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The Coherent Tone Burst 
.. Has the Bandwidth Properties of a Pulse and the Tunability of a Pure Tone 
The interrupted periodic wave produced by the GR Tone­

Burst Generator is a most usefu l s ignal. ll s 111casured , repealed 
ac transients can do what continuous wal'eS and pulses cannot 
do. 

The tone-burst signa l is made up ofa series of equa ll y spaced 
energy bursts of equal duration, created by a lternate pa ss ing 
and blocking of an external periodic signal - sine wa1e or 
otherw ise. Each burst contains a precisely se lec ted number of 
cycles of the periodic wave. Moreover , si nce the signal 11·ithin 
one burst is coherent (phase-stable) with that in another burst, 
energy di stribution within th e frequency spectrum is precise ly 

WAVEFORM SPECTRUM ENVELOPE 

CONTINUOUS TONE 

defined; thus, the tone-burst 
signal becomes an ext remel y 
usefu l test s ignal. 

The frequency spect rum of 
a coherent tone-burst signal 
clearly shows holl' useful a 

s=L ~ 
Torno~ 

'"'"'"'' signal it is, particularly for 
bandpass mea s urement s. 
U nlike the s in gle-line spec­
trum of the plain sine wave 
and th e spcctru111 of the 
repctitil'e pul se (whose en­
ergy is tied lo th e origin and 
ca n not be concentrated 
where you want it ), the 
sy mmetrica l spec trum of the 
coherent tone-burst signal 
can be shaped and placed 

PULSE F•eciuency 

where it is needed. The tone burst's center frequency is simply 
that of the periodic wave from which the tone-burst signa l is 
deril'ed; consequently, the center frequency can be shifted 
easily . The tone burs t's bandll'idth can also be varied over an 
ext reme ly wide range by adjustment of the nu111bcr of cycles in 
th e burst and the number of cyc les between bursts. Thus, the 
lest signal rnn be " tail ored" and located in the frequency spec­
trum to lit yo ur mcasure111cnt needs exactly. 

In a test, 31 -cyc le bursts of a 10-kc sine wave were used 
to measure the transient re­
sponse of a circuit reso na nt 
above I 0 kc / s. The upper 
trace of the oscillogram is 
that of the tone-burst signal; 
the lower trace sho ws the 
signal after it has passed 
through the circu it. Ri se and 
fa 11 ti 111cs a re easily 111cas­
ured on thi s trace, and over­
shoot and ringing arc clearly 
visible . 

The tone-burst generator 
is useful in many other appl ications including telemetry-signal 
simulat ion, sonar testing , and a111plificr rcco1c ry-ti111c 111easurc-
111ents. For mo re infor111a ti on about thi s 1·e1·sa tile instru111cnt, 
write for the preprint "A Generator of AC Transients ." l n­
stru111ent Note lN-105 , a detailed analysis of the Fourier fre­
quency spectrum of tone-burst signals, is also available on 
request. 

CONDEN SED SPECIFICATIONS 
Signal Input (to be suppli ed by an externa l 

generator or oscillator); 
Frequency Range: DC to 500 kc / s. 
Maximum Voltage Level: ±7 volts 
(5 volts, rms). 

Gate Timing: Gate-open and -closed inter­
vals can be independently set to 2, 4, 8, 16, 
32, 64, or 128 cycles (periods) of timing 
signal. By means of a M INUS ONE switch, 
interva ls can be set to 1, 3, 7, 15, 31, 63, or 
127 cycles. The gate -closed interva ls can 
a lso be timed in increments of one period 
of timing signal from 1 ms to 10 s. 

Gate-Open Output: Maximum s igna l le vel is 
± 7 vo lts (5 volts, rms). 

Gate-Closed Output: Less than 140 millivolts, 
peak-to-peak (-40 dB), with maximum 
signa l input. 

Switching Transients: Less than 140 milli­
volts, peak-to-peak (-40 dB compared to 
maximum signal input). 

Size: 8 by 5'Va by 71/2 inches, over-all. 
Price: $490 in U. S.A. 

Type 1396-A Tone- Burst Generator . . . 
a coherent ga te for any waveform ... produces ton e-bu rst signals 

with th e coherence necessary for accura te , reprodu cib le measurements. 
Write for Complete Information 

GENERAL RADIO COMPANY 
IN CANADA: Toronto 247·2171, Montreal (Mt. Royal ) 737·3673 
IN EUROPE : Zur ich, Switzerland - London, Engla nd WEST CONCO RD, MASSAC HU SETTS 

BOSTON NEW YO RK, N. Y., 964-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C . SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAND 
(W. Concord ) 646-0550 (Ridgefield, N. J.) 943-3140 (Oak Park) 848-9400 (Fl. Wash1nRlon) 646-8030 (Rockvtlle. Md.) 946- 1600 <l54-9373 Fl 7 -4031 (Los Altos) 948-8233 469-6201 '125 · 467 l 886-0 150 
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NEW STRIP-CHART WRITING TECHNIQUE: 
Ends pen clogging, ink drying 
Gives clear, clean traces 
Provides new economy 

New Hewlett-Packard electrosensitive paper, available 
as a standard option on Moseley 680 and 7100 Series 
Strip-Chart Recorders, ends the problems associated 
with pen-and-ink writing techniques ... at an economical 
price and without the disadvantages inherent in other 
available electric writing methods. 

The Hewlett-Packard electrosensitive paper is a spe­
cial electro-chemical coated chart paper. The coating is 
current sensitive, changing to a dark brown trace with 
application of voltage from the recorder stylus. The new 
technique eliminates the familiar arc method of electric 
writing on carbon-backed paper. 

pressure sensitive, so that you can't damage or obscure 
your recordings. 

Here's another advance in recording capability from 
Hewlett-Packard. Call your Hewlett-Packard field engi­
neer for information on converting your strip-chart 
recorder to maintenance-free electric writing. Or write 

· for information: Hewlett-Packard, Palo Alto, California 
94304, Tel. (415) 326-7000; Europe : 54 Route des 
Acacias, Geneva. 

Data subject to change without notice. 

~ With Hewlett-Packard electric writing, you can use 
your strip-chart recorders for long-term, unattended 
monitoring, with increased performance at slow writing 
speeds, as well as at high writing speed. It is non-

Visit The Moseley Division of Hewlett-Packard at IEEE 3rd Floor New York Coliseum. March 21-414 
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Equipment designers and system engineers 
working in a spectrum that daily grow~ 
more crowded, find an ever-increasing need 
to identify, perfect and then docur.1ent the 
spectrum signature of their equipment or 
system. Historically, signature gathering has 
been a time-consuming, expensive process. 
Worse than that, it's usually required at a 
critical stage of design work, when time is 
at a premium. 

Modern spectrum analysis affords wel­
come relief, because acquisition of signa­
tures has become virtually instantaneous, 
using the Hewlett-Packard 851B/8551A 
Spectrum Analyzer, in conjunction with the 
hp 1968 Oscilloscope Camera. 

Major innovations in spectrum analyzer 
design, incorporated in the 8518/ 8551A, 
not only save time, but also improve the 
definition of the signature "finger-print." 
These include calibrated spectrum widths 
to 2 gc, 60 db of calibrated display dynamic 
range, 4 gc image separation and flat re­
sponse, free of spurious and residual 
signals. 

Broadband signatures, with t he 2 gc 
spectrum width, are instantaneous and cali­
brated, and the wide display dynamic range 
permits analysis of both weak and strong 
signals in the spectrum. Narrowband dis­
plays, useful, for example, in examining 
modulation, are equally simple with the 
8518 / 8551A, which offers stable traces to 
10 kc/ cm, derived from a unique sampling 
phase-lock system with in the spectrum 
analyzer. 

Increased versatility ... and resulting sav­
ings in time ... guided the design philos­
ophy behind the "open" front end of the 
hp spectrum analyzer. This "open" front 
end (no pre-selection), which accepts sig­
nals from 10 me to 12.4 gc (to 40 gc with 
additional waveguide mixers), permits sim- ~ cect 
plest adaptation to the greatest number of 
measurement requirements. This design -
technique provides for the use of econom­
ical accessory filters, where some form of 
pre-selection might be desired (i.e., low­
pass or band-pass filters, such as the hp 
360 Series or 8430 Series). Appropriate 
pre-amps also are applicable, where in­
creased sensitivity is required. Extreme 
resolution of close-in signals (even those 
of greatly different amplitudes) can be 
achieved with the hp 8442A Crystal Filter. 

AT'l'£lilWITOll ICllU . , 
~f'W'•.,... 

llO 

The increased resolution possible with the 
hp 8442A 1 kc filter is demonstrated here, 
with the normal 1 kc bandwidth display on 
the left, the display with the 8442A installed 
on the right; horizontal scale 10 kc/ cm at 
150 me, vertical 10 db/cm. 

Circle 2 on reader service card 

Viewing of transients, often. missed when 
slow-tuned receiver/ recorder systems were 
used for time-consuming signature work, is 
preserved simply and economically with the 
8518/8551A and the 1968 Camera, as 
demonstrated here: 

Spectrum signature of L-Band radar (hori­
zontal 3 me/cm, vertical 10 db/cm); 8518/ 
8551A wide display dynamic range allows 
viewing of magnetron moding and transi­
ents 40-50 db below pulse main Jobe. 

The problems discussed here are typical 
of many others prevalent and growing in 
the congested spectrum. That's why the 
8518/ 8551A is gaining in importance ... 
and application ... as a modern tool of spec­
trum analysis. 

A complete technical discussion of spec­
trum signature and other new or improved 
techniques of spectrum analysis is pre­
sented in Application Note 63A ("More on 
Spectrum Analysis"), a supplement to the 
earlier Application Note 63. You may get 
your copy, plus information on the 8518/ 
8551A, from your hp field engineer. Or 
write directly to Hewlett-Packard, Palo Alto, 
California 94304, Tel. ( 415) 326-7000; 
Europe: 54 Route des Acacias, Geneva; 
Canada: 8270 Mayrand Street, Montreal. 

Data subject to change without notice. 

See the Hewlett·Packerd spectrum analyze r 
at IEEE, 3rd Floor, New York Coliseum 
March 21-24. ' 

HEWLETT PACKARD 

An extra measure of quality 
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Readers Comment 

Setting the record straight 

To the Editor: 
In the article "A record prob­

lem" [Dec. 27, 1965, pp. 39-40]. 
You correctl y sta te th at United 
Data Control, Inc. is one of two 
firms whose advanced dPsign Flight 
Data Recorder is sla ted fo r future 
FAA tes ting. It is incorrect, how­
ever, to say that United Data Con­
trol, In c. is a division of th e Con­
trol Da ta Corp. 

Uni ted Data Control, In c., in 
South E l Monte, Cali fornia, is a 
su bsidiary of the United Control 
Corp. Redmond, \Vashington . 

Leo H. Cross 
United Control Corp. 
Redmond, Wash. 

Repet ition 

To the Editor: 
While reading E lectronics [Dec. 

13, 1965, p. 76] my attention was 
caught by a feature in the De­
signer's casebook-the improved 
one-shot circuit by Jozek Kalisz of 
\ iVarsaw, Poland. 

This circuit is very famili ar to 
me sin ce we have used it in the de­
sign of Philips circuit b locks s ince 
1963. 

Perhaps I have a suspicious 
mind, but I can't help wondering 
whether our data sheets have found 
their way to Poland. 

H einrich van Bruck 
N.V. Phil ips' Gloeilampenfabrieken 
Eindhoven, Neth erlands 

• Or possibly it's another case of 
an engineer developing somethin g 
which has b een developed already. 

Patented transformer 

To the Editor: 
I read with in terest the item, 

"D -c transformer? Yes-at-4.50° 
F" [Feb. 7, p. 25]. 

In particular, the foll owing sta te­
ments descr ibin g the transformer 
a ttracted my attention: "Th e b ot­
tom thin film is the pr imary and the 
top film is th e secondary. If two 
thin fil ms are deposited in either 
layer and connected in series, the 
transformation ratio becomes 2 to 
1 or 1 to 2." 

This is exactly th e sort of super-
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This Resistor has S Times the 
Resistance of a Conventional 

Metal-Film Resistor of Equal Size! 

Type Wattage 
Size Maximum 

Rating Resistance 
Extended-Range . 095 " D. Filmistor 1/10 .250 II L. 1.5 Mn 

Resistor 
Conventional 

. 095 11 D. Metal-Film 1/10 .250 II L. 
Resistor 

This Resistor is 21 Times Smaller than 
a Conventional Metal-Film Resistor 

with Equal Resistance Value! 

Type Maximum Wattage Size Resistance Rating 

Extended-Range .095 11 D . filmistor 1.5 M!J 1/ 10 .250 " L Resistor 
Conventional .250 " D . Metal-Film 1.5 Mn 1/2 .7 50 II l. 

Res istor 

Both Resistors are one and the same ... they're Sprague's new 
EXTENDED-RANGE FILMISTOR® METAL-FILM RESISTORS 

Substantial saving of space in all 
wattage ratings- 1/20, 1/10, 1/ 8, 1/4, 
l / 2 , and 1 watt-with absolutely 

NO SACRIFICE IN STABILITY! 

New manu factur ing techniques at Sprague Electric 
h ave made possible a major breakthrough in re is­
tance limits for metal-film resistors. Extended-R ange 
Fimistor Resistors now offer, in addition to accuracy 
. . . stability ... reliability ... extended resistance 
values in size reductions which were previously 
unobtainable. Size and weight advantages of Filmistor 
Resistors now make them the ideal selection for 
applications in high-impedance circuits, field-effect 

SPRAGUE COMPONENTS 

transistor circuits, etc., where space is at a premium. 
fany designs which previously had to settle for the 

higher temperature coefficients of carbon-film resistors 
in order to obtain required resistance values can now 
utilize the low and controll.ed temperature coefficients 
of Filmistor Metal-Film Resistors. 

Other key features are ± 1 % standard resistance toler­
ance. low inherent noi se level , negligible voltage 
coefficient of resis tance, and tough molded case for 
protection agai nst mechanical damage and humidity . 

For complete techn ical data, write for Engineering 
B11lleti11 7025C to Technical Literature Serl'ice, 
Sprag11e Electric Company, 35 Marshall Street, 
North Adams, Massachusetts 01248. 

RESISTORS PULSE TRANSFORMERS 

CAPACITORS INTERFERENCE FILTERS 

CERAMIC ·BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES SPRAGUE® 
TRANSISTORS PULSE.FORMING NETWOR~S 

THIN .FILM MICROCIRCUITS TOROIDAL INDUCTORS 

INTEGRATED MICROCIRCUITS ELECTRIC WAVE FILTERS 

BOBB IN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GAIT CONTRO LS 

FUNCTIONAL DIGITAL CIRCUITS 

THE MARK OF RELIABILITY 

ttlll:·nu •spraiiue ' and ·(2')· are ri! R; .> .--~ 1 ··11<>r.i;1rks of the Spuii:ue Electric Co . 
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Speed, up to 150 characters per second, 
bidirectional and asynchronous . .. fast front 

loading ... new simplified read head with fewer 
parts for greater life and easier maintenance. 

NEW TALLY TAPE READERS 
GIVE YOU MORE BITS 
PER DOLLAR ... LONGER 

Tally "R" series readers 
mark an important advance 
in the evolution of perfo­
rated tape technology. Offer­
ing a new combination of 
speed, price, and perform­
ance unmatched by any 
remotely comparable device, 
they are your best value 
today- and tomorrow. 

Here are some of the reasons 
why. Because of edgeless 
guiding and a four point 

6 Circle 6 on reader service card 

starwheel, these readers 
read tape longer and more 
accurately- even out-of-tol­
erance tape. Tape wear is 
virtually eliminated by star­
wheel reading. You can com­
fortably expect tape life to 
exceed 1,000 passes on any 
Tally reader. "R" series 
readers will read any tape 
material without regard to 
color, thickness, or opacity. 
They will read 5, 6, 7, or 8 
level tapes without modifica­
tion or adjustment. 

New "R" series readers are 
available in either 75 or 150 
character per second ver­
sions. They are offered in 
table top console without 
reeling or standard rack 

mount with or without in­
tegral reel tape handling. 

Let us send you the details. 
Address Mr. Ken Crawford, 
Tally Corporation, 1310 
Mercer Street, Seattle, 
Washington 98109, Phone: 
(206) MA 4-0760. TWX: 
(910) 444-2039. In the U.K. 
and Europe, address our 
man in London, H. Ulijohn, 
Tally Europe Ltd., Radnor 
House, 1272 London Road, 
London, S.W. 16, England, 
Phone: POLlards 9199. 

TALLY" 
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conduct ive transformer covered by 
my U.S. patent 3,124,679 applied 
for July 29, 19.59, and issued O ct. 
26, 1965. 

Ames, Iowa 

Space veteran 

To the Editor: 

R. K. Richards 

In the Dec. 27 issue [p . 26] you 
stated that " IT&T has built the 
first portable transceiver for use 
on a space miss ion." This is not 
true. 

A Sperry Phoenix ba ttery-pow­
ered uh f emergency beacon and 
transceiver has been a part of the 
personal survival pack of every 
Gemini as tronaut to da te and will 
be carried on all fu ture Gemini 
flights. In addition it will be car­
ried b y a ll Apollo astronauts. 

" ' hilc it is intended primarily to 
facilita te the location and recovery 
of as tronauts after landing or in 
the event of an emergency abort, 
it could be used in a sp ace environ­
men t ei ther connected to the space­
craft a ntenna or b y utilizing the 
built in flexible s teel antenna. 

John Kosek 
Sperry Phoenix Co. 
Division of Sperry Rand Corp. 
Phoenix. Ariz. 

Japan's influence 

To the Editor : 
In the editoria l of December 13, 

196.S. you mention th a t " nearly 
every P . S. consumer-products 
com pany uses Japanese devices­
an impress ive fact." To every U . S. 
manufacturer competing aga inst 
Japanese devices, the fact is neither 
impress ive nor surprising. The im­
plication in your editorial and ar­
ticle is that the ir industry is no 

longer built on cheap labor. Tht· 
fact of the matter, however, is that 
Japanese labor (overhead as well 
as direct) is still three or four times 
as cheap as in the U. S. and this is 
still the principal reason U. S. con­
sumer-products companies use 
their products . 

The primary commodity being 
imported is cheap labor no matter 
how you carnoflage it in print. 

L. G. :\ !umford 
Electronic Components Div. 
General E lectric Co. 
Owensboro, Ky. 

• Electronics was saying tha t 
Japanese com panies are no t relying 
solely on cheap labo r these days 
because labor rates are n smg 
rapidly and astute Japanese see the 
time when this advantage will be 
dissipated. The point of the edi ­
toria l was that too few U. S. com ­
panies are taking advantage of two 
fac tors the Japanese fear : automa­
tion and the pace of technolog~ · . 
The editorial and the articles on 
Japanese technology also pointed 
out tha t the Jap anese h ave be<'n 
very clever with the ir p roduct plan­
ning. striving to develop produ cts 
tha t a re not duplica ted in the U. S. 

A 100° error 

To the Editor: 
In ou r article, "D iode sheds its 

cos t]~ · package with beam-lead 
cons tru ction" [Jan . 24. p. 77], one 
fa irly important erro r crept in . The 
art icle s tates on page 81 tha t the 
temperature of the 1,500-hour life 
test " ·as 55°C. Actually, the tem­
perature of the tes t was 155°C. 

T. Earl Thomas Jr. 
.md Alan S. Esbitt 

General Instrument Corp. 
Newark, . J. 
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f ive weeks before chang ing your address. 
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--:-.,--~~~~~~~~~' 
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. I 

c~ ____ sta te ___ z!_c~ _J 

collagt 
A random collection of fact, opinion 

and miscellany . . . some of it a . 
blatant attempt to peddle the products 

and capabilities of Motorola 's 
Military Electronics Division. 

If this looks vaguely familiar 
it's because you've probably 
seen our humble little periodi­
cal that also bears the name, 
COLLAGE. ·1n a bold effort 
to save a little time and a few 
bucks some genius in the Mo­
torola hierarchy decided we 
ought to print a few of its less 
censorable i terns in high-class 
magazines like this. 

Al the rorerront 
etc. Department 

Our Chicago Center has developed a 
solid-state light deflector composed 
of alternate crystals of electro­
optical materials and birefringent 
calcite. It is capable of both matrix 
and continuous character genera­
tion, and can distribute information 
onto photosensitive media or dis­
play screens. As of press time, no 
one is quite sure if we ace selling 
these things or just bragging. If you 
get nasty though, we may send a 
recent Engineering Bulletin that tells 
about it. We're also pretty big on 
high-speed non-impact printers, 
but that's a story all in itself that 
we'll save for a later day. 
For more information, write to our 
Chicago Center. 

Continued on page 149 

Circle 7 on reader service card 7 



Where can you find 
the world's largest selection 
of HF antennas? 

Granger Associates 
has the answer 
now The world's largest selection of HF antennas is spread out for 

your consideration on G/ A's new Antenna Selection Chart- now 
free for the asking. You'll find 188 different antennas, all fully 

developed, proven and available. When you need an HF antenna, one of these 
standard models is likely to meet your requirements superbly. 

This full-color chart helps you quickly locate the antenna you need. You 
simply trace your requirements for directivity, transmission distance, frequency 
range, power capacity, input impedance, and ability to wi thstand wind and ice. 

The chart is only the beginning of the antenna service avai lable from Granger 
Associates. If you wish, GI A will provide all services from the initial propagation 
analysis to final on-site testing. 

Gentlemen: 
Please send me 
your HF antenna 
selection chart. 

Granger 
Associates 

CAREER OPPORTUNITIES FOR ENGINEERS IN ANTENNAS ANO TRANSMISSION PRODUCTS 

SEND THIS COUPON FOR FREE ANTENNA SELECTION CHART 

TITLE _________________ _ 

ORGANIZATION ______________ _ 

ADDRESS-----------------

ZIP ___ _ 

Granger Associates, 1601 California Ave., Palo Alto, California 94304 
or 
Granger Associates Ltd./Russell Hse., Molesey Rd. ,Walton-on-Thames, Surrey, England 

•-----------------------------------------------------------· 
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People 

When the Stewart-Warner Corp. 
decided to concentrate on digital 
circuits , one of its first moves was 
to name John P. 
Gates manufac­
huing manager 
of its microcir­
cuits division 
in S u n n y v a l e , 
Calif. Gates had 
b een manag e r 
of digital inte­
grated circuits 
at the Fairchild C amera & In­
strument Corp.'s semiconductor di­
vision in Mountain View, Calif. He 
is the first member of a new staff 
with the assignment of gathering a 
larger share of the digital circuit 
market and forgetting about selling 
linear circuits or other custom de­
signs. The new team replaces four 
recently released key employees 
[Electronics , Jan. 24, p. 26]. 

The first key employee released 
was William B. Hugle, formerly 
executive vice president and 
general manager; his wife, Frances 
Hugle, director of research and 
engineering; 1 om Prosser, an ex­
pert in linear circuit design ; and 
\Villiam Perrine, manufacturing 
manager. 

According to Gates , the primary 
job now is to overcome production 
problems that have plagued Stew­
art-,Varner. " \Ve're trying to raise 
yields and lower costs , a peren­
nial battle in this industry," he 
says . "Until we can do it, our 1966 
plan to hit the digital circuit field 
in fl atpacks and dual in-line 
packages is considerably ham­
pered." 

To help overcome the production 
problems, Stewart-"' arner has 
transferred almost all of its en­
gineering and research departnwnt 
to manufacturing operations. The 
company has also brought in Jack 
Coffey, formerly the Chicago-based 
sales manager, to become general 
manager of the microcircuits 
facility. By the end of this year, 
Stewart-YVarner hopes to be able 
to compete more effectively with 
the leaders in the digital circuit 
field. 

Gates was with Fairchild for 
three years. He has two master's 
degrees, one in electrical engineer-
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Power Tube Breakthrough 
Permits Nearly 100 to 1 
Grid to Plate 
Current Division 

Machlett research has led to a new 
magnetic beaming principle for use in 
grided powe r tubes. Th is breakthrough 
in power tube design results in 
higher power gain, increased tube 
efficiency, and maximum double-sided 
cathode utilization. As shown above 

(in simplified single-sided form), a permanent 
magnet, placed external to the active tube 
elements, controls the electron trajectory 
from cathode to plate so that only a negligible 
amount of electrons are intercepted by the 
grid -typ ically 23 as opposed to 203 in 
conventional tubes. Grid dissipation is no 
longer the limiting facto r in tube operation. 
Magnetic beaming is being applied to an 
expanding line of Machlett triodes and 
tetrodes. Whether you require high power/ 
high voltage triodes or tetrodes, UHF planar 
triodes, X-ray tubes or vidicons, or if you need 
assistance in research or design development, 
write The Machlett Laboratories, Inc., 
Springdale, Conn . 0687~ 

~ 
A SUBSIDIARY Of RAYTHEON COMPANY 
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New from Spraguel 
FOUR LEAD 
10·12. CASE 

2 

DUAL -EMITTER 
CHOPPER TRANSISTORS 

TYPE No 

3H90 
3H91 
3H92 
3H93 
3H94 

NIGH VOlTllfiE I REllllllE 
PlllNllR CONITRIJCT/ON I 

Sprague offers more dual-emitter transistor types than any other source! 
BVuo V o TYPE No BVEEO V o TYPE No BY no Vo TYPE No. BVuo Vo TYPE No BVu~ 
(volts) (µVJ (volts) ( µV) (volts) (µV) lvolls) (µVJ (volts 

30 50 3H95 50 200 3H104 20 50 3H109 50 150 3H116 12 
30 100 3H100 10 50 3H105 15 250 3H110 30 30 3H117 20 
30 200 3H101 30 50 3H106 30 250 3H111 30 150 3H118 20 
50 50 3H102 40 50 3H107 50 250 3Hl14 12 50 3H119 20 
50 100 3H103 50 50 3H108 50 30 3H115 12 100 3H123 25 

For complete information, write to Technical Literature Service, 
Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01248 

SPRAGUE COMPONENTS 

Vo 
(µV) 

200 
50 

100 
200 
250 

SPRAGUE® TRANSISTORS PACKAGEO COMPONENT ASSEMBLIES 

CAPACITORS FUNCTIONAL OIGITAL CIRCUITS 

RESISTORS MAGNETIC COMPONENTS 

THE MARK OF RELIABILITY THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS 

INTEGRATED CIRCUITS CERAMIC-BASE PRINTEO NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 

4
:;;:;;•Sl55Rl 'Sp1a1ue' and · (2) · aie re11sle1ed t1ademarlls ol lhe Scua1ue (lectnc Co. 
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People 

ing from Stanford University and 
the other in business administra­
tion from Santa Clara University. 

"\Vhen I first started in oceano­
graphic research 14 years ago, I 
had to worry about keeping wires 
dry. ·we've gone a long way since 
then. Now, with many of these 
basic problems solved and with 
larger budgets to work with, we 
can turn to the theoretical aspects 
of collecting data from the ocean." 
Speaking is Edward W. Johnson, 
the new manager of product ad­
ministration for the Ocean Systems 
Group of Litton Industries, Inc.'s 
Amecom division in Silver Springs, 
Md. 

Johnson's job is the develop­
ment of instruments for gathering 
information about the world be­
neath the waves . "The day will 
come," he speculates, "when a 
worldwide network of instruments 
will be deployed to collect data 
about the undersea environment." 

Currently, Johnson is working on 
one part of that possible network: 
deep-moored buoys. Under a Navy 
contrac t, Litton is developing in­
strument packages that can b e sub­
merged in 15,000 feet of water. The 
underwater capsules will be able 
to collect such data as temperature 
and pressure and telemeter it to 
data-collection bases. 

The trend now, he explains, is 
the conversion of analog data-col­
lection systems to digital systems, 
because digital information can be 
transmitted and analyzed more 
easily. 

Starts with fish. Johnson became 
involved in oceanography through 
his studies of biology and chemis­
try at Shepherd College; he re­
ceived a master's degree from the 
University of Maryland. His hope 
was to become a fish-conservation 
expert with th e federal govern­
ment. "But there simply weren't 
any jobs available," he explains, so 
he took a post with the Navy's 
Oceanographic Office and learned 
about instruments. Among his 
many assignments with the Navy 
was the development of automatic 
weather stations in the Arctic. 
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OUTPUT CURRENT (Ade) 

Automatic crossover between constant voltage and constant current modes 

Power Supply Specs 
That Set 

The Standard . 
The Sorensen QRC series-wide range, transistorized power 

supplies-provide constant voltage/ constant current regulation 

so sharp the units operate without ever leaving the specified 

regulation band. Voltage regulation is ::':::: .005% for line and 

loa d combined. The QRC's are provided with front panel dial 

set adjustment of voltage and current limits, as well as voltage/ 

current mode indica tor lights Other design features include: 

low ripple .. . l mV rms • No turn-on / turn-off overshoots • Re-

mote sensing and programming • Series/ parallel operation 

• Input voltage l 05-125 or 201-239 Voe, 50-400 c/ s • Easily 

replaceoble plug-in control boards • High efficiency and com ­

pact packaging. All Sorensen power supplies conform to pro­

posed NEMA standards . For QRC details, or other standard / 

custom power supplies, AC line regulators or frequency 

changers, contact your local Sorensen rep, or write: Sorensen, A 

Unit of Raytheon Company, South Norwalk, Connecticut 06856. 

ELECTRICAL & MECHANICAL SPECIFICATIONS 

OUTPUT CURRENT VOLTAGE 
VOLTAGE OUTPUT REGULATION RIPPLE RIPPLE RACK 

MODEL RANGE RANGE (LINE & LOAD VOLTAGE CURRENT CURRENT HEIGHT 
NUMBER (Vdc) (Ade) COMBINED) ( rms) REGULATION (rms ) (INCHES ) PRICE 

QRC20·08 0-20 0-8 ± .005% or ± I mv 1 mv ± .05% or± 4 ma 2 ma 3Y2 $410 .00 
QRC20-15 0-20 0-15 ± .005% or± 1 mv 1 mv ± .05% or± 8 ma 4 mo 5y. 525.00 
QRC20·30 0-20 0-30 ± .005% or ± I mv 1 mv ± .05% or± 16 ma 8 ma 7 700.00 
QRC40·4 0-40 0-4 ± .005% or ± 1 mv 1 mv ± .05% or± 2 ma l ma 5'/. t 315 .00 

RC40·8 0-40 0-8 ± .005% or ± 1 mv 1 mv ± .05% or± 4 mo 2 ma 3Y2 450 .00 
QRC40·15 0-40 0-15 ± .005% or ± I mv I mv ± .05% or± 8 ma 4 ma 5'/. 575 .00 
QRC40·30 0·40 0·30 ± .005% or ± 1 mv 1 mv :!; .05% or ± 16 ma 8 ma 7 775.00 
!Half rack 

A UNIT OF RAYTHEON COMPANY 
Circle 11 on reader service card 
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Never before has electrical engineering covered 
such a wide field as today. This extends from the 
thin magnetic films of high-speed memories to the 
mammoth dimensions of modern turbine gener­
ators. Electrical systems operate with subminia­
ture waves only a thousandth of a millimeter in 
length as well as low-frequency waves up to 
several kilometers in length. Research has pene­
trated into a subtemperature region only a few 
degrees above absolute zero. For its plasma 
investigations it generates temperatures ap­
proaching that of the sun. Reactor technology har­
nesses the inmost forces of the atomic nucleus. 
Communications satellites circle the earth. 
These extreme achievements give an idea of the 
broad range of our activities, which extend all 
the way from the study of first principles to the 
ultimate development of new products. That is 
why the Siemens Group keeps 15,000 of its em­
ployees assigned to R&D projects alone. The 
results of their efforts are of concrete benefit to 
all of our customers: every system that leaves 
our factories and every system we install reflects 
the sum total of the experience acquired and 
evaluated daily at our R& D laboratories. 

Components Plant, Munich 
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Siemens Polystyrene 
"Styroflex" Capacitors 

" Mica" properties at "paper" prices 

Unique properties of Polystyrene and the 
~ method of manufacture developed by 

Siemens (The polystyrene is stretched and 
stabilized in the stretched condition before 
winding. After winding, special heat treat­
ment shrinks the film, forming a hard, stable 
body.) results in low cost STYROFLEX 
capacitors which offer: 

• Reliability: 1) against voltage breakdown 
(assured by tests on each unit at 3.3 times 
rated voltage). 2) in the microvolt range (as­
sured by positive welded contacts between 
foil and leads). 

Stability against change in capacitance 
over long periods of time is one result of the 
solidity and hardness of the capacitors ... 
produced by the special film shrinking manu-

~ facturing process. 

Low Self-Inductance: values as low as for 
extended-foil construction. 

Low Diss ipation Factor: usually even lower 
than for mica capacitors, making them espe- @ 
cially suitable for filter circuits. er 

0 
t; 

High Resistance to Humidity: polystyrene tI 
z 
0 

1000 
mmF 

~ 
SIEMENS 

has the lowest water absorption coefficient 
of all capacitor dielectric materials. ~.01 i----...-~--..-~:__.j..__--1---l 

-
Highest Insulation Resistance: higher than 
for any other kind of dielectric. 

Immediate Shipment: substantial stocks are 
held in White Plains, N. Y. 

Electronics J February 21 , 1966 

a.. 
u; 
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6 
. 001 ~-~--~--~-~--~ 

Low dissipation factor (usually even 
lower than for mica capacitors) is 
provided by Styroflex capacitors . .. 
making them specially suitable for 
filter circuits. 

103 JO• !05 !06 107 JOB 
FREQUENCY (c/s} 

SIEMENS AMERICA INCORPORATED 
Components Divi sion 
230 Ferris Avenue, White Plains, N. Y. 
In Canada: 

SIEMENS CANADA LIMITED 
407 McGill Street, Montreal 1, P.Q. 
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most 
versatile 
rf 
sweep 
generator 

JERROLD 

9008 
• Sweep widths from 

1 Okc to 400mc 

• Frequency range 
500kc to 1,200mc 

Here is the ultimate instrument for 
all y~ur IF, VHF, and UHF sweep 
requirements. Famous for its sta­
bil ity and built-i n convenience: 
Crystal-controlled harmonic mark­
ers; variable-gain de or ac-coupled 
scope preamplifier; precision tur­
ret attenuator from zero to 50db 
in lOdb steps. Write for complete 
technical data. 

$1,980.00 f.o.b. Phila. 

-

JERROLD 
ELECTRONICS 
CORPORATION 

Government & Industrial Division 
Philadelphia, Pa . 19132 
Export: Rocke International, New York, N.Y. 10016 

SWEEP GENERATORS • AMPLIFIERS 
PRECISION ATTENUATORS • COMPARATORS 
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Meetings 

International Fa ir fo r Electronics, 
Automation and Instruments, Dan ish 
Electronics Industry; Exhibition Hall, 
Copenhagen, Denmark, Feb. 25-
March 6 . 

Joint Industry Military Government 
Pac '<aging and Transportation 
Symposium, National Security 
Industrial Association : Sheraton Park 
Hotel, Washington, Feb. 28-
March 2. 

Conference on Nondestructive Testing, 
Society for Nondestructive Testing ; 
Biltmore Hotel , Los Angeles, 
March 7-10. 

Symposium on Manufacturing 
In-Process Control and Measuring 
Techniques, Air Force Materials 
Laboratory and Motorola 
Semiconductor Products Division; 
Hiway House, Phoenix, Ariz., 
March 9-11. 

International ISA Aerospace 
Instrumentation Symposium , ISA, 
College of Aeronaut ics; College of 
Aeronau t ics, Cranfield , England, 
March 21-24. 

International Convention and 
Exhibition of the IEEE; New York 
Hilton Hotel and the Coliseum, 
New York, March 21-25. 

Microwave Measurement Symposium, 
Weinschel Engineering Co.; Essex 
House Hotel, New York, March 21 -24. 

Seminar on Computers and 
Automation in Europe, Lomond 
Systems, Inc.; Washington , and 
European t our, March 21 -April 7. 

National Association of Broadcasters 
Convention, NAB; Conrad Hil ton 
Hotel , Chicago, March 27-30. 

International Conference on Electronic 
Switching, Union of International 
Technical Associat ions, Societe 
Francaise des Electroniciens et des 
Rad ioelectriciens; UNESCO 
Conference Hall, Paris, France, 
March 28-31. 

Digital Electronics Seminar, RCA 
Institutes, Inc. ; Hotel New Yorker, 
New York, March 28-April 1. 

Automatic Control in Electricity 
Supply Meeting, IEE; Renold 
Bu ilding, Manchester College, 
England, March 29-31. 

Conference on Analysis and 
Synthesis of Networks, IEEE-NTG; 
Stuttgart, West Germany, 
March 31 -April 1. 

Industrial Engineering Conference, 
AllE ; Hotel Pontchartrain, Detroit, 
March 31-April 1. 

Advanced Seminar for Automatic Data 
Processing, International Computation 
Center; International Computation 
Center, Rome, April 6. 

Symposium on Electron anti Laser 
Beam Technology, IEEE, Un iversity of 
Michigan ; Ann Arbor, Mich., April 6-8. ':' 

Conference on Ground-Based 
Aeronomic S~unies of the Lower 
Ionosphere, AFCRL, ORTE; Defense 
Research Telecommunicati ons 
EstJblishment, Ottawa , Canada, April 
11-15. 

IEEE Region 111 Convention, IEEE; 
Marietta Motor Inn , Atlant a, April 11-13. 

Cleveland Electronics Conference, 
Cleveland section of IEEE: Engineering 
and Scien tific Center, Cleveland , 
Apr. 12-14. 

Call for papers 

Technical and Electronic Ceramic 
Manufacturers Exhibit and Seminar, 
Exhibition .\Innagement.; :\"e\\' York 
Trade Show 13uilding, ~ov. 1-3. 
April 15 is deadline for submission ol 
papers on th e use of technical and 
electronic grade ceramic materials in 
the mechanical, chemical processing. 
aerospace and electronic industries to 
John J. .\fc .\f anus. President, Royal 
\\ 'o rces ter Industria l Ceramics, Inc., 
11 E. 26th St ., :-\ew York 10010. 

IMEKO-Symposium on Microwave 
Measurement, Hungarian Scientific 
Societv for .\feasurement and Auto­
matirn;; House of Engineering Soci­
et ies. Budapest, Hungary, Oct. 12-24. 
April 30 is deadline for submission of 
three summaries of a paper on the 
theory and practice of micro,,·a,·e 
measurement, automation of micro­
wa,·e measurement techniques , or 
semi-conductors in micro\\'aYe meas­
urement to Prof. Dr. G. Almassv, 
Hungarian Scien tific Societv for .\Ieas­
urement and Automation." House of 
Engineering Societies. Budapest V. 
Szabasagter 17, Budapest. 

* Meeting preview on page 16 
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Value equals performance divided by price. 
Our new Null Detector/Microvoltmetei: 
satisfies the equation. The parameters: 
o 100 & 10 megohm input impedances o 1 
microvolt to 1000 vdc ranges with +2% 
accuracy o Input isolation 1012 ohms o takes 
up to 1200 vdc on any range o grounded 
recorder output ·isolated from input 
o rechargeable battery operation o price: 
$350, or $395 with batteries . 

Applications for the F luke 845 Null Detector/ Microvoltmeter include 
standardization of voltage dividers, intercomparison of standard cells, 

ratio measurements, voltage measurements with a de calibrator, isolation amplifier 
and as a general purpose transistorized voltmeter. Other specifications include I 

D C common mode rejection of better than 180 db; AC common mode FLU KE I 
rejection, 120 db; milspec shock and vibration requirements; size, 7" high x 81;2" 

wide; two units fit a 19" rack. For details and a demonstration, 
call your F luke engineering representative or write. 

FLUKE• Box 7428 •Seattle, Washington 98133 •Phone: (206) PR 6-1171 •TWX: (910) 449-2850 



All from Sprague I 

ENERGY- STORAGE 
CAPACITORS 

for every type of 

d ischarge application 

A pioneer in high voltage capac-

itors, Sprague has a broader line of designs 

for energy-storage applications than any other capac-

itor manufacturer. If your project involves lasers , masers, electronic 

photoflash , time-control circuits, exploding wire, thermonuclear fusion research. 

magnetization of permanent magnets , medical equipment. or similar discha rge 

applications, Sprague can provide a capacitor to meet your specific needs. 

Light, MoJerate, or Heavy Oury Capacitors 
Available types range from small, light-weight 
units for aerospace applications such as satellites, 
missiles. etc.. to heavy-duty capacitors for high­
current/ high-frequency oscillatory disc harges. 

BroaJ Range of Electrlcal Ratings 
Volt ages from 2 kilovolts to 24 kilovolts . Enugy 
ratings up to 6700 joules. Self-inductance as low 
as .0025 microhenry. 

Energy-Storage 
Electrolytic Capacitors 
A se lected line of cyl indrical 'l ytiu fo t 

ind ust rial opp ticotions re q uirif] g maxi · 
mum copocilonce i n min imum spa ce . 

SPRAGUE COMPONENTS 

CAPACITORS PACKAGED COMPONENT ASSEMBLIES 

TRANSISTORS FUNCTIONAL OIGITAL CIRCUITS 

RESISTORS MAGNETIC COMPONENTS 

THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS 

I NTEGRATED CIRCUITS 

INTERFERENCE FILTERS 

CERAMIC-BASE PRINTEO NETWORKS 

PULSE-FORMING NETWORKS 

16 Circle 16 on reader service card 

raper, Metallizel Paper, flnl Paper I Fiim De 
Metall ized capacitors intended for light-weight, 

space-savi ng applications ... one-ha lf the size, one­
third the weight of conventional capacitors . Other 

avail able designs include castor oil impregnation for 
extremely long lifo (assuring a high number of dis­

charges) , and non-flammable synthet ic ask a rel im­

pregnation for applications where non-combustibility 

is a prerequisite. 

For complete infonnation or application 

engineering assistance on Sprague Energy­

Storage Capacitors, write to Field Engineer­

ing Department, Sprague Electric Company, 

35 Marshall St., t'\orth Adams, Mass. 01248. 

SPRAGUE® 
THE MARK OF RELIABILITY 

· sp raaue· and \lJ · a1e rei1Steieo 11allemari..s ol ttle Sp1aaue Electric Co 

Meeting preview 

Holography and lasers 
The eighth annual symposium on 
electron and laser-beam technology 
\Yill open April 6 with a discussion 
of holography at the University of 
t-.Iichigan, at Ann Arbor. The uni­
versity will sponsor the three-day 
conference with the Institute of 
Electrical and Electronics Engi­
neers (IEEE) . 

Professor Dennis Gabor of Im­
perial College, London, will revie"· 
holography and discuss its applica­
tion. ~Iichigan's Professor Emmett 
Leith will consider application of 
holography to the measurement of 
differentiation and its use for proj­
ecting images through irregular 
mediums. He will tell of imaging 
through opaque objects and on 
three-dimensional media in labora­
tor~' experiments. 

Professor George Stroke, of 
~Iichigan Un ivers ity, will discuss 
the theoretical and experirncn tal 
foundations of holography. He \\'ill 
describe his discovery of a new 
type of reflection observed with 
white-light holograms. 

Prof. Stroke, "'ho coined the 
word " holography," has \\Titten th e 
first book on th e subject. "Tntro­
duction to H olo,gra•1hy," puhJi ~ l , c cl 

Februarv 9 bv American Press. In­
cluded i;1 the .book are three ra"C'rs 
b~, Prof. Gabor, who is the inventor 
of holography. Stroke's paper at 
the symposium will consider C'\'st­
ing applicat;ons and from t1'" !l1 

project future uses and ramifica­
tions of holography. Stroke ,,,,c] 
Leith are considered in th e for('­
front of research in this fi eld in 
America. 

Concluding sessions will deal 
with laser beam applications. Pro­
fessors J. A. Jenny, D . ~L Rank and 
Peter Franken , of ~Ii chigan . han.· 
been asked to discuss "Airborne 
Im·es tigation of Clear Air Turbu ­
lence \\'ith Laser Radar." Klaus D. 
\Iielenz of the ~ational Bureau of 
Standards , " ' ashington , will speak 
on ·'Lasers and their APt'lication 
to Length ~feas urcrnent. " 

In addition to the papers, discus­
sions are planned on th e produc­
tion of the laser bearn and its use 
in industry, machinery, construc­
tion and fabrication research. 
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In some businesses 
it pays to be slow 

That's right, slow. You just don't need that hot .5 
µsec or 2 µsec memory you've been dreaming about 
if your digital applications are data transmission, 
process control, data display or any of hundreds of 
other commercial and military applications. 
It costs a lot of money to make fast stacks and add 
the electronics that will keep them honest. 
We know. We make them. For busi-
nesses that need them. 
But what plenty of businesses 
need is wide operating margins, 
low cost and reliability. What 
you get with slower mem­
ories. 
Take our 8 µsec core mem-
ory systems. They may be fast ~ 
enough to do the job you need done. 
And they have wide operating margins 
over a broad range of environmental conditions. 
(Our FX-12 system shown here has wide oper­
~FERROXCUBE CORPORATION OF AMERICA 
~Saugerties, New York 

Electronics I February 2 1, 1966 

ating margins over a 0°to +65°C temperature range 
even with a 103 variation ind c input voltages.) 
You save money (about 503 in fact) because with 
slower memories we're able to use fewer compo­
nents. Less critical components. And our produc-

tion and testing techniques are simpler. 
We're ready to support everything 

we've said through actual 
demonstration. We do 
it every day. We know 
more about memory 
system construction 
than anyone else in 
the business, and are 
prepared to deliver ' f new concepts in design, 

,~ f packaging and organization. 
~ 

Send for our Bulletin 3003, and 
tell us about the application you 

have in mind. Just a few lines on your com­
pany letterhead will do. Think slow. But act fast. 

Circle 17 on reader service ca rd 17 
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crisp, classic 
Horizon Line? 

trim, built-in 
Horizon Line? 

Bui It-in or front-mounted, General 

Electric HORIZON LINE® panel 

meters add quiet sophistication that 

accents, never dominates your elec­

tronic equipment. Check these dis­

tinctive HORIZON LINE features: 

smart, low-profile; clean, soft line; 

fine-precision markings. All ratings 

are available in 2W', 3W', and 4W'. 

distinctive 
Big Look? 

Add bold, exciting, truly distinctive 

styling to your electronic equipment 

with General Electric BIG LOOK® 

panel meters. Panelboards take on 

added flair with such BIG LOOK fea­
tures as ... big, bold numerals, 

uncluttered display, tapered pointer, 

stylish shape, plus many others. All 

ratings are availab le in l'll', 2¥2", 

3W',4W'. 
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Besides saving you valuable panel 

space, General Electric slim-line 

Type 185 EDGEWISE panel meters 

add exceptional styling and read­

ability to your electronic equipment. 

These 21/4" Type 185 EDGEWISE 

panel meters can be mounted in­

dividually or in space-saving clusters 

of two, three, or more. All ratings 

are available for vertical or horizon­

tal mounting, with or without bezels. 

smart, slim 
edgewise? 
~ 

I 11111111 nlllllll I 

l1111 11111T1111 11111 1 
0 25 50 75 100 

OC VO LTS 

I ® 
1111 11 II 1111 I q 111 'I 

0 25 50 75 100 
DC VOLTS 

style-matched 
time meters? 

MINUTES 

I l•I•I•I•I•lOJ GI 
1/10 

GENEHL @EL ECTRIC 

MP117114 

Distinctive BIG LOOK styling is yours 

with General Electric BIG LOOK 

elapsed time meters. These "look­

alike" time meters combine to give 

your equipment uniformity and 

beauty. G-E elapsed time meters 

measure either hours or minutes 

with or without a reset knob. Al I 

ratings are available in 21/z'' and 31/z''. 

bright, bold 
meter relay? 

Add years ahead BIG LOOK styling 

to your equipment with General 

Electric Type 195 contactless meter 

relays, featuring a totally new, solid­

state, light-sensitive switch for the 

ultimate in control simplicity and 

readability. "Piggyback" control 

modules make for faster, easier in­

stallation. Companion pyrometers 

are also offered. All ratings are avail­

able in three sizes (21/z'', 31/z'', 41/z'') 

with single or double setpoints. 

You can gel it ... from General Elec:tric:'s full line 
And, of course, General Electric's full line of panel meters is unmatched for accuracy and reli­
ability. They're as near as your dependable G-E electronic distributor or sales office. You get 
fast delivery, too. For free descriptive bulletins describing G.E.'s full line of panel meters, write 

General Electric Co., Section 592-25A, a 
Schenectady, New York 12305. G E N E R A l • E L E CT R I C 
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Sampling RF Voltmeter I 
hp 3406A Broadband Sampling Voltmeter 

\ 

Unique sampling technique has been applied to an analog 
meter to permit economical, broadband measurements. 

The 3406A is an average-responding voltmeter that 
provides more accuracy and sensitivity than is presently 
available from any other type. 

Peak and true rms measurements can be made using 
the "sample hold" output. Many other uses include retrieval 
of AM carrier envelopes, power and noise measurements. 

Extra features, such as the front-panel calibrator and the 

• 

pushbutton probe (which allows retention of a reading), ..._ 

See it at IEEE 
3rd floor New York Coliseum 

March 21-24 

are among some of the many reasons why you should call 
your Hewlett-Packard field engineer. Or write for full speci­
fications and a description of this state-of-the-art sampling 
technique to Hewlett-Packard, Palo Alto, Calif. 94304. Tel. 
(415) 326-7000; Europe: 54 Route des Acacias , Geneva. 
*Measured with a low-frequency scope. 

Complete accessories available 

Electronics February 21. 1966 
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measure 1 MV to 3 V, 
10 l<Hz to 1 GHz! 

The first rf voltmeter to give: 
• 50 µ,V readings with 20 µ,v resolution 

• ± 5% measurements at 700 MHz (usable to 2 GHz) 

• Linear scale on all ranges 

• Recorder and sample hold outputs * 

• Probe with measurement retention 

• Price-only $650 

Specifications, hp 3406A 
Voltage range: 1 mv to 3 v full scale, 8 ranges; db - 50 

to +20 dbm (0 dbm=l mw in 50 ohms); 
absolute average-reading instrument cal­
ibrated to rms of sine wave 

Frequency range: 10 kHz to 1 GHz, useful sensitivity 1000 
Hz to beyond 2 GHz 

Full-scale accuracy: ±3%, 10 kHz to 100 MHz; ±5%, 100 
MHz to 700 MHz; ±8%, 700 MHz to 
1 GHz 

Input impedance: 100,000 ohms at 100 kHz, capacity ap­
proximately 2 pf (input capacity and re­
sistance depend on accessory tip used) 

Outputs: de recorder, 1.2 ma into 1 K ohms at full 
scale, proportional to meter deflection; 
ac, sample-hold output-ac signal statis­
tically equivalent to measured signal (on 
ranges 0.01 v and above) 

Meter scales: 

Dimensions: 

Accessory 
furnished: 

Accessories 
available: 

linear voltage, 0 to 1 and 0 to 3; db, 
-12 to +3; individually calibrated taut­
band meter 
6¥2'' high, 8'l's" wide, ll112" deep (165 x 
225 x 292 mm); 8 lbs 

l 1072A Isolator Ti p 

l 1064A Basic Probe Kit ($100) -
11063A '50 Ohm "T" 
10214A 10:1 Divider Tii: 
10218A BNC Adapter 
(0950-0090) 50 Ohm Termination 

11071A Probe Kit ($185) consists of 
above, plus-

ll 073A Pen Type Probe 
10219A Type 874A Adapter 
10220A Microdot Adapter 
11035A Probe Tip Kit 

Data subject to change without notice. Prices t.o.b. factory. 
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kissin' 
• cousins 

These two digital modules are direct ly related to 99 
other standard Flip Chip™ modules. They are related 
electri cally, physicall y, and logi cally, and they all carry 
the same 10-year guarantee. 

Together with their kinfolk, they can be arranged to 
make an up counte1-, a down counter, a shift register, 
a jam t i-ansfer buffer, a high speed parallel adder, an 
ana log to di gita l converte1·, or a vice versa. 

Or a signal multiplexer, a typewriter driver, a Gray to 
binary converter, a vice versa, a paper tape punch 
control, a reader control, a pseudo random sequence 
generator, a data acquisition system, or an interface 
between peripherals and a real time computer. 

Sometimes it pays to have a big family. 

Write for a catalog. 

I DIGITAL I 
MODULES • COMPUTERS 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 0175~ . Telephone: (6171 897-882 1 • Cambridge, Mass. • //ash1ngton, D. C. • Pa rsippany, N. J . • 
Rochesttr, N.Y . • Philadelph ia . Huntsvi le . Orlando . Pittsburgh . Chicago . Demer . Ann Arbor . Los Angeles • Palo Alto • Seattle · Carleton Place and Toron to, 
Ont. • RAacl1nq, Enq land • Paris , France • Munich and Cologne, Germanv • S·1dney and Nest Perth, Australia • Modules distri buted al so through A ll ied Radio 

I 

' I" 
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Editorial 

Electronics 
for neglected G.I. 
By the end of the year, the United States will 
have more th an 400,000 men in Vietnam-un­
less a miracle occurs to encl the £ghting and 
that seems less likely every day. Ju st equipping 
a force that size for combat mean s a substantial 
increase in bu siness for the electronics £rms 
supplying ground communications and elec­
tronics for the soldiers and aircraft. Some sup­
pliers have already added extra work shifts to 
meet suddenly accelera ted delivery times and 
new orders with ru sh shipment dates. 

But supplying equipment already designed is 
only a part of the task electronics £rms face. 
The type of warfare in Vietnam demands a 
generation of new electronics equipment-far 
better communications gear for work in a 
jungle; easier-to-use, lighter communications that 
more £eld soldiers can carry, and better sur­
veillance radar to spot an enemy on the ground. 

A great number of th e elec tronics projects fo r 
ground forces have remained locked up in re­
ports because the Pentagon has not taken much 
interes t in th em [see story on p. 38]. 

F or most of the past 15 years, the Defense 
Department has concentra ted on strategic 
weapons-intercontinental bombers or missiles , 
gian t electronic warning sys tems, complex com­
mand and control sys tems and anti submarine­
warfare sys tems. The United States' defense 
pos ture was geared to face a hostile Soviet 
Union whose strategic arsenal was building up 
just as rapidly. As la te as 1960, a president of 
the United Sta tes was elected campaigning 
abou t a "miss ile gap." 

Circumstances and history have changed. 
\ Vith b oth U. S. and Soviet forces equipped with 
enough armamen ts to destroy the world (though, 
how many times can the world be destroyed?), 
the two governments h ave adoptC'd a more con­
cilia tory pose: the deadly s trategic weapons are 

-+- Circle 22 on reader service card 

holstered. In the kind of "little war" b ein g 
fought in Vietnam, the big weapon is almos t 
useless. In a battle£eld without a front line there 
is no place for ICBM's. The U. S.'s effi cient radar 
warning lin es and command and control sys­
tems have little to do against the dozen or so 
fl gh ter planes of North Vietnam's puny air 
fo rce. In a land war against an enemy whose 
Navy consists of small patrol b oats, antisub­
marine warfare is as unnecessary as an overcoat 
in the jungle. 

For many years, the Pentagon offered one 
excuse for no t pushing improvements in military 
electronics for ground forces. Defense b rass 
claimed that solid state components weren ' t 
good enough, powerful enough or reliable 
enough to replace the faithful tubed equipment. 
And some military experts were burned pursuin g 
fads in components that never lived up to ex­
pecta tions, like the tunnel diode and molecular 
electronics. 

Certainly solid sta te components no longer are 
an obstacle (and haven' t been for several years). 
Transistors can handle powers of several hun­
dred watts; their reliability is far superior to 
tu bes ; and their availability is unquestioned. 

In addition, many nevv components exist that 
military commun ications equipment could u se to 
great advantage: overlay transistors, fleld-effect 
transistors, varactor diodes and silicon-con­
trolled switches. 

Other developments have grea t potential for 
communica tions and radar gear. Strip transmis­
sion line can reduce the amoun t of plumbing and 
hardware in microwave equipment by as much 
as 90%-and cut the power diss ipated to that 
ex tent. And microelectronics are b eing used in 
prototype mi crowave equipment. 

One reason strip transmiss ion line has not 
b een used more widely is that engineers h ave 
not had enough data on its perfo rmance. Now 
this kind of information is ava ilab le [see the 
references on p. 100] and the onu s for applica­
tion rests with th e engin eer. 

Another development is microelectron ics for 
microwave applications [p. 138]. Here is one 
place that hybrid microcircuits seem to b e out­
s tripping monolithics. 

Such componen ts should lead not only to mod­
ern ized communications and radar equipment 
but also to some rad ically new produ cts . \Vhat 
comes out of all thi s is li mi ted only by an en­
g ineer's ingenui ty and knowledge. 
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to the 
·stepper Motor field 

{JL~ 
"' ;J. STEPPER 

~ "" MOTOR STEPPER ,,.. 'TYPt tifSMA8 -A<,.t 

MoTDR I '" l'YPE M$A$-A4' .•. epp(J 
e1111e lliillt mc1s1011P~ 

IRICISION PRIJfll!tn ....... 
t..__ 

C LIFTON STEPPER MOTORS 

SIZE 8 8 10 10 11 11 8 8 11 

LENGTH (M.F.) 0.770 0.770 0.770 0.770 1.215 1.215 1.062 1.112 0.770 1.215 

WEIGHT (OZ.) 1.0 1.0 1.6 1.6 3.2 3.2 1.5 1.5 1.0 3.2 

JNERTIA (GM-CM2) 0.19 o.1g 0.19 0.19 0.77 0.37 0.18 0.45 o.1g 0.77 

IND€X 90° goo goo goo 90° 15° 90° goo . 45° 45° 

ANGLE ± 30 ± 30 ± 30 ± 30 ±30 ± l o ±3., ±30 ± 20 ±20 

PM PM PM PM PM VR PM PM PM PM 
TYPE 20 20 20 20 20 30 20 20 20 20 

RATED O.C. VOLT. 28V 28V 28V 28V 28V 28V 28V 28V 28V 28V 

RESISTANCE 
460 300 300 300 300 150 300 300 

135 per 130 per 
(OHMS/PHASE) PHASE PHASE 

NO lOAO RESPONSE 
RA TE PULSE/SEC 

250 320 350 330 220 600 360 280 600 440 

NO LOAD SLEW 
510 g3o 700 610 265 1600 375 650 2700 

RATE PULSE/ SEC 
1200 

HOLOING TORQUE 
0.37 0.35 0.50 0.53 I.I 0.60 0.80 0.58 0.60 1.5 

OZ-IN ONE PHASE 

OETENT, OZ-IN 
0.12 0.05 0.05 0.1 3 0.24 0.17 0.10 0.05 0.12 

ZERO INPUT 

TYPE NUMBER MSA-8+1 MSA-8·A·2 MSA-IO·A-1 MSA·10-A·2 MSA-ll·A·l RSA·ll -A· l MSM·B-A-1 MSL·B·A-1 MSA·8·A·3 MSA·IH·2 

EXCITATION MOOE: TWO PHASES PARALLELED ALTERNATELY. 

After careful testing and having already 
had units in end-use equipment in the 
·field, we are now ready to· announce a 
full line of size 8, 10 & 11 stepper motors 
and the controllers that go with them. 

Steppers are gaining popularity rapidly 
in digital systems because of their quick 
response, high resolution, and many 
other distinct advantages over the con-

ventional servo motor. 
We'd like to step in to your stepper 

motor picture with CliftonPrecision 
quality, reliability and application 
knowledge. 

Clifton Precision Products, Division 
of Litton Industries, Clifton Heights, Pa., 
Colorado Springs, Colo. Area 215 622-
1000; TWX 215 623-6068. 

flash! Cl-ifton has just opened a new synchro plant in Fall River, Mass. 

CLIFTON PRECISION rn 
PRODUCTS 

DIVISION OF LITTON INDUSTRIES 

I 
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Japanese develop 

millimeter diode 

NASA may use 

satellite's network 

for tracking 

Electron beams 

cure paint fast 

Electron·ics Newsletter 
February 21, 1966 

Japanese researchers were eclipsed by their American counterparts in 
the development of the transistor, but they are making up for it with 
the development of new diodes. These include the Esaki diode, the Kita 
diode [Electronics, Dec. 13, 1965, p. 99], and now the Mizuno diode. The 
Mizuno diode, made of germanium, has a highly doped junction and 
generates millimeter oscillations when biased in the reverse breakdown 
region. 

The diode was developed by a group led by Hiroyuki Mizuno at Mat­
sushita Electronics Corp.'s research laboratory. Matsushita is a joint ven­
ture of Matsushita Electric Industrial Co. of Japan and Philips Gloei­
lampenfabrieken NV of the Netherlands. 

In experiments, the Mizuno diode has been operated between 10 and 
90 gigacycles at power outputs of up to 10 milliwatts peak. So far, the 
devices have been operated in a pulsed mode. The major obstacle to con­
tinuous-wave operation is heat dissipation. 

The Mizuno diode differs from Bell Telephone Labortories' microwave 
diode [Electronics Nov. 1, 1965, p. 24]. Bell's diode is made from sili­
con and its operation is based on avalanching of carriers. The Mizuno 
diode's oscillation is associated with tunneling of carriers from the val­
ence band to the conduction band. Its oscillation frequency increases as 
the thickness of the junction depletion region decreases, which corre­
sponds to in ~reased doping. 

Satellites may replace many ground stations in the National Aeronautics 
and Space Administration's manned spaceflight tracking network in the 
f.,,.ui:r 1971'' ·: 

NASA recently received industry proposals for studies of an Orbiting 
Data Relay Network, composed of two or more satellites, which would 
receive voice and data directly from orbiting spacecraft for relay to the 
Mission Control Center in Houston. 

The satellites would save the space agency a considerable amount of 
money; it now costs NASA about $200 million a year just to staff and 
operate its ground tracking sites. 

Each of the satellites is expected to carry an elech·onically steerable 
30-foot antenna. From synchronous orbit 22,300 feet above the equator, 
tracking satellites could receive signals from many orbiting spacecraft 
and from returning interplanetary spacecraft. 

A contract for a six-month study of the proposed network is expected 
to he awarded in April. 

The Ford Motor Co. has developed a fast way of curing paint with an 
electron beam. The conventional paint-curing process, using heat, takes 
about 10 minutes in 150°F ovens; the electron-beam method takes three 
seconds at room temperature. Aside from the speed, the new curing 
process-effective for use on wood, plastic and rubber-provides better 
bonding of paint to surface. Ford says its special paint, cured by a broad 
beam of electrons, remains bonded to the surf ace despite immersion in 
boiling water for up to 15 minutes; ordinary paint cured with heat can't 
withstand such a test. 
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'Buy America' 

resists challenge 

Satellite-to-home 

broadcast proposals 

sought by NASA 

FCC extends 

jurisdiction 

over all CA TV 

Addenda 

26 

Electronics Newsletter 

The Defense Department's "buy America" policy has been unsuccessfully 
challenged by the General Accounting Office, which oversees the Govem­
ment' s buying practices. The Pentagon won out, with support from the 
President's Cabinet Committee on Balance of Payments, in what may 
prove a "buy America" precedent. 

The controversy arose over the Air Force's $9.5-million award in 1965 
to Page Electronics Engineers, Inc., for an undersea cable communica­
tions system in the Southwest Pacific. The GAO claimed that Page's bid 
was $2.3 million above the $7.2 million bid by the Federal Electric Corp. 
for components from a British affiliate. But the GAO pointed out that 
Page was planning to use German components in the system and that the 
total balance-of-payments saving was only $1.3 million, compared with 
the $2.3 million higher price. Federal Electric is a subsidiary of the Gen­
eral Telephone and Telegraph Corp. 

Under terms of the 'buy America" policy, the Pentagon has been 
following this guideline: The difference between the bids must be at 
least 50% greater than the balance-of-payments savings to warrant ac­
cepting the lower bid from a foreign company. But the Cabinet commit­
tee ruled that it isn't always possible to separate domestic and foreign 
costs and that administrative costs figure heavily in setting final costs. 
So, they rejected the GAO argument. 

NASA is about to take the first step in its proposal to develop satellites 
that beam television broadcasts directly to home receivers. It now plans 
to request proposals from industry for studies of technical requirements 
for communications satellites. 

The space agency has already received proposals for studies of a voice 
broadcast satellite and plans to let one or more study contracts this fiscal 
year [Electronics, Dec. 13, 1965, p. 25]. The same satellite may ultimately 
be used for both direct tv and voice broadcast. 

The Federal Communications Commission has adopted a plan to regulate 
all forms of community antenna television (CATV). The plan should spur 
CATV' s growth in smaller cities and rural areas but retard its develop­
ment in the nation's 100 largest cities. Also, the FCC asked Congress to 
clarify and confirm its jurisdiction of CATV, and to clarify the place of 
CATV in the general broadcast community. 

In action taken last week the commission: 
• Assumed jurisdiction over cable-transmitted CATV as well as micro­

wave-transmitted CATV. 
• Will require a full-scale hearing and FCC approval prior to operation 

of a new CATV system in any of the nation's 100 largest tv markets. 
• Granted CATV pretty much a free hand in other markets. 

NASA is testing an auxiliary magnetic-tape memory that would allow 
astronauts on future Gemini flights to load new programs on their com­
puters. Now, a single program is loaded before a flight, and the astronauts 
are unable to change it .... The Radio ~orp. of America, which says its 
orders for computers are running 68% ahead of last year's, plans a $3-
million expansion of a computer-assembly plant in Palm Beach, Fla. RCA 
will increase the size of the plant by 75%. 
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New 30W TWT for the 
4Gc/s communications band 
STC's new, low-voltage 
travelling-wave amplifier tube, 
Type W7/5G, has been designed 
for use in 1800 channel radio 
communications links in the 3·6 
to 4·2 Gc/ s frequency range. It 
has a typical gain of 43 dB at a 
working output of 20W. (30W 
saturated output). This means 
that, in an existing system which 
incorporates a tube with a 40 dB 
gain and an output of 10W, the 
tube can be replaced by the 
W7/5G to produce twice the 
previous output for the same 
drive power. 

The tube operates in a robust 
periodic permanent magnet 
mount, Type WM110A. 
Incorporated in the mount are 
r.f. input and output waveguide 
connections (a choice of 
WG12A or WR229 is offered), 
mechanical alignment, deflection 
and matching adjustments; tube 
ejection control at either end of 
the mount, a convection cooler 
and facilities for easy field 
replacement of tubes. 

USA enquiries to: 
ITT Electron Tube Division, 
Box 100, Easton, Pennsylvania. 
Other countries contact: 
STC Valve Division, Brixhan:t 
Road, Paignton, Devon, England. 

Standard Telephones and Cables Limited ITT Subsidiary of International Telephone and Telegraph Corporation 
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45dbat60Mc 
25 db at 160 Mc 

2.Smw power output 
P ilco Microelectronics 
announces the PA 7600 
broadband amplifier! 

GROUND AND CASE i '------'----! l 
~- -- --- ---- - - 1 
DYNAMIC BYPASS 

This is a new planar epitaxial monolithic 
silicon integrated microcircuit-a broad­
band amplifier that represents a signifi­
cant advance in gain-bandwidth coupled 
with useful power output. Developed by 
Philco Microelectronics the PA 7600 
amplifier offers you externally adjustab le 
gain and bandwidth combinations-such 
as 45 db gain out to 60 Mc or 25 db gain 
to 160 Mc. 

An examina tion of the gain vs. fre­
quency curves (measured with 50 ohm 
source and load) also suggests the desir­
able bandpass flatness (x 1 db). And 
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the Voltage vs. Load Resistance curve 
reveals a 2.5 mw power output -more 
than adequate to drive, say, a detector. 

In addition to this remarkable set of 
parameters-the Philco PA 7600 main­
tains its operating point and gain char­
acteristics stable over the full military 
temperature range (-55 to 125 C). 

It operates with a single power supply. 
It is AGC-ablc . 
It requires a minimum of external 

components. 
And the Philco PA 7600 is available in 

"' ~ Jof-------""~------
z 
« 
'-' 
5 201----.....L--------=~---

~ 
BROAD-BAND OPERATIO~ 

H• I .oo 
FREQUENCY - Mc 

B r-----.-----,.----,1.----~-~---, 

TERMINALS 5 ANJ 9 

100 200 j() 4, 

LOAD RESISTANCE - OH MS 

a T05 package. 
We are, frankly , excited about the 

potential of this new device-about the 
design possibilities it opens for you in 
such fields as broadband video amplifiers, 
RF and IF amplifiers through VHF, oscil­
la tors and the like. 

And we look upon it as yet another 
first from Philco-extending the frontiers 
of Microelectronic technology. 

For additional information on the 
Philco PA 7600, write, wire or call Philco 
Microelectronics Marketing Department 
( 215-855-4681). 

MICAOELECTAONICS OPERATI ON 

PHILCO 
• SU BSIO .. RY Of .5f;.-V/(ot£rr??ont/IO-ny, 
LANSDALE DIVISION • LANSDALE . PA . 
In Canada, Don Mil ls Road, Don M1lls,Ontano, Canada 
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February 21 , 1966 

Electronics Review Volume 39 

Number 4 

Industrial electronics 

Scr's on wheels 

Automotive engineers have long 
dreamed of developing practical 
electric trucks and cars powered 
by a-c motors. Electric vehicles are 
cheaper . to operate, more precisely 
controlled and easier to build. The 
major obstacle to their design, 
however, has been the lack of a 
lightweight, reliable switching de­
vice that cou ld handle high cur­
rent. 

Now, with the development of 
high-powered silicon controlled 
rectifiers , that barrier has b een re­
moved, and the Army has moved 
quickly to exploit the scr. Last 
month. the Army's Tank-Auto­
motive Center in Detroit unveiled 
a 2%-ton, six-wheel tes t truck that 
runs on electricity. The tru ck's six 
wheels are powered by a-c motors 
[Electronics, May 17, 1965, p. 17]. 

Saving fuel. The truck's drive 
system, designed and built by Lear 
Siegler, Inc.'s Power Equipment 
division in Cleveland, uses a fre-

qu<'ncy converter to control the 
speed of a squirrel-cage induct ion 
motor. Electricity is generated by 
an alternator powered by the 
tru ck's gasoline engine. Lear Sieg­
ler says the tes t tru ck consumes 
about 20% less fuel than a com­
parable truck powered directly by 
an intern al-combustion engine. 

The frequency converter-a 
cycloconverter-changcs the threc­
phasc a-c input of the alternators to 
output power of a controlled fre­
quency that is below that of the 
input frequency. The change in 
electrical frequency, in turn, ad­
justs the speed of the six cler-lTic 
motors. The cycloconvertcr con­
tains three sets of scr's and con­
trol circuitry; each of the cyclo­
converter's three parts fabricates 
one phase of the electrical output. 

The combination of an induction 
motor and frequency control to 
regulate the speed of the electric 
motor has several advantages . 

• This type of a-c motor, in con­
trast to a d-c motor, lacks com­
mutators and hni slws , making it 
more reliable. 

• By controlling speed throu gh 

frequency changes, rather than 
voltage-level changes, the motor is 
able to maintain high torque levels 
even when it 's revolving slO\dy; 
thus th e electric motor provides 
high power even when it's turning 
as slo"· as one revo lution per 
minute. 

• Also, the motor's speed can hr_: 
controlled to within 1 rpm. 

.\fost of the truck's speed con­
trols arc automatically handled by 
a small computer. For examplP-, 
when the driver steps on the 
"gas," he is directly controlling n 
reference frequency to which tlw 
output frequency of the cyclocon­
verter is slaved. So, by depressing 
the pedal, the driver signai.:\ tlw 
cycloconverter to boost fue ou~j!ut 
frequency, which in turn speeds 
up the electric motors. This action 
causes another change: when th t· 
wheels of the truck speed up, a 
tachometer on each wheel signals 
the computer that the wheels arc 
coming up to th e speed ordered 
by the driver ; that speed is related 
to the reference frequ ency. The 
electric motor stops accelerating 
when the reference frequency and 

Electrically dri ven truck, developed 
for the Army by Lear Siegler, Inc., uses 
a frequency-control device to regulate 
speed of electric motors. Each of the 
six wheels has its own motor. The 
2 %-t on truck is said to consume about 
20 % less fuel than a comparable truck 
driven directly by a gasoline engine. 
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the tachometer frequency match. 
A signal is fed to the computer, 
which then orders the gasolin0 
engine to accelerate; an increase in 
engine speed results in an increase 
in alternator speed and an increase 
in electrical output. 

The com puter plays another 
role: it maintains the speed of the 
gasolin e engine so that it operates 
only at the most economical levels 
for the several power settings. 

Full power. The scr's in the 
cycloconverter are arranged as a 
full-wave bridge, so power from 
each of the input phases suppl ies 
a portion of the power for each 
of the output phases. The scr's in 
the positive group supply the 
power during the positive half­
cycle and the negative group dur­
ing the negative half-cycle. Since 
the scr's are fast-acting switches, 
it's possible to successfull y select 
the appropriate portions of each 
phase of the input and add t:h ese 
to produce a lower frequency wave 
a t the output. The output can then 
b e made to closely approximate the 
frequency that's "vanted for a par­
ticular engine speed. The th ree­
phase output is obtained by using 
three groups of scr bridges and 
timing the output wave fabrica tion 
process so that the successive 
waves lag behind each other by 
120 electrical degrees. The ou t­
,,.>ut frequency is determined by the 
len gth of time the positive and 
negative groups are each a llowed 
to carry current. 

Six control circuits generate the 
appropriate gating signal to the 
scr's. Each circuit contains five 
monolithic integrated circuits , 
three diodes and two output 
transistors; all of the devices are 
thermally b onded to a thin-film 
network of resistors and intercon­
nections. 

No turn-off. The control circuit 
is impedance matched to the scr 
ga te by a firing module. The 
module contains two miniature 
pulse transform ers with a passive 
res istor-diode network to provide 
the proper turn-on of the scr's. No 
special turn-off circuits are re­
quired because the scr's in the 
cycloconverter are turned off by 
natural commutation. 

The fin al control unit is the 
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single module that generates the 
blanking logic for the negative and 
positive groups of controlled rec-

. tifiers. The circuit samples the cur­
rent delivered by each scr group 
and holds the nonconducting group 
off until the last condu cting group 
is turned off. This eliminates any 
possibility of currents being con­
ducted from group to group. 

Thirteen control modules for 
each single-phase converter are 
mounted on, and interconnected by, 
a multilayer printed-circuit board. 
The board is mounted on top of a 
hea t s ink containing the scr's. 
Three single-phase assemblies are 
put together to control th e three 
phases of the squirrel-cage motor. 

Lear Siegler plans refinements 
in the design. For example, the en­
gineers plan to use the tachometer 
signal from each wheel to deter­
mine when a wheel is slippin g; in 
such a case, the computer cou ld 
turn off power to that wheel, 
directing it only to the wheels th at 
have traction. 

The design has applications b e­
yond the au tomotive fi eld. It could, 
for example, be used to accurately 
turn gun turrets or large dish an­
tennas , where precision move­
ments are vital. 

Although the tes t vehicle cur­
rently depends on a gasoline en­
gine for electricity, an engineerin g 
team at F ort Belvoir, Va., is ex­
perimenting with hydrocarbon-air 
fuel cells as power sources. Such 
a power source could be the fore­
runner of a breed of vehicles that 
are quiet and exhaust-free. 

Advanced technology 

Doing it with mirrors 
The state of the laser art was ad­
vanced two steps last year when 
researchers at Sylvania Electric 
Products , Inc. , produced a fre­
quency-modulated beam and then 
used this laser to achieve a single­
frequency output containing the 
energy of all the modes of the 
original laser [Electronics, March 

22, 1965, p . 33]. The single-fre­
quency laser, or supermode laser, 
was created by using a phase 
modulator in the f-m output b eam 
-outside the laser cavity-and 
driving the f-m output 180° out of 
phase. 

Eliminates modulator. Now, the 
same lab that built th e supermode 
laser, Sylvania's Electronic Sys­
tems division in Mountain View, 
Calif. , has achieved the same 
sinB;le-freq uen cy output-collecting 
the total power of all the oscillat­
ing modes-but wi thout the cum­
bersome external modulator and 
its required power supply. 

The result is a supermode laser 
that is more economical and easier 
to opera te than the first-generation 
design ; in addition , there is no 
need to worry about the efficiency 
of the crystal materials commonly 
used in the external phase modu­
lator. 

The new technique was devel­
oped by Burton J. McMurtry, 
who's director of the lab that per­
formed the work, and Stephen H ar­
ris , a Sylvania consultant who 
Rrst conceived of the new laser. 
Sylvania is a subsidiary of the 
General Telephone & Electronics 
Corp. 

What McMurtry and Harris did 
was to replace an active element 
with a passive element. The re­
searchers found that a ll of the 
laser's power could be tran smitted 
through two properly spaced miT­
rors at certain frequencies, rather 
than through the ex ternal phase 
modulator. 

Ordinarily, a mirror will reflect 
most of the light, absorb a small 
part and transmit only a small part. 
A second mirror, it would seem, 
would transmit a small part of the 
light being transmitted by the fir st. 

Not true, the Sylvania people de­
termined. vVhen the two mirrors 
are spaced so that the distance b e­
tween them is an integral number 
of half wavelengths, the resulting 
phase relationship of the light b e­
n.veen the mirrors produces total 
transmission of the original laser 
light, and thus the total power 
from the laser oscillations . This 
achieves the same result as the 
supermode laser, but without the 
previously required external phase 
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modulator, which was used to "de­
modulate" the f-m output and con­
vert all the energy of the original 
lasl'r modes into a single frequ ency, 
or supermode. 

Higher power. Using the double­
mirror technique (or a frequency­
selective transmission etalon) can 
ultimately lead to higher and higher 
power outputs at a given laser fre­
quency because the two mirrors 
have a passband that allows only 
one frequency to get out of the 
laser. 

The experimental laser was a 
conventional neon-helium gas unit, 
modified to use a potassium di­
hydrogen phosphate (KDP) crys­
tal inside the laser cavity in the 
optical path. This crys tal changes 
the index of refraction and causes 
a change in the optical length of 
the cavity. The laser operates at 
6328 angstroms with an output 
power of more than 50 milliwatts, a 
thousand times the output of the 
original supermode laser. 

Sylvania scienti sts hope to 
achieve 10 times that mu ch single­
frequency power soon with an ar­
gon laser. 

Antennas 

Broadband but accurate 
.\1onopulse an tenna sys tems , which 
use many tuned feeds to operate 
over a wide frequency range, have 
one basic drawback: boresight er­
ror-the angular error between the 
axis of the antenn a and the center 
of the radiated b eam. The triple­
feed antenna that's used by the 
National Aeronau tical and Space 
Adminis tration to track the Tiros 
weather sa tellite, for example, has 
a boresight error of about ± 15 
milli radians because not all the 
feeds can b e positioned exactly in 
the dish 's focal point. At a distance 
of 100 miles, for example, a bore­
sight error of 15 milliradians can 
cause a tracking error of 1.5 miles 

ASA is now tes ting two antenna 
sys tems, designed and built by the 
Radiation Sys tems, Inc., of Alex­
andria, Va., using novel single-
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Monopulse feed, consisting of two spiral 
antenna-one inside the other-operates 
over a 4 -to-1 frequency band with a sharp 
gain in boresight accuracy. The antenna was 
developed by Radiation Systems, Inc. 

feed designs th at cu t this error to 
only ± 0.8 milliradians-an im­
provement of more than 15 to 1 
over multiple-feed designs that arc 
used by i\ASA. 

An antenna that has a bore s ight 

Array of 16-log periodic dipoles 
can pi ck up frequencies over 
a 17-to-1 frequency band. New 
antenna feed will be used in a 
85-foot antenna for satellite 
tracking and data collection. 

error of only 0.8 milliradians would 
be able to track a 100-mile high 
sa tellite to within 0.1 mile of its 
actual position. 

One feed, which is scheduled to 
become operational shortly at vVal­
lops Island, Va., picks up a 4-to- l 
band of frequencies; the other, 
which is abou t a year away from 
opera tional tes ting, has a band­
width of 17 to 1. In addition, b oth 
antennas can pick up all frequen­
cies within their band ; with multi ­
ple-tuned feeds, only the discrete 
frequ encies for which the feeds arc 
tuned can b e received. Both feeds 
were designed for 85-foot parabolic 
dishes for tracking and data ac­
quisition. 

Wide band. The 4- to-l feed op­
erates from 136 to 400 megacycles 
while the 17-to-l feed is effec tive 
between 130 and 2,300 Mc-the en­
tire range of NASA's sa tellite-track­
ing and data-acquisition ne twork. 

\ Vork on the 4-to- l feed was a 
hurry-up job to meet the needs of 
Tiros , which b ecame operational 
this month [Electronics, Jan. 10, p. 
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43]. The 17-to-l design will prob­
ably replace the 3-to-l feed and 
may eventually be installed in 
.'\TASA's worldwide network of 
tracking antennas. 

The 3-to-l feed is a four-arm 
spiral printed on a glass fiber di­
electric. It's eight feet in diameter , 
th e largest printed spiral feed ever 
consb·ucted. The cavity on which 
it is mounted is 17% in ches deep . 
Two sets of spirals are used, one 
in side the other ; the smaller spiral 
has a diameter of about 2.6 fee t. 

The 17-to-l feed is al so eight feet 
in diameter and consists of a radial 
arrangement of eight-log periodic 
dipoles printed on a flat dielectric 
sheet. 

Other pulses. Aside from large 
bandwidth s and small boresight er­
rors, the feeds provide two other 
pluses : smaller sidelobes and the 
ability to simultaneously receive 
both right- and left-hand polariza­
tion. 

A four-decibel reduction in side­
lobe level is achieved by accurate 
positioning of the feed and illumi­
nation of the dish. The ability to 
pick up both senses of polarization 
eliminates feed-lin e switching net­
works , which introdu ce phase er­
rors and degrade boresight accur­
acy. Al so, antenna gain is boosted 
by as mu ch as three decibels when 
both polari zation s are tran smitted 
by the targe t b ecause there's no 
polarization loss. 

Consumer electronics 

A second source 
For more than a decade, a little­
known manufacturer- the Buckb<'c 
Mears Co. of St. Paul, Minn .-has 
held a tight grip on th e market for 
a key part in color television tubes: 
the shadow mask. Although it has 
granted licenses to two companies 
-the Radio Corp. of America and 
Sylvania Electric Produ cts, Inc.­
the pair has produ ced shadow 
masks only for in-house use. As a 
result, six of the eight produ cers 
of color-tv tubes have looked to 
Buckbee Mears as the sole source 
of the vital part. Next month, how­
ever, the situation will change: 
Sylvania has announced it will 
triple its mask-production facilities 
at its Towanda, Pa., plant and offer 
the masks for sale on the open mar­
ket. 

A helping hand. As in the earlier 
licensing agreements , Buckbee 
Mears will install the manufactur­
ing equipment and train the prod­
uction line workers for Sylvania, 
which is a subsidiary of the General 
Telephone & Elec tronics Corp. 

Buckbee Mears is also planning 
ah ead . It has announ ced a maior 
expansion to boost mask prod~1 c­
tion by 100% next month . Says the 
company's executive vice presi­
dent, Norman C. Mears: "' Ve've 

Production line for the ma nufacture of shadow masks, 
a key element in color television tubes. 
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b een doubling production every six 
months for the last few years ." 

A quick look at the skyrocketing 
sales of color tv sets indicates the 
size of the mask market: in 1965, 
the indu stry estimated sales of 2.7 
million sets; this year , sales are 
forecast at 4.5 million ; and in 1967, 
volume is expected to exceed 8 
million. 

The shadow mask is a thin sheet 
of steel perforated with up to 440,-
000 tiny cone-shaped holes. The 
holes are photographically im­
printed on the steel and then 
etch ed out chemically. The holes 
pin point the three b eams emitted 
by the electron gun in the picture 
tu be, and direct them at the phos­
phor screen. 

No fade-out 

Commuters driving through the 
Caldecott Tunnel near San Fran­
cisco recently had a surpri se-not 
only didn't their car radios fade 
out, as radios always do in tunn els , 
but on some stations the volume 
even increased. 

The reason : a new sys tem devel­
oped by TRG W est of Menlo Park, 
Calif., a division of TRG, Inc., 
picks up the entire a-rn broadcast 
band arnl reradiates it through a 
cable inside the half-mile tunnel. 

Keep in touch. The idea of tran s­
mitting radio signals in tunnels 
isn't new. For example, a communi­
cations system is currently b ein g 
installed in New York subway tun­
nels so trainmen can keep in touch 
with dispatchers and police; and 
in some long auto hmnels, cables 
provide emergency radio communi­
cation s. But ~h e TRG system is the 
nrst sys tem th at relays the entire 
a-m radio b and solely for th e con­
venience of motorists. 

The TRG system is already b e­
ing considered for underpasses in 
·washington , D. C., and Monterey, 
Calif. 

In the Caldecott Tunnel, which 
p asses under a mountain b etween 
Oakland and Walnut Creek, Cali­
fornia highway engineers tried var­
ious schemes for eliminating radio 
fade-out, but none was very suc­
cessful. First, they took a wire atld 
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Read on and learn how fast recovery rectifiers helped one designer 

... 

CASE HISTORY 

George had a problem--the bridge rectifiers 
in a 30 KC static inverter power supply were 
running much too hot. This perp lexed him 
since the bridge output c urre nt of l Amp was 
within the rating of these rectifiers, 1N3189s. 
Although crowded for s pace, George dec ided 
to try larger stud mounted 1Nll24As. No 
he lp! They also ran hot and in addition 
reduced output voltage and operating e fficie ncy. 

What George needed was a fast recovery 
rectifier to e liminate the severe reverse 
recover y losses at this freque ncy. Such 
losses cause convention al d iodes to overheat 
and drop the ir output voltage. The solution 
.. . UN ITRODE UTR22s which have r ecovery 
times of 100 nanoseconds in the s tandard l 
Amp to 30 volt test circuit. In contras t the 
1N3189 has a typical r ecovery time of 2 
microseconds; a s tud mounted 1Nll24A is 
even slower. 

In addition , George picked up some other 
bonuses- -muc h smaller s ize, lighter weight, 
higher thermal efficiency and inc reased 
r e liability because of the unique Unitrode 
mono lithic cons truc tion. 

P. S. Note the Unitrode 50 watt s urge zeners 
(the same small s ize as the UTR 22) used to 
protect the expe nsive power transistors from 
burnout due to voltage spikes. 
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suspended it by insulators through 
the length of the tunnel with one 
end of the wire jutting out at the 
tunnel' s mouth. 

The scheme was ineffective; car 
radios still faded at intervals in the 
tunnel. 

The next step was to place a 
wideband amplifler with a whip an­
tenna at the mouth of the tunnel 
after connecting the amplifler to a 
cable that s tretched through the 
tunnel. 

This plan also failed , b ecause of 
several matching problems in the 
system. 

Sought help. The highway engi­
neers then turned to TRG, and the 
project's engineer, Richard Hilbers , 
developed the system that's being 
used now. The trick, says Hilbers , 
was to solve the matchin g problem 
between the antenna and a spe­
cially designed amplifler and b e­
tween the amplifier and the tun­
nel's cable. 

A nine-foot whip antenna, 
mounted in an area of good signal 
reception , was coupled to the am­
plifler through a wideb and antenna 
coupler. The amplifier , a solid state 
unit tha t covers the range from 
530 to 1602 kilocycles, has a power 
output of five watts . I t was de­
signed with a large dynamic range, 
becau se of the wid e variation be­
tween strong and weak s tations, 
and with low intermodulation dis­
tortion. 

Th e Caldecott Tunnel has three 
bores, one for each lane of traffic. 
In a recent test only two bores 
were strung with wire. ow that 
the system has been proved effec­
tive, the third bore also will be 
wired. Three identical outputs will 
be provided from the amplifler to 
feed the three cables. 

Each of th e cables will be termi­
nated in a 300-ohm resistor to pre­
vent standing waves in side the tun­
nel. 

Thus, the strength of signal re­
ceived by the auto radio will b e 
independent of the car's distance 
from the mouth of the tunnel. 

The entire electronic system, not 
counting the price of th e number 
6 copper wire that' s strung in the 
tunnel, costs about $1,500, TRG 
says. 
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Military electronics 

Steerable parachutes 

The Army and the Air Force are 
showing increasing interes t in 
electrically steerable parachutes 
and wing-like structures as a way 
of accurately dropping airlifted 
supplies to troops engaged in anti­
guerrilla warfare. Several new con­
cepts, all of which utilize guidance 
devices to keep supplies from fall­
ing into enemy hands or going 
astray in difficult terrain, are being 
tested or evaluated. The new field 
looks so promising that the two 
services, joined by the Navy, have 
agreed on the parameters of a 
standard gu idance and control 
package. Their aim is to avoid a 
proliferation of electronic systems 
with different frequencies and 
modes of operations . 

The frequency, of course, is a 
tightly kept secret-to keep the 
enemy from guiding the parachutes 
to his own use. The services are 
now working microminiaturiza­
tion features into the des igns. 

Standard package. A variety of 
electronics sys tems are now used 
on the different types of para­
chutes being studied or tes ted . But 
a switch to a standard package 
would be required if any of the 
air-drop devices is procured for 
operational use. 

All of the systems have a ground 
transmitter that sends signals to 
a control unit on the parachute. 
It, in turn , operates servomech­
anisms that manipulate steering 
cords on the parachutes . 

The Air Force already has run 
more than 60 tests in this country 
and in the Bavarian Alps on a 
flexible wing-like structure known 
as the Para-Sail homing cargo­
delivery system. Along with a 
2,000-pound payload, it carries a 
15-pound control unit. The ground 
transmitter weighs 30 pounds. 

A larger version of this system, 
with an electronics package de­
veloped by the Sierra Corp., was 
eventually rejected by the National 
Aeronautics and Space Administra­
tion to guide the Gemini space cap­
sule down once it reentered the 
atmosphere. The electronics gear 

of the Air Force version was de­
veloped by the Avionics Laboratory 
and Systems Engineering Group 
at Wright-Patterson Air Force 
Base, Ohio. 

The Air Force is also testing a 
s teerable "cloverleaf" parachute, 
which consists of three joined can­
opies. It uses the same guidance 
mechanism as the Para-Sail. 

The Army is testing a radio-con­
trolled Regalo wing, which inflates 
after it is dropped from an air­
craft. This chute, which can sup­
port 500 pounds, was originally de­
veloped by NASA. The Ryan Aero­
nautical Co. developed its guidance 
package. 

The Batwing. Both the Anny and 
Air Force are also interested in 
a bat-like wing developed for 
civilian sky divers by Barish As­
sociates , Inc. It has such a slow 
rate of descent-five feet per 
second, compared with 20 fee t per 
second for the standard parachute 
-that it lands a man on his feet. 
Both services are exploring the pos­
sibility of adapting it for guided 
cargo drops. They are also in­
terested in another concept tha t is 
still in the exploratory stage-the 
Notre Dame wing. This is a series 
of cloth cells that look like vertical 
wind socks. \Vh en the wind fllls 
them out, they form a steerable 
honeycomb wing. Both parachutes 
could be equipped with electronic 
controls , the military says. 

The Canoga Electronics Corp. 
has developed a different control 
device for parachutes that does 
not attempt to guide them, yet 
deprives the enemy of their C'::trgo 
if they stray off course. The Air 
Force is beginning tests this month 
of what Canoga calls the "chute 
popper." 

It consists of a tiny control box 
carried by a ground observer who 
watches as supplies are dumped 
from an airplane. With the Canoga 
system, the parachute does not 
open initially. It keeps fallin g until 
the observer is sure it will drop 
into friendly territory. If it looks 
as though it will, he sends a signal 
to a receiver, which forces the para­
chute open at 500 to 1,000 foet 
above the ground. 

If it appears the parachute is 
drifting into enemy territory, the 
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Are our new custom 
resistor networks 
the missing link your 
precision circuits 
have been waiting 
for? 

We suspect that they are-since 
they 're a direct descendant of our 
Jeffers Electronics Division 's stand­
ard JXP resistor. 
What we did first was to recognize 

YromcJpeer 
JXP metal film resistive elements 
used in the standard line were also 
applicable to custom network and 
packaging assemblies. Therefore, 
we established an engineering staff 
and product ion facilities to handle 
design and manufacture of complex 
resistive element combinations and 
to package them according to your 
custom requirements. 
In the meantime, the state of the art 
of producing the JXP type of metal 
film resistive element advanced. Spe­
cifically, we developed the ability to 
calibrate resistive elements to toler­
ances as low as 0.01 % with charac­
te ri sti cs of very low temperature 
coefficient of resistance and compat­
ible stability. 
What's more, we can design these 
packages to meet any network appli­
cation-ladder, analog-digital, volt­
age divider, function generation , 
summing amplifier, pulse sampling­
you oome it. 
Our custom packaged networks and 
assemblies offer broad environmen-
tal capabilities. And thanks to the 
marvels of modern technology per­
formance, they will meet all your re­
quirements at the lowest possible 
cost on the shortest delivery sched-
ule known for this type of product. 

both our new networks and our stand­
ard JXP. (Not to mention that work 
horse of the electronics industry-the 
Speer carbon composition resistor.) 

If you can 't make it to the Show, send 
us the coupon and we'll tell you more 
about our new networks. You"ll find 
that they make quite a package! 

Visit with our 
Technical Service 
Engineers 
Take a little time out to visit our Tech­
nical Service Engineers at Booth 
4M32 at the Coliseum. They are well 
acquainted with networks, espe­
cially in regard to resistors (as they 
should be), because of contributions 
made by them and other members of 
our technical staff to specifications 
during development of our networks. 

Doesn 't this indicate that our new r - - - - - - - - - - - - - - -
custom packaged resistor networks JEFFERS ELECTRONICS DIVISION 
are worth investigating further? You SPEER CARBON COMPANY 
can do this at the IEEE Show. Or you DuBois, Pennsylvania 15801 

can get more information by merely Speer Carbon Co. is a Division of 
mailing us the coupon. Air Reduction Company, Inc. 

Explore our new 
custom resistor 
networks at the 
IEEE Show 

Rush more information on your new cus­
tom resistor networks. 

Name-----------~ 

Title-------------

CompanY----------~ 

Address ___________ _ 

that the advantages (price, delivery, Come to the Jeffers/Speer Booth 
and performance) of the highly stable (4M32) at the Coliseum. You ' ll see CilY----State----ZiP--
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Check these Trymetrics features: 
• Full 4 digit resolution . • Accuracy 
± 0.01 % of reading ±1 count . Automatic 
polarity and overscale indicator. • High 
common mode rejection. • Complete range 
of plug-in heads for optimum flexibility. All 
silicon solid state circuitry. • Operation up 
to 50 ° C. • Sampling speeds up to (10) 
samples/second. • Sensitivity to 10 µ.V . • 
BCD or decimal printer output . • Crystal 
controlled oscillator guarantees ultra stable 
voltage-to-time conversion system . 

Check this Trymetrics price: 
Model 4000 DVM $770 with Model 103 lOV 
Range Plug-In . For complete information 
and pri ces, write to: 

TRYMETRICS 
Corporation 

204 Babylon Tpke., Roosevelt, LI., N .Y. 
Phone 516-378-5020 Zip 11575 
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observer docs nothin g and th P. 
chute falls unopened, its cargo de­
molished b y the impact. 

Finding the supplies. Canoga is 
also working on a locator beacon 
that will send out signals on a se­
cret frequency if the parachute has 
dropped closp to target but is hid 
den hy dense foliage. The Canoga 
system has drawbacks when it 
comes to handling multiple drops . 
Only one parachute can be de­
ployed at one time if a single fre­
qu ency is used, and if more than 
one chute is dropped. all responcl 
to the same cornmancJ. The al­
ternative is to use more than one 
frequ ency. The Air Force is con­
fident that in the case of stecrahle 
parachutes, multiple drops can lw 
gujded on a single frequ<'ncy, hnt 
has not conducted a multinle-drop 
test yet. In principle. all the para­
chutes should home in on the guid­
ance signal, and the time lag 
between drops should keep them 
from colliding. 

Lack of communication 
Tt has taken a war in Vietnam to 
point up the inadequacies of close 
air support for American ground 
troops. Among the shortcomings, 
the most glaring has been the in­
ability of the Army and Air Force 
to communica te with each otJ1er 
directly at the h attleneld hecause 
of a radio incornpatahility. 

A recentlv released renort hv a 
Hou se Armed Services subcommit­
tee termed this incompatihility 
"annalling ... incredihle . . a 
Basco." The subcommittee also 
criti cized the Air Force for never 
having developed an airplanP 
specifically tailored for the ground­
sunport mission. And the Con gress 
also criticized th e Defense Dcnart­
ment for wavering too long lwfore 
deciding to develop an d procure 
a specialized counter-in surgency 
(COIN) plane. 

Better late than ... What the sub­
comm ittee didn't point out is that 
corrective action-however belated 
-is being taken. 

The communications problem 
between ground units and support­
ing aircraft arose hecause Army 
and Air Force radios differ in both 

frequency range and modulation 
mode. The Army chose frequency­
modulated ultrahigh frequency sets 
because it must concentrate manv 
radios in a battlefi eld and rnu;t 
limit their power and range to re­
du ce interference. The Air Force 
settled on amplitude-modulated 
very-high frequency sets b ecause it 
requ ires longer-range communica­
tions. 

As a result, an Army ground unit 
cannot talk directl y to airborne 
controllers who Hy overhead and 
mark targets when air strikes are 
reques ted or to other air control­
lers who perform the same mission 
on the ground. Messages are re­
layed from the platoon or company 
back to Air Force liaison at h ead­
quarters , then transmitted on an 
Air Force radio. 

An unusual war. In a normal 
war, this time lag could b e toler­
ated. Tanks and heavy artillery 
cou ld pound the target until an 
air strike arrived. But Vietnam is 
not a normal war; mobility re­
quirements are so great that slow 
tan ks and bu lkv artillerv are 
scarcely used . , . 

Yet the inves trnent of both serv­
ices in th eir communications equip­
ment is so grea t that it would cos t 
hundreds of millions of dollars for 
a changeover, not to mention the 
time loss . 

To close the communica tion s 
gap, the Defense Department 
forced a compromise. Air control­
lers-whether airborne or on the 
ground- now carry duplicate sets 
of equipment, which have b een re­
designed and repackaged so they 
weigh no more than the original 
sets. 

Jn addition , the Army's PRC-10 
has been supplemented by the 
PRC-25, a radio of greater power 
and range, which has been rushed 
to Vietnam. This se t has greater 
capability for reaching air con­
trollers. 

Ignore the soldier. The subcom­
mittee said th at while it lauded the 
Air Force "for its accomplishments 
in the strategic fi eld , in the fi eld of 
air superiority, in its interceptor 
capabilities and in its improved air­
lift ... we feel that in its magnifi­
cent accomplishments in the w.icl<' 
blue yonder it has tended to ignore 
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We decided that function gen­
erators didn't have to sell for 
$550 or more. 

So we designed 
most versatile function genera­
tor yet, the Model 110, to sell 
for just $395. 

You're probably thinking we 
skimped on quality or cut some­
thing out in order to do this. 

We didn't. 
In fact, we've improved the 

quality. And we've added ver­
satility that our earlier instru­
ments didn't have. 

We've been working toward 
this goal since we designed the 
first portable, broad-frequency­
range function generator more 
than three years ago. 

Electronics J February 21, 1966 

It's a steal. 

Another steal. 
The new 110 is more than 

iust a function generator. It's a 
precision source of sine, 

square and triangle 
waveforms. 

It operates at 
servo, audio and 
video frequencies 
with six (6) simul­
taneous outputs. 

Actually, the 110 
is a complete lab­
oratory of signal 
sources all by itself. 

Like most Wave­
tek function gen­

erators, the 110 is portable. Just 
7 lbs. light. Goes anywhere you 

$50 ·and get the Model 11 OR. 
It· has ni-cad batteries with a 
built-in recharger. And our new 
voltage-controlled generator 
(VCG), the Model 111, goes for 
only $545. 

0.005 Hz to 1 MHz '\; f"L ty 
30v p-p into 600!1 
lOv p-p into 50 !1 
6 simultaneous outputs 
Cleon HF waveforms 
0.5% sine distortion 
Flot frequency response 
Calibrated outputs 
5 nSec. rise and foll time 
All silicon 
0°C to 55°C operation 

At any of these prices, you'll 
· $ be getting more signals per dol-

~ ~£::)

5 
· " lar than with any oscillator or 

...:::J" ~ 00. function generator on the mar-

need it. 
And it's rugged. Wavetek por­

tables installed in trucks, 
ships and airplanes have 
taken all kinds of rough 
treatment and continued 
to function according to 
specs. 

The standard ac-powered ver­
sion sells for $395. If you want 
added portability, spend another 

ket today. 
Talk about a steal! 

WAVETEK 
8159 Engineer Rd .. San Diego, Calif., Tel. 279·220() 
3000 Bern 9, Seidenweg 17, Switzerland 
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the foot soldier on th e dirty brown 
under. " 

The subcom mittee also charged 
that although the Air Force has 
the responsibility of providing 
close support for the Army, it h as 
never developed a plan e solely for 
Lh e mission, nor is it doing so, the 
subcommittee said. In stead, it in­
sists on multipurpose planes­
capable of air-to-air combat as well 
as air-to-ground combat-and on 
supersonic speed rather than the 
slower speed more suitable to 
ground support , said the report. 

·whatever the merits of this argu­
ment, the Air F orce will get a new 
subsonic plane bu ilt solely for the 
close-support role under the new 
defense budget. Ironically, the air­
craft is a Navy plane- Ling-Tem­
co-Vought, Inc.'s A-7-and it will 
replace another Navy plane b eing 
used by the Air Force in Vietnam, 
the Douglas Aircraft Co.'s old prop­
driven A-1. In addition , the Air 
F orce made the A-7 decision some­
what reluctantly, under pressure 
from the Pentagon and the Army. 

Close support. The subcommit­
tee also pointed out th at the Air 
F orce had to get spotter planes it 
needed for close support in Viet­
nam from the Army and is not 
produ cing any planes with the 
same capabilities for attacking 
ground targets a t night or in ad­
verse weather as the Grumman 
Aircraft Engineering Corp.'s A-6, 
another Navy plane. The possibility 
of an Air F orce purchase of the 
A-6 is under study. 

As for the COIN, the sub com­
mittee charges that both the D A­
fense Department and the Air 
F orce dragged their feet. COIN is 
a reconnaissance plane with long­
loiter capability that can also de­
liver attacks against ground 
targets not heavily fortifi ed. 

The Marine Corps establi sh ed 
a requirement for COIN in 1962. 
But the Air Force did not ask for 
the plane until las t September, and 
the Defense Department did not 
decide on procurement until No­
vember, when the new budget was 
drawn up. 

North American Aviation, Inc. , 
is developing COIN , which made 
its first flight in July and is still b e­
ing evaluated. 

40 

Computers 

Sett ing the pattern 

Thirteen electronics companies are 
vyin g for a 1\' ational Aeronautics 
and SpacP Administra tion contract 
to develop a spacebornc multiproc­
essing sys tem th at may se t the pat­
tern for onboard computers in 
space missions after the pollo 
project to land men on the moon by 
1969. 

Conspicuous by its absence from 
the list is the giant of the industry, 
the In ternation al Business Ma­
chines Corp. 

An award is expected to be made 
this week in Cambridge, Mass., by 
NASA's E lectronics Research Cen­
ter. 

Proposal made. Techni cal pro­
posals for development of the com­
puter were submitted by the Auto­
netics division of North American 
Avia tion, In c.; the Burroughs Corp.; 
General E lectric Co. ; Goodyear 
Aerospace Corp. ; Hughes Aircraft 
Co. ; Radio Corp. of Alllerica; Ray­
theon Co.; Stanford Research In­
stitute; Teledyne Sys tems Co. , a 
subsidiary of Teledyne, In c.; the 
Univac division of Sperry Rand 
Corp. ; Wes tinghouse Electric 
Corp.; Sylvania Elech·ic Produ cts, 
Inc., a subsidiary of General Tele­
phon e & Electronics Corp. ; and 
H oneywell Inc. 

Under a one-year contract, the 
successful bidder will develop new 
hardware and software techniques 
of multiprocessing geared to the 
requirements of long-range space 
mission s. At variou s stages of a 
mission , the compu ter will have to 
realloca te its modul ar resources to 
monitor prelaunch and inflight 
checkouts , supervise communica­
tions and telemetry, monitor con­
trol and stabiliza tion, allocate 
spaceship power, trigger fli ght dis­
plays, perform guidance and navi­
gation, monitor astronau t perform­
ance and life -support subsys tems 
and process scientific measure­
ments. 

Just in case. In addition, the 
computer will have to be prepared 
for unpredictable situations: it 
must be able to reconfigure its 
modules and reallocate its chan-

nels during the mission. Also, it 
will have to take care of an un­
foreseen fai lure of some subsys­
tem, including itself, and this re­
allocation must give priority to 
criti cal phases of the mission. 

"The computer will not be adap­
tive in the sense that the human 
brain is, but it will mark a fir st 
move in that direc tion," says 
Thomas E. Burke, acting chief of 
th e Computer Research Laboratory 
at the NASA center. "This m ulti­
processing capability will be a 
critical one for future space mis­
sions," he says . 

The developmen t contract prob­
ably will in volve, for the fir st time 
in the space program, extens ive 
use of computer-aided des ign. 
NASA is funding several such 
studies, including one at the ~ 'I as­
sachusetts Ins titute of Techn ology 
[Elec tronics, F eb . 7, p . 39] . 

"Present-day approaches to th e 
synthesis of computers fo llow 
largely the design techniqu es de­
veloped for commercial electronic 
data-processing equipment," says 
Burke. "In the Apollo guidan ce and 
navigation computer, progress has 
been made on automatin g tlw 
module interconnection s while pro­
viding a basic framework for 
accommodating changes and mod i­
fi cations. Present techniques. how­
ever, do not provide for close inter­
action between the computer and 
the designer before h ardware com­
mitments. New approaches are 
needed to allow the synthesis of 
advanced computer des igns, which 
use advanced components and cir­
cuitry, including threshold network 
elements. More powerful com puter 
aids will allow significant time and 
dollar savings during the initial 
phases of spaceborne computer de­
velopments." 

Saving time. Burke says ex ten­
sive pre-design simulation and 
modelin g can reduce design time 
and thu s permit the u se of the 
la tes t technology. It can also pin­
p oint res traints dictated by varying 
environmental conditions. Simula­
tion, Burke adds, allows a b etter 
use of semiconductor chip tech­
nology. Computer-aided design can 
spell ou t and tes t functions, then 
allocate these fun ctions to one or 
more chips. 
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Computer-aided design will al so 
minimize the problem of accommo­
dating changes after initial design 
has been frozen. "A huge inves t­
ment of manpower is needed to do 
this manually-and error can be 
introduced," says Burke. 

" Simulation will be important in 
tracking down errors in program­
ing," he adds. "There are too many 
variables to track them down one 
by one as a human programer 
does." 

Electronics notes 

• Pilgrim's progress. The Na­
tional Aeronautics and Space Ad­
ministration is expected to approve 
the development of a new scientific 

satellite, called Pilgrim, which wil] 
study solar flares. The craft will 
probably be launched either la te 
in 1968 or early in 1969. The 170-
pound satellite will make ex­
tensive use of integrated circuits . 
Pilgrim will carry three spec trom­
eters that will receive in the range 
from 0.25 to 16 megacycles . The 
satellite will be launched into an 
elliptical earth orbit that will ex­
tend as far as 6,000 miles into 
space. 

• C-SA subcontracts. The Lock­
heed Aircraft Corp.'s Georgia divi­
sion has awarded th e fir st two mul­
timillion-dollar subcontracts for the 
Air F orce's C-5A cargo plane. The 
Norden division of the United Air-
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Field-proven hp 651A Test Oscillator 
Accurate test signals, 10 Hz (cps) to 10 MHz (me) 
Typically 10 ppm short-term stability 
Long-term frequency stability ±0.02% , ampl itude stabi lity :!:0.1 % 
1 % accurate 90 db output attenuator 
50·, 600-ohm output impedances {optional 75r!) 

Use it for: 
Response test ing, narrow- or wide-band 
Test signal source with low distortion in presence of shock, 

vibration or hf radiation 
Measuring filter transmission characteristics, t uned 

circuit response 
Telephone carrier measurements 
Bridge measurements 
Video amplifier tests 
Voltmeter calibration 
Amplifier loop gain plots 
Receiver alignment 
Network gain/loss measurements 

Here's a high-performance solid-state 
sou rce of low-d istortion test signals for 
a wide va r ie ty of uses. Performance­
proved in the fiel d. Wide f requency 
ran ge, continuously var iab le across six 
bands. Low hum and noise. Voltmete r 
ou tput monitor cal ibrated in v and db, 
highly accurate output attenuator wi th 
ou tput isolat ion achieved through power 
ampli f ier. Pr ice : On ly $590. 

Ask your hp field engineer for a dem­
onstration of this basic measuring instru­
ment. Or write for complete information 
to Hewlett-Packard, Palo Alto , California 
94304, Tel. (415) 326-7000; Europe: 54 
Route des Acacias, Geneva . 

Da ta subject to change without notice. 
Price f .o. b. factory. 

·PACKARD 
A n ex tra mccurnrc of <11wlily 

eo:i 
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ANTENNA 
and 
TOWER 
INSULATORS 
by LAPP 

Lapp insulators support most of the world's large radio towers , both 
self-supporting and guyed masts. Lapp has designed and built base 
insulators from 80,000 lbs. to 9,000,000 lbs. ultimate strength. Lapp 
strain insulators have been made from 1200 lbs. to 620,000 lbs . 
ultimate strength. D Lapp is also a dependable supplier of entrance, 
spreader and stand-off insulators for transmission lines. Other Lapp 
insulators and our gas filled capacitors are used in transmitters and 
coupling networks. D Difficult insu­
lating problems are welcome here at 
Lapp. We 've been solving them for 
almost a half century. Write Lapp 
Radio Specialties Division, Lapp In­
sulator Co. , Inc. , 241 Sumner St., 
LeRoy, N. Y. 14482. 
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craft Corp. received a contract for 
multimode radar equipment that 
will exceed $18 million. And the 
Nortronics division of the Northrop 
Corp. won an order for doppler-in­
ertial navigation gear that will top 
$20 million. The radar will provide 
high-resolution ground mapping 
and will warn pilots of bad weather 
ahead. It will also contain auto­
matic low-level terrain-following 
equipment. 

• Beacon for crash clues. A tiny, 
solid state acoustic beacon to help 
air crash inves tigators find a flight 
recorder underwater is about lo un­
dergo tes ting by the Federal Avia­
tion Agency. The device was devel­
oped for the FAA by the DuKane 
Corp. The FAA-looking for a 
means of locating the information­
packed flight recorder in relatively 
shallow water-asked only for a 
radio transmitting device with a 
range of 1,000 yards and a life of 
48 hours. The transmitter is acti­
vated when contact with water 
shorts two terminals. If the device 
is effective, the FAA could require 
them on commercial aviation flight 
recorders and on the nc"' pilot 
voice recorders that airliners will 
be required to carry beginning later 
this year. 

• New symbol. The National 
Academy of Engineering, created 
in Df'cember, 1964, has adopted an 
official seal- a 
silhouette of a 
Roman viaduct. 

Explaining the 'Ill' design. Augus-
tus B. Kinzel, 
president of the 
organization, says: "It represents 
an important historical achievement 
of the engineering profession. It's 
also meant to symbolize engineer­
ing as a bridge between science 
and society." 

• IBM and computer tape. The 
J apancse government has approved 
an agreement permitting the Sony 
Corp. to export its know-how and 
patent rights covering the produc­
tion of magnetic tape to the Inter­
national Business Machines Corp. 
in the United States. The agree­
ment marks IBM's move to manu­
facture its own magnetic tape; it 
currently buys tape from outside 
suppliers. 
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ULANO EUROPEAN TECHNICAL 
CENTER FOR GRAPHIC ARTS 

Ulano's technical center in Switzerland is 
headed by the very capable Mr. Henri 
Kunz. He is qualified by his many years 
of experience in the Screen Process and 
Graphic Arts fields. Demonstrations and 
technical seminars are held in many lan­
guages throughout the year. Complete 
laboratory facilities have been installed to 
provide demonstrations of the complete 
Ulano line. Large stocks of all famous 
Diano films are available for immediate 
delivery to all parts of the world. 
You are invited to contact Mr. Henri Kunz 
at ULANO A.G., Untere, Heslibachstrasse 
No. 22, Kusnacht 8700, Switzerland, Tele­
phone 905959. It is our pleasure to serve 
you. 

HERE'S HOW ••• 

TWO NEW 
SPEED 

PRESENS ITIZED FILMS 
PRODUCTION - LOWER 

TO 
COSTS 

tod a y on 
letterhead 

HI-Fl RED 
HEAVY- DUTY INDUSTRY PROVED 
Presensitized photo film used by many leading elec· 
tronic firms for clean , sharp , tough , durable, almost 
indestructible screens of unmatched quality . Adheres 
tightly to wire, silk , nylon and dacron. 

PREP ® 
PRESENSITIZED FOTO FILM 
.002 Polyester support guarantees good register. Does 
not require a dark room . Very good resolution-suit­
able for halftones. Excellent adhes ion to silk, nylon, 
dacron and metal mesh. Tough, strong emulsion­
good for machine printing and long runs. 

J. ULANO & COMPANY, INC. 
610 Dean Street, Brooklyn, N. Y. 11238, U.S.A. 

Cable address: " UlanoFilm" 
In Europe: ULANO A.G., Untere, Heslibachstrasse No. 22 

Kusnacht, Zurich, Switzerland 

LITHOGRAPHERS , ENGRAVERS , ARTISTS, SCREEN PROCESSORS ~i.t. US ·E 

THESE FAMOUS MASKING FILMS TO SEPARATE COLOR , ELIMINAT E 

OPAQUING , PREPARE DROPOUTS , SAVE TIME , REDUCE JOB COSTS 

Cut a piece of the desired film 
Jarge enough to cover area to be 
masked. Tape it down firmly at 
the top with dull-side up. 

With sharp blade, out­
J ine the areas to be 
masked . Do not cut 
through the backing 
s heet. Th e Ulano 
Swivel Knife does the 
job quickly , easily. 

RUBYLITHT.M .• AM.BERLITHT.M. 
HAND CUT MASKING FILMS FO R THE GRAPHIC ARTS 

ULANO RUBYLITH ••• a revolutionary knife cut red 
film is laminated to a stable tran sparent plastic 
backing sheet. The red film is " light safe" so that 
when contacted to a sensitized emulsion and ex· 

as crayon tones , paste ups, benday sheets, an<! 
opaqu ing are easily combined with versatile ULANO 
RUBYLITH. * T.M. Dupont Polyester Film 

posed to a suitable light source, light passes through ULANO AMBERLITH ••• a companion to Rubylith 
the cut-out portions only . . . not through the red serves as a color separation med ium used as the 
film . • The mylar* backing is absolutely "stable . • • master on camera copy board to secure negatives or 
insures perfect register. a Special effects such posi tives. 

Available in Rolls and Sheets 

ulan~<t>- 610 DEAN ST., BROOKLYN, N. V. 11238 

NEW YORI( • CHIC"GO • ZURICH 
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Now carefully peel off the film. Your 
art work is now sepa rated with the 
"second color" on a clear Mylar 
overlay ready for camera and in per·· 
feet register. 

W rite tod ay on y our letterhead for 

fr ee Special Sample Kit 5348 
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A complete 14-bit A-to-0 conversion in under 4 µ,sec ..• 
that's something to write about! 

We're delighted with the over­
whelming number of inquiries 
we've received about our two 
new additions to the Adage 
VOLDICON™ line of voltage 
digitizers. 
The high-speed, high-resolu­
tion VT13-AB and ultra high­
speed VT7-AB are based on a 
novel design combining tech­
niques of successive approxi­
mation and parallel threshold 
decoding. The VT13-AB ac-

complishes a 14-bit analog-to­
digital conversion in less than 
4 microseconds. The 8-bit 
VT7-AB performs a complete 
conversion in under 800 nano· 
seconds. 
A full line of data systems 
components, including other 
A-to-D converters, D-to-A con­
verters, multiplexers, opera· 
tional amplifiers, and digital 
logic, is available from Adage, 
Inc. These components use 

all-solid-state circuitry and 
are designed and tested to 
meet the most demanding re· 
quirements for accuracy and 
reliability. 
Why not add your inquiry to 
the many we've already re­
ceived? We would be pleased 
to send you a technical bro­
chure on the VT13-AB and 
VT7-AB. Call or write I. R. 
Schwartz, Vice President 
783-1100, area code 617. 

Adage, Inc. welcomes employment inquiries from professional engineers. 

,<:)_cf;~~ Q 

1079 Commonwealth Avenue O Boston, Massachusetts 02215 
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~ This is a MULTIVERTER®. An 
~ integrated circuit Multiplexer, 
- Sample and Hold Amp I if ier and 
-- Analog-to-Digital Converter in 
- a single chassis. You can buy 
... 
~ one from Raytheon Computer 
- and nowhere else. ~AYTHEO~ 

' I 

MUL TIVERTER 
~RAYTHE:ON COMPUTE:R 

~ 

I I 'I] II 1\ 11 I) 
I I l I I f 7 I f •I II 
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MUL TIVERTER FEATURES 

Complete Front-End System in Single 51/.i " Drawer 

• Multiplexer 
• Sample and Hold Ampli f ier 
• A /D Conve rt er 
• Power Supplies 

Integrated Circuit Multiplexer with 96-channel capacity 

• Plug-in expandability in 8-channel increment s 
• Circuits packaged 16 channels / circuit card 

H igh Input Impedance 
• 100 megohms for selected channel 
• 1000 megohms for unselected channels 

H igh Performance - Total System to w ith in 0 .02°/0 

• Lineari ty within 0 .01 % ± LSB 
• Drift , 0 .01 % typical 

High System Throughput Rates 

• 51 KC at 12 bi t s 
• 28KC at 15 bi t s 

Techni cal representatives and company sales offices: 

High Performance Sample and Hold Amplifier 
• Apertu re t im e less t han 50 nanoseconds 
• Set tling t ime (0 .01 % ) less than 4 .0 

microseconds for ful l scale input 

Temperature Stability within 10 ppm j°C 
• Fi ve proporti onal cont rol led ovens 
• Reference Oven Stab il ity- ±0. l °C 

Built-i n Systems Timing and Control 
• Single pulse opera t ion for timing 
• Sample and Hold internally controlled 
• Al l sub-system interconnections made internally 

Four Standard Operat ing Modes 
• Sequent ial 
• Random Address 
• Digitize Only 
• Man ual 

System Isolation 
• Transformer Coupling 
• Iso lated Transist or Ju nct ions 
• Reversed Biased Diodes 

Low Cost-Approximately 30% less than 
conventional equipment 

Alab a ma , ract-Tronics. P.O. Box 1135. HuntsvillP. (205) 539-7193, Raytheon Drive, Detroit. (313) 892-2500; Minn esot a , P1van Engineering. 3203 Nortt1 
Computer, Holidily Office Center. Suite 47. Huntsville. (205) 881-2844: H1gt1way 100. Minneapolis, (612) 537 :-,626: New Jersey & M et. New York . 
A r izona. Barnhill Assoc .. 30 Pima Plaza. Office 20, Scottsdale, (602) 949-0132: r,ennr-th E. Hughes Co., Inc., 2035 Lemoine Avenue. Fort Lee. (201) 944 1600 
Ca li fo rni a. HnmP & Western Regiondl Office. Rdvthr•on Computer. 2700 South New York . DB Associ.1tr.s, Inc., 3307 Erie Boulevard East, DeWitt (Syracu ·•·). 
Fiirv1ew Str•}f'l, S.rnta Ana, (714) 546-7160: Williams & Hedge, Inc., 4341 131~) 446-0220; DB Associates, Inc .. 22 Bisc:wne Drive. Lane.1st. r, (716) 
WP·ci Cornrr nwP.dlth. FullP.rton. (714) 521-7410: Will ;ims, Hedge & M"t1n, TF 5-6186; New M ex ico, B;irnholl, Assoc .. 319 A Wyoming, NE .. Albuquc·r W' 
Inc .. Suite 308. Fayette Townhouse, 267:0 F:iy.,ttP DriVP. Mt. V'ew· Colorado. (505) 265-7766: No rth Ca ro lin a , L. G. White & Co., P.O. Box 23~6. W1nst•in 
Barnhill Assoc .. 1170 So. Sheridan Blvd., Dl.nver. (303) 934-5505: Conn ect icut , '3.11Pm. (919) 725-3612: Ohio. WKM Associates. Inc .. 6741 R1c1gc R,nd 
Eltron lngr. S.ilns. 2341 Whitney Av""'"'- Hamclen. ( 03) AT 8-9276: Fl or id a. ClevC'land, (216) 885-5616: WKM A ;oc1ates. Inc .. 6085 Fnr Hills Awnu 

•. 
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n;, 015··') Wr -t P•'terson Avenue, Chic.1g0, (312) KE 9-4838, Indi an a, P'v:in Pittsburgh, (412) 892-2953; Texas, Carey-Wolf Co .. 3327 W1nth1 p Av£·nur 
Fn~ nec·r nr 10447 North College Avenue-. 1n,J1;rn.1p11l1s, (317) VI 6-5805; Ft Worth, (817) PE 8-1702; Cilrey-Wolf Co., 2510 Broad Street. Hou·.ton. (711 
Iowa. P1van Engineering. P.O. Box 1274. Cc>dar R.1p1ds, (319) 365-6635: Ml 3-2114, Raytheon Computer, 204 East Main, Arlington. (817) CR 'J-S361 
M ary la nd, L G White & Co., 880 Bonifant Stre<>t, Sdvcr Spring, (301) JU Washing ton. ThA Thorson Co. 17n7 15th Avenue. So .. Seattle. ('.'Of1) fA • 
5-3141; M assac husett s, Eltron Engr. Sales. ?46 W.1lnut Street, NewtonvlllP, ~ 5000; Wa shing ton , D.C., Eastern Regional Office. Raytheon Computer. 4'.'17 
(617) DE 2-6975; Raytheon Company, Beciforcl L.iboratory, P.O. Box 508, Wheeler Avenue, Alexandria. Va., (703) 836-7616; Wi sc ons in . Piv.1n E.nginn•r 
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RAYTHEON COMPUTER , 2 700 SOUTH FAIRVIEW STREET, SANTA ANA. CALIFORNIA 92704 - .... 
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Start Designing Now with Integrated Circuits 
-the Easiest, Fastest, Most Economical Way 

Get a Tl Designer's Kit from EW 
Here's everyth ing you need to get a 
headstart in modern logic design -
newest Series 73 modified DTL inte­
grated circuits , test sockets, app lications 
circuits, complete device data - all for 
much less than the price of th e items 
if purchased se paratel y. 

In your Texas Instruments Series 7 3 
Designer's Kit you' ll receive: 

• Eight digital integrated circuits in 
hermetically sealed fl at packs -
representin g 24 separate circuit 
functions (fli p-flops , gates, dual 
EXCLUSIVE-O R, and "one shot"). 

........... 

• Six breadboarding sockets. Each 
integrated ci rcuit is mounted in 
its own Mech-Pak™ carrier for 
quick , easy transfer from socket 
to socket to accomplish various 
circuit functions. 

• A mechanical sample of Tl's new 
16-pin plug-in fl at pac k. This is 
an optional pac kage for Series 7 3 
circuits, specia ll y designed for 
fast insertion and flow-soldering. 

• Applications Guide including sample 
assemblies that can be built with 
kit components. 

··········-·· ·•················• ... . .. ... . .. "SERVING THE ENTIRE SOUTHEASTERN U.S." 

• 28-page data brochure describing 
electrical and mechanical details 
of Series 73 integrated circuits. 

• Catalog of Tl's full line of more than 
125 digita l and linear integrated 
circuits . 

Demonstrate for yourself the many 
economies and the high performance 
inherent in integ rated-circuit design. 
Start now to design and breadboard 
integrated-circuit assemb li es such as 
counters, shift registers, adders, and 
.. . wel l the rest is up to you. 
Order your kit today. 

.:::: 1iiiiiiiiiiiilll~ 
t•' •• ••••••• ······~·· .. .. . ..... , ........ . .. ,. .. .. 
=~ ,,~ ,: .. .. ... . .... 
;1111 !II& ii· ..-HI; 

ELECTRONIC WHOLESALERS INC. 
'Ill !!!!!!!!!__ -a:::' 

1!11 ::!' 
~. . . .................. ............... ...... !~···.. m 
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WASHINGTON, D. C. 
2345 Sherman Ave . , N.W. 

Phone 202-483·5200 

BALTIMORE, MARYLAND 
3004 Wilkens Avenue 

Phone 301-945-3400 

WINSTON-SALEM, N. C. 
938 Burke Street 

Phone 919-725-8711 

MIAMI , FLORIDA 
9390 N.W. 27th Avenue 
Phone 305-696- 16 20 

MELBOURNE, FLORI DA 
1301 Hibiscus Boulevard 
Phone 305-723 -1441 
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From the expanding line of Sigma relays ... 

48 

Now there are 
3 low-cost 

relays for switching ~:-
up to 2 amps. .-~ 
Order them off-the-shelf. 

New Series 65 New Series 59 Series 11 

Electron ics \ February 21 , 1966 ~ 
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Match these specifications against your requirements. 
Then contact Sigma or your distributor. 

Contact rating 1 ampere. Unenclosed, screw 
mounted, solder or printed-circuit terminals, all 

Series 11: UL-listed (E28610 Yellow Card). Choice of 3 
physical types, 11 co il resistances, 2 adjustments, 
3 DC or 2 AC coil voltages. 

Contact rating 2 amperes. Unenclosed, screw 
Series 59: mounted, solder terminals; or meta l dust cover, 

8-pin plug. Choice of 3 DC coil voltages. 

Contact rating 1 ampere. Unenclosed, screw 

Series 65: 
mounted, so lder terminals, or terminals for 
printed circuit mounting. Choice of 3 DC coil 
voltages. 

New Sigma Series 59 and 65 relays now join the popular Series 11 to provide a broader range of low-cost SPDI 
relays for general purpose switching. Each of these small, one-ounce relays provides optimum operation for 
controlling light industrial and commercial loads. All are immediately available from stock at low prices. 

How low in cost? Take the new Series 65. These DC relays are available in quantity at less than a dollar. 
They are specifically designed for simple, reliable on-off switching. 

New Sigma Series 59 relays are built for gradually changing signals as well as on-off operation. This is made 
possible by the unique construction of these DC relays which use a snap-switch instead of conventional contacts. 

Sigma Series 11 relays are available in both AC and DC versions. They are UL-listed and combine low price 
and high sensitivity with the ability to respond to gradually changing and on-off DC. 

The new Sigma Series 59 and 65 relays and the Series 11 are suitable for applications ranging .from vending 
machines and alarm systems to industrial controls. Use them wherever there is need for small , low-cost, highly 
dependable relays . 

FREE CATALOG: Send today for th e new Sigma Preferred Standard and Stock Relay Catalog and up-to-date stock 
list. They wi II help you select the relay types immediately available in quantity from your distributor or Sigma direct. 

SIGM-6 DIVISION SIGM-6 INSTRUMENTS INC 
Assured Reliability With Advanced Design/ Braintree, Mass. 02185 

Sigma's line of over 100,000 relays includes (from left to right) Seusirive. High Performance. Pulse and Telegraph, General Purpose, Power, and Special Putp0Se types. 
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A LARM 
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How to have a low cost, 
reliable an ticoincidence circuit 
... with Clareed Control 

RESET LA!CH SET 

Clareed two-element 
four-state FLIP-FLOP 

A simple, dependable way 
to control set limits of a system 
.. . with Clareed Control 

CLAREED 
COMPARATOR 

> z 
> 
5 
"' z ,, 
c .... 
(/) 

'"'""l ~ Q"'"'"" 
~ 

BORROW OUT~BORROW IN 

Cl a reed 
BINARY HALF SUBTRACTOR 

logic module 

The system shown represents one of 
the most versatile and economical 
means of controlling set operating 
limits in such super visory cont rol 
functions as heating, air condi tioning 
or process cont rol. This system, de­
signed around Clareed logic elements, 
permits either random or sequent ial 
scan of 100 control points per second. 
It is ideally sui ted for "long line" sen­
sing, where requ ired buffering against 

This simple ant icoincidence circuit 
can be used for counting random mul­
tiple events through a common inpu t 
•.. or to receive mult iple inputs and to 
read out logic from a system so as not 
to permit simultaneous action. 

For example, the block diagram 
is typical of an industrial control count­
ing function. Random input signals are 
transmitted to Clareed Flip Flop 
Counting Modules (see schematic, 
left), where signals are stored. Pulser 
operates through ladder steering cir­
cuit, which resets any or all flip-flops, 
and creates outputs in a numerically 
progressive order if inpu ts arrive si­
multaneously. If in puts do not arrive 
simultaneously, outputs are issued in 
the order received. Addit ional Clareed 
logic can be incorporated to assure 
first-in, first-out system response. 

As indicated, outputs can be taken 
from the store state either serially for 
accumulation, or in parallel for other 
logic fu nctions. 

line or ambient t ransients would make 
solid state circuitry prohibitively, 
expensive. 

Unknown value analog signals from 
field sensing devices are picked up by 
the Level One Scanner, which sends 
them to the DVM for conversion to 
digital signals. The DVM t ransmits 
the digital signals as input to the digi­
tal comparator where the unkn own 
DVM value is substracted from the 
known limit value, which is switched 

• 

to the comparator by level two of the , 
scanner. If the unknown value is greater 
than the known value, an alarm output 
is produ ced . When both high and low 
limit alarms are required, dual logic ,,_ 
elements are used in the comparator 
and a third level scanner is required. 

The basic logic element used in the 
comparator is a Clareed Binary Half , 
Subtractor (see schematic, left). Two 
Clareed switches, (one of which is po­
larity sensitive due to addi tion of a 
bias magnet), a diode and a bifilar coil ..­
make up the assembly. One element 
is required for each binary digit. 

If the unknown input is greater than 
the known input, the "A" switch ,.. 
closes and a borrow out is produced. 
If the known and unknown are equal, 
neither switch operates and no borrow 
output is produced. In this case a bor- ~ 
row input from a lesser significant digit 
is transmitted through to the borrow 
out. If the known input is greater than 
the unknown, both the "A" and "B" _ 
switch operate. In this case, a borrow 
input does not transmit through to the 
borrow out. The borrow inpu t and out­
puts from significant digits are series 
connected to the alarm output. 
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... and you get this optimum performance with 

CLAREED® CONTROL MODULES 
You can optimize system perform­
ance with these, and many other 
Clareed Control counting, selec­
tion and logic circuits. Specifying 
pre-packaged Clareed Control 
Modules will assure that your sys­
tem will operate dependably . .. to 
its design characteristics ... over its 
planned life. Here's how: 

• Your system is not subject to in­
advertent switching ,by ambient or 
line t ransients . . . no elaborate buf­
fering required 

• You get inherent reliability . 
Sealed-in-glass switches are main­
tenance-free; are not subject to 
environmental contamination or 
mis-adjustment . 

• Your Clareed system is com­
pletely compatible with industrial 
environment and service condi­
tions 

and, besides ... 

• You'll save on cost over solid 
state for most applications 

·• You need only one power source 
... 24 vdc ±53 

• Your outputs are isolated con­
tacts capable of handling low level 
to 50 va de or ac power loads 

• You'll realize ample switching 
speeds . . . up to 250 bits per second 

Whether your system requires a 
simple counting circuit, or a com­
plex logic function .. . and if you 
are now using electromechanical 
or solid state switching devices ... 
it will pay you to look at Clareed 
Control. 

Proven Clareed Control solu­
tions span many different 
application areas, including 
counters , sca nners, digital 
clocks, shif t registers, logic 
arrays, a n d n on-volatile mem ­
ories. Wr ite for Clareed Con­
trol Applicatio n M anuals. 
C. P. Clar e & Co. Group 02N4, 
3101 Pra tt Boulevard;Ch1cago: 
Illinois 60645. 

Electron ics I February 21, 1966 

For complete information 
contact your nearest 

CLARE Sales Engineer. 
CALL- NEEDHAM (Mass.):(617)444-4200 
• GREAT NECK, L. I . (N. Y.): (5.16) 466· 
2100 • SYRACUSE : (315) 422-0347 • 
PHILADELPHIA : (215) 386-3385 • BAL­
TIMORE : (202) 393-1337 • ORLANDO : 
(305) 424-9508 • CHICAGO : (312) 262· 
7700 • MINNEAPOLIS : (612) 920-3125 
• CLEVELAND : (216) 221-9030 • XEN IA 
(Ohio) : (513) 426-5485 • CINCINNATI: 
(513) 891-3827 • COLUMBUS (Ohio): 
(614) 486-4046 • MISSION (Kansas): 
(913) 722-2441 • DALLAS : (214) Z41· 
4411 • HOUSTON : (713) 528-3811 • 
SEATTLE : (206) 725-9700 • SAN FRAN· 
CISCO : (415) 982-7932 • VAN NUYS 
(Calif.): (213) 787-2510 •TORONTO, CAN· 
ADA : C. P. Clare Canada Ltd. • TOKYO, 
J APAN : Westrex Co., Or ient • IN EUROPE : 
C. P. Clare International N. V. TONGEREN, 
BELGIUM WATFORD, ENGLAND • 
MUNICH, GERMANY 

Typical Clareed five-stage 
anticoincidence module 

eeeee 
e 
e 
relays and related control components 
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NEWS! 

this AMELCO FET 
combines low RoN, 
low ID (OFF), and low CnG 
better than 
ever before ... 

TURN-OFF CHAIUClEli1STIC 

't Q,glli ' • I • ' I I 

,0217····· t· 
. . . . . . ' ~ . 

20 1 ' • • • ' j • • .. ~ 

• Vo.,1 • • • • · • t 
10 • • • t • . . 

' . . . . . .. . 
0 . . . • • • • 

OL·· 4,0 •••• 
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80 . . . . . 

120 • 

• l 1 ,_ 

CHECK THESE KEY SPECIFICATIONS: 
30 MAX toFF 

200 pa MAX Vp 
5 pf MAX IDSS 

25 nsec MAX BVDGO 

40 nsec MAX 
JO V MAX 
30 ma MIN 
40 V MIN 

AM ELCO 
SEMICONDUCTOR 

DIVISION OF TELEDYNE, INC . 
1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA 

M ail Addr ess: P . 0 . Bo x 10 30, Mount a in View , California 
Phone : (415) 968 -9241 I TWX: ( 415 ) 969 ·9112 I Tel ex: 033 -9 14 

Circle 54 on reader service card 

Now being mass produced , this FET switch is 
availab le from Amel co Distributor stock for only 
$12 .30, in quantities of 100 or more. 

Get full information today! 

Amelco 's new 2N409 l FET switch offers extra 
high speed with the highest switching ratio ever 
available in a standard device. If you are working 
with multiplexing, commutating, analog switch· 
ing or DC chopping, consider these facts ... RoN 

is 30 ohms max ., the lowest of any FET on the 
market with CoG of less than 5 pf; 10 (on)/1 0 (off) 
ratio is better than lOB. Designers may now con­
sider FET devices where previous ly the require· 
ment for very low on resistance demanded use of 
bipolar transistors . In addition, app 1ications 
presently using FETs can benefit from this im­
proved perform a nee. 

.• 

.-
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For complete data on any of these products, contact your nearest Sales Office or Representative .. 

FIELD OFFICES ...,...., SALES REP1IIS£MTATIVES' ••-" '"'' 
CALIFORNIA 

Engineering Service Co. 

Electronic Sales 

6717 Vernon Avenue 

1494 w. Clifton Blvd . 

St . Louis, Missouri 

Lakewood 7 • Ohio 
(216) 228 -1777 
Gibson Electronics Marketing Co . 

SOUTHWEST 

543 High Street 
Westwood, Massachusetts 

Suite 213, 8621 Bellanca Avenue 
(617) 326-6600 

Black & Strong . Inc. 
3840 Crenshaw Blvd . 

Los Angeles, Callfomla 90045 
711 Magnolia Avenue 

Los Angeles 8. California 

(314) 726-2233 

(213) 678-3146 

Orlando, florid• 32803 

(213) 295 -7751 NEW JERSEY 

(305) 423-5833 
IOWA 

NORTHWEST 

Graydon /Sherman. Int . 

Engineering Services Co . 

P. o. Box 1030 

MIDWEST 
1026 3rd Avenue. s. E. 

22 Fairfield Drive 

1300 Terra Bella Avenue 

650 West Algonquin Road 
Cedar Rapids, Iowa 

Morristown . New Jersey 

Mountain 111ew, Callfomla 

Des Plaines, lllinols 

(319) 366-1591 
(20ll 538-9246 

(415) 968-9241 

(312) 439.3250 
MARYLAND 

NEW YORK 

EAST 

3020 Woodlark Lan• 
Daniel & Company 

Gemini Electronics, Int. 

St. Paul, Minnesota 

6 East Pennsylvania Avenue 

P. o. Box 2091 

(612) 646-1161 

Lawson. Maryland 21204 

45 North Station Plaza 

p~terson, Now Jersey 07509 

(301) 825-3330 

Great Neck . Long Island. New York 

EXPORT 

(516) 482 -4446 

(201) 696-4747 
Write or wire collect 

MICHIGAN 

p. o. Box 366 

W. R. Hummon & Associates 

Graydon /Sherman . Int . 

TW'Jl: (415) 969-9122 to 
2027 4 Stout Street 

Old farm Road 

Klmberton, Pa. 19442 
Mountain View, Callfomla 

Detroit. Michigan 

Fayetteville. New York 

(215) 885-1755 

for nearest agent. 
(313) 538-5704 

(315) 637 -6765 

new CRYSTALONICS 
FOTOFETs® ... 
an order of 
magnitude 
more sensitive! 
FOTOFETs are a new type of so lid -state photo­
device offe ring high impedance voltage operation, 
high speed, and high sensitivity. Ava i lable from 
stock at $28. 50 (FF 600) , $22 .50 (FF 400) . and 
$16.00 (FF 102) in one to 99 quantities. 

•00,-------.,.......----,..., 

~ 
~ 50 t 

2801 far Hills Avenue 
Far Oaks Bldg . , Room 110 
Dayton 40. Ohio 
(513) 298· 7683 

TEllAS ·. 
W. Pat fralia Co . 
P . o. Box 12625 
6100 Camp Bowie Blvd . 
fort Worth . Texas 
(817) 738-2394 
(214) iA 7 -1233 • Dallas 

WASHINGTON 
Harry Levinson Co. 
1211 East Denny Way 
Seattle 22 . Washington 
(206) 323-5100 

FOTOFETs inc rease system sensitivity 10 times 
and speed vs. sensiti vity 4 times over conven­
tional photo-transistors. And , sensitivity is 
external ly adjustable with gate resistance to meet 
variable light input levels and critical operating 
range requirements. FOTOFETs improve per­
formance and simplify circuitry in present 
electro -optic app lications and make new ones 
practical. Use them in photo -choppers. card 
readers, photo -switches, infra red i nstrumenta ­
tion, laser detection , photo-coupled analog and 
digital circuits , and servo systems. Spectral 
response is compatible with both infrared and 
visible light detection . 

CHECK THESE KEY SPECIFICATIONS: 

Find out more by writing for Application Note 
AN F · 8. ®FOTOFET is a trade name of Crysta Ionics. 

Sensitivity; • 
FF 600 800 µA/F .C. t. 50 nsec 

FF 400 30 µA/ F.C. Peak Response 0.95µ 

FF 102 8 1,A/ F.C. Dark Current 

t , 30 nsec (Gate) 50 pA 

0 Adjustable over 10 6 range with gate bias resistor . 

Crystalonics 
DIVISION OF TELEDYNE. IN C. 

147 SHERMAN STREET • CAMBR IDGE 40. MASSAC HUSETTS 
Telephone : 617 -491 -1670 TWX: 617-499 -9156 
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10 gram guard 

Reverse-voltage defense is just one 
more reason for G-E tantalum foil 

56 

Forget about a surprise reverse with 
G-E tantalum foil capacitors. They're 
designed to take it. And reverse-volt­
age defense is just one reason for 
using G-E tantalum foil. Here are 
three others: 
PROVED IN-CIRCUIT RELIABILITY: 
They've been proved-and improved 
- for over 17 years. More than 20 
million have been successfully ap­
plied. G-E tantalum foil earned a 
0.00023 rel iabi I ity record (per 1000 
hours) on Minuteman reliability tests, 

Circle 56 on reader service card 

based on the Minuteman acceleration 
factor. 
NO CATASTROPHIC FAILURES: Low 
impedance circuits and catastrophic 
failures are no problem with G-E 
tantalum foils. They're self healing. 
LONG SHELF LIFE: We're up to the 
14 year mark ... with less than a 5% 
capacitance change at 25C. That's 
shelf life! 

G-E tantalum foil capacitors are 
av1Ji lab le in rlltings up to 450VDC, 0.15 
to 3500uf, -55 to 85 or 125C. They're 

virtually risk-proof. And may cost 
more. But isn't a proved line your 
best defense? 

For all the facts on G-E tantalum foil 
reliability, write for Reliability Re­
port, Section 430-25, General Electric 
Co., Schenectady, N. Y. 12305. 

ELECTRONIC COMPONENTS DIVISION 

GENERAL. ELECTRIC 
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FEATURES: 
High sensitivity 
Flat lens (no aiming required) 
Welded hermetic case withstands temperatures 
up to 200°c 
Power dissipation up to 75mW 
Fairchild Planar reliability 
Low price 

Fairchild photo devices are available as transistors (FPM 
100) or as diodes (FPM 200) . Large junction area assures 
high sensitivity. Flat window design enhances the reli­
ability and flexibility of the device. Since the flat lens 
always looks straight ahead , the array designer can 
recess the lens or bring it out flush with the mounting 
to control the area of sensitivity. In either case no aiming 
is required and performance is predictable. Cross talk 
and other error producing features are easily controlled 
or el iminated. 

DISCRETE AND MONOLITHIC PACKAGING 

Fairchild photo devices are ideal for applications such 
as card and tape readers, curve followers, character 
recognit ion, posit ion indicators, optical logic, and photo 
memory readout. Array assemblies are available, suit­
able for reading all card and tape codes. Monolithic 
arrays for high density data and / or military environ­
ments are also available. 

For more information and complete spec ifications con­
tact the nearest Fairchild sales office or write for our 
data sheets. 

FAIRCHILCJ 

SEMICONDUCTOR 

ff410l- l6 

FAIRCHILD SEMICONDUCTOR / A Division of Fai rchild Cam era and In strument Co rpo ration • 3 13 Fa irch i ld Drive, Mountai n View, Cal iforn ia (4 15) 962 -501 1 •TWX: 910·379·6435 
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Get your program here ... 

Circle 58 on reader service card 

Presenting a full line of precision-engineered programming devices to 
satisfy requirements in batch mixing equipment, checkout and ground 
support equipment, simulators and trainers, data acquisition systems, 
and test equipment . No need to look high and low-AMP's line encom­
passes all types and sizes available anywhere. Highest quality gold over 
nickel plating, exclusive double-wiping action contacts, versatile rear bay 
wiring, rugged construction and unique design are some of the features 
which give these A-MP* products their outstanding reliability. 

From the easy-to-use matrix pinboard systems to complex coaxial patch­
cord systems, one of the obvious features is flexibility. No effort has 
been spared to assure that every A-MP programming product demon­
strates convenience in use, 100% reliability, and the longest possible 
service. These facts are not idle claims. They are fully substantiated by 
testing and performance. 

Whenever programming has a role in your system, be certain of truly 
superior performance by choosing one of AMP's programming products 
To make your own critical appraisal of any of the above devices, write 
today for complete information. 



a. Universal Patchcord Program· 
ming Systems (both rack and 
panel mounted) 

b. Coaxial Patchcord Programming 
Systems 

c. Shielded Patchcord Program• 
ming Systems 

d. Anti -v ibration Patchcord Pro· 
gramming Systems 

e. Pinboard Programming Systems 
(Universal and Matrix types) 

f. Manual Card Readers (both 
desk-top and rack mount) 

g . Credit Card Reader 
h. Cords, shunts, squids, cards, etc. 
j , Universal Fixed Patchcord Panel 

Rocket test data is programmed with 
AMP's Patchcord Programming System. 

____ "':!, ______ ::;--_ -- .... ---------
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Standard punched cards, read by A-MP 
Card Reader, operate this batch mixing 
equipment. 

Sequence programmer uses AMP's Ma· 
trix Pinboard with interchangeable pro· 
gram templates. 

AIVIP 
INCORPORATED 
Harrisburg, Pennsylvania 

A-MP• producis and engineering assistance are available through subsidiary companies in: Austra lia• Canada · England • France . Holland • Italy • Japan • Muito • Spain • West Germany •Trademark of AMP lncorPorated 
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CERAMAG® FERRITE PARTS ARE CONSISTENT 
Stackpole otters over 30 grades of Ceramag® material. More 
are being developed continually. Such up-to-the-minute 
technology permits you to specify Ceramag® on every new 
application. Discover the unique advantages of the versatile 
Ceramag® ferrites: complete moldability to virtually any 
shape, and the important savings over steel alloys for low 
frequency applications. When high permeability is an im­
portant factor, Ceramag® is the answer. 

Hundreds of Ceramag® parts are already tooled as toroids, 
cup cores, insert cores, transformer cores, deflection yokes 
and rectangular solids. Special tooling is also available. 

Stackpole is a name long associated with quality components 
in the electronic field. Only the closest attention to every 
production detail can result in the kind of product uniformity 
avai lable with Ceramag® ferrites. As one of our customers 

r-: .. ,..1 .... Cl'\ .......... "'"":ll'°'o'" eo1"'\1iro r~rn 

put it, "Your ferrite cores are more consistent from order to 
order than any of your competitors." 

If you are about to select a ferromagnetic material for a new 
application, or if you are dissatisfied with the performance 
and service of your present ferrite supplier, why not investi­
gate Stackpole's Ceramag@? To discover how you can save 
and still insure superior performance, write for our Bulletin 
1-A, Stackpole Carbon Company, Electronic Components Divi­
sion. St. Marys, Pennsylvania 15857. Phone: 814-781-8521 
- TWX : 510-693-4511. 
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/i/W·~our key to every scientific 
and engineering problent 

Announcing the new, revised edition of the reference work 
which Scientific American called , " A first-class tool without 
substitute." The extraordinary volume you see here puts at 
your fingertips the latest information on over 100,000 sub­
jects in every engineering and scientific field. It is the heart 
of a unique Information Center in encyclopedia form devel­
oped by McGraw-Hill. For concise, authoritative answers 
to specific questions that come up on the job . . . for consulta­
tion when your work leads you into areas outside your 
specialty ... for keeping abreast of new developments over 
the whole spectrum of today's exploding technology .. . there 
has never been anything like this ready-reference tool. 

More than 2,000 respected leaders of science and industry 
have pooled their knowledge and experience to create this 
Information Center. Here you will find every theory, con­
cept, term ... every significant new discovery and applica­
tion ... every major problem currently under study ... pre­
cisely classified and described in 15 volumes of amazing 
usefulness. For a free illustrated Prospectus with complete 
details, simply mail the coupon. There is no obligation, 
of course. McGraw-Hill Encyclopedia of Science and 
Technology, 331West4lst Street, New York, N.Y. 10036. 

Electronics I February 21 , 1966 
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McGraw-Hill 
Encyclopedia of 

science and 
technology 

Please send your free illustrated Prospectus with full details 
of this new Information Center for engineers and scientists. 
I understand there is no obligation. 

Address, _______ __________ _ 

CitY-------------------
Zone or Sta te ______________ Zip No. ___ _ 

Profession-------------------
BN-101 

L----------------------~ 
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No matter where your product goes .. . 

Circle 62 on reader service card 

When it comes to tape, you'll find Mystik just right for a world of 
applications and some that are out of this world. You can seal your ~ 
product, hold it, package, mask, insulate, protect, or print on it with 
one or more of Mystik's 125 different pressure-sensitive tapes. 

Whether your adhesive needs are as basic as cutting costs and 
improving product performance or as complex as solving space age 
environment problems, you can count on Mystik as your single 
tape source. Mystik assures you superior quality, reliability and high 
performance standards-all at competitive prices. 

See for yourself how you can improve products with Mystik 
Tape. Let your Mystik distributor help you select the best Mark of 
Quality tapes for your requirements . He's in the Yellow Pages un- ,.., 

der Tape. Or write The Borden Chemical D BORDEN 
Co., Mystik Tape Div., 1700 Winnetka 1.: i--. 

Ave .• Northfield, Ill. 60093 \!7, CHEMICAL 
©let" 
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Helipot's side-adjust 
Helitrim• cermet ._ 
trimmer-world's 
smallest-costs as little 
as $1.50 in quantity. 

Helipot's side-adjust 
Helitrim• cermet 
trimmer-world's 
smallest-costs as little 
as S 

Helipot's side-adjust 
.. · ....... · -~ 

Helitrim® cermet 
.trimmer-world's 
smallest~costs as little 
as $1~50 in quantity. 

Helipot's s e-a 1ust 
Helitrim* cermet 
trimmer-world's --
smallest-costs as little 
as $1.50 in quantity. 

The Model 62PA side-adjust is a new easy­
access cermet trimmer with these quality 
features: virtually infinite resolution ; excel­
lent high frequency characteristics ; and 
standard resistance from 10 ohms to 1 meg­
ohm. Its rugged cermet resistance element 
gives you long, trouble-free life and freedom 
from sudden failure. Inside its plastic case 
is a sealed metal housing identical to the 
popular 1;4" top-adjust Model 62P. 

Focus in on delivery advantages, too .•• 
immediate stock availability. Call your 
Helipot sales rep for full specs. 

Beckman"' INSTRUMENTS, INC. 

HELIPOT OIVISION 

FULLERTON, CALI FORNIA• 9U34 

I NT ERNATIONAL SUBSID IARI ES : GENEVA; MUNICH; GL EN ROTH ES, 
SCOTLAND; TOKYO; PARI S; CAPETOWN ; LON DO N 
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If you're working with 0.100 to 20 amps, 

our new Series JA circuit breaker 

will save you space, weight, and money 

over this other OEM model 

The hydraulic-magnetic breaker shown 
above has long been the most popular 
OEM type on the market. But now the 
big buy is the little Heinemann Series 
JA that you see down below. 

The JA is one-third smaller in volume 
than the other breaker. And one-third 
lighter in weight. 

And it costs less. 
On a standard series-trip model you 

save about ten percent. On special­
function models (relay-trip, shunt-trip, 
etc.) you save even more. 

The JA is also easier to install. Its 
round boss eliminates the need for the 

square-cornered 
panel cutout the other 
breaker requires. Drill or punch a few 
holes and you're all set. 

"Universal" terminals further expe­
dite things. The JA will accept quick-on 
or soldered connections directly or, 
with snap-on adapters, screw-type con­
nections. Whatever method you're tooled 
for is "go." 

The JA is better looking, too. It comes 
with a neat white switch handle, and 
you can, as an option, dress it up with 
snap-on color-coding boss caps. 

In performance capabilities, the JA 

is thoroughbred Heinemann all the 
way. That means precisely calibrated, 
temperature-stable trip-points and nomi­
nal current rating. Choice of time-delay 
or instantaneous overload response 
characteristics. And a number of unique 
functional options. 

The smaller, lighter, less expensive, 
better-looking Series JA circuit breaker 
is available in single- and multi-pole 
models rated for standard maximum 
voltages of 250 vac, 60 or 400 cycles, or 
50 vdc. Our new Bulletin 3350 will give 
you detailed technical data. Write us 
for a copy. 

~ HEINEMANN ELECTRIC COMPANY 
2600 Brunswick Pike, Trenton, New Jersey 08602 
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PL ACE SERVO-S E T P OTENTIOMETER S 11'1 A <::OMPUTER? 

1965 Fall Joint Computer Conference 

IT MUST RECUCE SET·UFI TIME? 

AN INDUSTRY FIRST , •• THE COMCOR Ci -196 DIG· 

ITAL ATTENUATOR ... ONE HUNDRED CAN BE SET 

UP IN LESS THAN 2 SECONDS! Completely solid­
state in design, it replaces the servo-set 

potentiometers in a computer system. In COM­
COR's Ci-5000 Analog/ Hybrid Computer (shown 
above) in which it was initially installed, the Ci-196 
drastically reduced set-up time-previously each 

potentiometer setting took one second 
plus. Learn more about this amazing sub­
system; contactyourCOMCOR representa­
tive or phone, wire or write COMCOR direct. 

COMCOR 
A SUBSIDIARY OF ASTRDDATA, INC, 

1335 SOUTH CLAUDINA STREET/ ANAHEIM, CALIFORNIA 92803 

CCNSICERABLV! 
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New Dale commercial 
wirewounds ... priced right !dB 

Dale expands with 
new silicone coated 
resistors to replace & 
outperform vitreous enamel 
• Expanded Commercial Line provides direct replacements for the full range 
of vitreous enamel styl es and sizes. You pay no more- less in many cases 
• Proven Reliability: Over 1,800,000 unit test hours prove maximum HL 
failure rate to be .05% per 1,000 hours (full power, 25°C; fai lure defined as 
3% ~ R, 60% confidence level) • Superior Stability: Multi-layer silicone 
coating provides lower T.C. (± 30 ppm). Standard tolerance ±5%. Prec ision 
tolerances available. 
Write for • New Commercial Resistor Brochure • Complete Resistor Catalog A 

BUY NEW MODELS ... NEW SIZES ... FROM THIS COMPLETE COMMERCIAL WIREWOUNO LINE! 
APPLICABLE 

WATT AG RESISTANCE APPLICATION Mil SPEC CORE SI ZES TOLERANCE 

~ AND TYPES RATING RANGE 

Body Dia .. 188 
Axial leads. For appl ications MIL-R-26 4.25-13 .l ohm to to .375" 
requiring high performance RW-57, 58, 59 watts 273K ohms Body Length ±5% 
at low cost .500 to 1.781" 

Leads 1.5 to 2" 

Silicone-coated genera l purpose MIL-R-26C 
wirewound resistor. A direct RW-29, 30, 5-225 .l ohm to 1.3 O.D. V• to ±5% (10% 
replacement in both cost and 31, 32, 33, watts Megohms lVs" below 1 ohm} 
performance for vi treous 35, 36, 37, Length 
enamel types. 38, 47 1-lOW' 

High frequency ci rcuits and O. D. V• 
applications requ iring low 5-225 1 ohm to to l1/s" 
inductive effec t and mi nimum None watts 90K ohms Length ±5% 
distributed capacity 1-lOW' 

For limited space requiring high MIL-R-26C 24-95 . l ohm to Length 1 v • ±5% (10% 
power-to-size ratio. Vertica l RW-20 thru watts 150K ohms to 6" below 1 ohm} 
or horizonta l stacking. RW-24 

For limited space, high power-to- 10-20 .1 ohm to Length 3,{, to ±5% (10% 
size requirements particu larly None watts 51K ohms 2-1/16" below 1 ohm} 
in high vibration areas. 

MI L-R-19365C O.D. 5/16 to 
For resistance or RX-29, 32, 12-225 1 ohm to !Vs" ±5% (10% 
voltage adjustment 33, 35, 36, watts lOOK ohms Length )l/, to below 1 ohm} 

37, 38, 47 !OW' 

O.D. 5/16 to 
11-225 .l ohm !Vs" :T-10% each 

For voltage divider networks None watts to 1.1 Length 1112 to section 
Megohms !OW' (+10% total} 

General application where 5-20 .l ohm to O.D. V• to ±5% (10% 
terminal wi res are req uired for None watts SOK ohms 7/16" below 1 ohm) 
direct electrical connection Length 1 to 2" 

~\\HClllCH1it 

DALE ELECTRONICS, INC. '''Cf 
"#t \t)> 

1300 28th Avenue, Columbus, Nebraska 4'/(IOfl!Mtll "-tlo 
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Navy pushes 

automation 

for new ships 

Broader aid plan 

set for firms 

hurt by imports 

2 Apollo satellites 

adding 280 channels 

Washington Newsletter 

February 21, 1966 

The first major Navy ship with extensive automation of its propulsion 
controls is scheduled to be started this year and will join the fleet in 
1969. The Navy's Bureau of Ships has approved contract design plans for 
a group of the $28-million attack cargo ships (AKA), but hasn't yet se­
lected the prime contractor. 

The AKA' s will employ: 
• Remote control of main engines from the bridge. 
• Central control consoles in the engine room for automatic monitoring 

and controlling of engineering functions. 
• Automatic alarms to signal failure of any part . 
• And remote activation of back-up components in the event of a mal­

function . 
Plans are also under way for the development of other ships with auto­

mated engine controls: 
• A pair of destroyers to be armed with guided missiles, scheduled for 

the fiscal 1967 shipbuilding program. 
• And a fleet of automated fast deployment cargo ships (FDL). This 

new type of cargo ship will be purchased in a single package, a procedure 
that the Air Force initiated in buying airplanes [Electronics, Nov. 15, 
1965 p. 73]. 

Under the plan, several companies will compete for the design and 
development contract, then a single contract will be written covering 
follow-on construction , maintenance and repair. 

The Administration is about to ask Congress to cushion the damaging im­
pact on manufacturers and their employees hurt when low United States 
tariffs stimulate competition from imports. As it stands, the law allows the 
government to help companies move into new lines of business and to 
retrain employees. But the requirements for proof of injury from imports 
are so difficult to meet that every application-including one from work­
ers at an Ohio transistor-radio plant of the Philco Corp.-has been turned 
down. 

Under the proposal, companies would still have to prove damage from 
foreign competition, but they no longer would have to prove that imports 
are the sole cause of their trouble. 

The two synchronous-altitude satellites that the Communications Satel­
lite Corp. will loft this fall for the Apollo moon program will have an 
additional 280 channels for commercial transoceanic communications . 
The Atlantic satellite will have an· additional 100 channels; the Pacific 
satellite, an extra 180 channels. 

The military is negotiating with Comsat for a large block of commercial 
channels that would be available over the Pacific. Commercial service 
among the mainland United States, Hawaii, Australia and Japan is 
expected to start shortly after the Pacific satellite becomes operational. 

Negotiations are also under way for Comsat to put a 42-foot portable 
ground station in the Philippines to link the islands with the U.S. by the 
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Decision due soon 

on 3-R's satellite 

FCC may rule 

on Puerto Rican 

ground station 

Standards on way 

for federal buying 

of computer gear 

68 

Washington Newsletter 

end of this year. Thailand may be another country similarly linked to the 
U.S. 

The· growing demand for a Pacific satellite may require Comsat to 
launch a second communication craft in that area. 

A White House committee headed by Leonard Marks, chief of the U. S. 
Information Agency, has submitted its recommendations to President 
Johnson on the use of satellites for a mass education program in back­
ward nations [Electronics, Jan. 10, p. 57]. A White House decision to 
proceed with the program is expected shortly. 

A decision on who will own a proposed satellite ground station in Puerto 
Rico may have to be made by the Federal Communication Commission. 
The International Telephone & Telegraph Corp., which announced last 
fall that it wanted to build such a station, last week asked the FCC to 
defer a ruling on its bid. 

The company is waiting to see what the Communications Satellite 
Corp. does about presenting a proposal of its own to build a station in 
Puerto Rico. 

Last year, in an interim decision, the FCC said Comsat should own 
all ground stations in the United States. Should there be competitive bids 
for the station in Puerto Rico, as now seems likely, the FCC may alter 
its decision on ground-station ownership-a possibility of great interest 
to companies like ITT. 

On another matter, Comsat may shift its plans for a station in the 
Southeastern U.S.; it had planned to put the station in West Virginia, 
but now is considering building it in a more southerly state-possibly 
Georgia. 

Federal agencies shortly may be required to buy only paper computer 
tape that meets new criteria of the National Bureau of Standards (NBS). 
The standard is the first of many to be recommended by the NBS. The 
Budget Bureau is expected to approve the standards shortly. 

Next in line will be standards for punched cards and magnetic tape. 
More complex standards for such hardware components as printers, 
keyboards, displays and other supplementary computer equipment, as 
well as languages and other software, are also planned. 'We won't be 
able to force manufacturers to meet our standards," says an official. "But 
if they want to sell to the federal government, they don't seem to have 
much choice." 

The government's current annual budget for computers totals $3 
billion. The proposed NBS standard for paper tape is the same as that 
established by the American Standards Association's code for information 
exchangers. 

Adoption of the standard is expected to be made gradually. 
"There are problems with equipment that's already been manufactured 

for other taped coding; it'll be a matter of phasing those out and bringing 
the new ones in," an official says. 
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Why specify 
Mallory wet slug 
tantalum capacitors? 
Four reasons: 
o most microfarad-volts per unit volume 
o lowest DC leakage 
o maximum freedom from catastrophic failure 
o highest voltage and temperature ratings 

~£G 
MID'JiY 

T1.*67fit015NU 
HO JI> UVOC 

U45 

ACTU AL SI ZE 

Compare these characteristics: Mallory Wet Slug Types 
Solid 

Electrolyt e 

Mallory Mallory Mallory Mallory Mallory Mallory Mallory 
XTV TNT TLS TAP/ TAH MTP TL TAS 

Mfd-volts/in3 42 ,600 52,200 62,500 83,900 178,000 25,600 37,200 

Max. DC Wkg. 
Voltage, 85°C 630V 50V 125V 90V 60V 150V lOOV 

Max. DC Leakage 
at highest mfd 
and voltage, ua/ CV .0052 .0050 .00064 .0026 .00071 .00026 .010 

Failure mode ---- ---- ----- -- --- --- ------ ----- -- ------- ---- Degradation a I--- ---- -------- --- --------- ---- ------ ----- ---- Catastrophic 

Temp. range -55°C -55°C -55°C 
+ 200°C + 85°C + 125°C 

Weight: grams/ 
mfd-volt .0018 .0021 .0015 

Next time you need a capacitor for high-reliability appli­

cations, consider Mallory wet-slug tantalum capacitors. We'll 

recommend the best type for you: we make them all-wet 

-55°C -55°C -55°C -55°C 
+ 85°C/ + 85°C + 125°C +125°C 
+ 125°C 

.0012 .00067 .0024 .0024 

slug, solid and foil-and can recommend without bias. Write 

or call Mallory Capacitor Company, a division of P. R. 

Mallory & Co. Inc., Indianapolis, Indiana 46206. 

513 MALLORY 
ANNIVERSARY 
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H MIC R 0 SWITCH Pree i s i on Switches 
KONI YWIU 

• 
na111e the one switch 

that gives you all these features: 

• hermetically sealed 
• up to 45 amp. capacity 

or micro amp. 
• no contact bounce 
• no operating noise 

• minimum operating force 
• long life 

Pulse switch assures 
split-second pulse regardless 

of operating speed 

• no moving contacts 
•temperature resistance 

to +300°F or -65°F 

Metal or plastic enclosures 
protect against damage 

You are right! It is a mercu ry switch. Actua lly, mercu ry 
switches have more unusual combinations of featu res 
than any other type of switch. They are easy to use and 
low cost, too . 

The point is, you can often do it better w it h a mercu ry 
switch t han you may thin l1-ospecially when you have a 
comp lete line from which to choose. The broad MICRO 
SWITCH line includes types such as: 

• SPST , SPOT or 2-CKT contact arrangement. 
• Light loads-1 amp or less. 
• Medium loads-1 to 8 amps. 
• Heavy loads-8 to 45 amps. 

Subminiature switch less 
than one inch long 

Low Cost-SPST Ultra-sensiti ve switch makes or 
breaks on a 9 minute tilt an1le 

For some interesting ideas and suggest ions, contact a 
MICRO SWITCH Branch Office (see Ye llow Pages under 
" Switches, Electric"). Or write fo r the industry's most 
complete cata log of mercury switches. 

2 isolated circuits in a 
slngle switch 

Heavy duty-mercury 
to mercury contact 

MICRO SWITCH 
FR EE PORT , ILLINOIS 6 10 33 

A DIVISION OF HONEYWELL 

H ON EYWELL IS W OR LDWI DE-Sates and Service offi ces in al l pr incipa l cities of the w orld. Manufacturing in Brazil , Canada, France, Ge rm any , Japan, Mexico , Neth erl ands, United Kingdo m, United Sta tes. 
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FETs and RC Networks .. 
or: Why be loaded down with bipolars? 

R-C network tone controls are fine until loaded by the bipolar 
transistor; then there is some loss of dynamic range. FETs 
don't have this problem. Try one with this popular Baxandall 
circuit! 

A twin-T notch filter gives 40 - 50 
db attenuation at the notch fre­
quency ... if the output load imped­
ance is near infinity. That's about 
what it looks into when you use a 
FET output buffer as shown above. 
This same circuit plar.ed in a neg­
ative feedback loop of another 
FET amplifier will produce a nar­
row-band bandpass characteristic. 

The first FET Wien bridge oscillator appeared in Electronics, 
12/ 21 / 62. Now it's even better; with the tetrode FET you can 
stabilize output amplitude with a feedback voltage to the 
source plus a bias correction to gate # 2. This eliminates the 
old lamp bulb nonlinear resistance in the feedback loop. 

Siliconix assumes no responsibility for circuits shown, nor does it represent or warrant that they do not infringe any patents. 

r----FErE°XPERiME°NrEwsciFFER----1 
To promote better understanding of the FET, we offer the U-110 
and U-112 industrial FETs at spec ial introductory prices. Com­
plete data and applications notes suppli ed. Send check or money 
order; no purchase orders, please. 
O $1 for U-110 FET (I DSS 0.1 - 1.0 ma, g ts 110 µmho) 
0 $2 for U-112 FET (I DSS 0.9 - 9.0 ma, g ts 1000 µmho) 
O $2. 7 5 for both (Calif . residents add 4c, Be, or llc sales tax) 

Name Title------
Firm ____________________ _ 

Address ___________________ _ 

City ___________ state _____ Zip __ 

B Siliconix incorporated 
1140 W. Evelyn Avenue • Sunnyvale. California 94086 

245-7000 • Area Code 408 • TWX 408-737-9948 

·-· o 
•' · .. · .. . '• 

MONITOR Il FET /TRANSISTOR TEST SET • 
Tests N-channel , P-channel, junction and 
MOS FETs • Go, no-go, analog readout • 
Compact, solid state, proven performance on 
our own production lfnes • Ideal for incom­
ing QC or production testing • Drives digital 
voltmeter or printer without modification. 

For further information circle 83 

FRANCHISED DISTRIBUTORS 
ALA., HUNTSVILLE, Te c-Sel, Inc., 837-4541 • ARIZ., PHOENIX, Barnhill Associates, 959-2115 • CALIF., HOLLYWOOD. Holl ywood Radio and Electroni cs, 464· 
8321 • LOS ANGELES, Kierulff Electronics Inc. , 685-5511 • MENLO PARK, Hol lywood Radio and Electronics, 322-3431 • SAN DIEGO, Kierulff Electronics Inc., 278-
2112 • SAN JOSE. Weatherbie Industrial Electronics. , Inc., 297-9550 •COLO., DENVER, Barnhill Associates, 934-5505 •CONN., HAMDEN. Cramer Electronics Inc., 
288-7771 • FLA., WEST PALM BEACH , Perrott Associates , Inc. , 585-8647 . WINTER PARK, Perrott Associates, Inc., 647-3038 • ILL., CHICAGO, Semiconductor 
Specialists, Inc. , 622-8860 • MD., BAL Tl MORE, Wholesale Radio Parts Co., Inc., 685-2134 • MASS., NEWTON, Cramer Electronics. , Inc., 969-7700 • MICH., DEAR­
BORN, Semiconductor Specialists, Inc., 584-5901 •MINN., MINNEAPOLIS, Semiconductor Specialists, Inc., 866-3435 • MO., ST. LOUIS , Semiconductor Specialists, 
Inc., 521-8866 • N. J., BERGENFIELD , Technical Electronics Distributors , Inc., 384-3643 • N. Y., BUFFALO, Summit Distributors, Inc., 884-3450 •N EW YORK CITY, 
Milgray, 989-1600 • SYRACUSE. Eastern Semiconducto r Sales, Inc., 455-6641 • OHIO, DAYTON, Alpine Industries, Inc., 278-5861 • Semiconductor Specialists, Inc., 
277-9784 • OKLA., TULSA. Oil Capital Electronics Corp., 836-2541 • PA., PHILADELPHIA, Simco El ectro nics, Inc., 299-1880 • PITTSB URGH , Semiconductor Spe­
cialists, Inc., 731-2050 • YORK, Wholesale Rad io Parts Co., Inc., 755-2891 •TEX., DALLAS , Sterling Electroni cs, 351-9921 • HOUSTON, Lener! Company, 224-2663 
•WASH., SEATTLE, Garretson Radio Supply, Inc., 682-8981 • WASH., D. C., HYATTSVILLE, MD., Milgray, 864-6330. 

CANADA: MONTREAL; Prel co Electroni cs, Ltd ., 389-8051 • OTIAWA; Wackid Radio , Ltd., 232-3563 • TORONTO ; El ect ro Sonic Supp ly Co., Ltd ., 924-9251 
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Si mu lated enemies are available in 
a compact package labeled the 
RUTHERFORD Sl Dynamic Range 
Simulator. It is the most accurate, 
reliable, stable video target simulator 
ever developed. With it you can eval· 
uate, check, and calibrate range , 
range rate , target tracking, and track· 
ing memory of the most sophisticated 
weapons control and tracking sys­
tems. Forget the limitations and 
problems built into old-fashioned 
analog simulators . 
Check these parameters : Target 
Range in one-foot increments f rom 
0 to 1 milli on feet . Target Velocity 

from 0 to 100,000 ft/sec in 0.1 ft/ 
sec increments. Target Acceleration 
from 0 to 10,000 ft/sec /sec with 
0 .01 ft/sec /sec resolution . Check all 
the specs. They meet or exceed the 
rigid performance requirements of 
any known weapons control system 
or tracking system used for air traffic 
control, satellite surveillance, etc. 
The Rutherford Sl is an example of 

Rutherfo
1

fil 
~ ~ 

the advanced design that has estab­
lished Rutherford as the leader in 
pulse and time delay instrumenta­
tion . Other sophisticated instruments 
will soon be developed by the new 
CMC/Rutherford team . Our intent is 
to give you a wide range of instru­
ments that are always the best 
quality and best buy. 
So join the Rutherford Rampage 
(a division of the CMC Crusade)and 
write today for the complete specs 
on the Sl. Learn how you can earn 
your own glorious Crusading Engin­
eers medal with special Rutherford 
stripe. You'll look so handsome! 

J 2982 Bradley • San Fernando, California · Phone (213) 772-6321 · TWX 213-647-5170 

THE RUTHERFORD DIVISION OF CMC IS A LEADING DESIGNER AND MANUFACTURER OF PULSE GENERATORS, TIME DELAY GENERATORS. AND DYNAMIC RANGE SIMULATORS. 

72 Circle 72 on reader service card Electronics I February 21, 1966 

.. -

• 

• 

• 

... 
... 



-

.., 

.. 
For data sheets, price and delivery information , write: Radiation Incorporated, Physical Electronics Division, Dept. EL-02, Melbourne. Florida 3?902. Phone: (305) 723-1511. 

Sales offi ces: 650 North Sepulveda Blvd ., Suite 622, El Segundo, Cal., (2 13) 772-6371 • 600 Old Country Road , Suite 438. Garden City, N.Y., (516) 747-3730 

See this and other Radiation products at Booths 2834-36, IEEE Show 
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IBM needed a compact battery that could power 
amplifying circuits- and drive a motor, too . 

Mallory made it. 

What can we do for you ? 
No one had ever asked a primary battery 
to do so much. It had to be light-the new 
model " IBM Executary®" all-purpose dic­
tating unit weighs only 28 ounces. It had to 
resist extremes of temperature. And it had 
to maintain near constant voltage for am­
plifying at the same time it was putting out 
steady current to drive the magnetic re­
cording belt. Any appreciable variation of 
either voltage or current during the bat­
tery's operating life would produce distor­
tion in the recording belt. IBM brought 
their specifications to Mallory. Mallory 
engineered the battery-a new mercury 
battery with a unique anode design. Its 
drop-off in voltage is low even when the 
battery is operating under heavy current 
drains. Low temperature performance is 
excellent. And because the basic battery 
system is mercuric oxide- pot.assium hy­
droxide -zinc, battery size and weight are 
kept to a minimum while delivering maxi­
mum performance and life. But this is only 
one of the extraordinary uses for Mallory 
Mercury Cells ... 

Reliability of Mercury cells 
brought to new heights 

The X-ray pho­
tograph shows 
Mallory mercury 
cells implanted 
in a human 
being. They ' re 
part of an amaz­
ing device, the 
cardiac pace­
maker, used to 

stimulate partially or completely blocked 
hearts. Because this device - and its bat­
teries - must withstand the environmental 
condit ion s imposed by the body on foreign 
materials for up to five years, a new order 
of reliability and uniformity had to be cre­
ated. Mallory did so with the Certified Cell 
Program - step-by-step quality control of 
materials and production techniques . 
Structural improvement is made where in­
dicated and confirmed by tests in compar­
ison with existing types. Thus the program 
not only brings high reliability , but the level 

of reliability continually rises with experi ­
ence. 
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Control cha rt of test averages of delivered capaci ty 
vver a yea r 's t ime . Data represents samp le groups 
taken from a run of 22 ,000 ce ll s. (Mi nimum acceptable 
capacity - 800 MAH ) 

Mallory is current ly producing over 100 
batteries of all sizes and capacities. And if 
we 're not. actually producing the b;i,ttery 
you need , we 'll be happy to work with you 
in designing a new one. Please write us aJ 
the Application Engineering Department. 
Mallory Battery Company , a division of 
P. R. Mallory & Co. Inc ., South Broadway, 
Tarrytown , New York. Or call us at 914-
591-7000. 

It's good business to do business with Mallory MALLORY 
ANNIVERSARY 
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Meet the 
DC voltage standard with: 

••• for 1 days, 25 ppm for 8 months. 
8-rded stability history available. 

••• ensured by temperature-controlled precision 
Zener reference • 

• •• the COHU Model 326 is off-the-shelf ••• like the 
entire family of COHU DC voltage standards • 

Price: $24111 •• F .O.B. San Diego, 
addltlonal export charge • 

Box623 
San Diego, Calif. 92112 
Phone 714-2n -6700 
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storage features: 
Unparalleled Writing Speed - up to 
5 cm/µs, with enhancement. 
2 Independent 3x10 cm Display Areas 
- with separate upper halt and lower 
halt controls. 
Bistable Storage. 
Automatic Erase - with selectable 
viewing times from 0.5 seconds to 5 
seconds. Erase can be selected for re­
current or after-sweep operation . 
Erase-and-Reset - with push-button 
control for erasing display and rearm­
ing single sw.eep . Erase-and-Reset can 
be controlled remotely, if desired. 
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DC·to·30 MHz performance 
AND THE 

versatility of 20 plug-ins 
with split-screen storage 

other features: 
Precision Sweep Delay -from 1 micro­
second to 10 seconds. 
Wide Sweep Range - 5 s/cm to 0.1 
µ s/cm (Time Base A) and 1 s/cm to 
2 µ s/cm (Time Base B). 5X Magnifier 
extends fastest sweeps to 20 ns/cm 
(Time Base A) and to 0.4 µ s/cm (Time 
Base B). 
Single Sweep - manually, automati ­
cally , or remotely. 
Full-Passband Triggering - with flex­
ible, easy-to-use facilities. 
Simplified Trigger Logic - with leve r 
control of t ri gger functions. 

~x T 549 f~H~·~ , 1 ype 
~ 

split screen permits simultaneous 
operation as a storage and 
conventional oscilloscope 
Split-screen storage offers a distinct 
advantage to the user in waveform­
cornparison applications - by permit­
ting quick comparison of dynamic sig­
nals appearing on one half of the crt 
with a reference trace stored on the 
other half, or the Type 549 can be used 
for full screen storage or full screen 
conventional displays. 

SAMPLING AND STORAGE 
The storage capacity of the Type 549 pro­
vides easy-to-study displays-and with a 
Type 151 Pl ug-In adds new convenience to 
sampling applications. W ith this new ctc-to-1 
GHz samplin.g unit, you need no pretriggers 
or external delay lines-the 151 has inte rnal 
triggering with a built-in delay line. The 
Type 549/151 combination gives a stored 
display that is steady and, because more 
samples can be displayed, there is high 
resolution of the sampled information. 

Size and W eight - dimensions are 17" 
high x 13" wide x 24" deep; net weight 
is f:::::f 67 lbs. 

Type 549 Oscilloscope . $2375 
(without plug -ins) 

Th e plug-in units range in price from $145 
(B high-gain un it , K fast -rise unit) to $1100 
(1S1 sampling unit, illustrated). 

U. S. Sa les Prices f.o.b. Beave rton , Oregon 

For more information call your 
Tektronix Field Engineer. 

T ektrqnix, Inc. 

.. 
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'J Computer Designers/Manufacturers 

... 
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Your Logic Designs Benefit Four Ways With Proven 
Motorola NPN Micro-Geometry Annular Transistors 

@ Fast Switcbiilg 
5 to 500 mA! 

0.8 Volts Max 
Co11ector Saturation 
Voltage @ 500 mA ! 

''Tradema rk of 
Motorola Inc. 

Annular 
Reliability! 

Two 
Space-saving 

Packages! 

Electron ics I February 21, 1966 

· · ·The high gain.bandwidth prod­
udof 4fi0Mllz tmin) and low collec­
lor mpal't!y of 4 pf (max) resulting 
from a narrow base width and a 
HnalLarea made possible hv ad. 
\<mc~·d intern-geometry techniques 
!H'O\'l<fos .unusually fast switching 
o~ .. r a wufo current range (t ·­
lh n:;t•c max. t . . 18 . "" ... 

, [• l!'lO rnA t - . nsec max @ 
' ui Ini ~ 15 mA) 

· · . with Motorola's unique high­
voltage. annular process providing a 
:rue oxide passivation and eliminat­
ing uncontrolled "channeling" and 
h•akage · . . . .. assuring performance 
stability . 

. . . choose from both the T0:52 
package (2N3510-11) or the tmy 
T0-46 outline (2N3647~48) for ap­
plications where space is at a pre· 
mium. PLUS _ these new NP~ 
silicon annular high-speed logic 
t ransistors are priced as low as 95¢ 

(100-up)! 

switching Time Characteristics 

' s 1 10 

Write for the Designer 's* Data Sheet on types 2N3510-11 & 
2N364 7-48. Included are limit curves directly applicable to "worst 
case" switching circuit designs which permit the design engineer, in 
most cases, to design his circuits entirely from the data sheet alone. 

M OTOROLA ([!} Semiconductor Products Inc . 
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Siunal condilioninu 
is a push-in 
with these input couplers 

Record directly ... strain ... pressure ... displacement ... 
temperature ... or any other phenomena that can be trans­
duced into an electrical signal. The Beckman 9800 Series 
Input Couplers (over 30 of them) plug directly into the 
preamplifier in the Dynograph® Recorder, averting heavy 
expenditures for specialized amplifier systems when your 
application needs change. 

Low-cost versatility ... a simple change of couplers adapts 
the recorder to your particular requirement. They provide 
all the signal conditioning required for recording, including 
computation, demodulation, rectification, etc. Additionally, 
they supply the excitation and calibration signals necessary 
for many types of transducers ... such as strain gage and 
reluctance gage. 

78 Circle 78 on reader service card 

Your Dynograph Recorder, with no complicated and 
expensive amplifier system changes, can readily meet your 
recording requirements today ... and tomorrow. 

For further information, including application, price 
and delivery, contact your local Offner Division Sales 
Engineering Representative ... or write direct. 

Beckman® INSTRUMENTS, INC. 

OFFNER DIVISION 

SCHlllER PARK, llllNO IS 60176 

IN TERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND ; TOKYO; 

PARIS; C AP ETOWN; LONDON 
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VVHAT 
ONE 
INSTRUMENT ... 

can be used to accurately test the 
frequency response of quartz•crystals, 

meeting the rigid requirements of stability, 
flatness, adjustability and frequency identifica­

tion necessary for this precise operation? 

can measure the dynamic impedance 
of a power supply at any frequency 

from 20 Hz to 3000 MHz, or at several 
frequencies in that range, providing an 

instantaneous oscilloscope presentation of the 
supply's impedance characteristics? 

can provide complete frequency 
transmission characteristics of tele­

phone or other transmission lines 
for equalizing operations, materially reducing 

testing time, supplying total frequency coverage, 
and eliminating correlation errors between 

first and last test readings? 

What instrument that does all this can also 
determine filter passbands, compare input 

characteristics with phase/amplitude 
transmission, test relative inputs and outputs 

of an RF network, and perform many test 
functions in the lab or in production that by 

other methods took too much time and 
supplied incomplete data? 

The answer is Telonic's 
SM-2000 SWEEP GENERATOR, 

a basic control unit that accepts 22 different 
plug-in oscillator heads covering 20 Hz to 

3000 MHz in both wide and narrow frequency 
segments for a wide variety of applications. 

It is the most time-saving, versatile instrument 
you' ll find on any test bench. 

MORE APPLICATIONS- On 
request, Telonic will be glad to send 
you an Application File Folder 
covering all techniques mentioned 
here in detail, in addition to many 
other applications for swept 
frequency measurements. Your 
request also places your name 
automatically on our mailing list to 
receive further application notes 

Sweep Generator 

for the file . 

7 ~ ®ONDUSTROES INC. 

60 North First Avenue, Beech Grove, Indiana 
Tel: (317) 787-3231 TWX: 810-341-3202 

International Leader in Swept Frequency Instrumentation . 

Representatives in all major cities in the U.S. 
and throughout the world. 
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90 cps full scale response 
+ 

3 channels 
Take your choice-the only Three-channel Portable 
Oscillo Graph available, or Two or One-channel Oscillo 
Graphs. 

All feature exceptional frequency response ... flat to 
90 cps at 30 mm peak-to-peak. It's down only 3 db at 
125 cps. Other features: 
e Balanced differential amplifier in modular form for Two and 

Three-channel Recorders. Same amplifier is built into the 
Single-channel Recorder. 

• Four push-button controlled chart speeds-1, 5, 20 and 100 
mm per second. 

• Stylus motor uses no permanent magnets. Eliminates the 
clutter of brushes, slip rings, armature leads and linkages 
found in other stylus drive mechanisms. 

Like cabinet model Esterline Angus Oscillo Graphs, 
portables employ the exclusive inkless, heatless Direct­
Carbon-Transfer writing method. Advantages of D-C-T? 

your best Oscillo Graph buy 

• Finest trace provides greatest resolution . 0.005 inch trace oc­
cupies only X% of full scale. Competitive oscil lographs pro­
duce a trace which is three times wider. 

• No pens to clog or ink to splatter. 

• Chart paper at half the cost of heat sensitive paper. 

• No stylus temperature adjustments to bother with . 

• Chart requires no special handling and is unaffected by lig ht , 
humidity or temperature. 

For trouble-free writing, economy and unequalled re­
sponse, investigate Esterline Angus Oscillo Graph R e­
corders. 

Write for colorful Series "0" catalog. 

ESTERLINE ANGUS INSTRUMENT COMPAN Y, INC. 
Box 24000E • I n dianapolis, Indiana 4 6224 

ESTERLINE ANGUS 
Excellence in instrumentation for over 60 years 
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February 21 , 1966 I Highlights of this issue 

Technical Articles 

Storing data with light: 
page 82 

Using strip transmission 
line to design microwave 

circuits, part II : 
page 90 

The packag ing revolution , 
part VI : 

Page 103 

Coming 
March 7 

Optical memory has the advantages of electrical isolation, 
low dispersion, parallel propagation and high resolution. It 
also has a potential for compactness. Though such designs are 
not yet in production, engineers confidently predict that opti­
cal memories are for the next generation of data-processing 
equipment. 

In this article, the authors continue the discussion started in 
the February 7 issue of microwave components designed with 
strip transmission line to include modulators , tnnnel-diode 
amplifiers and phased array antennas. For the future, semi­
conductor material may be used as the dielectric of strip line, 
allowing diodes to be an integral part of the line material 
itself-creating a new category of monolithic integrated cir­
cuits. 

The series on packaging integrated circuits continues with a 
three-part examin ation of the problems in converting to hy­
brid microcircuits : 
I. Converting to microelectronics: Redesign is inevitable. The 
relatiohship between design and fab rication is mu ch closer 
when integrated circu its are used. 

II. Ceramic handles and ultrasonic bonders 
upgrade hybrid assembly. Two com mon 
causes of fai lure of hybrid microcircuits are 
eliminated. For th e cover, photographer 
Richard Saunders caught the delicate 
colors of a stairstep voltage generator built 
by this method a t Collins Radio. On a 
single ceramic substrate, the generator con­
tains 4 integrated circuits , 8 transistors , 9 

diodes, 27 res istors and 1 capacitor. 
HJ. Modular arrays, the path to single-ci rcuit systems. With a 
new combination of hybrid-circuit and sealing techniques, 
analog subsystems can be built with large numbers of mono­
lithic circuit chips in one package. 

• Product development at the IEEE show 

• Industrial applications of microwaves 

• Thin film circuits made in East Germany 

• Signal-powered circuits 
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Optoelectronics 

Storing data with light 

Optical memory -has the advantages of electrical isolation , 

low dispersion , parallel propagation and high resolution , 

and shows promise for next-generation data processing 

By Richard D. Stewart 
Genera l Elect ric Co. , Syracuse, N.Y. 

Improvement of memory systems is more than a 
simple matter of increasing circuit speed. Such 
problems as interconnection length and crosstalk 
also must be overcome. 1 Optical memory sys tems, 
in addition to their potential for compactness, have 
four inherent advantages over conventional systems 
that eliminate these and other problems. 

These advantages are: 
• E lectrical isolation, making possible non-de­

structive parallel readout and thus higher speed, 
b ecause no recycling is needed. 

• Low dispersion, allowing long transmission 
paths . 

• Parallel propagation that increases the informa­
tion density and allows a number of nearby parallel 
signal paths to be operated without crosstalk. 

• High-resolution masks capable of resolving 
many bits of information because of the very short 
wavelength of ligh t. 

The term memory, or storage, describes every­
thing from nanosecond-access tunnel-diode mem­
ories to millisecond-access magnetic drums, from 
densities of a million bits per square centimeter on 

Thi s article, one of a series on optoe/ectronics, discusses four 
w ays of recording and reading back memory data o ptically: beam 
modulation , beam deflection, bistable light emitters a nd optical 
delay lines. Previous articles described new optoelectronic 
components and the application of optoe lectronics to logic and 
d isp lay. These articl es appeared in Electronics on Nov. 1 , 1965, 
p . 58; Nov. 15, p . 98 , and Nov. 29, p . 56. 

The author 

a2 

Richard D. Stewart is a member 
of the Optoelectronic and Solid 
State Devices Group in the 
Electronics Laboratory of t he 
General Electric Co. He jo ined GE 
in 1959 and has worked on so lid 
state image converters, memory 
techniques and display techniques. 

microfilm to 10 bits per square centimeter on 
punched cards. 2 With this latitude in requirements , 
it is not surprisin g that many optoelectronic sys­
tems are being studied. 

Beam-modulation method 

The most familiar method of optical memory op­
eration may be described as beam modulation, 
shown on the opposite page. \Vith beam modula­
tion , information is stored in a variable-density 
mask, and is read out by passing a uniform optical 
beam throu gh the mask. A photosensitive detector 
converts the optical information signals to equiva­
lent electrical signals. Transparent and opaque 
areas in the mask represent stored 1 and 0 bits. 
Several beam-modi.ila tion techniques will be briefly 
discussed in this article. They are important be­
cause they are the only forms of optical memory 
actively operational outside of the laboratory. 

The direct approach to beam modulation is the 
conventional silver-halide photographic disk. Al­
though this device has the disadvantage of operat­
ing only as a permanent memory-data is not alter­
able-its extremely high density makes it very valu­
able. Hesolutions of greater than 1,000 lines per 
millimeter are not unreasonable for photographic 
emulsions ; three-inch diameter disks with capaci­
ties of 90,000 bits have been used .3 Multichannel 
optical code disks can resolve angles of one sec­
ond of arc. 

Heversible film s have also been developed that 
can be directly substituted for the photographic 
mask. With these films , data can b e added, erased 
or changed. Photochromic film ," for example, is 
darkened by exposure to u ltraviolet radiation and 
is used the same way as th e photographic nega ti ve. 
An image can be placed on the film ei ther by ex­
posing the entire fi eld at one time or by scanning 
the fi eld with the ultraviolet beam .0 Exposure to 
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radiation at near-infrared wavelengths will erase 
the film . Photochromic film has a potentially greater 
resolution than conventional microfilm, because in­
dividual molecules in th e sensitive layer react to 
light, as opposed to crystals in silver halide emul­
sions. 

New optical films 

A new film , known only as RS (for recording sys­
tem), has recently been announced by the Itek 
Corp. 6 Containing particles smaller than one mi­
cron , RS can be applied by conventional paper 
coa ting equipment onto almost any substrate. The 
material, which is not photosensitive during deposi­
tion , is sensitized by a nonchemical process while 
on the substrate. Conventional photographic ex­
posure with relatively intense sources produces a 
latent image, which is developed by wet chemical 
process ing. The material has been proposed for a 
high-density, read-only memory with a capacity of 
250 million bits on a disk 10 inches in diameter. 
The film can be resensitized after development 
without destroying the original image. Thus, a 
memory could be repeatedly enlarged with data 
added in blank areas. 

Another film for a memory sys tem is Kalvar. 7 

Unlike conventional photographic media, Kalvar 
is optically masked by sca ttering of the incident 
light with photosensitive crystals distributed in an 
amorphous binder. Ultraviolet radiation decom­
poses the crystals and exerts pressure on the 
binder. Subsequent hea t trea tment causes a re­
crys tallization wh ere th e exposed crys tallites con­
tact the binder. Changes in the index of refraction 
along these recrys talliza tion boundaries produce 
pronounced light sca ttering. The average size of 
these scattering sites is 0.5 to 2.0 microns. Because 
of the thermal se tting process, the film is nelt re­
usable. 

In another method of beam modulation-photo­
plastic recording8-a light-sensitive film is elec­
trostatically charged. The charge dissipa tes throu gh 
the film when the film is illuminated. After heating, 
the unlit areas, which retain the charge, cause a 
depression in the film because of elec trostatic 
fo rces. The image is thu s recorded by surface rip­
ples, rather than by light and dark areas. To pro­
jec t this image into the detector array, special op­
tics are required. By selective heating, any part 
of the image can b e erased and rewritten. 

Other modulation methods 

In each of these techniques, the origin al data 
input is a light beam, u sually not in real time. An 
alternative technique uses an electron beam to con­
trol the mask density. An example is thermoplas tic 
recording,9 which is similar to photoplastic record­
ing except that th e thermoplas tic film is charged 
directly by an electron b eam. But this techn ique 
has one serious disadvantage: th e electron-gun sys­
tem must be enclosed in a vacuum. 

The cathode-ray storage tube may be consider cl 
another form of b eam-modulated storage.10• 11 • 12 
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PHOTO DETECTORS 

Light-beam modulation is th e simplest tech nique for 
storing optoelectronic data. The mask is a photographic 
film containing the data; the array of detectors senses 
the data when the mask is uniformly illuminated. 

This s torage system, which is as much electro-optic 
as optoelectronic, was u sed in the firs t electronic 
telephone exchange. 

Optical fibers have also been used in b eam-mod­
ula tion memories. The fibers replace the optical 
paths shown in the diagram above. A single emitter 
can illuminate a bundle of fib ers. The bundle fans 
out to an entire column of positions in a closely 
packed mask; there are as many emitters as there 
are columns. Also, a single detector reacts to light 
from a bundle of fibers fanning in from an entire 
row of positions in the mask. So a single emitter 
and a single detector can sample a single position 
in the mask; an m by n mask with mn positions 
requires only m emitters and n detectors, a total 
of m + n. In conventional lens sys tems, this fanning 
out would mean excessive optical losses. 

F or instance, one memory scheme13 has 250 chan­
nels, each operating at 10 kc, in an area 40 centi­
meters square. This gives a total capacity of 2.5 X 
10r. bits, and a density of about 104 bits per square 
in ch . This density limit is imposed by the photo­
multiplier detectors; the limit of the fibers or the 
mask is much higher. 

Many kinds of light sources can be u sed with 
.fiber optic memories, such as sources of intrinsic 
electroluminescence, and forward-biased (injection) 
and reverse-biased (avalanche) pn junctions. 

Although pn-junction devices have very fast re­
sponse time-on the order of 10 nanoseconds­
electroluminescent devices arc slow b ecause of a 
much longer phosphorescent decay time. This prob­
lem can b e overcome by exciting the row and 
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column drive lines of an electroluminescent matrix 
with different frequencies.14 The light output of the 
electroluminescent cell flu ctuates at twice the driver 
frequency, allowing a tuned filter on the detector 
output to differentiate between the driven output 
and the phosphorescent afterglow. Also, at the in­
tersection of the excited row and column, the 
selected element follows the difference frequ ency 
2(f1 - f2) while the remaining elements in that row 
and column fluctuate at either 2f1 or 2£2 • A 128-
by-128 matrix of electroluminescent devices operat­
ing in this mode had an access time of 100 micro­
seconds. 

Pn light emitters are useful in this type of mem­
ory. Optical fibers eliminate close spacing, so in­
dividually mounted diodes can b e used. Coupling 
between the pn emitters and a solid state detector 
was described in a previous article. [Electronics, 
Nov. 1, 1965, p . 58.] 

Beam-deflection technique 

A memory technique, still in the early develop­
ment stage, is shown in the diagram below. The 
method is based on the ability of an electro-optic 
crys tal to deflect an optical beam. The crys tal's 
index of refraction varies with the strength of an 
electric fi eld applied transverse to the beam of light. 
In operation, an incident horizontally polarized 
continuous beam is variably deflected in proportion 
to the variable index of th e crystal's refraction. In 
the diagram, two crys tals are shown produ cing a 
two-dimensional scan. A range of 100 spot diam­
eters is predicted, but has not yet been attained.13 

A digital indexed light deflector based on rotation 
in an electro-optic crystal when an electric fi eld 
is applied parallel to th e beam of light, and on 
birefringence, or double refraction , was built at 

OPTICAL , /) 
DETECTO V 

--------\!!; 
DEFLECTED 
BEAM 

VERTI CAL 
DEFLECTION 

HOR IZONTAL\ 
DEFLECTION 

~ 

BEA M DEFLECTING 
CRYSTAL 

I 

Optical beam deflection . Two electro-optic crystals 
deflect a beam of light to some point on a mask; the 
amount of deflection is a fun ction of an applied 
electri c field . The optical detector produces a signal 
that indicates whether that point is clear or dark. 
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the International Business Machines Corp. 1 G A 
beam of unpolarized light perpendicularly incident 
on a birefringent crystal emerges as two b eams, 
polarized at right angles. Both rays leave the crystal 
in a direction parallel to the input beam's direction 
but displaced from each other by an amount 9eter­
mined by the length of the crystal. A polarized light 
beam will either go straight throu gh the crystal, or 
be deflected and rota ted , depending on its incident 
direction of polari zation . By selectively diverting 
the beam through crystals of different thicknesses, 
varying deflections are obtained. By placing an 
electro-optic crystal in front of the birefringent 
crystal, the input polarization can be varied. Digital 
control then is possible with a chain of electro­
optic crystals such as potassium dihydrogen phos­
phate (KDP) and birefr ingent crys tals such as cal­
cite. The calcite crys tals b ecome progressively 
thicker in ratios of 1 to 2 to 4 to 8; this permits 
any integral deflection of the light beam by activat­
ing the appropriate electro-optic layers. A memory 
sys tem b ased on this scanning technique has a 
mask in the path of the deflected beam, which is 
quite narrow. The presence or absence of light 
reaching a detector element behind th e mask indi­
cates a stored 1 or 0. 

Delay-line memories 

A very high-speed memory could b e built if the 
concept of the acoustic delay line were applied to 
an optical sys tem. In acoustic delay lines, electrical 
signals reptesenting the information to b e stored 
are converted into a series of acoustic waves which 
propagate through a long wire or other medium and 
are reconverted to electrical signals. Data is stored 
in the line for the transit time through the wire. 
In an optical sys tem using this principle, a high­
speed sequential memory could b e attained. The 
exceptionally long optical path length that would 
be required in such a memory is still the main 
technical problem to b e overcome. 

A possible solution to this problem has been 
sugges ted in work reported by Bell Telephone 
Laboratories, Inc.17 Two mirrors 10 fee t apart are 
aligned to reflect a laser b eam back and forth 
more than 1,000 times . This highly collimated 
(parallel) beam can be modulated to contain as 
many as 10,000 bits. These bits are then available 
at the output-one every nanosecond. By control­
ling the angles and frequency of the entering light, 
several beams could be reflected b ack and forth 
simultaneously, permitting one mirror sys tem to 
store several sets of information. 

Another recently reported delay line memory 
takes advantage of the transmission time of an 
electron beam in a specially des igned tube.18 This 
electro-optical tube contains an output gate that is 
closed for the normal storage mode, causing stand­
ing waves in which up to 10,000 bits can oscillate 
on a single beam. ·when the gate is opened, data 
can be read out on to the phosphor screen. There 
can be up to 100 beams in a single tube, which 
could lead to a million-bit memory. 
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DATA 
REAC\-IN 
LAMP DATA ~' READ-OUT 

PHOTO CELL . 

Assembly line uses bistable optoelectronic element. Each m°Jdule travels along the line with a unit being 
assemb led. Light bulbs beside t he line indicate conditions at each assembly station. When a module passes 
a g lowing light bulb, its bistable cir.cu it turns on and its neon bulb glows. Lat er the module passes a photocell 
beside the line, which " sees " the glowing neon and produces a signal for the nearest assemb ly stati on. 
Modules are t urned off when they run off the end of the rail at t he end of the assembly line. 

i.---- --- 11 0-120 V DC - - --"'1 
PHOTOCELL NEON 

Bistable optoelectron ic memory element. When the 
photocell is dark, its resistan ce is high and the 

470K 

neon lamp does not glow. When an externa l source 
illuminates the photocell , the ce ll 's resistance drops, the 
neon lamp glows, and this g low keeps the photocell 
res istance down after the ext erna l source disappears. 
Power must. be removed or th e neon must be masked to 
return the circuit to its high- impeda nce state. 

Bistable light emitters 

Perhaps the only true optoelectronic memories 
are thbse built of bistable optical elements, which 
combine electrical and optical signals to perform 
switching. One such element, shown directly above, 
uses optical feedback and has a negative-resistance 
characteristic that gives it bistable operation. vV1th 
a rieon bulb as the light-emitting component, these 
circuits operate in the millisecond range. A similar 
circuit can be designed with a single-crys tal gal­
lium-arsenide light-emitting diode, either alone or 
in parallel with a tunnel diode. The circuit, with a 
silicon photodiode as a detector, responds to 0.1-
microsecond pulses at a one-megacycle rate.19 

Light-emitting tunnel diodes have also been made, 
although they have more excess current than do 
commercial tunnel diodes. 

The negative-resistance characteristic of a bi­
stable optical element is in the diagram on page 
86, with a load line that intersects the char­
acteristic curve at the stable operating points A 
and B. The high-impedance point A corresponds 
to operation of the circuit in the dark, when the 
photoconductor has extremely high res istance and 
the light emitter, in series, cannot fi re. When an 
external light source lowers the resistance of the 
photoconductor, the light emitter turns on. If its 
light output illuminates the photoconductive cell , 
then the circuit will be stable and the neon bulb 
'""ill remain on, even after the external light source 
h as been removed. This state is represented by 
point B on the load line. Data is erased by remov­
ing the power; the circuit then reverts to the high­
impedance state. 

This rather simple bistable element is as much 
a logic element as a memory element. By combining 
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a series of bistable neon-photoconductor (neon-PC) 
or electroluminescent-photocoriductor (EL-PC) ele­
ments, an optoelectronic shift register can b e con­
structed .20 

These elements have been described for a data 
recorder in a manufac turing assembly line.21 Each 
unit being assembled is accompanied by a modt1le 
containing a neon-PC circuit like the one shown in 
the diagram at the top of this page. At certain p oints 
along the line, light bulbs are turned on and off 
manually or automatically, dependihg , on condi­
tions. \Vhen a module passes a light bulb that h as 
been turned on, the circuit in the modu1e switches 
to the low-impedance state, and the neon bulb in 
the circuit glows . Farther along the assembly line, 
a photocell senses that the neon bulb is glowing 
and ptoduces a correspondin g signa.I. The circuit 
turns off when the module runs off the end of the 
power bus, thus removing the power from the 
circuit. 

Matrix memories 

A number of b istable light-emitting elements 
may be assembled into a memory as a matrix. In 
one arrangement, shown on page 86, each bis table 
circuit represents one bit in the memory. In th is ar­
rangement, the bistable elements are tunied on by 
voltage pulses instead of by external light sources. 
Simultaneous pulses on one t ow and one column 
drive line can select the element at the intersection 
of those lines and turn it on or off. Op tical feedback 
makes the element remain on after the selecting 
pulse falls. This is a linear select method like that 
used in some magnetic core memories. 

A photosensor array reads data from the memory. 
Since each photosensor element corresponds to one 
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Characteristic curve and load line for a bistable 
opt oelectronic memory element containing a photocell 
and neon , as shown on pag e 85. The straight line joins 
the po ints of zero current and zero voltage, 
and intersects the curve at its stable points . 

emitter, the impedance level of each row-column 
intersection indicates the state of the correspond­
ing emitter. Photodetectors that can be used in­
clude solid state, such as cadmium-selenide, lead­
sulfide or silicon detectors, photodiodes , photo­
transistors, photomultipliers; and a wide variety 
of electron-tube devices, such as vidicons, image 
orthicons, image intensifi ers, and image dissectors. 

Nondes tructive readout is a significant advantage 
of this memory design, made possible becau se the 
bistable light-emitting elements are electrically iso­
lated from the detector output signals. Another 
advantage is simultaneous reading and writing into 
this memory, again poss ible because the electrical 
circuits for reading and writing are completely 
isolated-an example of asynchronous operation. 

The optoelectronic matrix memory can also be 
used in data correlation which compares the con­
tents of one or more memory locations, or of the 
entire memory, with a predetermined se t of data. 
The da ta is in a mask interposed between th e emit­
ter and detector arrays . Tvvo masks are requ ired: 
one transmits all des ired signals and the other 
transmits all undesired signals. The latter transmits 
no signals if only the desired data is present in the 
memory. The masks are complementary-one is a 
negatitve of the other- unless only a part of the 
memory is compared, or unless th e memory con­
tains optional or "don' t-care" data. This opera tion 
differs significantly from light-beam modulation in 
which the initial optical signals contain no data. 

The similarities among logic, switching, memory 
and display are important to the development of 
optoelectronic devices and applications. Any one 
component or technique that can provide all of 
these computer functions will represent a significant 
step forward. 
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STORED OPTICAL 

SIGN A LS ~~ 

BISTABLE LIGHT 
EMITTING ELEMENTS 

PHOTODETECTOR 
MATRIX 

-c:J- BI STABLE EMITTER 

---()- PHOTODETECTOR 

Memory matrix is built wi th bistable optoelectronic 
elements. Th e bistable elements are in matrix at left; 
the right-hand matrix is an array of detect ors that deter­
mine the states of the bistable elements on command. 
Colored lin es show light paths from emitter to detect or. 
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Circuit design Designer's casebook is a regular 
feature in Electronics. Readers are invit ed 

Designer's casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
des ign problems. Descript ions should be 
short. We' ll pay $50 for each item published . 

Tunnel-diode pulser 
measures cable delay 

By Peter J. Kindlmann 
Yale University, New Haven , Conn. 

A technique for determining the propagation d lay 
time of a cable on the basis of fr equency, rather 
than time, results in in creased accuracy. In this 
technique, a pulse generated by a tunnel diode 
travels along th e line and is refl ected by the open 
encl. The reflected pulse retriggers the tunnel diode 
and the process is repeated. The result is a series 
of pulses at a constant repetition rate that can b e 
measured accurately. The circuit for performing 
this measurement, shown below, is designed for use 
with the 50-ohm cable. 

In the standard time-measuring procedure, a 
pulse is tran smitted along an open-circuited cable. 
The cable's propagation delay is determined by 

R1 
10 

UNKNOWN "BIASING" -;:'" 

50 - 0HM CABLE 50-0HM CABLE 

/ ---- -- -------
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-::- ~ 51 

STOP i 
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measuring the length of time it takes the pulse to 
travel along the cable, reflect from the end and 
return to the input. Calibrated oscilloscope sweep 
circuits or interval timers are used to determine 
the time between the transmitted and reflected 
pul ses . Because of instabilities in the sweep circuit 
or low resolution in the interval timers , however, 
this method is usually inadequate for high precision 
work 

The tes ting cycle in the new technique is started 
by pushing switch S2 to its al ternate position at 
R0 . This discharges capacitor C;; , which triggers 
tunnel diode D 2 • A negative pulse developed at D 2 
is differentiated and applied to tunnel diode Di 
through diode D3 . Tunnel diode Di is part of a con­
ventional univibrator circuit that is biased by re­
sistor R3 slightly below the circuit's threshold for 
free-running operation. Di is triggered and gen­
erates a pulse that travels along the cable. After 
reflection from the open end, the pulse returns 
along the cable, triggers Di, and the process is re­
pea ted. Th e resulting oscillation is amplified in Qi, 
which produces negative pulses that are 0.5 volt in 
amplitude and 20 nanoseconds wide. The pulses 

50 OHM OUTPUT 

I C1 
TO FREQUENCY 
COUNTER _0.1 

-=- -=-

R11 01 
2N976 3.3K 

-15V C7 
Io.01 

-;:'" 

START R1o 
470K 

'1 Rg 
10 

-;:'" -=- -;:'" -;:'" 

+15V 

Propagation delay time of the cable is measured by a frequen cy counter, which receives its triggering pulses from 
Q,. Tunnel diode D, generates th ese pulses and also the pul ses t o be transmitted along the biasing and unknown 
line. Th e insert shows an additional transformer that is required if the ca bles do not have 50·ohm impedances. 
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generated by Qi appear at the output of transformer 
Ti triggering a frequency counter. 

The measurement is made in two steps. First, 
the frequency associated with a low-loss, "biasing" 
cable is measured. For proper operation the biasing 
cable should h ave a minimum propagation delay 
of 25 nanoseconds. Then the unknown cable is 
connected in series with the biasing cable and the 
tes ting cycle is repeated. The delay time of the 
cable is one half the difference in periods of the 
measured frequencies. This measuring procedure 
eliminates the need to know the regeneration time 
of Di because the regeneration time contributes 
equ ally to both measurement steps, and cancels out 
in the subtraction . 

In making the measurement, it is important that 
D 1 is triggered only once at the start of each part 
of the tes t. Otherwise, multiple pulses will be de­
veloped and the counter will read erroneously. A 
stop button , S1, is provided to stop th e pulse re­
flection process before changing cables. 

As an example of th e circuit's stability, a Tex­
tronix 60-nanosecond delay box was used as a 
bias ing cable and an adapter-General Radio-to­
female ENC- was used as the unknown sample. 
The adapter's delay measured 0.190 ± 0.003 nano­
seconds. Much longer delays can b e measured with 
picosecond accuracy. 

Attenuation in the cable is one of the limitations 

Fast pulse generator tests 
digital circuit delay 

By Cl ive P. Hoh berger 
Case Institute of Technology, Cleveland 

Fast, high•current pulses are frequently needed for 
measuring delay in high-speed digital circuits. To 
be useful, the pulses must be spaced far enough 
apart so that phase and amplitude distor tion does 
not result in overlapping. A ratio of pulse duration, 
td, to the interval b etween pulses, th of about l -to-5 
or l -to-10 is desirable. 

The circuit on page 89 generates negative 
pulses with an amplih1de range from -2 to - 12 
volts and with rise and fall times of 30 nanoseconds 
or less. Pulse amplihide is a fun ction of the supply 
voltage, Vs. 

Values of ti a.nd td depend on the transistor se­
lected for Q1 . The spacing interval, th is about 400 
to 500 ns a t - 2 volts and increases linearly with 
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in measurement accuracy. As long as the pulse is 
not at tenuated more than 10 db on its round trip, 
the circuit will operate satisfactorily . If the attenu­
ation is greater, the triggering point of Di is 
shifted, by some fraction of the pulse rise time­
usually about 0.5 nanosecond-resulting in a less 
accurate measurement. H owever, in high-quality 
cable, 10 db of attenuation corresponds to propaga­
tion delays of about 500 nanoseconds or more, or 
to physical lengths ranging from 250 to 500 feet. 
So accurate measurements can still b e made for 
considerable lengths of cable. For extremely long 
lengths, in which cable attenuation is a problem, 
an identical circuit may b e connected to the open 
end to produce an amplified reflected pulse. 

In the circuit, transformer Ti is a 2-to-l stepdown 
transformer wound on a small ferrite b ead such 
as Ferroxcube type 396T-125-3C3. Both the pri­
mary and secondary are wound with number 30 
varnish-insulated wire. 

If cables with impedances other than 50 ohms 
are to be measured, an impedance transformer 
such as the one in the diagram insert on page 87 
is required. This transform er is constructed like 
Ti except that the primary must have 3y Z/50 
turn s, where Z is the new impedance of the line. 
Both th e biasing cable and the unknown cable 
should have the same impedance to minimize mul­
tiple pulse reflec tions. 
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Interval between pulses, t ,, is a function of the 
transistor selected for Q, as well as of the supply 
voltage V,. The curves show typical data for two 
different transistors operating into a 150·ohm, 
50·pi cofarad load. The value oft , starts at 
approximately 475 nanoseconds and increases linearly 
at about 70 nanoseconds per volt. 
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Pulse generator provides high-current pulses of constant width whose amplitude and spaci ng interval , t ;, varies with 
the magnitude of the supply voltage V,. The delay line in th e oscil lator circuit is 20 feet of subminiature coaxia l ca ble . 

V, as shown by the graph on the facing page. 
vVith reference to the values of ta the type 2N974 

transistor provides a 100-nsec pulse and the type 
2N3638 provides a wider, squ are pulse of 150 nsec. 
Therefore, except at low values of V, the ratio, 
tuh is smaller than l -to-5. 

Q1 is connected .in a delay-l ine oscill ator circuit. 
The delay line consis ts of 20 feet of type RG-174/ U 
subminiature coaxial cable whose outer condu cting 
shield is grounded only at the midpoii1t of the 
cable. Th e oscill ator' s waveform w9uld normally 
be symmetrical with a period of about 300 to 400 
nsec. H owever because the turn-off time of Qt is 
100 to 150 nsec, and because it is heavily loaded 
and h as a large base overdrive, the output is the 
desired asymetric rectangular pulse. 

Q2 is a high-speed, germanium mesa tran sistor 

Simple mercury relay circuit 
develops single clean pulse 

By Wayne King 
~ Scientifi c Data Systems, Inc., Santa Monica, Calif. 

In digital circuitry, a switch-closure that provides 
a single, clean, short pulse is often desired. The 
circuit at right develops such a pulse by using 
the make-b efore-break characteristics of mercury­
wetted relays with type-D contacts. Positive or 
negative pulses are obtained, depending on the 
polarity of the supply voltage, E . 

'vVhei1 switch S 1 is closed, the movable arm of 
the relay travels from its norm ally closed position 
to its normally open position. For a brief period, 
both positions are bridged and a pulse appears at 
the output. Since, in the relay, the capillary action 
of the mercury closes the circuit between the mov­
able and fi xed contacts, there is no contact bounce 
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operating as a high-gain saturated pulse amplifier 
to provide the output drive for Q:i. Even when V, 
is - 12 volts .and the output current i~ large, the 
average dissipation of Q:i is well belm\r it rat in g 
of 150 milliwatts. A square pulse is obtained at 
the output for resistive loads as low as 68 ohms 
and for moderate capacitive loads that are often 
encountered in computer circuits. The rlecotipling 
network consisting of C t, C2 and L1 redn ces the 
noise that would otherwise be introduced in th e 
power supply by Q:l. 

Th e entire generator, including a battery supply, 
can eas ily be put into a box 3 x 4 x 5 in ches for 
convenient use in the fi eld . A pos itive pu lse version 
of this circu it can b e obtained by changing the 
polarity of V, and substitt1ting n-p-n transi stors 
wi th characteristics similar to the p-n-p transistors . 

s, 

RELAY OUT 

Make-before-break contacts on the mercury-wetted relay 
provide a clean output pul se whenever switch S, is c losed. 

and the output pulse has no undesirable spikes. 
The pulse width is a fun ction of relay operating 

time. In one particular case, tlw operate-time 
specification of the relay was 6 milliseconds aiicl 
a 4-mil\isecond pulse was obtained. 

In this circuit, res istors R1 and R~ are adju tecl 
to provide the desired ampli tude and power. S 1 

may be any ordinary rbornen tary-contact switch . 
Because of th e tlme constant in the relay, any 
boun ce in the contacts of S1 will not be detected 
in the ou tput pu lse. 

89 



Microwave 

Using strip transmission line 
to design microwave circuits, part II 

It results in tunnel -diode ampl ifiers , modulators and antennas that are 

small but have excellent characteristics. Second art icle in a series 

By J. Richard Dangl and Kenneth P. Steele 
Sylvania Electronic Syst ems, William sville, N.Y. 

Strip transmission li ne-a guide for microwave 
energy-can be used to des ign circuits that are 
smaller and have better mechanical and electrical 
characteristics than those designed with waveguide 
and coaxial cable. Another advantage over wave­
guide and coax is that passive circuits can be 
formed inexpensively with the photographic tech­
niques common in making printed circuits. These 
techniques apply in designing such passive circuits 
as antenna arrays and the coupling elements in 
balanced modulators. 

Active circuits are built by inserting semiconduc­
tor components within the line. A tunriel diode 
amplifier represents an active circuit in which 
the etching techniqu es used in construction of the 
line inexpensively add resonator circuits that in­
crease the bandwidth and selectivity and improve 

The authors 
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J . Richard Dangl, the microwave. 
department manager, graduated 
from the Massachusetts Institute 
of Technology in 1947. He special ­
izes in semiconductor applications 
for the uhf, microwave and 
miliimeter frequency-bands. 

Kenneth P. Steele, a research 
engineer at Sylvania , has for 
the past seven years been engaged 
in the design and de

0

velopment 
of high power, solid state micro· 
waVe signal sources. One of his 
prime responsibilities is the 
development of new multipliers. 

the stability characteristics of the amplifier. 
As in any design , it is necessary to understand 

the practical problems which are always present. 
Here an engineei' must consider spurious responses, 
etching accuracy, and high-power limitations. 

I. Modulators in strip line 
A single sideband suppressed carrier (SSBSC)1 

modulator shown at the right is an example of a 
complex S-band microwave circuit easily realized 
in strip transmission line. The size reduction over 
that of a waveguide modulator is especially impres­
sive at S band (1,550-5,200 Mc) where waveguide 
dimensions are quite large. 

The strip line modulator consists of four diode 
mounts, four 3-decibel directional couplers , and 
interconnecting transmission lines-all mounted on 
a board 3% inches square. The entire circuit except 
for the varactor diodes and connectors are fabri­
cated with strip transmission line. 

The circuit contains two balanced modulators, 
each of which produces a double sideband sup­
pressed carrier (DSBSC) signal at the output of 
its port 3. A surnrnation circuit combines the two 
DSBSC signals in proper phase to cancel one set 
of sidebands and reinforce the other. Two outputs 
of the summation circuit are the upper and the 
lower sideband. 

This technique of obtaining SSBSC, called the 
phasing method, is based upon the input modula­
tion and r-f carrier of one balanced modulator's 
being in phase quadrature with the corresponding 
inputs of the other balanced modulator. In the cir­
cuit the modulation components are placed in 
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quadrature by using an external phasing network; 
the quadrature carrier components are obtained by 
passing the r-f input through a power divider, or 
3-decibel coupler, which provides equal amplitude 
signals at its output and introduces the required 
90-degtee phase shift between the signals. 

Operation of the circuit is expressed by the fol­
lowing trignornetric expressions for balanced modu­
lator 1. In the equations, a11 represents signal flo\.v 
into the directional coupler ports , bn represents 
signal flow out of the ports , and subscript n indi­
cates the modulation port of interest. 

a1 = cos wet, 11·here we is the carrier radian frc­
q uency 

a2 = Jz- sin wet cos wmt, where Wm is the modulat­

ing radian frequency 

a 3 = 0 

- 1 . 
a4 = -vi sm wet cos w111 t 

The two sinusoidal components of b :; represent 
the upper ahd lower sidebands of the SSBSC sig­
nal from modulator 1. Th e output of the second 
modulator contains a corresponding expression 
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-= BALANCED MODULATOR 1 -= 

b/ = H[sin (wet - Wint) - sin (wet + wmt) ] 

where thi; j term results from the 90° phase shift 
through the directional coupler. 
\t\fhen b3 and b':i are applied to the input of the 
3-db hybrid summation network, the outputs of the 
network are 

b1, = Sill (wet - Wmt) and b3s = Sin (wet + Wm t) 

where b1, and b3 " are the lower and upper side­
bands . 

The actual unit appears at th e left in the photo­
graph on page 92. Mounted on the unit is the 
phase-shifting circuit for the modulation input. 
At the right are two dielectric boards on which 
are etched the center conductor configurations 
for the strip transmission line. Placed face-to­
face , th ese boards form the strip transmission line 
sandwich . Solid copper coatings on· the reverse 
sides of the board form the ground planes. 

Copper horseshoe-shaped patterns introduce 
shunt capacitance to the ground plane. These 
capacitors suppress h igher modes generated by dis­
continuities at the connectors. 

Wheri the boards are rnated, sections of the cen­
ter conductor overlap , forming the 3-db couplers . 
Thin mica sheets between the section s prevent 
short-circuits and adjllst the coupling. 

At a 600-mw power output at 2,250 Mc, the car­
rier is suppressed 37 db below the undesired side-
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Eialanced modulator circuit employs four 3-decibe l couplers formed from strip transmission line. If port 3 is 
t ermi nated, as in th e power divider, then energy fl owi ng into port 1 wi ll divide equally between ports 2 and 
4 and no ene rgy will flow toward port 3. The elect ric fields at ports 2 and 4 will be in phase quadrature. 
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Miniatl! rization that can be achieved wi th strip tral1smission ·ne is illustrat ed by thi s single sideband suppressed 
carrier. Mounted on top of t he un it are a printed circuit boc. rd-used for phasing the input modulat ing signals-and 
four vat·actor diodes. Metal bars extending from the unit are double stub t uners used for matching the impedances of 
the diodes to the ci rcuit . R-F connectors are mounted on the reverse side of the unit. The two boards on th e right 
show the center conduct or configu rations on the upper rig ht and lower dielect ric sheets which form the strip 
t ransmission iine circuit. Horseshoe-shaped elements short out higher modes generated by discontinuities at the 
con nectors . Dashed circles indicate the locations of th e varactor diodes. 

band. No additi01ial output filtering is required. 
By adju stin g the tuning slugs , the modulator may 
be tuned over a bandwidth of approxim ately 9% 
of the center frequ ency. At any frequency within 
this tunin g range, th e 3-db bandwidth is 180 Mc. 
" ' ithin a 70-Mc bandwidth , the carr.ier and unde­
sired sideband are suppressed by at leas t 20 db. 

II. Tunnel diode amplifiers 
Tunnel diodes are often used at microwave fre­
quencies in low-noise amplifiers. 1\ oise figures 
from 3.5 to 6 db and gains ranging from 12 to .20 
db ~re attainable, depending upon the diode and 
the frequency. Gain of the amplifier is goveh1ed by 
the diode negative resistance and the load imped­
ance. Tl e noise figure is a function of the negative 
diode res istance, series res istance, res istive cntoff 
frequency fRo , and the operating temperature of 
the diode. 2 The resistive cutoff frequency-the fre­
quency at which the input resistance of the diode 
goes to zero-is given by 

J_!_-1 
Rs 

f1w = - - - --

27rRCn 

where R is the negative resistance of the diode, 

92 

Rs is a series resistance which includes the spread­
ing and contact res istan ces and CJJ represents the 
diode's barrier capacitance which is in shunt 
with the negative res istance. 

Strip transmission line results in very rugged 
and compact tunnel diode circu its. The diodes can 
be imbeddecl in th e dielectric material and pro­
vided with simple connections to the center con­
ductors. vVith short line lengths , parasitic induct­
ance is held to a minimum. sually, the circuits are 
combined with other components in complete strip 
transmission line packages. 

At Sylvania several types of tunnel diode arripli­
fi ers have been designed with strip transmission 
line. Circulator-coupled reflection amplifiers , in 
which circulators separate source from load, h ave 
satisfactory electrical and mechanical characteri s­
tics. The amplifier, with the circulator and its fer­
rite magnet imbedded in the strip transmission 
line material, form s a compact structure. 

Such amplifiers often use a shunt diode con­
figuration in which the diode is tuned by a parallel 
inductive stub. The stub may be either less than 
a quarter wavelength -long and short-circuited or 
it may be open-circuited, greater than a quarter 
wavelength long and capacitively loaded. 

An attractive feature of the t11nnel diode is its 
potentially large bandwidth. To realize this poten­
tial, several methods have been developed. Some 
circuits that will be desci-ibed have been built only 
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in coaxial line, but the design concepts apply to 
strip transmission line. 

One broaqband technique uses the circulator­
coupled reflection amplifier circuit with a capaci­
tively loaded shunt s tub , ~ as shown in the diagram 
at the right. To increase th e bandwid th of the 
amplifier,· the reactive component of the circula tor 
admittance is utili zed. Plotted on a Smith chart, 
the circul a tor's susceptance varies with frequency 
in the direction opposite from the shunt-s tub's 
suscep tance. The dimensions S1 and s~ are chosen 
so that the residual susceptance of the diode is can­
celled over a wide bandwidth. In this circuit C0 

couples r- f while blocking d-c. The bias resistor 
for the diode is p laced across the transm iss ion line 
a t a voltage node to decrease ohmic losses. The 
bias resistance- the shunt portion of the b ii;1s 
divider- is chosen so that when the diode re­
actance is cancelled by the stub's inductance, the 
line is matched to its characteristic impedance. 

The bias resistor also serves as a stabilizer, limit­
ing the poss ibility of oscillations outside the cir­
culator passbancl. It does so by presenting a posi­
tive conductance to the tunnel diode. Implied is 
that the circulator rather than the tunnel diode 
generally limits the passband of the circuit. Outside 
its passband, the circulator's reactance produces 
a high-voltage standing-wave ratio at the diode, 
which can make the diode oscillate. 

Another approach to maintaining large b and­
width is to use a separate stabilizing circuit to 
provide a positive conductance to ensure that the 
gain of the amplifier is less than unity outside the 
desired passband. In this way the stabilizing net­
work is designed specifically for preventing oscilla­
tions and is not involved in biasing the amplifi er. 

An excellent example of stabilization is the 
amplifier, in the schematic below, which is shown 
with a stabilizer network comprising BsT and Gi'rr·'' 
To provide increased bandwidth this amplifier also 
employs a series resonator, Xs, and the usual shunt 
resonator, B1,, for tuning the diode. 

Two alternate stabilization circuits, which may 
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Tunnel diode amplifier uses a circulat or to couple t he 
energy in ci nd out of the ci rcuit. 

be made a part of the amplifier, are shown at the 
bottom of the diagram below. The shunt stabilizing 
circuit a t the left is applicable for diodes that have 
res istive cutoff fr equencies, fRo, up to about 3f0 

where f0 is the center frequ ency of the amplifier. 
For diodes with higher cutoff frequencies, such as 
f1w = 5£0, the capacitance-loaded stab ilizipg circuit 
at the right is preferable, because the shorter line 
length increases the frequency a t which the con­
ductance disappears. An additional constraint in 
selecting the parameters of the stabilizing circuits 
is th at a t the band edge, the diode admittan ce 
should not change significantly. 

A stabilized amplifier4 which uses a directional, 
or traveling-wave filter, is shown at th e top of page 
94. A directional filter consists of two quarter-wave 
directional couplers included in a loop which is 
one wavelength long a t the amplifier's center fre­
quency, f.,. The idealized frequency response at the 
bottom of th diagram shmvs the at tenuation b e­
tween ports 1 and 3 and ports 1 ancl 2 a~ a fun c­
tion of frequency.' At f0 the path between ports 1 
and 2 exhibits low attenu ation and ports 3 and 4 
are isolated from th e diode. In the passb and, there­
fore, the inp ut is coupled to the diode tl: rough the 
circul ator and the filter, and the tunnel diode out-
1~u t is reftected back to th e load through the cir­
cula tor and the filter. Outside the filter passb and, 
the tunnel diode is termin ated by the resistance at 
port 4. The resistor at port 3 serves as an absorb-

N 
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Xo Xo 
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To prevent oscillations outsid e th e ci rculat or passband, t he t unnel diode circuit inc ludes a st ab il iz ing network, 
consisting of Bs·r and GsT . Typica l stabilizing ci rcuits shown below are t he shunt , left, and the ca pacity-loaded types . 
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Traveling-wave fi lter consisting of two quarter-wave 
directional couplers arranged in a resonant loop, also 
stabilizes a tunnel diode circuit. The idealized response 
of the filter ap.pears below the schematic. Since the filter 
is symmetrical, the curves also represent the attenuation 
between ports 2 and 4 , and between ports 3 and 4 . 

ing load for a signal within the circulator p assband, 
but outside the filter passband. 

The bandwidth of a tunnel diode amplifier ;ilso 
may b e increased b y adding series and shunt 
resonant circuits. The design technique is ou ti in eel 
in the panel at the right and is applicable also to 
other negative-res istance reflecti ve dev ices su ch as 
parametric amplifiers and rnasers .5 

A tunnel diode amplifier usually is tuned with 
il shunt inducta nce. Addition of a single seri es reso­
nator X, improves the 3-db bandwidth b y as much 
as 50% and provides a more uniform frequency 
response. Calculated bandwidth for a circuit with a 
shunt tuning indu ctance and seri es ~-eso'n a tor­
referred to as the n = 2 case, where n equals the 
number of resonated c ircuits- is approxj mately I . 

26% of th center frequency. Addin g an acfdition a l 
shunt resonator- n equals 3-increases the band­
width to 41.6%. The addition of qnother series 
resonator- n equals 4-increases the b andV.1idtji to 
48.1% . I 

The technique 111ay also b e applied to paq~m~trk 
arnpliners. 6 Normally, these are desigpeq in serie;: 
diode configurations, b ecause they resµ lt in greater 
b andwidth than does the shunt. The stabili2in g: 
resonator is placed in parallel with the dioqe. Un­
fortunately, b ecause the parameh'i c amplifier uses 
a time-varying capac itor, the design techniqu for 
computing the resonator parameters is not as ac­
curate for the parametri c amplifier as it is for the 
tunn el diode refl ective ampli~er. H owever, the 
method is adequate for the first breadboard design. 
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Broadbanding tunnel diode circuits 
The difficulties in broa<lbancling microwave cir· 

cuits incjucle: 1. realization of the lumped circuit 
design values in an equivalent distributed constant 
network, 2. problems inherent in designing multiple­
resonator circuits at microwave frequencies and 3. 
cost of the required strnctures. The last problem 
has been eased by the relatively inexpensive method 
of etch ing the circuits in strip tra.nsmission line, 
while the first two problems have been solved by 
modem filter theory.7 ,s 

An exarnple of the technique for broadbanding 
a ciq::uit is the one developed by Getsinger for 
increasing the bandwidth of a tunnel diode ampli­
fier.5 Iri this tech11ique, the frequency response of the 
tunnel diode is determined py experiment or from 
ap eq uivalent circuit such as illustrated in the dia­
gram at the top of the next page. 

The gain curve of the tunnel diode amplifier de­
termines Gmax and Gmaxl ~ expressed 'in decibels . 
Gmax and Gmax/ 2 in tum es tablish tl)e frequencies 
f0 , f' and f" . • 

The frequency response is then used to determine 
the value~ of the elements in a simplified bandpass 
circuit that will produce the same ~-esponse as the 
original circuit. The values of C1 , L 1 anq Ro' in the 
simplified c_ircuit are de~ermined 11s~g the follow­
mg express10ns: 

lJ = 
f" - f' 

(1) 
fo 

K o = lQCmax/20 (2) 

b,H,' lJ = 
2-VKo 

(3) 
lJ (Ko - 1) 

R 'o R o 
I'o 

(4) 

Ci = ~ (5) 

L1 

where 
U = 

Ko= 
b,R'o = 

R'o = 

W o 

l 
(6) 

(wo) 2C1 

the normalized bandwidth 
of th~ narrowband circuit 
the gain ratio 
the normalized slope para­
meter qf resonator 
is the magn itude of the 
negat!ve res istance in the 
simplified circuit 

Prototype circult that is related to the 
simplified tunnel diode circuit is broad 
banded by the addition of the series element g,. 
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Equivalent circuit of tunnel diode am plifier includes junction ca pacit ance Ci. negative resista nce R o, series 
spreading resistance Rs, series lead inductance L. shunt package capacitance C", and sh unt inductor L,., which 
tunes t he diode. Th e frequ ency response of th e ci rcuit has the typica l form shown at the right. By proper choice 
of the values of the shu nt elements, C,, L, and Ro', th·e sif']'l pl ified circuit at the bottom of the diagram can be 
made t o have an almost identical frequency response. 

SERIES 
RE SONATOR 

BROADBAND SIMPLIFIED CI RCU IT 
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RE SO NATOR 

TUNN EL DIODE 

Ls 

Lo Cp 

GAIN (db) 

R
• 

- D 
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l __ 

Rs 

Broadband tunnel diode circuit is rea lized by determining t he va lues of C, and L, in the simplified circuit at the 
top of the diagram. These val ues are used to broadband th e actual circu it shown at the bottom of th e diagram. 

b i = the slope parameter of res­
onator L 1-C1 which is eval­
uated from equation 1 
th rough 4 

ro is the normalized generator 
res istance and is obtained 
in term s of C max from fi g­
ure six of reference 5. 

Ro= the sou rce resistance (50 
ohm s) 

wo = radi an frequ ency at fo 

The s implified circuit is direct ly related to a low­
pass prototyp e shown at the left. 

Values of Cm in and ripple in the frequ ency 
respon se of the desired broadband curve of the 
prototype ci rcuit must be specified by the designer . 
'vVith specified values of C m;,. and ripple, the para­
meters , g1 and g2 of the prototype circuit , are se­
lected from the tables in reference 5. This broad­
band, low-prototvpe is now related back to a broad-
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b and version of the simplified circuit as in the cir­
cuit above, vvhich shows the addition of a series 
resonator consist ing of L2 and C2. Th is ser ies reson­
ator also broadbands the actua l tunn el diode ampli­
fi e r as in the circ.: uit at the bottom of the diagram . 

The new fract ional bandwidth, is determined 
from the expression 

and the band edges are determined from 

Cv2 - W1 = WWo and W o = V WJW2 

where w1 and w2 are the rad ian frequencies co rre­
spondin g to f1 and f2. 

L2 and C2 are determined from 

and 
WWo 
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Ill. Phased array antennas 
Strip transmission line is ideal for phased array 
antennas. Such arrays-consis ting of large num­
bers of antenna elements- when made from coaxial 
or waveguide compou ents are often costly and un­
wieldy. In a strip transmission line antenna, many 
dipole ele rnellts ca n be etched simultaneously on a 
sheet of dielectric material. If an interlaced pattern 
of dipoles is used, a single etching will produce 
both receiving aml tra11smitting arrays , and the 
dimensions of a complete pair of arrays will be 
reduced by a factor of one-half. 

For satellite communications , retrodirective 
arrays fabricated of printed circuit antennas and 
strip transmiss ion I ine eircuits have the advantages 
of light we ight and reliability. In the basic passive 
retrodirect ive array. the antenna elements and in ­
terconnect ing tran smission lines are so phased that 
any rece ived signal is reradiated back along the 
path taken by ignal transmitted from the ground, 
As a res ult, the sa tellite's signal is always directed 
towaJ'll the ground station . Thus, high -gain , nar­
row beam a11tennas may be used on the satellite in 
place of the usu al omnidirectional antennas . 

l n active retrodirec tive array (ARA), as shown 
in the simplified drawing below, a tunnel diode 
amplifier is placed between rece iving and trans­
mittiug elements in each line to increase the 
radiated power. A rni>.er is also included in the 
line to offset the frequency for increased isolation 
and to provide modulation if desired. Amplifiers 
and mixers are all constructed from strip transmis­
sion line, forming an extremely compact and rugged 
package. Such arrays have b een developed by 
Sylvania on several programs .9• 10 

One e>.perimeutal ARA array operates at S band, 
with tran smitting and receiving frequ encies offset 
by 150 t-.1lc and a u r-f bandwidth of 120 Mc. The 
array g.-1in is 14 db and the total scan angle is 
greater than 70°. 

INCIDENT 

~ 

L-----+----1 MIXER 

MIXER 

Active retrodirective array receives an incident signal 
and transmits it back in the same direction . In this 
highly simplified sketch only two antennas are shown 
in th e receiving an d t ra nsmitting arrays . The circuits 
in th e int erconnectin g lines cha nge th e frequency of 
th e rece ived signal before it is retransmitted . 
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Experimental printed antenna array for satellite communi ­
cations consists of an interlaced pattern of d.ipole 
antennas that increases isolation between receiver and 
transmitter. The dipole shape increases their bandwidth . 

An interlaced pattern of orthogonal dipole ele­
ments as in the photogranh shown above forms the 
antenna array. One set of orthogonal element func­
tions as the receiving array; the other set as the 
transmitting array. Centers of the dipoles in either 
array are located at the vertices of an equilateral 
triangle. This reduces the number of elements 
needed for a specified array gain and increases the 
spacing between elements to reduce mutual cou­
pling. 

Isolation between the two arrays is dependent 
on the symmetry and mutual orthogonality of the 
individual elements . Accurate positioning of these 
elements is also necessary to obtain the desired 
radiation patterns . Using standard etching tech­
niques , antennas elements on two-inch centers may 
be positioned within ± 4 minutes of exact ortho­
gonality. This positioning accuracy is superior to 
the accuracy of most other methods of fabricat­
ing multiple-dipole arrays , and the cost is much 
less because no mechanical adjus tments are neces­
sary. Furthermore, the rigidity of the printed array 
prevents dynamic errors introduced by vibration 
and shock. 

In th is configura tion, the isolation between or­
thogonal elements is between 40 to 50 db. Between 
parallel elements the isolation, which is determined 
by the spacing, is approximately 30 db. 

Antenna balun 

Antenna arrays normally require a balun-a de­
vice for transforming the unbalanced input of a 
receiver or transmitter to the balanced input of the 
antenna element. For the ARA antenna, the baluns 
were strip transmission lines similar to the one 
designed by Bower and W'olfe and illustrated on 
page 97 .11 The top and bottom views indicate the 
simplicity of the balun 's construction. 

Here, the unbalanced input consists of a thin 
conductor etched on the bottom side of the dielec­
tric she t. The copper on top of the dielectric serves 
as a ground plane for the unbalanced input con­
ductor. A balanced output for a dipole autenna 
appears at the terminals marked x and x' as shown 
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TOP VIEW 

COPPER 

CENTER CON DUCTOR OF 
UNBALA NCED LI NE (LINE B) 

BOTTOM VIEW 

Balanced-to-unbalanced line (balun) t ra nsfo rmer coup les 
energy from the input t o t he anten na t ermina ls. 
In t his wi deband str ip t ransmiss ion li ne version, line. 
8 is t he unba lanced input. Balanced out puts are taken 
at po int s X and X'. For line 8 , t he copper conductor 
on t he ot her side of the boa rd serves as a ground plane. 

above in the top view of the dielectric sheet. 
Length, c/J b, in the b alun is about a quarter wave­

length at the midband frequency. For proper trans­
formation it is required that Zb = R2/Zau where Zab 
is the impedance of the wide parallel line (normally 
made as large as possible), R is the load resistance, 
which in this case is the antenna .input resistance, 
and zb is the characteristic impedance of the un­
balanced input line. 

IV. General design factors 
Some spurious effects in strip transmission line 
equipment appear as undesired lines in the output 
spectrum or as r-f interference. A less obvious effect 
is a decrease in effi ciency resulting from unwanted 
spurious modes. 

At least three physical parameters affect the 
generation of spurious modes: ground-plane spac­
ing, center conductor width, and transverse discon­
tinuities.12· 13 

Spacing b etween ground planes must be held to 
less t11an >../ 2 where >.. is the wavelength in the 
dielectric; if this isn ' t done, the signal travels 
along the ground plane rather than along the center 
conductor. If the width of the center conductor is 
greater than a h alf-wavelength , high-order modes 
will occur, producing a voltage node at the center 
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of the conductor and maximums at either edge. 
These modes will tend to travel through the dielec­
tric material, rather than being constrained to 
follow the center conductor, as is the principal 
TEM mode. 

A third res triction involving both ground-plane 
spacing and center conductor width requires that 
the mean path encircling the conductor (in a plane 
perpendicular to the centerline of the conduc~or) 
be less than >... The frequency a t which this path 
length is equal to >.. is the cutoff frequency of the 
transmission line. 

Spurious modes caused by transverse discpn­
tinuities, which occur whenever there is a transi­
tion from coaxial to strip line, or where the diodes 
are inserted in the line, can be suppressed by 
inserting shorting screws or eyelets b etween the 
two ground planes. The circulator in the photo­
graph on page 98 illustrates the use of such 
screws in the vicinity qf the right-angle connector. 
The spacing between these shorting elements 
should be less than >../2. Shorting elements should 
also be located near resonant elements, such as 
filters, that tend to radiate. For high-Q circllits of 
this type, the spacing b etween shorting elements 
should be about >../ 6. To prevent end-launched 
radiation, the ground-plane spacing should b e less 
than >.. / 4 and all circuitry should be restricted a 
distance of at least >../ 4 from the edge of the strip 
transmission line. Conducting material, left un­
etched around the edge of the strip traqsmission 
line board, or shielding material placed around the 
periphery, also helps prevent spurious radiation . 

Phase variations 

In general, when phase-sensitive circuits are 
used, care must be taken to keep lines as short as 
possible, and to provide adequate bandwidth so 
that opera tion on the filter passband skirts is 
avoided. To maintain a constant guide wavelength , 
dielectrics which are homogeneous and have low 
temperature coefficients of expansion are required. 

In production runs of circuits using semiconduc­
tors , phase variations are more controllable if the 
device junctions are taken as reference planes and 
dimensions are controlled with respect to these 
planes. To compensate for phase variations that 
are caused by production or material variations, 
several types of manual phase shifters or line­
stretchers are available in strip transmission line 
designs. 

Since th'c electrical length of a transmiss ion line 
is proportional to \/f,., the relative dielectric con­
stant of the material is a governing factor. Polyolefin 
dielectrics are now available with fr h eld to an 
accuracy of 2.32 ± 0.005 or 0.2%. 

Maximum frequency 

The principal frequency limitation of strip trans­
mission line is determined by dielectric losses. 
Low-loss dielectric material has extended the opera­
tional frequency range to beyond 10 Ge. 

A fi gure of merit for a strip transmission line is 

97 



Circulator for C-band (5,000 to 6,500 Mc) 
illustrates the use of shorting screws for both 
mode suppression and for shielding the unit. 

its quality factor, Q. At the same frequency the line 
with a high Q exhibits lower losses than a line 
with lower Q. 

The advantage of low-loss polyolefin dielectric 
over a glass-based dielectric such as Teflon-fiber 
glass is indicated by the differences in their Q.H 
At 10 Ge, the unloaded Q of polyolcfin is approxi­
mately 1,500 as opposed to approximately -!00 for 
the Teflon-fiber glass. At lower microwave fre­
quencies , the Q's arc much closer together with 
values 700 and 300, respectively, at 1.0 Ge. 

The higher Q of polyolefin has permitted the 
fabrication of multiple-resonator filters with actual 
characteristics very close to the design values. 
H.eprescntative bandpass filters constructed by Syl ­
vania for use in the microwave region have ex­
hibited a minimum insertion loss of 0.5 to 1.0 clh. 
An S-bancl filter using five sections had an in ser­
tion loss of less than 1 db. 

Maximum power 

A number of factors determine the power han ­
dling capabilities of strip transmission line circuits . 
In semiconductor circu its the allowable temperatun· 
of the semiconductor junction is limited, and usually 
requires an adequate heat sink. 

Another factor is the temperature at which the 
dielectric material deforms. For irradiated poly­
olefin , deformation occurs in the temperature range 
90° to 100 °C. The allowable center conductor tem­
perature is another factor. The average power­
handling capability for a Vs-inch thick sandwich of 
Rexolite 1422, a cross-linked polystyrene, is approxi­
mately 290 watts a t 2,000 Mc and 110 watts at 
9,000 :\1c. 1

:;. This is based on allowable temperature 
rise at the center conductor of 39°C, taking into 
account the thermal conducting properties of the 
strip transmission line's dielectric material. 

The peak power-handling capability is a function 
of high-voltage breakdown. Breakdown first occurs 
along the narrow edge of the center conductor at 
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the air space left after the metal has b een etched 
away. For Rexolite 1422, the peak power rating 
(assumin g a 2: 1 safety factor) is calculated to be 
25 kilowatts for a Vs-inch thick sandwich. 

Etching accuracy 
When material s with dielectric constants of 2 or 

:3 are to be used at frequencies from L to X band 
(390 Mc to 10,900 Mc), a drawing scale ranging 
from four times to ten times the actual size of the 
circuit is required . As an example, a drawing for 
the cen tcr conductor configuration of a varactor 
tripler appears in the photograph at the right. 
The drawing is redu ced to the desired size by 
photographic methods. 

The photograph below shows the reduced film 
being used lo expose the strip line pattern on the 
board. This procedure holds dimensional errors 
within a range of 0.001 to 0.002 inch , adequate 
for most circuits. I-Towcver, since the tolerances 
required vary in versely as \ 1€1 , lines designed 
with high dielectric constant material require that 
the drawings be 12 to 30 times the circu it size. If 
critical narrow-band circuits arc involved, drawin g­
scales may be even higher. 

In parall el-coupled lines, two parameters affected 

Reduced size negative is used to expose a light-sensitive 
coatin g on the copper clad dielectric . After spraying with 
a suitable etch, only sections of copper corresponding to 
the center cond uctor con fi guration will remain. 
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by the accuracy of etching are the characteristic 
impedance, Z0 , 'Nhich depends on conductor width , 
and the coupling factor. In fact, the criti cal dimen­
sion in a high-frequency des ign is often the mini­
mum spacing which can be maintained with etching 
in a parallel-coupled bandpass filter. 

Multiple layer assembly 

The ideal geometry for strip transmiss ion line 
assemblies is a large area and little depth. This 
permits etching of many elements on a single sur­
face. Kot only is this economical, but it reduces the 
number of interconnections and therefore reduces 
the cumulative vswr's associated with connectors. 
Unfortunately, most equipment is packaged in 
box-like containers, so that stacking of two or more 
layers of strip transmission lin e is necessary. 

Stacking poses a problem of mechanical stability. 
Dielectric materials should be rigid as possib~e, 
with uniform thickness. Soft dielectrics require 
rigid metal press ur plates and an adequate num­
ber of fasteners to hold the pieces securely. Double 
registration conductors ease the problem of tilt or 
voids at the mating surfaces. Double registration 
implies that the cen ter conductor pattern is etched 
on both boards which form the strip transmission 
line. This results in a thicker center conductor 
which is eas ier to mate. 

Care must be taken that cent r conductor and 
ground plan e connections are firmly made. A variety 
of methods such as butt joints , spring fingers , and 
springs, are used to connect the cen ter conductor. 
Permanen t connections can be made by soldering or 
welding if the conductor bonding temperature is 
not exceeded and the sections of the device do 
not have to be disassemblcd. 
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Maintaining dimensional accuracy 
requires that the master drawing ~or 
the strip line 's center conductor 
configuration be drawn at an 
eniarged scale. For th e varactor 
tri p le r circuit shown in th e 
photograph, the drawing is about 
five times the size of the actual unit. 
The author is pointing to a bandpass 
filter circui t in which the narrowest 
spacing between elements is only 
0.005 inch in the actual circuit. 

Interconnection be tween layers may also be made 
by bringing the center conductors out to coaxial 
eml launchers at the ends of the boards and inter­
connecting these with coaxial cable. The intercon­
nec tion method finally decided upon depends pri­
mari ly upon th e space available and the degree of 
vibration and shock anticipated. 

Testing 

Most strip transmission line circuits are in­
herently broadband and have low spurious lev ls. 
Broadband spectrum analyzers , sweep signal gen­
erators , and power bridges or calorimeters are 
necessary for testing them. Tes ting varactor mul­
tiplier circuits , for instance, involves checking un­
wanted harmonics and spurious frequencies , which 
may be either very close to or far from the cl sired 
output frequency. Both a wide spectral window 
and good close-in definition are required of the 
spectrum analyzer. Wide dynamic range, low inter­
nal spurious output and high sensitivity are also 
important for tes ting low spurious devices . 

The time domain ref!ectometer11; is also a valu­
able aid in transmission line design. Refl ec ted wave­
forms indicate the impedance characteristics and 
location of discontinuities. Such equipment can 
detec t reflections 80 db down from the main signal, 
corresponding to a vswr of less than 1.0002. 

The Q and the rela tive dielectric constant of the 
strip transmission line material mu st often be deter­
mined. A pract ical method is to fabricate a sample 
resonant section from the material to be tes ted and 
to measure the frequency-response curve and reso­
nant frequency of the sec tion. The Q and di ssipa­
tion factor of the material is obtained from the 
frequency response, and E.-, the relative dielectric 
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cons tant, can b e computed from the frequency and 
dimensions of the sample. Applicable mechanical 
tests of material include foil peel strength , warpage, 
dimensiomil accuracy, and coefficient of linear ex­
pansion. 

Also necessary in the laboratory as auxiliary test 
accessories are strip transmission line connectors 
or launchers. End-launchers or connectors permit 
connections to tes t equipment and interconnections 
between breadboard components . Vswr 's of less 
tj:lan 1.05, over a band of a few gigacycles , arc 
obtainable in commercial launchers. Lower vswr's 
are obtainable over narrower frequency b ands . 

V. Future trends in circuitry 
Developments in strip transmission line circuitry 
will indude the incorporation of transistors into 
distributed parameter circuits. Microwave transis­
tors are available, which provide powers of 1 watt 
in the 1-Gc to 2-Gc frequency range. A 6-Gc tran ­
sistor is under development which will be capable 
of supplying 10 Mw at 20% efficiency.17 Output 
power at microwave frequencies can be increased 
by summing the output of several low-power tran­
sistors, as Sylvania engineers have already done at 
ultrahigh frequencies. Summing techniques are 
directly applicable to strip transmission line cir­
cuits. 

As the ability to utilize and sum the outputs 
of transistors is improved, varactor multipliers will 
have to be designed to take advantage of the in­
cr ased power. With the more refined synthesis 
techniques now available and better definitions of 
the varactor model, it is possible to des ign optimum 
multiple configurations. The resulting circuits are 
complicated, but they can be economically fabri­
cated in strip transmission line. 

Another promising development is the use of 
semiconductor material for the dielectric of strip 
line, allowing diodes or transistors to b e an integral 
part of the line material itself. An X-band hybrid 
or coupler circuit employing semiconductor ma­
terial for the dielectric covers an area of about 
0.1 X 0.1 square inch . A balanced mixer using this 
coupler is being developed.18 Also under develop­
ment is a transistor and varactor diode built on 
the same dielectric substrate. The device is ex­
pected to have a 5-watt continuous wave output 
and 50% efficiency in S band. Because of the high 
dielectric constant material used in these devices, 
linear dimensions are very small and, as a result, 
high resistivities do not cause excessive losses. 

Perhaps the most challenging fi eld for strip trans­
mission line circuitry is the development of solid 
state frequency sources using the Gunn effect and 
Read devices, that permit the direct conversion 
from d-c power to microwave power. In contrast 
to transistors whose operation depends on the junc­
tions b etween semiconductor materials , a Gunn 
device depends on the transfer of electrons within 
the energy bands of bulk material such as gallit1m 
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arsenide (GaAs) or indium pl10sphide (InP). Gunn 
oscillators 1D have supplied a c-w output of 15.5 
mw at 4.35 Ge and a pulsed output of 190 watts 
at 1.1 Ge and 1.83 watts at 4.96 Gc.20• ~ 1 The Read 
device, a junction diode made by diffusion of gal­
lium and ars ~ni c into high-res istivity silicon, gen­
erates microwave signals by a combination of 
avalanche and transit-time effects .~~ As an oscil­
lator, it has a potential power output of 5 watts at 5 
Gc.~=1 

Since the Gunn and Head devices are only in 
the research stage, their evolution into reproducible 
monolithic strip transmission line circui ts is far 
in the future . In the meantime, these devices will 
probably be embedded into strip transmi;;sion lines 
made with high tempen~turc , ceramic material so 
that increased power levels may be obtained. 
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Here's the right 
integrated circuit 

if you want very stable 
switching voltage 

G-E thermistor probes 
solve many 

design problems 

New bonded heater-cathodes 
for planar ceramic triodes 

More and still more 
G-E economy transistors 

Want high-level 
color demodulation? 

A TECHNICAL DIGEST FOR INNOVATORS Of ELECTRONIC EDUIPMENT 

COMPONENT 
CAPSULES 

We ca l l it the Si l icon Bi lateral Switch. You'll f ind it j ust 
about eliminates power ou tput fluctua t ions caused by 
temperature effects on the triggering voltage. The switch­
ing vo ltage of this new device is vi rtually unaffected by 
temperature. What's more, G.E.'s new SBS has extremely 
low swi tching vol tage-a mere 10 volts. Use G-E SBS's 
to trigger SCR's and bi-direct ional thyristors (Triac's). 
They're available in unilateral form as well as bilateral 
fo rm. Circle Number 90 for more details. 

Sil icon Bi lateral Switch 
Equ ivalent Ci rcuit 

Here's the answer if thermistor probes are your prob lem: 
• G-E H-series probes give you trigger-fast response in a 

t ruly rugged , hermetically sealed uni t ... opera te up to 
400C in air, gas and non-conductive liquids. 

• G-E %" diameter probes range from 50 to 100,000 ohms 
resistance, Grade 1 through 4 materials. 

• G-E bead probes are designed to fi t into nearly any circuit 
package. Easy-to-mount and operable up to 400C, you can 
even use them in liquid media. Circle magazine inqui ry ca rd 
Number 91. 

Now you can meet all these design goals: • faster warmup 
... 3 to 5 seconds without heater over-voltage • tolerance 

PLATE 
to ext reme mechanical environments ... up to 50 g's RMS 
• extremely low microphonic output ... quietest of any 
known tube design • improved I ife, rel iabi I ity .. . heater 
temperature is sharply reduced • predictable therma l trans­
fer between heater and cathode ... permits precise control 
of cathode temperature through heater-voltage control 
• circuit simplicity . .. indirectly-heated cathode needs no 
specia l heater circuitry or vol tage. This new heater-cathode 
technique can be applied to al l recent tube designs. Circle 
Number 92 on t he magazine inqui ry card . 

Switch to the low-cost way to solid state. Try the famous planar passivated economy line. 
Try new G-E 2N3973-76 t.ransistors for example. They're tops for medium speed industrial 
switching and large signal RF amplifiers. And they feature excellent hFE holdup at col­
lector currents between O.lmA and 500mA. Or try our new 2N3858A and 2N3859A transistors 
... excellent as high voltage, high gain amplifiers. Circle inquiry card Number 93. 

The 6AG10 
compactron 

This little G-E 6AG10 compactron gives full color fidelity .. . actually does 
the work of 2 miniature demodulators, or of 2 pentodes and 3 triodes. The 
6AG10 puts out 3 "co lor-difference" signals directly to 3 cathode-ray-tube 
guns. Here, unquestionably, is your lowest-cost way to full -co lor-fidelity 
demodulation. And best of all, it's a COMPACTRON. Ask your G-E engi­
neer/ salesman for our new "Compactrons for Color TV" Brochure or circle 
Number 94 on the magazine inquiry card. 

MORE~ 
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COMPONENT 
CAPSULES 

Solid-state 
light-sensitive switch 

controls G.E. 's 
meter relays 

PREDICTION: 
Crystal-can relays out. 

150-grid 
relay family in. 

Give critical components 
the protection 

they deserve 

Try this new 
ramp-and-pedestal 

precision temperature 
regulator 

8 different case sizes 
now for 

Black Hawk capacitors 

. 4 .6 \ 
.2 '"" \'" I '"~''"" .8 I 0 \ ,\ " ""f,,,'h 1 

D- C 'y 
MILLIAMP ES 

11 no1'°"'n 11c 

GE-Typ e 195 m eter relay 
w ith single setpo int 

Contactless pass-through control action-that's the advantage 
you get with these solid-state meter relays. Completely self­
contained control action is initiat ed by a light-sensitive switch 
directly controlling the load relay. No troublesome pointer 
contacts. No external ampli f iers, power supplies or load re lays. 
No mechanical interference with meter movement. Pointer 
travel is unrestricted across the entire scale. You get contin­
uous indication above and be low the setpoints. And you get 
all this in a distinctive, easy-to-read BIG LOOK meter package. 
Ask for Publication GEA-8014 or circle magazine inquiry card 
Number 95. 

G-E low-profile 150 Grid-space relays set the trend for 
things to come in relay applications. Available now in 2-
pole and 4-pole arrangements (and a latching version's 
due this year, too) these smal I devices have 150-mi I t er­
minal spacing, are only 0.32" high. This growing family of 
new relays offers you the best in space-saving ability with 
all the performance required from a mil-spec relay. Circle 
Number 96. Fam i ly w i ll soon includ e 

new latch ing version 

Triggered Vac uum Gap 

Divert system and component faults through a General 
Electric triggered vacuum gap. Nothing else will do the 
job as well. TVG's trigger remarkably easily, j ust as low 
pressure gas gaps do. Yet TVG's are gas-free. Their vo ltage 
holdoff capabilities won 't degenerate. They are also free 
from adverse atmosphere damage, adaptable to any en­
vironment, and will protect against faults ranging from 
10 to 100% of their rated voltage. Circle Number 97 for 
more information on all 5 avai lable models. 

UJT TRIGGERING LEVEL-c=oo~L ~-+ 

UJT EMIITTR ~~~~TGAEL_H~OT _ _ 
Ri. R1= 2200 OHMS, 2 WAITS 
R,= 4700 OHMS, 1h W 
R.= THERMISTOR, APPROX. 5000 OHMS 

At maximum gain setting, this 
low cost circuit controls load 
power over its entire range by 
a mere 3°C change in therm­
istor temperature . What's 
more its feedback control 
network is stabilized by the 
circuit's adjustable gain. 
How's it work? Ask your G-E 
engineer/ salesman for Appli­
cation Information Pub lica­
tion 671.1 and cost details. 
Or circle magazine inquiry 
card Number 98. 

LOAD 

AT OPERATING TEMPERATURE, GE~H 
R1= 10,000 OHMS W.W. POTENTIOMETER 
R.= 5 MEGOHM POTENTIOMETER 

..-.---------~~ R1-=-100 KU, 1h W 

120 VOLTS 
60 CPS 

And each capacitor size has 5 different voltages to choose 
from-50, 100, 200, 400 or 600 VDC. Black Hawk capacitors 
are molded to give you a hard , moisture-resistant she I I 
around the capacitor rol I. Each one you use has strong 
welded leads, extended foil construction, and very precise 
dimensions (± 0.005). Circle Number 99 on the magazine 
inquiry card for all the facts. 

T, 

R,= 1000 OHMS. 'h W 

01=-2N2646 UNUUNC HON 
Q, Q,= SC46B TRIAC 

TRIAC T,= 35ZM923 OR EQUIVALENT 
O, 4= 1Ni693 
0,,; Z4XLZ2 
D,= 1Nl692 
C,= 0.l 1,fd , 30 V 

Featuri ng 
m olded 
enca psulation 

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS 
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE. 
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Packaging 

The packaging revolution, part VI: 
converting to microelectronics 

Redesign is inevitable and frequently drastic , but design headaches 

can be avoided and economies effected if the various techniques 

for fabricating and packaging integrated circuits are understood 

By Fred A. Plemenos 
Space and Information Systems Division, Raytheon Co., Sudbu ry, Mass. 

Engineers who try to build an integrated circuit 
from the schematic of a discrete-component circuit 
usually run into trouble. Invariably, they can't make 
an economical IC version that will work, without 
a change in circuit design. The relationships be­
tween design and fabrication are much closer in 
IC's than in discrete component circuits and they 
impose new ground rules for circuit design, fabrica­
tion and packaging. 

For example, one reason that the lag-lead filter 
circuit that is discussed on page 105 can be built 
economically as a hybrid circuit is that the high­
value, precision resistors, cus­
tomary in such analog cir­
cuitry, were designed out of 
the IC version. To convert 
the filter to an IC, switching 
functions akin to digital cir­
cuitry were substituted for 
linear circuitry. 

Although the design transition is often difl:icult 
in analog circuitry, it can be reasonably straight­
forward in digital circuitry once the system design 
and packaging is altered to accommodate the 
smaller size, lower noise immunity and voltage 
levels, and other characteristics of IC's. Unlike 
analog functions , digital functions are highly stand-

This article and the two that follow on pages 110 and 115 are part 
of Electronics' continuing series on integrated-circuit system 
packaging. They examine the problems of making and packaging 
IC ' s from three viewpoints: selecting the type of IC most suited 
to the system , assemblying hybrid circuits and fabricating hybrid 
subsystems and systems . 

The filter's resistor network 
can be built as a vacuum-de­
posited thin-film circuit or as 
a screen-printed thick-film 
circuit resembling the thick­
film circuit shown above. 
With adequate redesign an 
estimated 85% to 90% of all 
linear circuits for analog 
functions can be built as 
thick-film hybrids. In some 
cases, redesign and fabrica ­
tion can be simplified by in­
corporating a monolithic 
silicon IC in the hybrid struc­
ture, as in the case of the 
sense amplifier shown on 
page 105. 

Miniature digital differentia l analyzer for miss ile-guidance and other 
digita l-control applications is the Raytheon Co.'s M3X. High-density 
welded modules contain integrated-circuit components 1,4 by l/a inch. 
High-density welded discrete components are used in the interface 
modules· in the rear part of the analyzer. 
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SK SK 33K 
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100 K 9.1K 9.1K 1 t.1 K 

4.7 4.7 
p.F p.F 
2.0V 2.0V 

1N914 1N914 
2N2219 

4.8 KC 
REF IN 

1p.F 
OUTPUT TO 
SA MPLE HOLD 
DEM OD ULATOR 

r 
50K 

2N325f 

-=-

3.2 K 75K 75K 

-f2V D-C 
SYNC CIRCUI T FILTER BUFFER AMPLI FI ER 

Greater circuit complexity often reduces size and we:ght by eliminat ing bulky components . This circuit , 
produced as a hybrid, is a servo frequency compensator based on switching rather t han linear operat ion. 

ardized and most digital applications can b e filled 
by off-the-shelf logic circuits. 

However, these general guidelines are often in­
adequate. Engineers responsible for converting 
conventional equipment to microelectronic equip­
ment have found there is no universal answer to the 
ques tion: What is the b es t way to make and pack­
age the IC's? In each case, a number of alternate 
techniques should b e considered. 

Theoretically, a circuit such as the lag-lead filter 
could be made by any of the various hybrid and 
monolithic techniques. In practice, the choice is 
limited by circuit quantity and cos t, and the limits 
which each technique imposes on circuit power, 
voltage, frequency and precision. 

Analog redesign 

The redesign and fabrication of linear circuits for 
analog functions is usually a do-it-yourself project. 
Redesign is almost always drastic-and inescap­
able. It is possible to reduce the new systen1's de­
p endence on linear circuitry by converting some 
analog functions to digital ones, but even b asically 
·digital systems, such as a computer, require Fnear 
circuits for power supplies, memory drive and 
sense amplifiers, and for input-output to sensors 
that are primarily analog. 

The few off-the-shelf monolithic linear IC's that 
are available are still costly and limited in perform­
ance. This is a natural consequence of the speciali­
zation of most analog functions; it seems impossible 
for the indush-y to standardize on basic linear 
building-block circuits. 

A challenging design task is eliminating large 
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components or reducing their size and numbers . 
Large capacitors, inductors and transformers won' t 
fit in a hybrid circuit and can't be made in mono­
lithic IC's. Two successful redesign practices are 
to substitute active filters for large inductance­
capacitance filters and to replace linear circuits 
with switching circuits. 

These redesign principles are employed in the 
synchronous lag-lead fi lter that is shown in the 
schematic above. The circuit performs frequency 
compensation in a servo system by operating on the 
modulation envelope of an amplitude-modulated, 
suppressed-carrier signal. The diode pairs which 
prevent saturaticn of the circuit also limit the 
voltage across the 4.7-microfarad capacitors; thus 
these capaci tors can be miniature types readily 
attached to the fi lm circuit along with the semicon­
ductor devices. The resistors and the component 
interconnections are thick or thin films. 

Often, a combination of IC forms is b es t. The 
special-purpose sense amplifier at the right is made 
of a standard monolithic linear circuit (Fairchild 
702 differential amplifier) plus a hybrid circuit. 
The IC flatpack, the diode and another flatpack 
containing the dual transistor are soldered to an 
enca:Jsulated thick film res istor network. The net­
work is protected by a coating of diallylphthalate 
plastic which leaves the solder pads (terminals) of 
the network exposed. 

Film-type hybrid circuits 

The IC form most popular for linear circuits is 
the film-type hybrid. There are two major forms: 
thin film and thick film. In the last year, the thick-
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OUTPUT +sv STROBE - + 
CORE SENSE WINDING 

Sense amplifier is bu ilt with a monol ith ic circu it and a transistor, path in flatpa cks (colored areas), t hat are attached 
t o a passive network made by the thick-fi lm process. The hybrid-circu it assembly is shown at the top of page 106 . 

film IC's have become the dominant hybrid form 
because of improvements in substrate and printing 
materials. The thick-film approach promises to 
break up the logjam of specialization and high cost 
that has retarded the use of analog integrated cir­
cuits . 

Thick-film circuits are made by screen-printing 
special inks on a ceramic substrate. Generally only 
resistors and interconnections are printed, although 
it is possible to make capacitors and inductors. 
Semiconductor devices and high-value, high-pre­
cision or variable capacitors and resistors or small 
inductors are attached to the substrate, usually by 
soldering. The resistors can be printed to toler­
ances of 5% or 10% and trimmed to closer toler­
ances. 

Thin-film circuits are similar, but the films are 
vacuum-deposited through masks, or deposited 
and shaped by etching. Film thickness is generally 
less than a micron, compared to a mil or more for 
thick films. [The two articles that follow, on pages 
llO and ll5, detail thin-film techniques]. Both 
methods impose few res trictions on the choice of 
active devices. Either type can have thermally con­
ductive ceramics as substrates, allowing power dis­
sipations of tens of watts, compared with milli­
watts for monolithic IC's. 

The pertinent electrical difference between thin 
and thick films is the difference in resistor stability. 
A typical thin-film resistor has a temperature coeffi­
cient of resistivity of 50 to 100 parts per million per 
degree centigrade. The temperature coefficient of a 
thick-film resistor is typically 200 to 300 parts per 
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Sense amplifier, which is descri bed by the schematic 
above, is smaller than post age stamp. 

million; its voltage coefficient is small and the re­
sistance value changes continuously as the resistor 
ages while the circuit is in operation. 

When the circuit must have stable, precision 
resistors, the designer should specify thin-£.Im or 
discrete resistors. Otherwise, he can generally save 
money by employing thick films. The printing proc­
ess is more economical than vacuum processing 
and the thick-film circuits are better able to with­
stand assembly procedures such as soldering of 
component leads. 

The thick-film process can be used instead of 
thin-film if the circuit can be designed so that re­
sis tor tolerances are broad. The lag-lead filter dis­
cussed above was designed with low-value, 5 to 
10% resistors so it could be made by either thin or 
thick-film methods. The thick-film resistors are me­
chanically trimmed to 2%, an easy step which al­
lows a considerable margin for the slight changes 
in value which may occur during long-term aging. 

(continued on next page) 
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Multiple-chip hybrid circuit can contain a wider variety 
of semiconductor components than the usual monolithic 
circuit, but isn't much bigger when packaged . This 
chip-and-wire circuit is assembled on a transistor header. 

Single or multiple chip? 

One would think that the semiconductor industry 
could produce monolithic linear IC's with the fa­
cility that it mass-produces monolithic logic cir­
cuits. But linear specialization has prevented manu­
facturers from applying the cos t effectiveness of 
volume production . Development costs are high in 
comparison with production volume; several de­
signs and processes may have to be tried b efore 
the circuit is adequate. The only important linear 
monolithic circuits available off-the-shelf are dif­
ferential amplifiers and video amplifiers. 

Technical limitations have also retarded linear 
monolithics. The range of voltage, frequency and 
power dissipation is too narrow for many analog 
functions. Semiconductor resistors are neither pre-

cise nor stable enough for most applications. 
Another single-chip form of IC that is conceptu­

ally attractive for linear IC' s is the compatible 
approach illustrated below. The circuits are made 
by diffusing active devices into the silicon crystal 
and depositing film resistors atop the silicon's oxide 
coating. Most of the monolithic process advantages 
are retained, while the resistors are more precise 
and stable than the diffused resistors of conven­
tional monolithic !C's. 

But the compatible circuits also have their prac­
tical limitations. The small size of the silicon sub­
strate restricts total resistance value and power 
dissipation, relegating the technique to special ap­
plications. 

Part of the gap between hybrids and monolithics 
is bridged by the multiple-chip form of IC at the 
left. These are made by interconnecting device 
chips with bonded lead wires, after mounting the 
chips on a package header. Since separate devices 
are used, they can be made by different processes 
and selected for optimum characteristics. The de­
vices are generally diffused silicon, but monoilithic 
IC's, ceramic capacitor bodies , thin-film resistors 
and miniature inductors can be put into the struc­
ture. 

Multiple-chip IC's can be made as small as pack­
aged monolithic or compatible IC's. They can dis­
sipate more power than monolithics because the 
separation of the chips on the header relieves ther­
mal problems. This versatility allows linear circuits 
to be made as chip hybrids. However, film circuits 
are usually preferred because the film substrates 
are roomier, allowing more room for passive com­
ponents. The film circuits cost less, too, because 
the device interconnections are printed. 

Actually, most multichip circuits are digital. The 
main attraction in switching and logic applications, 
compared with monolithic IC's, is the higher 
power, freer choice of components and phys ical 
isolation of the components. Isolation overcomes 
the speed limitations which parasitic capacitances 

Three forms of monolithic circuits (left to right): a compatible circuit which has four film resistors (the faint 
bars) atop the silicon crystal in which the active devices are grown; a conventional IC with bipolar transistors and 
resistors diffused into the silicon; a metal-oxide-semiconductor circuit built primarily of field effect transistors. 
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impose on most monolithic IC's. However, mono­
lithics cost less and are more reliable b ecause there 
are fewer wire connections. 

low costs of mass production, smaller size and 
higher reliabihty resulting from the lesser number 
of discre te connections. Compatible, hybrid or mul­
tichip IC's may b e used when small quantities of 
special circuits are needed or when the required 
sp eed , noise immunity or radiation tolerance is 
unavailable in conventional monolithic IC's. 

Digital monolithic circuits 

Although much has already b een written about 
digital monolithic IC's, a few points related to fab ­
rication and packaging are worth repeating. The monolithic IC's are easy to buy and apply. 

Monolithics are the first choice for most digital 
applications, rather than h ybrids, b ecause of the 

Several m anufacturers sell families of circuits with 
matched characteristics. The five major functional 

+ 

+ 

Logic-circuit selection 

Five functional forms of logic 
circuits, each with several varia­
tions, are available as monolithic 
IC's. The choice for a specific ap­
plication depends not only on per­
formance characteristics, but also 
on cost, the type of package the 
manufacturer uses, and whether 
his circuit family includes triggered 
flip-flops , drivers and other needed 
circuits as well as logic gates . 

The characteristics of the differ­
ent logic types are detailed in man­
ufacturers' literature and in pre­
vious reports , for example, Elec­
tronics, Oct . 4, 1963, p. 23, so the 
selection factors will only be sum­
marized here. The five types are: 

• Direct-coupled transistor logic. 
DCTL circuits are the easiest to 
make, since the resistors are low 
in value. But they suffer from cur­
rent hogging (the elements may 
draw unequal power, adversely af­
fecting fan-out of the previous 
stage), relatively high power dissi-
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pation and only fair noise im­
munity. Newer DCTL circuits with 
fas ter transistors and higher-value 
resistors dissipate only 3 milli­
watts at 3 volts and have proga­
tion delays of about 25 nanosec­
onds . 

• Resistor-capacitor transis tor 
logic. RCTL's high-value resistors 
provide good logic-voltage levels , 
but operating rates are generally 
limited to several hundred kilocy­
cles under worst-case loading and 
temperature conditions. These cir­
cuits are good for low-speed ap­
plications because their slowness 
makes them less susceptible to 
noise. 

• Transistor-transistor logic. TTL 
speeds are higher than DCTL, but 
noise immunity is only fair and 
the inverse beta of the coupling 
transistor must be kept low to pre­
vent current hogging. 

• Emitter-coupled tr ansis t or 
logic. Unlike the other fo1ms of 

+ 

+ 
1 K 

2K 

1st< 

NA NO 
OUT 

TTL 

,,,--- -- NA NO 
OUT 

DTL 

logic, ECTL functions in a non­
saturating mode and therefore is 
exceptionally fast. Some circuits 
attain switching speeds of 2 nano­
seconds or less. However, noise 
immunity is only fa ir and an extra 
power supply, for a reference volt­
age, is required. 

• Diode-transis tor logic. DTL is 
a low-power circuit that can oper­
ate as fast as 20 nanoseconds. Ser­
ies diodes in the base circuit give 
it good noise immunity. Fan-in can 
be raised conveniently by adding 
external diodes . 

Although DTL circuits are more 
complex to fabricate than the other 
forms, DTL has no significant dis­
advantages . It is the only fo1m 
available from all major manufac­
turers and is widely accepted . 
Some DTL families are available 
from more than one company-for 
example, Raytheon is a second­
source producer for the Westing­
house E lectric Corp.'s DTL line. 
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isolating the circuit elements. One method is to iso­
late them with silicon dioxide barriers, a second is 
to make the barriers of polycrystalline silicon with 
high resistivity and a third is to etch away the 
silicon between devices, leaving the elements held 
together with metal conductors. In essence, a 
monolithic equivalent of a multiple-chip hybrid cir­
cuit is produced. 

A relatively new form of monolithic IC, also 
shown on page 107, is the MOS FET [Electronics, 
Oct. 4, 1965, p. 84]. Made with metal-oxide-semi­
conductor thin-film transistors , they are maiority­
carrier devices that h ave characteristics similar to 
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Monolithic and hybrid integrated circuits are blended by 
the system packaging of the Raytheon lv13X computer, 
seen in the photo above. Each of the digital modufes has 
about 42 flatpacks-84 three-input NOR gates­
interconnected by a welded-foil matrix. A digital model is 
contrasted at the upper left with earlier discrete· 
component modules that contain 66 gates each. At 
the lower left is a hybrid-circuit module. Twice the 
size of the digital module, it heat-sinks the film circuits. 
This type of hybrid module will also accept discrete 
power components. 

those of a pentode vacuum tube. Their characteris­
tics overcome parasitic and isolation problems, en­
abling large numbers of MOS FET's to be used in 
a single circuit. Entire logic or memory functions , 
such as full adders or shift regis ters, can b e per­
formed on a single chip of silicon. 

Voltage and noise 

Digital IC's operate at lower voltages than dis­
crete-component circuits. System power dissipa­
tion is lowered, but the penalty is less noise 
immunity. oise thresholds are as low as 300 miHi­
volts, m~king shielding and grounding more im-

Thick-film hybrid 
integrated circuits are 
made by screen-printing 
resistors and conductors 
on a ceramic plate 
(left), then attaching 
discrete components 
and packaging. Most 
analog functions can be 
made in such circuits. 
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portant in overall system performance than differ­
ences in circuit performance. 

Most monolithic digital circuits operate over a 
voltage range of ± 40%; that is, the range is 2.5 
to 5.5 volts for a system with a nominal voltage 
of 4 volts. Comparable figures for discrete-compo­
nent kigic are 10 volts nomina1l and a range of €l to 
14 volts. 

Although the allowable variation of ± 1.5 volts 
for !C's seems res trictive, most power supplies can 
better these requirements by a wide margin. One 
suitable type of regulated power supply is a pulse­
width-modulated, d-c to d-c converter: It can sup­
ply 4.0± 0.1 volts at 7 amperes when the input 
voltage varies between 12 and 50 volts. Its effi­
ciency is near 85% , which means that a small price 
is paid in power dissipation for the converter. This 
price is outweighed by the advantages of having 
the digital-system supply regulated and isolated 
from the main sys tem supply. 

However, if the designer finds that he canno.t 
afford the converter's size, weight, cost and power 
penalty, he will have to select his IC's on the basis 
of how well they can operate at voltage levels avail­
able from the system's main power supply. 

Although noise generated within the digital sys­
tem can be controlled by appropriate grounding, 
decoupling and separation of high-level and low­
level signals, a shield around the system is the only 
sure barrier against malfunctions caused by exter­
nal radio-frequency interference (rifi). Shielding can 
be provided without serious weight penalties when 
IC's are used because the system package is smaU. 

An experiment conducted at Raytheon on a digi­
tal computer indicates that monolithic logic sys­
tems are 100 times less hkely to malfunction due to 
rfi when they are packaged in a shielded housing. 

The computer was subjected to rfi generated in 
an anechoic chamber by a transmitter, to deter­
mine the rfi conditions which could cause the com­
puter to malfunction. The transmitter's peak pulse 
power was 1 kilowatt, its frequency range 500 to 
3,000 megacycles per second, and its nominal pulse 
width 1 microsecond. The pulse repetition rate 
was varied to synchronize or delay the. pulse with 
respect to the internal synchronization of the com­
puter. Incident power was measured in milliwatts 
per square centimeter with a power-density meter. 

If the computer malfunctioned at one value of 
incident power while it was unshielded, the same 
type of malfunction would not occur after the com­
puter was shielded until the rfi power became 
more than 100 times greater. These experiments 
were used to evaluate different designs for the 
shielded housing. 

Hybrid system packaging 

The module shown at the left is an example or 
hybrid packaging. To provide a good thermal path 
to the module housing, the substrates are backed 
with metal plates that slide into grooves in the 
housing and are bonded to the module, where they 
are interconnected with a double-sided printed cir-
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cuit board. The housing design permits dis·crete 
components to be added at the bottom of the 
module and power transistors to be mounted at the 
end. 

This packaging design accommodates all the 
compromises necessary to microminiaturize an an­
alog subsystem. 

The hybrid analog module described above is 
compatible with those used for the digital functiom 
of Raytheon's M3X digital differential analyzer 
shown on the opposite page. This computer, de­
signed for ballistic missile guidance, is only six 
inches square and about two inches high. It has a 
17-bit word length and a 12-word solid-state mem­
ory. Power dissipation is less than five watts. 

The smaller modules are eight logic modules and 
six flip-flop memory modules , each of which con­
tains up to 42 flatpacks . The logic and control func­
tions are performed by approximately 600 NOR/ 
NAND gates. The flatpack leads are welded to 
foil-type interconnections and the modules are in­
terconnected in the bottom of the housing with 
machine-wrapped wiring [Electronics, Nov. 1, 1965, 
p. 75] . 

Such systems are the computer industry's reward 
for the impetus it has given the mass production 
and development of monolithic IC' s. Aerospace and 
military computer applications that were difficult 
or impossible to BU, because of size, weight and 
reliability problems, are now practical. Even a 
large, general-purpose computer with up to 5,000 
logic gates can now be cut down to a size easily 
carried by an aircraft or space vehicle. As a result, 
most military ~nd space systems now being de­
signed will employ integrated circuits. 

State of the art 

There are four phases in the development of a 
technology: development of basic elements, appli­
cations engineering, development of fabrication 
and packaging techniques, and adaptation or con­
version of production facilities. 

Digital IC's have just about completed the first 
three phases. Although there is still much develop­
ment work ahead, systems are now b eing produced. 
Few production lines have been fully e~tablished ; 
the main production effort will come during 1986. 

By comparison, analog IC's are still primarily in 
the applications engineerin g phase, even though 
they are in production for a number of sys tems . 
The experience gained with digital IC's should ma­
terially shorten the time it will take for analog 
IC's to b e widely used in nondigital systems. 

The author 
Fred A. Plemenos used to work 
'Jn radar systems and displays, 
but his main interests since 
l 960 have been the Polaris 
missile and Apollo space 
computer programs. He manages 
the electronic equipment 
department at Raytheon 's 
Space and Information Systems 
Design Center in Sudbury. 
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Packaging 

Ceramic handles and ultrasonic 
bonders upgrade hybrid assembly 

Cold-bonding the leads and mounting the chips on ceramic eliminates 

two causes of hybrid integrated-circuit failure-heating and handling 

the semiconductor devices and integrated circuits during assembly 

By William L. Shockley and Richard W. Weedfa ll 
Co llins Rad io Co., Dallas 

The main cause of hybrid-circuit rejects-com­
ponent damage or degradation caused by prevail­
ing methods of attaching active semiconductor de­
vices and integrated circuits to thin-film networks­
is virtually eliminated by two recent improvements 
in methods of bonding leads to active devices. 

One is premounting the active-device chips onto 
tiny, individual ceramic bases, called channels. 
This returns the critical chip-bonding steps to the 
device manufacturer's plants, where they can be 
handled more safely. The assembler bonds leads 
to the channels, not the chips. 

The second is ultrasonic bonding of the leads 
that connect the devices and the passive networks. 
Strong bonds are made without heating the net­
work and running the risk of permanently altering 
passive-component values. The method can be used 
to bond leads directly to chips, but it is more effec­
tive when bonds are made to the channels. 

The authors 
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William L. Shockley, who 
established a microminiaturization 
laboratory at the Collins Radio 
Co. , now heads a solid state 
research and development 
department at Collins' Dallas 
facility. He has a master's qegree 
in electrical engineering from 
Southern Methodist University and 
is a senior member of the IEEE. 

Richard W. Weedfall, a research 
and development engineer in 
Shockley's department, has designed 
filters and oscillators for frequency 
synthesizers and has supervised the 
design of portions of a high-fre­
quency scan receiver. Also a 
graduate of SMU, Weedfall has 
specialized in thin -film projects 
four years. 

Several thousand circuits similar to the circuits 
shown on page 9 and on the cover of this issue have 
been made with channel-mounted devices. Com­
pared with previous methods of making high-relia­
bility circuits, assembly costs are lower and rejects 
fewer. 

Both techniques are compatible with a third tech­
nique which shows promise of coming into general 
use, the face-down bonding of leadless inverted 
devices (LID's) directly to the passive network. 
At present, lead bonding and other device-attach­
ment steps represent about half the cost of hybrid­
circuit fabrication. Our studies indicate that LID's 
can reduce assembly time about 75%. 

These techniques are applicable to most types of 
hybrid circuits. At Collins, they are primarily used 
for tantalum-film circuits. The tantalum film is 
deposited by the process popularly known as 
sputtering. The process How and the deposition 
system are shown at the bottom of page lll. The 
advantage of this method is that the same basic 
processes which make high-value, precision resis­
tors also make medium and low-value capacitors. 
The portions of the film used as resistors are 
anodized to thin the film and thus raise the resist­
ance to the exact value required. Fully anodizing 
the areas of the film reserved for capacitors con­
verts the tantalum metal into a capacitor dielectric, 
tantalum pentoxide. Photoetching processes shape 
the passive components and the conductors . 

Ceramic channels 

The ceramic channels were developed by Collins 
with the cooperation of device producers after a 
long, often frustrating series of attempts to iron out 
difficulties in device procurement, testing, protec­
tion and assembly. The channels are shown on 
page 10. 

The transistor channel is a U-shaped section 
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of alumina ceramic. The bottom of the channel 
and the tops of the two ridges are metallized and 
thickly plated with 200 microinches of gold. The 
device manufacturer bonds the silicon die, or basic 
chip, to the channel bottom by gold-silicon eutectic 
alloying. This forms the connection to the transistor 
collector. The base and emitter connections are 
made by conventional thermocompression ball­
bonding of lead wires to the thin-Rlm contacts on 
top of the chip and to the gold plate on the channel. 

During circuit assembly, the channel is used to 
handle the device, align it on the thin-film pattern 
and attach it with epoxy adhesive. The electrical 
connections are made by bonding gold wire to the 
plating on the channel and to thm-tilm conductors . 

The mounting for a diode is similar, except that 
the ceramic is Rat and only 

Ultrasonic bonder attaches gold leads to chip mounts and 
to thin-film conductors on the hybrid-circuit substrate. The 
close-up photograph at the left shows the bonding tip 
poised above a transistor mounted on a ceramic channel. 

bonding and make for a more rugged and compact 
circuit than other semiconductor packages. 

Ultrasonic bonds are made by pressing a lead 
wire against another surface. The pressure is ap­
plied by the tip of a transducer that is vibrating 
at about 60 kilocycles per second. The mechanical 
force and scrubbing action cause molecular min­
gling of the two surfaces, forming a bond. 

Since the channels are far stronger and bigger 
than the chips, thicker wires and greater bonding 
forces can be employed. Gold wires, two or three 
mils in diameter (0.002 or 0.003 inch), are used. 
These leads are two or three times as thick as nor­
mal chip leads , increasing lead strength four to 
nine times. The leads can also be double- or triple­
bonded to the plating, for added bond strength, 

two trips are gold plated. The 
die is alloyed to one strip and 
the other connection is a lead 
wire bonded to the opposite 
strip. This idea has been ex­
tended to the Rat-plate form 
for monolithic integrated cir­
cuits. 

SPUTTER 1,500-ANGSTROM 
t-- ETCH RESISTOR ANO 1---1 MASK OFF 

Since the device manufac­
turer controls the chip-bond­
ing process, he is willing to 
guarantee device perform­
ance. The refusal of such 
guarantees when the bonding 
is done by circuit assemblers 
has caused many disputes be­
tween device vendors and 
buyers. 

An important assembly ad­
vantage of the channels is 
that they facilitate ultrasonic 
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FILM OF TANTALUM ON CAPACITOR PATTERN CONDUCTOR PATTERN 
CLEANED SUBSTRATE 

DEPOSIT AND ETCH ANODIZE RESISTORS ANODIZE TANTALUM TO 
CHROMIUM-GOLD 
FILM CONDUCTORS 

TO ADJUST VALUE MAKE CAPACITORS 

MOUNT SEMICONDUCTOR MOUNT HYBRID CIRCUIT SEAL PACKAGE AND 
DEVICES AND BOND r---1 IN PACKAGE AND TEST ~ TEST CIRCUIT AGAIN 
LEADS 

Process and assembly sequence for hybrid integrated circuit based on 
tantalum thin-film networks. The tantalum, deposited by cathodic 
sputtering with argon, makes both resistors and capacitors. Collins 
Radio Co. sputters the tantalum in a conveyor-fed deposition system. 
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Dice mounted on ceramic bases are easier to assemble 

Transistor mount, seen in the left-hand sketch and in the photograph at right, 
is a U-shaped channel of alumina. During circuit assembly, wires are 
bonded to the gold-plate (color) . The diode mount (sketch at right) is flat. 

since bonds can be made to the channel at any lo­
cation on the plating. The assembler does not have 
to place one bond at precisely the right location on 
the chip because of the larger wire and bonding 
areas, nor does he have to cope with other chip­
bonding problems. Centrifuge tests at 20,000 g's 
have proven the reliability of the bonds. 

Circuit layout is simplified because the ceramic 
body is an electrical (though not thermal) insulator. 
Thin-film conductors can run under the channels. 
This cannot be done if the chips are alloyed to the 
conductor or mounted on a conventional metal tab; 
also the wire lead must looped from the chip junc­
tion over the tab and the lead-to-tab clearance 
must be enough to prevent shorting when the 
assembly is subjected to shock and vibration. The 
height of the channel allows the leads to bridge 
the gap between two channels, or between a chan­
nel and a conductor, while an intervening con­
ductor safely passes under the bridge. These meth­
ods reduce the number of wires and bonds needed 
and help make the circuit more compact and rugged. 

One layout rule that Collins follows is that 
device leads cannot have random orientations­
that is, run every which way over the substrate. 
·whenever possible, leads all run in the X direction 
or the Y direction. The bonder operator only has 
to move the bonding tool along the X and Y axes 
in an orderly progression, lessening operator train­
ing time and speeding assembly. The added length 
and symmetry of the bonding areas and the in­
sulating properties of the channels, compared 
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Ceramic mounting for monolithic integrated circuit . 
The circuit on the cover, a stairstep-voltage generator for 
a frequency synthesizer, contains four such circuits. 

There are two transistors, mounted on ceramic channels, 
in the lower portion of this hybrid circuit. All the other 
active devices are diodes premounted on ceramic. 

with chip bonding, make it easier to apply this rule. 
Another advantage, which reduces assembly 

reject rates due to electrically inadequate devices, 
is that the device or circuit manufacturer can use 
the channel as a miniature test fixture , to cull de­
vices with inadequate high-frequency performance. 
H-f or high-speed-switching tests usually cannot 
be made effectively unless the device has leads, 
or is tested in the circuit assembly. 

Testing of leadless chips is generally restricted 
to a few direct-current characteristics, measured 
with the aid of needle-like probes. The channel 
also allows chip bonds to be electrically checked 
before a device is committed to the hybrid assem­
bly, an important benefit when the devices are 
monolithic circuits, because of the large number 
of bonds. 

Baring the chips 

One strong reason for favoring unpackaged chips 
is that earlier attempts at microminiature semicon­
ductor packaging have proven inadequate. 

One of the first of these, shown at the right, 
consisted of a device chip bonded to a broad, 
gold-plated lead and coated with epoxy. Soldering 
the leads to the thin-£lm was difficult and the 
solder joints were bulky. Next, the die was mounted 
on a Kovar tab and three wire leads were brought 
through the epoxy. 

The epoxy-coated devices often failed at low 
temperature during thermal shock tests. The lead 
bonds to the chips failed, apparently because the 
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packaging materials were poorly matched in ther­
mal expansion. Substituting gold-plated steel for 
the Kovar tab helped, but not enough to ensure 
reliability in critical applications. 

Since the epoxy was apparently the culprit and 
since the circuits were to be sealed for environ­
mental protection, circuit manufacturers began 
buying unencapsulated devices, like the tab­
mounted transistor with three flying leads that is 
shown at the right. The flying leads-leads with­
out mechanical support-were difficult to hold and 
bond to the thin films and were easily ripped loose 
from the die. Understandably, device manufac­
turers refused to be responsible for such damage. 

The next attempt to olose this Pandora's box 
was to buy leadless devices mounted on gold­
plated tabs. The assembler bonded leads directly 
to the chip, forcing him to en ter the semiconductor­
bonding business and assume responsibility for 
device performance. 

Many device manufacturers would guarantee 
only the simple d-c characteristics measurable with 
needle probes. The buyer's best recourse was to 
mount sample devices on transistor-can headers, 
test them and reject the entire shipment if a sig­
nificant number of sample devices failed. If the 
shipment was acceptable, some circuits would be 
made with bad devices, but repair cos ts were some­
what offset by the low cost of the unpackaged 
devices. 

Now, the devices mounted on the ceramic chan­
nels cost a bit more due to the lead bonding and 
tighter specifications on performance. But they 
cos t less than packaged components, have no flying 
leads to break off and provide the assembly ad­
vantages already cited. 

Troubles with bonding 

Lead-bonding problems followed a parallel 
course. Once he could buy metal-tab-mounted de­
vices, the circuit assembler could abandon solder­
ing for therrnocompression bonding of the flying 
leads or for bonding leads directly to the chips . 

But thermocompression bonding, despite its long 
and successful use in device manufacturing, is not 
ideally suited to hybrid-circuit assembly. The 
bonds are made by pressing fine gold wire against 
the film contacts on the chip and then on the thin­
film terminals of the passive network. The prob­
lem is that for effective thermocornpression bond­
ing, the assembly has to be heated to almost 370°C. 

A transistor manufacturer deals with a single chip 
on a package header, but the hybrid-circuit manu­
facturer may have to put 20 chips on a thin-film 
network and keep the network hot for 15 or 20 
minutes. Often, the overheating is prolonged 
enough to change the values of the thin-film com­
ponents-a result that defeats the purpose of using 
thin-film proces·ses to get precise passive networks . 
Incidentally, this is also a good reason for not 
alloy-bonding silicon dice directly to the thin­
films, which requires additional heating above 
370°C. (continued on next page) 
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Pinhead-sized packages 

Broad leads of encapsulated devices were so ldered to 
assemble this 1960 hybrid integrated circuit. 

Mou nting the silicon die on a small metal tab, attaching 
wire leads and encapsulating made the device smaller. 

' Omitti ng th e enca psulation solved a therma l-stress 
problem but ieft the wire leads without support. 

Tab mounting, without leads, requires the hybrid-circuit 
manufacturer to bond the wire leads to t he silicon die. 

II 

Lead less devices, designed for face-down mounting to 
film conductors, are latest form of active-device chips. 
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Ultrasonic bonding 

Ultrasonic bonding has been used for several 
years in device manufacturing. Because it is a cold 
process, it overcomes the thermal degradation 
problem, but little information is available on 
methods of obtaining reliable bonds in hybrid 
circuits. 

Two years of development have gone into work­
ing out the bonding conditions needed to obtain 
consistently strong bonds. One of the most criti­
cal factors we found is the metallurgical specifica­
tions of the lead wire. For bonding leads directly 
to chips-the method used when devices on ceramic 
tabs aren 't available-the wire is usually 1.3 mils 
in diameter. The most satisfactory wire for chip 
bonding seems to be 99.25% gold, 0.75% gallium. 
For 3-mil and larger wire, 99.99% gold is used. 
Wire elongation should be only 2 to 4% . 

Even seemingly minor details , such as the way 
the wire is wound on a spool by the vendor, can 
be critical. One circuit manufacturer who had been 
getting good wire-to-film bonds suddenly found 
them weak. When the wire source was traced, it 
was discovered that the spools had been shaken 
up by an earthquake during shipment. The jostling 
disarranged the loop s on the spool. When the de­
reeling mechanism of the bonder drew the wire off 
the spool the pull required to free the crossed 
turns was excessive. The extra wire tension during 
bonding left the joints weak. 

A common cause of weak bonds is unevenness 
in the height or flatness of the chip, awkward 
mounting on the tabs , or channels, or simply the 
use of devices from different manufacturers in 
the same hybrid circuit. The face of the bonding 
transducer's tip must be parallel to the chip face. 
Otherwise, the bond will be made by one edge of 
the tip, rather than the entire face. This makes the 
bond area smaller and the concentration of bond­
ing pressure can excessively thin the wire and may 
damage or fracture the chip surface. 

The first bonder bought by Collins had the trans­
ducer mounted on an arm that moved in a small 
radius to lower the tool on the bond location. The 
radius arm had to be lengthened and the pivot 
point moved further back, to ensure that the tip 
face would come down approximately parallel to 
every point on the different devices as well as the 
circuit substrates. 

There is a further problem-the variation in the 
metals which different vendors use as contact film s 
on their devices. The only solution is to work out 
the bonder's power, pressure and time settings 
for each film and ad;ust the bonder as required, or 
use several bonders for each circuit. With channel 
devices and 0.003-mil gold wire, these problems 
are minimized. 

The last straw 

When all the problems of chip bonding seemed 
solved, we found that the ultrasonic vibration dur­
ing bonding degraded some devices. One circuit 
called for a 2N2432 transistor, which acted as a 
switch to charge and discharge a res istor-capacitor 
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circuit. The network required a long time constant, 
so the leakage current of the transistor's base­
emitter junction had to be less than 2 nanoamperes 
when the junction was reverse-biased. After bond­
ing, three out of four transistors failed to meet 
the SJ'ecification. A semiconductor manufacturer 
sugges ted that the cause of the failures was prob­
ably due to crys tal dislocation in the base-emitter 
region . 

There was no recourse from the device manufac­
turer. He pointed out that his guarantees did not 
include degradation caused by the buyer's bonding 
process. 

This final problem sparked the development of 
the ceramic channel, which kept the bonder off the 
chip. 

The channels also avoided the other problems. 
The bonds are now made on the gold plate, which 
is softer than the chip face, making tip pressure 
and parallelism less critical. The bonder can now 
be set to suit the thin-film conductors , which are 
also gold. To bond the 3-mil-diameter lead wires 
to the channel and the gold film, the bonder is set 
at a vibration frequency of 60 kilocycles, a tip 
pressure of 125 grams and a bonding time of 0.25 
seconds. This produces bonds with an average 
pull strength of 16 grams. 

Also, with the channels there are some thermal 
advan tages (aside from the use of ultrasonic bond­
ing instead of thermocompression bonding). The 
added mass of the ceramic under and around the 
chip and the added thickness of the channel lead 
wires makes for better heat-sinking of the active 
devices. A typical power rating of a channel de­
vice mounted on a substrate is half the rating of an 
equivalent device in a T0-5 package. 

Leadless inverted devices 

Channel mounting is not the ultimate method of 
chip attachment. Face-bonding of leadless, inverted 
devices will probably be preferred in the future, 
particularly if au tomated assembly machinery is to 
be developed. However, only a limited variety of 
suitable "flip chips," like those at the bottom of 
page 113, are now available; it will take some time 
to es tablish the reliability of the technique; and there 
are numerous unsolved problems in face-bonding of 
single dev·ices and integrated circuits [Electronics, 
June 28, 1965, p. 66 and p. 68, and Oct. 4, 1965, 
p. 102] . Besides, the circuit manufacturer will again 
have to do his own chip bonding. 

However, these difficulties are offset by the 
basic attractiveness of leadless devices-no leads 
and fewer bonds to pose failure hazards, far lower 
assembly cos t, more devices per unit area of sub­
strate, no chip packaging or mounting cos t, and so 
on. 

Until enough proven leadless devices for com­
plete circuits are available, the channel-mounted 
chips and monolithic circuits can supplement the 
LID's that are available. Both forms of devices 
can be connected with ultrasonic bonders. A sub­
stantial market exists for leadless inverted devices, 
and many manufacturers of hybrid-circuits eagerly 
await their sale. 
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Packaging 

Modular arrays-the path 
to single-circuit systems 

New combination of hybrid-circuit and sealing techniques in analog 

subsystems provide the power, precision and small size needed to use 

large numbers of monolithic circuit chips in one package 

By H.T. Melcher 
Aeronautical Division, Military Products Group, Honeywell, Inc., Minneapolis 

Avionics systems are made smaller and more reli­
able with integrated circuits, but every rose has its 
thorns. One drawback with IC's is the fact that 
system functions are increasing and the packaging 
engineer is required to cram more circuitry and 
power into a smaller case without lowering circuit 
precision or impeding circuit-design flexibility. 

Such design conflicts are characteristic of analog 
circuits, which make up most avionics systems. A 
timely solution of the conflicts is the modular array 
of hybrid integrated circuits on the next page. It is a 
hermetically sealed subsystem building block for 
military and aerospace flight controls. 

The construction allows the circuit designer to 
build many different analog functions with a few 
standard monolithic IC's, by tailoring the IC 
operating characteristics with precision thin-film 
resistors. The thin films are supplemented by 
power resistors and interconnections that are 
screen-printed on a ceramic base. The combination 
multiplies the power-handling capability of the 
circuit package by approximately five times. 

This technique is expected to lead to the con­
struction of large, sealed subsystems and eventually 
to single-module avionics systems built mostly of 
uncased monolithic chips. The array is an inter­
mediate stage in the development of a new analog 

The author 
H. T. (Hank) Melcher has over·all 
responsibility for microelectronics 
applications in Honeywell, lnc.'s 
advanced systems. He is senior 
development engineer of the 
Microelectronics Group and has 
represented Honeywell on several 
industrial committees-most 
recently as chairman of the 
Aerospace Industries Association's 
microelectronics panel. 
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packaging concept by the Microelectronics Group 
of Honeywell Inc.'s Aeronautical division. 

At present, thin films that are vacuum-deposited 
on glass substrates are the primary base for the hy­
brid circuits. As other means of fabrication­
ceramic or plastic-based, for example-prove ac­
ceptable, the array concept can include them. 

Meanwhile, thin films are preferred because thin­
film resistor networks are the most precise means 
of tailoring monolithic IC's. Such networks have 
resistance ratios that track tightly-the values of 
the resistors vary proportionally-over a wide 
temperature range. They are compatible in con­
struction with monolithic IC's, since both are planar 
and extremely small in size. Batch processing makes 
the resistors economical and precise. The resistors 
are readily made to tolerances of 10% to 5%. 
Trimming gives resistor tolerances of 5% to 1 % 
and extremely tight matching of ratios in the net­
works. 

Analog packaging conflicts 

There are four major design conflicts in the 
packaging of microminiature analog systems. 

The first conflict, the need to handle higher power 
in a smaller package, has been the main barrier to 
further miniaturization of analog systems. It is diffi­
cult to package circuit components more densely 
and not exceed the package's ability to dissipate 
the heat the components generate. 

The use of two superimposed substrates hurdles 
this barrier. Resistors with values over 200 kilohms 
and high-power resistors are printed on the array's 
ceramic baseplate. Since the ceramic (96% alumina) 
has a higher thermal conductivity than glass, it acts 
as a heat sink for the thin-film network and also 
directly heat-sinks the power-handling resistors . 

When glass alone is the resistor substrate, the 
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~ALUMINA COVER 

GLASS-BASED.~ 
THIN-FILM 1 "ER'' 
HYBRID CIRCUIT 1 n mETICALLY SEALED 

CERAMIC PACKAGE 

CERAMIC 
BASE 
BOARD 

PERIPHERAL SOLDER 
GL ASS SEAL 

SCREENED AND 
FIRED RESISTORS AND 
INTERCONNECTION PATTERN 

Modular hybrid-circuit array is built by sealing four ceramic frames 
to a ceramic base, putting thin -film circuits into the frames and 
then sealing the frames with ceramic covers. A base-frame assembly 
and an almost·completed array are seen in the photo. The circuits are 
interconnected with conductors (color, in drawing) that are screen­
printed on the base along with power resistors and pacl<age leads. 

allowable power rating, for an acceptable drift 
in resistor values , is four watts per square inch. 
That works out to an actual design maximum of 
about 0.4 to 0.8 watt, assuming the resistors oc­
cupy 10% to 20% of the substrate area. The re­
mainder of the area is occupied by conductors and 
lands. Lands are thin-film areas to which other 
components are attached or electrically con­
nected. 

By the same rules of thumb, alumina allows 40 
watts per square inch. In the glass and ceramic 
combination, maximum power is generally held to 
five watts per square inch of total base area-a 
rating at least five times as high as that of glass 
alone. 

This also resolves a second conflict, the desir­
ability of combining power circu itry and small­
signal-processing circuits in the same package. 
The array, for example, allows the designer of auto­
pilot circuitry to include the servo amplifier, a 
power circuit, in the same module. In this way, the 
array becomes a small but complete subsystem. 

If the power output of the hybrid circuits is not 
snfficient, an alternate packaging structure may be 
used. Power-transistor chips can be attached di­
rectly to lands on the ceramic. Or, one or two of 
the sealed hybrid circuits can be left off so there is 
room on the ceramic base for connecting and heat­
sinking transistors and other power components 
that are individually packaged. · 

Since the ceramic base forms one side of each 
hybrid-circuit package, it doesn't increase the size 
of those packages. Rather, it tends to redtice pack­
age size-multipackage assemblies are smaller be­
cause of the printed interconnections, components 
and package leads. The use of printed, rather than 
discrete components and leads, also reduces the 
number of wiring joints for an improvement in 
reliability. 

The third conflict resolved is the desirability of 
physical symmetry in system packaging versus the 
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limited repetition of like functions within analog 
sys tems. Modularity, such as th at obtained in digital 
systems through the use of standard plug-in units 
for repetitive functions , aids in sys tem production 
and maintenance. 

Although functional repetition is often absent in 
analog systems, the modular arrays help stand­
ardize the physical packaging format. Further­
more, they are better than conventional analog 
packaging for the newer systems that have a mix 
of analog and digital circuitry; many avionics sys­
tems already have some digital circuitry and others 
are being des igned with digital signal processing. 

Modular construction at the hybrid-circuit level 
also offers the advantages of larger functional units 
without exceeding the circuit area that is practical 
to fabricate and hermetically seal. The array shown 
has four inch-square thin-film circuits, at present a 
practical size for economic fabrication. However, 
the effective assembly and seal area is four square 
inches. 

This is accomplished by running the ceramic­
based interconnections through the package seals . 
Eliminating the conventional package feedthroughs, 
with their glass-to-metal seals, is another plus for 
reliability. Rupturing of feedthrough seals because 
of bending or strain on the flexible wire or ribbon 
leads is a major cause of failure of conventiorial, 
hermetically sealed packages. This failure mode 
doesn' t exist in the ceramic-based array. 

Design flexib ility 

The fourth and final major conflict is the need for 
custom fabrication at low cost, an historic problem 
of analog design. Even basic, off-the-shelf linear 
circuits require tailoring to suit specific systems. 
Modification costs must be low today because the 
price competition is stiff in military avionics and 
production quantities arc often small. 

The array design does not affect the cost of the 
glass-based circuitry, nor impede the choice of 
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fabrication methods. Cost per function is lowered 
by the addition of screen printing. The printed 
high-value resistors are cheaper than equivalent 
thin-film or discrete resistors. The cost of printing 
the interconnections between packages is less than 
wiring individual packages. Packaging and sealing 
costs are also less , because the materials and 
methods are more economical than conventional 
packages with prefabricated feed-throughs . 

Design flexibility is higher than in any other hy­
brid method studied. The circuit designer can 
choose screen-printed or deposited films , packaged 
or unpackaged discrete devices and monolithic IC's. 
Monolithic chips, which are much cheaper than 
packaged IC's, can be used freely because they will 
be operating in a sealed environment. 

The use of chips means that the thin-film layout 
is no longer dictated by the size and lead spacing 
of attached packaged devices, like those in the 
earlier modules on the next page. The bonded wire 
leads of today's IC chips can be routed freely 
over the substrate. In the future, the chips may be 
face-bonded without leads directly to the thin-film 
conductors, eliminating the flying leads . Also, the 
larger area of the hermetic seals means that the 
designer can effectively put more chips into the 
package, furth er conserving substrate area and in­
creasing the functional capacity of the module. 
Remember, he is now working at the sealed-sub­
system level, rather than at the sealed-circuit level. 

Evolution of analog packaging 

Since the Honeywell design is a response to the 
evolving problems, a brief review of analog pack­
aging history will help explain why the design was 
developed. 

In the past decade, packaging engineers have 
been challenged to devise increasingly more com­
pact forms of packaging to counteract the escalation 
of avionics system functions. The great increases 
in the numbers of components and connections 
tended to make systems larger and less reliable. 
Wired chassis gave way to printed circuit boards 
which were then supplanted by welded cordwood 
modules and finally the pico module. 

The increased density of standard components 
in cordwood modules posed power dissipation 
problems and prompted the design of lower-power 
circuitry assembled with miniature components in 
the pico module form. The pico module on the next 
page is a low-power demodulator-amplifier. 

Ultimately, module size and component density 
were dictated by the amount of room that as­
semblers needed to weld the leads and interconnec­
tion ribbons of the pico modules. At this point, the 
packaging engineer could not prevent further in­
creases in system size without a new technology. 

Thin-film resistors touched off a radical departure 
from the time-honored discrete components. The 
film components reduced volume and eliminated 
large numbers of wires and joints. The resistance 
ratios in resistor networks tracked well over the 
military temperature ranges because the batch proc-
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essing produced homogeneous sheets of resistor 
materials. A significant cost savings-25% less cost 
than pico modules-became possible. 

Problems with hybrids 

Two earlier forms of hybrid modules are on the 
next page. One has a half-inch-square circuit on 
each side of an aluminum heat sink. The other has 
five circuits on each side. The circuits are individ­
ually mounted and interconnected by common mod­
ule leads which pass through the heat-sink assem­
bly and are insulated from it. This form of hybrid 
module is still made today. 

These designs have two drawbacks. First, they 
are encapsulated with epoxy, not sealed . Second, 
they are limited in power to the four watts per 
square inch rating glass . 

The epoxy mechanically protects the packaged 
devices attached to the thin-films, but the circuits 

Ceramic bases are screen-prin ted by forcing resistive 
and conductive compounds through a patterned mesh 
of stainless steel. The light lines on the substrate 
are conductors and the dark lines are resistors . 
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Three earlier stages in analog microminiaturization. At the top left is an inch-long pico module, made by 
welding, interconnection ribbons to the leads of flat -packaged transistor pairs, miniature resistors and 
so lid tantalum capacitors. The other two modules are made of half-i nch-square thin -film hybrid circuits, 
mounted on each side of an aluminum heat sink. The module at the top, right has two circuits. 
the lower one has 10 circuits. These modules were encapsulated, not hermetically sealed . 

are only suitable for benign environments. Thin­
film resistors must be hermetically sealed to remain 
stable in the adverse environments faced by most 
military and aerospace flight controls. 

Sealed ceramic package 

The power limit can be relieved by several 
methods of making resistors on ceramic, but the 
glass-based resistors are often the only type stable 
and precise enough for military avionics. 

So the packaging engineer faced a dilemma: 
seal the entire module in a large, costly, prefabri­
cated case, with the disadvantages already dis­
cussed; or individually seal the circuits or networks 
in a small case and use these as components of a 
conventional module or in a ceramic-based func­
tional assembly. Such assemblies have been de­
signed by Honeywell's Microelectronics Group. 
Circuit packages with solderable or weldable 
feedthrough leads could be mounted on ceramic 
bases like the bases of the present array. But that 
construction does not completely eliminate the 
problems of prefabricated packages and feed­
through seals. 
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Honeywell's first solution to those problems came 
on the single-circuit level with the package at the 
right. Like the modular array, it has printed re­
sistors and conductors on the ceramic base and en­
closes the circuit in a sealed package made of 96% 
alumina. The inside of the frame is one inch square. 
An extensive investigation of ceramics and ceramic­
metal (cermet) compounds for making conductors , 
resistors and seals preceded this design. 

Package fabrication begins with printing and 
firing of the package base. The printing formula­
tions are similar to those sold commercially for the 
production of screen-printed hybrid circuits. The 
top of the frame and the perimeter of the cover are 
metallized with refractory metals that are sub­
sequently gold plated. The bottom of the frame is 
coated with solder glass, a type of glass used as 
a high-temperature sealant. When the frame is 
placed on the base and fired, the solder glass Hows 
out and closes the gaps between the frame and base. 

The thin-film circuit is preassembled. Chips and 
other discrete components are mechanically at­
tached to the thin-film substrate with epoxy, solder 
or gold-silicon alloying, depending on the nature of 
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the device [see the two preceding articles for details 
on how hybrid IC's can be made]. The circuit is 
inserted in the frame and attached by soldering 
the glass substrate to the package base. The two 
substrates are electrically connected by gold-alloy 
ribbon that is thermocompression-bonded to the 
aligned land areas on the glass and ceramic. 

The package is sealed with a square lid, after the 
cover perimeter has been pretinned by wave-solder­
ing. A peripheral-contact heater is applied to the 
cover to remelt the solder, which readily wets the 
gold plate on the frame. No flux is used. The pack­
age base is mounted on a cold plate during this seal­
ing operation, to keep the thin-film cool. 

These soft-solder seals are another intermediate 
step in the full development of the packaging con­
cept. Improved sealing equipment is being devel­
oped. It will seal two package frames simultane­
ously in a controlled atmosphere. The seals will be 
high-temperature brazes, eutectic alloys of gold 
and silicon or germanium that are stronger than 
solder. These alloys may eliminate the need to 
metallize the ceramic surfaces. Plans are to seal 
packages as large as 1112 inches square, by means 
of contact resistance heaters that will heat the seal 
area to around 400°C without heating the circuit 
over 150°C. 

To make larger seals without overheating the 
circuit will require a highly localized method of 
heating the seal area. A technique such as infrared 
spot heating may be required. 

Sealed systems 

The single-package fabrication and sealing tech­
nique have already been extended to the modular­
array package. The arrays can be plugged into a 
motherboard to form a sys­
tem. A planned and logical 
extension of the technique, 
pictured above, would be suit­
able for large subsystems and 
evenhrnlly single-module sys­
tems. The goal is to assemble 
up to 60 circuits, mostly mon­
olithic chips, on a three-inch­
square substrate. The system 
would be designed as a func­
tional whole, rather than indi­
vidual units. The potential of 
further savings in cost and 
weight, and further improve­
ments in system performance 
and reliability are stimulating 
this development. 

3X3-INCH COVER 

SCREENED AND FIRED 
INTERCONNECTIONS AND 
POWER RESISTORS 

METALLIZED 
SURFACE 
FOR EUTECTIC 
SEAL OF 
COVER TO 

FRAME:J 

WRAP-AROUND 
INTERCONNECTIONS 

Package planned for large subsystems. Although nine 
times as large as the inch-square packages already 
developed, this package can be made the same way. 
Honeywell hopes to put 60 analog circuits into it. 

It is not practical to build 
such an assembly today. 
Equipment to make the re­
quired three-inch-square seals 
has not been developed. Nor 
have methods been estab­
lished for preventing prohib­
itively costly reject rates dur­
ing assembly of such large 

Predecessor of the modular arrav was this single 
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circuit package. It also has power resistors and 
conductors printed on a ceramic base and a hermetically 
sealed ceramic frame that is an inch square . 
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INTEGRATED 
CIRCUITS 

DISCRETE. 
TRANSISTOR 

UNCASED ACTIVE ELEMENTS 

SYSTEM 
PACK AGE 

Alternate methods of making hybrid-circu it arrays are to plug sealed packages into a ceramic base (upper left) , seal 
the circuits under one cover ( lower left) , or weld ribbon leads to feedthrough pins (upper right) . The respective 
power rat ings per sq uare inch are 4 watts, 50 watts and 10 watts . Each type ca n fit into the system package shown . 

hybrid circuits. 
Thin-film deposition techniques are adequate. 

Honeywell can, at present, deposit and calibrate 
resistor networks 21/2 inches square. This ca~: ability 
offers some interim techniques. For example, related 
networks can be deposited on a glass plate and be 
interconnected by extension s of their input-output 
land areas. H ybrid circuits can be assembled on 
such arrays to establish assembly capability and 
controls over causes of rejects. 

Groups of individual circuits have been made 
on a 2%-inch-square substrate, but th ey have to be 
cut apart for sealing. 

Another intermediate technique for sealin g the 
entire assembly is a clamshell-type of metal en­
closure that is welded or soldered around the lips 
of the two half shells. The feed-through problem 
becomes minimal because only the subsystem's 
inputs and outputs are needed rather than those 
of all the individual circuits. 

If a circuit on the large glass plate is faulty , the 
circuit can be electricity isolated by severing the 
interconnecting lands. A fun ctional replacement 
can be overlayed on the substrate and electrically 
connected to the adjoining circuits with Hying leads. 

Future possibilities 

Glass will probably b e used as the primary sub ­
strates of these arrays for at leas t several years, 
because of resistor needs and because of the preci-
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sion conductor patterns required for future face­
clown bondin g of monolithic-IC chips. 

All-ceramic substrates with screened resistors 
can readily be substituted for the glass-ceramic 
co mbination if any one of several advances are 
111acle: if screening improves in precision and layout 
efficiency to near that of photoetched film s; if new 
types of linear IC' s make tailoring no longer critical; 
or if c ircuits are des igned that do not require 
tai loring with outboard precision resistors. 

If screen-printed res istors do b ecome adequate, 
a chip-and-finger type of interconnection would be­
come practical for analog systems . The interconnec­
tion wirin g is etched from an aluminum film that 
was deposited or laminated on a plastic film . H oles 
arc etched in th e plastic a t the locations where the 
ends of th e film interconn ections are to be bonded 
to the terminal lands-also aluminum-on the IC 
chips. The e tching leaves the ends extended like 
fin gers over the holes. The fingertips are then 
bonded to the chips. A similar type of assembly is 
now used by H oneywell to make digital subsys tems. 

Whether or not these possibilities prove accept­
able, the developments to elate have already filled 
ou t the packaging engineer's toolbox. H e can raise 
circuit power, use unencapsulated devices and seal 
relatively large modules. H e can expect to build 
single-module systems that eventually will b e low 
enough in initial cos t and reliable enough to b e con­
sidered nonrepairable, throwaway items. 
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Now that we're sure you like 
the low leakage of our 

solid tantalum capacitors. 

Here's something else 
we think you'll like: 

This totally new type of Monolithic Dielectric Isola­
tion Dual Transistor features really close transistor 
matching: the UNION CARBIDE ELECTRONICS 2N4042-
45 Series. Thanks to our new method of collector iso­
lation, you can build differential amplifiers without 
any worry about thermal transients. 

There's nothing miraculous about developments 

satisfactory semiconductor injection lasers; the largest 
U.S.-made line of single crystal products; and the best, 
most reliable, solid tantalum and film-foil capacitors 
you can find today. 

You'll find many more innovations coming from 
us. All aimed at problems on the frontiers of electron­
ics. All backed by the technology of Union Carbide. 

like this. Not if you're dedicated to research 
as we are. For it's through research that we 
continue to develop a growing family of prod­
ucts for electronics. Such as: one of the first • 

For data on dual transistors, write for spec 
sheet #2N4044. Dept. E-23, Linde Division, 
Union Carbide Corporation, 270 Park Ave­
nue, New York 10017. 

ELECTRONICS 
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THESE TINY AIR VARIABLES 
SOLVE BIG DESIGN PROBLEMS ! 

Cut costs-improve performance-and save valuable space with these tiny sub-miniature air 
variable capacitors! " U" requires less than 0.2 square inch for chassis or panel mounting ... 
types "UA" and "UB" require less than 0.23 square inch! Unique precision design with 
stators and rotors machined from one piece of solid brass, provides outstanding mechanical 
stability and uniformity. High "Q" -greater than 1500 at I Mc. High torque-to-mass ratio 
-21/2 to I 0 inch-ounces. Exceptionally low temperature coefficient-plus 45 ± 15 PPM /0 C. 
Provides absolute freedom from moisture entrapment found in trimmer capacitors of the 
enclosed or solid dielectric type. All metal parts silver-plated . Ceramic is Grade L-423 steatite , 
or better. Exceptionally uniform delta C and voltage characteristics. Choice of wide, double­
pierced or printed circuit style terminals. Single-section models available in "Loe-Tab"; 
2-Hole; Printed Circuit; and #10-32 Bushing Mount Types-Differential and Butterfly models 
available in Printed Circuit Types. 

TYPE "V" MINIATURES - Slightly 
larger than the Type " U" series, the 
"V" miniatures offer all of the design, 
construction and performance features 
of the " U"s plus higher capacity with 
little increase in mounting area require· 
ment. Available in Single Section types 
for printed circuit or panel mounting. 

"U·LC" TUNERS-Combines 
precision machined Type " U" 
capacitor with air-wound , 
silver-plated inductor. Offers 
low cost, compact tuneable 
l·C circuit with excellent " Q" 
and temperature stability! 

DETAILED CATALOG AVAILABLE-In addition to the variable capacitors described above, Johnson also 
manufactures other electronic components. For complete specifications and current prices, write for 
Components Catalog 984. 
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Here's what 
insulation of MYLAR® meant in: 
ballast transformers ... relays 

• tripled life of guarantee 
against failure 

• upgraded rating to Class B 

Whatever your insulation needs-motors, 
bus bars, capacitors, relays, transformers, 
wire and cable-chances are good you can 
benefit from the ability of MYLAR* to: 
• improve insulation performance 
• lower costs 
• provide greater design capability 
This is because MYLAR offers you a unique 
combination of properties in thin, flexible 
film form. With MYLAR you can replace 
heavier, bulkier insulation materials to de­
sign smaller, lighter components which 
have greater insulation resistance. 

For the same reason, it's possible to lower 
insulation costs because often less MYLAR 
is required for a given insulation value. 

Also, the excellent working strength of 
MYLAR can mean lower reject rates and 

~ 
Ucw. 1 ... 1Clff 

Better Things for Better living 
.. . through Chemistry 

• 503 increase in thermal range 
• smaller coil 
•longer coil life 

faster production speeds for you. 

New .. Fact File" available! 

To get started on your evaluation of 
MYLAR, send for your copy of the "Fact 
File". This compact reference piece con­
tains complete technical data, cost com­
parisons of MYLAR versus other insula­
tion materials, film 
samples and informa­
tion on several recent 
applications. Write 
Du Pont Co., Room 
2796C, Wilmington, 
Delaware 19898. (In 
Canada: Du Pont of 
Canada Ltd., P.O. Box 
660, Montreal, Que.) 

only OU PONT makes 

MY&JlR® 
POLYESTER FILM 

• ou P'OHT 'S ltEOtSTEltEO TltADEMAIO( l'"Olt ITS l"OLYESTElt flLM. 

Electronics I February 21, 1966 Circle 123 on reader service card 123 



17 ... 

Assuring the simulta neous tra nsfer of circuits in a multiple­
relay group is one of the trickier problems faced by electri~ 
cal and electronic engineers. AE's happy solution is the 
WQA Relay-the first industrial-control component specifi­
cally designed for uniform transfer of up to 51 circuits. 

Th1:: modular construction of the WQA permits one, two or 
three rows of contact forms , each with a capacity for 17 
circuit transfers. Unique. compact design saves valuable 
mounting space, replacing 4 or more "general-purpose" 
relays. Remarkably sensitive, even the largest pile-up re­
quires less than 6 watts input. Continuing tests show a life 
expectancy of over 800 million operations without 
readjustment. 

If you use latching relays, investigate the new WRM. It has 

124 Circle 124 on reader service card 

34 ... 51 ... shift 
or latch! 

all WQA features plus a special one of its own. When pulsed 
on one winding, remanent magnetism keeps the WRM relay 
latched without power consumption until it is restored by a 
second pulse to its release winding. 

For full information, ask for Circular 1957. Write the 
Director, Control Equipment Sales, Automatic Electric, 
Northlake, Illinois 60164. 

AUTOMATIC ELECTRIC 
GEN1

ERRAL TELEPHONE & ELECTRONICS GT&E 
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-------------------' A Reeves Precision Pancake Resolver 

THIS SMALL PART 
plays a big role in your project 

The Pancake Resolver is one of over a 
million Reeves components operating 
in almost every major government and 
industrial project in work today. 

The actual Resolver shown above is 
a precise angle transmission element 
-naturally lending itself to high-ac­
curacy angle digital encoding. It's one 
model in the fullest line of precision 
components you can find . 

Our Pancake Resolvers and Syn­
chros, for instance, give you IO-sec­
ond accuracy with single speed data 
transmission. Multi-speed units if you 
need them, up to 64 speed with 5-
seconds-of-arc accuracies. Beryllium 
or aluminum housings . 

Electronics J February 21, 1966 

We're ready with precision resolvers 
and synchros, or gyros-any part you 
need, in any configuration you require. 
Single, dual or multi-speed accura­
cies to your desired seconds of arc, 
every type proven in use, with hous­
ings to suit your purpose, whether your 
work's in production or still on the 

design drawing board. 
The usefulness of Reeves full line 

of components is limited only by the 
aims of your project. Help assure your 
project's objectives by finding out 
about our components now. Write our 
Sales Dept., or call us at: 516-746-
8100, Ext. 510. 

<K~® 
~ INSTRUMENT COMPANY 

Garden City, New York/ Division Dynamics Corporation of America DCA 
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A new magnitude of power 
in cw gas lasers 

Perkin-Elmer presents a molecular gas 
laser generating 10 watts cw power at a 
wave-length of 10.6µ. This new continu­
ous flow gas laser operates at unusually 
high efficiency. Available on 90 days' 

delivery, the new Model 6200 Laser is 
priced at $8,950, f.o.b . Norwalk, Conn. 
Write for details to Electronic Products 
Division, Perkin-Elmer Corp., 751 Main 
Avenue, Norwalk, Conn. 

PERKIN- ELM ER 
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A dour source of power 
Happiness to some is sufficient lungpower to support a stirring skirf. 
To some members of the test engineering clan, it is stable power to 
support an RFI determination. Among the latter, many a dour face 
has brightened lately to performances given by Sierra's Model 470A 
power signal sources. 

This powerful pair of Sierra sources delivers stable 55 to 80-watt 
power across frequency ranges of 200-500 me and 470-1000 me. 
Frequency stability is 0.005% per ten minutes below 500 me; 0.002% 
per ten minutes above. Modulation can be provided from an internal 

.• 1 kc square wave, or from an external pulse source. 

,, 

+ 

Other features include: 1) direct-reading, two-range wattmeter, 
2) single-knob frequency tuning, 3) oscillator current metering, 
4) automatic power tube protection under all load conditions, and 
5) easy power tube changing (takes about two minutes). You can 
enjoy this highland performance at a thrifty lowland price of $2,650 
for each model. 

The product bulletins come scot-free. Write to Sierra/Philco, 3885 
Bohannon Drive, Menlo Park, California 94025. 

A powerful pair from Sierra 

SIERRA ELECTRONIC DIV. 
OF 

PHILCO 
A SUBSIDIARY OF ~kturYi',ony'la~ 
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First universal 
1 portable • • 

ILSINCE~] 

spectrum analyzer ~ 

f:f'•'tlt Httt;Vf!f'1 •> 

~i ":::(I: 1 • · • BATTERY OR AC OPERATION! 
.· - •!·I 11>..Vill-O'>I fJlfQ . ,,,uiiH·E~lOll 

'" RUGGED ALL-TRANSISTORIZED! \llO "A<. U.JH, 
;,lff!,Wltl'\.! "'~ • • -~ 
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' ""''~ • ALSO RACK MOUNT STYLE! 
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Panoramic swept band Spectrum Analyzer Model 
TA-2 combines solid-state dependability, com­
pactness, light weight, battery operation , and 
modular plug-in construction to provide this first 
fully portable, truly universal spectrum analyzer. 
The TA-2 Spectrum Analyzer provides directly 
calibrated level-vs-frequency analyses on the 
CRT display. Broadband " quick-look" and highly 
resolved narrow band scans are displayed. A 
common main frame and interchangeable plug-in 
modules are used. Precise dynamic on-location 
analyses can be made of vibration , noise, RFI , 
and communications signals. 
Rugged, transistorized, and completely portable, 
the TA-2 operates from internal rechargeable 
battery or AC line. A minimum of four hours of 
battery operation between charges is obtained. 
Traces are bright enough for convenient out­
door use. All modules feature high sensitivity, 
excellent resolution , and sweep stability. Dy-

namic range extends to 60 db. Modular, highly 
reliable etched circuit-card construction pro­
vides minimum downtime. 

Model RTA-5 rack mount version with 5" CRT 
and standard camera mount bezel accommo­
dates the same plug-in modules for laboratory, 
plant, and systems installations. 

TA-2 features: Light and compact - 83/•" w x 
11 " h x 18" d ; approx. 40 lbs. with module• Cali­
brated, adjustable center frequency with digital 
readout • Linear and 40 db calibrated level 
scales • Interchangeable plug-in modules for 
present and future needs • Built-in markers for 
self-checking calibration • Simplified operation 
- few control s, many pre-set for optimum analy­
sis • Future modular units will extend TA-2 and 
RTA-5 versatility. 

For complete details and applications assistance, 
contact your nearest METRICS representative. 

OFF THE SHELF DELIVERY 

Available 
Modules 

Frequency Range 

Sweep Widths 

Resolution 

Residual distortion 

Sensitivity 

AR·1 Al-2 UR-3 
(Sonic) (log.scan sonic) (Ultrasonic) 

20·35,000 cps 20·35,000 cps 100 CPS·700 kc 

0.2, 1, 5, 20 kc 0.2, 1, 5, 20 kc; adjust. to 0-400 kc 
25·25,000 cps log 

Automatic optimum to 25 cps adjust. to 100 cps 

Al I unwanted products at least 60 db down 

30 µ.v full scale deflection 

VR·4 
(Video) 

1 kc·27 .5 me 

adjust. to 0-5 me 

adjust. to 200 cps 

-50 db 

Motor vibration on 0-5 
kc sweep. Resonant 
frequencies and am­
p I itudes are easily 
read (log amplitude). 
Narrow band sca ns 
provide greater reso­
lution and accuracy. 

THE SINGER COMPANY 
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METRICS DIVISION 915 PEMBROKE ST., BRIDGEPORT, CONNECTICUT 4 
PHONE (203) 366-3201 • TWX 710-453-3483 

Design and production of PANORAMIC • SENSITIVE RESEARCH • EMPIRE • GERTSCH Instruments for measurements { 
P . 66·2B 
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THIS IS DEUTSCH COUNTRY! 

Deutsch hermetic 
plates ride herd on your space commands . .. minimize your 

mavericks in wide, w-i-d -e open spaces with use-proven 

Deutsch designs! I 
Radiation and thermal shock can cause electrical stam­

pedes, but not with Deutsch . Gold plating, Silicone inter­

faces, and total hermetic sealing head 'em up and move 
'em out! Toting high -caliber receptacles, Deutsch space­

plates have a leak rate of less than .001 micron cu ft/hr 
at one atmosphere differential. 

Ranging through space, or bedded down in your 
vacuum chamber, Deutsch quality and 100% inspection 
give you Certified Grade A Prime performance! Tighter than 
a new holster, Deutsch spaceplates can shrug off LOX, 

sneer at thin air, and gun down corona problems. • The 
b e ·e up No saddle-sore 

signals with the superior Silicone inserts used in Deutsch 
fully environmental mates. These miniature plugs with 

crimp type , insertable- removable contacts wrangle com ­
plete sealing around the rangiest of wires . .. won't let no 

airout, either! uh ro m? 
Head 'em off at the pass with Deutsch! You name it, we'll 

track it down. 
Need fast draw delivery? Round up your loca l 

Deutschman, pardner. Pronto! 

ELECTRONIC COMPONENTS D IV ISION· M unicipa l A irpo rt · BA-nning, Cali fo rn ia 

ADVANCED SPECIFICATION MINIATURE ELECTRICAL CONNECTORS 
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• Silicone greases solve 
unique problems of moisture, 
corrosion, temperature 
and contamination 

Silicone greases have many unique properties that make them perform when 
other types of greases fail. Silicones are chemically inert and therefore com­
patible with most materials. They are also usable from -100°F to 450°F, 
and maintain the same viscosity without solidifying or melting. They are 
hydrolytically stable and water repellent. Silicones also resist oxidation and 
gumming. And they exhibit low evaporation and bleed loss. Here are some ex­
amples of how industry takes advantage of these unique silicone properties: 

Inert silicone grease fills joints of 
explosive separation system for 
space vehicles. Prevents entrance of 
liquid air if seals or bonds leak. 
Grease is easily applied. 

Rotor for a watt-hour meter is 
permanently lubricated with sili­
cone grease. Six years and one 
million meters later, not one case 
of failure due to grease break­
down has occurred. 

Outdoor lighting fixt , r~s used gal­
vanized bolts that cor ded badly 
in a year. Thin coat of silicone 
grease resulted in zero corrosion, 
permitting bolts to be removed. 

A small amount of silicone grease 
is used to fill connector plugs for 
down hole ail well equipment. 
Petroleum greases failed at 400°F 
and washed out. Silicones protect 
against salt water. 

Grease film is applied ta organic 
rubber 0-rings on gloved box. 
Box must be leak-tight to prevent 
spread of radioactivity. 0-ring life 
doubled, saving replacement work. 

Silicone grease is applied to the 
cutouts in the thrust bearings of a 
turbo drill. The grease prevents 
adhesion ta a rubber surface and 
also provides corrosion protection 
in service. 

Silicone Products Department, Waterford, New York 

GENERAL. ELECTRIC 
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• Silicone Greases are available 
from these distributors: 

ALABAMA 
ARGO and COMPANY 

7 - 18th St., SW, Birmingham 
ARIZONA 
ELECTRICAL SPECIALTY COMPANY 

120 S. 29th St .. Pho en ix 
R. V. WEATHERFORD COMPANY 

9310 N. Central Ave., Phoenix 
CALIFORNIA 
ELECTRICAL SPECIALTY COMPANY 

2820 E. 12th St., Los Angel.es 
ELECTRICAL SPECIALTY COMPANY 

213 E. Harris Ave., S. San Francisco 
R. V. WEATHERFORD COMPANY 

6921 San Fernando Rd. 
Glendale 1 

R. V. WEATHERFORD COMPANY 
3240 Hillview Ave., Palo Alto 

COLORADO 
ELECTRICAL SPECIALTY COMPANY 

2026 Arapahoe St., Denver 5 
CONNECTICUT 
R.H. CARLSON COMPANY, INC. 

7 Bruce Park Ave ., Greenwich 
DISTRICT OF COLUMBIA 
READ PLASTICS, INC. 

317 Cedar St., NW, Washington 12 
FLORIDA 
GULF SEMICONDUCTORS, INC. 

129 Almeria Ave., Coral Gables 34 
2733 Scarlet Rd., Winter Park 

ILLINOIS 
FEDERAL INSULATION 

549 W. Randolph St., Chicago 7 
J. J. GLENN & COMPANY, INC. 

605 W. Washington Blvd. 
Chicago 7 

IN DIANA 
HYALINE PLASTICS CORPORATION 

1019 N. Capitol St., Indianapolis 
IOWA 
PLASTIC SU PPL Y I NC. 

512 S.W. 9th St., Des Moines 
P.O. Box 1482 

KENTUCKY 
GENERAL RUBBER & SUPPLY CO. 

3118 Preston Hwy. 
Louisville 40213 

MASSACHUSETTS 
NORTHEAST CHEMICAL COMPANY 

581 Boylston St., Boston 16 
MICHIGAN 
F. B. WRIGHT COMPANY, INC. 

9999 Mercier St., Dearborn 
MINNESOTA 
D. A. SCHULTZ COMPANY 

801 S. E. 8th St., Minneapolis 
MISSOURI 
D. A. JAMES COMPANY 

911 St. Charles St., St. Louis 1 
REGAL PLASTIC SUPPLY COMPANY 

1735 Main St., Kansas City 
NEBRASKA 
REGAL PLASTIC SUPPLY COMPANY 

2324 Vinton St., Omaha 
NEW YORK 
CHAMBERLIN RUBBER COMPANY 

455 E. Main St., Rochester 14604 
CHAMBERLIN RUBBER COMPANY 

210 Marcellus St., Syracuse 4 
PUNT, INC. 

160 Woodbine Ct., Box 99 
Floral Park 

OHIO 
THE PHILPOTT RUBBER COMPANY 

2077 East 30th St., Cleveland 15 
PARKWAY PRODUCTS, INC. 

1230 W. 7th St., Cincinnati 45203 
OREGON 
ELECTRICAL SPECIALTY COMPANY 

2360 N.W. Quimby St., Portland 10 
PENNSYLVANIA 
SMITH OF PHILADELPHIA 

Second & Somerset St. 
Philadelphia 33 

SPECK-MARSHALL COMPANY 
P.O. Box 110, Nichol Ave. 
McKees Rocks 15136 

TEXAS 
HOUSTON INDUSTRIAL SUPPLY CO. 

P.O. Box 52507, 1902 Bell Ave. 
Houston 52 

LAWRENCE ELECTRONIC COMPANY 
P.O. Box 20676, 3422 Crldelle, 
Dallas 20 

WASHINGTON 
ELECTRICAL SPECIALTY COMPANY 

2442 First Ave., S., Seattle 
WISCONSIN 
R. J. WITTENBURG COMPANY 

1338 W. Atkinson Ave. 
Milwaukee 53206 
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?:lte· vreeks ltad a Word/or it ... 

Today, projects like Apollo, 
Relay, Mistram and Gemirii de­
mand a degree of equipment 
performance and dependability 
closely approximating the perfec­
tion sought after by the ancient 
Greeks. In high reliability receiving 
equipment, these requirements 
are being successfully met by LEL 
experience and ingenuity. 

Drawing on long experience 
with mixers, IF strips, RF amplifiers, 
converters, etc., LEL blends com­
ponent functions, eliminates inter­
face problems and produces the· 
high reliability "super-compo­
nents" needed for today's spac.e 
requirements. 

Take the S-Band receiver front­
end shown above, for example. 
In a single 8 ounce package, oc­
cupying less than 15 cu. in. are 
preselector, frequency multiplier, 
balanced mixer and IF preampli­
fier. Overall, the package has an 

~==::;;~J 8.Sdb noise figure, includes 5 
cavities and is designed to assure 
high reliability telemetry data re­
ception and voice communication 
from anything or anybody ... 
anywhere. 

If you've been looking moon­
ward (or anywhere in that direc­
tion) , our engineers probably 
have the right answers to your 
communications questions. Con­
tact LEL today. 

AKRON STREET COPIAGUE, L. I., NEW YORK 11726 

(516! Amityville 4·2200 I (516) l'Yramid 9·8200 I TWX Code 516-691-5085 
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No heat shrinkable tubing 
can do all this: 

Resist abrasion and cut-through 
twice as well as others. 

Resist heat shock 
up to 350° C. 

Resist practically 
all inorganic chemicals. 

132 

Except this one. 
Alpha's new FIT-350 heat shrink­
able Kynar tubing is a tough, thin­
wall transparent polyvinylidene 
fluoride that resists high tempera­
ture, abrasion, cut-through, sol­
vents, and meets the standard of 
AMS-3632. 

Specifically developed for hiqh 
temperature operation, Alpha's 
FIT-350 withstands intermittent heat 
shocks up to 350°C, and operates 
continuously from -55° to+ l 75°C. 
It resists abrasion twice as well as 
other fluorocarbon tubing in MIL­
T-5438 tests. 

It resists cut-through (4,300 
pounds pressure was required to 
cut through Alpha FIT-350 versus 
800 pounds for other types of tub­
ing) and will not split even when 

shrunk over sharp or irregular 
objects. 

It resists practically all inorganic 
chemicals (even sulphuric acid up 
to 225°C) and is non-flammable. 

Its tensile strength is 7300 psi at 
77°C. (Even under exposure to 10 
roentgens of gamma radiation, no 
effect on tensile strength was 
observed.) 

It comes in ten sizes from .046" to 
1.0" I.D. in standard packages of 4' 
and 6" lengths (or whatever you 
require). 

For a free sample of Alpha 
FIT-350 Kynar heat shrinkable 
tubing and the latest engineering 
report and specifications, write us. 
Or call your Alpha Wire tubing 
distributor. 

Alpha Wire 
Headquarters: Elizabeth, New Jersey 07207. A Division of Loral Corporation. 
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., . JoSPERRY S 

..L RTL 
~- MICROL O GIC 

INTEGRATED 
CIRCUIT S 

in flat packs 
and low pro file T 0-5 

SPERRY A MAJOR I.C. SOURCE. 
+ Since their development, RTL Micro­

logic Integrated Circuits have proven 

• 

their advantages in many types of 

equipment. Sperry Semiconductor 

offers you a reliable source for the 

most commonly used types of RTL, 

Micrologic 900 to 927 in flat packs 

and low profile T0-5. Sperry Rand 

Corporation, through a cross-licensing 

,.. agreement with Fairchild Camera and 

Instrument Corporation, is licensed to 

Electronics I February 21, 1966 

produce RTL Micrologic Integrated 

Circuits which are completely inter­

changeable with Fairchild units. Fair­

child trademarks µ L, µLogic, and 

Micrologic are licensed to Sperry . 

D The Sperry Micronet-203 is a mono­

lithic differential amplifier, also imme­

diately available. Write for complete 

specifications. Keep in touch with 

0 SPERRY SEMICONDUCTOR, 

Norwalk, Connecticut 06852. 

SP(R~ 
DIVISION OF 
SPERRY RAND 
CORPORATION 
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These new plug-ins make your Fairchild scope 
a versatile spectrum analyzer 

Four new spectrum analyzer plug-ins for Series 765H oscilloscopes 

give you unique measurement capabilities . These range from low fre­

quency vibration analysis through noise density measurements to 

telemetry analysis, either on a swept or manually tuned basis. Manual 

tuning allows frequency measurement to an accuracy as high as three 
parts in 109

. Other applications include percentage modulation and 
deviation; oscillator analysis; distortion and spectral density measure­

ment; sonar; VLF transmitter design and alignment. Specifically, 

these four plug-ins provide bandwidths from DC to 20, 100 and 500 kc , 

and from 1 kc to 2 me. Prices range from $820 to $950. Available soon: 

additional units with bandwidth capability into the microwave region. 

For additional versatility two analyzers in a Fairchild 777 dual beam 
scope permit two simultaneous displays on the same tube. Thus , in 

telemetry subcarrier oscillator analysis you can observe the complete 

subcarrier band together with any desired section of it. Or, with proper 

choice of plugs-ins, both frequency 

domain (spectral display) and time 

domain (standard scope display) are 

presented simultaneously on the 

single CRT. No other spectrum ana­

lyzer offers these features. For in­
formative Application Note No. 108 

and specification , write Fairchild 

Instrumentation, 750 Bloomfield Ave­

nue , Clifton , N.J. 

ii \;9 '"'1>~111 

l=AIRCHILCJ 

INSTRUMENTATION 

FAIRCHILD INST RUMENTATION / A DIVISION OF FAIRCH ILD CAMERA AND INSTRUMENT CORP ORAT ION 
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Probing the News 
Solid State 

Microwave IC's: hybrid or monolithic? 
Hybrid microcircuits could provide relay stations that will last 100 years; 

monolithic IC's dominate the Air Force's search for a radar that won't fail 

By Jerome Eimbinder 
Solid State Editor 

To supply the reliability urgently 
sought by users of microwave de­
vices, designers have turned to in­
tegrated circuits; _ but there is no 
agreement on which type to use -
hybrid or monolithic. Though the 
contest has just begun, the hybrid 
approach has jumped off to a fast 
lead. Strongest advocate of hybrid 
technology for microwave IC's is 
Bell Telephone Laboratories, the 
research arm of American Tele-

phone and Telegraph Co. 
Pursuing the monolithic approach 

is Texas Instruments Incorporated 
in a big project under way for the 
Air Force. 

The reason for the disagreement 
on approach lies in the uneven de­
velopment of integrated circuits: 
IC's are widely operational in the 
lower frequencies - in scientific 
satellites, computer logic modules, 
navigation systems for aircraft, and 

even desk top calculators-whereas 
IC's for the microwave region had 
encountered many difficulties and 
are only now being developed. 

Until 1964, for example, high-fre­
quency transistors, which are neces­
sary for building a high-frequency 
IC, had not been built with the 
power-output capability required. 
And, a planar microwave-mixer 
diode - essential for both transmis­
sion and reception - did not exist. 

This 500-Mc, two-stage amplifier is the first of a series of monolithic microwave integrated circuits Texas 
Instruments Incorporated will develop for the Air Force's Project MERA, a new terrain -following radar system. 
The circuit shown has thin-film components on a silicon substrate and wa's built to accommodate silicon 
transistor chips. In the final version, however, the transistors will be diffused into the substrate. 
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Bell builds microwave amplifier 

( 

( 

Evolution of Bell Telephone Laboratories' 3.5- to 4.5-Gc 
amplifier begins (upper right) with a plan ceramic sub­
strate that is built up, step by step, from left to right, with 
components. The finished IC-except for transistors which 
are missing in this picture-(above) becomes one of the 
four IC's that make the completed amplifier (lower right) . 

The Air Force believed that with 
enough effort and money, such 
problems could be solved. The re­
wards were big and worth working 
toward. 

Now, work is well under way, 
and more funds are coming. 

I. The market 

Most significant goal is reliabil ­
ity. The Air Force wants it for mi­
crowave airborne equipment - such 
as radar - that fails all too often 
at precisely the wrong time and 
grounds a plane for repairs. Arthur 
Uhlir, Jr., vice president and man­
ager of Microwave Associates Inc.'s 
Semiconductor division, says 
phased-array radar, airborne and 
ground-based, will be the main 
market for microwave integrated 
circuits. 

Communications companies, like 
American Telephone & Telegraph 
Co., want microwave IC's for unat­
tended radio relay stations - many 
of which are on mountaintops or in 
other hard-to-reach places. AT&T 
would like IC's to last 100 years; 
however, company officials say, for 
the time being they will settle for 
20. 

"Another market possibility," 
Uhlir says, "is short-distance com­
munications, where you don't want 
your transmission to carry beyond 

136 

a certain distance." This kind of 
equipment could be useful for taxis 
to avoid restrictive federal regula­
tions as well as for ground troops 
working close to enemy lines. 

Because of size and weight, Uhlir 
also foresees IC's being used exten­
sively in aerospace navigation sys­
tems and in computers. 

II. Work under way 

Texas Instruments Incorporated 
is working on a monolithic IC; Bell 
Telephone Laboratories is using a 
hybrid approach. These two tech­
niques sum up the attack ·on the 
problem. 

Bell is building its IC by putting 
germanium transistor chips and 
thin-film passive elements on a 
ceraml.c substrate. TI is diffusing 

Broadband amplifier data 
1-2 Ge. 3.5-4.5 Ge. 

Characteristic Amplifier Amplifier 
Stage power 

gain (db) 10 4 
Bandwidth (Ge) 1 1 
Noise figure (db) 3 6 
Amplifier power 

gain (db) 40 16 
Maximum VSWR, 

input and output 1.1 1.25 

Power output ( mw): 
Maximum 10 10 
Undistorted 1 1 

transistors and other active devices 
into a silicon substrate and is using 
the silicon as a base for thin-film 
components. It is also considering 
using the silicon as a dielectric ma­
terial for transmission lines. 

TI has two contracts that involve 
microwave I C's: one is for a 
phased-array, terrain-following ra­
dar - this is the Air Force project 
MERA (molecular electronics for 
radar applications); and the other 
for the National Aeronautics and 
Space Administration - the pos­
sible use of computers to design mi­
crowave IC's. 

Two other government-sponsored 
projects are also under way: The 
Syracuse University Research Corp. 
is investigating various thin-film 
ferrite materials including yttrium 
iron garnet for use with microwave 
integrated circuits for the Air Force. 
Lincoln Laboratories of the Massa­
chusetts Institute of Technology is 
studying hybrid microwave IC's 
under a contract with the Advanced 
Research Projects Agency of the 
Department of Defense. 

Ill. Future work 

The Air Force plans to award two 
more contracts: one for an inte­
grated circulator, the other for inte­
grated phase-shifters and switches 
using ferrite thin films . A NASA 
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spokesman says that additional mi­
crowave IC studies through his 
agency are not far off. 

The Army Electronic Command 
at Fort Monmouth, N.J., will soon 
award a study contract for evaluat­
ing the feasibility of building both 
monolithic and hybrid microwave 
IC's. The Army wants to know to 
what extent, if any, performance 
provided by tube equipment must 
be sacrificed by using microwave 
IC's and if subsystems for portable 
radar and pmtable radio-relay sys­
tems can be built with microwave­
IC modules. 

IV. Bell's hybrid approach 

Bell Telephone Laboratories has 
made the deepest penetration by 
solid state amplifiers into the micro­
wave region with a hybrid-JC am­
plifier that operates over a 3.5- to 
4.5-Gc range. The wideband ampli­
fi er has four stages, provides a 16-
db power gain and, according to 
Bell, equals or exceeds the perform­
ance of low-noise, traveling-wave­
tube amplifiers designed for the 
same frequency range. The ampli­
fier requires only a 6-volt, 100-mil­
liampere supply - about 10% of the 
power needed for a traveling­
wave-tube amplifier. In addition, 
accelerated, individual life testing 
of the circuit's components indi­
cates a mean-time-between-failures 
for the amplifier of approximately 1 
million hours. By comparison, the 
mean-time-between-failures for a 
traveling-wave-tube amplifier is 
only about 10,000 hours. 

Each of the four amplifier stages 
is identical. About 20 components 
are used in each stage, including 
both distributed and lumped pas­
sive components and two planar 
germanium transistors. The resis­
tors and capacitors are evaporated 
tantalum thin films . Thick films 
(copper-plated thin films ) are used 
for the transmission lines. The 
square substrate is glazed ceramic 
and measures slightly less than two 
inches on a side. 

"One of the important features of 
the amplifier ," says Rudolf S. En­
gelbrecht, head of Bell's microwave 
integrated device department, "is 
that no tuning adjustments are re­
quired. The base capacitance and 
collector inductance," explains En­
gelbrecht, "are matched to the aver­
age characteristics of the transistor." 

The 3.5- to 4.5-Gc amplifier is the 
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Bell's Paul Stark checks a 3.5- to 4.5-
Gc hybrid IC during final assembly. 

second microwave hybrid-IC am­
plifier developed by Bell. A 1- to 2-
Gc amplifier was designed about a 
year ago. The essential characteris­
tics of both four-stage amplifiers are 
shown in the table on page 136. 

Reliability. Engineers at Bell give 
several reasons for the high reli­
ability of the 3.5- to 4.5-Gc amplifier: 
rugged construction, reduced para­
sitics resulting from the elimination 
of many interconnections , opti­
mized interconnections within the 
circuit because of freedom to 
change impedance levels, lack of 
stress on individual components be­
cause of the operating power level, 

CAPACITOR 
COPPER 

and even lack of handling damage 
because of the elimination of hand 
assembly. 

Besides reliability, Bell is con­
cerned with performance and cost 
in the design of microwave IC's for 
radio relay systems. Size for these 
ground-based systems is less im­
portant. 

As a result, Bell is satisfied with 
the size reduction it achieved with 
ceramic substrates; for now, it sees 
no reason to strive for the further 
reduction that silicon monolithic 
microwave IC's would bring. The 
only change Bell is now contemplat­
ing in its hybrid IC's is a switch to 
beam-lead· transistors and low-com­
plexity (two to four components) 
beam-lead IC's. 

Western Electric Co., however, 
which like Bell Labs is a part of the 
American Telephone & Telegraph 
Co., could change Bell's plans. 
W estern Electric does a lot of mili­
tary business which would require 
the smaller, silicon monolithic IC's. 
The 1- to 2-Gc ( L-band ) amplifier 
developed by Bell last year is now 
being manufactured by Western 
Electric for use in a phased-array 
radar system. Thus, it's conceivable 
that Western Electric' s needs might 
influence Bell to change its position 
on silicon microwave monolithic 
IC's. 

V. The monolithic approach 

Of all the work on microwave 
IC's, the Air Force's project MERA, 
by Texas Instruments, is the most 
ambitious and is drawing the most 
attention. TI has set out to build a 
series of monolithic microwave IC's 
that, when put together, will form a 

RESISTOR 
GOLD GOLD FLASH 

Thin-film resistors and capacitors can be seen in this cross-section 
of part of Bell ' s 3 .5- to 4 .5-Gc hybrid IC. 
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MERA radar uses IC modules 

RECEPTION 

T-R 
SWITCH 

TRANSMISSION 

FREQUENCY 
MULTIPLIER 

1-MW 
SIGNAL) 

2.25GC 
POWER 
AMPLIFIER 

2.125 GC 

2.125 GC PULSE 
COMPRESSION 
SIGNAL 

____ ,. FREQUENCY 

RETURNED 
SIGNAL 

1-WATT 
SIGNAL 

500-MC 
IF SIGNAL 

2-WATT 
SIGNAL 

OFFSET MIXER 

X - BAND 
MIXER IF AMPLIFIER 

LOCAL 125 MC IF 
OSCILLATOR 
B.5 GC 

New MERA terrain-following radar 
(left, above) with its three 

computers is much smaller than 
the AN / APQ-99 shown without its 

computers. MERA system uses 600 
identical modules; each (shown 

in block diagram) emits a 
1-watt, 9-Gc signal. 

working, phased-array radar system. 
This has never been done before. 

"MERA has great significance," 
says Richard D. Alberts, chief of the 
Molecular Electronics branch of the 
Air Force's Avionics Laboratory, at 
Wright-Patterson Air Force Base, 
Ohio. "It will be the first vehicle to 
demonstrate the feasibility of micro­
wave integrated technology." Adds 
Alberts, "If the program is success-

T-R 
SWITCH _ ____ ....,, 

LINE 
LENGTH 
SWITCH 

PHASE CONTROL 
SIGNALS 

fol, whole new areas for integrated 
circuits will be opened." 

The Air Force is putting up 75% 
of the funds needed to carry out the 
$3-million, 3-year MERA program. 
Texas Instruments is footing the re­
mainder of the bill. Work on the 
contract started in late 1964. 

Radar. The MERA program is 
developing a terrain-following radar 
system with additional capability 

Electronics [ February 21, 1966 

.. 

... 



-

for ground mapping and air-to­
ground range determination. Ter­
rain-following radar enables a pilot 
to fly under the enemy's radar cov­
erage. On his visual display, the 
pilot sees a diagonal line which is 
determined by his altitude and di­
rection. He also sees a series of pips 
which depict the nature of the ter­
rain ahead of the plane. If a pip 
touches the diagonal line, the pilot 
must pull up to avoid crashing. 

The MERA system will do the 
same type of job the AN/APQ-99 
terrain-following radar does, but 
with several notable improvements: 
MERA is expected to be 15 times 
more reliable, weigh half as much 
and take up half the space. 

The space and weight advantages 
are particularly important because 
terrain-following radar is usually 
located in the nose of a jet fighter. 
The Air Force hopes that MERA 
will save money because its build­
ing-block construction lends itself 
readily to mass production. 

MERA is by far the most am­
bitious and costly of the microwave 
integrated-circuit projects under 
way or contemplated. It calls for de­
velopment of entirely new kinds of 
integrated circuits and it is using 
computers to design them. 

MERA' s monolithic integrated 
circuits will be the first to use 
varactor diodes, Schottky-barrier 
diodes, and p-i-n (p-material, in­
trinsic-material, n-material) diodes. 

That this could be done wa~ re­
ported last year in a study Micro­
wave Associates made for the Air 
Force. The study said that mono­
lithic IC's were feasible but that 
interim developmental work using 
ceramic substrates would probably 
be necessary. In a sense, this is the 
procedure Texas Instruments is fol­
lowing. But, instead of building an 
operational series of hybrids before 
going on to build a series of mono­
lithic IC's-as Microwave Associates 
had envisioned - Tl is combining 
the two steps: it builds a hybrid 
ceramic substrate IC, evaluates and 
perfects it, then uses it as a model 
for a silicon monolithic circuit. 

Dissenters. Motorola is not con­
vinced that T l is on the right track. 
Some of its engineers believe TI' s 
careful avoidance of distributed 
components at low microwave fre­
quencies is a mistake. 

Motorola engineers believe dis­
tributed components should be used 
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NEW CHEMELEC® 
TFE SOCKETS FEATURE 

THREE-LEAF 
CONTACTS R 
FOR EXTRA 
RELIABILITY 
Unique contact design gives Chemelec 
sockets their extra reliability: In each pin 
hole are three beryllium copper leaves 
that bow in toward the center. When a 
lead is inserted, the leaves deflect to let 
it slide in easily, but press firmly against 
it to assure good contact. A built-in barb 
prevents accidental pull-out of the con­
tact assembly. 

The design gives practically unlimited 
life ... low contact resistance (less than 
.010 ohm) ... and insertion force of less 
than 1 oz. per lead. 

These low profile %" high sockets of 
TFE fluorocarbon plastic-to MIL·M-
55068-have orientation notches visible 
from above and below .. . tapered entry 
to guide leads in easily, quickly ... and 
are available with flat, flat right-angle, or 
flexible mounting tabs, with 

3 to 14 contacts in .100 to~ 
.250 pin circles. 

For more information, , . · . , 
write for Bulletin SPC-1. 

® 
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Planar 
Schottky­

barrier mixer 
diode, built by 

Microwave 
Associates, 

replaces the 
point-contact 
mixer diode. 

at all frequencies from 400 Mc up. 
Motorola has also lost its high hopes 
for thin films. It now feels that thick 
films , with high dielectric constants, 
of 60 or above, and thicknesses in 
the order of 0.1 mil, provide better 
results . Motorola is also dubious of 
the use of microstrip transmission 
lines. Texas Instruments uses them 
but Motorola prefers a symmetrical­
plane strip line which it says has 
slightly better shielding and pro­
vides a slightly higher Q (quality 
factor) than microstrip does; its 
only disadvantage is that it costs a 
bit more to manufacture. Bell also 
uses strip-line construction on its 
transmission lines. 

Microwave Associates has evalu­
ated both the microstrip and strip-

line approaches and feels that 
microstrip will eventually win out. 
In some microstrip transmission 
lines such as those built with or­
ganic polymer material, a consider­
able portion of the electromagnetic 
field associated with the transmis­
sion is in the air above the dielectric. 
However, says Microwave Associ­
ates, the use of high-dielectric-con­
stant silicon and alumina, and 
possibly glass and beryllia, will con­
centrate the electromagnetic field 
mainly within the dielectric. 

Troublemakers. The MERA ra­
dar system will eliminate the two 
components that have been habitual 
troublemakers in terrain-following 
radar: the magnetron and the an­
tenna's moving parts. These two 

S-band (2- to 4-Gc) switch built by Microwave Associates uses alumina 
microstrip transmission lines. Diodes are the small black elements . 
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components in the AN/ APQ-99 now 
cause 70% of the radar's failures. 

An array of 600 identical modular 
blocks will replace the motor-driven 
parabolic-dish antenna. Each block 
will act as both transmitter and re­
ceiver. Varying the phase of the 
energy supplied to the individual 
blocks will produce scanning elec­
tronically. 

At least seven IC's will be con­
tained in each block. It hasn't been 
decided yet whether one, two or 
three chips will be used in the 
power amplifier. The blocks meas­
ure 0.7 by 0.7 inch and have a depth 
of 0.5 inch. 

MERA building block. Each of 
the 600 building blocks will have 
nine sections er stages, as shown by 
the diagram on page 138. These sec­
tions are: four switches, tvvo mixers, 
a frequency multiplier, a power 
amplifier and an intermediate­
frequency amplifier. Integrated cir­
cuits will be used in all of the stages 
except for the line-length switch 
(phase shifter). Switching, signal 

. generation and signal reception will 
take place within the block. 

Two types of high-frequency 
switching circuits are used in the 
MERA building block: a phase­
shift network (one is required) and 
a transmit-receive switch ( three are 
required ) . The transmit-receive cir­
cuits alternately switch the system 
between the transmitting and re­
ceiving modes; th e phase-shift 
switch controls the phase of each of 
the 600 individual signals processed. 

At least four p-i-n diodes will be 
used for phase-shift control. The 
diodes will switch various lengths 
of microstrip transmission lines in 
and out of the signal-generation cir­
cuitry. Placing the microstrips on a 
wall of the building block is under 
investigation. Scanning instructions 
from the scan computer will con­
trol the diodes. 

The transmit-receive circuit will 
employ two p-i-n diodes, such as 
those used in the phase shifter, and 
a control flip-flop circuit. Its func­
tion is to isolate the transmitting 
and receiving functions. 

From three to five monolithic 
chips will handle the signal-genera­
tion functions . The signal-generation 
portion of the building block con­
sists of a frequency offset mixer, an 
S-band amplifier, and a frequency 
multiplier. 

In the frequency-offset mixer, the 
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!._ 
Spectra's exclusive Microwave Noise 
Measurement Service provides ac­
curate measurements of customers' 
X-band sources from 8.5 Ge/ s to 
10.5 Gc / s. 

THIS IS A SPECTRA 
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Spectra's SE-200 Series inst ru­
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can give you the FM and AM noise 
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state microwave sources - to ac­
curacies of ± 1 DB. 
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2.125-Gc signal supplied to the 
MERA building block is combmed 
with a 125-Mc signal from the phase 
shifter. The resultant 2.25-Gc, 1-
milliwatt signal then goes to the S­
band power amplifier. An integrated 
circuit using Schottky barrier diodes 
is being developed as the frequency 
offset mixer. 

The 1-milliwatt signal from the 
frequency offset mixer is boosted to 
two watts by the S-band ( 2.25-Gc) 
amplifier. This is double the power 
required at the transmit-receive 
switch since allowance must be 
made for power losses in the quad­
ruple IC. 

The transistors in the 2.25-Gc am­
plifier have sixty-five 0.2 mil by 3 
mil interdigitated fingers. Transis­
tors with 7, 15, 25, and 60 inter­
digitated fingers have also been 
evaluated but cannot supply the re­
quired power gain ( 33 db ) . 

The thin-film capacitors, which 
have sputtered aluminum-oxide di­
electric, have caused problems in 
building the 2.25-Gc amplifier. Orig­
inally, the capacitor dielectric was 
approximately 2,000 to 5,000 ang­
stroms thick on metallization of ap­
proximately· 100 microinches thick. 
The same thickness was used for the 
capacitor's top plate. This provided 
high capacitance per unit area and 
low series resistance. Unfortunately, 
the relatively heavy metallization 
cause many failures. To overcome 
this, the ratio of the dielectric ma­
terial thickness to metal-plate thick­
ness is being increased. 

The frequency multiplier. This 
stage receives the 2 watts of input 
power from the 2.25-Gc power am­
plifier and delivers 1 watt of output 
power at 9 Ge. Both a four-varactor­
diode with a passive filter and an 
eight-varactor-diode integrated cir­
cuit are being considered for the 
frequency quadrupling. Before the 
contract expires, the Air Force ex­
pects that a single diode will be 
developed for this function . Later, 
the Air Force anticipates develop­
ment of a single Gunn-effect device 
with sufficient power to replace both 
the S-band amplifier and the fre­
quency multiplier. 

Two integrated circuits are used 
in the MERA signal-reception cir­
cuitry. The returning 9-Gs signal is 
fed to an X-band mixer and then the 
difference frequency from the mixer 
is delivered to a 500-Mc interme­
diate-frequency amplifier. 

In the X-band mixer, the 9-Gc re-

turned signal i~ mi:--ed with an 8.5-
Gc signal to produce a 500-~k dif­
ference frequency. This integrated 
circuit will include Schottky barrier 
diodes. 

Microwave Associates he lped 
hasten Schottky-barrier diodes into 
integrated circuits last year by 
building planar silicon and gallium 
arsenide Schottky diodes which had 
low noise figures at low microwave 
frequencies. The Schottky-barrier 
diodes eliminate the point-contact 
silicon microwave diodes currently 
in use as microwave mixers and de­
tectors. Point-contact diodes are not 
compatible with monolithic tech­
nology because they require a care­
fully controlled pressure contact. 

Texas Instruments has also suc­
cessfully built prototype X-band 
mixer integrated circuits, company 
officials revealed at the Solid-State 
Circuits Conference in Philadelphia, 
February 9 to 11. The circuits used 
Schottky barrier devicPs capable of 
operating up to 12 Ge. They also 
contained microstrip transmission 
lines formed directly on the high­
resistivity silicon substrate . Break­
down voltages for the Schottky di­
odes ranged from 2.5 to 6 volts. The 
circuit's over-all noise figure is 9 db 
at 9.375 Ge with a 30-Mc inter­
mediate-frequency signal and 200 
ohms of i-f impedance. Approxi­
mately 200 of these integrated cir­
cuits can be made on a single slice 
of silicon. 

In the MERA systPm the 500-Mc 
difference frequency produced by 
the X-band mixer go< ' to the i-f am­
plifier, which is a two-stage, high­
gain, low noise circuit. The signal 
is then amplified and delivered to 
pulse-compression circuitry located 
outside the building block. This 500-
Mc i-f amplifier is the only one of 
the microwave integrated circuits 
being designed for the building 
block that is nearly completed. 
Even this circuit, which already 
meets minimum requirements, 
should be improved in the course 
of the contract, says the Air Force. 
The circuit provides 13 db of power 
gain but the Air Force would like 
15 db. 

The MERA system will also have 
three computers, each of which will 
be built with integrated circuits, 
probably of the large-array type. 
The computers will be a terrain-fol­
lowing computer, an air-to-ground 
ranging computer, and a scan com­
puter. 
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The small pin hole in the center of this circle is more 
then enough light for MT/ Image Orthicon Television Cameras. 
MTI is the world 's largest manufacturer of low light level TV systems. This simply means that low light levels are 
our specialty. Specifically, at 1 x 10- 5 foot candles of ambient light (approaching total darkness} MTI image 
Orth icon TV cameras will produce high resolution pictures. So the amount of light illustrated by the pin hole is 
more than enough. 

There are hundreds of applications for MTI low light level equipment. Here are just a few: viewing nocturnal 
animals performing tasks, observing stars, examining small components such as transistors, diodes, capacitors 
and relays for minute flaws, and so on. In any application where low light levels are of prime importance, 
MTI can solve your problems. 

Seven different line scan frequencies are available "off the shelf". Specific details avai lable on request. 
If you have an application problem, call us. We can help. 

m "t"i MARYLAND TELECOMMUNICATIONS, INC. 
York & Video Roads, Cockeysvil/e, M ary land / Area code 30 1, 666-2727 
WORLD'S LARGEST MANUFACTURER of low l ight l eve l image Orthicon ca m eras 
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135 REASONS WHY 
The 2401C Integrating Digital Voltmeter is your best buy. 
The Hewlett-Packard 2401C DVM keeps improving and 
improving. Just about everybody in the hp organization 
... engineers, test personnel, production line people ... 
and, of course, marketing people, who know what you 
want and who want to offer it ... keep making this in­
strument better. 

That's why the 2401C has been changed 135 ti mes 
since it became the world's first DVM to use the integrat­
ing principle .. . lets you make low-level measurements 
in the presence of extreme noise. 

Some changes you've seen: A sixth digit to get maxi­
mum use out of the instrument's built-in 300% over­
ranging capability. Optional autoranging at 6 msec per 
range, the fastest available . Integration around zero with 
a reversing counter .. . no zero foldover, even with posi­
tive /negative-going noise on the signal you want to meas­
ure. Improved accuracy of 0.01 % of reading +0.005% 
of full scale ± 1 digit. 

And a lot of changes you haven 't seen: New, advanced 
components for increased performance and / or reliability . 
New engineering to keep the 2401C ahead in perform­
ance. New production techniques to keep the price in line 
(there has never been an increase in price) . The 2401C 
offers tested and proved RFI performance. It has a Federal 
stock number for easy specification, too. 
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HEWLETT 
PACKARD · 

Nobody at Hewlett-Packard lets this DVM rest .. . it just 
keeps getting improved. That's why it's so far ahead. If 
you have a measurement problem, involved with getting 
accurate de measurements (0.1-1000 v full scale) in the 
presence of a frustrating amount of noise, you shouldn 't 
let the 2401C rest, either. You should have it on your 
bench. Your Hewlett-Packard field engineer will put it 
there ... and put it through its paces. Or you can write for 
complete specs (though a lot of the 135 changes aren 't 
spec'd) to Dymec Division of Hewlett-Packard, 395 Page 
Mill Road , Palo Alto , California 94306, Tel. (415) 326-
,1755; Europe : 54 Route des Acac ias, Geneva. 

... 
?7 1 ?9(. . 

The machine costs $3950. Ask for a demonstration. 
Data subject to change (135 so far) without notice. 
Price t.o.b . factory. 

DYMEC 
DIVISION 
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Solid state conference 

Microwave power struggle: 
Gunn vs. avalanche oscillators 
Each solid state source has important technical advantages. The winner 

may also have the major share of a market already worth $20 million 

The future of solid state micro­
wave seems to depend on two 
sources, each of which has been 
described as "about as different 
from transistors and tunnel diodes 
as klystrons were from vacuum­
tube triodes." 

The contrast was made at the 
International Solid State Circuits 
Conference in Philadelphia by Ru­
dolf Engelbrecht, head of the 
microwave integrated device de­
partment at Bell Telephone Lab­
oratories. At a panel discussion. he 
explained that oscillators of either 
type-Gunn or avalanche tran sit 
time-are "abou t the size of a grain 
of sand and are already producing 
10 to 100 times more power than 
most advanced tunnel diodes or 
transistors at the same frequen­
cies." Both types have already b een 
operated as amplifiers , too. 

The Gunn oscillator depends on 
a bulk negative res istance that oc­
curs in n-type gallium arsenide 
when electrons transfer at high 
fi elds from high - to low-mobility 
valleys in the conduction band; 
this is sometimes called the trans­
ferred-electron effect. The Read 
diode and the related pn and p-i-n 
s tructures are cal led avalanche­
tran sit time (ATT) devices; they 
consist of a narrow, high -fi eld re­
gion where avalanche breakdown 
occurs, next to a medium fi eld , or 
drift, region and they can be made 
of silicon or gallium arsenide. 
I. Advantages of each 

Besides the technical interest, 
the scientists and engineers were 
attracted by the prospect of con­
flict . Richard Alberts, chief of the 
molecular electronics branch at 
\ Vright-Patterson Air Force Base, 
Ohio, said participants in the dis­
cussion expected an intramural 
squabble between Gunn oscillators 
and ATT diodes "to be decided in 
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the marketplace." To the winner 
could go the major share of the 
market for low power signal 
sources. The annual expenditure 
for reflex klystrons alone is about 
$20 million. 

:\1arion Hines, vice pres ident and 
director of corporate research at 
Microwave Associates , Inc., said 
Read and similar stru ctures might 
be disqualified from certain appli­
cations by relatively high noise. A 
typical noise figure for a Read­
diode amplifier is 37 decibels at 7 
megacycles per second. For a Gunn 
amplifier of 12-db gain , on the 
other hand. George Foyt at the 
Lincoln Laboratory at the l\fassa-
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chusetts Institute of T echnology 
has measured noise of only 18 db. 
Lower noise and high pulse powers 
are Gunn devices' main advan­
tages. 

"Unless someone comes up with 
a whole set of new ideas about 
these limitations due to noise" said 
Arthur Uhlir of Microwave Asso­
ciates, "applications of Read diodes 
and th eir derivatives may be lim­
ited." 

The big advantage of A TT de­
vices is their silicon stru cture. This 
makes them less expensive and 
easier to integrate into a silicon in­
tegrated circu it. 

10 

" Going for them are 10 years of 
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G- GUNN OSCILLATORS 

I - AVALANCHE TRANSIT-TIME 
OSCILLATORS 

T- TU NNEL DIODES 

X- TRANSISTORS 
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FREQUENCY, GIGACYCLES 

Output powers and frequencies obtainable from five kinds of 
solid-state microwave sources. 
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silicon transistor technology," ex­
plained Daniel Dow of Varian As­
sociates. This has given ATT re­
searchers a thorough knowledge of 
their material. In contrast, gallium 
arsenide-the material of which 
Gunn oscillators are made-is rela­
tively unknown. But if all of its 
characteris tics become understood 
in the next few years, the odds 
could favor Gunn devices. 

One disadvantage of their struc­
ture, however, is that silicon mi­
crowave sources are junction de­
vices; these could be more costly 
to produce than the junctionless 
Gunn oscillators of gallium arsen­
ide, especially if a way is found 
to consistently pure material. 
II. ATT applications 

Hines suggested some potential 
applications of ATT diodes and 
indicated the feasibility of each. H e 
said that Read diodes cannot be 
used as local oscillators in pulsed 
and doppler radar sys tems and in 
f-m com munications without spe­
cial techniques. H e considers Read 
diodes suitable as tran smitter 
sources, except for f-m deviators 
(analog). He expects them to be 
unsuitable as low-noise amplifiers, 
and only partially useful as power 
amplifiers or phase-locked oscilla­
tors . 

A summary of solid state power 
sources is on page 146. Not in­
cluded in this January 1966 infor­
mation are results from Frank 
Brand, deputy division chief of the 
Anny Electronics Command's com­
ponents laboratory at Fort Mon­
mouth, N. J. (13.6 Ge, 25 to 30 mw 
for a gallium-arsenide ATT oscilla­
tor) , and Mickey Uenohara's group 
on microwave parametric ampli­
fiers and bulk-effect devices at Bell 
Telephone Laboratories (30 mw at 
10 Ge, 20 mw at 14 Ge and 8 mw 
at 17.5 Ge) which they announ ced 
from the audience. Th ese figures 
seem to represent the bes t per­
formance of solid sta te microwave 
sources reported so far. 

Although both types of devices 
are theore ticall y capable of about 
30% effi ciency, according to Dow; 
top values attained so far are 5% 
for ATT and 7% for Gunn oscilla­
tors; these fi gures are for continu­
ous output. Pulse values for Gunn 
oscill ators are already a t 14%, or 
abou t one-half the theoretical es ti­
mates . 
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At the conference ... 

... a trio of scientists 

One p o s s i b l e 
solution to the 
problem of de­
signing induct­
ance into inte­
grated circuits, 
says William E. 
Newell, is the 
use of a reso- Newell 
nant-gate tran-
sistor [Electronics, Sept. 20, 1965, 
pp. 84-87]. The name stems from 
the fact that the resonator is the 
gate electrode of a surface fi eld 
effect transistor. 

"In this transistor, the output 
signal's frequ ency is controlled by 
a stable mechanical resonator that 
works like a tiny tuning fork," says 
Newell, who is manager of new de­
vices and applications at the W es t­
inghouse Electric Corp.' s research 
laboratories in Pittsburgh. 

Thus far , resonant-gate transis­
tors have been built that operate at 
frequencies to 60 kilocycles per 
second. Newell described the 60-kc 
devices during one of the technical 
sessions. Eventually, \ Vestinghouse 
hopes to build a 455-kc, intermedi­
ate-frequency amplifier integrated 
circuit, incorporating a resonant­
gate transistor. " Once that's done," 
Newell says, "we'll continue look­
ing for ways to increase the fre­
quency capability of resonant-gate 
tran sistors to one megacycle." 

Newell plans to inves tigate new 
structures for single-resonant and 
double-resonant gate transistors. 
"We are going to look at split­
beam resonators ," resembling two 
parallel beams, says Newell. The 
inves tiga tion will b e carried ou t, 
under Newell 's guidance, by Har­
vey C. Nathanson and Robert A. 
\Vickstrom, inventors of the reso­
nant-ga te transistor. Funds will be 
provided for continuation of the 
work by the Air Force. 

Newell received a doctora te in 
electrical engineering from the Car­
negie Institute of Technology in 
1957 and taught for four years. in ­
cluding two years at the American 
University in Beirut, before joining 
Westinghouse. 

De Loach Engelbrecht 

The best-attended session at the 
conference was a panel on bulk 
semiconductors , at which 700 engi­
neers marveled at virtuoso per­
formances by Rudolf Engelbrecht 
as moderator and by Bernard C. 
De Loach as font of information. 

The large attendan ce was due 
partly to interes t in these devices 
and partly to a well-c irculated 
rumor that information about in­
creased power was to be given by 
Bell Telephone Laboratories . 

One scientist after another was 
called on to give illustra ted de­
scrip tions of developments at their 
companies, but it was Engelbrecht 
and De Loach who dominated the 
presentation. As moderator, Engel­
brecht, head of th e microwave in­
tegrated device department, kept 
the discussion on the track with 
penetrating questions. De Loach , 
supervi sor of the microwave semi­
conductor group, was stationed in 
the audience with pocketsfu 1 of 
slides, which he produced as 
needed. 

Engelbrecht and his group have 
many irons in the fire. They are 
expanding the frequency capability 
of transistor amplifiers , and are 
working on Gunn-effec t and ava­
lanche transi t-time devices. Engel­
brecht said, " Now that we've built 
a -1.5-gigacycle integrated ampli­
fi er, the nex t one we'll probably 
tackle wi ll be a 6-gigacycle hybrid­
IC amplifier. This is the next fre­
qu ency level that will be of interes t 
to ou r radio-relay-s tation design­
ers." 

Concerning efforts with bulk­
scrniconductor devices, he said, " I 
can' t predict just when we'll ac tu ­
ally be us in g the devices in equip­
ment, but I think it will be in the 
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STEP UP HIGH SPEED MULTIPLEXING 
WITH ASTRODATA'S NEW 970 SERIES 

A new ser ies of solid-state multiplexers now offers 
unexcelled performance in high speed, multi-channel 
applications. High reliability, low leakage, and virtu­
ally no offset voltage are assured by the use of 
improved Field-Effect Transistors in the switching 
element. 

SINGLE-ENDED INPUT - MODEL 970 
The low-cost Model 070 provides up to 128 single-ended 
channels per module. Full scale input levels of ± 1 to ± 10 
volts can be selected by a built-in, 4-position selector 
switch. 

DIFFERENTIAL INPUT - MODEL 975 
Up to 128 differential inputs can be multiplexed in the 
general purpose Model 975. Both high and low signal 
lines are switched with Field-Effect Transistors. Gains 
of 2 to 20 can be selected allowing full sca le input levels 
as low as = 0.5 volt. 

THREE-WIRE INPUT - MODEL 976 
Model 976 accepts multichannel signals which may orig­
inate from different ground sources. In addition to a 
differential FET switch, the shield of each input cable 
is switched to the multiplexer guard by a PNP silicon 
transistor. The shield switch effects hig h common mode 
rejection even when channel-to-channel common mode 
voltages are present. 

BRIEF SPEC I FICAT I ONS 

Stepping Rate ............ 0 to 20,000 channels per second 
Channel Selection . ..... Random selection from external 

signals; or sequential scanning by 
internal programming 

Modular Expansion ... . . .. .... Plug in as few as 8; 
expandable to 128 channels 

For more complete specifications or information, write or call : 

--& -----
P. 0. Box 3003 • 21,0 E. Palais Road, Anaheim, California • 92808 
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relatively near future." 
De Loach predicted that ava­

lanche transit-time devices, rather 
than Gunn-effect, would be the mi­
crowave sources which would most 
extensively replace reflex klystrons. 

Field effect or 
bipolar arrays? 
The keynote session at last year's 
Solid State Circuits Conference 
was on hybrid vs. monolithic inte­
grated circuits. This year it was on 
large-scale integration (LSI) and 
the best approach , bipolar or uni­
polar. But this year, as last, the 
key questions were on cost and 
performance. 

Interest was high in the develop­
ment of large arrays, 100 functions 
or more, with the major manufac­
turers predicting they would be 
available within two years. 

Jack S. Kilby of Texas Instru­
ments Incorporated opened the di -
cussion of large-scale integration 
by pointing out that a few years 
ago it could be proven mathemat­
ically that LSI was not possible. 
This analysis was erroneous for 
two reasons: today's high yields 
were not anticipated, and the abil­
ity to design high-performance 
logic circuits with loose component 
tolerances was unforeseen. 

Joseph Logue of the Interna­
tional Business :Machines Corp. 
brought up the argument of £eld 
effect devices versus bipolar de­
vices, and said a clear-cut victory 
for ei ther approach may never be 
achieved. This set the stage for a 
panel discussion exploring the sub­
ject and concluding only that what­
ever system predominates, a major 
effort toward standardization 
would be necessary. There was 
little agreement, however, between 
the £eld effect and bipolar advo­
cates. Logu e said there would 
probably be a place for field effect 
transistor IC' s in small systems 
but that IC's built with bipolar 
transistors would predominate. 

As for standardization, Edward 
A. Sack, chief engineer of the West­
inghouse Electric Corp.'s molecu­
lar electronics division, called for 
a 48- or 64-lead standard case. 
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Panel debates approaches 
to IC microwave design 

Debate continued a t th e Philadel­
phia conference on whether hybrid 
or monolithic: in tegrated circuits 
would best answer the needs of 
microwave designers. According to 
a panel on microwave circuits, the 
answer may not come for some 
time. (See related arti cle on pp. 
1.34 to 142.) 

Only a few hybrid microwave 
integrated circuits , and no mono­
lith ic devices, have b een built. 
Bell Telephone Laboratories has 
developed two amplifi ers, and a few 
experimental hybrid models have 
been built by ?-. Iicrowavc Associ­
ates, Inc., and Texas In struments 
Incorporated . Tl will deliver two 
monolith ic IC's-a 500-~'d c in ter­
mediate-frequ ency amplifier, and 
an X-band (9-gigacycle) mixer-to 
the Air Force in the next few 
month s. 

Same story. The backers of 
monolithic c ircuits cited th e advan­
tages of low cost, small size and 
high reliabi lity. " It's reall y too 
early to compare hybrid and mono-
1 ithic circuits at this tim e," said 
\\ 'ill iam Edwards of the Air F orce's 
.\Iolccu lar Electronics branch at 
\\ 'right-Patterson Air Force Base, 
Oh io. But both Edwards and Ar­
thur A. Uhlir Jr. , vi ce president and 
manager of Microwave Associa tes' 
semiconducto r divis ion, mainta ined 
that in the long run monolithic ci r­
cu its will w in ou t. Uhlir declared 
th at th e monolith ic approach len ds 
itself more to automatic prod uction 
techniques. 

Some problems. While notin g 
rnonoli thics ' advantages of size, 
\\·eight and system flexib il ity, Frank 
A. Brand of the Anny Electron ics 
Command at Fort ~fon rnouth , l\' . J., 
po inted out that they also had some 
di sadvantages. 

• Some sacrifices in performance 
res u It from tradeoffs between par­
anw tcrs. 

• On ce bui lt, th e circuits are in ­
fl exib le, and no alteration s or im­
provements can be mack b y the 
user. 

• Some tempera ture in stabi lity is 
exhibited by both sili con and gal­
lium arsenide substra tes. 
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• Monolithic !C's are more sub­
ject to radiation damage than are 
hybrid IC's . 

• The quality factors obtainab le 
with monolithic IC's are lower th an 
those ob tainable with hybrids. 

Hybrid circui ts provide the de­
signer with the fac tors he wants, 
such as "high perfor mance, good 
bandwidth character istics , good 
impedance matching, low noi se, 
high-quality factors, good stab ility 
and h igh reliability," according to 
H.udolf S. Engelbrecht, head of 
integrated microwave work at Bell 
Labs. Size, he added , is not an 
overridin g factor, s in ce mos t mi­
crowave equipment is u sed on the 
ground. 

Another approach. Engelbrecht 
suggested an approach combinin g 
hybrid and monolithic techniqu es. 
H e pointed out that partial use of 
monolithic circuits in a hybrid sys­
tem wou ld eliminate the neecl to 
make criti cal interconnection s by 
hand . He proposed a three-s tep de­
sign procedure for microwave cir­
cuits. 

• Design the passive circuit us­
ing thin-film components just large 
enou gh to meet the performan ce 
and reliability requirements. 

• Design the active devices ad­
jacent to the critical passive com­
ponents (short feedback loops , 
tunnel-diode stabiliza tion net­
works and amplifi er idler circu its ) 
in to the monoli th ic b lock. 

• Attach the components bui lt in 
previous steps at noncritical loca­
tions. 

Although agreement on the ulti ­
mate success of mi crowave IC's 
was unanimou s, there were some 
cau ti nning no tes. Frank Hanl'rnan . 
section head of spec ial s ~ · s tcm s and 
techniques in applied elec tronics a t 
Airborne In struments Laboratory, 
a division of Cu tler-Ilarnnwr. In c .. 
sa id microwave circuits \\·ill offer 
an ad vantage , but won't arrive as 
fast as many people th ink. Fu turc 
equipment using monolithic or hy­
brid integrated circuits will be 
more diffi cult to des ign and to 
breadboard than in current micro­
wave equipment. 

More Motorola mishmash, 
continued from page 7 

Our Chi cago Center proudly an­
no unces they've developed a new 
digi t a l frequen cy sy nth esizer. It 
covers th e fre qu ency b and of 30 
me to 70 me in 5 kc steps and pro­
vi des 90 db attenuation of spurious 
responses. Bu t the BIG thing about 
the sys te m is th a t it uses a n un­
godly number of Motorola M ECL 
integra ted circuit s. Our Se micon- · 
du cto r Di vision must feel warm 
and good all over because we cer­
tainl y a re n' t forced to buy their 
stuff. In fact, they tell us th a t " in­
side" business is usually the tough­
est to co me by. It' s like umpiring 
a ba ll game when yo ur own child 
is playing. Or m aybe it's more like 
dancing with your own sister . . . or 
with your own wife, for th at matter. 
For more information write to our 
Chicago Center. 

A NEJBEb PRI~E 
(or so m ething) 

FEJR EiREJVER 
Can anyone use a couple hundred 
fee t of coax ial cable th a t have been 
c unnin gly redu ce d to th e dimen­
sions of a .6 x .6 x.1 87 in . fl a t-pack? 
Well , th a t's wh at our Wes tern Cen­
ter's Grover Ken net t ha> co me up 
with usin g a rel\· t ricks lik e thin 
fi lm ca paci tors, a nd he cla im s the 
d elay time is co mpara bl.e. N ow if 
we can fi nd a custo mer G rover will 
be reco mm ended for th e o bel 
p rize. If no t. hi s res um e is ava il­
able upo n requ es t. 
For mo re info rm ation, write to our 
Wes tern Center. 

Co111 i1111ed on page 187 
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ANGL£. Posrr10N INC 
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how to measure resolver 
or synchro position 

w ith 30 second repeatability 
In both production test and ground checkout systems, North Atlantic's high per­
formance Angle Position Indicators provide exceptional operator ease and precision 
in the measurement of synchro and resolver position. Features include digital 
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in 
solid-state amplifier and power supply modules. Due to the design flexibility of 
these units, they can be readily provided with a variety of features for specific 
requirements. Typical units in this line incorporate combinations of the following 
features: 

150 

• Single Synchro or Resolver Input 

•Dual Synchro or Resolver Inputs 

• Retransmit Synchro, Resolver, 
Potentiometer, or Encoder 

• 2-Speed Synchro Input 
• Multi-frequency Inputs 

• DC Input 
• 0·999 Counter 

BASIC SPECIFICATIONS 

Range ...... ...... ....... . 0°-360° continuous rotation 
Accuracy . . .. .... .. .... .. . . . 6 minutes (standard) 

Repeatability .... ... .. ...... ... ...... .. . 30 seconds 
Slew Speed ...... ... .... ... .. ... ...... ...... ... .. ... .. ......... ... . 25°/second 
Power .. . .. ............ ............. ................ . 115 volts, 400 cps 
Size ........ APl-8025 .... ...... ............. .................... l3/4"h x 9Y2"w x 9"d 

APl-8027 .... ... ....... ... .. . . .... .. 3Y2"h x 4K/'w x 93/4"d 

Your local North Atlantic representative has complete data on the API 
I ine. Call him today or write direct for technical literature. 

NORTH ATLANTIC in dustri es, inc. 

TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • Overbrook 1-8600 
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New devices 
described at 
conference 
Five new solid state devices were 
reported on at the conference. 
These included : 

• A fas t high-gain sili con photo­
diode, called a reach-through 
avalanche photodiode (RA.PD). 
Reported by Heinz Ru egg of the 
Stanford Electronics Laboratories 
of Stanford, Calif., this is n-p-i-p 
construction to achieve a fre­
quency response described as 
similar to that of p-i-n diodes. The 
carrier transit time was es timated 
at 10- 10 second. Ruegg said the 
diode could be used for th e de­
modulation of microwave-modu­
lated light and the detection of 
laser b eams. 

• A silicon needle tran sdu cer. 
This was sugges ted as a replace­
ment for the steel, diamond and 
sapphire needles now being used in 
silicon transducers. Described by 
R. R. Stockard of the Research Tri­
angle Institute of Durham. :'\ . C ., 
the device was said to have two 
advantages over existing silicon 
transistors: the alignment between 
the needle and the semiconductor 
surface it touches is less criti cal , 
and its sensitivity to change is 
greater. Silicon transdu cers are 
used to measure acceleration . force, 
pressure, stress, strain , and dis­
placement. 

• A resonant-gate tran sistor. 
This transistor has been described 
previously (Electronics, Sept. 20, 
1961, pp. 84-87], but another ge­
ometry is being explored . The 
original geometry used an elevated 
cantilever beam attached to a 
circular contact at one end of the 
beam. The b eam was 38 mils lon g; 
3-kc devices using this geometry 
exhibit a Q of 150 and can h e made 
in densities of 500 per square inch. 

The new structure has circul ar 
contacts at both ends of th e sus­
pended b eam. The b eam is about 
20 mils in length and values of Q 
up to 500 have been obtained for 
60-kc devices made with the new 
geometry, according to author \Vil­
liam E . Newell of the W es ting­
house Electric Corp. 

• A temperah1re-control inte-
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MORE AIRCRAFT UP TIME - LESS DOWN TIME 
With New Automatic Wiring Analyze r 
Keeping today's complex aircraft ready for action is a 
major challenge . Dalmo Victor is helping meet the 
challenge with the AN/USM-185*, a mobile, versatile 
wiring analyzer that checks electrical integrity of oft­
neglected aircraft wiring by automatically making error­
free resistance, leakage and continuity tests. Though 
developed specifically fo r the F-105 and F4C, this 
analyzer can be used for depot o r fie ld maintenance 
to check out all present and future aircraft in all com ­
mands ... all services. 

Results of Air Force Project CAST and earlier related 
studies plus current operational command field tests 
that compare automatic and manual methods of 
checking aircraft wiring integrity indicate the true.sig­
nificance of automatic wiring analyzers. For example, 
automatic equipment revea led marginal and faulty 
wiring normally not detected by manual means . .. test 
accuracy was significantly increased .. . and reduction in 
test times consistently averaged minutes (vs. hours). 

• AN/USM-185. completely mi litarized 
automatic w ir ing ana lyzer p rodu ced by 
Da lmo Vic to r under con tract to the 
Aeronautical Sy~trms Div1s1on , Ai r 
Force Systems Command, USAF, 
W righ t-Pa tt e rso n AFB, Ohio. This ana­
lyze r meets o r exceeds requirements 
of M IL-T-38218A. M IL-T·2t200 and 
M IL- R-2 6667. Con trac t terms ca ll io r 
de livery of the irrst un rt ea rl y this 
summer. 

These studies also indicated that wiring age equals 
marginal wiring. Translated into more dramatic-but 
valid-terms, automatic wiring analyzers can contribute 
heavily to more aircraft up time, improved mission 
success and saved aircraft. 

The U.SM-185 will make maximum contributions in 
these areas. With the simplest tape programming yet 
devised, the USM-185 is designed to automatically 
make go/no-go tests on a 5,000 point harness in only 36 
minutes. Maximum test capacity is 40,000 points. Oper­
ational versatility is provided with automatic, semi­
automatic, " manual " and self-programming operating 
modes. The central data processor is expandable for 
fun ctional versatility. Self- test features ensure dependa­
bility and maintainability. When required, the USM-185 
is readily adapted to card programming. 

For more information, contact Dalmo Victor's Auto­
matic Test Equipment Product Manager today. 

DALMO VICTOR 

DALMO VICTOR 7515 INDUSTRIAL WAY· BELMONT. CALIFORNIA 94002 
TELEPHONE: 415 / 591 - 1414 TWX: 970; 376 -4400 

A textronl DIVISION 
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ACTUAL SIZE 

Is the soectrol 
Model140 

rea11v so great 
7 • 

No, it iust acts that way! 
This precision pot is priced like a trimmer, and yet it 
outperforms many higher priced models. 

Here 's a half-inch, single-turn, precision potentiom ­
eter wi th rear te rminals for optimum packag ing den­
sit y .. . a new type mechanical stop that provides 
excep t io nall y high stop strength ... and a unique 
wi per design that assures positive contact under 
se vere con di tions of shock and vibration pe r 
MIL-R-12934. A lso, here's a miniature pot with high 
" specabil ity !" From our stan dard data sheet. you can 
choose from more than 100 mechanical and electricai 
opt ions , in add it ion to resistance ratings from SO 
oh ms to 70K ohms. 

On secon d thought maybe it really is so great ! Wh y 
don' t you fin d out for you rself? You'll find the stand­
ard Mode l 140 (wit h stops) stocked at your loca l 
distri butor. Want more data? Send for the 140 data 
sheet an d ask fo r our new Short Form Catalog, too. 
The Model 140 comes from a great family. 

t I 
Spectral Electronics Corporation spec ro 17070 East Gale Avenue 

I 
1 

C ity of Industry, Cal if. 91745 
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grated circuit. This multifunction 
circuit can be used as a tempera­
tu re sensor, temperature control, 
voltage reference, voltage com­
parator, voltage- to-frequency con­
verter , voltage-to-pul se-width con­
verter, operational amplifier an<l 
selective filter. The circuit can 
sense changes in temperature and 
use heat as an input signal. 
Thomas F . Prosser, the des igner, 
said th at th e fun ctions of the 
circu it could be varied by using 
different masks and by changing 
pin connection s. Prosser .is w ith 
General i\Iicro-ckctronics , Inc., in 
Santa Clara, Calif. 

• An n-channel inctal-nitride­
sem iconductor fi eld effect transis­
tor. This is a companion piece for 
the p -ch ann el enhancement metal­
nitride-scmiconductor FET re­
centl y announ ced b y the Sperry 
Rand Corp.'s Hescarch Center in 
Sudbury, i\fass . [El ectronics, Jan. 
10, p. 156]. Both devices, accord­
ing to H . A. Ri chard \Vegener, do 
not exhibit long- term instability . 
This in stability is a serious draw­
back of metal-oxide-semicondu ctor 
FET's, said \Vegener. 

\Vcgener reported that up to 10 
times thc nu mb er of ~10S devices 
c011ld b c put on th e same size chip 
by using metal -nitride-semicon­
ductor cons tru ction. He also said 
that devices built with nitride had 
higher breakdown voltages than 
devices built with dioxide insula­
tion. H e saicl p-channcl devices 
have been built with an 80-volt 
drain -to-source voltage at 10 micro­
amperes as well as n-channel de­
vices with a 45-volt ratin g at 10 
microamperes. 

In two cxampl cs illu stra ting the 
stabilitv of th e nitride devices, 
\Vcgen~r described how Sperry 
coated half of a s ili con slice vvith 
dioxide and the othcr half with 
nitride. Aftcr bathing the slice in 
socli11m chlorid e, thc changes in 
th e electrical charac teri sti cs of the 
dioxicl e-coatecl devi ces were mu ch 
grea ter th an the chan ges in the 
nitride-coa ted dcvices. In th e 
second exam plc, " 'egener said that 
after fom weeks of storage at 
300°C. a group of metal-nitride­
semi conclu ctor devices exhibited 
no changes in leakage character­
isti cs and tran scondu ctance im­
provcd s li ght] ~ · . Nitride thick­
nesses for th e device were ap­
proxim ately 1.000 angs troms. 
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SERENDIPITY IS A $985 INTEGRATING DIGITAL VOLTMETER 
What makes the VIDAR 500 a rare 
and worthwhile find is not its price 
alone . It is the combination of low 
price and performance features that 
include : 
Five full-scale ranges from ± 100 mv 
to ± 1000 volts 

Three significant digit display (over­
ra ngi ng adds a fourth from one to 
three times full scale) 

Accuracy better than ± 0.05% of 
reading ± 1 digit 

Up to nine readings per second 

Variety of plug-in options 

Built in voltage-to-frequency con­
verter produces pulses at a rate 
precisely proportional to the input 
voltage. A precision electronic count­
er counts the pulses over a fixed time 
interval and displays an integral or 
average value. This technique virtu­
ally eliminates errors caused by noise 
superimposed on the data signal. 

Used as a frequency counter, the 

VIDAR 500 ranges from 10 cps to 
200 kc with a four digit display and 
selectable gate times of 0.1 and 1.0 
seconds. 

You can own a VIDAR 500 Inte­
grating Digital Voltmeter for $985! 
Send today for the complete perform­
ance data . Your copy awaits you at : 
77 Ortega Ave., Mountain View, Calif. 

VID.A..R 
CORPORATI ON 
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Regions 

The quiet explosion around Washington 
Private R&D companies have doubled in number since 1957. 

They supply, among other things, custom eng ineering 

operational hardware, and appraisals of military projects 

By Warren Burkett 
Washingt on News Burea u 

Washington, whose only major in­
dus try is the federal government, 
has quie tly been spawning a private 
research-and-development complex 
th at employs 27,000 people. Since 
1957, the number of private R&D 
companies around Washington has 
nearly doubled, from 123 to 232, 
and 97 of them have b een formed 
since 1960. 

The e firms are attracted to 
' Vashington by the government 
R&D fund s and the opportunity 
for frequent personal contact with 
the men in government who do the 
bu ying. Also handy is the man­
power market of government peo­
pk with technical knowledge and 
contacts , who can b e lured away 
by private industry. Explaining 
" 'ashington's main appeal, Jacob 
Rabinow, president of Rabinow 
Electronics, Inc., in Rockville, Mel. , 
says: "VVashington is where the 
money grows . The government is 
the larges t bu yer of our commodity 
-research and development-so 
' Vashington naturally tend s to be a 
center for this work." 

Rabinow previously worked for 
the government in R&D. After 
leaving the Army's H arry L. Dia­
mond Ordnance Laboratory in 
" ' ashington, he founded his own 
company in 1954. Control Data 
Corp. purchased the company last 
year and Rabinow is continuing as 
pres ident of th e wholl y-owned sub­
sicl iary. 

Rabinow is not unique; many of 
th e founders of small R&D com­
panies are former government re­
searchers. Bruno 'Veinschel, pres­
ident of his ' Veinschel Engineering 
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Corp. in Kensington, Md.. also 
worked for the Harry L. Diamond 
Ordnance Laboratory; Arthur Va­
rella, vice president of Radiation 
Sys tPms, Inc., was with the Naval 
Ordnance Laboratory in VVhite 
Oak, Md.; Edward Weiss of the 
Matrix Corp. was employed at the 

t 
TO ATOMIC 
ENERGY 
COMMISSION 0 NATIONAL BUREAU 

OF STANDARDS 

NAT'L INSTITUTE 
OF HEALTH 

Aberdeen Proving Grounds, Md. 

I. Spurs to growth 

Besides the fact that the govern ·· 
rnent is the major user of R&D, 
everal recent events have spurred 

the boomlet of private R&D firms 
around ' Vashington. One impetus 

ARMY 
MEDICAL 
CENTER 

CJ 

NAVAL ORDINANCE 
~ LABORATORY 

SILVER SPRING 
0 /;..; 0 

BETHES

7
0A / o<r ""' GODDARD SPACE 

BUREAU OF PUBLIC 
ROADS RESEARCH 
CENTER 

f / 

~ o,..."' FLIGHT CENTER 
, "'c , (NASA) 

, / otv~ . 
<S), ' 

'? " 
WA SHING TON "-

'~ 

), 

~~"' l BELTWAY 

/ U.S. NAVY I 
/ HYDROGRAPHICl il 

/ OFFICE . 
/ • l 

/ 

e , LAB ~ 
/ NAVAL RESEARCH~ 

r ANDREWS AFB . '/ 
HQS AIR FORCE 
SYSTEMS COMMAND 

TO FORT BELVOIR-COMBAT 
DEVELOPMENT COMMAND/ 

Capital Beltway-U.S. 495-circles the District of Columbia 10 miles 
from its center and has become a prime attractor of R&D industry. 
The high-speed freeway passes near the major federal R&D market s. 
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WARRANTY 
TRIPLED 

TO 
15,000 
HOURS 

Two Varian klystrons in the 4.4 to 8.5 Ge range cut your 
warranty cost-per-operating-hour by a full two-thirds. 

Originally warranted for 5,000 hours, the VA-244 and 
VA-259 klystrons have demonstrated a remarkably 
long life-expectancy. In the past two years, reports 
from users around the world, as well as results from 
our own laboratory Life Tests, indicate that the oper­
ating life of these tubes is far in excess of 15,000 
hours. Therefore, we have tripled the warranty to 
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15,000 hours on both the VA-244 and VA-259 reflex 
klystrons. 

For more complete information, write Palo Alto Tube 
Division, Executive Offices, 611 Hansen Way, Palo 
Alto, California. In Europe, write Varian A.G., Zug, 
Switzerland. 

@ varian 
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HVSDL 
Mi:l -llMd#ij. .li?fj+-ij .IJ ·j -i+UM 

MOLD 
LARGER 
PROFITS 
ENCAPSULATE THE 

NEW AUTCMATEC WAY 

WITH ... 

HVFLO@ 
EPOXY MCLCING 

PCWCERS 

HYFLO® Epoxy Molding Powders are 
used to economically produce a wide 
variety of large or miniaturized 
complex, intricately shaped 
components, with the advantages 
of extreme toughness, low coefficient 
of expansion , flame-out properties, 
high dielectric strength, environmental 
protection and attractive appearance. 
They are designed for the automated 
transfer and compression molding 
of electrical-electronic components 
and are particularly economical 
when used on production runs. 

HYFLO® Epoxy M olding Powders are 
stable , one component compounds 
which eliminate the need to mix and 
oven cure. Their physical and 
electrical properties are equal to 
or better than existing liquid 
epoxy systems. 

Write, wire or call for application 
engineering assistance . . . request 
Bulletin E-500 or EMP-2. 

HYSO L CORPORAT ION • O LE AN , N EW Y ORK 

L O S ANGELES, CALIFORNIA I LONCON, ENGLANO 
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was the in creased outlay of R&D 
funds initiated during the Kennedy 
and Johnson administrations fol­
lowing cutbacks in federa l research 
funds in 1960. Also, Defense Secre­
tary Rober t S. ~l cNarnara initiatC'd 
a policy of demanding rnorC' docu­
mentary evidence in Pentagon pro­
posals to a degree never before ex­
pected or demanded. 

J\Iilita ry rn en found th ey nel' cl cd 
tli e critical advice of inclqwllll<:11L 
R&D peo ple to evaluate' proposals. 
The pri vate companies provided 
local advice and sornctimcs custom 
eng inC'cring for th e \\Titing of prac­
tical R&D contract proposals. Some 
corn panics also manufacture opC'ra­
tional hardware. 

Problem solver. Radiation Sys­
tems, In c., of Alexandria, \'a ., got 
off th e grou nd solving problems 
for skeptical governrnent adminis­
trators. F rom providing advice on 
the potentialities of , ·arious antenna 
sys tems, the company rnovC'd into 
custorn engineerin g and became a 
major contrac tor on th e :-\avy's 
Shrike mis sile. It al so developed 
and sells its own broadband (17 to 
1 rati o) microwave antenna sys­
tems. 

Another facto r strength ening the 
position of the \\ 'ashington R&D 
companies has been tllC' in creas ing 
pressure put on Pentagon people 
to an tic ipate problems and initiate 
solu tions. " You han· to be able to 
sit clo" ·n and hdp an official solve 
some of hi s problems ," says J. 
Paul \Valsh , chairman of th e r-.Ia­
trix Corp., which is opening a high­
spced, tim e-sharing data link ca­
pable of handlin g 40,000 characters 
a second . ThC' link will connec t 
\Vashin gton an d ~e"· York with 
the :\1atri '\ 709.J computer in Farm­
ingdale, L.l. 

11. Doing well 

\Vi th few except ions, all th e 
private R&D companies arc doing 
well- th e old-ti nw rs as well as 
those which ha\'e emerged over th e 
past few years. Radiation Syslcms , 
for c'\ample, will move its company 
and $.3 million worth of con tracts 
from the National Aeronautics and 
Space Administration , ::\avy and 
f\'ational Security Agency from the 
banks of th e Potomac River in 
crowclt ·d Alexandria to a 200-man 
plant in the \VC'stgate Indu str ial 
P ark in McLean. Va. 

Prime attractor. The park is lo-

Electronics I February 21, 1966 

.. 

... 



.. 

- . 

• 
.. 

.. 

.. 
.. 

cated near the new Capital Belt­
way-U.S. 495. The Beltway is 
b ecoming a prime attractor of 
R&D indush·y, and has already in­
fluenced the moving of more than 
a dozen companies . The high-speed 
freeway circles the District of Co­
lumbia 10 miles from its r;:enter; it 
passes through wooded Virginia 
and Maryland suburban real es­
tate ripe for industrial develop­
ment. The land is relatively inex­
pensive and the smokeless R&D 
industry is almost the only kind of 
indush·ial development tolerated 
by the tough zoning boards in the 
residential suburbs. 

More important, however, the 
Beltway is near more than a dozen 
gove rn m e n t laboratories, the 
sources of money for electronics 
contracts. 

From the Beltway, company rep­
resentatives can swing northwes t, 
past Rockville, Md., to the Atomic 
Energy Commission and the new 
National Bureau of Standards La­
boratories at Gaithersburg, \1d . 
The new plant for IBM's Federal 
Systems division is also going up 
near the Beltway in the Gaithers­
burg area. On beyond Germantown 
lies the U.S. Army Biological Lab­
oratories at Fort Detrick, \!Jd. 

Beltway connections with the 
George vVashington M emo r i a I 
Parkway carry contract-hunters 
downtown to the mother lode of 
research dollars : the Pentagon, the 
National Aeronautics and Space 
Administration headquarter~, the 
Department of Commerce. the De­
partment of H ealth, Education and 
'Velfare and Congress. 

Small size generally character­
izes the electronics-orien ted \Vash­
ington R&D organizations, refl ect­
ing their newness. About 60% of 
them have 50 employees or fewer. 
Only five have more than 1,000 
people: the Atlantic Research Corp. ; 
Melpar, Inc. ; Vitro Laboratories, a 
division of the Vitro Corp. of Amer­
ica; the International Business Ma­
chines Corp.'s Federal Systems di­
vision ; and the Johns Hopkin s 
Applied Physics Laboratory. 

111. Problems 

Working in Washington has its 
problems. 'Vashington bankers 
aren' t as attuned to the needs of 
R&D companies as are banks in 
other areas, says 'Valsh. Matrix 
has finall y es tabli shed a good fi-
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VACUUM+ 
CERAMIC 

JENNINGS TYPE 
Operating Voltage (16 me) 
Test Voltage (60 cycle) 
Continuous Current (16 me) 
Interrupting Rating 

RJ2A 

RF10A 

10 KV Peak 
20 KV Peak 
30 Amps RMS 
50 KW 

RJ1A 

RJ2A 
8 KV Peak 

18 KV Peak 
15 Amps RMS 

1 KW 

RJ1A 
2 KV Peak 
5 KV Peak 
7 Amps RMS 

(de resistive loads) 
Weight (OZ.) 

(up to 5 amps or 10 KV) (up to 1 amp or 1 KV) 
16 

Vacuum plus ceramic adds up to a new 
line of Jennings vacuum relays that 
brings you ( 1) High voltage hot switch· 
ing capabil ity (2) Highest RF cu rrent 
carrying ratings (3) Shock resistance 
(4) Small size and light weight (5) 
Greater reli ability (6) Low unchanging 
con tact resistance. 
These new relays eliminate the neces­
sity to redesign circuits in order to 
avoid difficult switching problems. Now 
sma ll lightweight sys tems can be de­
signed in the sure knowledge that the 
new Jennings vacuum relays offer as 
much as or more reliability and high 
performance than any other component 
in the circuit. 
The RFlOA relay features high power 
de interrupting capability up to 50 KW. 

3 

The RJ2A and RJ lA are essentially rf 
relays capable of withstanding high 
voltage and carrying high rf currents. 
Even so the RJ2A will interrupt a rather 
remarkable 1 amp at 1000 volts for 
many thousands of operations . 
Jennings also offers many glass vacu­
um relays, each designed to provide 
maximum performance to the partic­
ular segmen t of the electronic field for 
wh ich they were created. 
Our new catalog 102 describing our 
complete line of vacuum relays is avail­
able at your request. 
Jennings Radio Manufacturing Corpo­
ration - Subsidiary of International 
Telephone and Telegraph Corporation, 
970 Mclaughlin Avenue. P. 0. Box 1278 
San Jose, California 95108. 
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You iust discovered how 
super/reg@ pin-pointed 
regulation eliminates 
your worries about 
cross-talk and line losses 
in DC power systems. 

Typical super/reg zener impedan­
ces of 2 ta 8 milliohms - lowest ever 
yet achieved - makes possible .01 % 
regulation a nd .5mv ripple . 

Its unique " third" terminal lets you 
trim the output vo ltage a full ± 10% 
from nomina l, with no derating or 
degradation. 

.01 %!°C tempera ture compensa­
t ion at hig h power levels; thermal 
stability 100-times greater than that of 
the standard zener. 

Zener vo lta ges from 3.9 to 56V. 
Full 3-ampere steady-sta te rating 

up to 75 watts. 
A su per / r eg di o d e b re a ks the 

zener barrier by means of its "syn· 
thesized " construction : embodies a 
sensing brid ge, operat ional amplifier, 

thermally compensated zener diode, 
in standard T0-36 case. 

Looks, moun ts like any other diode. 
Performance-proven reliability ; patent 
pending design. Designed for M IL ap­
plications. 

Write or ca ll for complete data 
and application bullet ins . 

Semi-conducto r Division, Trio 
Laboratories, Inc., Plainview, L.I ., N.Y. 
(516) O V-1-0400. 

TWX: (510) 221 - 1861 . 

~~® 
~ 

S E Ml-CONOUCTOR, DIVISION O F 

,,,-·---- - ----. ® 

[-t_ • •:i91c•b ~ 
-............ _____ . ___ · ___________ .. __..... 

@ 1966, T RIO L ABORA T ORIES, INC . • ORIQINA f.. C ON C EP T S IN I NSTRUMENTATI ON 

This is the super/ reg® synthesized zener diode. 

See us at IEEE Booths 3G06 and 3G08 
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nan cial arrangement with a bank in 
Arlington, Va., but the company 
was forced to go to th e \Vest 
Coas t for its first development 
money, Walsh says. "The b anks 
around here just didn' t need the 
business; they knew the booming 
real es tate developments would 
borrow all the money they could 
supply," he explains . 

Also, trained professional and 
technical people are in as short 
supply in ·washington as anywhere 
else, with a spot always open for 
the exceptionally qualified. 

The future. C.G. Gulledge, pres­
ident of Dynalectron Corp. in 
\Vashington, says \Vashing ton 
needs one important element to 
keep its budding electronics and 
research industry growing: better 
graduate schools. 

" \Vashington needs an in s titu­
tion whose graduate schools in the 
sciences and technology can take 
their places in qu ality and reputa­
tion with the Massachusetts Insti­
tute of Technology and th e Cali­
fornia Institute of Technology, to 
name only two," says Gulledge. 
The lack of any such university 
around \Vashington makes it diffi­
cult to recruit " bright young men 
because th ey arc naturally inter­
es ted in pursuin g their advanced 
edu cation s toward gradu ate de­
grees in the sciences and prefer 
\\'Orkin g in Massachu setts or Cali­
fornia ," Gulledge contends. 

Others disagree. But other fed­
eral and private R&D people dis­
agree with Gulledge about th e 
lack of good universities . American 
University, George \Vashington 
University and Catholic University 
arc three good area schools, says 
John \ Vhcelcr of th e Harry Dia­
mond Laboratory. Bill H erman of 
the U.S. Combat Development 
Center feels local educational 
standards are adequate. Rabinow, 
a gradua te of the City College of 
New York, says it makes no differ­
ence wh at college an employee at­
tended, "it's what he can do that 
is important." 

With bigger and bigger federal 
budgets and an emphasis not only 
on military needs but Grea t So­
ciety goals as well-mass transpor­
tation , urban renewal, health and 
welfare and so on-more and more 
companies engaged in R&D will 
look to \Vashington as a b ase of 
operation . 
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centralab 
potentiometers 

FASTER DESIGN DECISIONS 
with the help nt the new ... ... .,, .. ...... ·-·--~·~1 ___ .,._.., .. ~· - -· ·-

CENTRALAB POTENTIOMETER CATALDO 
This unique enginePring reference provides you 
with basic design information you won 't find 
elsewhere. A section on the factors involved in 
noise con trol and a specia l article on a ttenua tor 
design typify the valuable da ta asse mbled for 
your convenience. A materials analysis and eva l­
uation section supplies application data to help 
you decide the best material, plating and con­
struction for ease, con tact, insulation and hard­
ware. A glossary of terms is included to clarify 
~·our design communications. 

Of course, the new Centralab Potentiometer 
Ca ta log gives deta iled electrical, physical, and 
mechanical spec ifications on all Centralab poten­
t iometers and vari able resistors. It describes the 
advn nt ng<'S and limita ti ons of eac h type and 
prov ides com parati ve pricing in fo rmation to help 
you decide which is best for your application . 

Rat ing ran ges-Devices rated at 1/ 20, 1/ 10, 1/ 5, 
1/4, 1/2 and 2 watts are described. 

Tapers-Graphs quickly show you the tapers avail· 
able for each type. 

Mount ings, shafts, term inals-Easy to read , illus· 
trated tables show the wide range of hardware 
options you can obtain-without tooling costs. 

Swi t ches-AC line switches are listed for most types 
as well as rotary, slide, or push types, for line and 
low voltage applications . 

.NEED PROTOTYPE QUAl\TITIES FAST ?-

Most Central ab potentiometers a rc available in 
a wide choice of resistance ra nges ancl tapers 
from Centralab Distribu tors- from stoc k. These 
uni ts are listed in the catalog as locall.v ava ilablP 
for immedi ate delivery. 

You can get your copy of this valuable publication by writing to Centralab, The Electronics Division of 
Globe-Union Inc., P .O. Box 591, Milwaukee, Wisconsin, 53201. 

FOR ADDITIONAL INFORMATION 
CIRCLE NUMBER 203 DIVISION OF GLOBE - UNION INC. 



8-6513 

ouamv 
in oeolh 

Through Centralab Resear.ch and Develop· 
ment the products illustrated on Lhese pages 
have been made available to the electronic 
industry. 

For Immediate Delivery . . . 
many of these products are stocked in quantity 
by Centralab's nationwide network of industrial 
distributors. 
For additional information on any of these 
product groups, circle the number indicated 
below, on the publication inquiry service card. 

Switches-No. 201 Integrated Circuits-No. 204 
Capacitors-No. 202 Technical Ceramics-No. 205 

~···'fowiP~mp~ P. 0. Box 591 , Milwaukee, Wisconsin 53201 
In Canada: Centratab Canada Ltd ., P.O. Box 400, Ajax , Ont. 
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ON 
YOUR 
MARK ... 

Kay 154: 50 KHz to 100 MHz 
Kay 159: 1 MHz to 300 MHz 

PM 7650 Plug-in: 
Pulse Markers 
0.5 to 100 MHz 

PM 7660 Plug-in: 
Harmonic & CW Markers 
1 to 300 MHz 

These sol id-state sweep and marker generators cover the range in 
a single sweep; prov ide a continuously-variable narrow sweep. 

Performance characteristics include line-lock, cw, manual and 
variable sweep rates, and external input. 

PM 7650 and PM 7660 plug-in marker heads offer up to eight 
optional, individually-switched crystal plug-in markers per head. 

A variable birdie marker provision is standard. All plug-in marker 
heads may be changed or added as required. 

Externa l modulation from de up to more than 15 KHz, a built-in 
detector and switched attenuator are standard features. Sweep high· 
to-l ow or low-to-high. 

For literature and prices write: 

KAY ELECTRIC COMPANY 
Pine Brook, Morris County, New Jersey • (201) 227-2000 

Wide-Sweep Generator 

IU :!:.25 db 

J llmc m300mmc 

Fu II 300 MHz Wide Video Sweep · 

:!:. 25 db 

10

0
mc 6o

1
mr 

Programmable, Voltage Controlled Oscillator 

Marker Generator 
l I I 

Pulse-Type Markers 

Harmonic (or Comb) Birdie Markers 

Single-Freq. Type Birdie Markers 

Detected Turn-Off Markers 

Undetected Turn-Off Markers 

Visit Kay at the IEEE Show, Booths 3C11·3C17 
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IS A PHOTO-CHOPPER BETTER? 
PART NINE of a series on the state of the chopper art 

Maybe. Us engineer types never get a decent clear cu t 
decision. Still, 1f the Old Man said don't use them damn 
choppers maybe you'd better go photo-chopper. If you just 
ignore the neon bulbs you could say all solid state and get 
away with it. 

It's like this. You 'll get 1500 to 2500 ohms conducting resis· 
tance if you leave the neon lamp on. If you switch it at 60 
cycles you get maybe 20 K. Dark resistance gets pretty good, 
about 109 • 

The response time is not so hot. The flaw is turn -off time. 
The cells turn on quick and off slow. You use two, which 
helps, one in series with the load, one in shunt. 

200VDC 

y y 
I I 
I I 

._ _ .... - +-j 11 
I I I 
I I I 
I b b 

~----+--+ OUT 

Type 5514 in a modulator circuit 

Output wave form 
60 cycle square wave drive 

Output waveform Output w a veform 
400 cycle square wave drive 1000 cycle square wave drive 

You really need a square wave drive for best performance. Or 
you can supply DC at about 200 volts and get the neon bulbs 
to operate as relaxation oscillators. That's Airpax part 5514. 
The chopping rate will vary directly as the DC voltage. 

So - sorry about that. It ' s still your headache. The life seems 
pretty good, we dunno how good yet, but it 's probably up to 
the neon bulb if the photo-resistors are any good. 

We will cheerfully sell you a couple thousand. 

r--
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I 
I 
I I I 

0 

I-z 
w 
u 
Cl: 
w 
0.. 

z 

>-
u z 
w 
u 
Li: 
Ll. 
J.jJ 

100 
90 

8 0 
70 
60 
50 
4 0 
30 

20 
10 

0 

I 
I 

t- - t -~11 
I 

L _____ _ 
i I 
I 6 6 _ _ _J 

Internal schematic of AC Drive Type 5510. 
60 to 400 cps . R = Limiting resistor. 

3 microvolt RMS, 50 microvolt 
peak noise across 1 megohm. 

PEAK EFFICIENCY VS . FREQUENCY 

,.... 

~ 
~ 

EFF.: AC PK PK. X 100 
OC IN 

TEMP.=25°C 

RL= I MEG 

l _l _l _lliil 
100 1,000 

FREQUENCY IN CYCLES 

60 cps square wave drive 
showing maximum eff iciency. 

60 cps sine wave drive 
showing reduced time efficiency. 

AIR PAX ELECTRONICS incorporated CAMBRIDGE DIVISION, Cambridge, Maryland 
Phone: 301 228-4600 • TWX: 301-228-3558 • TELEX: 8-7715 
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New Products 

Flatpacks take another header 
Mount for integrated-circu it packages 

crimps contacts to the ribbon leads 

A society for the preservation of 
integrated-circuit flatpacks is ur­
gently needed. Once the darling of 
the microelectronics industry, the 
flatpack is in danger of being 
wiped out by those who prefer to 
use uncased IC chips, IC arrays, 
or ungainly plug-in packages. 

But, the fourth and most prolific 
of the anti-flatpack schools are the 
mounters who try to convert the 
Ratpack into something it isn't­
a relatively large and husky piece 
of assembly hardware. They put 
the flatpacks onto carriers or into 
cavernous modules , '.vhich can 
then be plugged into wiring pan­
els. The latest and cruelest blow 
by the mounters is a header assem­
bly that costs $2 to $5. A guy really 
has to hate flatpacks to pay more 
for a mount than for many types of 
I C's. 

The header is a new product of 
A\1P Incorporated , a company 
dedicated to the preservation of 
crimped contacts. Crimping is a 
method of making electrical con­
nections by squeezing a contact 
around a lead. Untold millions of 
uncrimped contacts are b eing used 
in microelectronics equipment be­
cause flatpack leads have b een 
soldered or welded. 

AMP figured out a way to crimp 
all 14 leads of a Ratpack simulta-
1wously in seconds-less time than 
it takes to solder or weld flatpack 
!<'ads. Then AMP proceeded to 
build a mount under the crimps. 

Electronics I February 2 1, 1966 

Not content with that, the company 
attacked the flatpack's bes t fri end, 
the multilayer printed circuit 
board. Many manufacturers inter­
connect flatpacks with multilayer 
boards. 

The new headers plug into a re­
ceptacle that in turn plugs into 
conventional wiring panels or into 
simple two-sided circuit boards­
one side carrying a sheet-copper 
power plane and the other a 
ground plane. The pins of the re­
ceptacle are %-inch-long, rectan­
gular wiring posts , which permits 
all the Ratpacks on a panel to b e 
interconnected with old-fashioned 
wires. AMP recommends its own 
numerically controll ed Termi-Point 
machines for the wiring job, but 
concedes it can be done just as well 
by the \Vire-Wrap machine of its 
competitor, Gardner-Denver Co. 

For customers who insist on 
multilayer boards , AMP will soon 
introduce a receptacle that has 
long. round pins that can be sol­
dered into the round plated­
through holes of the boards. 

Richard O':-.Je il , the engineer re­
sponsible for the header, expects 
it to make an immediate hit with 
military system manufacturers who 
are more concerned with assembly 
and maintenance cos ts than with 
building smaller assemblies. "One 
of our customers," he says, "has 
been spending 14 hours to mount 
90 fl atpacks on a panel. We think 
he can do it our way in one hour." 

Crimping machine, 
simultaneously 
squeezes 14 
barrel -shaped 
contacts arou nd 
a fl atpack's 14 
leads. The process 
t akes less t ime 
t han is requ ired 
to solder or weld 
f lat pack leads. 

The time saving will result, he 
says, from performing the crimp­
ing and panel-wiring as rapid sub­
assembly operations. Besides, he 
adds , the header can be used as a 
tes t and breadboarding fixture and 
for replacing circuits that fail in 
the field. The header and recepta­
cle arc equipped with a series of 
keying and coding aids which as­
sure that the right header will al­
ways be plugged the right way into 
the proper receptacle. 

However, O'Neill admits that 
the $2 to $5 price (which depends 
on coding requirements and quan­
tities ordered) may be too high for 
commercial - equipment manufac­
turers. So he has designed a 50-cent 
version of the header that docs not 
require a receptacle. The crimps 
are made to the tops of the wiring 
posts . This version will be ready 
for sale in a month or so. 

Specif ications 

Head er dimensions 0 .61 by 0 .38 inch 
Mount ed assembly 

height 0 .35 inch 
Header-receptacle 

keying any combination of six 
positions 

Fla tpack lead 
spacing 0 .05-inch centers 

W ir ing post spacing 0 .1 and O.l 25·inch cen­
ters 

Post dimensions 0 .625 by 0 .022 by 0.036 
inch 

Crim ping machine 
rate 100 to 150 an hour (in­

cluding hand-loading 
time) 

AM P Incorporated, Harrisburg, Pa. 
Circle 350 on reader service card 
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.. --------.. TRYGON Electronics, Inc. I Roosevelt, LI., N.Y. 11575 I 
I Gentlemen: I 

Please RUSH me your newly published I HANDBOOK-free. I 
Name ..........•.........•••..•.•...•.••.•............• I 

I Title ................................................... . 

I Company ............................................ I 
I Address .............................................. I 

City .................... State ............ Zip ........ . .. _______ .. 
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New Components and Hardware 

Low-frequency filters offer 1 % bandwidth 

A line of ceramic filters for fre­
quencies from 9 to 50 kilocycles 
per second offers narrow band­
width and reasonably low insertion 
loss in a small package. Weighing 
on ly % ounce, the filters ' three­
dccibel bandwidths are 1 % of the 
center frequency , aml their mid­
band insertion loss is less than 3 
db. The filters are packaged in a 
hermetically sealed crystal can, 
type HC-6/U, which measures % 
by 5/ 16 by % inches. The manu­
facturer, the Piezoelectric division 
of the Clevite Corp., claims that 
this is the first ceramic filter offered 
in this frequency range. 

The filters were developed for a 
military communication system 
that must continue operating after 
an atomic attack; the atmosphere 
would be heavily ionized requiring 
very low frequ encies-3 to 30 kc 
-for reliable communications and 
signaling. In commercial applica­
tions , the filters may be used for 
tone signaling systems that re­
motely actuate switches or elec­
tronic circuits, for selecting har­
monics of crystal controlled oscilla­
tors , and for other applications re­
quiring narrow-band filtering. 

The ceramic filter's 1 % band-

width is broader than that of a crys­
tal filter, but narrower than that 
of a lumped-element filter. At 13% 
of the filter's center frequency, its 
response is down 20 decibels. One 
side of the response curve con­
tinues to drop gradually to 35 db, 
while the other side rapidly drops 
to 45 db and then returns to 35 
db. By reversing the connections 
of the output leads, the 45-db point 
may be placed above or below the 
center frequency; it can also be 
moved closer to the passband by 
adding external capacitance. 

Input and output impedances 
are equal, but their values are de­
pendent on the center frequency 
selected. As an example, the im­
pedance is 56,000 ohms at 10 kc, 
47,000 ohms at 20 kc, 33,000 ohms 
at 30 kc and 22,000 ohms at 50 kc. 

Over five years, aging of the 
ceramic element will result in less 
than a 0.25% increase in the center 
frequency, the manufacturer says. 
As a function of temperature, the 
center frequency will vary less than 
0.3% from -40° to 85°C. 

Specifications 

Designation 

Type 
Frequency range 
3-db bandwidth 
20-db bandwidth 
Input-output im­
pedance (ohms) 

Split-ring , low­
frequency filter 
u 
9 to 50 kc 
1 % 
13 % 

10 kc 56,000 
50 kc 22,000 

Midband insertion loss 3 db 
Package HC-6/ U crystal can 
Dimensions % by 5/ 16 by % in. 
Weight 1/. oz. 
Lead spacing 0 .120 by 0.372 in. 
Price (1 to 25 pieces) $25 

Piezoelectric Division , Clevite Corp., 
Bedford, Ohio [351] 

Wire-wound resistors 
feature high stability 

A series of prec1s1on wire-wound 
resistors offers 0.0025 % absolute 
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tolerance at 25° C with 0.0025% 
stability for three years. Series A 
is available with indicated com­
mercial wattage ratings from 0.12 
to 1 watt based on a maximum am­
bient temperature of 125° C de­
ratcd to zero watts at + 145° C. 
Resistance ranges from 1,000 ohms 
to 1 megohm. Tolerances of 1 % 
through 0.0025% are available on 
most types and resis tance values. 
Temperature coefficient is ± 10 
ppm/ ° C standard from + 10° to 
+85° C. Sizes range from 0.250 in. 
by 0.500 in. to 0.500 in. by 2.00 in. 

\\There either resistance matching 
or accurate voltage division is re­
quired over long periods of time-­
for a-to-d converters, analog com­
puters, differential voltmeters and 
guidance computers-the series A 
resistors are said to offer the ideal 
solution. These resistors are for use 
in room temperature environment. 
Kelvin , 5907 Noble Ave. , Van Nuys, 
Calif. [352] 

Prop-axial blowers 
provide high airflow 

Type PAX-3-DC prop-axial blow­
ers provide high airflow (60 cfm 
at 0 in . H:m from a small , light­
weight package. Size is 3.250 in. 
diameter x 1.75 in. maximum depth 
and weight is 6.5 oz. The blower 
is powered by a standard SS mo­
tor; current drain is 0.28 amp at 
28 , . d-c and 60 cfm free air. Stain­
less-steel shaft, ball bearings, en­
capsulated armature, and black 
anodized hou sing and blade pro­
vide environmental protection. 
~ineteen standard SS motors pro­
vide a wide variety of performance 
from 6 to 50 v d-c. 

Airflow direction is reversible by 
mounting from servo rings a t either 
end of the unit. Terminals at the 
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W~y pay custom prices for conductive plastic pots? 
Our off-the-shelf ECONOPOTsrM, the industry's only standard conductive 
plastic precision potentiometers, provide multimillion-cycle rotational 

life and infinite resolution for as little as $11.55! 

Nearly every other industry has been able to st andardize and take advantage of mass 

production. Why not the precision potentiometer industry? 

Why not? Thi s question marked the genesis of our ECONOPOT™ concept. We surveyed 

thousands of precision pot requirements, found definite common denominators, and de­

signed 18 precision conductive plastic ·models that mee t these common needs . The 

inherent efficiencies of standardization and automation enable us to offer these 18 models 

from stock at a small fraction of the pric es usually paid for prec ision pots of this quality. 

HERE'S ALL THE INFORMATION YOU NEED TO ORDER ECONOPOTs™ 

SERVO MODELS BUSHING MODELS 

MODEL TOTAL INTRO. SPECIFICATIONS 
NO. MOUNT LINEARITY RESISTANCE PRICE 

78ESAI02 Servo 1% I K $13.60 PARAMETER -VALUE 
78ESAS02 Servo 1% SK 13.60 
78ESA!03 Servo 1% !OK 13.60 Electrical angle 340• :ts• 
78ESBI02 Servo O.S% IK 16.4S 
78ESBS02 Servo O.S% SK 16.4S Noise 100 ohms maximum 
78ESB!03 Servo 0.S % !OK 16.4S 

Rotational life > 10,000,000 shaft 78ESCI02 Servo 0.2S % IK 19.SS 
78ESCS02 Servo 0.2S % SK 19.SS revolutions 
78ESC!03 Servo 0.2S% !OK 19.SS 

Resolution infinite 78EBA102 Bushing 1% !K II.SS 
78EBAS02 Bushing 1% SK II.SS Power Rating 1.25 watts at 70' C, 
78EBAl03 Bushing 1% !OK II.SS derated to o at 125°C 
78EBB102 Bushing O.S% !K 14.40 
78EBBS02 Bushing O.S% SK 14.40 Temperature Coefficient :t200 ppm/'C nominal 
78EBBI03 Bushing 0.5% !OK 14.40 of resistance 
78EBC!02 Bu shing 0.2S % lK 17.SO Resistance Tolerance :tl0% 78EBCS02 Bushing 0.25% SK 17 .SO 
78EBCI03 Bushing 0.25% ! OK 17.SO Starting Torque < 0.5 oz- in 

Prices subject to change withou t notice ECONOPOT meets all 

requirements of Mll·R-129340 

For as little as $11 .55, you can evaluate an ECONOPOT! 
For fast service, airmail the coupon . For same-day service , call us collect. ..---------------·-----------------· FREE ON REauEsT • · · ,.-----, I new england instrument company 

1 4-page technical catalog plus 
a 2S-page comprehensive report K enda II Lane • Natick , Mass. I 

of r~~~~~~Ved e~~lu~ci~~o~~i~s ECONOPOT Tel : 617·6SS·l4 1 l TWX: 6!7-87S-4261 I 
Report includes results of tests TEST If your purchasing procedures permit, NEI will I 

for mechanical strength and honor thi s signed coupon as a purchase order 
high speed rotational life; REPORT 0 Ship-units of Mod. --- at $-- ea I 

and resistance to shock, O Ship-units of Mod. -- at$-- ea I 
vibration, humidity, solder 0 send free copy of 29·page ECONOPOT Cata- I 

heating, and temperature shock. log and Environmental Test Report I 
O Send technical literature on all NEI products I 

Same-day processing on requests via coupon & capabilities I 

i.-. e·, ~~g~and ~;::~NY: i. 
ADDRESS: ___________ _ 

instrument cny, sTATE: __ z1p, __ 1 

- company .J SIGNATURE: .. • 
.. ________________________________ _ 
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Need to say a lot 

in a little space? 

(or make markings 

more durable ... or 

more economical ... 

or at higher rates?) 

We can show you how 

We can show you how to identify The answers are in proven Markem 
products so they will resist extreme machines, type and specialty inks, 
amounts of handling, abrasion, many which daily produce better product or 
solvents and other atmospheric condi- package identification by reducing costs, 
tions ... or how to sequentially number smoothing production control and in­
and identify components with savings of creasing customer acceptance. And 
more than $50 per 1000 . . . or how to while Markem machines, type and inks 
print trademark, type number, value are helping to produce better products 
and date code on 90 units a minute . . . through more complete and lasting 
or how to produce an imprint that identification, they frequently pay for 
remains readable after 1000 hours at themselves in the savings they make 
200°C. . .. or get 10 digits and 2 letters possible. Tell us what you make, what 
in a micro-circuit area of 0.090" - or it must say, and for how long: we'll give 
21 characters on a T0-5 case with inter- you a specific recommendation and cost 
changeable type number and date code estimate right away. Write Electrical 
.. . or save 75 cents of every dollar you Division, Markem Machine Co., 305 
now spend on buying, applying, in- Congress St., Keene, New Hampshire 
ventorying and discarding obsolete 03431. 
preprinted labels. 
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New Components 

motor or on the blower housing 
are s tandard. Leads can be pro­
vided. 
Globe Industries, Inc., 2275 Stanley 
Ave., Dayton, Ohio, 45404. [353] 

Coaxial connector 
with rfi filter 

A subminiature coaxial connector 
has been developed with an in­
tegral low-pass rfi filter. The filter 
of the panel receptacle rejects pas­
sage of rfi signals by 10 db at 10 
Mc, to 50 db down at 100 Mc 
throu gh 2 Ge. The elements of the 
filter are hermetically sealed for 
added reliabili ty, and the filter also 
provides the necessary shielded 
cable termination. 

The impedance of the CX con­
nector series is matched for 50 
ohms, and the vswr exhibited is 
less than 1.25 up to 6 Ge. The con­
nectors incorporate the manufac­
hirer' s Micropin and Microsocket 
contacts, which are terminated us­
ing crimp assembly techniques. 
ITT Cannon Electric, 3208 Humboldt 
St., Los Angeles, Calif., 90031. [354] 

Centrifugal blowers 
for hot-spot cooling 

A line of single and dual centrif­
ugal blowers includes 15 long-life 
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Zephyr 8 Rack 
82',4 "124"127>:Y,," 

WHAT 
SIZE 
HOUSING 

Minibox 
l o/1 "121/1 " 12 •;. .. 

Are these the ways you measure size? 
Greatest varie ty 
From the smallest box to the largest cabinet rack and 
a multitude of sizes in between, Bud makes the most 
comprehensive line of sheet metal enclosures. 

La rgest capabil ity 
112,000 square feet of floor space and every neces­
sary prod uction tool make it possible lo fabricate 
thousands of sizes and types every day. 

Best se rv ice 
A network of 400 authorized distributors stock Bud 
products for immediate de livery . They are backed-up 
by the largest factory inventory in the industry. 

Wi d est acceptance 
More engineers prefer Bud products over all other 
similar products . They have said so in several surveys. 

Most "know- how" 
Bud designers know every essential of creating hous­
ings for the electronic industry. Their services are 
available for the building of special enclosures . 

Write us for catalog l 66C. 

This attractive scale indicates the 
thickness of steel and aluminum 

gauges as well as their weights per square 
foot, It ' s FREE, write for it on your letterhead. 

• . . . 
BUD RADIO, INC • 
WILLOUGHBY, OHIO 

Circle 488 on reader service card 
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Do transient noise spikes foul up JOUf' pulse 
waveforms? Well ••• there's no need to put 
up with It any longer. With NAVCOR's Digital 
Logic Modules, you can count on 2.5v input 
noise Immunity at lmc to 5mc frequencies. 

And you can depend on getting a lot more from 
NAVCOR. Take a look at these specs •.. 

• Honest lmcspeed through use of parallel logic. 
• Up to 120 binary counter stages at lmc clock 

rate in parallel operation ... and all outputs 
settle within 150ns after the count pulse. 

• Minimum of 8 allowable stages of amplified 
logic between two flip flops, at lmc clock rate. 

• No external clamp supply required. Zener 
regulator incorporated on each module. 

• lOOns maximum rise and fall times. 
• Complete ground shielding and Input ringing 

clamps minimize backplane debugging expense. 

Sound good? There's more .. • Including the 
low prices. Mail the coupan for the full story. 

NAVIGATION COMPUTER CORPORATION 
Dept R-022 • Norristown, Pennsytvanla • 215-666-6531 
DISTRICT/ Se ..... llllJl811d • 301·577·2010 
OFFICES Ganlelt lmt, CallferU • 714-839-0232 

NAVCOR® 
Valley Forge Industrial Park 
Norri stown, Pennsylvania 

SURE DOES SOUND GOOD! Please send me all the 
data and prices on your Digital Logic Modules. 

Name _______________ ~ 

Title ________________ _ 

Company ______________ ~ 

Address _______________ _ 
City ________________ _ 

State ____________ Zip ___ _ 
Dept. El-022 ·------· Circle 167 on reader service card 167 



Depend on white -glove Tayloring! 

Five compelling reasons for 
changing to Taylor copper-clad now 
• Superior solderability • Excellent printability • Consistent uniformity 

• Surface that accepts all acid resists • Ready availability 

The first three reasons are the resu lts of white-glove handling, atmosphere­
controlled white rooms, careful processing, and an extremely tight quality 
control system (governed by Ml L-Q-9858-toughest spec in general use). 
The fo urth is assured by a specia lly developed surface finish. The fifth is 
guaranteed by two fu lly equipped copper-clad facilities-one at Valley 
Forge, Pa., the other at La Verne, Calif. 

We'll be happy to supply samples of Taylor copper-clad for test in your 
plant. Write today, describing your process and the type of copper-clad you 
use. And be sure to ask, too, for a copy of Bulletin 8-lB. 

168 

Typical high-fidelity, high-reliability 
printed circuit etched on Taylor cop­
per-clad material. Courtesy of Naviga­
tion Computer Corporation, Valley 
Forge Industrial Park, Norristown, Pa. 

T AYLOR CORPORATION • Valley For ge, Pa. 19481 

Phone: 215-666-0300 

West Coast Plant: La Verne, Calif. 

Also manufacturer of Taylor laminated plastics, Taylorite ® vulcanized fibre 
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New Components 

models that provide air deliveries 
from 10 to 1,000 cfm for dircct­
connection mounting in cabinets, 
computers, consoles or systems to 
solve localized high-temperature 
problems. The blowers can also be 
used for general-purpose cooling, 
exhaust, pressurization of C'quip­
ment, dust, fume or gas removal, 
drying, evaporation, C'tc. ~fotor and 
blown can rotatC' to blast in any 
direction. Motors may be mounted 
on right or left side of blower and 
arc available in clockwise or coun­
ter-clockwise rotations. 

They are compact-the smallest 
occupies a 3%-inch cube-hC'avy 
duty, 115 v, 50/60 cps motors; 
1,500 or 3,300 rpm ball bearing. 

Volume discount prices apply. 
Mclean Engineering Laboratories, P.O. 
Box 228 , Pri nceton, N.J. [355] 

Square trimming pots 

with high resistances 

A new line of miniature square 
trimming potentiometers is the first 
l/z-in.-square trimmer ever to olfor 
resistances as high as 100,000 ohms 
in the standard package, according 
to Conclco Components. 

Series 07 trimmer also features 
positive humidity sealing, high re­
liability, and a greatly reduced 
number of parts. A key design fea­
ture is the small trimmer's cog­
wheel drive mechanism which re­
places six parts or functions com­
mon to most other square trimming 
potentiometers. 

The 31-turn series 07 has stand­
ard resistance ranges from 50 to 
100,000 ohms , an operating tem­
perature range to + 185°C, and is 
rated at 1 watt at 8.5°C. 

Terminal configurations include 
side printed-circuit pins 90° and 
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Uniring· grounds 
a shielded cable 
in less tinie 
than it takes 
to heata 
soldering iron . 

Uniring combines inner and outer 
ferrules in unitized construction. 
Simply insert a stripped 
conductor and tap wire, then crimp. 
One crimp does it. No heat. 
No burnt cables. 
Result: A vibration-resistant, 
noise.free connection that 
is mechanically and electrically 
stab!€'. A uniform con'nection that 
takes virtually no time to make. 

65-11 
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Uniring terminations are color 
coded for fool-proof size 
selection . And the insulated 
Uniring employs a nylon sleeve 
that's flared for fast, easy insertion 
of the shielding braid and tap. 
(These connectors are also 
available uninsulated.) No other 
type of connector is as fast, as 
reliable, or as low in cost to use. 
Time.and labor savings offered 

by the compression method 
of grounding and terminating 
shielded cable are recognized 
py the military and referred to in 
MIL-E-16400 and MIL-1-983. 
Burndy Uniring terminati'or:is 
conform in all details to 
MI L-F-21608 (dated 1/ 5/ 59). 
Send today for a free sample 
and catalog. 

BU ANDY 
Norwalk [i'] Connecticut 

Circle 169 on reader service card 169 



• Unit illustrated can dissipate up to 3 kw pressurized to 20 psig. Internal 
circulation is provided by vaneaxial fans that force air through two 
air circuits su~rounding a sealed oil circuit. Matetial is aluminum alloy. 

~ STRUCTURAL 
~ heat exchangers 

cool electronics 
This new kind of electronics enclosure can help solve cooling prob­
lems in higher power level circuits-especially where you must pack 
the maximum electronics into minimum space. A typical exchanger 
measures 24" x 18" x 12" and forms a pressurized housing for a high­
powered radar modulator, a low frequency transmitter, or a power 
supply. 

Walls are only %" thick but contain two air circuits straddling a 
sealed oil cooling circuit. Janitrol precision engineering, coupled 
with new methods of forming and brazing foil-thin sheets, makes it 
possible to fabricate leak-proof housings. 

Janitrol can fabricate thin-wall cooled housings to your specifi­
cations using thoroughly proven techniques. For details about our 
capability write to Janitrol Aero Division , Midland-Ross Corporation, 
4200 Surface Rd. , Columbus, Ohio. 

170 

JANITROL AERO DIVISION 
midland-Aoss Corporation 

Circle 170 on reader service card 

New Components 

180° from the shaft, printed-circuit 
pins from the base, and insulated 
stranded leads. Center taps are 
available in any terminal configura­
tion. Prices, in quantity, start at $3. 
Conelco Components, 465 W. Fifth St., 
San Bernardino, Calif., 92401. [356] 

Miniature p-c-type 
transistor socket 

Part EX-736 socket solders di­
rectly into the printed circuit board 
and accepts the T0-60 outline 
package. Mounted height above the 
board is }:! in. maximum. Over­
all height is 0.218 in. ; diameter, 
0.370 in. maximum. 

Rugged, machined, heat-trea ted , 
b eryllium-copper contacts with sil­
ver/hard-gold finish are used 
throughout. In sulator is G-10 glass 
epoxy laminate with individual con­
tacts securely staked into it; it 
will withstand a pull-out force of 
25 lb minimum. Opera tin g tem­
perature range of the in sulator is 
150°C continuous. 

The high-reliability socket is 
particularly su itecl for airborne or 
severe service applications. 
Robinson Nugent, Inc., 802 E. 8th St., 
New Albany, Ind ., 47150. [357] 

Tight feed-th roughs 
for sealed enclosures 

,. 

A 

.. 

.. 

Electrical equipment designed for 
function inside scaled enclosu res, 
like those of nuclear reactors , need 
especially tight electrical fecd­
throughs for th eir power supply, -
control and instrumentation sig­
nals. The feed-throughs should 
withstand high temperatures and 
pressures as well as emissions from 
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300 WATTS-70 AMPS SILICON POWER TRANSISTOR 
From Si I icon Transistor Corporation come power and current ca pa bi Ii ties never 
achieved before in silicon transistors. The 2N3149, 2N3150 and 2N3151 series, in 
the 1-1/1 6" double-ended stud package. Designed specifically for military applica­
t ions where space and weight limitations are critical. Extremely low saturation 
voltage-~ 1.5 V @ lc= 50 amps-makes available new high levels of efficiency in 
power inverters and high power regulated supplies. Allowable power dissipation of 
300 watts@ Tc = 50° C; BV ceo from 80 volts to 150 volts; and hFE~ 10@ lc = 50 amps. 
As a customer service, Silicon Transistor Corporation supplies custom-designed 
types to meet specific requirements. For more information, contact: 

EAST GATE BLVD., GARDEN CITY, NEW YORK 11532, 516 Pioneer 2-4100. TWX 510-222-8258 

REGIONAL OFFICES: 
CHICAGO, ILL. 60625, 5555 NORTH LINCOLN AVE., 312-271-0366-7, TWX 910-221-1304 
LOS ALTOS, CALIF. 94022, l FIRST ST., 415-941-2842. 
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PRECISION CONTROLS 

4 CT Controlling Temperature 
in the Klystron to ±0.l' F 

When the demand 
is for +0.1°F accuracy ..• 

RELY ON Lf 0 FOR TEMPERATURE CONTROL 
No other device so small can match the performance of the new 
KLIXON® 4CT Solid State Proportional Temperature Controller 
in electronic systems that demand stabilized temperatures. 
Th is 70-gram package utilizes a magnetic amplifier and a silicon 
controlled rectifier to supply proportionally controlled power from 
zero to maximum output of 350 watts at 150°F. A thermistor 
sensor (surface element or immersion probe) provides the control 
signal. Since there are no moving parts, reliability is high. In fact, 
the 4CT passes all applicable environmental tests of MIL STD 202. 
For example: 20G vibration, lOOG shock, 50G acceleration. 
Adjustable over 75 °F, this rugged controller is available with 3 amp 
capacity for 60 cycle or 400 cycle, 115 v-ac circuits. Calibration 
range is -65 °F to 600°F. Response time is within one cycle of 
line frequency. For complete information about the KLIXON 4CT 
Proportional Temperature Controller, write for Bulletin PRET-10. 
We'll also send you the "Tunnel of Horrors" booklet telling how 
we test our EHR (extra high reliability) thermostats. 

}Cuxo~ ~METALS & CONTROLS INC. 
coNrnoL PLANTS IN ·n 5002 FOREST ST .. ATTLEBORO . MASS . 

Attleboro, Mass . Versailles, Ky. LJ/ A c o R P o R A T E o 1 v 1 s 1 o N o F 

RichmondH1ll, Ontano T E XAS INSTRUMENTS 
Holland• Italy• Australia . 

Argentina ·Brazil ·Mexico IN c 0 R p 0 R A T ED 

New Components 

radioactive particles. 
Four such parts are being manu-

factured to comply with the types ,.. 
of electrical circuit feed require- ... 
ments (low or medium voltage, con­
trols and instrumentation signals, ~ 
special wires for electronic meas­
urements, etc.). 

These feed-throughs are sup- ..,.. 
plied at both ends of the crossed 
wall with hermetic flanges and, de- " 
pending upon requirement, with an ... 
electrical connection-box or a mul­
tiple-phase connector. They are in­
tended for pressures up to 25 kg/ ,,._ 
per crn2 and temperatures up to 
200°C. Their biological protection ,. 
against radiation is equivalent to 
the one in the sealed enclosure and, 
therefore, they do not reduce the 
mechanical resistance of this en­
closure. 

The feed-throughs can be used 
in any sealed nuclear or non- ' 
nuclear equipment, should it be in 
metal , concrete or any other mate­
rial , since their lengths can be 
adapted to every specific purpose. 
ACEC, Charleroi, Be lgium. [358] 

Vacuum thermocouples 

in a matched set 

A matched set of two standard pat­
tern model MPlS .7 vacuum ther­
mocouples is available for use in 
true rms voltmeters or for convert-
ing digital voltmeters to measure 
true nns. Matching for temperature 
and tracking effects is better than 
0.5% over a 50°C range, accurate 
for frequencies from a few cps to 
10 Mc. 

.. 

,.. 

·when used with a suitable am- .. 
plifier the true rms of the input 
a-c current will be proportional to 
the d-c output current within 
0.25%. 
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Characteristics of the individual 
model MPlS.7 couples are as fol­
lows: heater current, 5 ma; heater 
resistance, 90 ohms ± 10%; couple 
output, 7 mv ± 12%; and couple 
res istance, 8 ohms ± 10%. 

Price is $24.95 per pair for small 
quantities. 
Best Electronics division, Harry Levin­
son Co., 1211 E. Denny Way, Seattle, 
Wash., 98122. [359] 

Metal film resistors 

y only 40 mils square 

- ... 

A needle and thread are shown to 
contrast the relative size of a 40-

~ mil square, microminiature metal 
film res istor. The resistors , for 
mounting in TO cans or flatpacks , 
measure 0.04 in. by 0.04 in . by 0.01 
in. As many as 36 res istors can be 
made simultaneously on a single 
substrate, and later sliced for 

~ 
production use (a substrate with 

... 16 resistors is sJ10wn in back­
ground of photo). 

The manufacturer also provides 
materials and equipment-on a 
lease or sale basis-and instruc-

• tions to manufacture these resistors 
in a customer's plant. Resistor ter-..,.., 
minals can be soldered or welded. 
The back of the board is gold 
plated to facilitate attachment to 

"'I the header. The resis tor's initial 
_ ~ tolerance is ± 10% and the tem­

perature coeffi cien t of resis tance is 
"" ± 100 ppm per °C over a range of 

-55° to 150°C. Change in resist­
ance due to load life condition is 

·-1 ± 0.5% per 1,000 hours. Power 
rating is 4 mv at 125°C. Resis tance 

"' range is 100 ohms to 2,000 ohms . 
..., Prototype quantities are avail-

able at $4 each. 
Electronic Films, Inc., 9 Third Ave., 
Burlington, Mass. [360] 
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DI-AC RO 

brand new 
pages of 
helpful 

punching 
information 

• Six basic punching concepts 
• Turret punch presses 
• Stylus operated turret 

punch presses 
• OBI punch presses 
• Single station punch presses 
• New horn punch presses 
• Adjustable punch and die sets 
• All shapes and sizes of 

punches and dies 
• T emplate layout machines 

Complete information! Illustra­
tions, descriptions, specifications 
and prices. Ask your distributor for 
the new 44-page Di-Aero punching 
catalog or write us. 

A D ivision of Houdaille Industries, Inc. 

~52 Eighth Ave., Lake City, Minn. 55041 
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460 BASIC 
PRECISION 
SWITCHES 

... at 
Control Switch! 

Sub-submi nl at ure SPOT. So 
tiny they mount side-by-side 
four to the inch! 7Vz amp ca­
pacity, exceptional shock and 
vibration resistance. 25,000 
operations min. For super­
sensitive applications. T Series. 

Subminlat ure SPOT. Stack, or 
gang mount in minimum space. 
Low movement differential and 
operating force for precision 
control in critical a pplications. 
For compact eq uipment where 
dependability is vital. E4 Series. 

Industrial sw itches. Compact, 
highest reliability for tough 
jobs. Types include: Series G, 
40 amp SP; Series D, 4-circuit 
DP for 3-phase motor control 
(not shown), Series K, 6 -ci rcuit, 
3-Pole for motor reversing. 

Environment-free miniature 
switches. Completely pro­
tected, ultra-compact package 
11/Jz" x Ya" x 11/Jz" thick. Many 
variations in characteristics and 
terminals available, including 
high temperature models to 
350F. EF-100 Series. 

Available through leading 
electronic parts distributors. 

® 

CONTROLS 
COMPANY 

CONTROL SWITCH DIVISION 
1420 Delmar Drive, Folcroft. Pennsylvania 19032 

174 Circle 174 on reader service card 

New Semiconductors 

Economy power transistors of silicon 

An economy line of silicon power 
tranisistors has been introduced by 
the Bendix Corp. The line consists 
of 27 kinds of n-p-n diffused-mesa 
transistors for amplifying, regulat­
ing and switching. A company 
spokesman says the silicon line will 
be competitive in price with ger­
manium devices , but will operate 
at higher temperature. 

Each device will carry a mm1-
mum number of ratings for a par­
ticular application; customers 
won't have to pay for specifications 
they don't need, Bendix says. The 
devices carry power ratings from 
60 to 120 watts , voltage ratings 
from 40 to 100 volts, and current 
ratings from 6 to 15 amperes. 
Prices range from $1.70 to $2.65. 

The devices are designated 
Bl70000 through Bl70026. Selec­
tions from the Hl 70000 through 
Bl70008 group are also available 
for d-c current gain at 500 milliam­
peres and 4 volts. Each transistor 
is painted a color which indicates 
the current gain: black for 20 to 
35, brown for 35 to 50, red for 45 
to 70, orange from 60 to 90 and yel­
low for 80 to 120. Bl70000 through 
Bl 70008 are intended for class B 
amplifier service. The sharpest 
drop in base-to-emitter voltage at 
500 milliamperes is 1.2 volts for all 
nine amplifier transistors. 

The Bl7009 through Bl70017, 
intended for regulator applica­
tions , carry only a 2-volt rating for 
emitter-to-base voltage with the 
collector open. This rating is 5 
volts for the other 18 types in the 
new series. The regulator transis­
tors are available with saturation 
voltages as low as 0.4 volt at a 
collector current of one ampere. 

The Bl70018 through Bl70026 

are intended for use in power­
switching applications. Three of 
the devices-the Bl70018, Bl70021 
and Bl70024-have rise time of 
four microseconds , storage time of 
0.3 microsecond and fall time of 
0.5 microsecond. The remaining six 
types in the switching-transistor 
series are not as fast. 

All 27 types are supplied in the 
T0-3 metal package. A mounting 
kit is also available that includes a 
socket, collector insulator and 
mounting-hole bushings. 

Specifications 

Collector-to-emitter voltage 
Collector-to-base voltage 
Collector dissipation 
Thermal resistance 
Collector current 
Base current 
Emit ter-to-base voltage 
Storage temperature 
Price in 100-unit quantities 
Availa bility 
Bendix Corp., Holmdel, 

40 to 100 v 
50 to 100 v 
60 to 120 w 
l.5°C per watt 
6 to 15 amp 
3 to 7 amp 
2 to 5 v 
-65° to + 200' C 
$1.70 to $2.65 
Immediate 

N.J. [361] 

Voltage-adjustable 

synthesized diodes 

... 

"' 

Five new Super/Reg zener diodes 1-

in the 75 TE series are announced, 
with zener voltages of 3.9, 4.7, 5.6, ... 
6.8 and 8.2 v d-c. The synthesized 
diodes are assembled from mili-
tary-grade ultraminiaturized circuit " 
components, and are mounted in 
standard T0-36 corrosion-resistant, ,. 
hermetically-sealed cases. Connec- I-" 

tions are the same as for a standard 
zener diode, with the addition of a 
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You need 

1 
very special switch. 

Control Switch has 

167,921 
very special switches. 

How can you beat odds like that? 

We'll get even more specific. 

These 167,921 very special switches include 
pushbutton , basic precision, toggle , leaf and lever, 
interlock and limit, lighted panel, hermetically­
sealed and environment-free switches. 

Another specific. They're good ones ... for 
equipment, systems, products that must reflect the 
integrity of the maker. 

Doesn't it seem like a waste of time to pore through 
catalogs from umpteen suppliers when you're so 
sure of getting what you want through one of our 
distributors, one of our salesmen, or through us? 

Send for any or all of the catalogs listed at 
the right. If you get them all , you'll have a real 
switch reference file! 

CONTROLS 
~COMPANY 
~OF AMERICA 

® 

CONTROL SWITCH DIVISION 
, 1420 Delmar Drive, Folcroft. Pennsylvania 19032 

Here's the list. Check numbers on 
the Reader Service Card correspond­
ing to those on the left below for the 
catalogs you want. 

.7':481 Condensed Switch Catalog 
100 

# 482 Basic Snap-Action Switch 
Catalog 110 

# 483 Toggle Catalog 180 
.It484 Indicator Light Catalog 120 
:/t485 Hermetic Switch Catalog 130 
:lt486 Switchlite Catalog 220 
# 487 Pushbutton Catalog 190 

P.S. For an idea of what we have in basic precision 
switches alone, see our ad on the facing page. 
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the DIGITAL PRINTER - DataPrinter 

the METER PROTECTORS 

the POWER 
SUPPLIES 

and TESTERS 
for Transistor 

or Components ... 

REO division of SPECTRA-STRIP CORP. has the capabilities. 

Did you know the DataPrinter is the only read-out and print-out dig­
ital printer complete with electronic interface? And a basic price of 
$350.00 plus $115.00 per column ... see how compact ... also the 
service features of the printer's interchangeability of plug-in modules 
... Reo's DataPrinter can be customized to fit your requirements. 

REO DIVISION CAPABILITIES 
REO Offers Highly Specialized Talents in Data Handling and In­
strumentation to both Military and Commercial Industry - Proven Ex­
perience of REO's Professional Engineering Staff - Integrated with 
Production "Know How" - Offers Outstanding Reliability to Military 
and Commercial Customers in all Areas of Design, Studies and 
Production. 
DEVELOPMENT Digital/ Analog Data Handling Systems - Signal 
Condition ing Systems & Equipment - Commercial & Military Products 
- Infrared Systems & Products - Telemetry Range Systems & Equip­
ment - Integrated Circuits - Radar Peripheral Equipments - Ocean­
ographic· Data Systems and Sensors - Commercial Data Systems -
Instrumentation Electronic Assembly - Packaging - Industrial Data 
Systems. 
ASSEMBLY & PRODUCTION Electronic Assembly & Fabrication -
Wiring - Testing - Packaging - Integrated Circuit Assembly. 

Plan to investigate the Rea's Prod11 ct Tin f' today . For more information 
on the above products send for Tmlletin No . SSRD 101 ... we welcome 
inquiries for custom requirements. Call or write : 

EXCELLENCE IN ENGINEERING 

SPECTRA-STRIP CORP. 
P. O. Box 415, Garden Grove, California 92642 
Tel: (714) 537-4530 TWX: (714) 530-0313 

Circle 176 on reader service card 

New Semiconductors 

third terminal which may option­
ally be used for voltage adjust­
ment. 

The third terminal permits the 
user to set the zener voltage at any 
desired value within ± 10% of the 
nominal (two-terminal) value by ex­
ternal connection of a l/s-watt re­
sistor of appropriate value between 
this terminal and the ·anode (to de­
crease the voltage) or cathode (to 
increase the voltage) . 

The diode has a maximum zener 
current rating of 3 amps, thus pro­
viding nominal power dissipation 
rating of 12 through 25 w. Maxi­
mum junction temperature is 
175°C, thermal derating is 2°C per 
watt, and case temperature operat­
ing range is -55° to +125°C. 

The lower zener impedance (6 to 
15 milliohms design maximum; 
typically, half of these values) var­
ies by only a few milliohms over 
the entire operating range, so that 
regulation at the 10-ma level is 
comparable to that at the 3-amp 
level. 

Sample units arc obtainable at 
$59.50 per unit (all types) ; quan­
tity discounts are available. 
Semiconductor division, Trio Labora· 
tories , Inc., 80 Dupont St. , Plainview, 
L.1., N.Y. [362] 

Power transistors 
offer low saturation 

A family of low-saturation germa­
nium power transistors has collec­
tor currents ranging from 150 amps 

... 

( 

.. 

,.. 

to 200 amps. They were designed 
specifically for high-efficiency con­
version of the low-voltage output ~ 
of fuel and solar cells , thermionic 
and thermoelectric generator s , 
single-cell batteries, and other 0.5 v 
to 2.5 v power sources to a more 
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Blackstone's new 
• • vapor nnse series 

for big, bulky 
assemblies. 

~·w-·~~.,=~ , , 

[like motors, for instance.] 
Now get both ultrasonic scrubbing and vapor rinsing for large, 
hard-to-clean assemblies with this entirely new Blackstone 
cleaner. 

Available with ultrasonic and vapor rinse tanks in sizes from 
12" x 12" x 9" to 24" x 18" x 19", and designed for use with 
DuPont "Freon"® cleaning solvents, the Large VR features 
continuous filtration and two control systems. A foot switch 
controls ultrasonic wash, spray and rinse cycles. The photo· 
electric control may be used on pre-set ultrasonic cycles for 
repeated cleaning of like parts. 

And consider these other Blackstone features: 

• Rounded-corner 316L Stainless sfoel tanks-for easy main• 
tenance and corrosion resistance. 

• Solid-state generator-providing manual power control from 
0 to 1003, a Blackstone exclusive. 

• Automatic timer control-enabling pre-set wash, spray and 
rinse sequencing. 

• Vapor tank contamination indicator (optional)­
permits positive control over contamination 
build-up. 

•Hand-operated spray wand (optional)-for 
manual spraying of the cleaned part. 

Write and tell us about your cleaning problem. 
We'll report right back on what a Blackstone 
VR unit can do for you . 

AUTHORIZED 
SALES AGENT 

• BLACKSTONE ULTRASONICS, INC. 
1400 Howard St. • Sheffield, Pa. 

Circle 489 on reader service card 

~ CALLON 

·nurst-POWER 
FOR YOUR APPLICATION 

N;fh u rst 600 IN. oz . 
HYSTERESIS REVERSIBLE SYNCHRONOUS 

INSTRUMENT 
MOTOR 

•HEAVY DUTY GEARING 
• NO LUBRICATION REQUIRED 
•CAN BE STALLED WITHOUT OVERHEATING 
For long life and higher torque applications. Of· 
fers instrument manufacturers high performance 
and economy. Starting torque is uniform; 
smoothly, rapidly accelerates into synchroniza· 
tion. Capacitor included. 

MODEL EA 

MODEL CA 

MODEL Slot 

OOEL 19C-SM MODEL AR -DA 

MODEL ~C· DA MODEL AR· SM 

1501N.OZ.OFTORQUE 
AT 1 RPM (Unidirectional) (EA) 

Open frame, shaded pole, extremely cool 
running. Bronze bearings, brass gears, hard­
ened steel pin ions and wheel shafts, stainless 
steel output shaft. For dependable, low·cost 
timing applications . Wide range of speeds . 

1201N.OZ.OFTORQUE 
AT 1 RPM (Reversible) (DA) 

Timing accuracy both clockwise and counter .. 
clockwise . SPOT switching. Case 2 1/2" diam ., 
J 3J.. "' long. Will not overheat. Capacitor 
included . 

lOOIN.OZ.OFTORQUE 
AT 1 RPM (Reversible) (CA) 

Features 1200 rpm rotor speed for quiet per• 
formance . Extremely versatile (animated dis .. 
plays, program instruments, outdoor adver .. 
ti sing, etc.) Wide range of output speeds. Will 
not overheat. Capacitor included. 

RATED 40 IN. OZ. OF TORQUE 
AT 1 RPM (Unidirectional) (SM) 

For tough jobs demanding accurate timing. 
Excellent shock and vibration resistance. 
Starts instantly at full torque. Will not over­
heat. Wide range of output speeds . 

40 IN. OZ. OF TORQUE 
AT 1 RPM (Unidirectional) (PC-SM) 
120 IN. OZ. OF TORQUE 
AT 1 RPM (Reversible) (PC-DA) 

Both are positive clutch and instantaneous 
brake motors. For extremely fast starts and 
stops. Motor runs continuously with clutch 
and brake controlled by switching actuator 
only . Clutch starts output shaft within 20 
milliseconds; brake stops output shaft within 
1 / 5° at 1 rpm: with 12° at 60 rpm . Motor on 
AC voltage; actuator AC or DC . Either can be 
supplied in any vol tage combination when 
motor is AC . Will not overheat. 

lOOIN. OZ. OFTORQUE 
AT 1 RPM (Reversible) (AR-DA) 
40 IN. OZ. OF TORQUE 
AT 1 RPM (Unidirectional) (AR-SM) 

Automa tic reset. Planetary.type clutch oper· 
ates directly upon output shaft. When de· 
energized, shaft is manual o r automatic re· 
set . Addition of external return spring to 
output shaft provides automatic reset on 
either model. Motor on AC voltage; actuator 
on AC or DC. Either can be supplied in any 
voltage combination when motor is AC. Will 
not overheat. Capacitor included. 

STANDARD SPEEDS STOCKED BY 
YOUR HURST DISTRIBUTOR 

t 
MFG. CORP. • PRINCETON, INDIANA 
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NE~ 

TELEMETRY PRODUCTS 

PDC-101 PREDETECTION CONVERTER 

• Dual Down Converter, Dual Up Converter, 
or Down/Up Converter 

• No Adjustments Required When Changing 
Frequencies 

• Five Selectable Record/Playback Frequencies 

• Internal AGC for Optimum Playback Level 

• All Solid-State Design 

c} -t:~-;' :.8-
., •• * 

fi*Uftli\tl 

COD-2000 CONVERTER/DEMODULATOR 

• Two Complete Down/Up Converters with 
Integral Demodulators 

• Choice of Demodulators and IF and Video 
Bandwidths 

• No Receivers Necessary for P~ayback 

• Adjustable Video Output Levels 

• All Solid-State Design 

.blro ELECTRONICS 
Prod ucers of NEMS-CLARKE Equipment 

A Division of Vitro Corporati on of America 
919 Jesup-Blair Drive • Sliver Spring, Maryland 

2301 Pontius Avenue • Los Angeles 64, California. 

Circle 178 on reader service card 

New Semiconductors 

usable higher voltage. 
The characteristics of the mw 

transistors that make practical the 
construction of high-efficiency volt­
age converters compatible with the 
low-output voltages of direct energy 
sources are: an extremely low col­
lector saturation voltage (70 rnv ), 
coupled with high-gain and low­
input resistance at collector cur­
rC'nts to 200 amps. 

The transistors are furnished in 
a double ended configuration. MHT 
2110 to MHT 2112, and single 
ended MHT2150 to MHT2152. 
They are priced from $190 to $280 
in quantities of 100 and are avail­
able from the factory. 
Solitron Devices, Inc., 1177 Blue Heron 
Blvd .. Riv iera Beach, Fla . (363] 

Photocell improves 

punched-tape reading 

t 

.. 

.. 

An improved nine - e 1 e rn en t, 
punched-tape readout has been 
introduced. Silicon photocell NSL-
701-9A is especially designed to 
operate under d-c bias conditions 
required by silicon transistors. 

Typical single-segment reverse 
current at -1.0 v and 55°C is now 
1 µ.a. This represents an improve­
ment by a factor of ten over pre­
vious units. Typical output is 0.375 
ma per segment at 500 footcandles, 
2800° K. 

The output of each segment in 

• 

the array is matched within 10% . 
The array is mounted on a brass 
block 0.9 in. long, 0.2 in. wide, 
0.180 in. thi ck, with 10 leads each ..,, 
6 in. long. 

Samples are immediately avail­
able. Production quantities can be 
delivered within 4 to 6 weeks; 
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New, low-cost 
Philbrick m ..:U:).B~~ P3SAU 

lilOt.tO STA.T• 
Ofl"ff!'tAT!ON.l.l. 
.\M~~!ttR • I, I 

.1 .1 1 

Operational • I I 
,;., i 

Amplifiers ~ ... I 

• • • I ~A~ 
PS SAU • • I I aol..lO•T.11.T&: 

Ol"tUtATIONAL 
AM,.,..,.lll:R 

ii..1 I ,.,,i I 

Philbrick has always produced a wide variety of cool, reliable, solid 
state operational amplifiers for measurement, computing, control, 
data processing and testing. They provide premium performance 
and are priced accordingly. Their specified operating temperature 
exceeds -25° to +85°C. Now Philbrick also offers economical equi\·­
alents of many of the most popular types in a utility grade, at sub­
stantially reduced prices. Savings generally exceed 50%. Yet, these 
utility grade amplifiers have identical performance with their prem­
ium grade equivalents within a limited temperature range, usuall y 
0° to 60°C, but operate over the full range. And they too carry a two­
year warranty. For a chart giving clet.ailed comparative specifica­
tions of more than 60 Philbrick Operational Amplifier types write, 
wire or phone: Philbrick Researches,22F Allied Drive at Route 128, 
Dedham, Massachusetts. Telephone (617) 329-1600 . 

.i.. I ' .. 

Engineering Representatives 
Ala .: Huntsville (205) 536-8393, Mobile (205) 954-9'298; Ariz.: 
Ph oenix (602) 265-3629; Cal. : Los Angeles (2 13) 937-0780, 
Palo Alto (415) 326·9800, San Diego (7 14) 222-1121; Colo .: 
Denver (303) 733-3701; Conn .: West Hartford (203) 233-5503, 
Greenwich (203) 661-5140; Fla.: Ft . Lauderdale (305) 564-
8000, Orlando (305) 425·5505; Ill. : Chicago (312) 676-1100, 
(3 12) 676- 1101 ; Ind .: Indianapolis (~17) 356-4249; La .: New 
Orleans (504) 242-5575; Md.: Baltimore (301) 727-1999; 
Mass. : Wakefield (6 17) 245-5100; Mich .: Detroit (313) 838· 
7324; Minn.: Minneapolis (6 12) 545-4481 ; Mo.: St. Louis (3 14) 
741-3779; N. M.: Albuquerque (505) 268-3941; N. Y. : Buffalo 
(716) 835-6186, DeWitt (315) 446·0220, Valley Stream (5 16) 
561-7791; N. C.: Winston-Salem (919) 725-5384, (9 19) 725· 
5385: Ohio : Dayton (5 13) 298-9964, Westlake (2 16) 871-8000; 
Okla .: Tulsa (9 18) 627-6199; Pa .: Philadelphia (2 15) 277·0559, 
Pittsburgh (4 12) 371-1231 ; Tex .: Dallas (2 14) 526-8316, 
Houston (713) 781-1441 ; Utah : Salt Lake City (801 ) 466-4924; 
Va. : Alexandria (703) 836-1800; Wash .: Seattle (206) 723-3320. 
EXPORT: N.Y.: New York (2 12) 246·2133. 
CANADA: lluebec: Montreal (5 14) 482-9750, Ontario : Toronto 
(416) 789-4325. 

ELECTRONIC ANALOG COMPUTING E QUIPMENT fo1· MODELLING. MEASURING. MANIPULATING and MUCH ELSE 

PHILBRICK 
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• SIZE: .220" dia. 15/32'' length 
• Q @ 100 me: >5000 
• CAPACITANCE RANGE: 0.4-6 pf 
• NON-MAGNETIC 

New miniature series features high quality materials and 
workmanship typical of all Johanson Variable Air Capacitors. 

..-11.~ Write or Phone 

~111(_) MANUFACTURING CORPORATION 
400 Rockaway Valley Road, Boonton, N. J. Phone (201) DEerfield 4·2676 

Circle 490 on reader service card 
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New Semiconductors 

prices start at $19 each for small 
quantities. 
National Semiconctuctors, Ltd., 2150 
Ward St. , Montreal 9, Canada. [364) 

Tunnel diode chip 

can switch at 5 nsec 

A tunnel diode chip measuring 
only 0.040 in. square is capable of 
switching at 5 nanoseconds. Chip 
tunnel diodes operate in the 60 to 
700 mv range and have peak cur­
rents of 0.47 through 10 ma. 

The CTD 100-400 series chip is 
said to be ideal for use in com­
puters. It is subject to very little 
environmental degradation, and is 
suited to use in airborne computers 
which are subjected to extremes of 
shock and vibration. 
Hoffman Electronics Corp., 4501 North 

... 

-

... -

• 

, 

... .. . 

Arden Drive, El Monte, Calif. [365) ~ -

MOS shift register costs 
52 cents per function 

The 90-bit (dual 45-bit) dynamic 
shift register, MEM-4020, operates 
in computer memory systems at a 
clock frequency up to 1 Mc. One 
of the most complex digital-inte­
grated circuits available commer­
cially, this new device contains 542 
MOS (metal-oxide silicon) tran­
sistors on a silicon chip only 58 
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mils b y 80 mils. 
The unit is priced a t $46.80 in 50 

to 99 quan tities and $81 in sample 
quan tities of 1 to 9. The $46.80 
price is equivalen t to a cos t of only 
8V2 cents per MOS transistor, or 
52 cents per bit function, compared 
with a list price of at leas t $15 fo r 
each of the 90 conventiona l bipolar 
microelectronic J-K flip-flops it re­
places. 

The shift register can operate 
either in parallel, to provide two 
45-bit delays, or in series to pro­
vide a total of 90. 
General Instrument Corp., 600 West 
John St., Hicksville, N.Y. (366] 

Npn power transistors 

in T0-8 package 

Two families of npn silicon power 
tran sistors are available in the T0-
8 package: a 5-amp series and a 
10-amp series . The manufacturer 
says both transistor familles fea­
ture excellent dissipat ion capabili­
ties , low saturation voltages (0.5 v 
at l e = 1 amp on the 5-amp series, 
and 0.5 v a t I (' = 5 amp on th e 10-
amp series); 3 gain ranges (20 to 
60, 40 to 120, and 100 minimum); 
and typical frequ ency of 20 ~le. 
\ Toltagcs for both families range 
from 40 v to 80 v (BVrno) . 

The 5-amp series are identified 
as the t-. 1HT4611 to MHT4619 and 
range in price from $12 to $30 for 
quan tities of 100. 

The 10-amp series is identified 
as the ~1HT7511 to MHT7519 and 
range in price from $16 to $32 for 
100 of them. 
Soli t ron Devices, Inc., Tra nsistor Divi­
sion, 1177 Blue Heron Blvd ., Riviera 
Beach, Fla., 33404. (367] 

Full-wave bridges have 

avalanche rectifiers 

Compact full-wave bridges are 
available with silicon rectifiers 
which have avalanche characteris-

Electronics I February 2 1, 1966 

150 db Common. Mod·e Rejection 
SHIELDED TRANSFORMERS 

SIGNAL-GUARD 
TRANSFORMERS 

Low and Med ium Frequency (DC to 100 KC) response 
Designed for use in analog acqu isi tion and computation equipment 
use. Signal Guard provides isolat ion , voltage comparison, imped­
ance matching, and common mode rejection. 

DATA-GUARD 
TRANSFORMERS 

High Frequency Signal (1 kc-20 me) 
Designed and shielded to isolate and terminate high frequency sig­
nal data in the form of pulses, AM and FM modulated carriers, 
multiplexed signals, and other low to high frequency data. 

ELECTRO-GUARD 
TRANSFORMERS 

Power (1 watt to 100 VA) 
Electrostatically shielded for use in signal conditioners, bridge sup­
plies, and Zener reference supplies to isolate circuits from noise 
transients and undes irable common mode voltages commonly car­
ried on electrical power lines. 

Write for complete technical details and specifications . 

KEY SUPPLIER df.~!Ml~~ OF COMPUTER ~ 

CONTROLS @ 

ELECTRONICS INC. 

4050 North Rockwell· Chicago, Illinois 60618 • 312-463-6500 ·TWX 312-222-07 45 
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There is no higher 

telephone 
quality 

handsets 
standard for handsets. Specify famous 
Stromberg-Carlson ... known to 
telephony since 1894. 

Both models shown incorporate push­
to-talk switches and high-gain receivers 
and transmitters. 

No. 33 lightweight handset is furnished 
with a rocker bar switch. 

No. 35 comes with a button switch, or 
with both the button and rocker bar 
switches. 

Write for complete technical data. 

STROMBERG-CARLSON 
A Subsidiary of General Dynamics 

114 Carlson Road • Rochester, N.Y. 14603 

New Semiconductors 

tics. The rnanufachirer says these 
avalanche characteristics protect 
the rectifiers from damage by re­
verse voltage transients, yet the 
rectifiers cos t no more than units 
without this protection. 

Model S-6211 assemblies are 
available with peak inverse volt­
ages of 200 to 800, covering a wide 
range of applications. A 2-amp, 
d-c current rating is common to all 
models. Neither voltage nor cur­
rent derating is required to 75°C. 

The rectifier assembly mounts on 
either chassis or panel with only a 
single number six screw, measures 
only % in. by % in. by % in . (ex­
cluding terminals) and is sealed for 
protection against adverse environ­
ments. 
Sarkes Tarzian Semiconductor Division, 
415 North College Ave., Bloomington, 
Ind. [368] 

Planar, npn-type 

silicon transistor 

,_../ 

Th e VX-3375 silicon planar npn 
transis tor provides 5 watts at 500 
~1 c. with maximum junction dissi­
pation of 11 watts through its 
beryllium oxide base. 

This epitaxial device has low· in­
duction ribbon leads, low parasitic 
capacitance, low junction-to-case 
thermal resistance and a beryllium 
oxide base readily solderahle to a 
dissipator. In a lumped-element 
test circuit, the h·ansistor delivers 
6 db gain at 500 Mc, yielding a 
5-watt output at 53% efficiency. 
The unit has operated in co-ax cir­
cuits with outputs greater than 100 
mw at 2 Ge. 

Price is $60 each in quantities of 
100. 
Vector Solid State Laboratories, Vector 
division of United Aircraft Corp., South­
ampton, Pa. [369] 
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FEATURING 
• Noise figures to 2.5 db • Solid State 
Reliability • Low input and output VSWR 
• RFI and Weatherproof housing • Oc­
tave coverage to 1000 MHz • With or 
without power supply 

FOR EXAMPLE 

Model 8505 

Frequency: 200 · 400 MHz 
20 db (min.) Gain: 

Noise Figure: < 4 db over band 
50 ohms Input and Output Impedance: 

Input and Output VSWR: 
Price: 

2:1 typical over band 
$495 

Utilizing RHG 's broad background in low 
noise pre-amplification , an additional 43 
CUSTOM DESIGNS have been produced. 
The solution to your problem may be on 
file in our library now. 

For specials , test our ONE-DAY-QUOTE Ser­
vice. For standards, see complete listing in 
EEM Section 3400. 

RHG ELECTRONICS LABORATORY, INC. 
94 Milbar Blvd., Farmingdale, N.Y. 11735 

(516) 694-3100 
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PROTECTION CIRCUIT 

Drafting room backlog piling up? Cost of engineering drawings 
and technical documentation soaring? Mergenthaler has an 
answer to these problems. 

In recent months, aggressive managers have been looking at 
The Diagrammer, a practical approach to automating drafting. 
The demonstrations they attended showed: 

• A 400% time saving over manual drafting. 
• "Better than inked" quality; ideally suited to microfilming. 
• Ease of operation-minimum operator training. 
• Matchless flexibility-adapts to most types of drawings. 
• Low initial cost-ease of maintenance. 

Interested? A call or a note on your letterhead will bring the 
help you need : the full story of The Diagrammer. 

For full information on the 
Mergenthaler Diagrammer, 
call or write: 

Charles L. Houpt, Manager 
Advanced Systems Marketing 
Mergenthaler Linotype Company 
29 Ryerson Street 
Brooklyn , New York 11205 
Telephone : (212) UL 5-0300 

Mergenthaler 

MICROWAVE FM and AM RECEIVERS • MICROWAVE MIXER PREAMPS THE DIAGRAMMER. 
LINEAR and LOG IF AMPLIFIERS • BF and OCTAVE AMPLIFIERS . 

Circle 505 on reader service card Circle 183 on reader service card 183 



Picking 
the right 
miniature 
connector 

is a small problem 
It's not hard to locate a miniature con­
nector small enough to meet tight 
space specs. Lots of people make them. 

There is a small problem, though, in 
finding the quality you need at the 
price you'd like to pay. 

That 's why business is boomi ng at 
Transitron 's Precision Connector Divi­
sion. We design and produce miniature 
and subminiature connectors to exceed 
- not merely meet specifications. They 
are built to outlast the equipment you 
mount them on. Precision fabrication, 
knowledgeable design, the finest ma­
terials provide a combination that can't 
be surpassed by any manufacturer. Yet 
in quantity they cost no more than units 
that will barely squeeze by incoming 
inspection. 
Send today for our new condensed catalog 
covering a complete line of miniature and sub­
miniature connectors , as well as printed circuit 
connectors and many other types . And if you 
need a custom connector design, we're your 
source . just give us the facts. 

P}C}D 
Precision Connector D ivision 

Transitron . 
electronic corpbrat1on 
Wakefield , Massachusetts 

184 Circle 184 on rea der service card 

New Instruments 

Low-cost synchronizer stabilizes frequency 

Engineers are often unwilling or 
unable to pay the high price for 
ultrastable signal generators which 
produce the signals for testing 
radio receivers and doppler radar 
systems. But now, The Hewlett­
Packard Co.'s synchronizer pro­
vides two of the company's signal 
generators with a frequency sta­
bility approaching that found in 
frequency synthesizers, and at 
about 10% of the cost. Designed to 
work with H-P's model 606B and 
608F signal generators, the syn­
chronizer's phase-locking circuits 
stabilize tes t signals to 455 mega­
cycles within 2 parts in 107 over a 
10-minute period. This performance 
can be improved with an ex ternal 
frequ ency source that is more 
stable than the internal one b e­
cause the synchronizing stability is 
limited only by this reference. The 
company says this stability is at 
least 250 times better than in stand­
ard generators operating in this 
frequency range. 

Unlike other synchronizers, the 
model 8708A achieves frequency 
stability at any frequency from 50 
kc to 455 \1c, because it is not re­
stricted to phase-locking at multi­
ples of the reference frequency. 
This instrument has an ultrafine 
frequency vernier which tunes the 
internal reference oscillator over a 
range of ±0.25% and permits fre­
quency settings to 2 parts in 107 • 

In this way, applications requiring 
high stability and precise settings 
-such as testing closely spaced 

communications channels or high­
Q fi lters-are easily handled. 

The 8708A synchronizer is easy 
to use; phase lock is es tablished 
automatically and no manual search 
is required. As soon as the equip­
ment is connected and the fre­
quency range is set by the opera­
tor, the automatic search in the 
8708A locates the signal and locks 
on to it. The search is then dis­
abled. If the signal generator out­
put drifts from its setting, the syn­
chronizer puts out a d-c signal 
which rebiases the varactors in the 
generators to reestablish the de­
sired frequency. 

If the frequency generator set­
ting is changed, there will be no 
change in its output frequ ency un­
less it is tuned beyond the hold-in 
range at one lock point. The auto­
matic search establishes lock at 
the next point. These lock points 
are multiples of the 20-Mc internal 
reference. To change the generator 
frequencies continuously, the fre­
quency vernier must be used. The 
range of the vernier, 0.5%, is con­
siderably wider than the interval 
between discrete lock points. 

An external 20-Mc frequency ref­
erence can replace the self-con­
tained reference. However, in this 
case, the resultant stability is that 
uf the external reference. An ex­
ternal reference also results in only 
discrete lock points unless the ref­
erence is frequency tunable 
± 0.25% around 20 Mc. With a 
fixed reference, the interval be-
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tween lock points varies from 62.5 
cycles at 50 kc to 500 kc above 210 
Mc. 

_ >. Specifications 

.. 

Frequency range 50 kc to 500 Mc 

Input signal level 50 kc to 20 Mc: 0.25 
(signal to be stabil- to 5 volts peak-to-peak 
ized) 10 to 500 Mc: 300 

mv rms, ::+::3 db 

Internal frequency Short term: 5xlO-•/ 
reference stability minute with tempera· 

tu re: 

Power 

Price 

2 x 10- 7 / 10 minutes 
Long term: 2xlO-• 
day with temperature 
2 x l0-1 / ' C to 55•c 
with line voltage: 2 x 
10- 7 /10 % line voltage 
change 

115/230 volts ::!:10%, 
50 to 400 cps, approx· 
imately 48 watts 

$1,800 

Hewlett-Packard Co., 150 1 Page Mill 
,. Road, Palo Alto, Calif. [371] 

- .. 

• 

- . 

- ... 

Spectrum analyzer 

is a real-time unit 

.. .. ;.. , 

A real-time spectrum analyzer now 
being offered uses 100, 250 or 500 
magnetostrictive filters to achieve 
narrow-bandwidth analysis of tran­
sient or repetitive events in a range 
to 100 kc. The magnetostrictive fil­
ter design is said to be especially 
stable and reliable under wide tem­
perature variations and under se­
vere mechanical conditions. 

The series 100 Rayspan instru­
ment is especially designed for lab­
oratory and investigative operation 
in radar and sonar doppler effects; 
seismic, oceanographic and geo­
physical events; telemetry; and 
medical signals. In its 500-filter 
mode the analyzer can provide up 
to 100,000 samplings per second, 
obtained through capacitive com­
mutation. All spectral data are pre­
served for scope presentation and/ 
or for chart or other type of record­
ing or display. 

The analyzer is applicable in a 
wide dynamic range of 50 db, with 
individual filter bandwidths con­
trollable to 3 db (3 to 120 cps). 
Threshold signals as small as 0.250 
mv may be used, but maximum 
6-v output requires input of at least 
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Ballantine Model 440 Micropotentiometer 

Model 440 Micropotentiometer being 
used to calibrate voltmeter on right 

Calibrate your ac Voltmeters,Signal 
Generators & 'Scopes to 900 MHz 
Ballantine's Model 440 Micropotentiometer provides a precisely determined 
voltage at its output terminal when 0 to 900 MHz current is fed into the 
input terminal. The input current flows through a UHF-type thermocouple 
to a radial resistor of known constant value. The voltage developed across 
this resistor becomes the standard which is used to calibrate electronic volt­
meters, oscilloscopes, and other voltage-sensing devices. 

USEFUL FEATURES: 

Is simplest and most accurate method k n own to -

1. measure relative frequency responses of ac voltmeters 
and oscilloscopes. 

2. measure absolute accuracy of ac voltmeters and oscillo­
scopes. 

3. measure absolute accuracy of output of signal generators. 

Model 440 units are available for use from 15 microvolts to 1.5 volts. 
Price: $175 per resistor, plus $75 per thermocouple housing assembly. 

OTHER USEFUL BALLANTINE REFERENCE STANDARDS 

Model 393 HF (High Frequency) Transfer Voltmeter 
Measures accurately ac voltages of 1 to 100 V at frequencies from 25 Hz to 
30 MHz. Accuracy is better than 0. I % up to IO MHz and better than 0.5% 
to 30 MHz even without application of calibration data. Price: $1270 with 
six probes. 

Model 390 A·T (Attenuator-Thermoelement) Voltmeter 
Laboratory standard device consisting of an adjustable waveguide-below­
cut-off attenuator feeding a UHF vacuum thermocouple for measuring volt­
ages from 0.5 V to 300 V (depending on frequency) from 1,000 MHz to 
10 MHz. Price: $ 2250 
~ Write for brochures giving complete details r., -S ince 193 2 -

J, BALLAN!,!!!~ N~~!s~RATORf £5 INC. 

CHECK WITH BALLANTINE FIRST FOR DC ANO AC ELECTRONIC llOLTMETERS /AMMETERS/ OHMMETERS, REGARDLESS OF YOUR RE· 
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC / DC LINEAR CONVERTERS, AC / DC CALIBRATORS, WIDE 
BAN D AMPLIFIERS, DIRECT·REAOINC CAPACITANCE METERS, ANO A LINE OF LABORATORY VOLTAGE STANDARDS FOR O TO 1,000 MHz, 

Circle 185 on reader service card 185 



TAPE 
PUNCH 

LIST PRICE 

$695. 
TAPE PUNCH MODEL 110R 

Here is what the 
Series 11 O Punch 
will do for you: 

Punches at 30 characters per second 
asynchronously 

Punches 5 to 8 channel paper or mylar tape 

Contacts on electro-magnets for error checking, 
pulse stretching or holding for multi-punch 
operation 

Two adjustable cam switches for interlocking Can inhibit punching in event of error 

186 

with connected equipment One year warranty 

Reversing electro-magnet for backspacing of tape Standard 19" panel mount 

24 or 48 volt vdc Impossible to punch elongated hole 

If you need more information, please contact us. 

other ohr-tronios products: 

ohr-tronios1Nc 
Dept. 6B 

SERIES 11 9 tape readers 
SERIES 117 encoding keyboards 
SYSTEM 60 for inventory control 
TAPE PREPARATION SYSTEMS 

Time & Life Bldg. I 111 West 50th St. I New York, N. Y. 10020 I 212 CO 5-3067 I 212-561-3570 I twx # 201 391-511 6 
Manufacturing and Engineering : Montvale / New Jersey 
in Great Britain: Hodford House I High Street I Hounslow I Middlesex I England I HUDson 0777 

Send today for complete information on 
the only readout that works like a r ea r ­

projector, uses film to display anything 

(even colors!), gives you 12 message 

positions all in a single plane, and plugs 

in and out from the front for quick lamp 

replacement. All that and it's only llh" x 

1-1/16"! Just think what its bigger 

brothers can do . .. 

E INDUSTRIAL ELECTRONIC ENGINEERS, 
7720 Lemona Avenue • Van Nuys, California 
Phone : (213) 787-0311 •TWX (213) 761 -8115 

0 1965 IEE Representatives in Principal Cit ies 

Circle 186 on reader service card 

INC. 

Circle 492 on reader service card 

PRECISION RANDOM NOISE 
VLF-UHF 

• SERVO-STAB ILIZED OUTPUT: compensated for drift over 
temperature, line voltage, noise tube aging_ 

• STABI LITY: 0 .05 db after 11 msec warmup. 

• ACCURACY: ± 0.1 db to 200 MHz. 

• Model NS-L: 100 Hz - 500 MHz. Output absolutely free of 
line noise harmonic contamination at VLF. Only generator 
on the market with precision VLF capability. 

• Model NS-B: 1 MHz - 500 MHz. 

• Model NS-H: 1 MHz - 2000 MHz. 

Other products by ARI : Laboratory RF Measurements Equip· 
ment, Precision Frequency and Timing Instrumentation. 

AEROSPACE RESEARCH, INC. 
130 Lincoln St., Boston, Mass. 02135 

(6 17) 254-7200 

Circle 493 on reader service card 
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Great editorial 
is something 
he takes 
home 
(What a climate for selling!) 

Electronics ~ 
A McGraw-Hill Market-Directed Publication 

330 West 42nd Stree t, New York, N.Y.10036 
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New Instruments 

50 mv. At maximum attenuator set­
ting, signals up to 50 v can be han­
dled . 

As furnished, the series 100 in­
cludes a beat-fr equency oscillator 
to transla te inputs to the resonan ce 
frequencies of th e filters. E xternal 
mixers can ex tend the over-all fre­
quency range of the in strument if 
necessary. 

The instrumen t is solid s tate 
throughout, and con ta ins its own 
115-v a-c power supply. 
Acton Laboratories, Inc., subsidiary of 
Bowmar Instrument Corp. , 53 1 Mai n 
St., Acton , Mass. [372] 

Monitoring receiver 
spans 25 to 900 Mc 

A vhf-uhf monitoring receiver is 
available covering the frequency 
range of 25 to 900 Mc with three 
r-f plug-in units. T ype ESE is a 
versatile multipurpose unit for 
monitoring radio reception, radio 
interference and laboratory meas­
urements. It con tains the circuitry 
of a selective microvoltmeter with 
built-in r-f preselection. It permits 
input voltage measurements from 
1 µ,v to 1 v, and a built-in attenua­
tor, adju stable in 10-db s teps, al­
lows the measuremen t range to be 
extended to a maximum of 120 db . 
The indication range of the meter 
is 20 db in the Jin . pos ition and 40 
and 60 db in the log. pos ition. 

Type ESU is equ ipped with a 
s tandardizing oscillator ganged 
with the tunin g control enabling 
calibration of the ins trument at any 
test frequency. The voltage of this 
osc illa tor is made ava il able with a 
fixed level of 90 db above 1 µ,v 
(31.6 mv) at a special output, and 
the ESU can thus be used as a 
transmission tes t set. 

The un it is provided with out­
puts for i-f recorder, headphones, 
loudspeaker, and two selectable 
bandwidths, bfo, switch-selected 

cttllagt 
More Motorola mishmash, 
continued from page 149 

~l\®ll i~ not 
a ;Biblical name 

AROD is "Govtalk" for Airborne 
Range and Orbit Determination, 
and our Western Center is building 
about 2 mi1lion dollars worth for 
NASA's Marshall Space Flight 
Center. This system has a few 
tricky nuances that are allowing 
our boys to show some fancy foot­
work in applying integrated elec­
tronics to real live hardware. AROD 
reverses normal design techniques 
by putting doppler equipment in 
the space vehicle and the usually 
vehicle-mounted transponder on 
the ground. There are some very 
good reasons for this reversal, not 
just an innate perversity on the 
part of Marshall scientists. If we 
·could afford a few more columns, 
we'd tell you all about it. 
For more information, write to our 
Western Center. 

BUY SOME TODAYI 
Our hard-nosed sales force can't 
accuse us of being wishy-washy, by 
McGeorge. So right now, give one 
of them a caJ..l and buy something 
. ... or at least tell him your whole 
office is in hysterics over that last 
technical proposal he delivered. 
Also, we'd be overjoyed to send 
you reams of literature about things 
like digital communications, radar, 
microwaves, transponders, com­
mand receivers aod microelec­
tronic, integrated circuit anythings. 

G Mrer.~~~!:t! 
Chicago Center 

1450 N. Cicero Ave., Chicago, Illinois 
Western Center 

•-- 8.2Ql_~ ... M~gw i g,.~t§.dale, Arlzonit. · 
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993 Fevver Cavities 
With Cinch-Graphik 

lOX MICR OPH OTOS OF MU LTIL .4. YE R TH RU· HOLE CR OS S·SECTI ONS 

Cinch-Graphik's advanced multilayer production tech­
niques eliminate voids in thru-hole plating and intra-layer 
lamination. This is why Cinch-Graphik circuits have 
greater electrical reliability (complete inteiface bond 
between plated thru-hole and individual circuit layers), 
better final assembly quality (good component contact) 
and increased physical integrity (no delamination under 
wave soldering). For a brighter smile, use Cinch-Graphik 
multilayer circuitry. Write for our illustrated brochure. 

I CINCH·GRAPHIK I 
DIVISION OF UNITED-CARR 

200 South Turnbull Canyon Road, City of Industry (Los Angeles), Cal if. 91744 • Phone (213) ED 3-1201. 
Off ices in 22 Principal Cities throughout Un ited States, Canada , England and Australia listed under Cinch 
Mfg. Co. or United-Carr Incorporated • Cinch • C1nch-Monadnock • Howard 8 . Jones • Ucinite • Palnut 

Circle 188 on reader service card 

New Instruments .. 
afc, and a-m and f-m operation.~ -
Calibrated antennas for field inten­
sity measurements are also avail- ~ 
able. 

The three plug-in units cover 
25 to 230 Mc, 160 to 470 Mc, and ~ 
460 to 900 Mc respectively. 'I'" 

The receiver has been designed 
for both a-c and battery operation '> 

( 12 v d-c) . 
Rohde & Schwarz, 111 Lexington Ave., ~ 
Passaic, N.J. [373] 

Impedance bridge 

features versatility 

-:;___ - - -- ---- - - ----,... ' 

.. 

Model 292 universal impedance .. 
measuring system provides for pre­
cise measurements of resistance, 
conductance, capacitance and in­
ductance. For capacitors and in- • 
ductors , it also measures the dis - ..._ 
sipation factor and storage factors. 

The modern des ign permits a t- -
conservative accuracy rating of 
± 0.05 % for resistance and con­
ductance, ±0.01 % for inductance .. 
and capaci tance. Comparative five­
figurc measurements can be made ~ 
using the 120,005 divisions of di al~ ~ 
resolution provided by the Dcka-
dial decade dials. ;.... 

The 292 system is designed for 
maximum versati li ty. Terminals are · 
provided so that ranges may be ex- _ 
tended and special circu it connec­
tions can be made. Four-terminal• -
resistance connections can be used 
to increase the accuracy of low re­
sistance measurements. Three-ter- . 
minal connections can be used to 
remove the effects of stray shunt • 
circuits when measuring high re- ._ 
sistance, inductance or low capaci-

Electronics I February 21, 1966 



tance. D-c bias can be applied 
when making inductance and ca­
pacitance measurements. 

The sys tem features the model 
290A impedance bridge, the model 
803 d-c generator-detector, and the 
model 860A a-c generator-detector. 
These generator-detector units are 
specially des igned as companions 
to the 290A bridge and provide 
performance compatible with the 
high resolution and accuracy of the 
bridge. Model 292 system com­
plete sells for $1,285. Delivery is 
from stock to 30 days. 
Electro Scientific Industries, 13900 
N.W. Science Park Drive, Portland, Ore. 
[374] 

Instrument measures 

thermoelectric power 

The model S-1 Seebeck coefficient 
.,. . measuring unit is said to replace 

the inaccurate soldering iron-gal­
vanometer technique with a quality 
instrument providing reliable, 
quantitative determination of the 
type and magnitude of the thermo­
electric power of semiconducting 
materials. The unit is said to pro­
vide the basic accuracy and con-

- ,. venience advantageous in materials 
research, device research, device 
design, general laboratory evalua­
tion, or for quality control pur-.,, 
poses. 

High accuracy and repeatability 
of measurements results from the 
proven thermodynamic design and 
the utilization of a differential solid­
state sensing and control system 
which maintains a l0°C tempera­
ture differential across the sample 

__. to better than 1 % during 1neasure­
ment on typical samples. The 10° 
differential across the sample per­
mits easy, direct read-out of the 
thermoelectric power. The output ... 
may be monitored by a potentiom-
eter or precision recorder when ex­
treme accuracy is des ired, or a 

- standard laboratory millivoltmeter 
may be used where its accuracy is 

Circle 189 on reader service card-+ 

Series 2201 for airborne applica­
tions . l " diameter. Less than 3" 
long. Weighs less than 3.50 ounces . 
Hysteresis error less than 0.05% 
FSO. End point non -linearity less 
than 0 .1% FSO. Wide operating 
temperature range from -100°f 
to +300'F. 

Series 2102 for general pur­
pose differential pressure 
measurement. Extremely rug­
ged, high proof pressure, field 
serviceable, completely "dry" 
construction (not fluid filled), 
zero shift with base pressure 
less than l.0% FSO. 

Series 2101 for ground support and 
test stand applications. Wide op­
erating temperature range from 
- IOO ' F to +300°F. Hystere sis 
error less than 0 .05% FSO. End 
point non-linearity as low as 
0.10% fSO. 1000 g's shock. 
Natura l freQuency over 20KC. 

NEWEST Teledyne® Pressure Transducers 
feature greater accurac1, 

lower cost, smaller size, ruggedness 
Incorporating unique new sensing elements, these three new Taber 
TELEDYNE® pressure transducers offer the features that today's instru­
mentation engineers are seeking - greater accuracy, lower cost and 
smaller size, with ruggedness and reliability. 

All three of these new instruments utilize four strain gages bonded in 
optimum orientation to the controlled-stress zones of a semi-floating 
beam element, resulting in minimum error. 

While these are Taber's newest pressure measurement products, even 
now Taber's scientists and engineers are engaged in an aggressive, con­
tinuing research and development program aimed at providing even finer 
equipment at lower cost without sacrificing the premium quality for 
which Taber is famous. 

For descriptive literature, write Aerospace Electronics Div., Taber 
Instrument Corp., Section 158, 107 Goundry St., N. Tonawanda, N. Y. 
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SPECTRA ~0· 
PROBLEM: HOW TO GET EXTENDABLE HAR­

NESSES USING STANDARD WIRE, 

STANDARD CONNECTORS, AND CON­

SISTENTLY HIGH RELIABLE MILITARY 

AND COMMERCIAL SPECIFICATIONS? 

SOLUTION: FLAT RIBBONIZED CABLE. Customized 

into compact harnesses, using any PVC in­

sulated or jacketed conductors -A WC 14 to 

30, and strandings of 7 to 105. Meets Mil. 

Specs. 

Spectra-Strip specializes in the manufacture of customized 

harnesses made from ribbon-cable. More than 2000 satisfied 

customers have used our cabling. Only the highest quality 

workmanship is put into every harness. And above all else 

... consistency and reliability first! 

Write today for further infonnation to: 

Excellence in Engineered Wiring 

SPECTRA-STRIP CORP. 
P . 0. Box 415, Garden Grove, California 92642 
Tel: (714) 537-4530 • TWX: (714) 530-0313 
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sufficien t for the particular deter­
mination. 

According to the manufacturer, 
several years of laboratory experi­
ence have shown that an instru­
ment of this design is useful for 
measuring thermoelectric power of 
semiconductors or semimetals in ~ 
the range of a few microvolts per 
°C to several hundred microvolts 
per °C with either p-type or n-type ~ 
materials. The data has been found 
extremely useful in materials and 
device optimization. .... 

Model S-1 is a stock item and is 
available at $910 each in small ,;;..­
quantities. 
Ohio Semitronics, Inc., 1205 Chesa· • 
peake Ave ., Columbus, Ohio [375] 

Transient monitor 

features 10 channels 

.. -

A reliable 10-channel transient 
monitor, Model TM-5100, is de­
signed to monitor components such 
as rclavs, resistors, switches, con- • 
nectors. and transformers during 
shock and vibration for the detec-
tion of a momentary short or dis- .. -
continuity in excess of a fixed pre- ._ 
set period within the range of 5 to 
100 microseconds. Other ranges are .. 
available. 

The TM-5100 has a built-in bias "' 
capability which provides a max- ~ 
imurn bias of 30 mv; 30 µ.a for dry 
circuit testing. Accuracy of the .... 
monitor is 3% with internal cali­
brator, closer with external refer- .... 
cnce. 

The all silicon transistor instru­
ment consists of 11 easily removed ' -
modules thus allowing for great 
servicing flexibility. Price of the 
rack mounted TM-5100 is $1,450 . • 
Add $35 for cabinet. 
Continental Testing Laboratories, 755 
U.S. Highway 17-92, Fern Park, Fla. 
[376] 
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Here is a company poised at the threshold of the most exciting 
era in its history. And our history goes back to beyond the 
Hamilton Standard equipment aboard the "Spirit of St. 
Louis." If you haven't been following our progress in recent 
years, you'll be surprised by our remarkably broad product 
range, and the state-of-the-art activity on so many tech­
nological fronts. This success and expansion c reates excellent 
new openings offering responsibility and bonafide advance­
ment opportunity. And just one leisurely r ide through the 
beautiful Connecticut countryside will persuade you that this 
is THE area in which to LIVE and to raise a family. Some 
representative openings : 

SENIOR EXPERIMENTAL ENGINEER-ELECTRONICS-BSEE. 
Should have experience in R&D testing of electronic contro l sys­
tems involving circuit or system design and/or transistor analog/ 
digital circu it design. To plan, conduct and evaluate product 
development programs in field of electronic systems applicable 
to stabilization and navigation equipment, aircraft and missile 
flight controls, aircraft and rocket engine controls and other 
related systems. 
ELECTRONICS DESIGN ENGINEER-Experience in discreet type 
or digital controls design. Oriented in both analytical and hardware 

_ • phases of design activity involved in closed loop digital control 
systems. Product applications involve jet fuel controls, synchro­
phasers, cabin pressure controls and similar aircraft or aerospace 
closed loop systems. Requires BSEE or MSEE preferred. 
POWER SUPPLY ENGINEER-BS in Electrical or Electronic Engi­
neering with 4 to 6 years , design-development-test experience in 
power conversion generating systems. Will work with all levels of 
project engineers and customers. Will conceive and monitor all 
major electrical design for power supplies. Should be familiar with 
as many of the followin g as possible: Switching characteristics of 
transistors, silicon controlled rectifiers, four layer and turmol 
diodes, circuit appl ication s of semiconductors, transformers, 
interstage and power voltage regu lators, single and polyphase 
circuits, heat transfer , packaging, power generating specifications. 
ANALYTICAL ENGINEER-ELECTRONIC SYSTEMS, to conduct 
analytical studies (stability, response, accuracy, etc.) of closed 
loop digital and analog control systems using a combination of 
control and digital techniques to completely define the required 
control mode and method of imp lementing small electronic 
control systems (2 or 3 loop systems involving speed, temperature 

- .... and/or pressure). 
SR. ELECTRONIC ENGINEER, MICRO-ELECTRONIC CIRCUITRY­
Applicant will be responsible for the direction of a small scientific 
group engaged in the investigation of micro-electronics. PhD or 

-,i equivalent with thesis in field of physics, physical chemistry or 
ceramics. Should, in addition, possess a minimum of 3 years 

-J.. direct laboratory experience in one of the following: thin films, 
development of m ate rials of electronic interest, solid state devices, 
or process development in electronic components industry. In 

~ addi tion, candidate must have minimum of one year of super­
visory experience. 
MECHANICAL DESIGN ENGINEER, ELECTRONIC PACKAGING­
BSME-to design and develop electronic-mechanical devices and 

~ applicable packages for industrial and aerospace product appli­
cation (environmental controls, power supplies, stabilization 
equipment), develop packaging concepts; conduct structural and 
temperature development testing to determine concept feasibility 
and verify design calculations. Must be able to conduct own 
thermo and vibratory ana lyses. 
TO ARRANGE AN EARLY INTERVIEW, please forward your resume, 
including present salary, to Mr. R. F. Harris, Personnel Depart­
ment, Hamilton Standard, Windsor Locks, Connecticut. 

Hamilton U 
D IVISION OF" UNITED AIRCAAfl"T CORPORATION 

Standard A® 
An Equal Opportunity Employer-M&F 
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MANUAL 

Switching 
Simplified 

Ideal for: 

e PROGRAMMING 
e SELECTING 
e CONNECTING 

Programming repetitve data in computers. 

Selecting different power supplies or resist­
ance values in test equipment. 

Connecting large groups of inputs into rel­
atively few outputs in programming. 

Electrical capacity: 
1. Current carrying only (no make or break) 3 amp 125 V AC or DC 
2. Make or break 1 amp 15 V DC, 150 m.a. 125 V AC 

The complete snap-action switch line! 

~~~~~ 
Cherry Electrical Products Corpora ti on 

P. O. Box 437-12-Highland Park, Ill. 

IN CANADA: BARRY ELECTRIC, LTD., REXDALE, ONT. 
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Problem: For 
~ /Jrecision 
. clefl11 

Solvers ~ ;;,;~;111/flcl11ri11g 
. research ,,.. 

Wh ite-Bench 

Mobile Down-Flow Module 

Convertible Laminar Flow Work Station 

All our PROBLEM SOLVERS provi de 
FED STD No. 209 Class 100 Ab solute 
Filtered Air 

For furth er information on th ese and 
other products con tact : 

MATTHEWS mrT 
RESEARCH , INC. -

192 

43 06 Whee ler Avenue 
Al exandria, Virginia (703) 548-1600 

Circle 192 on reader service card 

New Subassemblies and Systems 

One-pound digitizer made with IC's 

.:·~ -·­%.!M. -.. ..,- .f\'· 
M.· ··- ··· 

With monolithic integrated circuits, 
a miniature digitizer atlains accu­
racy, resolution and speed that 
were previously available only in 
much larger instruments. \ Vith a 
package of less than 22 cubic 
inches, weighing less than one 
pound, it is now possible to trans­
mit analog telemetry in high-speed 
digital form direct from airborne 
and space vehicles. Both military 
and industrial versions are avail­
able; the only difference is in the 
operating tempera ture specification. 

The basic package is only 2112 by 
2112 by 31/4 inches, and contains all 
the circuitry except the power sup­
p ly. The circuits consis t principally 
of monolithic Flatpacs in the dig ital 
section and discrete components in 
the analog section. The Flatpacs 
arc mounted on multilayer boards 
that arc individually pluggabk for 
rapid maintenance and repair. The 
terminal interface for the entire 
unit is provided by a pair of aero­
space quality subminiature connec­
tors . The assembly is made vibra­
tion-proof and shock-proof b y a 
resilient cushion mounted on the 
inside of the cover, into which each 
circuit board is placed. 

Th e converter offers 14-bit reso­
lution and a conversion rate of 4 
microseconds per bit. Both series 
and parallel outputs are available 
s imultaneously. Many options may 
be added to the standard 514 con­
verter. These include: 

• Slaving of the conversion proc­
ess to an external clock. 

• BCD, Gray or other codes for 

the parallel ou tput, substituted for 
the standard pure binary code. 

• Higher in nut impedance, at or 
off nu ll , by addition of an (internal) 
isolating amnlifier . 

• Crys tal-controlled clock. 
• NRZ output excurs ion for the 

pcm (serial) output, instead of the 
standard RZ excursion. Also pcm if 
des ired. 

The manufacturer says the price 
for either the mil itarized or indus­
trial version is far below compar­
able competition. 

Specifications 

Resolution 
Accuracy 

Sta bi l ity 

Sensitivi ty (full 
sca le) 

Input impeda nce 
(at null) 
Output formats 

Parallel 
Serial 

Output codes: 
Par a llel 
Serial 

Conversion rate 

Operating 
environment 

Power 
r equirements 

Size 
Weight 

14 bits 
± 0 .01 % from - 55° to 

+ 95°c 
± 2 ppm /°C , - 55° to 

+ 95°c 
Standard: 0 to + 5v; Op­

tional : + 2.5v to -2.5v 
or 0 to - 5 volts (higher 
f u ll -sca le input ranges 
o n s pecial order) 

2 m egohms m inimum 

14-bit bina ry 
PCM , at bit rate 

B inary, strobe output 
Pulses , RZ and binary (op-

tiona l : N RZ and/or 
B CD) 

4 ttsec/bit, 56 ttsec/con­
version time 

- 55° to + 95°C ambient 
(mi l itary version) 

0° to 70°C ambient ( indu s­
tria I version) 

+ 12v ± 1 % at 100 m a d -c 
- 3.75v ± 5 % at 450 ma 

d -c 
- 6v ± 1 % at 50 ma d -c 

(comparable power-sup­
ply module available) 

2 1/ 2 by 2 1/, by 3 1/. in . 
A pproxima t ely 15 oz . net 

RC-95 Inc., 9 East 38th St., New York, 
N.Y. r381] 

A/ D converters use 

plug-in modules 

Series 3030 analog/ digital convert­
ers are solid state instruments for 
converting analog voltages to di g­
ital codes with an accuracy and 
long-term (three-month ) stability of 
± 0.l %. Conversion rates from 50 
cps to 40,000 cps arc available. The 
outputs arc 10 binary bits plus sign, 
or three decimal digits plus sign. 

The instruments are des igned for 
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How we 
turned Joe 
into a 

.. Mysophobic . 
..;. 

The electrical industry wanted a cleaner 
., film . So, from the first roll of Celanar Poly­

ester Film, our policy has been " It's got to 
4 be the cleanest in the industry." We go to 

extremes , like making Joe-and everyone 
• else who enters our hospital-clean produc­

tion area at Greer, S.C.-first take a shower. 
A high-velocity shower of air that whisks 

_ .,, away dust and lint particles. Only then may 
they enter the " White Room " where air fil­
tration systems effectively trap dirt specks 
as tiny as 0.3 microns-infinitesimal as the 

... point of a needle. 
Cleanliness, of course, is not Celanar's 

only advantage in electrical applications. It 
.., is stronger, more uniform than the other 

polyester film . And it retains its strength 
well at elevated temperatures. Celanar film 

Electronics J February 21 , 1966 

has excellent aging characteristics, and it 
resists embrittlement. We lean over back­
wards, too, in supplying the roll lengths, 
widths and gauges most convenient to you. 
We guard Celanar during shipment with 
temperature recording flags , even impact 
recorders where necessary. 

So , even if we did turn Joe into a myso­
phobic with an uncontrollable fear of dirt, 
we think you ' ll agree it was worth it. 

Send for complete details about Celanar 
Polyester Film - and how we can help you 
make the best use of it. Celanese Plastics 
Company , Dept. 133-B, 744 
Broad Street, Newark, N. J . 

Celanese Plastics Company is a division 
, of Celanese Corporation of Amer ica. 
Celanese® Celanar® CELANESE 
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IUSS 
a 1-----1'=0 quic/c-acting 

F 

"Quick-Acting" fuses for protection of 
sensitive instruments or delicate appara­
tus;-or normal acting fuses for protec­
tion where circuit is not subject to 
current transients or surges. 

INSIST ON 

BUSSMANN MFG. DIVISION, McGraw· Edison Co., ST. LOUIS, MO. 63107 

FUSETRON 
dual-element Fuses 
slow blowing 

"Slow blowing" fuses prevent needless out· 
ages by not opening on harmless overloads­
yet provide safe, protection against short­
circuits or dangerous overloads. 

INSIST ON rss 
f l'"~U .. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 

BUSS: The Complete Line of Fuses and .. : 
Circle 195 on reader service card 

Highest-quality copper-clad laminates 
for multi-layer printed circuits 

194 

Laminated plastics for multi-layer printed circui ts 
have to be a special breed-very thin, made to exact­
ing to lerances, uniform, free of voids and pinholes, 
suitable for etching and all soldering operations. 

Synthane Thin Laminated grades G-10 and FR-4 
are highest-quality fabric epoxy laminates. All pro­
duced under exacting clean room conditions. Write 
for leaflet. Synthane Corporation 36 River Road , 
666-5011 (Area Code 215). 

Laminated Plastic Sheets , Rods , 
Tubes and Fabricated Parts 

Circle 194 on reader service card 

Circ le 195 on reader service card 

.. 

give ... so more will live 

HEART FUND 
, . 
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New Subassemblies 

continuous operation without ad­
justment in industrial and scien­
tific systems. Standard, solid-state 
plug-in modules are used to in ­
crease serviceability; the modules 
are also available for implementing 

production control. 
Photomation Inc., 280 Polaris Ave .. 
Mountain View, Calif. [383] 

P-c logic module 
for stepper motors 

'"' custom logic designs. 
Control Equipment Corp. , 19 Kearney 
Road, Needham Heights, Mass. [382] 

totalizing counter and silicon tran­
sistors. The totalizing counter, 
which is electromechanical and ca­
pable of counting-speeds up to 
2,500 per minute, is equipped with 
a manual reset and will automati­
cally reset when the total of 999,999 
has been reached. The photoelec­
tric counter is available in two 
models : TR2-05D energizes on a 
decrease in light; TR2-05L ener­
gizes on an increase in light. 

Counter, light source 
reset automatically 

Fast-moving objects can be counted 
by a compact, solid state system 
consisting of a photoelectric counter 
and a light source. In the counter 
is a solid state light sensitive cell, a 
specially designed optical lens sys­
tem for maximum light accumula­
tion, a sensitivity control, a six-digit 

The light source is available as 
model TR2-L, consisting of a spe­
cially designed lens system for 
maximum light transmission, a 
lamp and a transformer. 

Both the counter and the light 
source operate off 120 v, 60 cps a-c. 
The enclosures for each unit meas­
ure 3 in . \Viele by 7% in. hii;h by 
3% in. deep. Each is mounted by 
means of a 112-in. standard male 
pipe thread. 

Typical of the many hundreds of 
applications for this system are 
high-speed counting, totalizing and 

A printed-circuit module is an­
nounced for logic type stepper mo­
tors. Model designation is K85401. 

The circuit accepts external 
pulses and programs them to the 
proper motor coils. Two pairs of 
transistors function as flip-flops 

~ - ~ Fuseholders of Unquestioned High Quality 

.. 

- ~ 

)" 

,I. 

VISUAL INDICATING FUSES 

GMW FUSE 
and HWA BUSS FUSEHOLDER 

SUB-MINIATURE 
FUSEHOLOER COMBINATION 

For space-tight applications. Fuse has window for 
inspection of element. Fuse may be used with or 
without holder. 

Fuse he ld tigh t in holder by b eryllium copper con­
tacts assuring low resistance. 

Holder can be used with or without knob. Knob 
ma kes holder water-proof from fron t of panel. 

Military type fuse FMOl meets all requirements of 
MIL-F-23419. Military type holder FHN 42W m eets 
all military requirem ents of MIL-F-19207A. 

Write for BUSS Bulletin SFB 

INSIST ON tTSS 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 

Circle 195 on reader service card 

k PREVENT 
RADIO 
FREQUENCY 
INTERFERENCE 

For use where fuse and fuseholder could pick up radio frequen­
cy radiation which interferes with circuit containing fuseholder 
-or other nearby circuits. 

Fuseholder accomplishes both shielding and grounding. 

Available to take two sizes of fuses- % x 1 I,4 " and % x 1" fuses. 

Meet all requirements of both MIL-l-6181D and MlL-F-19207A. 

Write for BUSS Bulletin SFH-12 

INSIST ON 

BUSSMANN MFG, DIVISION, McGraw· Edison Co .. ST. LOUIS, MO. 63107 

Circle 195 on reader service card 195 



Type BK2 was designed primarily for 
compact precision at 1 me in high 
stability applications. A Koldweld· 
sealed holder eliminates contamination 
due to heat and flux to assure 
optimum crystal performance. Typical 
parameters include: 

• Maximum aging 3 x 10-8-per week 

• Short term stability 1 x 1 o-8 per day 

• Average Q 500,000 

Type BK2 is also available on special order 
in range 900-1000 kc. 

Request Bulletin 5278-S for 
complete information. 

Sf 41' If you buy quality 

196 

BULEY ELECTRIC COMPANY 
Union Station Bldg. 
Erie. Pennsylvania 

Circle 196 on reader service card 

New Subassemblies 

with diode gates to control the se­
quence. Diode suppressors are used 
to short-circuit inductive voltages 
generated on switching. Pulse 
shapers allow any form of signal 
input and will "clean up" pulses 
that are not essentially square. If 
pulses exhibiting 50 µ.sec rise time 
are available, pulse shaper ele­
ments may be omitted. 

If no pulse source is available, 
pulse generators can be supplied 
to meet specific requirements. Spe­
cial controllers can also be fur­
nished to permit selectable pulse 
rates. Technical data is given in 
Newsletter No. 120A. 
The A.W. Haydon Co., 232 North Elm 
St. , Waterbury, Conn ., 06720. [384] 

Digital-to-analog 

converter card 

A digital-to-analog circuit card op­
erates to 100 kc. The GA-518 card 
converts four digital bits to an 
equivalent 10 volt analog-voltage 
swing which can be unipolar or 
bipolar. Accuracy is ± 0.05% over 
a temperature range from -55° to 
+n o C. 

Up to three cards may be con­
nected together to provide conver­
sion of 10 binary bits or 3 BCD 
digits. Price is $63.60 in quantities 
of 100. 
Engineered Electronics Co., 1441 East 
Chestnut Ave., Santa Ana, Calif., 
92702. [385] 

Multiple-channel 

solid-state preamp 

A solid-state preamplifier has been 
added to the Nems-Clarke line of 
telemetry receiving equipment. The 

Rolled Metal 
Ribbon I s1r1os 

(THINK OF CROSS FIRST) 

MAJOR 
MICROWAVE 

MANUFACTURERS 
DO! 

Top manufacturers like Microwave 
Associates , Watkins-Johnson , Varian 
A ssociates and Raytheon use 
CROSS-rolled ribbons for their most 
finicky chores. That 's because CROSS 
rolls molybdenum and tungsten down 
to tolerances of ± .0001 . CROSS is 
the only company to do so on a pro­
duction basis. 

CROSS rolls tantalum, columbium, 
zirconium, rhen ium moly, titanium, 
vanadium, copper, nickel , alloys and 
standard metals. CROSS will roll 
strips to precise order, meet any 
demand for precision metals . 

There 's a good reason why top com­
panies think of CROSS first-because 
if CROSS does it- it's right the first 
time! Join the top manufacturers 
who've found out how perfectly 
CROSS meets your most exacting 
metal requirements. 

Phone or write today. 

H. CROSS CO. 
363 Park Ave. 

Weehawken, N. J. 
201-UNion 3-1134 

Circle 495 on reader service card 
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HIGH Q 
encapsulated 

\..J 

HIGH Q 
wafer 

HIGH K 
encapsulated 

Now, JFD Uniceram®Fixed Capacitors Come 
THREE ways 

High Q Uniceram High Q ceramic fixed capacitors offer 
a unique combination of small size, exceptional stability 
and a guaranteed minimum Q ot 5000 ... with up to ten 
times more capacitance per unit volume than competitive 
units ... up to .206 mfd/in3. 

GLASS ENCAPSULATED-105 models, with capacitance 
values from 0.5 to 3000 pf, provide the ultimate in High 
Q, reliability and stability. All models meet applicable 
requirements of MIL·C·l 12728. 

WAFERS-Uniceram High Q capacitors are also available 
as unencapsulated wafers with metalized edges. 88 low· 
cost units, with capacitance values from 0.5 to 3000 pf, 

offer the same outstanding electrical properties. These ' 
wafers are ideally suited for hybrid integrated circuits , can 
be soldered directly to printed circuit boards or used as 
discrete components. 
High K ENCAPSULATED-A High K series of Uniceram 
ceramic fixed capacitors with up to 1 mfd capacitance is 
also available. These glass encapsulated units meet appli· 
cable requirements of MIL-C-11015C. Volumetric effi· 
ciency ... up to 48 mfd/in3. 

WAFERS-Un iceram High K capacitors will soon be avail• 
able as unencapsulated wafers, also. 
WRITE FOR CATALOG UNM 65-2 

Components Division 

J FD ELECTRONICS 
CORPORATION 

THE #' AMERICA KN OWS BEST! 

JFD ELECTRONICS CORPORATION , 15th Ave. at 62nd St., Brooklyn. N. Y. 11219 
Tel: 212 DE 1-1000 

JFD NORTHEASTERN , Ruth Drive, P. 0 . Box 228, Marlboro, Mass. 07152 
JFD NEW YORK -NORTHERN , Damiano Pl., P. 0 . Box 96, New Hartford, N . Y. 13503 
JFD MID-ATLANTIC, P. 0 . Box 5055, Philadelphia , Pa . 19111 
JFD MID-ATLANTIC-MARYLAND. P. 0 . Box 7676, Balt imore, Md . 21207 
JFD MIDWESTERN. 6330 W. Hermione St .. Chicago, Ill . 60646 
JFD MIDWESTERN-OHIO, P. 0 . Box 8086, Ci ncinnati , Ohio 45208 
JFD WESTERN, 9 Morlan Place . Arcad ia, California 91006 
JFD ISRAEL LTD .. Industrial Area B. Bldg. 23, Azor, Israel 
JFD ELECTRONICS, EUROPE SA. 7 Rue de Rocray , Paris, 10, France 

Precision Piston Tr immer Capac itors• Metal ized Inductors •LC Tuners• Ceramic Fixed and Variable Capacitors• Fixed and Variable Distributed and Lumped Constant Delay Lines 



and in many mounting styles 

We now offer a full line of SPOT relays, 

type 1X, to match our DPDT, type 2X, 

relay line . Except for coil data, speci­

fication s are identical for both types: 

2X IX 

Size 0.2" x .411 x .5" same 
Terminal Spacin1 1/ 10" grid same 
Ratin1 0.5amp @ 30VDC same 

Coil Operaling Power 150 mw 70 mw 
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms 
Tempera lure -65°C to +12s•c same 
Vibration 20 G same 
Shock 75 G same 

Write for Data Sheets No. 9 and 10 

RVCCEIJ ROTARY RllAYS ll!f!ofn4mk4//f inti St41ic.tl!y 811!111cetl 

COUCH ORDNANCE INC. 
3 Arlington Street , North Quincy 71 , Mass., Area Code 617 , 
CYpress 8·4147 A subsidiary of S. H. COUCH COMPANY, INC 

198 Circle 506 on reader service card 

New Subassemblies 

SSP-410 is available with center 
frequencies from 395 to 415 Mc. 
The 3-db bandwidth is 10 Mc. 

The preamplifier is available in 
a one- to five-channel configuration 
with a power supply common to all 
channels. This unit is suited for 
tracking and diversity applications 
where a number of outputs are de­
rived from the same antenna. 

Performance data includes a 
nominal 3.5-db noise figure, an 
input/output vswr of 1.3:1, and a 
dynamic operating range up to 
- 25 dbm. The entire assembly is 
weatherproofed , and each subunit 
is individually pressurized. 
Vitro Electronics, a division of Vitro 
Corp. of America, 919 Jesup-Blair Drive, 
Silver Spring, Md. [386) 

Integrated-circuit 

decade counter 

Model Fl832 integrated-circuit dec­
ade counter features dual lamps in 
each display segment for maximum 
life and reliability. Elec trical out­
puts include 10 line, BCD, and an ­
alog staircase. Frequen cy response 
exceeds 3 Mc. Fifteen integrated 
circuits provide maximum reliabil­
ity. Optional single or dual preset 
knobs arc offered for front panel 
mounting. 

Display is in-plane 7 segment 
with 100,000-hour lamps. The dec­
ade has capability of being reset to 
any number from 0 to 9, ratlwr than 
only to zero. Supply voltage is 3 to 
4 v at 0.46 w for cl-c logic, and 5 v 
a-c for lamps. 

The counter operates over a tem­
perature range of 0° to 72°C. Size 
is 1 in. wide by 4 in. high by 5 

Fiherfil High -Performance FRTP's In Action ' 

Polycarbafil housing for Dictograph speaker is 
injection molded by Waterbury Co., Randolph, VL 
Nylafil switch housing , push-buttons and vo lu me 
control wheel are molded by Hinchman Mfg. Co., 
Inc. , Roselle, N . J . 

Polycarbafil® has 
toughness needed for 
new hospital speaker 
Impact strength important in 
speaker for hospital patients 
The pillow speaker for individual hospital 
patients made by Dictograph Products, Dan­
bury, Conn., must be able to withstand ac­
cidental dropping on the floor. Dictograph 
looked for a material that would have the 
impact resistance and toughness for this, 
plus rigidity, dimensional stability and low 
coefficient of thermal expansion. They chose 
Polycarbafil, fiberglass reinforced polycar­
bonate. Fiberglass reinforcement increases 
all of these properties. 
In addition, Nylafil, fiberglass reinforced ny­
lon, was chosen for push-buttons, volume 
control wheel and switch housing for its 
strength and wear resistance. 

Compare Physical Properties 

Unrein- Polycar-forced Property Unit Polycar- bafil 
bonate G-50/20 

Tensile Strength PSI 8,000 18,500 
@ 73° F 

Flexural Strength PSI 13,500 25,000 
@ 73° F 

Coef. Linear Thermal ln./ln. l.OxlO- S 1.02x10-S 
Expansion I ° F. 

Heat Distortion Temp. •F 285 308 
@ 66 PSI 

Water Absorption % 0 .15 0 .11 
24 hrs. 

Polycarbafil and Nylafil are only two of the full 
line of fiberglass reinforced thermoplastics pio­
neered and patented by Fiberfil. Only Fiberfil can 
give you complete technical data, practical ex­
perience and a full line of reinforced materials. 
Send for your free copy of the FRTP engineering 
manual. Fiberfil , Inc., Evansville , Indiana 47717. 

Fiberglass Reinforced Thermoplastics ® 

Circle 496 on reader service card 
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And it should be. We make, stock, and 
can deliver right now more different 
materials than any other manufacturer. 
Sixteen at last count. Including some 
nobody else makes. 

They're all production items, not just 
laboratory samples. Whether you're 
ordering an old faithful like Alnico 5 or 
an exotic new one like Alnico 8, we've 
got both the know-how and the facilities 
to live up to our production promises. 

Magnet shapes don't give us any 
trouble, either. We can often ship what you 
want right off the shelf . We catalog some 
105 standard shapes and sizes in Alnico 
2 and Alnico 5 alone. If you want some­
thing that's not in the catalog, or need 
design assistance, we have the country's 
leading magnetic engineers ready to 
consult with you. 

If you ' re looking for prompt delivery 
of any type or shape of Alnico , turn to 

the world's largest manufacturer of mag­
netic materials. That 's us. You can get 
our catalogs by writing Mr. C.H. Repenn, 
Manager of Sales, the Indiana General 
Corporation, Magnet Division, Valpa­
raiso, Indiana. In Canada write Indiana 
Steel Products of Canada, Ltd., 
Kitchener, Ontario. 

INDIANA GENERAL c;il 

Shipping any type and shape 
of Alnico on time is. duck soup for 

Indiana General 
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At the NCR Electronics Division, you build your career on hardware­
not hope. Advanced developments like CRAM and the NCR 315 

RMC Rod Memory Computer-the first commerically available 
computer with an all-thin-film main memory-are a marketplace 
reality. (And bear in mind that the NCR marketplace consists of 

more than 120 countries!) If you want to combine career 
stability with go-ahead, on-line opportunity ... if you want to earn 
a good living while enjoying the good Southern Californ ia life ... 

look into the opportunities listed here. 

IN WORLD·WIDE 
BUSINESS AUTOMATION Al 

NCR, LOS AN6ELES 
MAGNETIC RECORDING 

Senior and intermediate positions for men with 
experience in advanced magnetic recording 
techniques. Knowledge of media, circuitry and 
magnetic head design necessary. Requires BS 
in engineering or physics. 

MEMORY DESIGN 

Positions are available to perform memory 
design. Requires a BS in EE and previous expe­
rience with high speed applications of mag­
netic cores or thin films to memories. Must 
also be familiar with computer systems logic 
and hardware. 

PACKAGING 

GROUP LEADER 
To provide technical and administrative direc­
tion for electronic packaging of digital com­
puters, including processors, memories, and 
peripherals. Requires a minimum of 6 years' 

experience in electronic packaging and some 
previous supervisory experience. Must be 
knowledgeable of heat transfer and advanced 
manufacturing techniques. BS in engineering 
required. 

ADVANCED LEVEL 

To perform advanced packaging of computer 
systems, including processors, memories and ._ 
peripherals. Requires BS in engineering and 
1horough knowledge of packaging concepts as 
related to digital computers. 

INTERMEDIATE LEVEL 

These positions entail layout and design of 
packaging for computer systems. Applicants 

must have previous experience with electronic .. 
computers or electromechanical devices. Back-
ground in miniaturization utilizing thin films and 
integrated circuits is desirable but not required. 
BS in engineering desirable. 

LOGIC DESIGN 

For design of advanced integrated circuit com­
puters. Requires BSEE and 2 to 5 years' expe­
rience in logic design; experience on processor 
and float-point design desirable. 

QUALITY ENGINEERS 

Assignments will entail mechanical and electri­
cal analyses with responsibilities for project 
testing and inspection specifications, including 
processes for automatic wirewrapping, cabling 
and e lectrical and mechanical assemblies. 
Requires BSEE or BSME and 3 years' related 
experience. 

PROGRAMMERS 

SOFTWARE 
Positions entail development of software for 
various computer input/output routines, opera .. 

!ion systems and monitors . Appli cants must 

have previous programming experience with 
machine language on a large file computer. 

DESIGN AUTOMATION 

Positions require 2 years' previous experience in 
programming . Good und erstanding of engineer­
ing and hardware problems desirable, BS degree 
in math, engineering or related field required. 

DIAGNOSTIC 

Position entails the writing of diagnostic pro­
grams for checkout, acceptance test and field 
maintenance of EDP systems. Requires pre­
vious programming experience ; college degree 
cjesirable. 

ADVANCED MECHANISMS SPECIALIST 

For analysis and design of complex computer 
mechanisms. Must have knowledge of applied 
mechanics and high-level mathematical ability. 
PhD required. 

PROJECT ENGINEERING 

COMPUTING SYSTEMS 
Assignment will entail technical and adminis­
trative leadership of engineers involved in 
advanced digital computer system and logic 
design. Requires BSEE and 5 years' experience 
in logic design of digital computers. Must have 
system design capability and knowledge of 
peripheral equipment operation and interfacing. 
Previous team leader experience desirable. 
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PERIPHERAL EQUIPMENT 

To direct engineers in the development of elec­
tromechanical magnetic files for digital com­
puters. Requires BSEE and a minimum of 6 
years ' ex perience in electromechanical peri­
pheral deve lopment, logical design and machine 
organization . Must have recent experience 
entailing project responsibility. 

SYSTEMS FORMULA1 IQ,, 

Positions available at all levels to study and 
formulate systems for commercial and indus­
tria l on-line computer applicati ons, with em­
phasis on communications in terface. Requires 
a minimum of two years' experience in specify­
ing or programming real-time systems for 
banks, airlines or industry. A degree in engi­
neering, business administration or related field 
is required . 

..-. CIRCUIT DESIGN 

Intermediate- to senior-leve l positions are avail­
able for circuit designers who are experienced 
in analog or digital circuit design. Experience 
in power supply design, memory design, and 
micro-electronics desirable. BSEE required. 

ELECTRONIC PRODUCT ENGINEERING 

Assignments will entai l design, check out, 
documentation and liaison for digital computer 
systems. Requires BSEE and previous exper­
ience in these areas. 

RELIABILITY ENGINEERS 

Positions are available on an intermediate level 
in both mechanical and electrical reliability 
engineeri ng to perform evaluation of electrical 
components, sub-assemblies and systems, as 
w ell as complex mechanical and electro­
mechanical mechanisms. A lso will be respons­

ible for design reviews of new and existing 

EDP equipment. Requires BSEE and/or BSME 

with minimum of 2 years' experience in design 
or reliability engineering. 

ARRANGE NOW FOR AN 
INTERVIEW IN YOUR AREA 

Confidential interviews will be held soon in 
various parts of the country. Openings above 
are in Los Ang eles. Additional openings in 
Dayton, Ohio, for mechanical, electrical and 
chemica l engineers, physicists, chemists (MS 
or PhD level). Send resume immediately to Bill 
Holloway, Tech nical Placement, or call collect. 

The National Cash Register Company 

\N\C\R\ 
ELECTRONICS DIVISION 
2816 W . El Segundo Blvd., Hawthorne, Calif. 
Telephone: A rea Code (213) 757-5111 

An equal-opportunity employer 
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in. deep. Weight is 4 oz. 
Un ited Computer Co., 4505 N. 16th St., 
Phoenix, Ariz., 85016. [387] 

Universal amplifier 
for control functions 

The MA-38A, a universal amplifier 
for control functions, can accept 
any current input for a control con­
figuration. This versatile magnetic 
amplifier can accept a current­
changc input of as little as 1 µ.a, 
providing an output of from 0.5 to 
5 v d-c minimum to maximum. De­
signed to fit into industrial systems 
to detect changes in pressure, flow, 
strain, heat, weight and any other 
energy-changing variable, the unit 
also functions as a high-gain 
switching device in conjunction 
with a 400-ohm relay. 

Used in connection with a re­
actor unit, the MA-38A can provide 
proportional temperature control of 
heater loads up to 130 w. All the 
temperature bridge circuit adjust­
ments are ex ternal to the device and 
allow individual tailoring of the 
performance for individual system 
parameters. 

Three control windings, two of 
which arc identical , are used to 
provide control input signals. The 
third winding can be used as a ref­
erence bias or for feedback con­
trol. 

Applications include edge-guide 
control , strain-guide amplification 
and control, photocell pickup, and 
any measurable force including 
velocity, flow, temperature or pres­
sure. 
Magnetic Controls Co., Systems divi­
sion, 6414 Cambridge St., Minneapolis, 
minn., 55426. [388] 

& reasons why you 
should investigate· 

ECJRONIC 
PARK 

Site of International Telephone and 
Telegraph Corporation's 

135,000-square-foot Semiconductor Plant 

D Personnel Director's Delight. Easier 
recruitment is proven. A blind ad 
to test location appeal to engineers 

and technicians proved Florida was 
favored 30 to 1 over another state, 
ll\C'I Blue Chip Company Neighbors. 
g Electronic Park is the choice oflTT, 

and nearby in the Palm Beaches 
are RCA, Pratt-Whitney and Minneapo­
lis-Honeywell plants. 
E"I Excellent Transportation. Neigh­
IE:.I boring Palm Beach International 

Airport offers direct jet flights to 
major U.S. cities. Complete facilities for 
business aircraft. Deep-water port for 
Latin American trade. 

4 
New University. Twenty miles south 
is the new Florida Atlantic Uni­
versity. 

n Climate Ideal. Annual average tern­
~ perature based on U.S. Weather 

Bureau observations is 74.5 degrees. n Recreation. Just 4 miles to public 
1.:.1 Atlantic Beach. Waterways galore. 

A new 18-hole championship golf 
course and 600-acre sail club are under 
way just 1 'h miles from Electronic Park. 
~ Location. Two miles from down­
g town West Palm Beach, 70 miles 

north of Miami and 110 miles 
south of Cape Kennedy. 

•...•............................... . 
: SEND TODAY 
• Electronic Park 

P.O. Box JO~! E 
• West Palm Beach , F lorida 33402 

Gentlemen: Please forward in envelope marked 
CONFIDENTIAL literature about Electronic 
Park and the Palm Beaches to: 

Name .......................... . . 

Title ......... ..... ......... ........ ........ .... .. ................... .... . . 

Firm Name ........ .... ... .... . ........ .......... ... ... .. ........... • 

Street Address .............. ... ..... .............. ... .. .... .... . 
. . . 

City .......... ...... ........ State ......... ... .. .. Zip .. ... ........... ! 
• •••••••••••••••••••••• •• ••••••• 
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Delays: 2 to 1 80 seconds •• Actuated 
by a heater, they operate on A.C.. D.C., or Pulsating 
Current . . . Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes ... 
SPST only-normally open or normally closed .. . Com­
pensated for ambient temperature changes from -55° to 
+so• C .... Heaters consume approximately 2 W. and 
may be operated continuously ... The units are ruued, 
explosion.proof, lon1-lived, and-Inexpensive! 
TYPES: Standard Radio Octal, and 9·Pin Miniature. 

list Price, $4.00 

PROBLEM'/ Send for Bulletin No. TR-8 J 

Hermetically sealed, they are not affected by 
changes in altitude, ambient temperature (-50° 
to + 70° C.), or humidity . . . Rugged, light, 
compact, most inexpensive . .. List Price, $3.00. 
Write for 4-page Technical B11lletin No. AB·51 

AM Pl RITE 
600 PALISADE AVE., UNION CITY, N.J. 

Telephone: 201 UNion 4-9503 
In Canada: Atlas Radio Corp., ltd 

SO Wingold Ave., Toronto 10 

r.irt'"IP ?n? on reader service card 
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Antenna pops up without motor power 

An antenna that springs of its own 
power from a coil of metal tape 
has been developed by the Hunter 
Spring division of Ametek, Inc. 
Because it needs no motor to ex­
tend it, the antenna fits in less 
space than comparable equipment. 

Hunter Spring says the antenna 
can be re tracted by hand for port­
able communications equipment. 
' Vhere no retraction is required , as 
for satellite transceivers or trans­
ceivers dropped from aircraft, an­
tennas up to 100 feet can be pro­
vided by the company. 

The metal tape of the coil, which 
can be ei ther stainless steel or b e­
ryllium copper, is prestressed to 
form a tapered tubular an tenna. 
The energy used to retract the an­
tenna stores in the coil. When the 
tape is released, the stored energy 
pops the tape out, forming the an­
tenna. To unleash the coil at a pre­
scribed rate, a rotating drum with 
a damper mechanism can be pro­
vided. For au tomatic control, a 
driving motor can be connected to 
the drum. 

In tests, the antenna shows 
higher gain than do monopole an­
tennas of equivalent length, be­
cause the antenna forms a long, 
th in helix; a thin layer of Mylar 
applied over the metal tape in su­
lates the convolutions from each 
other. 

However, for applications where 
a helical antenna is not desired, 
the company can supply the coil of 
tape with a conductive lubricant 
between the layers to form a mono­
pole antenna. 

Antennas 25 fee t long were suc­
cessfull y tes ted for wind loading. 

The company says the antenna 
costs less than other available re­
tractable antennas. Price and deliv­
ery are available upon reques t. 

Specifications 

Tape thickness 
Tape width 
Antenna length 
Fatigue life 

0.001 to 0.005 inch 
Up to 4 inches 
Up to 100 f eet . 
Approxi mately 2,500 cycles 

of retraction and exten· 
s ion 

Hunter Spring, Hatfield, Pa. [391] 

Rotary joint keeps 

insertion loss low 

Model 345 is a d-c to 18 Ge con­
tacting-junction rotary joint featur­
ing these maximum specifications: 
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Polaroid Land film makes you 
wait 10 seconds for an oscilloscope picture. 
The suspense can be unbearable. 

We're sorry we can't do anything 
about that 10-second wait. 

But if you can bear up under the 
strain, you'll get a sharply detailed, 
high-contrast, trace record. 

You can study it, attach it to a re­
port, send it as a test record along 
with a product shipment, or file it for 
future reference. 

You also get a choice of four films 
for oscilloscope recording in pack, 
roll, and 4 x 5 formats. 

The standard film has an ASA 
equivalent rating of 3000. And if you 
think that's fast, you haven't heard of 
our special film called Polaroid Pola­
Scope Land film. 

With an ASA equivalent rating of 
10,000, it's the fastest thing in films. It 
can actually record a trace too fleet­
ing for the human eye [for instance, 
a scintillation pulse with a rise time 
of less than 3 nanoseconds]. 

Of course, Polaroid Land films are 
as quick to point out a mistake as they 
are to point out a success. 

If your trace shows an error, you 
know it right away. And you never go 
through the tedium of darkroom pro­
cedure only to find out that your blip 
was a blooper. 

To use these films on your scope, 
you need a camera with a Polaroid 
Land Camera Back. Most manufac­
turers have them. Such as: Analab, 
Beattie-Coleman, BNK Associates, 
Fairchild, EG&G, General Atronics, 
Hewlett-Packard, and Tektronix. 

You can get complete details by 
writing to one of these manufacturers 
or to Polaroid Corporation, Sales De­
partment, Cambridge, Massachusetts 
02139. 

By the way, if 10 seconds fray your 
nerves, just imagine what it was like 
when Polaroid Land film made you 
wait 60 seconds to see your trace. 
"Polaroid" and "PolaScope"® 

Polaroid Land Film for Oscilloscope Photography. 
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Choice-not chance! 

New Precision High Vacuum Pumps 

are job-rated to meet your needs! 

Now you can eliminate the guesswork-and save money, too! 
From this newest, most complete line of internal vane mechan­
ical vacuum pumps on the market today you can select a model 
performance matched to your job. Take your choice of both 
single and two stage models in capacity ranges from 25 to 1500 
liters/minute, at prices ranging from $100 to $1500. Guaranteed 
ultimate vacuum runs to 0.1 or 15 microns of mercury depend­
ing on model. And because Precision Pumps are more effi­
cient at actual working pressures-up to a remarkable 79% 
at 1 micron-you not only get the job done faster, but can fre­
quently use a smaller pump. Add handsome design, smaller 
size, quiet, vibration-free operation and you see why Precision 
is your best buy. Consult your Precision Sc ientific Distributor 
or write today for Bulletin 650. 

Since 1920 • The finest in Quality Laboratory Apparatus 

~ ...... liiii~-~a--P-R_E_C_I S_l_O_N-... GiCIOIARA~ 
SCIENTIFIC CO. 

'-11.!!!!!!!t----------' CORPORATION 

3737 W. Cortland Street , Chicago, Illinois 60647 
Local Offices in New York • Ch icago • Los Angeles 
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vswr of 1.30, insertion loss of 0.2 
db, and wow of 0.1 db/360°. Un­
like round rotary joints, which re­
quire special mounting flanges, this 
new rotary joint is square and is 
drilled and tapped for direct mount­
ing. 

The device measures 1.06 in. by 
0.50 in. square in the body and 
weighs only 1 oz. Connectors mate 
with all standard miniature types . 

Unit price is $175 in small quan­
tities. Deliveries are currently being 
made from stock. 
Sage Laboratories, Inc., 3 Huron Drive, 
Natick, Mass., 01762. [392] 

to. 

Microwave oscillator ~ 

spans 1.7 to 4.2 Ge ,.. 

A triode cavity oscillator has been 
developed that is continuously tun­
able from 1.7 Ge to 4.2 Ge "~ith a • 
minimum output of 50 mw across 
the band. 

The manufacturer says Model ... 
SC1201 produces less noise and 
incidental f-m than other oscillators 
covering similar frequencies and 
that power supply requirements .. 
are minimized to 150 v d-c at 15 ma '­
and 6 .. 3 v at 240 ma. Though orig­
inally intended as a local oscillator • 
in wideband spectrum analyzers, 
the SC120l's many applications in­
clude wide-range receivers and ..._ 
signal generators. 
RFD, Inc., 1501 W. Cass St., Tampa, .... 
Fla ., 33606. [393] 

Megawatt circulator • 

for X-band radar r 

'r 
Model CXH38 ferrite circulator, 
which covers the range from 8.5 to 
9.6 Ge, is designed for X-band 
radar installations. It can accom- c4 

modate peak power of 1 mw and ,... 
average power of 10 kw. Isolation 
is 20 db minimum. Maximum in- ~ 

,­
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ACKNOWLEDGED as the MOST TEMPERATURE STABLE 
MINIATURE CAPACITORS in the ELECTRONICS INDUSTRY• • • 
SUPERIOR to GLASS and MICA CAPACITORS 

If your circuits require capacitance stability, high Q, and close tolerance, 
there's only one line of miniature capacitors to consider ... ERIE N PO 
High Stability Ceramic Capacitors. These ultra-stable ceramic dielectrics 
are considerably superior to glass and mica ... for ERIE produces the most 
nearly perfect ceramic in the industry. 

NPO (temperature coefficient) miniature capacitors are available in a 
variety of physical types as illustrated at right. Capacitance range and· 
capacitance tolerance (as close as ± 1 % or ± .1 pf.)' to suit your circuit 
requirements. Units are conservahvely rated . .. flash test 3 times WVDC, 
life test 2 times WVDC. · 

In addition to these NPO High Stability Ceramic Capacitors, Erie offers 
a full line of Temperature Compensating types (PlOO through N5600) and 
General Purpose type capacitors ... a II produced from the most nearly 
perfect ceramic in the industry. 

Write for information TODAY about Erie NPO High Stability Ceramic 
Capacitors. A helpful Erie Field Sales Engineer will be happy to discuss 
your specific requirements .. . no obligation of course. 

CAPACITANCE CHANGE VS. TEMPERATURE 

+i.o ..1 _l _l _J l l I I 
ERIE NPO TEMPERATURE 

'ti'! COEFFICIEN T .. PERCENT 
CAPACITANCE 0 ,. 

CHANGE 

- 1.0 

- 55 - 45 - 35 -25 - 15 - 5 s 15 25 35 45 55 65 75 85 95 io5 us 125 
TEMPERATURE oc 

Another Series of Components in Erie 's Project "'ACTIVE ..... 
Advanced Componen ts Through Increased Volumetric Efficiency 

NPO HIGH STABILITY 
CERAMIC CAPACITORS 

TO SUIT YOUR 

lRUE 
HER MCTICAllV 

SUL £0 TYPES 

PRECISION 
MOLDCD TYPES 

I I 

TUB ULAR . DISCllND 
RECTANGULAR TYPES 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

Erie, Pennsylvania 
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If the mask is Moly, 
the circuit is quality. 

Shown actual size, these evaporation masks are used in vacuum deposition 
of microelectronic circuits. Molybdenum from General Electric, superior to 
any other masking material, delivers distinct advantages to producers of 
integrated microelectronic circuits. 
Molybdenum's purity (99.9+ percent) and uniform, fine grain structure en­
able masks to be photoetched with outstanding precision and definition. 
Molybdenum's low coefficient of thermal expansion makes possible the 
reproduction of circuits on glass substrates with extremely close registry. 
Parallax problems are virtually eliminated because thinner foils can be 
used, since molybdenum is stiffer than any other available masking 
material. General Electric supplies molybdenum foil as thin as .0003 in. in 
widths up to 12 in. 
General Electric molybdenum foil has uniform thickness and scratch-free, 
bright surface finish (2 RMS is typical). 
Control of ripple and flatness minimizes resolution problems. 

Write or call for more information or applica­
tion assistance regarding any application of 
General Electric refractory metals in micro-~ 
electronics: masks, substrate material, or 
evaporation boats and coils. General Electric 
Company, Lamp Metals & Components Depart-
ment, 21800 Tungsten Road, Cleveland, Ohio 
44117. Telephone: (216) 266-3490. 

GENERAL. ELECTRIC 
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sertion loss is 0.3 and vswr is 1.15. 
The 13-lb, water-cooled unit is 

21 in. long. Flanges are type CPR-
112F connecting to RG-51U wave­
guide. 
Raytheon Co., Special Microwave De· 
vices Operation, 130 Second Ave. , Wal· 
tham, Mass., 02154. [394] 

Tunnel-diode amplifier 

operates in X-band 

-
A compact, lightweight tunnel­
diode amplifier-the NC-5607-has 
been developed that measures only 
6 in. by 3 in. by 1 in. and operates 
between 5.4 Ge and 5.9 Ge in the 
X-band with a gain of 15 db and a 
noise figure of 5 db. 

The amplifier's compact size, 
light weight and excellent operat­
ing characteristics make it partic­
ularly well suited to retrofit instal­
lations in airborne responders and 
search radar equipment, says the 
manufacturer. Delivery is 45 to 60 
days. 
The MicroState Electronics Corp., 152 
Floral Ave. , Murray Hill, N.J . [395] 

Shielded magnetrons 

are voltage-tunable 

.,.. 

• 

A line of magnetically shielded 
voltage - tunable magnetrons is 
shielded against the degaussing ef- -,... 
fects found in other permanent-
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Three Ways to Specify. .. 

FAIRCON FAIRCON FAIRCON 

TRIMMERS TURNS COUNTING 
DIALS 

Quality Potentiometers 
FAIRCON -the new name in industrial trimmers , multiturns and turns 
counting dials GUARA TEED by FAIRCHILD-with over 20 years 
experience in precisioo potentiometers. 

FAIR CON potentiometers are built to meet or exceed MIL-R-27208 and 
most portions of the new High Reliability Specification MIL-R-39015 ... 
yet they cost SURPRISINGLY LESS than other high quality units. 
Write today for new short form catalog. 

Electronics I February 21, 1966 

F.A..I RCH I LCJ 

A DIVIS ON or FAIRCHILD CAMERA AND INSTRUMENT CORPORAT!0 '.'11 

225 PARK AVENUE, HICKSVILLE, L . I., NEW YORK 

TELEPHONE: (516) 938-5600 • TWX: (516) 433-9146 

CA_SLE: FAIRCON-HICKSVILLE, NEW YORK, U.S. A, 
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e ; CONSUMER ELECTRONIC OPPORTUNITIES 
TELEVISION RECEIVER DEPARTMENT 

TV/ CRT ENGINEERS: {r 

Our latest innova­
tion: 11 " Porta-color 
set with new G.E. 
picture tube . 

Want to be part of our next innovation? 
We're going places. We can get you growing, too. 
• Innovation means growth in this busi­
ness. And our engineers-in circuit, set, 
CRT design and manufacturing engi­
neering work in a climate that's aimed 
at producing the new and different ap­
proach-right now. Successfu I designs 
like the 12" personal portable; the 9" 
battery set; and our sensational low­
cost Porta-color set are putting a steep 
pitch on our growth curve. Examples: 
expansion in our Electronics Park Head­
quarters operation; and a brand new 
facility now abuilding in Portsmouth, 
Va. We have other plans, too. You can 
figure in them-to your long-range per­
sonal profit. You can expect a fu ll pack­
age of G.E. benefits, including our Sav­
ings and Security Plan; efficient work 
surroundings; a place in a diversified 
company with a history of 37 years in 
television research, design and pro­
duction; and excellent local living con­
ditions in Upstate New York or East­
ern Virgi nia. 

• Investigate this partial list of open­
ings now: 

SIGNAL CIRCUIT DESIGN: conceive, 
develop and apply signal processing cir­
cuits to development of monochrome 
and color TV. 

MECHANICAL PRODUCT DESIGN: re­
quires 2-4 years' experience in consum­
er electro-mechanical product design 
and packaging. 

DEFLECTION CIRCUIT DESIGN: devel• 
op deflection and convergence circuits 
for TV receivers. Requires experience In 
design of deflection yokes and related 
magnetic deflection components. 

COMPONENT DESIGN AND/OR APPL; ­
CATION: conceive, design and apply 
electronic components for monochrome 
and color TV receivers. Needs 2-4 years' 
component design or application experi· 
ence. 

TV QC, PROCESS CONTROL AND MFG. 
ENGINEERING: establish, plan and at· 
tain QC programs. Apply QC principles 
to engineering design; develop plan; de­
termine quality capabilities methods, 
testing, evaluating; analyze failure data; 
recommend action. BSEE plus QC or 
TV production. 

CRT DESIGN, MFG., PROCESS AND 
QUALITY CONTROL ENGINEERING: De· 
sign and develop cathode ray tube prod· 
ucts for both monochrome and color, 
including element, materials applica­
tion, mfg. techniques, and QC. 2-10 
years' related experience needed. 

For more information, or to arrange a 
personal interview, send a resume of 
your experience in confidence to M. H. 
FitzGibbons, Manager, Professional 
Placement, Television Receiver Dept., 
Box 116, General Electric Co., Electronics 
Park, Syracuse, N. Y. 13201. rn-11 

GENERAL. ELECTRIC 
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magnet devices, dynamic magnetic 
fields, and stray magnetic radia­
tion. A unique circuit design allows 
the tu bes to contact other ferro­
magnetic materials or components 
\.vithout degrading performance. 

Other features include tuning 
linearity, high efficiency, and high­
specd frequency modulation. The 
small -size, lightweight tube line is 
intended for use in radar receivers , 
telemetry sys tems, or other sophis­
ti ca ted electronic units subject to 
rigid high-density packaging lim­
itations. 

Tubes in the family cover the 
50-mw to 75-watt power range, at 
frequencies from 250 to 3,200 Mc. 
Eimac Division of Varian Associates, 
301 Industrial Way, San Carlos, Calif. 
[396] 

B-w oscillator 
provides 100 Ge 

A backward-wave oscillator, which 
provides frequencies up to 100 Ge, 
provides a new tool for system de­
signers. Type SBF-4221 oscillator 
is canable of providing 20 mw over 
the 93-Cc to 98-Cc region . 

Developed to meet a need for 
voltage-hmed signal sources in the 
94-Cc atmospheric \\"inclow, the de­
vice can be used for space com­
munication and telemetry systems. 
Permanent magnet focusing and a 
new r-f circuit design have kept 
size and weight to a minimum. Sin­
gle knob tuning eliminates tedious 
mechanical and voltage adjust­
ments necessary for other oscilla­
tors. 
Sperry Electronic Tube division , Gaines­
ville, Fla . [397] 

Circle 209 on reader service card-+-

.-

• 

• • 

.. 
., 



LUUftllHI: 
WORLD!S FIRST 
MJ\OHll\IE MJ\DE 

RI 

o ~~~ · 
SmeMoney 

Quantity-order prices for volume 
buyers are actually below comparable 
9ivot and jewel meters! Imagine! 

The rugged little mechanism 
is almost completely machine­

made for greater reliablllty. This reli­
ablllty Is achieved by Auto-Torque's 

simplified design which has 50% fewer 
parts. And since they're machine made, 
Auto-Torque meters give you absolutely 
uniform quality and precision never be­

fore possible In conventional meters. 
You can Just about say good-bye to 

service problems! 



ElflGE&#IAj~ .. Silvaloy 355 accomplishes 

void-free joint brazing in Hewlett-Packard waveguide tubing 

Ordinarily, the standard 85% filling/15% void ratio 
is quite acceptaLle in joint brazing ... even in critical 
aircraft applications. 

But the Hewlett-Packard Company, Palo Alto, Cali­
fornia, had something much more critical in mind 
when they approached Engelhard engineers. The task: 
to provide after machining a completely void-free joint 
on flange microwave tubing. The reason: any voids on 
the brazing of the completed joint would trap plating 
solutions . . . and these solutions would eventually 
corrode and ruin the waveguide. 

.210 Circle 210 on reader service card 

For the answer, Hewlett-Packard brought the prob­
lem to Engelhard, one of the world's foremost special­
ists in the application of precious metals and brazing 
technology. Recommended was a system which em­
ployed Engelhard Silvaloy 355 silver brazing alloy and 
# 1100 flux. As a result, the joints of Hewlett-Packard's 
waveguide tubing are now completely void-free ... 
safe from the danger of corrosion. 

For complete details on Silvaloy 355 and # 1100 flux 
for a wide variety of brazing applications, write to the 
Technical Service Department today. ,.,,. 
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Some other 
IENGIE& .. ARO 

products 

PLATINIZED TITANIUM ELECTRODES 
recent developments in platinized tita­
nium electrodes allow optimization of 
configurations and coating types affect­
ing many new applications in chemicals 
production and electroplating f ields. 

PRECIOUS METAL CONTACTS in pure 
or alloyed forms of silver, platinum, 
palladium and gold provide unmatched 
resistance to atmospheric corrosion 
and electrical pitting. Engelhard will 
ma nufacture to specification or pro­
vide material in wire, rod or sheet 
form. 

RHODIUM PLATING of electrical and 
electronic parts offers outstanding pro­
tection against surface corrosion, re­
duces noise level of moving parts, and 
improves efficiency wherever a low­
resistance, long-wearing, oxide-free 
component is required. 

TIN WIRE AND FOIL are produced by 
Engelhard 's Baker Platinum Division 
to meet rigid electronic design re­
quirements. Both extruded and Taylor 
Process tin wire are available in di­
ameters as small as .001" . Thin­
gauge foil is supplied in sheets up to 
8" x 18". 

SEMICONDUCTOR MATERIALS are 
supplied in a wide range of precious 
and base metals and their alloys. 
These include solid sheet, wire, tape, 
base tab materials and clad products. 
New materials are constantly under 
development. Technical assistance is 
available. 

LAMINATED CONTACT MATERIALS are 
produced in virtually any combination 
of precious metals and alloys wit h 
base metals and alloys. Types include 
edge, strip, inlay, spot, single or 
double-face laminations. Supplied in 
flat lengths, in strip, coil or fabricated 
forms. 
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New Production Equipment 

Micro solder system 
uses gravity loading 

A prec1s10n implement for micro­
soldering integrated circuits and 
other rnicrocornponents in module 
assemblies features a highly pre­
cise and repea table pressure sys­
tem that uses gravity loading. 

The use of gravity as an actuat­
ing force for the soldering head 
offers several advantages . A grav­
ity-loaded head provides a gentle, 
constant electrode pressure, reduc­
ing the need for high temperatures 
or impact forces which could dam­
age the components and circuitry 
or create spatter or blowout at the 
solder joint. Also, once the proper 
electrode pressure is determined 
and set through the use of adjusta­
ble weights, it will remain con­
stant, predictable and repeatable. 

The soldering head employs two 
independently suspended elec­
trodes. Each electrode is free to 
seek the proper degree of contact 
pressure, independent of the op­
posing elec trode. This independent 
determination of a constant elec­
trode pressure creates conditions 
for controlled solder Row and total 
wetting of the parts at the solder 
joint even when the lead materials 
being bonded vary in over-all thick-

ness b ecause of material or plating 
variations. Fluxes are not required 
and there is no need to preform or 
tin the leads. 

The machine power supply con­
sists of a solid s tate plug-in circuit 
board arrangement which controls 
60-cycle a-c pulses up to 200-amp 
amplitude ranging from 1 cycle to 
60 cycles . This broad a-c control 
capability even permits solder 
bonding of gold-pla ted leads in 
critical applications. 

In actual production runs , sav­
ings in assembly time as high as 
80% have been recorded w ith the 
new instrument. 
Henes Mfg. Co., 4301 E. Madison St., 
Phoenix, Ariz. [401 ] 

Hot-gas micro-bonder 
joins components 

Type B400 micro-bonder utilizes a 
£ne high-temperature gas je t for 
face-bonding semicondm:tor chips 
to metallic thin-£Im areas in micro­
circuits , attaching leads in elec­
tronic component manufacture, sol­
der bonding wires to £Im circuit 
patterns or semiconductors devices, 
and the like. 

The gas stream, such as nitrogen 
or nitrogen-hydrogen mixture, is 
hea ted electrically at a thermostat­
ically controlled temperature of up 
to 400°C. The jet application can 
be con trolled at preset durations 
up to 15 seconds. A pressure reg­
ulator and gauge control the gas 
flow rate. A series of interchange­
able nozzles provide je t diameters 
ranging from 0.01 in . to 0.10 in. The 
larger diameter nozzles have a cen­
trally located projecting pin to hold 
the component during bonding. 

A thermostatically controlled, 
heated substage with micromanip­
ulator position control supports the 
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ASSEMBLE YOUR OWN 
ALL-TRANSISTOR 

ffclwki 
ELECTRONIC ORGAN 

This is the all­
ncw, all-transis­
t or Schober 

Recital Model ..• the most versatile electronic 
organ available today. Its 32 voices (plus amaz­
ing "Library of Stops"), 6 couplers and S pitch 
registers delight professional musicians . •• make 
learning easy for beginners. Comparable to 
ready-built organs selling from $5000 to $6000. 

The pride and satisfaction of building one of 
these most pipe-like of electronic organs can 
now be yours ... starting for as low as $550. 
The Schober Spinet, only 391/.i inches wide, fits 
into the smallest living room. The new, all­
transistor Schober Consolette II is the aristocrat 
of "home-size" organs ... with two full 61-notc 
manuals, 17 pedals, 22 stops and coupler, 3 
pitch registers and authentic theatre voicing. 

AND YOU SAVE 50% OR MORE BECAUSE YOU 'RE BUYING 
DIRECTLY FROM THE MANUFACTURER 

AND PAYING ONLY FOR THE PARTS, NOT COSTLY LABOR. 

It's easy to assemble a Schober Organ. No spt'.­
cial skills or experience needed. No technical 
or musical knowledge either. Everything you 
need is furnished, including the know-how. You 
supply only simple hand tools and the time. 

You can buy the organ section by section ... so 
you needn't spend the whole amount at once. 

You can begin playing in an hour, even if 
you've never played before-with the ingenious 
Pointer System, available from Schober. 

Thousands of men and women - teenagers, too 
- have already assembled Schober Organs. 
We're proud to say that many who could 
afford to buy an}' organ have chosen Schober 
because they preferred it musically. 

Send for our free Schober Booklet, describing 
in detail the exciting Schober Organs and op­
tional accessories; it includes a free 7-inch "sam­
pler" record so you can hear before you buy. 

THE !/o/wie;,,@.~ CORPORATION 
43 West 6lst Street, New York, N.Y. 10023 

Also available in Canada. Australia, H ong Kong, 
Mexico. Puerto Rico, and the United Kingdom 

r--------------1 
THE SCHOBER ORGAN CORP., DEPT. El ·S 
43 West 6lst Street, New York, N.Y. 10023 

D Please send me FREE Schober Booklet 
and free 7-inch "sampler" record. 

D Enclosed find $2.00 for lO·inch quality LP 
record of Schober Organ music. ($2.00 
refunded with purchase of first kit.) 

Address, ____________ _ 

City _____ State ___ Zip No. __ 

L---------------' 
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Production Equipment 

components to be bonded. A vac­
uum facility in the substage retains 
the component during the opera­
tion , and a vacuum tweezer is pro­
vided for handling small pieces. 
The equipment includes a binoc­
ular microscope with variable in­
tensity illumination. 

For operation, the components to 
be joined are placed on the sub­
stage, for example, utilizing the 
vacuum tweezer, and the position 
is adjusted with the micromanip­
ulator. With the gas heating head 
at the requisite distance, the tem­
perature, duration and flow rate of 
the gas jet are preset and the bond­
ing cycle is set in motion by a foot 
switch . No fluxes are normally re­
quired when a non-oxidizing gas is 
used. 

Delivery in six weeks, and the 
price is approximately $3,600. 
G.V. Planer Ltd ., Windmill Road, Sun­
bury-on-Thames, Middlesex, England. 
[402) 

Optical masking 

in four steps 

An automated, high-volume optical 
mask alignment and exposure sys­
tem, the Model 500, requires only 
four easy steps to complete a load/ 
align/ expose/ unload cycle. It will 
handle the smallest and most com­
plex semiconductor devices to sub­
rnicron accuracies. 

The system can process 500 
wafers per shift with its auto­
matic wafer loading/unloading 
slide, automatic wafer prealignment 
-within 1° rotationally, 10 mils 
X and Y-and rapid, joystick fine­
alignrnent. Model 500 also offers 
continuously adjustable alignment 

MINIATURE 
REGULATED 

POWER SUPPLIES 
Cost-Performance Optimized 

Reduces System Design Effort 
Meets Extreme Environments 

9583 SERIES 
1 Watt output power capability 
18 models-3 vdc to 3000 vdc 

25-31 vdc input 

9567 SERIES 
3 watt output power capability 
24 models-3 vdc to 5000 vdc 

II 
II 
II 

25-31 vdc input -• 
TRANSFORMER 
ELECTRONICS 

COMPANY 

BOULDER INDUSTRIAL PARK 

BOULDER.COLORADO 

TWX 303 443-2581 PHONE (303) 442-3837 

POWER SUPPLIES • INVERTERS 
CONVERTERS • TRANSFORMERS 
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: If it's possible 
:to make a crimp 
~~type connector 
-,smaller and lighter, 
-:Bendix does . 

• 

That's why you'll find Bendix® crimp­
-«! t ype JT Pancake connectors the small­

est, lightest now available. They reduce 
~connector length up to 50 3 , weight up 

_ .J;o 60 3 . 
We're able to offer you a wider-than­

ever series in rapid, off-the-shelf fashion, 
too. Included are wall mount, box 

_.mount, jam nut, straight plug and 90° 

plug. They're available in nine shell 
sizes-8 through 24, with standard tem­
perature capabilities to 302°F. (Even 
high-temperature models to 392°F if 
need be.) And with over 28 different 
insert patterns, many of which are 
Pygmy® (Mil-C-26482) layouts. 

Crimp-type Pancake connectors come 
in 16-, 20- and (Double Density) 24-con-

tact sizes, with up to 128 contacts in a 
single connector. And you'll even find 
they out-perform all others because of 
a host of new design features. 

We still haven't mentioned the con­
nector you need for your application? 
Try our extensive JT Hermetic or 
Solder t ypes. Or contact us in Sidney, 
New York. Phone: (607) 563-9511. 

Scintilla Division r~ncf// 
CORPORATION 
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SCR CAPACITIVE DISCHARGE 
IGNITION SYSTEM 

ONLY $ 2 9 9.5 PPD.! 

Why settle for less in motor vehicle ignition 
systems when you can buy the very BEST from 
Delta , the orig1nators, the leaders in capacitive 
discharge (SCR) systems. Delta pioneered this 
elect ronic marvel. Thousands have installed this 
remarkable electronic system. Now YOU can pur­
chase at low, LOW cos t , and in easy-to-bu ild kit 
form, the king of them all , the DELTAKIT. Low 
price due simply to high production levels at no 
sacrifice in peerless Delta quality. 

Operate Any Motor 
Vehicle More Efficiently 

Compare these proven benefits: 

"" Up to 20% Increase in Gasoline 
Mileage 

"" Installs in Only 10 Minutes on 
any Car or Boat 

"" Spark Plugs last 3 to 10 Times 
Longer 

"" Instant Starts in all Weather 
"" Dramatic Increase in Acceleration 

and General Performance 
"" Promotes More Complete 

Combustion 
Literature and complete technical infor­
mation sent by return mail. 

BETTER YET - ORDER TODAY! r-----------------, 
~DELTA PRODUCTS, INC. 

P. 0. Box 1147 F • Grand Junction, Colo. 
Enclosed is $ . Ship prepaid. 
D Ship C.O.D. 
Please send: 

D Mark Tens !Assembled) @ $44.95 
D Mark Tens (Delta Kit! @ $29.95 

SPECIFY -0 Pos itive 0 Negative 
O 6 or O 12 Volt 

Car Year _ ____ Make. ____ _ 

Name-----------~ 
Address. ___________ _ 

City/ Slate Zip __ _ 

L--------------.J 
DP 6-a 
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Production Equipment 

ratios from 10:1 to 50:1, true di­
rection travel (even when ratios arc 
changed), and automatic vacuum 
lock-down on disk-operated joy­
stick. The system is supplied with 
a stage, control electronics, choice 
of 19 X to llOO X split-field optics 
(95 X supplied as standard), 200-
watt UV exposure source and 
power supply for $8,750. 
El r-ctroqlas, Inc., 150 Constitution 
Drive, Menlo Park, Calif. [403] 

Roller coater adapted 

to small components 

A small conveyor-fed roller coater 
is especially adapted to coating re­
quirements in the electrical and 
electronic industries. The open-end 
roller coater is ideal for applying a 
coating of adhesive, sealant, insu­
lating varnish, photosensitive ma­
terials, etc., to small electronic com­
ponents. 

The unit consists of a doctor roll, 
coating roll and back-up roll, all 3 
in. in diameter. It will accommo­
date materials up to 2 in. thick. It 
spreads a thin, even film of coating 
material on any B.at surface, wood, 
plastic or metal. 

In one application, where a var­
nish is applied to the side of a tiny 
resistor, the coater reduced labor 
by two-thirds over the previous 
method of hand-painting. The ma­
chine coating also reduced spoilage 
and rejects. The roller coater for 
this type of application is equipped 
with a continuous belt conveyor 
and special rolls % in. wide. Metal 
guide fences insure the accurate 
feed of components to the rolls. 
The same machine can be used 
with rolls up to 4 in. wide. 
Union Tool Corp., Warsaw, Ind. [404] 

6 BIT A TO D 
CONVERTER 
15,000,000 
CONVERSIONS 
PER SECOND 

MODEL 834A ANALOG 
TO DIGITAL CONVERTER 
Well·suited for telemetering or process control 
Long life and high stab ility 
All solid state, silicon semi-conductors 

SPECIFICATIONS 
Method: successive comparison. 
Digital output: B.C.D. 12 bit parallel. Stabil ity: ± 0.2%/ 6 
months. Conversion time: approximately 240µs. Operating 
temperature: -JO' C to +50' C. Wldth:480 mm . Height : 199 
mm. Depth : 225D m/ m. AC Input: 100/ 110/ 220/240V±10% 
50 or 60 c/ s. 

.. ·-· - . 

MODEL 198C DATA LOGGING SYSTEM 

All sol id state 
Random access analog scanner 
High reliability and accuracy 
Operates over large temperature ranges 
Low cost 
SPECIFICATIONS 
Scanning capability : 16 channels. Scanning speed : up to 5 
channels per second. Accuracy: 0.1%. Output : printing 
paper tape. Logging cycles : 10 seconds to 1 hour (specify 
on ordering) . AC Input: 100/110/220/240V ± 10% 50 or 6() 
cps (specify on ordering). 

MODEL 507C 
DIGITAL VOLTMETER 
All solid state and high speed. 
SPECIFICATIONS 
Measuring range; (I) 0.001 to 1.599 volts 

(2) 0.01 to 15.99 veils 
(3) 0.1 to 159.9 volts 
(41 1 to 1,599 • volts 

Accuracy: 0.1 % of full scale. A/ D conversion time; 600µ$. 
Max. repetition rate; 1 kc. Reading mode auto: 100 c/s 
repetition rate. 
Digital output; 

4 digit decimal 10C1• parallel code conneclable to the line 
printer Operating temperature : O to 40' C. 
Wldth:480 mm. Height: 199 mm. Depth: 350 mm. Weight: 
approx . 13 kg. AC Input: 100/110/220/240V 50 or 60 cps. 

CHUO ELECTRONICS CO., LTD. 
No. 21 Motohongo-mach i Hachioji·shi, 

Tokyo, Japan 
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New Amphenol design cuts 
RF switch delivery to 14 days 

Modular construction of Dyna­
form* switches puts prototypes 
or production quantities in your 
hands as quickly as they can be 
assembled and shipped. 

OVER 300 VARIATIONS.Amphe­
nol Dynaform switches are built 
from 23 standard modules. From 
these come over 300 switch vari­
ations: SPDT, DPDT, and Trans­
fer. Shorting, non-shorting or 
resistor terminations can be pro­
vided. A variety of coil voltages 
are available. 

Connectors are BNC, TNC or 

type N positioned for through­
panel or above-chassis mounting. 

LIGHTER WEIGHT . New alumi­
num construction cuts weight to 
less than one-half that of com­
parable RF switches. 

Completely enclosed design 
makes Amphenol Dynaform 
switches dust-proof, too. 

FREQUENCY RANGE EXTENDED. 

Electrical performance of the 
new Dynaform switch is better 
than any other blade-type RF 
switch. Usable frequency range 

*Dynaform is a trademark of Amphenol Corporation. 

has been extended to 6 Ge. Cross­
talk remains consistently low in 
all frequency ranges. 

Designed and tested to exceed 
the requirements of classes B2b 
and B3b coaxial switches per 
Military Specification MIL-S-
3928B. 

DELIVERY IN 2 WEEKS. Order 
today and be prepared to install 
your custom design Dynaform in 
14 days. Call your Amphenol 
Sales Engineer. Or write Am­
phenol RF Division, 33 E. Frank­
lin St., Danbury, Connecticut. 

® AMPHENOL RF DIVISIO N 
AMPHENOL CORPORATION 

Specify Amphenol ... the_ leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics 
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all available 
for shipment . m 
3 DAYSI 
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New Materials 

Fused silica transmits ultraviolet light 

Fused-silica plates and disks of high optical quality for laser 
windows, prisms and lenses have 99.9 % visible light 
transmission, and are resistant to darkening by gamma rays. 

The development of the General 
Electric Co. 's type-151 fused silica 
was initiated in response to indus­
try's demand for a silica with high 
optical quality, maximum light 
transmission-especially in the ul­
traviolet region-and minimum dis­
tortion . Developed by the Lamp 
Glass Department, the new mate­
rial has excellent internal quality 
and homogeneity. Potential appli­
cations include laser windows, 
prisms for spectrometers, interfer­
ometer lenses, and instrument 
lenses for space. The larges t market 
is expected to be in aerospace ap­
plications. The silica is free from 
bubbles that would impair its op­
tical properties. 

The material exhibits 99.9% 
transmission of the visible light 
spectrum and high transmission of 
ultraviolet, even below 1,800°K. It 
will not fluoresce up to 2,500°K and 
is resistant to darkening after ex­
posure to gamma radiation-a fea­
ture that appeals to the aerospace 
industry. 

Type 151 is annealed to less than 
10 millimicrons per centimeter of 

path difference. It meets the re­
quirements of military specification 
G-174 for a grade A material in 
striations, and is available in in go t,·, 
plates, and discs up to 18 inches in 
diameter and 2 inches in heigh t. 
Thicker sections are available in 
smaller diameters. Ground and pol­
ished pieces , such as prisms and 
lenses, are also available. Devclo•1-
ment _of fused silica tubin g and 
ribbon is now in progress . 

Specifications 

Light transmission 99.9 % of visible light 
Sizes Up to 18-in. diam eter, 2-

in . height 
Price $250 per lb. 
Delivery Standard sizes­

im mediate 
Special configurations-
4 w eeks 

General Electric Co., Lamp Glass De­
partment, 1133 East 152nd St., Cleve­
la nd, Ohio. [406] 

Urethane for potting 

is easy to handle 

A urethane prepolymer called Con­
ath ane 2025 is primarily intended 
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you're an Electronic 
Engineer specializ­
ing in micro-elec­
tronic circuits, then 
you will gain by 
coming to Douglas. 
We're looking for Electronic Engi­
neers with specialized background in 
circuit design. We're especially eager 

218 

to find men with automatic-pilot con­
trol hardware experience. We also 
have openings for men with micro-

wave experience. 
If these advanced programs interest 

you, and if you hold a BSEE or 
Master's degree with two to five years 
experience, then send your resume in 
confidence to C. R. MacDonald, 
Douglas Missile and Space Systems 
Division, 2700 Ocean Park Boule­
vard, Santa Monica, California. 

An equal opportunity employer 

DOUGLAS 
MISSILE AND SPACE SYSTEMS DIVISION 

New Materials 

for use in potting and encapsula­
tion. Used with Conacure AH-22 
chain extender, it will cure at room 
or elevated temperatures to a 
tough, flexible polyurethane elas­
tomer. The system has low viscos­
ity and can be processed at room 
temperature. It will produce void­
free castings without the character­
istic pinholes usually associated 
with conventional polyurethane 
systems. 

The Shore A hardness of the 
cured system is 60-65, the tensile 
strength is 500 psi, and elongation 
is 100%. Shrinkage is less than 1 
mil per inch during cure, and water 
absorption is 0.25% after 24-hour 
immersion. The color is a light, 
transparent amber. 

Conathane 2025 and Conacure 
AH-22 can also be used as a protec­
tive coating for circuit boards. 
Conap. Inc .. 184 E. Union St., Allegany, 
N.Y., 14706. [407] 

Silicone elastomer 
is self-catalyzed 

A new self-catalyzed silicone elas­
tomer, known as SSE. has been 
developed as a protective coating 
and encapsulant for semiconductor 
devices and for potting sensitive 
electronic components. It is de­
signed to stabilize semiconductor 
surfaces and p-n junctions. It is 
particularly useful for high-voltage 
rectifiers, diodes, and circuit mod­
ules. 

SSE is a high-viscosity silas­
tomer, available in a prepolymer­
ized state, ready for application. It 
cures quickly, simply by heating 
without the addition of catalyst. 
The cured product is a white, re­
silient, dielectric material that is 
highly protective, heat-stable, and 
waterproof. In addition, SSE serves 
as an excellent coating to obtain 
rapid dissipation of heat. 

Cured SSE exhibits flexibility to 
- 75° C; heat resistance np to 
300° C; bulk resistivity of 5 x 1014 

ohm-cm; dielectric constant of 3.5 
at 1 Mc; power factor of 1.5 x 10-:i 
at 1 Mc; and dielectric strength of 
550 volts I mil. 

The material is available from 
stock in 2.5-oz and 1-lb sizes, 
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ANY THREE 

1. NATURAL LANGUAGE 
AND THE COMPUTER 
by P. Gmin (list 
Price, $12.75) 

2. BEYOND TIME 
by Michel Siffre 
(list Pr ice, $5.95) 

3. MASERS AND LASERS 
by M. Brotherton 
(l ist Pr ice, $8.SO) 

To new members of the 

4: TOMORROW'S WEAPONS 
by J. Rothschild 
(lis t Price, $6.95) 

;.. . 

5. ASSAULT ON THE UNKNOWN 
by w. Sulliun (list 
P11ce. $8.SO) 

6. FROM DREAM TO DISCOVERY 
by Hans Selye (List 
Price, $&.95) 

7. COMPUTERS AND THOUGHT 8. EXPLORING l!IE UNIVERSE 9. RUSSIAN SCIENCE IN 10. THE MACHINERY Of THE 11 . COMPUTABILITY AND 12. THE AGE OF ELECTRONICS 
by A. Feigenb1um and I . ed. bY l . Young (list THE 21st CENTURY by S. BRAIN by 0. Wooldr idge UNSOLVABILITY by M. Davis ed. by C. Overhige (list 
Feldman (List Price, $7.95) Pr ice, $7.95) ru~1c~~6e~n:4~)Vassilief '(List Price, $5.95) \l ist Price, $8.95) Price, $7.95) 

13. PEACETIME USES Of 
OUTER SPACE ed. by S. 
Rame (List Price, S&.95) 

14. INTRODUCTION TO THE 
UTILIZATION Of SOLAR 
ENERGY. ed. by A. Zarem 
and D. Erw1y (List· Price, 
$14.00) 

15. LOGIC MACHINES AND 16. MATHEMATICAL METHODS 
DIAGRAMS by M. Gordner OF OPERATIONS RESEARCH 
(List Price, $5.00) by T. Saaty (List Price, Sl 2.00) 

17. AN INTRODUCTION TO 
SCIENTIFIC RESEARCH by 
E. Wi lson (List Price, S7.95) 

18. THE SCIENCE or LIFE 
by G. Taylor (List Pri ce, 
$9.95) 

Now - build your own home science library at low cost 

- ~ - and keep pace with today's scientific events 
Selecr any three of rhe above rides FOR JUST A DOLLAR ' Choose 

-'-, from M ase rs and Lasers, T omorrow's W eapons, Assa ulr on rhe 
Unknown, and fi freen other imporrant rides . . . your introducrion 

,.. to membershi p in The H all of Science Book Club. 

If you wanr ro keep alerr ro rhe pace and impacr of science's break­
- • th ro ughs - and do so economica lly - here's rhe so lution ro you r 

p roblem. The Jfall of Scienre Book Club was organized fo r you ro 
• bring a new va lue in reading and re ference service. All books are 

chosen on rhe basis of rheir pracrica l, popular, and professional 
appea l, and gea red ro add new d imensions ro your unde rsrand ing 
of rhe ideas, d iscoveries, and achievements of science. 

• How rhe Club operates. Period ica lly you wil l receive free of charge 
rhe Club's offi cial announcement, as issued. Thi s will give advance 

- ~ nor ice of rhe nexr month 's fea ture se lection, as well as a number 
of alrernare choices avail ab le. If you want rhe fea tured book, you 

"' do norhing; ir will be mai led ro you. If you want an alrernare . .. or 
if you want no book at all rhar month , simply return rhe card con­
veniently provided fo r this purpose. 

W e ask you ro agree only ro rake three books in a yea r. Cerrainly 
our of rhe large number of books offered during rh is ri me rhere will 
be ar least rhree you would buy anyway. By joining rhe Club you 

~ save yourself rhe borher of searching and shopping, and save in cost 

Electronics I February 21, 1966 

about 15 per cenr from pub lishers' prices. Send no money now. Jusr 
indicate any four books you want - rh ree for only $1.00 and one as 
your firsr C lub sc lecrion - in the coupon below. T ake advantage of 
rh1; offer 11011', and get fou r book fo r Jess than the regular price 
of one. 

Mail to HALL OF SCIENCE Book Club 
330 West 42nd Street, New York, N.Y. 10036 

Please en ro ll me as a member and send the 4 books indica ted 
be low. You will bi ll me tor m y first se lect ion at the spec ial c lub 
price and $1 tor my three new m embership books, plus loca l 
tax where applicable, and a few add it ional cents for delivery 
costs (The Club assumes thi s c harge on prepaid orders) . As 
a member, I agree to buy as few as 3 more Selec t ions during 
the next 12 mont hs. 

My Three Books for $1.00 My First Selection 

Name~~---------------~(~p~l e~a~s~e;-;:;p~r'-1n"'tJ 
Add ress ___________________ __ _ 

Ci ty ______ State ______ Zip _ _ ~~ 
(This offer good i n United Sta tes only) . L22 1X 
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NEW MILLIVOLT· TO-CURRENT TRANSMITTER 
GIVES 0.13 ACCURACY FOR ONLY $145°0! 

ALL SOLID STATE • NO CHOPPERS 
TEN-YEAR MAINTENANCE-FREE LIFE EXPECTANCY 

NO RANGE CARDS NEEDED 

Here's the finest millivolt-to-current 
transmitter you can buy! It's one 
of the new Acromag 310 Series 
Millivolt and Thermocouple Trans­
mitters. When adjusted for 0-10 
millivolt DC input Model 311 gives 
you 4-20 milliampere output with 
0.1 % accuracy! Many modifica­
tions. List price with enclosure 
$145.00. Standards from stock. 

Request Technical Data 31 ...• 

AC RC> MAG 
INCORPORATED 

15360 Telegraph Road • Detroit , Michigan 48239 

Phone (313) 538-4242 • Teletype (313) 583-4536 

Makers of Prec ision Instrumentation and Controls 

As a prime source .•• 

WE HAVE 

• Indium metal and alloys - standard and high 
purity grades • Indium pellets • Indium wire 
• Indium foil • Indium oxide all purities • Indium 
plating solutions • Ind ium salts • Indium powders 
• Indium ribbon • Indium spheres • Gallium 

SOLDER KIT 13 lndalloy 
._.,,_ solders and 5 fluxes plus full 

d~'"'J[. · " instruction s and an Indium 
test charL $16 .50. Write 
DepL El. 

We welcome your inquiries 

IN 0 I UM 
Corporation of America 

1676 Lincoln Avenue 
DepL El• Utica, New York 

Since 1934 .. . pioneers in the Development and 
Appl ications of Indium for Industry 
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New Materials 

priced at $4 and $20 respectively. 
Liberal discounts are offered in pro­
duction quantities. 
Transene Co., 121 Conant St., Danvers, 
Mass. [408] 

High-dielectric 
potting compound 

A 3,000-volt-per-mil potting com­
pound now being offered was 
originally developed for missile 
application. The modified epoxy, 
designed for transformer encapsula­
tion, has a dielectric strength across 
a 1- to 3-mil thickness greater than 
3,000 volts per mil and across a 
l/s-in. slab greater than 1,600 volts 
per mil. 

This compound affords maximum 
physical protection under the most 
severe environmental conditions. 
Because of the high dielectric 
strength, high physical strength, 
low moisture absorption and broad 
temperature range, unit size and 
weight can be drastically reduced 
while increasing system reliability. 
G·L Electronics. a division of G·L In­
dustries, Inc., 300 Harvard Ave., West­
ville, N.J ., 08093. (409] 

Flame-retardant 

polypropylene resins 

A series of Harne retardant poly­
propylene resins have been an­
nounced for use in a wide range of 
electrical and electronic applica­
tions. The new molding and ex­
trusion resins, developed by Nova­
mont Corp., arc said to be the first 
to receive an Underwriters' Lab­
oratories temperature rating of 
95°C. 

The Moplen type CR Harne-re­
tardant polypropylene resins de­
liver continuous high-temperature 
insulation for a minimum service 
life of at least 55 months at a con­
tinuous elevated temperature of 
95°C as specified by the UL rating . 

.... -

. -
.... 

Moplcn type CR imparts unusual -. 
nonburning and nondripping prop- " 
erties as well as high dielectric 
s trength , low dielectric cons tant • 
and dissipation factor, and superior 
chemical resistance. 
Chemore Corp., 100 E. 42nd St. , New "' 
York, N.Y., 10017. [410] 
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Givens 30 minutes 
of your time 

and wen give yon 
2 years of IBMS 

How? By using IRIS - IBM's Recruitment Information 
System- to he! p you find a new career ... with IBM. 

IRIS could find you a position with IBM that matches 
your unique talents in a matter of minutes. But if there's 
nothing open right now, that won't stop IRIS. It keeps 
right on searching. For two solid years. 

All you have to do is fill out the IRIS Data-Pak. 
That takes about 30 minutes. IRIS takes it from there. 

IRIS is tuned to openings in marketing, finance, 
manufacturing, research and development throughout 
IBM- from recent college graduates to the most highly 
experienced profossionals. And IRIS may even widen your 
job opportunities. By instantly matching om openings 
to your unique experience and preferences. 

IRIS could even find a new kind of job for you- a job 
requiring completely new mixes of personal experience­
experience you have that may now be going unused 
and unrewarded. 

With IRIS, whenever the computer singles out a job that 
appear right for you, IBM's experienced staffing people 
are alerted. They check carefully to be certain that the 
opening meets your professional goals and offers 
advancement potential. If it does, you'll be notified 
immediately of the opportunity. Then arrangements 
for a personal interview will be made. 

Until then, your file remains "on top" and available 
when an opportunity comes along. 

There are plenty of opportunities for professionals with 
college degrees and appropriate experience. We need 
qualified Electrical Engineers, Mechanical Engineers, 
Industrial Engineers and Plant Engineers. 

We need qualified professionals in all phases of 
Development, Manufacturing, Progranm1ing, Space 
Systems and Re earch. 
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And there :1 rP other inmwdiak openings, too. For 
Fa<'ilities .Eugineern, Statistic ians, Systems Analysts 
and Sales Engineers. 

OnC'e \ 'O lll' Da la-Pak is rdu rned to IBi\I and 
aC'kno\dcdged , you'll know you're' gC'tting a clear shot at 
dC'wloping opportunities throughout IBM- the leader 
in the major growth industry: information procc::;sing 
and control. You 'll know you could have the 
opporLuni ty of a !if ctirnc -the opportunity to work 
for an e, ('iling colllpany that offers stability and 
rC'::il gro1Yth potential. An<l more importantly, all the 
aecompanying personal rewards. 

~o, P\'en if you're not contemplating a move right now,. 
lcl IRIS put your resume "on top" for hundreds of 
ex('i ting opportuni tics at 113i\I. 

\\'ho know;.; what career challenge the next two years­
and IRIS - eonld bring? 

lBi\1 is an Equal Opportunity Employer 

::lE~D FOR YOCR rnr:::; DATA-P.-\.E: XOW! 

Coleman l.landcll.JliL, Dept. 55404 IBM 
Profes>'ional 1't::tffu1g 
113;.I Corporate Headquarters ® 

Armonk, X cw York 10504 

I ~u u interc;;tcd in career opportunities with IBM:. 
P!ca~e send me the HU::l Data-Pak. 

Name 

,\dd re~s 

City State 

Dcl(rec Present J ob Title 

Zip Code 
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Now you can step up yields 
through critical analysis of proc· 
ess variables.The new Radiation 
data logger converts analog. 
data to computer compatible 
digital tapes-permits high 
speed analysis at substantially 
lower cost than ever before. 

New $11,950 data logger permits faster, 
more accurate analysis of process variables 

The new Radiation Model 
5015 Data Logger is a self-con­
tained system which offers: In­
put channels-16 analog inputs 
±5.12v, full scale; expandable to 
64. System accuracy~±0.025% 
full scale, 12-bit resolution. Word 
rate-to 500 wps, synchronous; 
to 100 wps, asynchronous. Tape 
format-gapped, binary IBM­
compatible, 200 bits/ inch, 7 
track. Adjustable record length. 

Optional multiplexer capabil­
ity: 32 input channels, add 
$1,350; 48 inputs, add $2,700; 
64 channels, add $4,050. Also 
available for rack mounting. 

RADIATION 
INCORPORATED 

Radiation's digital applica­
tions engineers. will be glad to 
discuss your special applica­
tions. Write or phone for details. 

*Meon square error 

PRODUCTS DIVISION• DEPT. EL-02 •P.O. BOX 220 •MELBOURNE, FLORIDA 32902 • PHONE: (305) 727-3711 

• commercial d. c. 
motors: 1V/' dia. 

TYPE CLL MOTOR 

Globe Type CMM and CLL motors are commercial versions of 
experience proven Type MM and LL MIL-spec motors, carefully 
re-designed to offer compact size and military performance at 
a modest price. Outputs are 1/100 hp, 8-18,000 rpm (Type 
CMM) and 1/75 hp, 6-15,000 rpm (Type CLU. 6 to 75 v.d.c. 

Both Type CMM and Type CLL motors are available with a 
planetary geartrain offering 83 ratios from 4:1 to 46,656:1 
with torques from 3.0 to 1000 oz. in. Request Bulletin CMM-CLL. 

Globe Industries, Inc., 2275 Stanley Avenue, Dayton, Ohio 
45404, U.S.A., Tel.: 513 222-3741 
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KNOW with an 

AEROCOM 
MODULATION MONITOR 
AEROCOM "s Model 906 Modulation Monitor 
is used for continuous monitoring of per­
centage of modulation of an AM transmitter 
operating on Low, Medium, High, and Very 
High frequencies. 

This AEROCOM unit 
• Measures percentage of Modulation on either posi· 
tive or negative peaks. 

• Monitors modulation level. Covers carrier frequency 
range from 200 kc. to 160 me. 

• Handles transmitter power up to one kilowatt. 
Adjustment provided to meet different carrier powers. 

• No power supply required (passive). 

Detector unit is installed and left in transmission line 
and connected to meter panel with RG 58/U coaxial 
cable. Th is monitor is available for rack mounting 
(Model 906-R) and as a portable unit (Model 906-C) 
in self-contained case. 

Additional data on request 

WORLD WIDE SINCE 1946 

Circle 501 on reader service card 
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New Books 

Digital differential analyzers 

Dig ita l Differential Analyzers 
F.V. Mayorov 
Edited by Yaohan Chu 
American Elsevier Publishing Co., 
382 pp., $15 

Translated from Russian , this is 
probably the first book devoted en­
tirely to digital differential an­
alyzers. 

Practicing engineers will prob­
ably find the most value in th e first 
third of the book. It opens with a 
discussion of computer number sys­
tems and codes. register organiza­
tion. and timing for incremental 
integrators and for servo integra­
tors. Excellent examples and de­
scriptions are given of the incre­
mental counting process, clearly 
showing the sign-coding require­
ment and movement of data in the 
Y and S registers. One serious 
shortcoming, however, is the dis­
cussion of integrator scalin g; it is 
too brief and d ifficu lt to fo llow. 

Coverage of algorithms and com­
puter solutions for various alge­
braic and trigonometric fun ctions 
is very adequate. Solutions of co­
ordinate transformations and sets 
of al gebraic equations are also pre­
sented well. In add ition to describ­
ing the algorithms for the basic 
operations , the author also provides 
setups for inverse trigonometric 
functions, hyperbolic, Bessel and 
ell iptical fun ctions, among others. 

About 70 pages are devoted to 
dPscriptions of the organization of 
three types of DDA's: a serial bi­
nary computer, a serial decimal 
computer and a parallel computer. 
F or these three computers, the de­
scriptions of the integratin g units 
are particularly clear and complete. 
H owever, some diagrams showing 
the test information are insuffi­
ciently detailed and too difficult to 
follow. 

Approximately 40% of the book 
is devoted to descriptions of com­
puter circuitry, memory devices 
and analog-to-digital converters. 
Mo t of the topics considered arc 
not unique to DDA technology and 
ha\'e. therefore, generally been de­
scribed elsewhere. usually in more 
mathematical detai l. In many in-
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stances, the examples provided are 
not representative of the most com­
mon technologies in general use in 
this country. Some of the circuits , 
for example, do not follow usual 
practices for transformer coupling. 
In many instan ces the circuits and 
techniqu es described are outdated 
and approaches in use now are en­
tirely neglected. Angular and volt­
age- incremental digital encodin g 
techniques, which are particularly 
suitable for DDA's and have re­
ceived widespread use, are omitted 
from the discuss ion. 

Perhaps the most serious failing 
is the omission of information on 
the error-propaga tion properties of 
the DDA. As a result, no basis is 
provided for the selection of binary 
or ternary incremental coding or 
determination of the appropriate 
mathematical integration - apnroxi­
mation technique to provide the 
necessary problem accuracy for the 
various algorithms. Thus this book 
cannot, by itself, serve as a guide 
to the des igning of a DDA. 

The book closes with a discus­
sion of DDA applica tions . This sec­
tion contains a short comparison of 
incremental and arithmetic com­
puters, fo llowed b y a de tailed dis­
cuss ion of the use of a DDA for 
machine-tool control. This chapter 
would have served a more va luable 
purpose had it presented the cri­
ter ia for selectin g between ar ith­
metic an d incremental computers. 

The organizat ion of the book 
lacks coherence because the dis ­
cuss ions of basic comnuter organi­
za tion, circuits and hardware ele­
ments arc interwoven. This reduces 
the effectiveness of the descriptions 
of these areas . 

Little prior knowledge of DDA's 
is necessary to understand this 
book. A short section on the opera­
tion of switchin p: transistors is pro­
vided for readers unfamiliar with 
them. 

The book is useful as a reference 
for engineers engaged in the de­
sign of DDA's; however, except for 
its presentation of incremental data 
flow and DDA algorithms, it cannot 
be considered comprehensive for 
the practicin g engineer. The dis­
cuss ion of errors in insufficient to 
provide a bas is for designing com­
puters. 

Robert L. Gordon 
Sperry Gyroscope Co. 
Great Neck, .Y. 

FREE LITERATURE 
: TO : SINCLAIR RADIO LABORATORIES, INC. : 
I Dept. IOI 523 Fillmore Avenue I 
I Tonawanda, New York 14152 I 
I Name: I 
I Title: I 
: ~m~~ : 
I Address: I 
1 City: I 
I State: 1p: I 
L----------------~ 
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·what's in it for you when 
you order SILICON 

SLICES and EPITAXIAL 
SLICES from the nation's 

Number 1 specialist? 
I ) 

ro 
CONSISifENT 

QUALITY, 

FASTEST 
DELIVERY 

0 
And the most complete line in Crystals 
and Slices ... as sliced, lapped, etched, 
polished, diced and epitaxial in NI N+ , 
PIP+, multilayer, oxidized. Top source 
for Germanium, too. 

You can safely (and profitably) lower 
your own inventory when you order from 
Semi metals. 

Try us and see for yourself. 

~IMETALS.•-. 
~ 172 Spruce Street 

Westbury, LI., N.Y. 516·333·8400 
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Technical Abstracts 

Photoetched delay line 

An M-type backward-wave oscillator 
with photocopied delay line 

R. Mannette, B. Shaw and F. Henry 
Raytheon Co., Waltham, Mass. 

To reduce the weight of an M-type 
backward-wave oscillator used in 
airborne applications, a delay line 
photoetched on a lightweight ce­
ramic substrate has been developed 
as a substitute for the massive 
metal structures presently em­
ployed. A typical M-type bwo 
combines the crossed field char­
acteristics of the magnetron with 
the slow-wave interaction of a 
traveling-wave tube. A delay line or 
slow-wave structure is required in 
these tubes to reduce the velocity 
of the radio-frequency field to that 
of the electron beam, allowing r-f 
energy to be coupled from the 
beam. 

A conventional slow-wave struc­
ture is made from two carefully 
machined crowns that are formed 
either by using a hardened, pre­
cision ground mandrel pressed into 
a solid copper slug or by pressing 
fingers made of refractory material 
into a copper ring. The devices are 
heavy, difficult to machine and ex­
pensive to manufacture. 

In the new line, a thin layer of 
copper is bonded to a cylindrically 
shaped ceramic substrate made of 
beryllia, and the delay line struc­
ture is formed by standard printed 
circuit techniques. A linear form of 
the line is shown in the photograph 
below. Advantages of the photo­
etching technique include low 
weight, grea ter resistance to shock 
and vibration, lower manufacturing 
costs, and reduced tube size. In 
addition, the photoetching tech­
nique maintains excellent dimen­
sional accuracies allowing the de-

Photoetched slow-wave struct ures are 
formed by etching away some of the 
copper bonded to the beryllia substrate. 

sign of small, closely toleranced, 
slow-wave structures for tubes op­
erating near X-band. It also per­
mits the design of complicated 
slow-wave stru ctures that are diffi­
cult, if not impossible, to build by 
machining techniques. 

A 50-watt, C-band (5,000 to 
6,500 Mc), M-type conduction 
cooled bwo was built using a 
photoetched delay line. The tube 
performed satisfactorily except for 
a problem with sputtering of the 
sole material. In an M-type bwo, 
the electron beam is confined be­
tween the delay line and a copper 
cylinder called a sole. In sputter­
ing, copper atoms are dislodged 
from the sole material by positive 
ions formed when the electron 
beam ionizes residual gases in the 
tube. In the new tube, sputtered 
material short-circuits the delay 
line, resulting in reduced tube life. 
Sputtering also occurs in tu bes 
using conventional delay lines, but 
there the dislodged atoms merely 
coat the structure or pass through 
it without affecting its operation. 

In the new tube, the sputtering 
problem is reduced by coating the 
sole with a 50- to 100-angstrom 
layer of alumina-a nonconduct­
ing, low-sputtering material. This 
is expected to increase tube life to 
400 or 500 hours as compared to 
two hours for an uncoated, copper 
sole. In one test with an alumina­
coated sole, the tube operated 
satisfactori lv for 30 hours before 
an internai' short, not related to 
sputtering, caused a failure. 

A major problem in building the 
delay line is to provide a proper 
bond between the b eryllia and 
copper material that is to b e de­
posited on it. Conventional metal­
lizing and brazing techniques are 
unsuitable because they form a 
thick, 0.0002 inch interface be­
tween the materials that severly 
attenuates r-f waves. A novel tech­
nique was developed in which a 
200-angstrom layer of evaporated 
copper oxide is first deposited and 
then coated with 0.002 to 0.003 
inch of copper. The operation is 
performed at a controlled tempera­
ture and pressure atmosphere. The 
lines can be cycled to temperatures 
in excess of 600°C without any 
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''ROOM AT THE TOP'' 
Here are growth opportunities in Communications with 

TRW Systems in Los Angeles and Houston 

There is "room at the top" for your special talents on 
America's major missile and space programs with 
TRW Systems' Communication Laboratory in either 
Los Angeles or Houston. From the beginning of com­
munications via space, this group has played a pre­
eminent role in developing communications systems 
for the nation's major missile and space programs. 
Major achievements include the first unified carrier 
tracking, telemetry and command system and the first 
PCM telemetry system for space. Now is the time for 
you to investigate these opportunities with this out­
standing professional organization. 

MAJOR PROGRAMS ... 

Apollo spacecraft systems 
Advanced Minuteman systems 

Mars mission and spacecraft studies 
Nuclear Detection (Vela) Satellites 
Pioneer interplanetary spacecraft 

Weather satellite systems 
Standardized tracking, telemetry and 

command system (SGLS) 
Advanced space probes 
Lunar telemetry systems 

Communication satellite systems 

Senior Communication Engineers 

For design, analysis and management of communica­
tion systems and evaluation of scientific and military 
applications of communication techniques for aircraft, 
spacecraft and underwater craft use. BSEE, MSEE 
or PhD. 

Communication Equipment Design Engineers 

Several years' experience in design and analysis in the 
following fields : RF'filters, diplexers, antennas, phased 
arrays, feeds, solid-state transmi.tters, receivers, phase­
lock loop techniques, cavity techniques, strip line, very 
wide and very narrow band circuits, circuit engineer­
ing, and modulation techniques. BSEE or MSEE. 

Communication System Analysis Engineers 

Conceptual design, analysis and synthesis of wide 
variety of digital and analog communication systems, 
employing coding, modulation, and statistica l commu­
nication theory. Systems include integrated coherent­
carrier systems, phase lock demodulation (restrictive/ 
non-restrictive), communication satellites and deep 
space probes. MSEE or PhD. 

Signal Processing Engineers 

Design and development of sophisticated communica­
tion systems and components. Signal conditioners, 
analog and digital encoding and decoding, modulation 
tracking and carrier tracking phase lock loops, and 
multiphase modulation are involved in tracki ng, tele­
metry and command equipment which includes but is 
not limited to space applications. BSEE or MSEE. 

Telemetry Circuit Design Engineers 

To design a wide variety of analog and digital signal 
processing circuits for spacecraft digital telemetry 
equipment. Experience should relate to the design of 
analog-to-digital converters, analog and digital multi­
plexers, logic and data storage. Familiarity with micro­
electronics desirable. BSEE or MSEE . 

Telemetry System Engineers 

Experienced in the functional and logical design of 
analog and digital telemetry systems. Familiarity with 
design, development, application and evaluation of 
spacecraft instrumentation systems. Experienced in the 
design of data systems to interface with a wide variety 
of data sources including scientific experiments, and 
engineering measurements. 

Please submit resume and salary history i11 confidence 
to R. I. Brown, TRW Professional Placement, Dept . 
L-22, One Space Park, Redondo Beach, Califomia 
90278. TRW is an equal opportunity employer, male 
and female. 

TRWsYSTEMS 
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Life before 
thePVB 

"Before the PVB, we would 
have needed many expensive 

instruments to do the same jobs~' 

Sam Yoshikawa wanted a resist-ance 
bridge for the Instrumentation and Cali­
bration Lab he supervises for Signetics 
Corporation of Sunnyvale, California. 
We asked him why he chose our Model 
300 PVB (Portametric Voltmeter Bridge). 

His answer: "The PVB gives us a lot 
more measuring capability than we bar­
gained for. We use it principally as a 
high-accuracy resistance bridge, to cali­
brate decade boxes in the lab, and for 
other resistance measurements. 

"But it also packs eight other measure· 
ment functions into one compact, port· 
able case. So the boys in the Electronic 
Maintenance Department often take it 
over there to calibrate their test equip· 
ment. And the instrumentation group use 
it as a design tool in the development of 
our automatic test equipment. 

"In fact, the PVB is so versatile we can 
hardly keep it in the lab. We sure got a 
lot of test and calibration equipment in 
this one $750 instrument." 

ES!, 13900 NW Science Park Drive, 
Portland, Oregon (97229) 

In a single battery-operated unit, the PVB 
combines the functions of a potentiometric 
voltmeter, voltage source, ammeter, guarded 
Kelvin double bridge, resistance comparison 
bridge, ratiometer and electronic null detector. 
Accuracy : ± 0.02 % of reading or 1 switch step 

on virtually all ranges. elsli® 
Electro Scienti fic Industries 
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Technical Abstracts 

apparent damage to the bond. 
The dispersion and coupling im­

pedance of the photoetched delay 
line is comparable to that of a con­
ventional delay line. Its insertion 
loss in the band between 4,700 to 
5,300 Mc is 3 to 4 dh; although 
slightly higher than conventional 
delay lines it does not seriously 
affect tube operation. 

Presented at the International Electron 
Devices Meeting, Washington, Oct. 20-22, 1965 

Space data 

The data management analyzer, a 
laboratory tool for data 
compression analysis 
J.A. Bryan and J.W. Stumpe, 
Radiation , Inc. 

Data compression is becoming 
more essential as the length of 
space missions, and the amount of 
data to be transmitted to earth, in­
creases. Until now, satellites have 
been able to transmit information 
with considerable redundancy, but 
space vehicles on longer missions 
-to Mars and other planets-will 
have to transmit on much narrower 
bands because their available 
power will be limited. 

At Radiation, Inc. , Melbourne, 
Fla. , a laboratory model of an 
adaptive data system is being used 
to analyze both analog and digital 
space data in an attempt to elimi­
nate redundancy. In the laboratory, 
a flow of data can be sampled much 
faster than on a space vehicle 
where power restrictions impose 
slower transmission and sampling 
rates. Lab equipment can deter­
mine, theoretically, the most effi­
cient procedures, and allows the 
study of the relationships between 
redundancy and other factors such 
as the spectral characteristics of 
the data. 

The lab system, consisting of a 
desk-high rack of equipment in­
cluding two special purpose com­
puters developed by the company, 
can handle 64,000 bits per second. 
Analyzing automatic picture taking 
(APT) data from the Nimbus 
weather satellite, it showed that a 
10-to-l sample reduction was pos­
sible without compromising picture 
quality. That is , each picture could 
be transmitted in 100,000 samples 

NORTON 
Magnetic Tape 
Heads 

6506-

SERIES 6500 
• CROSSTALK- 4008 

• + 75°C Temperature Operation 

Send now for complete technical literature. 

NORTON 
ASSOC/A TES . INC. 

?40 Old Counl ry Road . Hicksv ill e. N. Y. 
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High torque, 
Self -shielded 

Al-2 (actual size) 

moving coil mechanism 
Versatile mechanisms for critical indicating 
and control systems have "On-off","+, -". 
"Go-no go", null, left-right, or scale indicators. 
High torque, self-shielded core magnet design 
permits grouping of functions in small panel 
space. Moving coil weighs 100 mg less and 
provides at least 10% more torque than best 
previously available mechanism of this type. 
Wide choice of sensitivities; synchro or stand· 
ard mounting. 

AMMON 
AMMON I NSTRUMENTS, I NC. 

345 Kelley Street, Manchester, N. H,03105 
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ENGINEERS AND SCIENTISTS 

Can you advance 

the precision of 

digital guidance 

in space? 

Our Guidance and Controls Division, which is contributing to such major con­
tracts as Polaris, Phoenix, Surveyor and VATE, is continu ing its expansion into 
areas which will present the greatest challenge for the foreseeable future -
advanced aerospace guidance and navigation digital computers and advanced 
interceptor computers. / Openings exist in a wide va riety of disciplines in 
Laboratories which are responsible for advanced technology, preliminary 
design and appl ications, and digital circuitry and components. All of these 
require accredited degrees and a demonstrable capacity to do creative design 
or analysis. Although experience is required for most of the posit ions, severa l 
are open to recent graduates./Opportunities are immediately available for : 

Prelim inary Design Engineers : Expe­
rience in D igital Systems Applications 
Engineering, Logical Design, Memory 
Design (solid state. ferrite or drum) 
Electro-mechanical Design Engineer­
ing, or Physical Product Design-cold 
plate coating, thermal analysis , pack­
aging trade-off studies-would be 
particu larly helpful. 

Auto ma t ic Te st Program A na lysts : 
Systems test. in-flight self test, time­
sharing or maintenance depot experi­
ence would be directly applicable to 
our opening . A ba sic understanding 
of the mathemat ics involved with 
c ircu it ry and computers or weapons 
systems analys is wou ld be of partic­
ular value. 

Electronics J February 21, 1966 

Circu i t Design Engineers : Duties 
wo uld involve the design of logic 
circuits, many forms of input output 
devic es, high reliability low power 
circuits for spacecraft VHF and UHF 
counters. 

Systems Integ ra tion Engineers: Expe­
rience is required in such areas as 
system integration. system checkout , 

test equ ipment design , test specifica­
t ion and procedure writing . 

There are several openings also for 
Mecha nical Engineers, Physicists, 
Re li ab il ity Engineers and Mathemati­
c ians who have acquired specialized, 
pro f essional experience which is 
d irec tly applicable to the design or 
anal ysis of aerospace digital systems. 

All of these assignments requi re an acc red i ted 
techn ical degree. U .S. c1t1Zensh1p and re lated 
profess ional expenence . 

Please forward resume to: 

MR. RO BERT A. MARTI N 
Head of Empl oyment 

Hughes Aerospace D ivisions 
11940 W . Jefferson Blvd. 

Culver City 6, Calif. 

r ----- -------- ----- , 
I I 

: HUGHES : 
I I L ______ ____ __ __ ____ J 

H lJG<-1E5 AIRCRAFT CO M PANY 

AEROSPACE DIVISIONS 

An equal opportuni ty employer 
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Circle 253 on reader service card 

A REVOLUTIONARY NEW TWEEZER SUPER FINE TWEEZERS 
FOR PRECISION WORK 

It firmly grips an d hol d s t he m ost deli cat e ob jects. Objec t can't sli p because of spec ial d iamond gri p. 
Gripping points l in ed w ith diamond-powd er-(fine gr i t ). The d iamond particles are f irm ly we lded to 
stainless stee l m etal. Th ese tweeze rs a re used for m icro-fi ne work and m icro surge ry. 

No. 774. Blades taper sharply from body to very 
fine points length 43/4 inches. ·Stainless steel -
non magnetic. $10.00 each 

No. 772. Angled superfine points - Points on 45° 
angle. Length 41/4 inches - Stainless steel - non· 
magnetic. $10.00 each 

No . 777 . Curved, superfine points length 4318 
inches. Stainless steel - non magnetic. 

$10.00 ea c h 

No. 770. Blades taper gradually to very fine point 
- lengt h 41/4 inches. Stainless steel-non magnetic. 

$8.50 each 

DIAMOND COATED EMERY BOARD - ........... ""*' 
7" over-all excellent for rapid f in ish ing of fine parts - Diamond gri t on both sides. 

$9.60 per dozen 
I. KASSOY INC. 30 WEST 47 STREET, HEW YORK 10036, DIAMOND ClU8 BLDG. 

WORLD'S LARGEST DISTRIBUTOR OF TWEEZERS I ASK FOR OUR EXTENSIVE TWEEZER CIRCULAR 

228 Circle 228 on reader service card 

Technical Abstracts 

instead of 11/4-million samples. 
In other studies, the lab gear con­

firmed that telemetry data rates 
from the Saturn booster could be 
reduced by a factor of 161-to-l 
without loss, that medical data 
from Project Gemini astronauts 
could be reduced by 5.5-to-l. and 
that the cost of telephone circuits 
from Alaska could be substantially 
cut. Radiation has been using the 
equipment since last May. 

Two projection technique are 
employed. The zero, or ··step," 
technique predicts future data 
along a slope established by two 
samples. If future samples fall 
within limits set by the slope they 
are considered to be redundant and 
are not transmitted. 

In the second, or "fan." tech­
nique, two slopes are drawn be­
tween each new sample and the 
first sample, forming a "fan·· of 
radial lines around each future 
sample. The fans are used to eYalu­
ate each successive sample to deter­
mine if it falls within a specified 
tolerance. The process was de\·el­
oped and patented by Radiation, 
Inc. 

After reducing the data. the 
analyzer reproduces it by linear or 
first order interpolation which con­
nects two nonredundant ~amples 
from the reducer with a straight 
line. 

Peripheral equipment, which pre­
sents test results visually, includes 
a two-channel pen recorder for low­
frequenc;y displays. By switching, 
the input waveform can be re­
corded on one trace and one of 
several output waveforms on the 
second trace. A digital tape re­
corder is also available for further 
processing the data. 

The big problem in designing 
such adaptive data systems for use 
in space vehicles is, of course, 
weight and available power. Radia­
tion is working on a prototype of a 
one-channel space with 600 inte­
grated circuit flatpacks , which 
would be about the size of a pack 
of cigarettes. It is anticipated that 
speed can be increased to 400.000 
bits per second. 

Presented at the 1965 International Space 
Electronics Symposium, Miami Beach. Fla ., 
Nov. 2-4. 
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---------SE ARCH LIGHT SECT I 0 N1---------
ELECTRIC MOTOR & BLOWER BARGAINS 
Blowers • Cooli ng Fans • Heaters • Motors • 
Gear Motors • Gear Red ucers Laroe Va r iety 

• Large I nventory 

Semi for Catalog 

ELECTRIC TRAD ING CO. 
3 13-3 15 Canal S t. , N. Y., N. Y . 1001 3 

Dept. E- 9 (212) CA6-0575 

CIRCLE 956 ON READ ER SERV ICE CARD 

~ EMPLOYMENT 
""" OPPOllTUNITIES 

THE MARKET-PLACE 
FOR ALL EMPLOYMENT NEEDS 

Send new ad s or inquiries to: 

ELECTRONICS 
Class. Adv . Div ., P.O. Box 12, N .Y. 10036 

ELECTRONIC COMMUNICATIONS 
SPECIALIST 

$13,500-$16,000 
New York Sta te is lool<ing fo r versons wi th EE d egree 
and exvel'ience in deslgn & development of rad io & 
T\,. equipment a. nd circu it ry or in the overat ion of 
electronic communications system using audio & \'ideo 
equipment . 
Wrlte: Dept. of Civil Service, R·20 1 F, State Cam pus, 
Albany. N. Y. 12226 

Dl!~lllT~ 
BUYERS TURN TO THE SEARCHLIGHT SECTION IN ELECTRONICS 

Dl:OULIO 
EMPLOYMENT 

FREE CATALOG 
Electronic Test Equip ment 
LAB M A TERI A L - OPTICS 
Ham Gear - Com ponents 
Semi-Cond uctors - Surp lus 

GADGETEERS ELECTRONICS 
5300 V ine St. Cincinna ti, Ohio 4521 7 

Field Tel epho ne Set Two-Way T elephone com­
mun icat ion or signali ng t o multiple stati ons. 
Range. 2 mi les. Utilizes stan da rd co nnecti ng 
telephone line--Featu res: Local or remote con ­
tro l. Battery powered . AN / GRA- 6 

MONMOUTH ELECTRIC CO ., INC. 
1805 Corliss Ave. Neptune, N. J . 

Phone-20 1-776-5300 

CIRCLE 954 ON READER SERVICE CARD 

,__ ____ 1f SEMICONDUCTORS -II----· 
-, MAJOR BRANDS J 

INTEGRATED CI RCUITS • DIF . AMPS DAR­
LINGTONS • POWER DIODES & TRANSISTORS 
• SPECIAL DEVICES 

Wrile for Caralag 5-1 
SEMICONDUCTOR SALES OF CALIF. 

1063 Perry Annex W hittler, Calif. 
(213) 696-7544 

CIRCLE 955 ON READER SERVICE CARD 

Electronics 

1 MFD 25KV 

GE # 44F10 

12" x8 Y2 x12 % 

(over top flange) 

SPECIAL 

$29.50 

OIL FILLED CAPACITORS 
• 1 MFD 16KV, G.E. 14F463 

13%"x4" xl3" , 2 Ceramic Term. 
$29.SO 

• 1 MFD 6000V, GE CAT # 22F103G2 
CP70D1FP105V, 3% x 4 V2 x 7% 
2 Ceramic Terminals, Original Boxes 
10 for $39.SO ... . . . ..... $4.50 ea. 

• 1 MFD X 1 MFD 7500V 4"x8" x9 1/.i ", 
3 Ceramic Terminals . .•••. .. $12.50 

• 5 MFD 7500V, GE CAT # 26F393 
3% x4 Y2xS Y2, 2 Ceramic Terminals 
10 for $29.50 . ..••••• . .. $3.SO ea. 

Prices subject to change without notice . Usual 
terms to rated Accounls- All others 25% Cash 
w ith order-Balance C.O .D. F. 0 .B. Bay Area. 
All it.ems subject to prior sa le. Minimum orders 
$10.00. 

GENERAL· SURPLUS ELECTRONICS 
Building L725 Oakland Airport, 

Ooklond, California 

Telephone LO 2-1540 

CIRCLE 951 ON READER SERVICE CA RD 

OPPORTUNITIES 

QUALIFICATION FORM FOR POSITIONS AVAILABLE 

ATTENTION : ENGINEERS, 
SCIENTISTS, PHYSICISTS 
Thi s Qualification Form is designed to help you 
advance in the e lectronics industry . It is unique 
and compact . Designed w ith the assistance of 
profess ional pe rsonnel management, it isolates 
specific e xperience in el ectronics and deals only 
in · e-sse ntial background information. The adve r ... 
tise rs . liste d he re are seeking professional ex­
perience. Fill in the Qualificatio n Form below. 

STRICTLY CONFIDENTIAL: Your Quolification 
form will be handl e d as " Strictly Confidential " 
by Ele ctronics . Our processing system is such 
that your form will be forwarded within 24 
hours to th e prope r e xe cutive s in the companies 
y ou select . You will be contacted at your home 
by the inte re ste d companie s. 

WHAT TO DO . (1. ) Review the positions in the 
adve rtise me nts . (2 .) Se le ct those for which you 
qual i fy . (3.) Notice the key numbers . (4.) Circle 
the corresponding key number below the Quali­
fi cation Form. (5.) Fill out the form completely . 
Please print clearly . (6.) Mail to : Classified Ad­
vtg. Div ., El ectronics , Box 12, N. Y. 10036. 

COMPANY Page # KEY # 
ATOMIC ENERGY OF CANADA LTD. 192* 1 

Ontario, Canada 
ATOMIC PERSONNEL INC. 192* 2 

Phila ., Pa. 
BAUSCH & LOMB 191 * 3 

Rochest er , N.Y. 
DOUGLAS Al RC RAFT CO ., INC. 218 4 

Santa Monica, Calif. 
ELDORADO ELECTRONICS 192* 5 

Concord , Calif. 
ELECTRONIC COMMUNICATIONS 
INC. 192* 6 

St. Petersburg, Fla . 

GENERAL ELECTRIC CO. 208 7 
Schenectady, N.Y. 

GENERAL ELECTRIC CO . 230 8 
Syracuse, N. Y. 

HAMILTON STANDARD DIV. 191 9 
United Ai rcraft Corp . 
Windsor Locks, Conn . 

INTERNATIONAL BUSINESS 
MACHINES 221 10 

Armonk, N.Y . 
NATIONAL CASH REGISTER 200-201 11 

Hawthorne, Calif. 
NEW YORK STATE DEPARTMENT 
OF CIVIL SERVICE 12 

Albany, N.Y. 12226 
PAN AMERICAN WORLD 
AIRWAYS INC. 231 13 

Cocoa Beach , Fla . 
SPACE GENERAl CORP. 191 * 14 

El Monie, Ca li f . 
TRW SYSTEMS 225 15 

Redondo Beach, Cal i f . 

"Thl'se adre rti semcnts appear ed in the Feb. 7th Issue. 

PERSONAL BACKGROU ND 
Nome ...... ... . .. • .. . .. ... ... .. . . .. . .• .. • . 
Home Address . • • , . • • . • . • • • . • . ••• 
City . . . . • . . . . . . . . . • Zone . . . . State .. • .. . . 
Home Tele phone ... . . . . . .. . . •.. . •• ••• • .. •• 

EDUCATION 
Professional Oegree (s) • . . . . . • • ••••••. .. . • . 
Mojor(s) . . •.••••• ... ...•... • . .• .. • 
Univers ity • . . ... ..• . . . . .. • . •.. .. . .. . .. . •.. 
Date (s) •••• . . • . . .... . . ... .. . .... . ... .. . 

FIELDS OF EXPERIENCE (Please Check) 2/ 21 / 66 

B Aerospace 8 Medicine 
Antennas Microwave 

0 ASW 0 Nav igation 

0 Circuits 
D Communicalions 
0 Componenls 

8 Compulers 
ECM 

D Electron Tubes 
D Engineering Writing 

8 Fire Control 
Human Factors 

B Infrared 
Instrumentation 

D Operation Research 

B Optics 
Packaging 

D Radar 

§Radio- TV 
Simulators 
Solid State 

~Telemetry 

o b~h~~ror.~e•.s . .• ..... 

D ········ ·· ·· · ··· · · 

CATEGORY OF SPECIALIZATION 
Please Indicate number of months 

experience on prope r lines . 
Tech· Super-
nical vi sory 

Experi- Experi-
ence ence 

(Months) (Months) 
RESEARCH (pure, 

fundamental, basic) 
RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Producls) 
MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Product s) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' 
POSITIONS THAT INTEREST YOU 1 2 3 
4 5 6 7 B 9 10 11 12 13 14 15 



Investigate your career now 
in missile-defense radar; ad­
vanced sonar engineering at 
General Electric. 

G.E.'s Heavy Military Electronics 
Dept-whose capabilities include the 
design, development and fabrication 
of the world's largest and most ad­
vanced ASW and radar systems-an­
nounces long-term career openings 
for continuing contributions to large 
military contracts. 

HMED offers you stability based on 
its broad capability for handling 
large programs and the experience 
that goes with front-rank perform­
ance on this decade's most advanced 
projects. Your growth is tied to that 
of a lean, highly professional engi­
neering group backed by top-flight 
facilities - both within HMED and 
throughout General Electric. 

At G.E., you'll be treated as a pro­
fessional who's expected to handle .... 
wel I-defined, delegated responsibility. 
In most instances you'll deal directly 
with your customer's organization. 

You will be given every opportunity 
to develop yourself professionally 
th rough continuing Company-taught 
courses and advanced tuition-paid 
study at nearby Syracuse University. 
And, in the course of your work, you'll 
have access to information developed 
by other G.E. facilities throughout the 
country. 

WHY NOT MATCH YOUR EXPERIENCE AND 
CAREER DESIRES AGAINST THESE REQUIRE­
MENTS? 

SONAR: Advanced Sonar Engineers; Array .._ 
Beamformer and Signal Processing Develop­
ment Engineers; Digital Logic Engineers; 
Sonar Solid-state Circuit Design; Transduc-
er Development; Solid-state Transmitter 
Deve lopment; Pattern Recognition Analysis; 
Adaptive Filtering Research; Display De­
velopment; Propagation Analysis; Sonar 
Subsystem Development. 

RADAR: Monitor and Control Analysis Engi­
neers; Digital Control Eqpt. Engineers; Micro­
wave Component Design Engineers; Con· 
sultant, Circuit Design and Development; 
Instrumentation Circuit Engineers; ME's 
for Signal Processing Modules; Consultant, 
Array Radar Subsystem Requirements. 

• INVESTIGATE NOW! For full informa-
tion, send a resuiii'"e of your experi­
ence in confidence to J. L. Wool, 
Professional Placement, Heavy Mil­
itary Electronics Dept., Section 127, 
General Electric Co., Court St., Syra­
cuse, New York. 

An Equal Opportunity Employer 
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Most engineers are lucky 
to be in on a handful of space missions 
during a lifetime. 

In the next 5 years alone, 
you could help launch over 500 

like these: 
GEMINI 
APOLLO 
MOL 
VOYAGER 
DISCOVERER 
BIOSATELLITE 
MARINER 
EXPLORER 
OAO 
OGO 
oso 
PIONEER 
SERT 
SURVEYOR 
SMS 
SATURN 1-B & V 
TITAN Ill 
ATS 
MINUTEMAN 
PEGASUS 
IMP 
TIROS 
POSEIDON 
ETC. 
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Solving instrumentation problems like these: 

COMMUNICATIONS Increase bandwidth and/or employ compaction 
techniques for expanded real -time bioastronautic, telemetry , and 
color TV data transmission .. . wideband data link using communica­
tion satellites. 

CW & PULSE RADAR Improve sensitivity, reliability , and accuracy of 
GLOTRAC, MISTRAM and MIPIR ... add multiple·slant-range measure­
ment capability to down-range stations. 

TELEMETRY Extend frequency coverage at all stations to 2300 me 
. . . design a system which, upon command, will select the most im­
portant data from each station ... replace obsolete telemetry equip­
ment with modern receiving and recording stations ... add automatic 
checkout and calibration. 

OPTICS Add new fi xed metric and tracking metric systems to cover 
increased launc h activity .. develop a new family of sta ndard optical 
beacons for installation in missiles and space vehicles ... new auto­
matic optical calibration system ... develop airborne optica l systems 
equal in capability to ground telescopes. 

I NFRARED Add new high-reso lution spectrometers for launch and 
re-entry coverage ... new IR systems to extend mid-range coverage. 

RANGE SAFETY Study and develop areas o f explosive hazard assess­
ment, including in strumentation to cover chemical fuel exp losions 
and nuclear fuel excursions . 

I NSTRUMENTATION & VEHICLE CONTROL Add a 64 ·man central 
control at the Cape to direct operation of the entire range ... new 
real·time dual -system computer facility (inclu d ing 2 CDC 3600's) for 
failure-proof high-speed data handling. 

CORRELATION Reduce time correlation uncertainty across the range 
to less than IO microseconds ... standardize the timing signal format 
on the Eastern Test Range to be compatib le with other national · 
ranges. 

FREQUENCY CONTROL & ANALYSIS Monitor and control all electro­
magnetic radiation within the missile test area with a Spectrum Sur­
veillance System .. . expand automatic interference control , spectrum 
signature collection , and quality analysis . 

METEOROLOGY Improve cloud height and growth indication instru­
mentation ... develop a system to measure atmospheric electrical 
potential and cloud movement . 

SHIP & AIRCRAFT INSTRUMENTATION Improve the instrumenta­
tio"n to meet more stringent telemetry, navigation, tracking, com· 
munications, and data handling requirements ... phase into opera­
tion new and /o r modified tracking ships and aircraft . 

UNDERWATER SOUND Refine the techniques employed to establish 
impact location points of nosecones and instrumentation cassets. 

BIOASTRONAUTICS Provide equipment to monitor and display phy­
siological and environmental data to Air Force bioastronautic of· 
ficers . Hook up this equ ipment into range computers and telemetry 
receiving sites . . ~~. 
(D·i·'t·idt '••! 

GUIDED MISSILES 
RANGE DIVISION 

PAN AMERICAN WORLD AIRWAYS , INC . 
750 S. ORLANDO AVENUE , COCOA BEACH, FLORIDA 

·An Equal Opportunity Employer M / F 

In important technical and manage­
rial positions like these: 

Projecting program requirements 
and developing the advanced track­
ing system concepts required, in­
cluding instrumentation , facil ities, 
and logistic support. 

Developing specifications for range 
instrumentation systems, evaluating 
bids from industry, monitoring de­
velopment , fabrication, installation, 
and phasing of sys tems into opera­
tional status. 

Planning, evaluating, and providing 
range support for all launches, co­
ordinating all range support activi­
ti es, provid ing data and command/ 
destruct for range safety, and man­
aging down· range island and ship 
stations. 

Experience required in one or more 
of these areas: Pulse & CW radar I 
telemetry I infrared I data handling 
I communications I closed circuit 
TV I frequency analysis I command 
contro l I underwater sound I timing 
I shipboard instrumentation/ 
meteorology. 

Write to M anager, Profess ional Em­
ployment, Dept. 288-3 
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ULTRA 

CARBON 
® 

CORPORATION 

The shape of 
tomorrow, 
today 
For more than 20 years, Ultra 
Carbon consistently has pro­
vided industry with advanced 
graphite technology. "F" 
purity graphite for the AEC 
... semiconductor crystal cru­
cibles, boats, headers and fix­
tures made from Ultra purity 
graphite- these are typical of 
our past contributions to the 
electronic industries. 

UL TRA/FGP® flat glass packs 
for integrated circuits in 10 
lead configuration are avail­
able from stock. For our cata­
log, write Ultra Carbon Cor­
poration, Box 747, Bay City, 
Michigan 48709. 

Circle 232 on reader service card 

New Literature 

Microwave packaging. Bomac Division, 
Varian Associates, Salem Road, Beverly, 
Mass., has available a brochure describ· 
ing the line of Bopac custom microwave 
packaging that solves interface prob· 
lems, and relieves the systems designer 
of time-consuming search for compati· 
ble components. 
Circle 420 on reader service card. 

Direct digital control. Fischer & Porter 
Co., 522 Jacksonville Road , Warmin· 
ster, Pa., 18974. Catalog 33 covers a 
multiple-channel time-shared digital 
system designed for the specific re· 
quirements of process control. [421] 

Microwave tubes. Raytheon Co., Micro· 
wave and Power Tube Division, Wal· 
tham, Mass., has compiled a quick refer· 
ence guide to principal specifications 
of more than 200 of the most widely 
used microwave tubes. [422] 

Circuit breakers. Metals & Controls Inc., 
a corporate division of Texas Instru­
ments Incorporated, 34 Forest St., 
Attleboro, Mass., 02703. Selection and 
application of precision circuit breakers 
are simplified by a new four-page bul · 
letin describing the entire Klixon line. 
[423] 

R-f connectors. Star-Tronics, George· 
town, Mass. An engineering data sheet 
deals with a line of subminiature and 
microminiature r·f connectors. [424] 

Aluminum knobs. Atomite Electronics 
Corp., 119 Pleasant Ave., Roosevelt, 
L.I., N.Y., has published a brochure on 
aluminum control and instrument knobs 
that are custom designed and manu­
factured. [425] 

Self-locking fastener. Robinson Vibra ­
shock Division, Robinson Technical 
Products Inc., Teterboro Air Terminal, 
Teterboro, N.J. Bulletin CS 65·7 de· 
scribes self-locking fasteners designed 
for secure fastening and easy removal 
of mounted electronic equipment. 
[426] 

Telegraphy error corrector. Codex Corp., 
222 Arsenal St., Watertown, Mass., 
02172. A detailed brochure covers the 
TD-12 solid state, compact telegraphy 
error corrector. [ 427] 

Solid state oscilloscope. EMI Electronics 
Ltd ., Hayes, Middlesex, England, offers 
a brochure describing the model 101 
solid state oscilloscope, a portable, 3· 
inch general purpose unit. [428] 

Snap-action switches. Cherry Electrical 
Products Corp. , 1650 Old Deerfield 
Road, Highland Park, Ill., has available 
an article reprint giving a step-by-step 
description of how to find the right 
snap-action switch by the composite 
sketch method. [429] 

P-c production techniques. Industrial 
Circuits Co., 99 Main Ave., East Pater· 
son, N.J. Techniques for the production 
of printed circuits and assemblies for 
high reliability applications are detailed 
in a 12-page illustrated guide. [430] 

Pressure transducers. ElectroSyn Tech­
nology Laboratories, Inc., 480 Neponset 
St., Canton, Mass., 02021. Bulletin 101 
describes a line of miniature precision 
pressure transducers that utilize a 3· 
fluted straight Bourdon tube as the 
sensor. [431] 

Power supplies. Trygon Electronics, 
Inc., 111 Pleasant Ave., Roosevelt, L.I. , 
N.Y., 11575, has published a 52-page 
handbook, P965, which fully describes 
the company's complete line of stand· 
ard power supplies and modules. [432] 

Laser metalworking systems. Applied 
Lasers, Inc., 72 Maple St., Stoneham, 
Mass .. 02180, offers an illustrated tech­
nical brochure describing a series of 
practical laser metalworking systems. 
[433] 

Solid state isolators. Sperry Microwave 
Electronics Co., P.O. Box 1828, Clear­
water, Fla. An illustrated, 8-page con· 
densed catalog contains full informa­
tion on 177 sol id state isolator models 
available as a standard product line. 
[434] 

Bead thermistors. Victory Engineering 
Corp., 122 Springfield Ave., Springfield, 
N.J., 07081, has published a technical 
bulletin on the type 33A9 glass-coated 
bead thermistors for microwave power 
measurement applications. [435] 

Magnetic pickups. Airpax Electronics 
Inc., P.O. Box 8488, Fort Lauderdale, 
Fla., 33310. Bulletin F-8 discusses the 
application of magnetic pickups to ta· 
chometry, counting, positioning, motion 
study, timing, vibration measurement 
and synchr(Jnizing. [436] 

Data recording system. Electronic Engi­
neering Co. of California, 1601 East 
Chestnut Ave., Santa Ana , Calif. , 92702. 
An eight-page brochure contains de· 
tailed information on the model 755 
magnetic-tape data recording system. 
[437] 

Solid state multiplexers. Astrodata, Inc., 
P.O. Box 3003, 240 E. Palais Road, Ana· 
heim, Calif. A three-page brochure pro­
vides complete technical data on the 
series 970 solid state multiplexers. 
[438] 

Connectors. Transitron Electronic Corp., 
Wakefield, Mass., has available a con ­
densed catalog covering a complete 
line of standard and special -purpose 
connectors. [ 439] 

Photoetched lead frames. Eburn Indus­
trial Research Corp., 117 South Shore 
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Industrial Park, H ing ham, Mass. Micro· 
circuit lead frames produced by photo· 
etching are described in technical data 
bulletin No. 11. [440) 

A-c standard. Cohu Electronics, Inc., 
Box 623, San Diego, Calif ., 92112. 
Technical data sheet 20·8 discusses the 
6018 a·c voltage standard with applica· 
tions, specifications and block dia· 
grams. (441) 

Pressure switches. Cook Electric Co. , 
Wirecom division , 2700 Southport Ave., 
Chicago, Ill., offers a booklet on custom 
set, diaphragm-t ype pressure switches 
that meet the high reliability requ ire· 
ments of original equipment manufac· 
turers; they are economical and avail · 
able for quick delivery for hydraulic or 
pneumatic applications. (442) 

Punched tape logger. Fischer & Porter 
Co., 465 Jacksonville Road , Warminster, 
Pa., 18974, has published catalog 35· 
1545 describing a punched tape logger 
for automat ic data processing. (443) 

Transistors and diodes. General lnstru· 
ment Corp., 600 W. John St., Hicksville, 
N.Y., 11802. Two new catalogs list and 
describe 145 types of germanium 
alloyed and diffused alloyed junction 
transistors and more than 200 types of 
germanium gold bonded diodes now 
available. [444) 

Dig ital systems capabil ities. The Fox­
boro Co., Foxboro, Mass. A 14-page 
brochure, bulletin L-17, illustrates the 
company's ability to accept total re· 
sponsibility for design, fabrication and 
application of digital systems. [445) 

Mechanical differentials. Globe Indus· 
tries, Inc., 2275 Stanley Ave., Dayton, 
Ohio, 45404, offers bulletin D-500 giv· 
ing information on a-c and d-c motor­
driven mechanical differentials. [ 446) 

Mica insulating film & sheet. Magnetic 
Shield division , Perfection Mica Co., 
1322 N. Elston Ave., Chicago, Ill., 
60622. Manual K-6 contains electrical 
and physical data on mica insulating 
film and sheet for the design engineer. 
[447) 

Resistance-to-current converters. lnstru ­
Lab, Inc., 1205 Lamar St., Dayton, 
Ohio, 45404, has issued a revised copy 
of its two-page data sheet 900-13 de­
scribing its Evenvolt resistance-to-cur­
rent converters . The revision details 
additional input capability and wider 
output ranges. (448) 

Transmission line relationships. PRO 
Electronics, Inc., 1200 Prospect Ave. , 
Westbury, N .Y., 11590, offers Applica· 
tion Note No. 18, " Useful Tables and 
Graphs for Determining Transmission 
Line Relationships." [449) 

Laser safety handbook. Martin Co., 
Orlando division, P.O. Box 5837, Or­
lando, Fla. , has issued a booklet con­
taining safety precautions for the 
casual laboratory visitor as well as 
detai led techniques and equations for 
establishing safe working environments 
for operating lasers. [450) 
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We're into electronics 
up to our ears ... 

V .O.M . R ecorder s are backed by years of experience in engineering the 
most sophisticated el ectronic circuitry for a wide variety of preci si on 
scientific instruments. An entire division i s devoted exclu si vel y to the 
development and production of el ectronic products. R esult? Outstanding 
performance and r eliability ... with exclusive important advantages for 
you at surprisingly l ow cost. Like recording multiple inputs ... volts, 
ohms, milliamps ... directly, without extra converters. Or the 5 ch art 
speeds, and many more. P eople who buy them , like them and buy more. 
The V .O.M. R ecorder in u se is its own best salesman! 

V.O.M.·5 V.O.M.·6 V.O.M.-7 V.O.M.·8 

Vol ta ge range: 10 mv- 500 v DC 2.5 mv-125 v DC 0.5 mv- 10 v DC Absorbance I 
Transmi ttance 

Current range: 10 µa - 100 ma 2.5 µa- 25 ma l µ a- 10 ma Measurement 
(voltage, cu rrent, 

Resistance range: 1 ohm- 100 K ohms 0.25 ohms- 25 K ohms 1 ohm- 100 K ohms resistance 

Prices: 
ranges same as 

V.O.M.-5) 
(suggested list) $595 COMPLETE $700 COMPLETE $885 COMPLETE $900 COMPLETE 

W e also have the capability of designing special r ecorders . .. modified 
to handle whatever applications you wish. F or complete information 
on our standard recorders and the many time-saving accessories available. 
for them, w rite for Catal og 37-2068. L et us know if you ar e inter ested in 
modification for special need s. Bausch & L omb,· 62326 Bausch Street, 
R ochester, N ew York 14602. 

BAUSCH & LOMB {j) 
ELECTRON ICS DIVISION 
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Ampex uses the 1099 to align Color Video Heads 
and Amplifiers for Maximum Linearity 
Model 1099 sweeps from O.lmc to 20mc with lmc and 5 me markers. Sweep 
is flat to O.ldB with a maximum output of 3 volts p-p. The Sweep Generator 
uses special detector probes (supplied) to provide differential level, input/ 
output, for exactly linearising networks and amplifiers and can discriminate 
to 0.02dB. 

FOR YOUR TRANSMITTER -

-
~ • • • • • •• 
•••• • • • ;, • • '• .. 

Television Sideband Analyzer Model 2360 with 

UHF Adapter TM6936 

• • • • 
~ • . .... 

• • • • • .. • 

o tests channels 3 thru 83 

o measures dynamic response 
of transmitter 

• allows insertion of sync and 
blanking on internally 
generated sweep signal 

• for steady state response use 
as sync mixer with external 
oscillator for trap setting etc. 
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Soviet Union 

Messages from the moon 
\\.ith the transmi sion of pic tures 
from the moon , Soviet scien ti sts 
did more than surge a t leas t th ree 
months ahead of the United States 
in the race to send men on the 
round trip. Th ey also proved they 
had reduced Ameri ca's bigges t ad­
vantage in space : supremacy in 
electronic controls. 

In steer ing Luna 9 to the moon, 
slowing it clown from 6,000 miles 
an hour almos t to a halt, then drop­
ping it gently onto the moon from 
10 fee t up, the Ru ssians demon­
strated a high degree of expertise 
in computer technology and in te­
lemetry. The maneuver, essential 
for a manned mi ss ion, is still to 
be perfec ted by the United Sta tes; 
it is the goal of the twice-delayed 
Sun ·eyor program, whose fir s t shot 
toward the moon is not expected 
before ~Jay . 

Timetable. The Ru ss ians are ex­
pected to land several more sta­
tions on the moon thi s year. In the 
spring they plan to send into orbit 
a huge, manned space station , ap­
parently equivalen t to the manned 
Apollo that the United States ex­
pects to orbit early in 1961 . 

The Ru ssians are expected to put 
stations onto the moon for longer 
periods this year, and in 1961 
they are expected to land a mobile 
s ta tion. 

As for a manned landing, how­
ever, Sovie t sc ientists refuse to go 
on record with an y predic tion . 

Luna's progress. Luna 9 was 
'aun ched Jan. 31 into a parking 

··b;t around the earth , but before 
t could complete one revolution it 

was kicked toward the moon by a 
fi nal rocket stage. After the fin al 
stage was je tti soned , the sta tion 
weighed 3,500 pounds. Nearly onc­
half of the weight- 1,600 pounds­
consisted of fuel for the braking 
rockets. The sta tion itself wciglw d 
only about 220 pounds, consider-

Lun3 9, as conceived by Soviet artist , sprouts four antennas skyward after 
land ing on the moon. Pet al ·like screens protect revolv ing t v camera. 

ably less than the control package, 
whose exact weight was not dis ­
closed by the Russians . 

The original course would have 
missed the moon by 6,000 miles, 
but was corrected Feb . 1. 

Between the time of the correc­
tion maneuver and the landing, the 
landing-control package aboard the 
spacecraft was fed information 
based on data ga ined from a com­
puter center on earth . \\'hen all the 
information was in the ship 's pro­
gram, it was read back to earth for 
checking. 

One delica te maneuver remained 
before landing: the ship had to be 
oriented " ·ith the moon's vertical 
ax is. This was diffi cult b ecause the 
ship was not movin g direc tly to­
ward the center of the moon, so 
that the vertical changed continu­
ously with res pec t to the ship , re­
quiring constant adju s tments in or­
ientation. This maneuver was made 
opti cally, us ing a gyrosco pe as a 
stab ii izcr. 

\1canwhile, shipboard radar was 
makin g cont inuous measurements 
of Luna's alt itude. The control cen-

ter on earth kept the ship on the 
lunar vertical for about an hour, 
then handed the task over to a 
shipboard computer seconds be­
fore the retrorockets were fired. The 
firi ng lasted 48 seconds ; near the 
end of this period, four large petals 
folded out from the spherical s ta­
tion . The petals, made of light 
metal framing and covered with 
fin e mesh, acted as stab il izers on 
the ground, also protect ing the tel­
evi sion camera and antennas from 
any dust that might be present on 
the moon's surface. 

On the moon. Four minutes and 
10 seconds after touchdown, Luna 
9 es tablished radio communica tion 
with earth . I ts signals were pi cked 
up by six giant parabolic mirrors, 
mounted on towers several hun­
dred fee t high and moved by servo­
mechanisms linked to a computer. 
The loca tion of these receivers has 
not been disclosed ; nor has the 
size, except that they make con­
ventional radio telescopes look 
"Lilliputian," according to a Soviet 
journalist who has seen them. The 
antennas were connected to a re-
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ceiving s tation 40 or 50 fee t under­
grou nd. This sensitive ground sys­
tem was necessary because the 
transmitter's effective radiated 
power was les s than one thou­
sandth that of one on earth. 

Luna's tv camera is said to b e 
l ightweight enough to be handled 
manually. It cannot be called a 
separate tv sta tion, however, be­
cause the camera's circuitry is so 
closely meshed with telemetric 
equipment. The camera's main task 
was to examine small objects in its 
immediate vicinity, rather than 
long-range vievvs. It photographed 
pebbles as small as 1 or 2 milli­
meters in diameter. 

Mstislav Keldysh , ch airman of 
the Soviet Academy of Sciences, 
says there was a bonus in the tv 
pictures b ecause the spacecraft 
moved several in ches between th e 
second and third picture. The shift 
may have been caused by a de­
formation of the moon 's surface or 
by un even hea ting of th e surface 
under the ship, causing buckling, 
he said. The movement may permit 
the Russians to bui ld a three-di­
mensional pichue of the moon. 

Experiments. The most valuable 
information received from the 
moon consists of the tv pichu es, 
but Luna 9 also made radiation 
measurements . The bigges t discov­
ery mentioned so far is the fact that 
the moon has background radioac­
tivity which seems to be second­
ary radiation caused by bombard­
ment by cosmic rays. 

The biggest research task now, 
according to Moscow scientis ts, is 
to conduct furth er study of radia­
tion around the moon . This should 
yield information about the moon's 
chemical composition, they say, 
and may also give some clues to 
its origin. 

Earthbound computer!t 

Stung by charges that industry is 
misu sing computers [El ectronics 
Jan . 24, p. 187], the Soviet Union is 
experimen ting with an organization 
patterned along American indus­
trial lin es and is considering tighter 
controls on th e acquisition of elec­
tronic brains. 

In the tiny republic of Lithuania, 
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the Soviet has combined several 
computer enterprises into a giant 
organization that will perform all 
functions, from designing the com­
puter to building it to installing and 
servicing it. The amalgamation, to 
be called Sigma, will also consult 
w ith prospective users in the de­
sign of computing equipment. 

In Leningrad, an influential sci­
entist has urged the government to 
forbid an enterprise from buying a 
computer until it can prove an 
economic advantage and show 
sample software. 

Consolidation. At present the So­
vie t computer industry is highly 
fragm ented, with almost no com­
munication between designer, 
producer and user. Computer op­
erators are trained by institutes in­
stead of by the manufacturers, and 
the machines are des igned by other 
institutes in stead of by the manu­
facturer, as in the United States. 

From its headquarters in Vilnius , 
Sigma will administer several 
p lants directly. I t will also operate 
three design offices and a section 
engaged in installation and servic­
ing of machines and in training of 
operators. The reorganization in 
Lithuania covers both process-con­
trol and business-data systems. 

Crackdown. Tighter controls are 
advocated by L. Oganesian, a 
member of the Leningrad branch 
of the Academy of Sciences. He 
condemns a syndrome that he calls 
"the fash ionable computer," in 
which a plan t orders a computer for 
pres tige reasons , then uses it im­
properly if at all. 

In his own city of Leningrad, a 
survey of more than 100 computer 
installations showed recently that 
only 6 were operating at full ca­
pacity. \ fore than 40 were working 
only one shift and several were not 
working at all , although some of 
these had been installed for as lon g 
as four years. 

Oganesian blames the rigidity 
of operating procedures which, he 
says, makes it difficult for factory 
managers to change bookkeeping 
procedures to take advantage of 
computers. As a result, he says , 
most computers act as mechanized 
clerks , posting figures into ledgers 
according to procedures that were 
initiated in the 19th century. 

Japan 
.. . 

Color tv on tape 

A tape recorder for color television 
has b een developed by the Sony 
Corp. for use in the home, but it -. 
will not be available until mid-

'!' -
1967. Akio Morita, executive vice 
president, says the color recorder ,. 
will cost less than $2,000 in the 
United States; black-and-white 
models , which were introduced las t 1.. 

summer, can be converted to color 
for under $1,000. .\.. -

The two machines are very sim­
ilar. To handle the additional in- !" 

formation required for color, the 
half-in ch tape is speeded up from 
7.5 to 12 inches per second . Be- ... 
cause the head's peripheral speed ..._ _ 
is much higher than the tape's 
speed, the color unit's helical ..­
tracks are nearly twice as wide as 
on the black-and-white recorder, 
permitting the addition of two re- .._ 
cording heads to improve the sig­
nal-to-noise ratio. The color adapter .. -
fits into the part of the cabinet that 
now hou ses the nin e-inch transis­
torized receiver. The black-and- > 
white monitor would be of little 
use in the color recorder because ,~ 

a color receiver is needed for both -... 
recording and playback. 

Color compatible. Compatibility "' 
of the two models is no accident, 

r-ays Masaru Ibuka, pres ident of 
Sony; it was one condition that had 
to be met before he ordered the 
black-and-white unit into produc- -. 
tion last year. 

Because the color recorder uses 
tape one-half mil thick instead of r 
one mil, a single reel will record 
for one hour despite the higher 
speed. In a prototype shown in -. 
Tokyo, resolution was about 250 
lines and signal-to-noise ratio was +- -
better than 40 decibels . 

To achieve the time-based sta- • 
bility necessary for an NTSC color 
recorder, Sony developed a record­
ing signal which, it says, is different t 
from any other major signal such • 
as those used in Secam in France 
or in the PAL system in ' Vest Ger- f' 

many. During playback, the special 
Sony signal is transcoded to NTSC, 
the color-tv sys tem used in Japan ,. 
and in the United States. 

Electronics I February 2 1, 1966 



- "" 

.. 

• 
... 

Sony says its recorder can be 
adapted ('lcctr ica lly to record any 
color signal, but in Europe this 
would also require mechanical 
modifications to both the color and 
the black-and-,,·hite recorders be­
cause of the different scanning 
rates in effect there. The revolving 
heads· :canning speed wou ld have 
to be changed from 30 to 25 revolu­
tions per second. 

Initially Sony docs not expect to 
offer a color camera for use with 
the recorder, so the machine will 
be limited to recording commer­
cial telecasts. H owever, the com­
pany san; it will offer a color tuner 
as an accessory fo r use when the 
be t results are des ired. 

Long lead time. Why did Sony 
announce the color recorder so far 
ahead of the delivery date? The 
company gives two reasons: 

• To reassure buyers of black­
and-white machines that those re­
corders can be conver ted to color. 
Sony has sold more th an 1,500 
recorders in the U.S., '.\1orita says, 
and does not want customers to 
worry about obsolescence. 

• To try to influence s tandards 
committees to adopt Sony's speci­
fications o the company can be­
come dominant in the video-tape 
recorder field. 

Belgium 

Weather eye 

Airports the world over employ the 
services of a variety of electronic 
instruments , but the bes t es timates 
of vi ibili ty continue to be made 
with a pair of human eyes trained 
upon marker lights along the run­
ways. On the long runways re­
quired fo r today's jet aircraft , an 
accurate reading in fog sometimes 
requires three men making simul­
taneous observations over the full 
length of a runway. 

Meteorologists may soon have 
the help of a television weathcr­
eye. Such a visibility-reading sys­
tem is being tes ted a t the Brussels 
Airport, and has attracted the at­
tention of aviation officials from 
France, Italy and Luxemburg. The 
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Remote reading of runway visibility is provided by instrument 
panel at right, which controls marker lights and th e tv 
camera trained on them . Operator steps out t he system until 
the farthest of three run way lights is invisible on the tv screen. 

system, developed by Ateliers dt:: 
Constructions Electriques de Char­
leroi (ACEC), is basically a closed­
circuit tv whose camera has a re­
mote-controlled zoom lens with the 
foca l length ranging from 50 to 500 
millimeters. 

At present, the system takes re­
mote readings of visibility on all 
runways a t an airport. Eventually it 
cou ld become part of a plane's 
instrument-landing-sys tem display, 
providing digi tal readout in the 
cockpit of the visibility on the run­
way. 

Light after light. In the Brussels 
installation, the camera is trained 
on a row of s tandard 200-watt 
marker lights, offset 75 meters 
from the edge of the runway. The 
ligh ts are 50 meters apart over the 
first 500 meters, then a t 100-mcter 
intervals out to 1,200 meters . 

If the entire row of lights-paral­
lel to the regular runway lights­
were lit continuously, it would con­
fuse pilots coming in to land. So 
the weather-eye sys tem powers 
only three adjacent visibi lity-read­
ing lights at a time. Control circuits . 
which switch the marker lights on 
and off, arc closed by contacts on 
the focusing-ring cam of the zoom 
lens. This link between lights and 
lens, together with a tilting mech­
anism, insures that the camera is 
focused on the three lam ps that 
are lit. 

To take a remote reading, the 
meteorologist works with a control 
panel and the tv receiver. He steps 
out the sys tem, one light at a time, 
as long as three lights are clearly 
visible on the screen. The lights go 
on in a sequence of three-first, 

second and third ; then second, 
third and fourth; then third, fourth 
and fifth ; and so on. When he 
reaches the visibility limit, the 
closest of the three lights will show 
brightl y, th e middle one will be 
barely perceptible and the farthes t 
\.viii not be visible. He can then 
read the visibility-the distance to 
the center light-- dircctly off the 
control panel, which tell s which 
three lamps are lighted. 

A change in visibility shows up 
on the screen as a light becoming 
visible or fadin g out. The operator 
turns a light on or off to get a new 
reading. 

For the sys tems that will follow 
the prototype, ACEC is planning 
some improvements. One would 
eliminate the receiver screen. Tiic 
sys tem would step automatically 
until the amplitude of the s ignal 
from the closes t of the lighted 
lamps equalled the sum of the other 
two. At this point, stepping ,,·otild 
s top and a visibility value would 
be displayed on a digital readout. 
The readout would also be relayed 
automaticall y to aircraft locked in 
on the airport's instrument-landing 
system. 

France 

Counterattack in IC's 

In an attempt to prevent American 
domination of their domestic mar­
ket, France's three major producers 
of integrated circuits are consider­
ing combining their research re­
sources. One approach being dis-
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finance ability 
(low, low interest rates) 

In WESTern PENNsylvania, you can obtain 1003 
financing of industrial plant space at average in ­
terest rates as low as 3% 3. This can result in 
savings of as much as $84,632 on a 62,000-square­
foot industrial plant. In addition, financing of in ­
dustrial machinery and equipment and loans for 
working capital are readily available. This complete 
financeability . .. plus a fair tax climate ... pre­

production training of a work force, 
usually at no cost to you ... four­
season livability ... gives WESTern 
PENNsylvania a top combination of 
plant-location values. 

WEST PENN POWER 
an operating unit of ALLEGHENY POWER SYSTEM 

Area Development Depa rtment , Room 661 
WEST PENN POWER-Greensburg, Pa. 15602 
Ph one: 412-837-3000 

In strict confidence, I 'd like to know more about WESTern 
PENNsylvania's : O Financing Plans O Fair Tax Climate 
o Pr e-Production Trainin g O Industrial Properties and 
Shell Buildings 
o Please have your Plant Loca tion Specialist ca ll. 

Name ____________ _ 

Tit le _____________ _ 

Company ____________ _ 

Address; ____________ _ 

City ________ State ____ _ 

Code. _____ Phone. _______ _ 
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cussec.l is outright merger. Another 
is an agreement whereby each 
French company would specialize 
in the development of a limited 
number of circuit types. 

Companies taking part in the in­
formal talks are La Radiotechnique, 
Sesco and Cosem. La Radiotech­
nique is controlled by Philips 
Gloeilampenfabrieken N.V. of the 
Netherlands ; Sesco is owned 51 % 
by the Compagnie Francaise Thom­
son-Houston and 49% by the Gen­
eral Electric Co. ; Cosem is con­
trolled by the Cornpagnie Generale 
de Telegraphie Sans Fil (CSF). 

American competition. The most 
active American company in France 
is Texas Instruments Incorporated , 
which operates a semiconductor 
plant in Nice. The Fairchild Cam­
era & Instrument Corp. has a foot­
hold through its one-third interes t 
in SGS Fairchild, Ltd. , a British 
company with facilities in France. 
Another U.S. concern , Motorola, 
Inc. , has requested permission to 
build a factory in France. 

The French are worried about 
competition from these giant 
American corporations, each of 
them two or three years ahead of 
the French in semiconductor tech­
nology. American companies al­
ready receive most of the European 
orders for military and space ap­
plications, including orders from 
the Paris government. 

The French strategy seems to be 
to hold on , as they did with tran­
sistors , until integrated-circuit tech­
nology becomes stable enough to 
justify big investments in produc­
tion facilities. But Jean Marie, 
semiconductor product manager at 
La Radiotechnique, says, "The 
situation is worse with integrated 
circuits than it was with transis­
tors." One reason is that the 
French are furth er behind in IC's 
than they were in transistor tech­
nology. Another difficulty is that 
the American companies now have 
European factories, which they 
lacked in the early days of transis­
tors. 

As might be expected, the three 
French concerns have begun IC 
production with logic devices. 
Marie says La Radiotechnique will 
produce at leas t 100,000 IC's this 
year; Antoine Laroche, marketing 

manager at Sesco, says his com­
pany will make "many tens of 
thousands." Xavier Ameil , assistant 
director of CSF's physical-chemi­
cal research department, says Co­
sem will be producing IC's at a 
100-a-day rate by June. 

West Germany 

Time to share 

'Vhile its competitors were advanc­
ing their computer lines, Tele­
funken AG stayed so quiet that 
there was speculation that \.Vest 
Germany's second-largest electron­
ics company might b e bowing out 
of the computer business. 

Last month the company put 
such rumors to rest. Telefunken 
disclosed details of a new digital 
machine, the TR 440, the £rst Ger­
man-designed computer with time­
sharing capability. With th e TR 
440, Telefunken hopes to increase 
its 1.7% share of the German com­
puter market, which puts it in sixth 
place behind the International Busi­
ness Machines Corp.-at 72%-the 
Univac division of the Sperry Rand 
Corp., Siemens & Halske AG, Zuse 
AG and Bull-General Electric, the 
joint venture of GE and the French 
Compagnie de Machines Bull. 

The TR 440, being developed at 
Telefunken's 2,000-man data-proc­
essing equipment plant in Con­
stance, near the Swiss border. is 
scheduled for delivery early next 
year. The cost of a medium-size 
in stallation - including peripheral 
equipment, remote data stations 
and external memory units-is 
about $1.75 million. 

Built with IC's. The TR 440, in­
tended for commercial and scien­
ti£c applications, has a central 
processor made with monolithic in­
tegrated circuits built at the com­
pany's semiconductor plant in 
H eilbronn. 

To appeal to all kinds of cus­
tomers, Telefunken will supply a 
repertoire of software, including 
program languages such as Algol, 
Fortran, Cobol 65, PL-1 and PERT. 
Besides rnultiprograming, the TR 
400's time-sharing capability is ex-
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pected to nnd increased applica­
tions in Gerrnany by next year. 
Time-sharing allows many users to 
carry on a dialogue with a com­
puter at once, even remotely over 
telephone lines. 

Eleven times faster. Telefunken 
says the TR 440 is 11 tirnes faster 
than its predecessor, the TR 4, the 
onlv other machine with which the 
TR, 440 is compatible. Of Tele­
funken 's TR-4 line of computers, 
13 are install ed in Germany, two in 
the :\etherlands and one in France, 
where it is being used for air-traffic 
control at the Eurocontrol center. 

Using a 52-bit word, the TR 440 
can add and subtract nxed-point 
numbers in 0.4 microsecond. 'Vith 
a floating decimal point, add or 
subtract time is 1.4 microseconds. 
Multiplication speed is 2.8 micro­
seconds for both types of decimal 
points. Division speed is 12 micro­
seconds. also with both types of 
decimal points. 

The ferrite-core memory of 65,-
536 words , expandable to 262,144 
words, has an average access time 
of 0.3 rnicrosecond. The machine's 
cycle time is also 0.9 microsecond. 

Around the world 

Japan. The Soviet Union is sl1ow­
ing increasing interest in Japanese 
electronics. The Russians have ar­
ra\1gecl to buy $32.4 million worth 
-0f electronic equipment there, in­
cluding rnachinery for the manu­
facture of electronic products . 

Italy. Italy seems to have writ­
ten off France's Sccam system of 
color television. The ~Iinistry of 
Post and Telecommunications is 
testing the NTSC system used in 
the United States and the PAL ap­
proach taken in 'Vest Germany. 

M alaysia. The government has 
been asked to tighten controls on 
banned radio and elec trical equip­
ment slipping into the country 
from Cornmunist China. The pro­
hibition s have been imposed to 
protect local industries against 
cheap imports , but Malaysia corn­
panies say Chinese goods are enter­
ing the country with Hong Kong 
labels. 
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twa~hale memarv Eares 
are na tougher ta test 
than ane-hale Eares 
Taking advantage of the non-destructive readout feature of two· 
hole cores used to be a problem. They were too tough and too 
expensive to handle and test. The lack of an automatic high speed 
core handler that could precisely orient and probe the different 
size holes necessitated manual testing on a sampling basis to keep 
costs down. It also kept reliability down. To make matters worse, 
the two-hole core required a more complex test program than the 
conventiona l one-hole ferrite. This meant applying limited tests in 
a number of successive passes through the test system. Again, 
time consuming and expensive. The Ramsey MAH-102 Handler 
and the Computer Test Model C-301 Automatic Memory Core 
Tester, however, have changed all that. Now, every two-hole core 
can be comprehensively and economically tested for 100% reli · 
ability at rates up to 12,000 cores per hour. We will be happy to 
give you details on how the system works. 

I 
COMPUTER TEST CORPORATION 

CHERRY HILL, NEW JERSEY 
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Tr~asurer. Title R re gis te red U.S. Patent Office; © copy ri gh t 1966 by McGraw-Hill , Inc. All r ights reserved, including the right to reproduce the con tents of this publ1cat1on, in whole 
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FREE FOLDER 
ECCOSHIELD ® 

RF Shielded Chambers 

Illu strated four-page brochure out· 
Jines diffe rent t ypes o f hi elded 
chambers avai lab le. Wi th the de­
scription of each is ph oto of r ecen t 
install ati on and table g1vm g in­
se rti on loss ve rsus freque ncy for 
magneti c/ el ectri c fi eld s and plane 
waves. Accessorie , such as Ecco· 
shield MAS, ma gneti c a rea seal 
doo r are described. 

Tbis liteft1l 11 re is yo urs, 
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O eve l, Be lgium 
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high permeability 
magnetic shielding 
tape and foil with 
adhesive backing! 

• protects your sensitive electronic and 
electrical components against electro­
magnetic interference 

• strips to expose an adhesive that grips 
components firmly 

• eliminates taping and spot welding 

• cuts with scissors to provide an easier 
way to form shields firmly in place 

• offers 2 to 3 times more shielding effi­
ciency than material currently available 

• offers ductility without significant deg­
radation of magnetic shielding properties 

• is available in 4 levels of permeability 
performance 

Write, wire or call your local elec­
tronic distributor. He has Adhesive 
Backed SH I ELDM U packaged to 
meet your needs on spools and in 
individual sampler albums. Or, 
contact: 

96 Station Plaza, Lynb rook, N . Y. 11563 
Phone: (51 6) 887-9000 

Product of 

MAGNETIC METALS COMPANY 
also manufacturers of: 

Transformer Laminations• Motor Lamina­
tions • Tape Wound Cores • Powdered 
Molybdenum Permalloy Cores • Electro· 
magnetic Shielding • Metallurgical Serv· 
ices • Custom Heat Treating • Photo 
Etched Precision Parts 
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Transitron Electronics Corp. 
Larcom Randall Adv . Inc. 

Trio Laborato · ies Inc. 
Zam & Kirshner Inc. 

Trygon Electroni cs Inc . 
Wexton Company 

Trymetrics Div. of Trygon 
Wexton Company 

Ulano Company, J. 
Byrde. h 1c hard & Pound Inc. 

Ultra Carbon Corporation 
Church and Guisewite Inc . 

• Uniform Tubes Inc. 
M ichener Company. The 

Unitrode Corporation 
Electronic Marketing Assistance 

Union Carbide Corporation 
J.M. Mathes Incorporation 

47 

212 

184 

158 

38 

164 

43 

232 

139 

35 

121 

Varian Associates 155 
Hoefer. Dieterich & Brown Inc. 

Vector Div. of United Aircraft 143 
Cunningham & Walsh Inc. 

Vida r Corporation 153 
Hal Lawrence Inc. 

• Vitro Corporation of America 178 
Buchen Ad vertising Inc. 

Wavetek 39 
Chapman McQuiston Suzuki & Wright 
Advertising 

West Penn Power 238 
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