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Choose from 
one different model 

Type 1910-A Recording Wave Analyzer . .. $3955 in U.S.A. 

The GR Type 1910-A Recording Wave 

Analyzer does the work of several less

versatile instruments. With it you can select 

the bandwidth, recording range, averaging 

properties and chart resolution to match 
scores of different analyzing needs. 

The 1910-A is a combination of a wave 

analyzer (Type 1900-A) and a graphic level 

recorder (Type 1521-B). It automatically 

sweeps and records input levels of 2 µ.V 

to 300 V over a range of 20 to 54,000 Hz 

with 80-dB dynamic range (when set to 
read 100 mV, or more, full scale). 

Included are 3-, 10-, and 50-Hz bandwidths, 

40- and 80-dB full-scale recording ranges, 

and several sweep and writing speeds. 

Optional accessories (at extra cost) extend 

the sensitivity to submicrovolt levels, 

add a 20-dB full-scale recording 

range and provide still more 
sweep speeds . 

For a complete listing of the many 

operating modes of the 1910-A, write 

General Radio Company, 22 Baker Avenue, 1 

W. Concord, Massachusetts 01781 ; 

telephone (617) 369-4400; TWX 710 347-1051 . 

GENERAL RADIO 
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All the advantages of solid-state design and construction are 

yours in a wide variety of Hewlett-Packard 8112'' x 11" and 11" 

x 17" x-y recorders . Compact, rugged construction; solid-state 

reliability and long life; all with optional metric calibration and 

unprecedented performance characteristics. Check the list, 

then talk to your Hewlett-Packard field engineer about the 

models most usefu l for your task. Or write for complete infor

mation: Hewlett-Packard, Palo Alto , California 94304, Tel. 

(415) 326-7000; Europe: 54 Route des Acacias, Geneva. 

Data subjec t to change without notice . Prices f .o. b. factory. 

* EXCLUSIVE , CARE-FREE, DEPENDABLE PAPER HOLDDOWN. 

HEWLETT 

featuring 
AUTOGRIP* 
electric 
holddown 

8 -1/ 2 " x 11" X-Y RECORDERS 

• Bench / rack model in one, portable, 0.5 mv-5 v 1in ., X-axis 
lime base ; Model 135, $1650 . 

• 2-pen version of 135, 0.5 mv-50 v/ in.; Mode l 136A, 52650 . 
• High-sensitivity model , 1 M U input impedance , time base 

either axis , 0.1 mv-20 v in .; Model 7030A, $1895. 
• Economy model, 1 mv-1 O v in .; Model 7035A, 5895 . 

11 " x 17 " X-Y RECORDERS 

• Versatile recorder, X-axis time base, 0.5 mv-50 v in ., high
impedance, computer reference models available ; Model 2D 
Series, from $1950. 

• Economy model of 2D Series, 0.5 mv-10 v in .; Model 2D -4, 
$1490. 

• 2-pen version of 2D Series; Model 2FA, $3375. 
• High-sensitivity ac I dr: recorder, lime base either axis . 0.1 

mv-20 v in . de, 5 mv-20 v / in . ac ; Model 7000A, $2495 (also 
available w ithout ac input, Model 7001A 52175). 

• Automatic data plotting system, null detector and character 
p r inter built in, 0.5 mv-10 v in .; Model 7590C , S1985 . 

PACKARD M!.f!J· MOSELEY 
..DIVISION 1790 
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New hp Model 3410A AC Microvoltmeter measures low level rep· 

etitive signals obscured by noise-3 µV to 3 V full scale-accuracy 

± 3%. RMS noise voltages up to 20 dB above full scale do not affect 

readings. Sensitivity, low cost and ease of operation are the 341 OA's 

contribution. 

This new microvoltmeter uses an hp designed phase-locked 

synchronous detector to separate effects of noise from signal. The 

detector is an electronic gate controlled by an oscillator phase· 

locked to the input signal. No external reference is required to lock 

to the input signal. Simply adjust front panel tuning control within 

1% of signal frequency and phase-lock circuits lock-on and track 

input signal with ± 5% variation in the 5 Hz to 600 kHz frequency 

range. Phase-lock circuits track 0.5%/ sec change in signal fre· 

quency without a change in voltmeter accuracy. Input impedance 

is 10 M ~ ! shunted by 20 pF. 

The new Model 3410A has two outputs on the rear panel. One 

is a de recorder output for monitoring long term drifting ac voltage 

-amplitudes . The other is an output for driving an electronic counter 

to make precise frequency measurements. 

For full specifications on the new hp Model 3410A AC Volt· 

meter, call your hp field engineer . Or, write to Hewlett -Packard, 

Pal o Alto , California 94304 , Tel . (415) 326 -7000; Europe : 54 

Route des Acacias, Geneva. Price; hp Model 3410A, $800 .00. 

097/ 11 

HEWLETT~~ PACKARD 
.. An extra measure of quality 
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New hp 34/0A Measures .. 
300 nanovolts 
Buried in Noise 

Measure 1 µV, 500 kHz signal out of 40 dB noise, 

Measure 10 mV, 5 Hz amplitude modulating 
1 V, 400 Hz. 

Measure 300 nanovolts, 10 kHz 
signal superimposed on 10 µV, 1 kHz. 

Measure frequency of signal in noise up to 560 kH.t 
by using square wave output , 
i.e. as a counter preamplifier. 
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Readers Comment 

One approach 

To the Editor: 
In response to the ar,ticle " No 

wane in brain drain" [M arch 20, 
p . 171], may I sugges t that a pos
sible solution to the problems lies 
in having more U. S. companies 
es tablish subsidiaries in Europe. 
These subsidiaries could operate 
those laboratories and departments 
in which the shortage of engineers 
at home is mos t acute, staffin g 
them mos tly wi th locally recruited 
engineers, while maintaining a 
close working relationship with 
the parent companies. In add ition 
to solving the brain drain problem 
to the satisfaction of everyone con
cerned, such an approach may hold 
in th e balance, some direct, as well 
as indirect, advantages for the 
companies themselves. 

Uri F . Gronemann 
Research engineer 
Electronic Sys tems Laboratory 
Massachusetts Institute of 
Technology 
Cambridge, Mass. 

• Some companies h ave earned 
the "international" in their name 
in this way. Others have es tab
lished cross-licensing arrangements 
or have farm ed out a particular 
development problem to an over
seas specialist. But these are not 
direct solutions to a criti cal gap 
in the engineering staff at home. 

No help needed? 

To the Editor : 
I agree that government research 

and development contributes sig
nificantly to technical progress, as 
pointed out in your editorial, 
"Transferring technology" [Jan. 23, 
p . 23]. However, I am surprised 
that you cited the transistor as a 
developmen t which mi ght have re
mained a laboratory curiosity with
out pressure from a Federal pro
gram. 

A solid sta te amplifier was a 
dream of many communications en
gineers in the 1930's and 1940's, 
and Bell Telephone Laboratories' 
research in semiconductor physics 
was stimulated by this hope. There
fore, after invention of the tran-
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Sprague has what it tal<es 
to cope with any problem in 
electromagnetic interference 

or susceptibility control 
And we mean any problem ••. arising at any point in the 

development of any equipment or system! 
Sprague's interference control facilities provide 
one of the most complete, fully integrated capa
bilities you can call on . . . embracing every 
aspect of interference and susceptibility control. 

Design Assistance: Black boxes .. . subsystems 
... complete systems. Using advanced inter
ference prediction techniques, Sprague engi
neers replace design by "hunch" with precise 
analysis of electrical schematics. Suppression 
and shielding can be designed into pre-proto
type plans so accurately that little or no modi
fication is required upon evaluation of the 
model. With today's more complex equipment 
and increasingly stringent EMI requirements, 
Sprague assistance in initial design can pay for 
itself in a dozen different ways by helping you 
be right the first time! 

Measurement, Evaluation: Sprague can help 
you measure interference and susceptibility char
acteristics of your breadboard, prototype, or pro
duction equipment to the applicable interference 
specification. You know where you stand before 
investing in further development. We can also 
research such areas as shielding effectiveness, 
screen room integrity, transient susceptibility of 
digital equipment, and cable cross coupling. 

Component Design: Sprague Filter Engineer
ing Specialists can design, evaluate, and sample 
interference control devices to your particular 
requirements. These range from standard feed
thru capacitors and radio interference filters to 
the more sophisticated packages, such as fre
quency-controlling electric wave filters. 

Component Production: Each of four Filter 
Development Centers maintains a well stocked 
model shop for the rapid fabrication of special 

components in prototype quantities. Full scale 
production facilities are maintained in Visalia, 
Calif.; North Adams, Mass.; and Vandalia, Ohio. 

Compliance Testing: Sprague can test your 
equipment or system and report on its com
pliance to the applicable specification : 
MIL-I-6181, MIL-I-26600, MIL-I-16910, 
MIL-E-6051 or to such other specialized inter
ference documents as GM07-59-2617A, 
AFBSD Exhibit 62-87 (Minuteman WS I 33B), 
LSMC Specification ERS 11897 (Polaris A3) 
or MLL-STD-449 . If compliance is not indi
cated, a Sprague engineer will make concise 
recommendations and will, if you desire, give 
you every assistance in achieving that com
pliance. 

Regional Service: Wherever you may be, this 
integrated EMI capability is readily available to 
you from strategically located Filter Develop
ment Centers in North Adams, Mass .; Annap
olis Junction, Md .; Vandalia , Ohio; and Los 
Angeles, Calif. Each is fully equipped and staffed 
to evaluate, modify, or qualify your equipment. 

In-plant Service: Sprague can put competent 
Interference Control Specialists at your service 
in your plant for consultation on, or super
vision of, special projects. 

Whether your work involves military or indus
trial electronic equipment or systems, Sprague 
Filter Development Center personnel can help 
assure substantial savings in dollars and hours 
at many points during development. Get com
plete information from the development center 
nearest you or by writing for a comprehensive 
brochure (FD-101) to Technical Literature 
Service, Sprague Electric Company, 3 5 Mar
sh_all Street, Nor!h Adams, Mass. 01247 

FILTER DIVISION PRODUCTS AND SERVICES 

INTERFERENCE FILTERS AND CAPACITORS 

PRECISION TOROIDAL INDUCTORS 

FREQUENCY SPECTRUM SIGNATURES 

COMPONENT ENVIRONMENTAL TEST FACILITIES 
'4Sf"·138 -63 1"2 
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ELECTRIC WAVE FILTERS 

TELEMETRY FILTERS 

EMI TEST FACILITIES 

EMI SYSTEMS ENGINEERING 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Spr11u1' 1nd ·@· 1rt rt1i1tertd tr1d1m1rks of the Spr1aue Electrie; Co • 
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Don't be manipulated on SCR's-trust IR. 
IR's Application Fact Book lets you select only specs that count. 

SCR specifications take on a refreshing air of common 
sense when you read the new IR Application Fact 
Book. When do premium parameters really affect cir
cuit performance? What do you give up to get a given 
parameter? What combinations of premium parameters 
are needed and possible ... and at what price? You get 
the answers straight from IR, and you make your 
selection from quality SCR's rated from 4.7 amps to 
550 amps RMS-25 to 1300 volts. 

Specifying engineers are in the pivotal position today 
to smooth out production problems, to end delivery 
dilemmas, and protect performance. How? By writing 
specs around the parameters actually needed and 

actually available ... off-the-shelf, overnight. Most of 
the information needed to write such common sense 
specs can be found right in the book. If your appli
cation is farther out, call an IR sales engineer. We are 
pioneers, too, and know how to help you innovators. 

APPLY YOURSELF TO THE FACTS OF SCR DESIGN. 
Write for IR's Application Fact Book. It's free, and it's 
packed with data to help you sidestep problems from 
design to delivery of: regulated power supplies, fre
quency converters, DC motor drives .. . you name it! 

ZENER AND REFERENCE ZENER DIODES 0 SILICON CONTROLLED RECTIFIERS 0 SELENIUM RECTIFIERS O SILICON ASSEMBLIES 
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sistor, we form ed a group in 1948 
to develop the transistm for com
munications use. Bell Laboratories 
contributed to rapid dissemination 
of transistor technology by its pol
icy of immediate publication and 
by symposia held in 1951 and 1952 
for military and licensee engineers. 
In 1956, a symposium for licensees 
disclosed the diffusion technology 
that permitted low-cost mass pro
duction. 

Your impression that the Bell 
System began putting transistors 
into telephone systems only a few 
years ago probably stems from re
cent announ cements of new elec
tronic switching systems, which 
certainly will make more use of 
transistors than ever before. 

Transistors have been used in 
telephone equipment since the 
early 1950's. The junction transistor, 
first realized in 1951, was immedi
ately put to use in the headset am
plifier for telephone operators, in 
rural telephone carrier amplifiers, 
and by other companies in radios 
and hearing aids. By 1958, tran
sistors were also used in amplifier 
telephone sets, signaling sets, card 
translators, and other equipment. 
And we were experimenting with 
electronic switching, pcm trans
mission, microwave and video am
plifiers , electronic PBx's and other 
transistor equipment. 

Bruce E . Strasser 
Technical information manager 
Bell Telephone Laboratories 
Murray Hill , N.J. 

• Strasser' s letter goes on to 
cite significant military and space 
equipment developed at Bell Labs 
with transistors . It still seems to 
b e a chicken-.and-egg question. 
Could other developers of semi
conductor devices have survived 
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the early years if the Government 
had not been ready to pay $100 or 
so for a transistor and $200 for an 
integrated circuit? 

Radio astronomy 

To the Editor: 
In the Newsletter from Abroad 

item, "Soviets discount far-out 
broadcasts" [April 3, p. 258] , the 
pass frequencies are indicated as 
1 hertz and 0.1 hertz. Shouldn' t 
this be 1 hz and 0.1 khz? 

Daniel C. W einstein 
Brooklyn, N.Y. 

• No. One problem in a ttempting 
to receive signals from other worlds 
is th at the time spent searchin g for 
signals could also become astron
ical. Therefore, th e Russians sug
ges ted simultaneous reception on 
many channels with pass bands as 
narrow as 1 to 0.1 hz. 

An earlier version 

To the Editor: 
In my article, " Space for small 

computers" [March 20, p. 127] , the 
diagram on page 128 is the data 
sys tem of the early IMP spacecraft , 
rather than the single-channel-en
coder data system described in the 
caption and referred to on page 
129. 

Rodger A. Cliff 
Goddard Space Flight Center 
National Aeronautics and Space 

Administration 
Greenbelt, Md. 

• The drawing that should have 
been used shows a commutator on 
the left of the telemetry encoder 
and a single pfm oscillator on the 
right, feeding the transmitter. 
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'We've 
discovered 
the missing 
link! 

Now you can link any oscilloscope and 
X·Y or strip recorder with one of PM 's 
display converters. Fast phenomena that 
could only be observed on the CRT before 
can now be recorded. Your oscilloscope 
displays are recorded on large, easily 
read , easily stored paper charts. You can 
write directly on them ... make notes, 
comments, and annotations. You can 
keep progress reports of each circuit 
change or product improvement; make 
historical records for quality assurance 
trends; and distribute proof of perform· 
ance data . 

PM Display Converters permit the record · 
ing of displays from de to 50 MHz. Does 
not degrade oscilloscope performance. 
PM-1001 Standard Unit $490.00 
PM-1001-02 with curve tracer option 
$635.00 
PM-1005 Manual Scan. Very low 
repetition rates. $690.00 

~M) PACIFIC 
MEASUREMENTS 
INCORPORATED 

940 INDUSTRIAL AVENUE, 
PALO ALTO , CALIFORNIA 

(415) 328-0300 
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All from Spraguel 

TWELVE OF OUR MOST POPULAR 
METALLIZED CAPACITOR TYPES 

l 
I " SPRAGUE TYPE · Case And Dielectric I Temperature · Military Eng. 

Configuration Range Equivalent Bulletin· l 
t' . · 

680P 

431P 

155P 
156P 

218P 

~260P 

~· 121P 

118P 

CJj 143P 
~: 

cJj 144P 

284P 

283P 

·.rt 
M 
~.· ~f: 
... Trademark ' 

hermetically-
sealed metallized 

metal -clad Metfilm* 'A' 
tubular 

film-wrapped 
axial-lead 
tubular 

molded 
phenolic 

axial -lead 
tubular 

hermetically. 
sealed 

metal-clad 
tubular 

hermetically
sealed 

metal -clad 
tubular 

hermetically· 
sea led 

metal-clad 
tubular 

hermetically. 
sea led 

metal-clad 
tubular 

hermetically-

metallized 
Metfilm* 'E' 

(polyester film) 

metallized 
paper 

metallized 
Metfilm* 'E' 

(polyester film) 

metallized 
Metfilm* 'K' 

(polycarbonate 
film) 

metall ized 
paper 

metallized 
Difilm® 

(polyester film 
and paper) 

sealed metallized 
metal -clad paper 

'bathtub" case 

hermetically- metall ized 
sealed Difilm® 

metal -clad (polyester film 
"bathtub" case and paper) 

hermetically. 
sealed 

metal-clad 
rectangular case 

meta llized 
paper 

hermetically- metallized 
sea led Difilm® 

metal -clad (polyester film 
rectangular case and paper) 

drawn 
metal case, 

ceramic 
pillar terminals 

metallized 
paper 

-55 c, 
+85 c 

-55 c, 
+a5c 

-40 c, 
+as c 

-55 C, 
+lOS c 

- 55 c 
+ 12sc' 

-SSC, 
+125 c 

-SS c, 
+12SC 

oc, 
+ 40C 

no 
specification 

no 
specification 

no 
specification 

CH08, CH 09 
Characteristic 

R 

no 
specification 

no 
specification 

CH08, CH09 
Characteristic 

N 

no 
specification 

CH53, CHS4, 
CH55 

Characteristic 
N 

no 
specification 

CH72 
Characteristic 

N 

no 
specification 

2650 

2445 

2030 

24SOA 

2705 

22110 

2220A 

2221A 

2222 

2223 

·2148A 

For additional information, write Technical Literature Service, 
Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247, 

indicating the engineering bulletins in which you are interested. 

SPRAGUE C O M P O N ENT S 

CAPACITORS 

TRANSISTORS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 
~ESISTORS MAGNETIC COMPONENTS 

THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS 
INTEGRATED CIRCUITS CERAMIC-BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 
4S C·6135 
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SPRAGUE® 
THE MARK OF RELIABILITY 

'Spraaue' and ·@· are reaistered trademarks of the Spruue Electric Co. 

People 

Relying almost exclusively on Pen
tagon purse-strings isn't a problem 
for Burton Cutler, new president of 
ITT Gilfillan, 
Inc., a Los An
geles-based pro
ducer of radar 
systems, coun
termeasures, and 
displays. 

"Our sales are 
about 95% to 
the military," Burton Cutler 
says the 6-foot-6-inch, 40-year-old 
official, adding that he doesn't plan 
to alter the picture signifi cantly. 
Air-traffic control radars for foreign 
governments account for the re
mainder of Gilfillan's volume. 

Cutler notes that as one of more 
than 400 members of the Interna
tional Telephone & Telegraph 
Corp. family, Gilfillan doesn't have 
to concern itself with an unfavor
able military-to-commercial ratio. 
"' iVe're seeking maximum penetra
tion of the area assigned to us, 
which isn't at all limiting," he says. 
However, the company is moving 
quietly to broaden its foundation 
in systems other than the ground
control approach radars for which 
it is probably best known. 

The executive is sold on the fu
ture of solid state phased-array ra
dar, and Gilfillan's most important 
current research effort is concen
trating on that technology. The 
program b egan in January and is 
expected to run three years. 

Cutler succeeded E.S. Phillips, 
who was named chairman of the 
ITT subsidiary last month . The new 
president, formerly a vice president 
and director of engineering, has an 
MSEE from Stanford University, and 
holds several radar patents . 

Gilfillan employs about 2,600 and 
had sales last year of about $40 
million . Cutler predicts a volume 
rise this year to $50 million, with 
the initial production of newly de
veloped three-dimensional air de
fense radars accounting for most 
of this gain. Already operational 
with the Navy is the firm's AN/SPS-
48 3-D radar, the primary sensor 
for Tartar and Terrier surface-to
air missiles. Another 3-D radar sys
tem, the long-range AN/TPS-32, is 
b eing developed for the Marine 
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1967 Guide to Machlett and Machlett-Penta Electron Tubes 

Planar Triodes. 
Grid pulsed to 1 kw at 6 Ge. To 35 kw 
in pulse modulator service. For 
communications , radar beacons and 
navigation. 

Pulse Modulators. 
Shield grid triodes (oxide cathode) to 
4.5 Mw, 80 kv peak. High voltage triodes 
(thoriated tungsten cathode) to 20 
Mw with plate voltages to 200 kv peak. 

Machlett-Penta Intermediate 
Power Pentodes. 
Vane suppressor pentodes to 300 w .' 
PEP with -40 db 3rd order IM without 
feedback ; to 10,000 w PEP, -35 db 3rd 
order IM without feedback.. 

Magnetic Beam Triodes. 
Pulsed ratings to 6 Mw wi th only 2.5 
kw drive. CW ratings to 200 kW with only 
0.7 kW drive. 

Heavy Duty Triodes. 
Includes vapor cooled triodes , to 440 
kW CW. 

l 
Machlett-Penta Intermediate 
Power Tetrodes and Triodes. 
Power to 3.4 kW CW-

Heavy Duty Tetrodes. 
Includes vapor cooled tetrodes, to 
300 kw CW. 

Vacuum Capacitors, Variable. 
RMS amperes to 75A ; voltage to 15 kv 
peak. Capacities from 5-750 pF to 
50-2,300 pF. 

High Vacuum Rectifier 
Tubes. 
To 165 PKV (Machlett) to 60 PKV 
(Penta) . 

Send for latest condensed catalogs 

~1 covering the entire line of Machlett electron tubes and Machlett
Penta power tubes. Wri te: The Machlett Laboratories, Inc., Spring· 
d ale (Stamford) Conn. 06879. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 

Electronics \ April 17, 1967 Circle 9 on reader service card 9 



ATLANTIC· NOE,'TH L\.'l' LL\NTIC ·NORTH 
N01:;~'r'H ATLANTIC·NOI"?,TH ATLANTIC 
~~TLANTIC · NOF-.'.,'TH AT LANT IC· NORTI--1 
"JOR,'rH ATLANTIC::'· NORTH ATLANTIC; 
YI' LAN TIC· NORTH ATLANTIC;· NORTH 
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how to measure phase angle down 
to .25 ° from 10Hz to lOOKHz 

(plus in-phase and quadrature!) 
North Atlant ic's Model 301A Broadband Phase Angle Voltmeter* adds a new 

dimension to AC by enabling you to measure phase angle, in-phase and quad · 

rature while frequency is varying over half-decades ... without recalibration. It 

provides complete coverage from lOHz to lOOKHz and incorporates plug-in 

filters to reduce the effects of harmonics in the range from 27Hz to 28KHz with 
only 11 sets of filters. Vibration analysis and servo analysis are only two of the 

many applications for this unit. Selected specifications are listed below: 

Voltage Range .. ____ l mv to 300 volts full scale 
Voltage Accuracy_ ......... .......... .... ....... .2% full scale 
Phase Dial Range .. ........ ..... ..... ......... ...... 0° to 90° with 0.1° resolution 

(plus 4 quadrants) 

Phase Accuracy. .... .... ... .. ... .... .. ...... ... . ______ 0.25°, 31.6Hz to 31.6KHz 
(derating to .6° at lOHz, 1° at lOOKHz) 

Input lmpedance ... .... ............. .... .... .... 10 megohms, 30µµf for all ranges 
(signal and reference inputs) 

Reference Level Range .. .... .. ..... .... .. ..... ... -·· --- ... ... . _0.15 to 130 volts 

Harmonic Rejection 

Nulling Sensitivity 
Size __ 

Price .. 

......... .... ... .... ... ..... .. - - ------ .50 db 
.. .. ........ .. .. .... .... .... ..... _______ less than 2 microvolts 

-- ----· .. ___ -·- - ___ __ 19" x 7" x 131h" deep 

. _ .$2290.00 plus $160.00 per set of filters 

North Atlantic's sales representative in your area can tell you all about this unit 

10 

as well as other Phase Angle Voltmeters ''' for both production test 

and ground support applications. Send for our data sheet today. 
*T rademark 

NORTH ATLANTIC in du stri es, i n c. 
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 • 516-681-8600 

Circle 10 on reader service card 

People 

Corps. 
But Cutler isn't ignoring oppor

tunities to apply Gilfillan's experi
ence to new fi elds. The firm has 
embarked on a campaign to recruit 
a team of systems engin eers with 
aerospace backgrounds , for exam
ple. It's also working to enhance 
its expertise in th e field of elec
tronic countermeasures, and is 
quite proud of winning an Army 
contract to develop a battl efi eld 
surveillance radar. 

Robert B. Lomerson, 37, built a bet
ter integrated-circuit package and 
engineers began to beat a path to 
the door of his 
Flying L Co. in 
Saginaw, Texas. 
H i s packages 
could be made 
s m all e r than 
conventional IC 

flatpacks , yet 
were easier to 
sold e r than 

R. B. Lomerson 

large, plug-in packages because 
they stood on stiff, square legs. 
The idea looked great ; requests for 
information came in from most of 
the nation's major electronics firms 
and from companies as far away 
as Argentina and Finland. 

Last fall and winter, Lomerson 
kept a few employees bu sy build
ing sample packages while he criss
crossed the country talking to po
tential customers. Between trips , he 
worked on new versions of the 
package and assembly methods 
[Electronics, April 3, p. 139]. 

Assembling sample packages 
was one thing, but assembling the 
capital needed to mass produce 
them was annther. Lomerson's 
pleas to banks fell on deaf ears. 
For a while, he fended off electron
ics companies' offers to buy Flying 
L, clin ging to the idea of a com
pany of his own. But finall y his 
savings ran out. 

Two weeks ago, he sold his firm 
to \Taro In c. of Garland, Texas. 

Lomerson will continue to work 
on hi s packages as \Taro's senior 
development eng ineer. He says the 
company plans to produce his 
packages and keep Flying L in 
Saginaw. 
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Sorensen 
Oll-the-Sbell 

Power Supplies 
Designed for 
Integrated Circuits: 
Sorensen has provided stock availability o f the new QRE Series. This series 

was designed specifically for use with integrated circuits, micro miniature 
chips, and digital logic circuitry. QRE provides overvo ltage protection 
within 10 microseconds, vol ta ge regulation, line and load combined, is 

± 0.005 % or ±0.01 %. 

All QRE units include these Sorensen featu res, series / parallel o peration, 
rem ote sensing, remote programming and high stability . Designed as a 
space saving system th e Q RE Series may be se lected from either modular 
or 3 1

/ /' high ra ck units. 

MODEL V/ A RANGES PRICES 
Q RE 10-2.2 0- lOV, 0-2.2A $135 
Q RE l 0-3.7 0-1 OV, 0-3.7 A 155 
QRE 7.5-10 0-7 5V, 0-1 OA .295 
Q RE 7.5-20 0-7.5V, 0-20A 465 
Q RE 7.5-50 0-7.5V, 0-50A 595 

For QRE details, or for informati o n on other stock or custom DC power 
supplies, AC li ne regulators, frequency changers, or for our free catalog 
#662A, contact your Sorensen rep., or Raytheon Company, Sorensen 
Operation, Richards Ave., Norwalk, Conn. 06856. Tel : 203-838-657 1. 
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there's 
a better 

way 
to do 

•ti I . 

•• • ! ~~- .. --

JERROLD 

SS-300 
Sweep System 

Jerrold has come up with a new 
idea - a solid-state sweep fre
quency system that does it all - in 
one compact unit. The extraor
dinary SS-300 incorporates a sweep 
generator (500 kHz to 300 MHz), 
plus a variable frequency marker 
generator and a detector system. 

Features include: 
•Remote Programming 

• Start-Stop Frequency Tuning 

• Exceptional Sweep Frequency 
Linearity 

•Au tomatic Leveling Without 
Frequency Shift. 

There 's a brochure detailing every 
exciting feature ... and we'll be 
happy to send it to you on request. 

IHmuH1I MEASUREMENT AND 
TEST INSTRUMENTATION 

JERROLD ELECTRONICS CORPORATION 

Governmen t and Industrial Division 
Philadelphia, Pa . 19105 

there's a better way to do it! 
Jerrold TECH/NOTE No. 5001 de
tails " a better way to do it" than the 
static point-to-point technique of 
determining AM rejection of limiter 
design. Request your copy. 

14 Circle 14 on reader service card 

Meetings 

Spring Joint Computer Conference, 
IEEE; Atl antic City, N.J., April 18·20. 

Southeastern Instrument Conference, 
Instrument Society of America; Cocoa 
Beach, Fla ., April 18-20. 

Conference on Semiconductor Device 
Research, IEEE; Federal Repu blic of 
Germany, April 19-22. 

Southwestern IEEE Conference and 
Exhibition, IEEE; Dallas, Texas, 
April 19-21. 

Semiconductor Device Research, IEEE; 
Bad Nauheim, West Germany, 
April 19-22. 

Symposium on Vacuum Science & 
Technology, New Mexico Section of the 
American Va cuum Society, Holiday Inn, 
Albuq uerque, New Mexico, April 19-21. 

Meeting on Welding Design and 
Reliability, Engineering Institutes; 
Univers ity of Wisconsin, Madison, Wis., 
April 20-21. 

Textile Industry Technical Conference, 
IEEE; Cha rlotte, N.C., April 20-21. 

Seminar on Computer Graphics and 
Time-Sharing Systems, Association for 
Computing Machinery, Holiday Inn, 
Atlantic City, N.J., April 21·22. 

Aeronautic Meeting, Society of 
Automotive Engineers; Statler-Hilton 
Hotel, New York, April 24-27. 

Conference For Protective Relay 
Engineers, Electrica l Engineering 
Department; Texas A&M University, 
College Station, Tex., April 24·26. 

Engineering Conference, American 
Society of Tool and Manufacturing 
Engineers; McCormick Place, Chicago, 
April 24-28. 

Conference on Integrated Circuits, 
IEEE; London, April 24-May 1. 

Simulation and Training Conference, 
Society of Automotive Eng ineers; 
Statler-Hilton Hotel , New York, 
April 24·27. 

National Relay Conference, National 
Association of Relay Manufacturers; 
Oklahoma State Un iversity, Stillwater, 
Okla ., April 24-25. 

Frequency Control Symposium, U.S. 
Army Electron ics Command; 
Shelburne Hotel, Atlantic City, N.J., 
April 24·26. 

Institute on Management Technology 
and the Optimization of R&D, American 
University; Twin Bridges Marriott Motor 
Hotel , Washington , D.C., April 24·27. 

Joint Railroad Conference, IEEE and 
American Society of Mechanical 
Engineers, Erie, Pa., April 25-26. 

Symposium on Test Methods and 
Measurements of Semiconductor 
Devices, Scientific Society for 
Telecommunication; Budapest, 
April 25·28 . 

Symposium on Advanced Technology 
Available for Commercialization, North 
Carolina Science & Technology 
Research Center; Research Tri angle 
Park, N.C., April 26-27. 

Aerospace Instrumentation Symposium, 
Instru ment Society of America; 
Marriott Motor Hotel, Philadelphia, 
Pa ., May 2·4. 

National Telemetering Conference, 
American Institute of Aeronautics and 
Astronaut ics; San Francisco Hilton 
Hotel, San Francisco, May 16-18. * 

Call for papers 

International Pulse-Symposium, Inter
national Federation of Automatic Con
trol ; Budapest, April 9-11, 1968. May 
1 is deadline for submission of papers 
to International Pulse-Symposium, 
Budapest 112, POB 63, Hungary. 

Electronics and Aerospace Systems 
Technical Convention, IEEE; Shera
ton Park Hotel, Washington, Oct . 
16-18. June 1 is deadline for submis
sion of papers to Donald Hagner, Bell
comm Inc., 1107 17th St .. . W., 
Washington, D.C. 20036. 

Marine Sciences Instrumentation Sym
posium, Instrument Society of Amer
ica; Florida, January 1968. June 15 
is deadline for submission of abstracts 
to Fred Alt, director, Testing division, 

aval Oceanographic Officer, Wash
ington, D .C. 20390. 

* Meeting preview on page 16. 
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Use the new Fluke 931 A to measure virtually any 
waveform within 0.05% from 30 Hz to 50 KHz. Make 
these measurements without losing null sensitivity as 
the voltage decreases. For in the Fluke 931 A, the 
null meter indicates percent deviation from the dialed 
voltage. Overall frequency response is 10 Hz to 1 
MHz. Range is 0.01 to 1100 volts . Ten to one crest 
factor takes care of effects caused by voltage spikes 
and pulse trains. Other features include low capaci-

tance, high resistance input, inline digital readout 
with lighted decimal point, all solid state design, and 
linear recorder output. Meets MIL-SPEC shock and 
vibration requirements. Ten percent overranging cuts 
down range changing . Available with or without 
probe in both line and combination line rechargeable 
battery powered versions. Base price $895. Call your 
full service Fluke sales engineer (see EEM) for a 
demonstration or write us for full information. 
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*SERIES SU300, LU300 
UTILOGIC* 

K Package 

For use in commercial , in· 
dustrial, ground support 
appl ications. Available in 
two operat ing tempera· 
ture ranges, - 20 C to 
+as c, and + 10 c to 
+ss C. Propagation delay 
of 15 to 40 nanoseconds. 

*Trademark of Signetics Corp, 

C ircle 495 on readers service card 

*SERIES SESOO 
LINEAR AMPLIFIERS 
~. K Package 

Operating temperature 
range : - 55 C to+ 125 C. 
Two linear circuits avail· 
able in 10-lead low silhou
ette T0-5 case. SE501 K is 
a video amplifer, SE505K 
is a general purpose dif· 
ferential amplifier. 

C irc le 497 on readers service ca rd 

DIGITAL-TO-ANALOG 
CONVERSION CIRCUITS 

Ladder Network 
Ladder Switch · 
Buffer Amplifier 

4-BIT 
SERI ES 

UT-1000 
UD-4001 
UD-4024 

5-BIT 
SERIES 

UT-1001 
UD-4036 
UD-4037 

Ci rcle 499 on readers serv ice card 

*SERIES SE100, NE100, US700 
DJL LOGIC (Si1netics CSIOO) 

~, .... 
Eighteen functions in two operating 
temperature ranges : - 55 C to + 125 C 
and O C to + 70 C. Circuits include 
NAND/NOR gates , clock and line driv
ers, gate expanders , RST and J K binary 
elements, one-shot multivibrator. 

C ircle 494 on readers serv ice card 

*SERIES SE400, NE400 
LOW POWER LOGIC 

~ .... 
Operating temperature ranges : - 55 C 
to + 125 C, and 0 C to + 70 C. For use 
in Aerospace and other appl ications 
where low power drain is requ ired. 
Optimized speed , noise margin. 

C ircle 496 on readers service card 

*SERIES SEBOO, NEBOO 
TTL LOGIC 

~, .... 
Designed for high-speed avion ics sys
tems. Eight high level circu its including 
four NAN D Gates, Power Gate, Exclusive
OR Gate Input Expander, J-K Flip-Flop. 

C ircle 498 on readers service card 

* Series SElOO, N ElOO, CS700, SU 300, LU300, 
SE400, NE400, SE500, SE800, NE800 are al l 
ava i lable f rom Spra gue Electric under tech· 
nology interchange with Signeti cs Corp. 

For data on the micro circuits in wh ich you are 
interested , write Technical Literature Se rvice, 
Sprague Electric Company , 35 Marshall St. , 
North Adams, Massachusetts 01247 

.c ss-1100 
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Meeting preview 

Telemetry trends 

The program of the National Tele
metering Conference, to be held 
~ f ay 16-18 in San Francisco, contin
ues last year's trend away from 
aerospace and military applica
tions. Scheduled talks will concen
trate on oceanographic, industrial, 
and biological uses for telemetry 
gear, and will emphasize tech
niques and problem-solving more 
than new products. 

Six sessions to brief attendees on 
recent advances in the state of the 
art will cover the latest in tran s
ducers, signal conditioning, detec
tion and modulation theory, multi 
plex ing and encodin g sys tems, and 
data management. Later workshop 
meetings will give engineers the 
chan ce to compare notes and pos
sibly find solutions to th eir particu
lar telemetry problems. 

Ocean links. The problem of 
moving data through the water will 
be the major topic a t the oceanog
raphy sess ions. R.F. H ill of the 
University of Rhode Island and 
L.R. LeBlanc of Ray theon Co.'s 
Submarine Signal division will pre
sent papers on the ocean as a data
tran smission medium. They will 
describe their techniques for mod
eling th e ocean as an acoustical 
communications channel to deter
min e the available bandwidth and 
the amount of data th at can be 
transmitted through it. 

Other papers discuss work at the 
avy's Underwater ' Veapons Lab 

oratory and Underwa ter Sound 
Laboratory, and ocean communica
tions experiments a t Pennsylvania 
State Univers ity's Ordnance-Re
search Laboratory. 

At a medical telemetry session., 
members of the Bioengineering Re
search Laboratory at the \Vomen's 
Medical College of Penn sylvania 
will present a paper on a multi
channel telemetry sys tem that has 
b een used to monitor amniotic 
fluid pressure in the human womb, 
as well as fe tal respiration and 
heartbeat, ju st b efore and during 
childbirth . 

The problems of rapid transit 
will be discussed in a paper on the 
automatic train sys tem for Cana
da's E xpo-67 World's Fair in 
Montreal. 
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The 1806 records a 60KC square wave during a high- frequency pulse train check. 

New fiber-optics CRT 
Visicorder oscillograph 
records to lMHz ! 
The remarkab le new Honeywe ll 
Model 1806 fi ber-opti cs CRT Visi
corder oscillograph is an important 
st ate-o f -the-a rt breakth rough in 
direct-recording technique. It gives 
you X- Y _ yi_z axes recording flexi
bility and a frequency response of 
DC to 1MHz-100 times greaterthan 
any previous osci ll ographs. inc lud 
ing our industry - leading Visicorders ! 

We've shown just a few of 1806's 
capabilities; frank ly. we think its ap
plications are near-infinite. being 
l imited on ly by the user's imagina -

1. 

~. 

I 
ji1·------

1. X·Y-Y' triggered oneshot 
recording !with automatic 
record length control) 
2. X-Y recording mode Ito 
1 MHz response in both axes) 
3. X-Y-Y'- Z recording mode 
(continuous or one shot per 
frame with 3.5 MHz respons e 
in Z axis) 

tion. Yet. fo r all its soph ist icati on , 
the 1806 is as easy to use as an or
dina ry oscilloscope. It's another ex
ample of how Honeywe ll's broad 
line. backed by loca l sa les and serv
ice. can provide the precise solution 
to your instrumentation prob lems. 
For full details on the new 1806. cal l 
your loca l Honeywell Representa
tive. or wr ite: Honeywell. Test In 
struments Division. 4800 East Dry 
Creek Road. Denver. Colo. 80217 . 

Honeywell 
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Try to find a connection 

------·---------llmll:t11!!1111'!11!!ml' 
The growing popularity of AE's Class E Relay 
as the "workhorse of the industry" has set off a 
demand for a wide variety of mounting tech
niques. 

Now AE can accommodate vi rtua I ly every type 
of circuit connection or mounting used in elec
trical and electronic equipment designs. 

Wherever designs call for "wiring in," AEClass 

18 

. ... 

E Relays are available with solder-type, wrapped
wire, taper-tab and printed-circuit terminals. 

AE has also developed special sockets for 
chassis or printed-wiring board mounting, that 
accommodate Class E Relays with PC or taper
tab terminals. And prewired types with octal 
plug-in bases. 

Where extra protection is required, AE Class 

Electronics I April 17, 1967 
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you can't make with 

E Relays are available in hermetically sealed 
enclosures with either hook terminals or plug-in 
headers. Or plastic dust covers that snap on to 

Relays, ask for Circular 1942-C. Write to the 
Director, Relay Control Equipment Sales, Auto
matic Electric Company, Northlake, Ill. 60164. 

the chassis- or printed-circuit 
type of socket. 

For full information on the AUTOMATIC ELECTRIC 
limitless variations in mounting SUBSIDIARY OF ar-n E 
and connections for AE Class E GENERAL TELEPHONE & ELECTRONICS -J..& 
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Five ways to succeed in 
commercial electronics. 
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Trim production and serv1cmg 
costs with Amphenol connectors: 

1 . NEW UL-CSA RECOGNIZED 
PLUG AND SOCKET helps gain 
faster UL approval. 

2. SOLDERLESS RELAY SOCKET 
allows the use of wiring h arnesses 
and lug-type connections to cut 

equipment wiring time and costs. 
3. NEW MICRO-RIBBON® RACK 

AND PANEL CONNECTOR has 
polarized shells to reduce need for 
visual alignmen t - can't mismate. 

4. NEW AUDIO CONNECTOR in 
bright nickel or chrome adds to 
appearance of the equipment. 

5. WRITE US for the complete 
profit-making picture. Amphenol 
Connector Division, 1830 S. 54th 
Ave. , Chicago, Illinois 60650. 

,@AMPHENOL 

Specify Amphenol •• • the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics 
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Security is having a module 
with a lot of compatible friends. 

If you manufacture equipment, and price, delivery and 
reliability mean something to you, it's best to stay 
loose. Pi ck modules from a line that gives you options 
- so you can optimize the design for price, or speed, 
or ease of assembly, or something else that you're 
worried about. 

DIGITAL'S module line is the broadest, most func
tional, most complete module line anywhere. Inte
grated circuits, disc rete components , hybrids. More 

than 120 of them. And each is electrically, physically, 
and logically compatible with each and every other. 

It takes 330 pages of our Digital Logic Handbook to 
describe our series of Flip Chip* modules, ~- I 
details of the logic, and applications. It's 

11
_ 

yours for the asking. 

And here's some added security: each of 
our modules is guaranteed for 10 years. .. .-. 

MODULES · COMPUTERS 

DIGIT AL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 • Cambridge, Mass. • New Haven • Washington, D. C .• Parsippany, 
N. J. • Rochester, N. Y. • Philadelphia • Huntsville • Pittsburgh . Chicago • Denver • Ann Arbor • Houston • Los Angeles . Palo A lto . Seattle • Carleton Place and Toronto, 
Ont . • Reading, England • Pans, France • Munich and Cologne, Germany • Sydney and West Perth., Australia • Modules distributed also th rough Allied Radio 
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Editorial 

IC's change the industry ... 
With integrated circuits now showing up rou
tin ely in new products, companies are worrying 
that th e conversion to 1c's will alter the stru c
ture of the elec troni cs industry. And it wi ll. 
Some traditional component makers will see 
their markets shrink to a few speciali zed appli
cations where hi gh frequ ency or high power 
preclude the use of integrated technology. 

But the greates t pressures are on the instru
ment manufacturers , whose traditional role in 
the industry is being invaded from opposite 
direc tions: semicondu ctor processors are build
ing instruments that use their integra ted circuits, 
and computer makers are adding instruments to 
their compu ters. 

Th e force behind what's happening is a new 
demand by instrument users for information 
rather than measurements. These customers no 
longer are so interested in measuring tempera
hires, flows, or voltages and amperages. They 

. . . and the engineers' role 
And engineers are worrying abou t how their role 
will change. 

Semiconductor speciali sts have been playing 
an increasingly prominent part in the develop
ment of new products from innovat ions. In fact, 
in some recent cases the sem icondu ctor engi
neers all but took over th e development process. 
Th ey decreed how the circuits would perform, 
how much \Vould be integrated, and how the 
equipment would be arranged. 

\ Vhether this situation is temporary or is to 
become th e normal way of doing business will 
depend on how willin g other engineers are to 
learn about semiconductor processing and inte
grated-circuit technology. 

The use of integrated circuits requires a lot 
broader knowledge than many engineers are 
used to applying. Embarrassingly, it takes 
broader knowledge than many engineers have. 
'vVith IC equipment, the circuit des ign pales in 
importance-particularly when off-the-shelf digi
tal units are involved-and other aspects of 
design gain in signincance. 

For example, application may determine the 
kind of package or the method of dielectric iso
lation used, or how the 1c's are assembled and 
interconnected. 

Testing 1c's turns out to b e one of the trickies t 
problems. As more components are crammed 
onto silicon chips, standard electrical tests be
come less useful and new functional tests have 
to be devised. Thermal examinations can often 
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are demanding complex measurements that cor
rela te or manipulate raw data. To do this a 
computer is required. 

In addition, automatic testin g, b oth on the 
production line and in the laboratory, is spur
ring th e use of computers to program the tes ts 
and produce renned information. 

Th e trend is clear when you see th e growing 
number of computers being designed ju st for 
instrument applications. For these compnters, 
integrated-circuit technology has come just at 
th e right time. A small , reliabl e, and inexpensive 
general-purpose machine with l imited memory 
and mathematical capaci ty can be fabricated 
with off-the-shelf 1c's. 

Only the instrument makers have b een slow 
to see what's happening. Of hundreds of com
panies, only H ewlett-Packard has moved to set 
up its own intC'gratcd-circuit fa cility and to 
design its own instrumentation computers . 

show fl aws that electrical tests can't detect. 
Along with understanding th e design, the 

engineer has to understand semiconductor proc
ess ing, because the complexities and limita tions 
of fabricating may determine what devices can 
be put in to a circuit. 

Jn the next phase of technical progress, large
scale integration, th e gap between the product 
designer and the semiconductor specialist will 
grow even wider. The importance of circuit de
sign-the traditional strength of elech·onics en
gineers-will be furth er diminished. \ Vith thou
sands of componen ts built on a single chip, 
ci rcu it des ign will be largely a computer's job. 

Already, product des igners, instrument engi 
neers, and communication specialists are Bnding 
it diffi cult to talk to the integrated-circui t spe
cialist. \Vhile the equipment people are con
cerned with circuit des ign and end use, the semi
conductor specialists are immersed in planar 
processing technology, the problems of parasit
ics, and lead-bonding techniques. 

To attain a broader view of their new tech
nology, some semiconductor specialists are 
studying product application. But most product 
engineers haven 't shown the same interest in 
integrated-circuit processing. 

The semicondu ctor specialist has taken over 
product planning with 1c's mostly by default. 
H e'll hold onto it permanently unless other en
gin eers s tart learning a little about integrated
circuit technology. 
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9oood 
reasons 
why 
Philco 
Epoxy 
Transistors 
(PET) 
are your 
best 
buy. 

1. 
PET T0-18 is rated 
from 360 to 675 mW at 
25°C (chi p dependent). 

PET's are immediate ly 
ava ilable in large 
volume product ion 
quant ities. 

7 ... --.. 
PET's are packaged in 
our low-cost Taiwan 
production facility- to 
keep your cost low. 

2. 
PET T0-5 is rated 
from 550 mW to 1.2 Wat 
25°C (chip dependent). 

5. 
PET's have a special 
deep-well interlock 
construction that 
insures hermeticity 
and reliability. 

8. 
PET amplifiers operate 
on currents ranging 
from 10 µ A to 1 A; 
PET switches to speeds 
8 ns turn on and 11 
ns turn off. 

3. 
PET packages have 
reliability facto rs equal 
to or exceeding that 
of metal cans. 

6 . 
PET packages are 
permanently and 
legibly marked
lettered black on white. 

9 . 
PET's cover 
frequencies from 40 
MHz to 1400 MHz. 

C all or write: Ph i lco-Ford Corporation Microelectronics Division Sales Offices : 2920 San Ysidro Way. Santa Cl ara, 
Cali fornia (408-245-2966) / 999 North Sepulveda, El Segundo. California (213-772-6226) / Northwest Industrial Park, 
Second Avenue, Burling ton. Mass . (617-272-1600) / Benson Manor. Suite 11 4B, Washington Lane. Jenkintown. Pa. 
(21 5-885-0430) / 1215 Drew St. . Clearwater. Fl orida (813-446-0124) / 815 Connecticut Avenue , N. w .. Washington, D. C. 
(202-298-7810) / Suite 208, 700-108th St., N. E., Bellevue , Washington (206-454-5061) / New York , N. Y. (212-244-1373). 

I PHILCO I• PHILCO-FORD CORPORATION 

Microelectronics Division 

Santa Clara, California • 95051 
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Microwave device: 
EIA formats fail 
to measure up? 

Photocomposition 

system uses 
digital technique 

Ultrahigh-speed 
computer display 
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A boycott of microwave transistor registration may be shaping up. 
Because none of the several Electronic Industries Association formats 
available can accurately characterize such devices, at least one manu
facturer, Texas Instruments, may not register any new microwave 
transistors until the formats are revised. The scanty information on 
performance that can be accommodated by the present formats impedes 
designers in evaluating microwave devices. 

With the present setup, Tl says, a specification written for a 3-gigahertz 
transistor could not honestly guarantee 3-Ghz performance. TI had 
troubles in registering its new high-frequency 2N5043, the first transistor 
to be characterized by S parameters; the firm had to stretch some points 
to fit the format. 

The EIA formats use only parameters that can't be accurately meas
ured at 3 Ghz, such as Y parameters. Some engineers think Y parameters 
are doomed to obsolesence. Below 30 megahertz, they recommend H 
parameters, above 30 Mhz, S parameters. The latter parameters are based 
on power ratios rather than the current or voltage ratios that determine 
the Y and H types. 

An all-digital photocomposition technique for printing, capable of gen
erating several thousand characters per second on a continuously mov
ing strip of photographic film, has been developed by Alphanumeric 
Inc. of Hicksville, N.Y. Character and pattern images are displayed on 
a digitally controlled cathode-ray tube and are exposed on the film, from 
which printing plates are made. 

Alphanumeric now has an off-line system-the APS-2-driven by 
magnetic tape rather than directly by computer. The computer first pre
pares the tape, which includes instructions on type size and font as 
well as the text to be set. This tape is read by the APS-2 into its ferrite 
core "matrix memory." The APS-2 then decodes the text, and, following 
the instructions, generates the proper image in the proper position on 
the crt by drawing a series of short lines for each individual character. 

An advanced system-presumably on-line-is in development. Nego
tiations are now going on with IBM, but Alphanumeric is silent on 
whether it's looking at the giant computer maker as a vendor or as a 
supply source. 

Alphanumeric' s system differs from CBS Laboratories' Linotron [Elec
tronics, April 3, p. 113], which uses an analog mask in a tube separate 
from the crt; from General Dynamic's Charactron, which uses a mask 
in the crt; and from RCA's Videocomp, which exposes an intermittently 
moving film a line at a time. 

A computer display that operates at speeds up to 250,000 characters 
per second-twice the speed of currently available displays-has been 
developed by Tasker Industries Inc. Its ultrahigh speed frees the com
puter for other tasks and makes it practical to hook up several displays 
to the computer without taking up too much of the machine's time. 

A redesigned version of the display, capable of speeds 20% faster, 
will be used in a new military air traffic control system-the AN/TFX-42. 
The character generator and display will enable alphanumeric equip-
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IBM slates more 
satellite-link tests 

Tunnel diodes face 
loss of big market 

Computer undergoes 
rigorous time study 

Office copier uses 
xenon flash lamp 
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ment to display aircraft identification and altitude information digitally 
on the traffic controller's radar scope during the radar's dead time, elimi
nating the need for a two-gun cathode-ray tube display. 

Homer G. Tasker, the firm's chairman, attributes the speed capabili
ties to a redesign of the amplifier circuits used for deflecting the crt beam. 
Says Tasker: 'With our technique, we could go to a speed of 500,000 
characters per second if the demand was there." 

Despite persistent claims that it has no firm plans to link computers 
by satellite, IBM will continue to test computer-to-computer hookups 
via Early Bird. Some "highly successful" trials were run earlier this year, 
the company says [Electronics, March 20, p. 59], and more will be con
ducted in May. 

Prospects for tunnel diodes in the l-to-2-gigahertz range appear bleak, 
with bipolar transistors finding wider applications in amplifying and some 
logic-switching jobs. The transistors have always had the edge in stability, 
noise figures, and packaging, and now that their high-frequency capa
bilities have been boosted, they are rapidly taking over this multimillion
dollar market. 

Spokesmen at KMC Semiconductor, Micro-State Electronics, Polarad, 
Texas Instruments, and Watkins-Johnson confirm this trend. One implied 
that there is an "understanding" among Government agencies to avoid 
tunnel diodes whenever possible because of their instability. 

TI reports increased sales of high-frequency transistors, even to micro
wave-amplifier manufacturers making tunnel diodes. 

Researchers at the University of California at Los Angeles are, in effect, 
running a time study on a computer and all its peripheral equipment to 
measure the efficiency of the machine and its software and to find ways 
to improve operations. 

The UCLA study is called Computer Instrumentation Automation, 
and-presumably as a take-off on the acronym CIA-is informally known 
as "snuper." 

Basically, the project involves the counting of the number of times 
certain key activities occur in programs as the computer executes them. 
The counting is initially being done by adding instructions to the pro
grams at those key points-a process that slows the program. External 
equipment will later be added to handle the counting and to monitor 
the program without slowing it. The researchers say the study, which 
will be implemented on an IBM 7094 with an SDS Sigma 7 connected 
to it, should be applicable to a broad class of general-purpose computers. 

Xenon Hash lamps, long used for the pumping of lasers and in stroboscopy 
and scientific instrumentation, have found a new application-commer
cial office copiers. The Dennison Manufacturing Co., Framingham, Mass., 
this month will introduce a high-speed, roll-fed electrostatic copier that 
uses a xenon Hash lamp as a high-intensity light source. The new machine, 
driven by a precisely regulated high-voltage power supply, will com
pete with the Xerox Corp.' s copiers. 
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PHOTOCONDUCTORS 

Now, highly reliable UV detection 
... even in IR ambients 

~ A shortcoming of many ultraviolet 
detectors is that they' re also sensi
tive to infrared radiation. Thus it's 
often difficult, if not impossible, to 
use them to detect just UV in an 
ambient containing both infrared 

.. and ultraviolet radiation. Last year, 
Sylvania introduced a UV cell with 
attenuated infrared characteristics. 
Now, an improved version of this de
vice has greater sensitivity and shows 
even better infrared attenuation. 

Sylvania's new Type SRP-3614B 
ultraviolet photoconductor improves 
further the detection and measure-

ment of UV radiation. Like previous 
designs, the new device requires only 
simple low voltage circuits to provide 
an inexpensive, highly reliable UV 
detection system. The SRP-3614B 
does differ from earlier types in two 
important characteristics : it is less 
sensitive to IR radiation and uses a 
more sensitive photocell. 

Key electrical ratings for the new 
unit are a power dissipation rating 
of 300 mW, an ON resistance of 1,300 
ohms at 64 µ, W / cm2 irradiance, and 
a dark resistance of 100,000 ohms. 
Ascent time is 130 msec (at 64 µ,WI 

ELECTRICAL DATA RATINGS (Absol. Max.) 

SRP-3614 SRP-3614A SRP-36148 

Diss ipation 
at 40°C 300mW 300mW 300mW 
at 70°C 25mW 25mW 25mW 

Temp. Rge . -40 to +70°C -40 to +70'C -40 to +70 °C 

CHARACTERISTICS 

Cell (light) Res. (o hms) 2500 5500 1300 
Dark Res . (ohms) 1,000,000 1,000,000 100,000 

I Ascent Time 
at 64 µW/cm2 130 ms 

4 µW/cm2 720 ms 
Descent Time 

at 64 µW/cm2 40 ms 
4 µW/cm2 260 ms 
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cm2) while descent time is 40 msec 
at t1:ie same radiation level. 

The SRP-3614B has the proven 
high reliability of Sylvania's hermet
ically sealed cadmium-sulfide photo
conductors, but with the spectral re
sponse characteristic shifted into the 
ultraviolet region in the range of 2500 
to 4000 angstroms. 

The excellent electrical character

( continued) 
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PHOTOCONDUCTORS (continued) 
istics of this improved photoconduc
tor are protected by a small, rugged 
package with a maximum diameter 
of 0.70" and a length of 1.625". 

Coupling the small size, long life, 
analog response characteristic with 
the simple associated circuit require
ments makes the SRP-3164B ideal for 
applications where UV d etection, 
measurement, control or regulation 
are needed, such as intrusion and fire 
alarm systems. The new photocon
ductor can effectively and economi
cally replace many avalanche or con
tinuous monitoring devices. 
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Circuit Designer- IC Manufacturer ... 
Conflict or Complement? 

The rapid growth of the integrated 
circuit industry has given rise to a 
pertinent question: whether or not 
there is a functional conflict between 
the IC manufacturer and the manu
facturer of electronic equipments 
and/ or systems. In other words, are 
we, as IC manufacturers who pro
duce complete functional circuits, 
overstepping our bounds and in
fringing on the functions of circuit 
designers? What about circuit design 
engineers? Will they become high 
priced order clerks, purchasing all the 
circuits they need to build an equip
ment out of an IC catalogue? 

To aggravate the picture, the trend 
in the IC industry appears to be 
headed for even greater density. LSI 
(large scale integration) is now in the 
horizon, cramming many more and 
larger circuits into a single package. 
It may be possible to eventually en
capsulate an entire automated opera
tion or computer function into a sin
gle IC package. Will this develop
ment turn -the computer manufac
turers into automated factories, whose 
purpose it will be to merely assemble 
various combinations of IC packages? 

Not at all ! On the contrary, as the 
electronics industry expands, all its 
constituent components will expand 
along with it . W ith standard circuits 
such as flip-flops , gates, registers, and 
counters available as packaged items, 
the design engineer can concentrate 
on larger and more complex circuit 
configuration. Furthermore, many cir-

cuits required for equipment design 
have a unique configuration, in one 
aspect or another, and, therefore, 
must be designed by the equipment 
manufacturer; the IC manufacturer 
only fabricating these "customized" 
circuits. 

\/\Tith reference to this last point, it 
should be remembered that in order 
to work effectively with the inte
grated circuit manufacturer, the cir
cuit designer must familiarize himself 
with integrated circuit technology, its 
advantages, its applications, and its 
limitations. He should know the IC 
circuits that are available as "off-the
shelf items." He should also be knowl
edgeable of the manufacturing proc
ess of integrated circuits so that he 
can design new circuits which are 
most applicable to the present state 
of the art . This will result in a reduc
tion of IC costs, a functionally super
ior IC, and a better working relation
ship between circuit designers and 
integrated circuit manufacturers. 

The same situation exists with re
gard to system designers. No matter 
how complex and dense ICs become, 
they will only serve as building blocks 
for large systems. Furthermore, the 
systems of today will become the sub
systems of tomorrow's larger, more 
complex and sophisticated systems. 
Therefore, with the availability of 
larger and more efficient "building 
blocks," system design engineers will 
be able to concentrate on solving the 
design problems associated with ere-

ating larger and more efficient systems. 
Finally, it must be noted that the 

trend toward LSI is not a self-gen
erating movement. IC manufacturers 
are not simply producing denser res . 
just for the sake of cramming more 
circuitry into a package. This trend, 
to a great extent, is the result of cer
tain design requirements dictated by 
military and industrial contractors. 
The great need for space and weight 
savings, and the requirement for ex- . 
t ended op eration reliability within 
the space program has had a signifi
cant effect on IC design. The noise 
immunity requirements of high fre
quency circuitry and high speed com
puters also have dictated the direc
tion which IC manufacturers have 
had to take. However, when one looks 
at the total picture, he finds the word 
tha t d escrib es th e r ela tionship of 
equipm ent and sys t ems manufac
turers, and IC manufacturers, is "com-. 
plementary"; each has its own func
tion which complements the other. 
And the very evident direction of mo-. 
tion is upward. The electronics in
dustry continues to grow; equipment 
and systems are becoming more com· • 
plex and sophisticated . Keeping up 
with this growth in complexity and 
sophistication is the IC manufacturer .• 



PHOTOCONDUCTORS 

How PL assemblies are making music sound better 

Photoconductor-lamp (PL) assem
blies are being used to produce spe
cial musical effects such as tremolo, 
vibrato and percussion. What makes 

· these units ideal for these applica
tions is the intrinsic characteristics of 
the photoconductor-lamp combina
tion. It provides noise-free operation 
because of electrical isolation be
tween control and signal circuitry. 

- This, of course, eliminates the intro
duction of hum from the control cir
cuit. Result is an effect pleasing to the 
listener. Here's how a tremolo circuit 
using a Sylvania PL assembly makes 
an electric guitar sound more pleasing. 

" Tremolo effects-subsonic modula
tion of an audio signal-can be pro
duced easily and reliably by an elec
tric guitar amplifier which uses 
Sylvania's PL assembly. The circuit 
shown uses a PL-8224C assembly and 
a phase shift oscillator to get the trem-

- olo effect. The oscillator output fre
quency of 40 to 8 Hz is controlled by 
a 1-megohm potentiometer in one 

arm of the phase shift network. Out
put of the oscillator is decoupled by 
a 330 K resistor into another !-meg
ohm potentiometer which varies the 
level of the control signal voltage fed 
into the PL driver stage. 

The on/ off switch can ground the 
arm of the 'Depth' potentiometer to 
remove modulation from the light 
source portion of the PL assembly. 
The de operating current of the light 
source is determined by the setting of 
cathode resistor in the PL driver 
stage. The ac output of the 'Depth' 
control is superimposed on this de 
level, providing an ac variation in the 
resistance of the PL. Shunting this ac 
varying resistance divider across the 
volume control gives the desired 
modulation of the audio signal. Depth 
of modulation depends on the setting 
of the 'Depth' control and may ap
proach 100 percent. 

Basic action of this circuit is that of 
a volume control being varied around 
its operating point at a sinusoidal rate 
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with the rate controlled by a low fre
quency oscillator. 

The type PL-8224C assembly used 
in this application consists of a her
metically sealed cadmium sulfide 
photoconductor and an incandescent 
lamp potted in a metal cylinder 1.75 
inches long and 0.31 inches in diame
ter. Its cell voltage is rated at 300 V 
max and can handle up to 50 mW at 
25°C. Cell resistance varies from be
low 60 K (ON) to above 10 megohms 
(OFF). 

The PL-8224C is just one of many 
standard and custom PL Assemblies 
available from Sylvania. These PL as
semblies, because they have the char
acteristics of both a switch and a po
tentiometer, have many other circuit 
applications in addition to generating 
musical effects. 

Such applications as: On-Off 
Switch, Sequential Switch, Logic 
Functions, Gain I Volume Controls, 
Electrically Controlled Circuit Func
tions (Delays, Oscillators, Filters), 
Linear Amplifiers, Voltage and Cur
rent Regulators, Motor Speed Regu
lators and Modulators. 

In all these applications the PL as
semblies provide moderate power 
handling capability, noise-free opera
tion, and high circuit isolation. 



INTEGRATED CIRCUITS 

Preventing unused inputs 
from degrading IC performance 

Frequently, all inputs of an inte
grated circuit are not required in a 
particular application. What does the 
circuit designer do with these unused 
in.puts? They may be left open, but 
this could degrade circuit operation; 
or additional components can be 
added to insure top performance. 
SUHLT" devices by Sylvania require 
only siinple wiring and no extra com
ponents to obtain optimum perform
ance characteristics. Here's the how 
and why for gates and fiip-fiops. 

The high drive capability of SUHL 
I and II output networks allows un
used gate inputs of these ICs to be 
tied directly to signal inputs with in
significant sacrifice in speed or static 
characteristics. In the same way, un
used inputs of these SUHL flip
flops can be tied to active inputs or 
outputs to maintain propagation de
lay time, clock width, and amplitude. 
With SUHL gates and flip-flops it's 
basically a matter of eliminating the 
effect of the capacitance associated 
with each of the unused inputs. 

In SUHL gates, each input has a 
capacitance to ground of about 1.2 pF 
(package and chip). If wiring is also 
connected to the emitter, then addi
tional capacitance is added. How the 
capacitance of unused inputs influ
ences circuit operation can be ex
plained by Figure l. Here, if input A 
goes to logic "O" and input B is float-

ing, the voltage at B tries to follow the 
voltage at A. In time, B falls to logic 
"O." When A rises to logic "l," B is 
held down until its capacitance 
charges through the base resistor. 
This action slows down the recogni
tion of the logic 'T' data at A. 

To prevent this, unused emitters 
should be terminated with a voltage 
greater than the logic 'T' threshold 
voltage. In this way, stray capacitance 
on the inactive inputs will always be 
at logic 'T' and won't slow circuit op
eration. There are a number of ways 
to insure that these gate inputs re
main at logic "l." 

The unused inputs can be con
nected to a de voltage as shown in 
Figure 2A. For SUHL units, the volt
age should never be higher than 5.5 
V, the breakdown rating of the in
puts. A 5.0 V supply is satisfactory if 
it never goes above 5.5 V, even during 
power turn on. Should the supply go 
above 5.5 V, then a resistor (ranging 
from 500 to 5000 ohms ) is placed be·
tween the emitters and the supply as 
indicated in Figure 2B. 

Many emitters can be tied together. 
One convenient method of supplying 
the required voltage is to use one 
N AND gate with its inputs grounded 
to hold all unused emitters at Logic 
"l." 

A more convenient neutralization 
technique is to tie unused emitters to 

one of the signal emitters as shown in 
Figure 2C. This requires no extra 
components. Only simple wiring is 
needed and performance of the sys
tem is not degraded. In this approach, 
when the data signed goes to "O," all 
capacitance is directly discharged to 
"O" through the driver. Since this ca
pacitance is small and the drive capa
bility of SUHL is high, there is a 
negligible effect on speed (about 
0.03 nsec/ pF). In this configuration, 
input current is the same as if only 
one input were used, because the 
base resistor limits cmrent flow. 

In Figure 2C, when the driver rises 
to logic "l," each input and its capaci
tance is pulled to a positive voltage. 
Again, because of the high drive ca
pability of SUHL output networks , 
pull-up speed is negligibly affected 
by the small capacitance increase 
(about 0.4 nsec/ pF). The high cur
rent capability of the output network 
of all SUHL elements also means that 
static characteristics remain constant. 

These SUHL output characteristics 
are shown in Figure 3. Even with 
many milliamps of loading, logic lev
els are still high and well above 
threshold. 

In flip-flops, it is extremely impor
tant that all inactive inputs be termi
nated. Not only is propagation delay 
time effected, but so is clock width, 
amplitude and the waveform required 

Figure 3 
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for triggering. 
Synchronous or data inputs of flip

flops can be terminated with de in the 
same manner as a gate, but for each 

- flip-flop there are signal carrying in
puts or outputs to which unused in
puts can be connected. Examples are 

,. 
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shown in Figmes 4 and 5. 
Unused asynchronous input termi

nals (DC Set, Preset, Reset) can also 
have a degrading effect on perform
ance, particularly if they are con
nected to wiring or board metalizing 
which increase capacitance. Even at 
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low frequencies it is important that 
asynchronous inputs be connected to 
a positive voltage or terminated in 
some other way. The same techniques 
used for gates or those shown in Fig
ures 4 and 5 can be employed. 
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Eliminate unnecessary trade-offs 
when choosing computer displays 

The value of a computer o~en is di
rectly related to how fast the infor
mation output can be obtained by the 
people who need the information. 
CRTs provide an effective and very 
fast graphic display of such infor-

• mation. But picking the right tube 
(and the right tube manufacturer) for 
computer display applications is not 
simple. Many factors must be evalu
ated. A good way to start is to look 
at the manufacturer's present capa
bility in CRTs for computers. 

Years of leadership in CRT technol
ogy and display design give Sylvania 
the full capability needed to meet de
mands for computer CRTs. This ca
pability is based on a solid back
ground of providing CRTs for the 
computers of several manufacturers. 

These CRT displays offer many ad
vantages. Display of alphanumeric 
information on a tube face is much 
faster than waiting for a typed out
put. A dynamic display also permits 
on-line program debugging, text edit
ing and revision, and rapid scanning 
of stored material. Coupled with a 
camera, these displays can give a 
hard-copy output. The growing inter
est in using displays to permit on-line, 
two-way conversation with the com-

puter opens up a host of applications. 
For instance, results of calculations 
can be plotted, and the user can select 
regions where he wants calculations 
to be carried out in more detail. 

Selecting the optimum tube for 
such applications can be a difficult 
chore. Many factors must be consid
ered; such factors as size of display, 
deflection, focusing method, sensitiv
ity, resolution, brightness, power re
quirements, and phosphor character
istics. Trade-offs may be necessary. 
But, at Sylvania these trade-offs are 
kept at a minimum; because the de
signer isn't limited to a few off-the
shelf items. Sylvania's wide range of 
standard and custom tubes permit a 
better match of tube to application. 

TYPICAL COMPUTER TYPES 

Basic Type Deflection Screen Useful Overall 
Angle Size Scan Length 

SC·4649 70° 7" 5·3 / 4" x 4-3/8" 10" 
8QP- 90° 8" 7-3 /16" x 5-3/8" 9 -15 / 16" 
8KP- 90° 8" 7-3/16" x 5-3/8" 11 -15/16" 
17DWP- 70° 17" 11-1/8" x 14-5/16" 19-3/16" 
21EYP- 72° 21" 19-1/16" x 15-1/16" 23-1 /32" 
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MICROWAVE SEMICONDUCTORS 

Punch-through varactors: 
new route to improved harmonic efficiency 

There's a great deal of confusion in 
the microwave industry regarding 
high-order multiplier diodes. Names 
such as step diodes, step recovery va
ractors, snap diodes, snap-off varac
tors, etc. are being used to describe 
diffused diodes having a varying 
capacitance-voltage relationship. 
Sylvania uses the term PTV, or 
Punch-Through Varactor, to better 
describe a diode which was devel
oped to have a sharp decrease in func
tion capacitance, as well as a series 
resistance at a reverse bias 15 to 20% 
of the rated breakdown voltage. This 
defiection point occurs when the de
pletion width "punches-through" the 
thin epitaxial layer of high-resistivity 
silicon. 

The Sylvania D-4410 PTV exhibits 
little capacitive nonlinearity in the 
reverse bias region, but shows a 
marked nonlinearity in the forward 
bias region because of charge storage. 
The relatively flat capacitance change 
over a large reverse bias range offers 
several advantages, such as minimal 
detuning over the temperature range, 

PTV DIODES 

In a varactor multiplier, power han
dling capability and conversion effi
ciency are determined by the break
down voltage, junction capacitance, 
junction conductance, and series re
sistance. Breakdown voltage is deter
mined primarily by the resistivity of 
the N-type semiconductor material 
used in the P-N junction. The other 
parameters are shown in the simpli
B.ed equivalent circuit of Figure 1. 

The nonlinearity of the voltage
variable junction capacitance is the 
dominant factor in the frequency 
multiplication process. Junction con
ductance and series resistance dissi
pate power, limiting output power 
and conversion efficiency. The fre
quency conversion process also de
pends on the quality factor Q or cut
off frequency Wco· These are given by 
the equations Q = l / wR5Ci and 
Wco = l / RsCj. 

SpeciB.cally, frequency conversion 
depends on the average values of 

simpliB.ed tuning procedure, and im
proved dynamic range. Simplified 
matching techniques can be em
ployed, and under broad band oper
ating conditions improved operating 
efficiencies can be realized. 

If PTVs are driven into the forward 
bias region, high conversion efficien
cies can be obtained as a result of the 
marked non-linear capacitance curve. 
The lower average Rs value over the 
drive cycle also contributes to better 
efficiency by reducing the power dis
sipation. Harmonic generators oper
a ting with multiplication ratios as 
high as 27: 1 or as low as 2: 1 will yield 
highly efficient performance at fre
quencies from VHF to Ku-band. 
These diodes, made from epitaxial 
silicon, have diffused junctions tai
lored for punch-through at a reverse 
bias voltage which is low relative to 
the breakdown voltage. 

Electrical speciB.cations and typi
cal operation in a multiplier circuit for 
a Sylvania PTV are given in the table. 

Carefully controlled fabrication 
techniques give Sylvania's PTVs 

these factors over the drive cycle of 
the multiplier. Since both Rs and Ci 
vary with reverse voltage, their values 
should be kept at a minimum over 
most of the drive cycle. The nature of 
these nonlinear parameters can be 
examined with the aid of the simpli
B.ed P-N junction of Figure 2. Here, a 
thin layer of lightly doped, n-type 
semiconductor of thickness tis grown 
epitaxially on a substrate of heavily 
doped, n-type material, and p-type 
dopant is diffused to a depth X into 
the n-type layer. 

A reverse bias voltage applied to 
the varactor sweeps mobile carriers 
out of the lightly doped n-region. 
These carriers recombine in the p re
gion, forming a depletion region of 
width Win then layer. Width of this 
region varies with applied voltage as; 
W = K1 ( </> - V) -r. Where q, is the 
built-in voltage of the junction, K1 is 
a constant, and V is the applied re
verse bias. The term 'Y varies from 1/3 
to 1/ 2 depending on the type of junc
tion. The depletion region boundaries 

these additional advantages: uni
formity of performance characteris
tics, higher power handling capabil
ity, improved circuit stability, higher 
power, and frequency operating range. 

All units are baked at a minimum 
temperature of 200°C for at least 16 
hours prior to final hermetic seal
ing. Finished devices see these test 
procedures: centrifugal acceleration 
of 20,000 G, temperature cycling 
from -65°C to +150°C; breakdown 
checking at 150°C; 48 hour burn in 
at 200°C; and gross and fine leak 
(Radioflo) testing. 

Units in the new PTV series are 
available in four packages: the 017, 
023, 075, and 099. 

ELECTRICAL 
SPECIFICATIONS 

(Type D·4440) 

V8 = 45 Volts 

c1 (-6V) = 1 -1.5 pf 

T
5 

= 250 picosec 

TL = 60 nanosec 

R, = 0.8 ohms 

IF = 100 milliamps 

RT = 45°C/watt max 

PERFORMANCE 
IN MULTIPLIER 

(Type D·4440) 

Fin= 1 GHz 

Fout= 10 GHz 

Pin= 1 watt 

Efficiency= 13% 

CIRCLE NUMBER 304 

act as a parallel plate capacitor with 
capacitance of: 
Ci= EA/ w = k2 (</> - vrY, 
where E is the dielectric constant of 
the n-type material, A is the junction 
area and k2 is a constant. Increasing 
the applied reverse voltage V in
creases w and decreases Ci. 

Two additional factors determine 



Figure 3 

"PUNCH-THROUGH· VARACTOR Iv.I< lveol ---------------, 
: I 

: "NORMAL" VARACTOR lvool< 1v.1 I 

Vp 

the variation of Ci as V increases. One 
is the maximum allowable applied re
verse voltage, with the reverse break
down voltage Vbe· At Vba, avalanche 
multiplication takes place and a large 
current Bows through the diode. 

The second factor is the thickness 
t of then-type layer. Depletion width, 
w, increases continuously with ap
plied voltage, but it cannot exceed 
thickness t, because at that point the 
depletion region boundary is in con
tact with the heavily doped n+ sub
strate. When w = t, no further de
crease in junction capacitance can 
occur. 

Depending upon thickness and re
sistivity of the n-layer, avalanche 
breakdown may occur at a reverse 
voltage either lower or higher than 
that at which w = t. The voltage at 
which w = t is the punch-through 
voltage, Vp. Figure 3 shows the junc
tion capacitance and applied reverse 

... voltage relationship for the punch
through and conventional (or "nor
mal") varactors. 

If the punch-through voltage oc
curs at a voltage which is low with 
respect to the breakdown voltage, 
then the overall capacitance-voltage 
r elationship approaches the case 
where 'l' = 0 and Ci is constant for 
any applied reverse voltage beyond 

Figure 4. 

the punch-through point. 
While the PTV exhibits little ca

pacitive nonlinearity with a reverse 
bias, a marked nonlinearity occurs 
with a forward bias. This is due to 
charge storage. This charge storage 
capacitance, sometimes called the dif
fusion capacitance, is an exponental 
function of forward voltage, and also 
depends upon the recombination life
time of the semiconductor material. 
For effective charge storage, the re
combination lifetime should be large 
compared to a period of the drive fre
quency. Figure 4 shows an idealized 
capacitance-voltage plot ( 'l' = 0) of a 
punch-through varactor. 

The series resistance, R., of an 
epitaxial varactor consists of a sum of 
four terms : R,=RP+ Rn+ Rn ++ Re. 
Resistance RP is that of the p-layer; 
Rn that of the n-layer; Rn + that of 
the substrate; and Re that of the 
ohmic contacts. 

In practice, Re is usually a few 
tenths of an ohm at uhf frequencies, 
but may be higher at high microwave 
frequencies because of skin effect in 
the connecting leads. For surface con
centrations normally used in epitaxial 
varactors, RP is usually negligible 
compared to R c and R0 • 

Likewise, Rn+ is negligible for a 
highly doped substrate. Thus, the re-

Re 

Vp REVERSE VOLTAGE - - Yoo 

sistance of the epitaxial layer, Rn, is 
the dominant component of Rs, and is 
given by R 0 =P0 L / A= Pn (t-w) / A. 
P n is the resistivity of the epitaxial 
n-layer, and Lis as shown in Figure 2. 

Since w varies with reverse volt
age, Rn and Rs also vary with V. As 
with cj,if IVba l< IVp l, then Rs de
creases continuously as voltages from 
zero to Vba are applied. If IVP I < IV ha I· 
then Rn vanishes at Vp. This is be
cause w = t, L =0 and the total ser
ies resistance is Rs = Re (1-V l>IVp)· 
Figure 5 shows the variation of Rs , for 
the normal and punch-through cases. 
The change in series resistance with 
reverse voltage may be quite appreci
able. For epitaxial varactors with 
breakdown voltages of 50 to lOOV, 
the ratio of series resistance at zero 
bias to that at the breakdown voltage 
may be greater than 2:1 and up to 
10: 1 for higher-voltage var actors. 

Varactors with the same value of Rs 
at breakdown may have quite differ
ent values of Rs at lower reverse volt
ages. In the PTV, the Rsis lower at 
zero bias than in a conventional va
ractor and reaches its minimum value 
at the punch-through voltage. The re
sult is a lower average Rs over the 
drive cycle and higher conversion 
efficiency than in the normal varactor. 
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SEE OUR 
SPECIFICATIONS IN 

MICROFILM CATALOG 

FILE 

Use Sylvania's "Hot Line" in· 
quiry service, especially if you 
require full particulars on 
any item in a hurry. It's easy 
and it's free. Circle the reader 
service number(s) you're most 
interested in; then fill in your 
name, title, company and ad· 
dress. We'll do the rest and see 
you get further information 
almost by return mail. 
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No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

SYLVANIA ELECTRONIC COMPONENTS GROUP 
Sylvania Electric Products Inc. 
1100 Main Street 
Buffalo, New York 14209 

Dept. 84 4 
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Buffalo, N.Y. 



DIODES 

How whiskerless diodes 
let you get more components on a board 

STUD 

LEAD 

ANODE END 

Designing computers or other equip
ment which requires fast logic cir
cuits or small signal switching? Here's 
your chance to get more money for 
your diode dollar. Use Sylvania's min
iature whiskerless diodes to replace 
D0-7 types, to get significant savings 
in mounting space, and improve re
liability without any increase in cost. 

Because Sylvania's miniature dual 
stud whiskerless diodes are much 
smaller than DO-7 types, they allow 
designers to decrease circuit board re
quirements significantly. Costing no 
more than their electrical equivalents 
in D0-7 packages, the rugged whisk
erless units have a package volume 
which is 68 percent smaller. But 
smaller size is not the only advantage 
of these newer diodes. The single unit 
construction makes for higher reli-

DICE 8 
SPHERE 

SLEEVE 

STUD 

LEAD 

CATHODE ENO 

ability and for devices able to take 
shock and vibration environments. 

With these 0.075" dia. by 0.160" 
long Sylvania units you get top elec
trical performance. Typical reverse 
leakage currents of units in the whisk
erless line are a low 15 na. Switching 
speeds are in the order of 4-10 nsec. 
Ratings for these silicon epitaxial 
diodes include average rectified cur
rents of up to 150 mA (with surges of 
500 mA) and a power dissipation of 
500mW 

Key construction features of the 
whiskerless devices are: use of a 
plated silver sphere to make contact 
to the junction, dumet studs for good 
heat conduction away from the junc
tion, and protection of the active area 
with a soft glass sleeve. What results 
is a rugged single-piece device capa-

ble of taking high-g shocks. 
Reliability of this simple structure 

is enhanced further by the pains 
taken during the manufacturing proc
ess. Sylvania has developed special • 
production techniques to make sure 
the silicon dice used is more sym
metrical and is free from any jagged 
edges, cracks, or out-of-tolerance 
parameters. 

Sylvania's whiskerless diodes can 
be used with standard automatic in
sertion equipment. 
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SILICON EPITAXIAL DIODES 
00-7 

Electr ical 
Ty pe Outline Equiva lent 

1N4148 D0-35 IN914 
1N4149 D0·35 IN916 
IN4151 D0-35 IN3604 
1N4152 D0·35 IN3605 
1N4153 D0-35 60VIN4152 

1N4154 D0-35 IN4009 
1N4446 D0-35 IN914A 
1N4447 D0·35 IN 916A 
1N4448 D0-35 IN9 14B 
1N4449 D0-35 IN91 6B 

ABSOLUTE MAXIMUM RATINGS: 
Average Rectified Current, lo 75 mA 
Peak Forward Current, lpk 225 mA 
Forward Surge Current, (1 sec) 500 m A 
Power Dissipation , PT 500 m W 
Junction Temperature, TJ - 65Cto + l75°C 

. 

SYLVANIA 
Th is informatio n in Sylvania Ideas is furni she d 

w ithout a ssuming any ob ligations. 

GEN
1

ERR~L TELEPH ONE & ELECTRON ICS GT&E 
NEW CAPABILITIES IN : ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICES 

Circle Numbers Corresponding to Product Item 

~-~~~_:_::~~~3-0-1~~~3-02~~~3-0-3~~~30-4~~~-~ 
D Please have a Sales Engineer call 

~~ 
HOT LINE INQUIRY SERVICE 
Need information in a hurry? 
Clip the card and mail it. Be 
sure to fill in all information re· 
quested. We' ll rush you full par· 
ticulars on any item indicated. 

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim· 
plify handling and save time. 



The Tan 
KEMET C-Series Solid Tantalum 

Capacitors. Tailored for today 's go
go electronics. 

The KEMET C-Series lets you de
sign tantalum reliability into the whole 
field of consumer products : radios 
and TV .. . CB sets ... electronic or
gans and other instruments . .. audio 
equipment...appliances. The reason 
is simple: we 've priced the C-Series 
in line with conventional aluminum 
electrolytics. 

Abbreviated specs: 0.1 to 220 mi
crofarads. 6 to 50 vdc. -55° to 
+85° C without derating. And re
member the unique Union Carbide 
delivery plan: ultra-fast or staged de
liveries of any quantities from thou
sands to millions-assured. 

Now, can you think of any good 
reason not to use tantalum? See our 
representative, or mail the coupon. 
r-----------------, 

Clip, fill in name and title, attach to letterhead. I 
Union Carbide Corporation 
Components Department 
Dept. E-43·. 
270 Park Avenue 
New York , N. Y. 10017 el 

ELECTRONICS : 
Please send details on C-Series 
KEMET Solid Tantalum Capacitors I 

I 

Title ______________ _ 

I 
I 
I 
I 

L-----------------~ 
~EMET ia a registered trade mark of Union Carbide Corporation. 

Rock 

REGIONAL SALES OFFICES. New England : T. J. Roper , 300 First Ave ., Needham Heights, Mass. Phone : 617-444-5400 . Mid-Atlantic : R. H . Robecki, 1341 H amburg Turnpike , 
Wayne , New Jersey 07472 . Phone : 201-696-2710 . Mid-West and South : K. S. Collart , P. 0 . Box 6087, C leveland , Oh io 44101 . Phone : 216-221-0600. C . F. Fields , 2 Talcott Road , Park 
Ridge , Ill. 60068. Phone : 312-825-8189. West Coast : D. Purcell , 701 East Whitt ier Boulevard , Whittier, California 90605 . Phone : 213 -698-8077 . C. E. Volpe, 2680 Bay Shore Frontage 
Road , Mountain View , California 94041 . Phone : 415-969-9390. For Overseas Inquiries contact: J. G. Egan , 1341 Hamburg Turnpike , Wayne , New Jersey 07472. Phone : 201-696-2710. 





We're a 
little more 
careful ... 
to make you a 
little more sure 
Dependability. That's the big word about any product w ith 
the name "MICRO SWITCH" on it. 

There are a number of reasons for this dependability but 
they can be narrowed down to two words: quality control. 
M ICRO SWITCH is big enough-in both experience 
and facilities-to take extra steps to see to it that each switch 
holds up as well in your equipment as it does in our grueling 
laboratory tests. MICRO SWITCH assures reliability 
before manufacturing begins. 

To feel a little more secure. and to find out for yourself 
the many ways MICRO SWITCH is a little more careful, 
write for our free booklet. "Quality Assurance for our 
Customers." No obligation. of course. Write ... 

MICRO SWITCH 
F R E EPORT, ILLI NOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL • Sal es and service offices in all prlnclpal cities of the world. 

Manufacturing Jn United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 

Circle 37 on reader serv ice card 



Mow there's a "4th generation" . 



of signal instrumentation 

This new Monsanto™ Model 3100A Digital 
Frequency Synthesizer has a computer
optimized design that creates new stan
dards of . stability, purity, precision and 
value for general purpose signal generators. 

Gather 'round and look it over. From its 
clean, functional, prize-winning * cabinet to 
its all-solid-state, I / C circuitry, this unique 
design is all new ... the first of our "fourth 
generation" instruments. 
The 3100A outperforms all other synthesizers. 
Select or program any frequency from 0.01 
to 1.3 MHz (in 130 million steps). You've 
never had it so pure-from any signal source. 
Harmonics are down at least 50 db, and spuri
ous components are down at least 80 db! 
Stability? 1 part in 109/ day, by an oven 
stabilized crystal oscillator. 
The output is DC coupled with a ± 2 v offset 
bias control at a constant 50 ohms, through 
an accurate 90 db stepping attenuator. There 
is a flexible dual-frequency internal sweep 
andexternalAM,too.Formaximumcomputer
system compatibility, the programming time 
is less than 20 microseconds. This versatile 
instrument has more of what you need in a 
signal source. 
Here is the clincher. At $3950, the Monsanto 
3100A sells well below old-styled frequency 
synthesizers. (USA price f.o.b. New Jersey) 
Write or phone us for the full story. Monsanto 
Electronics Technical Center, 620 Passaic 
Avenue, West Caldwell, N.J. 07006 (201) 
228-3800. 

® 
ELECTRONIC 

INSTRUMENTS 
Circle 39 on reader service card 



< 13 distortion sine, < 250 ns square, 
< 13 linear triangular waveform outputs. 

~ 

CHANNEL A CHANNEL 8 

LUG·~:~· .···· .. 
OUARE . . . 

RIANG LE 

SINE 

3302A TRIGGER/ PH 

START /STOP PHASE 

EXTERNAL MANUAL 

MANUAL TRIGGER -l .ilii4\ 

~ 
Multiple or Single bursts, 
controlled by external signal with 360" 
variable Start/ Stop Phase. 

MO! 

+ tNPVT I 

!NPI 

± zov 

~J 

~ 
Manually select single or multiple 
cycles by the push of a button. Frequency is 
controlled by Frequency dial. 

RANGE rljJ 3300A FUNCTION GENERATOR 

14(W l. £TT ~ P A CURO I 
\I I I\ 'rrrr"7 / 11,, FAEOUENCY x1. xJO x100 

\ \ \ \ \ 4 '/I 11 I )(, , I XllC. 

,,\ ~ S /// X.01 XIO • 
~ ~ 

/",,, 6' //-:;. 
~ ....--:. 

::---

~ 
External frequency programming 

greater than 1 decade can be achieved 
with Oto -10 V input. 

c 
G> '"" 
0 '"' ~,,, 

AMPLITUDE 

9 
OUTPUT 

® 

<,..;~ 

t 
' 

AMPLITUDE 

e 
OUTPUT 

0 

>E PHASE 

·~ASE - CAL , I ~~~~~N1CS1 

'
~::~~/Uk'',' .~ ' , I , 

LOCK ... " 
-o -- -

-. 
,\ 'LOCK• 

JT FlllEOU(NC'f ~t 

>SOll:C 

NAJ< 

~ 
Frequency range 
0.01 Hz to 100 kHz through 
seven decade ranges . 

Any two functions 
(sine, square or triangle) can 

~ 
Two independently amplified fully floating 

outputs with separate controls for 35 V p-p . 

~ 
be phase locked to any external 
periodic signal. Phase can be 
controlled 360°± 10°. 

Price : hp 3300A Fu nctio n Generator Mainframe, 

$625 .00; hp 3301 A Auxiliary Plu g-In, $20.00; or hp 

3302A Trigger/Phase Lock Plug-In, $190.00. For full 

specifications, contact you r nea rest hp fie ld engineer. 

Or, write Hewlett-Packard, Palo Alto , California 94304, 

Tel (415) 326-7000 ; Europe: 54 Route des Acacias, 

Geneva . 

097/ 12 

HEWLETT 
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PACKARD 
An extra measure of quality 
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Time's up: 
Honeywell now 

has a taut-band 
meter that actu
ally goes for even 
less than a pivot
and-jewel meter. 

(About 10% less, on the average. ) 
What kind of a taut-band meter 

could we possibly sell at those prices? 
An ingeniously 

simple one. 

We designed every sin- " ,, 
gle unnec;essary part right • f >"'"'"

1
"'"""

1"'"'<:,v , 
out of it. (Fewer parts: 
fewer things to go wrong.) 

And we make this 
meter by machine. (This 
not only gives us a very good cost 
advantage. It also gives you a more 
reliable meter. ) 

It'll last practically forever be
cause there's no friction in the mov
ing parts. It'll mount anywhere with-

out special calibrating because it's 
self-shielded. 

And you can get one of these 
low-cost taut-band meters in just 
about any style you like. 

But don't make up your mind 
yet. Take a look at our catalog first. 
Write Honeywell Precision Meter 
Division in Manchester, N.H. 03105. 

Honeywell 

How long have Y.OU waited for 
a low-cost taut-band meter 1 
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ASSEMBLE THIS 
WEATHERPROOF 

CONNECTION 

IN 
30 SECONDS! 

Again, BENDIX/DAGE engineering has 
solved a major problem for equipment 
builders! New DAGE Square-Cut RF Con
nectors reduce assembly time 50%-75% ... 
produce weathertight seals with a pull test 
of 50 lbs. Only 3 parts-no special tools 
required! 

Time-and-money-saving benefits of 

Square-Cut Connectors are typical of 
BENDIX/DAGE contributions to the state of 
the art ... practical ideas that help you de
sign for greater capability in your circuitry 
and equipment. 

Write for Square-Cut literature. If you 
have a special problem, call Dage Engineer
ing Department. Call today! 

DAGE ELECTRIC COMPANY 
a subsidiary of the Bendix Corporation 

Hurricane Road • Franklin, Ind. • Phone 317 /736-6136 

• 

FIRST WITH IDEAS • FIRST WITH QUALITY • FIRST WITH SERVICE ~ 

Circle 42 on reader service card Circle 43 on reader service card-.. 
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Digital Equipment Corporation ' s PDP-8 pro
gramed data processor, in which these modules 
are used , is a compact general purpose digi ta l 
computer with a high speed , random-access , 
m agnetic-core memory for engineering, sc ienti
fic , and educational applications. 

• Allen-Bradley hot molded resistors have established 
such a consistently superior performance record over the 
years that Digital Equipment Corporation uses them 
exclusively in their computers-with no substitutes per
mitted under any circumstances! 

While Allen-Bradley quali ty is the number one reason 
for this standardization, Digital reports that exrellent service 
from Allen-Bradley is an advantage of vital importance to 
them, too. For example: "Recent expansion of FLIP 
CHI P production to meet the demand for PDP-7 and 
PDP-8 computers quadrupled our component needs. With 
Allen-Bradley's help there wasn't a single hitch in the 
production speedup." 

The unvarying quality of Allen-Bradley resistors
million after million, year in and year out-results from 
an exclusive hot molding process. The precision automatic 

HOT MOLDED FIXED RESISTORS are avai lable in all standard EIA 
and MI L-R-11 resistance va lues and tolerances, and can usually 
also be furnished in valu es above and below standard limits. Shown 
actua l size. 

equipment developed and used only by Allen-Bradley 
produces such uniform properties that long term resistor 
performance can be accurately p redicted. Please note, 
Allen-Brad ley hot molded resis tors have never been 
known to fail catastrophically in service. 

For complete specifications on Allen-Bradley hot 
molded fixed and variable resistors, please write for 
Technical Bulletin 5050: Allen-Bradley Co., 222 W. 
Greenfield Ave., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Limited. Export Office: 630 Third 
Ave., New York, N.Y., U.S.A. 10017. 65-os -•E 

ALLEN- BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



An Allen - Bradley 
of importance to 

announcement 
motor designers 

The new M06-C ferrite magnet having 30% higher intrinsic coercive force 

• The new Allen-Bradley M06-C ceramic permanent 
magnets provide at least 303 increase in the highest 
previously available intrinsic coercive force-obtainable 
with A-B's MOS-C material. This advance is achieved 
with the same high residual flux density. 

Designers of permanent magnet motors have a choice 
of these advantages-303 higher resistance to demag
netization, or 303 increase in motor output, or 303 
increase in cold temperature protection. In fact, where 
the higher coercive force is not required, the designer 
can give himself a 303 reduction in magnet size. 

This new Allen-Bradley M06-C material opens the 
door to such motor designs where permanent magnets 
heretofore were not practical, namely for motors used 
in many portable tools and appliances. Like with the 
MOS-C material, these new M06-C magnets are radially 
oriented, and are available in virtually all sizes and 
shapes currently being produced in segments for motors. 
from % " diameter to 10 hp. While MOS-C magnets will 
continue to satisfy most needs, M06-C enables de
signers to satisfy more exacting motor design require
ments because of its unusually high intrinsic coercive force. 

4.0 3.5 3.0 2.5 2.0 

H-(KILO- OERSTEDS) 

64-05·6CE 

Allen-Bradley application engineers will be pleased 
to help you obtain maximum economy in your motor 
design through optimizing magnet performance. Please 
let us hear from you. Allen-Bradley Co., 222 ·west 
Greenfield Avenue, Milwaukee, Wisconsin 53204. 
In Canada: Allen-Bradley Canada Limited. Export 
Office:630Third Ave., New York, N.Y., U.S.A. 10017. 
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if you could 
find a more 
stable 
polyester film 
you'd use 
it. 

right? 
Users report a measurable stability advantage with 
Celanar polyester film. In printed circuits Celanese 
polyester film means less shrinkage-hence a more 
reliable circuit. 

Celanar has other substantial advantages, too. Its 
~ tensile (pull) strength is 30% stronger than other 

films. And Celanar film is the cleanest, freest from 
contamination , in the industry. We produce Celanar 
in a "White Room " where air filtration systems 
effectively trap dirt specks as tiny as 0.3 microns
infinitesimal as the point of a needle. 

What's more, we lean over backwards to supply 

~Circle 44 on reader service card 

Celanar film in the roll lengths, widths and gauges most 
convenient for you. Ship it with temperature recording 
flags, even impact recorders where necessary, to assure 
your receiving quality as high as we produce. 

Those are reasons why major automotive manufacturers 
use Celanar film for under-the-dash printed circuitry. 
And why you should know the full facts .. 
about Celanar film. All it takes is a 
letter to: Celanese Plastics Company, 
Dept. 233-D, P. 0. Box 629, Linden , 
New Jersey 07036. Celanese® Celanar® CELANESE 

P\ASTICS COMPANY 

Celanese Plastics Company is a division of Celanese Corporation. 

Circle 45 on reader service card 45 



Bendix LJT Connectors-
first and only to be fully scoop-proof. 

NQ mismating, damaged pins or short circuits. 
The Scoop Test is a pretty tough test to 
give a connector. To pass, you can't 
damage or short the pins, no matter 
how much you misalign the plug and 
receptacle during mating. 

Bendix® LJT Connectors pass the 
Scoop Test-and scoop the rest. And it 
doesn't matter if the pins are in the 
plug or the receptacle! Because all con
tacts are totally recessed. They're 
stronger, too. And mismating is a thing 

Circle 46 on reader service card 

of the past. Five-key polarization 
assures it. 

But that's not half the story. Hard, 
glass fiber-filled epoxy inserts improve 
electrical and thermal characteristics, 
are impenetrable by pins and probes. 
Plug shells are provided with grounding 
fingers for EMR and RFI shielding. 
Safer, too, because the shell is grounded 
before contacts engage. Insert assem
blies are staked and bonded for a sturdy 

moisture-proof seal. You can specify 
shell sizes from 9 to 25. Get from 3 to 67 
contacts in 16, 20 and 22M sizes, with 
solder terminations. Select flange mount, 
line mount, straight plug, jam nut or 
hermetic types. All built as rugged as 
you can find. 

Write today for complete information 
on our LJT connectors. The Bendix 
Corporation, Electrical Components 
Division, Sidney, New York 13838. 
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Manufacturing 

Boosting IC's 

To boost integrated-circuit yield 
and performance, IC mask makers 
arc turning to interferorneter
equipped masking cameras. The 
reason : plate positioning errors in 
conventional cameras are limiting 
the potential of re's by forcing de
signers to make circuit elements 
larger and spacing wider to ensure 
registry of superimposed images on 
the master plate. 

Us ing light as a meas uring tool , 
_ the new cameras can place re's on 

the master plate with at least four 
times the accuracy of conventional 
camera systems. To th e ic builder, 
greater accuracy means higher de
vice and plate yield. Closer ci rcuit 
and interelement spacing will lead 
to faster production of more com
plex 1c's. 

First to use an interferometer
equipped camera on its re produ c
tion line is the Hewlett-Packard 
Co.; [Elec tronics, April 3, p. 26]; 
Motorola Semiconductor Products, 
Inc., a Motorola Inc. subsidiary 
and Texas Instruments Incorpo
rated are operating experimental 
models . Irr Semiconductor Re
search Laboratories is building one 
and Spectra Physics Inc. will begin 
selling such cameras late this year; 
Optomechanisms Inc. is now sell
ing a small model. 

Fringe benefits. The new inter
ferometric positioners use coherent 
light as a yardstick r.ither than mi
crometric gears, scribed grids, or 
other mechanical references. Be
cause there are no built-in mechan
ical inaccuracies, the new cameras 

... regis ter or position images with 5-
to 12-microinch accuracy. Conven
tional cameras, at bes t, can only 
achieve accuracies of 45-50 micro
inches. Accuracy with the new 
cameras are maintained over the 
entire master plate. 
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REVERSIBLE 
COUNTERS 

- WORK TABLE 

~ 

RE VERSIBL E 
COUNTER S 

'y" SERVO SYST EM i 
\ 

...--- SINGLE - FREQUENCY 
GAS LASER 

Light beams, shown in color, are the measuring elements in a laser interferometer 
t hat servopositions IC master plates with high accuracy. 

Interferometers measure dis
tance and find position b y counting 
"fringes" - alternate periods of 
darkness and light th at appear 
when two beams of coherent light 
mix. In the new masking cameras, 
two interferometers arc used, one 
for X-axis and the other for Y-axis 
positioning. 

Each interferometer has one leg 
of known length and another that 
becomes longer or shorter as it is 
reflected from a mirror on the mov
ing plate-positioning s tage. The 
two beams combine a t a photo
detector and their respective 
phases cancel out, causing alternat
ing light and dark periods-fringes. 
·A fringe corresponds to a move
ment of the stage; when a helium
neon 6,328-Angstrom-wavelcngth 
laser is used as the li ght source, a 
fringe corresponds to a distance of 
3,164 Angstroms. The detected 
fringes pass from the photodetec
tors to counters or computers. 

Beyond the fringe. Various com
panies use fringe data differently. 
Hewlett-Packard, TI and Spectra 
Phys ics use reversible counters and 
digital computers to servocontrol 
stage position , set spacing b etween 
re images, and trigger exposure. 
Motorola's experimental unit is 
simpler, with the detectors feeding 

Nixie-tube counter readouts and 
the operator positioning the stage 
manually; h e also controls expo
sure. 

The digitally controlled cameras 
au tomatically count a preset num
ber of fringes, make exposure, and 
step to the nex t position . They can 
leave unexposed positions in the 
image pattern , dropping in other 
images later without degrading po
sitional accuracy. This capability is 
important to builders of large-scale 
integrated arrays because many 
different masks arc often used on 
an LSI plate. 

The excellent registration possi
ble with the new cameras may also 
make possible closer placement of 
IC images, smaller elements , and 
closer interelement spacing. Carl 
Betz, manager of mask-making re
search and development at Motor
ola, predicts interelement spacing 
as close as a half micron. Motor
ola is already planning to make 
masks for a highly complex, 80 by 
80 mil LSI array with very small 
elements . 

\Vith such accuracy, overall 
plate yield should be increased ; 
there should be fewer plates shot 
with out-of-register images to 
cause circuit rejection . By the same 
token, it takes less time to "debug" 
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a set of master plates. Each set still 
has to be in spected, but the new 
cameras will be able to reshoot bad 
plates in a single operation. Con
ventional masking cameras usually 
need five or six attempts to shoot a 
well-registered plate because of 
mechanical inaccuracy. 

On the dark side. The new cam
eras' biggest drawback is cos t 
stemming from their susceptibility 
to vibration. To get the full benefit 
of interferometric accuracy, the IC 
mask maker may need a $200,000-
$300,000 stable table in a controlled 
environment, according to ' Villiam 
vVinslow, president of Qualitron 
Inc. , the country's largest mask
making firm. Add this to Spectra 
Physics' predicted camera price of 
more than $100,000 and it's a large 
capital investment. TI spent abou t 
$500,000 on its camera setup, 
which includes a 16-ton , spring
suspended concrete stable plat
form. 

Communications 

Dial h for help 
Complaints about high telephone 
bills have a familiar ring to most 
phone companies, but the tone of 
the grumbles from users of time
shared computer sys tems is alarm
ing. 

Rates levied by the American 
Telephone & Telegraph Co.'s Bell 
System are prohibitive and account 
for a disproportionately high share 
of data-processing costs , users 
claim. Some go so far as to say 
that the giant communications car
rier is blocking the growth of com
puter utilities by not reacting to the 
technology's needs. 

Billing gripe. The most out
spoken critic of AT&T is Richard G. 
Mills, assistant director of the Mas
sachusetts Institute of Technol
ogy's Project MAC, a prototype 
computer utility. Mills would like 
the Federal Communications Com
mission to spur AT&T to speedy ac
tion [Electronics, April 3, p. 25]. 
He terms unfair the company's rate 
structure as it affects computer 
communications. 
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A computer service bills the user 
only for computer use time. The 
phone companies, however, bill the 
users for circuit-use, regardless of 
how much time is actually spent in 
transmitting data. Mills wants AT&T 
to charge "by the bit." 

AT&T' s move to pulse-code mod
ulation, which eventually will re
place all of today's analog circuitry, 
is too slow to suit Mills. "Eventu
ally isn' t fas t enough," he points 
out. 

Others agree. Says one user: 
"AT&T's operating companies' rep
resentatives don't understand our 
problems. They just take our sug
gestions and lose them." 

The problem will be further ag
gravated when the International 
Business Machines Corp.'s 360-67 
and the General E lectric Co.' s 645 
as well as other time-sharing com
puters are put into full use-prob
ably within the next couple of 
years. 

Lewis Cimino, a manager of in
formation systems and computers at 
GE, says his company "has an AT&T 
representative in here almost all 
the time and it's a continual debate. 
The carrier eith er doesn't under
stand our needs or seems to lose 
our sugges tions in its daisy-chain 
of command." 

General El ectric has data banks 
around th e co11ntry and has tried 
t0 interconnect them several times 
using AT&T's coaxial cables, but 
each time it had to discontinue the 
links because the transmis sion 
costs were prohibitive, says Ci
mino. GE also has 13 regional time
sharing computer utilities facing 
the same problem. 

Says Cimino: '"When the Govern
ment becomes a big user of time 
sharing, it'll feel the communica
tions cost bite just as we do and 
the FCC will do the rest." 

Devil's advocate. James D. Bab
cock, president of the Allen-Bab
cock Computing Co. , a Los Angeles 
time-sharing service, won't knock 
AT&T's refusal to junk $30 billion in 
plant equipment " just for the stake 
of a few time-sharing nuts." 

Thomas J. O'Rourke, president 
of Tymshare Inc. , in Los Altos , 
Calif., also backs the carrier. "Our 
feeling is that it makes good busi
ness sense to base commercial use 

rates on the same basis as the 
phone company. Admitting the car- r 
rier was caught Hatfooted by the 
growth of time sharing, he comes 
up with a gripe of his own-the un
suitability of AT&T's interfacing. 
"Teletype terminals may be fin e for 
batting orders back and forth but 
they are inadequate for a time- 1 

sharing computer." H e cites low 
speed and a limited number of 
characters as causes of inefficient 
transmission. 

The gian t communications car
rier is taking the attacks in its ,,. 
stride and refuses to comment on 
them. 

Integrated electronics 

Complementary samples 
Lured by its bright prospects for 
achieving fast integrated circuits 
that dissipate little power, the 
Radio Corp. of America has suc
cessfully produced complementary 
( n and p channels) metal-oxide
semiconductor ( 1vros) elements in 
a single chip. The company has 
used the new complementary tech
nique to build a du al 3-input NOR 
gate. 

The 14-element IC will contain 
the two gates and an inverter stage 
in one sili con chip. It is expected 
to be available on a sample basis 
to customers within the next two 
months . 

vVhile the complementary con
cept is well known , its develop
ment has proven difficult. Some re
searchers have slowed their effo1ts 
and still others have turned to alter
nate methods. 

HcA's techniqu e was developed 
by the company's IC department in 
Somerville, N.J . To produce both n
and p-channel elements on the 
same chip, a p-isolation region is 
diffused into then-silicon substrate. 
The p region serves as the local 
substrate for the n-channe] MOS 
device. 

HcA attributes the circuit's low 
standby power-about 10 nano
watts-to the high impedance of 
the off uni t, which blucks the power 
supply voltage in both the high and 
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low states. Operating power is low, 
too, since power is dissipated only 
during switching to charge and dis
charge capacitance. The gate, when 
run from an 8-volt supply dissi
pates 400 microwatts at 100 kilo
hertz, while driving a capacitance 
of 30 picofarads. Good speed of 
the unit is attributed to the output 
node capacitance always being 
charged and discharged through 
the low-impedance on unit. Propa
gation delay, RCA says, is 25 nano
seconds. " ' bile comparable semi
conductor bipolar integi·ated cir
cuits can match these speeds, power 
dissipation is much greater-of the 
order of tens of milliwatts. 

A difficult road. Last year, Mo
torola Inc.'s Semiconductor Prod
ucts division introduced what was 

probably the first complementary 
MOS switch. But the device isn't 
listed in the firm 's catalog and its 
current l\IOS program is shrouded 
in secrecy. Nevertheless, Motorola 
says the MOS device is available for 
sale. North American Aviation Inc.'s 
Autonetics division is also putting 
n- and p-channel elements on one 
chip, but with some difficulties. 
Such devices, says Autonetics' Rich
ard Platzek, are .usable only in low
voltage sys tems-12 to 15 volts
because of their low breakdown 
voltage. 

Critics claim complementary de
vices don't use silicon real es tate 
effectively, since p- and n-channel 
elements must be isolated. The 
beauty of Mos technology, the 
Philco-Ford Corp. believes, is in 

INVERTER 
our our--- INVERTER 

IN 

Complementary MOS device to be introduced by RCA is a dual 3-input NOR 
gate, and inverter on one silicon chip. Only one gate is shown, with the p
channel elements circled in color. Supply voltage may range from 6 to 12 v. 

IN c ·.1 ; 

N - SILICON N - SILICON 

Diagram on left corresponds to high input, diagram on right, to low input. 
Output current paths are shown in color. N-channel device 
is at right of section drawings. Output current paths are shown in color. 

INPUT HIGH LOW 

N UNIT ON P UNIT ON 
CON DITION P UNIT OFF N UNIT OFF 

OUTPUT LOW HI GH 
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._ Input and output waveforms with 
corresponding high- and 
low-level circuit conditions. 
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simplicity of des ign , fabrication, 
and high manufacturing yields
not the case with the complemen
tary approach . Gordon Moore, di
rector of research at Fairchild 
Semicondu ctor, a division of Fair
child Camera & Instrument Corp., 
agrees. 

But, RCA engineers say a direct 
comparison is misleading. The com
plementary circuitry, they contend, 
may be built with less precision 
than comparable single-channel cir
cuits , and also, despite the more 
complex steps and larger area con
sumed, yields are potentially very 
high. They claim for example, that 
the new dual NOR gate will operate 
from any voltage between 6 and 
12 v, whereas single-channel cir
cuitry often requires a power sup
ply accurate to within 1 %. 

Where it's tops. The real role of 
the complementary J\·IOS device, ac
cording to engineers at Philco
Ford, is in low-power memory ap
plica tions . But while the technique 
may pay off in the combination of 
low power and higher frequencies, 
they believe the complementary 
method is not the basic solution to 
high speeds. Instead, Philco-Ford 
sees within a year ·faster p-channel 
devices and circuit improvements 
that will reduce propagation delay 
to a few nanoseconds . 

A better way to achieve the 
speeds required for computers, 
says Autonetics' Platzek, could be 
through the use of a technique in 
which four separate clock signals, 
out of phase with each other, are 
routed through an all p-channel 
circuit. 

Theoretical limits of the two de
vices-complementary and four
phase clock-are about the same, 
says Platzek; both arc ultimately 
capable of about 250 kilohertz. H e 
recommends the four-phase clock 
approach in fabricating complex 
digital differential analyzers . In 
comparing the two methods, Plat
zck says that one advantage of the 
four-phas e clock is that it employs 
current technology. But it takes up 
more real estate on the silicon chip 
and it requires more metal than do 
complementary devices, decreas
ing the yield of the device. 

Fairchild Semiconductor is work
ing with the complementary MOS 

49 



Electronics Review 

approach to high-speed, but now 
favors the single-polarity multi
phase clocking system. Using a 
four-phase clock system, Fairchild 
has achieved propagation delays of 
the order of 10 nanoseconds. 

Companies 

Turnaround in Phoenix 
Last week, workmen moved back 
into the almost empty shell of a 
plant in Mesa, Ariz. , that is to add 
300,000 square feet of manufactur
ing space to Motorola Inc.'s inte
gra ted-circuit capabi lity. Construc
tion work had been stalled for 
about three months as tight money 
and high interest rates-not slump
ing sales as reported in Electronics 
(March 20, p . 54) 0 -forced the 
company to stretch out its capital 
spending plans, which also include 
new semiconductor faci lities in 
France and Korea. 

Slack period. Also, Motorola, like 
others in the industry, now has an 
expanding volume of orders for its 
discrete semiconductor products, 
but it earlier had to endure a spell 
of slack demand as some of its cus
tomers lived off accumulated inven
tories during the autumn and win-

• In t he story " Moto rola ro llback," put to
gether from industry reports and interview s, 
several errors appeared . The story reported 
that the Semiconductor Products division had 
a $5 m i llion loss in 1966. Commenting on the 
story, Danie l E. Nobl e, Motorola's vice c ha ir
man and chief technical officer , decla red : 
" Sales and profit records were set by the 
firm 's Semiconductor Products div ision in 
1966. - The division was one of the major 
profit centers of the corporation . The $5 mil 
li o n loss erroneously reported was confused 
with o u r 1966 investment in integrated-circuit 
re sea rch and development." 

Noble also explained that the layoffs de
scribed in the story followed abnormal peak 
produc tion ea rly in 1966 ca used by ant icipa 
tory buying by c ustom e rs . "Inventory bal 
a nce has been achi eved and we a re now 
rehiring," he added . 

The report of the drop in d eliveries of 
ta ntalum ca pacitors was erroneous. Motor
ola does not and never has made this prod
uct. 

Noble minimized the impact on Motorola 's 
Semiconductor Products division of the pro
duction c utback in the automobile indu stry, 
another point made in the story. " It had 
only a minor effect on our rectifi er sa les." he 
sa id. " But, as someone recently pointed out , 
the number of cars being sold toda y is still 
quite high. " Noble observed that th e division 
m anufactu res 18 m ajor categori es of semi 
conducto rs cove ring 80 % of a ll types requi red 
by industry, thu s minimizi ng the company's 
dependence on any one m arket. 
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ter of 1966. Early last year, some 
cus tomers , particularly in con
sumer-oriented industries , stocked 
up on semiconductor components , 
fearing that heavy military buying 
for the Vietnam war would cause 
materials shortages. The shortages 
failed to develop-largely b ecause 
semicondu ctor production capacity 
was expanded-and these compan
ies stopped buying until they could 
work off their stores of diodes, tran
sistors, and silicon con trolled recti
fi ers. 

To handle the flood of orders last 
year's hedge buying created, Mo
torola increased its production 
force sharply during the spring of 
1966. When customers started 
drawing from inventories instead 
of buying, it laid off the extra work
ers , about 2,700 of them. 

Profit record. Fueled by the spurt 
in orders in early 1966, Motorola's 
Semiconductor Produ cts division 
last year recorded its best sales and 
earnings in history-with profit 
estimated at more than $10 million . 
Even during the time vvhen de
mand for discrete devices suffered 
the effects of inventory liquida
tions, the division's operations re
mained profitable. The report in 
E lectronics that the division sus
tained a $5 million full-year loss 
should have specified that the loss 
applied only to integrated-circuit 
operations. 

The deficit figure represented a 
giant investment in research and 
development, mainly for new prod
ucts. Daniel E. Noble, vice chair
man of Motorola, notes that "the 
division added 151 integrated cir
cuits to its produ ct line" last De
cember and January. 

The big IC investment signalled 
a change in Motorola's marketing 
strategy. Four years ago, when the 
company developed integrated cir
cuits with emitter-coupled logic, it 
put the lion's share of its marketing 
effort into that one type, which it 
called MECL. But the move was re
garded as premature by many com
puter designers, who were wary of 
MECL's sensitivity to external noise. 
In response, Motorola has added all 
kinds of IC logic to blanket the mar
ket. It now offers the widest range 
of integrated circuits in the indus
try-633 digital circuits and 33 

linear circuits. Lester Hogan, divi
sion general manager, boasts: "To
day we will deliver any kind of 
logic the customer wants." This in
cludes diode-transistor logic, resis
tor-transistor logic, transistor-tran
sistor logic, and MECL. 

Where they go. As a result of this 
change, says Motorola, the firm in 
December delivered more Ic's than 
any other supplier . The greatest 
number were digital circuits for the 
Radio Corp. of America's Spectra 
70 computer, and for Minuteman 
missile guidance systems, flight 
simulators , and the R-13 project, a 
classified National Security Agency 
program. By adding all kinds of 
logic to its product line, Motorola 
has built for itself a stead ily grow
ing posi tion as a second source. In 
addition, th e company has been de
livering linear Ic's to General 
Dynamics Corp.'s Pomona division 
for the Redeye missile, an infantry
man's rocket using 20 integrated 
circuits in its guidance system. 

During the period of slowed de
mand for discrete devices last year, 
Motorola's output of integrated cir · 
cuits continued to climb steadily. 
Work forces on the IC lines were re
duced slightly, despite the increas
ing sales, however, because of 
sharply improved production yields. 

ow, with sales of discrete semi
conductor products rebounding, 
Motorola has started hiring again. 
According to Hogan, "the number 
of inquiries and requests to bid we 
received suddenly increased in 
February and March. A spurt in 
these always precedes orders." The 
official expects the production work 
force in Phoenix to return to its 
peak 1966 level by next September. 

Modular construction. Because 
Motorola's Mesa plant was built to 
accommodate growth over the next 
three years, the company hasn't 
moved to complete it quickly, and 
this has given rise to a lot of rumors . 
In Phoenix, for example, gossip has 
had it that the company will never 
occupy the Mesa facility. But at 
the plant's dedication in November, 
Noble emphasized that only a por
tion of the plant was completed , 
and that it had b een designed so 
that modules in the shell could be 
completed as needed . 

The work on the facility's interior 
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• • • speeds you from sketch 
to I/C p-PAC system 
installation without 

costly re-design 

You get documentation that means a lot more than just a 
spec sheet when you design with l/ C µ.-PAC digital logic 
modules. It means design aids, detailed instruction 
manuals, reliability facts, wiring & assembly notes, 
application notes. It means the best design support you 
can get - support based on nearly 14 years of module 
experience. 

Whether you face design of a one-shot black box, or an 
entire product line, why not rely on µ.-PACS. You' ll never 
have to read between the lines to figure out what to do 
with them. It's spelled out in page after page of doc
umented facts . Write for details. Honeywell, Computer 
Control Division, Old Connecticut Path, Framingham, 
Massachusetts 01701. 
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that was started up again last week 
will cost nearly $1 million and will 
complete about half the plant. The 
renewed construction allavs the ru
mor that the company ·plans to 
abandon the plant. 

One reason Motorola is so bullish 
about its IC operations is that it 
believes computer designers are 
finally ready for emitter-coupled 
logic. Most have learned how to 
shield the circuits from noise and 
now know how to package and 
interconnect them to take advan
tage of their exceptionally high 
speed. Motorola believes emitter
coupled. logic will surpass transis
tor-transistor logic in high-speed 
applications because TTL units may 
be troubled by internal noise at 
exceptionally high speeds. 

Next, Motorola will develop 
integrated-circuit memories. The 
company has already built proto
types of two 16-bit random access 
memories in IC form. One, for use 
with saturated logic such as DTL 

or TTL, will compete with other IC 

memories already on the market. 
The other is the first designed for 
use with emitter-coupled logic. 
These devices are slated to be the 
forerunners of the company's pro
posed line of commercial memory 
elements, some of which will have 
logic and memory on the same chip. 

Military electronics 

Unstoppable shot? 

Since spear-and-shield times, the 
development of a new weapon has 
been quickly followed by equip
ment to counter it. Now, however, 
the Navy thinks its Standard mis
sile will break this cycle. 

For one thing, the Navy will be 
able to modify the versatile Stand
ard with kits , and these modifica
tions, the service believes, will keep 
the missile one step ahead of any 
measures an enemy employs to 
baffle its guidance and homing sys
tem. While most of the possible 
design changes are classified, there 
is talk of changing the missile's 
terminal guidance from a semi-
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Going out. Tartar missile, here being launched from a destroyer, 
will be replaced by the Standa rd starting early next year. 

active radar mode to an infrared 
homing mode. 

Ten-year hitch. Under terms of a 
$120 million contract, the General 
Dynamics Corp.'s Pomona, Calif. , 
division is to supply 4,000 Stand
ards for installation aboard 50 war
ships. Optimistic officers feel the 
missile can handle the job of pro
tecting the fleet from surface and 
air attack for 10 years after the first 
one becomes operational in early 
1967. 

There will be two basic ship
board models, identical except in 
their propulsion units. The ex
tended-range Standard will be able 
to cover distances of more than 30 
miles , while the other version will 
have a range of more than 10 miles. 

The Standards will also use 
several types of fu ses-contact 
fuses against ships and proximity 
fuses against planes, for example. 

As another measure of the mis
sile's versatility, a model is being 
developed for launching from air
craft against enemy radar sites. 
Called the interim ARM (anti
radiation missile), it will replace 
the Shrike missile that Texas In
struments Incorporated has been 
building for several years [Elec
tronics , Dec. 26, 1966, p. 36]. 

Crossing the T's. The shipboard 
Standards are to replace the 
trouble-plagued Terrier and Tartar 
missiles, which, along with the 
Talos, have cost the Government 
more than $3 billion. The air
breathing Talas won't be replaced 
for the time being because its 
range is greater than the Stand
ard's. 

Like the three T's , the Standard 
-initially, at least-will use cur-

rent shipboard fire-control radars 
for guidance [Electronics, Dec. 27, 
1965, p. 112]. The radars, with a 
range of more than 75 miles, will 
"illuminate" the target with radio .. 
beams, and these signals will be 
followed by the mi. siles' receivers. 
In stallation of the Standards will 
require only minor modifications in 
the E hip board radars. 

Long-run production. The Navy's 
award to General Dynamics runs 
six years; few defens e contracts 
cover more than three years. Gen
eral Dynamics did the research and 
development work on the missile, 
but it had to face competition for 
the production order. The contract 
covers the Standard's guidance, 
control, and fusing systems. 

Ears to see with 

Helicopter pilots flying combat 
missions in Vietnam often don't 
know when they are being fired ' 
upon from the ground. Noisy en
gines drown out the sound of the 
shots, and it's only when the craft 
is hit that a pilot knows he's the 
target. 

Tow being tes ted in Vietnam is 
a simple, cheap system that enables 
helicopter crews to detect and de
termine the direction of ground 
fire. It does this by picking up the 
sound of enemy projectiles as they 
pass the aircraft. Developed by 
Philip Lieberman, staff scientist at ' 
the Air Force's Cambridge Re
search Labor_atories, the acoustic 
bullet detector is being tried out by 
the Army Concept Team in Viet
nam. 

By telling him that he's being · 
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SPEER 
COMPONENT 
How to get a real reading on a resistor's 
true function ... resistance. 

That's right, we mean plain old elec
trical resistance . 

The problem with this particular 
parameter it that it 's just too basic. It 
doesn 't have the exotic intrigue of 
such items as temperature coeffi
cient, moisture resistance or load 
life . As a result , almost everyone 
takes it for granted-and naturally 
neglects to verify whether or not the 
resistance is actually being properly 
measured. 

For example, if you don 't realize 
the importance of using the proper 
test voltage, you can get all kinds of 
remarkable results . 

The culprit in this case is the co
efficient, not the component you 're 
measuring . You can decrease the 
measured resistance of a carbon 
composition resistor by simply in
creasing the voltage applied . .. and 
vice versa. 

Now with low value resistors be-

low 100K improper applied voltage 
won 't wreck your readings since the 
VC is comparatively insignificant. But 
if you 're measuring resistors above 
100,000 ohms this voltage coefficient 
can throw a real curve . 

So what should your test voltage 
be? According to EIA Specifications 
RS-172, MIL-R-1 1, and MIL-R-39008, 
resistors above 100K must be tested 
at 80 to 100 volts . 

Yet most commercial testing units 
used by rece iving inspection depart
ments and component evaluation 
laboratories apply, at most a mere 15 
volts. So, unless compensation is 
made for this Voltage Coefficient, 
many lots of perfectly good resistors 
which are well within the parameters 
specified could be indicated as 
somewhat beyond the limit. 

Needless to say, Speer tests and 
sorts all of its resistors at EIA/ mili
tary voltages. 

In addition, we've prepared an ar
ticle that explores this entire subject 
in greater detail. This article has the 
appropriately basic title: " Resistance 
-How It ls Measured. " If you'd like 
a copy, just mail the coupon. 

Are you and your 
inductor supplier committing 
Typical Test Error # 6? 
If you 've been purchasing any of the 
superb inductors manufactured by 
our Jeffers Electronics Division, we 
may well have warned you about this 
error already. 

It consists of failing to obtain cor
relation between your supplier and 
your own incoming inspection , in 
cases where inductance tolerances 
of less than 5% are involved. 

Ideally, this step should be com
pleted before the actual manufactur
ing operation starts. Your supplier 
should measure and tag sample parts 
and then forward them to you for 
correlation. 

There are seven other possible 
errors that you should also be aware 
of when you 're using MIL-C-15305 
testing procedures to measure in
ductance and 0. We 've covered a 
number of these errors already. The 
others will be along shortly. 

St. Marys, Pennsylvania 15857 

Speer C arbon Co. is a Division of 
Air Reduction Company, Inc. 

Rush a copy of " Resi stance-How It 
Is Measured." 

Title _ ___________ _ 

Company _ _ _________ _ 

Street ____________ _ 

City ____ State ____ Zip _ _ 

l---------------------~~~~~~~~~~--'-----------------------------------~ 
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Microsonics 
State of the Art 
Design in Filters 

Oscillators 
and 

Delay Lines 

~. 
)) 

~~ . 

Variable Delay , 
Systems / 

continuously · ) ( '· 

Bulletins 4301 and 4302 "-' 

Bulletin 
5350 

Broad Bandwidth 
Highly Selective 
Crystal Filters 

Bulletin 6350 

Voltage Controlled 
Crystal Oscillators 

Bulletin 6350 

tr (.' • •• 

Send for literature. 

~MICROSONICS, INC. 
~ 60 Winter Street 

Weymouth, Mass. 02188 
Tel: 617 337·4200 

A subsidiary of the Sangamo Electric Company 
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shot at, tl1 e detector enables the 
helicopter pilot to employ evasive 
tactics or offensive action against 
the source of the ground fire. 

The system consists of two mi
crophones positioned beneath the 
helicopter , and a high-pass filter. 
Critical to the system is the use of 
an artificial "head." The micro
phones are attached to either side 
of this head, simulating human 
ears. The signal from each micro
phone is channeled separately to 
each phone of the pilot's headset 
which provides natural directional 
information. The microphones are 
designed to have the same sound 
diffraction pattern as the human 
head. 

Amplified signal. Signals re
ceived b y the microphones are 
high-pass filtered at 3.5 kilohertz. 
The filtering removes the major fre
quency components of the helicop
ter noise, leaving half of the sound 
energy of gunfire, which is then 
amplified. This amplification en
han ces the gunfire signal-to-noise 
ratio approximately 30 decibels for 
most heli copter and certain fixed
wing aircraft. The pilot and crew 
listen to this signal through the 
normal intercom system, or through 
separate hearing aid-type devi ces 
inserted into the ear under the 
headset. 

Th e Cambridge acoustic bullet 
detec tor differs from a system now 
b eing developed at the Army's 
Aberdeen Proving Ground in Mary
land [Electronics , Jan. 2.3, p. 153] 
that would provide a similar warn
ing to helicopter pilots . The more 
complex Aberdeen system uses a 
ranging technique in which the dif
ferences in the time each acoustic 
sensor on the craft detects a shot 
are measured to indicate the source 
of the ground fire. In this system 
the pilot has a visual display for 
readout. 

The Cambridge det<!ction system 
had previously been tested in an 
H-13 helicopter, a C-47 and a liai
son aircraft at Fort Devens , Mass., 
Eglin AFB, Florida, and at Camp 
Edwards, Mass. In one of the tests 
a 7.62-mm machine gun fired short 
bursts of live ammunition near the 
helicopter as it Aew at altitudes 
from 100 to 400 feet and at dis
tances to 200 yards. 

The system is rugged, self-pow
ered, and uncomplicated. Its elec
tronic components can b e miniatur
ized to less than 10 cu hie inches 
and it can be produ ced at a cost 
less than $100 per unit. 

Industrial electronics 

Still out of control 
"Every one of the 58 Sperry traffic 
controllers we installed failed ," 
gripes New York City's traffic com
missioner, Henry A. Barnes, whose 
comments leave no doubt that the 
city's problems with its new elec
tronic traffic control system are far 
from over. In fact, they may only 
have begun. 

Last January, about eight months 
behind schedule, the city began in
stalling solid state traffic-light con
trollers , the first elements of the 
system developed by the Sperry 
Gyroscope division of the Sperry 
Rand Corp. [Electronics Jan . 23, 
p. 26]. At the time it was b elieved 
that Sperry had worked out the 
bugs , but the city found plenty. 

Barnes burn ing. "As far as the 
radar vehicle-speed detectors are 
concerned, none of them have even 
b een delivered. "\Ve still don ' t 
know if they work," Barnes said 
earlier this month . " \Ve also found 
that the sonic detec tors supplied 
by the company didn't work either." 
Sperry has declined to comment 
on these problems other than to 
point out that brand-new hardware 
often runs into snags. It's known 
that it is reevaluating the pro
gram, originally established under 
a $5.4 million contract signed in 
August 1965. This reevaluation 
should b e completed by May 15. 

Commissioner Barnes says he will 
then either agree to a reasonable 
time extension for components de
livery or will cancel the contract. 
However, the commissioner would 
probably be reluctant to cancel be
cause of the extra delay involved in 
evaluating new bids. 

The traffic-control system is sup
posed to tie 2,700 of the city's 9,000 
traffic-lighted intersections into a 
coordinated network. Citywide in-
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An oscilloscope picture in 10 seconds: 
any longer is a waste of tim.e. 

Polaroid Land films don't make you 
wait to see if your trace zigged when 
it should have zagged. 

They let you know in ten seconds. 
They give you an oscilloscope pic

ture you can study, attach to a report, 
send as a test record with a product 
shipment, or file for future reference. 

You have a choice of 5 films for 
oscilloscope recording. 

The standard film has an A.S.A. 

equivalent rating of 3000. It comes in 
both roll film [Type 47] and pack film 
[Type 107). They both give you 8 pic
tures 3 V4 x 4 1/4 inches. This emul
sion is also available in 4 x 5 sheets 
[Type 57). 

For extremely high-speed record
ing. there's Polaroid PolaScope Land 
film [a roll film, Type 410 ) . It has an 
A.S.A. equivalent rating of 10,000. 

It can take pictures of traces too 
fleeting for the human eye: such as a 
scintillation pulse with a rise time of 
less than 3 nanoseconds. 

One thing all these films have in 
common is a sharp, high-contrast im
age that's easy to read. Because. the 
films are so sensitive, you can use 
small camera apertures and low-in
tensity settings. 

To put these films to work on your 
scope, you need a camera that will 
take a Polaroid Land Camera Back. 

Most oscilloscope camera manufac 
turers have one. For instance: Analab 
Beattie-Coleman, BNK Associates 
Fairchild, EG&G, General Atronics 
Hewlett-Packard, and Tektronix. 

You can get complete information 
by writing to Polaroid Corporation 
Technical Sales Department, Cam 
bridge, Massachusetts 02139, or by 
writing to one of the manufacturers 
mentioned above. 

It will probably take a little longer 
than 10 seconds, but we promise the 
information won't be a waste of time. 

"Polaroid" and "PolaScope"® 



''Just building 
a lipstick size 

relay that worked 
would have 

been easy. 

Building one 
around our 

great high-rel 
idea was 

another story.'' 
Wedge-action*, our great high-rel idea, is 9 

years old. Our 2PDT lipstick-case s ize relay has 
been around for less than 2 years. But it's 
already a standard replacement for the compe ti· 
lio n in lots of MIL-R-5757/8 applications. 

Why? Dccausc it outperforms every spec 
requirement for both high and low-leve l loads . 
Like all our wedge-action relays, it combines 
long contact wipe with high co nt act force to 
give you co nt inually clean precious-metal mat
ing surfaces throughout life. Competitively 
priced with fast delivery . 

The lipstick is just one of our family of 
wedge-action relays. which cover al most every 
dry-circuit to 2 amp application. When you 
need a high-rel relay that really works, test one 
of ours and try your darndcst to prove we're 
wrong. You won't be ab le to. 

*U.S. Patent No. 2,866.046 and others pending. 

® 
Electro-Tee Corp_ 
SLIP RINGS• RELAYS• SWITCHES• OPTICS 

56 

P. 0. Box 667 • Ormond Beach. Florida 
(904) 677-1771 • TWX 810-857-0305 

Manufacturing Facilities : 
O rmond Beach, Fla. • Blacksburg, Va. 
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formation on traffic volume and 
speed would b e collected by the 
radar sensors and sent over leased 
telephone lines to about a dozen 
digital computers. The computers 
would then determine what overall 
patterns of "stop" and "go" lights 
would allow the quickes t traffic 
flow, and wou Id direct local traffic
control equipment to recycle the 
lights to these patterns. The sonic 
detectors at key intersections could 
control traffic lights directly, out of 
step with the central computers but 
responding to local conditions. 

Foiled again. The solid state 
traffic controllers were delivered by 
Sperry to control lights on a fixed 
timing cycle pending installation 
of the digital computers . They 
fail ed for many reasons. 

"Power supplies broke down, 
transients on the power lines blew 
up transistors and the cabinets 
leaked when it rained," says 
Barnes. "\i\Te even found that when 
the controllers were installed in an 
east-west direction they might 
work fine; put them in a north
south direction and some contacts 
would close when they weren't sup
posed to or would drop out." 
Barnes said the trouble was caused 
by the effect of the earth's magnetic 
field on the devices. 

Computers 

Not-so-firm ware 
Computer des igners have pretty 
much agreed that firmware offers 
one way to ease the software prob
lems of computer users . But they 
are still arguing about whether the 
firmware-microprograms stored in 
read-only memories- should be al
terable or not [Electronics, March 
20, p. 159]. 

The engineers at Honeywell 
Inc.' s Electronic Data Processing 
division in Wellesley Hills, Mass., 
have chosen the route of electrical 
alteration. They designed a read
only memory for the H -8200 com
puter that can be altered, but not 
by the user. 

"Many of the function s and cap
abilities that were either built into 

hardware or written into software 
in previous machines can now b e 
h andled by the memory in this 
machine," says Joseph Phillips, 
manager of the H -8200 project. 
The fact that our read-only mem
ory is elec trically alterable makes 
our fin11ware considerably more 
flexible-less firm , if you will, but 
certainly not 'softer'-than the firm
ware in other current machines." 

The memory is actually a rPad
write unit with a 125-nanosecond 
access time; but for everyday use, 
data is only taken from it, not put 
in. If the contents need changing, 
a Honeywell maintenance man can 
do it in milliseconds with a mag
netic tape record of the new data 
and a special loading program that 
isn ' t available to the customer. 

This isn' t the first time Honey
well has used such a memory. Its 
Alert series of military computers 
had a read-only unit made of Biax 
cores, permitting a nondestructive 
readou t [Electronics, Aug. 23, 1965, 
p. 40]. 

Honeywell's engineers have also 
made a decision on another con
troversial type of memory: the all
integrated-circuit scratchpad. In 
this design, the company is going 
all the way-using 16-bit chips in 
flatpacks. The scratchpad contains 
256 words of 30 bits each, and is 
mounted on 20 printed circuit 
boards that together occupy only 
one-s ixth of a cubic foot. 

The prototype of the 8200 is now 
b eing debugged; hardware and 
software will be demonstrated next 
October, and the first machine will 
be delivered in April 1968. The 
8200 will compete with large-scale 
computers such as the IBM 360/65, 
the Univac 1108, and the General 
Electric 635. 

Avionics 

View from above 
Already hurting for helicopter sta
tion-keeping radar, the Army is 
rushing development of an heli
copter-borne formation-flight simu
lator-the country's first-to give 
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FOR 
PRINTED 
CIRCUITS 

Introducing the new smaller than small models 4211 micro· 
transformer and the 4221 microinductor. The units are 
packaged in a 1/8 " cube, sealed against cyclic humidity per 
MIL-STD·202 B and designed specifically for use in hybrid 
circuits. 

Th is ultimate performance to size ratio in microtransformers 
and microinductors is now available from Bourns in addition 
to th e proven small 114" cube models 4210 microtransformer 
and 4220 m icro inductor. 

Both sizes exceed the environmental requirements of MIL-T-
27B, Grade 5. 

For those applications beyond the scope of the standard unit, 
design flexibility permits taps, wide turns ratio range, various 
core materials, split coils , and bifilar wind ings. Appl ication 
engineering service is available for quick response on such 
special prototype units. 

FOR 
HYBRID 

CIRCUITS 

SPECIFICATIONS 

Size 
Maximum operating 
temperature 
Frequency response 
Maximum distortion 
Power rating 
Insertion loss 
Primary impedance range 
Secondary impedance range 
Turns ratios 

SPECIFICATIONS 

Size 
Maximum operating 
temperature 
Inductive range 

MODEL 4210 MODEL 4211 
MICROTRANSFORMER TRANSFORMER 

114 x 1;. x 1;. Ya x I/a x I/a 

130° C ! 05 ° C 
± 2 db. 400 to 250kHz ± 2 db. 2K to 500kHz 
± 5 % at rated power ± 5% at rated power 
50MW at 1 kHz 25MW at lOk Hz 
± 3 db max. ± 3 db max. 
10on to IOOKQ 10~! to IOKn 
3.2P. to ! OK!! i on to IOKn 
to 15:1 to 10:1 

MODEL 4220 MODEL 422 1 

MICROINDUCTOR MICROINDUCTOR 

,Ax i14 x i;. VaxVaxl/a 

l30° C 105 ° C 
.DB t o 66 hy 0.1 to 3.5 hy 

For additional information and detailed specifications on 
Bourns microtransformers and microinductors, contact your 
nearest Bourns sales office or representative, or write the 
factory d i re ct. 

BOURNS. INC .. TRIMPOT DIVISION• 1200 COLUMBIA AVE .• RIVERSIDE. CALI F. 

T ELEPHONE 714 684-1700 • TWX : 910 332-12S2 • CABLE: BOURNSINC . 

TRIM POT® AND PRECISION POTENTIOMETERS- RELAYS- MICROCOM PONENTS : TRANSFORMERS, INDUCTORS. RESISTORS AND CAPACITORS 



Etch your own 
PC boards 
automatically! 

(in less than 5 minutes) 

from this~ 
to 11" x 14" 

Shown 
actua l 
size! 

"fine line" etcher 
for prototypes-limited runs 

No cool ing or venting required! 
Etches as fine as .001 "! 
Cuts costs in half-saves time! 
Complete photo processing instructions! 
Work is illuminated while etching! 
No patterning ... minimum undercutting! 
Model No. 201 (i llus.), etches two 

11'x14" one-sided 5695 
boar~s or one 11"xl4" 
two-sided board: Pat. applied for 

NOW IN USE BY: 
AMP, Inc. 
Atomic Energy Com. 
Bei1dix 
Beta Corp. 
Charles Brunning 
C.G. Conn 
Esso Research 
General Dynamics 
IBM 
ITT Gilfillan 
Jordan Elect. 
Lear Siegler 
Micro Switch 
Microwave Elect. 

Sonotone 
Sprague Electric 
Union Carbide 
U.S. Air Force 
Varo, Inc. 
Whirlpool 
Woodward Gov. 
Univ. of Chicago 
Univ. of Colorado 
Univ. of Georgia 
Univ. of Hawaii 
Univ. of Penn 
Oklahoma State U. 
Washington Univ. 

Representatives ; Some Territories Still Available. 

CYCLO-TRONICS, INC. 
3858 N. CICERO-CHICAGO, ILL. 60641 

TELEPHONE: (312)-282·6141 
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it a better idea of systems needs. 
Because many proposed station
keepers have failed to meet the 
specifications derived from ground 
simu lations, the Army has decided 
to run flight tes ts to get more real
istic data. 

The Army Electronics Command 
will let a contract for the simulator 
by the end of April and wants de
livery in time for early-1968 tes ts 
of the unit. The equipment won't 
simulate proposed systems; its mis
sion is to record the responses of 
pilot and aircraft during formation 
flight. The Army needs formation
flight systems in Vietnam now; the 
Integrated Helicopter Avionics Sys
tem's station-keeper will be de
livered too late for installation 
aboard early models of the AH-56A 
fire-support helicopter [Electronics, 
April 3, p. 65]. 

Problems, problems. Since heli
copters Ry in larger and closer 
formations than do other aircraft, 
th eir pilots need more accurate po
sitional data and more frequent 
updates. According to the Army, 
the data rate provided by currently 
proposed sys tems is too slow for 
safety. Also most of the systems 
lack proximity-warning devices, 
and there are interface problems 
between the radar and the heli
copter autopilot. 

All of th ese problems will be in
ves tigated with the flying simu
lator, as will the Army's current 
ranging specification. Currently 
specified is 25- to 17,600-yard rang
ing with altitude resolution of 20 
feet. Several proposed sys tems 
have failed here, but data from 
flight tes ts could loosen the re
quirements. 

One problem the simulator won't 
be able to help overcome is weight. 
None of the systems proposed or 
flying is light enough to meet the 
Army's needs. 

To be installed aboard an HU-lB, 
the simulator will consist of a pre
programed computer, a "proximity 
locator," data records, and a dis
play to show the helicopter's posi
tion in a hypothetical formation. 

Follow the leader. The simulator 
will accept data from the Huey's 
doppler navigator, radar altimeter, 
and compass, and will send to the 
display the craft's distance from 

a simulated lead helicopter, and its 
desired altitude and bearing. In 
next year's flight tes ts at Fort 
Rucker, Ala., a pilot will view the 
computer-generated display pat
tern showing his position and will 
maneuver in response to the moves 
of the simulated lead helicopter. 

Just what the simulator will look 
like when it gets off the ground de
pends on the winner of the con
tract. Only size and weight are 
specified in the reques t for propos
als ; the system must fit a 19-inch 
rack mount, be 3 feet high and 
weigh no more than 150 pounds. 

For the record 

Tune in later. Plans for the pro
posed national educational tv serv
ice are still out of focus and it 
appears that only the Government 
will be able to tune them in. The 
Senate will hold hearings later this 
month in hopes of setting guide
lines tc determine who will build, 
operate, and own the proposed net
work. Comsat's offer to build a 
pilot sys tem free is opposed by the 
Ford Foundation, which wants 
any decision as to the sys tem's 
ownership delayed for at least an
other year. In the interim, the foun
dation wants NASA to build an 
experimental system. 

Smooth flying. A clear-air-turbu
lence detection system that prom
ises to give pilots from 2112 to 4 
minutes warning of disturbances 
will be installed in a Pan Am 707 
jetliner late this month. The proto
type infrared system was developed 
by North American Avation Inc.'s 
Au tonetics division. 

The system picks up infrared 
radiation from the atmosphere. It 
has three elements: an infrared 
sensor head, an electronics proc
essor, and an indicator that will 
display the direction and severity 
of the turbulence. On the Pan 
Am jet, the sensor head will b e 
mounted on top of the fuselage, 
just aft of the cockpit. Dials 
on a cockpit display will indicate 
whether the turbulence is ahead or 
to the side of the aircraft. 
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Just $3500 

Simp icity: 
New RF 

Attenuation 
Calibrator 

from AIL 

Electronics J April 17, 1967 

Now t here's a simpler, faster way to measure attenuation at RF. Thanks to 
AIL's new Type 137 solid-state Attenuation Calibrator. 

This new instrument, designed around the series substitution principle, 
reduces operator controls to four-greatly simplifying and speeding calibration 
procedures. A unique noise-injection system extends the instrument's range to 
greater than 100 db in a single step. Accuracies range as high as .007 db, error 
never exceeds ± .4 db for a 100 db measurement. 

Through a new design concept, the self-contained AFC system provides 
an exceptionally large frequency capture range and eliminates the need for 
frequency control of the external local oscillator. An indicator positively confirms 
AFC operation, and an exclusive "prohibit" circuit prevents false measurements. 

Plug-in mixers provide continuous coverage from 100 MHz to 40 GHz. The 
reference attenuator is of the wave-guide-below-cutoff type, and is easily re
moved for NBS calibration. 

See your nearby AIL Sales Representative for complete information. 

TYPE 137-SPECIFICATIONS 

IF Attenuation Receiver Attenuator Measurement 
Range (db) Accuracy Accuracy Accuracy 

10 ± 0.01 ± 0.0S ± 0.06 

20 ± 0.01 ± 0.10 ± 0.11 

40 ± 0.01 ± 0.lS ± 0.16 

80 ± 0.0S ± 0.20 ± 0.25 

90 ± 0.07 ± 0.25 ± 0.32 

100 ± 0.1 0 ± 0.30 ± 0.40 

Note: These errors ore not cumulative. The error for a 
l OO·db single step is ± 0.4 db. The measurement 
accuracy of the system con be improved by calibration 
of the attenuator at NBS. 

Scale Resolution Normal 0.2 db/div 
Expanded 0.01 db/ div 

Automatic Frequency SOO to l reduction of signal 
Control (I nternal AFC) freq uency drift 
Indicator Light 

Measurement 
Frequency Range 
Power Required 

Dimensions 
Weight 

Indicates when AFC is locked 
properly 

l DO MHz to 40 GHz 

115/ 230 volts AC, SO ta 400 
Hz, 30 walls 
J9UA& w by 9.V. h by 12 Yz d 
40 pounds 

AIRBORNE INSTRUMENTS LABORATORY 
DEER PARK, LONG ISLAND, NEW YORK 
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One simple, rugged design adds reliability 
to all three rectilinear Mil wirewound styles 
RT-10, RT-11, RT-12 - Dale meets all three with a 
single design. You benefit from this simplifica
tion through increased reliability, faster delivery, 
better price. Call us today! 

G) ALL-MOLDED HOUSING design eliminates seal problems. 
Meets MIL-STD-202 and MIL-R-27208A. 

@ RUGGED COLLECTOR SYSTEM assures you of noise levels 
well below mil requirements. 

@ FULL LENGTH WINDING allows increased power handling 
capability. Permits use of large diameter thermocon
ductive mandrel which eliminates "hot spots" by acting 
as high mass heat sink. 

© 
® 

© 

1-PIECE WIPER ASSEMBLY of precious metal insures 
setting stability under all environmental conditions. 

STAINLESS STEEL ADJUSTMENT SCREW is electrically 
isolated by insulated head. Metal-to-metal clutching 
prevents over-travel damage: 

CONSTANT LEAD SCREW SEAL is assured by shaft-retain
ing spring which maintains unvarying pressure against 
high temperature silicone rubber "O" ring. 

DALE M IL-R-27208A MODELS 

Model 691 P.C. Pin 
Model 697 Flex. Leads 

Model 1287 P.C. Pin 
Model 1288 Flex. Leads 

Model 1680 P.C. Pin 
Model 1697 Flex. Leads 

5000 Series- ¥2" square
trim models meet RT-22, 
made with same basic design 
considerations shown here. 

WRITE FOR CATALOG B-containing specifications on 
57 Dale T-Pots including many special models. 

~ DALE ELECTRONICS, INC. ~'lif• 
~ 1300 28th Avenue, Columbus, Nebraska '• ......... ,~•"' 
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Navy orders speedup 

in work on Poseidon 

Pentagon takes aim 

at contractor costs 

Satellites to detect 

atom blasts will keep 

an ear to the ground 

Defense spending 

is still climbing 
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Washington Newsle ter 
April 17, 1967 

Navy contractors and subcontractors have been directed to speed up 
their efforts on the Poseidon ballistic missile. Program officials say the 
acceleration may get the Polaris successor into submarines one year 
earlier than originally planned. The Defense Department won't say when 
the missile will be operational; it indicates only that Poseidon should 
be ready "in the early 1970's." Congress is now considering a Pentagon 
request for $900 million for Poseidon funding in fiscal 1968. 

One reason for the speedup reportedly is that Pentagon officials aren't 
sure of the reliability of the Minuteman 2 missile and want the Poseidon 
ready as soon as possible as a backup system. However, an Air Force 
spokesman says he knows of no reliability difficulty in the Minuteman 2 
program. 

Poseidon has improved penetration aids, greater range, and a larger 
warhead than the Polaris, and will be installed on many of the current 
Polaris-carrying submarines at a cost of about $3.3 billion. Prime con
tractor is the Lockheed Missile & Space Co. Fire-control and guidance 
contracts are held by General Electric, Raytheon, and MIT. 

Overhead costs that companies charge off to military contracts are rising. 
The Pentagon is disturbed about it, so much so that it has formed a group 
to study the problem and to recommend whether special controls are 
needed to keep these costs down. Companies can charge to military 
contracts such overhead as costs of bidding, patents, independent 
research and development, special tooling, computers; and ·production 
engineering. 

Defense officials aren't sure why these charges are increasing or by 
just how much they are growing. But they believe that in a noncompeti
tive atmosphere, contractors don't feel the normal pressures to keep 
expenses down. Despite the trend toward more competitive contracting, 
about one-half the dollar volume of military orders is still awarded on 
a sole-source basis. 

America's first two satellites capable of detecting atomic explosions on 
the earth's surface are to be launched this week from Cape Kennedy. 
The pair-the first in the Vela Advanced Satellite Program-will also 
have the job of detecting clandestine nuclear blasts in space, joining six 
other Velas now in orbit in this duty. 

The new satellites are more than 200 pounds heavier than the earlier 
models, which weigh about 500 pounds. The advanced Velas, built by 
TRW Systems, have a pneumatic gas system that will keep them 180° 
apart in their 60,000-mile circular orbits-a spacing enabling them to 
cover the entire world at all times. 

Federal spending on defense contracts was supposed to level off by 
now-at least that's what the Pentagon had expected. But the procure
ment surge is continuing because of the military needs in Vietnam. In 
the first eight months of fiscal 1967-July through February-military 
hardware contracts totaled $17.7 billion, up $4 billion from fiscal 1966. 

Aircraft contracts, including avionics, rose $2.1 billion, ships, $1 bil-
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War reverses 

job downtrend 

Project Mallard 

goes on despite 

British pullout 

It's hup 2-3-4 ..• 

rally 'round IC's 

Pentagon contract 

study backfires 

Addenda 

62 

Washington Newsletter 

lion, electronics gear exclusive of weapons systems, $318 million; mis
siles, however, were down $109 million. 

Although the findings haven't been made public, a Pentagon study has 
verified what industry observers had suspected: that the war in Vietnam 
has spurred employment in military electronics. The survey of 422 plants 
-about one-third of the defense industry-puts military electronics 
employment at 228,000 in these plants as of June 1966, up 9% from the 
previous year and a reversal of a downtrend that started in 1963. 

The boost, however, falls short of the 16% overall gain posted by the 
entire defense industry. 

Three teams of contractors reportedly have been tapped by the Army 
to carry out program definition studies of Project Mallard-a billion
dollar, multination tactical communications system. Scheduled to be 
operational by the mid-1970's, the system would provide computer
switched short-range voice and data communication for U.S., Canadian, 
and Australian troops via ground-station repeaters and possibly satellites. 

Meanwhile, Washington is pushing hard to lure back the project's 
fourth partner-Britain-which pulled out earlier this year fearing 
another "Skybolt incident." Skybolt was a U.S. missile program that 
Britain had counted on for its nuclear arsenal before Washington can
celed it. 

The Pentagon's long-awaited directive calling for the consideration of 
integrated circuits in all new research and development projects is about 
to be put into effect. Assistant Defense Secretary Paul R. Ignatius is 
expected to sign the microelectronic policy this week to make it official. 

The directive's final form is almost identical to the version first sub
mitted to industry last fall [Electronics, Oct. 31, 1966, p. 26]. 

The Pentagon has just supplied its Congressional critics with new 
ammunition. In defense of concentrating prime contracts in just a hand
ful of states, the Pentagon has long contended that military subcontracts 
have a wide geographic distribution. This contention has just been shot 
down, unintentionally. 

A recently completed Pentagon study shows that subcontracts are even 
more concentrated than prime awards. Findings reveal that 65% of all 
prime contracts is in IO states, with these same states accounting for 77% 
of all subcontracting. 

In its scathing report on the fatal Jan. 27 Apollo spacecraft fire, a 
NASA-appointed board calls for a detailed design review of the entire 
spacecraft communications system. The board lashed out at the space 
agency, prime contractor, and subcontractors, and cited shoddy work
manship, poor quality control, and deficiencies in the command module 
design •.. A $4.5 million contract to improve NASA's Goddard range 
and range-rate tracking system won by General Dynamics could expand 
into a $25 million effort. The network's 200,000-mile range will be ex
tended to 350,000 miles. 
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FET CHOPPERS ARE THE ONLY ANSWER 
Part ELEVEN of a S eries On Th e State of The Chopper Art. 

MODEL 8000 

Booze is the only answer at my house, but they 
frown down at the office when I suggest there is 
more than one way to solve problems. They should 
have my mother-in-law - they'd stick to booze, 
not electronics. 

It turns out that an FET chopper is a distinct im
provement over photo-choppers , what with 6 volts 
being enough drive inst ~ad of a couple hundred. 
Now the photo-chopper was better than the transistor 
choppers, because it looked like a resistor instead 
of a diode. So there ain't any voltage drops that have 
to cancel out. Mostly they don 't. (Cancel, that is.) 

As matters stand on noise and offset - and we sell 
choppers for only one purpose, which is to allow 
D.C. amplifiers with very littl e offset - the best 
of FET choppers are only two to three orders of mag
nitude worse than the best of mechanical choppers. 
Which is rea l progress. Last week it was three to 
four orders - before we invented this model 8000 
FET chopper. The offset available is below 10 micro
volts at 10,000 ohms, and would be lower if there 
weren't such wierd alloys inside the FET that have 
to come out eventually to copper. 

So today 's best mechanical choppers reach down 
below some 50 nanovolts , the FET chopper gets 
to about 5 microvolts . That 's two orders of magni
tude and crowding. Good thing we make solid-state 
choppers too. 

Speaking only of offset, and anyway, what else is 
spea kable about a chopper? I su ppose you could say 
Mechanical Choppers < < FET Choppers < Photo 
Choppers < Transistor Choppers. 

AIRPAX ELECTRONICS 
Cambridge, Maryland 21613 
Electronics I Ap ril 17, 1967 
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... AND WE HAVE THE HARDWARE 
Codex telegraphy error correctors are not coding theory. Daily o n- line u se in 
operational systems proves the effectiveness of these equipments and thei r a b ility 
to correct transmission induced errors. 

The Codex TD-12 operates in start-stop mode at transmiss ion speeds of 60, 67, 
or 100 wpm , or in a synchronous mode with any input speed up to 1200 b p s. The 
TD-12 is a synchronous device which may be operated either from its own inte rnal 
clock or from an external baud rate clock. 

Our warranty guarantees both good transmission and free maintenance for two 
years . For additional information write , phone , or Telex Codex - the com p any t hat 
makes the most efficient, least expensive telegraphy error correctors on the market. 

CODEX 
C ORPORATION 

64 Circle 64 on reader service card 

• 222 ARSENAL STREET, WATERTOWN, MASSACHUSETTS • 
ZIP CODE 021 72 • C617l 926- 3000 • TELEX 094-6332 • 
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You need this catalog 
THE WORLD'S MOST COMPLETE LINE OF SOLENOIDS are here in one book ..• 

just off the press. It's packed with informative, detailed data and pictures : Operating tem

peratures, duty cycles, life expectancy, power requirements, pull charts and dimensions. 

In addition, there's a full description of how to select the proper solenoid for your partic

ula r application - from miniature to heavy duty- AC or DC- or custom engineered jobs. 

send for your copy today! 

GUARDIAN@@ ELECTRIC 
Guardian Electric Mfg. Co. • 1550 W. Carroll • Chicago. Ill . 60607 
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Influence the acceptance of your 
product . .. generate increased sales 

CABINETS 

Classic Cabinets provide extra sales appeal 
by presenting an image designed to enhance 
the value of the contents. They are the most 
distinguished enclosures for electronic in
strumentation and systems. 

Uniquely designed and fabricated with a 
welded aluminum frame to which is affixed 

Circle 66 on reader service card 

patterned aluminum paneling. Classic Cabi
nets are available from stock in a selection 
of 15 practical sizes and two colors. 

Write us for descriptive literature or see the 
Classic Cabinets at your authorized Bud 
Distributor's showroom. We'll be glad to 
supply his name to you. 

BUD RADIO, INC. 
WILLOUGHBY, OHIO 
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ANOTHER OUTSTANDING DEVELOPMENT BY THE MAKERS OF BUSS FUSES 

for the 
Protection 

of 
Solid State 

Devices 

TRON fuses are especially designed for the protecfon of 
Solid State Devices such as semi-conductor rectifiers, SCR's, 
thyristors and the like or wherever a very fast acting fuse is 
needed. 

They provide extremely fast opening on overload and fault 
currents, with great limitation of the let-thru current. 

If each diode is protected by a TRON fuse, the fuse will 
open very quickly when the current drawn exceeds the rating 
of the diode. 

Thus when a short-circuit occurs in a diode the fuse opens 
and takes that diode out of the circuit. This protects other good 
diodes in the rectifier which might otherwise be damaged. 

TRON fuses are available in a wide range of physical 
dimensions and in sizes from ~ to 1000 amperes in voltage 
ratings up to 600. 

For full information and time-current characteristic charts, 
ask for BUSS Bulletin HLS. 
BUSSMANN MFG. DIVISION, McGraw-F:dison Oo., St. Louis, Mo. 63107 

FOR MODERN ELECTRICAL 
PROTECTION Insist on ... 
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Vlor ••• 
'llutterlly® 

The unique Licon® Butterfly® double-break switch design is as 

simple as that-two blades that flex simultaneously, then 

actuate with a positive snap. That simple engineering concept 

has led to a full line of 2, 4 and 6-circuit miniature, sub-miniature 

and heavy-duty ButterflyEl switches that fight hard to keep 

your products reliable and durable. It takes a book 

to tell the story. This is what it looks like. 

We'd like to send you a copy. Ask. 

be •letorioua with 
LICOH ... tk lutut 

crowla1 Ila« ol 
DOUBLE 

BllEAK 
SWJTCHES 

Be Victorious with LICON . .. 
fastest growing 

full-line switch supplier 

DD LICON 
DIVISION ILLINOIS TOOL WORKS INC. m 6615 WEST IRVING PARK ROAD - CHI CAGO, ILLI NOIS 60634 

' R.,,.e111be1, 1<>« 'te """et""'" !ho.rt a, few fed~ fiom °' producl of!TW' ® 
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The Ins and Outs ••• 
of large hybrid computing systems are well known to COMCOR 

The concept of Total Systems Responsibility is applied from 
insertion of the first wire in the analog subsystem through 
interface with the digital computer and preparation of soft
ware. Experts from COMCOR / ASTRODATA combine their 
specialized skills to form a team intimately familiar with all 
facets of design and production of large systems. 

Most of the large hybrid computer complexes operating suc
cessfully today were designed and built by COMCOR. The 

6H 

6 J 

vast experience gained in producing these systems is avail· 
able to you. So-when looking for a manufacturer who can 
meet your requirements, look to COMCOR - for Total Sys
tems Responsibility . 

~ COMCOR INC. 
A Subsidiary of Astrodata, Inc./ 1335 S. Claudina St. / Anaheim , Cal ifornia 92803 
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NEW 
TRIPLE 
DIFFUSED 
PLANAR 

Silicon Transistor Corporation is now a major source for 
triple diffused planar NPN silicon power transistors. 
The new STT2650-STT2656 25 MHz series is immedi· 
ately available from stock at low prices. They have a 
voltage range of 30V-150V, maximum Tj is 175°C, 
C0b is 200pf and they are packaged in a T0-61 case. 
Prices for this series range from $12 to $36 per unit 
on orders of 100. High power high frequency inverters 
and converters, switching type regulated power sup
plies and power linear amplifiers are just a few appli· 
cations. For further information, call or write today. 
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RENT GAIN-hFE Vs COLLECTOR CURRENT 

STT2~50 TH~OU~~ e~ET•2~!5~ 
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PW•300pS 

T •25°C 
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T"-50°~ 
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COLLECTOR CURRENT - AMPS. 

TRIPLE DIFFUSED PLANAR-NPN 

VcEO Vceo VEBO lcmax. Pm ax. VeE(Sat) VcE(sat) hFE 
ft(typ) 

ICES 
(100°C) 

Volts Volts Volts Amps Watts Volts Volts MHz Volts µA 

STT 2650 150 150 12 7.5 75 1.3 0.6 30-90 25 60 1 
STT 2651 120 140 12 7.5 75 1.3 0.6 30-90 25 60 1 
STT 2652 120 140 12 7.5 75 1.3 0.6 50-150 25 60 1 
STT 2653 100 120 12 7.5 75 1.3 0.6 30-90 25 60 1 
STT 2654 80 100 12 7.5 75 1.3 0.6 30-90 25 60 1 
STT 2655 60 75 10 7.5 75 1.3 0.6 30-90 25 40 1 
STT 2656 30 40 10 7.5 75 2.0 1.0 25 25 20 500 

CONDI· le 200mA 5mA lOmA 2A 2A 2A 0.15A 

TIONS le 0.2A 0.2A 
VcE 15V 15V 

Silicon Transistor Corporation produces the broadest line of silicon power transistors in the Industry. 

S ILICON T RANSISTOR C ORPORATION 
Executive offices and main plant: EAST GATE BLVD., GARDEN CITY, N. Y. 11530 (516) Pioneer 2-4100, TWX 510-222·8258 ~ 
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Why do so many TV sets 
use so many NQB}Jd components? 

Self-Extinguishing, UL Group 1 Rating 
High Strength at Elevated Temperatures 
Economy, Easy Processing 

Because it withstands higher tempera
tures caused by miniaturization and 
color, Noryl is being specified more and 
more for TV parts like these tuner com
ponents, deflection yoke and converg
ence coil parts, tube sockets, high 
voltage cups and control shafts. 

No more need to choose between 
premium priced plastics and lower cost 
materials with only marginal perform
ance. Noryl combines excellent physical 
and electrical properties with easy pro
cessing and economy; a low resin cost 
with a specific gravity of only 1.06. 
Noryl's high heat def lection temperature 
(265 °F at 264 psi), low creep and high 
modu lus mean parts that remain dimen
sionally stable under load at TV rece iver 
operating temperatures. Noryl also has 

provisional UL rating for support of cur
rent carrying parts at 212°F (100°C). 

Parts can be precision molded eco
nomically. Noryl offers low, predictable 
mold shrinkage, tight tolerances are held 
·in thin sections and parts are ejected 
easily for fast cycles. 

Look into Noryl for an economical 
answer to premium performance. It of
fers the extra properties without the 
extra cost. 

For more information contact your GE 
Chemical Materials Sales Representa
tive , or write Polymer Products Opera
tion , Genera l Electric Company, One 
Plastics Ave ., Pittsfield, Mass. 01201. In 
Europe, N. V. Polychemie AKU-GE, 76 
Vel perweg-Arnhem (The Netherlands). 

Aging test for Noryl shows excellent perform
ance at elevated temperatures. SEl Noryl 
maintains its impact and tensi le strength after 
thermal aging at 115' C (240' F). 
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Leader in Engineering Plastics 
PPO® • LEXAN® • NORYL ® • PHENOLICS 
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Chapter II. 
LET THERE BE LIGHT 

OR 

TELL ME ABOUT THE FREE 

$50 SWITCH 
lt's yours absolutely, unconditionally free. 
All we ask is that you gi,·e us S50 for it. 
\Vhy do \\"C call it " free" when we arc 
earnest about getting paid for it? 
T \\"O reasons: 
First of all, when you throw the mechanical 
switch on , nothing happens until a teeny 
solid-state de,·icc senses that the ,·oltagc 
passes through zero. Then the switch turns 
the circuit on. \\ ' hen you throw the 
mechanical s"·itch off and the currcm µa>se s 
through zero, the circuit is turned off. 
That means that the on-off switching is 
done at the point of minimum energy. 
And that means no step function ,·olragc to 

generate high-frequency components. An d 
that means that the S\\"itch is free from 
radio frcqucnc~· imerfcrencc. Quad est 
d (''l/IOl/Strad11111. 

The second reason " ·e call it " free" is we 
thought that if ~ · ou thought you could get 
a S50 S\\"itch for nothing you'd probabl~· be 
greedy enough to read this ad. There 
appears to be some justification for this 
assumption. 
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OcR TELE:\IETRY GEAR wrLL 

"'\EVER GET OFF THE GROU:\'D 
Because " ·e manufacture onl~· equipment 
associated "·ith checking out telemetry 
transmission " ·hilc the transmitter is still 
nice and accessible. 

For example, our new, compact F1\I 
Discriminator for playback in F.\ 1 /F .\I 
telemetr~· s~ ·stems. The pulse a\·erage design 
has 0.1 °lo linearity. The ,\ lode! 71-282 
operates on all !RI G channels, 1-21, and A 
through H, \\"ith an input scnsiti,·ity of 
20 m V. Accommodates any center 
frequency from 300 Hz to 300 KHz . Each 
one " ·eighs less than a pound. Disgustingly 
incxpensi,·c, roo. 
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Ho\\· \VE l NYE:\'TED 

THE SANDWICH 
Tc> make the ruggedest possible field 
portable tape recorder we suspended the 
en ti re tape transport mechanism bet\\·een 
t\\'O parallel Aat plates. This gi,·cs doubl e 
support to all members, and as the tape 
contacts only the primary dri,·e mechanism, 
reel hubs, two turn rollers and the head 
surfaces, its oxide coating gets maximum 
protection. 

As you know, the Aanges on tape reels arc 
canrilc,·ered members which can be 
supporwd against extreme shock and 
,·ibration only at the cost of a substantial 
increase in the rotational inertia of a 
system. So " ·e got rid of them. The tape 
can' t slip off the reel because hoop tension 

72 

~ The Word from GENISCO. 

forces resulting from normal pulling of rhe 
tape prm·ide great compressi ,·e forces 
\\·ithin the reel stack. It would take in excess 
of 300 g's for slippage to occur. 

The result of our Sandwich and 
Flangeless design approaches (plus a few 
other neat ideas): a rugged, high 
performance field portable tape system. 
Request full information. 
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OuR RATE-OF-TURN TABLE 

LAUGHS Ar ABUSE 

Our nc\\" 1\lodel 1147 maintains high 
precision performance regardless of rough 
handling and transportation. (One reason 
it's used as the AGE gyro test table for 
F-111 Aircraft System.) Hydrostatic 
bearings gi,·c precise dimensional stability, 
excellent alignment, low runour and 
eccentricity, low mechanical noise and long 
life. The bearing is capable of smooth 
rotation at less than siderial rates 
(.004° /sec. ) . And up to 1500° /sec. 

The 1\ lode! I 147's compactness makes it 
ideal for field or bench checking. lts 
ruggedness makes it ideal in case you just 
happen ro feel like kicking hell out of a fine 
piece of equipment. 
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OuR CoMPUTER CA~ BEAT UP 

YouR COMPUTER 
Filled with supreme confidence the 
engineer plugs in his newly designed gem 
of a system. Then disco,·crs that it's too 
noisy. So off to the supplier for a custom 
filter . It's expensi\"C and its \\"eird 
configuration makes it almost impossible to 

maintain a hermetic seal under the stresses 
of high pressures and extreme temperature 
variations. 

\ \'c can help you a Yo id the \\·hat-me
nccd-a-filtcr syndrome. Gi,·e us a work 
statement. For free, we' ll crank the system 
parameters into our computer and it \\"ill 
design the Perfect Filter. l t will do the job 
right, and cost you about 40°'6 less than one 
that must be produced dmn1stream. 

Out of the hundred or so companies in 
the industry only two or three use 
computers. \ Ve' re better at it than they arc, 
and besides our salesmen know good jokes. 
Come on, give us a break. 
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GENISCO TECHNOLOGY CORPORATION 
18435 SUSANA ROAD 
COMPTON, CALIFORNIA 90221 
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Shown without normal 
insulative cove r coat to 
illustrate resistor network. 

Consider these characteristics 
• Cermet reliability now available for power applica

tions. 

710 Series Environmental 
Specifications 

• Compact modular packaging--0verall dimensions are 
only 1.500" by 1.225" by 0.370" with heat sink. 

• High power-8 to 20 watts per module depending 
upon allowable operating temperature, air flow, duty 
cycle and number of pins used. 

Low inductance-less than 10 nanohenries up to 200 
megacycles. 

Load Life: 9 watts for 1,000 hours at 
55°C ambient in 300 fpm air flow 

Moisture Resistance: 95% R.H. at 70 °C, 
10 days load, 10 days no load 

0.4% /:::,. R max. 
0.1% 6 Rav. 

0.2% /:::,. R max. 
0.05% /:::,. Rav. 

• Layout flexibility-up to 24 external pins on .125" 
centers can accommodate a dozen or more cermet 
resistors. 

Standard temperature coefficient of 
resistance -50 to +350 ppmj°C 

• ± 1 % standard tolerance from 20 ohms to 1 megohm. 

• Special low resistance values available down to 10 
ohms. 

• Available in quantity NOW--0ver 250,000 already pro
duced. 

• Available with copper heat sink bonded to alumina 
substrate. 

• Dual-in-line staked pins for rapid insertion-can 
withstand 7.5 lbs. tensile or compressive force. 

e 

1n 
Founded 1896 

Thermal Cycling: 5 cycles, -60°C to 
+ 125°C no load 

Samples are available off the shelf. 
Kit of three modules for $13.00. 

order yours today! 

0.10% /:::,. R max. 
0.03% /:::,. Rav. 

CTS RESEARCH, INC./LAFAYETTE, INDIANA 
Subsidiary of CTS Corporation, Elkhart, Indiana 
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MPPCORES 
From communications satellites to telephone high and low pass filters
from loading coils to inductors and RFI filters, Arnold has total MPP Core 
capability. With 386 sizes, varieties and electrical parameters available 
from stock, Arnold is the leading producer of Molybdenum Permalloy 
Powder Cores . 

Available in many toroidal sizes-from 1411 dia . to 5" dia. in eight standard 
permeabilities (205, 173, 160, 147, 125, 60, 26 & 14 Mu). Most of these 
cores can be furnished with a controlled temperature coefficient of induct
ance. Arnold MPP Cores show best stability to DC magnetization and modu
lation factor- also least change in core loss with variation in current level. 

Arnold is also • Permanent Magnets • Silectron Cores • Tape Wound 
Cores • Bobbin Cores • Iron Powder Cores • Electrical Alloy Transformer 
Laminations • Transformer Cans and Hardware • Magnetic Shielding 
• Special Magnetic Materials . 

$ ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COM, AN Y, Main Office MARENGO , Ill. 
BRANCH OFFICES and REP RESENTATIVES '" PRINCIP AL CITIES 
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Flaming 
· resistor failure 

used to be a 
catastrophic 
danger. 
So Corning changed resistor failure. 

The fact is, new CORNING® FP Resistors just won't burn. 
Even if a circuit smacks one with an overload of a hundred times or more, it won't burn. 
It knows how to fail gracefully. It will open up, 
but no flame and no short. But don't just take our word. Test this new resistor yourself. 

FP resistors come in 2, 3, 4, 5, 7 and 10 watt sizes, from 9 ohms to 90K. 

Just write for free samples and complete data. 
Meanwhile, we're looking for more changes that will improve resistors. That's how our line of 
glass tin oxide film resistors has grown to be one of the most extensive and useful. That's 
how we've earned our qualifications for exceptional stability and reliability. 
Corning Glass Works, 3904 Electronics Drive, Raleigh, N.C. 

CORNING 
ELE C TRONICS 



•. . when you 
let FANSTEEL do it! 

Let FANSTEEL make your electronic parts for you. What type of parts? For instance: 

(1) FANTORKrM.Chassis-Mounted Heat Sinks that give you up to 3-times greater shank torque and provide 

comparable heat dissipation of wrought copper alloys. With a complete FANTORK part ... all you do is 

die-bond , attach leads and assemble . Or, we'll do any ... or all ... of these steps for you ... braze the 

steel threaded shank into the sintered copper base ... add pre-form backing discs (with or without coat

ings) ... put on a steel weld ring ... coin a projection into sintered copper base for direct ultrasonic weld· 

ing of can ... insert pins ... or plate entire assembly. (2) Lead Assemblies-from refractory to conven

tional lead materials in close tolerance diameters from .025" to .125" ... plated to your specifications. 

(3) Semiconductor Backing Discs-either pressed and sintered ... punched ... or cut . .. from tungsten 

or molybdenum. Fansteel coating technology assures positive wetting action. All sizes throughout the 

power ratings. Whatever your component parts need ... LET FANSTEEL DO IT! Our diverse packaging 

technologies will help you reduce component assembly time and costs. For complete information on value 

engineered Fansteel parts, call your fansteel representative ... or write us. 

1. 
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See FANSTEEL at 
NEP/CON EAST 
BOOTH No. 711 

Circle 76 on reader service card 

2. 

~YEARS ~OF PROGRESS 

3. 

FAN STEEL 
METALLURGICAL CORPORATION 

ELECTRONIC PARTS DIVISION 
NUMBER ONE TANTALUM PLACE 

NORTH CHICAGO, ILLINOIS 60064 
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TURN-OFF CHARACTERISTIC 

, .. Hl[i 2.0 

1.0 t- n L, j 
0 ! I i 1 . I 
!: 1flliJ I f T 
12 o I I r 1 1 

5.0 
nsec 

SPECIFICATIONS: 

r I 

Ro" 30 ohms MAX Ion 40 nsec MAX 
1010"1 200 pA MAX V, 10 V MAX 
Coo 5 pl MAX Ion 30 mA MI N 
t oi< 25 nsec MAX BVo•o 40 V MIN 

Now being mass produced, this FET switch is 
available from Ame/co Distributor stock for 
only $6.35 in quantities of 100 or more. 

Amelco's new 2N4091 FET switch afters extra 
high speed with the highest switching ratio 
ever available in a standard device. If you are 
working with multiplexing, commutating, ana
log switching or DC chopping, consider these 
facts . .. R oN is 30 ohms max., the lowest of 
any FET on the market with C oG of less than 
5 pf; lo (on) I lo (off) ratio is better than 1 oa. 
Designers may now consider FET devices 
where previously the requirement for very low 
on resistance demanded use of bipolar tran
sistors. In addition, applications presently 
using FET's can benefit from this improved 
performance. 

AMELCO SEMICONDUCTOR 
D IVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mai l Addres s: P .O. Box 1030, 
Mountain View, California • Phone: (415) 968-9241 / TWX: (4 15) 969-9112 / Te lex : 34-8416 • REG IONAL OFFICES: Southwest
Sui te 213, 8621 Bellanca Ave .. Los Angeles. California 90045, (213) 678 -3146 • Northwest-1300 Terra Bella Ave ., Mountain View , California, (4 15) 968-9241 
East-27 Traphagen Road, Wayne , New Jersey, (201) 696-4747 • Southeast-711 Magnolia Avenue , Orlando . Florida 32803, (305) 423- 5833 • Northeast-
805 Hi gh Street, Westwood , Massach usetts 02090 , (617) 326-6600 • Midwest- 650 West Al gonqu in Road, Des Plaines, Illinois, (312) 439 ·3250 
Canada-Deskin Sales, Montreal , Quebec, (514) 384 -1420. 
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''Why do more and 
more executives 
say MICHIGAN 

has more of 
everything?" 

" ... because the 
seaway brings the 
whole import-export 
world right to 
Michigan's door." 

78 

Yes, you can locate right in the vital heartland of America and still reach out to 
the world , economically and profitably. Five Michigan ports are active in inter
national trade. More than 900 Michigan firms are engaged in overseas business. 
The state ranks second in volume of U.S. customs receipts . Between 1960 and 
1966, tonnage on the St. Lawrence Seaway increased two-and-a-half times. 

Interested in completely detailed and current data on harbors and port sites in 
Michigan's Lower Peninsula? Contact us now for full information in confidence. 

consumers Power company 
216 West Michigan Ave. Jackson, Michigan 49201 Area Code 517- 788-0502 

W. N . McClelland, Director of Area Development 

Circle 78 on reader service card 

Ask for 
your 
copy 
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A TECHNICAL DIGEST FDR INNOVATORS OF INDUSTRIAL EQUIPMENT 

SCR's in GE's new 
PRES S PAK ••• another 

packaging innovation 

Volt-Pac® variable 
transformers: 

maximum life with 
minimum maintenance 

New Horizon Line® 
panel meter 

relay 

What's new 
for peripheral 

computer equipment? 

Here's Blue Jat'
GE's newest 

film foil capacitor 

COMPONENT 
CAPSULES 

Also available soon: 
PRESS PAK rectifier diodes 

rated up to 1200 V. 

Forget internal so ldered joints. GE PRESS PAK SCR's are 
mounted by extern ally app l ied pressure. Double sided cooling 
increases thei r average current rating up to 60%. Reversi bility 
elim inates the need for spec ial reverse polarity units. Rated up 
to 1300 vol ts at either ll5 amps average or 235 amps average, 
PRESS PAK SCR 's cost 10% less than equiva lent stud mounted 
units. Motor dri ve control , phase control and electromechanical 
applications are exce llent typi cal uses. Circ le Number 90 on the 
magazine inquiry ca rd for more information. 

Every GE Volt-Pac transformer features corrosive re
sistant parts throughout: O Spring-loaded, grain 
ori ented so l id carbon brush assures even contact . .. 
reduces wear. E) Sel f-lubr icating nyl on bearing causes 
low fricti on in voltage selector. E) Polyesterimide insu
lation for coil windings provides extra dependability. 
O Aluminum radiator and base di ss ipate heat evenly 
... extend life. 0 Low-resistant gold plated track 
lessens heat bu i Id-up at brush contact. 

Specify precision-built Volt-Pac transformers for con
tinuously adjustable output voltage. A complete I ine of 
manually operated and motor-driven model s, including 
plug-in cord units, is now available. Circle Number 91 
for more facts . 

Features solid-state, 
light-sensitive switching 

New Type 196 Meter Relay takes advantage of totally new 
contactless control action . .. gives you except ional control 
simplicity and reliability. Install it quickly and easily by just 
plugging in the unique " piggyback" control module. The 
module can be readily removed without interruptin g measure
ment circuit, as its indicator mechanism connections are on 
the rear of the meter. Horizon Line Meter Relays, available in 
31/z'' and 41/z'' sizes with single or double setpoints, can be 
front-mounted or back-of-panel mounted . Circle Number 92. 

Instant response-in ertial time constants as low as 
1 millisecond-is what you get with the new GE 
Hyper-Servo* motor. And it accelerates faster than 
any other motor ever developed by General Electric. 
Hyper-Servo motors greatly increase the overall 
capacity of peripheral data processing equ ipment. 
They're available in 3.4·, 4.6-, and 4.8-inch d iameters. 
Performances include torque-to-inertia ratios in ex
cess of 350,000 rad / sec' and continuous torque 
ratings from 32 oz-i n at 2700 rpm to 326 oz-in at 
2800 rpm. A wide variety of models can provide the 
high performance drive motor for nearly every 
computer peripheral application. Circle magazine 
inqui ry card Number 93. 

* Trademark o f the General Electric Company. 
I!J!Jp&Jfiilflf1!lW * Motors 

Typ ical 32-Frame Models 

Superior Blue Jay polycarbonate capacitors feature: 

Actual 
Size 

• EXCELLENT CAPACITANCE STABILITY over their entire operation 
range (- 55 C to 125 C). Maximum capac itance change at 25 C will 
not exceed -2.0% to + 0.3% over the entire operating range. Capaci
tance change is neg ligible over the 25 C to 65 C range and nearly 
linear with a negati ve coeffici ent in the + 65 C to 125 C range. 

• HIGH INSULATION RESISTANCE. Typical res istance measured on 
un its rated 0.1 ILf 200 volts, is 2xl0' megohms. ' 

• LOW DISSIPATION FACTOR-does not 
exceed 0.3% over the temperature range ~ 
of 25 C to 125 C at 1000 Hz, making Blue M QR E 
Jays ideal for many AC applications. 

Circle Number 94. 
* Trademark of th e Genera l Electric Company. 



AcoMPONENT 
WCAPSULES 

Speeds as low as 
one revolution per day 

with GE 
D-C torque motors 

Versatile 
ignitrons . .. 

still going strong 

Insert PTC 
thermistors 

automatically 

Reel drive 
motors for 

computer tape 
transports 

New thumbwheel 
switches require 

less panel space; 
simplify 

data input 

A TECHNICAL DIGEST FDR INNOVATORS DF INDUSTRIAL EOUIPMENT 

GE d-c Torque Motors, with low speed capability, elimi
nate gearing with inherent backlash and windups . .. 
permit direct connection to the driven load. Thi s com
bined with low inductance and low-refl ected motor inertia 
means you can design your system to accelerate, de
celerate, or position high-inertia loads with exce llent 
preci sion and accuracy. Rapid-response GE d-c Torque 
Motors, with permanent-magnet or wound field excitation, 
are available with or without endshields and / or bearings 
to meet your mechanical requirements . Circle magazine 
inquiry ca rd Number 95. 

Avai lable with f rom 
30 to 200,000 l b-ft to rque 

GE lgnitrons provide application versatility-year after year in circuit after circuit. 
They're unmatched for economy and ruggedness in high power applications. Here are 
fou r typical circuit applications: 

• Weld ing • Controlled • Crow bar • Hi-rate 
Energy 
Switch in g 

• Contactor Recti f ier 
• Interrupter 

Circle Number 96 for more lgnitron facts. 

COMING YOUR WAY- GE'S MICROWAVE TUBE VAN. CIRCLE NUMBER 97. 

GE Positive Temperature Coefficient Thermistors (PTC's) are small, rugged, hermetica lly 
sealed units with weldable / solderable gold-plated Dumet leads. A temperature coeffi
cient of resistance of approximately + 0.875% per degree Centigrade operable to 150 
degrees Centigrade makes them ideal for temperature compensation in silicon transistor 
circuits. They can also be used as sensors in temperature indicators and temperature 
controls. Their sma ll size and uniform dimensions permit automatic insertion into 
printed circuit boards. Circ le Number 98. 

Fract ional HP 
DC Mot or 

PTC- actual si ze 

GE's full line of fhp direct-current motors includes four 
frame sizes widely used for reel drives: 3?{;', 313{t, 45/s" 
and 6?{t diameters. Special end mountings and shaft 
extensions meet exacting application requi rements. 
Series, split-series, compound, shunt, and compen
sated-shunt wind ing designs offer a broad design 
choice. Stall torque ratings from 3 to 120 ounce-feet 
and higher span various application needs, and motor 
voltage requi rements are normally matched to your 
system design. Circle Number 99 on the magazine in
quiry card for more information. 

GE space saving CR103 Type F Thumbwheel Switches-rated 
150 volts a-c/ d-c-are idea l for we lding control, computer 
s.ystems and numerical control. Manua l data insertion is made 
easy by simply dia l ing in the information . Both standard-duty 
and oiltight forms are constructed of unbreakable Lexan*. 
Large easy-to-read colored numera ls (or symbols) are neat in 
appearance. Assemble your own non-oi I t ight standard-d uty 
switches, if you prefer, by purchasing individual switch 
modu les, end blocks, spacers and shaft s. Circ le Number 100. 

* Registered trademark of General Electric Company . 

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS 
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE. 

285-16 

GENERAL. ELECTRIC 



CH1191 
Less Than 2 Nanoseconds 

- Firing Time Without Pulse Jitter 
Linear accelerators involve speeds closely approach
ing that of light. To accelerate a beam as it passes 
through a half-inch gate at those velocities, requires 
a high energy pulse of critical precision. Tung-Sol 
CH 1191 hydrogen thyratrons do just that. 

The elimination of pulse jitter has been achieved 
by employing a priming, or 'prefiring' electrode. The 
result is the achievement of a variation in anode fir
ing time of less than 2 nanoseconds-not only at full 
power but down to as little as one-sixth of full power. 

Electronics J April 17, 1967 

CH 1191 has a peak power output of 100 mega
watts . Two other Tung-Sol types (CH1198, 60 mega
watts and CH 1180, 10 megawatts) provide a range of 
service obtainable from no other source. 

Write for fully detailed technical information. 
Tung-Sol Division, Wagner Electric Corporation, 
One Summer Avenue, Newark, N.J . 07104. 

TUNG-SOI! 
HVDROGENTHVRATRONS 

Circle 81 on reader service card 81 



Want to record aphid feeding? 

An unerring record of aphid feeding and salivation I (Details on request.) That's one of scores of interesting applications of Esterline Angus Speed 
· Servo® Recorders. ·· These recorders have earned exceptional popularity in laboratories and industry because: t> their servo motors have only 

one moving part ... no drive cords to break or gears to wear t> they are available with either 4W' or 10" spans t> their response is faster than 
any other servo recorder .. . 1 /8 second for 4W' span and 2/10 second for 10" span t> they have conductive plastic feedback potentiometers 
that can't develop open, broken or shorted turns common to wire wound potentiometers t> you can choose a variety of ·automatic or manual chart 
drives. • Outstanding options include: t> Adjustable Zero Adjustable Span (AZAS) with zero adjustable from 0 to ± 100 MV for any span from 1 to 
100 MV t> multi-range selector switch for ranges of 0-1, 5, 10, 50. 100, 500 MV and 0-1. 5, 10, 50, 100 V l> conductive plastic retransmitting poten
~'1'> n /JO/f171f'Yl) ~,,.;.. ;f?./}. tiometers l> alarms l> event pens.• Another plus feature is fast delivery ... 7 days for 4Yi" 
J.l <Iv UA.V \LALUd.J f..V (f)Jl.fj) ~ span Speed Servos® and 10 days for 1 O" span Speed Servos®.* • For complete informafton 

"" ,..,,J/(17-TJn /?111f'Yl) about these recorders. call your Esterline Angus sales engineer or write for Speed Servo® information.• 
'(JJJY(J).UJ IJ, <.L(.JIU f..V *Seven and 10 working day delivery (ARO) is possible on Speed Servo® Recorder ,,,.,,,, ,.,,,--"'.;;· ;..,,.,,,_ 

rcr t(pn. ~,R,,.,,,..., /11) .Al lfY/) d!J'1'> n ~ models ':'/Jic/J have. become so popular they're now in 
l.111<hJU<J:fU1J,f.tu<J;<.O ~ J.J.LJU[S> (p.J.1¢)) production at all times. 

rc::r1YJ)/1JJ/1JJ.d'J .CCV/11)1f)0'1')Q(IJ)® ESTER LI NE ANGUS INSTRUMENT COMPANY, INC. 
/:.::::V}Jvu::;t.V'(f,(J,A:J)(r;u lV BOX24000 • INDIANAPOLIS, INDIANA 46224 
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April 17, 1967 I Highlights of this issue 

Technical Articles 

Computer-aided design, 
part 8: picking a 

transient analysis program 
page 84 

Plastics for packaging: 
handle with care 

page 101 

Taking cryoelectric 
memories out of 

cold storage 
page Ill 

Dielectric bath 
cools IC's 
page 123 

Coming 
May 1 

+circle 82 on reader service card 

\Vi th a computer, an engineer can thoroughly inves tigate 
circuit characteristics that vary with time, such as sensitivi
ties. ~ l ost of the major network design programs wi ll do the 
job, but valuable computer time will be wasted if the wrong 
combination of program and integra tion routine is used. One 
program may require Rve minutes, another only 30 seconds. 

Transistors and integra ted circuits cost less in plastic pack
ages, but the controversies about device reliabi lity haven't 
been settled. Mi litary and space system designers are ,;till 
unsure about using them in adverse environments. Tests· 
show that chemicals in some plastics .degrade the com
ponents, but that improved semiconductor passivation and 
the use of inert plastics can solve this problem. 

Fabrication problems have stalled com
mercial production of superconducting 
memories for more than a decade. A new 
memory element des ign that depends upon 
bulk properties of the materia ls rather than 
tight process control can lead to cheap, 
fast, billion-bit memories. On the cover, 
an experimental sys tem is being placed 
into liquid helium at the Radio Corp. of 

America. Each of the four planes is 2 inches square and 
stores 6,000 bits in loop cells of tin film. 

Integrated-circuit des igners hope to improve digital system 
speed and reliability by putting man y 1c's on a chip. This 
will increase power density and require a 10-fold improvement 
in cooling. Air cooling and heat s inks won't meet the need, 
so packaging engineers are lookin g at a new technique-Aow
ing liquid dielectrics over exposed circuits. The liquid boils, 
but the chips keep cool. 

• Braided wires program read-only memories 

•Apollo spacecraft antenna tracks ground stations 

• Models simplify integrated-circuit design 

•Automatic digital pulse analyzer 

83 



Circuit design 

Computer-aided design: part 8 
Picking transient analysis programs 

Employing the proper integration routine is the key 

to solving transient problems. A really good choice 

reduces computation time and increases accuracy 

By Waldo G. Magnuson Jr. 
Lawrence Radiation Laboratory, Livermore, Calif. 

Most of the major network design programs can 
handle transient analysis problems but rarely with 
equal speed or capacity. Program flexibi lity also 
varies widely. Therefore the engineer must evalu
ate the alternatives carefully so that he makes 
the best use of both his and the computer's time. 

Circuit analysis programs have one primary 
objective-to obtain responses to prescribed input 
signals. In a transient analysis program, these 
responses are expressed as a function of time rather 
than frequency. Thus, an engineer can investigate 
circuit rise times, over-shoots , d-c stabilities, 
switching speeds, circuit sensitivities, and signal 
level changes at various times during a circuit's 
operation. The requirement for time-domain anal
yses occurs frequ ently and calculating their effects 
manually is tedious, if not impossible. However, 
techniques for performing transient analysis have 
been incl11ded in many computer programs. 

In a computer-aided transient analvsis, either a 
set of simultaneous first-order differential equations 
must be es tablished that relate the circuit elements 
to the ngde voltages and loop currents or a network 
transfer function must be formed from topological 
methods [Electron ics, Nov. 14, 1966, p. 112]. 

The author 
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Since 1964, Waldo G. Magnuson Jr. 
has been at the Electron ics 
Engineering Department of the 
Lawrence Radiation Laboratory 
working with digital computer 
network analysis programs as an 
aid in engineering design. 

In the matrix approach, the equations are formed 
from a branch-node circuit description supplied by 
the engineer . The currents and voltages are ex
pressed as a function of time by integrating a set 
of differential equations in the computer. The cir
cuit response at any point in time is then obtained 
by substituting the appropriate time value into the 
current and voltage equations. The response at th e 
next point in time is obtained by integrating the 
set of equations and again substituting the ap
propriate tim e valu e and other variables into the 
equations. 

Selecting integration routines 

The solution of a transient network problem 
is largely contro ll ed by the selection of an inte
gration routine. Typi cally, the solution procedure 
begins with known initial conditions and solves 
the network equa tion s at a particular time, usually 
time zero. An integration routine is then applied 
to obtain the initial conditions for the next solu
tion step. If too small a time interval is chosen, 
excessive computation time results. Conversely, too 
large a time step reduces the accuracy of the 
output. Choice of the appropriate time interval is 
somewhat of an educated guess ing game-it is 
based largely on intuition and a workin g knowledge 
of the circuit element va lues. A good rule of thumb 
is that the time step should not be larger than the 
smalles t ci rcu it time cons tant. Some of the analysis 
programs for electroni c circuits make this selection 
automatically. 

There are several integration routin es available 
for solving fir st-order differential equation s. Th ese 
are usual ly classified into two groups-single-step 
or multi-s tep. The most widely used of ~the fir sf 
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How the programs stack up 

Calahan ECAP NET- 1 

Program input features 

Must use specific labels No Yes Yes 

Sequential node numbering Yes Yes Yes 

Random location of input No Limited Yes 

Voltage or current sources Current Yes Through a 
sources only modification of modification of 

the built-in the built-i n 
model (not model (not 
convenient) convenient) 

Tabular input for branch No No No 
descriptions 

Tabular input for signal Yes Yes Yes 
sources 

Analytic desc ription of No No No 
branch elements 

Analytic description for Yes No No 
signal sources (available from (has several 

a modified built-in signal 
subroutine) sources that 

may be picked) 

Automatic mod ification of Yes Yes Yes 
input (repeated runs) 

Modeling capabilities 

Built-in models No No Yes 
(transistors-
diodes) 

Allows small-signal models Yes Yes No 
(inconvenient) 

Allows large-signal models No No Yes 
(inconvenient) (Built-in) 

Output options 

Transfer functions Yes No No 

Pole-zero locations Yes No No 

Symbolic expression Yes No No 
for time response 

Time-response output Outpu t node Selected Node voltages 
only- at fixed variables at and semi-
intervals f ixed intervals conductor cur-

rents at fixed 
intervals 

Steady state solution No Separate Yes 
analysis 

Programing features 

Programing language Fortran II, IV Fortran II, IV Madcap & FAP 

Memory capacity 32,000 32 ,000 32 ,000 
recommended 

Network formulation Topological Matri x Matrix 

Primary integration routine Runge -Kutta Implicit Predictor-
(& inverse numerical Corrector 
Laplace) integration 

Features at Lawrence Radiation Laboratory 

Operating on computers 

Graphica l output 

On -line capability 
(LRL CDC-6600 time
share system) 

Electronics I April 17, 1967 

IBM 7094 
CDC 3600 
CDC 6600 

Calcomp 
& CR T plots 

Yes 

IBM 7094 IBM 7094 
CDC 3600 
CDC 6600 

None None 

Yes No 

Predict Sceptre 

Yes Yes 

No No 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 

No Yes 

No Yes 

Yes Yes 

Yes Yes 

No No 

No No 

No No 

Selected branch Selected 
voltages and variables at 
currents at fi xe d intervals 
every time ste p 

Separate Yes 
analysis 

Fortran II & FAP Fortran IV 

32 ,000 32,000 

Matrix Matrix 

Runge-Kutta Runge-Kutta 
(2 & 4 pass) Pred ictor-

Corrector 

IBM 7094 IBM 7094 

Calcomp Printer 
& CRT plots 

No No 
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Comparing two key integration routines 

Two popular integration routines are the Runge
Kutta and Predictor-Corrector techniques. The 
fi rst is a one-step method that obtains a numerical 
solution from a weighted fo1mul a without having 
to carry forward any knowledge of previous 
steps of the differential equat ion or its solution. 
H owever, to get high accuracy the method requires 
man y small time-steps that increase the computing 
time greatl y. Furthe1more, several time-consuming 
evaluations of the first derivative are needed and 
the method does not provide an estimate of numeri
ca l round-off errors . 

The transjent analys is starts with a knowledge 
of the first-order differential equations that describe 
the network , dv I dt, and the intial conditions at 
some time, say t = t0 • These values are then sub
stituted into the Run ge-Kutta pred iction formu la 
and a value of voltage, v, is predicted for the time 
t1 = t,, + t.t . The fo1mula is expressed as fo llows: 

V to+At = -! [Ki+ 2K2 + 2K3 + K4] 

where 

K i = ~t [_d ".'.._ I 
I dt ( v o , to) 

~ t 1-~~ k ·o+ ~' . to+~t ) 
~L 1-~~ l ( vo+ ~'. to>~ A2t ) 

A transient analysis problem 

Function 

Computer time required for 
transient analysis of sample 
problem in minutes 

-------

Ca lahan 

2.16 

ECAP 

5.64 

K4 = ~t 1 -~~ I 
_ (vo+K3, to+At) 

K1 represen ts the prodnct of the selected time step, 
L\t and the va lue of dv I dt at the initial value to, 
v0 • The other K terms are as indicated. 

Substituting the known quan tities into these equa
tions yields the first values t1 = to + t.t , V1 = Vo 
+ t.v . To find a third pair of values, the same 
formu las are used- with t1 and v1 replacing to and 
v0 , respectively. vVhen t2 and v2 are found, use the 
equations with t0 and V o replaced by t2 and v2, etc. 
The error of the Runge-Kutta method is not easy to 
estimate. If t.t = 0.1, the designer should expect 
an error in Ll.v affecting the fifth decimal place. 

An example. Find three pairs of values of t and v 
for the solution of dv/d t = - t + v with the Runge
Kutta formu las if the initial values of the variables 
are t = 0, v = 2. 

Solution. The first Yalue is t = 0, v = 2. Choose 
t.t = 0.1, t0 = 0, v0 = 2 in the Runge-Kutta 
formu las , keep five decimal places during the com
putation , but round off the va lue of t.v to four deci
mal places. This gives 

Ki (- 0+ 2) 0.l=0.2 

( - 0- 021 + 2+ -222 ) 0.1 0.205 

(-o-0
;/ +2+-0·~~5 ) 0.1 = 0.20525 

NET-1 I Predict 
I 

Sceptre 

2.0 3 .18 0 .53 

Computer used for 
sa mple problem 

CDC 3600 IBM 7094 IBM 7094 I BM 7094 IBM 7094 
(2 to 3 t imes 
the speed of 
IBM 7094) 

10 

9 

8 

7 
w 

"' 6 <1 ..... 
..J 5 0 
> 

4 

3 

Analyzed four-transistor circu it 2 

Output response for sample circuit 
10 20 30 40 50 60 70 TI ME 
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I\:4 = (-0-0. 1+2+0.20525) 0.1 = 0.21053 

t:..v = !-(0.2+2(0.205) + 2(0.20525) +0.21053) 

= 0.2052 

Hence, t1 = 0.1 , v1 = 2.2052 
Substitu ting these values of t 1 and v1 for to 

and V o and M = 0.1 in the Runge-Kutta equations 
yields: K1 = 0.21052, K2 = 0.21605, K3 = 0.21632, 
K1 = 0.22215, and ~v = 0.21624. Hence the third 
pair of values of t and v is t2 = 0.2, v2 = 2.4214. 
The next pair of values is computed by replacing 
to and V o with t2 and v2, respectively. The results 
are plotted at the right. 

Predictor-Corrector. Unlike the Runge-Kutta rou
tine this is a two-step technique. The first step 
predicts a value at a specified time for a predic
tion formula and the second step adjusts the ob
tained value by applying a correcting formula. Both 
formulas are based on a weighted interpolation of 
a Taylor-series expansion. 

As before, the transien t analvsis starts with a 
knowledge of the differential eq~rntion , dv I dt, and 
the initial conditions for v, for at least one value of 
time, t . These values can be inserted into the pre
dictor formula and a value of voltage at a time, 
t + ~t can be calculated from the predictor formula: 

5M t d v I 59 d v I Iv I t+<H = Iv It +~- - - - - - At - -
24 dt 24 dt 

t t - 4t 

+~7 At dv I - -~ At dv I 
24 dt 8 dt 

t-2~t t-3d t 

group is the Hunge-Kutta method and of the sec
ond, the Predictor-Corrector method. In designing 
a sys tem for solving the differential equations de
scribing the network res ponse it is desirable to 
use as large a time step as possible consistent 
with an allowable error in the results. Both the 
Runge-Ku tta and the Predictor-Corrector methods 
can allow for increasing or decreasing the integra
tion interval and the choice of which method is 
used is not always well defined. Sometimes a com
bination of the methods is used. Although both 
work well for both nonlinear and linear circuits, 
Predictor-Corrector is the most popular because it 
offers a checking routine. The very small time steps 
of the Predictor-Corrector method compensate for 
the nonlinearity by assuming the nonlinear function 
is linear over a small increment of time. 

To de termine an output res ponse by any method, 
v, as a function of time, the des igner starts with 
a first-order differential equation of the form dv I dt 
= P v + Q and the initial conditions for v at a 
value of time, t. The terms P and Q are matrixes 
of the c ircuit elements, where P is a fun ction of 
the voltage [P = f(v)] and Q is a function of both 
the voltage and time [Q = f(v, t)l. If the circuit is 
composed of linear elements only, the computer 
could obtain an output res ponse by direct integra-

Electronics I April 17, 1967 

2.4214 1------
2.2052 1---
2.0000 

0 0.1 0.2 t 
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The first term on the right represents the voltage 
at time t, the second term is dv I dt at time t, the 
third term is dv I dt at time t - ~t, etc. See the 
output response curve above. Next, the program 
applies a corrector formula and calcu lates the volt
age at the same time interval. The corrector formula 
is given by: 

- T _9_ j ".:'_ I 19 ~_!_ 1 IV lt+<l.t- 1' It+ 24 At dt + 24 At dt t 
t+<l. t 

5 dv I At dv I - 24 At -dt + 24- -dC 
t - <l. t t - 2<l.t 

The program now compares the two calcu lated re
sults to see if they are in close agreement. If they 
are, the integration process is speeded up b y 
doubling the length of the time interval for the 
next integration. If they are not, the process is 
slowed down by cutting the or iginal time interval 
in half. vVhen simultaneous equations are to be 
solved, a s01ting technique included in the program 
integrates in ascending order of time constants. 

tion ; however, most circuits contain nonlinear ele
ments, thus P varies with time. Integration of 
such a nonlinear circuit requires repeated multipli
cation by an inverted matrix. 

Both Runge-Kutta and Predictor-Corrector are 
outlined in the panel above togPther with a numeri
cal example that demonstrates Runge-Kutta. 

Comparing the programs 

Five computer programs that perform tran sient 
analysis are compared for speed in performing an 
analysis of a four-transistor circuit in the table on 
the opposi te page. In all of them, the engineer need 
merely describe the circuit's topology to formulate 
the network equations. The programs are: Predict 
(Circuit Analysis Program) developed by IBM's 
Space Guidance Center, 0-wego, N.Y.; NET- 1 (Net
work Analysis Program) [Electronics, Feb. 6 p. 76] 
developed by the Los Alamos Scientific Laboratory, 
Los Alamos, N.M., ECAP (Elec tronic Circuit Analy
sis Program) [Electronics , Feb. 6, p. 82] devel
oped by rn1vr, Los Angeles, Calif.; Linear Network 
Analysis Computer Program (des ignated Calahan ) 
developed by the University of Illinois , Urbana, 
Ill. ; Sceptre (System for Circuit Evaluation and 
Prediction of Transient Radiation Effects) devel
oped by IBM, Owego, N.Y. 
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Circuit design 
Designer's casebook is a regular 
feature in Electronics. Readers are invited 

Designer's casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published. 

Making an SCR operate 
as a high-voltage switch 

By G.V. Wintriss 
Naval Air Station, Patuxent River, Md. 

Operating a silicon controlled rectifier below the 
rated holding current, Ii.0 , produces an inexpensive 
high-voltage switch. The scR turns off when the 
gate current is removed, much iike a high-gain 
transistor switch. 

Resistor R1 is chosen to limit the sen anode 
current to below 11,.,. Up to + 400 volts may be 
switched by a General Electric Co. C22D scR 
with an R 1 of 40 kilohms, since 1110 for this model 
is 10 milliamperes. Current gain is quite high ; as 

Monostable multivibrator 
plus SCR yields chopper 

By K. Watanabe, R. Yamada, and M. Ito 
Shizuoka University, Hamamatsu , Japan 

A monostable multivibrator becomes a highly 
stable, inexpensive, high-current chopper when 
combined with a si licon controlled rectifier. The cir
cuit eliminates the saturable reactor and autotrans
form er of conventional SCR choppers, and produces 
an output squarewave whose width is independent 
of the supply voltage. 

Transistors Q 1 and Q~ are connected as a Darling
ton current amplifier. \Vhen the 50-volt supply is 
switched on, the transistors are forward biased, 
and emitter current, I,,, charges capacitor C with the 
polarity shown. At a given time (cal led t = 0 in 
the waveform diagram ), the sen is triggered, and 
power is delivered to the load, R1. At the same 
time, the accumulated voltage V,. across C pro
duces a current through C, the SCR, the inductance, 
L, and diode D~. This current is referred to as 

88 

+400v 

+ 
GATE 
CURRENT 
SIGNAL -------' 
(30,IJAl 

GE 
C22D 

OUTPUT 

Removing the gate current sig;a 
cuts off the SCR and switches th 

-= 400-volt source to the output. 

little as 30 microamperes switch the SCR. 
With a gate-controlled a-c switch (Triac) such 

as the GE SC45D, d-c voltages of either polarity 
can be swi tched by positive or negative gates. 

a resonant current, I,., .• , having a frequency of 
l/27Ty LC

0

• At a Lime equal to a half-period of 
resonant frequency, ?T\/ ic; C is charged to the 
value at t = 0 but of the opposite polarity. 

\Vi th the sen conducting, diode D 1 prevents 

50v 

v, 

D2 
10FD11 

+ 

SCR 

TRIGGER INPUT,VSCR 

Dt 
IOFOll 

When SCR conducts, resonant current, I,.., charges 
C to a voltage opposite to the polarity shown. 
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trans istor destruction by reverse collector-to-emitter 
bias. The forward voltage drop across D 2 biases 
the emitters off and increases the forwa rd break
down voltage. Diode D~ also prevents resonant cur
rent Row in the reverse direction. 

At the end of the resonant half-period, the sum 
of the supply voltage and the reversed voltage 
across C causes a large base current, Ii., to Row. The 
transis tors saturate, and V,. reverse-biases the scR, 
turning it off. Base current Row is only momentary, 
because V,. decreases as emitter current Ro>vvs with 
the SCR off. Capacitor C is then charged to its 
original voltage by the emitter current, and the 
cycle begins again wi th the next scR trigger. 

The ou tput pulse width is a function of the 
resonant fr equ ency of C and L ; with the values 
given, a w idth of 0.1 millisecond is obtained. If 
the SCR is self-biased with an add itional resistor, 
shown with dotted leads, the circu it becomes an 
astable multivibrator. 

Telemetry tone oscillator 
consumes microwatts 

By Anthony C_ Caggiano 

Safety Research & Deve lopment Corp. 
Ridge, N.Y. 

A tone-oscillator act iva ted by pulses of less than 
2 m illiwa tts provides a telemetry signal. The circuit 

v, 

0 

lb 

0 

I 
I 

t=O 

0.1ms 

I 

'IT(lC 

After one half-cycle of I ,.,, 
V c has reversed its polarity, 
and base current l u fl ows 
abruptly. 

Ires 

0 
I 
I 

VsCR I 

i --TIME(t) 
I 
I 
I 
I 
I 
0 1'T/IC 

consumes less than 150 microwatts when dormant 
and 150 milliwatts when transmitting. Thus , it is 
ideally suited to telemetry applica tions where power 
consumption is crit ical. 

\iVith a ll transistors biased off between trans
missions , the only battery drain is from transistor 
leakage and the voltage divider formed with resis
tors R 1 and R~. Some of the power during the off 
time is conserved by capacitor Ci, which charges 
up during this interval. 

Although it takes the small current nearly a min
ute to recharge C 1, slow recovery is not a problem 

+12v Input pulse forward biases Q,'s emitter and 

18 k 

R, 
91k . 

Rz 
820k 

C \ 
50fLI 

02 
2N 2712 

12 k 

03 
2N3072 

discharges C, which generates a pulse su ffi cient 
to turn on Q,. When Q, turns on , the base of C,, 
goes negative and an output tone is generated . 

1------ -------------~ 

2-mw OUTPUT (1 Mhz) 

I 
I 
I 
I 
I 
I 
I 
I 

18 k 

18 k 

300 pf 

0.0082 fLI 

-=- L_ ---- ------------ ---
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in most present-day telemetry applications. 
\Vhen an incoming 0.6-volt pulse forward-biases 

the emitter of Qi, the tran sis tor turns on and forms 
a low-resistance path through which C, quickly 
discharges. The additional power provided by C 1 

enables Q1 to genera te an ou tput pulse suffi cient 
to trigger the one-shot multivibrator formed by Q2 
and Q3. The output pulse from Qt raises the base 
potential of Q2 and turns it on . With Q2 condu cting, 
the base of Q3 goes more negative and turns on Q3. 

The collector current generated by Q3 turns on 
the tone oscillator-h·ansmitter and starts charging 

Isolated multiple oscillators 
provide wide frequency range 

By Max E. Peterson 
Collins Radio Co., Dallas, Texas 

Wideband frequency generation is achieved with
out mechanical switching by combining the out
puts of several oscillators on one line. Interaction 
between the units is reduced when diodes are 

100 
pt 

2200pf 

10 k 

a, 
2N2222 ..------1 

Dt 
(FA IRCHILD 
FD700) 

C2, the timing capacitor. Durin g the 8 seconds 
that elapse before C 2 is fully charged, the tone 
oscillator transmits a I -megahertz tone ·wi th 2 milli
watts of power via the antenna. vVhen C2 is fully 
charged, its bottom plate is suffi ciently negative to -
turn Q:! off. This shuts Q:i off and terminates the 
oscil lations. The duration of the power tone may 
be varied by choosing an appropriate valu e for 
timing capacitor C2• 

A similar circuit appeared in Designer's Case
book, Aug. 22, 1966, page 98. That circuit didn' t ~ 
require small power pulses to turn it on. 

inserted between each oscillator and the common ,.. 
output lead. A typical application would be a 
fr equency syn thesizer covering the range of 2 to 
30 megah ertz. 

An emitter fo llower provides power gain in each 
of the modifled Colpitts oscillators shown below. 
Varactors supply the capaci tance for the tank cir- ~ 
cuits, permitting remote tuning control. Assuming 
that power switch St (usually a transistor) is closed, 
diode D 1 condu cts and the quiescent emitter volt
age of Q1 is approximately 2 volts. With power 
removed from the other stages (S2 , S:i . . . Sn 
open ), diodes D :! , D3 ... D 11 are back-biased 

-T +9v · 

..----s_., I ' "( 

I 
I 
I 

t--------------4------+--------~--- ~-

TUNING 
VO LTA GE 

- --OU TPU T 

1 k 

With Q, conduct ing, diodes Di. D,, .. . D. are back-biased, isolating the respect ive oscillators from 
the common output lead. 
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INPUT FROM 18 k 

OSCILLATOR 220 p f 
GROUP A I 

----ti---+--+-! 

QA 

2N2222 

IN PUT FROM 
OSC ILLATOR 
GROUP B 

Conducting transistor associated with an oscillator 

INPUT FROM 
OSCILLATOR 

GROUP C lt-----t-1 
Oc 

® 

INPUT FROM 
OS CIL LATOR 

GROUP n If----

OUTPUT 

g rou p back-biases the other transistors, isolating group outputs. 

thro11gh the base-emitter junction of each corre
spond ing transistor and 10-kilohm bias resistor to 

• ground . The typical capacitan ce of an FD700 di
ode, when back-biased to 2 volts , is 0.7 picofarad ; 
this represents an impedan ce of 120 kilohms at 
2 nlC'gaher tz and 8 kiiohms at 30 megahertz. A 
group of 10 oscillators on a common lead has less 
than 7 picofarads in parallel with the active var
actors. 

To extend th e frequency band, outputs from 

Feedback T yields 
high input impedance 

By George Cook and William F. Elder Jr. 
Merrick Eng ineering Inc. , Nashville, Tenn . 

Operational amplifiers used as preamplifiers in a 
servoeontrol s~r stem requ ire high input impedance 
and wide-range gain control. A 10-turn feedback 
po tentiometer will provide the desired gain control, 
but since these potentiometers arc not availahlc 
with resistances greater than 100 kilohms. a 1-
kilohm input res istor is required fo r a maximum 
ga in of 100. 

.. By incorporating the 10-turn potentiometer in a 
variah le T-ne twork feeclhack control. a 100-kilohm 
input res is tor can be used. The gain of the circuit 
is given by: 

Electronics j April 17, 1967 

groups of oscill ators can be combined b y the cir
cuit shown above. \ \Tith S.1 closed , Q_, conducts, 
and the quiescent voltage at point A is be tween 
2 and 3 volts. This voltage back-biases the base
cmitter junctions of Qi:, Q, ., . . . Q,,, iso lating the 
operating group from the others. 

The circuits have been used to combine 15 
oscillators in B.ve groups of three operatinp: be
tween 2 and 33 megahertz. With a 9-volt supply, 
the total power di ssipation was 23 milliwatts. 

1 a R3 
E1N R3 

(1-a) R3 
100k 

R4 
t k 

T-network that includes 10-turn potentiometer 
provides wide gain-adjustment range. 

I 
EouT 

I 

_ F;out = _ R~ [l + _a R:i + a R.2 _ + R
4
] 

Rin R , n ~ (1-a) R i 

where a is the fractional portion of R : included 
in the feedback loop. For the valu es shown , the 
gain is -1 when a = 0, and -102 when a = 1. 
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Nomograms solve 
tough problems of shielding 

Even nonexperts can design shielded enclosures. 

Charts help any engineer to quickly determine the thickness 

of metal required to eliminate interference or evaluate design 

By Robert B. Cowdell 
Genistron Division of the Genisco Technology Corp., Los Angeles 

Protecting sensitive electronic systems and circuits 
against extraneous fields is a difficult and complex 
design problem because a detailed analysis of a 
shielding problem usually requires cumbersome 
equations or time-consuming graphical methods. 
Since the results are not always satisfactory, the 
work is usually left to specialists in shielded enclo
sure design. 

Now, armed with a newly developed set of 
nomograms, an engineer who has a knowledge 
of the frequency and the type of fi eld to be sup
pressed can determin e quickly the thickness of 
metal shield needed to do the job or to evaluate 
the effectiveness of a shield. 

Shielding effectiveness 

A metal enclosure can protect against interfer
ference caused by the electromagnetic fi elds that 
are generated in nearby circuits. Th ese fi elds may 
store energy equally in the electric or magnetic 
components or, as is more usu al, they may be 
predominantly electric or magnetic fi elds. [See 
" ,\Jagnetic and elcch·ic fi elds" on page 94). Al
though an enclosure's shielding effectiveness varies 

The author 

, 
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Robert B. Cowdell is manager 
of systems engineeri ng, responsible 
for Genistron's consulting and 
research activities on the West 
Coast. He has worked on electro· 
magnetic interference studies and 
designs for t he Skybo lt missile, 
XB70 weapons system , Minuteman 
guidance and ground support 
system, and communications links. 

with the type of fi eld , there are reflection and 
absorption factors which are important in any 
shielding problem. 

When a fi eld impinges on a shielding material 
some of the fi eld's energy is reflected from the 
outer surface, some is absorbed in the material , 
some is reflected at the shield 's inner surface, 
and the remainder gets through. The shield's ef
fectiveness , S, is given by 

S=R+A+B 
where all terms are in decibels. R, the loss du e 
to reflection, is a function of the material, fre
quency, and the type of fi eld. Absorption losses, 
A, are a function of the material and fr equ ency 
but are independent of the type of fi eld . If the 
absorption loss is greater than 10 db the sec
ondary refl ection loss, B, at the shield's inner 
surface can be ignored. Consequently 

S=R+A 
where R will be represented as R1.;, R11 , or RP 
depending on whether the incident fi eld is an 
electric (E ) fi eld , magnetic (H) fi eld, or a radiated 
plane-wave fi eld (P). 

Four nomograms have been designed to make 
calculating shi eldin g effectiveness easy. The nomo
grams supply va lu es of the variables needed in th e 
equation. The nomoi!ram on page 98 determines 
the absorption loss for any type of fi eld. One of 
three other nomograrn s is used to determine the 
reflection loss- R1.; . R11 , or Rp-for the particular 
type of interfering fi eld. 

Th e nornogram s are b ased on equations devel
oped by Schelkun off ' and expanded for engineer
ing applications over the years.2 ·3 A recent study 
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Electric field reflection losses-RE 

to hz 
SILVER 
COPPER 
GOLD 
ALUMINUM 

MAGNESIUM 
- ZINC 

BRASS 
- CAD MI UM 

NICKEL 
PLATINUM 
TIN 

- LEAD 

MON EL 

NICHROME 

>
u 
z 
w 
=> 
0 
w 
a: 
"-

COLO ROLLED STEEL 
COMMERCI AL IRON 

MU METAL · 
CONE TIC 

Electric field reflection loss is determined from this nomogram. The distance from the source, r , is 40 inches 
and the material is copper. Line 1 is drawn through these points intersecting the unmarked scale at P. 
Line 2 through P and the frequency (1 Mhz) interser;ts Re at 142 db. Negative values of RE indicate increased 
coupling that can occur at certain combinations of parameters. 
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Properties of magnetic and electric fields 

Jn any simple a-c circuit there is 
an electric field vector associated 
with the voltage and a magnetic 
fi eld vector associated with the 
current. These field components 
can interfere with nearby circuits 
which then must be shielded to 
prevent trouble. 

When the field varies with time, 
the electric and magnetic compo
nents exist simultaneously, al
though one of the field components 
can be stronger than the other. If 
most of the energy is stored in the 
electric component, the field is re
ferred to as an electric field . If 
most of the energy is stored in 
the magnetic component, the field 
is magnetic. 

quencies up to about 1,000 Mhz, 
a wavelength is a relatively large 
distance and such fi elds will cut 
across many circuits. For example, 
at 1 gigahertz a wavelength is 1 
foot long; at 1 megahertz a wave
length is about 950 feet long. As 
a consequence many shielding 
problems involve predominan tly 
electric or magnetic fields. 

the ratio of the electric to the mag
netic fie ld components. For a pla11 e 
wave in free space the character
istic impedance is 377 ohms . For 
a predominantly electric field the 
characteristic impedance is greater 
than 377 ohms and the fi eld is sa id 
to be a high impedance fi eld . A 
magnetic fi eld has an impedance 
that is less than 377 ohms, and is 
said to be a low impedance field. 

Strong magnetic fields are as
sociated with cii;cu its character
ized by low impedance, high cur
ren t fl ow, and smaJI vo ltage drops. 
A · low-impedance magnetic field 
transfers energy readily to a sur
face or circuit with low impedance. 

In general a fi eld that is pre
dominan tly magnetic or electric will 
occur close to the generating source 
-within one wavelength . For fre-

At a distance of about six wave
lengths from a simple radiating 
source, the fi eld may propagate as 
a plane wave, in which the fi eld 
energy is divided equally between 
the magnetic and electric compo
nents. A shield that is effective 
for either magnetic or electric 
fields is also usually effective for 
plane-wave fi elds. 

lfigh intensity electric fi elds are 
produced by conductors with large 
series impedance, high vo ltages , 
and little current fl ow. Such fi elds 
couple energy most readi lv into 
a high impedance conductor or 
surface. 

A usefu l quantity in any discus
sion of fi eld theory is the char
acteristic impedance-defined as 

indicates that the shielding theory is valid even 
at ex tremely low frequencies. 4 The nomograrns in
dicate maximum values of RE, Ra , Rr , and A. 

Reflection losses 

Reflections and associated losses, R, are caused 
by a difference in characteristi c impedance be
tween an incident fi eld and the shield. This is 
analogous to the situation that occurs in a transmis
sion line not terminated in its characteristi c im
pedance. When the imped ance of the incident 
fi eld is much higher or lower than that of the sh ield, 
reflection losses are very high . 

At all frequ encies, electric fi elds are high im
pedan ce and magnetic fi elds are low impedance. 

A shield 's characteristic impedance varies with 
the frequ ency and the material's permeability and , 
conductivi ty. Generally the imped ance is low at 
low frequencies and high at high frequencies. 

At low frequencies, magne tic reflection losses 
RB , are small because there is a reasonably good 
match b etween the low impedance of the shield 
and the fi eld. Thus most of the energy is cou pled 
to the shield. For good shielding effectiveness, 
it is usually necessary to employ ferromagnetic 
material s with high ab sorption losses. As the fre
quency increases, the imped ance mismatch be
comes greater and RR increases. 

For low-frequency electrical fi elds, the mismatch 
be tween fi eld and shield impedance is large and 
RE is large. As the frequency increases, RB de
creases becau se the shield's impedance graduaTiy 
increases. 

Rn and RB nomograms 

The equation for reflection loss in an electric 
field is given by 

94 

R E = 353.6 + 10 IOf!;10 [-f3 ~ r 2 J 
For magnetic fi elds, the reflection loss is 

Ra = 20 log10 [ 
0
·:

62 
( fc-}12 

+ 

+ 0.136 r (-rcr )-
112 

+ 0.354 J 
R E and Rtt are expressed in decibels. In t hese 
equations 

r = distance in inches between the ource of 
energy and the shield . 

µ = material permeabi li ty relatin to copper 
G = material conductivity relat ive to copper 
f = frequency in her tz 

Both RE and RH can have nega tive val ues, which 
indicate enhanced coupling to the shield rather 
than reflection loss. Such increases in couplin g 
have been observed experimentally and are caused 
by a resonance between shield and source. Dashed 
lines in the graph at righ t plot a nega tive valu e 
of RH. 

Similar procedures are followed for determin ing 
e ither RE on page 93 or RH at the right. For exam
ple, determine the electri c fi eld reflec tion loss at 1 
Mhz caused by a copper shield 40 inches from a 
source. 

• Locate a point on the G/ J.L scale corresponding 
to copper. If a desired me tal is no t lis ted, com
pute G/ ,u and plot on the numerical scale. 

• Locate the dis tance between the energy source 
and the shield on the " r" scale (r = 40 inches). 

• Place a s traighted ge between r and G/ J.L and 
locate point P on the b lank scale. 

• Place a s traightedge between point P and the 
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Magnetic field reflection losses-RH 
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Magnet ic fie ld ref lection loss, R,, , is calculated in the same way as the electric field loss. Solid line in 
color is for a Conetic shield located 1 inch from a source of magnetic field . Line 1 fixes point P 
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on unmarked scale. This point and the frequency (10 khz) fixes l ine 2 and the value of Rn-13 db. Broken line 
in color indicates that at certa in d istances and frequencies coupling to the shield is enhanced. 
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Plane-wave reflection losses-RP 
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Plane-wave reflection losses R" are calculated easily by a line connect ing the frequency with 
the appropriate value of G/ µ.. A plane wave will exist only if the source is located at least five 
or six wave lengths from the ci rcuit that is to be shielded. An enclosu re designed for magnet ic 
and electric fields wi ll also be effective for plane-wave fields. 
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des ired frequency on the f scale (f = 1 Mhz in 
this example). 

• Read the refl ection loss from the RR or Ru 
scale. (In the example, the loss, RE, is 142 db.) By 
pivoting the straightedge on point P, Rr.; or Ru as 
a function of frequ ency can be determ ined. 

Plane-wave reflection losses 

The nomogram for plane-wave losses should be 
used when the source of radiation is located more 
than 5 or 6 wavelengths away from the shield. 
The dis tance requirement is for simple antennas 
that have gains equal to or less than a dipole. 

The equation for reflection losses in decibels for 
a plane wave impinging on a metallic shield is 

Rr = 168.2 + 10 log10 ( ~ ) 
To use the nomogram on above/ below, the pro

cedure is as follows: 
• Locate a point on the G/ µ. scale corresponding 

to one of the listed metals. 
• Place a straightedge between the G/ µ. scale 

and the desired frequency. 
• Read the plane-wave reflection losses from 

the RP scale. 

Absorption losses 

Absorption losses, caused by attenuation 
through the material, are given by 

A (db) = 3.38 X 10- 3 t (µG f) 1t2 

where t is the metal thickness in mils (10-3 inches). 
For a given thickness, magnetic materials like 
steel have higher absorption losses than nonmag
netic materials like copper. Therefore, relatively 
thick, high-permeability materials are needed to 
increase the ab sorption loss for good shielding. 

As an example of applying the absorption loss 
nomogram on page 98, assume that it is neces
sary to determine the thickness of metal needed 
to give a 10-db absorption loss at 100 kilohertz. 
The steps are as follows: 

• Locate the fr equency (100 khz) on the fre
quency scale and the des ired absorption loss (10 
db) on the A scale. 

• Us ing a straightedge, ex tend a line throu gh 
these two points until it intersects the unmarked 
scale at point P. 

• Draw a line connectin g the des ired metal on 
the Gµ. scale and point P and extend it to the left , 
to intersect the t scale. By pivoting the stra ight
edge around point P, thicknesses for a number of 
metals can be rapidly determined. In this example 
t is 9.2 mils for copper and 5.2 mils for commercial 
iron . In the reverse process , the nomogram yields 
the absorption loss if the frequency, type of ma
teri al, and thickness are known. 

Frequency dependence 

Good shielding against electric fi elds is pos
sible at low frequ encies because reflection losses , 
R1.; , are inherently high even though absorption 
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R E for copper 40 inches from source 

Re- Re- A (db) 
R,, quired A quired t for SE= A+ RE 

Frequency (db) (db) (mils) t = 1.2 (db) 

1.5 khz 227 0 0 .15 227.0 
100 khz 172 0 1.3 173.3 
1 Mhz 142 0 4 .0 146.0 
10 Mhz 112 10 1.0 13.0 125.0 
100 Mhz 83 37 1.2 40 .0 123.0 
1,000 Mhz 52 68 0 .62 130.0 182.0 

losses, A, are small. In fact since most of the in
cident energy is refl ec ted , the absorption loss can 
be neglected at low frequencies. 

In contrast, at high frequencies, electric field s 
undergo small reflection losses but large absorption 
losses. Thus, even though most of the transm itted 
energy is coupled to the shield , effective shielding 
is still poss ible. In shielding against high-frequency 
electric fields, the main problem is to maintain high 
absorption by eleminating all nonconductive open
ings in the shield. This prevents leakage currents 
from Bowin g on the supposedly shielded side of , 
the metal surface. 

For magnetic fi elds , both the absorption losses 
and refl ection losses R8 are small at low frequen
cies. As wi th electric fi elds, eliminating all non
conductive openings in the shield maintains the 
benefit of high absorption losses. At higher fre
quencies, both R8 and A become very large and 
shields perform very well. 

Selecting a sh ield 

Generally the amount of attenuation required is 
known, and it is des ired to determine the material 
and the material thickness. In some applications, 
it may be necessary to find a number of materials 
that will give the des ired shielding effectiveness, 
and the final choice is based on other factors such 
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Magnetic shielding is plotted for copper and hot rolled 
silicon steel 15 inches from source of interference. 
Broken lines are reflection losses; solid lines 
in color plot sum of absorption and reflection losses. 
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Absorption losses-A 

100 Mhz 

10 Mhz 

t Mhz 

10 hz 

100 

A(db) 

SU PERMALLOY 

PURIFIED IRON 
CONE TIC 
4-79 PERMALLOY 
MU METAL 

50 Ni- IRON 

HYPERNICK 

45 PERMALLOY 

4%Si-IRON 
(GRAIN ORIENTED) 
HOT ROLLED FeSi 

NICKEL 

4% Si- IRON 

STAINLESS STEEL 
COMMERCIAL IRON 
COLD ROLLED STEEL 

SILVER 
COPPER 

GOLD 
CHROMIUM 
ALUMINUM 

MAGNESIUM 
ZINC 
BRASS 
CADMIUM 

PLATINUM 
TIN 

This graph selects material or material thickness for a spe citied absorption loss. The l ines in color are 
plots for an absorption loss of 10 db at 100 khz. Line 1 intersects the unmarked scale at P. This new 
point and the material (copper) fixes line 2 and determines the thickness, 9.2 mils. 
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Magnetic shielding for materials 1 inch from source 

Frequency Copper Commercia l iron Purified iron Conectic 43 si licon-i ron 

Rn A t Rn A t Rn A t RH A t Rn A t 
(db) (db) (m ils) (db) (db) (mils) (db) (db) (mils) (db) (db) (mils) (db) (db) (mils) 

1 khz 13 67 > 1,000 0 80 300 10 70 22 22 58 2 1 11 69 90 
10 khz 22 58 ·160 - 1 81 120 3 7 8 .5 13 67 7.5 4 76 32 
100 khz 32 48 45 4 76 < 120 - 1.4 82 3 5.5 74.5 2 .6 - 1 81 11 
1 Mhz - 42 38 12 12 68 < 120 
100 Mh-z 62 18 1 32 48 < 120 
10 Ghz 82 10 1 52 28 < 120 

as weight, strength , and cos t. 
The followin g example ou tlines a typical pro

cedure fo r selectin g a material. Assume that a 
sensitive circuit, highly susceptible to electric 
fi elds, is located near a high-voltage terminal. 
An enclosure located 40 inches from the terminal 
must provide 140 db of shieldin g at 1.5 khz and 
120 db a t all other frequencies between 1 khz and 
2 gigahertz. 

From the nomogram fo r R1,: and with r = 40 
inches, determine Rr.: as a fun ction of frequ ency 
for copper, and list the values as in the table on 
page 97. The shieldin g a t 1.5 khz is already greater 
than the 140 db desired. However, since RE fa lls 
off w ith frequency, the thi ckness required is one 
that provides sufficient absorption loss to bring 
the shieldin g effectiveness up to 120 do at the 
higher frequencies. Valu es of A are computed 
from A = 120 - RE and are li sted in the required 
A column. 'W ith these values of A determ ine the 
thickness t from· the absorption loss nomogram. 

The highest value of t- 1.2 mils-maintains the 
level of shielding at 120 db. To determine. the ac
tu al shieldin g effectiveness, values of A are com
puted usin g this thickness. · The effecl:iveness 
aga inst an electric Seid, Sr.: , fo r thi s thickness is 
indicated in the las t column of the table. 

T he above example results in an ex trem~l y th in 
shield that is not mechanically self-supporting. 
For mechanical strength , the actual des ign would 
need either a much greater thickness of' copper 
or some other material. 

As another example, consider the design of a 
magnetic shield that is one inch from a source. 
Shield ing effectiveness mus t be greater than 80 db 
fro m 1 khz to 10 Ghz. The table above lists values 
of magnetic refl ection loss R11 , requ ired A · and re
quired t for various materials. Again the larges t 
value of t in each column determines the thickness 
of the material. 

Copper-and typicall y all nonferrous material
woulcl be over 1 inch th ick to produ ce 80 db of 
shield ing. Commercial iron is inexpensive, but 
requires a 300 mil th ickness and would be very 
heavy. Purifi ed iron- 22 mil s th ick- would have 
sufficient strength, redu ce weight, and be eco
nomical. The more expensive Conetic and 4% 
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2 78 3 - 1 81 < 1 1 79 < 11 
18 62 < 3 6 74 < 1 17 63 < 11 
38 42 < 3 24 56 < 1 36 44 < 11 

grain oriented silicon-iron appear to offer no 
advantages. 

Careful does it 

No materia l should be mled out in a given 
applica tion. In some s itu ations copper is a better 
magnetic shield than some ferrous materials. This 
is particularl y tme at very low frequencies where 
R11 fo r copper is high. 

In the case of a shield located 15 inches from 
a high- intensity magneti c source, copper 30 mil s 
thick is more effective than 30 mils of hot rolled 
silicon steel at all frequ encies b elow approxi
mately 3 khz as indicated by the lines in color in 
the graph on page 97. 

Selecting a material is only part of the problem 
in designing a shielded enclosure. In practice, gaps 
appear in the metal. These are openings for compo
nents mounted on the enclosure or seams b etween 
metal plates. Low- or high-frequency energy leak
ing pas t these discontinuities may seriously de-
grade the shielding effectiveness . -

Although careful design overcomes many of the 
di ffi culties resultin g from these breaks in the 
surface, no one has com pletely solved this portion 
of the shieldin g problem.2 · 5 In some applica tions 
a simple test fi xture can be used to evalu ate ma
terials such as . gaskets or pl a tes with holes. 

For more complicated stru ctu res, an r-f signal 
can be feel directly into an enclosure to determine 
its shieldin g effectiveness. An antenna-receiver 
sys tem outside the unit can measure the signal 
th at leaks out. 
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Are you sure you can't afford 
Heinemann circuit breakers? 

Here's one you can have for just$4.05. 

We really are trying to meet you half-way. We've gone to a 

lot of trouble to produce a breaker which would lower the 

price barrier without lowering our standards. 

The result is our little Series JA breaker. It has all of the 

advantages inherent in hydraulic-magnetic operation, all of 

the features of our larger, more expensive models. 

But it's priced to make new friends out of 

passing acquaintances. 

In quantities of just six to twenty-five, 

OEM's can buy this breaker for a nickel more 

than four dollars. And of course, as the 

quantity goes up, the price goes down 

even lower. 

The JA is our idea of meeting you 

half-way. If you'd like to learn more 

about it, or any of our other breakers, 

drop us a line. We'll be happy to send 

you more complete information. 

Heinemann Electric Co., 2600 Brunswick Pike, 

Trenton, N. J. 08602. 
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Solid state 

Plastics for packaging: 
handle with care 

Tests have traced some device degradation to impurities stemming 

from the plastics or the packaging process. Caution is required , 

therefore , in cases where high reliability and long life are demanded 

By J.J. Licari and G.V. Browning ':' 
Autonetics Division, North American Aviation Inc., Anaheim, Calif. 

While transistor and integrated-circuit manufac
turers and users are generally sold on the use of 
plastics to package devices for commercial applica
tions, some doubt lingers about the reliability of 
plastics in military and space applications. 

Traditionally, plastics have been used to encap
su late or pot electronic assemblies in which the 
active devices have first b een hermetically sealed in 
protective casings. But the trend now is to apply 
plastic covering directly to active device chips that 
are highly sensitive to moi sture, contaminants, or 
stresses. 

Unquestionably, some impurities inherent in the 
plastics or resulting from plastic processing steps 
degrade the chips. The appeal of the plastic-pack-

•Now a reliability consultant speci a l izing in physics-of· 
failure studies. 
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aged transistors and integrated circuits currently on 
the market lies chieAy in their low cost, though 
sometimes they've been selected b ecause they re
sist shock and vibration better than their sealed
can counterparts. 

The reliability of plastic-cased devices, it should 
be emphasized, isn't a function of the plastic alone, 
but also depends on the nature of the device being 
packaged and on the quality of its passivation layer. 

Among the possible drawbacks related to the 
plastics themselves are permeabilities with respect 
to moisture and contaminants, dimensional insta
bility that can cause stresses on encapsulated leads, 
and impurities. 

Minuteman 11 studies 

Signs of potential trouble with plastic packages 
appeared when transistor surfaces were exposed to 
gases in physics-of-failure studies for the Minute
man II program. 1 Excerpts from those studies are 
tabulated on page 102. The table shows how re
verse leakage characteristics were affected by con
taminants such as benzene and carbon dioxide; 
contaminants have been detected in device pack
ages by gas chromatography, and their presence 
has been partially correlated with device perform
ance. 

One might guess that other organic solvents stru c
turally analogous to benzene, such as toluene or 
xylene-also used in the synthesis or processing of 
plastics-may also be entrapped in device pack
ages during processing. Separate studies indicate 
that small amounts of ammonia gas and organic 
amines affect parameters such as reverse current.2 · 3 

In the Minuteman II studies, it was shown that 
with a mi crodiode packaged in an inner layer of 
silicone and an outer rigidizing layer of phenolic 
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Leakage currents of m icrodiodes react under exposure to 
dry ammonia (curves in color) . The curves in black 
represent t he same devices in a dry nit rogen at mosphere. 

plastic, ammonia could be generated by the degra
dation of the hexamethylenetetramine present in 
the outer layer as a curing agent. 

The ammonia affected the reverse leakage char
acteristics of the semiconductor diode after it had 
permeated the inner silicone barrier coating, as 
shown in the curve directly above. This problem 
was solved by substi tuting a silicone molding com
pound for the phenolic; no ammonia is generated in 
curing the silicone. 

Why leakage increases 

Tempera ture-voltage inversion is the label often 
applied to the mechanism by which reverse leakage 
current increases. It is postulated that contaminants 
such as NH4 + ions on the surface are positioned in 
an orderly fashion in the region of a reverse-biased 
junction by the fringing electric fi eld that extends 
through the oxide.4 This positioning is abetted by 
either high humidity or high temperature. The or
dered ions attract opposi tely charged carriers in the 
underlying semiconductor material, thus effec
tively inverting that region from its majority carrier 
status to that of a minority carrier layer. The in
verted region provides a much greater junction 
area and thu s increases the leakage current of 
the original junction. If the device is heated for a 
time at zero bias, the ions once again assume a 
random arrangement. 

A second mechanism, space-charge buildup 
within an oxide layer, may also be susceptible to 
unwanted chemicals from plastics and may also 
degrade device performance. The sources of con
tamination relevant here are usually attributed to 
the device processing. 

As an example, space-charge buildup resulting 
from the migration of ions under the influence of 
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an electrical fi eld is tfoought to occur in the insu
lating oxide under the gate of an MOS device when 
potential is applied to the gate. It's easy to see how 
such a space charge cou lJ influence the perform
ance of the MOS device, since it affects the electrical 
fi eld the gate exerts in modulating the channel in 
the silicon under the gate oxide. Indeed , the space 
charge itself can act as a gate fi eld when the ex
ternal gate voltage is removed. No exact mechanism 
for this effect has yet been defined. It has been 
attributed variously to alkali ion, hydrogen ion, aml 
oxygen vacancy migration.5 · 6 

Permeability factor 

The plastic package's permeability is perhaps its 
most important characteristic. Impurities exert their 
influence as a function of this permeability whether 
they are gases and vapors outside the package or 
chemicals generated internally. The permeability 
of typical plas tic coatings with respect to moisture 
is tabulated on the opposite page. Note that 
cellophane, cellulose acetate, and Neoprene are 
included in the table for comparison purposes . 
It is unlikely tha t any of these materials would 
be used in packaging devices. Coatings most likely 
to be used are epoxy-anhydride, epoxy-aromatic 
amine, silicone-alkyd, with or without microdioclc 
coating, polytetrafluoroethylene ( PTFE ), PTFE dis
persion coat, fluorinated e thylene propylene ( FEP) , 

polyvinyl fluoride, polyvinylidene fluoride ( Teslar ), 
p-polyxylylene ( Parylene C and N) . 

Another important factor is dimensional stabilitv. 
since shrinkage can lead to induced stresses. Epo.~y 
will decrease in volume during curing, for example, 
and other plastics will shrink when solvents evap
orate. Unexpectedly large forces can result when 
plastics are solidified from a gel or colloidal state. 

Reverse current leakage of dual pnp signal 
transistors shifts with gas ambient 

Conditions 

Before vacuum bakeout 

After exposure to benzene 
vapor and reverse bias on 
transistor A only 

After exposure to water 
vapor and reverse bias on 
transistor A only 

Vacuum bake at 300°C and 
no bias 

Bias on transistor B in 
vacuum 

After exposure to carbon 
d ioxide and bias on tran-
sistor B only 

Vacuum bake at 300°C 

Leakage cu rrent, lc oo 
(anoamps) @ 20 v 

reverse bias 

Transistor A Transistor 8 

3.0 2.5 

2,400 

10,000 

2.5 2.5 

2.5 3.0 

3.0 650 

3.0 3.0 
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If it were feasible in all cases to remove the solvent 
at its critical temperature, there would be prac
tically no effects from surface tension as the solvent 
was withdra'vvn. 

Shrinkage stresses produced in a coating form ed 
by solvent removal can be serious enough to frac
ture an integrated circuit's interconnection wires. 
In a typical example, several 0.7-mil-diameter wires 
wi th individual breaking strengths of several grams 
were broken in a single 1c. The solvent in this case 
was removed by evaporation from a non-elasto
meric si licone coating on the IC. 

Typical test results 

The varieties of plastic tested by the Autonetics 
division of the North American Aviation Inc. fall 
into four ca tegories: epoxies, phenolics, silicones, 
and flu orocarbons. 

Jn the case of the epoxies, a variety of chemical 
and ionic species can be formed during their degra
dation , as shown in the table on page 104. Carry
over and retention of many of these chemicals in 
the fina l cured plas tic is highly probable. Yet only 
lim ited tes ts have been performed and there is no 
indication of which impurities are critical to device 
performance, or of what the threshold levels of 
impurities are. 

Em ission spectrographic analysis has been found 
to be a good technique for determining kinds and 
relative amounts of metallic cons titu ents down to 
0.5 ppm (based on ash content ). In tests, plastic 
samples were deposited and cured directly onto the 
graphite electrodes, since it was previously deter
mined that curing in glass or aluminum dishes in
troduces addit ional impurities from these recep
tacles. A large variety of metallic impurities were 
fo und in the samples tested (see table on page 105 ), 
especially in the case of epoxies and highly fill ed 
molded compounds. Other silicone coatings, and 
fluo rocarbons such as Tefl on, displayed a relatively 
low metallic content. 

Many of these metallic impurities aren't inherent 
in the resin polymer itself. For example, silicon es 
after synthesis are extremely pure materials. The 
impurities may be introduced in mixing or in for
mu lating wi th fill ers , or may stem from metal stor
age cans or drums. 

Measuring ionic material 

To detect and measure ionic material in plastics, 
samples of the plastics can be pulverized and then 
d igested in distilled water at 160°F for eight days. 
The electrical conductivity of the water extracts is 
then measured. 

Although there is uncertainty about the extent of 
hydrolysis that occurs during the digestion period, 
the results are useful as a relative indica tion of the 
amounts of ionic and ioni zable species in the sam
p le, as well as of the hydrolytic stabili ty of the 
p las tic under these conditions. Of the materials 
tes ted , the epoxies and phenolics had rather low 
resis tivity values, as shown on page 106. Thi s 
isn' t surprising considering the types of probable 
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Moisture resistance of plastic coatings 

Plastic coating 

Epoxy-anhydride 
Epoxy-aromatic amine 
Neoprene 

Polyurethane (Magna 
X-500) 

Polyurethane (isocyanate
polyester) 

Silicone-alkyd 
Silicone-alkyde (micro

diode coating) 
Olefane, polpropylene 
Ce llophane (type PVD 

uncoated film) 
Cellulose acetate (film) 
Polycarbonate 
Mylar 

Polystyrene 

Polyethylene film 

Saran resin (F120) 

Polyvinylidene chloride 

Acrylon itrile co-polymer 
Polytetrafl uorethylene 

(PTFE) 
PTFE, dispersion cast 
Fluorinated ethylene 

propylene (FEP) 
Polyvinyl fluoride 
Polyvinyl idene fluoride 

(Teslar) 
p-polyxylyene (parylene 

N) 

p-polyxylylene (parylene 
C) 

MVTR* 

2 .38 
1.79 

15.5 

2.4 

8 .72 

6 .13 
7 .9 

0.70 
134 

219 
10 

1.9 
1.8 
8 .6 
9 .0 
0 .97 

0 .97 to 
0.45 
0.1 5 

0 .32 

0 .2 
0.46 

2 .97 
2.7 

14 

1 

Source 

Autonetics data 
Autonetics data 

Baer (Ref. 11) 
(39° C) 

Autonetics data 

Autonetics data 

Autonetics data 
Autonetics data 

Avisoun data 
du Pont 

du Pont 
FMC data 
Baer (39°C) 
du Pont data 
Baer (39°C) 
Dow data 
Dow data (1 mil 

film) 
Baer (39° C) 

Dow data (1 m il 
f ilm) 

Baer (2 mil 
sample 40°C) 

du Pont data 
Baer (40°C) 

Baer (40°C) 
du Pont data 

Union Carbide 
data (2 m il 
sample) 
Union Carbide 
data (2 mil 
sample) 

• (Moisture va por tra nsm ission ra tes in grams/ m i l / 100 sq . in . in 
24 hours) 

contaminants and the em1ss10n spectrographic re
sults. The silicone and fluorocarbon extracts, on the 
other hand, had comparatively low conductivities. 

It h as also been demonstrated (curves, p . 105) 
that the deviation from stoichiometry of the epoxy 
system affects the water extract conductivity. By 
stoichiometry is meant the exact proportions in 
which the res in and hardener will combine ac
cording to molecular equations. 

Electrical effects 

In one experiment, plastic coatings were applied 
to bare microdiodes. To study surface inversion, the 
diodes were then reverse biased a t elevated tem
peratures. Because of the high insulation resistance 
values for most plas tics (see graph on page 105), 
ohmic leakage throu gh the plastic coating was as
sumed to be negligible compared to the reverse 
condu ction current exhibited by the device. vVith 
some plas tics, however, such as the cast epoxy 

103 



Contaminants originating in epoxy plastics 

Ingredient 

Epoxy resin 

Curing 
agents 

Fillers 

Pigmen ts 

Solvents 

Flow 
co ntrol 
agents 

Fire 
retarda nts 

Types 

Epon 
828 
815(etc) 

Ethy lene 
diamine 
Di eth ylene 
triamine 
Polyamid es 
(Versam ids) 

Acid 
an hydrides 

Alumina 

Cabos ii 
Silica 

Titania 
Carbon blacks 
Calcium 
carbonate 

Ketones 
Esters 

Ethers 
Halogenated 
h ydrocarbons 
Toluene 
Xylene 
Al cohol s 
Cellosolves 

B ee tl e resins 

SR-82 
Butvar 

Antimony 
trioxide 

Synthesis I ingredients 

Epichlorohydrin 
Dichlorohydrin 
Al ly lchloride 
Propyle n e 
N a OH 
Bisphe no l-A 

Ace tone 
B en ze ne 
H CI or HBr 
catalys t s 
Phenol 

Sod ium 
orthosilicate 

Dich iaro-
ethy len e 
NH a 

Po lym eri zed 
vegetable 
Oil ac id s 
Pol yalkylene 
amines 
Polya lkylene 
chlorides 
Carboxy lic 
a cids 

U rea 

Silicone 
Poly vin yl 
butyral 

Arochlors Ch lorinated 

B rom inated 01 

chlorinated 
r esins 

p o ly ph e nyls 

Potential 
contaminant 

Cl -
H O Cl 

N a , + OH -
-C6H,-OH , 

N a , + OH -
(CH :ih C= O 
Cs H o 
H +, Cl - , H +, 
B r -
C6H o O - , H + 
C0 2 
H . o . Na +, 
CO a= N a + 
s;o,-• 

NH , +, Cl -

NH a 

RCOO - , H + 

Cl -

R(COO - , H +)2 

Al ., 
Si H 

Trace metal 
ion s 

Ti H 
c 
Ca ••. CO:i= 

(R h C= O 
R COO - . H +, 

RO - H H 

ROR 
Cl -

CsH oCH a 
c . H .(CH ,)2 
ROH 

NH , +, NH a. 
co . 
H 20, COa= H + 

Cl -

Br - . Cl -

This table should not be construed a s a comp lete li st of ing redients 
and co ntaminants . Potential contaminants are those constitu 
ents inh e r e nt in the material or, under som e conditions of tempera . 
ture. hydrolysis, or other stress, d er ivable from the material. 
Unreac ted or excess synthesis ingredients due to nonstoic hiometry 
ma y also act as co ntaminants. A li s ting o f fill ers and reinforce 
ments is g iven in reference 9 ; solvent and solvent combinations 
com monly used with epoxies are g iven in reference 10. 
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listed in the graph, ohmic leakage cou ld b e a factor. 
Polyethy lene is included in the graph for compari
son purposes; it is not a candidate for packaging 
semiconductor devices. 

In the diode experiments, technical-grade and 
specially purified epoxies ( employing molecularly 
d istilled reactant materials), ep oxies with stoichi 
ometric and nonstoichiometric ratios of resin to 
hardeners, and fluorocarbons ( TFE and FEP Tefl ons ) 
were applied to devices and cured according to 
vendors' recommendations. The devices were then 
subjected to 150°C hea t for va rying periods of 
time, with a reverse bias of 75 volts. After this, they 
were cooled to room tempera ture with the voltage 
removed. Changes in reverse current observed un 
der these conditions are tabul ated below. 

Similar plasti c-coated microd iodes were exposed 
to 95% relative humidity a t 160°F with a 75-volt 
reverse bias. Typical va lues of reverse current meas
ured after the diodes were removed from this at
mosphere are shown on page 108. 

The flu orocarbon-coated and silicone-coated di
odes genera lly exhibited smaller changes in reverse 
current than did the epoxy-coated diodes . How
ever, large changes in reverse current-from nano
amperes to microamperes-indicate that the com
mercial-grade epoxies tested contained sufficient 
amounts of ionic or other contaminants to affect 
the semicondu ctor. Also, the epox ies with non
sto ichiornetric res in-to-hardener ratios displayed 
high va lu es of reverse current. One or more high 
values or electrical opens occurred in each cate
gory; the latter were probably due to stress or 
mechanical damage rather than to impurities. 

In other studies,2 microdiodes coated with phe
nolic material exhibited high In ; both experimental 
results and theoretical considerations suggest the 
presence of large amounts of such impurities as 
ammonium ions. The table below shows that th~ 
reverse-current characteristic decreases after heal
ing for a time without electrical bias, presum-

How temperature affects reverse current 
of plastic coated diodes 

Coating 
systems 

Epoxy, stoichiometric 
purified 

Epoxy, nonstoichi
ometric purified 

Epoxy, stoichiometric 
technical 

Epoxy, nonstoichi
ometric technical 

Fluorocarbon. 
resin , FEP Teflon 

In itial 
reading 
In (na) 

@ 50v 

10 

9 

12 

12 

17 

IH (na) @ 
50v after 

20 hours @ 
150°Cand 
75v rev. 

bias 

548 

10 x 103 

237 x 103 

3 1 x 1Q3 

18 

In (na) ® 
50v after 
additional 

20 hours @ 
150°C no 
rev. bias 

14 

10 x 103 

121 x 103 

14 x 103 

16 
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Spectrographic analysis of plastics 

Sample Condition Metals detected Relative amounts 

Epoxy, Epon 828 As receiVed Copper, aluminum, magnesium Traces 
silicon, calcium 

Epoxy, Epon 828 Still res idue after molecular distillation Sil icon, Major 
Magnesium, aluminum, iron 

copper, chromium, calcium, 
manganese Traces 

Epoxy, Epon 828 Distilled, light molecular weight fraction Copper Trace 

Silicone, Sylgard 182 Cured Silicon, •• Major 
Titanium, magnesium Slight traces 

Sil icone coating, Cured Silicon Major 
DC 644 Copper, magnesiu m Slight traces 

Zinc Trace 
Silicone molding As received and molded Silcon, chromium Major 

compound, DC-305 Lead , titanium , nickel, copper, 
manganese, aluminum and 
magnesium Traces 

Iron, cobalt Minor 
Silicone gel coat ing, Cured Silicon Major 

DC·51 

Phenolic molding As received Calcium Major 
compound Magnesium Minor 

Iron, silicon, sodium Traces 
Copper, manganese, aluminum Slight traces 

Teflon , TFE Dispersion coating, fused Copper, magnesium Slight traces 
Teflon, FEP Dispersion coating, fused Copper, titanium, magnesium Slight traces 
Teflon, TFE Molded solid Titanium Slight trace 
Teflon, FEP Molded solid Copper, titanium, magnesium Sl ight traces 
Kynar Dispersion coating, fused Titanium, copper, magnesium Slight traces 

* Major, 5% or more; Minor, 0 . 10 to 5%; Trace, 0 .0 1 to 0 .10%; Slight trace, 0 .0001 to 0. 0 1 % (percentages are by weight of ash). 
** Silicon is a structural constituent of silicones and should not be considered an impurity. 
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PARTS METHYL NADIC ANHYDR IOE PER IOOPARTS EPON RESIN 

The ratio of hardener to resin affects the volume 
resisti vity of the plastic encapsulant. Technical 
reactants are commercial -grade chemicals; purified 
reactants are those that have been further purified 
to remove contaminants. 
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TEMPERATURE °C 

Volume resistivity of plastic coatings varies with 
the type of plastic . It decreases with rises in temperature. 
Molded epoxy gave results similar to the Sylgard 
182, and resistivities for a molded phenolic sample 
ranged from 10'0 to 10'0 ohm-cm. 
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Water extract resistivities 

Average 

ably because ord~red ions on the surface are mov
ing to a more random state. 

Material resistivity 

The excellent results with fluorocarbons may be 
attributed to these p lastics' inherently inert, s table, 
and symmetrical structure. In fact, TFE and FEP 

Teflons are unique among plastics in their purity , 
thermal and oxidative stability ( up to 500-600 F ) , 
chemical inertness, low rate of moisture perme
ability, and electrical stability.9 T eflon essentially 
has a zero temperature coefficient of resistance to 
tempera tures above 200°C , in contrast to the high 
nega tive values of most plastics. 

(ohm-cm) X 1oa 

Epoxy-anhydride-epoxy coating. . . ... . 9.0 

Epoxy molding compound. .... . ... . ... 107 

Phenolic molding compound ...... . ... 4 .7 

Alkyd -silicone coating (DC 1400)... . .. 11.5 
Alkyd·silicone coating, Vendor A .. .. . . 
Alkyd ·silicone coating, Vendor B . . . . . . 

Methyl·phenyl silicone coat ing . . .. . .. . 
Silicone molding compound (DC 305) . 

Silicone molding compound (DC 304). 
Sil icone (Sylgard 182) .............. . . . 
Silicone coating A . ..... .... . ... .. . .. . . 

Silicone coating B ..... . .•.. . .. .. ... .. . 
Silicone coating C ................ . . .. . 
Silicone gel coating, DC-51 .. ..... . . . . . 

TFE, Teflon, dispersion coating . . .... . 
TFE, Teflon , molded solid . . . .... . . .. . . 

FEP, Teflon, dispersion coating . ... . . . 
FEP, Teflon, molded solid .. .. . . . . ... . . 
Kynar, dispersion coating ............ . 
Kynar, solid . .. .. ... ... ... .......... .. . 
Distilled water (control) .. .. ...... ... . . 

14.7 
65 

270 
155 
290 
195 
60 

180 

190 
360 

93 
350 
177 
198 
212 
335 
732 

MOS studies 

Discre te metal oxide semiconductor devices and 
MOS integrated circuits containing a number of 
functional i\WS elem ents have been plastic-coated 
and tes ted to evaluate the space-charge mechanism 
described on page 102. Dual MOS transistors without 
diode-protected gates or surface passivation were 
mounted in T0-5 cans without lids and were coated 
with a variety of silicones. Among the parameters 
measured were those identified in the table on the 
opposite page as "failure indicators." 

\Vhen attempts were made to apply Teflon plas
tics to M OS devices , the high temperatures-500°F 
to 700°F-needed to fuse the fluorocarbon particles 
raised havoc. Interconnection-bond failures were 
probably caused by purple plague or, more gen
erally speaking, by the formation of brittle gold
aluminum intermetallics due largely to the h eat. 

Plastic semiconductors: like glued-together automobiles? 
Caution urged by users such as Autonetics is shared by some 

device manufacturers; others back their confidence in plastic 

with guarantees to meet military specifications 

The new tests performed by 
plastic-device manufacturers may 
he valid , concedes Rogers, but they 
are different. " Suppose someone 
marketed an automobile that was 
put together with Elmer's glue, and 
published data to show that it was 
as good as a welded car. You 
might believe the data-but would 
you buy the car?" 
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The trend to non hermetically 
sealed device packages seems ir
reversible-even for highes t-relia
bility military and aerospace ap
p lications . 

Last month, both the Signetics 
Corp. and Motorola Inc. announced 
that they have accumulated suffi
cient data to guarantee their dual 
in-line plastic-packaged integrated 
circu its over the full military tem
perature range, -55°C to + 12.5°C. 
In this regard they join Texas In
struments Incorporated, who as 
long ago as last August was extra
polating the resu lts of 2 million 
hours of transistor testing to sug
gest that plastic-covered 1c's could 
meet the military specification . 

Today, says n 's manager of IC 

quality con trol, James Adams, " we 
are getting many requests for plas
tic 1c's over the full military tem
pera tu re range." 

Negative vote. Tending to agree 

with those equipment manufac
turers who remain skeptical of the 
reliability of plastic packages in 
unlimited applications, Fairchild 
Semiconductor, a division of the 
Fairchild Camera & Instrument 
Corp., fil es a dissenting opinion 
among vendors. Says Fairchild's 
quality control manager, Bryant 
Rogers, "We onl y build plastic 
packages fo r certa in markets
primarily industrial and consumer." 

Rogers acknowledges that com
petitors have published some im
pressive test resu lts on the per
formance of plas tic-packaged 1c's. 
"The trouble lies ," he says, "in 
correlating those figures with con
ven tional tests. He1meticity gives 
a figure of merit for the predictable 
life of 1c's, but you can't test for 
he1meticity where there is no void . 
Tests of the plastic package have 
a different criterion, which you 
can 't yet correlate with the old." 

For Fairchild, the question of 
plastics is in some respects moot, 
since it is banking on a flip-chip 
dual in-line package [Electronics , 
Mar. 6, p . 153] to reduce costs. 
Plastics cost just as much as cer
amic, Fairchild insists. "The flip
chip ushers in a new era of re
liability," says Rogers, "which will 
exploit automatic assembly tech
niques to cut costs." 

Inner sanctum. New methods of 
passivating the semiconductor chip , 
such as the silicon-nitride approach 
pursued by Bell Telephone Labora
tories and others , may be fore
runners of techniques that will get 
to the hea1t of the device and 
make the purity of additional pro
tective coatings not at all critical. 

What vendors claim for todav's 
devices depends partiall y on the 
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Test results for silicone-coated MOS transistors ·~ 

Coating 

Controls 
(uncoated canned ) 

Coated, 
Silicone A 

Coated, 
Silicone 8 

Coated, 
Silicone C 

Coated, ** 
Silicone dielectric gel 

• Static tested 125°C, 150 mill iwatts. 

Number of failures 

Sample size After 77 hours Additional after 
1000 hours 

10 none none 

7 2 1 

13 none 2 

7 2 1 

10 none none 

Failure indicator 

After 7} hours After 1000 hours 

Vw.i GS 2 failures Vcthl GS 1 failure 
BVnss 2 failures BVDss 1 failure 
f 1JSS 2 failures fnRS 1 failure 

V,,,, l GS 1 failure 
BVDss 2 failures 
I Dss 2 failures 

V cthlGs 1 failure V <thl Gs 1 failure 
BVnss 2 failures BVDss 1 failure 
I Dss 1 failure IDss 1 failure 

•• Gel -coated d evices were subjected to an additional 1,000 hours of temperature-power stresses to complete a tota l of 2,000 hours without 
in -test failures . Three in-test failures occurred among the controls toward the end of this second 1,000-hour period . 

This wasn ' t a problem in the other tests where 
fluorocarbons w ere applied to diodes, b ecause more 
thermally stable gold-silicon bonds were employed . 

Notable exceptions were d evices coated with a 
silicone dielectric gel ( DC-51) ; in these cases, 
20,000 socket hours were achieved without any in
test failures. Although some failures cropped up in 
the control units, none occurred with the units 
coated with DC-51. This can b e attributed to the 
coa ting's high d egree of purity, evidenced by low 

\Vhile tes t results indicated little initial reaction 
to the encapsulant, m any silicon e-coated devices 
operating in a s tati c life tes t a t 125°C with power 
applied fail ed a t about 70 hours. 

kind of plastic used . The Signet
ics Corp.'s mil spec package is 
all silicone, but it is made in two 
layers . The company first tried an 
epoxy outer layer, but switched to 
the s ilicone because it provided 
better resistance to moisture and 
made a better thermal match with 
the initial silicone layer. 

T1 uses a single-material epoxy 
system that, like the Signetics 
package, is transfer molded . Mo
torola has a two-layer system but 
won' t disclose the materials used . 

RCA , after expressing some 
doubt about the need for plastic 
1c packages [Electronics, Sept. 5, 
1966, p. 38], las t month announced 
plans for 1c's in silicone packages. 

Bandwagon. Companies such as 
Sylvania Electric Products Inc., a 
subsidiary of the General Tele
phone & Electronics Corp., and the 
Transitron E lectronic Corp., who 
have experience with discrete semi
conductor components in plas tic, 
p lan to market plastic ic's . 

Transitron envisions a May or 
June introduction of a line of epoxy
encapsulated re 's. Edward Shau t, 
the firm 's 1c product sales manager, 
says : " \Ve aren ' t promoting them 
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fo r military use, but if they turn 
ou t the way we expect them to, 
they will be reliable e nough for 
mil itary equipment. " 

Sylvania, too, plans to put inte
grated circuits in epoxy packages. 
Roger Swanson , marketing man
ager fo r the company's semicon
ductor division, says: " Except for 
the extreme reliability required for 
missiles and some other aerospace 

-uses , epoxy packages appear to 
be adequate for most semiconduc
tor applications, and in fac t are 
being des igned into computer, in
dustrial, and consumer gear." 

Mufti or military? At least one 
vendor is surprised that aerospace 
equipment manufacturer would 
consider plas tic. " If you're going 
to buy junk, you're going to get 
junk," he declares. " For military
grade equipmen t, you just don 't 
use it. " 

But, n 's Adams feels such com
ments refl ect the " emotion that 
was prevalen t in 1961." There was 
some trouble with plastic pack
aging in the early 1960's, he says , 
" but great strides have been taken 
since then in both materials and 
methods .'' 

E ngineers at Autonetics plan to 
conduct physics-of-failure studies 
of plas tic-packaged devices to ex
plain anomalies observed in earlier 
tes ts, rather than to intensively 
study the purity and properties 
of the plastics. The plastics will, 
however, be categorized with re
spect to known or probable im
purities and their concentrations. 

Such information could be ob
tained from chemical analysis, 
manufacturing-process data, or es
timates of rates of likely deteriora
tion modes . Also useful , Autonetics 
notes , is information from degrad a
tion studies being carried out for 
space applications , such as data 
on plas tics in an oxygen space
capsule atmosphere ' and on radia
tion effects .2 But Autonetics cau
tions that potentially harmful levels 
of impurities may not be detectable 
with present instruments. 

References 
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Interactions i n Space Flight Systems," 
SAMPE Journal, June 1966. 

2 . R. Bolt and J . Carroll, "'Radiation 
Effects on Orga n ic Mat eria ls,"' Academic 
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water-extract conductivity and the absence of 
meta llic impurities in spectrograph ic analysis. Since 
the material is also very soft , it imparts little stress 
to devices in the curing process. Because of its 
softness, though, it requires the use of an auxiliary 
rigidizing plastic to complete the package. 

Because such characteristics as dipoles in the 
molecule or the plastic's adhesion to the devices 
may contribute to the deterioration of electrical 
parameters, no one property in the other silicone 

How humidity affects reverse current 
of plastic coated diodes 

I, (na) @ 50v 
In it ial I, after 96 hr @ 

Coating Condition (na) @ 160°F &95% 
systems 50V RH , 75v rev. 

bias 

Epoxy- Stoichio- 8 11 
anhydride* metric 8 7 

purified 8 9 
6 5 
8 8 . 

11 12 

Epoxy- Nonstoichio- 10 10 
anhydride metric, 8 7 

purified 13 8 
11 69,000 

Epoxy- Stoichio- 10 9 
anhydride metric, 8 9 

techn ical 9 Open fa ilure 
13 650 

Epoxy- Nonstoich io- 9 9 
anhyd ride metric, 11 9 

technical 10 193 
16 Open fa ilure 
12 199 
14 11 

Fluorocarbon , Dispersion 11 8 
FEP Teflon ** coating 12 12 

8 8 
32 13 

9 9 
17 19 

Fluorocarbon, Dispers ion 8 8 
Kynar coating 10 10 

52 45 
17 13 
15 16 
15 15 

Silicone, Dispersion 14 15 
elastomeric coating 20 17 
room tempera - 14 1 5 
atu re cu ring 13 9 

19 18 
9 8 

l.16x103 Open failure 

Uncoated Not applicable 9 Open fa ilure 
6 Open failure 

•All epoxy-anhyd ride sy stem s w ere c u r ed 16 hours at 248"F 
followed by 1 hour at 356°F. 

... Three thin coats were u sed with fusion at 575°F for 5 minutes 
after each coat. 
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coatings can be confidently designated as the prin
cipal cause of fai lure. However, it's noteworthy that 
none of the other three silicone coatings tested ex
hibited the high purity and resistance to mechanical 
stress of the DC-51. 

Recommendations 

Preliminary tests of the interaction of epoxy, phe
nolic, silicone, and fluorocarbon plastics with semi
conductor devices under various environments have 
indicated that contaminants inherent in or gener
a ted by the plas tics can affect device performance. 
Therefore plastics must be classified with respect 
to contaminants in resins, hardeners , and formula
tion ingredients, and in terms of their probahle 
effects on semiconductors. 

To assess the effects of molecular polymer struc
ture and polarity on semiconductor parameters, 
ultrapure polymer types will have to be prepared . 
The task requires new or refin ed ultramicroanalyt
ical methods. 

For the packaging of high-reliability, long-li fe 
military and space devices, a more fundamental 
understanding of plastics' characteri stics and thei r 
effect on electrical parameters is necessary. 

Epoxies or si licones may well be satisfactory for 
the outer rigidizing coating, which also provides an 
additional barrier to ambient moisture and con
taminants. In this case, the inner barrier shonld 
probably be a high-purity fl exible coating. How
ever, until long-term exposure data is acquired on 
the transmission of impurities to the semiconductor 
through the fl exible inner coating, caution should 
be employed in using such packages for high-reli 
abi lity, long-life applications. The ideal, of course, 
wou Id be an u ltrapure material for both the surface 
coating and encapsulant. 

However, the purity of the initial p lastic layer 
may become less important as improvements arC' 
made in the integrity of the pass iva tion layer and 
as more reliable passivation ma terials and tech
niques are developed. 
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IMMEDIATE DELIVERY 
FROM STOCK 

~·-··~~ ................ .., ... .... - ................. ~,~~ SINGLE RANGE 
... TUNING 

1 0 µV-1 V F .S .D . 

TYPE USVV 

SELECTIVE MICROVOLT/ AMMETER 

FEATURES: 
• Single range tuning covers 

30-480 MHz 

• Measure Voltage: 10PV to lV f .s.d. 
( - lOOdB to + 2d8) 

• Measure Current: Clip-on current 
probe (optional , 30-300 MHz) 
l>'A to lA, f .s.d. 

• AFC provides lock-in range, 
± 100 kHz 

• AM/ FM detection with bandwidth 
of 20 & 300 kHz 

• Frequency Response : ± ldB to 
350 MHz, ± 2dB to 480 MHz 

• IF, recorder, phone outputs 
prov ided 

• Retransm itting potentiometer (op
ti ona l} f or ind icat ion of freque ncy 
sett ing 

• Internal reference makes unit self· 
ca librating 

TYPE USVV SELECTIV ITY 

Bandwidth 2 0 kHz 

dB 

-60 - 40 - 20 f o + 20 + 40 + 60 kHz 

Type USVV Selective Microvolt /ammeter 
is continuously tunable over t he wide 
frequency range of 30-480 MHz. High 
sensitivity and selectivity are outstand
ing features of this superheterodyne 
receiver with direct indication in volts 
and decibels. AFC provides a lock-in 
range of ± 100 kHz. Voltage measure
ment range is from lOµV to l V, f.s.d., 
with accuracy of ± 3% (referred to 
200 MHz). Type USVV also features two 
selectable intermediate frequency band
widths of 20kHz for AM and 300 kHz 
for AM / FM. Measurements with a 500 
Hz bandwidth can be made by con
necting IF output to R/ S Type USVH 
Selective Microvoltmeter. Applications 
include: attenuation and gain measure
ments on four terminal networks, as a 
null indicator for slotted lines, meas
urement of distortion and modulation, 
for determination of directional patterns 
and power gain of antennas, and analy
sis of components in a complex signal . 

Get The Extra Capability, 
Greater Reliability, and 
Longer Useful Life Of ••• 

~ ROHDE & SCHWARZ 'QI" 111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 • (201) 773-8010 

Inq u iries ou tside the U.S.A. should be directed to Rohde & Schwarz, Muehldorfst rasse 15, Munchen 8. West Germany 
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Mounting, connecting and 

Solder to Terminals Use Quick· Connectors Plue into P.C. Board Socket Mount 

maintenance are easier 

Terminals Through-Chassis Terminals Above Chassis Octal Style Plug Socket for Std. Terminals 

with OH MITE GPR relays ... 
EXCLUSIVES 

I -
Exclusive Enclosed 4·Pole Unenclosed 4-Pole Exclusive Enclosed Latching Unenclosed Latching 

5 & 10-amp contacts ... catalog 700 
RHEOSTATS• POWER RESISTORS• PRECISION RESISTORS• VARIABLE TRANSFORMERS• RELAYS 
TAP SWITCHES • TANTALUM CAPACITORS • SEMICONDUCTOR DEVICES • R.F. CHOKES 

OH MITE 
110 Circle 110 on reader service card 

MANUFACTURING COMPANY 
3610 Howard Street • Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 
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Advanced technology 

Taking cryoelectric memories 
out of cold storage 

A new loop cell operating in a new memory organization renews hope 

for a low-cost, high-speed cryoelectric mass-storage 

medium to replace magnetic disks and tapes 

By Robert A. Gange 
Radio Corp. of America, Elect ronic Components and Devices Division, Princeton, N.J. 

Successful operation of a 14,000-bit cryoelectric 
memory system that combines a new memory ele
ment and a new organization once again thrusts 
cryoelectrics into contention as a means for attain
ing a fast, large, low-cost memory. The twin de
velopments shou ld serve to bring new emphasis to 
a .Seld that has suffered from a marked decrease in 
interes t during the past few years . 

Although many cryoelectric memory elements 
have been developed in the past, none led to a 
full-scale memory system. There are three major 
reasons why success has been so elusive; the mem
ory elements weren't able to take wide ranges of 
dimensional tolerances, little work was don e on de
signing the optimum memory sys tem, and the 
address decoding trees were built as cryoelectric 
switching elements instead of normal, room-tem
perature decoders. The new system either avoids 
or overcomes these obstacles. 

The .Srst experimental model of the new system 
uses four cryoelectric memory planes to provide a 
cycle time of 4 microseconds, ± 10% tolerance on 
drive currents, and operates in a Dewar Rask at 
liquid helium temperature of 3.5°K. Each plane 
measures 2 by 2 inches and contains 6,000 bits at a 
density of 6,500 bits per square inch, although 
a total of only 14,120 bits are actually used in the 
sys tem. A 250,000-bit plane with 13,200 bits in2 

density now is being assembled to serve as the 
basic building block of a larger sys tem. The success 
of the experimental sys tem thu s points the way 
toward sys tems as large as a billion bits. The eco
nomics of a memory of this size is feasible be
cause of low-cost storage and savings in driving 
circuitry. 

The memory elements are constructed to have 
no cell -to-cell interaction, provide adequate sense 
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signals, and operate in a cryoelectric mode which 
does not depend on a critically small film thickness 
for success. The structure of the cell is a loop with 
one side placed over a hole in the ground plane. 

Loop cell stores current 

The loop cell consists of four in sulated thin-film 
metallic layers deposited on a glass substra te. The 
.Srst layer deposited on the substrate is a lead (Pb) 
ground plane into which holes are e tched (one hole 
per loop cell ). Following an insulation layer, a tin 

DIGIT I 
SENSE LINE 

HOLE I N Pb 
GROUND PLANE 

GLASS 
SU BSTRATE 

Typical loop cell has four superconductive layers 
separated by silicon monoxide insulating layers (the 
insulating layers are omitted for purposes of clarity) . 
The hole in the ground plane produces more inductance 
in the portion of the loop which crosses over it than in 
the other three sides of the loop. The flux produced 
by current flowing over the hole is trapped in the loop 
and causes a circulating current, which corresponds to 
a stored logic binary 1. 
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Operation of the loop cell: the A and B line current 
pulses switch two portions of the loop to the resistive 
state, forci ng the digit current to flow through the 
high inductance path over the hole in the ground 
plane. When the A and B currents go to zero, the 
resistance disappears and the flux set up by the 
digit current causes a circulating current to f low in 
t he loop. The circulating current corresponds to 
a binary 1. The contents of the cell can be read on 
the leading edge of the A and B current pulses. 
If a current is stored in t he loop, the resistance 
caused by the A and B currents force it to decay 
to zero, inducing a voltage in the digit-sense line. 

digit strip, or sense line, containing the rectangular 
loops is laid clown. Three s ides of the loop project 
from the sense line. The fourth side of the loop 
crosses over the hol e in the substrate. Two lead 
(Pb) drive line layers then are deposited over an 
insu lat in g layer that covers the layer containing the 
loops. The drive lines A and B are s11perimposecl, 
in line and insulated , as they cross the loop perpen
dicular to the sense line about midway between 
the sense line and the outer edge of the loop. 
Cmrcnt in these drive lines will switch part of the 
loop to the res istive state. 

The inductance of the path that crosses the hole 
is higher than the inductance of the path formed 
by the other sides of the loop that pass over the 
ground plane. 
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A bin ary 1 is wr itten in to a cell by applyin g 
selec t currents to the A and B lin es and a digit 
cu rrent to the sense l ine and then removin<T the 
select cu rren ts before removing tlw digit cu~rcn t. 
The followin g events occur in sequ ence: 

The select currents switch the tin to the res istive 
state, and the digit current fl ows through the high 
indu ctance path over th e hol e in the ground plane, 
where it sets up a flux in the loop. 

\ Vhen the select currents are removed, the low 
indu ctance path return s from the res istive to the 
superconducting sta te. 

The Au x produ ced bv the digit current pass ing 
through the high indu ctance zero res istance path , 
however, is trapped in the loop. 

vVhen the digit current is removed, a circula ting 
current is es tablished in the loo p, which corre
sponds to the binary 1. 

Readout is obtained by monitoring th e voltage 
across the sense line during the leading edge of the 
select current in the absence of a digit current. 

If a 1 had been s tored in the cell , the sudden 
change to the resis ti ve sta te would cause the cir
culatin g current to decay to zero and a voltage 
would be indu ced in the sense line as the fl ux in 
the loop collapses. 

Hybrid organization 

The new hybrid sys tem enh ances th e funda
mental advantages of cryoelectric memories over 
those of conventional ferromagnet ic core memory 
system. The rela tively high indu ctance of the mag
netic core memory's drive lines and cell s is con
du cive to noise and necess itates repetition of the 
electronic hardware as the bit capaci ty of the sys
tem is increased. In addition , the number of bits 
a single decoder may drive decreases with faster 
cycle time. 

In the cryoelectric hybrid sys tem, essential for 
this applica tion rather than the word and bit-organ 
ized sy~tems , th e substantiall y perfec t diamagn etic 
property of metals in the su perconclu cting sta te 
res ults in negligible indu ctance of the drive lin es 
even in very large bit capacity memories, and it 
also effec tively eliminates all interaction and noise 
on the substrate. Thus, only one pair of decoders 
and drivers is required for the entire hybrid sys
tem. The decoders and drivers are quite modes t in 
size and complexity, and the reliability of the elec
tronics can be made very high . The isolation b e
tween cells and high signal-to-noise ratio at the 
subs trate permits the unambiguous detection of 
sense signal levels of very low energy contC'nt, 
which in turn permits very high cell packin g 
density. 

The cell' s energy density, however, causes inter
dependencies among the system components which 
arc not present in the conventional , rather large 
storage elements. Therefore, both the cryoelech·ic 
ce ll s and the system in which they are to operate 
w0re developed together. 

In the hybrid (word-bit) sys tem, the select drive 
lines are designated as A and B lines. A memory 
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cell or storage loop exis ts beneath each A an<l B 
line intersection. The A drive lines arc seriall y 
interconnected from plane to plan e in the stack. A 
single A decoder, functioning at room temperature, 
drives a select A line through all the planes of the 
stack. Only one A decoder is required because of 
the negligible inductance of the drive lines. 

The B drive lin es intersect the A lines many 
times on a plane, requiring few B lines per plane for 
a large bit capacity. The selec tion of a particular 
A and B line results in the simultaneous activation 
of a number of bits on a p lane, which constitute 
an entire word. The number of digits in the word is 
equal to the number of intersections of any A line 
with any B line on a plane. The B lines on each 
p lane are grouped into digit segmen ts and are inde
pendently conn ec ted to a decoder at room tempera
ture. 

The B line digit segments identify memory cells 
common to a given digit of all the words on the 
p lane. Each of the storage loops common to a given 
digit on a plane comprises one digit s trip. There-

PLANE r At 

DI GIT I SENSE STRIP 

\ 

f 
h 

82 I:! 
8 83 

p 

8 4 e 
µ 

fore, th e numb.er of digit strips on a plane is crp 1al 
to the number of digit segments or di gits of a word. 
The output of all di gits of a selected word simu ltan
eously appears across the term in als of the digi t 
strips of the selected pl ane. Each plane, then, con
sists of a number of words equ al to th e produ ct of 
the number of A and B lines. 

A given number of digit s trips, one per p lan e, 
and common to a given digit of the word, a rc con
nected in series and across the primary of th e 
outpu t tran sformer. \ Vrite current is applied serially 
to th e group of digit s trips associated w ith a com
mon digi t. Th e sense signal output from any one 
of th ese digit strips appears across th e primary 
winding of th e sense output transformer. Since on ly 
one Bline is ac tivated, for a given address, only on e 
of these digit s trips is activated during a given read 
in terroga ti on . 

The hybrid sys tem provides for a length of digit 
s trip sub stantially shorter than in other m emory 
organiza tions, wh ich increases the yield and reduces 
the sense output signal a ttenuation and the write 
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A2 A3 A4 

,.--7f---------- TO DIGIT 1, 
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MEMORY CELL AT EACH 
A- 8 INTERSECTION 

Conductor arrangement for t he hybrid memory organizat ion is shown for a hypothetical 16·word, 4-digits-per-word 
memory plane. Shaded areas represent the four digit s of the words. The fou r digits of a particular word 
are located by the four intersections of a particular A line and a particular B line; lines A. and B" are shown 
as an example. One digit -sense strip is used for each digit area. Thus, if a binary one were stored in 
each of t he A:,-B" int ersect ions, each of the sense lines would produce a simultaneous readout. 
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Cryoelectric memories: will they finally make good? 
RcA's success with a cryoelectric 
memory comes at a time when 
there is a greater need than ever 
for a fast mass store to replace 
magnetic tape and disk memories. 
Software costs-now greater than 
hardware costs-could be de
creased greatly, since much of the 
software is devoted to shuf
fling information back and forth \ 
between the main core memory 
and the large, slow, tape or disk 
memory. With a high-speed mem-
ory as the mass store, these soft
ware costs might be cut by as 
much as 10: 1. Further, computer 
through-put could be increased 
with a corresponding decrease in 
cost per computation . 

A high-speed mass store would 
also find ready use in information 
switching, where data arrives at 
a central location from m.any 
sources, is stored , and then is re
transmitted . Though the individu al 
data rate on each line is only mod
erate, the total rate of data assimi
lation by the memory in thi s appli
cation is quite high . 

The new loop-cell cryoelectric 
memory is the latest, most prom
ising development in the long, 
checkered history of superconduc
tivity and its application to com
puting techniques. 

Author Ga nge examines a 250,000 bit cryoelectric memory 
plane arranged in 64 modules of 4,096 bits each. Studies 
indicate that is feasible to build a 108 bit memory using 

Buck's cryotron. The first appli
cation of cryoelectrics to compu ter 
elements occurred during the early 
1950's when Dudley Buck, an en
gineer at the Massachusetts I nsti
tute of Technology's Lincoln Lab
oratory, developed a resistance 
switch, which he labeled a ''cryo
tron " .1 It consisted of a piece of 
superconducting tantalum wire op
erating below its critical tempera
ture of 4.4 °K, about which was 
wound a coil of superconducting 

512 of these planes operating in a coincident-current , 
random-access mode and wit h microsecond cyc le t imes. 
Successful operation has already been obtained with smaller, 
6,000-bit planes operating in a 14,000-bit cryoelectric 
memory. The planes are arranged in stacks and operated 
at liquid helium temperature, 3.5° K. 

noise. The hybrid system, since it is of modular 
cons tru ction, also permits the memory to b e evalu
ated plane by plane instead of in a complete stack. 
Thus the stacks can be designed for complete 
plane-to-plane isola tion in stead of forcing a des ign 
where memory cell s on different planes must oper
ate simultaneously with no interaction. 

Cryotrons eliminated 

The use of room temperature decoders endows 
the sys tem wi th many advantages over a sys tem 
that uses cryotron decoders. First of all, if the 
cryotron decoder is built on the same substrate as 
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the memory cell s, it is diffi cult to evaluate them 
separately. Idea lly, the d ecodin g tree should be 
evaluated with a fully checked out memory plane 
and vice versa. But w ith cryotron decoders, they 
are su bs tantially inseparable. 

\Vith the cryotron decoder, the address currents 
and the cell drive currents are sent down into the 
Dewar fla sk to the decoding tree. One address line 
is u sed for c-ach digit of the address . The d rive 
currents are controlled by the address currents in 
the cryotron tree and routed to the proper cell in 
the plane. The address currents run serially from 
plane to plane and since many cryotrons must be 
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niob ium whose magnetic Reid 
switched the tin from the supercon
ductin g to the resistive state. The 
major disad vantage of the device, 
however, was its slow speed , 
caused by the long time constant 
associated with its high induc
tance-to- res istance ra tio, and the 
long thermal recovery time of the 
tantalum. 

Soon the reafter, a thin Rim ver
s ion of the cryotron was proposed 
in which the inductances of both 
the control and the switched ele
men t were substantially reduced b y 
the proximity of a superconduct
ing ground plane. Difficulty in the 
vacuum deposition of thin Rims of 
tantalum and niobium soon brought 
abou t a change to tin and lead. 

~ [ an y thin film memory devices 
were proposed during the 1950's, 
bu t each appeared to suffe r from 
one or more serious problems , 
w hich , when solved , resulted in a 
c ryoelectric system with minimal 
adva ntages over existing magnetic 
memory systems. A further obstacl e 
to researchers was the lack of a 
comprehensive theory of supercon
d ucti vity. 

BCS theory. In December 1957, 
Bardeen, Cooper, and Schieffer, of 
the Uni versity of Illinois published 
their now celebrated " ncs" theorv 
of superconductivity in which th~ 
phenomenon's re lationship to basic 
solid state theory was defin ed , and 
bas ic material parameters were re
lated meaningfully to observed 
constants.~ This perspective of the 
su pe rconductin g phenomenon led 
to an understanding of the behavior 
of \'e ry thin superconducting Rims 
in response to normal components 
of applied Reid , such as occurred 
a long the ed ge of the cryoelectric 
cell. 

Sheet memory. In 1960, Burns 
and hi s coworkers at the Radio 
Corporation of America Labora-

torics published a paper descr.ib
ing outstandin g performance char
acte ristics of a "continuous sheet 
memory, which was void of 
edges .': Jn the period between 
1960 and 1964 many in vestigators 
both here and abroad a ttempted to 
develop a practical memory of this 
type. H owever. the performance 
could not be systematically repro
duced , espec ially over large areas 
due to fo rmid ahle materi al prob
lems. \Vork in the area of super
conducti ve ra ndom access mem
ories substan tially declined there
after. 

Nonlocal mode. Cange and his 
grou p made a sobe r appraisal of 
the developments between 1954 
and 1964 and saw a characte ristic 
essen t iall y· common to the many 
d iverse approaches; the d evices 
operated in a " loca l" mod e, whe re 
the c11rrent dens ity at every point 
is d irectl v re la ted to the magnetic 
fi e ld at th at point. or is " locall y" 
related to the field . The c rite rion 
fo r operation in this mod e is tha t 
the magnetic field penetration 
depth must be greate r tha n the dis
tance between two bound elec
t rons. which travel as a pai r 
th ro ugh the superconductor . If the 
film is thi n, then th e supercon
ductor will operate in this mode. 

l n such a mode, however, the 
opera t ing current levels are indi
rec tl y dependent upon such factors 
as gra in s ize and orienta tion , im
purity concentration and type, film 
thickness. dislocations, vacanc ies , 
inte rst itial atoms, and point de
fec ts. At the sta te of the a rt which 
ex isted at that time (and which 
still ex ists) it was impossible to 
control these parameters to the 
extent necessary for the rea lization 
of a practical memory and the re
fo re the cells had uniform electri
cal characte ristics . 

Thus. in 196"1, an operatin g 

mode which depended onl y on the 
g ross bulk mate rial properties was 
seen as a requirement for achiev ing 
a practical cryoelectric memory. To 
operate in this " nonlocal" mode, 
it is necessary to ensure a fi lm 
thickn ess la rger than th e separa
tion between two bound electrons . 

However, th e film thickness can
not be incliscriminantl y large or 
the inductive time constant of the 
device will be excess ive cl11e to th e 
sma lle r res tored resistance , ·al11e. 
This film thickn ess requirement 
necess itated th e re introduction of 
stru ct11re to the element to ens11re 
flu x trapping , and a photolitho
graphic fabri cation technology to 
ensure reasonablv svs tematic elim
ination of tape red film edges , 
which would cause local-mod e op
eration. 
Hybrid organization. Because of 
the difficulties w ith the earlie r 
memory cells , the memory organ
izations were ne\'e r full v evaluated . 
Afte r des igning a n~w memory 
cell th at operated with wide to l
erances, Cange, workin g w ith J .J . 
Carrona, manager of the cryoelec
tric dev ice laboratory, and eng i
nee rs H.C . Scheible, E.M . Nagle 
and J .F . Thompson, developed the 
new memory organization. 

The wo rk was partia ll y s pon
so red bv the Air F orce s,·s tems 
Comn1<1;1Cl , \\' right-Patters~n Air 
F orce Base, Ohio. 
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which are eventuall y used to store the data. switched, the address currents must be large 
enough to switch the poores t cryotron. 

F or example, if the planes \·vere made up of a 
ma trix of 1,024 b y 1,024 bits, then 10 address cur
ren ts would be needed for the A d irect ion and 10 
for the B direction. Two drive cu rrC'nts per plane 
would be used, one for A and the other for B. The 
address currents s teer the drive currents on the 
subs tra te, and therefore mus t be much larger than 
the drive currents. In turn , the dri ve cu rren ts con
trol the digit currents in the individual cell and are 
st ill la rger. Thus, the address cu rrents end up bC' ing 
many times larger than the currents in the cells 

This cau ses interaction between the cryotron tree 
and the memory cells close to the h·ee, and toler
ances on the cell operation arc affec ted. The address 
current must be high enou gh to assure switching 
the weakes t cryotron in the tree common to a g iven 
address. At these high levels, the address currents 
will start to switch imperfec tions in the lead film as 
they pass over the imper fec tions through the cryo
tron decoder tree. The flu x produced by the high 
currents will also couple into the memory cells and 
disrupt operation. At high current levels, the gen
eration of hea t can a lso cause undes irable thermal 
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switching of the cryotrons, which is particularly 
difficult to detect during check out of a memory 
plane. 

Additional current tolerance losses are in curred 
b ecause of the indu ctive division of currents in 
th e cryotron tree. At the fir st in stant of current 
application to the tree, the current inductively divi
des among th e branches and , as resistance is intro
duced in the unwanted paths , indu ctively decays 
and collects in the desired path . The time constant 
for this in a cross film tree is in the 20-microsecond 
range, so the cycle tim e is in the 60 to 80-µsec range, 
which would be unacceptable for the high-speed 
mass store originally intended for th e memory. The 
time could be decreased by putting more drive cur
rent into the apex of the tree but extra current 
might be so high as to cause partial switching of 
the undesired cell s. 

\Vith room temperature decoders , we can reduce 
the heat load on the cryogenic refrigerator, we 
can increase th e number of memory cells on the 
plan e with the space we gain, we can redu ce the 
cycle time since we will not have to "vait for the 
decay of the drive current to switch the cryotrons, 
and we can make significant cost reductions through 
redundancy techniques on the plane not heretofore 
applicable. vVe also can increase the plane yield 
because fewer film layers are required. 

The absence of the decoders from the substrate 
redu ces the number of decoding elements by two 
or three orders of magnitude and also redu ces eval
uation cos ts . Thermal requirements of the system 
are also greatly reduced. 

Ambient decoders cut heat 

Although room temperature decoders require 
many more lines to enter the Dewar Bask, only a 
few lines are carrying current at a time, and the 
currents are quite low compared with the high cur
rents used with the cryotron decoders . Th e FR loss 
thus is negligible. 

For the lines into the Dewar Bask, a conductor 
material having a low thermal conductivity and an 
electrical resistivity that is not excessive is desir
able. Of the materials considered, lead appears to 
offer great promise. Lead's thermal conduc
tivity is only about 10% of copper's. Although its 
electrical resis tivity is higher than copper by a 
factor of 10, the total resistance of a conductor is 
only a few ohms. 

As an example, the over-all thermal requirements 
of a 108 bit memory system have been evaluated 
assuming lead conductors of 10-mil width, and 3 
mil, 1 mil, and 0.33 mil thickness, respectively, 
between the three heat-exchanger staging tempera
tures of 300° to 90°, 90° to 15°, and 15° to 3 .. 5°; 
lengths of 25 cm, 35 cm, and 35 cm were assumed, 
respectively, between the same staging tempera
tures. With A and B line currents of 100 milliamps 
and a sense-line current of 20 ma, the load for each 
heat exchanger due to lead-ins is 81 mw, 443 mw, 
and 4.50 w , respectively, at 3.5°K, 15°K, and 90°K 
heat stations, which is well within the present state 
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of the art for cryogenic refrigerators. The FR h eat 
including nonsupcrconducting contacts is calcu
lated to be 4.2 mw. Thus , with a hybrid organized 
memory, capacities as high as 108 bits will not put 
unreasonable burdens on the refrigeration sys tem. 
Estimates of older systems put the thermal require
ment at the 3.5°K station at about 1 to 5 w for 
comparable memory capacities. 

Standard planes in large memories 

For th e multimillion-bit memories, the capacity 
of the basic: memory plane mu st b e carcfn llv 
chosen. Th e low interconnection cos ts of a high 
bit-capacity plane must be balanced again st the 
decreased yields that would be experienced with 
a high capacity plane. The higllC'r the bit capacity, 
the fewer interconn ections needed, but th e lower 
yields raise processing costs. A cos t minimization 
analysis reveal s that 250.000 bits is a reasonahl <:> 
es tim ate of the optimum bit capacity. Thi s wi ll b e 
used as a standard plane. Th e di scussion that fo l
lows is based on this figure. 

Th e standard plane conccnt is akin to th e h uilcl
ing bl ock philosophy. Synthesis of large memory 
sys tems with a standard pla 11 e has several ach ·an 
tages: hardware and evalu ation processes can lw 
shortened and hardware fabri cation can b e im
proved through repetition . Th e hybrid des ign also 
allows redundancy techniqu es . 

Th e standard plane contains 512 A lin es, eight 
B lin es an d 72 digit-sense lines des igned to con
form to the loop cell array. Th e plane is designed 
to give a word length of 64 bits; therefore, it con
tains a digit lin e redundan cy provision of eight 
lines, or about 12%. The 512 A lin es and eight B 
lines should be sufficient to give redundancy 
potential in these lines when incorporated i n~o a 
memory systP,m. 

To synthrsize very large hybrid memory systems 
with standard planes, the planes must b e inter
connected to fit the particular specifications of the 
memory system. In this way, electrical path length s 
can be custom cut for a given sys tem, and com
patible delays of the A and B select pulses over 
the stack may be realized. The hybrid organization 
provides sufficient flexibility to permit the neces
sary interconnections. 

The interconnection pattern s can be of two gen
eral types: a single interconnection pattern which 
defines the over-all sys tem organization or an inter
connection pattern common to a local region which 
repeats itself over the entire sys tem. The second 
pattern strongly sugges ts a basic building block 
philosophy, in which the block is a plate or fram e 
defin ed by the judicious interconnection of two or 
more standard 250,000-bit planes . 

Four memory building blocks 

The specific configuration of the basic block or 
plate is determined through practical considera
tions, such as existing interconnection technology. 
Sufficient flexibility exists with the hybrid system 
organization to allow selection of a plate configura-
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Hybrid memory organization 

ROO M TEMPERATURE 
"m" LEVEL 

"A" DECODER 

DIGIT SEGMENT 

The A lines run serially 
from plane to plane and 
one set of B lines serves 
each plane. The address 

decoders use conventional 
circuitry and are placed 
in a room temperature 

environment. 

TOTAL NUMBER OF 

"s " STRIPS IN EACH 

"s " LINE: 2m/ d 

DIG IT SEGME NT NO. 3 

"S" LINE N0 . 1 

Each sense line on a plane runs through all the memory 
cells on the plane associated with a common digit. 
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ROOM TEMPERATURE 

"s" DECO DER ---------... 

SENSE 
SIGNAL 
OUTPUT 

WR ITE 
CURREN T 

NO. d 

OR GATE 

"s" LINES 

"s" LINE NO. d, PLANE N0.1 

"s" LINE NO. d, PLANE NO. 2 

"S" LINE NO. d, PLANE NO. P 

The sense lines serving a common dig it on each plane 
are connected in series through the stack. 
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Choosing optimum bit capacity Interconnection cost. If C2 is the 
cost per interconnection then the 
total interconnection cost is c~ni . 

The hybrid memory organization 
lends itself well to modularization 
but deciding on the number of 
bits to include in each module is 
not a simple matter. The two ex
tremes are impractical: if only a 
few bits were used per module, 
then the wiring costs are far too 
high ; if millions of bits are used 
per module, then the yield de
creases drastically since many mod
ules would have to be made before 
one completely fun ctioning module 
is achieved . Between these two ex
tremes lies an optimum number of 
bits which should be placed on 
each module. [ ote that magnetic 
core memories are in the first 
category, with high interconnection 
costs. Plane yields are high since 
each core can be tested separately 
and the bad ones discarded , but 
the wiring costs are very high.] 

Thus, findin g the optimum num
ber of bits to be placed on a single 
module is one of the most impor
tant aspects of practical cryoelec
tric memories . 

There is a maximum substrate 
area which can be processed with 
existing deposition equipment. Call 
this area A, which might p racti
cally be about six inches by six 
inches. This area will contain a 
total number of bits B, which will 
be proportional to the area : 

B = K1A 
The plane is exposed to various 

hazards during processing. These 
haza rds are either area dependent 
or area independent. Examples of 
area independent hazards are a 
technician accidentall y scratching 
the thin films or a '>vrong exposure 
due to a defective ultraviolet bulb. 
Area dependent hazards include 
defects in the substrate, an occa
s ional module during Rim deposi
tion, or a piece of dirt. 

The larger the area, the greater 
the area-dependent defects, the 
lower the yield, and the higher the 
cost . T he yield may be increased 
by partitioning area A into n sub
areas a of a bit capacity b. In this 
way, defective modules may be dis
carded , resulting in higher overall 
bit yield . · 

B = nb 

A= na 

Jn the fo llowing analys is we as
sume that : 
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• Parallel processing is feas ible . 
• The area independent hazards 

are interdependent of the partition 
n . 

• The determination or classifi
cation of a particular defect as 
repairable or unrepairable is inde
pendent of the partition n . 

The increase in cost attributable 
to the repair of n units of area a 
over the cost to repair a single 
unit of area A is offset by the sav
ings afforded by the option to di s
card a fraction of the n units dur
ing defect inspection. 

Let 1-P denote the probability 
that all b bits are satisfactory over 
unit area a. The probability of fai l
ure P is some fun ction P ( b ) where 
P increases with increases in b. 

Processing Cost. If C1 is the cost 
of all necessary process sequences 
to produce a perfec t multilayered 
structure for P = 0 of area A, and 
Cor is some fixed cost, then the 
total fabrication cost Cr to produce 
B satisfactory bits is: 

C1 
Cr= Cor + l _ p 

The cost Coe, which excludes in
terconnections, is the cost of eval
uating n times b bits including 
material, labor, and overhead and 
is comparable to that required to 
evaluate B bits. 

The total number of intercon
nections i per module of b bits 
is approximately related to b as: 

i = K 2b112 

where K2 is some constan t . 

The total evaluation c:ost C,. 
over all necessary runs per ma
chine to evaluate B bits is then: 

C. = Coe + C2 n i 
The total cost is given in terms of 

a fixed cost Co, a device cosl, ( ' 1p ' 
l -

and an interconnection cost C2ni 
as : 

C C C1 B 
= o + 1 _ p + C2K2 b1, 2 

S. dP 0 . . . I mce db > , a m1111m um 111 t 1e 

total cost C occurs at a value of b 
for which : 

bi dP _ _ l_ K?B C'2 = O 
db 2 - C1 

If the variation of P with b were 
known, we would now be able to 
fin d the op timum b. 

Consider a probability of fai lure 
P which varies linearly with area 
and thus varies linearly with the 
number of bits, b, in a mod ule. 
Let the q uantity K3 denote the 
number of bits over the area A 
for which a defective bit is reason
ably certain ; if K3 bits were put 
on a substrate of a rea A, a fai lu re 
in at least one bit would occur. 
If K 3 were partitioned into small er 
modules with bit capacity b , the 
probability of failure in each b-bit 
module would decrease and would 
be inversely proportional to the 
total number of bits K3: 

106 .--...,-~~~~~~~~~~~~~~~~~~~~~~--, 

b "" 12- . .££]2'~ 
JO L2r C1 
I 

B ' 106 BIT S 
w 
--' 
:::> 

105 Cl 
0 
:::;: 
.... 
(f) 

~ 
al r ' 0 .1 

:::;: 
:::> 
:::;: 

I-
a.. 
0 

103 L--._L...L..Ll..ll.l.l.l~...L.....L.l...Lllill~...L.....L.l...Ll.lllJ~...L.....L.l...LLl!IW,,.__,_....L...:'-W.J..W 

104 105 106 107 109 

PROC ESSI NG/ INTERCONNECTION COST RATIO- C1IC2 

Optimum bit capacity varies with processing· interconnect io n cost ratio 
and a confidence parameter, r, related to memory plane production. 
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i\' ote that if b equalled K~, the 
probability of failure would be 1, 
which follows from the definition 
of K:,. 

Confidence factor. Since the oc
currence of at least one defective 
bit is likely in K~ bits , and since 
B bits corresponds to an area A 
beyond which one defective bit is 
likely, the quantities K3 and B are 
of the same order of magnitude. 
One may therefore introduce a con
fidence parameter .. , ,, of the form : 

B = r I\:3 
0 < r < l 

Therefore if K3 bits were placed on 
the plane at least one failure 
wou lcl occur, but if a fraction of 
K i were placed on the plane, there 
is a chance at success. The param
eter r is this fractional confidence 
factor and denotes the percentage 
of K1 bits over which adequate 
yield is likely. Thus, combining the 
above two equations, 

b p = r -
B 

Optimum bits. The number of 
bits /J at which the minimum cost 
occurs now may be obtained as: 

b = [-I\:~ . C2 ]213 B 4t3 
opt 2r C1 

U nlike semiconductor integrated 
circuits. cryoelectric devices are 
relati velv insensitive to defects, 
and a v;1lue of 106 for B may not 
be unreasonable for the loop struc
ture. 

A logarithmic plot of b as a 
function of Ct/C2 is shown for r 
= 0.1 , 0.33, and 0.5 , and for K2 = 
3 (a typical value). The curves 
show that the device and intercon
nection costs, c, and c~ respec
tively, have a significant effect on 
the optimum number of bits b per 
substrate. As an example, a cost 
C, = SlO. and C2 = 0.01 cents 
( C 1 / C~ = 105) gives a value of 
about 127,000 bits for b while a 
cost C, = $500. and C2 = 0.001 
cents ( C, / C~ = 5 x 107 ) gives a 
considerablv smaller value of b, 
about 1,500 bits (both estimates 
at r about 1/3). 

Standard plane. As another ex
ample, a cost ratio of 3.5 x 104 

with a confidence parameter of 
0.33 gives an optimum substrate 
bit capacity of 250,000 bits. A 
plane with this capacity is referred 
to as a standard plane. 
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tion sati s fying both the interconnec tion sch eme5 
for which A and B electrical path lengths are com
patible, and the interconnection technology through 
which manufacture of the system may b e realized . 
\Ve will consider basic building blocks for four 
sys tems: 1.6 x 107 hits , 3.2 x 107 bits , 6.4 x 107 bits 
and 1.28 x 108 bits . 

• The basic block from which a 1.6 x 107-bit 
memory may be synthesized cons ists of t\.vo stand
ard planes back-to-back to form a 0.5-million bit 
plate. The system requires 32 plates. The A lines 
run serially through all the planes while the B 
lines are brought out separately from each plane . 

• The basic block from which a 3.2 x 107-hit 
memory may be synthesized consists of four stand
ard 250,000 bit planes , two coplanar pairs b ack-to
back to form a I-million bit plate. There are 32 such 
plates. The number of A lines in th e sys te m is 
1,024, 512 of which run seriall y through all planes 
s tacked on the left , and 512 of which run serially 
through all planes stacked on the right. Separate 
B lines run serially through each pair of planes on 
each surface of each plate in the system. 

• The basic block which characterizes a 6.4 x 107 

and a 1.28 x 108-bit memory consists of eight stand 
ard planes , four of which are back-to-back with the 
four wh ich are coplanar. The number of A lines in 
both systems is 2,048, 512 of which run seriall y 
through each plane s tacked in each of the four 
quadrants of the sys te ms . In the 6.4 x 107-bit sys
tem, separate B lines run seriall y throu gh each 
pair of planes on each surface of each plate in the 
sys tem. There are 32 plates , each consis ting of 2 
million bits , and a total of 1,024 B lin es. 

In the 1.28 x 10~-bit syste m, separate B lines 
run serially throu gh all planes on each surface of 
each pla te in the system. There are 64 plates , each 
of 2 million bits , and a total of 1,024 B lines. 

The various plate configura tions on page 120 
may be redefined by performing th e folds along 
diffrrent axes, provided the b as ic interconnec tion 
pattern remain s un altered. For exampl e, the 1.28 x 
10~-bit memory pla te configuration may b e altPred 
to permit the A lines to run across pairs of pl anes 
on each surface of each plate in the system. The 
p a ir of A lines so defin ed wou ld then run .' e riall y 
through all halves which were in common through 
each plate in the system. The total number o f A 
lines would remain at 2,048. 

The B lines would run seri a lly through a pair of 
planes common on each surface of a plat<:> . Th e B 
lines (two on each s ide of the plate) a rc orthogonal 
to the two planes per plate through which each A 
line runs , permitting the uniqu e sel ection of one 
p lane in the system at a ny one time. The total 
number of B lin es remains at 1 024, and the elec
tri cal p ath lengths re main the same for e ither plate 
configura tion. 

100-million bit memory 

A memory system of 108 bit capacity may b e 
synth esized from the basic plate consis ting of e ight 
standard planes. The over-all volume occup ied by 
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64 PLANES 

32 PLATES 

1.6 x 107 BITS 

128 PLANES 

32 PLATES 

3. 2 x 107 BITS 

B 

TYPICAL PLANE : 

0. 25 x !06 BITS 

A 

A 

256 PLANES 

32 PLATES 

6. 4 x 107 BITS 

B 

512 PLANES 

64 PLATES 

1. 28 x 108 BITS 

B 

B 

With a 250,000·bit memory plane as the basic building block, four ascending-order memory plates are depicted with 
A and B select lines. Each plate uses the basic planes arranged back-to-back. A lO"·bit memory thus may be built with 
512 planes of 250,000 bits each. The A and B line currents would be 100 milliamperes, and the sense line current 
20 ma. Power dissipat ion is estimated as 81 milliwatts at 3.5° K. 

the resulting 64-plate stack at the liquid-h elium 
environment is about 1 cubic foot. 

In the memory, 512 A lines run serially through 
each plane stacked in a common quadrant. The 
total number of A lines is 2,048; th e total number 
of A wires including return s is 4,096. The B lines 
are serially interconnected through each of the four 
planes at each surface of each plate in the system. 
The total number of B lines is 1,024, th e total num
ber of B wires is 2,048. A number of sense lines, 
say 32, each common to a given digit of th e word, 
and each on separate planes, may be serially inter
connected and connected across the primary of an 
output transformer. 

Room temperature amplifiers 

Jn this case, each of the quadrants of the memory 
sys tem will have four output transformers for each 
digit of th e word . The outputs of these transformers 
arc connected to amplifiers at the room temperatnre 
environment, and correspond to a particular digit 
of the word. The total number of lines per qu adrant 
is the product of the number of planes per quadrant 
(128) and the number of lines per plate (digits per 
word = 64). Therefore, the number of sense wires 
per quadrant, including reh1rns, is 512, and the 
total number of sense wires over the entire memory 
sys tem, including returns , is 2,048. 

The number of wires required for write current 
is determined by permitting independent write cur
rent to exist at each quadrant. The total number of 
digit wires including re turns is 512. The total num-
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ber of wires required for the entire 108-bit system 
memory sys tem, including returns , is 8,704. 

Reliability and cost aspects 

Another major advantage of the new cryoelectric 
memory over conventional random access magneti c 
memories is that only one set of decoders will be 
required for the million bit memory. In conventional 
memories, a separate decoder is required for about 
each 4,000 bits because of the high inductance of 
the drive lines. This reduction in the quantity of 
the electronic circuitry not only delivers substantial 
cost savings, but , more important, it greatly im
proves reliability. 

The cryoclectric memory does, of course, require 
a refrigerator, but the feas ibility of continued cryo
genic operation has been amply demonstrated in 
recent years by such systems as masers. The ex
tremely low cost of the cryoelectric memory on a 
per-bit basis should serve to lessen the importance 
of the initial cost of the cryogenic refrigeration 
system. 

The author 
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Rutgers University in 1958. 
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the cryoelectric device applied 
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150 MHZ, 2.4ns 
~. TVPE 454 OSCILLOSCOPE 

The Tektronix Type 454 is an advanced new portable 
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns 
risetime performance where you use it-at the probe tip . It 
is designed to let you make convenient measurements of 
fast-rise pulses and high-frequency signals previously out
side the range of conventional oscilloscopes. 

The Type 454 is a complete instrument package with dual
trace vertical, high-performance triggering, 5-ns/div delayed 
sweep and solid-state design, all in a rugged 31-lb. instru
ment. You also can make 1 mV/div single-trace measure
ments and 5 mV/div X-Y measurements with the Type 454. 

The 2.4-ns risetime and DC-to-150 MH z bandwidth are speci
fied at the tip of the new miniature P6047 10X Attenuator 
Probe. The dual-trace amplifiers provide the following 
capabilities with or without probes: 

Deflection Factor* 

20 mV to 10 V/div 

10 mV/div 

5 mV/div 

-+-

Risetime 
2.4 ns 

3.5 ns 

5.9 ns 

Bandwidth 

DC to 150 MHz 
--+- -- ---

DC to 100 MHz 
---

DC to 60 MHz 

*Fro nt panel reading . Deflection factor with P6047 is 10X panel reading . 

The Type 454 features a new CRT with distributed vertical 
deflection plates and a 14-kV accelerating potential. It has 

A new Technical Center: 
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a 6 by 10 div (0.8 cm /div) viewing area, a bright P-31 phos
phor and an illuminated, no-parallax, internal graticule. 
The Type C-30 and the New Type C-40 (high writing speed) 
cameras mount directly on the oscilloscope. 

The instrument can trigger to above 150 MHz internally, and 
provides 5-ns /div sweep speeds in either normal or delayed 
sweep operation. The calibrated sweep range is from 50 
ns/div to 5 s/div, extending to 5 ns/div with the X10 magnifier. 
Calibrated delay range is from 1 µs to 50 seconds. 

The Type 454 is designed to be carried and has the rugged 
environmental characteristics required of a portable instru
ment. A rackmount, the 7-inch-high Type R454 oscilloscope, 
is available with the same high performance features. A lso 
available is the new Type 200-1 Scope-Mobile® Cart. 

For further information about the Type 454, or about the new 
Tektronix DC-to-100 MHz plug-in oscilloscope, the Type 
647A, contact your nearby Tektronix field engineer, or write: 
Tektronix, Inc., P. 0. Box 500, Beaverton, Oregon 97005. 

Type 454 (complete with 2 P6047 Probes and accessories) . $2550 
Type R454 (complete with 2 P6047 Probes and accessories) $2635 
C-30 Camera . . . $ 390 
C-40 Camera . $ 540 
Type 200-1 Scope- Mobile® Cart . . . . $ 60 

U.S. Sales Prices FOB Beaverton, Oregon 

230,000 square feet devoted to R&D 
... part of the Tektronix commitment 
to progress in the measurement sciences 
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EMC . SYSTEMS DIVISION 

TEMPERATURE SCANNER SYSTEMS 

SO POINTS/SECOND 
Proven EMC temperature scanner systems are now available for 
countless applicatio ns in a variety of industries. Monitoring tem
peratures at a rate of up to 50 points a second from 0 °C to 500 °C 
with a demonstrated accuracy of 0.1 % of full scale, these systems • 
have already saved thousands of man-hours for users in the chem-
ical industry. These modularly-constructed systems are si mple to 
install. operate and mainta in . Pushbutton controls provide moni
toring ease and flexibility. Modular units are interchangeable . The 
highl y reliable systems are constructed from circuit modules with 
proven reliability of 4.5 million hours MTBF. This gives th e 
typical system an MTBF in excess of 8,000 hours . (Other scan-
ning requirements can be accomplished with the same basic tech- 1' 

niques and syste111s com ponents.) 

DIGITAL REMOTE CONTROL 
DATA SYSTEM 

The EMCON Digital Remote Control Data System, designed for 
railroad. utility, pipeline and other remote applications and 
proven by ove r I 0.000 system hours of ac tu a l field opera tional 
testing, provides supervisory control and / or alarm capability 
usi ng exist ing communications media without disturbing voice 
communica tions. if the latter also uses the same link. It provides 
for remote control of relays. signals and other devices with 
posit ive answer-back. EMCON uses digital computer techniques 
a nd solid state circuit mod ules throughout to ensure positive per
fo rmance and adj ustment -free service. EMCON generally con
sists of a control recei ve r at each of the remote stati ons and a 
dispatcher·s control console and control transmi tter at the dis
patcher's or controller's office. 

SOLID STATE TEMPERATURE CONTROLLERS 

Precision temperature control of remotely located processes is 
provided by the EMC Temperature Control System which is com
posed of a Model D6 l 00 Controller, a Model D5085 Load Driver, 
and a sensor. The Model 06 I 00 narrow band proportional Tem
perature Controller contains a n A.C. bridge (sensor and cali
brated ten-turn set-point potentiometer are in one leg of the 
bridge). error signal amplifiers. bias adjus t circuitry and SCR 
firing circuitry. Temperature response of the controller is ex
tremely rapid with temperature Jags less th an 0.05 °C . Proper 
design and location of the heater with respect to the load and the 
sensor are also necessary for optimum performance. 

llllll&lllrilc+llll•&1• 

, Our representative 
will be glad to f'ro
vide additional in
formation on how 
these and other 
EMC systems can 
meet your require
ments for moni
toring and control. 

•• llc+lliJIJJllllED• Electronic Modules Corporation 
&lc+lrilllc+lrilrlll•&Jlll P . O . BOX 141 TI MON I U M, MARYLAND 21093 

• SYSTEMS DIVISION 
TWX-301-0 7 2 3 301-666-3300 
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Packaging 

Dielectric bath promotes 
togetherness in IC's 

Liquid cool ing may be the answer to the heat dissipation 

problem that is a ma jor barrier to shrinking the size and 

expanding the operating speed of integrated circu it systems 

By Robert R. Weirather 
Government Electronics Division, Motorola Inc., Scottsdale, Ariz. 

Tiong C. Go 
Semiconduct or Products Division, Motorola Inc., Phoenix, Ariz. 

Naked integrated-circu it ch ips may he bathed by 
liquid coolants in the future. The technique is being 
ex plored as a solution to the thermal prohll'ms 
posed by developments that will raise cornponcnt 
density in systems. A 10-fold improvement in heat 
removal methods will he needed when Jc·s are 
packed closely together in two-dimensional arrays. 

Power <lensity-thc number of watts dissipated 
in a cubic font of svstem volume-is the crux of 
the problcrn . The ci'cnsity will increase as largc
scale integra tion and other means of packaging 
ci rcu its come into usc,1

· ~ and so will the amount 
of heat that must he removed . 

Today, 1c packages transfer heat from the semi
conductor chip to either the surrounding medium, 
usually air, or a hea t sink. Forced air, cold plates, 
and other conn'ntional ways of coolin g ic packages 
liave already been exploited, hut they limit density.~ 

Liquid cooling of the chip itself may he a better 
method . It is estimated that a packaged digital JC 

that becomes overheated in air at a power level 
below 250 milliwatts would he safe in a dielectric 
coolant even if the power applied to the circuit 
were to he raised ahm·c 10 watts. Not that a digital 
JC could or shou ld he expected to dissipate that 
much power-hut a large number of 1c"s cou ld go 
into that cubic foot. 

Speed and power 

Thermal transfer calculations indica te that un
packaged chips, bonded directly to a substrate. 
cou ld match the power dissipation of packagPd and 
air-cooled ci rcu its. Chips could be placed in large 
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numbers on a common substrate, with each chip 
dissipating between 250 and 325 mw. 

The rise in power density that liquid cooling 
allows is significant to both system and circuit 
des ign. It can mean higher system speed and lower 
packaging cos ts. In general, denser packaging re
su Its in a faster system lwcausc wiring delays are 
less [sl'l' "Smaller systems arc faster systems ," 
page 129). Better electrical performance and reli
ability. reduction in weight, and savings in con
struction materials , connectors , and other packag
ing com ponents arc also possible when more 
circuits arc put on either a monolithic re, a substrate 
or a circuit board . 

The speed of some types of logic circuits arc also 
power-dependent . If the cles.igner can count on 
using more power. he can drive the circuit output 
further and impro,·c th e fanout to other circuits. 

Picking a dielectric 

Liquid cooling has proved to be highly effi c ient 
in power tubes-cooled hy water jackets-trans
formers immersed in oil , in engines and many other 
applications . 

However, the effect of liquid cooling on tiny, rela
tively fragil e ic's wasn 't known when the experi
ments hegan at Motorola Inc. last July. The results 
thus far have heen encouraging. 

Ample proof has been accu mulated that liquid 
cooling allows a multiplication of power density. 
Assemblies have hccn operated for several months 
in dielectric baths without degradation of the 1c's 
or interference with their electrical operation . At 
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CONN ECTOR 

FILL CAP AND 
PRESSURE- RELIEF 
VALV E 

FLUID- LEVEL 
IND ICATOR 

PRESSUR E ANO 
TE MPERAT UR E METERS 

FILTER 

HEAT EXCHANGER 

PUMP 

STACKED SUBSTRAT ES 

Integrated-circuit chips or packages could be put close together on substrates stacked in liquid-cooling housing. 
In some applications, external heat exchanger could be rep laced by cooling fins on the housing. 

first , there was some fear that boiling and circula
tion of the liquid around the exposed IC chips could 
rip lose the lead wires bonded to the chips. That 
hasn't happened during the experiments and fluid 
mechanics studies indicate it to be highly unlikely. 

\Vater couldn't be used as a coolant, since it 
dcgrates 1c's- chips in water fai led in a few days. 
~fost of the conventional liquid dielectrics are un
su itable because they lack the necessary physical, 
electrical, or chemical characteristics. 

The choice of coolants boiled clown to the Freons 
made by E.I. du Pont de Nemours & Co. and fluoro
chemicals made by the Minnesota Mining and Man
ufacturing Co. (3M). These meet the following 
rcq11irements: 

• Chemically, they are highly inert to semicon
ductor-device materials . 

• E lectrically, they have a low dielectric con-

Experimenta l cooling chamber is simply a housing with a 
close-fitting plastic cover and tube· sockets for 
connections through hous ing walls. Lamp at front of 
housing flickers when test circuitry is operating. 
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stant, which keeps signal propagation velocity high 
in the IC intraconnections and losses low. 

• Thermally, they have a high heat of vaporiza
tion and other desirable thermodynamic properties, 
so heat easily flows from the IC into the liquid. 
Their boiling points are lower than the 1c's safe 
operating temperature, but high enough to allow 
heat transfer when the ambient temperature is well 
above normal room temperature. 

• Physically, they are viscous enough to be 
pumped without difficulty. 

The hea t transfer and phys ical stress computa
tions that follow are based on the properties of 
Freons. 

Experiment startup 

In the initial tes ts, one circuit was operated in 
Freon C51-12 six weeks without detectable clegra-

F 

E 

10 10
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TEMP OIFFERENCE,Clt, IN DEG F 

B~ling curve indicates relationship between heat flux 
and difference between temperatures of heat source and 
liquid. Heat is removed rapidly from heat source until 
at point C vapor film forms and impedes heat transfer. 
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dation. This is a perfluorodimethylcyclohutanc that 
boils at 45° C [see table on page U 7 J. Approxi
mately the same results have been obtained with 
FC-78, a 3M fluorochemical with properties similar 
to Freon C51-12. 

Initial tes ts with single circuits showed that liquid 
cooling tends to stabilize the temperature of an IC, 

even though power applied to the circuit continu es 
to increase [see graphs below and on page 128]. In 
contrast, an IC operated in air gets hotter and hotter 
as the applied power is increased. 

To monitor chip temperature, a diode in the tes t 
IC was calibrated. '"' ith a constant forward current 
of 100 microamperes, a diode forward voltage drop 
of 2.06 millivolts corresponds to a tempera ture rise 
of 1° C, graph below, left. The adjoining graph 
shows the results of using different tvpes of Freon 
to cool sample circuits mounted on T0-5 headers. 
The package tops were left off, so the coolan ts were 
in direct contact with the bare chips. 

Examination of the graphs will show that an IC 
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Temperature of IC' s is monitored by measuring diode 
voltage . This calibra tion curve was obtained 
with the test setup shown in color. 

110 

mou nted on a T0-5 header and cooled in Freon 
will have a temperature of around 140° F at a 
power dissipation of about 2 watts. This same cir
cui t, operated in air, wou Id reach that temperatu re 
a t a power dissipation of only 200 mw. If the pack
age were in air, but cooled by either fo rced air or 
a heat sink with radiating fins, power diss ipation 
might safely b e raised to 300 mw or so. 

Boiling point 

Liquids transfer heat by convection. conduction, 
and boiling. Once a liquid reaches its boiling point, 
it remains at about that temperature if the vapor 
pressure is constant. The chip temperature also 
remains close to the boiling point if the coolant has 
a sufficiently high specific heat-defined loosely as 
its capacity to absorb hea t. The chip won't over
hea t unless it dissipates so much hea t that a wall 
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of vapor forms between it and the liquid . 
A boiling curve clarifies the hea t transfer process. 

The curve on page 124 is the heat Aux, q/ A, versus 
the tempera ture difference, 6.t, when water is boiled 
by an electrically heated platinum wire.4 The tem
perature difference is that bet..,veen the wire tem
perature, tw, and the liquid's sa turation tempera
ture, t, . The curve is a general one, not res tricted 
to the case of a heated wire. 

Natural convection removes the heat from the 
wire until-at point B on the curve-vapor bubbles 
start ri sing from the wire. The bubbles stir the liq
uid and heat .is transferred more rapidly than bv 
natural convection so q/ A rises sharply. The section 
of the curve from B to C is known as the nucleate 
boiling region . 

At point C- the peak of the nucleate region- so 
many bubbles have formed that they tend lo merge 
and spread over the entire wire surface. H ere, 
the circuit begins to run in to trouble. The curve 
from point C to point D is known as the partial 
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Integrated circuit operated in air quickly heats up, as 
indicated by sharp drop in diode voltage (black curve). 
In dielectric fluids, same circuit remains relatively 
cool at several times the applied power (color curves). 
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nuclea te, or partial film boiling region. An unstable 
film of vapor may form on the wire, coll apse and 
reform clue to circulat ion currents. The hea t flu x 
drops to point D . This type of boiling hea t transfer 
is abnormal. 

Usually, the curve w ill jump from point C to 
point D and rise until the metal melts at point F , 
unless the power input is reduced or an auxiliarv 
heat sink is placed on the package. The chip srn:
face temperature will rise rapidly because the tem
perature difference b etween the surface and the 
liquid must b e large before a large amount of hea t 
can be rapidly transferred across the vapor layer 
by conduction and radiation. 

H eat flu x is raised if the boiling liquid is forced 
to flow over the hot surface. H eat flux clu e to forced 
convection is then added to boiling heat transfer, as 
in equation 1 [all equations are given on page 126, 
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Chip cooling values 

Value E2 

q / Amax in Btu / hr fF .... .. . ... . .. 48,500 
20 ~tmax in °f (gold surface) ... ... .. . 

q / Am;n in Btu / hr fF ............ . 
ti t 11 1 i

11 
in °F .... ..... . ... . ........ .. . 

h in Btu / hr ft2 °f . .. .... .... ..... . 
hx in Btu / hr ft2 °f .... .. .. ...... . 
Cr (see equation 3) ............. . 

126 

2 ,320 
135 
650 
458 

0.0105 

C5 l-12 

64,000 
8 

2,350 
32 1 
650 
460 

0 .00111 

term s arc defined on page 127, and values given 
in the tables below and on page 127]. 

A still higher heat flux can be achi eved by pump
ing the liquid away from the chip, cooling the fluid , 
and reflowin g it over the chip. I [eat Hux will depend 
upon the liquid velocity as well as th e chip-liquid 
temperature difference. 

Heat transfer characteristics of Freons E2 and 
C51-12 near the peak point of nu cleate boiling can 
be estimated with equation 2.:; . n The qi Amo x valu es 
for a gold su rface have been calculated and are 
tabulated below. Du Pont researchers have ex peri
mentally determined the temperature difference, 
t1t, at qi A max· Values for s ilicon or g lass surfaces 
aren' t known yet because of ex perimental d iffi
culties . However, to calcu late heat transfer from 
an i c ch ip, ~t can he assumed to be about the same 
as for gold. 

Equation 3 is used to es timate heat Rux when ~ t 
is less than that of qi A rnux· 7 

The constant, C,r in , equation 3 is 0.0105 for 
Freon E2 and 0.00111 for Freon C51-12, when the 
given values of qi A m.i x and ~ t arc used to soh-e 
equation 3. Now, equ ation 3 can he simplified to 
equation 4 for Freon E2, and to equation 5 tor 
Freon C51-12. 

Heat flux can be calculated com·cni ently with the 
plots on page 129 of equati ons 4 and 5. Th e curYcs 
correspond to the boiling CUlTe between poin ts Il 
and C. The C to D portion of the curve can be 
predi cted from the minimum hea t flu x and tem
perature difference, found ,,·ith equations 6 and 7. 

These equation s yield qi AIJI;" and t1tl\\; 11 valu es 
tabulated below. The minimu m and maximu m 
valu es are plotted as th e black curves on page 1:29. 

A header helps 

Under adverse conditions, a 50-mil-square 1c chip 
mounted on a T0-5 header will dissipate at least 
2 watts in Freon E2 and 3 watts in Freon C51-U 
before the circuit burns ou t. Thi s would b e the 
power limit if many re's were placed in a small 
container or if the ambient temperature was hi gh. 

The chip would withstand more than 10 watts 
if the Freon E2 is pumped out of tbe container at 
a velocity of 10 fee t p er second, cooled to 77° F , 
and then returned to th e contain er. If Freon C51-12 
is used , diss ipa tion should be at least 8 watts. 

J\Jost of the hea t is given off hy the header, whose 
surface is much larger than th e chip's. If the hare 
chips are mounted directlv to a ci rcuit board , the 
maximum boiling hea t tr~n s fer rate per chip wi ll 
be 0.327 watt per chip in C51-U and 0.248 watt 
per chip in Freon E2. 

The rate can h e grea tly stepped up by pumping 
and cooling th e liquid. The rate would vary from 
chip to chip. Th e rate depends on a chip's distance 
from the leading end of th e circuit board for two 
reasons: the coolant becomes warmer as it fl ows 
over the chips, and the board may act as an ai r
plane wing to alter the liquid Row ( this is known 
as the boundary-layer effect ) . 

If the boards carrying the headers or ci rcuits are 
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Properties of Freon dielectric coolants 

near boiling point At 77° F 

Property El E2 C5 1-12 El E2 C51- 12 

Boiling point, 0 c .. ...... . .... . ... .... . 39 .0 101.0 45.0 
OF ..... . ..... . .... ...... 102.2 21 3.8 113.0 

Cr = specific heat in Btu / lb . °F . . .... 0.254 0 .274 0 .28 5 0 .245 0 .244 0 .2 53 
hru = heat of vaporization in Btu / lb ... 41.4 3 1.3 40.l 
Kr = thermal conductivity of liq uid . 

(est .) in Btu / h r. ft. °F . . . . . ...... 0.050 0 .0501 0 .060 0.05 0 .0 5 0 .06 
K, = thermal conductivity of vapor . 

(est .) in Btu / hr. f t. °F. 0.0080 0 .0089 0 .0070 
Molecul a r weight .... . .......... . . . .. . 286.03 242.08 300 286.03 242.08 300 
µ = dynam ic viscosity in lb. / hr. ft.. .. 1.09 0 .7 14 1.82 1.21 2.66 2 .38 

1' = kinem atic viscosity in ft.2 / sec .. . 0 .325X 10-'· o.2 15 x 10- r· 0 .50 5X 10- 5 0 .364x 10- 0 0.71 5x 10- r· 0 .632 X l 0- 5 

Pr = liqu id density in lb./f t.3 ..... ..... 93 92.l 100 96.0 10 3.5 104.4 
p , = vapor dens ity in lb./ ft .3 •. ••• .. .• 0.70 0 .92 0 .730 
u = su rface ten sion in lb./ft . ........ 5.85 X l0- 4 4.1Bx 10- • 6 .61 x 10- • 7.13X l0- 1 8 .85X l0- 4 7.96X l0- 4 

angled about 10 degrees from the horizontal , freshly 
cooled liq uid will strike each circuit. The convec
tion heat ra te wi ll ri se, the circuits wi ll cool more 
quickly, and the power dissipation can be increased 
significantly. A !so, the boiling heat rate can be 
raised still higher by ultrasonica ll y agitating the 
liqu id. 

Resistive wire bonds, incidentally, arc hot spots . 
The liquid boils more quickly above these spots. 
This cou ld provide a means of identifying fau lty 
bonds in liquid cooled assemblies. 

Boiling heat transfer 

The es timates above are ball-park fi gu res ob
tained by calcnlations. To keep the es timates of 
boiling heat transfer conservati ve, it \\'as assumed 
that the liquid container is a poor hea t conductor. 
Th erefo re, the hea t from the circuits wou ld build 
up in the liquid. Even a low power input would 
cause the liquid to npproach its boiling poi nt. 

Definitions of terms 

A = surface area in square fee t 
Cn = drag coeffi c ient 
C r = specific heat 
C;,. = constan t dependent on su rface-fluid comb ina-

tion 
D = diameter of wire (0.001 inch in examples given) 
r = sag of wire 
F 1, = fluid drag over a given area 
g = grav ita tional acceleration 
g = grav ita tiona l constant (32.16 ft ./ sec./ sec.) 
h = average coefficient of heat transfer in 

Btu/ hr. ft .~ °F 
h 1, = heat of vaporiza tion in Btu/ lb. 
hx = loca l heat transfer coefficien t 
Kr = therm al cond uctivity in 

Btu/hr. ft. °F 
K ,. = therma l conductivity of vapor in Btu/ hr. ft. °F 
L = length of su rface in feet 
N 1rn = Reynolds number 
q = heat dissipation in Btu/ hour 
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As a starting point, profi les of the temperature.. 
gradient across a T0-5 header were estimated and 
plotted, see page 128. Stable di ssipa tion was as
sumed. Using these profi les as a gu ide, tempera
tures of different header surface areas were es ti
mated. The hea t diss ipation from each area on the 
top and bottom of the header was obtained from 
the graphs on page 129. 

Thermal resistance of the 1c chip and its bonding 
area \Vas assumed to be 3° F an hour per Bri tish 
thermal unit (Btu). This gave an estimate of the 
chip's surface tempera ture and a llowed the chip's 
hea t dissipation to be taken from the graphs. 

The predicted heat transfer for Freon C51-12 is 
given by the upper curve in black in the graph 
on page 128. The lower cu rve in the graph repre
sents experimental resu Its when the liqu id was in 
an aluminum container. a good hea t conductor. 
Since calculations were based on the worst condi
tions and the ex periments on best condit ions, real-

q/ A = heat flu x in Utu / hr./ ft.~ 
(q/ A)1> = boiling heat tra11sfer 
(q/ A),. = convection heat transfer 
S = stress in pounds per squa re inch 
t = temperature in d egrees Fahre11heit 
t,. = temperature of the chi p 
t" = tem perature of dielectric 
t r = liquid temperature 
t, = saturation tempe rature of liquid 
tw = surface temperature of heat source 
~t = difference between temperature of heat source 

and satu ration temperatme of liqu id 
V ~ = velocity of liquid flow 
V0 = bubble velocity in ft ./ hr. 
X = distance from lead ing edge in feet 
µ, = d ynamic viscosity in lb ./ hr. ft. 
v = kinematic viscosi ty in ft.~ I sec. 
pr = liqu id density in lb ./ ft. ;{ 
p,. = va por density in lb ./ ft. '~ 

cr = surface tension in lb ./ ft . 
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Experimental results are contrasted with calcula ted cooling rates for Freon C51 ·12 ( black curves) and Freon 
E2 (colo r curves) . Even without forced con vection, a circuit in Freo n E2 gets no hotter th an 
a c ircui t in air despite a five -fo ld increase in applied power. 
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Header surfaces are divided into chip area and six 
concentric rings to aid heat transfer computation. 
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istic valu es would most likely fall b et"veen the two 
Clll"\"eS . 

Lower temperatures than those indicated by the 
curves would result if the container had cooling 
fins or more liquid were used, but these would b e 
impractical for most applications. 

The lower curve is an estimate based on pumping 
the liquid out of the container a t a rate of 10 feet 
per second and cooling it to room temperature, 
77° F . This curve is obtained by combining the hea t 
transfer calculations and convection heat transfer 
calcu lations , using equations 8, 9 and 10. Values of 
the heat transfer coeffi cients h and h, are tabu lated 
on page 126; h, is used to calculate convection heat 
transfer from the chip surface. 

Heat transfer by convection and boiling can now 
be ca lculated and the total heat dissipation ob
tained with equation 1. The results are those plotted 
in the lower curve in black on the graph above. 

If the ambient temperature is below 113° F 
( 45° C) , Freon CSl-12 is the better choice b ecause 
it diss ipates more hea t at any given circu it tempera
ture. I lowever, Freon E2 must be used when the 
ambient temperature is on ly slightly b elow 113° F 
or above that temperature. The curves in color in 
the graph ab ove are heat transfer curves for 
Freon E2. 

No es timate was made for Freon E2 in a poorly 
conducting chamber that lacks an external heat 
exchanger. The chip temperature would be close to 
the burnout point when Freon E2 approaches its 
boiling point. For instance, the header will dissi
pate only about 2.3 wa tts a t 300° F (150° C) under 
the adverse conditions. 
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Sloshing around 

Some packaging engineers have worried about 
the possibility of the moving liquid tearing loose 
lead wires bonded to the chip. There was no dam
age to the tes t 1c's and analysis shows it to be un
likely as long as mollerate coolant flow rates-for 
example, 10 feet per second-are used . 

Three forces act on the wire : buoyant force, the 
weight of the wire, and drag due to fluid fl ow and 
circulation currents in th e rapidly boiling coolant. 
Jn Freon, the buoyant force is about 0.42 X l0- 4 

pounds per inch of wire and th e weight is 0.548 X 
10- a pounds per inch. 

Assume the liquid velocity on the header top 
equals the velocity of the rising bubbles. This is 
calculated by equation 11r.. 7 as 0.16 feet per second. 
Then the nex t equati ons may be used to calculate 
drag force. 

The resultant drag force, F 0 , on the wire is neg
ligible compared with the wire's weight and there
fore too small to affect the bond strength. Drag 
caused by boiling alone in Freon E2 is calculated 
as about 0.30 X 10- 4 pounds p er inch of wire, from 
equation U. The term C n in equation 12 is usually 
foun d in fluid mechanics tables, from the Reynolds 
number. The Reynolds number is calculated with 
equation 13. 

If the coolant is pumped past the wire at a rate 
of 10 fps , in a convection cooling system, the drag 
force will still be too low to break the wire bond. 
Fn will be about 0.03 pounds per inch of wire. 

An approximate stress analysis can be made using 
the catenary equations for flexible wires ,8 since the 
gold lead wires are only 1 mil in diameter and have 
a span of 100 mils ( 0.1 inch). Assuming the curva
ture stress is negligible, equation 14 gives a stress 
of 9,000 pounds per square inch when the coolan t 
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Smaller systems are faster systems 

If all the integrated c ircuits in a 10,000-circuit dig
ital system were placed end to end , the designer 
would probab ly be fired. He might try putting the 
1c's cheek-by-jowl in a two-dimens ional plane-on 
a circuit board. 

If th e re 's a re in Hatpacks or T0-5 cans, th e linear 
assembly wou ld be nearly 100 yards long, causing 
some ridiculous w iring delays. However, the planar 
assembly would pare down the worst-case wiring 
length to 33 inches. Each package forces a spacing 
of abou t % inch between centers of neighboring c ir
cuits. On the average the path length would be 
around 15 inches. An electrom agnetic signal takes 
some 21/2 nanoseconds to travel 15 inches in an 
epoxy-glass printed-circuit boa rd . 

Su ch a planar assembl y would be a resonable 
design on ly if the propagation delay per log ic stage 
is far less than 2112 nsec. There is no poin t in using 
the design to interconnect the fast logic gates, 
which have a propagation delay of less than 1 nsec. 
The wiring dela ys reduce the effective speed of 
the gates to 3112 nsec. 

To capita lize on the circuit speed, the des igner 
wou ld have to reduce path lengths by putting more 
circui ts in a package-that is , large-scale integra
tion. 1 In the extreme case, he might try to put the 
entire system in one package. 

This approach may bring some cost advantages 
also, since packages represent much of th e cost of 
conven tionall y packaged 1c's. Furthermore, the pro
tection of the c ircuits from con taminants would d e
pend on on ly one hermetic seal rather than 10,000. 

Liquid cooling a lone certain ly won' t make 10,000-
circuit 1c's feasible . But it could allow th e des igner 
to put the 1c 's into a relatively small number of 
large-scale integra ted a rrays or onto small substrates 
packed closely together. 
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flow is 10 fps. The tensile strength of gold is 20,000 
pounds per square inch, so the safety factor is 2.2. 

System tryout 

As a realistic test, a 32-chip test system was put 
into a liquid-filled housing [photo on page 124] 
to determine whether the liquid would degrade the 
1c's. 

The circuits ran in Freon C51-12 for 14 weeks 
with no IC failures and then four weeks in FC-78 
fluorochemical liquid, again without fai lures. A very 
slight pitting of the chips occurred, but did not 
affect operation. The system operated continuously 
except for short periods when the housing was 
opened to replenish coolant lost through a slow 
leak. 

The housing has a tight-fitting Plexiglass cover. 
As the coolant evaporates, the vapor pressure raises 
the boiling point slightly and prevents outside con
taminants from diffusing into the housing. The 
vapor condenses on the upper walls and cover, and 
returns to the bath. 

The system testf·d is a ring oscillator, frequency 
divider, and lamp. The oscillator frequ ency of 6 
megahertz is reduced by the divider to 23 hertz at 
the lamp, causing it to fli cker . A glance tells if the 
system is working. 

There are 14 OR/ NOR gates in the oscillator, a 
total of 28 gates. The average propagation time of 
these circuits is less than 1.5 nanoseconds and 
maximum power dissipation per package is 360 mw. 
The 18 master-slave flip-flops in the divider can be 
toggled at 250 Mhz. Effective delay per flip-flop is 
4 nsec and maximum power dissipation is nearly 
300 mw. 

The OR/ N OH gates have a single layer of thin-film 
wiring and the flip-flops have two layers. Both types 
are mounted on 10-pin T0-5 headers. Two octal
pin tube sockets are the connections through the 
housing walls . 

Before immersion , the a-c and d-c characteris
tics of the re's were measured, and microphoto
graphs made of three of each type of chip. After 
immersion, when the liquid temperature stabilized, 
photos were taken of the oscillator period, risetime 
and vvaveforms , and the divider's waveform. There 
has been no detectable change in the operation 
and only minor changes in appearance of the 1c's 
since the experiments began in mid-1966. 

To monitor temperature by the diode technique 
described earlier, connections were made through 
the circuit board to a diode in each type of circuit. 
The gate diode was found to be shorted. However, 
measurements of a flip-flop diode showed that chip 
temperature stabilized at 52° C when the system 
power was 1 ampere and the bias voltage 5.2 volts
normal power dissipation for these 1c's. The IC tem
perature was held at about 75° C below the normal 
maximum operating temperature. 

System cooling 

An actual operating digital system would have a 
much higher power density than the test system. 
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Liquid would be circulated through an external 
heat exchanger, and methods of monitoring liquid 
level, temperature, and pressure would be provided, 
as in the sketch on page 124. 

Circulation of the liquid through the heat ex
changer might be eliminated by making the cham
ber walls cold plates. Or, the chamber could be 
made lower and wider to increase the radiative 
cooling area . For additional radiation the chamber 
walls could b e finned . 

Miniature circuit boards or other substrates could 
be stacked in the housing and coolant flowed be
tween them. Bare chips would be bonded to the 
substrates and interconnected by wiring on the 
substrates. 
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Parylene proves itself 

\/ at 250 fathoms. 
The Sippican Expendable Bathythermo
graph System accurately and rapidly 
measures and records the temperature of 
ocean waters down to depths of 1,500 

fee t. Heart of the system is an 8-inch probe, that carries, as 
its temperature-sensing element, a miniature-sized ther
mistor, shown on the left. 

The protective coating for the thermistor had to be ex
....,. tremely thin (0.5 mil) , yet had to be formed as a uniform, 

continuous, adherent layer, even around sharp corners. 
Only BAKELITE parylene was able to meet these critical 

requirements and also provide the necessary dielectric and 
corrosion-preventing properties . The Sippican Corpora

won't bridge, run, sag, bloom, blister, wrinkle or blush ! 
As a conformal coating, parylene is a primary dielectric, 
an excellent moisture barrier, resists softening at high 
temperatures and its chemical resistance is outstanding. 

With all of these special properties, parylene is recom
mended as conformal coatings on discrete components or 
high density circuity, for fast responding sensing probes, 
photo-cells or memory units . 

This plastic is already used as ultra-thin pellicles for 
such applications as beam splitters in optical instruments 
and windows for nuclear radiation measuring devices. 

Thin coatings of BAKELITE parylene can even be used 
to increase the over-all heat transfer coefficient of desali

tion coated the thermistors under a parylene Ii-
'"' ccnsc from Union Carbide Corporation. 

The ability of parylene to be vacuum-deposited 
in uniform micro-thin coatings is unmatched. 
True conformal coatings can be as thin as 0.002 
mil or as thick as 3 mils or more ... and they • 

nation condenser tubes by promoting dropwise 
condensation. 

Possibly your product could benefit from this 
new plastic. For more information, write to Dept. 
E-4, Union Carbide Corporation, Plastics Divi
sion, 270 Park Avenue, New York, N. Y 10017. PLASTICS 
BAKELITE is a registered trade mark of Union Carbide Corporation. 

Electronics I April 17, 1967 Circle 131 on reader service card 131 



Be a hero 
- design something 

G. 
WA£H
UJ&· 
TON 

with our new conductive-film 
pendulum pot-

(and win your very own certificate of heroism). 

Strong point of our new transducer is infinite 
resolution in both linear and nonlinear func
tions. Trigonometric, logarithmic, or any em
pirical functions can be generated to provide a 
smooth transition of a mathematical character
istic. This unique versatility makes it easy to 
win your certificate of heroism. Herc are a few 
more specs to help you along. 

The transducer consists of a pendulous high
densi ty mass vertically suspended from an 
ultralow-torque bearing system. Hermetically 
sealed silicone fluids of varied viscosities mean 
you can use practically any damping ratio you 
like. What's more, your design element can be 
of deposited conductive material or of wire, 
wound in sizes down to .0003 inches. 

Our ability to trim the resistive element down 
after manu facturing means , too, that your de
sign can include a high order of accuracy con
formity-up to .05% ! And you needn't worry 
about striction because it's kept at a minimum 
with Litton's smooth track and light wiper 
pressure. 

We've already thought of a few of the more 
obvious applications, but let's see what you can 
come up with. We'll send your certificate by 
return mail, and if yours is one of the 50 best 
ideas we'll publish it in our next IDEA BOOK. 

LITTO N INDUSTRIES [8 
POTENTIOMETER DIVISION 

If your present supplier can't solve your potentiometer 
problem, try us. For single-turn and multiturn, linear 
and functional, wirewound and conductive film, ganged 
or unitized with servo modules-Litton begins where 
others leave off. 

132 Circle 132 on reader service card 

Conductive
film type, 
above; 
wirewound, 
right. 

r---------------------------, 
Litton Industries, Potentiometer Division 
226 East Third Street, Mt. Vernon, New York 10550 ,,. 

O My idea for an application is attached. Send my hero 
certificate. 

O I have an idea, but need more data first. Send specs. 

Name _____________ Title ___ _ 

Company _________________ _ 

Address _________________ _ 

City -------State ______ Zip __ _ 

~---------------------------~ 
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New Tally 500 series photoelectric tape readers 
work up to 1000 characters per second. 

That's not unique. 

But working without pinch rollers, 
friction brakes, clutches, or solenoids-that isl 

There's no point in Number I in
troduci ng just another ··me too., product. 
Just to give you an idea of how good the 
new line is. in a recent life test. one photo
electric reader ran for 15.000 hours at 
maximum speed wi thout a fai lure. You 
can see why we say these new readers 
represe nt genuine "s t a te of the a rt " 
ach ievement. Adding them to the Tally 
line rounds out the broadest line of per
fora ted tape equipment on the market 
today. 

The SOOR , SOORF, and SOOT. 
These three readers operate at up to 

200 characters per seco nd asy nch ro
nously (stop on character). up to 500 
char/ sec in the synchronous or free run
ning mode (stop before next character), 
and 1000 char/ sec in the wind / search 
mode. All feature printed motor direct 
capstan drive. and bi-directional reading 
and winding. The Model 500R ( recess 
mounted) and the Model 500RF ( flu sh 
mounted ) a re reader and spooler com-

bi nations, while the Model SOOT comes 
wi thout the reel servo system. For tape 
handling only. two spoolers using printed 
circ uit motors a nd proportional reel 
servo a re offered, one with 8 inch reels . 
the other with 101h inch reels. 

MIL-SPEC reader , Model SOORM and 
"ruggedized" reader, Model SOORF, 10 

Fully militarized . the Model 500RM 
is the first hi gh speed reader that meets 
all applicable milit a ry specifica tions wi th 
out exception. Featuring the same basic 
design as other Series 500 photoelectric 
readers. this unit will work in environ
ments of-40°F to + l45 °F. in humidities 
of 1 00 % , and take more th an 15 g·s 
sh oc k. Per tinent RFl spe cs are met. 
MTBF is 5,000 hours. Expected life is 
10,000 hours minimum. 

Where severe environmental condi
tions a re not encountered, the Model 
500 RF /l 0 will perform with the same 
accuracy and life for about half th e cost. 
R ea ding speeds for both readers are 

See the new Tally photo readers and Dartex data terminals at S.J.C.C. 

•' 

150 char/ sec asyn
chro n ous l y . 500 
ch a r/ sec sy nchro
n o us ly. a nd 1 000 
c h ar / sec wi nd / 
search . 

Full disclosure. Model 500 RM 
F or a ll the facts, 

call your full service Tally sa les engineer 
(see EEM) ,or write Ken Crawford. Tally 
Corporation , 13 10 Mercer Street . Seattle, 
Washington 98109. In th e U.K. and 
Euro pe, address Tally Europe. Ltd., 
Radnor House. 1272 London Road. Lon
don, S. W. 16. England. 

TALLY. 



If you want 
tlie best connectors 

money 
can buy 

CONDENSED CATALOG 

* printed circuit 
* removable contacts 
* center screwlock 
*• microminiature ... 

subminiature ... 
and miniature 
rack and panel 

* power 
*'terminal blocks 
* special designs 

RECTaONIC CONNECTORS fOI 
COMMEICIAl & MIUTAaY APPLICATIONS 

start 
with~

this catalog first! 
This booklet gives capsule reviews of specifications and general information on 

Continental 's precision electronic connectors. Check your requirements against the most 

complete and reliable product lines for printed circuitry and rack and panel interconnection 

applications. Each connector series meets the critical standards of design and application 

engineers in both commercial and military systems including computers, electronic data 

processing, communications, aerospace, telephone and other intricate electronic equipment. 

Fo1· the Sales Representative Nearest You, See Our Listings in EEM and VSMF Dfrectories •. 

-, 

CONTINENTAL CONNECTORS ' 
CONTINENTAL CONNECT OR CORPORATION • WOODSIDE, NEW YORK 1'1377' 
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It can keep your costs 
-competitive in the 1970's. 

Westinghouse Hipernom's high 
permeability lets you use thinner, lighter 
shielding against magnetic fields 
from DC to 10,000 Hz. That means easier 
fabrication , less material per shield . 
So if you use magnetic shielding 
materials, be sure to use Hipernom. 
Its premium performance gives you the 
shielding you need at the lowest possible 

cost. And cuts needless weight from 
your products. 
Along with Hipernom, you get the 
services of the largest group of 
metallurgists specializing in magnetics. 
For 50 years, Westinghouse research 
has led in this field . You get the benefit. 
Want specific details? Call Bob Carroll 
at 412-459-9400. 

Free 36-page book on magnetic 
shielding. It's a complete seminar in 
practical, easy-to-use form .. . tells you 
everything you must know to design and 
evaluate magnetic shielding. The only 
book of its kind. For your free copy, 
write for "Shielding Book." Address 
Westinghouse Metals Division, Box 868, 
Pittsburgh, Pennsylvania 15230. 

You can be sure if it's Westingho~.:!~ Ai1' 
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Tod ay, Hughes is one of the nation's most 
active aerospace/ electron ics firms: Projects 
in clude: F-111 B PHOENIX Guided Missile Sys
tem, TOW Anti-Tank Missile, SURVEYOR 
Lunar Spacecraft, SYNCOM, POLARI S, 
VA TE, Hard Point Defense and othe rs. 

This vigor will assist the qualified engineers 
and scientists towards more and better oppor
tunities for both professional and personal 
growth. 
Many immediate openings exist. The engi
neers selected for these positions will be as
signed to the following design tasks: the 
development of high power airborn e radar 
transmitters, the design of which invo lves use 

of the most advanced components; the de
sign of low noise radar rece ivers using para
metric amplifiers; solid state masers and 
other advanced microwave components; ra
dar data processing circuit design, including 
range and speed trackers, crystal filter cir
cu itry and a variety of di sp lay circuits ; high 
effic iency power supplies for airborne and 
space electronic systems; telemetering and 
command circuits for space vehicles , timing, 
control and display circuits for the Hughes 
COLIDAR (Coherent Light Detection and 
Ranging). 

If you are interested and believe that you can 
contribute, make your appointment today. 

For immediate consideration, 
please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 7, California 

Creating a new world with electronics 
r - -- ---------------, 
I I 

: HUGHES : 
I I 

L- ------- - -- - - - ----~ 
HUGHES AIRCRAFT COMPA N Y 

AEROSPACE DIVISIONS 

An equal opportunity employer. 

U. S. CITIZENSHIP REQUIRED 



1-1 t-1311,. BITTER QUALITY AND RELIABILITY THROUGH CONTROL 

Shown 2Yl • Actual Size 

Capacitor Problems That Require A Lot Of 
Self-Control ... Chemically Speaking 
Problem 1: How to make sure the silver paste composition used for electrodes provides 
the best results for each electrical parameter in a given capacitor design? 

Problem 2: How to improve the recognized moisture reliability of our dipped mica capaci
tors without adversely affecting life reliability? 

Problem 3: How to upgrade the reliability of molded mica capacitors to equal that of dipped 
mica capacitors so designers can take advantage of body uniformity and axial lead design? 

Solution: Chemical self-control! To do this we operate our own chemica l manufacturing 
plant where we formulate silve r pastes, phenolic dipping compounds, and epoxy molding 
compounds - all under strict controls. 

Result: Dipped mica capacitors and molded mica capacitors of equa lly high reliability that 
operate up to 150°C. Send for technical literature and always insist on El-Menco brand ca
pacitors .. . your assurance of better quality and reliability through control. 

Electronics I April 17, 1967 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC, CONNECTICUT 06226 

Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmers & Padders 
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubular Paper 

Exclusive Supplier to Jobbers and Distributors 
in the U. 5. and Canada : 
ARCO ELECTRONICS, INC., Community Dri ve. 
Grear Neck, L. I. , New York 

W est Coast Manufacturers contact : 
COLLINS & HYDE CO., 900 N. San Ant onio Rd ., 
Los Altos, California 94022 
1250 E. Art esia Avenue, Long Beach, Ca li fo rnia 
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Reduce friction and keep cool with Mystik Teflon Tapes 

138 Circle 138 on reader service card 

Mystik's Teflon tapes combine the advantages of TFE Teflon film 
with a silicone pressure-sensitive adhesive. As a result, they offer 
high dielectric strength, low coefficient of friction, and high perform-
ance within a temperature range from -100°F to +450°F. ...., 

These remarkable tapes are particularly useful in reducing friction 
on high speed equipment and as insulators of electrical apparatus, 
but they have many other applications in the electrical and elec
tronic industry. 

Of course, Mystik Teflon Tapes represent only a few of the high 
quality paper, film, and glass cloth tapes available for special appli· i.. 

cations. For assistance in selecting the best ones for your needs, con
tact your local Mystik distributor. He's listed in the Yellow Pages 
under "Tape" or write The Borden Chem
ical Co., Mystik Tape Div., 1700 Win
netka A venue, Northfield, Illinois 60093. 

DBORDEN 
U CHEMICAL 
©nc 
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This 
integrating DVM 
still offers better 
performance than 
any other 
of its kind. 
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Measure low-level signals even in the presence of 
extreme noise with Hewlett-Packard's 2401 C lnte
gra tin g Di g ital Voltmeter. 1 t has a floating and 
guarded input for minimizing the effects of common 
mode noise ; and integration averages out alt noise 
superimposed on the signal. 

But the 2401 DVM could do that when it was first 
introduced . Since then there have been two new 
models and many additional features to keep the 240 l 
the industry's most useful bench and system DVM. 

Herc's why: 

5 ranges, 100 mY, 1 V and the 3 usual s; 300 % over
ranging on the 4 most sensitive ranges , 6th digit for 
overrangc di spl ay; integra tion through zero ; full pro
grammability ; BCD output for systems use ; indepen
dent intern a l calibrate source stable to 0.006 % /6 
mo. ; 300 kHz frequency counting ability ; optional 
au toranger with 34 mscc maximum change time. 

lf this isn't enough, a full repe rtoire of options and 
compatible systems in struments is available to satisfy 
your measurement need s. 

Price: still $3950. 

Ca ll your local Hewlett-Packard field engineer or write 
direct to Dymcc Division of Hew lett-Packard, 395 
Page Mill Rd ., Pal o Alto , Californi a 94306, Tel. (4 15) 
326-1755; Europe: 54 Route des Acaci as, Geneva. 

() 
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Nocturnal animals see well in the 
dark. MTI Image Orthicon televi
sion cameras see almost as well. 

We're specialists in low light level 
television equipment. In fact. the 
largest manufacturer in the world. 
And our equipment will pick up an 

image in near total darkness . A pin 
hole of light is more than enough. 
Or more specifically, at 1x10-5 foot 
ca ndles of ambient light (ap
proaching total darkness). 

This is but one research applica 
tion. The possibilities in all fields 

are endless. as research is discov
ering every day. If you have need 
- call us. We'll be there to help 
... quickly with quality. 

m.-i MARYLAND TELECOMMUNICATIONS, INC. 
York & Video Roads, Cockeysville, Md. 301-666-2727 World 's largest manufacturer of low light level television cameras. 
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COMMUNICATION / COMPUTATION / CONTROL 

~ 
COLLI NS 

~ 
COLLINS RADIO COMPANY I DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO 
Bangkok • Beirut • Frankturt • Hong Kong • Kuala Lumpur • Los Angeles • London • Melbourne • Mexico City • New York • Paris • Rome • Washington • Wellington 
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HONEYWELL IN FLORIDA 
offers exceptional career opportunities in our newly-created 
Advanced Communications Laboratory. 

Engineers and Scientists 
CLIP THIS COUPON 
IT MAY BECOME YOUR PASSPORT TO NEW WORLDS OF OPPORTUNITY. 

It • II 
Mr. F. G. Keese, Honeywell , 13350 U.S. Highway 19, 
St. Petersburg, Florida 33733 
let's talk about the future. I 

I 
I 
I 
I 

Name ___________________ _ _ _ _ _ 

Address _ _________ _ _ ___ _______ _ 

City _ ___ ________ state _ _ ________ _ 

Degree(s) _ ________________ _ ____ _ 

Field\SJ of experience _____________ _ _____ _ 

Specific iob interest _ _ _________________ _ • Present Salary $ ___ ____ ____ U. S. Citizen Yes _ _ No __ 

Here are the areas of opportunity awaiting you in sunny Florida: 

• Digital Communications 
• RF and Telephone Transmissions 
• Satellite Communications 

Look over the specific job opportunities below: 

Communications Systems Engineers 

Advanced degree and significant experience in communi· 
cations systems. Should be able to perform conceptual 
work on systems involving message handling, coding and 
decoding, radio frequency transmissions, and on-line com· 
puter or signal processing elements. 

Receiver Development Engineers HF, VH F, UHF 

Experienced circuit designers familiar with front ends, 
phase - locked oscillators, synthesizers, bala need mixers, 
filter design and state-of-the-art solid state techniques. 
Familiarity with ultra stable signal sources and the Doppler 
shift from satellites and high-speed aircraft desirable. 

• Advanced Navigation Techniques 
• Hardware Development 

Synthesizer Deve lopment Engineers 
Minimum of four years experience in synthesizer design. 
Must be familiar with past and present techniques. Re· 
quirement the development of next-generation equipment: 
utilizing micro-miniature and thin-film techniques. 

RF Amplifier Design Engineers 
Minimum of two years experience in broadband solid state 
amplifier design. Audio through UHF applications. Must 
be familiar with impedance transformation networks and 
stability criteria. 

IF and Audio Design Engineers 
Minimum of two years experience in solid state design 
with applications in Receivers and Exciters. 

If your particular job interest is not mentioned here, but your talents fall in the general area of 
Design, Project Leadership, Systems Analysis and support functions, we'd like to talk with you about 
other important assignments at Honeywell in Florida, Junior through Engineering Specialist levels. 

Clip and mail the coupon today. We 'd like to talk to you about your future . We promise a prompt, 
confidential reply and probably an invitation to visit our facilities, meet our people and discover 
for yourself the many advantages of working and living here on Florida 's west coast. 

e;N;~G THING;;e11 ~@ 
Y: '°"" oeeo"""" '""°"' \ ) 

To investigate professional openings in other Honeywell facilities , ~ 
send resume to F. F. Laing. Honeywell, Minneapolis, Minnesota 55408. 
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.T UDELA FACTOR Y BADALONA FACTORY 

144 

A wide range of rel iable produ cts and types al lows us to meet your requirements. 

Large and up to date fa cili t ies and mas s production quantities guarantee: 

- CONSTANT QUALITY 

- SHORT DELIVERY TIME 

- LOWER PRICES THAN INTERNATIONAL LEVELS 

STOCKING REPRESENTATIVES IN: 

~~PIHER~ 
LU] 

Riera Canedo, s/ n. A partado 53. Phone 2800306. ·Telex 05792 Bada lona (Spain) 

U . S. A. - Canada - Great Brita in - France - Germany - Austral ia - Italy - Portugal - Netherland - Be lg ium , 
F inland - Sweden - Norway - Denmark - Colombia - Uruguay - Republ ic South Africa - Switzerland. 

'I< Write for technical catalog 
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O / E/N IS QUALITY COMPONENTS 

OAK M ANUFACTURING CO . 

... for over 35 years the 
leader in rotary switches, pio
neer of many new advances 
including double-wiping con
tacts. Oak is also a leader in 
pushbutton, lever, slide and 
snap switches ; rotary sole
no ids and choppers. O ak FM, 
VHF & UHF television tuners 
can be found in most major 
brand name sets. 

M ARCO-OAK 

. . . serves our pushbutton 
world by showing "what's 
going on." Customers rely on 
Marco-Oak lighted pushbut
ton and matching indicator 
lights for applications far 
more complex than car radios. 
They' re used in such applica
tions as computers, missile 
ground controls, aircraft, util
ity and industrial instrument 
panels, TV broadcasting. 

0/E/N produces quality components ... our customers bu ild 
them into circuitry. We're their main source for an ever
widening variety of products. The one common denomina
tor is engineering excellence, bui lt into components pro
duced by every O/E/N subsidiary or division described 
here. Write for Facilities and Capabilities brochure. 

M CCOY ELECTRONI CS CO . 

.. . makes quartz crystals and 
assemblies to keep radio 
transmitters and receivers 
"on the beam." Such precise 
frequency control requires 
exacting manufacturing tech
niques-thickness accurate 
to .000001", cutting to 1/300 
of 1° of angle accuracy, her
metic seals for protection. 
MCCoy crystals are the high
est quality available and per
form in severe environments. 

---0/E/ N 

HART MANUFACTURING CO. 

... "turns t h ings on" with 
relays for household and 
commercial appliances, high
current relays fo r industry, 
and miniaturized relays for 
missiles and computers. Also 
thermostats, rotary and snap
in toggle switches, pilot lights. 
The complementary Phillips
Advance line of relays serves 
the electronics and commu
nications industries. 

OAK ELECTRO / NETICS CORP 

CORPORATE OFFICE 
CRYSTAL LAKE, ILLINO IS 60014 
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An opto-electronic 
switching device that 
provides input-output 

circuit isolation. 

Solid-state and opto-electronic switching bene
fits are combined in low-cost Sigma Series 301 
Datacels. 

Electrically Isolated Input-Output Circuits: 
Light-beam coupling to 1, 2 or 4 photocells pro
vides isolation resistance on the order of 1Q9 
ohms and smooth turn-on, turn-off. 

AC-DC Capability: Both input and output cir
cuits can handle either AC or DC signals. Cell 
loads may range from millivolt to 250-volt levels. 

Application Versatility: Functions include high 
isolation interface switching, logic switching 
(and/or gate, inverter, latch circuits), audio 
switching, multiplexing, data sampling, feedback 
gain control, noiseless potentiometer. 

Compact Construction: 1, 2 and 4 pole versions 

all designed for high-density printed-circuit pack
aging. Also socket conversion to solder terminal 
mounting. In addition each unit visually indicates 
its on-off state to aid system trouble-shooting. 

We'd like to give you a new solid-state Sigma 
Datacel-or any of our standard relays. It's the 
best way we know to prove what we say about 
Sigma performance. Just circle our reader serv
ice number on the reader service card. We'll 
send you the new Sigma catalog and a "free" 
request form. Return the form to us and your 
Sigma representative will see that you get the 
sample you need. 

Need fast delivery? Opto-electronic Datacels 
are avai lable off-the-shelf from your Sigma dis· 
tributor. Call him today. 

SIGM.6. DIVISION ' 4 S IGML'. INSTRUMENTS INC 
~ Assured Reliability With Advanced Design/Braintree, Mass. 02185 

Sigma Instrumen ts !Canada) Ltd., P.O. Box 43, To ronto 18 
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Where can you get 
quick delivery on 930 DTL? 

Order TI Series 15930 DTL 
from ELECTRONIC WHOLESALERS! 

We can fill your requirements for 930 
DTL today! We carry full warehouse 

'- stocks of all types of Tl's Series 15930 
(military) and Series 15830 (indus
trial) integrated circuits for immedi
ate delivery. 

These devices are direct equivalents 
... pin-for-pin and spec-for-spec ... 
of competitive types. All circuits are 
equivalent in every parameter to 
other 930 DTL circuits and may be 
used interchangeably with other 
makes on a mixed system basis. 

Series 15930 DTL circuits are pro
duced by the industry's largest and 
most advanced semiconductor manu
facturing facility to fulfill your larg
est requirements. 

We stock them in depth so you 
won't have to wait for delivery. 
Call us! 

............ ............... ·•················•· ... . .. • ::: ------------===· " SERVI NG THE ENTI RE S OUTHEASTERN U .S." .... . ............... . t•• •• . ••••• , ••••••••• .. .. , ..... , ...... .. . . , ,. .. .. 
=~ ' v .: •• •• 1•• ' •••• 
iii!! !!!~ =· ~1::11 

ELECTRONIC WHOLESALERS INC. ..... ,... ... . ..... 
,::: !!!!!!!!!!!!!Ill:' ... . .. ... . .. .. . . .................. ................ 

··••!••··~ m 
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l'IASHI NGTON . D. C. BALTI MORE, MARYLAND WINSTON-SALEM. N. C. MIAM I, FLOR IDA ORLANDO , FLOR I DA 

23 45 Sherman Ave ., N.W. 3200 Wilkens Avenue 938 Burke Street 9390 N.W. 27th Avenue 345 N. Graham Avenue 

Phone 202-483-5200 Phone 301 - 646 -3600 Phone 919-725 -8711 Phone 305- 696 -1620 Phone 305-84 1-1550 
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RESOLVER 
TYPf.S08·A·4 

-;$/LVERLINE 

1LVERLINEM. 
a new, superior line of Clifton Synchros 

• Higher Accuracy. 5' standard • Outstanding Repeatability of Calibration 
Pattern • Stabil ity of Calibration over Temp. • 150 °C Standard Operating Temp. 

Keeping pace with the developing aero
space field , Clifton announces SILVERLINE, 

a new, superior line of standard synchros. 0 
These units, a natural evolution from our present 

line of quality synchros, embody certain new manu
facturing techniques and space age materials. The 

result is a standard synchro which outperforms pres-

*Trademark of Clifton Divis ion of Litton Industries 

Circle 148 on reader service card 

ent synchros in four distinct ways shown above. D 
SILVERLINE synchros are in the field now. Call your 
local Clifton Sales Office for price, delivery and 
further information. 



Probing the News 
Electronics markets 

Bloom's gone from 1967's rosy outlook 
Softness in consumer markets, a shift in Government outlays 

slows boom; industry starts to prune year's sales projections 

Barely four months ago, growth
conditioned executives in the elec-

~ tronics industry were virtually 
unanimou s in their belief that the 
boom would continue in 1967. Elec
tronics' markets survey forecast a 
9.4% boost in sales. 

Now, however, with the first
quarter results in, these same 
executives are having second 
thoughts. Although there's no re
cession, or even a slump, gaps have 

"' shovm up to turn the great expecta
tions of year-end 1966 into a more 
realistic appraisal of 1967. 

The high level of expenditures 
for Vietnam has kept most military 
elec tronics markets close to or 
ahead of es timates, and space ont
lays are holding their O\rn . But a 
slowdown in the five-ypar ex pan
sion of th e economy has softened 
certain civilian outle ts. Jn particu
lar, a shift in consumers' h11ying 
patterns has hurt such profitable 
big-ticket items as monochrome 
and color television se ts. Similarly, 
the auto makers' winter of discon
tent during which new car sales 
fr·ll over 20% from year-earlier lev
els has taken a toll from Detroi t
or iented elec tronics concern s. Un
certain ties also bese t industrial 
electronics and in strument firms . 

Des pite what at fir st appears to 
he a dismal pichHe, indica tions 
are that 1967 will still be a good 
yea r. Available evidence sugges ts 
that the selec tive "min islide" will 
be arres ted by the end of the third
quarter-a lit tle later than hoped 
by most-and that the business 
h·end will turn upward thereafter. 
Such recent Government actions as 
the proposed res toration of the 
7% inves tment tax credit and the 

~ Federal Reserve Board's lowering 
of th e rediscoun t rate to member 
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TV receivers, b&w 

TV receivers, color 

Home & portable rad ios 

Auto rad ios 

Phonographs, portable 

Hi-fi sets & components 

Kits (except toys) 

Musical instruments, electronic 

Res istors, fixed 

Potentiometers 

Capacitors, electrolytic 

Capacitors, other 

TV yokes & flybacks 

Tubes, receiving 

Tubes, picture CRT, b&w 

Tubes, picture, CRT, color . 

Transistors, silicon 

Transistors, germanium 

Diodes, silicon 

Diodes, germanium 

Silicon controlled rectifiers 

Loudspeakers 

Magnetic tape 

Integrated circuits, monolithic 

Thick films 

Th in films 

Power supplies, lab type 

Power suppl ies, OEM type 

256.5 
39.5 
40.5 
33.6 
16.0 
13.l 
25.6 

40.0 
46.4 
57.l 
6.5 

62 .4 
29.9 

106.6 
69.8 
35.8 
53.4 

7.5 
12.6 
24.0 
46.8 
49.3 
5.7 
2.6 

11.1 
19.8 

25.l 
52.l 
55.4 
13.4 
12.0 
23.6 

42.0 
47.2 
57.4 
6.5 

68.2 
26.3 

119.5 
75.1 
32.6 
55.6 
7.8 

13.2 
27 .2 
47.7 
53.8 
6.1 
2.8 

r2 .2 
22.0 

Total 
1967 

154.0 550.0 
395.0 472.5 1,340.0 

50.3 64.7 179.6 
26.l 40.5 159.2 
60.8 68.7 218.5 
25.2 29.4 84.0 
8.6 16.5 

20.7 28.5 

Total 
1967 

203.0 
42.9 46.l 171.0 
52.9 55.4 201.9 
61.2 62.5 238.2 
7.2 8.7 28.9 

80.0 77.l 287.7 
36.5 43.7 136.4 

160.0 202.5 588.6 
81.0 85.8 311.7 
40.5 49.4 158.3 
49.0 64.5 222.5 

7.2 8.8 31.3 
13.7 14.3 53.8 
29.3 24.0 104.5 
45.8 50.5 190.8 
58.0 62.9 224.0 
6.7 7.5 26.0 
3.0 3.2 11.6 

12.9 10.3 
20.2 19.2 
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VACTEC 
Photocell -Lamp 
Control Module 

\ 
I I 

~f--s;-a~F9/ 1 6~~ 

l7llid_.......-CELL LEADS .016 

. ·-~ 
9/1 6 I . 20 0 

• · - ---L 

~] I ti '-- LAMP LEADS .008 --1 . 10 0 

. 200 

The first of a complete line designed for 
improved, noiseless volume and tone co n
tro ls in t ra nsistorized amplifiers. Perfect 
for guitars, organs, musical instruments, 
radio, TV and the like. 
Combines a proven dependable Vactec 
photocell wit h an extre mely long - life in 
ca nd esce nt lamp . Com plete low-cost 
module in a un ique epoxy sealed metal 
enclosure. Leads are spaced on standard 
.100 " centers to simpl ify ci rcu it board 
mounting. 
Six and 10-vo lt un its now avai lable. 
Speci al cha racteri stic designs on req uest. 

I M 
TYPICAL CHARACTERISTICS 

I 

.,, li ::< 10 K 
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~ 1 K 
~T-1 0150 
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t--+--t---+--t--1'"'-""'V T - 6 0 0 Si--+-+-1 
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CONTROL VOLTAGE 

For details, write requesting Bulletin OC-1 . 

X VACTEC, INC. 
2423 Northline Ind. Blvd. 

Maryland Hts .. Mo. 63042 AC 314,432-4200 
See Vactec's listing in EBG under "Semi
conductors," and in EEM, Sec. 3700. 
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Oscilloscopes 

Signal generators 6.7 
Sweep gene ra tors 3.2 
Counters 9.4 
Digital voltmete rs 7.0 
Components testers 6.2 

banks should furnish additional 
mom entum to the recovery. 

I. The reluctant consumer 

Any industry registering a better 
than 25% sales gain for the first 
quarter-as color tv set makers did 
-would normally be overjoyed . 
But producers expected to do twice 
as well and made their manufac
turing and marketing plans accord
ingly. As a result, a lot of spanking 
new capacity, added in anticipa
tion of a continuing bonanza, will 
be standing profitlessly idle. Sales 
predictions of 7 to 8 mill ion units 
have bef'n trimm ed to a more real
istic level of about 6 million . 

If the demand for color is dull , 
th e market for black-and-white sets 
is bl eak So far this year, black-and
vvhite sets are off by 30%-about 
16% below earlier es timates . 

Such staple consumer items as 
radios , phonographs, and tape re
corders are holding up wel l in the 
makers ' difficulties, sales of au to
fidelity components are making 
gains. However, reflecting the car 
makers' difficu lties , sales of auto
mobile radios are running 26% be
low expectations. 

Land mobile 

Radar 

Airborne & ground links 44.5 
Broadcast equipment 20.9 
Citizens band equipment 8.8 
Telemetry 45.5 

quarter Total 
1967 1967 

32.2 
5.8 6.0 5.5 
3.5 3.3 2.8 

10.0 7.5 11.4 
7.0 7.3 7.3 
5.5 5.5 4.7 

Think small. Tv marketing men 
are taking some comfort in the sales 
curve of small -screen sets (up to .. 
15-inch screen). J.L. Myers, market
ing manager of the General Elec
tric Co.' s personal television de
partment, says sales are off only -
8% and are beginning to turn up
ward. vVith summer approaching, 
Myers is looking for a boom. 

S.R. Herkes, marketing vice 
president at Motorola Inc.'s Con
sumer Products division, is opti
mistic beyond 1967. " \ i\Te may even 
have bigger years in black and 
white than we have had in the 
past," he says. "Transistorization 
will bring th e price down to $49.95 
by 1970. And at that price, tv sets 
will be an impulse purchase." 

Portabl e color tv will also get 
more atten tion , accounting for 
about 10% of total sales this year, 
predicts GE's Myers. General El ec
tric already has three 10-inch color 
sets on the market, two of whic11 
were introduced this year. And last 
month, the Radio Corp. of America 
entered the fi eld with a 14-inch set. 
By th e end of th e year, there should 
be as many as 10 manufachll'ers 
in the portable color fi eld. 

17.0 16.0 63.5 
50.0 56.5 39.4 190.4 
41.9 53.2 45.1 161.l 

9.7 10.8 10.7 40.0 
46.0 42.2 52.6 
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Now that the color market has 
toned down a bit, manufacturing 
of home entertainment produots 
may bring some of the develop
ments that were in a state of "sus
pended animation" to bear upon 
next year's tv and stereo sets. But 
a caution light on costs has b een 
lit. 

Says vVilliam Buschmann, vice 
president for marketing at the Syl
vania Elec tric Produ cts Co., a sub
sidiary of the General Telephone 
& Electronics Co. : "Anything that 
adds a dollar to the price of a tv 
set presents a problem in sheer 
economics." 

One such innovation could b e a 
new 1,200-volt silicon transistor 
introduced last month at the IEEE 

exhibition by the Delco Radio divi
sion of the General Motors Corp. 
The device can switch the 3,800-
volt-ampere load line needed to 
operate a 25-inch color set hori 
zontal deflection sys tem. Another 
new entry could be voltage-variable 
capacitors for tuning black-and
white and color tv se ts from the 
International Telephone and T ele
graph Corp.'s Semiconductor divi 
sion. 

11. Bits and pieces 

vVhen an important market like 
color tv receivers fails to grow as 
expected, the impact upon compo
nents suppliers can b e severe. Color 
tv tubes, resis tors, capacitors, and 
other discrete devices have been 
hard hit, resulting in a lag in sales. 

In another sector of the compo
nents fi eld , silicon transistors are 
taking a real bea ting as a result 
of price de terioration and slacken
ing demand. Expected to rack up 
$480.4 million in sales during 1967, 
these devices are now running at 
an annual rate of only $311.7 mil -

• lion. At the Dickson Electronics 
Co., demand for solid-state tanta
lum capacitors dipped during the 
first quarter. But sales coordinator 
Milton Jesman attributes the slide 
to a more competitive pricing situa
tion and prior stockpiling of de-

" vices by computer makers. 
Components companies serving 

military markets report volume 
was right on target during the first 
three months of the year. H owever, 
marketing officials at these firms 

~ show signs of nervousness about 
the immediate future. Dan Sohwad
ron, senior sales engineer at Bourns 
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The nevv VK® 
Ceramic Capacitor 
can save it for you 

The new VK® Ceramic 
Capacitor-containing CK06 
capacitance values (1000-
10,000 pf) in a CK05-size 
case (.2" x .2" x. l")-is built 
to increase volumetric 
efficiency. 
In fact, this new capacitor 
uses less than half the space 

of a CK06 (.009 cu. in. vs .. 004 cu. in.) and 
gives the design engineer the same high 
capacitance values, plus a superior tempera
ture characteristic well within + 15% (over the 
temperature range of -55°C to+ 125°C). 
So select the new VK® Ceramic Capacitor
you'll find you have more spaoe for other 
vital components. 

For complete information, write for D ata 
SheetC17. 

VITRAMON, INCORPORATED 
BOX 544 

In Greater Europe Contac t : 
VITRAMON EUROPE 

BRIDGEPORT, CONN . 06601 Wooburn Green, Bucks, England 
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DO YOU MAKE THESE 
FIVE COMMON MISTAKES 
IN EVALUATING CAREER 

GROWTH OPPORTUNITIES? 
1. Do you consider only the largest companies in your particular field? Size of 
opportunity is not necessa rily proportional to size of compa ny. Many medium size 
companies, such as ECI , offer faster achievement of professional recognition and 
personal satisfaction than do the " industry giants." 

2. Do you fa il to consider breadth of product I customer base ? It's difficult to 
achieve career stability in a company that is closely tied to a narrow range of 
products and technologies and which sells them to a limited number of customers. 
You'll do better at ECI , where major projects in VHF /UHF communications, multi· 
plex, space instrumentation, microelectroni cs, systems integration and advanced 
communications techniques are in progress simultaneously. Eel 's broad customer 
base includes Army, Navy, Air Force, Marine Corps, NASA and foreign governments. 

3. Do you consider joining a company which has insufficient R&D programs? Lack 
of aggressive R&D could mean future trouble for the company ... and you. ECI 
has a wide range of Company and customer·funded developm ent programs, partic
ularly in the promising fields of microelectronics, telemetry, spa ce instrumentation 
and digital switching systems. 

4. Are you overly impressed with "boom" growth conditions? Growth that's too 
fast can point to future instability. Look for a record like ECl 's, where years of 
stable, predictable growth demonstrate management's ability for both sound 
planning and successful execution. 

5. Do you settle for less-than-optimum living conditions in the name of opportunity? 
You needn 't! In addition to all the foregoing advantages, a career at ECI will 
let you and your family enjoy life to the full est in St. Petersburg, Florida. This 
segment of Florida 's Gulf Coast offers an unequalled combination of sunshine, 
beaches, golf, boating, and fishing plus cultural , educational and professional 
engineering opportunity. 

RF ENGINEERS 
SYSTEMS INTEGRATION ENGINEERS 

INDUSTRIAL ENGINEERS 
Make a new career evaluation today! Investigate the immediate and attractive 
opportunities at ECI by sending your resume, in confidence, to K. S. Nipper, 
Director of Professional Placement, Electronic Communications, Inc., Box 12248E, 
St. Petersburg, Florida 33733. (An equal opportunity employer.) 

St. Petersburg Division 
Electronic Communications, Inc. 

Inc. points out that while hard
ware outlays are up, military 
spending for research is down-a 
situation that will adversely affect • 
the sales of components for in
strumentation systems and other 
laboratory equipment. Carryover • 
orders from last year are almost 
exhau sted, says Schwadron , and 
no new bookings are in s ight. 

Problem areas. At W es tin ghou se 
E lectric Corp.'s Semiconductor di
vision, marketin g manager John 
Morris notes th at February sales ' 
were ju st about the same or a little 
higher than last year, but fell by 
5% to 10% in March . Wes ting- ~ 
house had anticipated a 35% 
growth rate in 1967. 

The softness at \i\7 es tinghouse 
shows up in parcels of prod
ucts. For example, diodes for use 
in color tv receivers and industrial 
equipment are not doing as well 
as expected. Division manager Don 
Gunther is s till hop ing the industry 
will build 7 million se ts . But if 
sales slide to less than 6 mil lion, 
the division's sales performance 
will be very disappointing for 1967. ~ 

Sales of large silicon-controlled 
rectifiers for use in speed controls 
of locomotives are also very slow. 
Gunther attributes this to the loss 
of the inves tment credit which cur
tailed railroad's capital-spending , 
plans more sharply than was the 
case in other industries . On the ' 
plus side of the ledger, sales of 
power transistors and thyristors 
(s ilicon-controlled rectifiers ) smal
ler than railroad size are still out
stripping production capacity. 

IC picture. For the past year and 
a half, the "monkey has been on 
the integrated circui t manufac
turers' back," from the point of his 
being unable to fill orders, says a 
source at the Signetics Corp., a 
subsidiary of the Corning Glass 
Works. The consensus is that most -
added capacity now being installed 
will be on line by summer-and 
the result could be some softening 
due to a reduction of backlogs. 

Sylvania continues to see an IC 

market of about $230 million in 
1967. For Sylvania, first-quarter 
sales have been on target with its 
estimates, says Roger Swanson, 
semiconductor marketing manager. 
Orders have been "a bit lighter in 
the consumer area than antici
pated," but such business is only a 
negligible percentage of the total. 
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The largest manufacturer of di
odes in the world, ITT's Semicon
ductor division, sees its markets 
"holding on target." Robert Hos
tage, manager of market research 
and planning for semiconductor 
operations, notes that while his 
division holds 30% of the ger
manium diode market and enjoys 
a better than 10% penetration of 
the entire diode market, over 90% 
of ITT devices are sold for com
puters. In that area , sales have gone 
largely accord ing to plan. The soft
ening in the entertainment prod
ucts market has not seriously af
fected 1rr's diode business , and 
only aho11t 2.5% of sales are to the 
auto market-mostly germanium 
units for radios. 

111. Instrumentation 

\Vith frw exceptions, the 1967 
instrumen tation outlook is gloomy 
and most sources concede that 
sales are lagging behind the origi
nal forecasts . 

Alan B. Dall as , manager of in
strument marketing for Honeyv.:ell 
Inc.'s Test Instruments division , 
says, "1967 will not be a disastrous 
year but it won't be the growth 
year predicted last July." Accord
ing to Dallas , many instrument 
manufacturers are faced with in
creased inventories and are offer
ing off-the-shelf deliveries. 

Because tes t instrument sales are 
tightly linked to research and de
velopment, many companies are 
reeling from the diversion of Gov
ernment funds to produ ction. Many 
have had to make major readjust
ments. Some, including the Con
solidated Electrodynamics Corp., 
a subsidiary of the Bell & Howell 
Co., have even had major layoffs. 

Others haven ' t been as seriously 
affected . Honeywell Inc., for in
stance, has experienced lower sales 
of its larger oscillographs des igned 
for research and development ap
plications . At the same time, the 
company is selling more apparatus 
for use by less skilled personnel. 
"But," says Dallas, "the increase 
in the one line does not offs et the 
loss in volume in the other." The 
reorientation of Government spend
ing has also lowered sales of the 
more complex signal and sweep 
generators , and even the digital 
voltmeter market has b een affected. 

Gains in industrial instrumenta
tion have caused marketing man-
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control alarm 
shortcut 

OUTPUT RELAY 

-r~NSDVC.ER ___ :-u I I 
RJ:MOT!= {" .a4-~~ _ 

SET POINT~I:-------___. 
(OPTIONAL) 

~---· 
POM.le(l. SUPPL'( 

AGSENSE® 
control/alarm for temperature, pressure, speed, flow 

Here's a fast. easy way to design a 
solid-state control I alarm circuit you 
can depend on. Just connect sensor. 
load and power source to the standard 
MAGSENS E model that meets your 
specific requirements. That's it . Your 
circuit is complete . You'll save time 
and money by using MAGSENSE. and 
you'll be taking advantage of accuracy 
and reliability proven in hundreds of 
temperature . pressure. speed. posi
tion . liquid level and flow applications. 

All 11 Magsense models offer 
100-bi llion power gain and accept in
puts as low as 1 mi croamp or 10 
microvolts directly without preampli
fication . Continuous overload capabil
ity is 1.000 times nominal full-scale 
input without damage. Trip point is 
unaffected by common mode voltages 
as high as 110 VAC. 60 Hz because 
input is full floating with respect to the 

output circuit. 
Single or dua l setpoints and hys

teresis are easily adjusted internally 
or remotely. You can specify latching. 
non- latching or pulse control I alarm 
action. Non-latching and pulse units 
have adjustable differential gap and 
proportional band capabilities. 

Transducer excitation voltage is 
available from all MAGSENSE units. 
and cold junction and copper compen
sation are standard in models for 
thermocouple applications. 

Priced from $35 in quantity. all 
MAGSENSE modules are available 
from stock. 

For data sheets or a quote, con
tact MAGSENSE Sales. Dept. 117 , La 
Jolla Division. Control Data Corpora
tion. 4455 Eastgate Mall, La Jolla, 
California 92037. For immediate ac
tion, phone (714) 453-2500. 

LA JOLLA DIVISION 

CONTROL DATA 
CORPORATION 

4455 Eastgate Mall, la Jol la, Calif 
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HOW SMALL CAN A 
MICROWAVE COUPLER GET? 

Pellet and connector actual size. 

Would you be lieve Merrimac has produced an ultra
miniature microwave quadrature hybrid coupler 1/a inch 
in diameter and 3/ 16 inch long? Size reduction was made 
possible by using a novel lumped element synthesis 
(U. S. Patents applied for). The Model QHU-2 is in
tended primarily for use with printed circuit boards and 
is highly su itable for aircraft and space applicat ions. 
The pellet can be provided in a miniature connector 
housing, designated Model QHM-2. The new hybrid 
coupler, with or without connector, is presently available 
in the 2.1-to-2.3 GHz frequency range. Merrimac also 
can provide, on request, couplers at frequencies within 
1-to-4 GHz. Inquiries on specia l requirements are 
invited. 

Applications include image rejection mixers, 
phase comparators, phase shifters, attenuators, 
single sideband modulators, solid state power 
amplifiers, discriminator networks and power 
dividers. 

Models QHU-2 and QHM-2 exhibit more than 23 db 
isolation with VSWR of 1.2: l; impedance 50 ohms. 
Other specifications include: Bandwidth 10%, phase 
quadrature 90° -+ 3 ° ; output equality -+ 0.3 db; inser
tion loss typically less than 0.3 db; and power 5 watts 
average. 

For further information, write or phone: 

~ MERRIMAC RESEARCH AND DEVELOPMENT, IN:;. 
- 4 1 FAIRFIELD PLACE, WEST CALDWELL, N . J . 07007 • 201-228-389 0 
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agers to view this segment of the 
instrumentation market with some 
optimism. [See "Instrument makers 
are measuring up to systems engi
neering standards," page 161.] 
Most feel that the reinstatement of 
the 7% tax credit will boost sales 
in this area. But as Keith Williams, 
manager of oscilloscope marketing 
at Tekh·onix Inc., puts it, the ef
fect of the restoration will be more 
psychological than anything else. 

Bright side. Component test 
equipm8nt is enjoying an e.xcellen t 
year. The Instrumentation division 
of the Fairchild Camera & Insh·u
mentation Corp. indicates auto
matic transistor and integrated
circuit tes ter sales are ahead of 
forecast. Similarly, the automatic 
component test systems recently 
introduced by the General Radio 
Co. are en1rnncing the company's 
total volume. 

But the market for machine tools 
also reflects th e economy's soft
ness. Although deliveries for the 
first two months of 1967 are some 
10% ahead of the comparable pe
riod a year ago, new orders have 
suffered a sharp decline of about 
25%. 

This drop may not affect sales 
until 1968, however, because of the 
close to 11-month backlog of orders 
with which manufacturers b egan 
1967. On the whole, deliveries for 
1967 should be about the same as 
last year, according to a spokesman 
at the Bendix Corp.'s Industrial 
Controls division . 

Because an increasing percent
age of machine tools are b eing sold 
for num erically controlled applica
tions , manufacturers of the con
trollers will see th eir volume rise 
during th e year-up to $100 million 
says Bendix. Last year 20% of all 
metal-cutting tools sold had nu
merical control. This year this per
centage could reach 25%. 

Res toration of the 7% inves tment 
tax credit by the F ederal Govern
ment would certainly be the big- .., 
gest stimulant to an increase in 
numerical-control tool sales, ac
cording to James Gray, executive , 
vice president of the Tool Bu ilders' 
Association. The suspension of th is 
credit last October had an almos t 
immediate effect on all kinds of 
capital equipment manufacturers. 
By December, new orders for ma
chine tools were already starting ' 
to drop. 
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For your next design where there's 
too little room for components and 
no room for compromise ... turn to 
"tiny but tough" TRW Type 608 
Mylar* capacitors. 

Excellent electrical characterist ics 
and exceptionally small size make 
the Type 608 ultra-miniature a good 
capacitor for exacting military and 
instrument applications. Add the 
remarkable record of space-proven 
reliability and TRW Type 608 be
comes a great capacitor! 
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... nearly everybody! 

Look at these outstanding features! 

• 50% smaller than MIL-C-27287 

• 4X lb lead pull capability 

• Mylar-foil, tape-wrapped 
construction 

• Exceeds character istics of many 
larger units 

• MIL-C-27287 performance 

• 50V and. 100V, .001 to 2.0 mfd 

• Temp. range -55 to +85°C; to 
125°C with derating 

• Tolerance to ±1% available 

Product information is available 
from TRW Capacitor Division, TRW 
INC., Box 1000, Ogallala, Nebraska. 
Phone (308) 284-3611. TWX: 910-
620-0321 . ' DuPont's trademark for po lyester film. 

TRW 
Electronics I April 17, 1967 



Computers 

Safeguarding time-sharing privacy 
-an all-out war on data snooping 
The problem of unauthorized access to proprietary f iles 

spurs development of tighter protection systems for users 

Recognizing that time-sharing 
could also mean unauthorized data
sharing, the computer industry is 
coming to grips with the gnawing 
problem of safeguarding privacy 
in multiaccess processors . So im
portant is the privacy-snooping 
dilemma that it has been put in the 
spotlight at the Spring Joint Com
puter Conference opening this 
week in Atlantic City, N.J. 

The problem became a national 
issue last summer when Congress 
held hearings on the proposed na
tional data bank. Backers wanted 
to collect information from such 
Federal agencies as the Census 
Bureau and the Internal Revenue 
Service and store it in one com
puterized reposi tory. But oppo
nents, fearing that user-agencies 
would have unrestricted access to 
data regardless of whether they had 
fil ed it, succeeded in getting the 
enabling legislation killed in com
mittee-at least for this session. 

Snooping fear. The problem of 
privacy in a commercial or indus
trial application centers on the pre
vention of unauthorized access
whether inadvertant or intentional 
-to proprietary computer fil es . De
struction of data by other data 
stored in the wrong place is a 
problem, as are tapped telephone 
lines carrying subscribers' data be
tween terminals and the computer. 

As far as Government agencies 
are concerned, privacy is a security 
problem that is compounded by 
varying classification levels. Al
though no Government unit has as 
yet entru sted classified data to a 
time-shared computer system, the 
Air Force has taken the first step 
[Electronics, March 20, p. 26]. 

I. By the numbers 

Time-sharing systems offer a 
variety of safeguards against un-
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authorized access. In common with 
other sys tems, Control Data Corp.'s 
6000 computer series relies on soft
ware backed by the hardware or
ganization. Two kinds of files
private and public-are kept in the 
system. When a user sets up a new 
private file, he tags it with a con
fidential key or password. There
after, access is restricted to those 
who can submit the proper identi
fication. 

Programs available to anyone, 
like compilers to translate programs 
written in Fortran and other lan
guages into machine language, are 
kept in the public file. 

"There's no such thing as a hard
ware lockout," says Robert Korsch, 
an applications analyst at Control 
Data. "Any hardware you install to 
protect the files must be under 
software control.'' Keeping protec
tion schemes in the software has 
the advantage of flexibility. Soft
ware can be changed simply by 
punching out new cards and feed
ing them into the computer. 

Hard stuff. Despite Korsch's 
doubts, Honeywell Inc. has devel
oped a hardware approach for its 
H-8200 time-shared computer. Keys 
for up to nine blocks in the memory 
and nine input-output assignments 

are kept in hardware registers. As 
in Control Data's machines, these 
keys must match keys supplied by 
the user for access to private fil es 
for reading or writing. Taking ad
vantage of a read-only memory that 
is unique in the H-8200, the com
parison is performed in hardware. 
[For more on Honeywell's read
only memory, see page 56.] 

11. Customers always write 

Clients of Allen-Babcock Com
puting Inc. , a Los Angeles-based 
time-sharing service, are restricted 
to Fortran, Cobol, and PL/ 1 lan
guages. Since they can't modify the 
supervisory program with these 
languages, users can't bypass the 
memory protection sys tem. 

At Project MAC (for machine
aided cognition) at the Massa
chusetts Institute of Technology, 
there are no language restrictions 
and skillful users can modify the 
supervisor from remote terminals. 
According to James D. Babcock, 
Allen-Babcock's president, this is 
one reason why Project MAC has 
been having privacy problems. 

Another Allen-Babcock method 
of preventing invasion of privacy 
is what Babcock calls an "early 
cutoff." Any user is allowed as 
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... a user can restrict access to his 

files to certain times of the day ... 

much memory space as he needs
for which he is charged. But any
one trying to corner more than 20 
blocks at a time is automatically 
cut off. "He can dial in again im
mediately," says Babcock. "But 
when he does, we are on with him, 
watching everything he does. If 
we didn't do something like this, 
a user could go on grabbing more 
blocks of memory and crowd every
thing else out, taking over the 
whole system." 

Systems go. In some time-shared 
facilities, the central processor 
must be in a particular status be
fore a user can get into the system. 
When the General Electric Co.'s 
645 computer is in the slave mode, 
the machine can't execute privi
leged instructions-like input-out
put commands. If a privileged in
struction should appear in a pro
gram, the computer automatically 
transfers control to the monitor pro
gram that operates in the master 
mode. The offending user is dis
connected. If a user requires a 
privileged operation, he can set up 
the necessary information in his 
own res tricted portion of memory 
and reques t the master mode to 
take over. Similar restrictions exist 
in other time-shared sys tems. 

The International Business Ma
chines Corp.' s System 360 com
puter has two modes called prob
lem state and supervisor state, cor
responding in some respects to GE's 
slave and master modes. 

111. What's ahead 

Major efforts at devising new 
safeguards are being made at MIT. 

Edward L. Glaser, an associate 
professor of electrical engineering, 
heads the design group responsible 
for protection of privacy in Multics, 
a computer-utility project being 
developed jointly by Project MAC 

and the Bell T elephone Labora
tories. 

"In Multics," says Glaser, "vari
ous parts of the file have different 
conditions of access and different 
levels of privilege." The user must 
specify all of these-including his 
name, problem number, account to 
which charged, and password-to 
get into the system. But he is re-

strictcd to his particular section. If 
he manages to get into somebody 
else's section by accident or intent 
he is blocked from wandering 
through the entire file by a pro
gramable partitioning system. 

vVhatever a user docs is au to
matically recorded and can b e au
dited later, just as transactions in 
a bank can be exam ined by bank 
examiners. The protection system 
cannot be changed on-line and the 
auditing procedure must be per
formed off-line by two or three 
people. 

Despite the safeguards, Multics ' 
security system will still have one 
weak spot-the public telephone 
system, which can be tapped. Be
cause of this , individuals using the 
sys tem over such lines will be 
barred from certain fil es. 

General Electric has experi
mented with telephone line scram
blers-similar to those used on 
military communications lines-for 
one of its in-house systems. "They 
offer some security for transmitted 
data but they aren't foolproof," 
says Louis F. Cimino, manager of 
computer operations at GE's Mis
siles and Space division in Valley 
Forge, Pa. 

Word changes. An additional 
level of sophis tication in the use 
of passwords is suggested by Brian 
\ V. Pollard , manager of product 
planning at the Radio Corp. of 
America's Electronic Data Process
ing division. "Passwords can be 
Pasily changed," he says. "Suppose 
a file were set up in such a way 
that a different password was re
quired each time the fil e was used. 
Only the person authorized to use 
the file would know that it had 
been used, and he would know the 
sequence of passwords, so that he 
should have no trouble. Anyone 
else who perhaps learns the se
quence wouldn't know which one 
to use at any particular time, and 
trying them all on a random basis 
would be easily detectable." 

To an extent, General Electric 
leaves protection up to the client. 
A user can put in as many levels of 
security as he wants, depending 
on the degrees of privacy required 
for his data. At Allen-Babcock, a 
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series of keys or passwords is nec
essary to get into the system. But 
a user can res trict access to his 
files to certain times of day or pro
vide other safeguards. If a client's 
employees are permitted access 
only during normal business hours, 
the system can b e programed to 
turn down anyone trying to get 
into the system outside these hours. 

This approach does have disad
vantages : "The name of the game 
is response time," says Gerald 
Galler, product manager for GE's 
600 line. "The more verification you 
require of a legitimate u ser, the 
longer it takes to get information 
out of the system. You can overdo 
it." 

Joel Erdwinn, senior staff scien
tist at Computer Sciences Corp., 
a software house in El Segundo, 
Calif. , acknowledges that a privacy 
problem exists in time-shared sys
tems. But, he says, protection 
agains t accidental release or de
struction of data is adequate for 
most indus trial users. Spying is an
other story. "No one has ever con-

·' vinced the military that a time
shared sys tem can be guarded," he 
says. "And the military is probably 
right." 

Erdwinn looks for improvement 
at remote terminals. The executive 
sys tem, entailing a series of rou
tines which must be performed be
fore data is released, is particu
larly effec tive, he says. EnCT·ypting 
equ ipment a t the data printout ter
minal provides another safeguard. 
But such procedures are costly, re
quiring vaults and guards to pro
tect the code' manuals. 

Memorable. \Valter Bower, presi
dent of the Data Products Corp.'s 
subsidiary, Informatics In c., a soft
ware firm in Sherman Oaks, Calif. , 
regards security in time-shared 
sys tems as "essentially a people 
problem." H e concedes there are 
technical difficulties in both hard
ware and software design but con
siders them tractable. But Bower 
sees one area in which provision 
for security could alter the design 
of time-shared computers-mem
ory size. 

He anticipates a day when 10% 
of a computer's memory will be 
devoted to routines needed to 
qualify users reques ting informa
tion. In some applications, accord-

~ ing to Bower, the figure could be 
as high as 20%. 
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Need thirty different photocells? 
Or thousands exactly alike? 

In either case, specify "Raytheon." 
Raytheon now offers standard and 
special types with cadm ium sulfide 
or selenide sensors, T0-5 case or 
glass vial packaging, and a wide 
range of operating characteristics. 
These photocells are interchange
able with competitive types, available 
to MIL specifications, priced from 
90¢ to $1 .60 in production quantit ies. 

All Raytheon photocells feature: rug
ged mechanical construction , small 
size, light weight. Low noise, com
pletely ohmic light-dependent vari-

able resistors, their characteristics 
and high voltage capabilities ensure 
fast switching, temperature stab ility 
and linear response to illumination. 

Wide range of characteristics. Our 
CK1201, for example, features 150 
ohms resistance at 100 ft. candles, 
rise-fall time of 3 and 60 ms, 75 mw 
power dissipation (maximum). And 
our CK1266 features 2500 ohms 
res istance at 100 ft. candles, rise
fall time of 1.5 and .6 seconds, 
and power diss ipat ion of 100 mw 
maximum. 

Send reader service card for data 
on the complete line of standard 
Raytheon photocells. Or tell us about 
your special requirements. 
Raytheon Company, Components 
Division, Quincy, Mass. 02169. 

QiAYTHEON) 

Industrial Components Operalion - A single source for Circuit Modul.es / Co.ntrol Knobs/Display 
Devices/ Filters/Hybrid Thick-Film Circuits/ Industrial Tubes / Optoelectronic Devices / Panel Hardware 
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Measurement of Complex Impedance 
with the HP 8405A Vector Voltmeter 

160 

The measurement of complex imped
ance in the 1 to 1000 MHz range using 
slotted line or bridges has always been 
a time -consuming and cumbersome 
process, particularly when determining 
phase angle. Now, with the HP 8405A 
Vector Voltmeter, faster and simpler 
techniques are possible. 

Below 100 MHz, the method illustrated 
above is especially convenient. Signal 
power is equally split, and the voltage 
drop across the unknown impedance 
is com pared against the drop across 
the known. Results are easily entered 
on the Smith Chart for rapid determina
tion of impedance. 

From 100 MHz to 1 GHz, impedance 
is measured in the form of Reflection 
Coefficient, using a new, extremely 
wideband dual directional coupler as 
in the set-up shown below. The 8405A 
Vector Voltmeter measures incident 
and reflected voltage and their phase 

HEWLETT 
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angle , allowing quick entry into the 
Smith Chart. 

Free Application Data 
Application Note 77-3 discusses " Meas
urement of Complex Impedance". For 
your copy write Hewlett-Packard , 1501 
Page Mill Road , Palo Alto, Calif . 94304; 
Europe: 54 Route des Acacias, Geneva. 

You can appreciate the wide-range 
of the 8405A from these brief speci
fications; match them to your measure
ment requ irements. And call your HP 
field engineer for complete information 
on this wideband, 2-channel RF milli
voltmeter-phasemeter . 

Major Specifications, HP 8405A Vector Voltmeter 

Frequency Range is 1 to 1000 M Hz in 21 over
lapping oc tave bands; automatic tuning with
in eacl1 band . 
Voltage Range hlr Channel A (synchronizing 
channel), 300 µV to 1 V rms (5-500 MHz), 
500 µV to 1 V rm s (500-1000 MHz). 1.5 mV 
to 1 V rms (1-5 MHz). 
Voltage Range for Channel B (input to Chan
nel A required), 100 µV to 1 V rms, full sca le. 
Full-sca le meter ranges from 100 µV to 1 V 
in 10 dB steps. Both channels can be ex
tended to 10 V rms with 11576A 10:1 Divider . 
Phase Range of 360" indicated on zero-center 
meter with end.scale ranges of ± 180', ± 60', 
± 18', ± 6". Phase meter OFFSET of ± 180" 
in 10' steps permits use of ± 6" range for 
0 .1' phase reso lution at any phase angle. 
Price : $2500. 
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Instrumentation 

Instrument makers are measuring up 
to systems engineering standards 
Availability of low-cost computers coincides with the emergence 

of a market for fast and accurate gear to test complex circuitry 

By Carl Moskowitz 
Inst rument at ion ed itor 

Since the phrase " systems engi
neering" entered the lexicon of in
strument men six short months ago, 
the once staid instrument field has 
undergone a startling change. 
Manufacturers no longer think in 
terms of single, special-purpose 
units; they are developing and sell
ing complex, computer-based pack
ages capable of providing a wealth 
of tes t data almost instantaneously. 

"Before long, in strument systems 
will be as common in the engineer
ing laboratory as the slide rule is 
today," says Richard Anderson, 
manager of the network analyzer 
section at the Hewlett-Packard 
Co.'s Microwave Laboratory. 

Necess ity was the stepmother of 
the computerized instrumentation 
systems now making their debut. 
Conventional test apparatus could 
no longer cope with the complexi
ties of recording, reducing, and 
analyzing data for intricate new cir
cuits and devices. But it was the 
availability of efficient, low-cost 
computers that really triggered the 
s tampede in to systems that make a 
myriad of measurements and pro
vide results in real time [Elec
tronics, Feb. 20, p . 203]. 

and analysis. 
Computerized systems eliminate 

the inaccuracies of point-by-point 
measurements . By furn ishing con
tinuous data during experiments , 
they also reduce the waste in time, 
energy, and money in repeating 
steps and calculations to collect 
missing information. Even home
grown instrument sys tems, when 
combined with a computer, offer 
this advantage. A perfect example 
is the sys tem built by the U.S. 
Coast Guard and placed aboard the 
cutter Evergreen . Designed to 
measure ocean currents and to plot 
and temperature charts, the sys tem 
includes the Digital Equipment 

Corp.'s PDP-8/S computer. Be
cause the computer enables imme
diate calculations of the output 
data, data gaps can be prevented. 

I. Selling points 

"An engineer's talent should 
really be used for design," says 
H-P's John Cardoza, a product 
manager. " But he has to spend too 
much time getting data. " Since an 
instrument system can handle 90% 
to 95% of measurements like am
plitude, phase, gain, and imped
ance, engineers and designers can 
be freed from purely clerical 
chores. 

Because an instrument system 

Old hat. Instrument "sys tems" 
are not new. Engineers have often 
" tied" groups of instruments to 
speed tes ting and data recording 
without sacrificing accuracy. But 
such jury-rigged packages, con
nected by mazes of cables, were 
limited in scope because they were 
adapted from existing equipment. 
Little attention had been paid to 
the problems of interface. These 
rigs also lacked the computational 
capacity to perform data reduction 

Down cold. General Radio 's automatic capacitance bridge permits faster 
cryogenic tests than are possible with conventional instrumentation . 
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WITH (.l"'(_J ALL-
~ SILICON 

R-C OSCILLATORS 
VDU GET MORE 
THAN ADJUSTABLE 

FREBUENCV! 

MODEL 4004, one of the new K-H all-silicon 
Variable R-C Oscillators, provides continu 
ously adjustable frequency over the range 
of 0.001 Hz to 100 kHz. Programmed units 
also available. 

A stable low-distortion signal source 
is essential for today's complex elec
tronic measurements. You get unsur
passed signal stability and purity in 
K-H's new line of all -si licon broad 
band variable R-C Oscillators. Ampli
tude stability is described, below. 
Distortion is plotted. 

0.1 
z 
0 :;; 
e .01 
"' Ci 

-.t. 
.001 

.001 0.1 10 10• 10• 
FREQUENCY (Hz) 

TYPICAL HARMONIC DISTORTION PLOT of 
K-H Series 4000 R-C Variable Frequency 
Oscillators. 

Stability and signal purity are only 
two examples of the extra value you 
get from these modern Krohn-Hite 
€lectronic instruments. Other values 
increase user confidence further by 
providing simpler, faster and lower
cost operation. 

Excellent Amplitude Stability: 0.01 %, 
cycle-to-cycle; 0.01 % per hour. 

Sine- and Square-Wave Outputs: Pure 
sine-wave output - no diode-shaped 
approximations to produce step
function or waveform discontinu
ities. Square-wave rise and fall 
times less than 20 nanoseconds. 

Quadrature Outputs: Sine and cosine 
outputs remain within ± 1° of quad
rature. Ideal as driver for polyphase 
variable power sources or simulators 
for rotary or I inear encoders. 

There's more in K-H Data Sheet 4000. 

Write for a copy. 

l..FL.I KROHN-HITE 
~ ~ c::> ~ F> c::> ~ ...0... ,- I c::> r-.J 

580 Massachusetts Avenue. Cambridge, Mass. 02139 
Telephone : 6171491 -3211 
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enables the des igner to work with 
a precise mathematical model of a 
device rather than a theoretical 
model, c ircuit des ign can be 
speeded. By putting the system 
throu gh its paces, the computer can 
calcu late such things as optimum 
gain and the proper terminations 
for the des ign of the real model. 
This brings computer-aided des ign 
to the engineer at the bench . How
ever, some design work requires 
large, specially programed com
puters. 

A computerized instrumentation 
sys tem yields a more accurate 
picture of device characteristics 
than is poss ible with discrete read
ings. Data gaps exist between the 
measured points with discrete 
readings; thus , while a plotted 
curve might be fai rl y smooth , there 
would still be uncertainty about 
what occurs between the points. 
But a compnterizcd system can 
sweep through a range, analyz ing 
every possible point. The resultant 
curve might reveal discontinuities 
not disclosed by the point-by-point 
technique. 

Self-help. Shortenin g the experi
ment and eliminating the time lost 
between getting the data and re
viewing the analys is also speeds 
design work At Hewlett-Packard, 
engin eers tes t semiconductors for 
certain ci rcuits under a varie ty of 
conditions-frequency, bias, load, 
and temperature, for example-to 
obtain a characteristic profile. Data 
is accumulated by the engineers 
with pad and pencil and then en
tered on punch cards for analysis 
on a time-shared computer at Stan
ford University, Palo Alto, Calif. 
Results arc available about 24 
hours later. 

The same tes ts are now being 
performed with an experimental 
compu tcri zed instrument system 
and the results are immediately 
available. In fact, the sys tem per
mits the changing of circuit param
eters while a device is under tes t, 
and the results can be studied al
most instantaneously. 

Teaching machines. Anderson 
sees instrument systems of this 
type playing a dual role. Besides 
serving as a design tool, the system 
can also be used to teach design 
techniques to neophyte engineers 
just out of college. "The experience 
can be put on punched tape and 
programed into the computer's 

memory for the time that another 
engineer may seek the solution to 
that particular type of design prob
lem," says Anderson. 

Computerized sys tems also speed 
design work by permitting more 
flexibility in tes t setups and by re
moving any ambiguities that may 
exis t from measurement to meas
urement. For instance, a microwave 
se tup with a coaxial coupler that 
samples signals traveling in a trans
mission line has a measurement 
ambiguity from tes t to tes t. The 
computer can store data taken prior 
to the tes ts or before each measure
ment and apply it to the results to 
make necessary correction s. Be
cau se the system calibrates itself, 
test setups do not have to be pains
takingly built to minimize errors. 

11. Building bridges 

Two years ago, the General 
Radio Co. developed an au tom a tic 
capacitance bridge that selects the 
range, balances capacitance and 
loss simultaneously, generates a 
coded digital output, and displays 
measured values-all in about a 
half-second. The bridge-the in
strument that laun ched the firm 
into the automatic systems fi eld
has increased the speed of capaci
tance measurements by more than 
12 times. In one application, at 
Electronics Associates Inc., it is 
coupled to a compu ter and meas
ures capacitors as they are tcmper
turc cycled ; output data are the 
temperature coeffi cients of the ca
pacitors. Electronics Associates re
ports errors have been reduced to 
less than 1 % at a rate of almost 
100,000 measurements per week 

General Radio is now developing 
a more complex sys tem which will 
utilize a compu ter, in this case 
Digital Equipment's PDP-8/S. The 
new equipment-based on the ca
pacitance bridge-will make more 
measurements and solve equations. 
The computer will signal which 
measurement to make and will de
termine whether more measure
ments are necessary. 

Cost-yield tradeoffs. According to 
Harold T. McAleer, engineer in 
charge of General Radio's systems 
group, instrument systems can be 
used to increase the yield of dis
crete components at today's costs 
or maintain today's yields at lower 
costs. For instance, with General 
Radio's capacitance bridge, limit 
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Spaee To I.et! 
When ~au use Uni·Sel 

Selenium Rectifiers .... 
Profit in space-saving with smaller 
physical sizes operating at higher 
current density ..• 

Profit in reduced cost with 45-volt 
quadruple density Uni-Sel . .. 

Profit with Higher Temperature Capa· 
bility, 50% ratings at 70°C ambients. 

More information? Send coupon •• , 

Just out! 
New catalog with full 
information on Silicon 
Diodes and Auemblies, 

r---------------------~ 

Send catalog data about 
Syntron Uni·Sel Rectifiers 

241 I I 

Name /Tit le _____________ _ 

Company, ______________ _ 

StreeL----------------

City, State. _________ Zip. ___ _ 
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I 
I 
I 
I 
I 
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I 

L~---~~~-~~-~-~~~~~~~~~ 

S RON 
SVNTRON COMPANY 

241 LEXINGTON AVE. • HOMER CITY, PA. 15748 
TELEPHONE 412-479·8011 

Sales Representatives Coast-to-Coast 

Ci7R9 
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HOW YOU CAN READ, . 
PLOT, OR SCALE CURVES 
WITHOUT CALCULATION 
The Gerber Variable Scale is based on a 
precision extensible spring, calibrated in 
hundreths. You can read curve amplitudes 
and frequencies directly, multiply by scale 
factors, plot with correction factors or 
other constants included, interpolate, 
normalize, etc. . . . eliminate routine 
calculations. Accurate to 0.05% in full 
scale of ten inches. Partially shown below 
(actual size) plotting curve from original. 

I 
I 

I 
-j 

FREE Application ~lanual 

(§ 
GERBER SCIENTIFIC INSTRUMENT CO. , INC. 

P. 0. Box 305, Hartford, Connecticut 
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comparators, and a bin sorter, ca
pacitors manufachired to a toler
ance of 10% can be automatically 
tested and sorted by grades. This 
system can measure and sort up to 
120 capacitors a minute. 

Instrument systems increase ac
curacy as well as speed: Julie 
Research Laboratories Inc. has 
developed automatic resistance
measuring apparatus that measures 
to an accuracy of 40 parts per mil
lion. Julie's system is based on the 
company's Ratiometric technique 
where the unknown is compared to 
a nominal value. In the automatic 
system, the comparison unit is a 
digital ratiometer that records the 
deviation from the nominal value. 
A programable standard resistor 
sets up the nominal value for com
parison to the unknown. "This per
mits res istance measurements to b e 
made to standards laboratory ac
curacies even within a production 
environment," says Loeb Julie, the 
company's president. 

Changing image. Instrument sys
tems are changing the character of 
many manufacturers. As recently as 
two years ago, a sys tems engineer 
at an instrument company would 
have been out of place. Now com
panies like General Radio not only 
have systems engineers, but also 
systems division s. Almost every 
major instrument maker has devel
oped and sells some type of meas
uring sys tem capable of working 
with computers. 

Hewlett-Packard has sys tems 
groups in all divisions, each con
cerned with devising systems to 
solve measurement problems within 
specific areas. One of the most 
noticeable results of this change is 
that the company now makes com
puters that are designed specifi
cally to interface with measurement 
instruments. 

In many ways, the Digital Equip
ment and Hewlett-Packard com
puters are alike: both have expand
able core memories with ahout 
4,000-word capacity; both are built 
with integrated circuits and easily 
adapted to measurement and analy
sis tasks. But unlike Digital Equip
ment's general-purpose PDP-8/S, 
H-P's 2116A machine accommo
dates tes t instruments within the 
input-output structure instead of 
with coding or interfacing equip
ment. The various classes of instru
ments and the priorities the com-

puter should give to the signals 
from different instruments are taken 
care of by plug-in cards in the in
put-output section, thus tailoring 
the computer to the specific meas
urement system. 

111. Changing of the guard 

Product lines are also changing. 
General Radio, for example, now 
sells digital-to-analog converters, 
limit comparators, scanners, and 
other conditioning, handling, and 
processing devices. 

Progress in instrument systems 
may, however, b e impeded by the 
incompatibility that exists between 
the major building blocks supplied 
by different companies. Both H ew
lett-Packard and General Radio 
equipment require all instruments 
to be des igned with binary-coded 
decimal outputs and to be pro
gramable. But characteristics like 
logic levels and codes may differ. 
Standardization would put an end 
to these discrepancies. But no 
move has as vet been made in this 
direction . · 

Shifting markets. To be market
able, of course, instrument systems 
must he economical. Development 
of digital computers priced from 
$10,000 to $20,000 has made this 
possible. According to Bill Landis, 
marketing manager for the PDP-
8/ S at Digital Equipment, the new 
economics opened previously 
barred instrumentation markets to 
computers. His firm projected new 
computer sales at 200 per year, but 
the machine is now moving at a 
rate about three or four times the 
original estimate. 

Digital Equipment is now eyeing 
the test systems market itself. John 
MacKeen of the company's digital 
test systems group, indicates that 
a $10,000 computer is priced low 
enough for computer-based mem
ory tes ters to find wide use-even 
as a des ign tool. These systems 
would enable design engineers to 
make maximum-minimum parame
ter searches , automatic distribution 
plot analysis , and Shmoo plotting 
[Electronics, July 25, 1966, p. 127] . 

And eventually, companies like 
Digital Equipment may be compet
ing with their customers, the in
strument manufacturers, for the 
same business in the same manner 
as the instrument maker is en
croaching on the computer maker's 
territory. 
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The day Sierra announced this ... 
Delay distortion became a new issue in the maintenance campaign 
when data crossed paths with your carrier system. To insure clear, 
coherent communications, you need all t he inside information you 
can get about each individual transmission circuit. Unknown en
velope delay, in particular, can easily garb le those well -ordered bit 
formations into a meaningless shower of babb le. 

Sierra's new Model 3408 helps keep your system tuned to peak 
- performance. It measures delay from 300 Hz to 110 kHz, permitting 

measurements both on 4-kHz voice circuits and on circuits utilizing 
group frequencies (60-108 kHz) . You have a built-in choice of three 
measu ring modes: end-to -end, loop-back, or end-to-end with return 
reference path . 

Model 3408 opens a new frontier of speed and simplicity with 
such features as: 

- Single delay range covering -20,000 to +20,000 µsec 
- Direct digital readout with resolution of 0.1 µsec or 1.0 µsec 

A second digital readout indicates carrier frequency to the nearest 
10 Hz. Electronic sweeping and a built-in 1-MHz frequency counter 

~ (± 1 digit, ± 1 Hz accuracy) round out a solid list of performance 
features. Price, with one modulation frequency: $4, 750. 

For the campaign literature, write Sierra/Philco, 3885 Bohannon 
Drive, Menlo Park, California 94025. 

other ways of measuring 
envelope delay on carrier 
circuits became as dated 
as this 

I PHILCO IB 
PHILCO-FORD CORPORATION 
S ierra Elec t ron ic Operation 
M e n lo Park, Cal ifornia • 94025 



Only from Lambda-New 7-inch, 
broadest line of .015% regulate~ 

All convection cooled 

7" 

FULL RACK-7" LK SERIES 

5~'' 

L ~------· ~----.lll!:.-----.. 

1/ 4 RACK-LH SERIES 

LA-178 
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high current models in the 
all-silicon power supplies 

For test equipment and lab use- rack or bench 
From 1 /2 to 66 amps, 0-10, 0-20, 0-40, 0-60, 0-120 VDC 
Full five year guarantee on materials and labor 

Features and Data 
• Convection Cooled 
• Remote Programming 
• Remote Sensing 
• Regulation-.015% or 

1 MV (Line or Load ) 
• Temp. Coef .. 015%/°C 
• Transformer-designed 

to MIL·T-27 Grad e 6 
• Completely Protected

Short circuit proof
Continuously adjustable 
Automatic current 
limiting 

• Constant !. / Constant V. 
by automatic crossover 

• Series/ Parallel 
Operation 

3 Full-rack Models - Size 7" x 19" x 181/," 

• No Voltage Spikes or 
Overshoot on " turn on", 
" turn off" or power 
failure 

• Meet Mil. Environment 
Specs. 

Vibration: MIL-T-4807A 

Shock: MIL·E-4907A 
Proc. 1 & 2 

Humidity: MIL·STD-810 
Meth. 507 

Temp Shock: 
MIL·E·5272C (ASG) Proc. 1 

Altitude: MIL·E·4970A (ASG) Proc. 1 

Marking: MIL·STD-130 

Quality: MIL·Q-9858 

• Ripple-
LK models-500 µV RMS 
LH models-250 µV RMS, 
1 MV p.p 

• Wide Input Voltage and 
Frequency Range-

Models LK360-362FM: 
200-250 VAC, 47-63 cps 
Other LK models: 
105-132 VAC, 47-63 cps 
LH models: 105-135 VAC, 
45-480 cps. 

• LH models meet RFI 
Spec.-Mi l·I-16910 

• Rack Adapters 
LRA·l-5'-"" 
Height x 161h" Depth 
(For use with chassi s 
slides) Price $60.00 
LRA·2-5'A" Height 
Price $25.00 

11 Half-rack Models - Size 5 '/16" x 8¥a" x 15'/a" 

Voltage CURRENT RANGE AT AMBIENT OF: 1 Voltage CURRENT RANGE AT AMBIENT OF: t 
Model' Range 40 ' C 5o•c 60' C 7l ' C 

LK 360 FM 0-20VDC 0-66A 0-59A 0-50A 0-4 0A 

LK 361 FM 0-36VDC 0-48A 0-43A 0-36A 0-30A 

LK 362 FM 0-60VDC 0-25 A 0-24A 0-22A 0-1 9A 

3 Full-rack Models - Size 5 1/.o" x 19" x 161/," 

Voltage CURRENT RANGE AT AMBIENT OF: 1 
Model' Range 40 ' C 50' C 60 ' C 7l ' C 

LK 350 0-20VDC 0-35A 0-31A 0-26A 0-20A 

LK 351 0-36VDC 0-25A 0-23A 0-20A 0-15A 

LK 352 0-60VDC 0-15A 0-14A 0-12.5A 0-lOA 

5 Quarter-rack Mcdels -Size 5l/16' x 4 l/16' x 15112" 

Model' Voltage CURRENT RANGE AT AMBIENT OF: 1 

Range 30 ' C 50' C 60' C 71 ' C 

LH 118 0-lOVDC 0-4.0A 0-3.5A 0-2.9A 0-2.3A 

LH 121 0-20VDC 0-2.4A 0-2.2A 0-1.BA O-l.5A 

LH 124 0-40VDC O-l.3A 0-1 .lA 0-0.9A 0-0.7A 

LH 127 0-60VDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A 

LH 130 0-120VDC 0-0.50A 0-0.40A 0-0.35A 0-0.25A 

Price' 

$995 

950 

995 

Price ' 

$675 

640 

650 

Price' 

$175 

159 

154 

184 

225 

Model' Range Price' 
30' C 5o• c 60' C 7l ' C 

LH 119 0-lOVDC 0- 9 .0A 0- 8.0A 0- 6 .9A 0-5.BA $289 

LH 122 0-20VDC 0- 5.7A 0- 4 .7A 0- 4 .0A 0-3.3A 260 

LH 125 0-40VDC 0- 3.0A 0- 2.7A 0- 2.3A O-l.9A 269 

LH 128 0-60VDC 0- 2.4A 0- 2.lA 0- I.BA O-l.5A 315 

U4131 0-120VDC 0- l.2A 0- 0.9A 0- 0.8A 0-0.6A 320 

Voltage CURRENT RANGE AT AMBIENT OF: t 
Model' Price' Range 40' C 5o• c 60' C 7l ' C 

LK 340 0-20VDC 0- 8.0A 0- 7.0A 0- 6. lA 0-4.9A $330 

LK 341 0-20VDC 0-13 .5A 0-11.0A 0-10.0A 0-7.7A 385 

LK 342 0-36VDC 0- 5.2A 0- 5.0A 0- 4.5A 0-3.7A 335 

LK343 0-36VDC 0- 9.0A 0- 8.5A 0- 7 .6A 0-6.l A 395 

LK344 0-60VDC 0- 4 .0A 0- 3.5A 0- 3 .0A 0-2.5A 340 

LK 345 0-60VDC 0- 6.0A 0- 5.2A 0- 4 .5A 0-4 .0A 395 

' Current rating applies over entire voltage range . 
' Prices are for non-metered models (except for models LK360FM thru 
LK362FM wh ich are not available without meters) . For metered models, 
add suffix (FM) and add $25 to price of LH models; add $30 to price 
of LK models. 
' Overvoltage Protection: add suffix (OV) to model number and add 
$60 to the price of LH models ; add $70 to price of half-rack LK models; 
add $90 to price of 5W ' full-rack LK models; add $120 to price of 7" 
full -rack LK models. 
• Chassis Slides for full rack models: Add suffix (CS) to model number 
and add $60 to the price. 

SEND FOR NEW 1 LAMB DA ELECTRONICS CORP. 
~ LAMBDA CATALOG ill 515BROADHOLLOWROAD • MELVILLE,L.I.,NEWYORK11746. (516) 694-4200 

A <e SUBSIDIARY 
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TYPE 600 
TYPE 400 

Military quality at industrial prices 
IRC wirewound rectangular trimmers save space and dollars 
IRC 's CIRCUITRIM potentiometers offer MIL characteristics 
at the same price as industrial types. Benefit by upgraded 
performance and reliability for your industrial needs and im
pressive savings for your MIL applications. 

Both series are designed to perform under environmental 
requirements of M IL-R-27208 . Molded diallyl phthalate cases 
are ru gged , light and practical for use in any military or high 
grade industrial application . A one-piece, corrosion-resistant 
shaft and specially designed wiper block system isolate 
electrical elements and assure " set-and -forget" stability. 

The 600 series is designed to MIL-Style RT-11 and is offered with 
staggered P.C. pins or teflon insulated leads. The 400 series is 
d es igned to MIL-Style RT-1 2 with P.C. pins in-line or teflon insu 
la ted leads . It is also available in a thin -line version of RT-11 
(Ty pe 400-20) with staggered P.C. pins which offer 303 space 
savings and complete interchangeability on pre-printed boards. 

These low-cost MIL-type units are the result of IRC 's years of 
experience in building high-quality trimmers. Samples available 

168 Circle 168 on reader service card 

from local sales off ices . For prices and data, write: 
!RC, lnc ., 401 N. Broad St., Philadelphia , Pa.19108 . 

ONLY IRC OFFERS ALL 4 POPULAR STYLES 
Wirewou nd or infini te resolution elements 

CAPSULE SPECIFICATIONS 

MIL STYLE 
POWER 

TOLERANCE 

RESISTANCE 

TEMPERATURE 

TYPE 400 
RT-12* 
I w @, 70°C 

±53 
!O n. to 50Kn. 
- 55°C to 1so0 c 

•Pius thin·l ine version of RT . J J (Staggered P.C . pins) 

TYPE 600 

RT-11 
I W @ 70°C 

± 53 
!On. to 50Kn. 

-55°C to 150°C 
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New Products 

Water takes the heat off thyristors 
Labyrinth bath boosts power dissipation of conventiona l 

as well as 'hockey puck' silicon controlled rectifiers 

New water cooling methods ma,· h e 
the solution to the gnawint?; proh
k m of power diss ipa tion " ·hen high 
cu rrents arc demanded of th~Tis
tors. A cooling labyrin th ha ~ been 
des igned that promises to boost the 
cu rrent-carryin g capabili ty of the 

s ilicon wafer-the heart of the thy
ri stor or silicon con trolled rec tifier. 

Developed by the ' Ves tinghouse 
Electric Corp. w ith the aid of a 
computer, the labyrinth- through 
which water is pu mped-can be 
clamped to a thyristor. The assem-

New products in this issue 
169 Water takes the heat off 

t hyristors 
170 Versat ile receiver scrimps on 

power 

Components 
172 Plast ic connectors make 

ai rt ight case 
172 Prot ect ive contain ers for 

del icate parts 
173 Square commercial t rimmer 
174 Stable photochopper modu les 
175 Elect romagnetic relay 
176 Tv diode rated at 18 kv 
177 Braked servomotor 

Semiconductors 
178 H·v tra nsistor sweeps color tv 
178 Silicon transistors res ist 

radiat ion 
179 High·power avalanche rectifiers 
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Inst ruments 
180 Pulse delay has l·nsec 

resolution 
180 Signal generator runs on 

battery power 
181 Current indicator also integrates 
182 Squaring transducer operates 

to 1 Mhz 
182 Vibrat ion analyzer has dual role 
183 A·c microvoltmeter rejects noise 
184 Peak voltage sensor 
185 Three-in-one digital meter 
187 Digital multimeter tracks two 

ways 
189 Pressure transducer 

Subassemblies 
190 Tracing curves by the numbers 
190 Binary code switch 
191 Power amplifier 
192 Core memory systems 

bly cons ists of three parts: an 
alu minum body, a machined in sert, 
and a copper counter-body. The 
insert, now made of stainless steel, 
can be copper, aluminum, or even 
plas ti c, its developers say, and it 
cou Id be cas t in stead of rn ach ined 
to reduce cos t. 

\ \Tater is pu mped into th e cen ter 
of the block directl y below the sili
con wafer and circu I a tes radially 
th rough the labyrinth , crea tin g low 
velocity eddy currents. A collec tor 
rin g circles the labyrinth and a 
res ilient 0 -rin g seals the halves. 

The labyrinth was des igned so 
th at it can be used on either side 
of a "hockey puck" or disk-cell 
type thyristor , as well as wi th a 
conventional stu d mounted thyris
tor. The hockey pu ck type enables 
the removal of hea t from b oth sides 
of the silicon wafer simultaneously. 
A pair of these operating as an a-c 
switch can handle 1,200 amperes 
root mean square. 

The first device to use the new 
labyrinth is the type 224, a conven
tional single-s ided thyristor. It can 
carry currents of 630 amperes rm 
compared with 400 amperes for the 

193 Vlf signal source 
194 Military inverter 
Microwave 
196 Coaxial package lifts transistor 

power 
196 Bandpass filters at 12 Ghz 
197 Air-cooled loads handle high 

power 

Production equipment 
198 Transistor labeling machine 
198 Production -line wire stripper 
198 Die bonder for film devices 
199 P·c board router 

Materials 
201 Silicone sheet blocks 

microwaves 
201 Polyurethane pots and 

encapsulates 
201 Low-temperature-curing epoxy 

resin 
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New Products 

air-cooled type 229. W estinghouse 
has conducted tes ts of the hockey 
puck version cooled from both sides 
using the labyrinth and reports re
sults "quite close to the full cur
rent carrying capability inherent in 
the silicon wafer." The only way 
to bea t these results , says one 
vVestinghouse engineer, is to use 
Freon-cooled systems. 

vVestinghouse hasn ' t decided 
whether to market the hockey puck 

thyristor and associated labyrinth 
coolers as a package. Instead, it 
may encourage customers to buy 
its thyristors and put togeth er th eir 
own coolers using the labyrinth 
approach. In the meantime, the 
water-cooled 224 is available a t 
prices ranging from $135 to $755 
depending on voltage ratings (50 
to 1,400 volts ) on a four-to-six week 
delivery. 

Specifications 

Package 

Water flow 
Current ratings 

One-sided stud , 
water-cooled labyrinth 
1.5 gal. per minute 

Half wave average 400 am ps 
Rms 630 am ps 
Ha lf cycle surge 5500 amps 

Voltage r atings 
Forward and reverse 50-1.400 v 

Prjce $135-$755 in 
1-24 qua ntities 

The Westi nghouse Electric Corp., Pitts
burgh, Pa. (349] 

Versatile receiver scrimps on power 

A bantamweight champion of ver
satility, the all-purpose receiver de
veloped by D efense Electronics 
Inc. is also penurious with battery 
power. So miserly is the GPR-20 on 
ba ttery drnin that it can operate on 
land, sea, or air for 250 hours on 
its power supply of 10 standard 
Hashlight cells. This frees the unit, 
which weighs Jess than 10 pounds, 
from the fet ters of an a-c line cord, 
and enables it to perform an ex tra
ordinary number of sophisticated 
jobs in the fi eld as well as in the 
laboratory. 

vVith an all solid state lineup of 

170 

40 silicon transistors, 11 silicon di
odes, and 40 germanium diodes, the 
receiver operates over a frequency 
range o.f 55 to 260 Mhz, and can 
detect amplitude and frequency 
modulation, continuous wave, and 
pulse transmissions. This flexibility 
qualifies it for applica tions in telem
etry, communication s, spectrum 
analysis , medical ins trumentation , 
rndio frequency interference inves
tigations , and surveillance. 

According to Ray Rosenberg, 
president of DEI, the portability of 
the GPR-20 is important in rugged 
fi eld applications like quick-look 
telemetry and surveillance. "Get
ting the receiver off the power lin e 
makes it immune to power su rges," 
he says, "and eliminates th e noise 
of gasoline genera tors. Further
more, it isn't necessary to lug gaso
line into the remote and rugged ter
rain ~;h ere these receivers may be 
used. 

Rosenberg claims that the re
ceiver will do more with less size 
and weight than any other receiver 
designed for the same class of ap
plications-and at low cost, too: 
$1,250. 

Design features that give the re
ceiver unique performance charac
teristics include an f-m demodul a
tor with a high capture ratio that 
assures locking onto the stronges t 
signal in a multipath distortion en- • 
vironment, and a stretched pul se 
audio monitor, which elongates 
pulse inputs , allowing detection of "' 
high speed pulse codes that might 
otherwise slip by during a surveil
lance fr equency sweep. Measurin g 
3% x 11rn x 11{;} inch es, the re
ceiver has a noise figure of only 5.5 
decibels maximum below 200 Mh z, 
and 6.5 db maximum above th at -
range. Local oscillator stability is 
less than 100 hz per minute after 
a 30 minute warmup. 

Bandwidth and phase response 
make it suitable for tv reception 
without modification. vVith a fac
simile printer, the unit can b e 
slightly modifi ed to receive sa tellite -
weather photos. 

The GPR-20 is housed in a 
splash-res istan t case with carry
ing handle, and has a built-in tele
scoping antenna that can be swiv
eled for either horizontal or vertical 
polarizat;on. Two front panel me
ters provide indica tion for tunin g, ' 
relative signal strength , and battery 
condition. The unit has a calculated 
mean time b etween failures of 
25,000 hours. 

Specifications 

Tuning ranqe 
1-f bandwidth 

Video respo nse 

Antenna -conduct ed 
local osci l lator 
radiation 

Image rejecti on 

F-m distortion 

A-m distortion 

Options 

Price 
Delivery 

55 -260 Mhz 
I Mhz [ f -m , a-m, pulse, 
c-w]; 10 khz [a-m, c-w] 
other i -1 bandwidths 
ava ilabl e on special or
der. 
20 hz to 500 khz into 
600 ohms 

Less than 15 µ.v 
40 db min .. below 150 
Mhz 
30 db min ., a bove 150 
Mhz 
Less than I % with I khz 
modulation rate, 200 kh z"• 
peak d eviation 
Less than 3 % for 50 % 
modulation with I khz 
modula tion rate and r-1 
input frcm < IO µ.v to 50 
mv 
Standard 19-inch rack 
adapter, ca rrying case 
including headphones 
and tool kit, 115 /230 
volt 50-400 hz plug-i n 
power supp ly 
$1 ,250 
30-45 days 

Defense Electronics Inc.. Brookville , 
Maryland. (350] 
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In screen processing 
of complex printed circuitry ..• 
there's no margin for error! 
That's why Ulano oHers 
a complete line of 
Screen Process Stencil Films 
especially designed for 
the Electronics Industry. 

U I a n-e-t-T-tlMt-. _s_1_o_o_E_A_N_S_T_R_E_E_T_, B_R_o_o_K_L_Y_N_._N_._v_._1_1_2_3_a _______ _ 
NEW YORK• CALIFORNIA• C HI C AGO •ZU RICH 

In Europe: ULANO A. G., Un te re Heslibachstrasse 22, Kusnacht 8700, Switzerland 

For free working samples, write today 
on your letterhead for Kit No . 5848 
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Need fast 
action on 
servo 
amplifiers? 
Try Bulova first! Chances are, we can 
solve your problem better and faster 
than anyone else. Here 's why: 

1. We have the most complete line of 
Servo Amplifiers in the business
hundreds of standard designs to solve 
your problems! From 3.5 to 40 watts 
output power; 60 and 400 Hz. 

2. Bulova Servo Amplifiers are 
engineered to reduce the number of 
components, producing low cost, high 
quality, trouble-free units. This frees 
you to concentrate on syste .is, rather 
than components. 

3. High-density packaging 
-down to just 0.3 cu. in.! 
For example, Model 
S21220101: A 3.5 watt 
Servo Amplifier with gains 
of up to 5000-in the 
smallest package of its 
type on the market! 

Another example: 
The smallest package ever for a stable 
solid state servo amplifier producing 
40 watts of output power! Need a unit 
fast to put into a breadboard or 
prototype? We can probably supply it, 
meeting most military specs 
(MIL-E-5272, MIL-E-5400, MIL-1-26600, 
etc.) You ' ll get assembly by personnel 
trained and certified 
by NASA, if desired. 
You ' ll get amplifiers 
built for 10,000 
hours of operating 
life! And perhaps 
equally important, 
you'll get the unit 
you need fast! 

Write today for your free copy of our 
8 -page Bulletin No. 10, containing 
complete specifications and ordering 
information. Also ask about our 
Resolver Amplifiers, Demodulators, 
Quadrature Reject and AGC Amplifiers. 
Address: Dept. E-24. 

Try 
Bulova First! 
SERVO PRODUCTS 
ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61 -20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5-6000 
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New Components and Hardware 

Plastic connectors make airtight case 

There's still a good bit of contro
versy about the hermeticity of plas
tic packages [Electronics, March 
20, p. 25]. ~1ost of the attention has 
been focused on semiconductor de
vice packages, but now a line of 
high-voltage connectors is b eing in
troduced that features hermeticity 
with a plastic to metal seal. The 
connectors use a high-temperature 
plastic dielectric which the manu
facturer claims can stand up under 
wide temperature Buctuations that 
often adversely affect units using 
gla s or ceramic insulators. Tlw 
connector's application, rather than 
the dielectric, thus determines the 
choice of optimum contact material. 
For example, copper alloys, vhich 
permit the incorporation of high
con ductivity contacts , can be used 
instead of such special metals as 
Kovar. 

Built by the Capitron division of 
AMP In c., Elizabethtown, Pa. , the 
connectors are designed to main
tain a hermetic seal when cycled 
from - 55°C to + 125°C. Wh en 
tested with a helium mass spec
trometer, they show no leakage; 
sensitivity ranges from 1 x 10- 7 to 
1 x io-n cubic centimeters per 
second. 

Capitron is convinced its bond
ing process sidesteps a number of 
the difficulties involved in making 
connectors with conventional di
electrics to military specifications. 

Glass, the company says. is vulner
able to heat-crackin g during solder
ing opera tions and it can also shin ' r 
if contact pins are bent or straight
ened. :\n alternative, ceramic. is 
more resistant to cracking and pro
\·icles stronger bonds to metal th an 
is the case with glass. Bnt ce
ramic's high costs may outweiuh 
these advantages, and any special 
g:eonwtry that ma~' he required in 
the device will lengthen fabrica
tion lead times. 

:\. s a result of th e ability of its 
plastic dielec tric to be fused with 
a \\·idc variety of metals, Ca~~itrou 
says , th e choice of materials for a 
connector's outer shell is not lim
ited by the insulation. In fact , th e 
outer shell can be eli111inated for 
''O" ring mounting. Threaded holes 
can be molded direc tly in the in
sulator-a f ature that would he 
impracticable with glass or ce
ramic. 
Capitron Division , AMP Inc. , Elizabeth
town, Pa. 17022. [351) 

Protective containers 

with finned end caps 

Designing a package for delicate, 
expensive electronic parts has for 
years been a problem to manu fac
turers . ::\ow a series of si111 plc, 
shockproof, low-cost, transparent 
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containers provides lightweight 
protection for such items . 

Key to the effectiveness of the 
new container is the specially de
signed injection molded polyethy
lene en d cap, the inn er part of 
which has fins that grip the en
closed part tightly. If the container 
is dropped, the shock is absorbed 
by the fl exible end closures and 
dissipated over the surface of their 
rims. The end closures can be 
co lor-coded for product identifica
tion. 

Th e manufacturer is also making 
ava ilable a cutting machine for 
users wishing to produce their own 
package lengths. Standard 6-foot 
lengths of tubing can be quickly 
an d economically cut into specified 
lengths. 

At present, the ace tate tubing is 
ava ilable with outside diameters of 
fro m 1/4 to 1114 in. in 1/4-in. incre
men ts. End closures come with cor
responding o-d' s. \Vall thicknesses 
are 0.020 in . for the 1/4-in.-cliarneter 
tu be, 0.025 in. for the 112- and %
in.-diametcr tube, and 0.030 in. for 
the 1- and 11/4-in. diameter. 
Tiros Plastics Corp.. 543 Tarrytown 
Road, White Plains, N.Y. [352) 

Commercial trimmer 

in square design 

The first com mercial trimmer in a 
sciuare configuration is claimed for 
a wircwouncl 3/s in. trimming po
tentiom eter. Its p-c pins flt the 
card s of any standard 3/s in. or 112 
in. sciuare trimmer. It also offers a 
0.200 in. trimmer height for low 
ca rd spacing applications . 

Because of this geometric des ign , 
the model 3600 trimmer permits a 
longer mandrel than that of rec
tangular units and, th erefore, offers 
up to 131 % better resolution than 
that offered by the bes t % in. rec
tangular trimmer, the company re-
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A 
BIG 

PUSH, PULL, TWIST OR 
TURN, IN A 

SMALL 
SPACE 

Ledex solenoids can help you get a lot of work done in places 
where you don ' t have much room . We make both push/pull 
and rotary solenoids in a wide variety of shapes and sizes to 
solve jus t about any ac tuating problem you have. 

PUSH / PULL 
Our push/ pull solenoids are designed 
fo r fas t r esponse and high force -to
size. Genera lly, the flat face is best 
for big loads and short strokes, and 
the conical gives y ou more force with 
longe r strokes. Here's a performance 
com parison for a Ledex size 5 (1 ~s" 
clia. x H h") : 

STROKE 

.020 inch 

.120 inch 

FORCE 
flat-face plunger, 

90 watts , 
1/10 du ty 

96 pounds 

12 pounds 

ROTARY 
Ledex rotary solenoids a re known 
bes t for their shock resistant ability 
and high torque-to-size rotary mo 
tion. For example, with a load that 
m ust be moved through a 25 a rc , our 
smalles t rotary solenoid (1" dia. x 
''s") snaps 1.1 pound-inches, and our 
la rges t c3:: _~" dia. x 2 ~1i 1;'') moves a 
hefty 117 pound-inches . 

Beca use L edex rotary sol e no ids 
have a relatively flat output torque 
curve, they are often used to move 
linear loads. They are also u sed for 
li near loads when shock conditions 
exist or when s troke length is beyond 
t h e e ffici en t r a n ge of pu s h / pull 
solenoids. 

t 

~ 
Conical 

Flat Face 

FORCE 
conica l plunger, 

90 watts, 
1/10 duty 

35 pounds 

27 pounds 

Standard Solenoid . 
Life to 10 million 
ac tuations . 

Endurance Engineered. 
Life to 100 mi I lion 
ac tuations . 

Call Ledex when y ou need a lot of power in a small space 
to push, pull , turn , twist, s tep , index, hammer, punch or trigger . 
For a quick start on your prototyp e, choose from over 350 
diffe rent s tock model designs. Or, send detai ls and we'll custom 
design a space - saving solenoid for you. 

- LEDEX I NC., 123 ll'EBSTER STREET , DAYTON, OHIO 45402 

Custom Circuitry & Controls phone !513) 224-9891 
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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 
• Template 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. 

.DI-AC RD~ 
d ivision of HOUDAILLE 

434W EIGHTH AVENUE 
IN DUS TR IES INC 

L A KE CITY, M IN NESOTA 55041 

Circle 174 on reader service card 

New Components 

ports. Because the wire is wound 
on a small diameter mandrel, the 
new design offers up to 85% bet
ter resolution than that specified 
by MIL-R-27208B, RT24. 

Resistance values are available 
from 100 to 20,000 ohms. Power 
rating is 0.5 w at 40°C. Operating 
in a tempera ture range from -65° 
to + 125°C, the new trimmers fea
ture silver-brazed terminations, 
gold-plated terminals and a dam
age-proof clutch. The model 3600 
trimmers are production-priced at 
less than $2 each. 
Amphenol Corp., Amphenol Controls 
Division, 120 S. Main St., Janesville, 
Wis. 53545. [353] 

T em peratu re-stable 

photochopper modules 

Stable high efficiency over a wide 
temperature range is the specialty 
of a line of photochopper modules. 
Designated CM-1 and CM-2, the 
devices utilize high-speed cad
mium-sulfide photocells with low 
temperature coefficient for applica
tions to 1,000 hz. 

The modules consist of two 
photocells illuminated by a neon 
glow lamp. Model CM-1 has a 
nominal input impedance of 300 
kilohms at 60 hz. The CM-2 has a 
nominal input impedance of 10,000 
kilohms at 60 hz. Input impedance 
is claimed to be unusually stable 
over a temperature range from 
-25° to + 75°C, and efficiency 
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varies less than 5% over this range 
from the value at 25°C. Typical 
module conversion efficiency is 
99% at 60 hz and 25°C. 

Low driving power, low micro
volt noise, and low offset are other 
fea tures of th e modules. Offset is 
less than 1 µ,v. Life, which is lim
ited only by the life of the neon 
lamp, exceeds 10,000 hours and can 
reach 50,000 hours when lamp sup
ply vo ltage is high and average 
current is low. 

Internal offset effec ts due to elec
tros tatic coupling between lamp 
and cells have b een eliminated by 
in ternal shielding, and a shielded 
lamp lead is included. Thermal off
se t has been minimized by des ign 
an<l selection of material s includ
ing Sealmet leads. 

The ex tremely low inherent noise 
and offset voltages of the modules 
allow for use in spst modulator
demodulator configuration where 
low cost is a prime considera tion . 
They may also be used in spdt con
figuration for maximum effici ency 
and output voltage. 
Clairex Corp., 1239 Broadway, New 
York City 10001. [354] 

Electromagnetic relay 

handles high currents 

Problems of heavy current loads 
arc expected to b e answered by a 
plug-in , dpdt, double break relay. 
The LA57 electromagnetic relay 
can handle 15-amp tungsten lamp 
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1/100 T~Tg:~~~~K! 
RAPID • ACCURATE • DIGITAL READOUT 

THE HSI SERIES 42 PLANETGEAR® STOP 
CLOCK makes it possible to measure, inte
grate or totalize with high accuracy and 
reliability. Average error over 10 or more 
readings is less than 5 ms. Well under this 
figure for integrating . Instant start-stop 
motor plus patented Planetgear low-torque 
t ransfer provide 5 exclusive features ... 

• No pre-start or stabilizing 

• Memory lock for power loss 

• No spurious counts due to line transients 

• Quiet operation 

• Extremely long life 

Series 42 has large 5/ 16" high figures, 6 
drum display, manual or electrical reset. 

HSI PLANETGEAR TRANSFER .. . 
YOUR BEST BET IN THE LONG RUN! 

Send for HSI Bulletin 42-3 

HAYDON SWITCH & INSTRUMENT, INC. 
Where Optimum Performance Is Standard 

,1500 Meriden Road , Waterbury , Conn . 06720/ Area Code (203) 756-7441 
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talk algebra, 
log, trig. 

or talk price. 

mathatron 4280 
talks 

I your language. 
I 
! 

176 

Name familiar but you can't remember the face? The insides of 
this new Mathatron computer calculator are different, too. Log, 
antilog, sine, cosine, and arctan are performed at the touch of a 
button. Storage 4000 bits. Simplified program control. And the 
price-performance ratio is higher than any other computer/ 
calculator. Starts at $6990. 

Of course, Mathatron 4280 has all the features that made the 
original Mathatron famous. You tap in algebraic problems and 
decimal numbers just the way you write them - parentheses, 
powers-of-10 exponents, decimal points, and square root. Elec
tronic circuits compute answers accurate to 8 digits plus a 2-digit 
power-of-10 exponent and sign. 

Tape printer output is a permanent record. Punched tape input 
is a great time and error saver for re-insertion of frequently used 
programs. Optional Teletype provides alpha-numeric page
printed output, paper tape reader, and paper tape punch. 

A companion like Mathatron 4280 can save hours of a tech
nical man's day. To get acquainted, ask us to send the brochure. 

mathatron4280: Formula memory 480 steps • 
Addressable number storage, 42 registers; 82 
if f ormula storage is reduced • Number range 
±10· •2 to 10' 58 • Speed 100 accumulations per 
second • Basic operators: plus, minus, times, 
divided by, left paren, right paren, square root, 
exponent, log, antilog, sine, cosine, arctan. 

MATHATRON•cs 
a division of Barry Wright Corporation @> 
241 Crescent Street, Waltham, Massachusetts 02154, Telephone : 617-893-1630 
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New Components 

loads as well as resistive loads up 
to 50 amps, at 120 v a-c. The com
pact (3% x 1 % x 21/4 in. ) unit's 
simplicity of design , the manufac
turer says, is the key to its long-life 
capabilities . Tes ts indicate a mini
rnu m life of 2,000,000 operations 
under its fully rated 15-amp tung
sten lamp load. 

Jn addition, the relay rapidly and 
thoroughly dissipates high temper
atu re build-up due to repetitive 
make-and-break operations. Care
fully controlled over-travel reduces 
bounce and increases contact life. 

Another feature of the LA57 is 
the plunger type solenoid. It sup
plies higher contact force (50 grams 
minimum) , to help carry heavy cur
rents with minimum heat and the 
lowes t possible voltage drop. The 
solid bus members and associated 
jacks eliminate solder connections 
in the current carrying components 
of th e relay. A safe manual-type 
method to pulse the movable con
tact system is also incorporated. 
Buttons on top of the relay arc de
pressed for quick circu it checks. 

The LA57 is direc tly interchange
able with the LAS57 relay cur
rently used in many of the com
pany's vehicular traffic signal con
trollers. 
E.W. Bliss Co., Eagle Signal Division , 
736 Federal St., Davenport, Iowa [355] 

Television diode 
rated at 18 kv 

Designed as a rectifier tu be for 
the high-voltage power supplies of 
black-and-white tv receivers , the 
miniature, double-ended 1BL2 
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diode has a two-pin base and fea
hues an inexpensive recessed 
anode connector that holds corona 
to a minimum. 

The anode connector is sup
ported in canti lever fashion by the 
h1be glass. The diode is conserva
tively rated at 18 kv. 
General Electric Co., Owensboro, Ky. 
[356] 

Braked servomotor 
withstands shock 

High torque-to-inertia ratio is of
fered in a 400-hz braked servo
motor. Consisting of a size 15 
servomotor -and a friction brake 
controlled by an electromagnet, 
this component, designated CT0-
1711 006, can maintain a constant 
reference position in a servosys
tern subjected to shock and vibra
tion extremes. In operation , the 
brake element, when deenergized, 
effectively stops and holds the mo
tor's rotor and shaft at a desired 
position. 

W eighing 8.5 oz, the braked mo
tor is equipped with a pinion shaft 
and has color-coded leads . Motor 
characteristics include: phase 1 
and phase 2 voltage, 115 v; start
ing voltage, 3 v; stall torque, 1.45 
in .-oz; no load speed, 5,000 rpm ; 
power input, 6.1 w; current input, 
110 ma ; effective resistance, 2,200 
ohms; d-c res istance, 154 ohms; 
rotor inertia, 3.6 gm cm~ ; theoreti
cal acceleration , 30,200 rad / sec~ ; 
time constant, 0.017 sec. 

Brake characteristics in clude: 
torque, -! in.-oz; excitation voltage, 
18 to 29 v d-c; input power, 5 w ; 
resistance, 168 ohms; response 
time, 0.021 sec. ~1 easuring slightly 
more th an 2 in. in over-all length , 
the component' s brake element has 
a diameter of less than 1 in . 
Genera l Precision Inc. , Aerospa ce 
Group, 1150 McBride Ave., Little Falls, 
N.J. 07424. [357] 
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Why do Jennings vacuum capacitors 
meet every requirement'? 
There's nothing to it 
Ultra high vacuu m dielectric combined with .------------------. 
Jennings exclusive capacitor des ign is the 
answer. Th is combination has bee n a major 
factor in the development of modern trans
mitters. New vacuu m capacitor designs from 
Jennings wil l contribute even more to the ad
vancement of transmitter design .Th ey can also 
help solve some of your immediate problems. 

Jennings has hundreds of standard fixed 
and variable vacuum capacitors in a wide vari
ety of capacity, voltage, and current levels. In 
all probability the capacitor you need has 
al ready been designed, field tested, and proven 
reliable. If it hasn't you couldn't find a more 
experienced com pany than Jennings to design 
a new one. 

CFHP-1000 

Capacity : 
Peak Test Voltage: 
RF Current : 
Heigh t : 
W idth : 

CVDD-500 

Capac ity Range : 
Peak Test Voltage : 
RF Cu rrent : 
Height: 
W idth : 

iiiiiiiiiill' 1000 pF 
45 KV 

215 Amps RMS 
5-1 /2" 
5-1 /2" 

20-500 pF 
15 KV 

80 A mps RMS 
7-1 /2" 
3-314" 

USL-500 

Capac ity Range : 
Peak Test Voltage : 
RF Current : 
Height: 
Width : 

CVCC·2500 

5-500 pF 
5 KV 

40 A mps RMS 
5-3 /4" 
2-3/8" 

Capac ity Range: 25-2500 pF 
P~ak Test Voltag e 7 KV 
R~ Curren t: 75 A mps RMS 
V ibrat ion: 5G to 500 cps 

(with less than 3 pF capacity shift) 

For complete in form ation on ITT J enn ing s 
vacuum ca pacitors, write for our new catalog 
No. 101 . ITT Jennings, a subs idiary of Inter
national T elephone an d T elegraph Corpora
t i on , 970 Mclau gh lin A venue, S an Jos e, 
California 95108. 

JENNINGS ITT 
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Atlas will put the 
blue bead anywhere 
you want it ... 

t~ . + •• 

But the real value is the extra 
testing we do to save you trouble later. 
The point is, most manufacturers of cus
tom hermetically-sealed headers don't 
have the extensive test facilities that 
Atlas has ... altitude, temperature, and 
humidity cycling chambers as well as 
Helium Mass Spectrometers for leak 
detection , and metallographic equip
ment for taking high-magnification pho
tographs of glass-to-metal interfaces or 
plating thickness cross-sections. 

These in-house test facilities allow Atlas 
to make . .. and test .. . your custom 
headers to your specs (or MIL specs, if 
you prefer), so that the rejects are 
weeded out before you get them. And 
when we say that a header with terminals 
spaced at 1,4 inch will withstand 900 
volts at 70,000 feet without flashover 
•.. WE CAN PROVE IT! 

Call our marketing department today. 
Or send for more detailed technical 

·information . 

~LAS 
CHEMICAL INDUSTRIES, INC. 
Aerospace Components Dlvlalon 

Valley Forge, Pa. 19481 
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New Semiconductors 

High-voltage transistor sweeps color tv 

+120vdc-------

A silicon transistor has been devel
oped that can withstand a retrace 
voltage pulse above 1,000 volts gen
era ted in the horizontal deAection 
sys tem of a large-screen tf'levision 
set. The D elco Radio divis ion of 
the General Motors Corp. is now 
demonstrating a modified 25-inch 
Zenith color set in which the new 
1,200-volt tran sistor can switch the 
3,800 volt-ampere load line of the 
hori zontal defl ection system (see 
circuit). 

Previously, a vacuum tube or a 
pair of lower-voltage DTS-402 tran
sistors operating in series were 
needed to do the job (present pro
duction sets use only tubes, though 
some manufacturers have been 
evalu ating the 402 transistors ). A 
series resistance-capacitance net
work connected between a center 
tap on the primary winding of th e 
Ryback transformer and the mid
point between the two series-con
nected DTS-402's would be re
quired to force th e equal sharing 
of the 1,050-volt retrace pul se by 
the two transistors. The DTS-402 
is rated at 700 volts . 

In the circuit shown , the 1,050-
volt pulse is transformed .in the Ry
back transformer to 25 kilovolts for 
the ultor anode of the picture tube. 
The horizontal transistor switches 
about 4 amperes; it's protected dur
ing fault-arcing conditions by a 

4 kv 

I 

peak rectifier network consistin g 
of th e two diode and RC n etworks 
connected across it. This cou Id be 
replaced by a single, higher-voltage 
diode-and-Re combination. 

The 1,200-vol t silicon transi stor, 
type DTS-0714, is a triple-diffused 
mesa devi ce in a strip-mounted 
epoxy package. Limited samples 
will be available this month. 

Specifications 

Type DTS-0714 
V CF.X 1,200 V 

v ' "' 750 v 
linear current gain N 1;. B 

at 2.5 amperes 10 min. 
Reverse voltage V 1.; no 5 V 
Thermal resistance l. 2°C / w att 
Package Strip-mounted epoxy 

General Motors Corp ., Delco Radio 
division, Kokomo, Ind. [361] 

Silicon transistors 
resist radiation 

Three npn transistors operate in 
environ men ts subjected to neutron 
bombardment where radiation lev
els may reach 3xl014 nvt (the time 
integral of neutron Aux). The units 
are silicon epitaxial planar types 
designated NS9726 and silicon epi
taxial planar power transi stors 
designated NS9608 and NS9609 . 
Case sizes arc T0-18, T0-60, and 
T0-61, respectively. 

Operating and storage tempera-
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tures for all three are - 65° to 
+200°C. Total device diss ipation 
at 25°C case temperature is 1.2 w 
for the NS9726, 12 w for the 
l\S9608, and 25 w for the NS9609. 
National Semicond uct or Corp. , Dan
bury, Conn., 06810. [362] 

Avalanche rectifiers 

deliver high power 

'\ 

Four tiny (0.07 cu. in. ) avalanche 
rectifiers in a single phase bridge 
will deliver as much as 2 kw a t 
50°C ambient temperature. 

Three different versions have 
maximum recurrent peak inverse 
voltage ratings of 1,500, 2,000, and 
2,500 v respectively. At 25°C, types 
F -15 and F-20 are rated at 1 amp 
d-c and 30 amps surge. Type F-25 
is rated a t 500 ma d-c and 20 amps 
surge. The devices can be operated 
at temperatui:es up to 140°C, a t 
wh ich point th ey are derated to 
10% of their 25°C current ra ting. 

Applications for the rectifiers in
clu de amateur equipment, ulra-
onic generaors, tes t equipment, 

oscilloscopes, medical equipment, 
. po t welders, television m onitors, 
and transmitters. 

Prices for the avalanche units are 
reportedly the lowes t for compar
able ra tings . T ype F-20 is priced a t 
$1.50 in single quantity, and 73 
cents in maximum quantities. 
Sarkes Tarzian Inc., 415 North College 
Ave ., Bloomington, Ind. 47401 [363] 
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You can buy a sample now 
oft .1s ~~_Jn~~ ric 

1 solid state lamp!-

This is the SSL-1, actual size. It's a 2- to 5-volt solid state light 
source that emits 40 footlamberts of visible light end on @ 50 
ma. Turns on and off at the rate of 10,000 cycles 1>er second. 
Resists shock and vibration better than any filament lamp. Lasts 
indefinitely with no loss in efficiency! 

SSL-1 is a remarkable new development of General Electric 
Miniature Lamp research. You'll want to consider it in your 
business, wherever tiny tough lamps are required. As an indicator 
or photo cell driver, it has hundreds of applications in computers, 
missiles, telephone equipment and aircraft, to name a few. 

ORDER SAMPLES TODAY 

Perhaps t he SSL-1 ca n help save space, improve performance, 
reduce maintenance cost in your product. It's easy enough to find 
out : SSL-1 lamps are ava ilable now at just $9.50 each . Order 
today. Just fill in the coupon and mail it with your check or money 
order. (Or contact your regula r GE lamp representative.) Your 
calibrated SSL- 1 wi ll come to you cradled in styrofoam, protected 
in a rigid plast ic box. 
Need more data? Send for free tech nical. bu lletin #3-7041. It 's 
you rs for the asking. 

Miniature Lamp Department 

GE NER ALfj ELECTRIC 

. ' 

r-----------------------------------~ 

TO: General Electri c Com pan y 
Miniature Lam p Depa rtmen t 
P.O. Box 24 22 , Nela Pa r k, Cleve land, Oh io 44112 

Attn: J. D. McMul len 

Please send me ____ new GE SSL-1 lamp(s) at $9. 50 ea . 

Total enclosed$ ___ _ 

Name _______________________ _ 

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

Add ress----------------------~ 

Ci ty ____________ state ______ Zi p ___ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
j 

-------- - - - -- - -- - - - -- - - - - - - -- - - - - -- _.J 
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FREE 
SELECTOR 
CHART 
FOR 

REFRACTORIES 

This Free New Selector Chart I Bro· 
chure describes a line of crystall ine 
oxide refractory and insulating ware 
for use by industry and laboratories. 
These new products are designed for 
high resistance to heat, low reaction 
with metals and chemicals, low po
rosity and high thermal conductivity. 
The Selector Chart provides instant 
techn ica l, mechan ical and appl ication 
data for apparatus made of Al umi· 
nous Porcelain, Recrystallized Alu
mina, Thoria, Zirconia and Magnesia. 
Write for your copy today. 

57 
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New Instruments 

Pulse delay has 1-nsec resolution 

r -.. -. __.. 

An all-solid-state unit capable of 
delaying pulses up to 3 microsec
onds with a resolution of better 
than l nanosecond has •been intro
duced by MCC Electronics. Two or 
more ·of these pulse-delay lin es can 
be .connected in series to increase 
delay times. 

According to the manufacturer 
the b es t previous digital pulse-de
lay unit costs twice as much as the 
new unit and has but a 10-nsec 
pul se-resolution capability. 

The ne.w instrument, model VPD-
100, can be used in the laboratory 
or at production test facilities. Con
nec ted to a pulse generator, it can 
act a s a reference delay line for 
pulse jitter studies, or as a quick 
means of calibrating other delay 
lines and oscilloscope time bases. 

Th e delay time is controlled by 
switching between five fixed 
lumped-constant delay lines and a 
variable delay line connected in 
series. Each fixed delay retards the 
pulse for 0.5 microseconds ; the var
iab le delay line delays the pulse 
from 0 to 750 nsec. 

The variable delay line's input 
pul ses are conditioned b y inte
grated-circuit NAKD gates, which 
were chosen for this task because 
they switch rapidly and are rela
tively insensitive to pulse shape. 
Also, the NAND gates' output is con
s tant in amplitude and rectangular 
in shape. 

The undelayed pulses from a sig
nal generator are used as triggers 
to switch the NAND gates on and off. 
The variable delay line's initial in
put pulse switches the first gate 
from logic 0 to logic l and the out
put of the first gate switches a sec-

ond ga te. The 2.5-volt signal from 
the second gate feeds the lu rnped
constant delay line and triggers 
the third and fourth ' AND gates at 
the unit's output. Each succeeding 
input pulse switches the gates in 
like mann er. 

During its passage through the 
VPD-lOO's internal delay lines, the 
signal from the second NANO gate 
is attenuated by almost half and its 
shape degraded, so the third and 
fourth NAND gates a t the output are 
used to regenerate th e original 2.5-
volt rec tangular wave. 

The rise and fall times of the out
put pulse are only 10-nsec, regard
less of pulse width. A 3-0 sec rec
tangular pulse through an ordinary 
lumped-constant delay lin e will 
have a rise and fall time of about 
300 nsec, 10% of the pulse width. 

Specifications 

Pulse input 
Amplitude 
Pulse repet i tion 

rate 
Pulse output 

Pu lse delay 
Resolution 
Amplitude 
Pulse rise and 

fa ll t imes 
Supply voltage 
Size 
Weight 
Panel connectors 

2 to 5 v 

1 Mhz at 25 % duty cyc le 

50 nsec to 3 µ,sec 
1 nsec 
2.5 v into 150-ohm load 

Less than 15 nsec 
115 v a·c 
10 1/2 x 8 x 8 in . 
6 lbs 
BNC 

MCG Elect ronics, 11-22 Joselson Ave., 
Bay Shore, N.Y. (371] 

Signal generator 

runs on battery power 

A solid state standard signal gen
era tor is claimed by the manufac
turer to ibe the only one available 
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which can be operated from either 
internal b attery or the 115-v a-c 
line. This suits it for use in the field 
or in screen rooms when complete 
isolation from the power line is 
desired. 

The SG-83B covers 50 khz 
through 54 Mh z in six bands, with 
a seventh bandswitch position in 
which it is crystal controlled at 
1 Mhz. The output is accurately 
calibrated from 0.6 /.LV to 0.16 v, 
±2 db. Frequency calibration is 
1 % or b etter. Modulation is vari
able from zero to 50% from an in
ternal 400-hz oscillator or by an 
ex ternal signal. 

Price is $295. Delivery is from 
stock. 
Clemens Man ufact uri ng Co.. 630 S. 
Berry Road, St. Louis, Mo. 63122 [372] 

Current indicator 

also integrates 

Accurate to within 1 %, a self
calibrated, solid state instrument 
measures current flow and displays 
an integral digital value. The cur
rent indicator and integrator is 
suited for a variety of applications 
involving accurate integration of 
continuous current values. The unit 
fea tures pushbutton start and stop 
controls that are adaptable for re
mote operation. 

Sensitivity of the instrument can 
be varied from 0.1 milliamp to 0.3 
nanoamp for either positive or 
negative current measurement. In
dividual current inputs are shown 
on the d-c indicator. The integral 
is displayed digitally and is cali
brated by a 10-turn precision po
tentiometer. The instrument can 
be preset to terminate integration 
and control a wide range of auxil
iary equipment. Both the ~ndicating 
and integrating values are accurate 
to 1 %. Calibration requires no 
external instrumentation and is 
achieved by internal current sources 
and front-pan el calibration con
trols. 

The new model A310C measures 
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Some dry facts 
about 

Moisture Monitors 
If your job is to think about moisture 
in gases, liquids and solids - then you 
came to the right ad. 

For we're talking about CEC Elec
trolytic Moisture Monitors-the most 
precise and reliable instruments now 
avail able for the trace measurement of 
ppm amounts of water. 

The reason for their superiority is their 
exclusive brain , the CEC Electrolytic 
Cell. This unique cell has greater accu
racy at low levels than any other, twice 
the life, and it cannot become shorted 
through prolonged storage or disuse. 
Furthermore, the Electrolytic Cell is 
potted for impact resistance and is re
placeable in seconds without tools. 

Additional advantages 
CEC Moisture 1"Ionitors assure the 
fastest usable readings. From l 5 min
utes to one hour a ttcr initi a l sample 
stream hookup, accurate readings can 
be made from 1-1000 ppm. After that, 
a 63 % response to moisture change 
occurs in 30 seconds or less. 

CEC Moisture l'\Ionitors are ad \·anced 
t hroughout. A specially manufactured 
flow controller, plus ingenious circuitry, 
assure more accurate and dependable 
performance at the lowest cost. 

CEC Moisture Monitors are backed by 
greater experience. As the pioneer and 
leader in the field of moisture monitor
ing, CEC can guarantee use rs the right 
answers to application needs as well as 
the best instruments. 

A moisture monitor 
for every purpose 

The following instruments arc repre
sentative of the full range of moisture 
monitors currentl y available from CEC. 

26-303 Portable Laboratory l\loisture 
Monitor. This is the finest laboratory
quality moisture monitor designed for 
industry. 

26-304 Hydrogen l\loisture l\Ionitor. 
Especially designed for the continuous 
measurement of water in hydrogen- or 
oxygen-rich gas streams, it uses the 
error-proof CEC Delta Flow principle . 

26-321A So li ds Moisture Analyzer. 
This unit delivers the most conclusive 
results, and is the most trouble-free, 
easy-to-use instrument made for meas
uring water in solids. 

For all the facts about the complete 
moisture monitor line. call your nea rest 
CEC Field Office. Or write Consolidated 
Electrodynamics, P asadena, California 
91 I 09. A subsidiary of Bell & Howell. 
Bulletin Kit 345-X4. 

Also ava ilable upon request-the book
let, " Moisture Monitor Hints," which 
covers moisture detection problems and 
how to solve them. 

CEC 
AnALYTICAL lnSTRUmEnTS 

ri. 8ELL4 HOWELL 
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Now Silk City Offers 
Complete Ceramic 

Production Facilities 
From Development 

Through Volume Production 

Major Ceramic Services Offered By Silk City 
PROTOTYPE DEVELOPMENT 

In the development of precision proto
types for the electronic industry, we are 
equipped to offer multi-shaped parts and 
varied-ceramic formulations to meet every 
possible design and economy require
ment. We produce precision ceramics that 
are machined from alumina, die formed, 
isostatic pressed, extruded, molded or 
cast. Materials range from high-aluminas 
through forsterite. 

PRECISI ON MACHINING 

Where the tolerance or surface finish is 
extremely critical, we are skilled and 
equipped to provide the necessary 
ceramic machining. We offer a complete 
range of grinding, polishing, lapping and 
ultrasonic machining. 

METALIZING AND PLATING 

We offer prototype development or volume 
production of metalized and plated 
ceramics for use in hermetic seals and 
other sub assemblies. Both high and low 
temperature metalizing are available. We 
prepare surfaces for customer brazing 
or numerous other sealing requirements. 

SUB ASSEMBLIES 

We produce complete sub assemblies 
to customer specifications, as well as 
provide a capability to design parts to 
meet your requirements. Final assembly 
inc ludes brazing of ceramic to ceramic 
and metal to ceramic for either mechanical 
or hermetic seals. 

SHORT PRODUCTION RUNS 

After prototypes have been developed and 
approved, we are staffed and equipped to 
carry the item through to a test produc 
tion run or fill initial stock orders. You are 
assured precision products that meet the 
highest quality standards. 

VOLUME PRODUCTION 

With the addition of our new plant in 
Hendersonville, North Carolina , we are 
now prepared to handle your full produc
tion requirements. Our present equipment 
will produce ceramic parts with diameters 
ranging from a fraction of an inch up to 
15 inches. 

We inv ite your inquiry! 

SILK CITY INDUSTRIAL CERAMICS 
INC ORPORATED 

Subsidiary of Basic Incorporated 

221 Seventh Avenue • Hawthorne. New Jersey 07507 
Phone 201 -427-4211 

OFFERING A COMPLETE CE RAMIC SERVICE FROM PROTOTY PE THRO UGH PR ODUCTION 
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New Instruments 

19 in. wide x 51/4 in. high x 12 in. 
deep. Price is $1,798 with present 
sh ipping being one to three weeks. 
Elcor, a div ision of Halliburton Co., 
2431 Linden Lane, Silver Spring, Md ., 
20910 [ 373] 

Squaring transducer 
operates to 1 Mhz 

Requiring no power supply for ac
tivation, a solid-state, voltage- to
current analog squaring transducer 
serves as an accurate, low-energy, 
completely passive squarin?; de
vice. Yfodel TD-1 TransquarP per
forms accurately for all input levels 
up to 200 mv. Operating frequency 
is d-c to 1 Mhz. 

Th e unit is made up of stable, 
solid-state elements arranged and 
matched in a network so that the 
instantaneous 011tput current is 
proportional to the square of the 
instantaneous input voltage. The 
transducer output, therefore, is 
nonlinear; its characteristic, a tru e 
parabola. The output is ± 0.1 % of 
theoretical squared-value. 

The instrument is 1 % in . wide x 
1 in. high x 11/4 in. deep. It has a 
center mounting hole for a No. 6 
screw and four pigtail leads for 
input-output connections. The unit 
is available from stock. Price for 
small quantities is $200 each. 
Greibach Instruments Corp., 315 North 
Ave., New Rochelle, N.Y. [374] 

Vibration analyzer 
has a dual role 

~I easurements of vibration ampli
tu de and fr equency can be ob
tained with a single, lightweight, 
portable instrument. The unit de-
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tccts and measures vibration, 
shock, and impact in rotating 
memb ers. 

Model 642 and its accessories 
provide the information for de
tailed vibration analysis and in
place balancing of operating ma
chinery. The unit also fu nctions as 
a strobo tachometer. Vibration 
amplitudes as little as 10 mil 
lionths of an inch to as great as 
3/s in. may be measured using the 
model 023 velocity pick-up. 

The same meter and scaler used 
to indicate direct frequency also 
ind icate vibration levels . A tunable 
wave fi lter provides narrow-hand 
observation of vibration signals tc. 
isolate their components. Comwc
tors are provided on the rear panel 
for attaching recording equipment . 
oscilloscopes and audio equ i prnen t. 
Reliance Elect ric and Engineering Co., 
24701 Eucl id Ave., Cleveland, Ohio 
4411 7 . [375] 

A-c microvoltmeter 

rejects noise 

Signals as small as 300 mv rms in 
the frequency range between 25 hz 
and 60 khz are measured with full
rated accuracy by an a-c micro
voltmeter. The instrument has 13 
sensitivity ranges, from 3-p.V full 
scale to 3-v full scale in a 1-3-10 
sequence. It also measures signals 
in a frequency range between 5 
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SERIES 
INTEGRATING DC 

DIGITAL VOLTMETER 

Extended Range Measurements: Fifth digit 
over-range. 

Precise Measurements: With accuracies to 
0.05%. 

Input Flexibility: Four voltage ranges and a 
micro-current input for measuring in "Engineer
ing Units" (psi, degrees, etc.) 

System Compatibility: BCD. Outputs and Re
mote Programming. 

High Noise Rejection: Differential input and in
tegration techniques provide common mode re
jection greater than 120 db at 60 Hz. 

Economical: 3 and 4 digit models range from 
$349.50 to $495.50. 

These DVM's are not only NEW, they're AVAILABLE 
from Janus representatives from coast to coast! 

CALL OR WRITE FOR A DEMONSTRATION. 

JANUS CONTROL OIVI S IONTl\lCO 

A: 
296 NEWTON STREET • WALTHAM • MASSACHUSETTS 02154 • TEL: (617) 891-4700 
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SMART 
CIRCUITS 
know the 
difference! 

o~ll=ff 

I I I I 0 0 

'That's why Hopkins Capacitors 
come in such a wide selection 
of parameters. Some capacitors may be rejected by 

circuits as being incompatible with 
other components although they may 
seem to fit at first glance. As the cir· 
cuit requirements become increas· 
ingly more stringent, smart designers 
often take a second look for capaci· 
tors with compatible characteristics 
to specify. To make your job easier, 
Hopkins makes a wide family of 
metallized dielectric capacitors
METALLIZED PAPER, METALLIZED 
MYLAR , HERMETICS, DUREZ 
COATED and WRAP & FILL-in hun· 
dreds of values, styles and sizes. 

Whether you specify capacitors by 
capacitance, voltage, space, case 
style, price, polarity, temperature, 
tolerance, stability, resistance,ordls
sipation factor, check your HOPKINS 
catalog first-your circuit knows the 
difference .. 

Write for catalog. 

Telephone: (213) 361-8691 •TWX 213 -7645998 · ·Cable : HOP 

12900 Foothill Blvd., P . 0. Box 191, San Fernando, Calif. 91341 

A Subsidiary of Maxson Electronics Corporation 
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and 25 hz with full-scale ranges 
of 30 µ,v to 3 v. Basic accuracy is 
± 3% of full scale up to 60 khz, 
and +5% of full scale above 60 
khz. Input impedance is 10 meg
ohms shunted by 20 picofarads. 

The high sensitivity of model 
3410A is made practical by its abil
ity to tolera te large amounts of 
noise with the signal. Rm s noise 
voltages up to 20 db above full 
scale do not affect the accuracy of 
the reading, even for signal levels 
that are only 1

1
0 of full scale ( 40 

db below noise that is 20 db above 
full scale). 

The new rnicrovoltmeter uses a 
phase-locked synchronous detector 
rather than narrow-band filters to 
separate the effects of noise from 
the signal. The detector is an elec
tronic gate controlled by an oscil
lator phase-locked to the input sig
nal. Alternate half cycles of the 
input signal are passed by the gate, 
and the output of the gate is 
smoothed by a low-pass filter to 
obtain a d-c voltage proportional to 
the average value of the input 
waveform. Since both the positive 
and the negative excursions of 
noise and other randomly varying 
signals pass through the gate when 
open, these average out to zero 
and do not affect the reading. 

Price of the model 3410A is $800, 
and delivery time is estimated at 
60 clays. 
Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto , Calif., 94304. [376] 

Peak voltage sensor 

has floating input 

A peak voltage sensor to be used 
with solid state circuitry detects 
transients as short as 10 micro
seconds. The Memorette variable
threshold peak indicator has a 
completely floating input, making 
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it possible to monitor positive or 
negative levels from 50 millivolts 
to 50 volts at any point in the cir
cuit. An external resistor extends 
the upper end of the range to the 
thousands of volts. Front-panel 
controls include a sensitivity ad
justment, a reset control, and a 
memory readout. 

The sensor is supplied with an 
internal mercury battery and both 
are warranted for one year of con
tinuous duty. Cabinet dimensions 
are 2 x 2 x 1 inches. Source im
pedance is 20,000 ohms per volt; 
frequency response is d-c to 20 
khz. 

Price of the unit is $44.50, with 
lower prices quoted for quantities. 
Delivery is 2 to 4 weeks. 
Roveti Instruments, 1643 Forest Drive, 
Annapolis, Md. 21403 [377] 

Digital meter unites 

3 instruments in 1 

A general-purpose digital meter 
combines the features of three com
monly used laboratory instruments 
in one compact, economical unit: 
a 100-p.v-resolution, d-c digital volt
meter, a greater than 1-Mhz multi
function electronic counter, and an 
electronic integrator. The extensive 
use of 1c's and plug-in modules in 
the DM5000, along with circuit 
sharing, enhances maintainability, 
and accounts for the $950 price. 

No external plug-ins or adapters 
are required and simplified opera
tion is assured by using a minimum 
number of controls. A long-life, 
four-digit, buffered Nixie display 
with illuminated legends indicates 
the units being measured, as well 
as over-range and polarity. 

As a dvm, this instrument offers 
automatic polarity, five d-c voltage 
ranges from -+-100 mv to -+-1,000 v, 
calibrated over-ranging to 40%, an 
accuracy of -+-0.1 %, 100-p.v resolu
tion, and an input impedance 
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l11vlor's 10111/ reli11'1i/il'I p/11n: 
Glass-EPOXY 

in sheets, panels or punched blanks to your 
specifications and reliability requirements 

Accepted by an increasing number 
of major OEMs and commercial 
etchers who give their stamp of ap
proval, because . . . 

. .. in atmosphere-controlled white 
rooms, under extremely tight quality 
control procedures, to produce cop
per-clad ... 

... then deliver when promised, or 
in an emergency, from plant or ware
house stocks in special packages. 

. . . they get highest quality level 
assurance from two fully-equipped 
copper-clad plants using white-glove 
techniques . . . 

... to specifications and established 
reliability requirements in standard 
sheets, ultra-thin sheets and multi
layer prepregs ... 

Let us prove the advantages of 
Taylor's TOT AL RELIABILITY 
PLAN to you! Ask for a demonstra
tion today. Write for a sample (give 
grade designation and copper com
bination) and Bulletin GB-2 . 

111'1/or copper-claJ 
TAYLOR CORPORAT ION • Valley Forge, Pa. 19481 

. .. your assurance 
of quality 

Phone : 215-666-0300 TWX : 215-666-0659 

West Coast Plant: La Verne, Calif. 

' Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron® prepregs 
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NEW SOLID STATE CYCL-FLEX® TIMER 

RENOWNED ELECTROMECHANICAL CYCL-FLEX TIMER 

The Man from E.A.G.L.E.* offers you a range of accurately controlled Cycf
Flex time delays that run all the way from 1120 second to 60 hours. These 
timers, housed in their now famous plug-in cases, may in fact be inter
changed. The HP5 Cycl-Flex is a synchronous, motor driven, precision in
strument providing accurate delay between control-circuit actuation in the 
operation of load circuits . Maximum settings range from 5 seconds to 60 
hours with minimum settings from 116 second to 2 hours. The CE300 Cycl
Flex is a solid state timer that overlaps the HP5 in the lower time ranges . The 
300 series oHers dial ranges of 10 seconds and shorter, with minimum set
tings from 1 /20 second to 112 second. Depending on contact load, average 
mechanical fife is more than 10,000,000 operations. 

Whether you need short time cycles at a fast repetitive rate, or longer but 
still precisely-controlled delays, the Cycf-Flex Series will give you exactly 
the right answer . . . for specifications, get our HP5 Series Bulletin 125 and 
our CE300 Series Bulletin 155. Write Eagle Signal Division, E. W. Bliss Com
pany, 736 Federal Street, Davenport, Iowa 52808; or call (319) 324-1361. 

l;J!FfJl•IEAGLE SIGNAL ! 
A DIVISION OF THE E. W . BLISS COMPANY 

*E.A.G.L.E.-Engineering Assistance Given Locally-Effectively. 

For information on CE 300 Timer circle reader service card number 500 
For information on HP 5 Timer circle reader service card number 501 



New Instruments 

greater than 100 megohms on all 
ranges. 

\Vh en fun ctioning as an inte
grator, the DM5000 displays the 
digital value of the time integral 
of the analog input signal. Inhibit 
and reset fun ctions are controlled 
by either front-pan el switches or 
remotely by ex ternal voltage inputs. 
Three distinct counter modes are 
offered: rate, period , and count. 
Sensitivity, level, and coupling fea
tures permit operation with a va
riety of input waveforms. 

In the rate mode, pu lse rates or 
frequencies to greater than l Mh z 
are measured and displayed with a 
time base derived from a ± 0.005 % 
crystal-controlled clock. Four full
scale ranges are provided from 
9.999 khz to 9,999 khz, correspond
ing to gate periods from l to 0.001 
second. 

In the period mode, pulse in
terval, pulse width , or period are 
displayed with a resolution of 10 
nscc over fu 11 -scale ranges from 
99.99 msec to 99.99 sec. Count 
range is from 0 to greater than 250 
khz with a resolution of one part 
in 104

. 

Technology Inc., 7400 Col. Glen n High
way, Dayton , Ohio 45431. [378] 

Digital multimeter 

tracks two ways 

D-c volts. d-c current. res istance, 
a-c volts , and d-c/ d-c ratios can b e 
measured by a new 5-digit digital 
multimeter. Bidirectional tracking 
logic gives fast and accurate 
measurements of small variations 
in critical parameters , such as 
those that occur when trimming or 
adjusting. A s table zener diode 
reference supply and a prec ision 
digital potentiometer assure maxi
mum accuracy. 

The push-button instrument of
fers automatic ranging on the d-c 
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INSTANT EAGLE RELAYS 
Test Themlmmedlately ... Get Production Quantities in Two Weehs! 

T hat's r ight ... Eagle challenges you to compare them with any relay on the 
market. NOW you can get immediate delivery on these general-purpose or 
medi um-power relays. Test resu lts prove they're the fi nest of their kind in the 
world. Eliminate your relay deli very problems. Call your "Man fro m E .A.G.L.E." 
•• . listed below. You'll fi nd he has fu ll de tails and specifications on Eagle relays. 

Distributors 

Burlingame, California 
415·697 -6244 

Glendale, California 
213-245-1172 

Englewood, Colorado 
303-781-0912 

Hamden, Connecticut 
203-288-9276 

Orlando, Florida 
305-855-3964 

Baltimore, Maryland 
301-484-54-00 

Newton Highlands, Mass. 
617-969-714-0 

Minneapolis , Minnesota 
612-922-7011 

Cl i fton , New Jersey 
201-4 71-6090 

Haddonfield, New Jersey 
609-429-1526 

YOUR "MAN FROM E.A.G.L.E." 
Representatives 

Albuquerque , New Mexico Scottsdale , Arizona Hackensack, New Jersey 
505-265- 1020 

Albany, New York 
518-436-8536 

Depew, New York 
716-684-5731 

Endwell , New York · 
607-723-8743 

Fairborn, Ohio 
513-878-2631 

Fairview Park , Oh io 
216-333-4120 

Dallas , Texas 
214-363-1526 

Houston, Texas 
713-649-5756 

Seattle , Washington 
206-725-7800 

602-947-4336 201-342-2602 
Pasadena, California Latham, New York 

213-681-4421 518-785-5032 
Jacksonville, Flor ida Rochester, New York 

305-388-7656 716-436-4410 
Orlando, Florida 

305-422-4295 Skaneateles, New York 

Roswell , Georgia 315-685-6172 

404-993-6498 Fairfield , Ohio 
Chicago, Illinois 216-333-4120 

312-775-5300 Havertown, Pennsylvania 
Chicago, Illinois 215-528-6640 

312-784-73 14 Dallas , Texas 
Baltimore, Maryland 214-748-7788 

301-276-1505 
Houston, Texas Norwood , Massachusetts 

617-769-3600 713-224-9715 

Minneapolis , Minnesota Bellevue, Washington 
612-922-0 243 206-454-5200 

St. Louis, Missouri Charleston, West Virginia 
314-428-5313 304-342-2211 

A D IVI S I ON OF THE E . W . BLISS COMPAN Y 

736 Federal Street, D avenpo rt , Iowa 
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HERE ARE YOUR AUTHORIZED 
CANNON DISTRIBUTORS 
ALABAMA 
Nelson Radio & Supply 

Company, Inc . 
Mobile 
Phone: (205) 479·1471 

ALASKA 
Alaskan Aircraft Equipment 

Supply, Inc. 

~h~~~~acii7) 322·3202 

ARIZONA 
Kimball Electronics, Inc. 
PhOenix 
Phone: (602) 264·4438 

CALIFOR NIA 
ABC Connectors, tnc. 
North Hollywood 
Phone: (213) 875-0665, 

765-8881, 983-1738 
K-Tronics 
Los Angeles 
Phone: (213) 685-5888 
Kierulff Electronics, Inc. 
Palo Alto 
Phone: (4 15) 968-6292 
liberty Electronics Corp. 
Inglewood 
Phone: (213) 678-8111 
Richey Electronics , Inc. 
North Hollywood 
Phone: (213) 761-6133, 

877-2651 
San Deicer, Inc . 
San Die&o 
Phone: (714) 274-3131, 

276-2653 

COLORADO 
Waco Electronics 
Denver 
Phone: (303) 322-7708 

CONNECTICUT 
Connector Corporation 

of America 
New Haven 
Phone: (203) 624·0127 

FLORIDA 
Electro Air of Flor ida, Inc. 
Orlando 
Phone: (305) 241 ·5461 
Industria l Electronics 

Associa t es, Inc. 
Palm Beach Gardens 
Phone : (305) 848-8686 

GEORGIA 
Electro Air Corp . 
Atlanta 
Phone: (404) 351 ·3545 

HAWA I I 
Pacific Electronics 
Honolulu 
Phone: (808) 810-111 
Radio Television Corp. ltd. 
Honolulu 
Phone: (808) 564·416, 

502-901 

llllNOIS 
Merquip Electronics, Inc. 
Chicago 
Phone: (312) 282·5400 
Radio Distributing 

Company, Inc. 
Chicago 
Phone: (312) 379·2121 

INDI ANA 
Radio Distributing 

Company 
Indianapolis 
Phone: (317) 637·5571 
Radio Distributing Co. , Inc. 
South Bend 
Phone : (219) 287·2911 

LOUISIANA 
Southern Radio Supply 

Company, Inc. 
New Orleans 
Phone: (504) 524-234 5 

MARYLANO 
Radio Distributing Co. 
Baltimore 
Phone: (301 ) 377·6402, 

377·4616 

MASSACHUSETIS 
Lafayette Industrial 

Electronics 
Natick 01762 
Phone: Boston 

(617) 969-6100 
Natick 

(617) 875-1358 
Schweber Electronics 
Waltham 
Phone: (617) 891·8484 

MICHIG AN 
Newark-Detroit 

Elect ronics, tnc . 
Detroit 
Phone: (313) 548-0250 

MINNESOTA 
Lew Bonn Co. 
Minneapolis 
Phone: (612) 339-9461 

MISSISSI PPI 
Ellington Electronic 

Supply, Inc. 
Jackson 
Phone: (601 ) 355·0561 

MISSOUR I 
Electronic Components 

for Industry Co. 
St. Louis 
Phone: (314) 647-5505 

MONTANA 
Electronic Supply Company 
Billings 
Phone: (406) 252-2197 

NEW MEXICO 
Waco Electronics, Inc. 
Albuquerque 
Phone: (505) 268·2409 

NEW YORK 

Progress Electronics Co., Inc. 
Plainview, L.1. 
Phone: (516) 433-1700 
Schweber Electronics 
Westbury 
Phone: (516) 334-7474 
Stack Industrial 

Electronics , Inc. 
Binghamton 
Phone: (607) 723-6326 
Summit Distributors, Inc. 
Buffalo 
Phone: (716) 884-3450 
Time Electroni c Sales 
Great Neck, L. I. 
Phone: (5 16) 487·0100 

NORTH CAROLINA 
Kirkman Electronics , Jnc. 
Winston-Salem 
Phone : (919) 724-0541 

OHIO 
Hughes Pet ers, Inc. 
Cincinna t i 
Phone : (513) 381·7625 
Hughes Peters, Inc. 
Columbus 
Phone: (614) 294-5351 
Radio Dist ribut ing 

Company, Inc. 
Willoughby 
Phone: (21 6) 946-0900 

PENNSYLVANIA 
Aercon, Inc. 

~~i~~~; ~eli~)h~~2-2500 
Philadelphia 

Elec tronics, Inc. 
Philadelphia 
Phone: (215) 568-7444 
Radio Parts Co., Inc. 
Pittsburgh 
Phone : (412) 361 ·4600 

TENNE SSEE 
lavender Radio & 

TV Supply, Inc . 
, Memphis 

Phone : (901) 276-2756 

TEXAS 
Hall·Mark Electronics Corp. 
Dallas 
Phone: (214) 231·2531 
Harrison Equipment 

Co., Inc. 
Houst on 
Phone: (713) 224-9131 
McNicol , Inc. 
El Paso 
Phone : (915) 566-2936 
Sterling Electronics , Inc. 
Dallas 
Phone : (214) 357-9131 
Wholesale Electronic 

Supply, Inc . 
Dallas 
Phone: (214) 824-3001 

UTAH 
Kimball Electron ics, Inc. 
Salt lake City 
Phone: (801 ) 328·2075 
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voltage function (1 µ.v to 1,000 
volts); rnsis tance measurements 
from 0.1 ohm to 100 megohms; a-c 
voltages from 1 mv to 1 kv; d-c/ d-c 
voltage ra tios with 100-µ.v sensi
tivity; d-c currents from 0. 1 na to 
100 ma. 

The 530 series is available in 
either rack or cabinet models. 
Price of the basic model is $1,495; 
the complete package, $2,750. De
livery takes three weeks after Te
ceipt of order. 
Cohu Electron ics Inc. , Box 623, San 
Diego, Cal if . 92112 [379] 

Pressure transducer 

is small and rugged 

Heavy-duty cons truction with low 
weigh t and small size are the fea
tures of a high-line differential 
pressure transducer. The instru
ment accurately measures small 
changes in differen tial line pres
sure with full line pressure over
loads up to a maximum line pres
sure of 5,000 psi. The rugged trans
ducer will opera te in ranges of 
± 30, ±75, ± 150, and ±300 inches 
of water. 

The high sensitivity of the 
PM393TC is achieved by use of a 
four-leg Wheatstone bridge trans
ducer encased in a single-chamber 
cavity fill ed with silicone oil. Pro
tection from pressure overload is 
provided by mechanical stops. 
thus permitting a maximum pres
sure differen tial of 5,000 psi with
out danger of damage to the in
strument. 

The transducer measures 3 in. in 
diameter and 2 in. in length. 
Weigh t is 4 lbs. Nonlinearity is less 
than 0.25% of full scale and hys
teresis does not exceed 0.15% of 
fu ll scale. Output is compatible 
with presen t day recorders and 
controllers. 

All metal parts are stainless steel, 
which permits use with many 
fluids, including those incompatible 
with each other. o recalibration is 
necessary, allowing for easy remote 
installation. 
Statham Instruments 
Olympic Blvd. , Los 
90064 [380] 

Inc., 12401 W. 
Ang eles, Cali f ., 

feeling 
the 

pinch 
for qualified 
electronics 

technicians? 

New electronics equipment demands technicians 
with a wide range of special ized skill s. Men who 
understand the "why" of electron ics . . . can in
sta ll, mai ntain, troubleshoot and repair the elec
tron ics gear you 're using today and will be using 
in years ahead. 

Qualified electronics technicians are sca rce. 
But with a Cleveland Institute of El ectronics 
Training Program you can soon develop an ample 
supply by up-grading your present staff of tech 
nical personnel. CIE " AUTO -PROGRAMMED'' 
Cou rses are fast, economical , effective. What's 
more, they can be read ily " tai lored" to your 
speci fic trai ning needs. Hundreds of companies 
use them . . • thousands of men are enrolled. 
Get free detai ls fast. Mail coupon today. Cleveland 
Institute of Electronics, Dept. E-28, 1776 E. 17th 
St. , Cleveland, Ohio 44114. 

SEND COUPON TODAY 

Cleveland Institute 
af Electronics 

Dept. E-28, 1776 E. 17th St., Clevelalld, Ohio 

Gentlemen: I am interested in lea rn ing more about 
your Electronics Home Study Progra ms. Please send 
complete information. 

Name•~---------------
Title _______________ _ 

Company·~-------------~ 
Address ______________ _ 

City ___ ___ _ State ___ Zip __ _ 

Accredited Member. National Home Study Council. 

L--- ----- - - --- -- - --- - ------~ 
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nothing
1

s , 
special 
but the 
delivery 

special cables to solve 

special problems are 

an everyday job at 

Columbia Wire. If 

we don't have the 

cable in stock for 

immediate delivery 

we have the knowledge 

skill and facilities 

for producing it fast. 

write for our fully-illustrated catalog 

f 
WIRE PRODUCTS COMPANY 
2850 Irving Park Rd ., Chicago, Ill. 60618 
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New Subassemblies and Systems 

Tracing curves by the numbers 

80 
----- --

rl ' 
~ 

Working almost as an x-y recorder 
in reverse, a new graphical digitiz
ing sys tem allows an operator to 
trace curves with a stylus without 
worrying about outpacing the dig
ital output recorder. Heart of the 
sys tern, says the manufacturer, is 
"variable interval programed" dig
itizing. 

Developed by the Calma Co., it 
is claimed to be the only analog 
graphical data digitizer capable of 
efficiently reducing both contour 
and point-to-point data directly to 
digital magnetic tape. Basically, the 
sys tem adjusts the size of the sam
pling interval to the complexity of 
the curve being traced. On complex 
data, an operator will move the 
stylu s slowly to record precisely 
the sharp peaks and changes in 
direction, but on straight sections 
can move the stylus quickly. In con
ventional systems, the operator has 
to abide by the speed capability of 
a magnetic tape recorder. H e 
cou ldn't move the stylus quickly if 
h e wanted to maintain resolution. 

In the new system, points are 
read off the curve at intervals of 
0.01 inch, digitized, and entered in 
a buffer storage. The points are sent 
out from storage to the magnetic 
tape at a rate of 250 points per 
~ econd. Thus, at speeds up to 2.5 
in. per second, the magnetic tape 
keeps pace. However, if the opera-

tor moves the stylus at a faster rate, 
the points are stored temporarily 
and taken out at wider intervals. 
but with the same resolution as at 
0.01 in . intervals. 

The effective recorded interval 
increases as the operator's h·acing 
speed increases, stepping up 0.01 
in. for each 2.5 in . per second in
crease in tracing speed. Maximum 
speed is 37.5 in. per second and 
maximum interval is 0.15 in . 

Accessories are available to per
mit redu ction of data from pro
jected 16-mm, 35-rnrn , and 70-mm 
film images and to interface the 
digitizer, on-line, with an IBM 1130 
computer. 

Specifications 

Tracing area 
Maximum tracing bed 

area 
Paper hold-down 
Dimensions 
Weight 
Price 

18 x 24 in . 

22 x 28 in. 
Mec hanical 
58 1/, x 30 x 34 in . 
400 lb. 
$22,500 

The Calma Co .. 346 Mathew St .. Santa 
Clara, Calif. 95050 [381] 

Binary code switch 

has 2,040 contacts 

A compact matrix for memory, pro
graming, data, voice, and broad
band switching appli cations con
tain s 2,040 switching contacts in 
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670 cubic inches. Binary operation 
with a wide range of input-output 
arrangements is provided. Pal
ladium-silver contacts require no 
wetting voltage. Due to V-type 
positive-lock contacts, no sustain
ing power is needed. Power inter
ruption will not affect the locked 
program. 

The switch includes 10 modules, 
each with 17 multiple positions 
having 12 make-contacts per posi
tion (photo shows only five full 
modules, each with 204 contacts) . 
Maximum power vo1tage is 56 v; 
minimum, 44 v. The code coils and 
the code-release vertical coils op
era te on 48 v d-c. The unit meas-

- ures 251/z by 6 by 41/z in. 
Price is $600, with quantity dis

counts. Availability is 60 to 90 days . 
The Ericsson Corp., 100 Park Ave., New 
York, N.Y. 10017 [382] 

Power amplifier spans 
100 to 10,000 hz 

Audio and ultrasonic tes ting is pro
vided by a 5-kva power amplifier 
that has numerous applications in 
sonar calibration sys tems, high in-

.. tensity acoustic systems, vibration 
test sys tems, and industrial process 

Electronics J April 17, 1967 

"All right, Jeff, we'll buy your system, 
but you'll have to specify a more ad
vanced X/Y recorder. We need greater 
versatility and more reliable operation 
on the job. Any ideas?" 

"If you like, Craig, I'll give you the system with the latest X/Y 
recorder on the market: The PLOTAMATIC® built by Bolt Beranek 
and Newman's Data Equipment Division. Other users swear by 
them. The PLOTAMATIC has a paper hold-down system that always 
works, never gets dirty, and yet allows you to adjust the paper 
for proper alignment after it's mounted. Input resistance is 
greater than one megohm, independent of ga in setting. Accu
racy and input versatility are as good as anything on the market, 

and you don 't have to buy time base if you don't want it. No high voltages to 
produce RFI problems, either. Just between us, Craig, I think our people are in a 
rut with those X/Y recorders we've been using. They use them out of habit, and 
aren 't up on the latest the market has to offer. " 

BBN 's PLOTAMATIC line includes a variety of 81h'' x 11" and 11" x 17" X/Y 
recorders for virtually every application. Keep up with the market-write us for 
a catalog. 

I ~ BOLT BERANEK AND NEWMAN INC .. • I 1 I DATA EQUIPMENT DIVISION 
• - • - • 2 126 SOUTH LYON ST., SANTA ANA, CALIF. 92705 1714) 546-5300 
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where industry is never short-circuited . .. 

Plug-in anywhere in Louisiana and you'll be able to 
take advantage of: 

Louisiana's revolutionary Right-To-Profit Laws, which 
protect industry, large and small , from unfair taxation 
and excessive government regulation. 

Louisiana's money-saving plant financing programs. 
Build the exact production facility you require, without 
tying up your capital in brick and mortar. 

Louisiana's manpower training program. Louisiana offers 
industry a substantial pool of labor, both trained and 
trainable. Where training is necessary, we'll provide it 
at no cost to you . 

For full information on these and other ways to prof
it in Louisiana, write to William T. Hackett, Department 
of Commerce and Industry, Room 214, Capitol Annex, 
Baton Rouge, Louisiana 70804. 

The Right-Ta-Profit State 
Circle 192 on reader service card 

New Subassemblies 

control. Measuring 24 x 24 x 45 in., 
including casters, the unit is rated 
for continuous duty over a fre
quency range of 100 to 10,000 hz. 

Model B5K is suitable for opera
tion with keyed input signals, and 
features responses of ± 0.5 db over 
the frequ ency range. Distortion in 
output waveform is less than 3% 
over the range. 

F ea tures include six output im
pedance taps ranging from 8 ohms 
to 1,152 ohms. The air-cooled amp
lifier delivers full rated output in
to load power factors between 
± 0.1 and unity. The hinged front 
panel section provides tes t points 
for critical voltages. 
CML Inc., subs idiary of Tenney Engi
neering Inc., 350 Leland Ave. , 
Plainfield, N.J. 07062. [383] 

Compact, aerospace 

core memory systems 

Designed to meet the high reli
ability requirements of military 
and aerospace computers, four new 
core memory systems feature small 
size and low weight and low power. 
Switch-core selection techniques 
eliminate a number of semiconduc
tor components and allow a corres
ponding reduction in system prices. 

The LCM710 provides a com
bination of coincident current ad
dressing and linear select opera
tion. This technique permits wide 
current and voltage tolerances and 
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high-speed performance, and it 
eliminates the necessity of drive 
current compensation at speeds of 
4 µ,sec or slower. These memories 
are available as complete sys tems 
or with modified electronics for 
specific applications. Standard ex
pandable memory capacity is 256 
to 4,096 words with up to 32 bits 
per word. Larger word and bit 
sizes can be provided. 

Th ese sys tems are effectively 
nonvolatile digital delay lines that 
have already found applications in 
the Y and R register memories of 
a specific aerospace computer. 
Plu gging-in of additional sections 
of computer core storage to change 
the delay line length is convenient. 

The systems can store both elec
tri cally alterable and fixed data in 
the same array. The basic storage 
matrix of these dual core units con
sists of a one-core-per-bit, two
wire-per-core arrangement. The 
same core simultaneously stores 
read-only and electrically alterable 
information through time sharing 
of the system's electronics. Stan d-

~ ard expandable memory capacity is 
512 to 8,192 words with up to 32 
bits per word, with larger word and 
bit sizes available. 

The LCM220 is a hard-vvired 
read-only memory, utilizing very 
few semiconductor components. 
Unlike conventional hard-wired 
un its, it can b e readily filled wit'h-
out difficulty and easily modified 
wi th external fill equipment. Its 
expandable memory capacity is 256 
to 4,096 words with up to 60 bits 
per word. 
Litton Industries Inc ., 9370 Santa Mon
ica Blvd ., Beverly Hi lls, Calif. 90213 
[384] 

Versatile and stable 

vlf signal source 

Inexpensive and highly versatile, a 
vlf signal source may be tailored 

• to fit electrically and mechanically 
in a large number of applications 

Electronics I April 17, 1967 
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• • • for every circuit board 
drilling need 

Precision to maintain location and 
' hole size tolerances to close limits. 

Permits ultra high speed drilling at 
feeds up to 15 inches per minute. 
Design features include four facet 
point configuration and very fine 
flute finish. Drill point concentric 
to drill diameter within .0005". 

STANDARD CIRCUIT BOARD 
DRILLS ... Standard design with flute 
and shank same diameter. F or use 
on any type production drilling from 
single board to high volume, stacked 
drilling tape controlled set-ups. 

SERIES 125-1/s" SHANK DRILLS._. Eliminate 
n eed for drill bushings when used with precision 
spi ndl es and coll ets. Drill diamete r to s hank concen 
t rici ty is within .0003" _ Common 1/s" s hank for all 
drill sizes ends n eed for coll et inventory fo r each size. 9 For complete information write for Bulletin CB66. " 

THE METAL REMOVAL COMPANY 
1859 West Columbia Aven ue • Chicago, Illinois 60626 

~ Manufacturing Pl ants Located in CHI CAGO / LOS ANGELES/SAN JUAN 

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD 
END MILLS I DRILLS I REAMERS I BURS I SPECIAL . TOOLING 
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AIR PRODUCTS 
will <;Jive us 

'RADIOACTIVE 
GASES, 

DO"PI NG GASE s I 
ULTRA-PURE 

HYDROGEN CULORIQE 
ULTRA-PURE 

METHANE 

'Read 
-the part 

again apout 
the free 

refrigerator 

When you get back, 
write for " spec " sheets 
on the gases you need 
and our folder wh ich 
points out the benefits 
of buying high-purity 
spec ial ty gases from Air 
Products. 

_ ..... .... .... 
--====-- ~'i;.· : 

-=--r--- ... . :t 
- -=--=-- .. . -
-;;- .=,,..z: rr • •· 
-~~~. ·-

=---- -. ...,.~-
iiiE:"'i:~:H: ... ~ !II 

SPECIALTY GAS DEPT. 

_A_da~-'~ ~ lflllC . 
Allentown , Pennsylvania 

194 Circle 194 on reader service card 

New Subassemblies 

where a precise timing signal or 
vlf frequency standard is required. 

The module illustrated , model 
PC-6, has an output voltage of 60 
h z ± 0.00001 %, when operated 
from an input voltage of 108 to 
130 v a-c, 50 or 60 hz nominal line 
frequency. Output voltage is a 
50/50 duty cycle square wave ris 
ing from 0 to +4 v d-c, when con
nec ted for internal collector sup
ply; or 0 to + 30 v d-c, when the 
output amplifier is connected to 
an external supply. 

This unit is availablE: at any out
put frequency from 0.1 hz to 10 khz. 
Various packaging arrangements 
are available. Prices start at $185 
each, in lots of 50 or more. Some 
frequencies can be shipped in less 
than 3 weeks after receipt of the 
order. 
Metric Engineering, a division of Green
ray Industries Inc. , 5235 E. Simpson 
Road, Mechanicsburg, Pa. 17055. [385] 

Military inverter 

is compact and rugged 

Used to power any 400-hz device, 
a s tatic inverter converts 28 v d-c 
to 400-h z sine-wave voltages of 115 
or 26 v a-c. \Vith continuous full 
load operation at 100°C, model 
Sl2D supplies an output power of 
120 v-a. 

Modular des ign techniques pro
vide a compact unit of 6 x 4 x 4 in . 
which weighs less than 7.6 lbs. 
Hermetic sealing and full encapsu
lation allow the inver ter to meet the 
environment of MIL-E-5272C at 
100°c. 

Regulation is 0.2% for input 
variations of 24 to 30 v d-c. Other 
features include complete isolation 
of inputs and outputs, and an out
put voltage adjustment range of 
12% from the nominal output volt
age. The module is also protected 
aga in st short circui t condition s, in
put voltage transients, and reverse 
polarity damage. 

Price is $1,285. Normal dE-livery 
takes six weeks. 
Abbott Transistor Laboratories Inc., 
5200 W. Jefferson Blvd. , Los Angeles, 
Calif. 90016. [386] 

D ec ision s! D ec ision s! 

The bi g ones are m ad e 

wh ere th e bes t tl1in gs h appen 

Now as always at th e grand-o ld . 

brand-new Boston Sta tl er Hilton. 

Home of th e New Trader Vic's! 

P l1 01w any Hilton R eserva ti o n 

Service ... for in stanl. 

co nfirm ed accommodations. 
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~@OU°~~(![] 
poly varicon 

for FM.AM ·tt .. 
{J 

4X-1 6BET 

Main Features : 

* Micro-miniature sized yet with large capacity. 
(2 'lb :t: I pF I 

'" High reliability against temperature and humidil.1. 
" 4 Trimmers of AM.FM sections. 
,. Good howling-proof . 
.. Smooth rotation torque. 
• Excellent " Q" characteristics, 

San-Esu is always contr ibuting lo cul your ~roduclion 
costs through the precise delivery by mass-production 
under conditions of the rigid quality contro~ 

m '°'catalog, w,1 .. to: 

SAN-ESU ELECTRONICS CO.,lTD. 
1-2 , 6 -chome Noshioi ·Shinagawa-kv, Tokyo,Japgft 
Toi. Tokyo (783) 7311 
Cablo: SANESVARICON TOKYO 
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Great editorial 
is something 

he takes home 
(What a climate for selling !) 

Electronics " I 
A McGraw-Hill Marke t-Directed Publicat i o n ~ 

330 West 42nd Stree t, N ew York, N . Y. 10036 
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"NEW SHOCKPROOF PACKAGE 
GIVES US BIG SAVINGS" 

That's what leading electronic component makers are 
saying about the Tiros System. People like Sage Labora
tories and Ad-Yu Electronics have found the unique 
Tiros package to be perfect for delicate, expensive mi
crowave hardware. Key to the effec
tiveness of the Tiros package is the 
specially designed injection-molded 
end caps with integral fins that grip 
the end of the enclosed part tightly. If 
the container is dropped, shock is ab
sorbed by the end closures and dissi
pated over the surface of their rims. 
The end closures can be color matched 
and coded. Tiros is also offering a cut
ting machine for customers wishing to 
produce their own package lengths. 
Using the machine, standard 6-foot 
lengths of tubing can be quickly and 
economically cut into specified 
lengths. This solves the problem of 
having to maintain large inventories 
of various size packages. Tubing is 
available with outside diameters of 
from 114 inch to 1114 inches. End clo
sures come with corresponding out
side diameters. Write for full details 
and our new fold er. TIROS PLASTICS 
CORPORATION, 543 Tarrytown Road 

• White Plains, N. Y. • 10607 
• 914- WH 8-5457. 

11lif!t!!f. 

NEW! 
CUSTOM· 

ENGINEERED 
DIELECTRIC SLEEVES 

Want to insulate an 
active component 
properly, economi
cally and with an ab· 
solute seal? - We 
can do . . . with a 
custom-extruded 
dielectric sleeve! 
Ask us for details. 

Circle 195 on reader service card 195 
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New Microwave 

Coaxial package lifts transistor power 

..Y""" COLLECTOR 

A new overlay transistor in a co
axial package takes 0.316 watt at 
its input and delivers a 2 gigahertz 
output of 1 watt. The manufacturer 
claims this is about 4 times the 
power previously available from 
commercial transistors operating at 
the same frequenoy. As an oscilla
tor, the transistor has produced 1.5 
watts at 1 Ghz. 

The coaxial package reduces 
the device's parasitic inductances, 
which in turn minimizes degenera
tive feedback and thus increases 
power gain. An additional advan
tage of low inductance is that the 
transistor can be used in wideband 
circuits. 

Designed by the Radio Corp. of 
America under a Signal Corps con
tract, the new unit-the TA7003-is 
being offered as a developmental 
transistor at a cost of $90. Although 
it is RCA's first coaxially packaged 
transistor, it is not the first ever. 
The Fairchild Camera & Instru
ment Corp.' s Semiconductor divi
sion introduced a lower power co
axial transistor last year. 

Hon Lee, an engineering leader 
at RCA's Somerville, N.J. plant, 
says that the coaxial package pro
du ces the minimum case induct
ance of any transistor package. 
"The inductance is less than 0.1 
nanohenry and can' t be measured," 
says Lee. 

The TA-7003, an epitaxial silicon 
npn transistor, is an overlay de
sign. The transistor chip has 16 
emitter sites that are connected in 
parallel and operate with a com
mon collector region. The overlay 
structure permits a substantial in
crease in emitter periphery, which 
allows higher current or power op-

eration. At the same time, the col
lec tor and emitter areas are smaller, 
which reduces the input and out
put capacitances and permits ·high 
frequency operation. 

RCA will not divulge details on 
construction of the device except 
to say that the TA-7003's design in
corporates very-low resistivity ma- _ 
terial, a thin epitaxial layer and 
narrow base widths. 

The transistor produces its high 
power in coaxial air lines where it 
mu st be employed in a common
base circuit. A suitable line has a 
characteristic impedance of about 
20 ohms and requires a 0.25 inch 
center conductor and 0.35 inch 
outer conductor. The transistor it
self has an over-all length of 0.470 
inch and its larges t diameter
the flange that is the base lead- .... 
is 0.500 inch. 

RCA says the TA-7003 will find 
use in L and S band equipment 
including telemetry, radar and elec
tronic countermeasures equipment, 
and as a driver for varactoi:s and 
microwave tubes. Various RCA di
visions are already using the tran
sistor in solid state circuits for the 
military. 

The company is presently work
ing on a higher power coaxial type 
transistor. Under an 18-mcmth con
tract with the National Aeronautics 
and Space Administration, RCA is 
designing a unit that will produce 
5 to 8 watts at 2.3 Ghz. 

Specificat ions 

As a 2 Ghz a mplifier 
Minimu m power output 
Ga in with 0 .316 w input 
Minimum efficiency 
Collecto r-to-base voltage 

Output capacitance 
Gafn-bandwidth product , f , 
V Cl'O 
Price 

1 watt 
5 db 
30 % 
28 v 
3.5 pf 
Over 2 Ghz 
55 v min . 
$90 

Commercial Engineering, Radio Corp. 
of America, Harrison, N.J. [3911 

Bandpass filters 

operate to 12 Ghz 

Bandpass filters with center fre
quencies from 6 to 12 Ghz are 
slightly more than 2 in. long and 
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Solve Your 
Special Purpose 
Filter, ' 
T ransform·er, 
Inductor and 
other Wire 

1 Wound 
Component 
Problems 
at SIEI 

js1EI 
ENGINEERED ® 

TRANSFORMERS 

Dresser SI E now offers o complete 
engineeri ng and manufacturing service 

to fill all you r needs for specia l 
pu rpose wire wound components for 

your ordnance, aircraft, aero space 

and siesmic applications. 

Send your specificof1ons today lo the 
address below for complefe information. 

DRESSER 

I SIE 
INC . 

INDUSTRIAL PRODUCTS GROUP 

P.O . Box 2928 / Hous fon , Texas 77001 

one of the~ Industries 

Circle 256 on reader service card 

are capacity loaded, iris-coupled 
TM01 o-mode cavities of 0.05-db 
Chebishev des ign. The devices are 
narrow band, with 3-db band
widths from 0.1 % to 1 %. Power 
capability, although high, is limited 
by the type of connector u sed on 
the Riter. 

Performance fea tures are low in
sertion loss, high Q, and low vswr 
and ripple in the passband. 

The Biters , series TCII are avail
able with a choice of two, three, or 
four sec tions and are constructed 
of precis ion bored aluminum blocks 
with a £nish to minimize in sertion 
loss. 

Price is from $195 to $280 in 
single quantities. 
Telonic Industries Inc. , Box 277, La
guna Beach, Calif. [392] 

Air-cooled loads 
handle high power 

Twenty - one air - cooled dummy 
loads are lightweight devices, yet 
handle very high power levels. For 
example, the model LKuMl weighs 
4.8 oz and handles 25 w average 
power, while the model LCHlOO 
weighs .3.6 lbs and handles 2,000 w 
of average power. 

Available in £nned or un£nned 
vers ions, the new loads are offered 
to operate over uhf, L, S, C, X, and 
K bands. The loads are used to 
term inate waveguide transmission 
systems, eliminating the need for 
add itional coolin g devices. 

Prices start a t $150. 
Raytheon Co., 130 Second Ave ., Wal 
tham, Mass. 02154. [393] 

Circle 197 on reader service card-+-

how to 

tame 
a temperature 

problem 
~ Iv/ 

'l~ 

POLYTUBE 463 
CLASS F 

Fiberglass Sleeving 
retains its flexibility and electrical prop
erties in continuous operation at tem
peratures up to 155°C. Even after 1000 
hours, it will not crack when bent 180° 
around a mandrel. Constructed of closely 
woven fiberglass, it is thoroughly impreg
nated and uniformly coated with modified 
acrylics, making it compatible with most 
wire enamels and encapsulants and re
sistant to oils, acids, alkalies, jet fluid, lox 
and water. Good resistance to abrasion 
and cut-through-non-wicking. Write for 
samples, data and prices. 

Norristown, Pennsylvania 19404 
INSULATING TUBINGS AND SLEEVINGS 
HIGH TEMPERATURE WIRE AND CABLE 



REDUCE QUALITY CONTROL 
PROBLEMS IN PROCESS 
WATER! REDUCE COSTLY 
DOWNTIME IN YOUR 
DEIONIZING SYSTEM! 
A Steroline electronic steriliza
tion unit uses potent ultraviolet 
rays to destroy organism such as 
algae, slimes, fungi, and diatoms 
in process water. Jt stops trouble
causing organic build-up in filters, 
ion exchangers and flow lines. 
Yet, chemica l structure or pH of 
the water remains unchanged. 

PUT STEROLINE"S ULT RAVIO
LET ENE RGY TO WORK FOR 
YOU ... 

• Reduce organic impurities in 
rinse water for improved product 
quality! 
• Reduce pipe and filter cleaning 
to as seldom as once a year! 

TEROLINE INSTALLS EA ILY 
J TO YOUR PRESENT WATER 

YSTEM ! 

Requires only two simple pipe 
on nections and one electrical 

con nect ion . 

FOR ~IORE I FOR?llATlON 
WRlTE OR CALL 

(/Jero/!11e· Systems Corp. 
11809 (J) E. Slauson Avenue 
Santa Fe Springs, California 90670 
Telephone: (213) 698-8157 Cable: Sterline 
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New Production Equipment 

High-speed printer 

labels transistors 

Up to 12,000 transistors an hour 
can be labeled by a machine de
signed to print the tops and sides 
of transistors in T0-5 and T0-18 
cans and other configurations. Two 
transistors are printed with the 
completion of each cycle of the 
U-1166 machine. 

CoITjponents are placed in a vi
brating bowl which feeds and cor
rectl y position s them as thei r tops 
are printed. They then con tinue 
clown a chute and .are positioned tu 
have their sides printed. The com
ponents are then automatically 
ejected. 

The U-1166 employs two U-1146 
printing heads which hold two 
sets of messages. Clean and legible 
imprints are ob tained with accurate 
control of the inks. 
Markem Machine Co., Keene, N.H . 
[401] 

Bench wire stripper 

used on production lines 

-. e 
• 

Any type of plastic covering, in
cluding Teflon insulation, can be 
removed by a b ench wire stripper 

designed for continuous use on pro
duction lines. Strip length on the 
model, BWS-lOOA, is adjustable u p 
to 21/2 in. The diameter adjustment 
is made at the top of case: correct 
setting of this locking nut pre
vents conductor damage. Electrode 
blades normally are drilled to cor
rect wire size by the user , but 
drilled blades can be obtained from 
the factory. 

The electrode jaws are air oper
ated and are s tarted by a pneu
matic foot switch, leaving the op
erator's hands free for handling the 
wire. 

A variable transformer controls 
the heat setting and a 55-efm 
h lower pushes the fum es out 
through a 2-in. rear exhau st. Fuse 
protection, pilot light, and off-on 
switch are front-pan el mounted. 
Pneumatic foot switch and three
wire grounded line cord are 
standard . 

The unit operates bn 115 v a-c, 
60 hz. Air required is 40 psi. The 
fiber glass case measures 12 x 10 x 
7 in. 

Price is $315, and avail ability is 
imrnediate. 
Contact Inc., Elm Ave., Hudson, N.H. 
03051. [402] 

Ultrasonic die bonder 

for film devices 

1 
I 

Thick and thin film devices are 
ultrasonically die-bonded by a mul
tiple-head ins trument. Incorporat
ing three transducers , each with a 
different bonding tip, permits feed
ing of devices of different sizes. 

Subs trates are held on a heated 
vacuum chuck, flooded with form-
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ing gas, and heated to eutectic 
temperature before the dice are 
ultrasonically scrubbed into the 
mating film. Dice are vacuum lifted 
into the bonding tips and edge-held 
to prevent damage to their cricital 
areas. 
Axion Corp., 6 Commerce Park, Dan
bury, Conn. 06810 [403] 

Rotating-pin router 
for p-c boards 

Continuous - duty printed - circuit 
board routing of materials from 1\:: 

to % in. thick as well as stack rout
ing up to 1/4-in. thickness is accom
plished with an accurate, heavy
duty machine. Several design fea
tures incorporated in the Model 
9001 minimize template wear, in
crease positioning accuracy, and 
assure efficient cutting. 

The position pin is set in the 
table in precision preloaded bear
ings, rather than rigidly mounted, 
so the pin rotates when the tem
plate moves against it and around 
the pin. Pin sizes range from 1\.- to 
1/2-in. diameter to accommodate 
various router bits. 

The entire vertical head assem
bly is lowered or raised by a foot
operated air valve, and remains in 
the up or down position. This al
lows cutting within the circuit 
board. An adjustable positive stop 
is provided in the down position 
to compensate for cutter bit length. 
The head moves vertically on 60° 
dovetails with preloaded gib ad
justment to maintain accuracy. 

An optional red light or audio 
warning signal can be incorporated 
to warn the opeartor if the feed rate 
is excessive . 

Model 9001 has a 2-hp elech·ic 
motor with variable speeds from 
5.000 to 24,500 rpm and 2% speed 
regulation. Table dimensions are 
20 x 30 in. 
Digital Systems Inc., 1078 E. Edna 
Place, Covina, Calif. 91722. [404] 
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Who's foolhardy enough 
to pay people to try to put his business 
out of business? 

Some company called Poly-Scientific. 

For years we've been in the slip-ring business. We make them 
in every size and shape. And to any parameter. So we like to think 
we're experts in the field. But we've often thought "Maybe 
something else would work better." 

Recently, we decided to explore the idea. 

With the help of our next-door neighbor, Virginia Tech, we 
set up a Scientific Advisory Board. Its mission: To think new 
processes, new materials, new products. 

Four regular members- Ph.D.'s and 
professors who periodically meet with our own top 
people-make up the SAB. Each represents a 
separate scientific discipline. Often a visiting 
VIP sits in on the brainstorming sessions. 

Naturally, some of their ideas get 
pretty far out-but we've already seen 
some practical benefits. Our new Captach 
Switch described on the opposite page 
is an example. 

It's just one of the many 
useful ideas resulting from our 
Scientific Advisory Board. You'll 
be hearing about more in the 
future. If anybody puts us out of 
business-we're going to make sure 
it's us. 

Care to have a foolhardy company 
like this working for you? 

POLY-SCIENTIFIC[8 
A DIVISION OF LITTON INDUSTRIES 

) 
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"BLACK BOX" components like our 
new mechanically driven, 24-contact 
Captach Switch exemplify our ability 
to meet complex rotary-switch 
requirements for shaft integrator 
systems of airborne computers . 

The tiny unit (0 .8" x 1.062" OD) 
features a 13-tooth pinion drive shaft 
(diametral pitch~ 120") extending 0.47'" 
outside the housing. Other specs for 
this 0.9-oz. device include: 
• Breakaway torque: 0.015 co 

0.05 oz.-in . 
• Continuous rotational speed: 

0 to 3600 rpm 
• Life: 10 million revolutions (min.) 
• Shaft runout : 0.001 TIR 
• Shaft end play: 0.0015 TIR 
• Shaft radial play: 0.0008 TIR 

Specify your design problem to 
Poly-Sci. We'll specify your solution. 
Mail coupon or call Robert Gardner at 
703/ 552-3011. Or TWX 710-875-3692. 
On the West Coast, call Jim Swallow, 
at 213 / 887-3361. 

-----------------· 
Poly-Scientific Division * * 
Litton Industries 
1111 N. Main St., Blacksburg, Va . 

Tell me how Poly-Sci is qualified to 
solve my design problem. 

Title __________ _ 

Company ________ _ 

Address---------

City ____ state--Zip-

----------------· 
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New Materials 

Silicone sheet 
blocks microwaves 

A higf\-loss, flexible silicone mate
rial, when bonded to a metal 
surface, prevents the flow of micro
wave currents. It reduces the back
scatter or reflectivity of metal struc
tures in cases where this is caused 
by surface currents. It can also be 
draped over objects to alter reflec
ti,·ity characteristics. Radiation pat
terns of antennas can be modified 
by the application of Eccosorb CDS, 

to elements, dishes, and horns. 
In some microwave devices it 

may be used as a gasket material, 
since it is easily cut. This provides 
both a hermetic and a microwave
energy seal. 

Since it is based on silicone rub
ber, the material is impervious to 
moishue, and can withstand tem
perahues up to 400°F. 

Eccosorb CDS is available 0.030 
in. thick in 1 ft by 3 ft sheets. 
Greater lengths are available on 
special order. It can be easily 
bonded to itself to form large 
blankets. It weighs approximately 
% lb per sq ft. Price is in the $10-
per-sq-ft range. 
Emerson & Cuming Inc., Canton, Mass. 
02021 [406] 

Polyurethane rubber 
pots and encapsulates 

Silicone rubber can be replaced in 
many applications by a polyureth
ane rubber developed for potting 
and encapsulating pressure-sensi
tive components, especially glass 
components, such as diodes and 
resistors. 

The comparatively low viscosity 
of HumiSeal 2B71 permits it to 

penetrate dense electrical assembly 
packages. Dielectric strength of 
1,500 volts per mil provides excel
lent protection in thin cast sections. 

The hardness and elongation fac
tor of 180% protect fully against 
shock and vibration. 

The product is available clear or 
black. 
Columbia Technical Corp., 24-30 Brook
lyn-Queens Expressway West, Wood
side, N.Y., 11377. [407] 

Epoxy resin cures 
at low temperature 

Pressure-sensitive components can 
be encapsulated with a black, semi
flexible epoxy resin, which has a 
low temperature curing cycle. Cur
ing starts at 65°C and may range 
as high as 120°C. Gel time is 23 
minutes at 121°C. 

Called Scotchcast resin No. XR-
5140, it is suitable for dipping and 
encapsulating transformers, coils, 
motors , modules, strain sensitive 
circuitry, and other electrical and 
electronic components . It is stable 
at high temperatures (155°C) with 
permanent flexibility for thermal 
and mechanical shock resistance. 
The material may be applied by 
dipping, spraying, ex truding; or 
troweling . 

Properties of XR5140 after heat 
aging at 130°C for 1,000 hours in
clude: dielectric constant (100 hz, 
23°C), 3.56; dissipation factor (100 
hz, 23°C), 0.054; volume resistivity 
(ohm/ cm), greater than 1015 ; elec
tric strength (volts/mil, 1/s-in. sam
ple), 375; hardness (Shore D) , 65. 
It passes standard thermal shock 
tests and resists moisture. 
3M Co., 2501 Hudson Road, St. Paul , 
Minn. 55119. [408] 
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... for electrical power. 
Garrett-AiResearch Ram Air Turbine 
Systems (RATS) give you auxilia ry elec
trica l power from 150 watts to 30 kw. 

Externally or internally stored RATS 
provide power on demand-full-time or 
intermi ttent loading-speed contro l with
in ±5% of the rated electr ical frequency . 

Think RATS for reliable elec tr ica l 
powe r for cou ntermeasu res, commun i
ca tion s, control, guidance, wea pon s 
systems, and oth er ai rcraft and missile 
needs. Operate over a broad environ
mental range. Low weight. Low drag. 
Backed by AiResearch sing le-source 
responsibility and service. 

Fo r design and applica tion data on 
RATS for elect ri cal, hydraulic, pneu
matic, and mechanical power, write: 
AiResearch Manufacturing Company, 
9851 Sepulveda Bl vd , Los Ange les, 
California 90009. 

AIRESEARCH RAM AIR TURBINE OUTPUTS VS. WEIGHT 
250 Knots, Sea level Standard Conditions 

l 
~ Wr-+-+-+-t-+-t--b+--+-+--+-+-+-+-+-+-+ 
- f-+-+-+-1--t~t-+ ELECTRICAL 400 cycle -+-1 i ~r-+--t-~!L--.....1- t-+-+-+--+-+--+-+--+-+--+--+-~ 

~ ~f-+~I2l~--t-+-+-+-+-t--t-+-+-t--t-+-+-+~ 
~ 
~ 301-tr-+-+-+-+-+-+-+-+-+--+-+-+-+--+-+-+ 
- 20 r++-+-+-j--+-+-+-+-+-+-+-+-+-+--+-+-+ 
~ 
0:: 

10 t-+-+--j . -
t-+-

KVA 7.5 14.9 22.4 29.8 

Al RESEARCH 
RAM AIRTURBINE 
SYSTEMS NJ 
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New Books 

Tunnel diodes 

Analysis and Synthesis of Tunnel 
Diode Circuits 
J. 0 . Sca nlan 
John Wiley & Sons, 274 pp., $9.75 

This is the second textbook of note 
to appear on the tunnel diode since 
the invention of this device nine 
years ago by Leo Esaki. Chow's 
1964 book, "Principles of Tunnel 
Diode Circuits" (Wiley & Sons), 
gave a general treatment of the 
theory and applications of tunnel 
diodes , while this one is devoted 
exclusively to theoretical aspects of 
applications in high-frequency sig
nal circuits. 

The author does a creditable job 
of covering th e underlying phys ics 
of tnnnel diodes, starting from the 
foundations of quantum theory. 
Tunneling th eory is illu strated by 
examples to give the reader insight 
into this concept. Semiconductor 
band structure, Fermi levels, den
sity of states, degeneracy, and the 
WKB approximation-all essential 
to the understanding of tunn el di
odes-are discussed in detail. Al
though the trea tment of these sub
jects probably won't sa tisfy the 
physicist or device designer, it 
should prove valuable to th e man 
to whom the book is primarily ad
dressed-the circuit theorist. 

A simple four-element equiva
lent circuit is developed based on 
both theoretical and practical argu
ments. Several equations are given 
that can be used to approximate 
the large signal voltage current 
cliaracteristics of the tunn el diode. 
One improvement, perhaps, could 
have been the inclusion of numeri
cal values of the elec trical param
eters for actual tunnel diodes. 

The major portion of the book is 
devoted to tunnel diode amplifiers 
using principles of network syn the
sis in the trea tment of broadband 
amplifiers. The treatment is en
tirely theoretical ; it lacks discus
sion of both the practical perform
ance limitations of microwave am
plifiers and the hardware problems 
involved in their construction. Also 
omitted is any treatment of multi
diode amplifiers for improved line
arity and dynamic range. 

One chapter is devoted to oscil-

lators , mixers, converters, and de
tectors. YVhile the mathematical 
treatment of these topics is com
prehensive, the reader will have to 
search elsewhere for information 
on oscillator circuit configurations, 
oscillator stability, and theoretical 
trea tment of back diode mixers and 
detectors . 

General Electric Co. 
Syracuse, N.Y. 

T .P. Sylvan 

Looking back at the future 

Comm unication Satellite Systems 
Techno logy 
Edited by Richard B. Marsten 
Academic Press, 1,051 pp. , $12 

In 1945, Arthur C. Clarke propo£ecl 
a global communications method 
that would bypa s the effects of the 
ionosphere. H e observed that a 
rocket travelin g at five miles per 
second-"only twice as fast as 
those already in th e design stage" 
-could put an artificial moon into 
odJit. A sa tellite, he said, placed 
26,040 miles above the earth would 
be in stationary or.bit ; and three 
such satellites , equipped with re
ceiving and tran smitting equip
ment, could relay signals over the 
entire world. 

Clarke pinpointed the exact lati
tudes and longitudes for the sa tel
lites to bes t serve Europe and 
Africa, China and Oceania, and the 
Americas. H e chose microwaves as 
the carrier frequ encies, suggesting 
that the evidence necessary to 
prove that radio waves pass into 
outer space might be obtained "by 
exploring echoes from the moon ." 
Applying the Federal Communica
tions Commiss ion's standard for 
minimum signal strength of a fre
quency-modulated signal (50 micro
volts per meter) , he arrived at a 
power level of 1.2 kilowa tts for 
broadcast service. 

This amazingly accurate proph
ecy from th e magazine YVireless 
YVorld is reprinted as the prologue 
to this collec tion of papers from 
the :\fay 1966 conference of the 
American Ins ti tu tc of Astronautics 
an d Aeronautics. 

As with any such compilation, 
papers now obsolete are placed in 
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MAGNETIC INTERFERENCE 
STOPPED PERMANENTLY 

FREE 
TECHNICAL 

by Netic Co-Netic Shields 
designed and fabricated by 
Magnetic Shielding Specialists 

New shield designs meet the new shielding specifica
tions ... from a few gammas to several thousand 
gauss. Over 80% of all magnetic shield designs cur
rently used were engineered and designed here. This 
design experience is at your service. 

Sheet Stock also available. 

Appl ications 
Military Command & Control Systems • Strategic 
Systems • Tactica l Systems • Computer Display 
Systems 

Unique Features of NeticCo-Netic Shield s 
Provide permanently effective shielding • Insensi 
tive to ordinary shock • Minimally retenti ve • Pro
vide up to 80 db attenuation. 

DELIVERY 3-4 WEEKS IN MOST INSTANCE S 
Request Short Form Catalog No . 67 

6 
Photomultiplier & CRT Shields ., CRT 

Sectio nalized 

Shield s 

Sca n Converter T ube Shield s 

MANUAL K-6 
gives electrical and physical 

data on all types of mica 
No tool ing cost on numerous fabri
cated parts of natural and built-up 
mica . 
Pre- punched i nsu lating wafers to 
electrically isolate trans istors . 
diodes. etc. from heat sinks . 
Corrugated mica to reduce handl ing 
and fabrication costs fo r thermal 
elements. 

@ MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO, ILLINOIS 60622 

ORIGINATORS OF PERMANENTl Y EFFECTIVE NET/C CO-NETIC MAGNETIC SHIELOING 

All grades of m ica offered . 
Immediate delivery from stock on 
many items. 

PERFECTION MICA CO. 
1322 No. El ston Ave. 

Chicago, l ll1no1s 60622 

Phone. 3 12, EV 4 2122 
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NEW HEATHl<IT® 

Solid-State .:Tl --····-····· 
1 

High Impedance · -~ ., 

• 
IJ 

V-0-M I 

Kit $80 Wired $115 

Never Before Has An Instrument With These Features 
and Performance Been Available At Less Than $200 

• 13 Silicon Transistors Plus Z Field Effect Transistors 

.• 11 Megohm Input Impedance on DC 

• 10 Megohm Input Impedance on AC 

• 9 DC Voltage Ranges From 150 Millivolts Full Scale lo 1500 Volts Full Scale ••• 
Accuracy ± 3% Full Scale 

• 9 AC Voltage Ranges From 150 Millivolts Full Scale to 1500 Volts Full Scale ••• 
Accuracy ± 5% Full Scale 

• 7 Resistance Ranges , 10 Ohms Center Scale x1, xlO, xlOO, x1k, x10k, xlOOk, 
xl meg ..• Measures From One Ohm to 1000 Megohms 

• 11 Current Ranges From 15 Microamps Full Scale to 1.5 Amps Full Scale • •• 
Accuracy ± 4% DC, ± 5% AC 

•AC Response to 100 kHz 

• 6 ' , ZOO ua Meter With Zero Center Scales For Positive and Negative Voltage 
Measurements Without Switching 

• 1 % Precision Resistors 

•Separate Switch For Each Function Eliminates Constant Changing 

•Ten-Turn Thumbwheel Zero Adjustment For Precision Settings 

•Built-In 1ZO / Z40 VAC, 50-60 Hz Power Supply Plus In -Cabinet Holders For 
Battery Supply During Portable Operation 

•Easy Circuit Board Assembly 

•New Heath Instrument Styling With "Unitized" Construction and Low Profile 
Appearance; Color Styled in Handsome Beige and Black 

Electronics I April 17, 1967 

The first of an exciting new line of Heathkit test instruments, the IM-25 Solid
State V-0-M does all the measurement jobs normally required in tube or tran
sistor circuits with the no-loading high impedance of a VTVM, the convenience 
and versatility of a VOM, and the accuracy and sensi tivit y of separa te lab 
instruments. Whether you choose the factory assembled model or the new, 
eas ier- than-ever kit version, we believe yo u will find the IM-25 a significant 
step forward in design and va lue. 

Kit I M - 25, 10 lbs. (Available May) ........... . ...... _ . . ........... .. ....... $80.00 

Assembled IMW- 25, 10 lbs. (Avai lable June) ... . .......... .. ..... ... .... $115.00 

r - - - - - - - - - - - -filMU1,§4¥5Ho00- , 
I 
I 

HEATH COMPANY, Dept. 520-28 
Benton Harbor, Michigan 49022 
O Enclosed is $ _ _________ , plus shipping. 

I Pl ease send model (s). ------- -------- ------
0 Please send FREE Hea thkit Catalog. 

I Name __________ ~--,,-,~------------
• 

(Please Print) 
Address _________________________ _ 

I 
I 
I 
I 
I 

I City State Zip___ I 

L 
Prices & specifications subject to change withou t notice. TE-159 J 

---------------------
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RFI / EMI Detection 

wilh CEl's unra-sensmve New VLF-LF Receiver 
CEl's new Type 355 Receiver is designed for RFI and EMI detection, covering the 
1 kHz to 600 kHz frequency range in a single band. Selectable IF bandwidths (1 kHz, 
6 kHz, 20 kHz, 50 kHz) assure detection of both wideband and narrowband signals. 

All solid state, the Type 355 is unusually sensitive, with an 
excellent noise figure and high image and IF rejection. A 
modified version is also available, Type 355-1, which provides 
X-Y outputs to record on an X-Y plotter. For complete 
specifications, please contact: 

CE/ 

COMMUNICATION ELECTRONICS INCORPORATED 
6006 Executive Blvd., Rockville, Md. 20852 ·Phone (301) 933-2800 ·TWX : 710-824-9603 
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New Books 

company with others that will be 
basic references for years to come. 
Past achievements, like the Com
munications Satellites Corp.'s Early 
Bird, and future possibilities, such 
as lunar communications satellites, 
are described. Other papers touch 
on almost every aspect of com
munications satellites, including 
systems for aircraft, station keep
ing, electronically despun antennas, 
ground antennas, nuclear power 
systems, modulation techniques, 
television systems, and economic 
and sociological considerations. 

Trouble shooting 

Electronic Testing 
Edited by L. L. Farkas 
McGraw-Hill Book Co., 304 pp., $12 

A how-to-do-it manual, the book 
aims to give a broad view of te t
ing. Articles are grouped into three 
main sections: receiving and trans
mitting equipment, special equip
ment, and computers. The last sec
tion concentrates on the theory be
hind computer operation rather 
than on testing. 

The special-equipment section 
covers sensors and signal condi
tioners , gyros, inertial-guidance 
platform s, ordnance devices , flight
control systems, and system dis
plays. If the emphasis on military 
and aerospace gear seems exces
sive, it can be explained by the 
editor's choice of contributors. Of 
the 13 authors , 11-plus the editor 
work for the Orlando division of 
the Martin Co. The other two are 
also associated with space pro
grams. 

Recently published 
Japanese Miniatu re Electronic Components 
Data 1966-67, G.W.A. Dummer a nd 
J. Mac kenz ie Robertson, Perga mon Press, 
461 pp., $19.50 

A compilation of Japanese electronics manu· 
facturers' data sheets. cross-indexed by com
pany names, product categories, and Jap· 
a nese industrial specification standards. 

Modern Optical Engineering: The Design of 
Optical Systems, Warren J . Smith, McGraw. 
Hill Book Co., 476 pp., $15 

The author starts with basics , including a 
discussion of the eye, and proceeds through 
prisms, apertures, materials and coatings, 
a nd radiometry and photometry. Bas ic opti· 
cal devices are briefly described , and there 
are chapters on computations, image evalua
tion, and design principles. 
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NOW ••• 

Color-code and Teflon-wrap 
in one operation with 
Dilectrix uFluorofilm"t 

COLORED 
TEFLON* 
I.pis FULLY SINTERED --

FUSES TO ITSELF. UNFUSED TFE 
OR TO FEP 

• Minimal pigmented layer protectively encapsulated within 
normal PTFE laminations 

• Lowest pigment content for highest electrical and physical 
properties 

• Will not peel, crack, wear or fade 
• Void and pinhole-free multilaminar construction 
• Low shrinkage after fusion-greater surface coverage 

POUND FOR POUND 
• Choice of TEN permanent, vibrant mil-spec colors 
• AVAILABLE FROM STOCK in various thicknesses and widths, 

and in SPLICE-FREE lengths to 500 ft. 

Dilectrix " Fluorofilm" color interlaminated tapes and 
films are ideal for color coding and wrap-insulation 
applications, or as a low-friction surfacing material. 
Several types are supplied in plain PTFE, pressure
sensitive, and one side weldable for wrapping circular 
or rectangular conductors using standard fusi on heat
seal equipment. WRITE FOR BULLETIN 1066. 

COLORS: White, Black, Grey, Yellow, Green, 
Blue, Purple, Red, Orange and Brown. 

"DuPont trademark t D1fec1r ix trademark 

CORPORATION 

FARMINGDALE, NEW YDRK 11735 •TEL: (516) 249·7800 •TWX: 694·1884 
Advanced fabricators of Teflon-producers ol multi laminar autodeoos1ted Teflon tapes. 111ms and Sheets 
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NEW from Cramer 

ADJUST-A-LOK STOOLS 
Adjust to every worker like fine tools! 

Cramer Adjust-A-Lok is immediately adjustable to any 
workers height. Just release the safety stop, and I ift or 
lower. It can be done just that quick. Since fatigue is 
a critical factor in efficiency of seated workers, it's 
just good economics to provide tools that minimize 
fatigue. With Adjust-A-Lok every worker can find 
his own most comfortable and efficient level. 6 seat 
styles and 5 base types provide 30 available models. 
For more information: write V. P. Sales, Cramer In
dustries, Inc., 625 Adams, Kansas City, Kansas 66105. 

Industrial supplier 

inquiries invited 
CRAMER 
CRAMER INOU Sf llUS INC • KANSAS CITY KANSAS 

A Subsidiary of U S M Oil Co 

Cramer-The leader in style and quality. 
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The 
micro-miniature 

tuned-circuit 
package. 

JFD T0-5 
Enclosed MTLC Tuners 

Copoci tors shown enlarged 20% 

JFD MTLC tuners enable circuit designers to shrink 
various LC circuits into T0-5 configurations completely 
compatible with today's miniaturized or hybrid circuitry. 
The tuning element is a subminiature variable ceramic 
capacitor measuring: .208 x .280 x .120 inch thick. These 
variable ceramic capacitors offer high capacitance plus a 
choice of wide 6 Cs in extra small, ultra stable units. 

JFD builds these miniature circuits with high quality 
ferrite and iron inductor toroidal cores, providing maxi
mum Q for any given frequency. Where necessary, special 
JFD Uniceram fixed capacitors are used with Modutrim 
units to yield lower center frequencies or to satisfy special 
circuit requirements. 

Ten standard tunable LC networks are available for a 
wide range of applications. Variations of these standard 
units, or special designs, will satisfy most other r equire
ments. Write for bulletin MTLC 65-2. 

D 

J FD .. TOOAY s COMPONENTS BUILT FOR TOMORRow·s CHALLENGES" 

JFD ELECTRONICS CO. / COMPONENTS DIVISION 15th Avenue at 62nd Street 
Brooklyn, N. Y. 11219 / Phone 212·331·1000 • Sales Offices - Arcadia , Calif. 
Chi., Ill. I Bait., Md . / Saxonv ille, Mass. / Bklyn., N. Y. / New Hartford , N. Y. 
Cinn., Ohio / Phila ., Pa . / Pitts ., Pa . / Paris, France / Azor, Israel 
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CALIBRATED 
VARIABLE 
COAXIAL 

ATTENUATORS 
0 DC-1.0 GHZ 

D 0-30 DB 

D ECONOMICAL 

D PROMPT DELIVERY 
D CHOICE OF BNC, 

THC, N, OR C 

MODEL 
01196 

Originated at RDC * , 
01196 is the industry's 
first zero-loss, infinite res
olution variable attenuator 
operating DC-to-micro
wave. 

Inclusion of a specia l 
planetary 5: 1 movement 
allows fine setting, smooth 
rotation and effect ivel y 
provides a lock against 
movement under vib ra
t ion. 

Other variable attenu
ators covering 2.0-12 .0 
GHZ are ava i lable and are 
described in 1966 cata
log section " VA." 

*patent # 3, 192,493 

5·YEAA WARRANTY on every 
ADC product! For t he first 
t ime in the microwave in · 
dustry, this addi tional as· 
su rance of reliabili ty. 

A Complete Source for Microwave Components 

Send for complet• inlormofion ... 
RADAR DESIGN 

I §Q ®I ~~KA~: ~ ~R~;.~~3~ 
PHONE: 31>454-4418 
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Technical Abstracts 

Sound from light 

Acoustic wave generation through 
electrostrictive mixing of two light 
beams 
D. E. Caddes 
Sylvania Electronic Systems-West, 
Mountain View, Calif. 
C.F. Quate and C.D.W. Wilkinson , 
Stanford Univers ity, Palo Alto , Calif. 

The difficulties these researchers 
experienced with ultrasonic trans
ducers points up the major applica
tion of th eir work; the elimination 
of elec tro-mechanical transducers 
from acoustic propagation sh1clies. 
Th ey show that acoustic wavC's at 
high microwave frequencies can be 
generated by mixing two opti cal 
frequ encies in a su itable crystal 
and taking the ultrasonic difference 
frequency. The acoustic wave is 
produced by an electrostrictivc ef
fec t in which the electric field of 
the op tical wave produces a strain 
in the crys tal. Two optical waves 
will interact in the crystal, and gen
erate many sum and difference 
acous tic frequencies , though only 
the difference frequency is used. 

The method requires two optical 
waves slightly shifted in frequency. 
Two techniques have been used to 
obtain the frequency-shifted opti
cal waves. In the first, ultrasound 
is generated with a conventional 
transducer and mixed with a light 
wave to produce a second light 
wave th at is shifted in frequ ency 
by the acoustic frequency. Th e two 
optical waves are then focus ed on 
the electrostrictive material to gen
erate the sound waves. Although 
this method only takes sound from 
one part of the laboratory and de
livers it at another point-with 
some loss-it serves to demon 
strate th e electrostrictive mixing 
technique. 

The second method for shifting 
an optical wave uses the output of 
a giant-pulse ruby laser to produce 
stimulated Brillouin scattering in a 
liquid, ethyl ether. This method 
doesn't require an injected sound 
wave. If the intensity of the radia
tion from the laser is high enough , 
the ethyl ether will be driven into 
coherent acoustic oscillations with
out ex ternal acoustic excitation. 

Th e bandwidth of the generated 
sound could only be checked in 50-

megahertz steps since the re
searchers work only at the over
tones of th e piezoelectric zinc oxide 
transducer that is used as the detec
tor. This coarse measurement in
dicates a spectral width of less than 
150 .\1h z at a 3.7-gigahertz center 
frC>quency. Th e transducer also h a. 
to he aligned to a tight tolerance 
to detect th e ultrasound. 

Presented at the Po lytechnic Institute of 
Brooklyn Symposium on Modern Optics, N ew 
York , March 22-24. 

Plugging leaks 

Packaging for Electromagnetic 
Compatibility 
Herman Ja nkowski 
Apollo Support Department, 
General Electric Co., 
Daytona Beach, Fla . 

Equipment failure can result fro m 
adherence to the tried and sup
posedly true methods of preventing 
electromagnetic interference among 
the subsys tems of a complex elec
tronic system. 

For example, bonding straps are 
commonly used to connect interfer
ence shields to a ground plane. 
However, a strap will always b e 
resonant at some frequency, and if 
corrosion occurs at the junction 
with the ground plane, a nonlinear 
res istance may be created . Th e 
junction then becomes a mixer pro
ducing spurious frequencies. As a 
mixer, the junction is inefficien t. 
but if the signals in the strap are 
large enough , the equipment can 
fail. 

This is one of scores of elec tro
magnetic compatibility problems
some old and some new to inte
grated circuits-that the au th or 
quickly reviews . H e balances oH 
the problems with dozens of ways 
-again, some old, some unusual
to s top electromagnetic leaks b y 
paying closer attention to subsys
tem packaging, tran smission lines, 
and sys tem design. 

One way the strap problem can 
be avoided, to continue the exam
ple given, is to use copper tubing 
as the ground conductor. Any stray 
magnetic fi elds will indu ce a cir
culating current in the copper. but 
the skin effect keeps this current 
on the outs ide of the tube. If the 
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CHICOPEE MANUFACTURING CO. 
RESOJ!Ctl OMS10H 

MILL TOWN, NEW JERSEY 

mu:: 

.... _,, jDAu 
CHCCll.lD SY l""' 
~Oil Jowooo. 
""°JCC"I MO. l 

The second lime you draw these 
(or any other repetitive element) 

you're wasting creative time I 
Use STAN PAT repetitive symbols for any dia
gram, spec, detail, title block . .. or any 
other deta i l you draw. It 's like adding 
another draftsman to your staff. STANPAT 
will preprint your own symbol. You'll always 
have it ready for application to your draw
ings and tracings on any medium. It will be 
accurate, permanent, reproducible, and . . . 
most important . . . you will gain creative 
time! 
STANPAT reproduces the drawing you need 
on top-quality tri-acetate sheets. You sim
ply apply the STANPAT to your tracings when
ever you need to, as often as you need to. 
Adherence is instant. Reproductions are 
crisp and clean, even when microfilming. 
There's never ghosting . .. no matter what 
tracing medium you use! 
Send for literature and samples today. 

fait//fu ll .IJ s1 rvh1y the etlflinccr nnd 
arch itect for a 011arter of a ce11tury 

169 
REED 

RELAYS 
IN STOCK for 

immediate 
delivery 
Described in 
Catalog 268 

Available thru 
MAGNECRAFT 

DISTRIBUTORS 
at factory prices 
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The g r ea t est select ion of The most com p lete Ree d 
Me rcury-Wett e d and Dry Relay infor ma t ion avai l-
Reed Relays stocked by any able anyw he re is provide d 
ma nufacturer and 290other in th e new 80 -page DE-
stock Relays are descr ibed SIGNERS' Handbook & Cata-
and priced in Stock Relay log of Re ed and Mercury-
Ca tal og 268 Wetted Con t act Relays 

Contact the MAGNECRAFT REPRESENTATIVE in 
your area or send foryourfree copies of Catalog 268 
and the DESIGNERS' Handbook & Catalog NOW. 

-1®'4tflWIOJ;J4ill Electric Co. 
5575 N. Lynch, Chicago, Ill. 60630 Ph 3 12-282-5500 
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See, 
there's a Blackstone 

ultrasonic unit 
for every precision 

cleaning need: 
1 Blackstone VRO. Makes it 

• easy to put vapor rinse 
and ultrasonic cleaning at 

every work-station . Requiring 
no water, drains or hood be
cause of a built-in refrigeration 
system, the VRO runs on l JO 
volts, delivers 21,000 cycles, ± 
1 Kc., controls particulate mat

ter to 1 micron, and has jet spray plus solvent vapor rinsing. To 
assure long, trouble-free life, the lead zirconate titanate trans
ducer is mechanically held by a retainer which is silver-brazed to 
the bottom of the 4" x 4" x 3" deep 316L stainless steel tank. 

Blackstone HT Series. Provides the ri ght combination of 
tank size, power output and temperature to meet daily " on
the-bench" cleaning needs. Tank sizes can be furnished with 
72, 144 and 216 square inch cleaning area capacities. Power 
outputs can be I 00, 200, 300 and 500 watts and can be con
trolled from 0 to JOO % for maximum cleaning efficiency with
out affecting the part to be cleaned. Temperature is thermo
statically controlled from ambient to 190°F. 

3. 
Blackstone VR Series. Great 
where cleaning needs vary from 
day-to-day. Available with two 
ultrasonic tanks of either 5, JO 
or 20 nominal gallon capaci-

•11111•. • ties, you can attack contami-
nants with a combination of solvents such as 
DuPont "Freon" ® TF and " Freon"® T-WD602. 
Includes a third tank for vapor and spray rins
ing. By changing sequences and solvent combi
nations, you can handle almost any cleaning 
problem on a moment's notice. 

Give us a sample of your work. We 'll process anything 
you ' re cleaning and make recommendations - at no 
charge, of course. 
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Compact 
Ceramic 

Capacitor 

.020" sq 

Photographed 

on the head 

of a pin. 
Enlarged 6 y,. times. 

Is your Rea l Estate Expensive? 

Are you Cramped for 
Capacitor Space? 

Do you need Small Capacitors? 

Is that your problem? 

Then try our New 
"Compact Ceramic Capacitor"! 

Of course it's no coincidence 
that this compact ceramic ca
pacitor contains all the charac

teristics considered certain to 
certify its use in ceramic circu its . 
Coming in various colors, capa 
ci tances, and compositions , the 
compact ceramic capacitor can 
coexist with other components 
under conditions that would 
challenge a competitor's capa 

ci tor to be compatible. 

Concise close control and 

cognizance of current circuit 

conditions were combined to 

create this new ceramic com
ponent. 

For comprehensive informa 

tion , call us, quick! 

Bulletin 674 sent on request. 

American ~ .~~~.~~~~ 3!D 
Titania Division 

Chattanooga, Tennessee 37405 
Sixty-Fifth Year of Ceramic Leadership 
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circuit is grounded on the inside 
surface, the ground current is iso
lated from the induced interfer
ence and no ground loops can oc
cur. This technique has been used 
in lhe Apollo ground-support 
equipment. If the tubing method 
cannot be used the next best choice 
is a solid circular conductor. 

If rectangular conductors must 
be used, the corners should be well 
rounded. Skin effect forces the cur
rent to the corners . Conductor re
s istan ce will be high in unrounded 
corners , due to the low effective 
cross-section of the conductor. 
Rounding the corners increases the 
effective cross section. 

Twisted stranded line should 
never be used as a ground bus. The 
outer twisted conductors act as 
solenoids , causing the cable's reac
tance to increase as skin effect b e
comes significant. In a short time, 
th e bus would be unable to con 
dn ct the ground current in suffi 
cient quantity. Braided wire works 
up to about 1 Mhz, but isn ' t recom
mended for higher frequencies. 

Presented at t he Electronic Packaging 
Conference, Society of Automotive Engineers , 
New York , Feb. 14·16. 

Won 't help a bit 

Performance of random-error-correcting 
in the switched telephone network 
A.C. Franco and L.J . Saporta 
Communicat ions Systems Inc. , 
Param us, N.J . 

Codes for correcting random errors 
in data transmissions over switched 
telephone networks can redu ce 
block error rates, but they hardly 
make a dent in bit error rates. 

Given a block size of 150 bits, 
of which 75 are ass igned to the 
correction code, block errors could 
be reduced by a factor of 50, while 
bit errors-which occur in clusters 
in a switched phone network
may be pared by a factor of only 4. 

After presenting the paper, the 
authors noted that codes designed 
to correct groups of errors don ' t 
have much effect on bit error rates , 
either. Sys tems that automaticallv 
cause the repeated transmis sion o'f 
a data block containing an error 
are often applied to screen out bit 
errors, but their use involves a 
tradeoff in equipment cos ts and 
transmission speed. 

Presented at the 1967 International 
Convention of t he Inst itute of Electrica l and 
Electronics Engineers, New York, 
March 20·23. 

spec 
the 
switch 
to 
Iii 
the 
iOb! 

Here 's a l/2 " diameter rotary 
switch that lets you fit the switch 
to the job - not vice versa . 

The new Daven series " X " will 
switch currents up to 2 amps. 
It's available in 1 to 4 poles per 
deck. S ingle pole decks have up 
to 12 positions shorting. 

Write, phone or TWX for Bulletin 
SWSM 267 . We build switches 
like no one else can. 

DAVEN1 
DIVISION OF THOMAS A. ED ISON INDUSTRIES 
GRENIER FIELD , MANCHESTER, N. H. 03103 
(603) 669-0940 • TWX 603-623-45138 
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Transicoil radar height indicator 
Transicoil designed this instrument for the APN-120 Radar Altimeter Set 
aboard A3J aircraft. It provides a visual display of altitude. In addition, 
two Weston meter movements warn of "OFF". "FAIL" , and "OVERRIDE" 
conditions. • Altitude data transmitted from a CX in the radar altimeter is fed 
to a matching CT in this assembly. A miniaturized servo, using size 8 components and transistorized amplifier 
drives the CT to a null, and exhibits this output as a pointer position on an altitude scale. • Pictured above without 
case, the unit is hermetically sealed in a 31/ 4" instrument can per AN-5727. All wiring is terminated at AN con
nectors at the rear of the can. • Transicoil offers an unsual capability for combining servo components into 
operating servo systems. Write for our 16-page brochure, SERVO ASSEMBLIES. It describes many of our standard and 
special-purpose units. 

Weston Instrumen ts , Inc. , Transicoil Division , Worcester, Pa. 19490. 

WESTON® prime source for precision ... since 1888 
Circle 257 on reader service card 

New 20 pg. Catalog makes it 

Easy to Select 

the right Thermal or Magnetic 

Circuit Breakers 
Write for your 
FREE COPY 

WOOD ELECTRIC 
CORPORATION 

244 Broad Street, Lynn, Mass. (617) LYS-5313 
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"'2 
Packs a wide frequency 
range in small space 
The Hewlett -Packard 32008 VHF Oscillator offers con
tinuous coverage of frequencies from 10 to 500 M H z, 
yet takes up little space on the bench or in the rack. The 
32008 provides ±0.002% frequency stability over a 
5-minute period, a high RF output level, and an output 
attenuator. It is ideal as a genera l purpose source of CW 
signals and will a lso accept external pulse or amplitude 
modulation. The 32008 may be used with an accessory 
doubler probe to extend the frequency coverage to 1000 
MHz. Size: 7% " wide. 6V2" high and 13 1/a" deep. Price 
$525. Fo r more complete information, contact your local 
Hewlett-Packard field engineer or write: Hewlett-Packard . 
Green Pond Road, Rockaway, New Jersey 07866. 

1074 

HEWLETT"' PA CKA RD 
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210 

MINIATURE 

SIGNIFICANT 

PERFORMANCE 

GAINS ESTABLISHED BY 

HATHAWAY'S CONTROLLED 

REED PROCESS ARE: 

• A pure, inert contact 

environment resulting in no 
"film" buildup on contacts 

eliminating contact resistance 
irregularities and recurring infant 

mortality on dry circuit loading. 

• The Drireed actuation avoids 

failure mechanisms characteristic 
of electromechanical devices. 

• Whatever the switching assign
ment, Hathaway Double Throw 

relays will do it better and 
more economically. 

Hathaway Form C Relays 
are available in all 
Series-"J" AXIAL, 

"K" PRINTED CIRCUIT, 
"R" COMPUTER 

GRADE, "GP" 
GENERAL 
PURPOSE 
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New Literature 

F-m/f-m telemetering system. Solid 
State Electronics Corp., 15321 Rayen 
St. , Sepulveda, Calif. 91343, has avail· 
able a bulletin describing the Model 
5000 miniature f·m/f·m telemetering 
system designed for obtaining data 
from systems in a state of high accel· 
eration or complex motion. 
Circle 420 on reader service card . 

Precision potentiometers. Beckman In
struments Inc. , 2500 Harbor Blvd ., 
Fullerton, Calif. 92634, has released 
Data Sheet No. 661218 describing the 
Helipot Series 7260 precision potentio· 
meters. [421] 

Metalized polycarbonate capacitors. 
Film Capacitors Inc., 100 Eighth St. , 
Passaic, N.J. Engineering bulletin No. 
1501 gives complete technical informa· 
tion on type ME metalized polycarbon 
ate capacitors. [422] 

Decimal encoders. Theta Instrument 
Corp., 22 Spielman Rd ., Fairfield , N.J. 
A four-page bulletin describes a com· 
plete line of shaft encoders with four
digit, decimally coded outputs. [423] 

Strain-gauge instrumentation. B&K In· 
struments Inc., 5111 W. 164th St., 
Cleveland, Ohio 44142, has released a 
four-page brochure describing the 
Model 1516 strain-gauge apparatus, 
accessories, and related equipment. 
[424] 

R-f terminations. Raytheon Co. , 130 
Second Ave., Waltham, Mass. 02154. 
A line of r·f terminations, ranging from 
convection-cooled to calorimetric water· 
loads, is described in the catalog , 
" Coaxial and Waveguide R·F Termina 
tions." [425] 

Small electrical counters. Kessler-Ellis 
Products Co., 46 Center Ave ., Atlantic 
Highlands, N.J . 07716. Bullet in No. 9 
covers a small three-digit predetermin· 
ing impulse counter and a four-digit 
totalizing counter. [426] 

Miniature noise generators. Signalite 
Inc., 1933 Heck Ave ., Neptune N.J . 
07753, has published a two-page illus
trated bulletin on a standard line of 
90° E·pfane miniature noise generators. 
[427] 

Tooling selector chart. lsochem Resins 
Co., Cook St., Lincoln , R.I. 02865. A 
selector chart contains a complete line 
of tooling resins with instructions. 
[428] 

Phase-modulation choppers. Airpax 
Electronics Inc., Cambridge, Md . 
21613. Bulletin C-121R covers the 
series PM chopper that uses a compact 
toroidal transformer to achieve high 
performance. [429] 

Data communications equipment. Sci· 
entific Data Systems, 1649 17th St., 

Santa Monica, Calif. 90404. Brochure 
64-33-llB gives detailed descriptions, 
specifications, and applications of a 
series of data communications equip· 
ment. [430] 

Accelerometer. B&K Instruments Inc. , 
5111 W. 164th St., Cleveland , Ohio 
44142. has released a specification 
sheet on the Model 4333 low-cost 
accelerometer that provides laboratory 
standard vibrat ion measurements. 
[431] 

Push-button switches. Centralab Elec
tronics division, Globe-Union Inc., 5757 
North Green Bay Ave ., Milwaukee, Wis. 
53201, has published Catalog PBS-1 
describing an extensive new line of 
push -button switches. [432] 

Electrochemical devices. Curtis Instru
ments Inc., 351 Lexington Ave., Mount 
Kisco, N.Y. 10549. A quick-reference 
catalog discusses lndachron elapsed 
time meters that utilize miniature 
ampere hour meters. Typical applica
tions are given . [433] 

Molded contour cables. Electrical Com
ponents division, Bendix Corp., Sidney, 
N.Y. 13838. Molded contour cables for 
space conscious designs are described 
in Bulletin SL-184. [434] 

Dielectric materials charts. Emerson & 
Cuming Inc., Canton, Mass. 02021. 
Two color charts, for notebook or wall 
mourrting , show the dielectric constant 
and loss tangent at microwave fre
quencies of a host of materials. [435] 

Ceramic capacitors. Republic Elec
tronics Corp., 176 E. 7th St., Paterson , 
N.J . 07524. Catalog C· l gives com· 
plete technical data on the company's 
Mucon subminiature ceramic capacitor 
line. [436] 

Digital multimeters. Fairchild lnstru· 
mentation division, Fairchild Camera 
and Instrument Corp ., 475 Ellis St. , 
Mountain View, Calif. 94040. A 12· 
page, illustrated brochure describes a 
line of four digital multimeters and 
their related plug -ins. [437] 

Power relays. Solid State Electronics 
Corp., 15321 Rayen St. , Sepulveda, 
Calif. 91343, has published a four-page 
application note covering the Series 10 
Magnereed power relays. [438] 

Microwave relay systems. Microwave 
Associates, Burlington , Mass. A short 
form catalog describes the MA-2A and 
MA·7A solid state, television microwave 
relay systems. (439] 

X-Y recorders. Recorder division, Varian 
Associates, 611 Hansen Way, Palo Alto, 
Calif. 94303. A data sheet illustrates 
and describes, with complete specifica
tions, the Series F-100 X-Y recorders. 
[440] 
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SOLID CARBIDE CIRCUIT BOARD DRILLS AND ROUTERS 
DESIGNED FOR PRECISION DRILLING AND 
ROUTING OF ALL CIRCUIT BOARD LAMINATES 

~!Ill ti ii I u ¥dJltWWW$t' 

A precision solid car
bide circuit board drill 
designed with aw· uni
form shank for simpli
fied chucking. Tapered 
webs for maximum 
strength. In wire gauge. 
fractional and metric 
diameters. 

The original solid carbide 
circuit board drill design with 
tapered web guaranteed to 
produce precision bur-free 
holes, as the CBU above, in 
single or stacked board oper
ations where flute lengths per
mit. In wire gauge, fractional 
and metric diameters. 

A diamond cut design solid car
bide profile-router for plunge or 
outside P'fofiling. The cross-hatch 
flute principle of this diamond
cut design provides many positive 
overlapping cutting ed'es to in
sure clean, sharp profiling with 
absolutely no delamination. In 
fractional size range. 

Super circuit board drills and routers are guaranteed exact locating or repositioning in N/C or conventional 
to perform efficiently in all circuit board laminates. equipment. Literature No . EL-67-1 available at d1stri 
Tolerances and concentricity are minimal to permit butors and branches or directly from: 

SUPER TOOL COMPANY SINCE 1927 

A DIVISION OF UNIVERSAL * AMERICAN CORPORATION 

ELK RAPIDS, MICHIGAN 49629 PHONE (616) 264-8151 

• 
Chicago 

• Detroit 
• 

New York • los Angeles 
BRANCHES: 5428 N. Milwaukee Ave . 

Chicago. Illinois 60630 
Suite 508, Professional Bldg. 350 Hudson St . 5908 E. Washington Blvd. 

Los Angeles. California 90022 Eastland Center. Detroit. Mich. 48236 New York, New York 10014 

Electronics Engineers 
We are now offering you 
responsible assignments in these 
applied nuclear research programs 
at our Livermore facility. 

Plowshare - Peaceful Applications of 
Nuclear Explosives 

Biomedical - Radiation Effects on the Biosphere 

Sherwood - Controlled Thermonuclear Reaction 

Whitney - Nuclear W eapons for National Defense 

Space Reactors - Reactors for Power in Space 

For more information, write to 
Mr. Dan McGee, Personnel Department, 

~ La.w:re::ri.ce 
H.a.d.ia.t io:n... 
La.bo:ra.to:ry 
UNIVERSITY of CALIFORNIA 

P. 0. Box 808 18-47 
Livermore, California 94550 
An Equal Opportunity Employer • U.S. Citizenship Required 
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New from Helipot 

First $110 cermet trimmer 
sealed for board washing 

New Helitrim Model 77: 
only trimmer in its price class made fail-safe 
for solvent washing on the board ... and 
offering essentially infinite resolution, 
10 ohm - 2 megohm resistance range and 
105°C. max. operating temp. No general 
purpose adjustment potentiometer has 
wider performance parameters. Directly 
interchangeable with competitive 
models 3067, 3068. $1.IO in quantity 
- ask your Helipot rep for 
a free sample. 

Beckman· 

INSTRUMENTS , INC . 

HELJPOT DIVISION 

FULL ER TON, CA LIFORNIA • 92634 

INTERNATIONAL SUBSIDIARIES: GENEVA, MUNICH; GLEN ROTH ES, 
SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY 
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UP-TO-DATE 
TECHNOLOGY I 
from • 
McGRAW-HILL 

1. RESIDUE ARITHMETIC AND ITS APPLI · 
CATION TO COMPUTER TECHNOLOGY. By 
NICHOLAS S. SZABO and RICHARD I. 
TANAKA. New. All the known work on 
residue arithmetic is thoroughly sum
marized here to make this information 
available for the first time in a single 
source. Engi neering applications to 
computer technology are indicated, 
and the book will be of special value 
in both the industrial and academic 
branches of this field . The bibliography 
not only lists th e literature in the field, 
but suppl ies authoritat ive comments 
on each reference cited. 

224 pp., $12.50. 

2. INTEGRATED CIRCUIT TECHNOLOGY: 
Instrumentation and Techniques for Meas· 
urement, Process, and Failure Analysis. 
By SEYMOUR SCHWARTZ. New. Contri bu
tor s from We stinghouse , Philco, 
Motorola. General Electric, RCA, 
North American Aviation / Autonetics, 
J BM , and NASA have writt en chapters 
for this book. Such new topics as in
tegrated circu it encapsulation, scanning 
electronic beam methods for non
destructive test in g. advanced cryoelec
tronics instrumentation and measure
ment, and the use of l aminar flow work 
arc thoroughly discussed. 

325 pp., $15.00. 

3. GAS LASERS. By C. G. B. GARRETT. New. 
This most authoritative, up-to-da te 
work on gas lasers emphasizes their 
behavior. This, when properly under
stood provides an understanding of the 
other lasers as well. and is so pre
sented in this book. Symbols and defi
nitions are listed: more involved 
equations are interpreted a nd ex
plained. J 92 pp. , $10.95. 

4. THE PROGRAMMER'S ALGOL : A Complete 
Reference. By CHARLES P. LECHT. New. 
This programmer"s reference to the 
classic ALGOL language is arranged 
alphabetica lly to give you easy, quick 
access to needed ALGOL terms. It 
also provides valuable insight into 
ALGOL's utilizat ion possibilities by 
presenting each instruction as a ser ies 
of variations, proceeding f rom the 
simplest to the most complex forms. 

272 pp., $8.95. 

At Your Bookstore 
or Direct from Publisher for 

I •10 DAYS FREE EXAMINATION• 1 

I McGRAW-HILL BOOK co. , Dept. 23 ·L·417 I 
330 West 42nd Street , New York, N. Y. 10036 

I 

I 
I 
I 
I 
I 
I 

Send me t he book(s) circled below for 10 
days on approval. In 10 days I will remi t for I 
book(s) I keep, plus a few cen ts for delivery 
costs, and return other book(s) postpaid. I 

2 3 4 
I 

Name (print) I 
Address I 
City State Zip Code I 
For prices and terms outside U.S. write 
McGraw-Hill lnt'I. N.Y.C. 23·L·417 I 
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New Literature 

Military resistors. Sprague Electric Co., 
North Adams, Mass. A guide to military 
resistors, designated ASP·364A, is 
primarily devoted to fixed types, but 
a lso incl udes a brief explanation of 
variable resistor types and style num· 
bers in current military specifications. 
[441] 

DTL design data. ITT Semiconductors 
division, International Telephone and 
Telegraph Corp., 3301 Electronics Way, 
West Palm Beach, Fla ., has published 
a DTL design data book. It contains a 
description of the 930 series, its ele· 
ment cha racteristics, and a glossary of 
terms. [442] 

Single crystals. Semi-Elements Inc., 
Saxonburg Blvd ., Saxonburg , Pa. 
16056. A four-page brochure lists a li ne 
of single crystals that are in continuous 
production and are available from 
stock, pure or doped . [443] 

Electronic calculators. Wang Labor
atories Inc., 836 North St. , Tewksbury, 
Mass. 01876. An illustrated brochure 
contains features, specifications, and 
applications for the 300 series elec
tronic calculators. [444] 

Pulse instrumentation. E-H Research 
Laboratories Inc., 163 Adeline St., Oak
land, Calif. 94607, offers a pulse instru· 
mentation catalog that includes inte
grated t est systems, plus a sophistic
ated line of system building blocks. 
[445] 

Microminiature transformer. The Gude
man Co. , 340 W. Huron St., Chicago, 
Ill. 60610. Engineering Bulletin MMT-1 
g ives com plete technical information on 
a microminiature transformer that 
weighs 0 .06 oz and measures 0 .038 cu 
in . [446] 

Transistors. Solitron Devices Inc., 1177 
B lue Heron Blvd., Riviera Beach, Fla . 
A 28-page catalog describes a line of 
silicon and germanium transistors used 
for mili tary, industria l, and commercial 
applicat ions. [447] 

Audio recorders. Ampex Corp ., 401 
Broadway, Redwood City, Cal if. 94063. 
A six-page illustrated brochure lists 
features, specifications, and applica
t ions of the AG·440 series audio 
recorders. [448] 

Printing calculator. Monroe Inter
nationa l Inc., a divis ion of Litton In
dustries, 550 Central Ave., Orange, 
N.J. 07051. A lO·page, color brochure 
(1174-A) describes the EPIC 3000 
electronic printing cakulator. [449] 

Small parts production. Federal Tool 
Engineering Co., 1386 Pompton Ave., 
Cedar Grove, N.J. 07009. A fully i llus
trated , 16-page guide to automation 
equipment for the production of small 
electronic parts is available. [450] 

New! From MESON! New! 

ELECTRONIC 
TIME 
DELAY 
RELAY 

• High Accuracy, ± 10% 
• Repeatability, ± 3% 
• Fast recycling time - .05 sec. max. 
• lnput-115VAC 
• Up to 180 sec. delay, fixed or vari

able with external variable resistor. 

Onl~&!!~oo lots 
IMMEDIATE DELIVERY! 
Order one for test at $8.80. Your 
MONEY BACK if not satisfied! 

~ 
ELECTRONICS CO . I NC . 
380 Cottage St. , Roch ester, N. Y. 14611 
Phone (71 6) 235-7070 
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MICO 
NEW MODEL 885 

SEVEN RATIO 
WIDE-RANGE ENGRAVER 

NO. 885 FOR LONG AND 
MULTI - LINE W ORK 

• A tim e-sa.ver for large plate work. 
• Engraves 3" x 19" area in ona set -up . 
• Sever~ pantograph ratios-from I :s: I to 6 : I. 
• Choice ot 3-hall-bearing spindfe assem bli es for 

Ya''. 3/ 16"· or taper-shank cutters. 
• HSS, CO BAL I a nd Solid Carbide Cutters. 
• Singl e and multi-line copy carriers for holdin g, 

blanks lil14" to '/ 2 " high . 
• Accom modates Mi co stan dard accesso ri es. 

Send ro11 bulletins and prices 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 
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Professionalism at Grumman 
personal development programs • •.. is 

Grumman is not for everybody. Many technically proficient people are glad to put their degrees to work 
for jl}st plain money, content to work their lives out, leaving their personal technological progress to the 
passing of the years. 

At Grumman it's different. Here we take a keen interest in seeing that our engineers and scientists 
develop personally. We are sincerely interested in their personal progress within the company ... that they 
keep abreast of the sweeping advances in technology, not because they can contribute more (although 
this is true), but more because it makes for greater individual progress and well-being. Job satisfaction , 
if you will. Let's look at these personal development programs. 

Evening Scholarship Programs 
Directly appl icable to their work, these programs offer 
engineers and scientists financial assistance for graduate 
studies at the many institutions in the Long Island-New 
York area. 

In-Plant Courses 
Engineering courses, particularly those not available at 
neighboring institutions, to deepen technical knowledge to 
the specific needs of the engineering sections. 

College.Industry Courses 
Selective attendance for rapid technical updating on fu nda
mentals, theoretical methods a nd design information . (One. 
to two weeks' duration.) 
Engineering Professional Development Program 
Lasting for 2 years , participants a re given, in 4 six-months' 
terms, an ex posure to Grumman operations which broadens 
their technical knowledge, sharpens ability to make sound 
decisions, and raises their career potential. 

Technical Management Development 
A series of lectures provides a course in management prin
ciples to group leaders who show technical management abil
ity. This course, which explores corporate goals and proced
ures, is given by corporate and technical management, and by 
the faculties of colleges and universi ties. 

Seriior Engineers' Program 
Intended to overcome the threat o f technological obso
lescence, individual disciplines are updated with regard to 
new scientific discoveries, new or expanded applications of 
long existing knowledge, and com puter applicat ions to prob
lem solving. 

Senior Management Development 
Selected individuals within Grumman junior and middle 
man agement groups are nominated to attend man agement 
development programs such as the MIT Executive Develop
ment Program, the Program for Management Development or 
the Advanced Management Program at Harvard University. 

Here then is a real opportunity to enhance career growth while working in programs that are in 
themselves conducive to career acceleration . Your attention is directed to the following immediately 
available posi tions. 
Electronics Field Engineers-B.S. in Elect ro n ics or Physics with a 
m in imum of 6 years expe ri ence desirable. but ca ndidates demon· 
st ra t ing th e eq uiva lency will be conside red. In -p lant training wi l l be 
provided. Must be expe ri enced in o n e or more of th e fol lowing 
areas: sea rch & t rack radars, d ig ita l computers, inertia l g u idance 
systems & tran sistor theory & app lication. 

Computer System Engineers - Engineers & Mathematicians with 1-5 
years expe rience in t he ana lysis, d es ign and deve lopment o f digital 
computer system s. 

Programmers-Experienced in both general pu rpo se and special 
p urpose t echniques, t o wo rk on complex systems for aerospace 
vehic les . 

Digital Systems Engineers-BSEE with a minimum of 3 years expe
rience in military digital and data p rocessing equipment. Must be 
ca p able of pe r formi ng a comp rehen s ive analys is o f d igital eq uip
ment to est abli sh support concep ts and defi ne support require· 
men ts. 

EMC Systems Engineers - With ab i li ty to perform system ana lysis, 
state-of-th e-art reviews, a nd develop advanced EM C t echniques. 
W ill be respo nsible fo r g en era t ing design da ta, control plans, test 
pl ans, di recting test s, a nalyzing resu lts, generating fixes, and pre· 
paring reports for systems in acco rdance with MIL-E-6051C. Famili· 
arity w ith WR-27 and MIL-STD-449 is essentia l. 

Radar Development Engineers-BSEE with a minimum of 3 years 
experien ce in the analysis, design and deve lopment of airborne 
radar sys t ems. Should be capable of analyzing the radar system 
w ith end view of in tegrat ing the equipment into a complex space 
vehicle system . Will fully participate in laboratory and flight de· 
velop ment program conducted in the finest fa cilities available in 
a professional atmosph ere. 

ECM Subsystems Engineers-B.S. i n E.E. or Physics with 2 to 6 
years exper ience in design of ECM receive rs &/o r j a mm ers or ap
plicab le radar comm un ication backgroun d. 

Communications Systems & Equipment Engineers - BSEE with a 
minimum of 2 years experience i n Communica ti o n and Radio Na v i
gati on H ardwa re Engineering. Familia r ization with the fol lowing 
eq u ipments is desi rable : H.F. (SSB), VHF /F M & AM , UHF/ FM & AM, 
Voice & Dat a Link Commu n ications Equipment, ADF, VOR, TACAN , 
Rad a r Altim eter, and Doppler Nav igation . Duties inc lu de: Systems 
integra t ion, ana lysis of eq uipm ent design, circu i t & component 
analysis, generation of equipment spec ifications, information and 
test procedures in formation, liaison with su bcont ract ors & contrac· 
tors; labo ratory & vehicle syst em testing. 

Antenna Design Engineers-BS in EE with a minimum of 3 years 
experience in antenna design . Background in c lassical electro mag
neti c theory and advanced m ath essential. Work consists of a naylsis 
and synthesis of antennas on current and advanced designs for 
space applications including th e use of t he IBM compute r facili t ies 
to develop design techniques. 

Instrumentation Appl ication Engineers-BS in ME or Phys ics with 
a m inimum of 2 y ears experience with transducers, reco rde rs, dat a 
gathering syst ems, & interested .in lab type work. 

BS in ME, EE or Physics with a minimum of 2 years expe rienc e,_ to 
work w ith telemetry, digi tal systems & tape recorders as appli ed 
to Flight Test Deve lopm ent Programs. 

BSEE with a minimum of 2 years experience in electro n ics ci rcui t 
a pplication with knowledge. ot digital techniques. Will operate analog 
& digital data acq u isi t ion systems. 

Note: 1967 g rad uates looking to sta rt a career in aerospace are-invited t o contact Grumman now! 

To arrange an immediate 
in tervi ew, send comp rehensive 
resume to: M r. George E Kwak 

, GRUMMAN 
~.~,,-M a nager, Engineering Employment, Dept. GR-76 
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AIRCRAFT ENGINEERING CORPORATION 
Bethpage •Long Island• New York, 11714 

An Equal Opportunity Employer (M / F) 
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P ioneering research led to this 
fi rst published observation of large 
amplitude current oscillations in 
Gunn-type gallium arsenide 
devices.':' 

Extensive further studi es produced 
these observations of both the 
Gunn transit-time and the large 
amplitude modes of oscillation. 
This large amplitude oscillation 
is now often called the Limited 
Space Charge Accumulation mode 
or LSA.''":' 

t 

v 

*Reference: A. J . Sh uskus & 
M. P. Shaw , "Curren t Instabil
iti es in Gallium Arsenide'', P r oc. 
IEEE (Correspondence). V ol. 53, 
pp. 1804-1805, N ovem ber 19 65. 

**Refe rence: M. P . Shaw & A. 
J. Shuskus, "Current Instabili ty 
Above the Gunn Threshold", Proc. 
IEEE (Correspondence), Vol. 54, 
pp. 1580-1581, November 1966, 

If you have capability and interest in SOLI D STATE RESEARCH 
(or would like reprints of the above papers), please write Mr. 
R. C. Ciriack, United Aircraft Research Laboratories, East Hart
ford, Conn. 06108. An equal opportunity employer . 

United A ircraft Research Laboratories 

u 
UNITED AIRC~CORPORATION 

Semi

conductor 

Integrated 

Circuits 

S an F ranc isco Ba y 

Area Pos itions 

PROCESS 
ENGINEERS 

Responsibilities inc lude the analysis of existi n 11, 
p rocesses; determination of process impro\'e
ment; re lating electricu l parametric varinbles 
with process variables; and to develop new 
fabrication processes which will resu l t in the 
most emcient and optimum 1woduction yie ld of 
integrated circuits. 

A BS or l\ I S in Chemis;;try, Physics or EE is 
required, w ith 2 or more years experience in 
the aho\·e i ncluding a hackground in epitnxy, 
diffus ion and photolithogruphic techniques. 

Additional professional opportunities are n\'nil
ab le in the folowing areas: 

PRODUCT ENGINEERING 
DIGITAL CIRCUIT DESIGN 
LINEAR CIRCUIT DESIGN 

APPLICATIONS ENGINEERING 

Write to Jim Le w is , Professional Pla ce me nt 

SIGNETICS 
CORPORATION 

811 E. Arques Ave., 
Sunnyvale, California 

An Eq ua l Opportunity E rn pl oy3r 

Do you need electronics engi
neers or technical 1nai1age
ment men? Electronics maga
zine is the way to recruit them. 
Electronics is designed spe
cifically for the working engi· 
neer. 68,000 subscribers antl 
an additional 133,000 pass
along readers turn to it to keep 
up with their industry. You 
can find the man that meets 
your qualifications with an ad· 
vertisement in the Employ· 
ment Opportunities Section. 

For rates & information write: 
Electronics, a McGraw-Hill 
Publication. Classified Adver· 
tising Division, Post Office Box 
12, New York 10036. 
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PROFESSIONAL 

SERVICES 

Donald C. Harder. , Inc. 
Magnetic Component Engineers 

Rea ctors-Transformers-Filters 
Serving the Research Laboratory 

2580 K Street, San Diego, Calif. 92102 
Phon e (714) 239-8021 

THE TREND 
TOWARD ECONOMY-
The service of the consulting en
gineer is a real economy. With his 
knowledge of organization and pro
duction problems and his wide and 
varied experience, he can usually 
reveal the points of waste and in
efficiency that are coding you 
money and suggest inexpensive 
means for their elimination. 

Here is your opportunity to associate with a high calibre staff in its for
mative state. At our research center in Ithaca we are engaged in explor
atory act iviti es in ai rcraft and ocean instrumentation . Our job is to come 
up with new ideas and new designs for transducers , modules and sub
systems us ing the latest techniques and components . We seek the help 
of tal ented and resourceful engineers (E.E. & M.E.) having up to ten 
years applicab le experience . 

Technical domain of this work will range through ... Solid-state applica· 
tions • Servo-mechanisms • Transducer design • Circuit design • Elec
tromechanical design • Subsystems design & testing • Analog and 
digital techniques. 

This is a real ground floor opportunity. Your opportunity also to live and 
work in th e st imulating atmosphere of Ithaca, th e educational , recrea
tional and scenic center of the Finger Lakes region . 

Inquiries will be treated in confidence. Send resume to: Mr. R. G. Thrasher, Dept. E 

THE BENDIX CORPORATION 
FLIGHT & ENGINE INSTRUMENTS DIVISION 
RESEARCH CENTER, CORNELL RESEARCH PARK, ITHACA, N.Y. 14850 

An Equal Opportunity Employer 

• CLASSIFIED ADVERTISING 
• BU SI NESS OPPORTUNITIES 

• USED OR SURPLUS EQUIPMENT 

SEARCHLIGHT 
EQUIPMENT LOCATING SERVICE 

For Sale 

VACUUM METALIZER 
or COATING SYSTEM 

N. R.C . Type 3143 B --t 2301. Cham ber size 36" d ia. 
X 6" long complete wit h d iff usi on pumps, me
chanica l pu mps, gauges an d power suppli es. Over
a ll di mension s 19' long, 8' 6" hi gh . Used 3 
mon ~ hs. 

No cost or obligation 

This service is designed to help you, the 
reader of Searchlight Section, to locate 
used or rebuilt equipment not currently 
advertised . 

How to use: Check the ads in this 
Search lig ht Section, to see if what you 
want is advertised . If not, print clear ly the 
s peci f ications of the equipment and/or 
components wanted on the coupon below, 
or on your own letterhead . . 

This is a service t o our readers. Thos 
publication does not buy, se ll or stock 
equipm ent or materials o f any type. Your 

requirements will be brought p romptly to 
the attention of t he used eq uipm ent d eal · 
ers advert ising in t hi s section. You wil l re· 
ceive re plies directly from t hem . 

Obviously, the list of such ad vertisers 
is limited by comparison w ith the over 
68,000 subscri bers to Electronics, all d i · 
rectly engaqed in the electronics industry . 
A small 'Equipment Wanted ' adverti se· 
ment in the Searchlight Section wi ll bring 
your needs to the attenti on of ALL who 
•ead Electronics. The cost is low ... just 
$28.75 per advertising inch-'l'a"x2-3/16". 

~ --------------------------- - --- ---
Elect ron ics, Searchlight Equipment Locating Service, P.O. Box 12, New York 1DD36 

Please help us locate the following used equipment: 

Name T;tle Company 

Street City State Zip Code 

Electronics I April 17, 1967 

Al so 2 G. E. 5 l< W d ielectr ic heaters, 45 mcoa
cyc lcs. 

INSTRUMENTS & MACHINES, INC. 
1200 Grove St . I rvington . N.J. 07 111 

Telephone : (20 1) 37 1-7900 

CIRCLE 968 ON READER SERVICE CARD 
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For phase-sensitive applications, special HELIAX coaxial cables are available in 
three general classes.• HELIAX coaxial cables can be supplied phase stabilized to 
provide a repeating, or "stable", phase-temperature characteristic. • Phase 
compensated cables maintain relatively flat electrical length versus temperature 
characteristics over selected temperature ranges. Phase-temperature coefficients 
of better than I PPM!°F over 30°F operating range have been achieved.• Sets of 
cables with connectors attached are cut to equal electrical length within very close 
tolerances. Phase adjustable connectors offer fine adjustment in the field. 
Andrew Corporation, P. 0. Box 42807, Chicago, Illinois, 60642. 
IN EUROPE: Andrew Antenna Systems, Lochgelly, Fife, Great Britain 

l266 

216 Circle 216 on reader service card 
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Tokyo putting out 

the welcome mat 

-but not for all 

Egalite for French 

components firms 

Britain plans 

computer utility 

Russian scientists 

rap computer lag 
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Newsletter from Abroad 
April 17, 1967 

Expected to relieve some of the pressure from abroad, Japan's move to 
liberalize foreign investment won't be a bonanza for U.S. electronics firms. 
"It amounts to little more than window dressing and drum beating," says 
an American executive in Tokyo. It may lead to further liberalization, 
but few expect to see this affecting computers, integrated circuits, or 
other advanced electronics areas. 

Cabinet approval of the plan is likely next month. The plan is based on 
an agreement between the Ministry of International Trade and Industry 
and Japan's Federation of Economic Organizations. 

Ceiling on foreign holdings in existing companies, now 15%, will be 
raised to 20%. The limit for individuals will go up from 5% to 7%. 
Unchanged is the 10% ceiling on 19 industries covered by a U.S.-Japan 
treaty. To determine allowable foreign investment in new companies, 
three categories-A, B, and C-will be established. In A industries, 
foreign interests will be permitted to establish wholly owned subsidiaries; 
in B industries, foreign investment will be limited to 50%; and in C indus
tries, foreign holdings will be regulated on a case-by-case basis. Com
panies wholly owned by foreigners will be barred from expanding into 
B and C industries. Indications are that electronics firms will be put into 
categories where complete foreign ownership is barred. 

The plan is unlikely to affect the pending case of Texas Instruments. 
The U.S. has been putting diplomatic pressure on Japan for permission 
for the firm to set up a subsidiary [Electronics, April 3, p. 257]. 

Strong government backing appears to be in the offing for French semi
conductor manufacturers. At last week's International Exhibition of 
Electronic Components in Paris, Marc Colonna, head of the Industry 
Ministry's influential Direction des Industries Mecaniques, Electriques, 
et Electroniques, disclosed that the de Gaulle administration is consider
ing a national components plan. Presumably, the scheme would do for 
the French semiconductor industry what Plan-Calcul has done for the 
computer field: pressure companies to join forces and mount a national 
effort, largely underwritten by government money, to develop advanced 
devices bearing a made-in-France label. Electronics industry sources 
expect the components plan to be limited to integrated circuits at the 
outset. 

Britain is taking its first step toward a computer public utility. Postmaster 
General Edward Short told the House of Commons of plans to have a 
nationwide computer grid operational by 1971; the system would be 
available to private industry as well as to the General Post Office. Short 
estimated the cost of the grid at $34 million. He said computer time on 
the GPO's current machines will be available to private firms as soon as 
the enabling legislation he has introduced becomes law. 

Two influential Russians have proposed the centralization of all Soviet 
computer development efforts. "It is high time the whole thing was put 
on industrial lines," declare B. Petrov and A. Smirnov, members of the 
Soviet Academy of Sciences. Among hindrances to speedier development 
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of new computers and computer-based work, they cite a scarcity of 
digital-reading instrumentation, a shortage of even such basic peripheral 
equipment as magnetic tape, a lack of coordination in compiling com
puter programs, and a shortage of research and production managers 
trained to use computers. [See related story on page 219.] 

Applying a tried-in-the-U.S. method, an Italy-based subsidiary of the 
General Instruments Corp. will use a seminar tour to try to stimulate 
development of applications for metal oxide semiconductor integrated 
circuits in Europe. A group from General Instruments Europe headed 
by Marcello Corradetti, an IC specialist formerly with IBM, will describe 
MOS technology to school groups, engineers, and businessmen through
out Europe. 

Some segments of European industry see a need for multiple sources 
of microcircuitry in the near future, and expect equipment makers there 
to jump from earlier work with germanium transistors to IC designs. 

It begins to look as if Britain will get its first color telecasts in late June 
or early July. The debut, on a single network, is officially scheduled for 
'1ate this year," but the British Broadcasting Corp. is already sending 
out test signals. 

The color cameras for the BBC-2 network's telecasts will use Plum
bicon pickup tubes developed by Philips of the Netherlands. The BBC's 
research department has been working with two prototype cameras, one 
with three Plumbicons and the other with four. 

Britain's Independent Television Authority is also gearing up for color, 
hoping-along with the BBC's other network-to get on the air with it 
by 1969. 

The Emerson Electric Co. is said to be the front-runner in bidding for a 
contract to furnish computerized test sets for Britain's 50 F-lll's. If 
Emerson gets the order, the planes' weapons system will be serviced with 
the U.S. firm's general-purpose automatic sets for a price believed to be 
about $10 million. Emerson, whose test equipment .is now in operation at 
several U.S. Air Force repair and supply depots, is competing against 
Elliott-Automation Ltd. for the British award. 

Japan's Nippon Electric Co. has automated one stage of thin-film inte
grated-circuit production. Postcard-size ceramic wafers are fed continu
ously through a series of vacuum chambers, with the sputtering done in 
the central chamber. The wafers are afterwards fabricated into IC's by 
manual operations. 

The process is similar to an earlier one developed at Western Electric. 
Only resistors are being produced by this method currently. The unad

justed accuracy of the tantalum resistance elements on the wafer is about 
5%; chemical techniques can improve this to about 0.05%. 

The thin-film circuits are now being delivered for experimental elec
tronic telephone exchanges and pulse-code modulation systems. They are 
also expected to be used in sense amplifiers for magnetic core readout, 
in test equipment, and in other relatively high-cost applications. 
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Trends and trials 
Computer-based instrument sys
tems are in their infancy, but their 
potentials for reliability prediction, 
device "signatures," and produc
tion trend alarms are emerging [see 
page 161]. 

Near Southampton in Southern 
England the Plessey Co. operates a 
computer-controlled reliability tes t
ing center which provides long
term measurements and also relia
bility trials of components. 

A key part of Plessey' s product 
assessment laboratories, the sys tem 
tes ts thin-film circuits under vary
ing environmental conditions. 

Failure rates are being obtained 
from the performance of 5,840 cir
cuit elements - some res istive, 
some capaci tive-at their maxi
mum ratings of power and tem
perature over a one-year period. 
Short-term tests , up to 10 weeks, 
are also being conducted on weekly 
samples of 96 elements under high
stress conditions. 

These tests are designed to take 
more than 200,000 measurements 
in the first year, says Plessey. The 
system is linked to an on-line com
puter which measures and analyzes 
performance via data input and 
output, and controls the equipment 
as well. The computer is a PDP-8 
made by the Digital Equipment 
Corp., with software using Fortran, 
symbolic assemblers , mathematical 
subroutines, utility, and mainte
nance programs. 

To tes t thin-film circuits, Plessey 
researchers designed a series of 
identical enclosures which provide 
environmental stress for compo
nents mounted on interchangeable 
doors. Chambers are available to 
tes t for both dry heat, and humid
ity at a stabilized reference tem
perature of 20°C. 
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Components on tria l for reliability characteristics are closely monitored and 
analyzed by computer in center of product test facility. Mounting frameworks 
for thin-film circuit modules are attached to the doors of test chambers at right. 

Logging the data. The system, 
says Plessey, is basically a data
logging system. Component param
eters are measured on digital in
struments whose output is trans
ferred to the computer for check
ing, calculation, and statistical 
analysis. Input to measuring instru
ments is by a special switch which 
is stepped under computer control. 
The outputs are printed format and 
punched tape. 

Resistance measurements come 
as a percentage deviation of the un
known res istance from a preset 
standard value. Parameters of ca
pacitive elements are provided by 
readings of both capacitance and 
dissipation. The system can also do 
d-c or a-c voltage measurements 
over a wide range. 

In a reliability trial, the sys tem 
measures component parameters 
and checks them simultaneously 
against prescribed limits , with sub
sequent statistical analysis. It can 
also act as a watchdog, with a 

checkout program starting at pre
set intervals to monitor the life tes t 
equipment. Voltage and current 
levels in life tes t circuits and tem
peratures of the chambers are se
lected, measured, and tes ted 
against preset limits. An alarm goes 
off when a fault shows up. 

Soviet Union 

Corporate comrades 
A few months ago, the Vilnius elec
tric meter works in Lithuania vol
untarily turned over 4,400 square 
feet of scarce production space to 
the Telyash meter plant for the 
manufacture of special instruments. 

" If anyone had tried to tear that 
space away a couple of years ear
lier," says Vinzas Babilus, chief 
engineer and second-in-command 
at Vilnius, "we would have com-
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plained to the (Communist) Party 
Central Committee." 

The difference now is that both 
plants, plus five others in Lithuania, 
are subsidiaries of a common par
ent company and pool some of their 
profits. If the Vilnius experiment 
in cost-accounting works, it will 
probably be followed by similar 
amalgamations in other parts of the 
Soviet instrument and computer in 
dustry, which, on April 1, became 
the first entire industry to adopt the 
Communist version of a "profit" 
sys tem. "Profitability" in this case 
is the difference between income 
and costs , excluding such gifts 
from the sta te as land, plan t, and 
equipment. 

The seven Lithuanian enterpri ses 
were combined last year into a 
s ingle organization, called Sigma, 
which designs, produces, in stalls, 
and services computers and other 
equipment under contract to its 
customers. 

Bureaucracy. The res t of the 
computer and instruments industry 
is still fragmented. Designers, pro
ducers and users operate in almost 
complete isolation from one an
other. Instead of acting on feed
back gained from direct contacts 
with their customers, computer 
plants are subjected to a bewilder
ing array of edicts from above and 
to sudden changes in orders from 
below. The products are distrib
uted by 26 separate agencies. 

Relations of distributors to man
ufacturers are entirely administra
tive. K. N.Rudncv, Minister of In
strument Building, Automation, and 
Control Sys tems, says distributors 
"have no material responsibility, 
no obligations to popularize our 
products or advertise them. Nor 
are they answerable materiall y for 
the correctness of the orders they 
place with us." 

Sigma itself isn't free of bureau
cratic red tape, but by maintaining 
contact with the cus tomer from the 
design stage through installation 
and servicing, it has a better idea 
of what users want. 

Sigma's participating organiza
tions operate largely as they did 
before the amalgamation. But two 
new offices have been created: a 
service bureau to install and service 
computers and train operators, and 
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a headquarters to coordinate op
erations. 

The "head office" is a venerable 
Gothic-s tyle building on Communar 
Street in Vilnius. Here Algis B. 
Tchuplinscus directs a staff of 46 
people and a "board of directors" 
made up of chiefs from each of the 
seven factories and each of the 
three design offi ces, as well as 
chairmen of trade-union commit
tees. 

Naked kings. The consolidation 
was the principal technical change, 
but not until the central office re
ceived finan cial powers was Tchu
plinscus able to wield any real con
trol over his sprawling empire. 
"Until then we were like naked 
kings," he says. "We were entitled 
to do everything by ourselves, but 
we had no money." 

The sys tem seems to be paying 
off handsomely in the seven fac
tories. During the last six months 
of 1966, after amalgamation, out
put rose 21 % fro ri1 the first half 
pace and profit increased 40.7% . 

However the three des ign bur
eaus haven' t fared as well, appar
ently because the Russians haven't 
yet figured out how to charge for 
intangibles such as des ign and 
counsel. 

Reforms are less sweeping in the 
other plants under Rudnev's min
istry. There seem to be no Sigma
type amalgamations and no direct 
dealings with customers. 

Last year, the 51 "reformed" en
terprises, representing nearly 50% 
of the industry's production and 
75% of its workers, boos ted sales 
16.4% and profit 41.6% from the 
1965 level. But these figures are 
far from representative of the over
all industry. The first plants re
formed were generally those that 
had been operating well or where 
improvements could be easily 
made. 

Computers ahoy 
A sys tem of 16 Minsk compu ters 
is helping to direct construction and 
deployment of the Soviet Union's 
1,300 cargo vessels, according to 
Viktor G. Bakayev, the Soviet Min
ister of Merchant Marine. 

H e said each of 15 shipping dis-

tricts has a computer that feeds 
data into a central machine in Mos
cow. 

Computers assist in construction 
scheduling and are linked by radio 
to shipboard equipment on every 
major Russian cargo vessel now 
afloat, the offi cial said. By 1970, he 
added, there will be a "computer" 
aboard every Soviet cargo ship. He 
didn't say whether this would be 
an electronic machine, or a me
chanical calculator, which Rus
sians sometimes class ify as a com
puter, but he clearly left the im
press ion that he meant electronic 
equipment. 

These computers, Bakayev said, 
will perform navigational tasks as 
·well as helping to plan shipboard 
chores. They will substantially re
du ce the vessels' personnel require
ments, he noted. 

France 

Maskless marvel 
Now that France's long-heralded 
color-television tube has arrived, 
its developer is further heralding 
it as a big step toward all-solid
state receivers. 

Concurrent with the Paris com
ponents show, but not at it, Com
pagnie Francaise de Television 
( CFT) unveiled the image tube, 
which the French call a successor 
to the Radio Corp. of America's 
shadow-mask tube. 

CFT, which also developed the 
Secam color tv system, claims that 
the new 19-inch tube requires three 
times less power than the shadow
mask, a power requirement that 
may clear the way for solid state 
receivers. To emphasize the impli
cations of the development, the 
firm also showed prototype transis
tor receivers a t its Levallois plant, 
where the tube made its debut. 

The new tube is also brighter 
and more rugged than the RCA de
vice, according to Pierre Bonvalot, 
director of cFT's tube department. 

Bigger models. A hundred tubes 
have been produced in a pilot run 
that b egan earlier this year at a 
plant owned by one of CFT's hold-
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Research vessel Toucan tests anchorless anchoring system off Indonesia. 
Two inclinometers, one for backup, are on end of boom. Incl inometer 
measures angle changes and sends information to computer. 

ers, CSF-Compagnie Generale de 
Telegraphie Sans F il. Bonvalot says 
2,000 to 3,000 of the tubes will be 
turned out this year, and full pro
duction will start next year. 

More important, says Bonvalot, 
is CFT' s decision to start work on a 
23-inch model; this unit is slated 
for introduction this summer, and 
for full production in 1969, just 
when the French tv industry ex
pects color sales to take off. 

The CFT tu be should be a big 
money maker, according to observ
ers. So far, there's only been one 
contract-for a pilot production 
plant that CFT and CSF will help set 
up in the Soviet Union. Russia, the 
only major country besides France 
to buy the Secam system, thus 
seems destined to become France's 
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biggest tv customer. 
Buyers sought. CFT, strictly a de

velopment company, won't produce 
the tube commercially. Besides 
seeking to sell manufacturing rights 
to French firms, CFT is actively 
hunting a U.S. cus tomer. This buyer 
may well be RCA, insiders report; 
the two companies have declined 
to comment on this . 

The essential difference between 
the RCA and CFT devices lies just 
behind their screens. Instead of a 
shadow mask, CFT uses a grill of 
550 stainless steel wires strung ver
tically in parallel 75 millimeters 
apart. Bonvalot puts the transpar
ency of the grill at 80%, four times 
greater than that of the RCA mask. 

Because of the grill's construc
tion, Bonvalot says, the new tube is 
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also more rugged. It's an integral 
part of the tube, strung tightly into 
the glass separating the screen from 
the bulb; the RCA shadow mask is 
hung on an interior frame. 

Bonvalot asserts that the CFT 
tube provides far better contrast 
than the shadow-mask tu be in a 
lighted room, and about equal con
trast in a dark room. This level of 
contrast was achieved, he says, by 
improving the graphite deposit on 
the screen. 

Anchors away 
It's tough to "stay put" in the 
ocean. But precise positioning is 
essential for ships that lay cable, 
explore the ocean bottom, or track 
missiles and satellites. 

Two French research vessels, 
one in the Nor th Sea and the other 
off the coast of Indonesia, are test
ing a dynamic anchoring system 
designed to compensate for drift
without using anchors. The system 
was developed by Compagnie Fran
caise Thomson-Houston-Hotchkiss 
Brandt, working with the French 
Petroleum Institute. 

The basic reference is a taut 
cable from the ship to a known 
position on the ocean bottom. 
Movements of the cable away from 
the vertical generate error signals 
to a computer. 

Hold or steer. The system can 
also be used as an automatic pilot 
-without additional equipment
for river, harbor, and coastal navi
gation. Thomson-Houston says 
tes ts show the technique holds 
drifting to less than a meter and 
heading to less than 5° in 70-mile 
winds and 10-knot currents. 

The system includes an analog 
computer and two omnidirectional 
auxiliary engines, one in the ship's 
bow and the other in the stern. 
Control sticks-one for each engine 
-permit manual operation without 
use of the computer. For semi
automatic operation, the control 
sticks can be set and the computer 
used to determine the power and 
direction of each engine; or, the 
course or position can be preset 
and the computer takes over to 
navigate or stabilize the vessel. 

At anchor, the computer keeps 
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the auxiliary engines in continuous 
operation to enable the system to 
respond instantly to displacement. 
The computer manages this in calm 
seas by setting the engines' oper
ation directly against each other. 

Senses angle changes. A cable
at constant tension-is dropped 
from a boom on the ship's side to a 
fixed point at the sea's bottom. An 
inclinometer is attached to the 
boom. The inclinometer senses 
variations in the angle between the 
cable and an imaginary line directly 
beneath the inclinometer. It re
sponds to movements on h:vo axes: 
foward-reverse motion and trans
versal. A gyrocompass supplies 
data on a third axis: changes in 
heading. 

The data, converted to volts 
representing degrees of position 
change, is amplified and cleared of 
noise-cable vibration and super
fluous ship movement-in three 
operational power-amplifier and 
active-filter chains, one for each 
axis. Equations are fed to the com
puter, which compares them to the 
preset axes. From the differences, 
the computer determines the direc
tion and thrust for the auxiliary 
engines. The engines are activated 
by signals sent from the computer 
to the engines' servomotors. 

The entire operation can be 
monitored on a cathode-ray tube 
display located on the ship's 
bridge. 

Although the system employs in
clinometers for measuring, it can 
be adapted to most other aero
nautical and nautical methods 
based on fi xed reference points. 

Japan 

A new entry 
\Vi th the introdu ction of its multi
purpose l\"E:\C 3100 computer, the 
Nippon Electric Co. opened the 
door for its entry into the con trol 
computer fi eld. 

Suitable for scientific calcula
tions, process control, and message
switching applications, the new 
system uses Nippon's own diodc
transistor-logic integrated circuits 

222 

- similar to those used in the com
pany's Series 2200 computers. The 
number of 1c packages in the com
puter varies from 2,500 to 4,000, 
depending on the installation. 

Market potential. Besides 11 sing 
the computer in its own process
control installations, Nippon will 
market it to process instrumenta
tion and control companies-in
cluding Yamatake Honeywell Inc., 
a joint Honeywell-Japanese ven
ture, and the Hokushin Electric Co. 

Japan's powerful Ministry of In
ternational Trade and Industry 
had prevented Yamatake Honey
well from importing technology 
to manufacture Honeywell's H-20 
computer, now out of production. 
The move was designed to 
strengthen Japan's electronics in
dustry by stemming the prolifera
tion of computer manufacturers. 
Hokushin, however, has its own 
line of process-control computers, 
used in the company's installations, 
but it turns to other manufacturers' 
data processors when specified by 
its customers. 

While putting the brakes on com
panies that don't belong to a select 
group of computer manufacturers , 
the ministry has also "administra
tively guided" Nippon Electric 
away from head-on competition 
with makers of process instrumen
tation and control systems. 

Designation of the new computer 
for scientific and engineering com
putation means it can be regis
tered with the Japan Electronic 
Computer Co. , the government
sponsored agency that purchases 
computers from domestic manu
facturers and rents them to users. 
The agency does not handle com
puters made only for control appli
cations. 

Time-Sharing. Although demand 
for data tran smission switching ap
plications is small, it is expected 
to increase soon. The 3100, when 
combined with a 2200 computer, 
can switch up to 36 lines at the in
put, thu s providing a time-sharing 
capability. 

The smalles t sys tem will sell for 
about $40,000. 

The 3100 is a word-oriented ma
chine, with words measuring 18 
bits plus one parity bit. Internal 
core memory varies from a mini-

mum of 2,048 words to 32,768 
words. Memory cycle time is two 
microseconds. Computer add time 
is four microseconds, multiply time 
20 microseconds, and divide time 
24 microseconds. 

West Germany 

Plus-power laser 
An argon+ laser emitting a con
tinuou s-power output of "about 
100 watts"-almost double the pre
vious high-has been developed at 
W est Berlin's Technical University. 
The device emits in the blue region 
of the spectrum at about 0.4 
microns. 

The record output for this type 
device had been held by the Ray
theon Co.'s Research division in 
Waltham, Mass. , which achieved 
53 watts more than a year ago. 

A power input of 60 kilowatts is 
required for peak emission , says 
Hans Boersch, who, with G. Ger
ziger, heads the university's re
search staff that developed the new 
argon +-aJso called ionized-argon 
-laser. Efficiency is 0.16%. 

Wall stabilization. A major prob
lem confronting researchers in gas 
laser technology is protecting the 
discharge tube wall from the high
temperature plasma. This was over
come in the new laser by using a 
gas layer to insulate the tube walls. 
Argon or a mixture of argon and 
argon + can be used, say the Ger
man researchers . 

Earlier devices either used built
in water-cooled metal segments or 
confined the laser b eam to a nar
row sector by employing magnetic 
fi elds focu sed along the axis of the 
tube. The trouble with a magnetic 
field-in addition to limiting the 
laser emission-is that it' s both 
cumbersome and expensive. \Vater
cooled segments have also proved 
undesirable. 

Argon + lasers are being in
ves tigated for applications in 
microwelding, materials process
ing, and communications. Boersch 
also believes the devices have po
tential in color holography and 
photosynthesis. 
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Stressing the heart 

The beat-by-beat story of what 
happens to the human heart in the 
vastness of outer space may have 
dramatic impact, but doctors and 
scientists are <>till groping with 
down-to-earth mysteries of the 
heart-particularly under stress. 

A portable electrocardiograph 
(EKG) remote transmission system 
has been developed by Fritz Hel
lige GmbH of Freiburg that can 
help study the heart under a variety 
of special conditions. It was used 
earlier this year to record the heart 
action of a chutist during a skydiv
ing event near Colmar, France. 

The system is also being used in 
hospitals to monitor patients' hearts 
during intensive care or rehabilita
tion periods. 

Lightweight. The battery-oper
ated transmitter weighs 17 ounces 
and can be carried in a jacket 
pocket. It has an output of 50 milli
watts and its range runs from 600 
yards in congested city areas to 
1.8 miles in open country. The unit 
operates at the low end of the 150-
180-megahertz frequency range 
used in most European countries 
for telemetering. 

Depending on receiver-recorder 
configuration, the Hellige system is 
priced in the $1,500-$2,500 range. 
Hellige is a subsidiary of Litton 
Industries Inc. 

The transmitter consists of a 
cardiograph amplifier and the car
rier frequency modulator. The 
heart-beat signal-derived from 
two electrode contacts-modulates 
the 1,300-hertz carrier frequency, 
which, in turn, modulates the 
transmitter's ultrahigh frequency, 
around 151 Mhz. 

Quartz-stabilized. The receiver is 
fix ed-tuned to the transmitter fre
quency and has a sensitivity of 1 
microvolt. Noise suppression starts 
at 0.75 microvolts. Both transmit
ter and receiver frequencies are 
quartz-stabilized. 

An output that can b e fed to an 
oscilloscope or an oscillograph to 
display the EKG waveform is pro
vided by the receiver. 

The electrode contacts, made of 
a silver-silver chloride alloy, pick 
up muscle voltages that appear on 
the skin when the heart beats. 
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Cure lor circuitry 
headaches 

Solve your critical circuitry problems with two 
extraordinary new miniaturized ceramic capacitors 
- the product of Nytronics research and 
development in the continuing pursuit of excellence. 

New NYT-CHIP, an ultra-stable chip capacitor, 
has such advantages as superior packaging flexibility 
and mounting versatility, particularly for outboard 
mounting on integrated, thick and thin film 
circuitry. Dimensions, with tinned terminals, 0.170" 
x 0.065" x 0.070", with capacitance range of 4.7 pf 
through 82 pf, and 0.280" x 0.195" x 0.070" for 100 pf 
to 4700 pf. 

NYT-CAP, an ultra high stability ceramic 
capacitor series is packaged in a miniature molded 
epoxy tubular package 0.1" diameter by 0.250" in 
length, with capacitance range of 4.7 pf to 82 pf. 
The remainder of series in miniature, molded epoxy 
case 0.350" long by 0.250" wide by 0.1", with a 
range of 100 pf to 4700 pf. 

Both NYT-CHIP and NYT-CAP have a 
temperature coefficient that does not exceed 
± 40 ppm / °C over temperature range of -55°C 
to + 125°C, and working voltages of 200 D.C. 

As a pioneer in the concept of standardization, 
Nytronics maintains large volume inventories of 
these two products, as well as of many other 
standardized high quality components: inductors, 
delay lines, and resistor s. Write for complete 
engineering data. 

550 Springfield Ave., Berkeley Heights, N .J. 07922 • (201) 464 ·9300 • TWX : 710 ·984-7977 
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The Predictables. 

100°/o DC and dynamic testing verifies 
the performance of every circuit in 

ITT's full line of Series 930 DTL 

When your order of ITI Series 930 DTL arrives, you 
can have absolute confidence in its performance. First 
of all, every circuit gets full DC and dynamic testing 
at 25°C, plus temperature cycling, centrifuge, and 
fine leak tests. Then there's 1°/o AQL testing at -55°C, 
+25°C and +125°C for 15 DC parameters and at 
+ 25°C for 2 dynamic parameters. If circuits flunk, 
we just don't ship them. 

ITI's Series 930 " predictables" come in 15 circuit 
function3 and three package styles . If you're tired of 
rejecting and returning DTL, try ordering it from ITI. 
It's ava i able off-the-shelf from your distributor o~ 
direct from the factory through your ITI representa
t ive. ITISemiconductors is a Division of International 

Teleph01e & Telegraph Corporation. 
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