE HEADQUARTERS 9 
13000 S. BROAOWAY 
LOS ANGELES , CALIF. 90061 ~- ' 
Los Angeles Phone: (213) 321-3901 
New Jersey Phone: (201) 256-4980 
BAlllMo.l • BlJSTON • CHICAGO • CUVlLAHD • OAl.LAS 
NIW !Gil • ORLANOO • PHOENIX • SAN FRANC~Cll • W!SI CIRMlll" 
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... sweeper will become nucleus 
of complete checkout systems ... 

er's chief virtue is the flatness of 
its output. The 9692 delivers a sig· 
nal with an amplitude constant to 
within ±0.1 decibel over the full 
25-khz-to-30-Mhz range. Working 
with feedback from a remote de­
tector, the sweeper does even bet­
ter-an output flat to within ±0.05 
db. Even without a detector, spuri­
ous and harmonic signals both are 
better than 40 dlb down. 

The vhf output is almost as 
clean; harmonic and spurious sig­
nals are down 35 db and 40 db 
respectively. With a detector, the 
TM 9693 sends out a signal flat to 
within ±0.25 db. 

Lock up. Each plug-in has a cal­
ibrated knob for setting sweep 
width and a tuning dial for picking 
the center frequency. Interlocks for 
these two controls make impossible 
settings impossible. For example, 
the user can't choose a 10-khz 
that generates the horizontal-
26 khz (the plug-in's minimum fre­
quency is 25 khz). 

For both plug-ins 2% is the 
linearity value, which Marconi en­
gineers define as "the deviation of 
any marker from the expected posi­
tion with respect to the full sweep 
width." 

The sweeper operates in a stand­
ard fashion. Inside the mainframe 
is a voltage-controlled oscillator 
that generates the horizontal­
siweep signal, over a range of 0.1 
hertz to 100 hz. Besides going to 
a front~panel terminal, the oscilla­
tor's output goes to the plug-in. 
There it drives a varactor, which is 
connected to another oscillator. 
Since a varactor is a voltage-sensi­
tive capacitor, as the voltage com-

ing from the mainframe changes, 
the frequency of the varactor' s os­
cillator, and of the plug-in, also 
changes. 

There are many ways to control 
the sweep speed besides setting it 
with a front-panel switch. On the 
front panel is a function control. 
When it's set to the MAINS position 
the sweep rate is the frequency, 
usually 60 hz, of the line power. 
MAINS is picked when the system 
under test has a parameter, such as 
tv frame rate, that is synchronized 
to the line frequency. Also, locking 
an oscilloscope and a sweeper to 
the same frequency, such as line 
frequency, often is convenient. 

TV LOCK, which locks the sweep 
rate to tv frame rate, is useful in 
testing tv systems in which the 
frame rate isn't synched to the line 
frequency. 

EXTERNAL DRIVE disconnects 
the sweep oscillator, allowing an 
external signal of any shape at any 
frequency up to 20 khz to set the 
sweep speed. 

The CW position cancels the 
sweeping, allowing the unit to 
work as a signal generator. MANUAL 
allows the user looking for spikes 
to sweep a selected range of fre­
quencies by hand. 

Marconi has plans for the 
sweeper that go beyond normal ap­
plications. In the works are com­
plete test systems. First to be intro­
duced will be a tv transmission­
station checkout setup. But that's 
about a year away. Marconi will 
stait delivering the sweeper to U.S. 
customers in April. 

Marconi Instruments Division, 111 
Cedar Lane, Englewood, N.J. [369] 

Set a speed. A 
voltage-control led 
oscillator drives 
sweep at variable 
speeds. Function 
switch allows e'xter­
nal control or 
synchronization with 
line frequency. 

Electronics I January 19, 1970 



The new Cyclohm Fan from Howard vs.' 'the other fan" 

The new Howard tubeaxial fan delivers a larger volume of air 
over a wider range, runs up to I 0 years without service or 
lubrication, has a rugged cast aluminum frame, yet costs about 
the same as "the other fan" you're now using. (See why we 
call the comparison "unfair"?) 

In all fairness, we admit the new Howard Cyclohm fan is 
exactly the same size as "the other fan." They're interchange-

Electronics I January 19, 1970 

able. But then we come to comparisons like Howard Cyclohm's 
six-blade impeller (vs. three) which is computer-mated to the 
famous Howard Unit Bearing Motor with a 5-year warranty 
based on an engineered lifespan of 10 years (vs. a traditional 
bearing motor). Then, too, there's 115 CFM air delivery (vs. 
100). And cost: The new Howard Cyclohm never costs more 
than .. the other fan" ... and Howard delivery is overnight! 

Be fair to yourself: Send for all the unfair facts. 

------ HOWARD 
HOWARD INDUSTRIES 
A DIVISION OF MSL INDUSTRIES, INC. 
242018th STREET, RACINE, WISCONSIN 53403 
414-632-2731 TWX 910-271 -2387 
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Integrated 
Circuits 

The ABCs of MIL-STD-883: MACH IV 
TI is ready now to deliver inte­
grated circuits "in accordance to 
MIL-STD-883." We're committed 
to the task. Money, manpower and 
facilities. 

What's more, we're ready to tell 
you exactly how we'll do it. 

In detail. 
You'll find most of the answers 

in Tl's 40-page MACH IV procure­
ment specification covering 883-
supplemented by 100 pages of 
detailed product specifications. 

It is the most comprehensive 
book of its kind. By far. 

If you need more answers, you'll 
get them from the men pictured 
above. They're members of a spe­
cial H 1-R EL Task Force organized 
for TTL I Cs (we have Task Fbrces 
for DTL and linear, too). 

These men are managers from 

the areas of reliability engineer­
ing, process engineering, product 
planning, military marketing, 
product sales, product engineer­
ing, quality control, manufactur­
ing, and HI-REL assembly. 

They'll help you determine the 
specific procedures and reliability 
levels you'll need to meet 883. 

Then they'll see your order 
through. Successfully. Even if 
they have to cross departmental 
boundaries and step on a few toes 
to break bottlenecks. 

They'll focus Tl's experience 
and abilities on your job. You see, 
we've been delivering 100% tested 
I Cs for years. Millions of them for 
Minuteman, Sprint, Poseidon, 
F-111 and other programs. 

And some of these had even 
tighter requirements than 883. 

Another thing. You'll have the 
industry's best facilities going for 
you at TI. From more than 50,000 
burn-in sockets to environmental 
shake, rattle and roll labs, to IR 
scanners, microprobes, Radiflo 
and variable data loggers. 

With our commitment, experi­
ence and facilities, we're doing 
our best to make MIL-STD-883 as 
simple as ABC. 

Write for "MACH 
IV High Reliability 
Procurement Speci­
fication MIL-STD-
883" on your compa­
ny letterhead. Texas 
Instruments Incor­

porated, PO Box 50i2, ~ 
MS 308, Dallas, Texas TJ 
75222. Or call your local 
TI Sales Office. 

TEXAS INSTRUMENTS 
INCORPORATED 
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New subassemblies 

Cassette deck tailored to data storage 
Unit aimed at minicomputer and peripheral equipment market 

designed for tight control of speed, high packing density 

Cassette recording could have the 
effect on data storage that it has 
had on the entertainment industry. 
In the minicomputer market, the 
cassette offers cost and size ad­
vantages that other storage formats 
can't touch. 

speed, tape bounce causing drop­
outs both on record and playback, 
and other faults, most of them 
caused by poor mechanical design 
features. 

the deck to equipment makers as 
the Compudette 1100. 

Unfortunat~ly, most cassette re­
corders now use tape drives de­
signed for audio, not edp use. And 
the result is poor regulation of tape 

Compucord Inc. has developed 
what it calls the first industrial­
grade deck for cassette data stor­
age and retrieval. The firm plans 
to use it in its own Compudette 
1200 and 1400 recorders, and to sell 

Like other firms, Compucord 
plans to cash in on the hoped-for 
boom in peripherals and small 
computers-in the early seventies. 
Robert Crawford, president, and 
Robert Shay, vice president, picked 
data recording, and specifically the 
cassette deck, as the product area 
with the best combination of po-

• 
t 

• 

1-f amplifier 4051A has a flat 
frequency response from 10-20 
Mhz. A gain control system allows 
50 db change with less than ±2° 
phase shift. This eliminates the 
need for phase matching in appli­
cations such as monopulse, inter­
ferometer and multichannel phase­
lock receivers. Noise figure is 3.5 
db; gain, 80 db. Electrac Inc., 
1614 Orangethorpe Way, Ana­
heim, Calif. 92801 [3811 

Bipolar operational power supply I 
amplifier is rated ±36 v at ±1.5 
amps. It can respond to program­
ing commands in either direction 
from zero. Low distortion C less 
than 0.5%) and lack of zero 
crossover discontinuity result from 
use of a d-c coupled npn/ pnp 
complementary-symmetry output 
stage. Bandwidth is 20 khz full 
output. Kepco Inc., 131-38 San­
ford Ave., Flushing, N.Y. [385] 
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Resistance transmitter l8-ll2A 
receives signals from a resistance 
temperature detector, variable re­
sistor, strain gage transducer or 
other resistance source and pro­
vides d-c voltage or current output 
signals. Input/output linearity is 
adjustable to ±0.05% with high 
resolution span and zero trim­
mers. Price is $180. Bell & 
Howell Co., 706 Bostwick Ave., 
Bridgeport, Conn. [382] 

Microminiature double - balanced 
mixer ASK-2 covers 25 khz to 
500 Mhz, occupies 0.05 cu in. 
Ruggedness and durability are 
built-in features . Internal com­
ponents include precision minia­
ture p-c boards, hot carrier diodes, 
and newly developed transmiss ion 
line transformers. Price in quan­
tity is under $45. Mini-Circuits 
Laboratory, 2913 Quentin Rd ., 
Brooklyn, N.Y. 11229 [386] 

Video limit indicator model 122 
is used with cctv systems to pro­
vide a graphic display of 30 
separate vertical white bars, each 
of which may be individually po­
sitioned to any location on the tv 
screen. Fifteen bars indicate high 
limits; and 15, low limits. An 
automatic alarm may be given 
when predetermined limits are ex­
ceeded. Colorado Video Inc., Box 
928, Boulder, Colo. [383] 
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Annunciators have miniature, solid 
state relay modules mounted di­
rectly on small pilot lights. The 
audible signal is operated by a 
solid state amplifier. One solid 
state power supply can handle up 
to 10 annunciator points. The 3 
units may be mounted and wired 
together into a light box annunci­
ator unit if desired. Runde! Com­
ponents Inc., 740 B'way, Redwood 
City, Calif. [387] 

. .... -·-·· -·- . 
- . . .. . . . 

Wideband filter 262 performs 
frequency analysis of complex 
noise, pulse, video and transient 
signals. It is switch selectable In 
5 modes: high-pass, low-pass, by­
pass, band-pass, and band-stop. 
It has continuously adjustable cut­
off frequencies from 10 hz to 10 
M hz and a pass-band from 5 hz 
to 15 Mhz. Systems Research 
Laboratories Inc., 7001 Indian 
Ripple Rd., Dayton, Ohio [384] 

Magnetic head tester lOlC is a 
dynamic testing unit for measur­
ing performance of computer re­
cording heads. It provides special 
circuits for simulating conditions 
the head undergoes when placed 
on a tape transport in a computer 
environment. Automated and 
manual switching is provided for 
studying all recording parameters. 
Magnetic Head Corp., Marcus 
Blvd., Hauppauge, N.Y. [388] 
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We're available-immediately 
Get up to 10,000 units 
of 2N3773 transistors 

immediately from 
Westinghouse 

What's more, we 'll also give voltage and gain. 
you fast service on larger For complete data - and a 
orders. As many as it takes to large ready supply-of any and 
fill your total requirements. all these transistors, contact 

Our 2N3773, 2, 1, (T03) is a your local Westinghouse Dis-
family of 30-amp diffused tran- tributor (see adjacent listing) or 
sisters for high power switch- Westinghouse Semiconductor 
ing and amplifying applications. Division , Youngwood , Pa. 
They offer a wide selection of 155g7_ ~ 

You can be sure ... if it's Westinghouse ® 



Westinghouse Industrial 
Semiconductor Distributors 

Alabama 
ACK Semiconductors, Inc. 
Birmingham Phone: 205 322-0588 
Electronic Wholesalers, Inc. 
Huntsvi lie Phone: 205 534-5722 
Arizona 
Hamilton Electro of Arizona 
Phoenix Phone: 602 272-2601 
Kierulff Electronics Corp. 
Phoenix Phone : 602 273-7331 
California 
Newark Electronics 
Inglewood Phone: 213 674-8440 
Hamilton Electro Sales 
Los Angeles Phone : 213 870-7171 
K-Tronics 
Los Angeles Phone : 213 685-5888 
Elmar Elecronics, Inc. 
Mountain View 

Phone: 415 961-3611 
Hamilton Electro Sales-North 
Mountain View 

Phone: 415 961-7000 
Hamilton Electro of San Diego 
San Diego Phone: 714 279-2421 
Colorado 
Electronic Parts Co. 
Denver Phone : 303 266-3755 
Hamilton Denver 
Denver Phone : 303 934-5508 
Connecticut 
Cramer Electronics, Inc. 
North Haven Pho:ie : 203 239-5641 
Florida 
Cramer Electronics, Inc. 
Fort Lauderdale 

Phone: 305 566-7511 
Electronic Wholesalers, Inc. 
Orlando Phone : 305 841-1550 
Georgia 
Specialty Distributing 
Atlanta Phone : 404-873-2521 
Illinois 
Semiconductor Specialists, Inc . 
Chicago Phone : 312 279-1000 
Pace/ Avnet Electronics 
Schiller Park Phone: 312 678-6310 
Indiana 
Fort Wayne Electronics Supply, Inc. 
Fort Wayne Phone : 210 742-4346 
Ra-Dis-Co. 
Indianapolis Phone : 317 637-5571 
Rad io Distributing Co . 
South Bend Phone : 210 287-2911 
Maryland 
Pyttronic Inc. 
Baltimore Phone : 301 ,727-5100 
Hamilton Electro Sales 
Baltimore Phone: 301 668-4900 
Cramer Electronics, Inc. 
Rockville Phone : 301 424-2700 
Massachusetts 
Cramer Electronics, Inc. 
Newton Centre 

Phone : 617 969-7700 
Schweber Electronics 
Waltham Phone : 617 891-8484 
Michigan 
Semiconductor Specialists, Inc. 
Detroit Phone : 313 255-0300 
Minnesota 
Semiconductor Specialists, Inc. 
Minneapolis Phone : 612 866-3434 
Stark Electronic Supply 
Minneapolis Phone : 612 332-1325 
Missouri 
Electronic Components for 

Industry Co. 
Kansas City Phone: 816 421-8400 
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Electronic Components for 
Industry Co. 

St. Louis Phone : 314 647-5505 
Hall -Mark Electronics Corp. 
St. Louis Phone : 314 521-3800 
New Jersey 
General Radio Supply Co., Inc. 
Camden Phone: 609 964-8560 
Angus, Inc. 
Moorestown Phone: 609 235-1900 
Sterling Electronics, Inc. 
Perth Amboy Phone : 201-HI 2-8000 
New Mexico 
Kierulff Electronics Corp. 
Albuquerque Phone : 505 247-1055 

New York 
Stack Industrial Electronics 
Binghamton Phone : 607 723-6326 
Summit Distributors 
Buffalo Phone : 716 884-3450 
Cramer I Eastern 
East Syracuse Phone : 315437-!5671 
Schweber Electronics 
Long Island Phone : 516 334-7474 
Mi I gray Electronics, Inc. 
New York Phone : 212 989-1600 

Ohio 
Sheridan Sales 
Cincinnati Phone: 513 761-5432 
Sheridan Sales 
Cleveland Phone: 216 524-8120 
Hughes-Peters, Inc. 
Columbus Phone : 614 294-5351 
Mentronics, Inc. 
Mentor Phone : 216 946-3058 
Oklahoma 
Hall-Mark Electronics Corp. 
Tulsa Phone: 918 835-8458 

Pennsylvania 
Cameradio Company 
Pittsburgh Phone : 412 391-4000 
South Carolina 
Sawyer Electronics Corp. 
Greenville Phone : 803 235-0438 

Texas 
Hall-Mark Electronics Corp. 
Dallas Phone: 214 231-6111 
Midland Specialty Co. 
El Paso Phone : 912 533-9555 
Hall-Mark Electronics Corp. 
Houston Phone: 713 781-6100 
Lenert Company 
Houston Phone: 713 225-1465 
The Altair Co. 
Richardson Phone : 214 231-5166 
Washington 
Hamilton Electro Sales of the 

Pacific Northwest 
Seattle Phone : 206 624-5930 
Kierulff Electronics Corp. 
Seattle Phone : 206 725-1550 
West Virginia · 
Charleston Electrical Supply 

Company 
Charleston Phone: 304 346-0321 
Wisconsin 
Taylor Electric Company 
Milwaukee Phone : 414 964-4321 
Canada 
Canadian Westinghouse 
Hamilton , Ontario 

Phone : 416 528-8811 
European Headquarters 
Westinghouse Electric 

International , S.A. 
London, S.W. 1 

Phone : Whitehall 2704 

Westinghouse Semiconductor Division 
Youngwood, Pennsylvania 15697 

tentials in the computer industry. 
Decks in other cassette equip­

ment largely are made in either 
Japan or Europe, they found, and 
have both specification and relia­
bility problems. Tape speed varia­
tions reach 12% easily, and the 
decks take their time with tape 
movement-start and stop times 
often range from 120 to 200 milli­
seconds. While these drawbacks 
could be overcome to a degree by 
spending more on electronics, the 
engineers at Compucord figured 
that a better cassette drive would 
lead to a more cost-effective re­
cording scheme. 

In the end, they came up with a 
deck which shows far less than 2% 
speed variation, which has a start/ 
stop time of less than 20 millisec­
onds (8 milliseconds without sole­
noid reaction time), and which with 
its accompanying electronics at-

Data store. Cassette format offers 
size and cost benefits in edp. 

tains error rates as good as one 
lost bit in 108• "Actually, we're 
somewhere between one in 108 and 
one in 109," says Crawford, "with 
tape speed at 5 inches per second 
and packing density at 500 bits per 
inch." Formerly a cassette deck 
with one error in 105 bits was top 
grade. 

He adds that packing densities 
are going up as research proves the 
steady tape control of the deck 
more of an asset to designers of 
associated electronics. Already a 
packing density of 1,000 bits per 
inch is offered as an option, and 
Compucord has experimented with 
3,000 bits per in·ch, though this 
capability isn't on the commercial 
calendar yet. 

Crawford says the unusual de-
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T he modular design of W-J's RS-125 Receiving System 
makes it possible. W-J has supplied many variations of the 

RS-125-each for a specific application. Yet, in most cases, 
components have been standard versions, right out of stock. 

A wide selection of tuners, demodulators, bandwidths and 
ancillary devices is readily available. So you can order only 
those components required for the monitoring job at hand. You 
eliminate obsolescence by adding units as the needs arise. 

The RS-125 processes received signals through a demodulator 
utilizing plug-in modules available in 10 standard bandwidths 
ranging from 5 kHz to 8 MHz. This highly versatile arrangement 
of equipments provides AM, FM, CW and pulse reception over a 
frequency range as wide as 500 kHz to 12 GHz utilizing W-J 
tuners. 

A system covering the range of 10 MHz and above could in­
clude tuners with internal motor drives which feature sector 
scan, enabling the operator to adjust the upper and lower 
frequency limits of the sector in which he is interested. 

It also could include a frequency extender-counter combination 
which would provide a direct six-digit readout of the tuned 
frequency, plus Digital Automatic Frequency Control (DAFC). 

Two basic types of the RS-125 are offered: The "B" system for 
applications requiring low VSWR, and the " C" system for 
applications requiring maximum sensitivity. 

World's Largest Selection of Receiving Equipment for 
Surveillance, Direction-Finding and Countermeasures 

CEI DIVISION !!l 
WATKINS-JOHNSON 

6006 EXECUTIVE BOULEVARD, ROCKVILLE, MARYLAND 20852 • ,(301) 881-3300 
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sign features that enable such per­
formance are these: First, in con­
trast to audio decks, the 1100 deck 
uses a hysteresis synchronous cap­
stan motor (some audio decks don't 
even have capstans, much less hys­
teresis motors). A shaded four-pole 
motor is used to drive the reels, 
and flywheels are used to smooth 
any speed variations that remain. 
All motors are dynamometer-tested. 
The sum of this care results in 
speed control with only 1 % varia­
tion, versus the conservative 2% 
specification. 

The reels are driven through in­
strumentation-type :flat belts, not 
the 0-rings usually found on audio 
decks. Compucord claims that 
there's no need for special tension­
controlling mechanisms, and that a 
coating on the belts prevents slip­
page and thus cuts wear. On the 
other hand, 0-rings gradually lose 
tension, and their drive characteris­
tics change along with tape speed. 
They also wear quickly at high 
accelerations. 

Tape reversal is accomplished in 
about 120 milliseconds with the 
motors turning all the time; a cup 
drive arrangement is used to 
change the direction of motion 
without adding the lag time for 
starting the motor. Even during this 
operation, speed control is tight 
with variation within 10 milli­
seconds reaching 5%-including 
the 2% normal variation. 

The drive has adjustments built 
in to compensate for whatever wear 
does occur anyway, and the com­
pany claims five to six years of 
life. "We are quoting around 10,-
000 hours lifetime," says Shay, 
"and motor life is the rating factor 
rather than deck mechanics." 

Compucord thinks its end- and 
start-of-tape sensor also will out­
last those of competitors. Two op­
tically ground rods, one of which 
doubles as a tape guide, transmit 
light to one another, and a photo­
resistor is triggered by passage of 
a clear section of tape. Others either 
stop when the tape is jerked against 
its reel or use light reflected from a 
foil coating on the tape, and Com­
pucord feels the foil is vulnerable 
to wrinkling or damage. 

The 1100 is priced at 1$300 each, 
and-in volume orders-the price 
goes as low as $125. 

Compucord Inc .. 225 Crescent St., Wal­
tham, Mass. 02154 [389] 

Electronics I January 19, 1970 



Plug in anything 
Let Augat's new universal board provide complete nexibility in IC packaging and prototyping. 

You can plug in any dual -in-line IC including popular 

14, 16, 24 or 36 packages. The rows of contacts also 

accommodate our adaptor plugs for interposing discrete 

components and plugs for 1-0 connections and inter­

facing. Board also accepts Augat's new 14-pin, flat 

cable plug with unique patented design permitting fast 

assembly without stripping the wire. Plugs directly into 

IC socket pattern. 

Universal board is available in modules of 9 rows with 

50 contacts to a row up to 6 modules. Additional pins 

tied in to power and ground planes are strategically 

located ... easily accessible. No interference with IC 

patterns. Like all Augat panels, board is available 

automatically wrapped to your specifications. 

Why be restricted in your packaging and prototyping? 

Let Augat open the door to greater flexibility. 

Call us, (617) 222-2202, or write 

for our complete IC folder.Augat Inc. AU' IT 
30 Perry Ave. Attleboro, Mass. 02703. Al,Nc. 
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Would the engineer who asked us to design a 
marking system to color band electronic peanuts, 
please call (603) 352-1130. 

It's ready. 
If for some strange reason you're not 
making electronic peanuts, how about 
your transistors, IC's, SCR's, diodes, 
thyristors or whatever. We can 
handle those, too. 
We've got the systems, typefaces, 
inks, supplies and.services to 
mark whatever you make, 
and mark it right. 
Our problem-solver 
booklet will tell you 
more about us. 
Write for it now. 

(before you go 
nuts) 

International Offices: Markem Europa N.V. Schiphol Oost, Holland; Mar em .. 

-----....L.&.--~~~~~C~irc~le ~154 on reader service card 



Data handling 

Coupler runs on line that is 31 db down 
Third-harmonic injection eliminates second-harmonic distortion, 

permitting 10-db improvement over most acoustic units 

Until recently, the best perform­
ance one could hope for in an 
acoustic coupler was limited to 
signals not more than 21 decibels 
below the transmitted signal level. 
Applied Digital Data Systems of 
Hauppauge, N.Y., has developed an 
acoustic coupler that can handle 
signals on a line where attenuation 
is 31 db, a 10-db improvement over 
existing devices. The secret: the 

second-harmonic distortion is elim­
inated by third-harmonic injection. 

"What we've done is compensate 
for line problems right in the coup­
ler, rather than simply blame the 
telephone company for weak, noisy, 
or fading lines," says Reuven 
Meidan, developer of the new unit. 
The causes of second-harmonic dis­
tortion are nonlinear characteristics 
of the telephone microphones and 

cross-coupling between micro­
phone and receiver. The second 
harmonics of the transmitted signal 
are generated by the microphone 
and are in the same frequency hand 
as the received signal. These un­
wanted harmonics place limitations 
on the transmitted power level and 
restrict acceptable received signals 
to those of relatively high levels. 

Graphic remote integrated display 
GRID 240 is for use in on-line 
compute r interaction where output 
can be displayed in graphic form . 
Input to the system is by means of 
the light pen, alphanumeric key­
board or function keyboard which 
are provided as part of the sys­
tem. System has its own processor 
with a 4K, 12-bit memory. Control 
Data Corp., 34th Ave. So., Min­
neapolis. [421] 

Small-to-medium capacity ferrite 
core memory model CE-50 has an 
access time of 250 nsec and a 
500 nsec cycle time. It is avail­
able in capacities of 4, 8 and 16 
K words of 10 to 60 bits. Multi­
ple-module capabilities permit ex­
pansion to larger capacities and 
word lengths. Standard interface 
is TTL compatible. Lockheed Elec­
tronics Co., 6201 E. Randolph St., 
Los Angeles 90022 [425] 
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Versatile magnetic tape encoder 
model 75 has automatic features 
of operation and correction that 
can increase data processing pro­
duction by 25 % . It can be used 
with any computer system and vir­
tually eliminates need for expen­
sive, hard-to-use key punch en­
code rs. Featured is a video moni­
tor positioned above the keyboard. 
Data Input Devices, 5333 North­
field Rd ., Cleveland [422] 

System-oriented computer model 
A includes 4,096 16-bit words of 
core memory, 32, 768 words of 
disk memory, a memory access 
controller, a central processor, an 
input/ output bus, and a tele­
typewriter with paper tape reader 
and punch. The 32,768-word disk 
is field expandable to 65,536 or 
131,072 words. Price is $14,995. 
Multidata, 15142 Goldenwest Cir­
cle, Westminster, Calif. [4261 

The new 300-baud coupler, called 

Acoustic data coupler Design 79 
offers a method of communicating 
with a time-shared computer or 
with another remote data terminal 
via an ordinary telephone. The 
telephone handset is simply placed 
on the data coupler, the coupler 
attached to a teletypewriter or 
other data terminal, and the com­
puter number dialed. Design Ele­
ments Inc., 2074 Arlington Ave., 
Columbus, Ohio [4231 

Field expandable system links man 
directly to the central computer 
and provides computer-generated 
real time voice response . It per­
mits personnel in various business 
activities, anywhere in the world 
within the telephone network, to 
simultaneously query the computer 
and receive immediate voice an­
swers to questions and verification 
of input. Voice Response Systems 
Inc., Elmsford, N.Y. [427] 
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Computer controlled data system 
series C07100 is a medium-speed, 
multiple-channel digitizer of ana­
log signals for recording on mag­
netic tape in computer format. It 
includes a stored program con­
troller with 4,096 words of mem­
ory, and a 12-bit analog to digital 
converter. Unit is priced at $17,-
500. Computer Operations Inc., 
10774 Tucker St., Beltsville, Md. 
20705 [424] 

Read only memory EA3501 gen­
erates the 64 basic ASCII char­
acters in horizontal scan crt uses. 
It is an MOS unit containing 512 
words, 5 bits each. The monolithic 
silicon chip, housed in a 24 pin 
metal-ceramic hermetically sealed 
dual-in-line package, contains ap­
proximately 3,000 transistors in 
an areas 0.065 x 0.094 in. Elec­
tronic Arrays Inc., 501 Ellis St., 
Mtn. View, Calif. [428] 
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Victoreen' s rare 
specimen! 

Our MOX- I 125. A rare specimen made only by Victoreen. With 
rare qualities in the 1-1 0 ,000 Megohm range. Rated at I .OOW 
@70°C. 5 ,000 volts maximum . Yet it's just .130" in diameter by 
1. 175" long. 

It 's one of Victoreen 's Mastermox meta l o xide glaze resistors . About 
one-half the size of competitive resistors of similar power handling 
capacity. 

All Mastermox resistors are rare performers . Excel lent stability: As 
little as I j'0 drift under full load in 2000 ho urs - with more than 40 
watts power dissipation per cubic inch. ± 0.5 % tolerance. I OK ohms 
to I 0 ,000 Megohms resistance range. Voltage and temperature 
cycling leaves no permanent effect. And Mastermox stays potent 
on the shelf - less than 0.1 % drift per year. 

Get Mastermox. Rare resistor performance. 

Power •Mo x. 
Res istance Roting Oper. Length Diameter 

Mode l Range @70° C Volts Inches Inches 
MOX -400 I· 2500 megs .25W 1,000V .420±.050 .130±.010 
MOX-750 I · 5000 me gs .SOW 2,000V .790 ± .050 .130 ± .0 10 
MOX-1125 I - 10000 megs 1.00W 5,000V 1.175±.0bO .130± .010 
MOX-I IOK - 500 megs 2.SOW 7,SOOV 1.062 ±.060 .284± .0 10 
MOX-2 20K - 1000 megs 5.00W 15,000V 2.062±.060 .284±.010 
MOX-3 30K. 1500 megs 7.SOW 22 .SOOV 3.0b2±.0b0 .284 ±.010 
MOX-4 40K - 2000 megs 10.00W 30 ,000V 4.0b2± .ObO .284 ± .010 
MOX-5 SOK - 2500 megs 12.SOW 37 .SOOV 5.062± .060 .284±.010 
•Appl icable above critical resistance. Maximum operating temperature. 220°C . Encapsulation: Si Con · 
formal. Addit ional technical data in folder form available upon request. Or telephone: (21b) 795-8200. 
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VICTOREEN INSTRUMENT DIVISiON 
10101 WOODLAND AVENUE • CLEVELAND, OHIO 44104 
EUROPE, ARNOALE HOUSE. THE PRECINCT. EGHAM. SURREY. ENGi.ANO • Tfl , EGHAM 4887 
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the ADDS series COM 100, has the 
same sensitivity as the Bell Sys­
tem's 103 modem, 31 db, and there­
fore is not limited by it. However, 
one may encounter lines of up to 
49-dlb attenuation in the telephone 
network, which may necessitate re­
dialing the call. The present gap is 
due to the specifications set by the 
Bell System and affects all data 
sets, including Bell's 103. 

ADDS has added several other de­
sign features to the COM 100 series; 
an enclosed handset chamber pro­
vides acoustic shielding and an 
optimum handset cradle position, 
a 45° angle position with the mem­
brane and mouthpiece face up, 
which adds more stability to the 
output signal. The net result: the 
ADDS coupler can transmit at 3 
times higher power and receive 10 
times weaker signals than other 
couplers. 

There are two options available 
with this new line of couplers. The 
remote-echo option permits the 
coupler to echo received data back 
to the computer for verification. 
Under direct computer control, any 
error is printed out. The second 
option allows parallel data inter­
facing between the coupler and the 
user's equipment. 

The COM 100 series equipment is 
available in three models; the COM 
110 is for acoustic coupling only, 
the COM 120 is for direct connec­
tion to a telephone line via a data 
access arrangement, and the COM 
130 is for both. All are compatible 
with the Bell 103. 

The coupler is 4% inches high, 
11 inches deep, and 9 inches wide, 
with the heaviest unit weighing 10 
pounds. ADDS plans to incorporate 
the COM 110 coupler in a portable 
crt terminal fitted in an attache 
case. This is scheduled for intro­
duction in March. 

Prices start at approximately 
$500 for the COM 100 series; de­
livery time is 120 days. 

Applied Digital Data Systems, 89 Mar­
cus Blvd., Hauppauge, N.Y. 11787 
[429] 
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You might receive a few 
communications that would be 
banned in Boston (or anywhere 
else) if the sensitive electronic 
components go on the blink. 

So maybe you'd better 
communicate with a highly­
professional mover who knows 
how to do the job-Allied 
Van Lines. 

Our Electronic Vans are 
just as good as our personnel. 
They have a special bracing that 
keeps your equipment from 
slipping ... an air suspension 
system that soaks up jolts and 
bumps along the way. 

Call the highly-trained 
Allied Agent in your area. 

'~ .. ALLIED VAN LINES 

We make the kind of moves 
you never hear about 
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Heres some 
Industrial 
History you 
should know! 

Hundreds of projects use our 
circuit boards in all phases of 
civilian and military equip­
ment. We 've got a better way 
to make printed circuitry. 

~-- --
~< 

Developed new technology for 
sequential laminating multi­
layer circuit boards with alum­
inum backbone. 

POSEIDON 

' ,d;- MERCURY 

~ 
Our company used a unique 
etc h -back method for plated­
thru holes in large quantities. 

~ I APOLLO 

~ 
Our circuit boards were on 
Apollo, LEM, and seis. experi­
ment. Sequential laminating, 
e>etra-fine line width and spac­
ing, plated slots and edges. 

This design &production experience can 
give you a BIG JUMP on your next project. 

CONTROL DATA 
CORPORATION 
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CALL US NOW! 
CONTROL DATA CORPORATION 

PRINTED CIRCUITS OPERATION 
7800 COMPUTER AVENUE 

MINNEAPOLIS, MINN. 55435 
PHONE: (612) 920-8600 

Data handling 

Memory cycles 

in 650 nsec 

Ferrite core system 

for computer mainframes 

sells for 3-5 cents a bit 

Drive circuitry is the key to speed, 
high bit density, and performance 
of a ferrite core memory system 
developed for computer mainframe 
applications. 

Designated the Nanomemory 
3650, the unit has a cycle time of 
650 nanoseconds and is available 
in capacities that range from 16,000 
to 128,000 words and 8 to 76 bits 
per word. Up to 8 million bits, with 
power supplies, can be accommo­
dated in a five-foot rack. 

The company says the minimum 
mean-time-between-failures of the 
Nanomemory 3650 is 2,000 hours. 
It will sell for between 3 and 5 
cents per bit, and deliveries will 
begin this quarter. 

The drive circuitry for the sys­
tem provides rise and fall times of 
about 50 nanoseconds, and current 
margins in the range of 10 to 15%, 
and it keeps power consumption 
in a 32K-by-38 system to 250 watts. 
The efficiency of the drive system 
is a major contributor to the high 
MTBF, says general manager 
Thomas J. Gilligan. The same drive 
circuitry Jowers power dissipation 
and reduces component count, pro­
viding a compact memory for OEM 
applications. The lower power dis­
sipation also permits a tighter 
package with improved electrical 
performance, because shorter con­
nections are less susceptible to 
noise, require less drive, and gen­
erate lower back-voltages. 

All stacks and electronics are on 
plug-in cards. Diodes are directly 
accessible from the outside of the 
stack and are easily replaced. The 
electronics is bit- and byte-organ­
ized to facilitate maintenance. 'When 
errors occur in a specific byte, that 
assembly can be unplugged. 'When 
errors are traced to a bit, the card 
for that bit can be replaced. 
Electronics Memories Inc., 12621 Chad­
ron Ave., Hawthorne, Calif. 90250 [430] 
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Any chips off 
the new IC? 

DATE~ 
PART IZ(!,,.5' 

Non-destructive Clevite Surfanalyzer tells you for sure. 
Shows deposit thickness, steps and true surface profile 
of a 0. 050" diameter IC on a chart 3 feet long! 
And we haven't scratched the surface! 

Clevite Surfanalyzer 150 
Surface Measurement System 

Never will either. 
The stylus of the Surfanalyzer adds the re­

quired light touch to surface measurement­
glides across delicate circuit deposits at just 
0.05 grams. Picks up the slightest imperfec­
tion ... provides an undistorted view of the 
IC surface. 

Note the extra-wide rectilinear channel. 
And the engineered chart paper that allows 
actual dimensional measurement of deposit 
on substrate. And the razor-sharp smudge-

proof trace. It's all part of our plan to provide 
IC manufacturers and suppliers with the 
most accurate, easy-to-read, easy-to-use 
surface recording system. 

Have we done it? You be the judge. Write 
for complete details and the name of your 
nearest distributor. There's one close by wait­
ing to demonstrate this extraordinary test 
equipment. Gaging and Control Division, 
Gould Inc., 4601 N. Arden Drive, El Monte, 
California 91731. Tel. (213) 442-7755. 

~· 

Recorder 

rn -·:;;:· . ~ ---=== 
) .. " ·- · .... -. 

- ;s: ~ m~r;~r\ ~ 

Control 

GOULD CLEVITE 
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New microwave 

Adapter turns detector into lmpatt oscillator 
Built-in matching makes diode a replacement for crystal unit; 

converted detector tunable over 8.2-12.4 Ghz, puts out 50 mw 

Most microwave engineers would 
like to experiment with Impatt di­
odes, but the high cost often puts 
them off. A few of the more inven­
tive have tried to save money by 
adapting the crystal detector 
mounts found in almost all labora­
tories, but this, too, can cost money 
in terms of the man hours required 
to machine new step transitions 
and to change waveguide height. 

It also ruins the mount for later 
use as a detector. 

to the mount, the mount can be 
retained for its original purpose. 

-
Sweep generator series 101 gener­
ates swept frequency signals from 
0.1 to 24 Ghz without external 
plug-in units. Range is divided 
into 5 bands, selected by a front 
panel control : 0.1 to 4.2 Ghz, 
4.2 to 8.2 Ghz, 8.2 to 12.4 Ghz, 
12.4 to 16.4 Ghz and 16.4 to 
24 Ghz. Continuous sweep is up 
to 4100 Mhz including 100 Mhz 
to 4200 Mhz range. Space Korn 
Inc., Box 10, Goleta, Calif. [4011 

/ 

High-power differential phase­
shift circulator model CSH63 is 
designed for radar applications. 
Unit Includes loads at ports 3 
and 4. It operates In a frequency 
range of 3,135-3,465 Mhz, with 
an average power capability of 6 
kw and a peak of 1.2 mw. Mini­
mum isolation is 20 db and 
maximum Insertion loss is 0.4 db. 
Raytheon Co., 130 Second Ave., 
Waltham, Mass. 02154 [4051 

Now Parametric Industries Inc. 
is offering a drop-in-replacement 
for the detector mount's 1N23 crys­
tal detector; called the PG1201, the 
packaged Impatt looks nearly iden­
tical to the diode it replaces, but 
turns the mount into an X-'band 
oscillator. And since it offsets the 
need for mechanical modifications 

Tunable over an 8.2-to-12.4 giga­
hertz bandwidth, the converted de­
tector delivers a minimum of 50 
milliwatts. But, according to sales 
manager Howard Foster, output 
typically runs to 65 to 75 mw, with 
about 10% of the conversion de­
vices attaining 100 mw. 

Microwave equipment MR-200, 
operating in the 2 Ghz band, is 
for transmission of up to 300 
high quality voice channels over 
systems extending for hundreds 
of miles. It has built-in expan­
sion capability for voice, data, 
or facsimile channels and is de­
signed so that remodulating re­
peaters are practical on long­
haul systems. Motorola Inc., 
Schaumburg, Ill. [4021 

Solid state Ku-band source model 
5025-9201 operates from 15.50 
to 15.80 Ghz with a minimum 
power output of 100 mw. Typical 
power output is 150 mw. Capable 
of being crystal-controlled with 
plug-in crystal oscillators or 
swept with an external source, 
the only power required is +38 
v d-c at 600 ma maximum. Trak 
Microwave Corp., 4726 Eisen­
hower Blvd., Tampa, Fla. [4061 

The broad mechanical tunability 

WDf ,) 
,,. 

-l 
~ ,!, • • -• • • a ( 

Frequency-domain oscilloscope 
features VIG preselection. Using a 
tunable preselector filter to elimi­
nate spurious input signals, the 
scope is designed to check out 
frequency modulation and sta­
bility of an r-f oscillator and to 
measure the pulse and bandwidth 
of the r-f oscillator pulse. Fre­
quency range is l to 10 Ghz. 
Spedcor Electronics Inc., Morgan­
ville, N.J. 07751 [4031 

High power diode limiter for 
sensitive receiver protection can 
withstand 5 kw of peak power, 
with pulse lengths up to 250 
µsec. It operates in the 1,400 to 
2,300 M hz band. Insertion loss 
is 0.25 db maximum; spike leak­
age, less than 0.12 erg; flat leak­
age, 40 mw. Recovery time is less 
than l µsec, and vswr is 1.20 
max. G-L Microwave Corp., 
Wayne, N.J. 07470 [4071 

Stripline diode holders are de­
signed especially for right angle 
<series 34613) or end mounting 
(series 35613). They have an 
untuned mount and compensated 
transition requiring external d-c 
return. Frequency range covers 
100 Mhz to 12 Ghz. Units feature 
an output filter to suppress r-f 
and pass audio. ESCA Div., 
Solitron / Microwave, Cove Rd., 
Port Salerno, Fla. 33492 [4041 

Precision vswr meter of a new 
series is combined with a Thru­
iine r-f wattmeter. The unit has 
two expanded scales, one for 
2.5/ l ± 0.2 and the other for 
1.3/l ± 0.06 vswr full scale. 
The forward power meter is de­
signed for 6 full scale ranges 
from 25 w to 1,000 w and 3 
frequency ranges from 100 to 
1,000 Mhz. Bird Electronic Corp., 
Cleveland, Ohio 44139 [4081 
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ferisp JJacon 
in~© &econds 

with INTERNATIONAL,S 
MICROWAVE OVEN 

The culinary wonder of space age cooking moves to your 
kitchen with this new International countertop oven that 
cooks with radar-spawned microwave power. 

People on the go will welcome an oven that makes cooking 
chores a pleasure. Imagine a "piping hot" TV dinner (frozen) 
in 3V2 minutes* instead of 20 to 50 minutes. Bake a potato 
in 5 minutes instead of 60 minutes. Warm a chilled baby 
bottle in 60 seconds. Fry crisp bacon in 90 seconds on a 
paper plate. Great for those leftovers. 

International Microwave Oven is truly remarkable. No more 
waiting for the oven to reach cooking temperature. 

Countertop designed for the home, mobile home, or the 
galley on your boat. No special wiring required. Works on 
115 vac house circuit. $695.00 

Available direct from International or through 
your local appliance dealer. 

•Times listed are approximate and vary with size of item. 

Write for folder 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO. LEE e OKLA. CITY, OKLA. 73102 
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... detector designed 

to fit common mounts ... 

of the detector mount is achieved 
at the cost of some efficiency. Since 
the Q of the detector mount is rela­
tively low, the power of the diode 
is dispersed over a spectrum of 
about 300 kilohertz (at 6-decibel 
points) about any given center fre­
quency in a Gaussian distribution. 
Because Q isn't high enough to 
cram all the power under the curve 
into a single sharp spike, efficiency 
reaches only about 2% versus effi­
ciencies of 10% for other Impatts 
in special mounts. 

But this tradeoff has its good 
side: power output holds up well 
out to the extremes of the wave­
guide band, being about 1 db below 
maximum at 8.2 and 12.4 Ghz. 

Foster says that the matching 
built into the 1N23 type package 
consists mostly of a specially de-

For experiments. lmpatts are 
in front of detector mount. 

signed loop to emulate the whisker 
inductance of the crystal, and other 
corrective circuitry to allow for the 
difference in the die sizes between 
crystal and lmpatt. Also, there's 
heat-sinking built into the Impatt 
package that allows efficient heat 
transfer to the mounts's waveguide 
body. 

The PG1201 is designed to fit 
common mounts like the H-P 485B 
or Narda model 510-among others 
-and is priced, as well as designed, 
for the experimenter. In lots of 1-9, 
the PG1201 costs $75. 

Power required is about 80 volts 
d-c at about 40 milliamperes. Pa­
rametric recommends a crowbar­
protected, current-regulated supply. 

Parametric Industries Inc., 742 Main 
St., Winchester, Mass. 01890 [409] 
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Revisions are easier 
with KODAGRAPH 

J, Wash-Off Films. 
Here's a real bonus for 

draftsmen. 
You don't need to retrace an 

entire drawing that needs only 
revision. A beautiful reproduction 
on KODf\GRAPH Wash-Off Film 
can be made that includes only the 
unchanged areas. You merely draw 
the new details. 

The improved drafting surface 
on these ESTAR Base Films takes 
pencil or pen nicely-holds up 
under repeated erasures. Photo­

--- graphic lines are wet erasable. 
Resulting diazo prints will be 
sharp and clean. 

Ask your local Kodak 
Technical Service Representative 
to show you all the drafting 
shortcuts possible with Kodak 
Photo Drawing Systems. Or write 
Eastman Kodak Company, 
Business Systems Markets 
Division, Rochester, New York 
14650. 

DRAWING REPRODUCTION 
-. SYSTEMS BY KODAK 
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Even if your data goes from to~ 
you can see it all on one display. 

Some of your data will barely 
twitch an indicator. 

Some of it goes right off the scale. 
No problem. The HP 7563A Volt­

meter/ Amplifier logarithmically com­
presses data with a dynamic range of 
110 dB-110 dB !-and gives you a 
single output that includes both high 
and low amplitude data with constant 
resolution and accuracy. The 7563A 
accepts positive or negative signals from 
vibration tests, geophysical measure­
ments, pulse height analyzers, com­
puters and similar sources, compresses 
the amplitudes logarithmically and 
feeds the results directly to a recorder 
or oscilloscope. The front-panel meter 
gives an instant visual display in dB. 
And when it's not performing that job, 
the 7'.i63A will double as a voltmeter 
(calibrated from 0.3 mV to 100 V) for 

164 Circle 164 on reader service card 

dio research 
a with large 

cal wave forms 
1t will give you the most 

accurate log conversion you 
~ can get in AC. Or use it as an 

_ ... i!!!!!!!!!!!!!!!!!!!~::::;;z5 AC/DC voltmeter, calibrated !'!E£!!2,, directly in volts. Price is $995. 
\wwwa system or bench For more information, call your 

use. How's that for a voltmeter/ampli- local Hewlett-Packard field engineer or 
fier with the modest price of $695 and write Hewlett-Packard, Palo Alto, 
one of the widest dynamic ranges California 94304; Europe: 1217 
you can buy? Meyrin-Geneva, Switzerland. 

To add AC log conversion and volt­
meter applications to DC, use the 
7562A with its 80 dB dynamic range. 
It's the only converter on the market H E WLETT#i. PACKARD 
that can measure the true rms value of an 
AC voltage. Turn it loose on vibration 
studies, biochemical data, seismographic 

11 907 
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New semiconductors 

TTL MSI offers attractive tradeoff 
Speed is reduced by a third to get low power dissipation, 

but devices are still faster than other low-power families 

Two methods for supplying power 
for portable equipment had been 
the only routes open to a designer 
He could either use standard tran­
sistor-transistor-logic MSI circuits 
with a hefty power supply, or rely 
on low-power circuits operating at 
a maximum frequency of about 1 
megahertz. But now Fairchild 
Semiconductor offers a third choice 
-its 9200 series of low-power 

medium-~cale-integration circuits. 
The initial introduction com­

prises six complex functions: a 
9200 4~bit shift register; a 9208 
dual 4-bit latch; a 9209 dual 4-input 
multiplexer; a 92111-of-16 decoder; 
a 9212 8-input multiplexer; and a 
9228 dual 8-bit shift register. All 
are available in both the industrial 
and the military te~perature 
ranges, and in both ceramic Hat 

packs and ceramic dual in-line 
packages. 

R-f power transistor TA 7205 fea­
tures 5 w minimum output with 
70 db gain at 2 Ghz and a typical 
10 w output with over 10 db gain 
at l Ghz. The advantages of co­
axial packaging and overlay con­
struction result in very low case 
inductance and low input Q. It is 
applicable to coaxial, stripline and 
lumped constant circuits. RCA 
Electronic Components, 415 S. 
5th St., Harrison, N.J. (4361 

Three long bit lengths are offered 
in LSI shift registers. Standard 
units include a dual 253, a dual 
349, and a dual 501-bit shift 
registers using standard TTL cir­
cuitry with Tl's exclusive discre­
tionary routing technology to in­
terconnect individual shift register 
cells on a single monolithic 11/2 
in. diameter slice of silicon. Texas 
Instruments, Box 5012, Dallas. 
(4401 
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R-f silicon transistors in the SRD-
54216 line are for the mobile 
communications market. Output is 
40 w at 175 Mhz. They provide 
reliable single ended output and 
will withstand infinite vswr at any 
phase angle. Units are packaged in 
T0-128 stripline opposed emitter 
cases and suitable for rugged use. 
Solitron Devices Inc., 1177 Blue 
Heron Blvd., Riviera Beach, Fla. 
(4371 

High-frequency, step recovery sili­
con diodes designed for X and Ku 
bands feature very low transition 
times. The GC-2500 series diodes 
offer all order multiplication from 
X2 through X20. Output power 
efficiencies range from l/N to 
2/ N. Maximum snap time is 70 
to 100 psec with maximum series 
resistance of 0.6 to 0.9 ohm. GHZ 
Devices Inc., Kennedy Dr., N. 
Chelmsford, Mass. (441] 

According to Bob Wickham, 
marketing manager for advanced 
digital bipolar circuits at Fairchild, 
"The low-power MSI circuits prev­
iously available were limited to 
clock rates of about 1 Mhz. And 
although the power dissipation was 
down around 1 milliwatt per gate, 
the speed-power tradeoff was a 

Hybrid IC analog gates series 
DAS2107, DAS2110 Cspst) and 
DAS2126 Cspdtl are directly ap­
plicable for use in AID and D/ A 
converters, sample and hold func­
tions, and various multiplexing ap­
plications. Features include 
switching speeds as fast as 300 
nsec, "on" resistance as low as 30 
ohms and zero offset voltage. 
Dickson Electronics Corp., P.O. 
Box 1390, Scottsdale, Ariz. (438] 

Plastic encased silicon rectifiers 
series 2AF have a d-c rating of 2 
amps, resistive or inductive load, 
at 25 ' C and are available in 6 
different piv ratings from 100 to 
1,000 v d-c. Maximum rms input 
voltages range from 70 to 700 v 
d-c. All are designed to sustain 
peak l cycle surge currents of up 
to 60 amps. Sarkes Tarzian Inc ., 
415 N. College Ave., Bloomington, 
Ind. (4421 

Hybrid IC FET input operational 
amplifier 20-248 is hermetically 
sealed at a cost comparable to 
plastic cased units. It is packaged 
in a T0 -8 case and is operable 
over the full military temperature 
range. Maximum input bias cur­
rent is 5 pa. Unit is available for 
immediate delivery and price is 
$30. Bell & Howell, Control Prod­
ucts Div., 706 Bostwick Ave., 
Bridgeport, Conn. (4391 

Precision DTL to MOS level shifter 
is for use in high speed digital 
systems and to assure dependable 
long-life operation under hostile 
environmental conditions. With a 
typical switching speed of 200 
nsec, the new IC will convert logic 
levels from DTL-TTL levels to 
MOS levels and is compatible with 
all RTL, DTL, and TTL logic 
families. Mepco Inc., Morristown, 
N.J. (4431 
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WANG700 

Calculator 
or 

computer? 
It's compact enough to be a 
calculator, thanks to the most 
advanced integrated circuit 
technology. But who ever 
heard of a calculator with 960 
step programming capability? 
Or one with an 81 92-bit mag­
netic core memory organized 
as 120 data registers, each of 
which can add, subtract, multi­
ply and divide like 120 individ­
ual calculators? The 700 is very 
computer-like in its ability to 
loop, branch , do subroutines 
and make decisions. But unlike 
most computers, you don't have 
to wait to get on-line and you 
don't have to know a special 
language to use it. You'll get 
calculator-like convenience 
from its instantaneous dual 
NIXIE® display for both X 
and Y registers and computer-

like efficiency from an optional 
automatic typewriter. You can 
use the 700 to conquer large 
and small numbers from 10+9s 
to 10- 100, to invert a 10 X 10 
matrix, or to perform special 
functions like bond yields, life 
expectancy, nuclear half-life, 
or process formulas. It will exe­
cute + and - functions in 300 
µsec, X and -7- in 3 to 5 msec. 
Log.x and e in 17 to 35 msec 
and trig functions in 250 msec. 
The 700 can give you the right 
answer to a complex statistical, 
financial, or scientific problem 
before an ordinary calculator 
understands it or a full-scale 
computer is even aware of it. 
To simplify matters we're call­
ing the 700 an electronic calcu­
lator, because who ever heard 
of a computer for $4900? .. 

-@:WANG 
LABORATORIES, INC. 

Dept. IH, 836 North St. , Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

C,all today! (303J 364-7 361 (412) 243-3642 (515) 288-5991 (615) 266-5055 (717) 675-3879 
(201) 272-7160 (305) 563-8458 (413) 734-2230 (516) 437-2500 (616) 458-6595 (801) 487-2551 
(203) 288-8481 (305) 841-3691 (414) 442-0160 (518) 785-3234 (616) 454-4212 (802) 223-6398 
(205) 881-5360 (309) 673-6620 (415) 692-0584 (601) 875-5588 (617) 542-7160 (805) 962-6112 
(206) 525-2000 (312) 297-4323 (501) 666-7115 (602) 274-2110 (702) 322-4692 (808) 536-5359 
(212) 7 36-0084 (313) 352-7112 (502) 897-51 43 (603) 669-0404 (703) 595-6777 (813) 872-7347 
(213) 776-2985 (314) 997-5866 (503) 297-2501 (608) 255-4411 (703) 359-6320 (816) 444·8388 
(2 14) 361-7156 (315) 463-9770 (504) 729-6858 (612) 884-7328 (704) 372-9660 (915) 565-9927 
(214) 958-1810 (316) 262-1388 (505) 255-5775 (6 14) 488-9753 (713) 666-2451 (915) 683-3304 
(215) 642-4321 (40 1) 421-0710 (512) 454-4324 (614) 268-3511 (714) 276-8464 (918) 743-2571 
(301) 588-3711 (404) 633-6327 (5 13) 531-2729 (615) 524·8648 (716) 328·2510 (918) 747-0018 
(301) 821-8212 (405) 524-4489 (5 13) 771-3445 (615) 889-1408 (71 7) 236-4782 (919) 272-5683 

* rice in 48 conti uous states and Distri ct of ColumOla. p g 
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bad one because equipment clock 
rates were more than 1 Mhz. In the 
9200 family, we're offering speeds 
on the order of 5 Mhz, with a power 
dissipation of 2 mw per gate." 
Standard TTL MSI circuits such as 
Fairchild's 9300 series have speeds 
of from 15 to 20 Mhz, and dissipa­
tion is 10 mw per gate. 

Instrument makers, because of 
speed limitations, couldn't use low­
power MSI before, says Wickham, 
but now they can. And because the 
9200 series is compatible with the 
standard 9300 series, the devices 
can be mixed. As an example, 
Wickham points out that "in the 
adder circuit in a counter, you want 
the carry term to get to the next 
stage before the sum is generated, 
so you could use the lower-speed 
9200 circuits for the sum term and 
the higher-speed 9300 circuits for 
the carry term." 

Digital trend. Another advantage 
involves the size of an instrument. 
"The trend in small portable instru­
ments," says Wickham, "is towards 
digital readouts. And especially in 
panel meters, space is at a premium 
-in many cases the size is deter­
mined by how much heat has to be 
dissipated. The low-power circuits 
will not only allow smaller power 
supplies, but also closer packing of 
the IC's." 'Wickham adds that large 
instruments can also benefit. "In 
some units, a smaller power trans­
former can be used, and the cooling 
fan can be eliminated." 

But instruments are not the only 
products that can benefit from the 
reduced power requirements. The 
advantage in military equipment is 
obvious-the goal is to reduce 
power consumption and shrink 
size. In aerial reconnaissance, for 
example, "By reducing power re­
quirements," says Wickham, "you 
can get more processing on-board." 
Computer peripheral equipment is 
another area, adds Wickham, where 
small size is important. "And when 
you're interfacing with humans, 
you don't need very high speed 
circuits-5 Mhz is eno~gh." 

"What we're trying to do," says 
Wickham, "is offer the user the 
widest choice of circuits. The six 
we are introducing were the hardest 
to implement in a low-power de­
sign; now we'll do the easy ones." 
Eventually all of the devices in the 
9300 series will have low-power 
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CalComp presents 
the 6 foot microchip. 

Before you can make IC 
chips , you must first make IC 
masks . 

And the fact is, if you want to 
make masks, nobody can help you 
more than CalComp. 

Today CalComp offers a 
complete hardware and software 
package for IC mask cutting : 

Our giant CalComp 718 flat­
bed plotter. 

And our unique MASKGEN 
program. 

With a resolut ion of .001 of 
an inch , the CalComp 718 quickly 
plots and verifies IC designs as 
large as 4.5 by 6 feet. 

And with its strippable film 
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cutter, it automatically cuts them, 
too. 

You provide the bas ic cell 
and interconnect pattern data. And 
let CalComp 's MASKGEN program 
do all the work. 

The CalComp 718 is the plot­
ter preferred by industry leaders. 

And with MASKGEN, 
you ' re in business right away. 

So if you want instant 
IC capacity or wo,uld like 
help with your present 
system, get on the phone 
to your nearest CalComp 
man today. (CalComp 
has offices in 
34 cities.) 

He won 't just look at your 
problem. 

He 'll really chip away at it. 

TEACH YOUR COMPUTER TO DRAW. 
Cali fornia Computer Prod ucts, Inc. 
305 No. Muller Avenue, Dept. X-1 

Anaheim, Californ ia 92803 
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How fast is 
GE's new 
helium leak 
detector? 

Let your fastest 
operator show you 

Manufacturers of electronic 
components asked us to help 
cut down leak test time. 
So General Electric engineers 
designed a new leak detector 
to do the job. 
It's the LC-40 Mass Spectrom­
eter Helium Leak Detector, 
which offers unmatched test­
ing speed in a general pur­
pose leak detector. The LC-40 
achieves this by combining the 
highest net pumping speed of 
any leak detector on the mar­
ket (for equivalent sensitiv­
ities), with fast recovery from 
leaks. This combination pays 
off in a time-to-test of only 
seconds. 
Complementing this test-time 
capability is a new simplified 
control system, which permits 
the operator to complete a test 
merely by loading the test 
piece and flipping a single 
switch. Results are instantly 
displayed on a meter. 
But the LC-40 detector isn't 
just fast. It includes such per­
formance-proven features as 
all-solid-state circuitry for de­
pendable service; burnout-re­
sistant thoria-coated iridium 
filament, exclusive with GE; 
all-welded stainless steel high 
vacuum system; high sensitiv­
ity (5 x 10- 11 atmo. cc/sec He), 
a new source design to elimi­
nate background signals, and 
many other significant ad­
vances. 
Although ideally suited for 
high-speed production testing, 
the unit also can be used for 
general purpose applications. 
If you would like to learn more 
about General Electric's new 
LC-40 Mass Spectrometer Leak 
Detector, write General Elec­
tric Company, Analytical Mea­
surement Business Section, 
4MX, 25 Federal Street, West 
Lynn, Mass., 01905 268-41 

GENERAL. ELECTRIC 
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count~rparts. In a few months, 
Fairchild plans to announce a low­
power line of gates and binaries­
the 9400 series- which will com­
plement the existing 9000 series of 
TTL gates. In addition, the 4600 
series of micromatrix large-scale­
integrated circuits will also have a 
low-power complement-the 4400 
series. 

Prices for the initial six devices 
will range from $6.60 for both the 
9202 and the 9212, and up to $15 
for the 9228. These figures refer to 
industrial DIP devices in quantities 
of 100. 

Fairchild Semiconductor Corp., 313 Fair­
child Dr., Mountain View, Calif. [444] 

New semiconductors 

IC amplifier 
is a loner 

Variable-gain unit 

needs minimum of 

external componentry 

Designers of linear IC variable-gain 
amplifiers haven't exploited mono­
lithic technology for a variety of 
reasons. One of them is that the 
circuits have been conceived as 
parts with broad applications, and 
have needed specialized external 
circuitry to make them fit a specific 
task. But engineers at Silicon Gen­
eral Inc. have designed a versatile 
variable-gain amplifier I multiplier 
that requires a minimum of exter­
nal componentry to make it work 
as a wideband amplifier, multiplier, 
modulator/demodulator, or a phase 
switch. 

Silicon General, a new company, 
feels no desire at present to press 
the state of the art in the linear 
world-the initial niche the firm has 
carved out for itselif. But Robert 
Mammano, Silicon General's vice 
president for engineering, says the 
new circuit, the SG1402, incorpo­
rates his design philosophy. 

"Our biggest concern," he says, 
"is to make all our products as easy 
to use as possible." Drawing on his 
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Sine, square & triangle Sine squared 

AM log swept envelope Tone burst AM 

Triangle amplitude modulation Square amplitude modulation 

Frequency shift keying Linear AM - FM (sine wave) 

WAVETEK 

Ultra low frequency AM Model 135 LIN/LOG Sweep Generator 

How do these waveforms 
grab you, generator fans? 

Electronics I January 19, 1970 

Sine wave amplitude modulation 

Swept AM- FM 

Linear AM - FM (triangle) 

Model 136 VCG/VCA Generator 

\A/AVETE~ 
9045 Balboa Ave. , San Diego, Calif. 92123 ; Tel. 279-2200 
P. 0 . Box 651, San Diego, Calif. 92112; TWX 910-335-2007 
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Hamilton has added a new plant-just to produce precision, 
Photoformed® parts I 

This new facility is equipped with the most modern photo-etching 
machinery on the market. The new equipment will produce 
precision parts in large quantities to the highest standard of 
dimensional accuracy. 

Now, you can get from the-Precision Metals Division, finished parts 
to the same degree of precision as world wide metal users have 
come to expect in Hamilton's strip and foil. 

170 

Hamilton offers the Total Capabilities of a completely integrated 
facility controlling every step from melt to finished strip or foil­
and now to finished parts. This means that you get the same 
adherence to metallurgical standards and dimensional accuracy 
that has become the hallmark of Hamilton. 

For the complete story 011 the capabilities of Precision Metals 
Division and what it can do for you, write for your copy of the 
new Photoforming brochure. It's yours for the asking-write today I 

PRECISION METALS DIVISION * !:rf.~!!. ~!A!E~~ 
•PHONE (717) 394-7161 
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systems background and IC design 
and analysis experience, Mammano 
designed the SG1402 to include 
cross-coupled base connections and 
all direct-current biasing circuitry 
on the monolithic chip. This fea­
ture, plus the fact that the circuit 
operates from a single power sup­
ply of +10 volts, will make it at­
tractive to designers of carrie~ con­
trol systems and communications 
networks. 

The SG1402 was conceived as a 
variable-gain amplifier that would 
eliminate d-c offset and transients 
when changing gain. This has been 
a problem with this kind of circuit, 
contributing to system noise, Mam­
mano says . In achieving these 
goals, Mammano points out, the 
circuit also is easily applicable 
in a pulse modulator, in which it 
can go from no output to full out­
put with no d-c offset or transient. 

The maximum supply level is 
+18 volts ; +10 volts is typical. At 
10 volts, typical gain is 25 decibels, 
and power consumption is just 50 
milliwatts. With a given output, the 
circuit can be controlled so that 
the gain goes from 25 dib at zero 
phase shift down through -24 db 
and back up to +25 db through a 
phase shift of 180°. 

The SG1402 needs only coupling 
capacitors external to the mono­
lithic chip, and the number de­
pends on the application. "It can 
be as few as an input and output 
coupling capacitor," Mammano ex­
plains, "but in most applications 
you'd also need bypass capacitors 
for good high-frequency response." 
The device's typical frequency re­
sponse is 50 megahertz. 

Silicon General is offering three 
versions of the circuit. The SG1402 
is a tight-tolerance device housed 
only in a metal T0-100 can, and 
operates over the full military 
temperature range of -55°C to 
+125°C. Price for 100 to 249 pieces 
is $4.95 each. The SG2402 has the 
same electrical characteristics as 
the 1402, but operates from 0°C to 
+70°C. It comes in both theT0-100 
and in a 13-pin plastic dual in-line 
package, and costs $3.45 each for 
100 to 249 pieces. The SG3402 has 
slightly relaxed tolerances and 
comes in both packages. It's in­
tended for the limited temperature 
range, and sells for $2.10. 

Silicon General Inc., 7382 Bolsa Ave., 
Westminster, Ca'lif. 92683 [445] 
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The 
cc 
profile 

Meet the all-points winner. 
Bausch & Lomb's StereoZoom 7 Microscope. 

Overwhelming choice for cost reduction, increased production 
in microelectronics, quality control /assurance, 

manufacture and assembly. 

• Greatest range of 100% USABLE magnification, 
from 2.5X through 280X. 

• Infinitely variable zoom and accessory lenses let you select 
the power best for you and your work. 

• Large field of view, optimum for visual scanning. 

• All the working distance you need for 
widely diversified applications. 

• Convenient photomicrography with integral 
and interchangeable cameras. 

• Highest eyepoint eyepieces, 
comfortable for eyeglass wearers. 

• Power pods interchangeable with any models from 1959 to 
1970, and 180° reversible. 

That's the world's Champ. 
Bausch & Lomb's StereoZoom 7 Microscope. 

There's a new catalog that tells all about The Champ. 
Write today for No. 31-15 and our free demonstration plan. 

StereoZoom. Reg. T.M. Bausch & Lomb. 

BAUSCH & LOMB Ci) 
SCIENTIFIC INSTRUMENT DIVISION 



What 
happened when 

172 

doctors and 
• engineers 

got together: 

l 
l 
l 
i 
l 
~ 

! 

l 

Doctors told engineers how 
they were using electronics and 
revealed their most urgent needs. 
Engineers described and demon­
strated their newest equipment for 
diagnosis, treatment and 
prevention. And hinted at things 
to come. 

Their complete dialogue, with 
illustrations, makes pretty 
informative reading on a vital 
and growing market. 

Here are some of the things 
it contains: 

~ Computers: How they're joining the 
medical team. What computers are 

doing in diagnosis. In communications. The small 
computer as a paramedical aid. 
Instrumentation: What's needed. What's available. Patient 

management. Protection. Standards and safety. 
Electronics in the Hospital: The surgeon, the hospital, the 

instruments. What the administrator wants. Prescription for 
large-scale health care. The surgery department. 

Electronics/Management Center 
330 West 42nd Street New York, N.Y. 10036 

D Enclosed is $12 for a copy of the Proceedings of the First National Confer­
ence on Electronics in Medicine. 

D Send the Proceedings and bill me later. P.O.# _______ _ 

Name ___________________ _ 

Company _________________ _ 

Address'----------------~ 
City _________ state ___ Zip. __ 
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New materials 

Substrate smooth 
to 2 microinches 

Ceramic substrates for the electronics 
industry are prepared under ultraclean 
conditions by a special process to yield 
an as-fired-defect-free surface charac­
terized by a 2-3 microinch surface 
smoothness. No glaze is required to 
achieve such a surface. Film adhesion 
to the material is said to be superior to 
that achieved with polished sapph'ire or 
polished alumina substrates having 
equivalent degrees of surface smooth­
ness. Substrates are suited for micro­
wave IC and hybrid LSI circuit manu­
facture. Materials Research Corp., 
Orangeburg, N.Y. 10962 [491] 

E-Gas has been prepared for etching 
silicon prior to epitaxial deposition in 
semiconductor manufacture. It is color­
less, odorless, nontoxic, and noncorro­
sive. Matheson Gas Products, P.O. Box 
85, East Rutherford, N.J. 07073 [492] 

Resistive cermet pastes series CC200 
are being supplied in the very low 
ranges with temperature coefficients 
much less than 100 ppm. This series, 
combined with the series CClOO, can 
offer a complete thick-film system with 
a stable, reproducible temperature co­
efficient that will meet all MIL spec re· 
quirements. The line of pastes fires at 
565° to 610° C and offers in-process 
range and temperature coefficient ad· 
justments. Both series are priced com· 
petitively at $50 to $90 a troy ounce in 
small quantities. Conshohocken Chem· 
icals Inc., P.O. Box 224, Flourtown, Pa. 
19031 [493] 

Unlloy 326 is a magnetic, high-strength, 
low-nickel stainless steel of special in· 
terest to the fastener industry. It is 
available in all cold heading wire sizes. 
Universal-Cyclops Specialty Steel Divi· 
sion, Cyclops Corp., 650 Washington 
Rd., Pittsburgh, Pa. 15228 [494] 

Chemical etchants for thin-film etching 
of metalized substrates are supplied in 
a 1-qt. polyvinyl bottle. All chemicals are 
shipped with applicable etching instruc· 
tions. Prices range from $5.50 to 
$9.50/qt., and delivery is from stock. 
Tek·Wave Inc., P.O. Box 420, Princeton, 
N .J. 08540 [ 495] 

Electronics l January 19, 1970 



Singer has advanced the 
state-of-the-art with a signal 
generator so New it almost 
requires a new name. 

The Model SG-1000 obsoletes 
every other signal generator 
within its frequency range ... 
singly or in combination. Its 
performance is so superior that 
no other instrument available 
can equal or even approach it. 

That's why we call it the 
Innovator. 

Here's why you'll call 
it unbelievable ... 

• Digital readout of frequency. 

• Broadband frequency 
coverage from 61 kHz to 
512MHz (to 1024MHz with a 
simple passive doubler) in a 
small 5Y4" high package. 

Electronics I January 19, 1970 

• Exceptional frequency 
accuracy and resolution ... 
typically 0.005% ... and no 
human readout errors. 

•Full modulation capability 
AM 0 FM 0 Pulse 0 Video 0 
Internal 1,000Hz modulation o 
... and combinations of the 
above. 

• Output levels from 
+20dBM to -146dBM. 

• An automatically leveled 
output ... within ± 0.5dB over 
the entire frequency range. 

•Use it as a 2MHz counter 
for counting modulating signals 
or rep rates directly. 

•A spectrally pure output 
signal approaching that of a 
crystal ... extremely low 
residual and incidental FM. 

•Total elimination of dial 
tracking errors. 

• The availability of BCD 
frequency output and a 

programmable attenuator to 
assure system integration. 

This is only part of the 
SG-1000 story. A more comple.te 
technical description is 
available in Singer Application/ 
Data Bulletin SG-10 upon 
request. 

For additional information 
contact your local Singer 
Representative, or write or 
call-

The Singer Company 
Instrumentation Division 
915 Pembroke Street 
Bridgeport, Conn. 06608. 
203-366-3201. 
In Europe contact: Singer 
Sewing Machine Company, 
Instrumentation Division, P.O. 
Box 301, 8034 Zurich, Switzerland, 
Telephone: (051) 47 2510 
TWX 710-453-3483 

SINGER 
INSTRUMENTATION 
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The Changing Interface 
Medium and large scale integration are slated to have 
major impact on the electronics industry. The effects 
are already being felt - not only on systems and 
component design - but on fundamental, traditional 
relationships between equipment builders and com­
ponent suppliers. 

Important trends that will affect your profession, your 
job, your company, are explored in THE CHANGING 
INTERFACE, a 150-page illustrated volume to be pub­
lished shortly by McGraw-Hill's Electronics/ Manage­
ment Center. 

In THE CHANGING INTERFACE, leading design engi­
neers and managers, the men responsible for guiding 
their companies through the next generation of elec­
tronics, discuss the problems that LSl / MSI are stirring 
up - and offer their solutions. 

Here are some of the vital topics covered. 

Implications of LSI on the Electronics Market 
The Rationale for an In-House IC Capability 
The Component Maker's Responsibility vs. the 

System Builder's Responsibility 

Masks and Computer-Aided Design at the Interface 
The Testing Interface 

How IBM and Bell Laboratories Deal with the 
Interface Problem 

Controversies and Future Trends in LSI 

You can reserve a copy of THE CHANGING INTER­
FACE now at the special pre-publication price of $6.50 
by returning the coupon below. If you send a check 
now, we'll pay the cost of postage and handling. 

r--------------------------------------------------1 
Electronics/ Management Center 
330 West 42nd St. 
New York, N.Y. 10036 

Attn. Mr. Wayne Cowart 

Please reserve my copy of THE CHANGING INTER­
FACE at the prepublication price of $6.50. 

Name _________ Title, ______ _ 

Company _______________ _ 

Company Address. ____________ _ 

City State _____ _ 

O Check enclosed for $6.50 O Bill me 
O Bill Company P.O. Number __ _ 
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Tr8hsducers 
A complete lineup of pressure, force, velocity and dis­
placement transducers. Wanted everywhere for their 
reliability and adaptability. Hewlett-Packard engi­
neering and quality control assure that they stand up 
under strictest examination. Get a line on The Trans­
ducers. Write Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, Switzerland. 

HEWLETT,PACKARD 

TRANSDUCERS 
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This "Bench Pac" Power 
Supply sets benchmarks 
for tight output contro 
at low c.::os~t dt 

Feature these! 

• At front panel: 
adjustable current 
limiting, fine/ coarse 
voltage control. ........ -.:~ 
• Outputs from 0-34 V 
@ 0.5 A.• Tough metal case. • Large dual-range, 

BP-89 

$89 
switched meter for reading voltage and current outputs. • Regu­
lation better than ± 0.01 % or 1 MV for line and load. Ripple 
less than 250 uV. 

Still more features: Versatile, high performance, convenience , 
easy operation, long life. Easy to mount with POWER/MATE 
CORP.'s Rack Adapters. 
Complete information available from : 

I ~ I~ I [ij I ~4~.~~R~!~~!~c~~J~~:1 
i.. -------"- (201) 343-6294 TWX (710) 990-5023 
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MICO 
NEW MODEL 885 

SEVEN RATIO 
WIDE·RANGE ENGRAVER 

NO. 885 FOR LONG AND 
MULTI-LINE WORK 

• A time-saver for large plate work 

AMERICAN 
MADE 

• Engravers letters l / 32"to3" high using standard masters. 
• Seven pantograph ratios-from I :5:1 to 6:1. 
•Choice of 3-ball -bearing spindle assemblies for Ya", 

3/ 16" or taper-shank cutters. 
• HSS, COBALT and Solid Carbide Cutters. 
•Single and multi-line copy carriers for holding, 

blanks ·%'' to 31/2" high. 
•Accommodates Mica standard accessories. 

Send for bulletins and prices 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 
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P/C Reed Relays 

Coto's 
New 
Miniature 
Series 1000 

• Especially designed for P/C board applications 
• Pin spacing l " x .150" centers 
• Stock voltages 6, 12, 24, 32 and 48 volts 
• Form C contacts, 4 poles , ratings 3 watts 
• Form A mercury-wetted, 6 poles, ratings 28 watts 

• Electrostatic and/ or magnetic shields 

Special voltages and resistances available, with 
multiple windings for flip-flop, memory and 
crosspoint selection applications. 

COTO-COIL COMPANY, INC. 
61 Pavilion Avenue, Providence, R. I. 02905 

Tel: (401) 941-3355 
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New Books 

Communication bible 

Communication Systems Engineering 
Theory 
Erling D. Sunde 
John Wiley & Sons Inc. 
512 pp., $19.95 

The communications explosion pre­
dicted for the 1970' s is almost upon 
us and a new book dealing with 
system theory has arrived not a 
moment too soon. The book, backed 
by the author's two decades of ex­
perience at Bell Labs, provides ex­
cellent additional material to cur­
rent communication texts dealing 
with basic principles of communi­
cations theory and mathematics. 

The first three chapters-basic 
transmission concepts and rela­
tions, basic modulation concepts 
and objectives, and statistical prop­
erties of Gaussian random variables 
-provide a review of fundamental 
concepts. These ideas are used 
throughout the remainder of the 
book in the development of more 
advanced theories and concepts. 

The "meat" of the book begins 
with chapter four ; the author de­
rives the optimum shapes of trans­
mit and receive filters in the pres­
ence of additive Gaussian random 
noise. He considers both analog 
and digital baseband and carrier 
modulation and concludes that op­
timum shapes conform with the 
optimum matched filters only when 
the noise power spectrum is flat 
and the transmission medium at­
tenuation is constant across the en­
tire transmission band. Only single­
band transmission is considered 
except for comparison with multi­
digital transmission over baseband 
channels. 

Chapter five covers various base­
band arid carrier modulation .and 
detection methods for digital-pulse 
transmission. Extraction from the 
received signals of a carrier-de­
modulating wave is but one of the 
methods covered. Transmission 
limitations by Gaussian noise, 
phase- and binary-modulation tech­
niques, and sub-binary transmis­
sion are among the topics given 
comprehensive treatment in this 
chapter providing the reader with 
an up-to-date analysis of digital 
techniques. 



Perfect Your CCTV System with (:OSMICAR® lenses 

A new member to the superb COSMICAR lens family!! 

The most efficient 10 : 1 zoom lens, unmatched for its optimum performance, both optically and 
mechanically, with impecable definition and resolution throughout its entire zoom range. 

Also available are scores of other lenses, ranging from 8.5mm to 1,000mm telephoto, zoom and those 
motordriven among them, for immediate delivery, after being tailored to your specifications. 

~ 
COSMICAR OPTICAL CO., LTD. 

568, Shimoochiai, 2 ·chome, Shinjuku·ku, Tokyo 
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Cable Address: " MOVIEKINO TOKYO" 

176 

TWO NEW BELL RINGERS 
FROM DELTA 

DELTALERT. .. Your night watch-
man for pennies a month! 
Delta introduces its all new ultra­
sonic silent sentry, the total motion 
detection, intrusion and monitoring 
alert system. The system plugs into 
any wall outlet. It also features vari­
able sensitivity control and adjust­
able timing which provides the 
most advanced sentry system on the 
market. 

SPECIFICATIONS: 
Ultrasonic Frequency: 35 KHZ "' 
Area Coverage: 15-30 feet (depend­
ing on shape of area) "' Controls: 
On-Off Switch; Built in Timer; Vari­
able Sensitivity Control "' Output: 

110-130V at 1 Amp. "' Power Requirements: 110-130V, 
60 HzAC "' Dimensions: 1034"W x 3Y4"H x 3Y4"D "' Com­
plete with 110-130V Drop Cord "' Walnut designer 
finish. $sgss 
For Complete Unit, Ready to Use ... ....... ONLY ppd 

HIGH VOLT ANALYST Tune your 
car like a pro. 

Delta's new concept in automotive tune­
up, The High Volt Analyst, is a unique and 
complete auto analyzer which provides 
all the primary advantages of a scope and 
is completely portable. 

, J.:PECIFICATIONS: 
Accuracy - Tachometer .±2% of full 

scale (all ranges) • Dwell Meter 
• ± 1% (both ranges) • OHMS Scale 

± 5% • Low Voltage ± 2% of full 
scale • High Voltage ± 5% of full scale "" 

General -Fully protected meter circuit* • Size: 
_ 6'h'W x B"H x 31/:z"D • Weight: 3¥4 lbs. "" Ranges 

-DC Volts 0-15V, 15KVand 45KV • OHMS: 0-1 
Meg. (10K center scale) • Dwell: 4, 6 and 8 cylinders • Tachometer: 
0-1500 RPM, 6000 RPM 
•Batteries (8 Type AA cells) included. 
Comes complete with standard lead set, 
a special probe. and high tension lead. 

$19ss /$59ss ppd ppd 
Assembled Kit Form 

r----------------------, 
DELTA: Please send me literature immediately. 
I am enclosing $ for items checked. 

D DELTALERT 
D High Volt Analyst, Assembled 
D High Volt Analyst, Kit form 

Please ship immediately. 

Address _________________ _ 

City/State __________ Zip ______ _ 

E 9-11 ._----------------------L------ - - ---- - - - -- - - -- _ _, 
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CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 

CIRCLE 967 ON READER SERVICE CARD 

---ideas to Cash 
WANTED 

Prototype Toys 
Write to: P. Brleff 

RAI RESEARCH CORP. 
_36-40 37 St., L.l.C., N. Y. 11101_ 

CIRCLE 968 ON READER SERVICE CARD 

EMPLOYMENT SERVICES 

Resume Gulde - Authentic writing Instruc­
tions . clear, examples: $2. Executive Resumes , 
Box 246EL, Montclair, N.J. 07042. 

Don't forget the 

BOX NUMBER 
When answering the classified advertise­
ments in this maguine don't forget to put 
the box number on your envelope. It's our 
only means of identifying the advertisements 
you are answering. 

1~;~;~~;;;$"'iaoM -,~O· . 
I DIE CAST ,,,.,- ......... . 

·ZINC ALLOY' 
:~ I : ~ 
; ; 

i Wing Nuts 1 
, ~ 
i ~ Cai ' 

~t 
1 Thumb & . 
:wing Screw> 
! 

i MOLDED : 
! NYLON r. ' 
. DELRIN 

;\screws ] 

i ~ i 
, Hex Nuts , 

: ~ 
! Washers ; 

I ~ · 
' \_)l 
! Screw , 
i Insulators i 
t.~ ... ~~ . ...i; 

NYLON SCREWS 
AND NUTS 

also available in Delrin 

MACHINE SCREWS from miniature 
#0 thru l/4" in wide range of 
lengths and head types. 
Also SET SCREWS, NUTS from #2 
thru 5/ 16". 
GRC 's exclusive methods-die cast­
ing zinc alloy or molding Nylon 
and Delrio fasteners in one high 
speed automatic operation-assure 
high quality at lowest possible 
cost. 
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New Books 

The chiaprl:er also reviews the 
more frequently used types of digi­
tal ,systems, together with 'their 
more significant characteristics 
and 'basrc principles. Power spec­
tra, timing wave devrations, error 
probaJbilities arising from ·~dditive 
Gaussian noise, and transmission 
capacity as limited by Gaussian 
noise for linear time-invarient chan­
nels ,are -among the theoretical re­
lations presented!. Reference is 
made to the latest literature. 

The beginning of chapter six is 
the breakpoint in the conceptual 
arrangement of the text. The first 
five chapters presented a realistic 
transmission- and modulation-the­
ory approach that permitted trans­
mission impairments lby random 
noise in both analog and digital 
systems as well as optimum de­
signs to minimize these distortions. 
The remainder of the book deals 
with an explanation of analytical 
methods for determining other 
transmission impairments. 

The subject of attenuation and 
phase distortion in analog systems 
is handled by examining the statis­
tical properties of Gaussian noise 
to determine the intermodulation 
distortion of digital systems is eval­
uated as a result of phase devia­
tions and attenuation in the channel 
band. The intermodulation distor­
tion is determined as a result of 
nonlinear amplification. Relations 
are presented for intermodulation 
distortion as a result of amplitude 
to phase modulation, commonly en­
countered in microwave transmit­
ters and multicarrier f-m satellite 
systems. 

By examining troposcatter paths, 
the statistical properties of the 
transmissions of time-varying mul­
tipath channels are determined 
intermodulation distortion in f-m 
troposcatter systems is also evalu­
ated and comparisons are made 
with experimental data. The text 
also examines the error probability 
of digital transmission at many 
rates and over random multipath or 
troposcatter channels; additive ran­
dom noise and frequency selective 
fading are considered. In addition, 
intersystem interference for all 
types of modulation is treated. 



Power 
Structure! 
These modular power supplies can be quickly 
structured to meet the p_ower needs of micro­
electronic systems. Litton's reputation for reliability 
and performance is unsurpassed in the electronic . 
industry. 

Compact, lightweight, with power outputs to 
300 watts in single packages from 108 to as 
small as 8 cubic inches weighing from 7 to as 
low as .75 pounds. Manufactured to MIL Specs 
or commercial standards. 

To help you build Litton power supply relia­
bility and performance into your engineering 
design, let us send ... FREE .. . a set of actual 
size replicas, specifications and additional infor­
mation. To receive yours, use the inquiry card 
provided in this magazine. 

rn SPECIAL PRODUCTS 
Data Systems Division • Litton Industries 
9001 Fullbright Ave., Chatsworth, Calif. 91311 
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THUMBWHEEl 
SWITCHE . 

D COMPACT 0 MODULAR 
D POSITIVE OPERATION 0 WIDE RANGE OUTPUT 
D SIMPLE, CLEAN 0 EDGE LIGHTING 

INSTALLATION AVAILABLE 
D ECONOMICAL Send for further information 

TECH LABORATORIES, INC. 
Palisades Park, New Jersey 

Phone: 201 - 944·2221 • TWX: 201 - 947-4730 
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Make your 
awn break. 
You can take a lot of the chance out of your 
future by including yourself in the Elec· 
tronics Manpower Register. 

When you do, your experience and tal­
ents become part of a nationwide com­
puterized placement service. 

Our computer is programmed to give 
every registrant the same look for every 
opening. With your prior approval, you'll 
be considered for every opportunity that 
matches your resume. 

All you have to do is send one to: 

Electronics Manpower Register 

Electronics 
330 West 42nd Street 
New York, N.Y. 10036 
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Technical Abstracts 

Tuning in with varactors 

Investigation of microstrip 
applications for varactor-tuned 
uhf tuners 
Darrell W. Whitten 
Texas ln·struments 
Dallas, Texas 

Using micros trip with varactor 
diodes in a uhf itv 'tuner is a de­
parture from the norm. Microstrip 
mainly is used for broadband cir­
cuits with a fixed center frequency, 
while the uhf tuner employs frac­
tional bandwidths less than 5% 
over an octave variation of center 
frequency. Although practical limi­
tations inherent in the devices, such 
as circuit Q, circuit loss, and var­
actor Q, are keeping such a tuner 
off the market, when higher Q 
devices become available, the tuner 
could become practical. 

The basic .tuned circuit consists 
of a shorted section of microstrip 
that acts like an inductance and 
resonates with the capacitance of 
a varactor diode. The device must 
be tuned from 473 to 887 mega­
hertz; if a fixed inductance is used, 
the useful capacitance rntio must 
be 3.52. However, the transmission 
line elements complicate matters 
because the effective inductance is 
a non-linear function of frequency. 

The result is that the required 
ratio of tuning capacitance is a 
strong function of the choice of 
electrical length of the microstrip 
resonator. Although it is implied 
that the choice of resonator length 
sets the tuning capacitance ratio, 
the electrical length of the resona­
tor will be dictated by the capability 
of the varactor diode. Similarly, 
the •choice of resonator character­
istic impedance will be determined 
by the magnitude of the availa:ble 
capacitance. 

A resonator of constant electrical 
length 45° (>../8) would resonate 
with 6.74 picofarads, 4.92 pf, and 
3.6 pf at 473 Mhz, 650 Mhz, and 
887 Mhz, respectively. The elec­
trical length, however, is not con­
stant with frequency. The line 
chosen to be 45° at 650 Mhz would 
be 33° at 473 Mhz and 62° at 887 
Mhz, requiring capacitances of 
10.45 pf at 473 Mhz, 4.92 pf at 650 
Mhz, and 1.92 pf at 887 Mhz. These 
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values, based on a 50-ohm system, 
would be halved for a 100-ohm sys­
tem, and doubled in a 25-ohm sys­
tem. 

Although higher values of capac­
itance help s.wamp out parasitic 
capacitances, they also degrade 
the varactor Q; the lower capaci­
tance reduces the tank circuit losses 
but makes ·the parasitics significant. 

The Q available in practical 
microstrip is relatively low and ad­
justing the substrate thickness and 
characteristic impedance provides 
the most sensitive control of reson­
ator Q. But .to compare with Q's 
of several thousand presently 
achieved in -commercial uhf tuners 
using plated stubs tuned with air­
dielectric ·capacitors, the Q's of 
microstrip will have to increase at 
leas·t tenfold. 

Minimal requirements for quality 
factors were determined using a 
double-tuned circuit to represent 
the preselection function. A mini­
mum unloaded Q of 344 of the 
varactor and microstrip line at the 
lowest frequency and a -cutoff fre­
quency of 155 gigahertz is neces­
sary. Since the lines are not loss­
less, the unloaded Q and the 
cutoff frequency of the varactor 
must be even higher. And based 
on presently available varactors 
and microstrip circuits, a circuit Q 
of 63.5 at 473 Mhz is attainable. 
Presented at NEC, Chicago, Dec. 8-10. 

Microwave IC's move up 

Microwave integrated circuits 
(fabrication, design, performance, 
and applications) 
Gordon R. Harrison and Kurt Gsteiger 
Sperry Microwave Electronics Division 
Clearwater, Fla. 

At first glance, integrated-circuit 
technology didn't impress micro­
wave equipment makers. All they 
envisioned were low volumes and 
high costs. But the recent success 
of IC's in cutting costs of lower­
frequency circuits has occasioned 
another look, resulting in the build­
ing of many microwave devices as 
IC's. In some cases development 
costs were higher than they would 
have 'been had the devices been 
made in an old fashioned way; but 

Test 
Power 
Transistors 

FAST · ACCURATE · AUTOMATIC 
The Lorlin Automatic Transistor Tester 
Model TB is programmable over a range 
of 0.1 nanoamps to 10 amps and 10 mV to 
600 V. All types of transistors from small 
signal to high power can be tested for break­
down voltages, leakage, gain and saturation 
voltages with 1 % accuracy. 

A complete test sequence can be pro­
grammed by the operator in minutes. Since 
a standard test takes just 16 milliseconds, 
high daily thruput is possible. 

Models are available with up to 24 test posi­
tions and 18 sorting classifications. Remote 
test stations with the same range and accu­
racy are available to permit several opera­
tors to share one tester. All Lorlin testers 
will interface with automatic probing, han­
dling and classifying equipment. 

Lorlin testers are designed for maximum re­
liability, ease of service, converiience of 
programming, and simplicity of operation. 
Their speed, accuracy and reasonable price 
provide users a substantial return on their 
capital investment. Write or call for 
more information and a demonstration in 
your plant. 

&:>LOR LIN 
industries inc. 

Precision Road, Danbury, Connecticut 06810 
Tel: 203-744-0096 

For Literature circle 510 
For Demonstration circle 511 
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LClClki'1E fClP a mBmClPY systBm 
witb low cost per bit, but fast cycle time/access time, 
and high reliability in one compact package ? 

~ 
;l!!!!!!!!!!!!:!-~!£~ll 

Look no further. TOK O's new, improved Woven- Plated Wire Memory 
System HS-SOOR is now available. 

TOKO's HS-500 memory system has won praise and popularity for its low­
cost, high-performance characteristics. Now ready to be marketed is im­
proved Model HS-SOOR with the following features: 

Compact size: 10"(H) x 19"(W) x 13-1 /3"(0 ) 
Access time: 250ns 
Memory capacity: 8K bytes- 32K bytes (4096 words- 1638-1 words) 
Flexible operation: Linear selection orga ni zation for multi-word operation; 8 
by tes are simultaneously written and read in one word; required bits or bytes are 
then se lec ted at the interface; thu s a variety of memory capaci ti es is made pos­
sibl e. 

Low cost Model HS-SOOR also shares with its predecessor such outstanding features as fast 
cycle time of 500ns; wide operating temperature range without any current com­
pensation: 0°C to 50°C; and low power dissipation of 100W. 

180 

TOKO can also undertake the man ufacture of custom-made systems accord ing to 
your specifications. Complete technical details from our New York office. 

r q-.! ~d':!~.?.2~ch~m~i~i~Yukigaya , Ohta·ku, Tokyo , Japan I ~ ~ TOKO N.Y., INC. 350 fiflh Avenue , New York , New York 10001 
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Technical Abstracts 

the long-range savings in produc­
tion costs, not to mention savings 
in weight and size, should far out­
weigh the initial outlay. 

These new products, such as cir­
culators, oscillators, and mixers, 
signal the emergence of a definite 
microwave-IC technology. Most 
new microwave IC's are built with 
the microstrip approach, in which 
a high-dielectric-constant material 
is the substrate with conductors 
put on one side and a ground plane 
on the other. This technique per­
mits low-cost fabrication methods. 
Now an engineer can photoetch a 
complete r-f circuit quickly onto a 
1h-inch substrate. For example, 
making a receiver or transmitter re­
quires only one or two etchings. 

Fabrication of a microwave IC 
begins by picking the right sub­
strate. Fused silica, beryllium ox­
ide, microwave ferrite, silicon and 
microwave •garnet aH •are populiar. 

After lapping the substrate to a 
smoothness of within 5 to 10 mi­
crons, the IC maker puts a metal­
ization layer onto the substrate. 
He vacuum deposits 0.02 to 0.04 
micron of chrome, followed by 0.25 
micron of gold. The last layer is 
5 microns of electrodeposited gold. 
After completing the metalization 
layer, the maker puts down a coat 
of photoresist and begins etching 
his circuit, keeping conductor thick­
ness equal to four or five times the 
skin depth. 

The devices commonly made as 
ferrimagnetic Ic's are circulators, 
phase shifters , and filters. A typical 
ferrimagnetic circulator has a 0.5 
decibel insertion loss and 20-db 
isolation over 10% bandwidths 
from L through Ku band. 

Semiconductor - substrate IC's 
made now are signal generators, 
mixers, converters, switching cir­
cuits and detectors. 

The IC-maker's goal is to build 
families of circuits in order to put 
together microwave assemblies, 
such as radar test sets, with just 
a few chips. When they are suc­
cessful the biggest impacts will be 
felt in doppler navigation systems, 
space communications, man-pack 
radars, and expendable reconnais­
sance equipment. 

Presented at NEC, Chicago, Dec. 8-10. 
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Technology Consultants, Inc. 

has the I TALENT I 
for helping your company 
profit! 

Profitable growth to a position of industry leadership is 
often the result of ideas developed to maximum 
usefulness. But finding the skilled resources or time 
to move ideas into the money market could be a 
problem. TCI can help. 

TCI provides a team of electronic specialists from 
a vast talent pool to extend your technical capability. 
They can help you solve critical technical problems 
when in-house resources may be limited. Or, guide your 
existing capabilities into new directions for growth. 
They assume overall job responsibility. And they 
relieve the financial burden of carrying a full-time 
technical staff on your payroll. 

A TCI team of experts ... with appropriate analytical 
and technical talent. .. and with direct support of all 
Electronics/Management Center resources is ready 
to help you by participating in: 

• Systems design & analysis 
• Search for new products 
• Research & development 
• Technical proposals 

_ .. --... _. _ .. 
ntartl.llCMbl = ... _ . ...... 

=-~ ·---- c • 

Ask for our 
brochure or 
call direct 
and arrange 
for a 
preliminary 
meeting now . 

Technology 
Consultants, Inc. 
An Exclusive Technical Afflliate of 

E/IVC 
Electronics/Management Center 
330 West 42nd Street 
New York, N.Y. 10036 
(212) 971-3485 

Circle 231 on reader service card 

• Seminars for up-dating 
technical staffs 

• Product feasibility studies 
• Literature searches 

The newest, 
fastest and easiest 

way to specify 
indicator lights, 

push button switches 
and readouts. 

Dialco's new 56-page product 
selector guide helps you select 

from over 1,500,000 visual indicators 

This book is the result of an all-out effort to 
provide you with fingertip data on all Dialight 
components and to make it very easy for you 
to locate the detailed specs and information 
you desire. Designers and engineers will find 
the "Product Selector Guide" invaluable in 
their work. Send for your copy today. Dia light 
Corp. 60 Stewart Ave., Brooklyn, N.Y.11237. 

c§?§> 

11/Al/Gl-IT 
A North American Philips Company 
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fACT: 
1NING Ct\N 

MPLETELY 
ESTROY A 

JOSLYN 
PROTECTOR 
AND YOUR 
ELECTRONICS 
WILL 
STILL WORK 
For more than 10 years Joslyn has never once had one of 

its protectors fail to perform its surge protection func· 

tion. Some have been hit repeatedly with direct lightning 

strikes, voltage/current strikes, over-illumination . . • 

even burned up and blown apart . . . but the electronics 

they protected continued to work. 

Contact Joslyn today for full information and delivery from 

stock for the field-proven surge protection equipment 

that will solve your particular problem. Full line includes 

precision spark gaps. 

182 

JOSLYD ELECTRONIC SYSTEMS 
Santa Barbara Research Park 

P. 0. Box 817 
Goleta, California 93017 

Tel. (805) 968-3551 

Circle 182 on reader service card 

New Literature 

Passive repeaters. Microwave Systems 
Co., 15860 W. 5th Ave ., Golden, Colo. 
80401, has issued catalog SM-300, an 
illustrated engineering manual on pas­
sive repeater systems. 
Circle 446 on reader service card. 

Dumet wire. General Electric Co., 21800 
Tungsten Rd., Cleveland 44117. An 
eight-page folder on the care and 
handling of Dumet wire describes 
Dumet, which is a glass sealing wire 
used in radio tubes, semiconductors, 
and other hermetically sealed products. 
[447] 

DIP sockets. Barnes Corp., Lansdowne, 
Pa . 19050. Technical bulletin 539 
covers the 121-2002 series of produc­
tion mounting sockets for dual-in -line 
IC devices. [448] 

Electronic thermostat. Kimco Labor­
atories Inc., 5721 -23 18th Ave., Brook­
lyn, N.Y. 11204, has published a four­
color brochure describing its portable, 
wireless electronic thermostat. [449] 

Magnetic pickup. Electro Products 
Laboratories Inc., 6125 W. Howard St., 
Chicago 60648. Bulletin DM-769 con­
tains complete specifications, perform­
ance graphs, and suggested applica­
tions for Di-Mag, a digital pulse output 
magnetic sensor. [450] 

Memory system applications. Ferrox­
cube Corp., Saugerties, N.Y. 12477. A 
28-page booklet, " How to Use Digital 
Magnetic Core Memories" explains in 
detail memory system applications in­
clud ing interface. [451] 

Data transmission system. Lenkurt 
Electric Co., 1105 County Rd ., San 
Carlos, Calif. 94070. A 12-page bro­
chure describes the 25B data transmis­
sion system, which provides speeds 
from 75 to 600 bits per sec on a 
standard voice-grade telephone circuit. 
[452] 

Analog recorders. Beckman Instruments 
Inc., 3900 River Rd ., Schiller Park, Ill. 
60176. Types R and RC Dynograph 
analog recorders are featured in bul­
letin 660A. [453] 

Data monitor. Theta Instrument Corp., 
Fairfield , N.J . 07006. Technical bulletin 
67-12A describes the model DM-1 data 
monitor for readout/printout/computer 
interfacing. [454] 

Resistor network. CTS of Berne Inc., 
Berne, Ind . 46711. Data sheet 3760B 
pictures and describes the series 760 
cermet resistor network which increases 
packaging flexibility with a 16-lead 
dual-in-line package. [455] 

Test system. TeleSciences Inc., 351 
New Albany Rd., Moorestown, N.J. 
08057. A 12-page, four-color brochure 

Electronics I January 19, 1970 



explains Omnitester, an automatic high 
speed test system for low-cost produc­
tion checkout and maintenance of elec­
tronic equipment. [456] 

Heat sinks. Astrodyne Inc., 207 Cam­
bridge St., Burlington, Mass. 01803, 
has released a catalog describing 
Hockey-Puck heat sinks for use with 
high-power, compression-mounted rec­
tifiers. [457] 

Portable strip printer. Dataline Inc., 181 
S. Boro Line Rd., King of Prussia, Pa. 
19406. Technical bulletin 100 deals 
with the model 5064 portable strip 
printer, a digital impact unit that pro­
vides hard copy readout when incorpo­
rated with a receiver into a data com­
munications system. [458] 

Digital data system. Howell Instruments 
Inc., 3479 W. Vickery Blvd., Fort Worth, 
Texas 76107, has available a 24-page 
brochure on the H4200 digital data 
system, which monitors and measures 
temperature, pressure, load, thrust, 
voltage and resistance directly in engi­
neering units. [459] 

Rfi filters. San Fernando Electric Mfg. 
Co. , 1501 First St., San Fernando, Calif. 
91341. Specifications of rfi filters de­
signed to attenuate fluorescent lamp­
generated noise in computer centers, 
instrumented test and research labor­
atories, clean rooms and other installa­
tions are highlighted in a data sheet. 
[460] 

Broadband products. Narda Microwave 
Corp., Plainview, N.Y. 11803. The 1970, 
152-page catalog No. 17 features new 
state-of-the-art broadband products, 
and contains a complete technical ref­
erence data section. [461] 

Electrolytic transducer. Hamlin Inc., 
Lake & Grove Sts., Lake Mills, Wis. 
53551. Data sheet B-8002 describes 
the EP-10-750 gravity sensing electro­
lytic transducer. [462] 

Zero-voltage switch. RCA Electronic 
Components, Harrison, N.J. 07029. Ap· 
plication of the CA3059 zero-voltage 
switch in thyristor circuits is the sub­
ject of 12-page application note ICAN· 
4158. [463] 

Sine-cosine converter. Transmagnetics 
Inc. , 134-25 Northern Blvd., Flushing, 
N.Y. 11354, has issued a single-sheet 
catalog bulletin on the series 655 three· 
wire synchro to d·c sine-cosine con· 
verter. [464] 

Power supplies. GPS Instrument Co., 14 
Burr St., Framingham, Mass. 01701. A 
two-page brochure describes four new 
dua l-tracking, low profile, miniaturized 
power supplies that are priced as low 
as $38. [465] 

Filters. Barnes Engineering Co., 30 
Commerce Rd ., Stamford, Conn. 06904, 
has available bulletin 100 describing 
standard lines of visible and near infra­
red filters. [466] 
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Does 
H (BEEP) p (BEEP) 

really lose 
sleep 

over us? 

They would 
if they knew 
about the 

1028. 

Our new 1028 is the world 's lowest priced 1s constant over the 1 Hz to 12 g MHz 
frequency synthesizer For s 1ggo. 1t does range The price is guaranteed to give 
virtual ly everything their $8000 model you-know-who insomnia For specs on 
does Frequency and ampli tude are fully the 1028 Frequency Synthesizer. write 
programmable Sine wave and..,, Pac1f1c Measurements Inc . 
square wave output may be g4o Industrial Avenue. 
used simultaneously Five Palo Alto. Cal1 forn1a g4303 
digit frequency resolution I I I I I I Rij We gotta be better 

PACIFIC 
MEASUREMENTS 
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EIMAC's new family 
of outstanding 
power tetrodes 
offers 13 
• • 1mpress1ve 
features:-

(1) High linearity. 3d order products - 40 dB or better. 

(2) Low input capacitance. Typically, 45 pF. 

(3) Over 600 watts measured output at 865 MHz. 

(4) Very high gain-bandwidth product. Over 125 MHz 

(5) Low grid interception in linear amplifier service. 

(6) Low drive. Typically 40 volts for class AB-1 
service. Easily driven at 150 MHz with 5 watt 
solid state device. 

(7) Plate dissipation up to 800 watts. Both air and 
liquid cooling available. 

(8) Coaxial base adapter available. 

(9) Shock-resistant design for rugged service. 

(10) 20 kW pulse output at 430 MHz. 

(11) Very low cathode lead inductance. 

(12) 5-pin base adapted for heat-sink cooling. 

(13) High grid and screen dissipation ratings . 

The unique 4CX600 family is an exciting result of 
EIMAC's CAD (computer-aided-design) program for 
ceramic /metal tetrodes. Closeiy controlled parameters 
permit intermodulation distortion limits to be included 
as a defining tube characteristic, establishing new 
criteria of performance. 

EIMAC's advanced segmented cathode and elec­
tron focussing combine with an unusually high figure 
of merit in this family, providing you with tubes useful 
in widely diversified services: linear amplification, high 
reliability aircraft-to-ground communication, wideband 

184 Circle 184 on reader service card 

4CX6008 
4CX600F 

distributed amplifier 
service in airborne ECM 
gear, and r-f pulse application. 

4CW8008 

Another example of EIMAC's ability to provide to­
morrow's tube today' Here are the numbers to prove it: 

RATED MAX. RATINGS TYPICAL 
TUBE FIL. POWER USEFUL 
TYPE VOLTS TO: BASE COOLING Plate Plate OUTPUT FOR : (MHz) Volts Amperes (150 MHz) 

4CX600B 6.0 5-PIN 
WIDEBAN.D 

890 SPEC. Air 3000 0.6 750W AMPLIFIER 
4CX600F 26.5 SERVICE 

4CW800B 6.0 5-P IN WIDEBAND 
890 Liquid 3000 0.6 750W AMPLIFIER 

4CW800F 26.5 SPEC. SERVICE 

4CX600J OCTAL 
CLASS AB-1 

-- 6.0 150 Air 3000 0.6 750W LINEAR 
8809 SP EC . SERVICE 

More? Our Application Engineering Department's 
ability to design tube into circuit means less engineer­
ing time for you. For all-around capability, talk to 
EIMAC. For circuit and application information on 
these new power tetrodes, write to EIMAC for our new, 
free application bulletin #14, Using the 4CX600 Family 
Tetrodes. Or contact your nearest Varian/Eimac Elec­
tron Tube and Device Group Office. They are located in: 

Albuquerque, N. M. 
Alexandria, Va. 
Atlanta , Ga. 
Cherry Hill, N. J. 
Clearwater, Fla. 

Dayton, Ohio 
Los Altos , Calif. 
Melville , L. I., N. Y. 
Park Ridge, Ill. 
Richardson , Texas 

International Sales Offices are located in: 

Australia Italy 
Benelux Japan 
Brazil Scandinavia 
Canada Switzerland 
France United Kingdom and 
Germany Ireland 

Santa Monica, Calif. 
Scottsdale, Ariz. 
Springfield, N. J. 
Syracuse, N. Y. 
Waltham, Mass 

division 
varian 
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Look at the outlets! Here's proven, simplified power wmng 
for complex instrumentation behind or inside cabinets, 
panels, consoles. Easy-to-mount Plugmold 2000 Multioutlet 
Systems - the last word in compact, plug-in convenience. 

Wiremold® and Plugmold® systems help put "tomorrow" in 
today's wiring for makers, users, and testers of electronic 
equipment. Write for helpful , problem-solving literature. 

THE WIREMOLD COMPANY / HARTFORD, CONNECTICUT 06110 

Circle 203 on reader service card 

186 

~~~/ 
SHIELDED BOXES with CARD GUIDES 
Rugged die-cast aluminum boxes, slotted to accept J{t circuit 
boards and shielding dividers. Excellent for packaging electronic 
circuitry. Boxes have removable top and bottom covers. Useable 
inside space: 4"x2"x1 Y2 ''. Several models with various connectors. 

Write for 1969 Catalog 
ri: POMONA ELECTRONICS CO., INC. r-6- 1500 E. Ninth Street, Pomona, California 91766 
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Introducing: A better 
vvay to measure 

load-handling 
capacity of 

multichannel systems 

Today is the day of data. The world is going digital. 
And the ultimate test of a sophisticated system is its 
ability to bear the heavier loads imposed by digital 
data. 

That's where our Model 330A can help you. You'll 
be able to pinpoint the critical load point of multi­
channel microwave systems by measuring intermodu­
lation noise performance along selected transmission 
paths. Armed with data uncovered by our 330A, you 
can tell what the optimum capabilities of your sys­
tem are, and avoid degrading its performance. 

The White Noise Generator half of our test set 
(Model 330A-G) generates noise over a frequency 
range of 12 kHz to 13 MHz. Front panel plug-in re­
ceptacles accept up to four band-limiting and five 
band-stop filters, each with a push button control. 
You can rapidly press filters of different bandwidths 
into and out of service for quick serial testing of two 
or more noise slots. Regulation of power in true rms 
keeps output constant with any combination of band­
stop filters in the network, automatically compensat­
ing for different band-stop frequencies. You no longer 
need to adjust the level each time you switch in dif­
ferent filters. 

The White Noise Receiver half of our test set 
(Model 330A-R) accepts up to five narrow bandpass 
filters, each controlled by a Frequency Selector switch. 
Simply by setting the switch to the appropriate band­
pass filter, you tune the receiver to the desired 
band-stop frequency. The frequency selection circuit 
contains five crystal-controlled local oscillators, each 
matched in frequency to its respective narrow-band­
pass filter to assure drift-free performance. Input at­
tenuators are scaled for direct reading in Noise Power 
Ratio (NPR) from 0 to 80 dB. 

Performance range of the Model 330A system 
covers baseband frequencies of standard multiplex 
systems with capacities from 12 to 2700 channels. 
Sets can be packaged for rack mounting or in rugged­
ized carrying cases. 

There are many more advantages. Full details are 
in Product File 569. For yours, write Product Sales 
Manager at Philco-Ford Corporation, Sierra Electronic 
Operation, 3885 Bohannon Drive, Menlo Park, Cali­
fornia 94025. Or phone (415) 322-7222, ext. 231. 

PHILCO~ 
The Better Idea People in Telecommunications Measurement 



You get 
many extras 
when you buy a 
Hewlett-Packard 
solid state 
display 
HP builds in the decoder 
driver so you don't have to add 
it yourself. It's an IC­
compatible, long-life compact 
display that can stand up to 
tough environments. It gives 
you sharp, parallax-free 
readings even from extreme 
angles. And saves you 
space and time and money. 

HEWLETT PACKARD 

SOLID STATE DEVICES 

For the glowing details on HP's 5082-
7000 solid state numeric displays, call 
your HP field engineer or write to 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

188 Circle 188 on reader service card 
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If Lambda\ LC series listed 
in Underwriters' Laboratories 
Recognized Component Index 

doesn't excite you ••• 
All-silicon DC power supply using integrated 
circuits to provide regulation system 

except for input and output capacitors, rectifiers and series 
regulation transistors 

Increased reliability 
through use of integrated circuit which replaces 32 discrete 
components from conventional designs 

Convection cooled 
no external heat sinking required 

Regulation 
line or load .01 % + l mv 

Ripple and noise 
250 µ.v rms; l mv p-to-p 

Wide input voltage and frequency range 
l 05-132 voe, 57-63Hz 

Wide temperature range 
-20°C to +71°C 

Temperature coefficient 
.01 % + 300µ.v/ °C external programing resistor 
.015% + 300µ.v/ °C internal programing res istor 

Lightweight 

Overvoltage protection 
available as accessory up to 70 vdc 

Multi-current-rated 

Complete serviceability 
all components replaceable 

Remote sensing 

No overshoot 
on turn-on, turn-off or power failure 

More current per cubic inch 

Remote programing 
l 000 ohm/ v nominal or volt/ volt 

Series/parallel operation 
with similar single or dual units 

Completely protected 
automatic current limiting 

Features of dual output models 
Independent operation 
Independent remote sensing 
Independent remote programing 
Series/parallel operation 

(master/ slave) 
Each supply electrically isolated 

and floating with respect to ground 

Lambda power supplies 

LCS-4, LCD-4 

LCD-A 

LCS-3, LCD-3 

LCS-1 
LCS-2, LCD-2 

Circle 191 on reader service card 191 



Maybe our 1-day delivery and 5 year 
LCS-1 SINGLE OUTPUT MODELS 

ADJ. VOLT MAX. MA. AT AMBIENT OF: 1 
Model RANGE voe 40°C so•c &0°c 11 °c 

LCS-1·01A 0-7 275 (250) 220 (180) 165 (120) 110 (75) 

LCS·1·02A 0-18 130 (115) 130 (115) 100 (80) 85 (40) 

LCS·1 ·03A 0-32 90 (80) 90 (80) 90 (50) 50 (25) 

LCS·1-04A 0-60 50 (45) 50 (45) 50 (35) 30 (15) 

LCS·1·05A 0-120 18 (15) 18 (15) 18 (15) 18 (10) 

•Bracketed rati ngs a re for 47-53Hz operation. 

UNREGULATED POWER SUPPLY 

LUS·1-0I 190 voe 25 ma up to 71 °C at nominal line 
voltage for use with up to 7 Nixie~ tubes. 

LCS-2 SINGLE OUTPUT MODELS 

Model 

LCS-2-01 

LCS-2-02 

LCS-2-03 

LCS·2-G4 

LCS·2-05 

ADJ. VOLT. 
RANGEVDC 

0-7 

0-18 

0-32 

0-60 

0-120 

MAX. MA. AT AMBIENT OF: 1 

40°C 50°C 60°C 71 °C 

550 455 350 240 

330 275 210 140 

240 205 155 95 

145 115 87 57 

50 50 45 30 

LCS-3 SINGLE OUTPUT MODELS 

ADJ. VOLT. 
RANGEVDC 

MAX. MA. AT AMBIENT OF: 1 

Model 40°C 50"C 60°C 71 °C 

LCS-3-01 0-7 1200 

LCS-3-02 0-18 750 

LCS-3-03 0-32 400 

LCS·3-G4 0-60 240 

(N ix ie is trademark of Burroughs Corp.) 

Circle 192 on reader service card 

1000 750 500 

620 480 320 

350 265 170 

190 140 85 

Price l' l 

$70 

70 

70 

80 

85 

'35 

Price 12l 

$80 

80 

80 

90 

90 

Prlce<2l 

$90 

90 

90 

99 

LCS-4 SINGLE OUTPUT MODELS (Fixed Voltage) 

FIXED VOLT. MAX. AMPS. AT AMBIENT OF: I 
Model RANGE VDC 40°C 50°C 60°C 71 °C Price<ZI 

LCS-4·3 3±5% 

LCS-4·3P6 3.6±5% 

LCS-4-4 4±5% 

LCS-4-4P5 4.5±5% 

LCS-4·5 5±5% 

LCS-4·6 6±5% 

LCS-4-8 8±5% 

LCS-4·10 10±5% 

LCS-4·12 12+5% 

LCS-4·15 15±5% 

LCS-4-11 18±5% 

LCS-4·20 20±5% 

LCS-4-24 24±5% 

LCS-4·21 28±5% 

LCS-4°38 36±5% 

LCS-4-41 48±5% 

LCS-4°100 100±5% 

LCS-4-120 120±5% 

LCS-4-150 150±5% 

Model 

LCS-4-01 

LCS-4-02 

LCS·4·03 

LCS-4-G4 

LCS-4-05 

ADJ. VOLT. 
RANGEVDC 

0-7 

0-18 

0-32 

0-60 

0-120 

4.5 3.9 3.1 2.0 $130 

4.5 3.9 3.1 2.0 130 

4.5 3.9 3.1 2.0 130 

4.4 3.7 2.9 1.8 130 

4.4 3.7 2.9 1.8 130 

4.0 3.4 2.6 1.5 130 

4.0 3.4 2.6 1.5 130 

3.2 2.8 2.2 1.3 130 

3.1 2.8 2.2 1.3 130 

2.8 2.6 2.1 1.3 130 

2.6 2.4 2.0 1.2 130 

2.4 2.2 1.9 1.1 130 

2.2 1.8 1.5 0.95 130 

2.0 1.6 1.4 0.85 130 

1.8 1.5 1.3 0.85 140 

1.2 1.1 0.9 0.75 140 

0.46 0.46 0.46 0.34 140 

0.40 0.40 0.40 0.30 140 

0.32 0.32 0.32 0 .25 

MAX. AMPS. AT AMBIENT OF: I 
40°C 50°c 60°C 71 °C Price12l 

3.3 3.0 2.3 1.5 $130 

1.8 1.6 1.2 0.8 130 

1.0 0.9 0.7 o .5 130 

0.55 0.5 0.43 0.3 140 

0.25 0.25 0.22 0.16 140 

LCD-2 DUAL OUTPUT MODELS 

Model 

LCD·2·11 

LCD·2-12 

LCD-2-13 

LCD-2-22 

LCD-2-23 

ADJ . VOLT. 
RANGE VDC MAX. MA. AT AMBIENT OF: ' 
(EACH SIDE) 40°C 50°C 60°C 71 °C 

0-7 
0-7 

0-18 
0-7 

0-32 
0-7 

0-18 
0-18 

0-32 
0-18 

300 
300 

160 
300 

120 
300 

160 
160 

120 
160 

240 
240 

130 
240 

95 
240 

130 
130 

95 
130 

175 
175 

100 
175 

70 
175 

100 
100 

70 
100 

115 
115 

65 
115 

45 
115 

65 
65 

45 
65 

Price l 'I 

$125 

125 

125 

125 

125 



guarantee on parts and labor will. 
LCD-2 DUAL OUTPUT MODELS Continued 

ADJ. VOLT. 
RANGEVDC MAX. MA. AT AMBIENT OF: ' 

Model (EACH SIDE) 4o·c so·c &0·c 71 °C PriceP> 

LCD·2-33 0-32 120 95 70 45 $125 
0-32 120 95 70 45 

LCD-2-44 0-60 65 52 37 23 170 
0-60 65 52 37 23 

LCD·2·55 0-120 30 30 22 14 170 
0-120 30 30 22 14 

LCD· 3 DUAL OUTPUT MODELS 

3%s" x 3%" x 5" 

ADJ. VOLT. MAX. MA. AT AMBIENT OF: 1 
Model RANGEVDC 40°C 50°C I0°C 71°C Prlce(2l 

LCD-3·11 0-7 700 590 480 340 $150 
0-7 700 590 480 340 

LCD·3-12 0-7 700 590 480 340 150 
0-18 400 350 300 210 

LCD·3-13 0-7 700 590 480 340 150 
0-32 225 190 160 120 

LCD-3-22 0-18 400 350 300 210 150 
0-18 400 350 300 210 

LCD·3·23 0-18 400 350 300 210 150 
0-32 225 190 160 1'20 

LCD-3-33 0-32 225 190 160 120 150 
0-32 225 190 160 120 

LCD·3-44 0-60 130 100 70 45 1'1'5 
0-60 130 100 70 45 

LCD-A DUAL OUTPUT MODELS 

3%s" x 3%" x 61h" 

ADJ. VOLT. MAX. AMPS. AT AMBIENT OF:' 
Model RANGEVDC 40°C so•c I0°C 71°C Price<2> 

LCD·A·11 0-7 1.0 0 .9 0.7 0 .5 $155 
0-7 1.0 0 .9 0 .7 0.5 

LCD-A·12 0-18 0 .5 0 .45 0 .4 o .~ 155 
0·1 1.0 0.9 0 .7 0.5 

LCD·A·13 0-32 0 .35 0 .3 0'. 25 0 .2 155 
0-7 1.0 0 .9 0.7 0.5 

LCD-A·22 0-18 0.5 0 .45 0 .4 0 .3 155 
0-18 0 .5 0 .45 0 .4 0 .3 

LCD-A-23 0-32 0 .35 0 .3 0.25 0 .2 155 
0-18 0.5 0 .45 0 .4 0 .3 

LCD-A-33 0-32 0 .35 0 .3 0.25 0.2 155 
0-32 0 .35 0 .3 0 .25 0.2 

LCD-A-44 0-60 0 .2 0 .18 0. 14 0 .12 180 
0-60 0 .2 0 .18 0.14 0.12 

LCD·A·55 0-120 75 ma 75 ma 75ma 60 ma 200 
0-120 75 ma 75 ma 75ma soma 

Write, wire or call 
for new 72-page 
catalog ......... ~ 

LCD-4 DUAL OUTPUT MODELS 

ADJ. VOLT. MAX. AMPS. AT AMBIENT OF: 1 

Model RANGEVDC 40°C so·c &O"C 11··c 
LCD-4·11 0-7 1.8 1.5 1.2 0.7 

0-7 1.8 1.5 1.2 0 .7 

LCD-4·12 0-18 1.0 0 .8 0.65 0.4 
0·7 1.8 1.5 1.2 0.7 

LCD-4-13 0-32 0.6 0 .53 0.4 0.24 
0-7 1.8 1.5 1.2 0 .7 

LCD-4·22 0-18 1.0 0.8 0.65 0.4 
0-18 1.0 0.8 Q.65 0 .4 

LCD-4·23 0-32 0.6 0 .53 0 .4 0.24 
0-18 1.0 0 .8 0 .65 0.4 

LCD-4·33 0-32 0 .6 0.53 0 .4 0.24 
0-32 0 .6 0 .53 0 .4 0.24 

LCD-4-44 0-60 0 .33 0 .3 0.24 0 .15 
0-60 0 .33 0.3 0.24 0.15 

LCD-4·55 0-120 0.12 0 .1 2 0 .12 0.075 
0-120 0.12 0 .12 0 .12 0.075 

LCD-4·152 15±5% 1.5 1.3 1.0 0 .6 
Fixed 15±5% 1.5 1.3 1.0 0 .6 

OVERVOLTAGE PROTECTORS (ACCESSORIES) 
(Separate OV required for each output) 

ADJ. VOLT. 
Model RANGEVDC FOR USE WITH 

LC·OV-10 3-24 
LCS-1, LCS-2, LCD-2, 

LC·OV·11 3-47 
LCS·3 , LCD-3 

LC·OV-12 3-70 

LM·OV· 1 3- 8 
Fixed Vollage 

LM-OV· 2 6-20 LCS-4, LCD-4 
LM·OV· 3 18-70 

LH·OV· 4 3-24 
LCD-A&wide 

LH-OV· 5 3-47 range LCD-4, LCS-4 
LH·OV· I 3-70 

Price<2> 

$190 

190 

190 

190 

190 

190 

241 

241 

22t 

Price<21 

$20 

20 
25 

30 
30 
30 

35 
35 
35 

NOTES: (1) For operation at other than 57-63 Hz, consult factory for 
ratings and specifications. 
(2) All prices FOB Melville, N. Y. All prices and specifications 
subject to change without notice. 

One day delivery-90% of all models 

Guaranteed for five years material and labor 

These are new reduced prices 
effective November 1, 1969. 

& 
LAMBDA 
ELECTRONICS CORP. 

A <ecompony 

515 BROAD HOLLOW ROAD, MEL VILLE, l. I., NEW YORK 11746. TELEPHONE: 516-694-4200. TWX 510-224-6484; CABLE: LAMBDA TRON, MEL VILLE, N. Y. 
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Where do you go if you are looking for 
high - performance, high - reliability solid -
state power sources, traveling-wave tubes, 
and triode cavity devices? Sure, you don 't 
need them for any one microwave system. 
But can you get them from a single micro­
wave source? 

Call RCA. For more than two decades, 
RCA has devoted itself to design and de­
ve lopment of product that could easily be 
integrated into a microwave system. A su­
perior product line has resulted. It includes: 

D Packaged solid-state "black-boxes" 
such as Transferred Electron Osci llators, 
Microwave Integrated Circuits and Fer-

rite devices for a variety of applications 
which include phased array radar, navi­
gation and communications . 

D Ceramic-metal TWT's that represent sig­
nificant break-throughs in size, weight, 
and performance for ECM applications. 

D Pulsed triode cavities with improved 
efficiencies, longer life, and stable per­
formance for airborne automatic traffic 
contro l and altimeter systems. 
Designed into dozens of systems, from 

ground support equipment to sate l lite 
communications, any of these components 
are examples of advances made possible 
only through years of involvement with 

In Microwaves, 

system des igners' problems. They could 
endow your system with advanced re lia­
bility and performance. 

For more information, consult your local 
RCA Representative. ror technical data, 
write: RCA Electronic Components, Sec­
tion A-19-2 /ZM6, Commercial Engi­
neering, Harrison, N. J . 07029. In Europe: 
RCA International Marketing S.A. , 2-4 rue 
du Lievre, 1227 Geneva, Switzerland. 

the hot line is RCA 


