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All the advantages of solid-state design and construction are 

yours in a wide variety of Hewlett-Packard 81/2 " 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 useful 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 subject to change without notice. Prices f.o.b. factory. 

*EXCLUSIVE, CARE-FREE, DEPENDABLE PAPER HOLDDOWN. 

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

• Bench rack model in one. portable, 0.5 mv-5 y in., X-axis 
time base; Model 135, S1650. 

• 2-pen version of 135, 0.5 my-50 y in.; Model 136A, S2650. 
• High-sensitivity model, 1 ML). input impedance, time base 

either axis, 0.1 my-20 y in.: Model 7030A, S1895. 
• Economy model. 1 mv-10 v in.: Model 7035A, 5895. 

11" x 17" X-Y RECORDERS 

• Versatile recorder, X-axis time base, 0.5 my-50 y in., high-

impedance, computer reference models available; Model 2D 

Series, from 51950. 
• Economy model of 20 Series. 0.5 mv-10 y in.; Model 2D-4, 

S1490. 
• 2-pen version of 20 Series; Model 2FA, 53375. 
• High-sensitivity ac dc recorder, time base either axis, 0.1 

mv-20 y in. dc, 5 mv-20 s in. ac; Model 7000A, S2495 (also 
available without ac input, Model 7001A S2175). 

• Automatic data plotting system, null detector and character 
printer built in. 0.5 my-10 y in.: Model 7590C, 51985. 

HEWLETT 
PACKARD JiPI MOSELEY 

DIVISION 179J 
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T  
Fr' HEWLETT • PACKARD u 3410A AC M1CROVOLTMETER 

MODE 

RANGE INDICATOR 
INPUT 

DB MV 
-60 

1 1 I 
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-40 
-30 

-20 

-10 
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REAP O N, Oust FREQUENCY 

11100 xi0 XIK 
LINE 

PUSH ON/OFF 

• 

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 3410A'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 fVli2 shunted by 20 pF. 

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

is a dc 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, 

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

Route des Acacias, Geneva. Price: hp Model 3410A, $800.00. 

C97,11 

HEWLETT hp PACKARD -h 
An extra measure of quality 

New hp 3410A Measures 

300 nano volts 

Buried in Noise 

Measure 1 Ai, 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 12V, 1 kHz. 

Measure frequency of signal in noise up to 560 kHz 
by using square wave output, 

i.e. as a counter preamplifier. 
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outlook 
157 Safeguarding time-sharing privacy— 
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Title R registered U.S. Patent Office; @ copyright 
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Technical Articles 

I. Design 
Design theory 84 Computer-aided design: part 8 

Picking a transient analysis program 
When the right combination of network design 
program and integration routine is chosen, 

transient characteristics show up quickly 
W.G. Magnuson, Jr., Lawrence Radiation 
Laboratory 

Circuit design 88 Designer's casebook 
• Making an SCR operate as a high-voltage switch 
• Monostable vibrator plus SCR yields chopper 
• Telemetry tone oscillator consumes microwatts 

• Isolated multiple oscillators provide wide 
frequency range 

• Feedback T yields high input impedance 

Reference sheet 92 Nomograms solve tough problems of shielding 
Effectiveness of a shielding design and 
the metal thickness needed to eliminate 
interference are given by charts 
R.B. Cordell, Genisco Technology Corp. 

II. Applications 

Solid state 101 Plastics for packaging: handle with care 
Plastic encapsulations lower the cost of 
transistors and integrated circuits but the 
wrong materials will degrade the devices 
instead of protecting them 
J.J. Licari, North American Aviation Inc. 

Advanced 
technology 111 

Taking cryoelectric memories out of cold storage 

Hopes for mass memories that are fast as well 
as cheap are renewed by a newly designed 
storage loop that overcomes processing problemS 
of superconductive thin-film elements 
R.A. Gange, Radio Corp. of America 

Packaging 123 Dielectric bath promotes togetherness in IC's 
Liquid cooling of exposed integrated circuits 
may offset rising power densities to allow 
more IC's to go into smaller, faster systems 
R.R. Weirather and Tong Go, Motorola Inc. 
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Readers Comment 

One approach 

To the Editor: 
In response to the article "No 

wane in brain drain" [March 20, 
p. 171], may I suggest that a pos-
sible solution to the problems lies 
in having more U.S. companies 
establish subsidiaries in Europe. 
These subsidiaries could operate 
those laboratories and departments 
in which the shortage of engineers 
at home is most acute, staffing 
them mostly with locally recruited 
engineers, while maintaining a 
close working relationship with 
the parent companies. In addition 
to solving the brain drain problem 
to the satisfaction of everyone con-
cerned, such an approach may hold 
in the balance, some direct, as well 
as indirect, advantages for the 
companies themselves. 

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

• Some companies have earned 
the "international" in their name 
in this way. Others have estab-
lished cross-licensing arrangements 
or llave farmed out a particular 
development problem to an over-
seas specialist. But these are not 
direct solutions to a critical 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 
development which might have re-
mained a laboratory curiosity with-
out pressure from a Federal pro-
gram. 
A solid state 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-

4 Electronics j April 17, 1967 



Sprague has what it takes 
to cope with any problem in 
electromagnetic interference 

or susceptibility control 

fr 

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 WS133B), 
LSMC Specification ERS 11897 (Polaris A3) 
or MIL-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, 35 Mar-
shall Street, North Adams, Mass. 01247 

FILTER DIVISION PRODUCTS AND SERVICES 

INTERFERENCE FILTERS AND CAPACITORS 

PRECISION TOROIDAL INDUCTORS 

FREQUENCY SPECTRUM SIGNATURES 

COMPONENT ENVIRONMENTAL TEST FACILITIES 

ELECTRIC WAVE FILTERS 

TELEMETRY FILTERS 

EMI TEST FACILITIES 

EMI SYSTEMS ENGINEERING 

SPRAGUE® 
THE MARK OF RELIABILITY 

Electronics April 17, 1967 
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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 I R, 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! 
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sistor, we formed a group in 1948 
to develop the transistor 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 announcements 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 
be a chicken-and-egg question. 
Could other developers of semi-
conductor devices have survived 

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. Weinstein 
Brooklyn, N.Y. 

• No. One problem in attempting 
to receive signals from other worlds 
is that the time spent searching for 
signals could also become astron-
ical. Therefore, the Russians sug-
gested 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 
system of the early IMF. 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. 

SUBSCRIPTION SERVICE 
Please include an Electronics Magazine address 
label to insure prompt service whenever you 
write us about your subscription. 

Mail to: Fulfillment Manager 
Electronics 
P.O. Box 430 
Hightstown, N.J. 08520 

To subscribe mail this form with your payment 
and check El new subscription D renew my 
present subscription 

Subscription rates: in the U.S.: 1 year $8; two 
years, $12; three years, $16. Subscription rates 
for foreign countries available on request 

CHANGE OF ADDRESS 
ATTACH If You are moving, please let us know 

five weeks before changing your address. 

LABEL Place magazine address label here, print 

HERE your new address below. 

name 

address 

city state zip code 

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. 

• 
Abe Pea • xeria 

,se rar • 

PM Display Converters permit the record-
ing of displays from dc 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 

eiv_Ld PACIFIC 
MEASUREMENTS 
INCORPORATED 

940 INDUSTRIAL AVENUE, 
PALO ALTO, CALIFORNIA 

(415) 328-0300 
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All from Sprague!  

TWELVE OF OUR MOST POPULAR 
METALLIZED CAPACITOR TYPES 

SPRAGUE TYPE 

680P 

431P 

e%L 15565PP 

218P 

*Trod e mn a rk 

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. 

260P 

121P 

118P 

143P 

144P 

284P 

283P 

282P 
(energy 
storage) 

Case And 
Configuration 

hermetically. 
sealed 

metal-clad 
tubular 

film-wrapped 
axial-lead 
tubular 

molded 
phenolic 
axial-lead 
tubular 

hermetically. 
sealed 

metal-clad 
tubular 

hermetically. 
sealed 

metal-clad 
tubular 

hermetically. 
sealed 

metal-clad 
tubular 

hermetically. 
sealed 

metal-clad 
tubular 

hermetically. 
sealed 

metal-clad 
bathtub" case 

hermetically. 
sealed 

metal-clad 
"bathtub" case 

hermetically. 
sealed 

metal-clad 
rectangular case 

hermetically. 
sealed 

metal-clad 
rectangular case 

drawn 
metal case, 
ceramic 

pillar terminals 

Dielectric 

metallized 
Metfilm* 'A' 

metallized 
Metfilm* 'E' 

(polyester film) 

metallized 
paper 

metallized 
Metfilm* 'E' 
polyester film) 

metallized 
Metfilm* 'K' 

(polycarbonate 
film) 

metallized 
paper 

metallized 
Difilme 

polyester film 
and paper) 

metallized 
paper 

metallized 
Difilm® 

(polyester film 
and paper) 

metallized 
paper 

metallized 
Difilme 

(polyester film 
and paper) 

metallized 
paper 

Temperature 
Range 

—55 0, 
+85 C 

—55 C, 
+85 C 

—40 C, 
+85 C 

—55 C, 
+105 C 

—55 C, 
+105 C 

—55 C, 
+125 C 

—55 C, 
+125 C 

—55 C, 
+125 C 

—55 C, 
+125 C 

—55 C, 
+105 

—55 C, 
+125 C 

o C, 
+40 C 

Military Eng. 
Equivalent Bulletin 

no 
specification 2650 

no 
specification 

no 
Specification 

CH08, CH09 
Characteristic 

no 
specification 

no 
specification 

CH08, CH09 
CharacteristiC 

N 

no 
specification 

CH53, CH54, 
CH55 

Characteristic 
N 

no 
specification 

CH72 
Characteristic 

N 

no 
Specification 

2445 

2030 

2450A 

2705 

2210C 

221ID 

2220A 

2221A 

2222 

2223 

2148A 

SPRAGUE COMPONENTS 

CAPACITORS 

TRANSISTORS 

RESISTORS 

THIN-FILM MICROCIRCUITS 

INTEGRATED CIRCUITS 

INTERFERENCE FILTERS 
4SC.6135 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

MAGNETIC COMPONENTS 

PULSE TRANSFORMERS 

CERAMIC- BASE PRI NTED NETWORKS 

PULSE-FORMING NETWORKS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and '0' are registered trademarks of the Sprague 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 
t h e military," Burton Cutler 

says the 6-foot-6-inch, 40-year-old 
official, adding that he doesn't plan 
to alter the picture significantly. 
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. 
"We're seeking maximum penetra-
tion of the area assigned to tas, 
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 began in January and is 
expected to run three years. 

Cutler succeeded E.S. Phillips, 
who was named chairman of the 
rrr 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. 
Callan 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/IPs-32, is 
being developed for the Marine 
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NCEILET . 
1967 Guide to Machlett and Machlett-Penta Electron Tubes 

Planar Triodes. 
Grid pulsed to 1 kw at 6 Gc. 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, 

RAYTHEON 

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

,, 1.1111Ft 
11E11111E1 

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

0 e e 
j • • 

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

Vacuum Capacitors,Variable. 
RMS ampures to 75A; voltage to 15 kv 
peak. Capacities from 5-750 pF to 
50-2.300 pF. 

Machlett-Penta Intermediate High Vacuum Rectifier 
Power Tetrodes and Triodes. Tubes. 
Power to 3.4 kW CW. To 165 PKV (Machlett) to 60 PKV 

(Penta). 

Send for latest condensed catalogs 
4 I 

covering the entire line of Machlett electron tubes and Machlett- eïri. 
Penta power tubes. Write: The Machlett Laboratories, Inc., Spring-
dale (Stamford) Conn. 06879. 

THE MACHLETT LABORATORIES, INC. 

A SU BSIDIARY OF RAYTHEON COMPANY 
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how to measure phase angle down 
to .25° from 10Hz to 100KHz 

(plus in-phase and quadrature!) 
North Atlantic'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 10Hz to 100KHz 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  
Voltage Accuracy  
Phase Dial Range 

Phase Accuracy 

(derating to .6° at 10Hz, 1° at 100KHz) 

Input Impedance 10 megohms, 301.4 for all ranges 
(signal and reference inputs) 

Reference Level Range 0.15 to 130 volts 

Harmonic Rejection 50 db 

Nulling Sensitivity less than 2 microvolts 

Size 19" x 7" x 13 1/2 " deep 

Price     $2290.00 plus $160.00 per set of filters 

1 mv to 300 volts full scale 
2% full scale 

0° to 90° with 0.1° resolution 
(plus 4 quadrants) 

0.25°, 31.6Hz to 31.6KHz 

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

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

and ground support applications. Send for our data sheet today. 

*Trademark 

1\1- 0 R. T I-1 AT I\TT I C in dustries, inc. 

TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 • 516-681-8600 

People 

Corps. 
But Cutler isn't ignoring oppor-

tunities to apply Gilfillan's experi-
ence to new fields. The firm has 
embarked on a campaign to recruit 
a team of systems engineers with 
aerospace backgrounds, for exam-
ple. It's also working to enhance 
its expertise in the field of elec-
tronic countermeasures, and is 
quite proud of winning an Army 
contract to develop a battlefield 
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 
smaller than 
conventional lc 
flatpacks, y e t 
were easier to 
solder than 
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 busy 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. 1391. 
Assembling sample packages 

was one thing, but assembling the 
capital needed to mass produce 
them was another. Lomerson's 
pleas to banks fell on deaf ears. 
For a while, he fended off electron-
ics companies' offers to buy Flying 
L, clinging to the idea of a com-
pany of his own. But finally his 
savings ran out. 
Two weeks ago, he sold his firm 

to Varo Inc. of Garland, Texas. 
Lomerson will continue to work 

on his packages as Varo's senior 
development engineer. He says the 
company plans to produce his 
packages and keep Flying L in 
Saginaw. 

R. B. Lomerson 
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Model QRE 7.5-10 

Sorensen 
011-tite-Sheit 
Power Supplies 
Designed for 
Integrated Circuits: 

RAYTHEON 

Model QRE 10-3.7 

Sorensen has provided stock availability of the new QRE Series. This series 
was designed specifically for use with integrated circuits, micro miniature 
chips, and digital logic circuitry. QRE provides overvoltage protection 
within 10 microseconds, voltage regulation, line and load combined, is 
:--'-0.005% or ±0.01%. 

All QRE units include these Sorensen features, series 'parallel operation, 
remote sensing, remote programming and high stability. Designed as a 
space saving system the QRE Series may be selected from either modular 
or 3"2" high rack units. 

MODEL Vi'A RANGES PRICES 

ORE 10-2.2 0-10V, 0-2.2A 5135 
ORE 10-3.7 0-10V, 0-3.7A 155 
ORE 7.5-10 0-7.5V, 0-10A .295 
ORE 7.5-20 0-7.5V, 0-20A 465 
ORE 7.5-50 0-7.5V, 0-50A 595 

For QRE details, or for information on other stock or custom DC power 
supplies, AC line regulators, frequency changers, or for our free catalog 
=662A, contact your Sorensen rep., or Raytheon Company, Sorensen 
Operation, Richards Ave., Norwalk, Conn. 06856. Tel: 203-838-6571. 
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PATENT NO. 3,260,902: ISOLATED BURIED LAYER TRANSISTORS FOR INTEGRATED CIRCUITS 



nnosecon sun C In • 
A shortcut through 
the busement 
Isolated burled Inger 
transistors. 
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there's 
a better 
way 
to do 

it! 

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 

• Automatic Leveling Without 
Frequency Shift. 

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

MUM MEASUREMENT AND 
TEST INSTRUMENTATION 

JERROLD ELECTRONICS CORPORATION 

Government 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. 

Meetings 

Spring Joint Computer Conference, 
IEEE; Atlantic 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 Republic 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 Vacuum Society, Holiday Inn, 
Albuquerque, New Mexico, April 19-21. 

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

Textile Industry Technical Conference, 
IEEE; Charlotte, 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, Electrical 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 Engineers; 
Statler-Hilton Hotel, New York, 
April 24-27. 

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

Frequency Control Symposium, U.S. 
Army Electronics Command; 
Shelburne Hotel, Atlantic City, N.J., 
April 24-26. 

Institute on Management Technolo 
and the Optimization of R&D, Ameni 
University; Twin Bridges Marriott M 
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 Technolog 
Available for Commercialization, No 
Carolina Science & Technology 
Research Center; Research Triangle 
Park, N.C., April 26-27. 

Aerospace Instrumentation Symposi 
Instrument Society of America; 
Marriott Motor Hotel, Philadelphia, 
Pa., May 2-4. 

National Telemetering Conference, 
American Institute of Aeronautics an 
Astronautics; San Francisco Hilton 
Hotel, San Francisco, May 16-18.* 

Call for papers 

International Pulse-Symposium, Int 
national Federation of Automatic C 
trol; Budapest, April 9-11, 1968. 
1 is deadline for submission of pa 
to International Pulse-Symposiu 
Budapest 112, POB 63, Hungary. 

Electronics and Aerospace Syste 
Technical Convention, IEEE; She 
ton Park Hotel, Washington, 0 
16-18. June 1 is deadline for subm 
sion of papers to Donald Hagner, B 
comm Inc., 1107 17th St. N.\ 
Washington, D.C. 20036. 

Marine Sciences Instrumentation S 
posium, Instrument Society of Am 
ica; Florida, January 1968. June 
is deadline for submission of abstra 
to Fred Alt, director, Testing divisii 
Naval Oceanographic Officer, Wa 
ington, D.C. 20390. 

* Meeting preview on page 16. 

14 Circle 14 on reader service card Circle 15 on reader service car 



Use the new Fluke 931A 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 931A, 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. 

When you use the probe 

to make true RMS measurements with 

the Fluke 931A AC differential voltmeter, 

you don't do a thing to the circuit 

or the meter. All you do is move the 

input 30 inches closer to the measurement 

without added loading or loss of 

sensitivity. That's just one more reason 

AC metrology isn't the same anymore. 

FLUKE 

Fluke. Box 7428, Seattle, Washington 98133 • Phone: (206) 774-2211 • TWX: (9 10) 449-29So 
In Europe, address Fluke International Corporation • Suite D, Ambassador Hotel, 



You Can Get 
All These 
Microcircuits 
from 
Sprague Electric 

*SERIES SU300, LU300 
UTILOGIC* 

K Package 

For use in commercial, in. 
dustrial, ground support 
applications. Available in 
two operating tempera-
ture ranges, —20 C to 
+85 C, and +10 C to 
+55 C. Propagation delay 
of 15 to 40 nanoseconds. 

*Trademark of Signetics Corp. 

Circle 495 on readers service card 

*SERIES SE500 
LINEAR AMPLIFIERS 
K Package 

Operating temperature 
range: —55 C to +125 C. 
Two linear circuits avail-
able in 10-lead low silhou-
ette TO-5 case. SE501K is 
a video amplifer, SE505K 
is a general purpose dif-
ferential amplifier. 

Circle 497 on readers service card 

DIGITAL-TO-ANALOG 

CONVERSION CIRCUITS 

4-BIT 
SERIES 

5-BIT 
SERIES 

Ladder Network 
Ladder Switch 
Buffer Amplifier 

UT-1000 UT-1001 
U D-4001 U D -4036 
I1D-4024 UD-4037 

Circle 499 on readers service card 

*SERIES SE100, NE100, US700 
DTL LOGIC csioo 

Eighteen functions in two operating 
temperature ranges: —55 C to +125 C 
and 0 C to +70 C. Circuits include 
NAND/NOR gates, clock and line driv-
ers, gate expanders, RST and JK binary 
elements, one-shot multivibrator. 

Circle 494 on readers service 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 applications 
where low power drain is required. 
Optimized speed, noise margin. 

Circle 496 on readers service card 

*SERIES SE800, NE800 
TTL LOGIC 

Designed for high-speed avionics sys-
tems. Eight high level circuits including 
four NAND Gates, Power Gate, Exclusive-
OR Gate Input Expander, -K Flip-Flop. 

Circle 498 on readers service card 

*Series SE100, NE100, CS700, SU300, LU300, 
SE400, NE400, SE500, SE800, NE800 are all 
available from Sprague Electric under tech-
nology interchange with Signetics Corp. 

For data on the microcircuits in which you are 
interested, write Technical Literature Service, 
Sprague Electric Company, 35 Marshall St., 
North Adams, Massachusetts 01247 

455-n00 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and age revstered trademarks of the Sp,ague Eloct ,.e Co. 

Meeting preview 

Telemetry trends 

The program of the National Tele-
metering Conference, to be held 
May 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 trans-
ducers, signal conditioning, detec-
tion and modulation theory, multi-
plexing and encoding systems, and 
data management. Later workshop 
meetings will give engineers the 
chance to compare notes and pos-
sibly find solutions to their particu-
lar telemetry problems. 
Ocean links. The problem of 

moving data through the water will 
be the major topic at the oceanog-
raphy sessions. R.F. Hill of the 
University of Rhode Island and 
L.R. LeBlanc of Raytheon Co.'s 
Submarine Signal division will pre-
sent papers on the ocean as a data-
transmission medium. They will 
describe their techniques for mod-
eling the ocean as an acoustical 
communications channel to deter-
mine the available bandwidth and 
the amount of data that can be 
transmitted through it. 
Other papers discuss work at the 

Navy's Underwater Weapons Lab-
oratory and Underwater Sound 
Laboratory, and ocean communica-
tions experiments at Pennsylvania 
State University's Ordnance-Re-
search Laboratory. 
At a medical telemetry session, 

members of the Bioengineering Re-
search Laboratory at the Women's 
Medical College of Pennsylvania 
will present a paper on a multi-
channel telemetry system that has 
been used to monitor amniotic 
fluid pressure in the human womb, 
as well as fetal respiration and 
heartbeat, just before and during 
childbirth. 
The problems of rapid transit 

will be discussed in a paper on the 
automatic train system for Cana-
da's Expo-67 World's Fair in 
Montreal. 
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The 1806 records a 60KC square wave during a high-frequency pulse train check. 

Honeywell engineers sell solutions 

New fiber-optics CRT 
Visicorder oscillograph 
records to 1M1-1z1 
The remarkable new Honeywell 
Model 1806 fiber-optics CRT Visi-
corder oscillograph is an important 
state-of-the-art breakthrough in 
direct-recording technique. It gives 
you X-Y-Yl-Z axes recording flexi-
bility and a frequency response of 
DC toiMHz-100 times greater than 
any previous oscillographs, includ-
ing our industry-leading Visicorders ! 

We've shown just a few of 1806's 
capabilities; frankly, we think its ap-
plications are near-infinite, being 
limited only by the user's imagina-

1. X-Y-Y' triggered oneshot 
recording (with automatic 
record length control) 

2. X-Y recording mode (to 
1MHz response in both axes) 

3. X-Y -r-Z recording mode 
(continuous or one shot per 
frame with 3.5 MHz response 
in Z axis) 

tion. Yet, for all its sophistication, 
the 1806 is as easy to use as an or-
dinary oscilloscope. It's another ex-
ample of how Honeywell's broad 
line, backed by local sales and serv-
ice, can provide the precise solution 
to your instrumentation problems. 
For full details on the new 1806, call 
your local Honeywell Representa-
tive, or write: Honeywell, Test In-
struments Division, 4800 East Dry 
Creek Road, Denver, Colo. 80217. 

Honeywell 
Circle 17 on reader service card 



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. Pick 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, discrete components, hybrids. More 

d 

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, 
details of the logic, and applications. It's ---
yours for the asking. 

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

NaN 
MODULES • COMPUTERS 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (817) 897 21 • Cambridge, Mass. • New Haven • Washington, D. C. • Parsippany, 
N. J. • Rochester, N. Y. • Philadelphia • Huntsville • Pittsburgh • Chicago • Denver • Ann Arbor • Houston • Los Angeles • Palo Alto • Seattle • Carleton Place and Toronto, 
Ont. • Reading, England • Paris, France • Munich and Cologne, Germany • Sydney and West Perth„Australia • Modules distributed also through Allied Radio 
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Trim production and servicing 
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 harnesses 
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 alignment — 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, if switches, potentiometers, motors, microelectronics 

Circle 21 on reader service card 



Five ways to succeed in 
commercial electronics. 



you can't make with 

E Relays are available in hermetically sealed Relays, ask for Circular 1942-C. Write to the 
enclosures with either hook terminals or plug-in Director, Relay Control Equipment Sales, Auto-
headers. Or plastic dust covers that snap on to matic Electric Company, Northlake, III. 60164. 
the chassis- or printed-circuit 
type of socket. 

For full information on the AUTOMATIC ELECTRIC 
limitless variations in mounting SUBSIDIARY OF 

and connections for AE Class E GENERALTELEPHONE & ELECTRONICS GTE 
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Try to find a connection 

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 virtually every type 

of circuit connection or mounting used in elec-
trical and electronic equipment designs. 

Wherever designs call for "wiring in," AE Class 

E Relays are avai lable 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 
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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 1M1-1z1 
The remarkable new Honeywell 
Model 1806 fiber-optics CRT Visi-
corder oscillograph is an important 
state-of-the-art breakthrough in 
direct-recording technique. It gives 
you X-Y-Y1-Z axes recording flexi-
bility and a frequency response of 
DC to 1MHz-100 times greater than 
any previous oscillographs, includ-
ing our industry-leading Visicorders ! 
We've shown just a few of 1806's 

capabilities; frankly, we think its ap-
plications are near-infinite, being 
limited only by the user's imagina-

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

tion. Yet, for all its sophistication, 
the 1806 is as easy to use as an or-
dinary oscilloscope. It's another ex-
ample of how Honeywell's broad 
line, backed by local sales and serv-
ice, can provide the precise solution 
to your instrumentation problems. 
For full details on the new 1806, call 
your local Honeywell Representa-
tive, or write: Honeywell, Test In-
struments Division, 4800 East Dry 
Creek Road, Denver, Colo. 80217. 
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Editorial 

IC's change the industry ... 
With integrated circuits now showing up rou-
tinely in new products, companies are worrying 
that the conversion to lc's will alter the struc-
ture of the electronics industry. And it will. 
Some traditional component makers will see 
their markets shrink to a few specialized appli-
cations where high frequency or high power 
preclude the use of integrated technology. 
But the greatest pressures are on the instru-

ment manufacturers, whose traditional role in 
the industry is being invaded from opposite 
directions: semiconductor processors are build-
ing instruments that use their integrated circuits, 
and computer makers are adding instruments to 
their computers. 
The 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-
tures, flows, or voltages and amperages. They 

... and the engineers' role 
And engineers are worrying about how their role 
will change. 

Semiconductor specialists have been playing 
an increasingly prominent part in the develop-
ment of new products from innovations. In fact, 
in some recent cases the semiconductor engi-
neers all but took over the development process. 
They decreed how the circuits would perform, 
how much would be integrated, and how the 
equipment would be arranged. 
Whether this situation is temporary or is to 

become the normal way of doing business will 
depend on how willing 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. 
With lc equipment, the circuit design pales in 
importance—particularly when off-the-shelf digi-
tal units are involved—and other aspects of 
design gain in significance. 
For example, application may determine the 

kind of package or the method of dielectric iso-
lation used, or how the rc's are assembled and 
interconnected. 
Testing lc's turns out to be one of the trickiest 

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 

are demanding complex measurements that cor-
relate or manipulate raw data. To do this a 
computer is required. 

In addition, automatic testing, both on the 
production line and in the laboratory, is spur-
ring the use of computers to program the tests 
and produce refined information. 
The trend is clear when you see the growing 

number of computers being designed just for 
instrument applications. For these computers, 
integrated-circuit technology has come just at 
the right time. A small, reliable, and inexpensive 
general-purpose machine with limited memory 
and mathematical capacity can be fabricated 
with off-the-shelf res. 
Only the instrument makers have been slow 

to see what's happening. Of hundreds of com-
panies, only Hewlett-Packard has moved to set 
up its own integrated-circuit facility and to 
design its own instrumentation computers. 

show flaws that electrical tests can't detect. 
Along with understanding the design, the 

engineer has to understand semiconductor proc-
essing, because the complexities and limitations 
of fabricating may determine what devices can 
be put into a circuit. 

In the next phase of technical progress, large-
scale integration, the gap between the product 
designer and the semiconductor specialist will 
grow even wider. The importance of circuit de-
sign—the traditional strength of electronics en-
gineers—will be further diminished. With thou-
sands of components built on a single chip, 
circuit design will be largely a computer's job. 

Already, product designers, instrument engi-
neers, and communication specialists are finding 
it difficult to talk to the integrated-circuit spe-
cialist. While the equipment people are con-
cerned with circuit design 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 semiconductor specialist has taken over 

product planning with ic's mostly by default. 
He'll hold onto it permanently unless other en-
gineers start learning a little about integrated-
circuit technology. 
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O good 
reasons 
why 
Philc° 
Epoxy 
Transistors 
(PET) 
are your 
best 
buy. 

PET TO-18 is rated 
from 360 to 675 mW at 
25 C (chip dependent). 

2. 
PET TO-5 is rated 
from 550 mW to 1.2 W at 
25' C (chip dependent). 

PET packages have 
reliability factors equal 
to or exceeding that 
of metal cans. 

PET's are immediately 
available in large 
volume production 
quantities. 

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

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

Ç;I 6. 
PET packages are 
permanently and 
legibly marked— 
lettered black on white. 

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

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

Call or write: Philco-Ford Corporation Microelectronics Division Sales Offices: 2920 San Ysidro Way, Santa Clara, 
California (408-245-2966) / 999 North Sepulveda, El Segundo, California (213-772-6226) / Northwest Industrial Park, 

Second Avenue, Burlington, Mass. (617-272-1600) / Benson Manor, Suite 114B, Washington Lane, Jenkintown, Pa. 
(215-885-0430) / 1215 Drew St., Clearwater, Florida (813-446-0124) / 815 Connecticut Avenue, NW., 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). 

TPI-IILCO 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 

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, TI 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-

Electronics I April 17, 1967 25 



Electronics Newsletter 

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." 

IBM slates more 

satellite-link tests 

Tunnel diodes face 

loss of big market 

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 1-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. 

Computer undergoes 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 

rigorous time study 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. 

Office copier uses 

xenon flash lamp 

Xenon flash 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 flash 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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from SYLVAN IA Electronic Components Group 

PHOTOCONDUCTORS 

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

Cell Resistance vs UV Irradiance 

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 µW/cm2 irradiance, and 
a dark resistance of 100,000 ohms. 
Ascent time is 130 msec (at 64 /LW/ 

ELECTRICAL DATA RATINGS (Absol. Max.) 

SRP-3614 SRP-3614A SRP-3614B 

Dissipation 
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. (ohms) 2500 5500 1300 
Dark Res. (ohms) 
Ascent Time 

at 64 mW/cm2 
4 MW/cm 2 

Descent Time 
at 64 µW/cm2 

4 gW/cm2 

1,000,000 1,000,000 100,000 

130 ms 
720 ms 

40 ms 
260 ms 

mMATTS/cm AT 2537 ANGSTROMS IRRADIANCE 

cm2) while descent time is 40 msec 
at the 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) 

This issue in capsule 

Integrated Circuits — How to pre-
vent unused inputs from degrading IC 
performance. 

CRTs —Eliminate unnecessary trade-
offs when choosing computer displays. 

Microwave Diodes—Punch-through 
varactors, new route to improved har-
monic efficiency. 

Photoconductors — How photocon-
ductor-lamp assemblies are making music 
sound better. 

Diodes —With whiskerless diodes, you 
can get more components on a board. 



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 detection, 
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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MARKETING MANAGER'S CORNER  

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. With 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. 
With 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 arc 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 cre-

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 ICs 
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-
tended operation 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 
that describes the relationship of 
equipment and systems 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. 

R. A. SWANSON 



PHOTOCONDUCTORS 

How PL assemblies are making music sound better 

41,11= .1. 

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 1-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 dc 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 dc 
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 chame-
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 / 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. 
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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 
inputs? They may be left open, but 
this could degrade circuit operation; 
or additional components can be 
added to insure top performance. 
SUHLTM devices by Sylvania require 
only simple wiring and no extra com-
ponents to obtain optimum perform-
ance characteristics. Here's the how 
and why for gates and flip-flops. 
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 1. Here, if input A 
goes to logic "0" and input B is float-

ing, the voltage at B tries to follow the 
voltage at A. In time, B falls to logic 
"0." When A rises to logic "I," B is 
held down until its capacitance 
charges through the base resistor. 
This action slows down the recogni-
tion of the logic "1" data at A. 
To prevent this, unused emitters 

should be terminated with a voltage 
greater than the logic "1" threshold 
voltage. In this way, stray capacitance 
on the inactive inputs will always be 
at logic "1" and won't slow circuit op-
eration. There are a number of ways 
to insure that these gate inputs re-
main at logic "1." 
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 bi-
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 
NAND gate with its inputs grounded 
to hold all unused emitters at Logic 
“1 .» 

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 "0," all 
capacitance is directly discharged to 
"0" 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 current flow. 

In Figure 2C, when the driver rises 
to logic "1," 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 

shown in Figures 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 

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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Figure 4 

CRTs  

Eliminate unnecessary trade-offs 
when choosing computer displays 

The value of a computer often 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 corn-

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 
Angle 

Screen 
Size 

Useful 
Scan 

Overall 
Length 

SC-4649 70° 5-3/4" x 4-3/8" 
8QP 90° 8" 7-3/16" x 5-3/8" 
8KP- 90° 8" 7.3/16" x 5-3/8" 
17DWP- 70° 17" 11-1/8" x 14-5/16" 
21EYP 72° 21" 19-1/16" x 15-1/16" 

10" 
9-15/16" 
11-15/16" 
19-3/16" 
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 junc-
tion capacitance, as well as a series 
resistance at a reverse bias 15 to 20% 
of the rated breakdown voltage. This 
deflection 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, 

simplified 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 R, value over the 
drive cycle also contributes to better 
efficiency by reducing the power dis-
sipation. Harmonic generators oper-
ating 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 specifications 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 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) 

VB = 45 Volts 

C (-6V) = 1 —1.5 pF 

Ts = 250 picosec 

T = 60 nanosec 

Rs = 0.8 ohms 

I = 100 milliamps 

R = 45"C/watt max 

PERFORMANCE 

IN MULTIPLIER 
(Type D-4440) 

Fin = 1 GHz 

F,, = 10 GHz 

1 watt 

Efficiency = 13% 
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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-
fied 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 tv. These are given by 
the equations Q = 1/wR,Ci and 
w= 1/RsCi. 

Specifically, frequency conversion 
depends on the average values of 

these factors over the drive cycle of 
the multiplier. Since both Rs and C; 
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-
fied P-N junction of Figure 2. Here, a 
thin layer of lightly doped, n-type 
semiconductor of thickness t is 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 W in the n layer. Width of this 
region varies with applied voltage as; 
W K (4) — V ) .t. Where CI, is the 
built-in voltage of the junction, Ki 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 

act as a parallel plate capacitor with 
capacitance of: 
C j= EA/w = k2 — V y Y, 
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 C•. 
Two additional factors determine 



Figure 3 
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the variation of Ci as V increases. One 
is the maximum allowable applied re-
verse voltage, with the reverse break-
down voltage Vbc . At Vbd, avalanche 
multiplication takes place and a large 
current flows through the diode. 
The second factor is the thickness 

t of the n-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, V. 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 
relationship approaches the case 
where 7= O and Ci is constant for 
any applied reverse voltage beyond 

Figure 4 

c, 

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 cxponental 
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 (7 = 0) of a 
punch-through varactor. 
The series resistance, 11 0, of an 

epitaxial varactor consists of a sum of 
four terms: R5 =Rp R R +-I- R. 
Resistance Rp is that of the p-layer; 
Rn that of the n-layer; Rn+ that of 
the substrate; and Rn that of the 
ohmic contacts. 

In practice, 11 n 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 Re and RE,. 

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

Figure 5 

Vp REVERSE vOLTAGE -  

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

Since w varies with reverse volt-
age, R n and Rs also vary with V. As 
with Ci , if !Vbal< VP, then R s de-
creases continuously as voltages from 
zero to Vbd are applied. If 1Vp!< ybd !, 
then Rn vanishes at V. This is be-
cause w = t, L =0 and the total ser-
ies resistance is R, 
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 100V, 
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 varactors. 

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 Rs is 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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DIODES 

How whiskerless diodes 
let you get more components on a board 

STUD 

LEAD 

DICE a 
SPHERE 

STUD 

LEAD 

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 
DO-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 DO-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-

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 
500 mW. 
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 

Type 

1N4148 
1N4149 
1N4151 
1N4152 
1N4153 

Outline 

DO-35 
DO-35 
DO-35 
DO-35 
DO-35 

DO-7 
Electrical 
Equivalent 

IN914 
IN916 
IN3604 
IN3605 

60V IN4152 

1N4154 
1N4446 
1N4447 
1N4448 
1N4449 

DO-35 
DO-35 
DO-35 
DO-35 
DO-35 

IN4009 
IN914A 
IN916A 
IN914B 
IN916B 

ABSOLUTE MAXIMUM RATINGS: 

Average Rectified Current, lo 75 mA 
Peak Forward Current, 1pk 225 mA 
Forward Surge Current, (1 sec) 500 mA 
Power Dissipation, PT 500 mW 
Junction Temperature, Tj —65 C to +175°C 

SYLVAN IA 
SUBSIDIARY OF 

GENERALTELEPHONE & ELECTRONICS GT&E 

This information in Sylvania Ideas is furnished 
without assuming any obligation 
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TITLE  

COMPANY  

ADDRESS  
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Circle Numbers Corresponding to Product Item 

300 301 
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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. 

D Please have a Sales Engineer call 



TheTan i iii Rock 
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. 

Clip, fill in name and title, attach to letterhead. 

Union Carbide Corporation 
Components Department 
Dept. E-43 
270 Park Avenue 
New York, N.Y. 10017 

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

UNION 
CARBIDE 

Name 

Title 

—J 
NEWT is a registered trade mark of Union Carbide Corporation. 
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Ridge, III. 60068. Phone: 312-825-8189. West Coast: D. Purcell, 701 East Whittier 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. 
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We're a 
little more 
careful... 
to make you a 
little more sure 
Dependability. That's the big word about any product with 
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. 
MICRO 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 oblidation, of course. Write... 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL • Sales and service offices in all principal cities of the world. 

Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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of signal instrumentation 

'First Prize, Enclosures, NEP CON '67 West. 

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

I MHz OUTPUT SPECTRUM. 

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 y offset 
bias control at a constant 50 ohms, through 
an accurate 90 db stepping attenuator. There 
is a flexible dual-frequency internal sweep 
and external AM, too. F or maximum computer-
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. 

e 

INSTRUMENTS 
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<1% distortion sine, <250 ns square, 
<1% linear triangular waveform outputs. 

CHANNEL A CHANNEL 8 

PLUG-IN — 

SOUARE 

TRIANGLE 

SINE 

COVER THE SIGNAL 

SPECTRUM TO 100kHz 

WITH HP MODEL 3300A 

FUNCTION GENERATOR 

AND HP MODEL 3302A 

TRIGGER/PHASE 

LOCK PLUG-IN! 

External frequency programming 
greater than 1 decade can be achieved 

with 0 to —10 V input. 

eie 33024 TRIGGER/PH 

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

START/STOP PHASE MOI 

EXTERNAL MANUAL • INPUT I 

MANUAL TRIGGER 

MULTIPLE 

SINGLE -\ 

INPI 

E 20V 

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

3300A FUNCTION GENERATOR  
RANGE 

NEWLETT-FACRAND 

0‘ \ 11 II /pi,/ FREQUENCY 
910 

r — X100 

\\\ X.01 XIOK 

SE LOCK 

AMPLITUDE AMPLITUDE 

OUTPUT OUTPUT 

00 
Two independently amplified fully floating 

outputs with separate controls for 35 V p —p. 

Price: hp 3300A Function Generator Mainframe, 

$625.00; hp 3301A Auxiliary Plug -ln, $20.00; or hp 

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

specifications, contact your nearest hp field engineer. 

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

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

Geneva. 

097/12 

/E 

HASE - 

PHASE 

CAL. UNCAL 
INARMONICI) 

r .-- FREE RUN ° _to 

PHASE  
LOCK • 

iT 

'WEN 

FREQUENCY 

• 

<OONC <SORE 

MA/C 

HEWLETT di; PACKARD 
An extra measure of quality 

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

Any two functions 
(sine, square or triangle) can 

4
 be phase locked to any external 
periodic signal. Phase can be 
controlled 360'±10'. 
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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. 6,„4 
N volts 

We designed every sin- --
gle unnecessary part right 
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-

\e„;1 PS ‘. 
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 you waited for 
a low-cost taut-band meter? 



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! 

Berle  DUE 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 
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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 digital 
computer with a high speed, random-access, 
magnetic-core memory for engineering, scienti-
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 quality is the number one reason 
for this standardization, Digital reports that excellent service 
from Allen-Bradley is an advantage of vital importance to 
them, too. For example: "Recent expansion of FLIP 
CHIP 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 

-When we use A-B hot molded resistors 

instead of some other make, 

it's one less component 

we have to worry about" 

Digital Equipment Corporation 

FLIP CHIP T.M. Modules—The Digital Equipment Corporation trade-
mark for a new kind of digital system module uses Allen-Bradley 
hot molded resistors exclusively. 

  4.1   

TYPE BB I/O W ATT MIL TYPE RC 05 

TYPE- 1/4 W ATT 

TYPE EB 1/2 W ATT 

TYPE GB 1 W ATT 

MIL TYPE RC 07 

MIL TYPE RC 20 

, MIL TYPE RC 32 

HOT MOLDED FIXED RESISTORS are available in all standard EIA 
and MIL-R-11 resistance values and tolerances, and can usually 
also be furnished in values above and below standard limits. Shown 
actual size. 

equipment developed and used only by Allen-Bradley 
produces such uniform properties that long term resistor 
performance can be accurately predicted. Please note, 
Allen-Bradley hot molded resistors 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. 65-08-6E 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



An Allen-Bradley announcement 
of importance to 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 30% increase in the highest 
previously available intrinsic coercive force—obtainable 
with A-B's M05-C material. This advance is achieved 
with the same high residual flux density. 

Designers of permanent magnet motors have a choice 
of these advantages-30% higher resistance to demag-
netization, or 30% increase in motor output, or 30% 
increase in cold temperature protection. In fact, where 
the higher coercive force is not required, the designer 
can give himself a 30% 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 
M05-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 3% ff diameter to 10 hp. While M05-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. 

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: 630 Third Ave., New York, N.Y., U.S.A. 10017. 

TYPE M06-C CERAMIC PERMANENT MAGNETS 

Typical Characteristics 

—stated values have been determined at 25°C. 

Property 

Residual Induction (B,) 

Coercive Force (He) 

Intrinsic Coercive Force (Fic,) 

Peak Energy Product (BdHd max) 

Reversible Permeability 

- Curie Temperature 

Temperature Coefficient of Flux 
Density at Br 

Specific Gravity 

Weight per Cu. In. 

Unit 

Gauss 

Oersteds 

Oersteds 

Ga uss-Oersteds 

%/°C 

Lbs. 

Nominal 
Value 

3300 

2800 

3100 

2.5 x 10° 

1.09 

450 

—0.20 

4.9 

0.177 

ENERGY PRODUCT BdHdX106 2.5 
3 012 0 

  TYPICAL DEMAGNETIZATION   
CURVES FOR T= 25°C 

M06 -C 
NORMAL 
INTRINSIC 

M05- C 
NORMAL 
INTRINSIC 

2.0 1.5 1.0 05 40 35 30 2.5 

H-(KILO-OERSTEDS) 

4.5 

4.0 

3.5 

3.0 (71? 

•ct 
c.D 

2.5 

2.0 

1.5 

1.0 

0.5 

O 

ALLEN-BRADLEY 
QUALITY MOTOR CONTROL 

QUALITY ELECTRONIC COMPONENTS 64-05-6CE 



if you could 
find a more 
stable 
polyester film 
you'd use 

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 

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 

PLASTICS COMPANY 

Celanese Plastics Company is a division of Celanese Corporation. 

CELANESE 
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Bendix UT Connectors--
first and only to be fully scoop-proof 

No 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® UT 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 UT connectors. The Bendix 
Corporation, Electrical Components 
Division, Sidney, New York 13838. 

tw o Bendix Electronics 
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Manufacturing 

Boosting IC's 

To boost integrated-circuit yield 
and performance, lc mask makers 
are turning to interferometer-
equipped masking cameras. The 
reason: plate positioning errors in 
conventional cameras are limiting 
the potential of lc's by forcing de-
signers to make circuit elements 
larger and spacing wider to ensure 
registry of superimposed images on 
the master plate. 
Using light as a measuring tool, 

the new cameras can place lc's on 
the master plate with at least four 
times the accuracy of conventional 
camera systems. To the ic builder, 
greater accuracy means higher de-
vice and plate yield. Closer circuit 
and interelement spacing will lead 
to faster production of more com-
plex ic's. 

First to use an interferometer-
equipped camera on its lc produc-
tion line is the Hewlett-Packard 
Co.; [Electronics, April 3, p. 26]; 
Motorola Semiconductor Products, 
Inc., a Motorola Inc. subsidiary 
and Texas Instruments Incorpo-
rated are operating experimental 
models. ITT 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 rather than mi-
crometric gears, scribed grids, or 
other mechanical references. Be-
cause there are no built-in mechan-
ical inaccuracies, the new cameras 
register or position images with 5-
to 12-microinch accuracy. Conven-
tional cameras, at best, can only 
achieve accuracies of 45-50 micro-
inches. Accuracy with the new 
cameras are maintained over the 
entire master plate. 

1 REVERSIBLE 
COUNTERS , 

RRoR 

2 PHOTO 
DETECTORS 

''X' SERVO SYSTEM 

BEAM 
SPLiTTERS 

WORK TABLE 

REVERSIBLE 
COUNTERS 

-Y" SERVO SYSTEM 

AM 
SPLITTER 

MIRROR 

2 PHOTO 
DETECTORS 

SINGLE - FREQUENCY 
GAS LASER 

Light beams, shown in color, are the measuring elements in a laser interferometer 

that servopositions IC master plates with high accuracy. 

Interferometers measure dis-
tance and find position by counting 
"fringes" — alternate periods of 
darkness and light that appear 
when two beams of coherent light 
mix. In the new masking cameras, 
two interferometers are 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 stage. The 
two beams combine at 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-wavelength 
laser is used as the light 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 
Physics use reversible counters and 
digital computers to servocontrol 
stage position, set spacing between 
lc 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; he also controls expo-
sure. 
The digitally controlled cameras 

automatically count a preset num-
ber of fringes, make exposure, and 
step to the next 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 are often used on 
an Ls! plate. 
The excellent registration possi-

ble with the new cameras may also 
make possible closer placement of 
lc 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 Lst array with very small 
elements. 
With 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 inspected, 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 cost 
stemming from their susceptibility 
to vibration. To get the full benefit 
of interferometric accuracy, the lc 
mask maker may need a $200,000-
$300,000 stable table in a controlled 
environment, according to William 
Winslow, 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 about 
$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 systems 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. 

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 fast 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 Electric 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 
OE, says his company "has an AT&T 
representative in here almost all 
the time and it's a continual debate. 
The carrier either doesn't under-
stand our needs or seems to lose 
our suggestions in its daisy-chain 
of command." 

General Electric has data banks 
around the country and has tried 
to interconnect them several times 
using AT&T'S coaxial cables, but 
each time it had to discontinue the 
links because the transmission 
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-
rier was caught flatfooted 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 fine for 
batting orders back and forth but 
they are inadequate for a time-
sharing computer." He cites low 
speed and a limited number of 
characters as causes of inefficient 
transmission. 
The giant 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 (mos) elements in 
a single chip. The company has 
used the new complementary tech-
nique to build a dual 3-input NOR 
gate. 
The 14-element IC will contain 

the two gates and an inverter stage 
in one silicon chip. It is expected 
to be available on a sample basis 
to customers within the next two 
months. 
While the complementary con-

cept is well known, its develop-
ment has proven difficult. Some re-
searchers have slowed their efforts 
and still others have turned to alter-
nate methods. 
RCA'S technique was developed 

by the company's lc department in 
Somerville, N.J. To produce both n-
and p-channel elements on the 
same chip, a p-isolation region is 
diffused into the n-silicon substrate. 
The p region serves as the local 
substrate for the n-channel mos 
device. 
RCA attributes the circuit's low 

standby power—about 10 nano-
watts—to the high impedance of 
the off unit, which blocks 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. While comparable semi-
conductor bipolar integrated 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 

IN 

IN 

IN 

probably the first complementary 
mos switch. But the device isn't 
listed in the firm's catalog and its 
current i%tos 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 systems-12 to 15 volts— 
because of their low breakdown 
voltage. 

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

•—i 

IN 
OUT OUT--• I NVERTER 

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 OUT 

N -SILICON 

N+ 

IN 

maLre'-' 
N+ N+ 

N - SILICON 

Diagram on left corresponds to h'gh 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 

CONDITION 
N UNIT ON 

P UNIT OFF 
P UNIT ON 

N UNIT OFF 

OUTPUT LOW HIGH 

ilnput and output waveforms with 
corresponding high- and 
low-level circuit conditions. 

simplicity of design, fabrication, 
and high manufacturing yields— 
not the case with the complemen-
tary approach. Gordon Moore, di-
rector of research at Fairchild 
Semiconductor, 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 NIOS device, ac-
cording to engineers at Philco-
Ford, is in low-power memory ap-
plications. 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 are ultimately 
capable of about 250 kilohertz. He 
recommends the four-phase clock 
approach in fabricating complex 
digital differential analyzers. In 
comparing the two methods, Plat-
zek says that one advantage of the 
four-phase 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 
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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-
grated-circuit capability. 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)°—forced the 
company to stretch out its capital 
spending plans, which also include 
new semiconductor facilities 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 the story "Motorola rollback," put to-
gether from industry reports and interviews, 
several errors appeared. The story reported 
that the Semiconductor Products division had 
a $5 million loss in 1966. Commenting on the 
story, Daniel E. Noble, Motorola's vice chair-
man and chief technical officer, declared: 
"Sales and profit records were set by the 
firm's Semiconductor Products division in 
1966. The division was one of the major 
profit centers of the corporation. The $5 mil-
lion loss erroneously reported was confused 
with our 1966 investment in integrated-circuit 
research and development." 

Noble also explained that the layoffs de-
scribed in the story followed abnormal peak 
production early in 1966 caused by anticipa-
tory buying by customers. "Inventory bal-
ance has been achieved and we are now 
rehiring," he added. 
The report of the drop in deliveries of 

tantalum capacitors 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 cutback in the automobile industry, 
another point made in the story. "It had 
only a minor effect on our rectifier sales," he 
said. "But, as someone recently pointed out, 
the number of cars being sold today is still 
quite high." Noble observed that the division 
manufactures 18 major categories of semi-
conductors covering 80% of all types required 
by industry, thus minimizing the company's 
dependence on any one market. 

ter of 1966. Early last year, some 
customers, 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 because 
semiconductor production capacity 
was expanded—and these compan-
ies stopped buying until they could 
work off their stores of diodes, tran-
sistors, and silicon controlled recti-
fiers. 
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 Products division 
last year recorded its best sales and 
earnings in history—with profit 
estimated at more than $10 million. 
Even during the time when de-
mand for discrete devices suffered 
the effects of inventory liquida-
tions, the division's operations re-
mained profitable. The report in 
Electronics 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 product line" last De-
cember and January. 
The big lc 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 
MEces sensitivity to external noise. 
In response, Motorola has added all 
kinds of lc 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 lc'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 steadily grow-
ing position as a second source. In 
addition, the 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 lc lines were re-
duced slightly, despite the increas-
ing sales, however, because of 
sharply improved production yields. 
Now, 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 been designed so 
that modules in the shell could be 
completed as needed. 
The work on the facility's interior 
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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 allays the ru-
mor that the company plans to 
abandon the plant. 
One reason Motorola is so bullish 

about its lc 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 ru i- 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 lc form. One, for use 
with saturated logic such as DTL 
or ru, will compete with other lc 
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-

Going out. Tartar missile, here being launched from a destroyer, 
will be replaced by the Standard 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 fuses—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 Talos 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. 
Installation of the Standards will 
require only minor modifications in 
the Fhipboard radars. 
Long-run production. The Navy's 

award to General Dynamics runs 
six years; few defense 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. 
Now being tested 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 Laboratories, 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-11, and MIL-R-39008, 
resistors above 100K must be tested 
at 80 to 100 volts. 

Yet most commercial testing units 
used by receiving 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 Is 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°/o 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 Q. We've covered a 
number of these errors already. The 
others will be along shortly. 

St. Marys, Pennsylvania 15857 

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

Rush a copy of "Resistance—How It 
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shot at, the 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 by 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-
hances the gunfire signal-to-noise 
ratio approximately 30 decibels for 
most helicopter and certain fixed-
wing aircraft. The pilot and crew 
listen to this signal through the 
normal intercom system, or through 
separate hearing aid-type devices 
inserted into the ear under the 
headset. 
The Cambridge acoustic bullet 

detector differs from a system now 
being developed at the Army's 
Aberdeen Proving Ground in Mary-
land [Electronics, Jan. 23, 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 detection 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 flew 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 be miniatur-
ized to less than 10 cubic inches 
and it can be produced 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 believed 
that Sperry had worked out the 
bugs, but the city found plenty. 

Barnes burning. "As far as the 
radar vehicle-speed detectors are 
concerned, none of them have even 
been delivered. "We still don't 
know if they work," Barnes said 
earlier this month. "We also found 
that the sonic detectors 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 be 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 time. 
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 31/4 x 41/4 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. 
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formation on traffic volume and 
speed would be 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 quickest traffic 
flow, and would 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 
failed for many reasons. 
"Power supplies broke down, 

transients on the power lines blew 
up transistors and the cabinets 
leaked when it rained," says 
Barnes. "We 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 designers 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 functions and cap-

abilities that were either built into 

hardware or written into software 
in previous machines can now be 
handled by the memory in this 
machine," says Joseph Phillips, 
manager of the H-8200 project. 
The fact that our read-only mem-
ory is electrically alterable makes 
our firmware 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 read-

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 
readout [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-sixth of a cubic foot. 
The prototype of the 8200 is now 

being 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 ram 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 

MODEL 4210 

&Now 

Smaller 

Small... 

SC 
oco 

MODEL 4220 

ACTUAL SIZE 

FOR 
HYBRID 
CIRCUITS 

MODEL 4211 MODEL 4221 

ACTUAL SIZE 

ICROTRANSFORMERS AND MICROINDUCTORS ft6mGBoutris 

Introducing the new smaller than small models 4211 micro-
transformer and the 4221 microinductor. The units are 
packaged in a 1/4 " cube, sealed against cyclic humidity per 
MIL-STD-202B and designed specifically for use in hybrid 

circuits. 

This ultimate performance to size ratio in microtransformers 
and microinductors is now available from Bourns in addition 
to the proven small 1/4" cube models 4210 microtransformer 
and 4220 microinductor. 

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 windings. Application 
engineering service is available for quick response on such 
special prototype units. 

For additional information and detailed specifications on 
Bourns microtransformers and microinductors, contact your 
nearest Bourns sales office or representative, or write the 

factory direct. 

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 

MICROTRANSFORMER 

3/4 xI/ax 3/4 

130°C 
db, 400 to 250kHZ 

±-5% at rated power 

50MW at 1 kHz 
-±3 db max 
1002 to 1001(9 
3.29 to 10K11 
to 15:1 

MODEL 4220 

MICROINDUCTOR 

x % x 

130°C 
.08 to 66 by 

pounws 

MODEL 4211 

TRANSFORMER 

105°C 
• db, 2K to 500kHz 

± 5% at rated power 

25MW at 10kHz 
-±-3 db max. 

109 to 10K2 
102 to 10K12 
to 10:1 

MODEL 4221 

MICROINDUCTOR 

Vo x IA, x 

105°C 

0.1 to 3.5 hy 

BOURNS. INC., TRIMPOT DIVISION • 1200 COLUMBIA AVE.. RIVERSIDE. CALIF. 

TELEPHONE 714 684-1700 • TWX: 910 332-1252 • CABLE: BOURNSINC. 

TRIMPOTe 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" 

"fine line" etcher 

Shown 

actual 

size! 

for prototypes—limited runs 

No cooling or venting required! 
Etches as fine as .0011 
Cuts costs in half—saves time! 
Complete photo processing instructions! 
Work is illuminated while etching! 
No patterning ... minimum undercutting! 

Model No. 201 (illus.), etches two 
11'x14" one-sided 

boards or one 11"x14" $695 
two-sided board: Pat applied fur 

NOW IN USE BY: 
AMP, Inc. 
Atomic Energy Corn. 
Bendix 
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 

Electronics Review 

it a better idea of systems needs. 
Because many proposed station-
keepers have failed to meet the 
specifications derived from ground 
simulations, the Army has decided 
to run flight tests 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 tests 
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 fly in larger and closer 
formations than do other aircraft, 
their pilots need more accurate po-
sitional data and more frequent 
updates. According to the Army, 
the data rate provided by currently 
proposed systems 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 these problems will be in-
vestigated 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 systems 
have failed here, but data from 
flight tests 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-1B, 

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 tests 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 request 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 to determine who will build, 
operate, and own the proposed net-
work. Comsat's offer to build a 
pilot system free is opposed by the 
Ford Foundation, which wants 
any decision as to the system'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 21/2 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 
Autonetics 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 be 
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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Simplicity: 
New RF 

Attenuation 
Calibrator 
from AIL 

Now there'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 

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

10 +0.01 

20 +0.01 

40 +0.01 

80 +0.05 

90 +0.07 

100 +0.10 

I- 0.05 

+0.10 

+ 0.15 

+0.20 

+0.25 

+0.30 

+ 0.06 

±0.11 

:I: 0.16 

4- 0.25 

0.32 

+ 0.40 

Nate) These errors are not cumulative. The error for a 
100-db single step is ± 0.4 db. The measurement 
accuracy of the system can be improved by calibration 
of the attenuator at NB5. 

Scale Resolution 

Automatic Frequency 
Control (Internal AFC) 

Indicator light 

Measurement 
Frequency Range 

Power Required 

Dimensions 

Weight 

Normal 0.2 db/div 
Expanded 0.01 db/div 

500 to I reduction of signal 
frequency drift 

Indicates when AFC is locked 
properly 

100 MHz to 40 GHz 

115 230 volts AC, 50 to 400 
Hz, 30 watts 

191M6 w by 91/2 h by 12 1/2 d 

40 pounds 

ee 

CY1,(191.1•164..1.1 

DIVISION 

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 

3-in-1 T-pot design 
gives you more 

for your money! 

RI-10, RI-11, RI-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! 

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 "0" ring. 

RI-10 

RI-11 

RI-12 410e 

DALE MIL-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 

RI-22 

5000 Series- 1/2 " 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. 
1300 28th Avenue, Columbus, Nebraska 4.,„7„., 
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Washington Newsletter 

April 17, 1967 

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 

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

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 

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 10 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 Series On The 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 instad 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 little offset — the best 
of FET choppers are only two to three orders of mag-
nitude worse than the best of mechanical choppers. 
Which is real 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 
speakable about a chopper? I suppose you could say 
Mechanical Choppers << FET Choppers < Photo 
Choppers < Transistor Choppers. 

AIRPAX ELECTRONICS 
Cambridge, Maryland 21613 
Electronics April 17, 1967 
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A FET Chopper ... 
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+ 0 0  I 
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0 i02 50  

o 

Output 

 0 

with an inverter to drive it... 
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20 

is pretty low noise. 
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tj 

in 
o 

10K OHM LOAD 
10K Hz BANDWIDTH 

6V RMS GATE DRIVE 

1010 

DRIVE ERE° (Hz) 
1000 
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...AND WE HAVE THE HARDWARE 
Codex telegraphy error correctors are not coding theory. Daily on-line use in 
operational systems proves the effectiveness of these equipments and their ability 
to correct transmission induced errors. 

The Codex TD-12 operates in start-stop mode at transmission speeds of 60, 67, 
or 100 wpm, or in a synchronous mode with any input speed up to 1200 bps. The 
TD-12 is a synchronous device which may be operated either from its own internal 
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 company that 
makes the most efficient, least expensive telegraphy error correctors on the market. 

CODEX 
CORPORATION 

• 222 ARSENAL STREET, WATERTOWN, MASSACHUSETTS • 

ZIP CODE 02172 • (617) 926-3000 • TELEX 094-6332 • 
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GUARDIAN® ELECTRIC 

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-

ular application—from miniature to heavy duty—AC or DC—or custom engineered jobs. 

send for your copy today! 

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 

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 showroorh. We'll be glad to 
supply his name to you. 

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

RECTIFIER 

TRON fuses are especially designed for the protection 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 2 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-Edison Clo., St. Louis, Mo. 63107 

FOR MODERN ELECTRICAL 

PROTECTION Insist on... IUSS 

ma& 
SUPPLIED THE ECONOMICAL WAY . . . THRU 

ELECTRONIC DISTRIBUTORS 

Q U ALITY 
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V for... 
'Butterfly® 

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 Butterfly' switches that fight hard to keep 

your products reliable and durable. It takes a book irleR:des. with 
st 

growing limefalt el 
to tell the story. This is what it looks like. ROUBLE BREAK WITMER 

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

Be Victorious with LICON. 
fastest growing 

full-line switch supplier 

LICON 

• • 

DIVISION ILLINOIS TOOL WORKS INC. 

6615 WEST IRVING PARK ROAD — CHICAGO, ILLINOIS 60634 

*Remembet, you're never nude Mona, Few Feet awaii Front a product of Inv.® 
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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 

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. 

COIVICOR INC. 

A Subsidiary of AstrOdata, Inc. / 1335 S. Claudine St. / Anaheim, California 92803 
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NEW 
TRIPLE 
DIFFUSED 
PLANAR 

A NEW CONCEPT OF POWER 

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 T, is 175°C, 
C., is 200pf and they are packaged in a TO-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. 

60 

40 

30 

20 

10 

CURRENT GAIN— hrcys COLLECTOR CURRENT 
I I Ill 

 T.  STT2650 THROUGH STT2656 
 veE . 15 N., 
 PULSE MEASUREMENT 

1.8 % DUTY CYCLE 
PW • 300pS 

T• 15- c 

II  T•25•C 

T 50  

8., 
COLLECTOR CURRENT— AMPS. 

10 

TRIPLE DIFFUSED PLANAR—NPN 

VcE0 VCBO VEgo ICrnaX. Pmax. VBE(sat) Vu(sat) hFE 
(100°C) ft(p) 

Volts Volts Volts Amps Watts Volts Volts 

ICES 

MHz Volts µ11 

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

lc 200mA 5mA 10mA 2A 2A 2A 0.15A 
CONDI-
TIONS IB 0.2A 0.2A 

VCE 15V 15V 

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

SILICON TRANSISTOR CORPORATION 
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 NpgyI 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 deflection temperature 
(265°F at 264 psi), low creep and high 
modulus mean parts that remain dimen-
sionally stable under load at TV receiver 
operating temperatures. Noryl also has 

Aging test for Noryl shows excellent perform-
ance at elevated temperatures. SE1 Noryl 
maintains its impact and tensile strength after 
therma aging at 115°C (240'F). 

41. 

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, General Electric Company, One 
Plastics Ave., Pittsfield, Mass. 01201. In 
Europe, N. V. Polychemie AKU-GE, 76 
Velperweg—Arnhem (The Netherlands). 

05 80 

o 
60 

TENSILE IMPACT 

c>>-  z 40 000001nom"  

TENSILE STRENGTH 

1,000 2,000 3,000 

AGING TIME, HOURS 

Leader in Engineering Plastics 
PPO' • LEXAN" • NORYC • PHENOLICS 
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Chapter II. 

LET THERE BE LIGHT 
OR 
TELL ME ABOUT THE FREE 
$ 5 0 SWITCH 
It's yours absolutely, unconditionally free. 
All we ask is that you give us $50 for it. 
Why do we call it "free" when we are 
earnest about getting paid for it? 
Two reasons: 
First of all, when you throw the mechanical 
switch on, nothing happens until a teeny 
solid-state device senses that the voltage 
passes through zero. Then the switch turns 
the circuit on. When you throw the 
mechanical switch off and the currcnt passes 
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 voltage to 
generate high-frequency components. And 
that means that the switch is free from 
radio frequency interference. Quad est 
demonstradum. 
The second reason we call it "free" is we 

thought that if you thought you could get 
a S50 switch for nothing you'd probably be 
greedy enough to read this ad. There 
appears to be some justification for this 
assumption. 

Circle 489 on reader service card 

OUR TELEMETRY GEAR WILL 
NEVER GET OFF THE GROUND 
Because we manufacture only equipment 
associated with checking out telemetry 
transmission while the transmitter is still 
nice and accessible. 
For example, our new, compact FM 

Discriminator for playback in FM /FM 
telemetry systems. The pulse average design 
has 0.1% linearity. The Model 71-282 
operates on all IRIG channels, 1-21, and A 
through H, with an input sensitivity of 
20 mV. Accommodates any center 
frequency from 300 Hz to 300 KHz. Each 
one weighs less than a pound. Disgustingly 
inexpensive, too. 

Circle 490 on reader service card 

HOW \VE INVENTED 
THE SANDWICH 
To make the ruggedest possible field 
portable tape recorder we suspended the 
entire tape transport mechanism between 
two parallel flat plates. This gives double 
support to all members, and as the tape 
contacts only the primary drive mechanism, 
reel hubs, two turn rollers and the head 
surfaces, its oxide coating gets maximum 
protection. 
As you know, the flanges on tape reels arc 

cantilevered members which can be 
supported against extreme shock and 
vibration only at the cost of a substantial 
increase in the rotational inertia of a 
system. So we got rid of them. The tape 
can't slip off the reel because hoop tension 

The Word from GENISCO. 

forces resulting from normal pulling of the 
tape provide great compressive forces 
within 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. 

Circle 491 on reader service card 

OUR RATE-OF-TURN TABLE 
LAUGHS AT ABUSE 

Our new Model 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 give precise dimensional stability, 
excellent alignment, low runout 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 Model I147's compactness makes it 

ideal for field or bench checking. Its 
ruggedness makes it ideal in case you just 
happen to feel like kicking hell out of a fine 
piece of equipment. 

OUR COMPUTER CAN BEAT UP 
YOUR COMPUTER 
Filled with supreme confidence the 
engineer plugs in his newly designed gem 
of a system. Then discovers that it's too 
noisy. So off to the supplier for a custom 
filter. It's expensive and its weird 
configuration makes it almost impossible to 
maintain a hermetic seal under the stresses 
of high pressures and extreme temperature 
variations. 
We can help you avoid the what-me-

need-a-filter syndrome. Give us a work 
statement. For free, we'll crank the system 
parameters into our computer and it will 
design the Perfect Filter. It will do the job 
right, and cost you about 40% less than one 
that must be produced downstream. 
Out of the hundred or so companies in 

the industry only two or three use 
computers. We're better at it than they are, 
and besides our salesmen know good jokes. 
Come on, give us a break. 

Circle 493 on reader service card 

GENISCO TECHNOLOGY CORPORATION 
18435 SUSANA ROAD 
COMPTON, CALIFORNIA 90221 
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Proven in 3rd generation computers — 

CTS Series 770 HIGH-POWER PRECISION 

CERMET RESISTOR MODULES 

can open new design 
concepts for you! 

Shown without normal 
insulative cover coat to 
illustrate resistor network. 

Consider these characteristics 
Cermet reliability now available for power applica-
tions. 

Compact modular packaging—overall 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. 

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

1% standard tolerance from 20 ohms to 1 megohm. 

Special low resistance values available down to 10 
ohms. 

Available in quantity NOW—over 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. 

770 Series Environmental 
Specifications 

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% A R max. 
0.1% A R ay. 

0.2% A R max. 
0.05% A R ay. 

Standard temperature coefficient of 
resistance —50 to +350 ppm/°C 

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! 

(Think about 
Founded 1896 

0.10% A R max. 
0.03% A R ay. 

CTS RESEARCH, INC./LAFAYETTE, INDIANA 
Subsidiary of CTS Corporation, Elkhart, Indiana 
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MPP CORES 
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 1/4" 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 'Ikon Powder Cores Electrical Alloy Transformer 
Laminations 111 Transformer Cans and Hardware • Magnetic Shielding 
',Special Magnetic Materials. 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 
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THE ARNOLD ENGINEERING COMPANY, Moon Office MARENGO, ILL. 

BRANCH OFFICES one REPRESENTATIVES in PRINCIPAL CITIES 
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aming 
resistor failure 
used to be a 
catastrophic 
danger. 
So Corning changed resistor failure. 

illgreeleammt 

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 
ELECTRONICS 



you've got it made 
...when you 
let FANSTEEL do it! 

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

(I) FANTORKT 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. 

FANSTEEL See FANSTEEL at 
NEP/CON EAST 

BOOTH No. 711 

2. 

YEARS 
OF PROGRESS 

3. 

METALLURGICAL CORPORATION 

ELECTRONIC PARTS DIVISION 

NUMBER ONE TANTALUM PLACE 

NORTH CHICAGO, ILLINOIS 60064 
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this AMELCO Or ET 
combines low Rom 

low ID (OFF) and low CDG 
better than ever before ... 

2N4091 

TURN-OFF CHARACTERISTIC 

4.0 volts 

3 0 

2.0 

1.0 

o 

o 
4.0 

8.0 

12.0 

• Vout 

iv in 

-58 
nsec 

SPECIFICATIONS: 

R 30 ohms MAX I 

200 pA MAX V. 

C , 5 pf MAX I. 

ta 25 nsec MAX By 

40 nsec MAX 

10 V MAX 

30 mA MIN 

40V 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 offers 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 ... RON is 30 ohms max., the lowest of 
any FET on the market with Cr, of less than 
5 pf: (on)/ ID (off) ratio is better than 10e. 
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 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P.O. Box 1030, 
Mountain View, California • Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 • REGIONAL OFFICES: Southwest— 
Surte 213, 8621 Reliance Ave., Los Angeles. California 90045, (211) 678.3146 • Northwest-1300 Terra Bella Ave.. Mountain View, California, (415) 968-9241 
East-27 Traphagen Road, Wayne, New Jersey, (201) 696-4747 • Southeast-711 Magnolia Avenue, Orlando, Florida 32803, (305) 423-5833 • Northeast-
805 High Street, Westwood, Massachusetts 02090, (617) 326-6600 • Midwest-650 West Algonquin 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." 

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. 

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

W. N. McClelland, Director of Area Development 

Ask for 
your 

copy 
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A TECHNICAL DIGEST FOR INNOVATORS OF INDUSTRIAL EQUIPMENT 

 N 

SCR's in GE's new 
another PRESS PAK 

packaging innovation 

Volt-Pac R variable 
transformers: 

maximum life with 
minimum maintenance 

New Horizon Line® 
panel meter 

relay 

What's new 
for peripheral 

computer equipment? 

Here's Blue Jay'— 
GE's newest 

film foil capacitor 
Actual 
Size 

Features solid-state, 
light-sensitive switching 

Also available soon: 
PRESS PAK rectifier diodes 

rated up to 1200 V. 

COMPONENT 
CAPSULES 

Forget internal soldered joints. GE PRESS PAK SCR's are 
mounted by externally applied pressure. Double sided cooling 
increases their average current rating up to 60%. Reversibility 
eliminates the need for special reverse polarity units. Rated up 
to 1300 volts at either 115 amps average or 235 amps average, 
PRESS PAK SCR's cost 10% less than equivalent stud mounted 
units. Motor drive control, phase control and electromechanical 
applications are excellent typical uses. Circle Number 90 on the 
magazine inquiry card for more information. 

Every GE Volt-Pac transformer features corrosive re-
sistant parts throughout: O  Spring-loaded, grain 
oriented solid carbon brush assures even contact . . . 
reduces wear. 43 Self-lubricating nylon bearing causes 
low friction in voltage selector. e Polyesterimide insu-
lation for coil windings provides extra dependability. 
(21 Aluminum radiator and base dissipate heat evenly 
. . . extend life. O Low-resistant gold plated track 
lessens heat build-up at brush contact. 
Specify precision-built Volt-Pac transformers for con-

tinuously adjustable output voltage. A complete line of 
manually operated and motor-driven models, including 
plug-in cord units, is now available. Circle Number 91 
for more facts. 

O 

New Type 196 Meter Relay takes advantage of totally new 
contactless control action . . . gives you exceptional 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 interrupting measure-
ment circuit, as its indicator mechanism connections are on 
the rear of the meter. Horizon Line Meter Relays, available in 
31/2" and 41/2 " sizes with single or double setpoints, can be 
front-mounted or back-of-panel mounted. Circle Number 92. 

Instant response—inertial 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 equipment. 
They're available in 3.4-, 4.6-, and 4.8-inch diameters. 
Performances include torque-to-inertia ratios in ex-
cess of 350,000 rad/sec 2 and continuous torque 
ratings from 32 oz-in 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 
inquiry card Number 93. 

'Trademark of the General Electric Company. 

Typical 32-Frame Models 

let/le Motors 

Superior Blue Jay polycarbonate capacitors feature: 
• EXCELLENT CAPACITANCE STABILITY over their entire operation 

range (-55 C to 125 C). Maximum capacitance change at 25 C will 
not exceed —2.0% to +0.3% over the entire operating range. Capaci-
tance change is negligible over the 25 C to 65 C range, and nearly 
linear with a negative coefficient in the +65 C to 125 C range. 

• HIGH INSULATION RESISTANCE. Typical resistance, measured on 
units rated 0.1 /if 200 volts, is 2x10 megohms. 

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

Circle Number 94. 
MORE 

*Trademark of the General Electric Company. 



A TECHNICAL DIGEST FOR INNOVATORS OF INDUSTRIAL EQUIPMENT 

OJ& COMPONENT CAPSULES 

Speeds as low as 
one revolution per day 

with GE 
D-C torque motors 

Versatile 
ignitrons . . . 

still going strong 

Insert PIC 
thermistors 

automatically 

Reel drive 
motors for 

computer tape 
transports 

New thumbwheel 
switches require 
less panel space; 

simplify 
data input 

GE d-c Torque Motors, with low speed capability, elimi-
nate gearing with inherent backlash and windups . . . 
permit direct connection to the driven load. This com-
bined with low inductance and low-reflected motor inertia 
means you can design your system to accelerate, de-
celerate, or position high-inertia loads with excellent 
precision 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 card Number 95. 

Available with from 
30 to 200,000 lb-ft torque 

GE Ignitrons provide application versatility—year after year in circuit after circuit. 
They're unmatched for economy and ruggedness in high power applications. Here 
four typical circuit applications: 

• Welding 
• Contactor 
• Interrupter 

• Controlled 
Rectifier 

si Crowbar • Hi-rate 
Energy 
Switching 

are 

Circle Number 96 for more Ignitron facts. 

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

GE Positive Temperature Coefficient Thermistors (PTC's) are small, rugged, hermetically 
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 small size and uniform dimensions permit automatic insertion into 
printed circuit boards. Circle Number 98. 

Fractional HP 
DC Motor 

CR103 
Thumbwheel Switch 

PTC—actual size 

GE's full line of fhp direct-current motors includes four 
frame sizes widely used for reel drives: 33(6", 3U(6'', 45/8" 
and 6 6" diameters. Special end mountings and shaft 
extensions meet exacting application requirements. 
Series, split-series, compound, shunt, and compen-
sated-shunt winding designs offer a broad design 
choice. Stall torque ratings from 3 to 120 ounce-feet 
and higher span various application needs, and motor 
voltage requirements 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 ideal for welding control, computer 
systems and numerical control. Manual data insertion is made 
easy by simply dialing in the information. Both standard-duty 
and oiltight forms are constructed of unbreakable Lexan*. 
Large easy-to-read colored numerals (or symbols) are neat in 
appearance. Assemble your own non-oiltight standard-duty 
switches, if you prefer, by purchasing individual switch 
modules, end blocks, spacers and shafts. Circle 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 



CH 1191 
Less Than 2 Nanoseconds 
Firing Time Without Pulse Jitter 
Linearaccelerators 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 
CH1191 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. 

CH1191 has a peak power output of 100 mega-
watts. Two other Tung-Sol types (CH1198, 60 mega-
watts and CH1180, 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-SOL 
HYDROGEN THYRATRONS 

Electronics April 17, 1967 
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Want to record aphid feeding? 

An unerring record of aphid feeding and salivation! (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: N their servo motors have only 

one moving part. .. no drive cords to break or gears to wear 1> they are available with either 41/2" or 10" spans N their response is faster than 

any other servo recorder... 1/8 second for 41/2" span and 2/10 second for 10" span I> they have conductive plastic feedback potentiometers 

that can't develop open, broken or shorted turns common to wire wound potentiometers N you can choose a variety of automatic or manual chart 

drives. mi Outstanding options include: r> Adjustable Zero Adjustable Span (AZAS) with zero adjustable from 0 to + 100 MV for any span from 1 to 

100 MV I> multi-range selector switch for ranges of 0-1, 5, 10, 50, 100, 500 MV and 0-1, 5, 10, 50, 100 V N conductive plastic retransmitting poten-

r-oviz edam «fie ee 
wee 

tiometers t> alarms > event pens. • Another plus feature is fast delivery...7 days for 41/2" 

span Speed Servos' and 10 days for 10" span Speed Servos'.* • For complete information 

about these recorders, call your Esterline Angus sales engineer or write for Speed Servo information. • 

MD& *Seven and 10 working day delivery (ARO) is possible on Speed Servo® Recorder 

lEgeleirebikeAgadh—Vile production at all times. 

epoodeopovy (u. • 

„n eESTERLINE ANGUS INSTRUMENT COMPANY, INC. 

BOX 24000 INDIANAPOLIS, INDIANA 46224 

models which have become so popular they're now in 



April 17, 1967 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 111 

Dielectric bath 
cools IC's 
page 123 

With a computer, an engineer can thoroughly investigate 
circuit characteristics that vary with time, such as sensitivi-
ties. Most of the major network design programs will do the 
job, but valuable computer time will be wasted if the wrong 
combination of program and integration routine is used. One 
program may require five minutes, another only 30 seconds. 

Transistors and integrated circuits cost less in plastic pack-
ages, but the controversies about device reliability haven't 
been settled. Military and space system designers are still 
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. 

Electronics' 
- 

Fabrication problems have stalled com-
mercial production of superconducting 
memories for more than a decade. A new 
memory element design that depends upon 
bulk properties of the materials rather than 
tight process control can lead to cheap, 
fast, billion-bit memories. On the cover, 
an experimental system 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 designers hope to improve digital system 
speed and reliability by putting many lc's on a chip. This 
will increase power density and require a 10-fold improvement 
in cooling. Air cooling and heat sinks won't meet the need, 
so packaging engineers are looking at a new technique—flow-
ing liquid dielectrics over exposed circuits. The liquid boils, 
but the chips keep cool. 

Coming 

May 1 

• Braided wires program read-only memories 

• Apollo spacecraft antenna tracks ground stations 

• Models simplify integrated-circuit design 

• Automatic digital pulse analyzer 
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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 flexibility 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 frequently and calculating their effects 
manually is tedious, if not impossible. However, 
techniques for performing transient analysis have 
been included in many computer programs. 

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

The author 

Since 1964. Waldo G. Magnuson Jr. 
has been at the Electronics 
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 the 
next point in time is obtained by integrating the 
set of equations and again substituting the ap-
propriate time value and other variables into the 
equations. 

Selecting integration routines 

The solution of a transient network problem 
is largely controlled by the selection of an inte-
gration routine. Typically, the solution procedure 
begins with known initial conditions and solves 
the network equations 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 guessing game—it is 
based largely on intuition and a working knowledge 
of the circuit element values. A good rule of thumb 
is that the time step should not be larger than the 
smallest circuit time constant. Some of the analysis 
programs for electronic circuits make this selection 
automatically. 
There are several integration routines available 

for solving first-order differential equations. These 
are usually classified into two groups—single-step 
or multi-step. The most widely used of the first 
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How the programs stack up 

Calahan ECAP NET-1 Predict sceptre 

Program input features 

Must use specific labels 

Sequential node numbering 

Random location of input 

Voltage or current sources 

Tabular input for branch 
descriptions 

Tabular input for signal 
sources 

Analytic description of 
branch elements 

Analytic description for 
signal sources 

Automatic modification of 
input (repeated runs) 

No 

Yes 

No 

Current 
sources only 

No 

Yes 

No 

Yes 
(available from 
a modified 
subroutine) 

Yes 

Yes 

Yes 

Limited 

Yes 
modification of 
the built-in 
model (not 
convenient) 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Through a 
modification of 
the built-in 
model (not 
convenient) 

No 

Yes 

No 

No 
(has several 
built-in signal 
sources that 
may be picked) 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Modeling capabilities 

Built-in models 

Allows small-signal models 

Allows large-signal models 

No 

Yes 

No 

No 

Yes 

No 
(inconvenient) 

Yes 
(transistors-
diodes) 

No 
(inconvenient) 

Yes 
(Built-in) 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Output options 

Transfer functions 

Pole-zero locations 

Symbolic expression 
for time response 

Time-response output 

Steady state solution 

Yes 

Yes 

Yes 

Output node 
only at fixed 
intervals 

No 

No 

No 

No 

Selected 
variables at 
fixed intervals 

Separate 
analysis 

No 

No 

No 

Node voltages 
and semi- 
conductor cur- 
rents at fixed 
intervals 

Yes 

No 

No 

No 

Selected branch 
voltages and 
currents at 
every time step 

Separate 
analysis 

No 

No 

No 

Selected 
variables at 
fixed intervals 

Yes 

Programing features 

Programing language 

Memory capacity 
recommended 

Network formulation 

Primary integration routine 

Fortran II, IV 

32,000 

Topological 

Runge•Kutta 
(& inverse 
Laplace) 

Fortran II, IV 

32,000 

Matrix 

Implicit 
numerical 
integration 

Madcap & FAP 

32,000 

Matrix 

Predictor- 
Corrector 

Fortran II &FAP 

32,000 

Matrix 

Runge-Kutta 
(2 & 4 pass) 

Fortran IV 

32,000 

Matrix 

Runge-Kutta 
Predictor-
Corrector 

Features at Lawrence Radiation 

Operating on computers 

Graphical output 

On-line capability 

Laboratory 

IBM 7094 
CDC 3600 
CDC 6600 

Calcomp 
& CRT plots 

Yes 

IBM 7094 
CDC 3600 
CDC 6600 

None 

Yes 

IBM 7094 

None 

No 

IBM 7094 

Calcomp 
& CRT plots 

No 

IBM 7094 

Printer 

No 

(LRL CDC-6600 time-
share system) 
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Comparing two key integration routines 

Two popular integration routines are the Runge-
Kutta and Predictor-Corrector techniques. The 
first is a one-step method that obtains a numerical 
solution from a weighted formula without having 
to carry forward any knowledge of previous 
steps of the differential equation or its solution. 
However, to get high accuracy the method requires 
many small time-steps that increase the computing 
time greatly. Furthermore, several time-consuming 
evaluations of the first derivative are needed and 
the method does not provide an estimate of numeri-
cal round-off errors. 
The transient analysis starts with a knowledge 

of the first-order differential equations that describe 
the network, dv/dt, and the intial conditions at 
some time, say t = to. These values are then sub-
stituted into the Runge-Kutta prediction formula 
and a value of voltage, v, is predicted for the time 
ti = to + At. The formula is expressed as follows: 

Vio+Ai = [Kt 2K2 2K2 -I- Kt] 
6 

where 

= At 

K2 = 

K3 = 

dv 
—dt 

(vo, to) 

dv 
Ki A 

—sit-- ("4- 2 ' "4- 2t) 

dv 
dt 

+  -K2 
vo  , to+ tit) 
2 2 / 

K4 = At 
dv 
dt (vo+K., to+en) 

K1 represents the product of the selected time step, 
At and the value of dv/dt at the initial value to, 
v.. The other K terms are as indicated. 

Substituting the known quantities into these equa-
tions yields the first values ti = to + t, vi = vo 
+ Av. To find a third pair of values, the same 
formulas are used with ti and vi replacing t0 and 
vo, respectively. When t2 and v2 are found, use the 
equations with t0 and v0 replaced by t2 and v2, etc. 
The error of the Runge-Kutta method is not easy to 
estimate. If At = 0.1, the designer should expect 
an error in àv affecting the fifth decimal place. 
An example. Find three pairs of values of t and y 

for the solution of dv/dt = —t + y with the Runge-
Kutta formulas if the initial values of the variables 
are t = 0, y = 2. 

Solution. The first value is t = 0, y = 2. Choose 
At = 0.1, t. = 0, v. = 2 in the Runge-Kutta 
formulas, keep five decimal places during the com-
putation, but round off the value of Av to four deci-
mal places. This gives 

Ki = (-0+2) 0.1 -= 0.2 

K2 = o 0-+2+ 02.2 ) 0.1 = 0.205 
2  

0 1 0 205 
K3 = 0.1 — 0.20525 

2 

A transient analysis problem 

Function 

Computer time required for 

transient analysis of sample 

problem in minutes 

Computer used for 
sample problem 

Calahan 

2.16 

CDC 3600 

(2 to 3 times 
the speed of 

; IBM 7094) 

Analyzed four-transistor circuit 

ECAP 

5.64 

NET-1 

2.0 

IBM 7094 

R F 

Output response for sample circuit 

10 

9 

8 

7 

6 

5 

IBM 7094 

Predict 

3.18 

IBM 7094 

Sceptre 

0.53 

IBM 7094 

4 

3 

2 

1 

Oo 
iI II  

10 20 30 40 50 60 70 TIME 
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K4 = ( 0 — 0.1 +2+0.20525) 0.1 -= 0.21053 

Av = 1 (0.2+2(0.205) +2(0.20525) +0.21053) 
6 

= 0.2052 

Hence, ti = 0.1, vl = 2.2052 
Substituting these values of ti and vi for to 

and vo and At = 0.1 in the Runge-Kutta equations 
yields: K1 = 0.21052, K2 = 0.21605, K3 = 0.21632, 
K4 = 0.22215, and Av = 0.21624. Hence the third 
pair of values of t and y is t2 = 0.2, v2 = 2.4214. 
The next pair of values is computed by replacing 
to and v0 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 transient analysis starts with a 
knowledge of the differential equation, dv/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 At can be calculated from the predictor formula: 

55tit dv 
IVIt-Fat= IVIt+-24 

37 dv 
+  

24 dt 

— 59 t -dv 
24 dt 

3 dv 
--s àt 

dt 
t-2/1 t t-3.1 t 

2.4214 
2.2052 
2.0000 

I qr. 

At 

0.1 02 t 1- At t t+tit • 

The first term on the right represents the voltage 
at time t, the second term is dv/dt at time t, the 
third term is dv/dt at time t — At, etc. See the 
output response curve above. Next, the program 
applies a corrector formula and calculates the volt-
age at the same time interval. The corrector formula 
is given by: 

V I t-Fat-= t + -294 t _dv__ 
dt 

5 dv 
— 24 At -dt 

19 dv 
+ -24 at -dt 

t+at 

At dv 
24 dt 

t—à t 

The program now compares the two calculated re-
sults to see if they are in close agreement. If they 
are, the integration process is speeded tip by 
doubling the length of the time interval for the 
next integration. 1f they are not, the process is 
slowed down by cutting the original time interval 
in half. When simultaneous equations are to be 
solved, a sorting technique included in the program 
integrates in ascending order of time constants. 

group is the Runge-Kutta method and of the sec-
ond, the Predictor-Corrector method. In designing 
a system for solving the differential equations de-
scribing the network response it is desirable to 
use as large a time step as possible consistent 
with an allowable error in the results. Both the 
Runge-Kutta 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 determine an output response by any method, 

v, as a function of time, the designer starts with 
a first-order differential equation of the form dv/dt 
P Q and the initial conditions for y at a 

value of time, t. The terms P and Q are matrixes 
of the circuit elements, where P is a function of 
the voltage [P = f(v)1 and Q is a function of both 
the voltage and time [Q = f(v, t)]. If the circuit is 
composed of linear elements only, the computer 
could obtain an output response by direct integra-

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 together with a numeri-
cal example that demonstrates Runge-Kutta. 

Comparing the programs 

Five computer programs that perform transient 
analysis are compared for speed in performing an 
analysis of a four-transistor circuit in the table on 
the opposite 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, Owego, 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 (Electronic Circuit Analy-
sis Program) [Electronics, Feb. 6, p. 82] devel-
oped by IBM, Los Angeles, Calif.; Linear Network 
Analysis Computer Program (designated Calahan) 
developed by the University of Illinois, Urbana, 
Ill.; Sceptre (System for Circuit Evaluation and 
Prediction of Transient Radiation Effects) devel-
oped by ism, Owego, N.Y. 
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Circuit design 

Designer's casebook 

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, 4 0, produces an inexpensive 
high-voltage switch. The SCR turns off when the 
gate current is removed, much like a high-gain 
transistor switch. 

Resistor R1 is chosen to limit the scn anode 
current to below I. Up to +400 volts may be 
switched by a General Electric Co. C22D scn 
with an RI of 40 kilohms, since II,,, for this model 
is 10 milliamperes. Current gain is quite high; as 

GATE 
CURRENT 
SIGNAL 
(30»A) 

Designer's casebook is a regular 
feature in Electronics. Readers are invited 
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. 

+400v 

R1 
40k 

GE 
C22D 

OUTPUT 

Removing the gate current sign 
cuts off the SCR and switches 
400-volt source to the output. 

little as 30 microamperes switch the SCR. 
With a gate-controlled a-c switch (Triac) such 

as the CE SC45D, d-c voltages of either polarity 
can be switched by positive or negative gates. 

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 silicon controlled rectifier. The cir-
cuit eliminates the saturable reactor and autotrans-
former of conventional SR choppers, and produces 
an output squarewave whose width is independent 
of the supply voltage. 

Transistors Q1 and Q., are connected as a Darling-
ton current amplifier. When the 50-volt supply is 
switched on, the transistors are forward biased. 
and emitter current, 1,., charges capacitor C with the 
polarity shown. At a given time (called t = 0 in 
the waveform diagram), the SCR is triggered, and 
power is delivered to the load, R1. At the sanie 
time, the accumulated voltage Ve across C pro-
duces a current through C, the SCR, -the inductance, 
L, and diode D2. This current is referred to as 

a resonant current, Ire., having a frequency of 

1/ITN/LC. At a time equal to a half-period of 
resonant frequency, ITN/LC, C is charged to the 
value at t = 0 but of the opposite polarity. 
With the SCR conducting, diode Di prevents 

SCR 

TRIGGER INPUT,Vscp 

When SCR conducts, resonant current, 1,—, charges 
C to a voltage opposite to the polarity shown. 
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transistor destruction by reverse collector-to-emitter 
bias. The forward voltage drop across D2 biases 
the emitters off and increases the forward break-
down voltage. Diode D2 also prevents resonant cur-
rent flow 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 flow. The 
transistors saturate, and V, reverse-biases the sal, 
turning it off. Base current flow is only momentary. 
because V,. decreases as emitter current flows with 
the SCR off. Capacitor C is then charged to its 
original voltage by the emitter current, and the 
cycle begins again with the next sat trigger. 
The output pulse width is a function of the 

resonant frequency of C and L; with the values 
given, a width of 0.1 millisecond is obtained. If 
the SCR is self-biased with an additional resistor, 
shown with dotted leads, the circuit becomes an 
astable multivibrator. 

t 

After one half-cycle of 
V„ has reversed its polarity, 
and base current 1,, flows 
abruptly. 

vc 

Ires 

VSCR 

— v-TIME(t) 

Telemetry tone oscillator consumes less than 150 microwatts when dormant 
and 150 milliwatts when transmitting. Thus, it is 

consumes microwatts ideally suited to telemetry applications where power 
consumption is critical. 
With all transistors biased off between trans-

missions, the only battery drain is from transistor 
leakage and the voltage divider formed with resis-

Safety Research 84 Development Corp. 
tors RI and R2. Some of the power during the off 
time is conserved by capacitor C1, which charges 
up during this interval. 

A tone-oscillator activated by pulses of less than Although it takes the small current nearly a min-
2 milliwatts provides a telemetry signal. The circuit ute to recharge CI, slow recovery is not a problem 

By Anthony C. Caggiano 

Ridge, N.Y. 

12.6vi—L  
12v 

INPUT 

o, 
2N3072 

18 k 12 

+12v Input pulse forward biases Qi's emitter and 
discharges CI which generates a pulse sufficient 
to turn on Q,. When Q., turns on, the base of C. 
goes negative and an output tone is generated. 

03 
2N3072 

____ 

2-mw OUTPUT (1Mhz) 

14 IN. 
5_30 OF NO. 

pl 14 WIRE 

2N1613 30 pf 

27k — 00082 µf 

LEAD 
INDUCTANCE 
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e 

in most present-day telemetry applications. 
When an incoming 0.6-volt pulse forward-biases 

the emitter of Qi, the transistor turns on and forms 
a low-resistance path through which CI quickly 
discharges. The additional power provided by CI 
enables Q1 to generate an output pulse sufficient 
to trigger the one-shot multivibrator formed by Q2 
and Q. The output pulse from Q1 raises the base 
potential of Q2 and turns it on. With Q2 conducting, 
the base of Q3 goes more negative and turns on Q3. 
The collector current generated by Q3 turns on 

the tone oscillator-transmitter and starts charging 

C2, the timing capacitor. During the 8 seconds 
that elapse before C2 is fully charged, the tone 
oscillator transmits a 1-megahertz tone with 2 milli-
watts of power via the antenna. When C. is fully 
charged, its bottom plate is sufficiently negative to 
turn Q2 off. This shuts Q3 off and terminates the 
oscillations. The duration of the power tone may 
be varied by choosing an appropriate value 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. 

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 

2200 pf 

10k 

TUNING 
VOLTAGE 

Qi 

(FAIRCHILD 
FD7001 

With Q, conducting, diodes D,, . 
the common output lead. 

inserted between each oscillator and the common 
output lead. A typical application would be a 
frequency synthesizer covering the range of 2 to 
30 megahertz. 
An emitter follower provides power gain in each 

of the modified Colpitts oscillators shown below. 
Varactors supply the capacitance for the tank cir-
cuits, permitting remote tuning control. Assuming 
that power switch S1 (usually a transistor) is closed, 
diode D1 conducts and the quiescent emitter volt-
age of Q1 is approximately 2 volts. With power 
removed from the other stages (S2, Sa . . . ST, 
open), diodes D., D3 . . . D„ are back-biased 

1 02 

OUTPUT 

. . D. are back-biased, isolating the respective oscillators from 

  _r +9v 
53/ Sn( 

D3 Dr, 
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INPUT FROM 
OSCILLATOR 

220p f 
GROUP A 1( 

Conducting transistor associated with an oscillator 
group back-biases the other transistors, isolating group outputs. 

through the base-emitter junction of each corre-
sponding transistor and 10-kilohm bias resistor to 
ground. The typical capacitance of an FD700 di-
ode, when back-biased to 2 volts, is 0.7 pieofarad: 
this represents an impedance of 120 kilohms at 
2 megahertz and 8 kilohms 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 the frequency band, outputs from 

+9v 

INPUT FROM 

OSC IL L ATOR 
GROUP E  

groups of oscillators can be combined by the cir-
cuit shown above. With SA closed, QA conducts, 
and the quiescent voltage at point A is betwcun 
2 and 3 volts. This voltage back-biases the base-
emitter junctions of Qn, Qc, . . . Q,„ isolating the 
operating group from the others. 
The circuits have been used to combine 15 

oscillators in five groups of three operating be-
tween 2 and 33 megahertz. With a 9-volt supply, 
the total power dissipation was 23 milliwatts. 

Feedback T yields 
high input impedance 

By George Cook and William F. Elder Jr. 

Merrick Engineering Inc., Nashville, Tenn. 

Operational amplifiers used as preamplifiers in a 
servocontrol system require high input impedance 
and wide-range gain control. A 10-turn feedback 
potentiometer will provide the desired gain control, 
but since these ilotentiometers are not available 
with resistances greater than 100 kilohms, a 1-
kilohm input resistor is required for a maximum 
gain of 100. 
By incorporating the 10-turn potentiometer in a 

variable T-network feedback control, a 100-kilohm 
input resistor can be used. The gain of the circuit 
is given by: 

T-network that includes 10-turn potentiometer 
provides wide gain-adjustment range. 

Ro an. 
F = — - - + - + - + R4 

(1. —a) R3 

where « is the fractional portion of R3 included 
in the feedback loop. For the values shown, the 
gain is —1 when « = 0, and —102 when a = 1. 

Electronics April 17, 1967 91 



Reference sheet 

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 field to be sup-
pressed can determine 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 fields that 
are generated in nearby circuits. These fields may 
store energy equally in the electric or magnetic 
components or, as is more usual, they may be 
predominantly electric or magnetic fields. [See 
"Magnetic and electric fields" on page 94]. Al-
though an enclosure's shielding effectiveness varies 

The author 

Robert B. Cowdell is manager 
of systems engineering, responsible 
for Genistron's consulting and 
research activities on the West 
Coast. He has worked on electro-
magnetic interference studies and 
designs for the Skybolt missile, 
XB70 weapons system, Minuteman 
guidance and ground support 
system, and communications links. 

with the type of field, there are reflection and 
absorption factors which are important in any 
shielding problem. 
When a field impinges on a shielding material 

some of the field'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 due 
to reflection, is a function of the material, fre-
quency, and the type of field. Absorption losses, 
A, are a function of the material and frequency 
but are independent of the type of field. If the 
absorption loss is greater than 10 db the sec-
ondary reflection loss, B, at the shield's inner 
surface can be ignored. Consequently 

S R .A 

where R will be represented as RE, RH, or Bp 
depending on whether the incident field is an 
electric (E) field, magnetic (H) field, or a radiated 
plane-wave field (P). 
Four nomograms have been designed to make 

calculating shielding effectiveness easy. The nomo-
grams supply values of the variables needed in the 
equation. The nomogram on page 98 determines 
the absorption loss for any type of field. One of 
three other nomograms is used to determine the 
reflection loss—RE, RH, or Rp—for the particular 
type of interfering field. 
The nomograms are based on equations devel-

oped by Schelkunoffl and expanded for engineer-
ing applications over the years.2.3 A recent study 
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Electric field reflection losses—RE 

— 10 hz 

7 

—- 100hz 

340— 
_ 

320— 
_ 

300— 
_ 
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- 

- 
260— _ 

—• lkhz 

240— 
_ 

220— _ 

'=10 khz 
200— _ 

180-

-- t00 khz 160— 
_ 

Mhz 
120— _ 

80— 

Mhz 

40-

• 100 Mhz 
20— 

=▪ 1Ghz -20-

-40— 

_ 

-60-
-10 Ghz 

—10-1 

—- 1 

—103 

_SILVER 
1—  COPPER 

GOLD 

-ALUMINUM 

_MAGNESIUM 
-ZINC 
-BRASS 
CADMIUM 
NICKEL 
IPLATINUM 
TIN 

LEAD 

MONEL 

10-2 

10-3 -NICHROME 
-COLD ROLLED STEEL 
-COMMERCIAL IRON 

10-4—STAINLESS STEEL 

-,-4% Si -IRON 

Ni - IRON 
-PURIFIED IRON 

-4% Si-IRON 
(GRAIN ORIENTED) 

-45 PERMALLOY 
- 78 PERMALLOY 

10-5-7 

:-HYPERNICK 

-MU METAL 
-CONETIC 

10 6_ 

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) intersects R. at 142 db. Negative values of RE indicate increased 
coupling that can occur at certain combinations of parameters. 

Electronics April 17, 1967 93 



Properties of magnetic and electric fields 

In any simple a-c circuit there is 
an electric field vector associated 
with the voltage and a magnetic 
field 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. 

In general a field that is pre-
dominantly magnetic or electric will 
occur close to the generating source 
—within one wavelength. For fre-

quencies up to about 1,000 Mhz, 
a wavelength is a relatively large 
distance and such fields 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 predominantly 
electric or magnetic fields. 

At a distance of about six wave-
lengths from a simple radiating 
source, the field may propagate as 
a plane wave, in which the field 
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 fields. 
A useful quantity in any discus-

sion of field theory is the char-
acteristic impedance—defined as 

the ratio of the electric to the mag-
netic field components. For a plane 
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 field is said 
to be a high impedance field. A 
magnetic field 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 circuits character-
ized by low impedance, high cur-
rent flow, and small voltage drops. 
A low-impedance magnetic field 
transfers energy readily to a sur-
face or circuit with low impedance. 

High intensity electric fields are 
produced by conductors with large 
series impedance, high ' voltages, 
and little current flow. Such fields 
couple energy most readily into 
a high impedance conductor or 
surface. 

indicates that the shielding theory is valid even 
at extremely low frequencies.* The nomograms in-
dicate maximum values of RE, RH, Rp, and A. 

Reflection losses 

Reflections and associated losses, R, are caused 
by a difference in characteristic impedance be-
tween an incident field and the shield. This is 
analogous to the situation that occurs in a transmis-
sion line not terminated in its characteristic im-
pedance. When the impedance of the incident 
field is much higher or lower than that of the shield, 
reflection losses are very high. 
At all frequencies, electric fields are high im-

pedance and magnetic fields are low impedance. 
A shield's characteristic impedance varies with 

the frequency and the material's permeability and 
conductivity. Generally the impedance is low at 
low frequencies and high at high frequencies. 
At low frequencies, magnetic reflection losses 

RH, are small because there is a reasonably good 
match between the low impedance of the shield 
and the field. Thus most of the energy is coupled 
to the shield. For good shielding effectiveness, 
it is usually necessary to employ ferromagnetic 
materials with high absorption losses. As the fre-
quency increases, the impedance mismatch be-
comes greater and RH increases. 
For low-frequency electrical fields, the mismatch 

between field and shield impedance is large and 
RE is large. As the frequency increases, RE de-
creases because the shield's impedance gradually 
increases. 

R11 and RE nomograms 

The equation for reflection loss in an electric 
field is given by 

RE = 353.6 10 logio [- -G--] f3 1.4 r 2 

For magnetic fields, the reflection 

RH = 20 log10 [  0.462 ( yi2 + 

0.136 r fG y1/2 ± 0.3541 -I-  

RE and RH are expressed in decibels. In these 
equations 
r = distance in inches between the source of 

energy and the shield. 
= material permeability relative to copper 

G = material conductivity relative to copper 
f = frequency in hertz 

Both RE and RH can have negative values, which 
indicate enhanced coupling to the shield rather 
than reflection loss. Such increases in coupling 
have been observed experimentally and are caused 
by a resonance between shield and source. Dashed 
lines in the graph at right plot a negative value 
of RH. 

Similar procedures are followed for determining 
either RE on page 93 or RH at the right. For exam-
ple, determine the electric field reflection loss at 1 
Mhz caused by a copper shield 40 inches from a 
source. 
• Locate a point on the G/p. scale corresponding 

to copper. If a desired metal is not listed, com-
pute G/p. and plot on the numerical scale. 
• Locate the distance between the energy source 

and the shield on the "r" scale (r = 40 inches). 
• Place a straightedge between r and G/e and 

locate point P on the blank scale. 
• Place a straightedge between point P and the 

loss is 

94 Electronics April 17, 1967 



Magnetic field reflection losses—R. 
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Plane-wave reflection losses—Re 
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Plane-wave reflection losses Rp are calculated easily by a line connecting the frequency with 
the appropriate value of Gip_ A plane wave will exist only if the source is located at least five 
or six wave lengths from the circuit that is to be shielded. An enclosure designed for magnetic 
and electric fields will also be effective for plane-wave fields. 
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desired frequency on the f scale (f = 1 Mhz in R,, for copper 40 inches from source 
this example). 
• Read the reflection loss from the RE or RH 

scale. (In the example, the loss, RE, is 142 db.) By 
pivoting the straightedge on point P, RE or RH as 
a function of frequency can be determined. 

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 distance 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 

Rp = 168.2 + 10 logio (--- - 
G 
Mf 

To use the nomogram on above/below, the pro-
cedure is as follows: 
• Locate a point on the G/e scale corresponding 

to one of the listed metals. 
• Place a straightedge between the G/e 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 (µGf)" 

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 absorption 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 frequency (100 khz) on the fre-

quency scale and the desired absorption loss (10 
db) on the A scale. 
• Using a straightedge, extend a line through 

these two points until it intersects the unmarked 
scale at point P. 
• Draw a line connecting the desired metal on 

the Ge scale and point P and extend it to the left, 
to intersect the t scale. By pivoting the straight-
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-
terial, and thickness are known. 

Frequency dependence 

Good shielding against electric fields is pos-
sible at low frequencies because reflection losses, 
RE, are inherently high even though absorption 

Frequency 
R1 

(db) 

Re- 
quired A 

(db) 

Re- 
quired t 
(mils) 

A (db) 
for 

t= 1.2 
SE ---- A i-R I.: 

(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 reflected, the absorption loss can 
be neglected at low frequencies. 

In contrast, at high frequencies, electric fields 
undergo small reflection losses but large absorption 
losses. Thus, even though most of the transmitted 
energy is coupled to the shield, effective shielding 
is still possible. 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 flowing on the supposedly shielded side of 
the metal surface. 
For magnetic fields, both the absorption losses 

and reflection losses RH are small at low frequen-
cies. As with electric fields, eliminating all non-
conductive openings in the shield maintains the 
benefit of high absorption losses. At higher fre-
quencies, both RH and A become very large and 
shields perform very well. 

Selecting a shield 

Generally the amount of attenuation required is 
known, and it is desired 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 desired shielding effectiveness, 
and the final choice is based on other factors such 
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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 
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Magnetic shielding for materials 1 inch from source 

Frequency Copper 

RH A t 
(db) (db) (mils) 

Commercial iron 

Ril A t 
(db) (db) (mils) 

Purified iron 

RH A t 
(db) (db) (mils) 

RH 
(db) 

Conectic 

A t 
(db) (mils) 

4% silicon-iron 

RH A t 
(db) (db) (mils) 

1 khz 13 67 >1,000 0 80 300 10 70 22 22 58 21 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 2 78 3 —1 81 <1 1 79 <11 
100 Mhz 62 18 1 32 48 <120 18 62 <3 6 74 <1 17 63 <11 
10 Ghz 82 10 1 52 28 <120 38 42 <3 24 56 <1 36 44 <11 

as weight, strength, and cost. 
The following example outlines a typical pro-

cedure for selecting a material. Assume that a 
sensitive circuit, highly susceptible to electric 
fields, is located near a high-voltage terminal. 
An enclosure located 40 inches from the terminal 
must provide 140 db of shielding at 1.5 khz and 
120 db at all other frequencies between 1 khz and 
2 gigahertz. 
From the nomogram for RE and with r = 40 

inches, determine RE as a function of frequency 
for copper, and list the values as in the table on 
page 97. The shielding at 1.5 khz is already greater 
than the 140 db desired. However, since RF: falls 
off with frequency, the thickness required is one 
that provides sufficient absorption loss to bring 
the shielding effectiveness up to 120 db at the 
higher frequencies. Values of A are computed 
from A =. 120 — RE and are listed in the required 
A column. With these values of A determine the 
thickness t from the absorption loss nomogram. 
The highest valúe of t-1.2 mils—maintains the 

level of shielding at 120 db. To determine the ac-
tual shielding effectiveness, values of A are com-
puted using this thickness. The effectiveness 
against an electric field, SE, for this thickness is 
indicated in the last column of the table. 
The above example results in an extremely thin 

shield that is not mechanically self-supporting. 
For mechanical strength, the actual design 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. 
Shielding effectiveness must be greater than 80 db 
from 1 khz to 10 Chz. The table above lists values 
of magnetic reflection loss RH, required A and re-
quired t for various materials. Again the largest 
value of t in each column determines the thickness 
of the material. 
Copper—and typically all nonferrous material— 

would be over 1 inch thick to produce 80 db of 
shielding. Commercial iron is inexpensive, but 
requires a 300 mil thickness and would be very 
heavy. Purified iron-22 mils thick—would have 
sufficient strength, reduce weight, and be eco-
nomical. The more expensive Conetic and 4% 

grain oriented silicon-iron appear to offer no 
advantages. 

Careful does it 

No material should be ruled out in a given 
application. In some situations copper is a better 
magnetic shield than some ferrous materials. This 
is particularly true at very low frequencies where 
R11 for copper is high. 

In the case of a shield located 15 inches from 
a high-intensity magnetic source, copper 30 mils 
thick is more effective than 30 mils of hot rolled 
silicon steel at all frequencies below 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 between 
metal plates. Low- or high-frequency energy leak-
ing past these discontinuities may seriously de-
grade the shielding effectiveness. 
Although careful design overcomes many of the 

difficulties resulting from these breaks in the 
surface, no one has completely solved this portion 
of the shielding problem." In some applications 
a simple test fixture can be used to evaluate ma-
terials such as gaskets or plates with holes. 
For more complicated structures, an r-f signal 

can be fed directly into an enclosure to determine 
its shielding effectiveness. An antenna-receiver 
system outside the unit can measure the signal 
that leaks out. 

References 

1. SA. Schelkunoff, "Electromagnetic Waves," the D. Van 
Nostrand Co., 1943. 

2. C.S. Vaska, "Problems in shielding electrical and electronic 
equipments." U.S. Naval Air Development Center Report 
NADC-EL-N5507, June 8, 1955. 

3. H. Dinger and J. Raudenbush. "A technique for measuring 
the effectiveness of various shielding materials," Naval Research 
Laboratory Report 4103, Jan. 22. 1953. 

4. R.B. Schulz, -EIF and VLF shielding effectiveness of high 
permeability materials," the Boeing Co., Renton, Wash., 1965. 

5. W. Jarva, "Shielding efficiency calculation methods for 
screening, waveguide ventilation panels, and other perforated 
electromagnetic shields," 7th Conference on Radio Interference 
Reduction and Electromagnetic Compatibility, November 1961, 
p. 478. 

Electronics April 17, 1967 
99 



Are you sure you can't afford 
Heinemann circuit breakers? 

Here's one you can have for justs4.05. 

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. 

HEiNEMANN 
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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-
sulate or pot electronic assemblies in which the 
active devices have first been hermetically sealed in 
protective casings. But the trend now is to apply 
plastic covering directly to active device chips that 
are highly sensitive to moisture, 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 specializing in physics-of-

failure studies. 

The authors 

For six years J.J. Licari has 
had the responsibility for 
selecting materials used for the 
Minuteman programs, and more 
recently for the Apollo program. 
He holds a Ph.D from Princeton 
and supervises the organic 
chemistry section of the materials 
laboratory at the Research division 
of Autonetics. 

G.V. Browning is a specialist 
in electronic materials and 
processes. He holds degrees 
in chemistry and physics. He 
earned his Ph.D at the University 
of Wisconsin, and was manager 
of the materials and processes 
laboratory at Autonetics. 

aged transistors and integrated circuits currently on 
the market lies chiefly in their low cost, though 
sometimes they've been selected because 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 Il 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.' 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 struc-

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' 8 

In the Minuteman II studies, it was shown that 
with a microdiode packaged in an inner layer of 
silicone and an outer rigidizing layer of phenolic 
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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 substituting a silicone molding com-
pound for the phenolic; no ammonia is generated in 
curing the silicone. 

Why leakage increases 

Temperature-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 field that extends 
through the oxide.4 This positioning is abetted by 
either high humidity or high temperature. The or-
dered ions attract oppositely 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 thus 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 

an electrical field is thought 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 could influence the perform-
ance of the mos device, since it affects the electrical 
field the gate exerts in modulating the channel in 
the silicon under the gate oxide. Indeed, the space 
charge itself can act as a gate field 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, and 
oxygen vacancy migration.e• e 

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 plastic 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 that 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 microdiode 
coating, polytetrafluoroethylene (FIFE), PTFE dis-
persion coat, fluorinated ethylene propylene (FEP), 
polyvinyl fluoride, polyvinylidene fluoride (Teslar), 
p-polyxylylene (Parylene C and N). 
Another important factor is dimensional stability, 

since shrinkage can lead to induced stresses. Epoxy 
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 

Leakage current, Icijo 
(anoamps) 20 v 

reverse bias 

Transistor A Transistor B 

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 
dioxide and bias on tran-
sistor B only 

Vacuum bake at 300°C 

3.0 

2,400 

10,000 

2.5 

2.5 

3.0 

2.5 

2.5 

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 withdrawn. 

Shrinkage stresses produced in a coating formed 
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 
with individual breaking strengths of several grams 
were broken in a single lc. The solvent in this case 
was removed by evaporation from a non-elasto-
meric silicone coating on the K. 

Typical test results 

The varieties of plastic tested by the Autonetics 
division of the North American Aviation Inc. fall 
into four categories: epoxies, phenolics, silicones, 
and fluorocarbons. 

In 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 final cured plastic is highly probable. Yet only 
limited tests 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. 

Emission spectrographic analysis has been found 
to be a good technique for determining kinds and 
relative amounts of metallic constituents 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 additional impurities from these recep-
tacles. A large variety of metallic impurities were 
found in the samples tested (see table on page 105), 
especially in the case of epoxies and highly filled 
molded compounds. Other silicone coatings, and 
fluorocarbons such as Teflon, displayed a relatively 
low metallic content. 
Many of these metallic impurities aren't inherent 

in the resin polymer itself. For example, silicones 
after synthesis are extremely pure materials. The 
impurities may be introduced in mixing or in for-
mulating with fillers, 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 
digested 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 indication of the 
amounts of ionic and ionizable species in the sam-
ple, as well as of the hydrolytic stability of the 
plastic under these conditions. Of the materials 
tested, the epoxies and phenolics had rather low 
resistivity values, as shown on page 106. This 
isn't surprising considering the types of probable 

Moisture resistance of plastic coatings 

Plastic coating MVTR* 

Epoxy-anhydride 
Epoxy-aromatic amine 
Neoprene 

Polyurethane (Magna 
X-500) 

Polyurethane (isocyanate-
polyester) 

Silicone-alkyd 
Silicone-alkyde (micro-
diode coating) 

Olefane, polpropylene 
Cellophane (type PVD 
uncoated film) 

Cellulose acetate (film) 
Polycarbonate 
Mylar 

Polystyrene 

Polyethylene film 

Saran resin (F120) 

Polyvinylidene chloride 

Acrylonitrile co-polymer 
Polytetrafluorethylene 
(PTFE) 

PTFE, dispersion cast 
Fluorinated ethylene 
propylene (FEP) 

Polyvinyl fluoride 
Polyvinylidene fluoride 
(Tesla r) 

p-polyxylyene (parylene 
N) 

p-polyxylylene (parylenel 
C) 

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 
0.15 

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 mil 
film) 

Baer (2 mil 
sample 40°C) 

du Pont data 
Baer (40°C) 

Baer (40°C) 
du Pont data 

Union Carbide 
data (2 mil 
sample) 
Union Carbide 
data (2 mil 
sample) 

" (Moisture vapor transmission rates in grams/mil/100 sq. in. in 
24 hours) 

contaminants and the emission spectrographic re-
sults. The silicone and fluorocarbon extracts, on the 
other hand, had comparatively low conductivities. 

It has 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 resin 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 at elevated tem-
peratures. Because of the high insulation resistance 
values for most plastics (see graph on page 105), 
ohmic leakage through the plastic coating was as-
sumed to be negligible compared to the reverse 
conduction current exhibited by the device. With 
some plastics, however, such as the cast epoxy 
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Contaminants originating in epoxy plastics 

Ingredient Types Synthesis 
ingredients 

Potential 
Contaminant 

Epoxy resin Epon 
828 
815 (etc) 

Epichlorohydri 
Dichlorohydrin 
Allylchloride 
Propylene 
NaOH 
Bisphenol-A 

Acetone 
Benzene 
HCI or HBr 
catalysts 
Phenol 

Sodium 
orthosilicate 

Ci - 
HO Cl 

Na,+ OH - 
—C31-14-0H, 
Nit+ OH-

(CH3)2 C=0 
Cfi He 
H+, Cl -, H+, 
Br-
CfiHs 0-, H+ 
CO2 
H20, Nat, 
CO3=Na + 
Si0,-1 

Curing 
agents 

Ethylene 
diamine 
Diethylene 
triamine 
Polyamides 
(Versamids) 

Acid 
anhydrides 

Dichloro- 
ethylene 
NH3 

Polymerized 
vegetable 
Oil acids 
Polyalkylene 
amines 
Polyalkyiene 
chlorides 
Carboxylic 
acids 

NH4, Cl -

NH3 

RC00-, H. 

CI - 

R(C00 -, H •)2 

Fillers Alumina 

Cabosil 
Silica 

— 

— 

Al +3 
Si *4 

Trace metal 
ions 

Pigments Titania 
Carbon blacks 
Calcium 
carbonate 

—  
— 
— 

Ti '4 
C 
Ca +2, CO3= 

Solvents 

Flow 
control 
agents 

Ketones 
Esters 

Ethers 
Halogenated 
hydrocarbons 
Toluene 
Xylene 
Alcohols 
Cellosolves 

— 
— 

— 
—  

— 
— 
— 
— 

(R)2 C=0 
R COO-, H+, 
RO -H+1 

ROR 
Cl -

C6H6CH3 
Cfili,(CH3)2 
ROH 

Beetle resins 

SR-82 
Butvar 

Urea 

Silicone 
Polyvinyl 
butyral 

NH4+, NH3, 
CO2 
H2O, CO3=H+ 

Fire 
retardants 

Antimony 
trioxide 
Arochlors 

Brominated cm 
chlorinated 
resins 

—  

Chlorinated 
polyphenyls 

Sb • 3 

CI - 

Br -, Cl -

This table should not be construed as a complete list of ingredients 
and contaminants. Potential contaminants are those constitu-
ents inherent in the material or, under some conditions of tempera-
ture, hydrolysis, or other stress, derivable from the material. 
Unreacted or excess synthesis ingredients due to nonstoichiometry 
may also act as contaminants. A listing of fillers and reinforce-
ments is given in reference 9; solvent and solvent combinations 
commonly used with epoxies are given in reference 10. 

listed in the graph, ohmic leakage could be a factor. 
Polyethylene is included in the graph for compari-
son purposes; it is not a candidate for packagini 
semiconductor devices. 

In the diode experiments, technical-grade and 
specially purified epoxies (employing molecularly 
distilled reactant materials), epoxies with stoichi-
ometric and nonstoichiometric ratios of resin to 
hardeners, and fluorocarbons (TFE and FEr, Teflons) 
were applied to devices and cured according to 
vendors' recommendations. The devices were then 
subjected to 150°C heat for varying periods of 
time, with a reverse bias of 75 volts. After this, they 
were cooled to room temperature with the voltage 
removed. Changes in reverse current observed tin-
der these conditions are tabulated below. 

Similar plastic-coated microdiodes were exposed 
to 95% relative humidity at 180°F with a 75-volt 
reverse bias. Typical values of reverse current meas-
ured after the diodes were removed from this at-
mosphere are shown on page 108. 
The fluorocarbon-coated and silicone-coated di-

odes generally 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 semiconductor. Also, the epoxies with non-
stoichiometric resin-to-hardener ratios displayed 
high values 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 Ift; both experimental 
results and theoretical considerations suggest the 
presence of large amounts of such impurities as 
ammonium ions. The table below shows that the 
reverse-current characteristic decreases after heat-
ing for a time without electrical bias, presum-

How temperature affects reverse current 
of plastic coated diodes 

Coating 

systems 

Initial 

reading 
In (na) 

«?; 50v 

R (na) ® 
50v after 

20 hours @ 
150°C and 

75v rev. 
bias 

IR (na)@ 

50v after 

additional 
20 hours @, 

150°C no 
rev. bias 

Epoxy, stoichiometric 
purified 

Epoxy, nonstoichi-

ometric purified 

Epoxy, stoichiometric 
technical 

Epoxy, nonstoichi-

ometric technical 

Fluorocarbon, 

resin, FEP Teflon 

10 

9 

12 

12 

17 

548 

10 x 103 

14 

10 X 10" 

237 x 10" 121 X 103 

31 X 103 14 X 103 

1 18 6 

104 Electronics I April 17, 1967 



Spectrographic analysis of plastics 

Sample Condition Metals detected Relative amounts* 

Traces 

Major 

Traces 
Trace 

Epoxy. Epon 828 

Epoxy, Epon 828 

Epoxy, Epon 828 

As received 

Still residue after molecular distillation 

Distilled, light molecular weight fraction 

Copper, aluminum, magnesium 
silicon, calcium 

Silicon, 
Magnesium, aluminum, iron 
copper, chromium, calcium, 
manganese 

Copper 

Silicone, Sylgard 182 

Silicone coating, 
DC 644 

Silicone molding 
compound, DC-305 

Silicone gel coating, 
DC-51 

Phenolic molding 
compound 

Cured 

Cured 

As received and molded 

Cured 

Silicon,** 
Titanium, magnesium 
Silicon 
Copper, magnesium 
Zinc 
SiIcon, chromium 
Lead, titanium, nickel, copper, 
manganese, aluminum and 
magnesium 

Iron, cobalt 
Silicon 

Major 
Slight traces 
Major 
Slight traces 
Trace 
Major 

Traces 
Minor 
Major 

As received Calcium 
Magnesium 
Iron, silicon, sodium 
Copper, manganese, aluminum 

Major 
Minor 
Traces 
Slight traces 

Teflon, TFE 
Teflon, FEP 
Teflon, TFE 
Teflon, FEP 
Kynar 

Dispersion coating, fused 
Dispersion coating, fused 
Molded solid 
Molded solid 
Dispersion coating, fused 

Copper, magnesium 
Copper, titanium, magnesium 
Titanium 
Copper, titanium, magnesium 
Titanium, copper, magnesium 

Slight traces 
Slight traces 
Slight trace 
Slight traces 
Slight traces 

* Major, 5% or more; Minor, 0.10 to 5%; Trace, 0.01 to 0.10%; Slight trace, 0.0001 to 0.01% (percentages are by weight of ash). 
**Silicon is a structural constituent of silicones and should not be considered an impurity. 

R
E
S
I
S
T
I
V
I
T
Y
,
 
O
H
M
 -
 C
M
 

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 

x103 

55 60 65 70 75 80 85 90 95 100 105 110 115 
PARTS METHYL NADIC ANHYDRIDE PER 100 PARTS EPON RESIN 

The ratio of hardener to resin affects the volume 
resistivity of the plastic encapsulant. Technical 
reactants are commercial-grade chemicals; purified 
reactants are those that have been further purified 
to remove contaminants. 

1018 

10 17 

1016 

o 

1= 14 10 

Itt 10" 

—1 12 
0 10 > 

io9   

TFE TEFLON >1018 TO 200' C 

POLYETHYLENE 

CAST EPDXY 

150 

-POLYXYLYLENE 

SILICONE RUBBER 
C- 305 (SILICONE) 

SYLGARD 182 
(SILICONE) 

MOLDED 
PHENOLIC 

50 100 
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 10'3 to 1010 ohm-cm. 

200 
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Water extract resistivities 

Material 
Average 

resistivity 
(ohm-cm) X 103 

Epoxy-anhydride-epoxy coating  
Epoxy molding compound  

9.0 

107 

Phenolic molding compound  4.7 

Alkyd-silicone coating (DC 1400)  

Alkyd-silicone coating, Vendor A  
Alkyd-silicone coating, Vendor B  

Methyl-phenyl silicone coating  

Silicone molding compound (DC 305)  

Silicone molding compound (DC 304)  

Silicone (Sylgard 182)  

Silicone coating A  

Silicone coating B  

Silicone coating C  

Silicone gel coating, DC-51  

11.5 

14.7 
65 

270 

155 

290 

195 

60 

180 

190 

360 

TFE, Teflon, dispersion coating  
TFE, Teflon, molded solid  

FEP, Teflon, dispersion coating  

FEP, Teflon, molded solid  
Kynar, dispersion coating  

Kynar, solid  

Distilled water (control)  

93 

350 

177 

198 

212 

335 

732 

ably because ordered ions on the surface are mov-
ing to a more random state. 
The excellent results with fluorocarbons may be 

attributed to these plastics' inherently inert, stable, 
and symmetrical structure. In fact, TFE and FFI' 
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 Teflon essentially 
has a zero temperature coefficient of resistance to 
temperatures above 200°C, in contrast to the high 
negative values of most plastics. 

MOS studies 

Discrete metal oxide semiconductor devices and 
mos integrated circuits containing a number of 
functional mos elements have been plastic-coated 
and tested to evaluate the space-charge mechanism 
described on page 102. Dual mos transistors without 
diode-protected gates or surface passivation were 
mounted in TO-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." 
When attempts were made to apply Teflon plas-

tics to mos 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 heat. 

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 trend to nonhermetically 
sealed device packages seems ir-
reversible—even for highest-relia-
bility military and aerospace ap-
plications. 

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 
circuits over the full military tem-
perature range, —55°C to +125°C. 
In this regard they join Texas In-
struments Incorporated, who as 
long ago as last August was extra-
polating the results of 2 million 
hours of transistor testing to sug-
gest that plastic-covered m's could 
meet the military specification. 

Today, says n's manager of lc 
quality control, James Adams, "we 
are getting many requests for plas-
tic m's over the full military tem-
perature 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., files a dissenting opinion 
among vendors. Says Fairchild's 
quality control manager, Bryant 
Rogers, "We only build plastic 
packages for certain markets— 
primarily industrial and consumer." 

Rogers acknowledges that com-
petitors have published some im-
pressive test results on the per-
formance of plastic-packaged m's. 
"The trouble lies," he says, "in 
correlating those figures with con-
ventional tests. Hermeticity gives 
a figure of merit for the predictable 
life of m's, but you can't test for 
hermeticity where there is no void. 
Tests of the plastic package have 
a different criterion, which you 
can't yet correlate with the old." 

The new tests performed by 
plastic-device manufacturers may 
be valid, concedes Rogers, but they 
are different. "Suppose someone 
marketed an automobile that was 
put together with Ehner's glue, and 
published data to show that it was 
as good as a welded car. You 
might believe the data—but would 
* mu buy the car?" 

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 heart of the device and 
make the purity of additional pro-
tective coatings not at all critical. 
What vendors claim for today's 

devices depends partially on the 

106 Electronics April 17, 1967 



Test results for silicone-coated MOS transistors* 

Coating Sample size 

Number of failures Failure indicator 

After 77 hours Additional after 
1000 hours 

After 77 hours After 1000 hours 

Controls 
(uncoated canned) 

10 none none — 

Coated, 
Silicone A 

7 2 1 Vow Gs 2 failures 
BVDsee 2 failures 

V8h) Gs 1 failure 
BVI,Ba 1 failure 

11,68 2 failures 11388 1 failure 
Coated, 

Silicone B 
13 none 2 _ V(th) G8 1 failure 

BVDes 2 failures 
lims 2 failures 

Coated, 
Silicone C 

7 2 1 V,,) cs 1 failure 
BVEms 2 failures 

V08) Ge 1 failure 
BVose 1 failure 

1888 1 failure 4 8 1 failure 
Coated," 10 none none • 

Silicone dielectric gel 

* Static tested 125*C, 150 milliwatts. 
*" Gel-coated devices were subjected to an additional 1,000 hours of temperature-power stresses to complete a total 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 were applied to diodes, because more 
thermally stable gold-silicon bonds were employed. 
While test results indicated little initial reaction 

to the encapsulant, many silicone-coated devices 
operating in a static life test at 125°C with power 
applied failed at about 70 hours. 

Notable exceptions were devices 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 be attributed to the 
coating's high degree of purity, evidenced by low 

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 silicone because it provided 
better resistance to moisture and 
made a better thermal match with 
the initial silicone layer. 

Ti 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 
lc packages [Electronics, Sept. 5, 
1966, p. 38], last month announced 
plans for ic's in silicone packages. 

Bandwagon. Companies such as 
Sylvania Electric Products Inc., a 
subsidiary of the General Tele-
phone 8/ Electronics Corp., and the 
Transitron Electronic Corp., who 
have experience with discrete semi-
conductor components in plastic, 
plan to market plastic ic's. 

Transitron envisions a May or 
June introduction of a line of epoxy-
encapsulated Ic's. Edward Shaut, 
the firm's lc product sales manager, 
says: "We aren't promoting them 

for military use, but if they turn 
out the way we expect them to, 
they will be reliable enough for 
military equipment." 

Sylvania, too, plans to put inte-
grated circuits in epoxy packages. 
Roger Swanson, marketing man-
ager for 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 fact are 
being designed into computer, in-
dustrial, and consumer gear." 

Mufti or military? At least one 
vendor is surprised that aerospace 
equipment manufacturers would 
consider plastic. "If you're going 
to buy junk, you're going to get 
junk," he declares. "For military-
grade equipment, you just don't 
use it." 

But, n's Adams feels such com-
ments reflect the "emotion that 
was prevalent 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." 

Engineers at Autonetics plan to 
conduct physics-of-failure studies 
of plastic-packaged devices to ex-
plain anomalies observed in earlier 
tests, 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 degrada-
tion studies being carried out for 
space applications, such as data 
on plastics 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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water-extract conductivity and the absence of 
metallic impurities in spectrographic 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 

Coating 
systems 

Condition 
Initial I, 
(na) 0, 
50V 

I, (na)@ 50v 
after 96 hr «t; 
160°F & 95% 
RH, 75v rev. 

bias 

Epoxy- Stoichio- ê 
8 11 

anhydrides 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 

technical 9 Open failure 
13 650 

Epoxy- Nonstoichio- 9 9 
anhydride metric, 11 9 

technical 10 193 
16 Open failure 
12 199 
14 11 

Fluorocarbon, Dispersion 11 s 
FEP Teflon** coating 12 12 

8 8 
32 13 
9 9 
17 19 

Fluorocarbon, Dispersion 8 8 
Kynar coating 10 10 

52 45 
17 13 
15 16 
15 15 

Silicone, 
elastomeric 

Dispersion 
coating 

14 
20 

15 
17 

room tempera- 14 15 
ature curing 13 9 

19 18 
9 s 

1.16x103 Open failure 

Uncoated Not applicable 9 Open failure 
6 Open failure 

*All epoxy-anhydride systems were cured 16 hours at 248°F 
followed by 1 hour at 356°F. 

**Three thin coats were used with fusion at 575°F for 5 minutes 
after each coat. 

coatings can be confidently designated as the prin-
cipal cause of failure. 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-
ated by the plastics 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 probable 
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 refined ultramicroanalyt-
ical methods. 

For the packaging of high-reliability, long-life 
military and space devices, a more fundamental 
understanding of plastics' characteristics and their 
effect on electrical parameters is necessary. 

Epoxies or silicones 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 should 
probably be a high-purity flexible coating. How-
ever, until long-term exposure data is acquired on 
the transmission of impurities to the semiconductor 
through the flexible inner coating, caution should 
be employed in using such packages for high-reli-
ability, long-life applications. The ideal, of course, 
would be an ultrapure material for both the surface 
coating and encapsulant. 
However, the purity of the initial plastic layer 

may become less important as improvements are 
made in the integrity of the passivation layer and 
as more reliable passivation materials and tech-
niques are developed. 
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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. cf America, Electronic 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 
eryoelectrics into contention as a means for attain-
ing a fast, large, low-cost memory. The twin de-
velopments should serve to bring new emphasis to 
a field that has suffered from a marked decrease in 
interest 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 done on de-
signing the optimum memory system, 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 first 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 flask 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 
system. 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 system. The success 
of the experimental system thus points the way 
toward systems 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 

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 insulated thin-film 
metallic layers deposited on a glass substrate. The 
first layer deposited on the substrate is a lead (Pb) 
ground plane into which holes are etched (one hole 
per loop cell). Following an insulation layer, a tin 

A LINE B LINE 

DIGIT/ 
SENSE LINE 

HOLE IN Pb '---GLASS 
GROUND PLANE SUBSTRATE 

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, forcing 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 flow in 
the 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 the 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 down. Three sides of the loop project 
from the sense line. The fourth side of the loop 
crosses over the hole in the substrate. Two lead 
(Pb) drive line layers then are deposited over an 
insulating layer that covers the layer containing the 
loops. The drive lines A and B are superimposed, 
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. 
Current in these drive lines will switch part of the 
loon to the resistive 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. 

A binary 1 is written into a cell by applying 
select currents to the A and B lines and a digit 
current to the sense line and then removing the 
select currents before removing the digit current. 
The following events occur in sequence: 
The select currents switch the tin to the resistive 

state, and the digit current flows through the high 
inductance path over the hole in the ground plane, 
where it sets up a flux in the loop. 
When the select currents are removed, the low 

inductance path returns from the resistive to the 
superconducting state. 
The flux produced by the digit current passing 

through the high inductance zero resistance path, 
however, is trapped in the loop. 
When the digit current is removed, a circulating 

current is established in the loop, which corre-
sponds to the binary 1. 
Readout is obtained by monitoring the 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 stored in the cell, the sudden 
change to the resistive state would cause the cir-
culating current to decay to zero and a voltage 
would be induced in the sense line as the flux in 
the loop collapses. 

Hybrid organization 

The new hybrid system enhances the funda-
mental advantages of cryoelectric memories over 
those of conventional ferromagnetic core memory 
system. The relatively high inductance of the mag-
netic core memory's drive lines and cells is con-
ducive to noise and necessitates repetition of the 
electronic hardware as the bit capacity 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 system, essential for 
this application rather than the word and bit-organ-
ized systems, the substantially perfect diamagnetic 
property of metals in the superconducting state 
results in negligible inductance of the drive lines 
even in very large bit capacity memories, and it 
also effectively 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 modest in 
size and complexity, and the reliability of the elec-
tronics can be made very high. The isolation be-
tween cells and high signal-to-noise ratio at the 
substrate permits the unambiguous detection of 
sense signal levels of very low energy content, 
which in turn permits very high cell packing 
density. 
The cell's energy density, however, causes inter-

dependencies among the system components which 
are not present in the conventional, rather large 
storage elements. Therefore, both the cryoelectric 
cells and the system in which they are to operate 
were developed together. 

In the hybrid (word-bit) system, the select drive 
lines are designated as A and B lines. A memory 
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cell or storage loop exists beneath each A and B 
line intersection. The A drive lines are serially 
interconnected from plane to plane 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 lines intersect the A lines many 

times on a plane, requiring few B lines per plane for 
a large bit capacity. The selection of a particular 
A and B line results in the simultaneous activation 
of a number of bits on a plane, 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 
plane are grouped into digit segments and are inde-
pendently connected 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 
plane. Each of the storage loops common to a given 
digit on a plane comprises one digit strip. There-

1, 2 
E3 3 

[3 4 

fore, the number of digit strips on a plane is equal 
to the number of digit segments or digits of a word. 
The output of all digits of a selected word simultan-
eously appears across the terminals of the digit 
strips of the selected plane. Each plane, then, con-
sists of a number of words equal to the product of 
the number of A and B lines. 
A given number of digit strips, one per plane, 

and common to a given digit of the word, are con-
nected in series and across the primary of the 
output transformer. Write current is applied serially 
to the group of digit strips associated with a com-
mon digit. The sense signal output from any one 
of these digit strips appears across the primary 
winding of the sense output transformer. Since only 
one B line is activated, for a given address, only one 
of these digit strips is activated during a given read 
interrogation. 
The hybrid system provides for a length of digit 

strip substantially shorter than in other memory 
organizations, which increases the yield and reduces 
the sense output signal attenuation and the write 
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Conductor arrangement for the hybrid memory organization is shown for a hypothetical 16-word, 4-digits-per-word 
memory plane. Shaded areas represent the four digits of the words. The four 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 the A.-B, intersections, each of the sense lines would produce a simultaneous readout. 
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Cryoelectric memories: will they finally make good? 

Author Gange 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 
512 of these planes operating in a coincident-current, 
random-access mode and with microsecond cycle times. 
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. 

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 many 
sources, is stored, and then is re-
transmitted. Though the individual 
data rate on each line is only mod-
erate, the total rate of data assimi-
lation by the memory in this 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. 

Buck's cryotron. The first appli-
cation of cryoelectrics to computer 
elements occurred during the early 
1950's when Dudley Buck, an en-
gineer at the Massachusetts Insti-
tute of Technology's Lincoln Lab-
oratory, developed a resistance 
switch, which he labeled a "cryo-
tron".! It consisted of a piece of 
superconducting tantalum wire op-
erating below its critical tempera-
hire of 4.4°K, about which was 
wound a coil of superconducting 

noise. The hybrid system, since it is of modular 
construction, also permits the memory to be evalu-
ated plane by plane instead of in a complete stack. 
Thus the stacks can be designed for complete 
plane-to-plane isolation instead of forcing a design 
where memory cells on different planes must oper-
ate simultaneously with no interaction. 

Cryotrons eliminated 

The use of room temperature decoders endows 
the system with many advantages over a system 
that uses cryotron decoders. First of all, if the 
cryotron decoder is built on the same substrate as 

the memory cells, it is difficult to evaluate them 
separately. Ideally, the decoding tree should be 
evaluated with a fully checked out memory plane 
and vice versa. But with cryotron decoders, they 
are substantially inseparable. 
With the cryotron decoder, the address currents 

and the cell drive currents are sent down into the 
Dewar flask to the decoding tree. One address line 
is used for each digit of the address. The drive 
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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niobium whose magnetic field 
switched the tin from the supercon-
ducting to the resistive state. The 
major disadvantage of the device, 
however, was its slow speed, 
caused by the long time constant 
associated with its high induc-
tance-to-resistance ratio, and the 
long thermal recovery time of the 
tantalum. 

Soon thereafter, a thin film ver-
sion of the cryotron was proposed 
in which the inductances of both 
the control and the switched ele-
ment were substantially reduced by 
the proximity of a superconduct-
ing ground plane. Difficulty in the 
vacuum deposition of thin films of 
tantalum and niobium soon brought 
about a change to tin and lead. 
Many thin film memory devices 

were proposed during the 1950's. 
but each appeared to suffer from 
one or more serious problems, 
which, when solved, resulted in a 
cryoelectric system with minimal 
advantages over existing magnetic 
memory systems. A further obstacle 
to researchers was the lack of a 
comprehensive theory of supercon-
ductivity. 
BCS theory. In December 1957, 

Bardeen, Cooper, and Schieffer, of 
the University of Illinois published 
their now celebrated "ncs" theory 
of superconductivity in which the 
phenomenon's relationship to basic 
solid state theory was defined, and 
basic material parameters were re-
lated meaningfully to observed 
constants.2 This perspective of the 
superconducting phenomenon led 
to an understanding of the behavior 
of very thin superconducting films 
in response to normal components 
of applied field, such as occurred 
along the edge of the cryoelectric 
cell. 

Sheet memory. In 1960, Burns 
and his coworkers at the Radio 
Corporation of America Labora-

tories published a paper describ-
ing outstanding performance char-
acteristics of a "continuous sheet 
memory," which was void of 
edges.3 In the period between 
1960 and 1964 many investigators 
both here and abroad attempted to 
develop a practical memory of this 
type. However, the performance 
could not be systematically repro-
duced, especially over large areas 
due to formidable material prob-
lems. Work in the area of super-
conductive random access mem-
ories substantially declined there-
after. 

Nonlocal mode. Cange and his 
group made a sober appraisal of 
the developments between 1954 
and 1964 and saw a characteristic 
essentially common to the many 
diverse approaches; the devices 
operated in a "local" mode, where 
the current density at every point 
is directly related to the magnetic 
field at that point, or is "locally" 
related to the field. The criterion 
for operation in this mode is that 
the magnetic field penetration 
depth must be greater than the dis-
tance between two bound elec-
trons, which travel as a pair 
through the superconductor. If the 
film is thin, then the supercon-
ductor will operate in this made. 

In such a mode, however, the 
operating current levels are indi-
rectly dependent upon such factors 
as grain size and orientation, im-
purity concentration and type, film 
thickness, dislocations, vacancies, 
interstitial atoms, and point de-
fects. At the state of the art which 
existed at that time (and which 
still exists) it was impossible to 
control these parameters to the 
extent necessary for the realization 
of a practical memory and there-
fore the cells had uniform electri-
cal characteristics. 

Thus, in 1964, an operating 

mode which depended only on the 
gross bulk material properties was 
seen as a requirement for achieving 
a practical cryoelectric memory. To 
operate in this "nonlocal" mode, 
it is necessary to ensure a film 
thickness larger than the separa-
tion between two bound electrons. 

However, the film thickness can-
not be indiscriminantly large or 
the inductive time constant of the 
device will he excessive due to the 
smaller restored resistance %,altie. 
This film thickness requirement 
necessitated the reintroduction of 
structure to the element to ensure 
flux trapping, and a photolitho-
graphic fabrication technology to 
ensure reasonably systematic elim-
ination of tapered film edges, 
which would cause local-mode op-
eration. 
Hybrid organization. Because of 
the difficulties with the earlier 
memory cells, the memory organ-
izations were never fully evaluated. 
After designing a new memory 
cell that operated with wide tol-
erances, Cange, working with J.J. 
Carrona, manager of the cryoelec-
tric device laboratory, and engi-
neers N.G. Scheible, E.M. Nagle 
and J.F. Thompson, developed the 
new memory organization. 
The work was partially spon-

sored by the Air Force Systems 
Command, Wright-Patterson Air 
Force Base, Ohio. 
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switched, the address currents must be large 
enough to switch the poorest cryotron. 
For example, if the planes were made up of a 

matrix of 1,024 by 1,024 bits, then 10 address cur-
rents would be needed for the A direction and 10 
for the B direction. Two drive currents per plane 
would be used, one for A and the other for B. The 
address currents steer the drive currents on the 
substrate, and therefore must be much larger than 
the drive currents. In turn, the drive currents con-
trol the digit currents in the individual cell and are 
still larger. Thus, the address currents end up being 
many times larger than the currents in the cells 

which are eventually used to store the data. 
This causes interaction between the cryotron tree 

and the memory cells close to the tree, and toler-
ances on the cell operation are affected. The address 
current must be high enough to assure switching 
the weakest cryotron in the tree common to a given 
address. At these high levels, the address currents 
will start to switch imperfections in the lead film as 
they pass over the imperfections through the cryo-
tron decoder tree. The flux produced by the high 
currents will also couple into the memory cells and 
disrupt operation. At high current levels, the gen-
eration of heat can also cause undesirable 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 incurred 
because of the inductive division of currents in 
the cryotron tree. At the first instant of current 
application to the tree, the current inductively divi-
des among the branches and, as resistance is intro-
duced in the unwanted paths, inductively 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 time is in the 60 to 80-psec range, 
which would be unacceptable for the high-speed 
mass store originally intended for the 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 cells. 
With room temperature decoders, we can reduce 

the heat load on the cryogenic refrigerator, we 
can increase the number of memory cells on the 
plane with the space we gain, we can reduce the 
cycle time since we will not have to wait 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. We also can increase the plane yield 
because fewer film layers are required. 
The absence of the decoders from the substrate 

reduces the number of decoding elements by two 
or three orders of magnitude and also reduces eval-
uation costs. 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 flask, 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. The I2R loss 
thus is negligible. 
For the lines into the Dewar flask, 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 resistivity 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 

of the art for cryogenic refrigerators. The PR heat 
including nonsuperconducting 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 system. 
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 the multimillion-bit memories, the capacity 
of the basic memory plane must be carefully 
chosen. The low interconnection costs of a high 
bit-capacity plane must be balanced against the 
decreased yields that would be experienced with 
a high capacity plane. The higher the bit capacity, 
the fewer interconnections needed, but the lower 
yields raise processing costs. A cost minimization 
analysis reveals that 250,000 bits is a reasonable 
estimate of the optimum bit capacity. This will be 
used as a standard plane. The discussion that fol-
lows is based on this figure. 
The standard plane concept is akin to the build-

ing block philosophy. Synthesis of large memory 
systems with a standard plane has several advan-
tages: hardware and evaluation processes can be 
shortened and hardware fabrication can be im-
proved through repetition. The hybrid design also 
allows redundancy techniques. 
The standard plane contains 512 A lines, eight 

B lines and 72 digit-sense lines designed to con-
form to the loop cell array. The plane is designed 
to give a word length of 64 bits; therefore, it con-
tains a digit line redundancy provision of eight 
lines, or about 12%. The 512 A lines and eight B 
lines should be sufficient to give redundancy 
potential in these lines when incorporated into a 
memory system. 
To synthesize very large hybrid memory systems 

with standard planes, the planes must be inter-
connected to fit the particular specifications of the 
memory system. In this way, electrical path lengths 
can be custom cut for a given system, 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 patterns can be of two gen-

eral types: a single interconnection pattern which 
defines the over-all system organization or an inter-
connection pattern common to a local region which 
repeats itself over the entire system. The second 
pattern strongly suggests a basic building block 
philosophy, in which the block is a plate or frame 
defined 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 

ROOM TEMPERATURE 

"m" LEVEL 

"A" DECODER 

A2 

DIGIT SEGMENT NO.2--

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 

ACROSS PLANE . 2m 

TOTAL NUMBER 
OF INDEPENDENT 
"8" LINES . 2m 

DIGIT SEGMENT NO.3 

LINE NO.1 

NO. 2 

NO. 3 

NO. d 

ROOM TEMPERATURE 

"El" DECODER 

DIGIT SEGMENT NO. 1 

TOTAL NUMBER OF 
INDEPENDENT "8" LINES 
IN EACH DIGIT SEGMENT 

.2 m /d 

DIGIT NO. 
DIGIT NO. 2 

B(2m/d) 

8 

PLANE NO. P 

TOTAL NUMBER 
OF LOOPS 
ALONG EACH 

STRIP.2m 

Each sense line on a plane runs through all the memory 

cells on the plane associated with a common digit. 

TOTAL NUMBER OF 

"S" STRIPS IN EACH 

"S" LINE . 2m/d 

WRITE 
CURRENT 

SUPERCONDUCTING "S" LINES 

SENSE 
SIGNAL 
OUTPUT 

A3 2 

41.  

(2 m /d) 

4  

)"S" LINE NO. d, PLANE NO.1 

" LINE NO. d, PLANE NO.2 

)"S" LINE NO.d, PLANE NO. P 

OR GATE 

The sense lines serving a common digit on each plane 
are connected in series through the stack. 

Electronics I April 17, 1967 117 



Choosing optimum bit capacity 

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 functioning module 
is achieved. Between these two ex-
tremes lies an optimum number of 
bits which should be placed on 
each module. [Note 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, finding 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 practi-
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 = 

The plane is exposed to various 
hazards during processing. These 
hazards are either area dependent 
or area independent. Examples of 
area independent hazards are a 
technician accidentally scratching 
the thin films or a wrong exposure 
due to a defective ultraviolet bulb. 
Area dependent hazards include 
defects in the substrate, an occa-
sional module during film 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. The 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 

lu the following analysis we as-
une that: 

• Parallel processing is feasible. 
• 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 dis-
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 fail-
ure P is some function P(b) where 
P increases with increases in b. 

Processing Cost. If C1 is the cost 
of all necessary process sequences 
to produce a perfect multilayered 
structure for P 0 of area A, and 
Cor is some fixed cost, then the 
total fabrication cost Cf to produce 
B satisfactory bits is: 

C f f   
1 — 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 K2bu2 

where K2 is some constant. 
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Interconnection cost. If C2 is the 
cost per interconnection then the 
total interconnection cost is C2ni. 
The total evaluation cost C. 

over all necessary runs per ma-
chine to evaluate B bits is then: 
Ce Coe + C2 ni 

The total cost is given in terms of 

a fixed cost Co, a device cost,1 — P' 

and an interconnection cost C,ni 
as: 

Cl 

C1 r B 
C C. p C2h2 1-27/ 

dP 
Since Tib- > 0, a minimum in the 

total cost C occurs at a value of b 
for which: 

! dP 1 C2 
J  -- K2B = 0 

db 2 CI 
If the variation of P with b were 
known, we would now be able to 
find the optimum b. 

Consider a probability of failure 
P which varies linearly with area 
and thus varies linearly with the 
number of bits, b, in a module. 
Let the quantity K3 denote the 
number of bits over the area A 
for which a defective bit is reason-
ably certain; if IC2 bits were put 
on a substrate of area A, a failure 
in at least one bit would occur. 
If K3 were partitioned into smaller 
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: 

P 

105 106 107 108 

PROCESSING / INTERCONNECTION COST RATIO - C1 /C2 

Optimum bit capacity varies with processing- interconnection cost ratio 
and a confidence parameter, r, related to memory plane production. 

109 
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Note that if b equalled Ka, the 
probability of failure would be 1, 
which follows from the definition 
of Ka. 

Confidence factor. Since the oc-
currence of at least one defective 
bit is likely in Ka 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 "r" of the form: 

B=r K3 

O < r < 1 

Therefore if Ka bits were placed on 
the plane at least one failure 
would occur, but if a fraction of 
K3 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 K3 bits over which adequate 
yield is likely. Thus, combining the 
above two equations, 

P = r — 
B 

Optimum bits. The number of 
bits b at which the minimum cost 
occurs now may be obtained as: 

=K1 

[ • r, 2/3 
bold "- B413 2r CI 

Unlike semiconductor integrated 
circuits, cryoelectric devices are 
relatively insensitive to defects, 
and a value of 106 for B may not 
be unreasonable for the loop struc-
ture. 
A logarithmic plot of b as a 

function of Ci/ 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, C1 and C2 respec-
tively, have a significant effect on 
the optimum number of bits b per 
substrate. As an example, a cost 
C1 = $10. and C2 = 0.01 cents 
(Ci/ C = 105) gives a value of 
about 127,000 bits for b while a 
cost CI = $500. and C2 = 0.001 
cents (Cl/C2 = 5 x 107) gives a 
considerably 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. 

tion satisfying both the interconnection schemes 
for which A and B electrical path lengths are com-
patible, and the interconnection technology through 
which manufacture of the system may be realized. 
We will consider basic building blocks for four 
systems: 1.6 x 107 bits, 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 consists of two 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-bit 

memory may be synthesized consists of four stand-
ard 250,000 bit planes, two coplanar pairs back-to-
back to form a 1-million bit plate. There are 32 such 
plates. The number of A lines in the system is 
1,024, 512 of which run serially through all planes 
stacked 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 which are coplanar. The number of A lines in 
both systems is 2,048, 512 of which run serially 
through each plane stacked in each of the four 
quadrants of the systems. In the 6.4 x 107-bit sys-
tem, separate B lines run serially through each 
pair of planes on each surface of each plate in the 
system. There are 32 plates, each consisting of 2 
million bits, and a total of 1,024 B lines. 

In the 1.28 x 108-bit system, separate B lines 
run serially through all planes on each surface of 
each plate in the system. There are 64 plates, each 
of 2 million bits, and a total of 1,024 B lines. 
The various plate configurations on page 120 

may be redefined by performing the folds along 
different axes, provided the basic interconnection 
pattern remains unaltered. For example, the 1.28 x 
108-bit memory plate configuration may be altered 
to permit the A lines to run across pairs of planes 
on each surface of each plate in the system. The 
pair of A lines so defined would then run serially 
through all halves which were in common through 
each plate in the system. The total number of A 
lines would remain at 2,048. 
The B lines would mn serially through a pair of 

planes common on each surface of a plate. The B 
lines (two on each side of the plate) are orthogonal 
to the two planes per plate through which each A 
line runs, permitting the unique selection of one 
plane in the system at any one time. The total 
number of B lines remains at 1,024, and the elec-
trical path lengths remain the same for either plate 
configuration. 

100-million bit memory 

A memory system of 108 bit capacity may be 
synthesized from the basic plate consisting of eight 
standard planes. The over-all volume occupied by 
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TYPICAL PLANE: 

0.25 x 106 BITS 

64 PLANES 

32 PLATES 

1.6 K107 BITS 

128 PLANES 

32 PLATES 

3.2 x 107 BITS 

256 PLANES 

32 PLATES 

6.4 .107 BITS 

512 PLANES 

64 PLATES 

1.28 x108 BITS 

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 10°-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 dissipation is estimated as 81 milliwatts at 3.5° K. 

the resulting 64-plate stack at the liquid-helium 
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; the total number 
of A wires including returns 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, the total num-
ber of B wires is 2,048. A number of sense lines, 
say 32, each common to a given digit of the word, 
and each on separate planes, may be serially inter-
connected and connected across the primary of an 
output transformer. 

Room temperature amplifiers 

In this case, each of the quadrants of the memory 
system will have four output transformers for each 
digit of the word. The outputs of these transformers 
are connected to amplifiers at the room temperature 
environment, and correspond to a particular digit 
of the word. The total number of lines per quadrant 
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 returns, is 512, and the 
total number of sense wires over the entire memory 
system, 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 returns is 512. The total num-

ber of wires required for the entire 108-bit system 
memory system, including returns, is 8,704. 

Reliability and cost aspects 

Another major advantage of the new cryoelectric 
memory over conventional random access magnetic 
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 cryoelectric memory does, of course, require 

a refrigerator, but the feasibility 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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150 MHz, 2.4ns 

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 MHz 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 Risetime 

20 mV to 10 V/div 

10 mV/div 

5 mV/div 

2.4 ns 

3.5 ns 

5.9 ns 

Bandwidth 

DC to 150 MHz 

DC to 100 MHz 

DC to 60 MHz 

•Front 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: 

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 /Is 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. Also 
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. O. Box 500, Beaverton, Oregon 97005. 

Type 454 (complete with 2 P6047 Probes and accessories) . . 
Type R454 (complete with 2 P6047 Probes and accessories) . 
C-30 Camera   
C-40 Camera   
Type 200-1 Scope-Mobile" Cart   

U.S. Ea:e; Pr,, FOB Beaverton, Oregon 

$2550 

$2635 
$ 390 
$ 540 
$ 60 

230,000 square feet devoted to R&D 
. . . part of the Tektronix commitment 
to progress in the measurement sciences 
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• SYSTEMS DIVISION 

• ••• 

TEMPERATURE SCANNER SYSTEMS 

50 POINTS/SECOND 
Proven EMC temperature scanner systems are now available for 
countless applications 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 simple to 
install, operate and maintain. Pushbutton controls provide moni-
toring ease and flexibility. Modular units are interchangeable. The 
highly reliable systems are constructed from circuit modules with 
proven reliability of 4.5 million hours MTBF. This gives the 
typical system an MTBF in excess of 8,000 hours. (Other scan-
ning requirements can be accomplished with the same basic tech-
niques and systems components.) 

DIGITAL REMOTE CONTROL 

DATA SYSTEM 
The EMCON Digital Remote Control Data System, designed for 
railroad, utility, pipeline and other remote applications and 
proven by over 10,000 system hours of actual field operational 
testing, provides supervisory control and/or alarm capability 
using existing communications media without disturbing voice 
communications, if the latter also uses the same link. It provides 
for remote control of relays, signals and other devices with 
positive answer-back. EMCON uses digital computer techniques 
and solid state circuit modules throughout to ensure positive per-
formance and adjustment-free service. EMCON generally con-
sists of a control receiver at each of the remote stations and a 
dispatcher's control console and control transmitter 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 D6100 Controller, a Model D5085 Load Driver, 
and a sensor. The Model D6100 narrow band proportional Tem-
perature Controller contains an A.C. bridge (sensor and cali-
brated ten-turn set-point potentiometer are in one leg of the 
bridge), error signal amplifiers, bias adjust circuitry and SCR 
firing circuitry. Temperature response of the controller is ex-
tremely rapid with temperature lags less than 0.05°C. Proper 
design and location of the heater with respect to the load and the 
sensor are also necessary for optimum performance. 

EINE113131201M111311 
BM CM pop 

o 
o 
D EIRIIIME111 Electronic Modules Corporation 
in A la 11 (--) 

1.II. MI P.O. BOX 141 TIMONIUM, MARYLAND 21093 

Our representative 

will be glad to pro-

vide additional in-

formation on how 

these and other 

EMC systems can 

meet your require-

ments for moni-

toring and control. 

• SYSTEMS DIVISION 
TWX-301-0723 301-666-3300 
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Packaging 

Dielectric bath promotes 
togetherness in IC's 

Liquid cooling may be the answer to the heat dissipation 

problem that is a major barrier to shrinking the size and 

expanding the operating speed of integrated circuit systems 

By Robert R. Weirather 

Government Electronics Division. Motorola Inc., Scottsdale, Ariz. 

Tiong C. Go 

Semiconductor Products Division, Motorola Inc., Phoenix, Ariz. 

Naked integrated-circuit chips may be bathed by 
liquid coolants in the future. The technique is being 
explored as a solution to the thermal problems 
posed by developments that will raise component 
density in systems. A 10-fold improvement in heat 
removal methods will be needed when ic's are 
packed closely together in two-dimensional arrays. 
Power density—the number of watts dissipated 

in a cubic foot of system volume—is the crux of 
the problem. The density will increase as large-
scale integration and other means of packaging 
circuits come into use,'' 2 and so will the amount 
of heat that must be removed. 
Today, lc packages transfer heat from the semi-

conductor chip to either the surrounding medium, 
usually air, or a heat sink. Forced air, cold plates, 
and other conventional ways of cooling lc packages 
have already been exploited, but they limit density.2 

Liquid cooling of the chip itself may be a better 
method. It is estimated that a packaged digital lc 
that becomes overheated in air at a power level 
below 250 milliwatts would be safe in a dielectric 
coolant even if the power applied to the circuit 
were to be raised above 10 watts. Not that a digital 
lc could or should be expected to dissipate that 
much power—but a large number of ic's could go 
into that cubic foot. 

Speed and power 

Thermal transfer calculations indicate that un-
packaged chips, bonded directly to a substrate, 
could match the power dissipation of packaged and 
air-cooled circuits. Chips could be placed in large 

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 
design. It can mean higher system speed and lower 
packaging costs. In general, denser packaging re-
sults in a faster system because wiring delays are 
less [see "Smaller systems are faster systems," 
page 129]. Better electrical performance and reli-
ability. reduction in weight. and savings in con-
struction materials, connectors, and other packag-
ing components are also possible when more 
circuits are put on either a monolithic lc, a substrate 
or a circuit board. 
The speed of some types of logic circuits are also 

power-dependent. If the designer can count on 
using more power, he can drive the circuit output 
further and improve the fanout to other circuits. 

Picking a dielectric 

Liquid cooling has proved to be highly efficient 
in power tubes—cooled by water jackets—trans-
formers immersed in oil, in engines and many other 
applications. 

However, the effect of liquid cooling on tiny, rela-
tively fragile ic's wasn't known when the experi-
ments began at Motorola Inc. last July. The results 
thus far have been encouraging. 
Ample proof has been accumulated that liquid 

cooling allows a multiplication of power density. 
Assemblies have been operated for several months 
in dielectric baths without degradation of the ic's 
or interference with their electrical operation. At 

Electronics April 17, 1967 123 



FILL CAP AND 
PRESSURE- RELIEF 
VALVE 

1 

CONNECTOR 

FLUID- LEVEL 
:NDICATOR 

AEI 
AI% 

.41/AlarAll/ 

4r-- —.---- ..dirrà•Plar• Awn, 
.an•-.».-.MI• ./../IIIII Allninir 

Ilindir% 
.APPilliP' Aine' IliridarAiir 

dolIdMIAllw II' AOPIMIddlaw .day. 
MaIddIAllw Aall Annion, 

IMMIAtaaw All.".41P. ./dalor 
AlaWdaalw Adondapp• 

.4011,74I /II II 
Ame.imme AI ,digrAggr 

,airldipe diale Amodwar 
dMIddawAMI 

.d.a.:MIAOW 4. 
..ame.m.-

AarAI /Ow 
IFIMPAIlle  
AI% 

Affirldir 
Aloe 

PRESSURE AND 
TEMPERATURE METERS STACKED SUBSTRATES 

PUMP 

HEAT EXCHANGER 

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 replaced by cooling fins on the housing. 

first, there was some fear that boiling and circula-
tion of the liquid around the exposed lc 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. 
Water couldn't be used as a coolant, since it 

degrates ic's—chips in water failed in a few days. 
Most of the conventional liquid dielectrics are un-
suitable because they lack the necessary physical, 
electrical, or chemical characteristics. 
The choice of coolants boiled down 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 
requirements: 
• Chemically, they are highly inert to semicon-

dii ctor-device materials. 
• Electrically, they have a low dielectric con-

Experimental cooling chamber is simply a housing with a 
close-fitting plastic cover and tube sockets for 
connections through housing walls. Lamp at front of 
housing flickers when test circuitry is operating. 

stant, which keeps signal propagation velocity high 
in the lc intraconnections and losses low. 
• Thermally, they have a high heat of vaporiza-

tion and other desirable thermodynamic properties, 
so heat easily flows from the lc into the liquid. 
Their boiling points are lower than the ic'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 heat transfer and physical stress computa-

tions that follow are based on the properties of 
Freons. 

Experiment startup 

In the initial tests, one circuit was operated in 
Freon C51-12 six weeks without detectable degra-
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Boiling 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 perfluorodimethylcyclobutane that 
boils at 45° C [see table on page 127]. Approxi-
mately the same results have been obtained with 
FC-78, a 3M fiuorochemical with properties similar 
to Freon C51-12. 

Initial tests with single circuits showed that liquid 
cooling tends to stabilize the temperature of an IC, 
even though power applied to the circuit continues 
to increase [see graphs below and on page 128]. In 
contrast, an lc operated in air gets hotter and hotter 
as the applied power is increased. 
To monitor chip temperature, a diode in the test 

lc was calibrated. With a constant forward current 
of 100 microamperes, a diode forward voltage drop 
of 2.06 millivolts corresponds to a temperature rise 
of 1° C, graph below, left. The adjoining graph 
shows the results of using different types of Freon 
to cool sample circuits mounted on TO-5 headers. 
The package tops were left off, so the coolants were 
in direct contact with the hare 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 calibration curve was obtained 
with the test setup shown in color. 

1 0 

mounted on a TO-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-
cuit, operated in air, would reach that temperature 
at a power dissipation of only 200 mw. If the pack-
age were in air, but cooled by either forced air or 
a heat sink with radiating fins, power dissipation 
might safely be 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 heat. The chip won't over-
heat unless it dissipates so much heat that a wall 

of vapor forms between it and the liquid. 
A boiling curve clarifies the heat transfer process. 

The curve on page 124 is the heat flux, q/ A, versus 
the temperature difference, At, when water is boiled 
by an electrically heated platinum wire.4 The tem-
perature difference is that between the wire tem-
perature, tw, and the liquid's saturation tempera-
ture, tN. The curve is a general one, not restricted 
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 rising from the wire. The bubbles stir the liq-
uid and- heat is transferred more rapidly than by 
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 to merge 
and spread over the entire wire surface. Here, 
the circuit begins to run into trouble. The curve 
from point C to point D is known as the partial 
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CIRCUIT POWER IN WATTS 

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). 

nucleate, or partial film boiling region. An unstable 
film of vapor may form on the wire, collapse and 
reform due to circulation currents. The heat flux 
drops to point D. This type of boiling heat transfer 
is abnormal. 

Usually, the curve will jump from point C to 
point D and rise until the metal melts at point F, 
unless the power input is reduced or an auxiliary 
heat sink is placed on the package. The chip sur-
face temperature will rise rapidly because the tem-
perature difference between the surface and the 
liquid must be large before a large amount of heat 
can be rapidly transferred across the vapor layer 
by conduction and radiation. 
Heat flux is raised if the boiling liquid is forced 

to flow over the hot surface. Heat flux due 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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Cooling equations 
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Chip cooling values 

11/3 

Value E2 C51-12 

q/A„,.. in Btu/hr ft= 
in °F (gold surface)  

q/Amin in Btu/hr ft2  
At„, in in °F  
h in Btu/hr ft2 °F  
h„ in Btu/hr ft2°F................ 
Cd (see equation 3)  

48,500 64,000 
20 8 

2,320 2,350 
135 321 
650 650 
458 460 

0.0105 0.00111 

ternis are defined on page 127, and values given 
in the tables below and on page 1271. 
A still higher heat flux can be achieved by pump-

ing the liquid away from the chip, cooling the fluid, 
and reflowing it over the chip. Heat flux will depend 
upon the liquid velocity as well as the chip-liquid 
temperature difference. 
Heat transfer characteristics of Freons E2 and 

C51-12 near the peak point of nucleate boiling can 
be estimated with equation 2.5, O The q/Ar,.x values 
for a gold surface have been calculated and are 
tabulated below. Du Pont researchers have experi-
mentally determined the temperature difference, 
At, at q/A„,„x. Values for silicon or glass surfaces 
aren't known yet because of experimental diffi-
culties. However, to calculate heat transfer from 
an lc chip, At can be assumed to be about the same 
as for gold. 

Equation 3 is used to estimate heat flux when At 
is less than that of q/Amax.7 
The constant, Ce in, equation 3 is 0.0105 for 

Freon E2 and 0.00111 for Freon C51-12, when the 
given values of q/Amax and At are used to solve 
equation 3. Now, equation 3 can be simplified to 
equation 4 for Freon E2, and to equation 5 for 
Freon C51-12. 
Heat flux can be calculated conveniently with the 

plots on page 129 of equations 4 and 5. The curves 
correspond to the boiling curve between points B 
and C. The C to D portion of the curve can be 
predicted from the minimum heat flux and tem-
perature difference, found with equations 6 and 7. 

These equations yield q/ Amin and Minh' values 
tabulated below. The minimum and maximum 
values are plotted as the black curves on page 129. 

A header helps 

Under adverse conditions, a 50-mil-square ic chip 
mounted on a TO-5 header will dissipate at least 
2 watts in Freon E2 and 3 watts in Freon C51-12 
before the circuit burns out. This would be the 
power limit if many ic's were placed in a small 
container or if the ambient temperature was high. 
The chip would withstand more than 10 watts 

il the Freon E2 is pumped out of the container at 
a velocity of 10 feet per second, cooled to 77° F, 
and then returned to the container. If Freon C51-12 
is used, dissipation should be at least 8 watts. 
Most of the heat is given off by the header, whose 

surface is much larger than the chip's. If the bare 
chips are mounted directly to a circuit board, the 
maximum boiling heat transfer rate per chip will 
be 0.327 watt per chip in C51-12 and 0.248 watt 
per chip in Freon E2. 
The rate can be greatly stepped up by pumping 

and cooling the liquid. The rate would vary from 
chip to chip. The rate depends on a chip's distance 
from the leading end of the circuit board for two 
reasons: the coolant becomes warmer as it flows 
over the chips, and the board may act as an air-
plane wing to alter the liquid flow (this is known 
as the boundary-layer effect). 

If the boards carrying the headers or circuits are 
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Properties of Freon dielectric coolants 

Property El 

Boiling point, °C  
°F  

Cf = specific heat in Btu/lb. °F  
hf, = heat of vaporization in Btu/lb  
K1 = thermal conductivity of liquid  

(est.) in Btu/hr. ft. °F  
K. = thermal conductivity of vapor  

(est.) in Btu/hr. ft. °F. 
Molecular weight  

=- dynamic viscosity in lb./hr. ft  
= kinematic viscosity in ft.2/sec.. 

pf = liquid density in lb./ft.3  
p, = vapor density in lb./ft.3  
= surface tension in lb./ft  

near boiling point 

E2 C51-12 

39.0 101.0 
102.2 213.8 
0.254 0.274 

41.4 31.3 

0.050 0.0501 

0.0080 0.0089 
286.03 242.08 

1.09 0.714 
0.325x 10-5 0.215x 10-, 

93 92.1 
0.70 0.92 

5.85x 10-, 4.18x 10-, 

angled about 10 degrees from the horizontal, freshly 
cooled liquid will strike each circuit. The convec-
tion heat rate will rise, the circuits will cool more 
quickly, and the power dissipation can be increased 
significantly. Also, the boiling heat rate can be 
raised still higher by ultrasonically agitating the 
liquid. 

Resistive wire bonds, incidentally, are hot spots. 
The liquid boils more quickly above these spots. 
This could provide a means of identifying faulty 
bonds in liquid cooled assemblies. 

Boiling heat transfer 

The estimates above are ball-park figures ob-
tained by calculations. To keep the estimates of 
boiling heat transfer conservative, it was assumed 
that the liquid container is a poor heat conductor. 
Therefore, the heat from the circuits would build 
up in the liquid. Even a low power input would 
cause the liquid to approach its boiling point. 

E 1 

45.0 
113.0 

0.285 
40.1 

0.245 

0.060 0.05 

0.0070 
300 286.03 

1.82 1.21 
0.505X10-5 0.364x 10-5 
100 96.0 

0.730 
6.61x 10-4 7.13X 10-4 

At 77° F 

E2 

0.244 

0.05 

242.08 
2.66 

0.715X10-5 
103.5 

8.85X10-4 

C51-12 

0.253 

0.06 

300 
2.38 

0.632x 10-, 
104.4 

7.96x 10-4 

- As a starting point, profiles of the temperature 
gradient across a TO-5 header were estimated and 
plotted, see page 128. Stable dissipation was as-
sumed. Using these profiles as a guide, tempera-
tures of different header surface areas were esti-
mated. The heat dissipation from each area on the 
top and bottom of the header was obtained from 
the graphs on page 129. 
Thermal resistance of the lc chip and its bonding 

area was assumed to be 3° F an hour per British 
thermal unit (Btu). This gave an estimate of the 
chip's surface temperature and allowed the chip's 
heat 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 curve in the graph repre-
sents experimental results when the liquid was in 
an aluminum container, a good heat conductor. 
Since calculations were based on the worst condi-
tions and the experiments on best conditions, real-

Definitions of terms 

A = surface area in square feet 
CD = drag coefficient 
Cr = specific heat 
= constant dependent on surface-fluid combina-

tion 
D = diameter of wire (0.001 inch in examples given) 
f = sag of wire 
F» = fluid drag over a given area 
g = gravitational acceleration 
g = gravitational constant (32.16 ft./sec./sec.) 
h = average coefficient of heat transfer in 

Btu/hr. ft.2 °F 
hrg = heat of vaporization in Btu/lb. 
h. = local heat transfer coefficient 
Kr = thermal conductivity in 

Btu/hr. ft. °F 
= thermal conductivity of vapor in Btu/hr. ft. °F 

L = length of surface in feet 
NRE = Reynolds number 
q = heat dissipation in Btu! hour 

(VA = heat flux in Btu/ hr./ ft.2 
(q/A)b = boiling heat transfer 
(q/A),. = convection heat transfer 
S = stress in pounds per square inch 
t = temperature in degrees Fahrenheit 
= temperature of the chip 

td = temperature of dielectric 
tr = liquid temperature 
= saturation temperature of liquid 

t,, = surface temperatùre of heat source 
at = difference between temperature of heat source 

and saturation temperature of liquid 
= velocity of liquid flow 

Vb = bubble velocity in ft./ hr. 
X = distance from leading edge in feet 
= dynamic viscosity in lb.! hr. ft. 

v = kinematic viscosity in ft.2/ sec. 
pr = liquid density in lb./ft.3 
= vapor density in lb./ft.3 

cr = surface tension in lb./ft. 
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Experimental results are contrasted with calculated cooling rates for Freon C51-12 (black curves) and Freon 
E2 (color curves). Even without forced convection, a circuit in Freon E2 gets no hotter than 
a circuit in air despite a five-fold increase in applied power. 
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T
E
M
P
 
D
I
F
F
E
R
E
N
C
E
 
IN
 
D
E
G
 
F
 

70 

60 

50 

40 

30 

20 

10 

TEMP ON CHIP BOTTOM 

TOP SURFACE 
OF HEADER 

BOTTOM 
SURFACE 
OF HEADER 

FLANGE 

i I I I I I  

0 050 0.100 0150 INCH 

DISTANCE FROM CENTER OF HFADFR 

Thermal profiles at the top and bottom of a typical 
header. Heat flows from chip toward the flange. 

tFLANGE 

24 

istic values would most likely fall between the two 
curves. 
Lower temperatures than those indicated by the 

curves would result if the container had cooling 
fins or more liquid were used, but these would be 
impractical for most applications. 
The lower curve is an estimate based on pumping 

the liquid out of the container at a rate of 10 feet 
per second and cooling it to room temperature, 
77° F. This curve is obtained by combining the heat 
transfer calculations and convection heat transfer 
calculations, using equations 8, 9 and 10. Values of 
the heat transfer coefficients h and h1 are tabulated 
on page 126; h1 is used to calculate convection heat 
transfer from the chip surface. 
Heat transfer by convection and boiling can now 

be calculated 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 C51-12 is the better choice because 
it dissipates more heat at any given circuit tempera-
ture. However, Freon E2 must be used when the 
ambient temperature is only slightly below 113° F 
or above that temperature. The curves in color in 
the graph above are heat transfer curves for 
Freon E2. 
No estimate 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 watts at 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 test ic's and analysis shows it to be un-
likely as long as moderate 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 flow and 
circulation currents in the rapidly boiling coolant. 
In Freon, the buoyant force is about 0.42 X 10-4 
pounds per inch of wire and the weight is 0.548 X 
10-3 pounds per inch. 
Assume the liquid velocity on the header top 

equals the velocity of the rising bubbles. This is 
calculated by equation 116. 7 as 0.16 feet per second. 
Then the next equations may be used to calculate 
drag force. 
The resultant drag force, FD, 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 per inch of wire, from 
equation 12. The term CD in equation 12 is usually 
found 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. 
FD 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 coolant 
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Smaller systems are faster systems 
If all the integrated circuits in a 10,000-circuit dig-
ital system were placed end to end, the designer 
would probably be fired. He might try putting the 
ic's cheek-by-jowl in a two-dimensional plane—on 
a circuit board. 

If the ic's are in flatpacks or TO-5 cans, the linear 
assembly would be nearly 100 yards long, causing 
some ridiculous wiring delays. However, the planar 
assembly would pare down the worst-case wiring 
length to 33 inches. Each package forces a spacing 
of about 1,43 inch between centers of neighboring cir-
cuits. On the average the path length would be 
around 15 inches. An electromagnetic signal takes 
some 21/2 nanoseconds to travel 15 inches in an 
epoxy-glass printed-circuit board. 

Such a planar assembly would be a resonable 
design only if the propagation delay per logic stage 
is far less than 21/2 nsec. There is no point in using 
the design to interconnect the fast logic gates, 
which have a propagation delay of less than 1 nsec. 
The wiring delays reduce the effective speed of 
the gates to 31/2 nsec. 
To capitalize on the circuit speed, the designer 

would have to reduce path lengths by putting more 
circuits in a package—that is, large-scale integra-
tion.' 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 the cost of 
conventionally packaged ic's. Furthermore, the pro-
tection of the circuits from contaminants would de-
pend on only one hermetic seal rather than 10,000. 

Liquid cooling alone certainly won't make 10,000-
circuit ic's feasible. But it could allow the designer 
to put the ic's into a relatively small number of 
large-scale integrated arrays 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 

The circuits ran in Freon C51-12 for 14 weeks 
with no lc failures and then four weeks in FC-78 
fluorochemical liquid, again without failures. 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 tested is a ring oscillator, frequency 

divider, and lamp. The oscillator frequency of 6 
megahertz is reduced by the divider to 23 hertz at 
the lamp, causing it to flicker. 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 ort/ NOR gates have a single layer of thin-film 

wiring and the flip-flops have two layers. Both types 
are mounted on 10-pin TO-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 lc'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 waveforms, and the divider's waveform. There 
has been no detectable change in the operation 
and only minor changes in appearance of the lc'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 ic's. The lc 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. 

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 be 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 

feet. 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-
tion coated the thermistors under a parylene li-
cense 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 

UNI 
CAR 

ON 
BIDE 

PLAS TICS 

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-

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. 

Electronics April 17, 1967 

BAKELITE is a registered trade mark of Union Carbide Corporation. 
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G. 

Be a hero rr WA5H I NG 

design something 
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. Here are a few 
more specs to help you along. 
The transducer consists of a pendulous high-

density 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 manufacturing 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. 

LITTON INDUSTRIES 
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. 

Litton Industries, Potentiometer Division 
226 East Third Street, Mt. Vernon, New York 10550 

• My idea for an application is attached. Send my hero 
certificate. 

• I have an idea, but need more data first. Send specs. 

Name Title  

Company  

Address  

City  State Zip  

-s 
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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 is! 

There's no point in Number 1 in-
troducing 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 without a failure. You 
can see why we say these new readers 
represent genuine "state of the art" 
achievement. Adding them to the Tally 
line rounds out the broadest line of per-
forated tape equipment on the market 
today. 

The 500R, 500RF, and 500T. 
These three readers operate at up to 

200 characters per second asynchro-
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 (flush 
mounted) are reader and spooler corn-

binations. while the Model 500T comes 
without the reel servo system. For tape 
handling only. two spoolers using printed 
circuit motors and proportional reel 
servo are offered, one with 8 inch reels. 
the other with 101/2 inch reels. 

MIL-SPEC reader, Model 500RM and 
“ruggedized" reader, Model 500RE, 10 

Fully militarized, the Model 50ORNI 
is the first high speed reader that meets 
all applicable military specifications with-
out exception. Featuring the same basic 
design as other Series 500 photoelectric 
readers, this unit will work in environ-
ments of-40°F to +145°F, in humidities 
of 100%, and take more than 15 g's 
shock. Pertinent RFI specs are met. 
MTBF is 5,000 hours. Expected life is 
10.000 hours minimum. 

Where severe environmental condi-
tions are not encountered, the Model 
500 RF/10 will perform with the same 
accuracy and life for about half the cost. 
Reading speeds for both readers are 

Model 500 RM 

1 50 char sec asyn-
chronously. 500 
char/sec synchro-
nously. and 1000 
char/sec wind/ 
search. 

Full disclosure. 
For all the facts, 

call your full service Tally sales engineer 
(see EEM),or write KenCrawford.Tally 
Corporation. 1310 Mercer Street. Seattle, 
Washington 98109. In the U.K. and 
Europe. address Tally Europe. Ltd., 
Radnor House. 1272 London Road, Lon-
don, S.W. 16. England. 

ITALLY° 
See the new Tally photo readers and Dartex data terminals at S.J.C.C. 



If you want 
the best connectors 
money 
can buy 

start 
with 

this catalog first! 

* printed circuit 

* removable contacts 

* center screwlock 

*, microminiature... 
subminiature... 
and miniature 
rack and panel 

power 

+ terminal blocks 

+ special designs 

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. 

For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories. 

CONTINENTAL CC CONNECTORS 
CONTINENTAL CONNECTOR CORPORATION • WOODSIDE, NEW YORK 11377 

134 Circle 134 on reader service card Electronics April 17, 1967 



020" of Hipernoeshields like .030" of 
the magnetic alloy you're probably using. 
It can keep your costs 
competitive in the1970'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. 

Hipernom meets the requirements of Federal Standard No. 222 

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 Westinghouse 
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The Hughes/NASA Syncom stands still at 6875 mph to talk to a billion people. 

CIRCUIT DESIGNERS... 
is your appointment in space with Hughes? 

Today, Hughes is one of the nation's most 
active aerospace/electronics firms: Projects 
include: F-111B PHOENIX Guided Missile Sys-
tem, TOW Anti-Tank Missile, SURVEYOR 
Lunar Spacecraft, SYNCOM, POLARIS, 
VATE, Hard Point Defense and others. 

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 airborne radar 
transmitters, the design of which involves use 

of the most advanced components; the de-
sign of low noise radar receivers 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-
cuitry and a variety of display circuits; high 
efficiency 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 

HUGHES 
  _J 

HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer. 

U. S. CITIZENSHIP REQUIRED 



8-111eneo BETTER QUALITY AND RELIABILITY THROUGH CONTROL 

Shown 21/2 x 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 clipped 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 chemical manufacturing 
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding 
compounds — all under strict controls. 

Result: Dipped mica capacitors and molded mica capacitors of equally 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. 

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. S. and Canada: 
ARCO ELECTRONICS, INC., Community Drive. 
Great Neck, L I., New York 

West Coast Manufacturers contact: 
COLLINS & HYDE CO., 900 N. San Antonio Rd., 
Los Altos, California 94022 
1250 E. Artesia Avenue, Long Beach, California 
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Reduce friction and keep cool with Mystik Teflon) Tapes 
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-
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- BORDEN 
netka Avenue, Northfield, Illinois 60093. CHEMICAL 
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This 
integrating DVM 
still offers better 
performance than 
any other 
of its kind. 

Measure low-level signals even in the presence of 
extreme noise with Hewlett-Packard's 2401C Inte-
grating Digital Voltmeter. It has a floating and 
guarded input for minimizing the effects of common 
mode noise; and integration averages out all 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 2401 
the industry's most useful bench and system DVM. 

Here's why: 

5 ranges, 100 mV, 1 V and the 3 usuals; 300% over-
ranging on the 4 most sensitive ranges, 6th digit for 
overrange display; integration through zero; full pro-
grammability; BCD output for systems use; indepen-
dent internal calibrate source stable to 0.006% /6 
mo.; 300 kHz frequency counting ability; optional 
autoranger with 34 msec maximum change time. 

If this isn't enough, a full repertoire of options and 
compatible systems instruments is available to satisfy 
your measurement needs. 

Price: still $3950. 

Call your local Hewlett-Packard field engineer or write 
direct to Dymec Division of Hewlett-Packard, 395 
Page Mill Rd., Palo Alto, California 94306, Tel. (415) 
326-1755; Europe: 54 Route des Acacias, Geneva. 

HEWLETT 
PACKARD DYMEC 

DIVISION 
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If you want to see 
as well as these eyes, 
use the MTI Image Orth 

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 lx10-5 foot 
candles 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. 

reirri 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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We could say these 
mechanical filters are the best filters 
aNailable l'or the 60-600kHz range 

And we will. Because they are 

roliins mechanical filters are the best frequency filtering 
devices available for the 60-600 kHz range. They're 
smaller and less expensive than most other filters covering 
that portion of the spectrum. Hundreds of designs are 
available from stock with 60-db to 6-db shape factors as 
low as 1.2 to 1. They tolerate extreme temperature change 

and long, continuous service without ageing, breakdown, 
or drift. They offer the greatest combination of selectivity, 
simplicity, compactness, and reliability ever developed in 
a filter. For more information or a descriptive brochure, 
contact Collins Components Sales, 19700 Jamboree Road, 
Newport Beach, California 92663. Ph (714) 833-0600. 

UMMUNICATION COMPUTATION, CONTROL 

r/t/einmi 

COLLINS 

COLLINS RADIO COMPANY / DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO 
Bangkok • Beirut • Frankfurt • Hong Kong • Kuala Lumpur • Los Angeles • London • Melbourne • Mexico City • New York • Paris • Rome • Washington • Wellington 



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. 

Mr. F. G. Keese, Honeywell, 13350 U.S. Highway 19, 
St. Petersburg, Florida 33733 

Let's talk about the future. 

Name  

Address  

City  State 

Degree(s)  

Field(s) ot experience   

Specific iob interest  

Present Salary $   U S Citizen Yes No  

Here are the areas of opportunity awaiting you in sunny Florida: 

• Digital Communications • Advanced Navigation Techniques 
• RF and Telephone Transmissions • Hardware Development 
• 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, VHF, UHF 

Experienced circuit designers familiar with front ends, 
phase-locked oscillators, synthesizers, balanced 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. 

Synthesizer Development 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. 

HONEYWELL ENGINEERS ARE DOING THINGS IN FLORIDA 

flonevwellTh 
AN EQUAL OPPORTUNITY EMPLOYER 

To investigate professional openings in other Honeywell facilities, 
send resume to F. F. Laing, Honeywell, Minneapolis, Minnesota 55408. 
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Lockheed s 417 

heed makes the portable portable. 

8 pounds, including its self-contained 

ries, the 417 recorder comes in at 50 

ds less than any comparable recorder. 

the 417 measures up in more ways than 

it. El It starts off with a price tag as 

s $7000. It operates on 110/220 

AC/DC, with a power consumption that goes 

to 10 watts. It has an exclusive, rugged low-mass 

mtial capstan drive for precision operation under 

vibration in any position. It has phase-

lock servomotor control; a simplified 

maintenance-free transport mechanism, 

frequency response of 100 kc direct 10 

kc FM; and, scaling in at only 14" x 15" 

x 6", it can even fit under an airplane 

seat. r-] We believe the 417 is the best 
portable recorder on the market. But check it out for 

yourself. El Just ask for the Lightweight, one of a family 

of recorders for undersea, land, air and space applications. 

htweight. 
LOCKHEED ELECTRONICS rnaADA An/ 



TUDELA FACTORY BADALONA FACTORY 

A wide range of reliable products and types allows us to meet your requirements. 

Large and up to date facilities and mass production quantities guarantee: 

— CONSTANT QUALITY 

- SHORT DELIVERY TIME 

— LOWER PRICES THAN INTERNATIONAL LEVELS 

ilIPIHERsA 

Riera Cañado, S/n, Apartado 53. Phone 280 03 06. • Telex 05792 Badalona (Spain) 

STOCKING REPRESENTATIVES IN: 

U. S. A. - Canada - Great Britain - France - Germany - Australia - Italy - Portugal - Netherland - Belgium 
Finland - Sweden - Norway - Denmark - Colombia - Uruguay - Republic South Africa - Switzerland. 

* Write for technical catalog 
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0/E/N IS QUALITY COMPONENTS 

OAK MANUFACTURING 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-
noids and choppers. Oak FM, 
VHF & UHF television tuners 
can be found in most major 
brand name sets. 

MARCO-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 build 
them into circuitry. We're their main source for an ever-
widening variety of products. The one common denomina-
tor is engineering excellence, built into components pro-
duced by every 0/E/N subsidiary or division described 
here. Write for Facilities and Capabilities brochure. 

mccOY ELECTRONICS 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. 

HART MANUFACTURING CO. 

..."turnsthingson" with 
relays for household and 
commercial appliances, high-
current relays for 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. ILLINOIS 60014 



TH S S SIGMA'S 
NEW SOLID-STATE 

DATACEL 
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 109 
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 

SIGMA DIVISION 

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 available off-the-shelf from your Sigma dis-
tributor. Call him today. 

SIGMA INSTRUMENTS INC 
...me Assured Reliability With Advanced Design /Braintree, Mass. 02785 

Sigma Instruments (Canada) Ltd., P.O. Box 43, Toronto 78 
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Where can you get 
quick delivery on 930 DTL? 

Order TI Series 15930 DTL 

from WEATHERFORD! 

We can fill your requirements for 930 
DTL today! We carry full warehouse 
stocks of all types of TI'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! 

R. V. WEATHERFORD CO W,EATHERFORD 
• 

iDISTRIBUTORS OF ELECTRONIC COMPONENTS AND EQUIPMENT O-ÚS 
ANAHEIM, CALIFORNIA GLENDALE, CALIFORNIA PALO ALTO, CALIFORNIA 

1651 State College Blvd 6921 San Fernando Road 3240 Hillview Drive 

714-532-6741 213-849-3451 Stanford Industrial Park 

714-547-7521 415-321-5373 

SALES OFFICES 
Albuquerque, N.M. 

505-298-5593 

Phoenix, Arizona 

602-272-7144 

Pomona, California 
714-966-8461 714-623-1261 

San Diego, California 
714-278-7400 
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AtIVERLINE 
a new, superior line of Clifton Synchros 

Higher Accuracy. 5' standard Outstanding Repeatability of Calibration 
Pattern Stability of Calibration over Temp. fa 150°C Standard Operating Temp. 
Keeping pace with the developing aero-

space field, Clifton announces SILVERLINE, 
a new, superior line of standard synchros. El 

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 Division of Litton Industries 
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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. 
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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 
unanimous 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 
shown 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 
electronics markets close to or 
ahead of estimates, and space out-
lays are holding their own. But a 
slowdown in the five-year expan-
sion of the economy has softened 
certain civilian outlets. In particu-
lar, a shift in consumers' buying 
patterns has hurt such profitable 
big-ticket items as monochrome 
and color television sets. Similarly, 
the auto makers' winter of discon-
tent during which new car sales 
fell over 20% from year-earlier lev-
els has taken a toll from Detroit-
oriented electronics concerns. Un-
certainties also beset industrial 
electronics and instrument firms. 

Despite what at first appears to 
be a dismal picture, indications 
are that 1967 will still be a good 
year. Available evidence suggests 
that the selective "minislide" will 
be arrested by the end of the third-
quarter-a little later than hoped 
by most-and that the business 
trend will turn upward thereafter. 
Such recent Government actions as 
the proposed restoration of the 
7% investment tax credit and the 
Federal Reserve Board's lowering 
of the rediscount rate to member 

Selected consumer electronics markets 
(millions of dollars) 

1st 
quarter 
1967 

TV receivers, b&w 
TV receivers, color 
Home & portable radios 

Auto radios 

Phonographs, portable 

Hi-fi sets & components 

Kits (except toys) 

Musical instruments, electronic 

2nd 1 3rd 
quarter quarter 
1967 1967 

110.0 

256.5 

39.5 

40.5 

33.6 

16.0 

13.1 

25.6 

82.5 

216.0 

25.1 

52.1 

55.4 

13.4 

12.0 

23.6 

154.0 

395.0 

50.3 

26.1 

60.8 

25.2 

8.6 

20.7 1 

4th 
quarter 
  1967 

203.5 

472.5 

64.7 

40.5 

68.7 

29.4 

16.5 

28.5 

Total 
1967 

550.0 

1,340.0 

179.6 

159.2 

218.5 

84.0 

50.2 

98.4 

Selected electronics components markets 
(millions of dollars) 

1st 2nd 3rd 4th 
quarter quarter quarter quarter 
1967 1967 1967 1967 

Resistors, fixed 44.7 49.5 53.4 55.4 

Potentiometers 40.0 42.0 42.9 46.1 

Capacitors, electrolytic 46.4 47.2 52.9 55.4 

Capacitors, other 57.1 57.4 61.2 62.5 

TV yokes & flybacks 6.5 6.5 7.2 8.7 

Tubes, receiving 62.4 68.2 80.0 77.1 

Tubes, picture CRT, b&w 29.9 26.3 36.5 43.7 

Tubes, picture, CRT, color 106.6 119.5 160.0 202.5 

Transistors, silicon 69.8 75.1 81.0 85.8 

Transistors, germanium 35.8 32.6 40.5 49.4 

Diodes, silicon 53.4 55.6 49.0 64.5 

Diodes, germanium 7.5 7.8 7.2 8.8 

Silicon controlled rectifiers 12.6 13.2 13.7 14.3 

Loudspeakers 24.0 27.2 29.3 24.0 

Magnetic tape 46.8 47.7 45.8 50.5 

Integrated circuits, monolithic 49.3 53.8 58.0 62.9 

Thick films 5.7 6.1 6.7 7.5 

Thin films 2.6 2.8 3.0 3.2 

Power supplies, lab type 11.1 12.2 12.9 10.3 

Power supplies, OEM type 19.8 22.0 20.2 19.2 

Total 
1967 

203.0 

171.0 

201.9 

238.2 

28.9 

287.7 

136.4 

588.6 

311.7 

158.3 

222.5 

31.3 

53.8 

104.5 

190.8 

224.0 

26.0 

11.6 

46.5 

81.2 
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HEIM 
VACTEC 
Photocell-Lamp 
Control Module 

1.-5/8 
9/16 

9/16 

14in) 
LEADS .016 

200 

LAMP LEADS .008 _14 1-.100 
14- 200 

The first of a complete line designed for 
improved, noiseless volume and tone con-
trols in transistorized amplifiers. Perfect 
for guitars, organs, musical instruments, 
radio, TV and the like. 
Combines a proven dependable Vactec 
photocell with an extremely long-life in-
candescent lamp. Complete low-cost 
module in a unique epoxy sealed metal 
enclosure. Leads are spaced on standard 
.100" centers to simplify circuit board 
mounting. 
Six and 10-volt units now available. 
Special characteristic designs on request. 

itA  TYPICAL CHARACTERISTICS 

01 0 

N .-..r  60 05 

2 4 6 8 I0 
CONTROL VOLTAGE 

For details, write requesting Bulletin 0C-1. 

>iç viirrru. pm 
2423 Northline Ind. Blvd. 

Maryland His., Mo. 63042 AC 314,432-4200 
See Vactec's listing in EBG under "Semi-
conductors," and in EEM, Sec. 3700. 

Selected instruments markets 

(millions of dollars) 

let 2nd 3rd 401 
quarter quarter quarter quarter Total 
1967 1967 1967 1967 1967 

Oscilloscopes 

Signal generators 

Sweep generators 

Counters 

Digital voltmeters 

Components testers 

30.4 30.2 30.0 32.2 122.8 

6.7 5.8 6.0 5.5 24.0 

3.2 3.5 3.3 2.8 12.8 

9.4 10.0 7.5 11.4 38.3 

7.0 7.0 7.3 7.3 28.6 

6.2 5.5 5.5 4.7 21.9 

banks should furnish additional 
momentum 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 million units 
have been trimmed to a more real-
istic level of about 6 million. 

If the demand for color is dull, 
the market for black-and-white sets 
is bleak. So far this year, black-and-
white sets are off by 30%-about 
16% below earlier estimates. 
Such staple consumer items as 

radios, phonographs, and tape re-
corders are holding up well in the 
makers' difficulties, sales of auto-
fidelity components are making 
gains. However, reflecting the car 
makers' difficulties, sales of auto-
mobile radios are running 26% be-
low expectations. 

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. With 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. "We may even 
have bigger years in black and 
white than we have had in the 
past," he says. "Transistorization 
will bring the price down to $49.95 
by 1970. And at that price, tv sets 
will be an impulse purchase." 

Portable color tv will also get 
more attention, accounting for 
about 10% of total sales this year, 
predicts GE's Myers. General Elec-
tric already has three 10-inch color 
sets on the market, two of whieh 
were introduced this year. And last 
month, the Radio Corp. of America 
entered the field with a 14-inch set. 
By the end of the year, there should 
be as many as 10 manufacturers 
in the portable color field. 

Selected communications equipment markets 

(millions of dollars) 

Land mobile 

Radar 

Airborne 8( ground links 

Broadcast equipment 

Citizens band equipment 

Telemetry 

let 
quarter 
1967 

42.5 

15.5 

44.5 

20.9 

8.8 

45.5 

2nd 
quarter 
1967 

3rd 4th 
quarter quarter Total 
1967 1967 1967 

42.5 

17.0 

50.0 

41.9 

9.7 

46.0 

42.5 42.5 170.0 

16.0 15.0 63.5 

56.5 39.4 190.4 

53.2 45.1 161.1 

10.8 10.7 40.0 

42.2 52.6 186.3 

L---.---L---
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Now that the color market has 
toned down a bit, manufacturing 
of home entertainment products 
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 been 
lit. 

Says William Buschmann, vice 
president for marketing at the Syl-
vania Electric Products 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 be a 

new 1,200-volt silicon transistor 
introduced last month at the WEE 
exhibition bv 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 system. Another 
new entry could be voltage-variable 
capacitors for tuning black-and-
white and color tv sets from the 
International Telephone and Tele-
graph Corp.'s Semiconductor divi-
sion. 

II. Bits and pieces 

When an important market like 
color tv receivers fails to grow as 
expected, the impact upon compo-
nents suppliers can be severe. Color 
tv tubes, resistors, capacitors, and 
other discrete devices have been 
hard hit, resulting in a lag in sales. 

In another sector of the compo-
nents field, silicon transistors are 
taking a real beating as a result 
of price deterioration 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 clipped 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. However, 
marketing officials at these firms 
show signs of nervousness about 
the immediate future. Dan Schwad-
ron, senior sales engineer at Bourns 

The new 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 .1")—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 VIK('' Ceramic Capacitor— 
you'll find you have more spaoe for other 
vital components. 

For complete information, write for Data 
Sheet C17. 

VITRAMON, INCORPORATED 
BOX 544 
BRIDGEPORT, CONN 06601 

In Greater Europe Contact: 
VITRAMON EUROPE 
Wooburn Green, Bucks, England 
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DO YOU MAKE THESE 
FIVE COMMON MISTAKES 
IN EVALUATING CAREER 

GROWTH OPPORTUNITIES? 
I. Do you consider only the largest companies in your particular field? Size of 
opportunity is not necessarily proportional to size of company. Many medium size 
companies, such as ECI, offer faster achievement of professional recognition and 
personal satisfaction than do the "industry giants." 

2. Do you fail to consider breadth of product/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 Ed, where major projects in VHF/UHF communications, multi-
plex, space instrumentation, microelectronics, systems integration and advanced 
communications techniques are in progress simultaneously. ECI'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 development programs, partic-
ularly in the promising fields of microelectronics, telemetry, space 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 ECI'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 fullest 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 
exhausted, says Schwadron, and 
no new bookings are in sight. 
Problem areas. At Westinghouse 

Electric Corp.'s Semiconductor di-
vision, marketing manager John 
Morris notes that February sales 
were just about the same or a little 
higher than last year, but fell by 
5% to 10% in March. Westing-
house had anticipated a 35% 
growth rate in 1967. 
The softness at Westinghouse 

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 still hoping the industry 
will build 7 million sets. But if 
sales slide to less than 6 million, 
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 investment 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 
(silicon-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 circuit 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 lc 
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, m'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 trr devices are sold for com-
puters. In that area, sales have gone 
largely according to plan. The soft-
ening in the entertainment prod-
ucts market has not seriously af-
fected irr's diode business, and 
only about 2.5% of sales are to the 
auto market—mostly germanium 
units for radios. 

III. Instrumentation 

With few exceptions, the 1967 
instrumentation outlook is gloomy 
and most sources concede that 
sales are lagging behind the origi-
nal forecasts. 

Alan B. Dallas, manager of in-
strument marketing for Honeywell 
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 test instrument sales are 
tightly linked to research and de-
velopment, many companies are 
reeling from the diversion of Gov-
ernment funds to production. 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 designed 
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 offset 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 been affected. 

Gains in industrial instrumenta-
tion have caused marketing man-

control/alarm 
shortcut 

TRANSDUCER 

Remo-1-E 
SET POINT   
(OPTIONAL) 

MAGSENSE® 
control/alarm for temperature, pressure, speed, flow 

Here's a fast, easy way to design a 
solid-state control/alarm circuit you 
can depend on. Just connect sensor, 
load and power source to the standard 
MAGSENSE 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-billion power gain and accept in-
puts as low as 1 microamp 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 dual setpoints and hys-

teresis are easily adjusted internally 
or remotely. You can specify latching, 
non-latching or pulse control/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 Jolla, Calif 
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HOW SMALL CAN A 
MICROWAVE COUPLER GET? 

11K Pellet and connector actual size. 

Would you believe Merrimac has produced an ultra-
miniature microwave quadrature hybrid coupler 1/8 inch 
in diameter and V16 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 suitable for aircraft and space applications. 
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 special 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 1.2:1; 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: 

hil MERRIMAC RESEARCH AND DEVELOPMENT, IN.; 
41 FAIRFIELD PLACE, WEST CALDWELL, N. J. 07007 • 201-228-3890 

J 

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 Tektronix Inc., puts it, the ef-
fect of the restoration will be more 
psychological than anything else. 

Bright side. Component test 
equipment is enjoying an excellent 
year. The Instrumentation division 
of the Fairchild Camera & Instru-
mentation Corp. indicates auto-
matic transistor and integrated-
circuit tester sales are ahead of 
forecast. Similarly, the automatic 
component test systems recently 
introduced by the General Radio 
Co. are enhancing the company's 
total volume. 
But the market for machine tools 

also reflects the 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 began 
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 being sold 
for numerically controlled applica-
tions, manufacturers of the con-
trollers will see their volume rise 
during the 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%. 

Restoration of the 7% investment 
tax credit by the Federal 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 Builders' 
Association. The suspension of this 
credit last October had an almost 
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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... nearly everybody! 

WHO PINNED A MEDAL ON THIS 

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 characteristics 
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! 

Look at these outstanding features! 

• 50% smaller than MIL-C-27287 

• zl.. lb lead pull capability 

• Mylar-foil, tape-wrapped 
construction 

• Exceeds characteristics 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 polyester film. 

TRW® 
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Computers 

Safeguarding time-sharing privacy 
an all-out war on data snooping 

The problem of unauthorized access to proprietary files 

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 repository. But oppo-
nents, fearing that user-agencies 
would have unrestricted access to 
data regardless of whether they had 
filed 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 files. 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 entrusted 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-

authorized access. In common with 
other systems, 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 

Gifflr 

are kept in hardware registers. As 
in Control Data's machines, these 
keys must match keys supplied by 
the user for access to private files 
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.] 

II. 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 system. 
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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NEW! DIGITAL PANEL METERS 
o.1 % ACCURACY 

ASEEY ELECTRONICS CORP. 

Shown actual sue 

DIGIMETER $260 
MODEL DM-25 OEM discounts available 

For every application where a con-
ventional panel meter is inadequate 

• AC or DC measurements 

• Single or multiple ranges 

• 1 uA to 1,000 A full scale 

• 10 mV to 10,000 V. full scale 

• Other functions & ranges to order 

Send for detailed literature 

2 sixth St., New Hyde Park, L. I., N. Y. 11044 

516 CH 8-8060 

Circle 238 on reader service card 

UNIVERSAL CALIBRATOR 
Model MC-l0 

Fast, accurate calibration of panel meters, 

multitesters, oscilloscopes, vtvm's, other 

measuring instruments. Full accuracy with-
out correction curves. Meter indicates di-

rectly the % Error in device under test. 

All solid-state. Meets MIL specs for tem-

perature, humidity, vibration, shock, RFI. 

AC & DC VOLTAGE: +0.2%, 0.1000 volts in 
1 millivolt steps, 0-20 mA load 

AC & DC CURRENT, +0.2%, 0.1 ampere in 
1 microomp steps, 0-1 volt burden 

RESISTANCE: -1- 0.1%, 0-1,000,000 ohms in 
ohm steps 

Send for detailed literature 

2 Sixth St., New Hyde Park, L. I., N. Y. 11044 
516 CH 8-8060 

... 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 restricted portion of memory 
and request the master mode to 
take over. Similar restrictions exist 
in other time-shared systems. 
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. 

Ill. 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 Telephone 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-

stricted 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. 
Whatever a user does is auto-

matically recorded and can be au-
dited later, just as transactions in 
a bank can be examined 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 
system over such lines will be 
barred from certain files. 

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 sophistication in the use 
of passwords is suggested by Brian 
W. Pollard, manager of product 
planning at the Radio Corp. of 
America's Electronic Data Process-
ing division. "Passwords can be 
easily changed," he says. "Suppose 
a file were set up in such a way 
that a different password was re-
quired each time the file 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 restrict 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 be 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 user, 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 
against accidental release or de-
struction of data is adequate for 
most industrial users. Spying is an-
other story. "No one has ever con-
vinced the military that a time-
shared system can be guarded," he 
says. "And the military is probably 
rig-ht." 
Erdwinn looks for improvement 

at remote terminals. The executive 
system, entailing a series of rou-
tines which must be performed be-
fore data is released, is particu-
larly effective, he says. Encrypting 
equipment at 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. Walter Bower, presi-
dent of the Data Products Corp.'s 
subsidiary, Informatics Inc., a soft-
ware firm in Sherman Oaks, Calif., 
regards security in time-shared 
systems as "essentially a people 
problem." He 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 requesting informa-
tion. In some applications, accord-
ing to Bower, the figure could be 
as high as 20%. 

Need thirty different photocells? 
Or thousands exactly alike? 

In either case, specify "Raytheon." 
Raytheon now offers standard and 
special types with cadmium sulfide 
or selenide sensors, TO-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 
90e to $1.60 in production quantities. 

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 stability 
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 
resistance at 100 ft. candles, rise-
fall time of 1.5 and .6 seconds, 
and power dissipation 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. 

RAYTHEON 

Industrial Components Operation — A single source for Circuit Modules/Control Knobs/Display 
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware 
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NUMBER 3  IN A SERIES 

Measurement of Complex Impedance 
will) the HP 8405A Vector Voltmeter 

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. 

3700 d 
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OS11.4 11,19 11536 

Below 100 MHz, the method illustrated 
above is especially convenient. Signal 
power is equally split, and the voltage 
drop across the unknown impedance 
is compared 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 h PACKARD 

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 requirements. 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 MHz in 21 over-
lapping octave bands; automatic tuning with-
in each band. 
Voltage Range fer Channel A (synchronizing 
channel), 300 AV to 1 V rms (5-500 MHz), 
500 AV to 1 V rms (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 AV to 1 V rms, full scale. 
Full-scale meter ranges from 100 µV to 1 V 
in 10 dB steps. Both channels can be ex-
tended to 10 V rms with 11576A 101 Divider. 
Phase Range of 360° indicated on zero-center 
meter with end-scale ranges of ih 180', ± 60°, 
± 18°, ± 6°. Phase meter OFFSET of ± 180° 
in 10° steps permits use of t_ 6° range for 
0.1° phase resolution 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 

Instrumentation editor 

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 test data almost instantaneously. 

"Before long, instrument 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. 

Necessity 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 
stampede into systems that make a 
myriad of measurements and pro-
vide results in real time [Elec-
tronics, Feb. 20, p. 203]. 

Old hat. Instrument "systems" 
are not new. Engineers have often 
"tied" groups of instruments to 
speed testing 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 

and analysis. 
Computerized systems eliminate 

the inaccuracies of point-by-point 
measurements. By furnishing 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 systems, when 
combined with a computer, offer 
this advantage. A perfect example 
is the system 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 system 
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 

Down cold. General Radio's automatic capacitance bridge permits faster 
cryogenic tests than are possible with conventional instrumentation. 
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WITH 11-e1 - 11 ALL-
F'J1 SILICON 

R-C OSCILLATORS 

YOU GET MORE 
THAN ADJUSTABLE 

FREQUENCY! 

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-silicon broad 
band variable R-C Oscillators. Ampli-
tude stability is described, below. 
Distortion is plotted. 

0.1 
o 

I .01 

 0.1 10 103 101 
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 
electronic 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 linear encoders. 

There's more in K-H Data Sheet 4000. 

Write for a copy. 

ir‘ R-e1-1 KROHN-HITE 
F=I I= 0 F=t -1-

580 Massachusetts Avenue, Cambridge, Mass. 02139 
Telephone. 617 491-3211 

enables the designer to work with 
a precise mathematical model of a 
device rather than a theoretical 
model, circuit design can be 
speeded. By putting the system 
through its paces, the computer can 
calculate such things as optimum 
gain and the proper terminations 
for the design of the real model. 
This brings computer-aided design 
to the engineer at the bench. How-
ever, some design work requires 
large, specially programed com-
puters. 
A computerized instrumentation 

system yields a more accurate 
picture of device characteristics 
than is possible with discrete read-
ings. Data gaps exist between the 
measured points with discrete 
readings; thus, while a plotted 
curve might be fairly smooth, there 
would still be uncertainty about 
what occurs between the points. 
But a computerized system can 
sweep through a range, analyzing 
every possible point. The resultant 
curve might reveal discontinuities 
not disclosed by the point-by-point 
technique. 

Self-help. Shortening the experi-
ment and eliminating the time lost 
between getting the data and re-
viewing the analysis also speeds 
design work. At Hewlett-Packard, 
engineers test semiconductors for 
certain circuits under a variety 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 are available about 24 
hours later. 
The same tests are now being 

performed with an experimental 
computerized instrument system 
and the results are immediately 
available. In fact, the system per-
mits the changing of circuit param-
eters while a device is under test, 
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 systems also speed 

design work by permitting more 
flexibility in test setups and by re-
moving any ambiguities that may 
exist from measurement to meas-
urement. For instance, a microwave 
setup with a coaxial coupler that 
samples signals traveling in a trans-
mission line has a measurement 
ambiguity from test to test. The 
computer can store data taken prior 
to the tests or before each measure-
ment and apply it to the results to 
make necessary corrections. Be-
cause the system calibrates itself, 
test setups do not have to be pains-
takingly built to minimize errors. 

Il. Building bridges 

Two years ago, the General 
Radio Co. developed an automatic 
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 launched the firm 
into the automatic systems field— 
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 computer and meas-
ures capacitors as they are temper-
ture cycled; output data are the 
temperature coefficients 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 system which will 
utilize a computer, 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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Space ern Let: 
When you 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 Assemblies. 

L. 

Send catalog data about 
Syntron Uni-Sel Rectifiers 

Name! Title  

Company__  

Street  

City, State  

241 

Zip 

[s_yivr-R oiv) 
SYNTRON COMPANY 
241 LEXINGTON AVE. • HOMER CITY, PA. 15748 

TELEPHONE 412-479-8011 
Sales Representatives Coast-to-Coast 

67R9 
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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. 

FREE Application Manual 

GERBER SCIENTIFIC INSTRUMENT CO., INC. 
P. 0. Box 305, Hartford, Connecticut 

comparators, and a bin sorter, ca-
pacitors manufactured 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 resistance measurements to be 
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 systems 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 divisions. Almost every 
major instrument maker has devel-
oped and sells some type of meas-
uring system capable of working 
with computers. 

Hewlett-Packard has systems 
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 about 
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 test 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. 

Ill. 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, be impeded by the 
incompatibility that exists between 
the major building blocks supplied 
by different companies. Both Hew-
lett-Packard and General Radio 
equipment require all instruments 
to be designed 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 yet been made in this 
direction. 

Shifting markets. To be market-
able, of course, instrument systems 
must be 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 testers to find wide use—even 
as a design 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 the inside information you 
can get about each individual transmission circuit. Unknown en-
velope delay, in particular, can easily garble those well-ordered bit 
formations into a meaningless shower of babble. 

Sierra's new Model 340B 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 
measuring modes: end-to-end, loop-back, or end-to-end with return 
reference path. 

Model 340B opens a new frontier of speed and simplicity with 
such features as: 

—Single delay range covering —20,000 to +20,000 p.sec 
— Direct digital readout with resolution of 0.1 itsec or 1.0 itsec 

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 

PHILCO C(e) 

PHILCO-FORD CORPORATION/ 

Sierra Electronic Operation 
Menlo Park. California • 94025 



FULL RACK-7" LK SERIES 

Only from Lambda New 1-inch, 
broadest line of .015% regulated 

All convection cooled 
a worn% 

erergarngtea_ ttu%14,..11% 
seleepeedeoure »»»»»» « mbiereel,eb*ms. tu‘lootot. 
Mee., ex$Mgrgtan* ISIIV.N1VUtX1 WA‘1.04.1 
euexi 4..2.4rrifortessisamlublyt* -*%eu 

HALF RACK-LK SERIES 
LU SERIES 

FULL RACK-51/4" LK SERIES 

1/4 RACK-LU SERIES 
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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 VOC 
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 Grade 6 

• Completely Protected-
Short circuit proof-
Continuously adjustable 
Automatic current 
limiting 

• Constant I./Constant V. 
by automatic crossover 

• Series/Parallel 
Operation 

3 Full-rack Models -Size 7" x 19" x 18"2" 

Model , 
Voltage 
Range 

RANGE AT AMBIENT OF: i 
Price' 

40 C 50-c 60 C 71'C 

LK 360 FM 0-20VDC 0-66A 0-59A 0-50A 0-40A $995 

LK 361 FM 0-36VDC 0-48A 0-43A 0-36A 0-30A 950 ' 

LK 362 FM 0-60VDC 0-25A 0-24A 0-22A 0-19A 995 

• 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 (ASO) Proc. 1 

Altitude: MIL-E-4970A (ASO) Proc. 1 

Marking: MIL-STD-130 

Quality: MIL-Q-9858 

3 Full-rack Models- Size 51 " x 19" x 16 1.2" 

Model , 
Voltage 
Range 

CURRENT RANGE AT AMBIENT OF: , 
Price , 

40 C 50 C 60'C 71 C 

LK 350 0-20VDC 0-35A 0-31A 0-26A 0-20A $675 

LK 351 0-36VDC 0-25A 0-23A 0-20A 0-15A 640 

LK 352 0-60VDC 0-15A 0-14A 0-12.5A 0-10A 650 

5 Quarter-rack Mcdels -Size 5,b," x 43 X 15'2" 

Model, Voltage 
Range 

CURRENT RANGE AT AMBIENT OF: ' 
Price , 

30'C 50'C 60'C 71'C 

LH 118 0-10VDC 0-4.0A 0-3.5A 0-2.9A 0-2.3A $175 

LH 121 0-20VDC 0-2.4A 0-2.2A 0-1.8A 0-1.5A 159 

LH 124 0-40VDC 0-1.3A 0-1.1A 0-0.9A 0-0.7A 154 

LH 127 0-60VDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A 184 

LH 130 0-120VDC 0-0.50A 0-0.40A 0-0 35A 0-0.25A 225 

SEND FOR NEW 
LAMBDA CATALOG 

LA 

• Ripple-
LK models-500,uV RMS 
LH models-250 pV 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.-Mil-I-16910 

• Rack Adapters 
LRA-1-5'e 
Height x 16 1/2 " Depth 
(For use with chassis 
slides) Price $60.00 
LRA-2-5'-," Height 
Price $25.00 

11 Half-rack Models - Size x 838" x 155'8" 

Model , 
Voltage 
Range 

CURRENT RANGE AT AMBIENT OF: ' 
Price 2 

30'C 50'C 60' C 71'C 

LH 119 0-10VDC 0- 9.0A 0- 8.0A 0- 6.9A 0-5.8A 

'. 

$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 0-1.9A 269 

LH 128 0-60VDC 0- 2.4A 0- 2.1A 0- 1.8A 0-1.5A 315 

LH 131 0-120VDC 0- 1.2A 0- 0.9A 0- 0.8A 0-0.6A 320 

Model , 
oltage V 
Range 

CURRENT RANGE AT AMBIENT OF: 
Price 2 

40 -C 50 C 60'C 71 -C 

LK 340 0-20VDC 0- 8.0A 0- 7.0A 0- 6.1A 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 

LK 343 0-36VDC 0- 9.0A 0- 8.5A 0- 7.6A 0-6.1A 395 

LK 344 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 

I Current rating applies over en ire voltage range. 
2 Prices are for non-metered models (except for models LK360FM thru 
LK362FM which 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 (0V) 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 5.," full-rack LK models; add $120 to price of 7" 
full-rack LI< models. 
+ Chassis Slides for full rack models: Add suffix (CS) to model number 
and add $60 to the price. 

_M B DA_ ELECTRONICS CORP. 
513 BROAD HOLLOW ROAD • MELVILLE, LI., NEW YORK 11746 • (516) 694-4200 

Electronics April 17, 1967 

A SUBSIDIARY } 

Circle 167 on reader service card 167 



Military quality at industrial prices 
IRC wirewound rectangular trimmers save space and dollars 
I RC's CI RCUITRIM potentiometers offer MIL characteristics from local sales offices. For prices and data, write: 
at the same price as industrial types. Benefit by upgraded I RC, Inc., 401 N. Broad St., Philadelphia, Pa.19108. 

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 MIL-R-27208. Molded diallyl phthalate cases 
are rugged, 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 RI-11 and is offered with 
staggered P.C. pins or teflon insulated leads. The 400 series is 
designed to MIL-Style RI-12 with P.C. pins in-line or teflon insu-
lated leads. It is also available in a thin-line version of RT-11 
(Type 400-20) with staggered P.C. pins which offer 30% space 
savings and complete interchangeability on pre-printed boards. 

These low-cost MIL-type units are the result of I RC's years of 
experience in building high-quality trimmers. Samples available 

ONLY IRC OFFERS ALL 4 POPULAR STYLES 
Wirewound or infinite resolution elements 

CAPSULE SPECIFICATIONS 

TYPE 400 TYPE 600 

MIL STYLE RT-12* RT-11 

POWER 1 W 70°C 1 w 1 70°C 

TOLERANCE ± 5% ± 
RESISTANCE ion to 50Kn ion to 501(11. 
TEMPERATURE —55°C to 150°C —55°C to 150°C 
"Plus thinline version of RT-11 (Staggered P.C. pins) 
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New Products 

Water takes the heat off thyristors 
Labyrinth bath boosts power dissipation of conventional 

as well as 'hockey puck' silicon controlled rectifiers 

New water cooling methods may be 
the solution to the gnawing prob-
lem of power dissipation when high 
currents are demanded of thvris-
tors. A cooling labyrinth has been 
designed that promises to boost the 
current-carrying capability of the 

silicon wafer—the heart of the thy-
ristor or silicon controlled rectifier. 

Developed by the Westinghouse 
Electric Corp. with the aid of a 
computer, the labyrinth—through 
which water is pumped—can be 
clamped to a thyristor. The assem-

bly consists of three parts: an 
aluminum body, a machined insert, 
and a copper counter-body. The 
insert, now made of stainless steel, 
can be copper, aluminum, or even 
plastic. its developers say, and it 
could be cast instead of machined 
to reduce cost. 
Water is pumped into the center 

of the block directly below' the sili-
con wafer and circulates radially 
through the labyrinth, creating low 
velocity eddy currents. A collector 
ring circles the labyrinth and a 
resilient 0-ring seals the halves. 
The labyrinth was designed so 

that it can be used on either side 
of a "hockey puck- or disk-cell 
type thyristor, as well as with a 
conventional stud mounted thyris-
tor. The hockey puck type enables 
the removal of heat from both 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-sided thyristor. It can 
carry currents of 630 amperes nus 
compared with 400 amperes for the 

New products in this issue 
169 Water takes the heat off 

thyristors 
170 Versatile receiver scrimps on 

power 

Components 

172 Plastic connectors make 
airtight case 

172 Protective containers for 
delicate parts 

173 Square commercial trimmer 
174 Stable photochopper modules 
175 Electromagnetic relay 
176 Tv diode rated at 18 kv 
177 Braked servomotor 

Semiconductors 

178 H-v transistor sweeps color tv 
178 Silicon transistors resist 

radiation 
179 High-power avalanche rectifiers 

Instruments 

180 Pulse delay has 1-nsec 
resolution 

180 Signal generator runs on 
battery power 

181 Current indicator also integrates 
182 Squaring transducer operates 

to 1 Mhz 
182 Vibration 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 

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. Westinghouse 
has conducted tests 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 beat these results, says one 
Westinghouse engineer, is to use 
Freon-cooled systems. 
Westinghouse 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 together their 
own coolers using the labyrinth 
approach. In the meantime, the 
water-cooled 224 is available at 
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 

Half wave average 
Rms 
Half cycle surge 

Voltage ratings 
Forward and reverse 

Price 

One-sided stud, 
water-cooled labyrinth 
1.5 gal. per minute 

400 amps 
630 amps 
5500 amps 

50-1,400 y 
$135-$755 in 
1-24 quantities 

The Westinghouse Electric Corp., Pitts-
burgh, Pa. [349] 

Versatile receiver scrimps on power 

A bantamweight champion of ver-
satility, the all-purpose receiver de-
veloped by Defense Electronics 
Inc. is also penurious with battery 
power. So miserly is the GPR-20 on 
battery drain that it can operate on 
land, sea, or air for 250 hours on 
its power supply of 10 standard 
flashlight cells. This frees the unit, 
which weighs less than 10 pounds, 
from the fetters of an a-c line cord, 
and enables it to perform an extra-
ordinary number of sophisticated 
jobs in the field as well as in the 
laboratory. 
With an all solid state lineup of 

40 silicon transistors, 11 silicon di-
odes, and 40 germanium diodes, the 
receiver operates over a frequency 
range of 55 to 260 Mhz, and can 
detect amplitude and frequency 
modulation, continuous wave, and 
pulse transmissions. This flexibility 
qualifies it for applications in telem-
etry, communications, spectrum 
analysis, medical instrumentation, 
radio frequency interference inves-
tigations, and surveillance. 
According to Ray Rosenberg, 

president of DEI, the portability of 
the GPR-20 is important in rugged 
field applications like quick-look 
telemetry and surveillance. "Get-
ting the receiver off the power line 
makes it immune to power surges," 
he says, "and eliminates the noise 
of gasoline generators. Further-
more, it isn't necessary to lug gaso-
line into the remote and rugged ter-
rain where 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 demodula-
tor with a high capture ratio that 
assures locking onto the strongest 
signal in a multipath distortion en-
vironment, and a stretched pulse 
audio monitor, which elongates 
pulse inputs, allowing detection of 
high speed pulse codes that might 
otherwise slip by during a surveil-
lance frequency sweep. Measuring 

x mie x me inches, the re-
ceiver has a noise figure of only 5.5 
decibels maximum below 200 Mhz, 
and 6.5 db maximum above that 
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. With a fac-
simile printer, the unit can be 
slightly modified to receive satellite 
weather photos. 
The GPR-20 is housed in a 

splash-resistant case with carry-
ing handle, and has a built-in tele-
scoping antenna that can be swiv-
eled for either horizontal or vertical 
polarization. Two front panel me-
ters provide indication for tuning, 
relative signal strength, and battery 
condition. The unit has a calculated 
mean time between failures of 
25,000 hours. 

Specifications 

Tuning range 
l-f bandwidth 

Video response 

Antenna-conducted 
local oscillator 
radiation 

Image rejection 

F-m distortion 

A-m distortion 

Options 

Price 
Delivery 

55-260 Mhz 
1 Mhz [f-m, a-m, pulse, 
c-w]; 10 khz [a-m, c-w] 
other i-f bandwidths 
available on special or-
der. 
20 hz to 500 khz into 
600 ohms 

Less than 15 gv 
40 db min., below 150 
Mhz 
30 db min., above 150 
Mhz 
Less than 1% with 1 khz 
modulation rate, 200 khz 
peak deviation 
Less than 3% for 50% 
modulation with 1 khz 
modulation rate and r-f 
input from <10 bcv to 50 
mv 
Standard 19-inch rack 
adapter, carrying case 
including headphones 
and tool kit, 115/230 
volt 50-400 hz plug-in 
power supply 
$1,250 
30-45 days 

Defense Electronics Inc., Brookville, 
Maryland. [350] 
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U an g% is the leading manufacturer 

of screen process stencil film 

...any kind! 

ulan M 

In screen processing 
of comp/ex printed circuitry... 
there's no margin for error! 
That's why Ulano offers 
a complete line of 
Screen Process Stencil Films 
especially designed for 
the Electronics Industry. 

610 DEAN STREET, BROOKLYN, N.Y. 11238 

NEW YORK • CALIFORNIA• CHICAGO. ZURICH 

In Europe: ULANO A. G., Untere 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 systems, 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 
(M I L-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 

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]. Most of the attention has 
been focused on semiconductor de-
vice packages, but now a line of 
high-voltage connectors is being 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 fluctuations that 
often adversely affect units using 
glass or ceramic insulators. The 
connector's application, rather than 
the dielectric, thus determines the 
choice of optimum contact material. 
For example, copper alloys, which 
permit the incorporation of high-
conductivity contacts, can be used 
instead of such special metals as 
Kovar. 

Built by the Capitron division of 
AMP Inc., Elizabethtown, Pa., the 
connectors are designed to main-
tain a hermetic seal when cycled 
from —55°C to +125°C. When 
tested with a helium mass spec-
trometer, they show no leakage: 
sensitivity ranges from 1 x 10-7 to 
1 x 10-9 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-cracking during solder-
ing operations and it can also shiver 
if contact pins are bent or straight-
ened. An alternative, ceramic, is 
more resistant to cracking and pro-
vides stronger bonds to metal than 
is the case with glass. But ce-
ramic's high costs may outweigh 
these advantages, and any special 
geometry that may be required in 
the device will lengthen fabrica-
tion lead times. 
As a result of the ability of its 

plastic dielectric to be fused with 
a wide variety of metals, Ca ,- itron 
says, the choice of materials for a 
connector's outer shell is not lim-
ited by the insulation. In fact, the 
outer shell can be eliminated for 
"0" ring mounting. Threaded holes 
can be molded directly in the in-
sulator—a feature that would be 
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 manufac-
turers. Now a series of simple, 
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 end cap, the inner part of 
which has fins that grip the en-
closed part tightly. If the container 
is dropped, the shock is absorbed 
by the flexible end closures and 
dissipated over the surface of their 
rims. The end closures can be 
color-coded for product identifica-
tion. 
The manufacturer is also making 

available a cutting machine for 
users wishing to produce their own 
package lengths. Standard 6-foot 
lengths of tubing can be quickly 
and economically cut into specified 
lengths. 

At present, the acetate tubing is 
available with outside diameters of 
from V4 to 11/4 in. in 1/4 -in. incre-
ments. End closures come with cor-
responding o-d's. Wall thicknesses 
are 0.020 in. for the 1/4 -in.-diameter 
tube, 0.025 in. for the 1/2- and %-
in.-diameter 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 commercial trimmer in a 
square configuration is claimed for 
a wirewound 3/8 in. trimming po-
tentiometer. Its p-c pins fit the 
cards of any standard 344 in. or 1/2 
in. square trimmer. It also offers a 
0.200 in. trimmer height for low 
card spacing applications. 
Because of this geometric design, 

the model 3600 trimmer permits a 
longer mandrel than that of rec-
tangular units and, therefore, offers 
up to 131% better resolution than 
that offered by the best % in. rec-
tangular trimmer, the company re-

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 just about any actuating problem you have. 

PUSH/PULL 
Our push/pull solenoids are designed 
for fast response and high force-to-
size. Generally, the flat face is best 
for big loads and short strokes, and 
the conical gives you more force with 
longer strokes. Here's a performance 
comparison for a Ledex size 5 (1" 
dia. x 

STROKE 

020 inch 

FORCE 
flat-face plunger. 

90 watts. 
1/10 duty 

Conical 

Flat Face 

FORCE 
conical plunger, 

90 watts, 
1/10 duty 

96 pounds 35 pounds 

.120 inch 12 pounds 

ROTARY 
Ledex rotary solenoids are known 
best for their shock resistant ability 
and high torque-to-size rotary mo-
tion. For example, with a load that 
must be moved through a 25 arc, our 
smallest rotary solenoid (1" dia. x 
5 ,") snaps 1.1 pound-inches, and our 
largest (3:1" dia. x 25 jc") moves a 
hefty 117 pound-inches. 
Because Ledex rotary solenoids 

have a relatively flat output torque 
curve, they are often used to move 
linear loads. They are also used for 
linear loads when shock conditions 
exist or when stroke length is beyond 
the efficient range of push/pull 
solenoids. 

27 pounds 

Standard Solenoid. 
Life to 10 million 
actuations. 

Endurance Engineered. 
Life to 100 million 
actuations. 

Call Ledex when you need a lot of power in a small space 
to push, pull, turn, twist, step, index, hammer, punch or trigger. 
For a quick start on your prototype, choose from over 350 
different stock model designs. Or, send details and we'll custom 
design a space-saving solenoid for you. 

LEDE'X' 
• 

LEDEX INC., 123 1VERSTER STREET, DAYTON, OHIO 45402 
Custom Circuitry & Controls phone (513) 224-9891 
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New Components 

44 bparagneds nor 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-Acro punching 
catalog or write us. 

DI-ACRO 
division of 

434W EIGHTH AVENUE 
LAKE CITY, MINNESOTA 55041 

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 temperature 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] 

Temperature-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 
features of the modules. Offset is 
less than 1 ev. 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 voltage is high and average 
current is low. 

Internal offset effects due to elec-
trostatic coupling between lamp 
and cells have been eliminated by 
internal shielding, and a shielded 
lamp lead is included. Thermal off-
set has been minimized by design 
and selection of materials includ-
ing Sealmet leads. 
The extremely low inherent noise 

and offset voltages of the modules 
allow for use in spst modulator-
demodulator configuration where 
low cost is a prime consideration. 
They may also be used in spdt con-
figuration for maximum efficiency 
and output voltage. 
Clairex Corp., 1239 Broadway, New 
York City 10001. [354] 

Electromagnetic relay 

handles high currents 

Problems of heavy current loads 
are expected to be answered by a 
plug-in, dpdt, double break relay. 
The LA57 electromagnetic relay 
can handle 15-amp tungsten lamp 

1/100THsergCcremo 
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 
transfer 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 — 
YritiP qrs-r T T tH THE I Ote RUN! 

Send for HSI Bulletin 42-3 

HAYDON SWITCH & INSTRUMENT, INC. 
Where Optimum Performance Is Standard 

1500 Menden Road. Waterbury. Conn. 06720/Area Code (203) 756-7441 
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New Components 

talk algebra, 
log, trig. 

or talk price. 

mathatron 4280 
talks 
your language. 

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. 

mathatron 4280: Formula memory 480 steps • 
Addressable number storage, 42 registers; 82 
if Formula storage is reduced • Number range 
-±10-' 2 to 10." • Speed 100 accumulations per 
second • Basic operators: plus, minus, times, 
divided by, left paren, right paren, square root, 
exponent, log, antilog, sine, cosine, arctan. 

MATHATRONICS 
a division of Barry Wright Corporation COD 

241 Crescent Street, Waltham, Massachusetts 02154, Telephone: 617-893-1630 

loads as well as resistive loads up 
to 50 amps, at 120 y 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. Tests indicate a mini-
mum life of 2,000,000 operations 
under its fully rated 15-amp tung-
sten lamp load. 

In addition, the relay rapidly and 
thoroughly dissipates high temper-
ature 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 
lowest possible voltage drop. The 
solid bus members and associated 
jacks eliminate solder connections 
in the current carrying -components 
of the relay. A safe manual-type 
method to pulse the movable con-
tact system is also incorporated. 
Buttons on top of the relay are de-
pressed for quick circuit cheeks. 
The LA57 is directly interchange-

able with thé 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 tube 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-
tures an inexpensive recessed 
anode connector that holds corona 
to a minimum. 
The anode connector is sup-

ported in cantilever fashion by the 
tube 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 CTO-
1711 006, can maintain a constant 
reference position in a servosys-
tem 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. 
Weighing 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 resistance, 154 ohms; 
rotor inertia, 3.6 gm cm2; theoreti-
cal acceleration, 30,200 rad/sec2; 
time constant, 0.017 sec. 
Brake characteristics include: 

torque, 4 in.-oz; excitation voltage, 
18 to 29 y d-c; input power, 5 w; 
resistance, 168 ohms; response 
time, 0.021 sec. Measuring slightly 
more than 2 in. in over-all length, 
the component's brake element has 
a diameter of less than 1 in. 
General Precision Inc., Aerospace 

Group, 1150 McBride Ave., Little Falls, 
N.J. 07424. [357] 

11 11 
Why do Jennings vacuum capacitors 
meet every requirement? 
There's nothing to it 
Ultra high vacuum dielectric combined with 
Jennings exclusive capacitor design is the 
answer. This combination has been a major 
factor in the development of modern trans-
mitters. New vacuum capacitor designs from 
Jennings will contribute even more to the ad-
vancement of transmitter design.They 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 
already been designed, field tested, and proven 
reliable. If it hasn't you couldn't find a more 
experienced company than Jennings to design 
a new one. 

CFHP-1000 

Capacity: 
Peak Test Voltage. 
RF Current: 
Height: 
Width: 

1000 pF 
45 KV 

215 Amps RMS 
5-1 2" 
5-1 2' 

CVDD-500 

Capacity Range: 20-500 pF 
Peak Test Voltage: 15 KV 
RF Current: 80 Amps RMS 
Height: 7-1/2" 
Width: 3-3 4" 

US L-500 

Capacity Range: 
Peak Test Voltage: 
RF Current: 
Height: 
Width: 

5-500 pF 
5 KV 

40 Amps RMS 
5-3 4' 
2-3 8 

CVCC-2500 

Capacity Range: 
Peak Test Voltage 
RF Current: 
Vibration: 

25-2500 pF 
7 KV 

75 Amps RMS 
5G to 500 cps 

(with less than 3 pF capacity shift) 

For complete information on ITT Jennings 
vacuum capacitors, write for our new catalog 
No. 101. ITT Jennings, a subsidiary of Inter-
national Telephone and Telegraph Corpora-
tion, 970 McLaughlin Avenue, San Jose, 
California 95108. 

JENNINGS ITT 
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New Semiconductors 

High-voltage transistor sweeps color tv 

Atlas will put the 
blue bead anywhere 
you want it ... 

e tee 
ee e _ 

o 
e 

tb,,AiL4k.„ tit 61-6t. 
\e% 

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. 

• tart TLAS 
CHEMICAL INDUSTRIES, INC. 

Aerospace Components Division 

Valley Forge, Pa. 19481 

A silicon transistor has been devel-
oped that can withstand a retrace 
voltage pulse above 1,000 volts gen-
erated in the horizontal deflection 
system of a large-screen television 
set. The Delco Radio division of 
the General Motors Corp. is now 
demonstrating a modified 25-inch 
Zenith color set in which the new 
1,200-volt transistor can switch the 
3,800 volt-ampere load line of the 
horizontal deflection 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 
evaluating the 402 transistors). A 
series resistance-capacitance net-
work connected between a center 
tap on the primary winding of the 
flyback transformer and the mid-
point between the two series-con-
nected DTS-402's would be re-
quired to force the equal sharing 
of the 1,050-volt retrace pulse 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 fly-
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 

peak rectifier network consisting 
of the two diode and RC networks 
connected across it. This could be 
replaced by a single, higher-voltage 
diode-and-rtc combination. 
The 1,200-volt silicon transistor, 

type DTS-0714, is a triple-diffused 
mesa device in a strip-mounted 
epoxy package. Limited samples 
will be available this month. 

Specifications 

Type DTS-0714 
1,200 V 
750 V 

Linear current gain N1.1. 
at 2.5 amperes ' 10 min. 

Reverse voltage V,,,, 5 V 
Thermal resistance 1.2°C/watt 
Package Strip-mounted epoxy 

General Motors Corp.. Delco Radio 
division, Kokomo, led. [361] 

Silicon transistors 

resist radiation 

Three npn transistors operate in 
environments subjected to neutron 
bombardment where radiation lev-
els may reach 3x1014 nvt (the time 
integral of neutron flux). The units 
are silicon epitaxial planar types 
designated NS9726 and silicon epi-
taxial planar power transistors 
designated NS9608 and NS9609. 
Case sizes are TO-18, TO-60, and 
TO-61, respectively. 

Operating and storage tempera-
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tures for all three are —65° to 
±200°C. Total device dissipation 
at 25°C case temperature is 1.2 w 
for the NS9726, 12 w for the 
NS9608, and 25 w for the NS9609. 
National Semiconductor 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 at 
50°C ambient temperature. 
Three different versions have 

maximum recurrent peak inverse 
voltage ratings of 1,500, 2,000, and 
2,500 y 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 at 500 ma d-c and 20 amps 
surge. The devices can be operated 
at temperatures up to 140°C, at 
which point they are derated to 
10% of their 25°C current rating. 
Applications for the rectifiers in-

clude amateur equipment, ulra-
sonic generaors, test equipment, 
oscilloscopes, medical equipment, 
spot welders, television monitors, 
and transmitters. 

Prices for the avalanche units are 
reportedly the lowest for compar-
able ratings. Type F-20 is priced at 
$1.50 in single quantity, and 73 
cents in maximum quantities. 
Sarkes Tarzian Inc., 415 North College 
Ave, Bloomington, Ind. 47401 [363] 

You can buy a sample now 
of thinew General Electric 

solid state lamp! 
ONE LAMP NO. 

SSL-1 
GENERAL ee, ELECTRIC 

MINIATURE LAMP DEPT. 

FL (iÉ Ftilt MA, 

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 per 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 the SSL-1 can help save space, improve performance, 
reduce maintenance cost in your product. It's easy enough to find 

out: SSL-1 lamps are available 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 regular GE lamp representative.) Your 

calibrated SSL-1 will come to you cradled in styrofoam, protected 
in a rigid plastic box. 

Need more data? Send for free technical, bulletin #3-7041. It's 
yours for the asking. 

Miniature Lamp Department 

GENERAL ELECTRIC 
TO: General Electric Company 

Miniature Lamp Department 
P.O. Box 2422, Nela Park, Cleveland, Ohio 44112 

Attn: J. D. McMullen 

Please send me new GE SSL-1 lamp(s) at $9.50 ea. 

Total enclosed $  

Name  

Company  

Address  

City State Zip  
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FREE 
SELECTOR 

CHART 

FOR 

REFRACTORIES 

This Free New Selector Chart / Bro-
chure describes a line of crystalline 
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 
technical, mechanical and application 
data for apparatus made of Alumi-
nous Porcelain, Recrystallized Alu-
mina, Thoria, Zirconia and Magnesia. 
Write for your copy today. 

57 

0, 
mow 

THERMAL AMERICAN 

FUSED QUARTZ CO. 
RT 202 & CHANGE BRIDGE RD 

MONTVILLE, NEW JERSEY 

ZIP CODE 07045 

New Instruments 

Pulse delay has 1-nsec resolution 

ore.4...a.1 

(tw 

An all-solid-state unit capable of 
delaying pulses up to 3 microsec-
onds with a resolution of better 
than 1 nanosecond has +been intro-
duced by MCC Electronics. Two or 
more 'of these pulse-delay lines can 
be connected in series to increase 
delay times. 
According to the manufacturer 

the best previous digital pulse-de-
lay unit costs twice as much as the 
new unit and has but a 10-nsec 
pulse-resolution capability. 
The new instrument, model VPD-

100, can be used in the laboratory 
or at production test facilities. Con-
nected to a pulse generator, it can 
act as a reference delay line for 
pulse jitter studies, or as a quick 
means of calibrating other delay 
lines and oscilloscope time bases. 
The 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-
iable delay line delays the pulse 
from 0 to 750 nsec. 
The variable delay line's input 

pulses are conditioned by inte-
grated-circuit NAND 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-
stant 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 1 and the out-
put of the first gate switches a sec-

ond gate. The 2.5-volt signal from 
the second gate feeds the lumped-
constant delay line and triggers 
the third and fourth NAND gates at 
the unit's output. Each succeeding 
input pulse switches the gates in 
like manner. 
During its passage through the 

VPD-100's internal delay lines, the 
signal from the second NAND gate 
is attenuated by almost half and its 
shape degraded, so the third and 
fourth NAND gates at the output are 
used to regenerate the original 2.5-
volt rectangular wave. 
The rise and fall times of the out-

put pulse are only 10-nsec, regard-
less of pulse width. A 3-sec rec-
tangular pulse through an ordinary 
lumped-constant delay line will 
have a rise and fall time of about 
300 nsec, 10% of the pulse width. 

Specifications 

Pulse input 
Amplitude 
Pulse repetition 

rate 
Pulse output 

Pulse delay 
Resolution 
Amplitude 
Pulse rise and 

fall times 
Supply voltage 
Size 
Weight 
Panel connectors 

MCG Electronics, 
Bay Shore, N.Y. 

2 to 5 y 

1 Mhz at 25% duty cycle 

50 nsec to 3 gsec 
1 nsec 
2.5 y into 150-ohm load 

Less than 15 nsec 
115 y a-c 
10 1/2 x 8 x 8 in. 
6 lbs 
BNC 

11-22 Jose!son Ave., 
[371] 

Signal generator 

runs on battery power 

A solid state standard signal gen-
erator is claimed by the manufac-
turer to be the only one available 
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which can be operated from either 
internal battery 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 lchz 

through 54 Mhz 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 p.V to 0.16 v, 
-±-2 db. Frequency calibration is 
1% or better. Modulation is vari-
able from zero to 50% from an in-
ternal 400-hz oscillator or by an 
external signal. 

Price is $295. Delivery is from 
stock. 
Clemens Manufacturing Co., 630 S. 
Berry Road, St. Louis, Mo. 63122 [372] 

Current indicator 

also integrates 

74, 

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 
features 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 indicating 
and integrating values are accurate 
to 1%. Calibration requires no 
external instrumentation and is 
achieved by internal current sources 
and front-panel calibration con-
trols. 
The new model A310C measures 

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 
available 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 Monitors assure the 
fastest usable readings. From 15 min-
utes to one hour alter initial 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 Monitors are advanced 
throughout. 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 users the right 
answers to application needs as well as 
the best instruments. 

A moisture monitor 
for every purpose 

The following instruments are repre-
sentative of the full range of moisture 
monitors currently available from CEC. 

26-303 Portable Laboratory Moisture 
Monitor. This is the finest laboratory-
quality moisture monitor designed for 
industry. 

26-304 Hydrogen Moisture Monitor. 
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 Solids 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 nearest 
CEC Field Office. Or write Consolidated 
Electrodynamics, Pasadena, California 
91109. A subsidiary of Bell & Howell. 
Bulletin Kit 345-X4. 

Also available upon request—the book-
let, "Moisture Monitor Hints," which 
covers moisture detection problems and 
how to solve them. 

CEC 
AFIALYTICAL IfiSTRUMErlTS 

BELLHOWELL 
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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. 

PRECISION 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 
includes 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 invite your inquiry! 

SILK CITY INDUSTRIAL CERAMICS 
INCORPORATED 

Subsidiary of Basic Incorporated 

221 Seventh Avenue • Hawthorne, New Jersey 07507 
Phone 201-427-4211 

OFFERING A COMPLETE CERAMIC SERVICE FROM PROTOTYPE THROUGH PRODUCTION 
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New Instruments 

19 in. wide x 51/4  in. high x 12 in. 
deep. Price is $1,798 with present 
shipping being one to three weeks. 
Elcor, a division 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 squaring de-
vice. NIodel TD-1 Transquare per-
forms accurately for all input levels 
up to 200 mv. Operating frequency 
is (l-e to 1 Mhz. 
The unit is made up of stable, 

solid-state elements arranged and 
matched in a network so that the 
instantaneous output current is 
proportional to the square of the 
instantaneous input voltage. The 
transducer output, therefore, is 
nonlinear; its characteristic, a true 
parabola. The output is ±0.1% of 
theoretical squared-value. 
The instrument is 15/8 in. wide x 

1 in. high x P/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 

Measurements of vibration ampli-
tude and frequency can be ob-
tained with a single, lightweight, 
portable instrument. The unit de-
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tects and measures vibration, 
shock, and impact in rotating 
members. 
Model 642 and its accessories 

provide the information for de-
tailed vibration analysis and in-
place balancing of operating ma-
chinery. The unit also functions as 
a strobo tachometer. Vibration 
amplitudes as little as 10 mil-
lionths of an inch to as great as 
343 in. may be measured using the 
model 023 velocity pick-up. 
The same meter and scaler used 

to indicate direct frequency also 
indicate vibration levels. A tunable 
wave filter provides narrow-band 
observation of vibration signals to 
isolate their components. Connec-
tors are provided on the rear panel 
for attaching recording equipment, 
oscilloscopes and audio equipment. 
Reliance Electric and Engineering Co., 
24701 Euclid Ave., Cleveland, Ohio 

441 1 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-tv full 
scale to 3-v full scale in a 1-3-10 
sequence. It also measures signals 
in a frequency range between 5 

Lodw 
eUU 400 SERIES 

INTEGRATING DC 

Nu», 

C-7 

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 oniy NEW, they're AVAILABLE 
from Janus representatives from coast to coast! 

CALL OR WRITE FOR A DEMONSTRATION. 

JANUS CONTROL DIVISION NCO 

a 

296 NEWTON STREET • WALTHAM • MASSACHUSETTS 02154 • TEL: (617) 891-4700 
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New Instruments 

SMART 
CIRCUITS 
know the 
difference! 

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, DU REZ 

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, or dis-
sipation factor, check your HOPKINS 

catalog first—your circuit knows the 

difference. 

Write for catalog. 

'IF 
HOPKINS 

  Engineering Company 

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 

and 25 hz with full-scale ranges 
of 30 1.Lv 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 tolerate large amounts of 
noise with the signal. Rms noise 
voltages up to 20 db above full 
scale do not affect the accuracy of 
the reading, even for signal levels 
that are only of full scale (40 
db below noise that is 20 db above 
full scale). 
The new microvoltmeter 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 days. 
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 

184 Circle 184 on reader service card Electronics I April 17, 1967 



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-e-resolution, d-c digital volt-
meter, a greater than 1-Nlhz multi-
function electronic counter, and an 
electronic integrator. The extensive 
use of lc'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-µv resolu-
tion, and an input impedance 

... your assurance 
of quality 

--Tjeor's iota/ reliability Flaw: 

Glass-EMU 

c000ericlail 
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 . . . 

(#114, 
ea -kip 

. . . 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. 

43424,,,*et. 

•. . 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 TOTAL 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. 

"Tjeor copper-clad 
TAYLOR CORPORATION • Valley Forge, Pa. 19481 

Phone: 215-666-0300 TWX: 215-666-0659 

West Coast Plant: La Verne, Calif. 

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron8 prepregs 
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NEW SOLID STATE CYCL-FLEX® TIMER 

YOUR 
CE300 

RENOWNED ELECTROMECHANICAL CYCL-FLEX TIMER 

The Man from E.A.G.L.E.* offers you a range of accurately controlled Cyc/-
Flex time delays that run all the way from 1/20 second to 60 hours. These 
timers, housed in their now famous plug-in cases, may in fact be inter-
changed. The HP5 Cyc/-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 1/6 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 offers dial ranges of 10 seconds and shorter, with minimum set-
tings from 1/20 second to 1/2 second. Depending on contact load, average 
mechanical life 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 Cycl-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. 

BLISS 

*E.A.G.L.E.—Engineering Assistance Given Locally—Effectively. 

EAGLE SIGNAL 
A DIVISION OF THE E W BUSS COMPANY 

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. 
When functioning as an inte-

grator, the DM5000 displays the 
digital value of the time integral 
of the analog input signal. Inhibit 
and reset functions are controlled 
by either front-panel switches or 
remotely by external voltage inputs. 
Three distinct counter modes aru 
offered: rate, period, and count. 
Sensitivity, level, and coupling fea-
tures permit operation with a va-
riety of input waveforms. 

In the rate mode, pulse rates or 
frequencies to greater than 1 Mhz 
are measured and displayed with a 
time base derived from a It 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 1 to 0.001 
second. 

In the period mode, pulse in-
terval, pulse width, or period are 
displayed with a resolution of 10 
nsec over full-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. Glenn High-
way, Dayton, Ohio 45431. [378] 

Digital multimeter 

tracks two ways 

D-c volts, d-c current, resistance, 
a-c volts, and d-c/d-c ratios can be 
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 stable zener diode 
reference supply and a precision 
digital potentiometer assure maxi-
mum accuracy. 
The push-button instrument of-

fers automatic ranging on the d-e 

22AP2CDR 
CONTACTS 

COIL 

INSTANT EAGLE RELAYS 
Test Them Immediately. ..Get Production Quantities in Two Weeks! 

That's right ... Eagle challenges }ou to compare them with any relay on the 
market. NOW you can get immediate delivery on these general-purpose or 
medium-power relays. Test results prove they're the finest of their kind in the 
world. Eliminate your relay delivery problems. Call your "Man from E.A.G.L.E." 
... listed below. You'll find he has full details 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 
301-484-5400 

Newton Highlands, Mass. 
617-969-7140 

Minneapolis, Minnesota 
612-922-7011 

Clifton, New Jersey 
201-471-6090 

Haddonfield, New Jersey 
609-429-1526 

Albuquerque, New Mexico 
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, Ohio 
216-333-4120 

Dallas, Texas 
214-363-1526 

Houston, Texas 
713-649-5756 

Seattle, Washington 
206-725-7800 

BLISS 

YOUR "MAN FROM EAGLE," 

Representatives 

Scottsdale, Arizona 
602-947-4336 

Pasadena, California 
213-681-4421 

Jacksonville, Florida 
305-388-7656 

Orlando, Florida 
305-422-4295 

Roswell, Georgia 
404-993-6498 

Chicago, Illinois 
312-775-5300 

Chicago, Illinois 
312-784-7314 

Baltimore, Maryland 
301-276-1505 

Norwood, Massachusetts 
617-769-3600 

Minneapolis, Minnesota 
612-922-0243 

St. Louis, Missouri 
314-428-5313 

Hackensack, New Jersey 
201-342-2602 

Latham, New York 
518-785-5032 

Rochester, New fork 
716-436-4410 

Skaneateles, New York 
315-685-6172 

Fairfield, Ohio 
216-333-4120 

Havertown, Pennsylvania 
215-528-6640 

Dallas, Texas 
214-748-7788 

Houston, Texas 
713-224-9715 

Bellevue, Washington 
206-454-5200 

Charleston, West Virginia 
304-342-2211 

EAGLE SIGNAL 
A pivisIoN OF THE E W BLISS COMPANY 

736 Federal Street, Davenport, Iowa 
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This is the vintage year for BURGUN-D' connectors. 
These sparkling new Mark IV 
D-Subminiatures are low-cost 
connectors with rear release, 

crimp snap-in contacts. They're 
intermateable and intermountable 

with existing D-Subminiatures. 
The wine-colored insulators we 
selected enhance the connector 

as well as your equipment. 

Robust BURGUN-D Mark IV 

connectors operate in 
temperatures up to 250F. They 
are ideal for plug-in module 

applications, cable-to-cable and 
cable-to-panel installation, 

computers, business machines 

and many other commercial 
applications. 

Value analysis will tell you 
they're low in price because of 

highly developed pin and socket 
contacts. The contacts are 
available in two sizes (which 
accommodate 18 through 24 
AWG stranded wire) and may be 

ordered separately. Contacts are 
rear inserted and extracted with 
a simple expendable plastic tool 

that's shown above. Closed-entry 

socket insulators correct any 
misalignment of pins during 
engagement. 

Buy them off the shelf now 
along with a complete line of 
accessories from your nearest 
factory authorized distributor. 

For our new catalog, write to 
ITT Cannon Electric, a division 
of International Telephone and 
Telegraph Corporation, 3208 
Humboldt Street, 
Los Angeles, eCANNON 

PLUGS 
California 90031. 

CANNON ITT 



HERE ARE YOUR AUTHORIZED 
CANNON DISTRIBUTORS 
Lae ma 
',iris. Radio 6 SUpPly 

Company, Inc. 
Mobile 
Phone: (205) 479.1471 

ALASKA 

Alaskan Aircraft Equipment 
Supply, Inc. 

Anchorage 
Phone: (907) 322.3202 

ARIZONA 

Kimball Electronics, Inc. 
Phoenix 
Phone: (602) 264-4438 

CALIFORNIA 
ABC Connectors, (nc. 
North Hollywood 
Phone: (213) 875-0665, 

765.8881, 983-1738 
K-Tronics 
Los Angeles 
Phone: (213) 685.5888 
Kierulff Electronics, Inc. 
Palo Alto 
Phone: (415) 968.6292 
Liberty Electronics Corp. 
Inglewood 
Phone, (213) 678-8111 
Richey Electronics, Inc. 
North Hollywood 
Phone: (213) 761:6133, 
877.2651 

San Delcor, Inc. 
San Diego 
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 Florida, Inc. 
Orlando 
Phone: (305) 241.5461 
Industrial Electronics 

Associates, Inc. 
Palm Beach Gardens 
Phone: (305) 848.8686 

GEORGIA 
Electro Air Corp. 
Atlanta 
Phone: (404) 351.3545 

HAWAII 
Pacific Electronics 
Honolulu 
Phone: (808) 810-111 

Radio Television Corp. Ltd. 
Honolulu 
Phone: (808) 564.416, 

502-901 

ILLINOIS 
Merquip Electronics. Inc. 
Chicago 
Phone: (312) 282.5400 
Radio Distributing 
Company, Inc. 

Chicago 
Phone: (312) 379.2121 

INDIANA 
Radio Distributing 
Company 

inclianapolis 
Phone: (317) 637.5571 
Radio Distributing Co., Inc. 
South Bend 
Phone: (219) 287.2911 

LOUISIANA 
Southern Radio Supply 

Company, Inc. 
New Orleans 
Phone: (504) 524.2345 

MARYLAND 
Radio Distributing Co. 
Baltimore 
Phone: (301) 377-6402, 

377-4616 

MASSACHUSETTS 
Lafayette Industrial 

Electronics 
Natick 01762 
Phone: Boston 

(617) 969-6100 
Natick 

(617) 875.1358 
Schweber Electronics 
Waltham 
Phone: (617) 891.8484 

miChICAN 

Nee.ark-Detroit 
Electronics, Inc. 

Detroit 
Phone: (313) 548-0250 

MINNESOTA 
Leo Bonn Co. 
Minneapolis 
Phone: (612) 339.9461 

MISSISSIPPI 
Ellington Electronic 

Supply, Inc. 
Jackson 
Phone: (601) 355.0561 

MISSOURI 

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, 1.1. 
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 Electronic Sales 
Great Neck, 1.1. 
Phone: (516) 487-0100 

NORTH CAROLINA 
Kirkman Electronics, Inc. 
Winston-Salem 
Phone. (919) 724.0541 

OHIO 
Hughes Peters, Inc. 
Cincinnati 
Phone: (513) 381-7625 
Hughes Peters, Inc. 
Columbus 
Phone: (614) 294.5351 
Radio Distributing 

Company, Inc. 
Willoughby 
Phone: (216) 946-0900 

PENNSYLVANIA 
Aercon, Inc. 
Clifton Heights 
Phone: (215) 622.2500 
Philadelphia 

Electronics, Inc. 
Philadelphia 
Phone: (215) 568-7444 
Radio Parts Co., Inc. 
Pittsburgh 
Phone: (412) 361-4600 

TENNESSEE 
Lavender Radio 
TV Supply, Inc. 

Memphis 
Phone: (901) 276-2756 

TEXAS 
Hall•Mark Electronics Corp. 
Dallas 
Phone: (214) 231-2531 
Harrison Equipment 

Co., Inc. 
Houston 
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 Electronics, Inc. 
Salt Lake City 
Phone: (801) 328.2075 

New Instruments 

voltage function (1 p.v to 1,000 
volts); resistance measurements 
from 0.1 ohm to 100 megohms; a-c 
voltages from 1 mv to 1 kv; d-c/d-e 
voltage ratios with 100-e 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 re-
ceipt of order. 
Cohu Electronics Inc., Box 623, San 
Diego, Calif. 92112 [379] 

Pressure transducer 

is small and rugged 

Heavy-duty construction with low 
weight and small size are the fea-
tures of a high-line differential 
pressure transducer. The instru-
ment accurately measures small 
changes in differential 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 operate 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 filled with silicone oil. Pro-
tection from pressure overload is 
provided by mechanical stops. 
thus permitting a maximum pres-
sure differential 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. 
Weight is 4 lbs. Nonlinearity is less 
than 0.25% of full scale and hys-
teresis does not exceed 0.15% of 
full scale. Output is compatible 
with present day recorders and 
controllers. 

All metal parts are stainless steel, 
which permits use with many 
fluids, including those incompatible 
with each other. No recalibration is 
necessary, allowing for easy remote 
installation. 
Statham Instruments Inc., 12401 W. 
Olympic Blvd., Los Angeles, Calif., 
90064 [380] 

feeling 
the 

pinch 

ffor qualified electronics 
technicians? 

New electronics equipment demands technicians 
with a wide range of specialized skills. Men who 
understand the "why" of electronics ... can in-
stall, maintain, troubleshoot and repair the elec-
tronics gear you're using today and will be using 
in years ahead. 

Qualified electronics technicians are scarce. 
But with a Cleveland Institute of Electronics 
Training Program you can soon develop an ample 
supply by up-grading your present staff of tech-
nical personnel. CIE "AUTO-PROGRAMMED'' 
Courses are fast, economical, effective. What's 
more, they can be readily "tailored" to your 
specific training needs. Hundreds of companies 
use them ...thousands of men are enrolled. 
Get free details fast. Mail coupon today. Cleveland 
Institute of Electronics, Dept. E-28, 1776 E.17th 
St., Cleveland, Ohio 44114. 

SEND COUPON TODAY 

Cleveland Institute 
of Electronics 

Dept. E-28. 1776 E. 17th St., Cleveland, Ohio 

Gentlemen: I am interested in learning more about 
your Electronics Home Study Programs. Please send 
complete information. 

Name  

Title 

Company   

Address 

City State Zip 
Accredited Member, National Home Study Council, 
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New Subassemblies and Systems 

nothing'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 

WIRE PRODUCTS COMPANY 
2850 Irving Park Rd., Chicago, III. 60618 

Tracing curves by the numbers 

1 
at 

Working almost as an x-y recorder 
in reverse, a new graphical digitiz-
ing system allows an operator to 
trace curves with a stylus without 
worrying about outpacing the dig-
ital output recorder. Heart of the 
system, 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 
system adjusts the size of the sam-
pling interval to the complexity of 
the curve being traced. On complex 
data, an operator will move the 
stylus 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. He 
couldn't move the stylus quickly if 
he 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 
second. 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 tracing 
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 reduction of data from pro-
jected 16-mm, 35-mm, 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. 
Mechanical 
58 1/2  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 applications con-
tains 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 voltage is 56 v; 
minimum, 44 v. The code coils and 
the code-release vertical coils op-
erate on 48 y d-c. The unit meas-
ures 251/2  by 6 by 41/2  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 testing is pro-
vided by a 5-kva power amplifier 
that has numerous applications in 
sonar calibration systems, high in-
tensity acoustic systems, vibration 
test systems, and industrial process 

"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 PLOTAMATIC8 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 gain 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 81/2" x 11" and 11" x 17" X/Y 
recorders for virtually every application. Keep up with the market—write us for 
a catalog. 

1121M BOLT BERANEK AND NEWMAN INC a a DATA EQUIPMENT DIVISION 
2126 SOUTH LYON ST., SANTA ANA, CALIF. 92705 (714) 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-To-Profit State 

New Subassemblies 

control. Measuring 24 x 24 x 45 in., 
including casters, thc 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 frequency range. Distortion in 
output waveform is less than 3% 
over the range. 

Features 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 test points 
for critical voltages. 
CML. Inc., subsidiary 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 esec or slower. These memories 
are available as complete systems 
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. 
These systems are effectively 

nonvolatile digital delay lines that 
have already found applications in 
the Y and R register memories of 
a specific aerospace computer. 
Plugging-in of additional sections 
of computer core storage to change 
the delay line length is convenient. 
The systems can store both elec-

trically 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. Stand-
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-wired 

read-only memory, utilizing very 
few semiconductor components. 
Unlike conventional hard-wired 
units, it can be readily filled with--
out difficulty and easily modified 
with 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 Hills, Calif. 90213 
[384] 

Versatile and stable 

vif signal source 

Inexpensive and highly versatile, a 
vif signal source may be tailored 
to fit electrically and mechanically 
in a large number of applications 

181111111Ilifflillf 

un 
• . 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". 

Circle 193 on reader service card 

STANDARD CIRCUIT BOARD 

DRILLS...Standard design with flute 
and shank same diameter. For use 

on any type production drilling from 

single board to high volume, stacked 

drilling tape controlled set-ups. 

SERIES 125-1/8" SHANK DRILLS . . . Eliminate 
need for drill bushings when used with precision 
spindles and collets. Drill diameter to shank concen-

tricity is within .0003". Common 1/8" shank for all 

drill sizes ends need for collet inventory for each size. 

For complete information write for Bulletin CB66. 

THE METAL REMOVAL COMPANY 
1859 West Columbia Avenue • Chicago, Illinois 60626 

Manufacturing Plants Located in CHICAGO/LOS ANGELES/SAN JUAN 

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD 
END MILLS/ DRILLS/ REAMERS/ BURS / SPECIAL TOOLING 

To order reprints: Fill in. cut out coupon below, insert in envelope 
and mail to: Electronics Reprint Dept., 

330 W. 42nd Street, New York, N.Y. 10036 

Reprint order form 
For listing of reprints available see the Reader Service Card. 

U.S. Electronics Markets 1967 

Send me reprints of Key no. R-08 at 50e each. 
For reprints of previous special reports fill in below: 

Send me reprints of Key No.(s)     each. 
(For prices, see Reader Service Card) 

Name 

Number of street 

City, State, Zip code 
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AIR PRODUCTS 
willgive us 

«RADIOACTIVE 
GASES, 

DOPING GASES, 
ULTRA-'PUR  

HYDROGEN CilLoRIDE 
ULTRA-PURE 
METHANE 

When you get back, 
write for -spec .' sheets 
on the gases you need 
and our folder which 
points out the benefits 
of buying high-purity 
specialty gases from Air 
Products. 

SPECIALTY GAS DEPT. 

cf aiei awmàead. 
Allentown, Pennsylvania 

New Subassemblies 

where a precise timing signal. or 
vif frequency standard is required. 
The module illustrated, model 

PC-6, has an output voltage of 60 
hz ±0.00001%, when operated 
from an input voltage of 108 to 
130 y 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-
nected for internal collector sup-
ply; or 0 to +30 y 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 1.0 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 static inverter converts 28 y d-c 
to 400-hz sine-wave voltages of 115 
or 26 y a-c. With continuous full 
load operation at 100°C, model 
S 12D supplies an output power of 
120 v-a. 
Modular design 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 inverter to meet the 
environment of MIL-E-5272C at 
100°C. 

Regulation is 0.2% for input 
variations of 24 to 30 y 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 
against short circuit conditions, in-
put voltage transients, and reverse 
polarity damage. 

Price is $1,285. Normal delivery 
takes six weeks. 
Abbott Transistor Laboratories Inc., 
5200 W. Jefferson Blvd., Los Angeles, 
Calif. 90016. [386] 

Decisions! Decisions! 
The big ones are made 

where the best things happen 
Now as always at the grand-old. 
brand-new Boston Statler Hilton. 
Home of the New Trader Vic's! 
Phone any Hilton Reservation 

Service... for instant, 
confirmed accommodations. 

Circle 260 on reader service card 

IgICEI"%0 
poly varicon 
for F,M.AM 

4X-16 BET 

Main Featu res: 
* Micro-miniature sized yet with large capacity. 
12%±1pF) 
* High reliability against temperature and humidity. 
4' 4 Trimmers of AM.FM sections. 
* Good howling-proof. 
* Smooth rotation torque. 
* Excellent "Q" characteristice. 

San-Esu is always contributing to cut your production 
costs through the precise delivery by mass-production 
under conditions of the rigid quality control. 

For catalog, write to: 

SAN-ESU ELECTRONICS CO.,ITD. 
1-2, 6-chorne N;shiói•Shinnawa-ku, Tokyo, Japan 
loi. Tokyo (783) 7311 
Cable: SAN ESVA R1CON TOKYO 
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Great editorial 
is something 
he takes home 
(What a climate for selling!) 

Electronics 
A McGraw-Hill Market-Directed Publication a 

$30 West 42nd Street, New York, N.Y 10036 

"NEW SHOWN 
GIVES 

PACKAGE 
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 'A inch to 11/4  inches. End clo-
sures come with corresponding out-
side diameters. Write for full details 
and our new folder. TIROS PLASTICS 
CORPORATION, 543 Tarrytown Road 
• White Plains, N. Y. • 10607 

• 914- WH 8-5457. 

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. 
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The NEW 
CHAMP 

3 amp 55°C 
No heat sink 
6 amps if mounted 
per MIL-STD-750A 

Semtech's multi-purpose, high current, 
axial lead, silicon rectifiers are designed 
to eliminate packaging problems asso-
ciated with lead mounted metal can and 
stud rectifiers. 
Packaged in fully insulated "SEMPAC" 
cases the units are light weight, small 
(375" long x .195" diameter), and easy 
to install. 
Available in Ply ratings from 50 to 600 
volts with a low reverse current of 14A 
@ 25°C, an average rectified current of 
3 amps at 55°C, NO HEAT SINKING re-
quired and a one cycle surge rating of 
300 amps. 
Equal area heat sinking is provided on 
both sides of the silicon junction with 
Tungstaloid pins which match the ther-
mal expansion characteristics of the sili-
con. The junction, Tungstaloid pins, and 
solid silver (.04") leads are bonded 

above 900°C. No solders are used in the 
construction of the rectifiers. 
For more information contact your near-
est representative and ask for Technical 
Bulletin No. E44. Economically priced, 
the units are available in large quantities. 

SEMTECH 

CORPORATION 
WESTERN OFFICE: 652 Mitchell Road, Newbury Park, California 

(805) 498 2111 (213) 628 5392/TWX 805 499 7137 
Central: 140 No. La Grange Road, La Grange. III. (312) 352-3227 

Eastern, 71 West 23rd St. N.Y., (212) 989-7550/TWX 212-640-5060 
Octopus Sales: Downs AG, Alpenstrasse 1, 
6301 Zug. Switzerland (042) 4 82 72/73 

New Microwave 

Coaxial package lifts transistor power 

COLLECTOR 

BASE "e----EMITTER 

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 8r 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-
duces 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-
lector 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 
must 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 largest 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 varactors 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-month 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. 

Specifications 

As a 2 Ghz amplifier 
Minimum power output 
Gain with 0.316 w input 
Minimum efficiency 
Collector-to-base voltage 

Output capacitance 
Gain-bandwidth product, f, 

V (114 , 

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, 
Transformer, 
Inductor and 
other Wire 
Wound 
Component 
Problems 
at SIE! 

Dresser SIE now offers o complete 

engineering and manufacturing service 
to fill all your needs for special 

purpose wire wound components for 
your ordnance, aircraft, aero space 
and siesmic applications. 

Send your specifications today to the 
address below for complete Informotron. 

CIFI IES SIIEFt 

I E 
INC. 

INDUSTRIAL PRODUCTS GROUP 

P.O. Box 2928/Houston, Texas 77001 

one of the CDRESSER Industries 

Circle 256 on reader service card 

are capacity loaded, iris-coupled 
TMoiemode cavities of 0.05-db 
Chebishev design. 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 used on 
the filter. 
Performance features are low in-

sertion loss, high Q, and low vswr 
and ripple in the passband. 
The filters, series TCII are avail-

able with a choice of two, three, or 
four sections and are constructed 
of precision bored aluminum blocks 
with a finish to minimize insertion 
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 LKuM1 weighs 
4.8 oz and handles 25 w average 
power, while the model LCH100 
weighs 3.6 lbs and handles 2,000 w 
of average power. 

Available in finned or unfinned 
versions, the new loads are offered 
to operate over uhf, L, S, C, X, and 
K bands. The loads are used to 
terminate waveguide transmission 
systems, eliminating the need for 
additional cooling devices. 

Prices start at $150. 
Raytheon Co., 130 Second Ave., Wal-
tham, Mass. 02154. [393] 

Circle 197 on reader service card—›-

how to 

tame 
a temperature 

problem 

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. 

L. FRANK MARKEL & SONS 
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. It stops trouble-
causing organic build-up in filters, 
ion exchangers and flow lines. 
Yet, chemical structure or pH of 
the water remains unchanged. 

PUT STEROLINE'S ULTRAVIO-
LET ENERGY 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! 

STEROLINE INSTALLS EASILY 
INTO YOUR PRESENT WATER 
SYSTEM! 

Requires only two simple pipe 
connections and one electrical 
connection. 

FOR MORE INFORMATION 
WRITE OR CALL 

121e/dine' Systems Corp. 
11809 (J) E. Slauson Avenue 

Santa Fe Springs, California 90670 
Telephone: (213) 698-8157 Cable: Sterline 

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 TO-5 and TO-18 
cans and other configurations. Two 
transistors are printed with the 
completion of each cycle of the 
U-1166 machine. 
Components are placed in a vi-

brating bowl which feeds and cor-
rectly positions them as their tops 
are printed. They then continue 
down 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 obtained with accurate 
control of the inks. 
Markem Machine Co., Keene, N.H. 
[401] 

Bench wire stripper 

used on production lines 

Any type of plastic covering, in-
cluding Teflon insulation, can be 
removed by a bench wire stripper 

designed for continuous use on pro-
duction lines. Strip length on the 
model, BWS-100A, is adjustable up 
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 started 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-cfm 
blower pushes the fumes out 
through a 2-in, rear exhaust. Fuse 
protection, pilot light, and off-on 
switch are front-panel mounted. 
Pneumatic foot switch and three-
wire grounded line cord are 
standard. 
The unit operates on 115 y a-c, 

60 hz. Air required is 40 psi. The 
fiber glass case measures 12 x 10 x 
7 in. 

Price is $315, and availability is 
immediate. 
Contact Inc., Elm Ave., Hudson, N.H. 
03051. [402] 

Ultrasonic die bonder 

for film devices 

Thick and thin film devices are 
ultrasonically die-bonded by a mul-
tiple-head instrument. Incorporat-
ing three transducers, each with a 
different bonding tip, permits feed-
ing of devices of different sizes. 

Substrates are held on a heated 
vacuum chuck, flooded with form-
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for 
maximal 
performance 
in critical 
applications... 

Orders of Coaxitube can 
be furnished cut to size, 
stripped, preformed to 
shape or assembled with 
connectors to meet your 
exact specifications. 
Semirigid construction 
assures the retention of 
shape and closely held 
tolerances. We'll gladly 
send data or quote your 
needs . . . no obligation. 

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 
to 1/2 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 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 electric 

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] 

PRECISION 

=IMS 

Semi-rigid 
COAXITUBE 
These high perform-
ance solid-jacketed 
cables offer broad 
frequency response, 
low attenuation, zero 
radiation and lowest 
possible VSWR. The 
splined, air-articu-
lated types provide 

minimum attenuation and high-
est cutoff frequencies, eliminate 
periodicity phenomena, and in-
sure phase stability in the order 
of 20 PPM/°C from 10°C to 
40°C, and 35 PPM/°C from 
—40°C to +125°C. They also 
provide excellent external RF 
shielding. For critical applica-
tions in severe environments, 
your best decision is Precision. 

PRECISION TUBE COMPANY, INC. 
SPECIAL PRODUCTS DIVISION 

North Wales, Pennsylvania 19454 
Phone 215-699-4806 TWX 510-661-8427 
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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 
A DIVISION OF LITTON INDUSTRIES ER 



New Materials 

"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 to 
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. 

Name  

Title  

Company  

Address  

City State Zip_ 

 .a 

Silicone sheet 

blocks microwaves 

A hie-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-
tivity 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 
moisture, and can withstand tem-
peratures up to 400°F. 
Eccosorb cns 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 
1/2 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, extruding, 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, M3-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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RATS 

...for electrical power. 
Garrett-AiResearch Ram Air Turbine 
Systems (RATS) give you auxiliary elec-
trical power from 150 watts to 30 kw. 

Externally or internally stored RATS 
provide power on demand—full-time or 
intermittent loading—speed control with-
in ±5% of the rated electrical frequency. 
Think RATS for reliable electrical 

power for countermeasures, communi-
cations, control, guidance, weapons 
systems, and other aircraft and missile 
needs. Operate over a broad environ-
mental range. Low weight. Low drag. 
Backed by AiResearch single-source 
responsibility and service. 
For design and application data on 

RATS for electrical, hydraulic, pneu-
matic, and mechanical power, write: 
AiResearch Manufacturing Company, 
9851 Sepulveda Blvd., Los Angeles, 
California 90009. 

AIRESEARCH RAM AIR TURBINE OUTPUTS VS. WEIGHT 
250 Knots. Sea Level Standard Conditions 

ELECTRICAL 400 cycle 

KVA 78— 149 224 298 

AIRESEARCH 
RAM AIR TURBINE 
SYSTEMS 

r:I.RDETT EGia 

New Books 

Tunnel diodes 

Analysis and Synthesis of Tunnel 
Diode Circuits 
J. O. Scanlan 
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 the underlying physics 
of tunnel diodes, starting from the 
foundations of quantum theory. 
Tunneling theory is illustrated 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 tunnel di-
odes—are discussed in detail. Al-
though the treatment of these sub-
jects probably won't satisfy the 
physicist or device designer, it 
should prove valuable to the 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 
characteristics of the tunnel diode. 
One improvement, perhaps, could 
have been the inclusion of numeri-
cal values of the electrical param-
eters for actual tunnel diodes. 
The major portion of the book is 

devoted to tunnel diode amplifiers 
using principles of network synthe-
sis in the treatment 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, am 
tectors. While the mathem 
treatment of these topics is 
prehensive, the reader will ha 
search elsewhere for inform. 
on oscillator circuit configurat 
oscillator stability, and theor - 
treatment of back diode mixer 
detectors. 

T.P. S 
General Electric Co. 
Syracuse, N.Y. 

Looking back at the future 

Communication Satellite Systems 
Technology 
Edited by Richard B. Marsten 
Academic Press, 1,051 pp., $12 

In 1945, Arthur C. Clarke prop 
a global communications me 
that would bypass the effects o 
ionosphere. He observed th. 
rocket traveling at five miles 
second—"only twice as fas 
those already in the design st 
—could put an artificial moon 
orbit. A satellite, he said, pl 
26,040 miles above the earth w 
be in stationary orbit; and t 
such satellites, equipped witl 
ceiving and transmitting e. 
ment, could relay signals over 
entire world. 

Clarke pinpointed the exact 
tudes and longitudes for the s 
lites to best serve Europe 
Africa, China and Oceania, an 
Americas. He chose microwave 
the carrier frequencies, sugge.. 
that the evidence necessary 
prove that radio waves pass 
outer space might be obtained 
exploring echoes from the mo 
Apnlying the Federal Commit 
tions Commission's standard 
minimum signal strength of a 
quency-modulated signal (50 m. 
volts per meter), he arrived . 
power level of 1.2 kilowatts 
broadcast service. 

This amazingly accurate pr( 
ecy from the magazine Wir - 
World is reprinted as the prol 
to this collection of papers f 
the May 1966 conference of 
American Institute of Astronat 
and Aeronautics. 
As with any such compila 

papers now obsolete are place 
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MAGNETIC INTERFERENCE 
STOPPED PERMANENTLY 
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. 

Applications 

Military Command & Control Systems • Strategic 
Systems • Tactical Systems • Computer Display 
Systems 

Unique Features of Netic Co-Netic Shields 
Provide permanently effective shielding • Insensi-
tive to ordinary shock • Minimally retentive • Pro-
vide up to 80 db attenuation. 

DELIVERY 3-4 WEEKS IN MOST INSTANCES 
Request Short Form Catalog No. 67 

Photomultiplier & CRT Shields 

caeD CRT 

Sectionalized 

Shields 

"1111ffliej 
Scan Converter Tube Shields 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO, ILLINOIS 60622 

ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 

Circle 243 on reader service card 

NEW HEATHKIT 
Solid-State 

High Impedance 

V-0-M 
Kit $80 Wired $115  

Never Before Has An Instrument With These Features 
and Performance Been Available At Less Than $200 

• 13 Silicon Transistors Plus 2 Field Effect Transistors 

• 11 Megohm Input Impedance on DC 

• 10 Megohm Input Impedance on AC 

• 9 DC Voltage Ranges From 150 Millivolts Full Scale to 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, x10, x100, alit, x10k, x100k, 
x1 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, AC 

• AC Response to 100 kHz 

• 6", 200 ua Meter With Zero Center Scales For Positive and Negative Voltage 
Measurements Without Switching 

• 1'T, Precision Resistors 

• Separate Switch For Each Function Eliminates Constant Changing 

• Ten-Turn Thumbwheel Zero Adjustment For Precision Settings 

• Built-In 120/240 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 

FREE 
TECHNICAL 

MICA 
MANUAL K-6 
gives electrical and physical 
data on all types of mica 
No tooling cost on numerous fabri-
cated parts of natural and built-up 
mica. 

Pre-punched insulating wafers to 
electrically isolate transistors, 
diodes. etc. from heat sinks. 

Corrugated mica to reduce handling 
and fabrication costs for thermal 
elements. 

All grades of mica offered. 

Immediate delivery from stock on 
many items. 

PERFECTION MICA CO. 
1322 No. Elston Ave. 

Chicago, Illinois 60622 

Phone: 3.12, EV 4-2122 

Circle 244 on reader service card 

The first of an exciting new line of Heathkit test instruments, the 1M-25 Solid-

State V-O-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 sensitivity of separate lab 

instruments. Whether you choose the factory assembled model or the new, 

casier-than-ever kit version, we believe you will find the 1M-25 a significant 
step forward in design and value. 

Kit I M-25, 10 lbs. (Available May)  $80.00 

Assembled I MW-25, 10 lbs. (Available June)   $115.00 

HEATH COMPANY, Dept. 520-28 
Benton Harbor, Michigan 49022 
ID Enclosed is $  plus shipping. 

Please send model (s).   
n Please send FREE Heathkit Catalog. 
Name 

fee1:1=33 

(Please Print) 
Address 

City  State  Zip 
Prices & specifications subject to change without notice. TE-159 

1 
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\.{£• CL9 0 7 •ct 907 

WIDEST 

RANGE OF 

MINIATURE 

(TO—I8) 

PHOTOCELLS 

• 

• 

Clairex now offers the 

broadest selection of 

miniature CdS and CdSe 

Photoconductive Cells available . 

anywhere. 23 types of CL 900 

series offer: • Resistance values 

from 2K to 1.4 megohms at 2 ftc 

• Voltage ratings from 100 to 250 

volts • All cells hermetically sealed 

in low-profile TO-18 transistor 

case. If you need a miniature, 

high-reliability photocell, send 

for new Photocell Design Manual. 

CLAIREX 
-The LIGHT Touch in Automation and Control 

1239 Broadway, New York, N Y. 10001 

212 MU 4-0940 

9 

L903A • cL903 1ie 

0 

• 
c"› 

CI-109 
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RFI/EMI Detection 

willi CEI's Ullra-Sensilive New Receiver 
CEI'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: 

COMMUNICATION ELECTRONICS INCORPORATED 
6006 Executive Blvd., Rockville, Md. 20852 Phone (301) 933-2800 • TWX: 710-824-9603 

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 dcspun 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 test-
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 
platforms, 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 Miniature Electronic Components 
Data 1966-67, G.W.A. Dummer and 
J. Mackenzie Robertson, Pergamon Press, 
461 pp., $19.50 

A compilation of Japanese electronics manu-
facturers' data sheets, cross-indexed by com-
pany names, product categories, and Jap-
anese 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, 
and radiometry and photometry. Basic 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 

COLORED ir Dilectrix "Fluorofilm" 

TEFLON* 
TAPES FULLY SINTERED FUSES TO ITSELF. UNFUSED TFE 

OR TO FER 

• 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 fusion heat-
seal equipment. WRITE FOR BULLETIN 1066. 

COLORS: Whitn. Black. Grey, Yellow. Green, 
()ee and Brown. 

- Odect, traden,a,k 

(7Cli ill  
CORPORATION 

FARMINGDALE, NEW YORK 11735 • TEL: (516) 249-7800 • TWX: 694-1884 
Advanced tabnCato,S of Teflon—pfoducers of multIlarninar autodeoositea Teflon !apes, 1,1,15 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 lift 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 
(PAMIR INDLISTRIIS INC. • KANSAS CITY, KANSAS 

A Subs,cleary of U S NI 0,1 Co 

Cramer—The leader in style and quality. 

The 
micro-miniature 
tuned-circuit 
package. 

JFD TO-5 
Enclosed MTLC Tuners 

Capacitors shown enlarged 20% 

JFD MTLC tuners enable circuit designers to shrink 
various LC circuits into TO-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 p 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 require-
ments. Write for bulletin MTLC 65-2. 

164Fer. . DAY'S COMPONENTS BUILT ron 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. / Balt., Md. / Saxonville, 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 
E DC-1.0 GHZ 

0-30 DB 

E ECONOMICAL 

E PROMPT DELIVERY 

CHOICE OF BNC, 
TNC, N, OR C 

MODEL 
D1196 

Originated at RDC*, 
D1196 is the industry's 
first zero-loss, infinite res-
olution variable attenuator 
operating DC-to-micro-
wave. 

Inclusion of a special 
planetary 5:1 movement 
allows fine setting, smooth 
rotation and effectively 
provides a lock against 
movement under vibra-
tion. 

Other variable attenu-
ators covering 2.0-12.0 
GHZ are available and are 
described in 1966 cata-
log section "VA." 

*patent #3,192,493 

5-YEAR WARRANTY on every 
RDC product! For the first 
time in the microwave in-
dustry, this additional as-
surance of reliability. 

A Complete Source for Microwave Components 
Send for complete information . .. 

R...A.D.A.R. DESIGN 

COR. PO R.-A."1'10N 
510 PICKARD OR • Sv,ACUSE N Y 1321 . I 

P.055 3:5-.5...-“LEI 

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 University, Palo Alto, Calif. 

The difficulties these researchers 
experienced with ultrasonic trans-
ducers points up the major applica-
tion of their work; the elimination 
of electro-mechanical transducers 
from acoustic propagation studies. 
They show that acoustic waves at 
high microwave frequencies can be 
generated by mixing two optical 
frequencies in a suitable crystal 
and taking the ultrasonic difference 
frequency. The acoustic wave is 
produced by an electrostrictive ef-
fect in which the electric field of 
the optical wave produces a strain 
in the crystal. Two optical waves 
will interact in the crystal, and gen-
erate many sum and difference 
acoustic 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 that is shifted in frequency 
by the acoustic frequency. The two 
optical waves are then focused 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 the 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 external acoustic excitation. 
The bandwidth of the generated 

sound could only be checked in 50-

megahertz steps since the re-
searchers work only at the over-
tones of the piezoelectric zinc oxide 
transducer that is used as the detec-
tor. This coarse measurement in-
dicates a spectral width of less than 
150 Mhz at a 3.7-gigahertz center 
frequency. The transducer also has 
to be aligned to a tight tolerance 
to detect the ultrasound. 

Presented at the Polytechnic Institute of 
Brooklyn Symposium on Modern Optics, New 
York, March 22-24. 

Plugging leaks 

Packaging for Electromagnetic 
Compatibility 
Herman Jankowski 
Apollo Support Department, 
General Electric Co., 
Daytona Beach, Fla. 

Equipment failure can result from 
adherence to the tried and sup-
posedly true methods of preventing 
electromagnetic interference among 
the subsystems 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 be 
resonant at some frequency, and if 
corrosion occurs at the junction 
with the ground plane, a nonlinear 
resistance may be created. The 
junction then becomes a mixer pro-
ducing spurious frequencies. As a 
mixer, the junction is inefficient, 
but if the signals in the strap are 
large enough, the equipment can 
fail. 

This is one of scores of electro-
magnetic compatibility problems— 
some old and some new to inte-
grated circuits—that the author 
quickly reviews. He balances off 
the problems with dozens of ways 
—again, some old, some unusual— 
to stop electromagnetic leaks by 
paying closer attention to subsys-
tem packaging, transmission lines, 
and system 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 fields will induce a cir-
culating current in the copper, but 
the skin effect keeps this current 
on the outside of the tube. If the 
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CHICOPEE MANUFACTLAING CO. 
RESUPCII 

MILLTOWN NEW JERSEY 
IT 

e 

The second rime you draw these 
(or any other repetitive element) 

you're wasting creative time 
Use STANPAT repetitive symbols for any dia-
gram, spec, detail, title block . . . or any 
other detail 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. 

rirpl 
eh it, fl r 1r r, 

STANPAT PRODUCTS INC. 

• Covert and Main Street, Dept. J4 Port Washington, N.Y. 11050 
Telephone: 516 883-8400 

169 
REED 

RELAYS 
IN STOCK for 
immediate 

delivery 

Described in 
Catalog 268 

Available thru 
MAGNECRAFT 
DISTRIBUTORS 
at factory prices 

Circle 248 on reader service card 

1116H RELIABILITY 

MAGNECRAFT 
DESIGNERS': 11 STOCK 

RELAYS 

The greatest selection of 
Mercury-Wetted and Dry 
Reed Relays stocked by any 
manufacturer and 290 other 
stock Relays are described 
and priced in Stock Relay 
Catalog 268 

The most complete Reed 
Relay information avail-
able anywhere is provided 
in the new 80-page DE-
SIGNERS' Handbook &Cata-
log of Reed and Mercury-
Wetted Contact Relays 

Contact the MAGNECRAFT REPRESENTATIVE in 
your area or send for your free copies of Catalog 268 
and the DESIGNERS' Handbook & Catalog NOW. 

MAGNECRAFT 
5575 N. Lynch, Chicago, III. 60630 

Electric Co. 
Ph 312-282-5500 

See, 
there's a Blackstone 

ultrasonic unit 
for every precision 

cleaning need: 
-1 Blackstone VRO. Makes it 
1 • 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 110 
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 3I6L stainless steel tank. 

Blackstone HT Series. Provides the right 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 100, 200, 300 and 500 watts and can be con-
trolled from 0 to 100% 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, 10 
or 20 nominal gallon capaci-
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. 

BLACKSTONE ULTRASONICS, INC. 
1400 Howard Street • Sheffield, Pa. 
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Compact 
Ceramic 
Capacitor 

.020" sq 180 pf 

Photographed 

on the head 

of a pin. 

Enlarged 61/4 times. 

Is your Real 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 circuits. 
Coming in various colors, capa-
citances, and compositions, the 
compact ceramic capacitor can 
coexist with other components 
under conditions that would 
challenge a competitor's capa-
citor 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 Lava Corporation 3 
Titania Division 

Chattanooga, Tennessee 37405 - 
Six 

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 the 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-
sistance 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 be-
comes significant. In a short time. 
the bus would be unable to con-
duct the ground current in suffi-
cient quantity. Braided wire works 
un to about 1 Mhz, but isn't recom-
mended for higher frequencies. 

Presented at the 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 
Communications Systems Inc., 
Paramus, N.J. 

Codes for correcting random errors 
in data transmissions over switched 
telephone networks can reduce 
block error rates, but they hardly 
make a dent in bit error rates. 
Given a block size of 150 bits, 

of which 75 are assigned 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. Systems that automatically 
cause the repeated transmission of 
a data block containing an error 
are often applied to screen out bit 
errors, but their use involves a 
tradeoff in equipment costs and 
transmission speed. 

Presented at the 1967 International 
Convention of the Institute of Electrical and 
Electronics Engineers, New York, 
March 20-23. 

Here's a 1/2" 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. Single pole decks have up 
to 12 positions shorting. 

Write, phone or TWX for Bulletin 
SWSM 267. We build switches 
like no one else can. 

DAVE N 
DIVISION OF THOMAS A. ED ISON INDUSTRIES 
GRENIER FIELD, MANCHESTER, N.H. 03103 
(603) 669-0940 • TWX 603-623-4938 
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3of a TRANSICOIL SOLVES 
series SERVO PROBLEMS 

SYNCH RO 
INPUT 
DATA 

SERVO GEAR SCALE 
CT AMPLIFIER MOTOR TRAIN 

 iir<> FLAG 

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 Instruments, 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 
/-

'fflut1=111101.._  

Ilee,..••••••••e 

1 11111  
.-*.«.•••••••.••••••• 

the right Thermal or Magnetic 

Circuit Breakers 
Write for your 
FREE COPY 

WOOD ELECTRIC 
CORPORATION 

244 Broad Street, Lynn, Mass. (617) LY8-5313 

g 

Packs a wide frequency 
range in small space 
The Hewlett-Packard 320013 VHF Oscillator offers con-
tinuous coverage of frequencies from 10 to 500 MHz, 
yet takes up little space on the bench or in the rack. The 
3200B provides ±0.002% frequency stability over a 
5-minute period, a high RF output level, and an output 
attenuator. It is ideal as a general purpose source of CW 
signals and will also 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: 75/8" wide, 6I/2" high and 13 1/2 " deep. Price 
$525. For more complete information, contact your local 
Hewlett-Packard field engineer or write: Hewlett-Packard, 
Green Pond Road, Rockaway, New Jersey 07866. 

10 74 

HEWLETT di& PACKARD 
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For detail 
information 
call or write 

FROM HATHAWAY 
MINIATURE 

*FORM 

RELAY 

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 

HATHAWAY INSTRUMENTS, INC. 
5250 EAST EVANS AVENUE 
DENVER, COLORADO 80222 
(303) 750-8301 • TWX 292-2035 

Distributed Nationally by 

COMPAR CORPORATION 

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. Bulletin 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-plane miniature noise generators. 
[427] 

Tooling selector chart. Isochem 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 
64-33-11B 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 vibration 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-1 gives com-
plete technical data on the company's 
Mucon subminiature ceramic capacitor 
line. [436] 

Digital multimeters. Fairchild Instru-
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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gee SOLID CARBIDE CIRCUIT BOARD DRILLS AND I ill1111;  
DESIGNED FOR PRECISION DRILLING AND 

ROUTING OF ALL CIRCUIT BOARD LAMINATES 

CBU A precision solid car-
bide circuit board drill 
designed with a 'h" 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. 

Super circuit board drills and routers are guaranteed 
to perform efficiently in all circuit board laminates. 
Tolerances and concentricity are minimal to permit 

\Itt‘t E1157,fie 

SEIM 

11:011011(40 

ii.4Vit 64 

BRANCHES: 

Iminell"Weise  

A diamond cut design solid car-
bide profile-router for plunge or 
outside profiling. The cross-hatch 
flute principle of this diamond-
cut design provides many positive 
overlapping cutting edges to in-
sure clean, sharp profiling with 
absolutely no delamination. In 
fractional size range. 

exact locating or repositioning in N/C or conventional 
equipment. Literature No. EL-67-1 available at distri-
butors and branches or directly from: 

SUPER TOOL COMPANY SINCE 

A DIVISION OF UNIVERSAL t AMERICAN CORPORATION 

ELK RAPIDS, MICHIGAN 49629 PHONE (616) 264-8151 

Chica▪ go 
5428 N. Milwaukee Ave. 
Chicago, Illinois 60630 

Detroit 
Suite 508, Professional Bldg. 

Eastland Center, Detroit. Mich. 48236 

1927 

New Yo▪ rk Los Ang• eles 
350 Hudson St. 5908 E. Washington Blvd. 

New York, New York 10014 Los Angeles, California 90022  A 
Circle 252 on reader service card 

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 Weapons for National Defense 

Space Reactors—Reactors for Power in Space 

For more information, write to 
Mr. Dan McGee, Personnel Department, 

Cif C gif 
a, -%Ar r e xi c e 

cl i_ a -t i. o ia_ 

I. ai,1c) o ar a t co x-- UNIVERSITY of of CALIFORNIA 

P.O. Box 808 18-47 

Livermore, California 94550 
An Equal Opportunity Employer - U.S. Citizenship Required 

New from He/pot  

First er- 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. $1.10 in quantity 
— ask your Helipot rep for 
a free sample. 

Beckman-

INSTRUMENTS. INC. 

HELIPOT DIVISION 

FULL ERTON, CA. FORNIA • 92634 

Electronics April 17, 1967 

INTERNATIONAL SUBSTJARIES: GENEVA; MUNICH: GLENROTHES, 
;GOTLAND, Tokyo; FARIS: GADETCY/N: LONDON: MEXICO CITY 
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UP-TO-DATE 
TECHNOLOGY 
from eit 
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. Engineering 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 the literature in the field, 
but supplies authoritative 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. Contribu-
tors from Westinghouse, Philco, 
Motorola, General Electric, RCA, 
North American Aviation/ Autonetics, 
IBM, and NASA have written chapters 
for this book. Such new topics as in-
tegrated circuit encapsulation, scanning 
electronic beam methods for non-
destructive testing, advanced cryoelec-
Ironies instrumentation and measure-
ment, and the use of laminar flow work 
are thoroughly discussed. 

325 pp., $15.00. 

3. GAS LASERS. By C. G. B. GARRETT. New. 
This most authoritative, up-to-date 
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 and ex-
plained. 192 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 
alphabetically to give you easy, quick 
access to needed ALGOL terms. It 
also provides valuable insight into 
ALGOL's utilization possibilities by 
presenting each instruction as a series 
of variations, proceeding from the 
simplest to the most complex forms. 

272 pp., $8.95. 

At Your Bookstore 
or Direct from Publisher for 

• .10 DAYS FREE EXAMINATION. 
McGRAW-HILL BOOK CO., Dept. 23-L-417 
330 West 42nd Street, New York, N. Y. 10036 
Send me the book(s) circled below for 10 
days on approval. In 10 days I will remit for 
book(s) I keep, plus a few cents for delivery 
costs, and return other book(s) postpaid. 

1 2 3 4 

Name (print) 

Address 

City State Zip Code 

For prices and terms outside U.S. write 
McGraw-Hill Intl. N.Y.C. 23-L-417 

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 
also includes 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 characteristics, and a glossary of 
terms. [442] 

Single crystals. Semi-Elements Inc., 
Saxonburg Blvd., Saxonburg, Pa. 
16056. A four-page brochure lists a line 
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 test systems, plus a sophistic-
ated line of system building blocks. 
[445] 

Microminiature transformer. The Gude-
man Co., 340 W. Huron St., Chicago, 
III. 60610. Engineering Bulletin MMT-1 
gives complete technical information on 
a microminiature transformer that 
weighs 0.06 oz and measures 0.038 cu 
in. [446] 

Transistors. Solitron Devices Inc., 1177 
Blue Heron Blvd., Riviera Beach, Fla. 
A 28-page catalog describes a line of 
silicon and germanium transistors used 
for military, industrial, and commercial 
applications. [447] 

Audio recorders. Ampex Corp., 401 
Broadway, Redwood City, Calif. 94063. 
A six-page illustrated brochure lists 
features, specifications, and applica-
tions of the AG-440 series audio 
recorders. [448] 

Printing calculator. flonroe Inter-
national Inc., a division of Litton In-
dustries, 550 Central Ave., Orange, 
N.J. 07051. A 10-page, color brochure 
(1174-A) describes the EPIC 3000 
electronic printing calculator. [449] 

Small parts production. Federal Tool 
Engineering Co., 1386 Pompton Ave., 
Cedar Grove, N.J. 07009. A fully illus-
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. 
• Input — 115 VAC 
• Up to 180 sec. delay, fixed or vari-
able with external variable resistor. 

$691 

0111Y in 100 lots 

IMMEDIATE DELIVERY! 

Order one for test at $8.80. Your 
MONEY BACK if not satisfied! 

ELECTRONICS CO. INC. 
380 Cottage St., Rochester, N.Y. 14611 
Phone (716) 235-7070 
 ) 
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MICO 
NEW MODEL 885 

SEVEN RATIO 
WIDE-RANGE ENGRAVER 

NO. 885 FOR LONG AND 
MULTI-LINE WORK 

AMERICAN 
MADE 

• A time-sayer for large plate work. 

• Engraves 3" x 19" area in one set-top. 
• Seven, pantograph ratios—from 1:5:1 to 6:1. 
• Choice of 3-hall-bearing spindle assemblies for 
,s". 3 16". on taper-shank cutters. 

• HSS. cosALr and Solid Carbide Cutters. 
• Single and multi-line copy carriers for holding, 

blanks to e high. 
• Accommodates Mico standard accessories. 

send roe bulletins and price, 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 
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Professionalism at Grumman 
...is personal development programs 
Grumman is not for everybody. Many technically proficient people are glad to put their degrees to work 
for just 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 applicable 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 funda-
mentals, theoretical methods and design information. (One. 
to two weeks' duration.) 

Engineering Professional Development Program 
Lasting for 2 years, participants are given, in 4 six-months' 
terms, an exposure 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 universities. 

Senior Engineers' Program 
Intended to overcome the threat of technological obso-
lescence, individual disciplines are updated with regard to 
new scientific discoveries, new or expanded applications of 
long existing knowledge, and computer applications to prob-
lem solving. 

Senior Management Development 
Selected individuals within Grumman junior and middle 
management groups are nominated to attend management 
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 positions. 
Electronics Field Engineers—B.S. in Electronics or Physics with a 
minimum of 6 years experience desirable, but candidates demon-
strating the equivalency will be considered. In-plant training will be 
provided. Must be experienced in one or more of the following 
areas: search & track radars, digital computers, inertial guidance 
systems & transistor theory & application. 

Computer System Engineers—Engineers & Mathematicians with 1,5 
years experience in the analysis, design and development of digital 
computer systems. 

Programmers—Experienced in both general purpose and special 
purpose techniques, to work on complex systems for aerospace 
vehicles. 

Digital Systems Engineers—BSEE with a minimum of 3 years expe-
rience in military digital and data processing equipment. Must be 
capable of performing a comprehensive analysis of digital equip-
ment to establish support concepts and define support require-
ments. 

EMC Systems Engineers—With ability to perform system analysis, 
state-of-the-art reviews, and develop advanced EMC techniques. 
Will be responsible for generating design data, control plans, test 
plans, directing tests, analyzing results, generating fixes. and pre-
paring reports for systems in accordance with MIL-E-6051C. Famili-
arity with WR-27 and MIL-STD-449 is essential. 

Radar Development Engineers—BSEE with a minimum of 3 years 
experience in the analysis, design and development of airborne 
radar systems. Should be capable of analyzing the radar system 
with end view of integrating the equipment into a complex space 
vehicle system. Will fully participate in laboratory and flight de-
velopment program conducted in the finest facilities available in 
a professional atmosphere. 

ECM Subsystems Engineers—B.S. in E.E. or Physics with 2 to 6 
years experience in design of ECM receivers &/or jammers or ap-
plicable radar communication background. 

Communications Systems & Equipment Engineers—BSEE with a 
minimum of 2 years experience in Communication and Radio Navi-
gation Hardware Engineering. Familiarization with the following 
equipments is desirable: H.F. (SSB), VHF/FM & AM, UHF/FM & AM, 
Voice & Data Link Communications Equipment, ADF, VOR, TACAN, 
Radar Altimeter, and Doppler Navigation. Duties include: Systems 
integration, analysis of equipment design, circuit & component 
analysis, generation of equipment specifications, information and 
test procedures information, liaison with subcontractors & contrac-
tors; laboratory & vehicle system testing. 

Antenna Design Engineers—BS in EE with a minimum of 3 years 
experience in antenna design. Background in classical electro mag-
netic theory and advanced math essential. Work consists of anaylsis 
and synthesis of antennas on current and advanced designs for 
space applications including the use of the IBM computer facilities 
to develop design techniques. 

Instrumentation Application Engineers—BS in ME or Physics with 
a minimum of 2 years experience with transducers, recorders, data 
gathering systems, & interested in lab type work. 

BS in ME, EE or Physics with a minimum of 2 years experience, to 
work with telemetry, digital systems & tape recorders as applied 
to Flight Test Development Programs. 

BSEE with a minimum of 2 years experience in electronics circuit 
application with knowledge of digital techniques. Will operate analog 
& digital data acquisition systems. 

Note: 1967 graduates looking to start a career in aerospace are invited to contact Grumman now! 

To arrange an immediate 
interview, send comprehensive 
resume to: Mr. George E Kwak 
Manager, Engineering Employment, Dept. GR-76 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York, 11714 

An Equal Opportunity Employer (M/F) 
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HIGH-POWER MICROWAVE 
GENERATION IN SOLIDS 

*Reference: A. J. Shuskus & 
M. P. Shaw, "Current Instabil-
ities in Gallium Arsenide". Proc. 
IEEE (Correspondence), Vol. 53, 
PP• 1804-1801, November 1965. 

Pioneering research led to this 
first published observation of large 
amplitude current oscillations in 
Gunn-type gallium arsenide 
devices.* 

.k • 

VAILLA1:Al 
111111rilIMILA 

Extensive further studies 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." 

**Reference: M. P. Shaw & A. 
.1. Shuskus, "Current Instability 
Above the Gunn Threshold", Proc. 
IEEE (Correspondence), Vol. 54, 
pp. 1580-1581, November 1966. 

If you have capability and interest in SOLID 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 Aircraft Research Laboratories 

U 
UNITED AIRCRAFT CORPORATION 

Semi-

conductor 

Integrated 

Circuits 

San Francisco Bay 

Area Positions 

PROCESS 
ENGINEERS 

Responsibilities include the analysis of existing 
processes; determination of process improve-
ment; relating electrical parametric variables 
with process variables; and to develop new 
fabrication processes which will result in the 
most efficient and optimum production yield of 
integrated circuits. 

A BS or MS in Chemistry, Physics or RE is 
required, with 2 or more years experience in 
the above including a background in epitaxy, 
diffusion and photolithographic techniques. 

Additional professional opportunities are avail-
able in the ("lowing areas: 

PRODUCT ENGINEERING 

DIGITAL CIRCUIT DESIGN 

LINEAR CIRCUIT DESIGN 
APPLICATIONS ENGINEERING 

Write to Jim Lewis, Professional Placement 

-u-
_IL 

SIGNETICS 
CORPORATION 

811 E. Argues Ave., 
Sunnyvale, California 

An Equal Opportunity Employer 

• 
Do you need elect' onics engi-
neers or technical manage-
ment men? Electronics maga-
zine is the way to recruit them. 
Electronics is designed spe-
cifically for the working engi-
neer. 68,000 subscribers and 
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 

Reactors—Transformers—filters 
Serving the Research Laboratory 

2580 1C Street, San Diego, Calif. 92102 
Phone (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 costing you 
money and suggest inexpensive 
means for their elimination. 

engineers 
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 activities in aircraft and ocean instrumentation. Our job is to come 
up with new ideas and new designs for transducers, modules and sub-
systems using the latest techniques and components. We seek the help 
of talented and resourceful engineers (E.E. &. M.E.) having up to ten 
years applicable 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 the stimulating atmosphere of Ithaca, the 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 Biearr 
FLIGHT & ENGINE INSTRUMENTS DIVISION Aerospace 
RESEARCH CENTER, CORNELL RESEARCH PARK, ITHACA, N.Y. 14850 Products 

An Equal Opportunity Employer 

Ill SEARCHLIGHT SECTION 
• CLASSIFIED ADVERTISING 

• BUSINESS OPPORTUNITIES 

• USED OR SURPLUS EQUIPMENT 

SEARCHLIGHT 
EQUIPMENT LOCATING SERVICE 

No cost or obligation 

This service is designed to help you, the requirements will be brought promptly to 
reader of Searchlight Section, to locate the attention of the used equipment deal 
used or rebuilt equipment not currently ers advertising in this section. You will re-
advertised. ceive replies directly from them. 
How to use: Check the ads in this Obviously, the list of such advertisers 

Searchlight Section, to see if what you is limited by comparison with the over 
want is advertised. If not, print clearly the 68,000 subscribers to Electronics, all di-
specifications of the equipment and/or rectly engaged in the electronics industry. 
components wanted on the coupon below, A small 'Equipment Wanted' advertise 
or on your own letterhead. ment in the Searchlight Section will bring 

This is a service to our readers. This your needs to the attention of ALL who 
publication does not buy, sell or stock read Electronics. The cost is low .. . just 
equipment or materials of any type. Your $28.75 per advertising Inch-74"x2-3/16". 

— — 

Electronics, Searchlight Equipment Locating Service, P.O. Box 12, New York 10036 

Please help us locate the following used equipment: 

Name Title Company 

Street City State Zip Code 

For Sole 

VACUUM METALIZER 

or COATING SYSTEM 
N.R.C. Type 3143B-42301. Chamber size 36" dia. 

X 6" long complete with diffusion pumps, me-

chanical pumps. gauges and power supplies. Over-

all dimensions 19' long. 8' 6" high. Used 3 

months. 

Also 2 G.E. 5 KW dielectric heaters. 45 mega-

cycles. 

INSTRUMENTS & MACHINES, INC. 
1200 Grove St. Irvington, N.J. 07111 

Telephone: (201) 371-7900 

CIRCLE 966 ON READER SERVICE CARD 

RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTAIS 
3 & 10 CM. SCR 584 AUTOTRACK RADARS. M.33 RADAR 
TPS•11) SEARCH. APS-45 TPS-10D HT. FINDERS. WA RADARS. 
FPN.32I1CA. APS.10 APS.15B APS-27 (ANTI) SEARCH. • • 
APN -102 DOPPLER. DOZENS MORE. C ARCINO1 RONS 
.25..5.1-2.3.6 MEGAWATT PULSE MODULATORS. CAVITIES. 
PULSE TRANSFORMERS. IF STRIPS. WAVEGUIDE. BENDS 
200 MC, 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS. 

RADIO RESEARCH INSTRUMENT CO. 
550 5TH AVE.. NEW Um« 35, N. Y. /U 6.4691 

CIRCLE 967 ON READER SERVICE CARD 

CIRCLE 968 ON READER SERVICE CARD 
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Phase Stable 

HELIAX® 
COAXIAL 
CABLES 
• Repeatable Phase Tracking 

• Electrical Length Stability 

• Precise Phase Adjustment 

For phase-sensitive applications, special HELIAX coaxial cables are available in 
three general classes. II HELIAX coaxial cables can be supplied phase stabilized to 
provide a repeating, or "stable", phase-temperature characteristic. 11 Phase 
compensated cables maintain relatively flat electrical length versus temperature 
characteristics over selected temperature ranges. Phase-temperature coefficients 
of better than 1 PPM/°F over 30°F operating range have been achieved.0 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. 30 YEARS OF ENGINEERING INTEGRITY 

IN EUROPE: Andrew Antenna Systems, Lochgeliy, Fife, Great Britain 

216 Circle 216 on reader service card 

12, 
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Newsletter from Abroad 
April 17, 1967 

Tokyo putting out 

the welcome mat 

but not for all 

Egalite for French 

components firms 

Britain plans 

computer utility 

Russian scientists 

rap computer lag 

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.] 

MOS road show 

to tour Europe 

Summer debut seen 

for British color tv 

Emerson in line 

for F-111 test job 

Nippon automates 

step in producing 

thin-film IC's 

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 
"late 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-ill'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 test-
ing center which provides long-
term measurements and also relia-
bility trials of components. 
A key part of Plessey's product 

assessment laboratories, the system 
tests thin-film circuits under vary-
ing environmental conditions. 

Failure rates are being obtained 
from the performance of 5,840 cir-
cuit elements — some resistive, 
some capacitive—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 test 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 
test for both dry heat, and humid-
ity at a stabilized reference tem-
perature of 20°C. 

Components on trial 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 resistance 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 system 
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 test 
equipment. Voltage and current 
levels in life test circuits and tem-
peratures of the chambers are se-
lected, measured, and tested 
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 coin-
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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" 
system. "Profitability" in this case 
is the difference between income 
and costs, excluding such gifts 
from the state as land, plant, and 
equipment. 
The seven Lithuanian enterprises 

were combined last year into a 
single organization, called Sigma, 
which designs, produces, installs, 
and services computers and other 
equipment under contract to its 
customers. 

Bureaucracy. The rest 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.Rudnev, Minister of In-
strument Building, Automation, and 
Control Systems, says distributors 
"have no material responsibility, 
no obligations to popularize our 
products or advertise them. Nor 
are they answerable materially 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 customer 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 

a headquarters to coordinate op-
erations. 
The "head office" is a venerable 

Gothic-style building on Communar 
Street in Vilnius. Here Algis B. 
Tchuplinscus directs a staff of 48 
people and a "board of directors" 
made up of chiefs from each of the 
seven factories and each of the 
three design offices, 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 financial 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 system seems to be paying 

off handsomely in the seven fac-
tories. During the last six months 
of 1966, after amalgamation, out-
put rose 21% from the first half 
pace and profit increased 40.7%. 
However the three design bur-

eaus haven't fared as well, appar-
ently because the Russians haven't 
yet figured out how to charge for 
intangibles such as design 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, boosted 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 system of 16 Minsk computers 
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. 
He 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 official 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 classify as a com-
puter, but he clearly left the im-
pression 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-
duce 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 
(c.f.i.) unveiled the image tube, 
which the French call a successor 
to the Radio Corp. of America's 
shadow-mask tube. 

CFr, 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 at 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 cFr's tube department. 

Bigger models. A hundred tubes 
have been produced in a pilot run 
that began earlier this year at a 
plant owned by one of cFr'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. Inclinometer 
measures angle changes and sends information to computer. 

ers, csF-Compagnie Generale de 
Telegraphie Sans Fil. 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 crr'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 tube should be a big 

money maker, according to observ-
ers. So far, there's only been one 
contract—for a pilot production 
plant that cFr 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 

biggest tv customer. 
Buyers sought. CFr, 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. customer. 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 

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 tube 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 North 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 
tests 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 two 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 fixed reference points. 

Japan 

A new entry 

With the introduction of its multi-
purpose NEC 3100 computer, the 
Nippon Electric Co. opened the 
door for its entry into the control 
computer field. 

Suitable for scientific calcula-
tions, process control, and message-
switching applications, the new 
system uses Nippon's own diode-
transistor-logic integrated circuits 

—similar to those used in the com-
pany's Series 2200 computers. The 
number of lc packages in the com-
puter varies from 2,500 to 4,000, 
depending on the installation. 
Market potential. Besides using 

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 transmission 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, thus providing a time-sharing 
capability. 
The smallest system 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-
tinuous-power output of "about 
100 watts"—almost double the pre-
vious high—has been developed at 
West 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 +—also 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 beam to a nar-
row sector by employing magnetic 
fields focused 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. Water-
cooled segments have also proved 
undesirable. 
Argon+ lasers are being in-

vestigated 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 still 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 
fixed-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 be 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. 

Cure for 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 resistors. Write for complete 
engineering data. 

alVviric:: alVrX Cag e 
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The Predictables. 

100% DC and dynamic testing verifies 
the performance of every circuit in 
ITT's full line of Series 930 DTL 

When your order of ITT 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% 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. 

ITT's Series 930 "predictables" come in 15 circuit 

functions and three package styles. If you're tired of 

rejecting and returning DTL, try ordering it from ITT. 

It's available off-the-shelf from your distributor or 

direct from the factory through your ITT representa-

tive. ITT Semiconductors is a Division of International 
Telephone & Telegraph Corporation. 

integrated circuits ITT 
FACTORIES IN WEST PALM BEACH, FLORIDA, PALO ALTO, CALIFORNIA, LAWRENCE, MASSACHUSETTS, HARLOW AND FOOTSCRAY, ENGLAND FREIBURG AND NURENBERG, GERMANY 
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formation must be legible to be effi-
ciently processed. 

If someone has beaten you to the 
post cards, you may obtain the needed 
information by writing directly to the 
manufacturer, or by sending your name 
and address, plus the Reader Service 
number, to Electronics Reader Service 
department. 

All inquiries from outside the U.S. 
that cannot reach Electronics before 
the expiration dates noted on the 
Reader Service post card, must be 
mailed directly to the manufacturer. 
The manufacturer assumes all respon-
sibilities for responding to inquiries. 
Electronics merely provides and clears 
requests for information from inquirer 
to manufacturer. 

Correct amount of postage must be 
affixed for all mailings from outside the 
U.S. 

To subscribe to or to renew 
Electronics 

Fill in the "For Subscriptions" area 
on the card if you desire to subscribe 
to or renew your present subscription 
to Electronics. Send no money. Elec-
tronics will bill you at the address in-
dicated on the Reader Service post 
card. 

Multi-product advertisements 
For information on specific items in 

multi-product advertisements which do 
not have a specific Reader Service num-
ber indicated write directly to man-
ufacturer for information on precise 
product in which you are interested. 

8 Please Print Clearly 

Name 

Company 

Address 
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title For Subscriptions 

E:] new E renewal 
ID 3 years $16.00 

1 year $8.00 

City  state  zip code  

I 20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419 438 457 476 495 514 962 
2 21 40 59 78 97 116 135 154 173 192 211 230 249 268 287 306 325 344 363 382 401 420 439 458 477 496 515 963 

3 22 41 60 79 98 117 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516 964 

4 23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965 

5 24 43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966 
6 25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967 

7 26 45 64 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968 
8 27 46 65 84 103 122 141 160 179 198 217 236 255 270 293 312 331 350 369 388 407 426 445 464 483 502 902 969 

9 28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 084 503 951 970 

10 29 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971 
11 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953 972 

12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973 

13 32 51 70 89 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974 
14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975 
15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976 

16 35 54 73 92 Ill 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977 

17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978 
18 37 56 75 94 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979 

19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980 
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Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 

Reader service department 

Box 444 
Hightstown, N.J. 08520 

First class 
Permit no. 42 
Hightstown, N. J. 
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Name 

Company 

Address 

City   

1 20 39 58 77 96 

2 21 40 59 78 97 
3 22 41 60 79 98 

4 23 42 61 80 99 

5 24 43 62 81 100 

6 25 04 63 82 101 

7 26 45 64 83 102 

8 27 46 65 84 103 

9 28 47 66 85 104 

10 29 48 67 86 105 

11 30 49 68 87 106 

12 31 50 69 18 107 
13 32 51 70 89 108 

14 33 52 71 90 109 

15 34 53 72 91 110 

16 35 54 73 92 Ill 
17 36 55 74 93 112 

18 37 56 75 94 113 

19 38 57 76 95 114 

title For Subscriptions 

D new P renewal 

o 3 years $16.00 
C] 1 year $8.00 

state zip code  

115 130 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419 438 457 476 495 514 962 
116 135 154 173 192 211 230 249 268 287 306 325 344 363 382 401 420 439 458 477 496 515 963 

1!7 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516 964 

118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965 
119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966 

120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967 
121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968 

122 141 160 179 198 217 236 259 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969 

123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970 
124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971 

125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953 972 
126 145 160 183 202 221 200 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973 

127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974 

128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975 
129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976 

130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 034 453 472 491 510 958 977 
131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978 

132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 136 455 174 493 512 960 979 
133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 930 



Reprint service 
All Electronics editorial matter available in reprint form: 

For reprints of special reports and feature articles see list 
on right side of this page. Send your order to Electronics 
Reprint Department at the address indicated. To expedite 
mailing of your order for single reprints please send cash, 
check or money order with your order. 

Warning: The Post Office now requires your ZIP CODE on all mail. Please include your ZIP CODE 
number when filling out your reply card, 

Mie 

Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 
Reader service department 
Box 444 

Hightstown, N. J. 08520 

8 Please Print Clearly 

Name  

Company  

Addreis 

Bulk reprints of editorial matter can be ordered from cui 
rent or past issues. The minimum quantity is 100 copie! 
The higher the quantity ordered, the more economical the 
cost per copy. Prices quoted on request. 

First class 
Permit no. 42 
Hightstown, N. J. 
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2 21 40 59 78 97 116 135 154 173 192 21I 230 249 268 287 306 325 344 363 382 401 420 439 458 477 496 515 963 
3 22 41 60 79 98 117 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516 964 

4 23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965 

5 24 43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966 

6 25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967 

7 26 45 60 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968 
8 27 46 65 84 103 122 141 160 179 198 217 236 255 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969 

9 28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970 

10 29 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971 
11 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953 972 

12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973 

13 32 51 70 89 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974 
14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975 

15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976 

16 35 54 73 92 Ill 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977 

17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978 

18 37 56 75 94 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979 
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Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 
Reader service department 

Box 444 

Hightstown, N.J. 08520 

First class 
Permit no. 42 
Hightstown, N. J. 

ZMIMIMMMIIMMummanal 

To order reprints, or for further informa 

tion, please write to: Electronics Reprity 
Department, 330 West 42nd Street, Neie 
York, N.Y. 10036. 

Prices for the below listed reprints unies: 
otherwise specified are 1-10 copies 50e eacl. 
11-24 copies 35e each; 25-99 copies 259 
each; price for 100 or more is 20e each. 

You may order any of the below listed reprint: 
by key number. 

Key no. R-01 

Key no. R-02 

Key no. R-03 

Key no. R-04 

Key no. R-05 

Key no. R-06 

Key no. R-07 

Computer-aided Design: Part I 
The Man-machine Merger. le 
pages. $L25. 

Vietnam Communications Net-
work Growing Into Southeast 
Asia's Best. 3 pages. 25e. 

Sense Amplifier Fits Any Prod-
uct. 6 pages. 25e. 

Multilayer Circuit Boards: 
Sharpening An Imperfect Art. 
7 pages. 

Topology Cuts Design Drudg-
ery. 12 pages. 500. 

Report on Japanese Technol-
ogy: Sony. 20 pages. 50e. 

European Electronics Markets 
1967. 22 page forecast report 
with 4 page foldout chart. 
$1.00. 

Key no. R-08 U.S. Electronics Markets 1967. 
26 page forecast report with 
6 page foldout. $1.00. 

Key no. R-09 1966 Electronics Index to 
Technical Articles and Authors. 
Free. 

Key no. R-90a Communications Satellites. 
Parts I and II. 42 pages. $1.25 

Key no. R-88 Belting Out Plastic Transistors 
On Mechanized Assembly Lines. 
8 pages. 25e 

Key no. R-87a The Packaging Revolution in 
Microelectronics. Parts I 
through VI. 64 pages. $2.00. 

Key no. R-86a Computer Time Sharing. Parts 
I and II. 32 pages. $1.00. 

Key no. R-79 MOS Integrated Circuits. 12 
pages. 

Key no. R-78 The Overlay Transistor. 15 
pages. 

Key no. R-75 Biotelemetry. 2 part series, 16 
pages. 

Key no. R-74 Unijunction Transistors. 24 
pages. 

Key no. R-64 Field Effect Transistors. Parts 
I, II, and III. 64 pages. $1.00. 

Key no. R-63 Silicon Power Transistors. 8 
pages. 250. 

Key no. R-60 Transistor Heat Dissipators. 32 
pages. 

Key no. R-31 Electromagnetic Spectrum 
Chart. (22" x 30" foldout. 
chart). $1.00 



Put this new design window in your lab 

New delayed sweep...magnifies...eliminates jitter for... 

CLEAR DISPLAYS TO 1 GHz ik BEYOND 

Here is an analytical window that sheds new light on the 

characteristics of computer and other fast logic cir-

cuitry—anywhere, in fact, where complex waveforms or 

pulse trains are involved. Notice how it pulls the picture 

into focus. 

Mainframe of this step-ahead sampling system is the 

hp 140A with standard CRT. For low rep-rate waveforms 

(5 kHz and below or long delay times) you get clear, 

steady displays with the "stop-action" variable persist-

ence and storage features of the hp 141A mainframe. 

Solid-state sampling plug-ins include: 

NEW 1425A TIME BASE & DELAY GENERATOR—first 

delayed sweep in sampling. You get sweep speeds 

from 10 psec/cm to 500 ,sec/cm, triggering to 1 GHz, 

delay times as long as 5 ms, automatic triggering, and 

a movable intensified dot making it easy to set up 

point of magnification. $1600. 

NEW 1410A DUAL-CHANNEL VERTICAL AMPLIFIER 

with 1 mv/cm sensitivity at 1 GHz. This plug-in gives 

you the convenience of high-impedance probes for cir-

cuit measurements, plus internal triggering for meas-

urements in 50-ohm systems. $1600. 

Mainframe prices: 140A, $595; 141A, $1275. 

For sampling through X band, the 1411A Dual-

Channel 1 mv/cm Vertical Amplifier ($700) functions 

with any of three remote samplers: 1430A with 28 psec 

rise time for clean pulse response ($3000), 1431A with 

12.4 GHz bandwidth and low VSWR ($3000), and the 

1432A with 4 GHz bandwidth and 90 psec rise time 

($1000). With the versatile hp 140 Scope System, you 

get better performance in any direction: 20 MHz wide-

band • TDR • high sensitivity with no drift • variable 

persistence and storage—and sampling. 

For data on the new hp sampling scopes, write or call 

Hewlett-Packard, Palo Alto, Calif., 94304. Phone (415) 

326-7000. In Europe, 54 Route des Acacias, Geneva. 

087/20 

HEWLETT hp PACKARD 
An extra measure of performance 

Circle 901 on reader service card 
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From RCA:Flometaxml-Base... 
The inclust+y's most powerful . 
plástic p transistors— 
bissipati to 83 Watts 

2N5037 

Tomorrow's action needs are here today... 
as RCA, leader in silicon power, now 
introduces its famous Hometaxial-Base 
technology in plastic! 

Eight transistors in all, RCA's new power 
program is the first to combine the low cost 
of plastic with brute power-handling 
ability-83 watts or 36 watts—each is an 
industry-high for plastic! And this power 
comes in your choice of package ... a 

Circle 902 on reader service card 

TA7137 

straight-lead design for PC-board mounting 
or a bent-lead design compatible with 
standard TO-3 or TO-66 mounting techniques. 

Performance is tops—RCA mounts the 
silicon chip directly onto a solid copper base 
for better current handling, thermal 
resistance, and dissipation capabilities. 
You get unsurpassed freedom from second 
breakdown ... the inherent advantage of 
RCA Hometaxial-Base technology. 

Put the cost and performance benefits of 
RCA plastic transistors in your circuits... 
they'll do the job for audio amplifiers and 
a broad range of industrial applications. 

60 

2N5034 

Call your RCA Representative for more 
information or write Commercial Engineer-
ing, Section IN4-3, Harrison, N.J. 07029. 

Also available through your RCA distributor. 
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RCA Electronic Components and Devices 

The Most Trusted Name in Electronics 


