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RELIABILITY

Put more power in less space with new
HG Series Precision Power Resistors

ot
Fit)wl-e

FAE):

Dale HG precision power resistors are a breakthrough in
meeting the challenge of miniaturization where high power
and precision tolerance are required. Dale uses an exclusive
molding process to incorporate a precision wirewound resist-
ance element into an aluminum radiator housing. The result
is a solid unit from which heat is dissipated evenly and effi-
ciently along the entire length of the resistance element. This
eliminates the performance-cutting central “hot spot” and
assures maximum reliability in minimum size. When derated
to Mil. Rating, HG Resistors have unprecedented stability.
The rigid quality control procedures and materials procure-
ment standards used in the production of all Dale resistors
have reached new levels of achievement as a result of Dale
participation in the MINUTEMAN High Reliability Component
Development Program.

SPECIFICATIONS

Three sizes: HG-25 (35 watts) and HG-10 (20 watts) meet requirements of
MIL-R-18546C (RE-70 and RE-65 respectively) HG-5 (15 watts) meets func-
tional requirements. Resistance range: .1 ohm to 60K ohms, depending on
type and tolerance. Tolerances: 0.5%, 1%, 3%. Continuous operating tem-
peratures: -55° to 275° C. Temperature coefficient: 0.00002/degree C.

DALE ELECTRONICS, INC. oo,
@ 1304 28th Avenue, Columbus, Nebraska @
A subsidiary of THE LIONEL CORPORATION *

Here’s how Dale ‘‘builds in"” reliability

1. RESISTANCE ELEMENT consists of high purity
ceramic care wound with resistance wire procured to
rigid standards. Precise control of winding tension over
centerless ground core assures that wire lays firmly and
uniformly. This produces even power dissipation and
eliminates local “hot spots”. Element is untouched by
human hands or foreign materials.

2. COMPLETE WELDED CONSTRUCTION from
terminal to terminal. Welds tested to destruction on
sample basis. Non-corrosive stainless steel end caps
assure good weldability and ideal mechanical proper-
ties. Standard terminals gold-plated copper. Also avail-
able with tin-plated copper terminals and 6-32 studs.

3. EXCLUSIVE DALE PROCESS (patent pending)
completely surrounds resistance element with high
density jacket which bonds itself to the outer housing.
The result is a solid, void-free mass which gives maxi-
mum heat conduction and affords complete environ-
mental protection. Possibility of high voltage break-
down is eliminated by precise centering of resistance
element within radiator housing.

4. RADIATOR HOUSING of anodized aluminum

mounts on chassis for maximum thermal transfer.

&
o
Hearup n®

Also Made and Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada

Circle 98 on Inquiry Card
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Your 1963 State of the Art Reference Issue

Tis 1s your 1963 StaTk oF THE ART REFERENCE

issue. It contains 34 survey or round-up type arti-
cles. Each of these has heen written exclusively for
ISLEcTRONIC INDUSTRIES by an outstanding industry
authority. Our objective is to provide an up-to-the-
minute review of the many technical fronts of our
industry.

There are mamy new and interesting ideas ex-
pressed by our authors in these articles. IFor example:

On page C-38 Robert I2. Moe describes low the
vacuum tube industry has met the challenge of today's
changing technologyv. This industry still renmins a
licalthy and vigorous supplier of electron controlled
devices in the entertainment, industrial, military and
space fields.

General Bernard A\, Schriever, commenting on
national security, page B-6, writes that although we
passed a major milestone when the first Minnteman
squadron become operational, Minuteman is still not
the ultimate weapon system. Technology is not stand-
ing still and new systems will always be developed

on the basis of new requirenients.

Of all basic paraieters used in science and engi-

neering. frequency continues to he the one that can
be measured 1o the greatest precision and accuracy.
So writes Ivan E. Easton, page 15-2. le also points
out that today modern molecular oscillators are better
You

might also wish to read about the discovery of a

time keepers than astronomical movements.
fundamental new theorem in electrostatics.

Dr. John Bardeen, Nobel prize winner, writing on
semiconductor research, page C-12. states “Progress
in transistors can be characterized by increasing fre-
quencies, power, reliability, smaller size and lower
prices.” e predicts truly integrated blocks whicli
will give desired overall circuit finctians.

Robert C. Sprague «discusses microelectronics,
page B-10, and discloses that the development of
semiconductor integrated devices has progressed to

2

the point where it appears that they will make possi-
ble the smallest electronic circuits which are likely
to be made by any technique in the future.

Circuit design, according to Dr. Daniel Noble,
page C-2, has become progressively complex because
of the advent of integrated circuitry. Involved now
for each circuit are circuit theory, mathematics,
physics, metallinrgy, chemistry, electronics, semicon-
ductor processing, thin-film processing and photog-
raphy.

Admiral Charles I

“After more than a decade of defense and later space

Ilorne, on page B-2 states,

programs the consumer products industry has
dropped from a quarter of a century of leadership to
less than 20% of total electronics production. The
government (thus) has hecome . . . the biggest buyer
of electronic equipment and components.”

Dr. Robert Jolimson points out, page K-2, the trend
toward niore economical computers through multiple
programming techniques—the interlacing of portions
of different simultaneous programs in various com-
puter elements. Such new developments as thin filins
forecast still greater economies and performance.

This 1ssue, in addition, contains our 21st Aunual
Directory. Names aud addresses of more than 6000
clectronic manufacturing plants are provided, as well
as information on the more than 3000 products manu-
factured at these locations.

We think vou will agree that this month’s cover
design 15 quite a startling and interesting creation.
Our cover designer developed it as an answer to our
question, “low can vou depict the world of the
electron?”’

Developing and producing your State-of-the-Art
Reference issue has been a fascinating challenge for
us. We enjoyed it greatlv. Tt is our hope that you
will obtain many mmmediate benefits and find 1t a
usetul year-round reference. Your written comments

are always welcone.
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Products Advertised

AMPLIFIERS
Servo Amplifier—Westomp Inc.—p. F27

Transistorized Amplifiers — Instruments for
industry—p. E40

ANTENNA, ACCESS.
Tower for Microwave Horns—Stoinless, Inc.
p. J20
Antenna—Andrew Corp.—p. JI5

Communication Towers—Rohn Mfg. Co.—p.
J18

CAPACITORS
Subminiature Ceramic Capacitors—Mucon
Corp.—p. D79

Ceramic Vacuum Capacitors Jennings

Rodio Mfg. Corp.—p. D42

Solid Tantalum Capacitors—Kemei Dept.
Linde Co.—p. D32, 33

Variable Trimmer Piston Capacitors—JFD
Electronics Corp.—p. D26, 27

Microminiature Ceramic Capacitor—Vitro-
mon Inc.—p. D68

Electrolytic Capacitors — Sprogue Eleciric

Co.—p. E30
Stacked Foil Capacitors—Amp Inc.—p. D65

CHEMICALS
Expoxies—H. V. Hordmon Co., Inc.—p. G48

Solvent—Allied Chemicol Corp., Generol
Chemicol Div.—p. G19. 56

Activated Flux; Core Solder — Foirmount
Chemico! Co. Inc—p. G44

COILS
Deflection Yokes and Focus Coils—Con-
stontine Eng'g. Loborotories Co.—p. D78
R. F. Coils-—J. W. Miiler Co.—p. D73

Coils and Transformers—Deievon Electronics
Corp—p. D76

Deflection Yoke—Synironic Instruments, Inc.

p. D62

COMPUTER COMPONENTS

Wire Sonic Delay Line — Generol Electric
Co.—p. Dé&3

Shaft Encoder— Theta Instrument Corp.
p. F33

Lumped Constant, Distributed Constant,
and Ultrasonic Delay Lines—Brew Elec-
tronic Div.—p. D78

Magnetic Logic Devices—Sprogue Electric
Co.—p. KI8

Breadboard Equipment — Engineered Elec-
tronics Co.—p. K19

Plugboard Programming Systems — Moc
Ponel Co.—p. Klé

CONNECTORS

Miniature Connectors — Deutsch Corp.—p.
D47, 55

Varicon Connector—Eico Corp.—p. D48
Connectors—Arco Electronics Inc.—p. D54

Pin Socket Terminations—Continentol Con
nector Corp.—p. D29

Duo-Metal Connectors—The Brush Beryllium
Co.—p. G42, 43

Jack Panels—ADC Products—p. D38

Solder and Crimp Connectors — Connon
Electric Co—p. HIO

Subminiature R.F. Connectors — Gremor
Mfg. Co., Inc.—p. K23

Plugs and Jacks—Switchcroft, Inc.—p. D79

Heavy-duty Connectors—Pyle-Notionol Co.,
Connector Div.—p. D41

Hinge Connectors — Cinch Mfg. Co.—
D53

Sub-Miniature R.F. Connectors—Seolectro
Corp.—p. D60

Connectors—Amp Inc.—insert following p.
D12

DIALS, INDICATORS

Miniature Meters Honeywell, Precision

Meter Div.—p. E33
Placard Lights—Diolight Corp.—p. D70

Molded Knobs — Rogon Brothers, Inc. — p.
G55

Miniature Glow Lamps—Signolite Inc.—p.
D74

Meters—Weston Instruments & Electronics
—p. D86, 57

Light Covers—APM-Hexseol Corp.. Sili
Krome Div.-—p. D74

Optical Meter-Relay—Assembly Products,
Inc.—p. E34

Suspension Meters—The Triplett Electricol
Instrument Co.—p. E3I

Control Neon Indicators—Tronsistor Elec-
tronics Corp.—p. D46

Indicator Lamps -General Electric Co.—p
D36

Status Indicators—Industriol Electronic Engi-
neers, Inc.—p. D59
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In This Issue . . .

FILTERS

Line & Interstage Filters—United Trans-
former Corp.—p. D66

Zero Phase Filters—Burnell & Co., Inc.—p.
K22

FUSES

Indicating Fuses — Bussmann Mfg. Div,,
McGraw-Edison Co.—p. G34, 35

HARDWARE

Lugs, Clips, Terminals—Zierick Mfg. Corp.
—p. G

Terminals & Cord Clamps—Malco Mfg. Co.
—p. Gb62

Electronic Eyelets—United Shoe Machinery
Corp., United Eyelets, Fastener Div.—p.
G57

Tube Sockets—E. F. Johnson Co.—p. G45

Screws and Nuts—Weckesser Co., Inc.—p.
G57

Panel Lights—Alden Products—p. G50
Socket Assemblies—Augat Inc.—p. G60

Terminal Boards—General Products Corp.
—p. G47

Plastic Clamps—Holub Inc.—

p. Gbl

Industries,

Modular Enclosures—Ingersoll Products Div.
of Borg-Warner Corp.—p. G46

Chassis Aluminum Slides—Chassis Trak Inc.
—p. G32

Stainless Steel Threaded Inserts—National
Radio Co., Inc—p. G21

Engraved Numbering Devices—Wm. A.
Force & Co.—p. G36

Fabricated Plastic Parts—Ace Plastic Co.—
p. D59

INSULATING COMPOUNDS
MATERIALS

Epoxy Tubing—Resdel Corp.—p. Gb6l

Steatite, Alumina, Ceramic & Lava In-
sulators—Superior Steatite & Ceramic
Corp.—p. G58

Reinforced Plastics—-Taylor Corp. (Formerly
Taylor Fibre Co.)]—p. G40, 41

Sleeving & Tubing—Varflex Corp.—p. G59

Thermocouple Tubing—Saxonburg Ceramics,
Inc.—p. GbI

Semi-Flexible Resins—Minnesota Mining &
Mfg. Co.—p. G23
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MAGNETICS

Transformers, Filters, Delay Lines, Magnetic
Amplifiers—Polyphase Instrument Co.—
p. D44

Permalloy Cores—Magnetics Inc—p. K17

Iron Cores—Radio Cores Inc.—p. D62

METALS, MATERIALS
Solder—Kester Solder Co.—p. G25

Terminal Boards—Genera! Products Corp.
—p. G52

Printed Symbols—Stanpat Co.—p. G59

Semiconductor
D67

Materials—IBM Corp.—p.

Fluorolin Teflon Tape—Joclin Mfg. Co.—
p. G59

Iron Oxide Reagents—Columbian Carbon
Co.—p. G3I

Magnetic Materials—Armco Div., Armco
Steel Corp.—p. G37

MICROWAVE

Microwave Components — Watkins-Johnson
Co.—p. Ji9

Microwave Sweep Signal Generator—Al-
fred Electronics—p. E23

Microwave Equipment Catalog—Lel Inc.—
p. JI8

MOTORS, BLOWERS

Centrifugal Blowers—Western Gear Corp.—
p. F30

Fans—Howard Industries Inc.—p. F27

PRODUCTION MACHINERY

Demineralizers and Carbon Filter—Barn-
stead Still & Sterilizer Co.—p. G44

Welders, Soldering & Brazing Machines—
Eisler Engineering Co., Inc—p. G58

Spray Coater—Conforming Matrix Corp.—
p. G5!

Assembly Machines—Kahle Engineering Co.
—p. C51

Trans-Luminator—Aristo Grid Lamp Prod-
ucts Inc.—p. Gbl

Water Welder—Henes Mfg. Co.—p. G60

Metal Forming Service—C. B. Kaupp &
Son—Insert following p. G28

POWER SUPPLIES

Transistorized Power Inverters—Communica-
tion Measurements Laboratory, Inc.—p.
D47

Power Supplies or Semiconductors—Philco
Lansdale Div., subsidiary of Ford Motor
Co.—p. CIO

Line Voltage Regulator—Sola Electric Co.
—p. C52

Solid State Inverters—Interelectronics Corp.
—p. D77

Miniature Transformers—Microtran Co., Inc.
—p. K20

Nickel Cadmium—Sylvonia Electric Prod-
ucts Inc.—p. D30, 31

Mag Amp Power Supply—Spectromagnetic
Industries—p. K21

D.C. Supply—Keithley instruments—p. E39

Power Supplies—Acme Electric Corp.—p.
D71

Variable Transformers—Ohmite Mfg. Co.—
p. D25

DC-AC Choppers—United States Energy
Corp., Subs. of Talon Inc.—p. D78

RECORDERS

Recorders—Brush Instruments—Insert follow-
ing p. E36

Recorders/Reproducer — Minnesota Mining
& Mfg. Co., Mincom Div.—p. E25

Data Recorders—Consolidated Electrody-
namics—p. E28, 29

RELAYS

Time Delay Relay—Magnecraft Electric Co.
—p. F21

Military Type Relays—C. P. Clare & Co.—
p. FI3

DC Sensitivity Relays—Hi-G Inc.—p. F28

Small Current Relays—Price Electric Corp.
—p. F32

Contacts—Gibson Electric Co., subs. of
Talon, Inc—p. F29

Telephone Type Relays—Stromberg-Carlson,
div. of Gen. Dynamics Corp.—p. F30

Small SPDT Relay—Teledyne Precision, Inc.
—p. FI7

Miniature Relays—Arco Electronics, Inc.—
p. F34

Time Delay Relays—Electronic  Fittings
Corp., subs. of Curtiss-Wright Corp.—
p. F23

Stepping Switches & Reloys—Guardian Elec-

tric Mfg. Co.—p. FI19
(Continued on page A6)
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Products (Continued)
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RELAYS (Continued)

Time Deloy & Quick-Acting Relays—The
Adams & Westlake Co.—p. F3I

Multiple-Relay Group—Autamatic Electric—
p. FI§

RESISTORS

Trimmer Potentiometers,
Electronics—p. DI8, 19

Resistors — Dale
Fixed Composition
Carbon Ca.—p. D6I

Wire-Wound Resistors and Rheostat —
Clarostat Mfg. Co., Inc.—p. D20

Resistors — Stackpale

Infinite-Resolution
Inc.—p. D43

Potentiometers — Bourns
Potentiometers—Spectral Electronics Corp.
—p. D73

Power Resistors—Dole
p. Inside front cover

Electronics, Inc.—

Fixed Resistors—Allen-Brodley Co.—p. D69

Silicon Epitaxial Varactors—Sylvania Elec-
tric Prod., Semiconductor Div.—p. C14, 15

Precision Potentiometers—Borg Equipment,
Div. of Amphenol-Borg Electronics Corp.
—p. Db4

Resistance Network-—Kelvin Electric Co.—
p. D40

Metal Film Resistors—Electra Mfg. Co.—p.
D47

Precision Metal Film Resistors—Weston !n-
struments & Electronics—p. D54

Variable Resistors—CTS Corp.—p. D28

Power

D75

Resistors—Saole Electric Carp.—p.

SEMICONDUCTORS

High Current Transistors—Delco Rodio, div.
of General Motors—p. C27

Automated Packaging — Sylvania Electric

Products Inc.—p. CI9

Silicon  Transistor—Bendix  Semiconductar

Div.—p. C29

Semiconductor Materials—Mansanto Chem.
ical Co—p. G27

TC Zener Diodes—Dickson Electronics Corp.
p. C33

Thin-Film  Microcircuits—Sprague  Electric

Co.—p. D22

Amplifier Transistors—Sperry Semiconductor,
div. of Sperry Rond Corp.—p. C23

Memory Circuits—Rodio Carp. of America
—p. Back cover

Microelectronics — Hughes  Semicanductor

Div.—p. Cl16

Integrated Circuits — Signetics Integroted
Circuits—p. C31

Hall Effect Substrates—Beckman
ments, [nc.—p. C34

Instru-
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Field-Effect Transistors—Texas Instruments

Incarparated-—p. C24, 25

Silicon Planar Transistors—Transitron Elec-
tronic Corp.—p. C21

Integrated Circuits—Centralob—p. D45

Transistors—G. E. Co., Semicanductar Prod-
ucts Div.—p. C32

Silicon Transistors — General Instrument

Corp.—Insert fallowing p. B22

SHIELDING

Heat Dissipating Tube Shields—Interna

national Electronic Research Carp.—p.
G54

Magnetic Shielding—Magnetic Shield Div.
Perfection Mico Co.—p. G53

SWITCHES
Pushbutton Switches—Groyhill Inc.—p. D77
Switches—Radio Switch Corp.—p. Dbb

Thumbwheel Switches—Chicogo Dynomic In
dustries, Inc.—p. D75

Concentric  Shaft Switch—Groyhill Inc.
p. D77

Rotary Switches—Chicago Dynomic Indus
tries, Inc.—p. D75

Thermostats—Stevens Mfg. Co.,
D37

Standard & Custom Switches—Cantrols Co.
of Americo—p. F24

Inc.—p.

TEST EQUIPMENT

Display Scanner Plug-in—Hewlett Pockord
Co.—p. !Inside back cover

Capacitance Bridge—Sprague Electric Co.
—p. D39

Resistance Measuring System—Electro Sci-
entific Industries—p. E34, 25

RF Sweep Equipment—Jerrold Electronics—
p. E29

Dual-Trace Oscilloscope—Analab  Instru

ment Corp.—p. E30

DC Amplifier and Electrometer—General
Redio Co—p. EI5

Frequency Standard—Motorala Communi-
cations & Electronics, Inc.—p. E36

Bolometers—PRD Electronics, Inc.—p. J12

Test Equipment Cart—Northeastern Engi-
neering Inc.—p. E32

Spectrum  Analyzer—Singer Metrics Div,,
The Singer Co.—p. E16, 17

Frequency Standards, Crystals, Ovens, Filters
—Reeves-Hoffman—p. D72

Differential Voltmeter—John Fluke Mfg. Co.
Inc.—p. E2!

RF Standards—Sensitive Research—p. E25

Tuning Fork Oscillators—Fork Stondards
Inc.—p. E36

Taut-Band Meters—Assembly Products. Inc.
p. F34

ELECTRONIC INDUSTRIES -

Frequency Distribution Amplifier -Montron
ics Inc.—p. E35

Digital Voltmeter—United Systems Carp.
p. E24

Vacuum Thermozouples—Vacuum Products
inc—p. D79

Voltage Spike Analyzer—Lelond Airborne
Products—p. E26

Megohmmeter—Assaciated Research, Inc
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Except for a few problem:s
and rabbit holes here and there

electronic industries appear to have a rosy future

T tron f tion
red by World War nd fed by
the war in Korea, has la <lep
and the sleps gel bigger as R&

Declining profits, increasit
and import compelition are causing

headaches in the industry, but lar

diversified firms are learning the cure

AN INDUSTRIAL REVOLUTION HAS OCCURRED i this

country during the last 13 vears. In tlus relatively
brief span of time, what was once known as the radio
industry has become the electronies industry. Per-
haps there 1s need for un explanation.

\When World War I ended on V-] day. radio man-
ufacturers joined in the public rejoicing with enthu-
siasm. The fiftv-odd radio producers and their com-
ponent suppliers were eager to return to the free
enterprise market where the consumer calls the shots.

As soon as price and material controls could be dis-
carded. the radio industry set about fulfilling the
pent-up wartime demand for new radios for the home
and the new car—when von could get it. As a con-

sequence, 20 millon radios were produced in 1947

GROWTH OF ELECTRONIC INDUSTRY: 1950 TO 1963
Consumer and Government Markets
Covernment’s defense-space electronics rose from 249% of in-

dustries total in 1950 to about 60% in 1963. The consumers’
market, which held at 55% in 1950, fell below 20% by 1963.

T T T T L] T ¥ ¥ T L]
I mmme TOTAL INDUSTRIES GROWTH $158
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~
//
A
Vv
Ve $oB
Va
/// e
/] /,
P lr
Z
7
> 7
$2.78 > $38
- a1
$1.498 -
$.6558
1950 "SI ‘52 '53 ‘54 ‘55 'S6 ‘ST ‘58 ‘59 '60 ‘61 '62

B2

PREDICTIONS
FOR THE FUTURE
OF THE
ELECTRONIC
INDUSTRY

to set a numerical record that has not bheen matched
since.

The radio industry. 1t seemed, had returned to
“normaley” and was glad of 1. But this “normaley™
was not to last: television was beginning to crowd
mto the living-rooms of .\merica.

3y the end of 1930, T\ set sales had skyrocketed
to 7.5 million. and a new industry boom was in full
swing. The big customer was stll the American
family.

Korean War Expands industry

It was on tlis scene of industrial tranguility that
the North Korean invasion of South Korea and the
stibsequent American intervention came with a rude
What the

hardly anvone eclse-——dhid not realize in 1930 was

shock. radio-"T\" nunufacturers — and
that a new industry was heing horn even though the
radio industry of World War T was its father,

Today. after more than a decade of defense and
liter space programs. the consumer products industry
has dropped from a quarter of a century of leadership
to less than 20% of total electronics prodnction. The
Government has hecome without question the higgest
huyer of electronic equipment and components. DB
taking ahout 60% of the electronic industry’s output,
the Government’s purchases in 1903 will exceed the
total volume of the radio industry’s sales to the
Government throughout World War 11

This metamorphosis was much more significant

By ADM. CHARLES F. HORNE

President

Electronic Industr Association
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Today's electronics industry, born out of the debris of
World War |1, and nurtured by the needs of the war in

than the tremendous increase in the dollar volume.
It brought vast forward strides in technology. a re-
oriemation of nurketing objectives, and a new Kinel
of manufacturer who was a stranger to the pre-1930
radio nmanufacturer.

A faverite quip of tie old radio days was that
anyone with a screw driver, a loft, and a set of blue
prints could get into radio manufacturing. Today, it
unt only requires substantial capital, but also a tech-
nical capability which surpasses that of the old-time
radio engineer 10 about the same degree as a Pl.DD.
does a high school diploma. The number of engineers
required i any company likewise las multiphied at

i about the same rate. Today the mndustry has ahout
130,000 engineers and scientists.

Dissimilar Firms, Similar Interests

The electronic industries are a heterogenous group
of manufacturers held together by their use of similar
techniques and components in the development and
production of equipment and systems. These prod-

ucts ange from the highly complex for military andd

ELECTRONIC INDUSTRIES -+ June 1963
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Korea (above) is “firmly established in the national econ-
omy and will contisue to grow with it, if not ahead of it."

space and some industrial uses to the relatively simple
radio for the home or car.

The Electronic Industries \ssociation. which grew
out of the Racio Manufacturers \ssociation into the
Radio-Television Manufacturers \ssociation and the
Radio-Electronic-Television Manufacturers Associa-
tion, has defined this new assenibly of industries thus :

“Electronic industries conprise industrial organi-
zations engaged in the manufacture, design and de-
velopment, and’or substantial assembly of electronic
equipment, svstems, assemblies. or the compwouents
thereof.”

Some, but not all. of the industries whicli lzve
entered the electronic field since 1930 are: aircraft.
watch. business machine, anto. chemical, camera,
glass. and food. Other industries have merely houglt
mto the electronic industries for the purpose of
diversifying their products aud markets.

Despite the seeming incongruity of industrial back-
ground, the electronic industries break down into
four major categories of manufacturers:

(Continweed on followweing page)
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1. Consumer goods (radio, TV, phonographs,
tape recorders, etc.).
Military and space equipment and systems.

oo 1N

Industrial and commercial equipment.

+

Components of all types including microelec-

tronic units.
Number of Producers Varies

There are varying estimates of the nuniber of pro-
ducers, and the figures depend upon the definition of
a company. A conservative estimate of 4,000 com-
panies would be made up approximately of the fol-
lowing groups:

1,300 equipment manufacturers and major

assemblers.

2,000 component producers.

700 hardware manufacturers (switches,
wire, cabinets, etc.).

Many companies have divisions or subsidiaries
which fall within several or all categories of elec-
tronic manufacturing. A\ diversified producer may
make radio and television receivers, military and
space systems, industrial and commercial equipment,
and a variety of components. A less diversified com-
pany may choose to produce only one category of
products. Many small firms are one- product
specialists,

By reason of a wide dispersion of plauts, the indus-

FACTORY SALES FROM 1962 TO 1963 FORECAST

Growth comparisons in defense-space, consumer,
industrial and replacement component markets.

Factory sales in four general categories neared $13 billion
in 1962; are expected to bring $15 billion in 1963. Defense-
space still holds 60% line; consumer market is less than 20%.

$9BILLION

$

$ 1.6 BILLION
msmm PROJECTED GROWTH
THROUGH 1963
TOTALS

1962 $12,960,000,000
1963 $14,750,000,000

$2.4

BILLION 32.7’BILLION

#2’.3 $2.4BILLION

BILLION §.65B1LLION

$.62BILLION

DEFENSE  CONSUMER INDUSTRIAL ~ REPLACEMENT
SPACE COMPONENTS
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try is truly national in character. There are, how-
ever, heavy concentrations in a few areas and a thin
scattering in others. The heaviest concentrations are
in what may Dhe loosely called the .\tlantic-Coast
Northeast region and the Southwest-Coast area. The
former runs from Washington, . C., to Maine, while
the second include Southern California, .\rizona, and
San Francisco and its environs.

The Chicago-Tndiana area remains the stronghold
of the older radio industry-manufacturers of radio-
TV-phono equipment and standard components.
Among the newer zones of electronic industrial de-
velopment are Florida, Texas, and North Carolina.

Employee Figures Estimated

Employment figures are of necessity estimated due

to the over-lapping of electronic manufacturing with

other related industries. The Business and Defense
Services Administration, Department of Commerce,
earlier this vear said: “Employment in the electronic
industries is expected to pass the million mark in
1963, up almost 10% from the estimated 1962 figure.”

This figure, of course, applies ouly to employees in
manufacturing and R&D companies. Thousands more
are employed in merchandising outlets, servicing, and
broadcasting.

Factory sales, calculated by ETA Marketing Serv-
ices Department, amounted to just under $13 billion
in 1962 and are expected to approach $15 hillion in
1963. They may he classified in four general cate-

gories:
1962 1963
(add 000,000)
Government $7,600 (1)  $9.000
Consumer $2,340 $2.400
Industrial $2.400 $2.700
Replacement Components — $ 620 $ 650
$12,960 $14,750

(1) Gross Government sales are estimated by EIA as $500 million
greater than this, but as they are included in the industria]
;:ntcgnr_v as standard commercial products they are not repeated
here.

The electronic industry, now fifth largest on the
nation’s industrial scene, may move into fourth place
hy the end of 1963. By the close of 1970, annual fac-
tory sales could climb to about $20 billion—perhaps
even to $25 hillion or more.

Indicative of changes in electronic industries since
1950 are the shifts in dollar volume among the above
categories. In 1950 consumer goods accounted for
about 55% of total electronic production, whereas
in 1962 Government sales—a mere $655 million in
1950 represented about 60% of the dollar volume.

ELECTRONIC INDUSTRIES < June 1963




During the same period industrial electronic prod-
ucts rose from $330 million to $2.4 billion to surpass
constimer goods. Component replacement sales, as
might be expected, closely paralleled industry growth
by almost tripling in volume.

Greatest Gov't Market Change

Perhaps the greatest change occurring in the Gov-
ermment market is the rapid growth in space require-
nents. The National \eronautics and Space Admin-
istration (NAS.\) request for fiscal year 1904, which
begins July 1, 1963, was for $5.7 billion. which is
$2 hillion above the previous vear. Military require-
ments, on the other hand, showed a slight decline in
categories heavily electronic so far as production is
concerned ; but R&D programs, which increasingly
involve electronics, are up $521 million to $7.1 billion.

During the fiscal vear 1963, and for several years
thereafter, the Department of Deiense will concen-
trate on building up American capacity for limited
warfare. The command and control requirenients of
this program rely heavily on the electronic industries.

The total dollar value of factory sales for con-
sumer products increased 12% in 1962 somewhat
to the surprise of everyone. It had been generally
accepted hv 1960 that the television market was
leveling off and could be expected to grow only as
the population expands. As for radios, just as the
ook salesman discovered on his first house calls,
everyone has a radio. The only market seems to be
for extra sets and replacements.

But these forecasts failed to anticipate the impact
of stereophonic FM Broadcasting which has made
remarkable strides since it was authorized by the
Federal Communications Commission in June, 1961.
AMore than 225 1°M stations have converted to stereo,
and sales of stereo 'M receivers may reach a million
units in 1963,

Just what effect the All-Channel Receiver Act—
cffective April 30, 1964—will have on TV set sales
is open for conjecture. The television industry has
joined with the FCC in preparing the retail and
servicing trade, broadcasters, and the public for the
change-over. If successful, this program eventually
should expand television broadcasting services in
many areas where the scarcity of VHTE channels has
limited the number of stations and hasten the con-
sumier’s conversion to the all-channel receiver.

Military Needs Slowed Market Down

It is universally conceded that the industrial and
connnercial markets offer the greatest growth poten-
1ial for electronic industries. That sales of industrial

electronic products have multiplied seven times since

ELECTRONIC INDUSTRIES - June 1963

“Covernment’s purchases in 1963 will exceed total volume of
radio industry sales to Government throughout World War 11.”

1930 is indicative of the future. The priority of mili-

tary requirements undoubtedly has slowed the growth

of the market. However, the development and im-

provement of many industrial - commercial devices
(Contimued on page B16)

EXPORT-IMPORT GRCWTH AND FORECAST: 1961-1963

US. exports of electronic systems, equipment and components
may reach $975 million in 1963. Imports also are rising but
at a faster rate to an estimated $340 million total in 1963,

C— EXPORTS $975M
B |MPORTS
$ 765M
$613M
340M
$275M $
$179M
1961 1962 1963
(Projected)
‘BS



The continuing threat to our

national security puts increasing demands
on electronic-aerospace technology.

Gen. Schriever spells out here

the current and future requirements

for more effective striking forces

and defensive systems,

on earth and in space.

He suggests components and systems
that may be developed to fit those needs,
with accent on reliability

Tk security oF THE UNITED STATES depends heav-
ilv. on our possession and application of superior
technology. Throughout military history, technology
has made vital contributions to victory in battle. Its
role is paramount today. Our national survival hinges
on a vast arrav of highly complex and soplusticated
systems that have been created by the joint efforts
of the armed services, science, and industry.

Continued advance in every area of technology is
essential to maintain our national security in the face
of a wide-ranging threat. \We must be prepared for
aggression on any scale—in the jungles of Sontheast
Asia, in the emptiness of space, or anvwhere in be-
tween. \Wherever freedom is threatened by military
action at anyv level, we must have the capability to
niake the appropriate response. As President Ken-
nedy said shortly after the Cuban crisis last fall,
“Regardless of how persistent our diplomacy may be
i activities streteliing all around the globe, in the
final analysis it rests npon the power of the United
States.”

Many of the systems we depend on today—ad-
vanced manned aircraft, intercontinental and inter-
mediate range ballistic missiles, electronic early warn-
ing systems, and rapid and reliable communications
systenis—vere not even invented twenty vears ago.
A numnber of them were dismissed as “fantastic” or
“impractical” when they were first suggested. Serious
developnient of intercontinental ballistic missiles did
not begin until we had obtained solid evidence that
the Soviets were building similar weapons.

Ballistic Missile Progress

The rapid progress of the ballistic missile program
has been due to the close partnership between science.
industry, and the arimed forces. New methods of 1w
agement enabled us to cut lead times and surpass the

B6
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most optimistic predictions miade at the start of the
ICBM progrant in 1954, Tn December 1962 we passed
amajor milestone when the first operational Minute-
man squadron was turned over to the Strategic \ir
Commuand. The national inventory of operational
missiles will greatly increase during 1903.

These new weapous are greatly augmenting the
Nation’s deterrent strength, hut it would be a mistake
to regard any system -even the most advanced—as
“the ultimate weapon.” Technology is not standing
still. New systems will always be developed on the
basis of new technology and new requirements.

If we are not the first to develop thein, we nust
expect that another nation will be. This is a major
problem. llow do we insure that the Soviets will not
achieve superiority in a decisive area of technology ?
There are no easy answers. When we attempt to
evaluate Soviet technical capabilities or specific weap-
on developments, we are dealing either with estimates
or with virtual unknowns.

Three Facts About the Soviet

However, there are three things we know for cer-
tain about the Soviet Union, and these indicate the
general developments that are likelv to occur in
military teclmology. First of all we know the hasic
Communist hostility toward the Free World. Lvents
of the past several months have shown tlhis very
clearly. They talk of “peaceful co-existence” until
they are blue in the face—while their actions continue

By GEN. BERNARD A. SCHRIEVER

Commander, Air Force Systems Command
Andrews Air Force Base, Md.
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“There is a great and immediate need for
improved technology in limited war ac-
tivity. In many areas we are already late.”

“Technology is not standing still. New
sysiems will always be developed based
on new technology, new requirements.”’

“The Soviets are
fully aware of the
importance of tech-
nelogy in their drive
for world domina-
tion. Education s
stressed.”

ELECTRONIC INDUSTRIES -

“It would be a mis-
take to relax efforts
in any area of tech-
nology. Space calls
for our best thinking
and best efforts.”

June 1963
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“"We sametimes neglect military technology advancement, mis
judging capabilities and intentions of potential aggressors.”
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to he anvthing but peaceful. As Chancellor A\denauer
told the National Press Club last November, “Wher,
anybody talks 10 me about ‘co-existence,” I think of
Cuba.”

Secondly, we know that the Soviets are fully aware
of the importance of science and technalogy in their
drive for world domination. They place great empha-
sis on technical education, and they reward their
scientists and engineers with hoth pay and prestige.

Third. we know that the Soviets have made sig-
nificant achievements in some aspects of space tech-
nologyv. They have shown clearly that they are wwarc
of both the military and the psychological possibilities
of space vehicles. In 1961, they launched Major Titov
in a 17-orbit fight. Last summer they launched con-
current multi-orbital flights. We have yet to duplicate
these two feats.

Consider those three factors—the hasic Soviet hos-
tility, their emphasis on technology and education,
and their achievements in space. It would he a mis-
take to relax our efforts in any area of technology.
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NATIONAL SECURITY (Continued)
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Space is certainly one area that calls for our hest
thinking and our hest efforts.

New Environments—Many Problems

Space activities pose many problems for our tech-
nology today. We will be operating in a completely
new environment that has many unique characteris-
tics. For instance the hard vacuum of space, radia-
tion, and extreme changes in temperature affect the
properties of many materials. New materials must be
developed to withstand these conditions for prolonged
periods of space flight.

All space systems demand an extremely high stand-
ard of reliability. In most cases normal maintenance
will be extremely difficult, if not impossible. Limita-
tions on payloads weights will make it difficult to
provide adequate spare parts or to compensate for
failures through redundancy. The reliability problem
is complicated by the fact that space systems will be
operating in new and largely unknown environments
at progressively greater distances from the earth.

Many requirements apply equally to military and
civilian aspects of the national space program. But for
military space operations, there will be several unique
requirements. These include the capability for fast
reaction and repeated operations, the ability to con-
duct missions at times and places dictated by mission
objectives, and the capability to inspect uncooperative
objects in space. Other needs are the ahility to survive
in a hostile environment, and in general, the same
kind of flexibility we have in present aerospace oper-
ations.

Specific Electronics Needs

In addition, there are specific military requirements
in electronics. One of these is for reliable and secure
communications systems between the earth and points
in space, and between two or more points in space.
These systems should be able to function during
natural or man-made interference.

Extensive development is needed in this area to
meet the unique requirements of the space environ-
ment.

Space communications systems may need to make
use of infrared and visible light frequencies in order
to provide high-volume capacity and high reliability
over long distances. We must continue to explore the
possibility of new ways to transmit energy and sig-
nals in space.

We will need systems that are capable of detecting.
tracking, identifying, and cataloging all space traffic.
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These may include new ground-based radars, which
could be supplemented later by satellite-borne in-
struments. This is an area in which many technical
advances are needed.

.\s space operations increase, another function will
be necded. This is a system for programming and
controlling launch, flight, and recovery operations
through special electronic facilities. At the heart of
the system would be a central control facility that
would program the re-entry flight paths for space
vehicles. It would be fed data continuously by track-
ing stations and would use computers on the ground
and in the vehicles to insure that ground and air
control systems were perfectly synchronized.

Special Weapons Controls

We may also need a special space weapon control
system, integrated with other space systems. Such
a system would analyze and evaluate vast amounts of
information, in somewhat the same manner as SAC
and NORAD Operations Centers now use informa-
tion fed to them by the Ballistic Missile arly Warn-
ing Systems (BMEWS) and the Space Detection
and Tracking System (SPADATS). This control
system would play a key role in our defense against
possible aggression which might be launched through
space.

Our needs are equally great in other areas. In
spite of the great potential in ballistic missile and
space techuology, we have no intention of neglecting
developments in aerodynamic flight. In terms of tech-
nical feasibility, military aircraft definitely have a
future, During the next ten years it will be possible
to provide significant improvements in aircraft range,
speed, and versatility. Development and use of bound-
ary layer control, improved engine inlet designs, and
advanced combustion technology are all feasible in
this period.

A great variety of advanced aircraft types, includ-
ing conventional design, V/STOL, variable geome-
try, and paraglider configurations, could afford many
new mission capabilities. That such aircraft may he
feasible does not guarantee their development, but at
least there seem to be no technical barriers. These
advanced aircraft can be developed if they are needed
to meet military requirements.

Limited War Technology

There is also a great and immediate need for im-
proved technology in limited war and counterinsurg-
ency operations. In a number of areas we are already
late. We need methods of finding people from the air
when they are hidden by jungle cover. We need
weapons that are effective through trees and brush.
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There are logistic problems, such as the need to pin
point drop zones securely and deliver material to the
exact spot.

We would also like 10 have a practical means of
securing large areas from the air, particularly at
night, so that we can detect the movement of troops
and preferably be able to tag them for identification.
In addition, we need o improve commiand and con-
trol svstems required in these types of operations.

Our nation has sometimes tended to neglect the
advancement of military technology. We have heen
guided by our own peaceful intenttons and have
either misjudged or ignored the 1utentions and capa-
hilities of potential aggressors. We can no longer
afford this. If the Soviets should attain a command-
ing lead in military technology. we might have little
chance of catching up.

In recent years, we have heen surprised more than
once by Soviet technical achievements.

We must not underestimate the capabilities of
Soviet technology. 1t is equally important that we do
not underestimate our own capabilities. \We have vast
natural resources, a broad and diversilied industrial
base, and an immcnse pool of scientific talent and
experienice. In all of these we are far more than a
match for the Soviets. We must use all these capa-
hilities wiselv, and continue to stimulate the advance
of techuology in operational systems.

“There are specific military requirements in space clectronics.
One is for reliable and sccure communications systems between
earth and space, and betwcen points in space. They should
be able to function during natural or man-made interference.”

SERAL

Air Force Strengthening Labs

The Air Force is making a maximum effort to
strengthen its in-house laboratories, an important
source for the initiation and evaluation of new tech-
nical efforts. Through the Research and Technology
Division of the .\ir Force Systems Command, formed
in July, 1962, the direction of Air Force applied re-
search effort is heing improved and centralized. Ap-
plied research and advanced technology programs
will he compiled in seven major areas: electromag-
netics, rocket propulsion, tlight dynamics. acro pro-
pulsion, avionies, weapons, and materials. The
laboratories working in these seven arcas will be the
principal Air Force points of contact with other gov-
ernment agencies and with industry.

The A\ir Force will continue to look to mdustry
as a primary source of new ideas and proposals. The
imagination, initiative, and creative efforts of \meri-
can industry are vital to the direction and rate of
technological progress. That technological progress,
in turn, may play a determining role in our future.

Our opponents are confident they can use tech-
nology to destroy freedom and spread their system
throughout the world. We nmust be dedicated to the
use of technology to defend ireedom wherever it is
attacked. 1 am convinced that we have both the re-
sources and the dedication to meet the challenge
that confronts us.




While some designers envision

a distant “ideal circuit,”

industry finds that it cannot wait.

Custom circuits is the trend,

and engineers have their choice

of three approaches in microcircuit design,
each with its own advantages.

There are oo many innovations

and requirements in circuitry;

the search for the "ideal” may be an endless one,
and the author presents reasons.why.

THE WORD " MICROELECTRONICST conjures ditferent
images to many of us associated with the electronics
industry. These images are so diverse that this word.
and its associated term “integrated cireuits,” are good
words to start a controversial discussion whenever
clectronics people. in indusiry or in government, get
together.

About w year ago, | pointed out that the new con-
cepts in circuit fabrication that have stimulated this
widespread interest represent not a revolution but
a continuing evolution of clectronic technology in its
search for the ideal circuit. This ideal circuit will
occupy virtually no space, cost practically nothing,
and be readily available to perform a wide variety of
functions with almost perfect reliability.

In the ensuing year this evolution has proceeded
apace, but despite rapid gains in technical knowledge

“At this time, the trend scems definitely toward custom cir-
cuits . . . the day of standardized, off-the-shelf “ideal” cir-
cuits will be a long time coming, if ever,” says Bob Sprague.

MICROELECTRONICS:
IN SEARCH

OF THE

IDEAL

CIRCUIT

and skill m applying new techniques, the ideal eircuit
remains largely a vision of the future. This is not
to say, however. that the etfort has been in vain.
Good progress has heen made : microelectronic tech-
niques are on the verge of providing the designer
with a powerful tool in the further mintaturization of
his cireuits.
Microelectronics Has Advantages

A variety of advintages are usually cited  for
nicroelectronics, and in using the term here 1 include
hoth microcireuits and microcomponent assemblies. |
am aware that in tatking about microelectronics. some
people exclude microcomponent assemblies on  the
ground that they do not employ “integral”™ processing
techniques. However, there are today. and in all
probability will continue to be, many applications in
which microassemblies of miniaturized components
in disciplined geometries offer significant advantages.
[t seems to me, therefore. that the frequent use of
the phrase “integrated cireuits™ as a svnonym for
microclectronies is hoth inaccurate and misleading.

Regardless of terminology, the microelectronics
Feld appears to be settling down into three general
circuit design approaches which often appear to he
competitive, but which will probably prove in the
long run to be more complementary than competitive.

At this time the two major microelectronic circuits
receiving industry attention are semiconductor-suh-
strate: microcircuits, and passive-substrate, thin-flm
hybrid civeunits. The latter are called “hybrid” he-
cause they emplov discrete active devices, which can
not easily be made by thin-filn methods in today’s
state of the art.

By ROBERT C. SPRAGUE

Chairman and Chief Executive Officer
Sprague Electric Company
North Adams, Mass.




Use of Discrete Components

A third approach is mmiaturized diserete com-
ponents in a variety of packaging schemes of which

the cordwood. “swiss cheese” substrate, and the
Micro-Module are the best known. l.et us look
briefly at these three approaches in terms of the
advantages usually claimed for microelectronics-
size, cost. versatility, and reliabilitv.  Each of the
three design approaches excels in one or more advan-
tages but there i1s no sohid evidence that any one
excels in all.

As to redunctions in size and weight. the develop-
ment of semiconductor integrated circuits has already
progressed to the point where it seems saie to say
that this tvpe makes possible the smallest electronic
circuits which are likely to be made by any technique
in the future. s for costs, these have heen coming
down, which would he expected as technical com-
petence 1s gained by companies. including my own.
who have extensive development efforts underway
on silicon-hased integrated microcircuits.

Thus. there is reason to he optimistic that the
cost of these devices. when produced in substantial
quantities, will ultimately be competitive with circuits
assembled by any other means. There is. however, one
important qualification to be kept in mind. Namely.
costs become favorable only after sizable initial tool-
ing charges have been absorbed.

Moderate Supply—Premium Cost

Comipanies interested in moderate quantities  of
non-standard modules are now beginning to realize
that a substantial premium must he paid to have their
circuits transformed into semiconductor integrited
circuits; quotations ranging from $3000 for the
simplest circuits up to $30,000 where moderate
amounts of development work are required are not
unusual,

Whether these changes are absorbed by the pro-
ducer or the user makes little difference. In either
case, they are bound to affect the price of the circuits
for any but very large quantities of identical circuits

As to versatility, pure diffused semiconductor-
based circnits still suffer from severe limitations on
comiponent types and tolerances. Active devices can
be produced with relative ease, and diffused resistors
are practical within certain limits of temperature co-
cfficients. T.arge values of capacitance are very dift-
cult to produce, and inductances virtually impossible.

IFor these reasons. presently available devices are
suitable in the main for digital circuits. These are
undoubtedly a very important class of circuit. but
they can not perform all of the critical functions in

“The two major microelectronic circuits receiving attention
from industry at this time are :emiconductor-substrate cir-
cuits (below), passive-substsate, thin-film hybrids (above).

“Another approach is miniature discrete components in varied
packaging schemes of which the cordwood “swiss cheese” sub-
strate (below) and micro-modules (above) are the best known.”




MICROELECTRONICS (Continued)
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either military or commercial electronic systems, or
else can perform them only at the sacrifce of ctfici-
ency. However. thin-film components deposited on the
silicon-chip surfaces promiise increased versatility for
diffused-hase semiconductor surfaces.

Reduced Power Advantage

[t is often said that in addition to size and weight
reductions. semiconductor integrated circuits offer the
advantage of reduced power consumption. This is a
relative matter. When compared to the numerons
transistorized circuits which operate in the 100-500
milliwatt power range. an integrated cireuit oper-
ating at 5 milliwatts does have constderable advan-
lage.

i“or some applications, however. where thetr small
size would otherwise strongly recommiend thenm. they
are at an equally serions disadvantage. For example.
digital logic circuits assembled from discrete conpo-
nents for NASA typically operate at a power drain
of less than 1 milliwatt and some at less than 0.1 nulhi-
watt. Thus, there is something like a4 3-to-1 advan-
tage in favor of discrete components for these eritical
applications.

I am told that NASA ranks size but third after
rehiability and power consumption in evaluating cir-
cuit techmques.

Thin-Film Hybrid Circuits

Jefore turning to reliability, let us look at thin-film
hyvhrid cirenits. Thin layers of metal are deposited by
varions means on an insulating substrate to comprisc
most of the passive elements of the circuit, including
more precise values of resistance and larger capact
tance values than are attainable with semmcondnctor-
based circuits.

In the thin-filn circuits presently being mannfic:
tured, uncased semiconductor elements are usnally

Ultra-high component dcnsity scmiconductor logic module has
honeycomb body, inserted components, and welded connections.

inlaid in recesses in the substrate. This present pro-
duction inability to fabricate active clements using
thin-film techuiques is the only thing which prevents
these devices from being true integrated circuits.

Thin-film hybrid cirenits also are not capable of
the extremes of size reduction possible with semi-
conductor microcirenits, and it appears nunlikely that
they will ever be entirely competitive in this respect.
Greater Design Freedom

Nevertheless. 1 helieve thin-tilm cirenits will play
a somewhat more importat role. for some vears at
least. than they have generally been eredited with.
For one thing. they allow the designer greater free-
dom in balancing circnit vahies 1o produce highly
precise cirenits, incliding & mumber in the inportant
linear class as well as the digital class.

it also scems possible that the closer control of
tolerances which they afford will enable thent to more
closelv approximate the very low power levels for
which it is possible 1o design cirenits with conven-
tional discrete components. As 1o cost. while they
mav not he as economical in the long run i very
large quantity production. they will probably be avail-
able at a significantly lower cost for many short-run
to medinm-run applications, where high initial design
and tooling costs work against the semiconductor
nicrocircuit.

Although | am inclined to agree wih prevalent
estimates that in the long run the volume of semicon-
ductor circuits will he considerably greater than for
thin-film circuits, [ nevertheless believe the Jatter
have heen nnderestimated by many. After all, there is
no magic i the use of integrated techniques, and
there seenis 1o be an increasingly widespread recog-
nition among users that thin-film hybrids have a
great deal to offer in the proper place.

FFor the longer term, it seems possible. ¢ven prob-
able, that semiconductor and thin-Alm circnits may be
used side by side in “hybrid-hybrid™ circuits which
take advantage of the strong points of both.

The Question of Reliability

Turning now to reliability. the first few equipments
made in substantial quantities from senuconductor-
hased microcircuits are yet to he built. The tens of
millions of unit hours of life test to prove their re-
liahility are vet to be clocked off. Much mmprovement
in reliability claimed for these cirenits is hased on
the reduction of the number of internal connections
thev make possible. and indeed 1t seems probable that
this may turn out to be a major advantage.

It would be dangerous, however, to relv on this
reliability until it is proved by statistically valid tests,




and there are ax yet unresolved questions as to what
constitittes such tests.

Reliability expectations for thin-film circuits are
also good, and because they have already been in
regular production for a number of years, more coni-
plete field data are available today for the less com-
plicated of such devices than for the semiconductor
NUCrocireuits.

Thus. | believe that for the present the thin films
have the edge in proven reliability., For the longer
term. with more development work and extensive
testing, hoth tvpes will probably prove to be capable
of sufficiently high reliability to meet virtnally any
practical requirement.

Can’t Wait for ldeal Circuit

From the standpoint of versatilny and proven re-
lability. no microcircuit can yet equal the assemblies
of discrete microcomponents. inclnding the many new
form factors available today to the systems designer
who can not wait for the ideal microcirenit to come
along. Where extreme mimatirization is not neces-
sary, they ofier great tlexibility and a mnch wider
range of circuit valhies than are attainable with micro-
clectronie circuits.

Millions of miniaturized assemblies have been in
operation long enough to demonstrate that very high
orders of reliability are possible with them. .\ trip
around the recent [ITEE Show revealed the wide
variety of diserete components available for micro-
assemblies. \With initial tooling costs even lower than
for thin-film circuits, it seems entirely possible that
for many applications. especiallv in commercial and
industrial electronies, microassemblies will continue
to be used in growing volume for many vears to come.

In using this approuach. the designer of equipment
will find that if he chooses carefully the proper com-
ponents. from suppliers who have technical compe-
tence, production capability and quality integrity, that
his equipment will be functioning on schedule and
with impressive reliability.

Choice Up to Designer

Which oi these approaches or combinations of
them the designer should use in quest for the ideal
circuit is up to him. The choice will surelv be wide
enough that he need concern himsell less with the
possible surrender of his prerogatives as a designer,
than with the diffcult task of evaluating the alterna-
tives from the standpoint of his overall objectives of
availability. cost and proven reliability.

My own company, Spragne Electric, has intensive
development work underway in all three major types
of microelectronic circnits, and is a major producer
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(above! on a transistor ncludes silicon
epitaxial planar transistor bridge-mounted on pins and sili-
con chip with 5 thin-film resistors fixed to header (below
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of microcomponents and assemblies, as well as of
thin-film cirenits. I do not pretend to krow which of
these approaches, or perhaps others not yet devel-
oped, will be the most widely used in the long run.

One thing which seems to be increasingly clear is
that the manufacturer of electronic systems wiil not
be content to assemble his products front a relatively
small number of stock microcircnits, whether made
by owtside suppliers or by his own in-house facilities.

There 1s still too much room for circuif innovation
and too muclt of a proprietary nature at stake for the
svstems designer 1o miake such an outcome likely .

\t thiz time. the trend scems definitely to be to-
ward custom cirenirs, which is perhaps anather way of
saving that the dayv of the standardized off-the-shelf
“ideal circuit”™ will be a long time in coming. if cver.
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PREDICTIONS (Continued)
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have been expedited by Government-hnanced R&1D
aimed at military and space objectives.

The industrial market, like the industries which
serve i, covers a wide diversity of products. Com-
puters, commnmications equipment, navigation aids,
test equipment, and closed circuit television are per-
haps the best known, there are many more. The £\
Marketing Service Department estimates that more
than 2,000 companies produced a thousand different
tvpes of industrial - commercial electronic products
in 1962.

One of the chief attractions of electronic devices to
industry and commerce is their promise of cost cut-
ting and the speeding of production processes. \While
many electronic devices are initially very expensive,
they open the way for cost-cutting automation tech-
niques which more than offset original investment.

The electronic components industry has grown
with the equipment markets, as might he expected,
but it also has heen forced to change as the complex-
ity and sophistication of end products have increased.
It also is the electronic area most likely to undergo
even more drastic transformations.
Micro-Miniaturization One Reason

One reason for the expected changes may he found
in the remarkable technological developments of
micro-miniature components and integrated circuitry.
By combining the functions of many standard com-
ponents into one consolidated device with resulting
economies in space requirements, these new compo-

“Microelectronics will make possible within a few years many
consumer products once a dream of science-fiction writers.”
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nents are understandingly attractive to equipment
mannfacturers.

Microelectronics. or 1icro-miniaturization proc-
esses will surely make possible within the next few
yvears numerous consunter products that were once
a mere ghnt in the eves of science fiction story-tellers.

The ELN\ Marketing Services Department and the
Engineering Departiment are both engaged in activi-
ties designed to define and standardize this new elec-
tronic component nmarket. The former estimates that
by 1965 about 10% of the dollar value of component
sales will be in this category.

Many parts and semiconductor manufacturers are
in 1icroelectronic research from which a new com-
ponent market may be developing. \While some per-
sons sec this development as a threat to existing parts
manufacturers, I helieve that it rather represents a
challenge which will he accepted by the more alert
and resourceful component producers. It also wonld
appear that most of today's standard components will
be in demand for some vears to come.

The dollar volume of electronic components in
1962 exceeded $3.5 hillion and is expected to reach
$3.7 billion in 1963. Transistor sales have increased
in unit production but declined in dollar volume due
to intense competition among the large number of
producers. Total semiconductor output rose $63 mil-
lion in 1962 to reach $628 million and is expected
to approach $780 million in 1963.

Component Sales Increases

Recetving and picture tube sales declined in 1962,
while special purpose tubes—used heavily in military
and space programs—rose 14% to $325 million. All
other parts sales rose about $200 million to $2.3 lLil-
lion in 1962 and are expected to increase to at least
$2.4 Dhillion in 1963.

With so miany encouraging sales reports, it wonld
appear that the electronic industries have few prob-
lemis and need have no apprehension abont their
future.

Uniortunately, this is not true.

While I have no doubts as to the cconomnic sound-
ness of the electronic industries and their prospects
for contimiing growth. T am concerned over the fol-
lowing: (1) declining profits and increasing costs,
particularly in Government busiuess: and (2) in-
creasing competition of imports, especially  from
Japan, and their effect on the consumer industry.

The EIA, by providing a national forum for these
industries, offers a mechanisin for solving some of
these problems by means of a united attack ou them.
It must be admitted, however, that the Government

probably holds the trump card.  (Continued on B1S)
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ENGINEERS < SCIENTISTS

7 experimental

_ laboratory
10,000 miles long

...expandable to
girdle the earth—
reach 230,000
miles to the
moon-—and
beyond

INDIAN OCEAN
sl

ENGINEERS and SCIENTISTS LOOKING FOR "BIG-SYSTEM” CHALLENGES
will find them with PAN AM at the Atlantic Missile Range.

This is the giant laboratory where the nation’s major missile systems and space vekicles come for their crucial flight tests,

research, and development, under a true operating environment. It's more than hemisphere long, for ballistic missiles. Linked

with other national ranges, it provides orbital coverage and impact location, as in recent Mercury launches. Right now, Advanced

Planning Groups are working to raise its capabilities to encompass recording all relevant data from lunar flights, including voice

communications. Already solutions for problems of data acquisition from the interplanetary missions of the 70's are under

study. [J Taken all together— this is a task of great magnitude in which PAN AM’s Guided Missiles Range Division is by no means

alone. In carrying out the triple responsibilities assigned the Division by the USAF for range planning, engineering, and opera-

tion, PAN AM cooperates with many segments of American industry:

¢ GMRD, by designing individual range instrumentation systems to match the requiremerts of each new program, collaborates
with Range Users, who create the new vehicles and spacecraft.

+ GMRD works closely with the radar, telemetry, computer and communication industries providing specifications and technical
direction for the development of new equipment.

« GMRD and its subcontractors operate and service the tracking and other electronic equipment of the range.

In addition, PAN AM provides faunch and operations support at Cape Canaveral and Down Range.
IF YOU ARE INTERESTED IN CONTRIBUTING TO THE NEW RANGE TECHNOLOGY, INQUIRE ABOUT THE FOLLOWING POSITIONS:

Systems Engineers & Program Managers, EE, Physicists with specialized knowledge in any major area of range instrumentation
Instrumentation Planning Engineers, EE, Physicists with specialized knowledge in advanced instrumentation systems
Technical Staff & Advance Planning Groups MS, PhD - Physics * Electronics + Mathematics « Celestial Mechanics + Astronomy

Why not write us today, describing your interests and qualifications in any é"

of the areas above. Address Dr. Charles Carroll, Dept. 32-F, Pan Amzrican Smmmm®  GUIDED MISSILES RANGE DIVISION
World Airways, Incorporated, P.O. Box 4465, Patrick Air Force Base, Florida. m

*Carrying on Range Planning, Engineering and Operation of Atlantic Missile ”\. PATRICK AIR FORCE BASE, FLORIDA
Range for the USAF since 1953. An equal opportunity employer. 4;’
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PREDICTIONS (Concluded)

Gov’t Relies on Industries

The Government's progress in the space race. as
well as maintenance of its dominant  position  in
national defense, 1s dependent on the ability of the
industries.

The electrome industries have a creditable record
in mecting L. S. requirements and liope 10 continue.
Jut they will he severely handicapped if they can't
make reasonable profits for stockholders and capital-
ize on their technical ingenuity. No one will gain if
the Government supplier is denicd free cnterprise
henefits.

The extent of foreign competition in the domestic
electronic market also is a problemi. The clectronic
mdustries, especially component manufacturers, are
learning to meet this competition i some cases by
concentrating on technical advances. But \merican
manufacturers often find themselves on a treadmill:
runming just to stay where thev are in the domestic
market.

FIA has never followed a “protectionist” policy in
international trade. In fact. the clectronic incdustries
benefit from increasing exports and hope to make
further gains from contemplated negotiations under
the Trade Expansion Act.

Exports May Hit $975 Million

The Department of Conunerce has reported that
the total value of U. S.exports of clectronic systems.
equipment. ail components may reach 8975 million

“It is universally conceded that the industrial commercial
markets offer the greatest growth potential for electronics.”
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“Defense Depart-
ment  will concen-
trate on building up
capacity for limited
war. Program needs
rely heavily on elec-
tronics.”

in 1903 compared wtih $705 million in 1962 and
$613 million i 1901,
that “umports of these products are rising even faster:
$179 million in 1961, $275 million in 1962, and an
estimated $340 million in 1963."

A factor that Congress and the Exccutive [ostab:

tlowever, it candidly admits

lishments should not overlook in their comparisons
of exports and mmports is that the larger diversitied
company usually benefits most from exports and
suffers least from immports. while the smaller manu-
facturer is the st victim of the invading unporter
because of his inability to shift his marketing em-
phasis. This cffect would seem to run contrary 1o
the American pattern under which the smallest busi-
ness organization has an opportunity  to  become
larger.

Yet. despite these and other problems. the elec-
tronic industries are firmly established in the national
cconomy and will continue to grow with it if not
ahead of it These markets—both civilian and Gov-
croment—are certain to grow as new uses for elec-
tronic techniques develop.

The contributions of the elecironic industries to
national defense are widely recognized. Their in-
creastngly important role in space exploration 1s
hecoming more apparent as the nation’s program
expands.

Electronic engineers, manufacturers and workers
will all help to put our astronauts on the moon and
other points in outer space. And yet, many exam-
ples of new products and industrial processes—spin-
off henetits—for the consumer market can be traced
directly to some part of our massive aerospace anl
defense effort.

The time may not be too far distant when elec
tronic technology will perform many current jobs.
[Electronic developments could range from devices
that would design and build other electronic devices
—such as computers and picture-frame TV sets—to
the simple task of shopping for groceries through
community-wide automation.

The greatest davs of the electronic industries are

~till ahead.
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BUCHANAN
CYCLE-CONTROLLED
CRIMPING TOOLS

HAND « AUTOMATIC FEED  MANUAL FEED

No matter what your production volume or specialized
application is, one cycle-controlied Buchanan tool will
handle almost any electrical connector contact size —
MS or proprietary contacts. The MS 3191-A cycle-con-
trolled hand tool is ideal for low volume production,

the manual feed for medium size runs, and the auto-
matic feed for high volume production runs. There are
no operator adjustments — ever! Buchanan tools are
available for electrical, electronic and mechanical
applications to meet various military specs . . .

(MS 3191-A)

CYCLE-CONTROLLED
HAND TOOL

This one tool and inexpensive
positioners can crimp almost
any proprietary or MIL-Spec
contact — in wire sizes from
#12 thru #30. By selecting
the positioner, you program
the tool to provide crimp
depth, crimp location, and
point of ratchet release. And
there are no operator adjust-
ments. Meets all requirements
of MIL-T-22520A, Class 1.

Write today for cata-
log and the new
manual on crimping

(11148)

CYCLE-CONTROLLED AUTOMATIC FEED TOOL
Portable or Bench Mounted

The speed of this automatic feed tool is
limited only by the operator's ability to
insert contacts and wires. There are no
operator adjustments. Tool automatically
feeds contacts in disposable, inexpensive
carriers. Carriers can be modified to ac-
commodate almost any contact size thru
# 30 (also protect contacts from mechan-
ical damage). Tool meets performance
requirements of MIL-T-22520A.

In bench mounted units (shown above)
carriers in reel hold up to 2000 contacts.
Crimp depth is automatically controlled by
interchangeable snap-in blocks. Tool ac-
commodates foot valve control.

This tool can be used for portable ap-
plication. Carriers in self-positioning ‘‘see-
thru’’ magazine hold up to 102 contacts.
The magazine automatically selects the
proper crimp depth.

(10967)

CYCLE-CONTROLLED
MANUAL FEED TOOL

This pneumatic tool and associated
types can accommodate most contacts
#12 thru #30, screw machine and
stamped. Crimp depth can be adjusted
by qualified personnel for a specific job.
Speed is limited only by operator’s abil-
ity to operate contacts and wires. Re-
placeable inexpensive contact locator
properly positions crimp on contacts
and can be drilled to accommodate
specific contact sizes and types. In-
denter configuration conforms to MS-
3191 Geometry. Meets performance
requirements of MIL-T-22520A.

pin and socket con-
nectors,

BUCHANAN

ELECTRICAL PRODUCTS CORPORATION

a subsidiary of Elastic Stop Nut Corporation of America
HILLSIDE, NEW JERSEY (201) WA 3-7474
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NEW TECH DATA

Portable Standards

“Weston Dortable Standards,” a 12-
page brochure which describes in detail
a line of light-beam portable wattmeter,
amnieter and  voltmeter standards, is
available. Complete specs., photos, sche-
matics, cross-section views, elc., are pro-
vided. Specs. include accuracies and ranges
of the various instrument models and de-
scriptions of accessories which are avail-
able for special measurement require-
ments. Weston Instruments and Electron-
ics Div., Daystrom, Inc., 614 Frelinghuy-
sen Ave, Newark 14, N, J.

Circle 609 on Inquiry Card

Differential Pressure Cell

Bulletin P’D-4381 gives data on Type
MM differential pressure cell for aero-
space wind-tunnel research. Cell is a low-
capacity, low-line, bellows unit to measure
static and low-freq. differential, absolute
or gaunge pressures of gases. Bulletin il-
lustrates unit, including a dimensional
drawing, describes features, specs., dy-
namic characteristics and prices for avail-
able capacities from 5 through 10Upst.
Electronics Div., Baldwin-Lima-Hamilton
Corp., 42 4th Ave,, Waltham 54, Mass.

Circle 610 on Inquiry Card

Program Timers

Cranmier types 511 and 321 field-adjust-
able program timers are described in a
new bulletin. Complete specs., operating
description and schematics are included n
the bulletin, describing the units, which
are designed to control a series of opera-
tions in any desired sequence. Bulletin
No. 511/521. Publications Dept., Cramer
Div., Giannini Controls Corp., Old Say-
brook, Conn.

Circle 611 on Inquiry Cord

P-Channel Transistor

The 2N2386 P-channel planar-diffused
unipolar field-effect transistor is contained
im a TO-5 package. Designed for low-
cost industrial uses, it offers 1000umho
min. gm and a typical pinch-off voltage
of 4v. Applications include high-imped-
ance voltmeters, operational amplifiers,
sample and hold circuits, choppers, com-
mutators, and other circuits requiring
high-input impedance devices. Siliconix
Inc, 1140 W. Evelyn Ave, Sunnyvale,
Calif.

Circle 612 on Inquiry Cord

Pulse Height Analyzer

Tech. data is available on the 400-chan-
nel transistorized Model ST-400K pulse
height analyzer. The Model ST-400K is
tailored to fit restricted budget needs yet
retain all the features needed for re-
search uses. Victoreen Instrument Co,
5806 Hough Ave., Cleveland 3, Ohio.

Circle 613 on Inquiry Cord

820

for Engineers.

Magnetic Field Regulator

Brochure describes  new  laboratory
magnet systems featuring Fieldial® mag-
netic field regulator. \With direct readout
feature, any desired field intensity can be
set and maintained in a magnet air gap
without the need for more measuring
equipment. Included are charts of tests
made to show the improved sweep line-
arity of field-regulated magnet systems
compared with ordinary current- regulated
systems.  Condensed product  specs. are
also included. Instrument Div, Varian
Associates, 611 Hansen Way, Palo Alto
5, Calif.

Circle 614 on Inquiry Card

Geophysical Instruments

Revised catalog on geophysical instru-
ments  describes, illustrates  latest  test
gear in the lne. Details are given on
sensitive, rugged battery- opcmtul ac mi
crovoltieters for resistivity surveys w ith
base lines up to 5 miles long. All weather,
battery-operated de potentiometers with-
out standard cells or suspension galva-
nometers are also shown. A complete line
of accessories, including stakes, electrodes,
and wire reels is described. Canadian Re-
search Institute, 85 Curlew Dr.,, Don
Mills, Ont., Canada.

Circle 615 on Inquiry Card

Zener Diode Chart

A third edition of the zener reference
publication which lists all types presently
registered under EIA nunibers is avail-
able. The publication lists specs., package
dimensions and other pertinent informa-
tion for all zener diode types. Request on
compary letterhead to Dickson Electron-
ics Corp., 248 So. Wells Fargo, Scotts-
dale, Ariz.

Integrated Circuits

The 8-page 2-color Condensed Catalog
gl\c specs. of 26 Signetics integrated
circuits 14 of them new. Also described
are DTL eclements; NAND/NOR gates,
diodes and gates, power gates, hinary ele-
nients, line drivers, 1-shot multivibrator,
and several buffer circuits. Catalog has
articles on Signetics’ quality control and
R&T) programs. Signetics Corp., 680 W.
Maude Ave., Sunnyvale, Calif.

Circle 617 on Inquiry Cord

Test Instruments

This 97-page catalog lists a line of
sweeping oscillators, audio spectrum an-
alyzers, noise generators, attenuators,
oscillators, etc. Accompanying each com-
ponent is a photo, description, specs., and
price. Kay Electronic Co., Maple Ave.
Pine Brook, Morris Cotmty, N. J.

Circle 618 on Inquiry Card

ELECTRONIC INDUSTRIES -

Deep-Sea Testing

Comprehensive illustrated 20-page bro-
chure describes the facilities and capabili-
ties of Daystrom’s Electrie Div. in the
development of  deep- sea oceanograpliic
instrumentation and in  anti-submarine
warfare work. Brochure describes  the
extensive background ot Daystrom in re
search, oceanography, ASW,  circuit
tee |ll]|(111(’\ component design, "ordnance
components, and electro-mechanical and
mechanical systems. Many ordnance items
are shown. Electric Div., Daystrom, Inc,,
Manchester Rd., I‘uughl\ulmc N. Y.

Circle 619 on Inquiry Card

Transistor Guide

How to choose the best field-etfect
transistors for ac amplifiers is the theme
of this bulletin. Included in this compre-
hensive article are schematics and equa-
tions that will help solve many problems
cizcountered in amplifier design. Siliconix
Inc., 1140 W. Lvelyn Ave, Sunnyvale,
Calif.

Circle 620 on Inquiry Card

Transistorized Readouts

Two data sheets (270 and 292) describe
12 models of the Tec-Lite TNR Series
transistorized readouts. They are design-
ed to control Nixie tube numeral displays
irom signals down to 2v. Self-contained
driver circuitry is packaged behind rec-
.mgul‘u' Nixie tube and allows mounting
on 1 in. centers. Both sheets contain out-
line drawings, panel mounting hole dimen-
sions and electrical and terminal connec-
rion diagrams. Applicable military and
environmental data is also included. Tec-
Lite Dept., Transistor Electronics Corp.,
Box 6191, Minneapolis 24, Minn.

Circle 621 on Inquiry Cord

Ceramic Capacitors

Data available on capacitors includes
d6-page catalog on new fixed, ceramic
dielectric dc capacitors, 47-page catalog
on fixed, porcelain (ll(‘lt(lllL capacitors,
separate photos of them, "Reliability Cal-
culator,” a facilities brochure and other
information on the manufacturing firm.
Vitramon, Inc, P.O. Box 544, Bridge-
port, Conn.

Circle 622 on Inquiry Cord

Flame Detectors

A 12-page illustrated brochure, “Capa-
bilities for Defense and Industry” is
available from Pyrotector, Iuc., Hingham,
Mass. DBrochure gives information on
optical flame and smoke detectors for the
aerospace industry, on commercial and
industrial products, including home and
industrial smoke detectors, battery charg-
ers, emergency lights and marl\cr beacons.
It descnbes the concept of “putting light
to work.”

Circle 623 on Inquiry Card
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An elegant, but tiny refrigerator, utilizing
the Nernst-Ettingshausen effect, has been
demonstrated in the Solid State Physics
Laboratoriesat Lockheed Missiles & Space
Company. This type of cooling is appli-
cable below 200° Kelvin, where thermo-
electric cooling is no longer efficient. It
shows particular promise for space appli-
cation because of the reliability inherent
in its all-solid state construction.

In the Nernst-Ettingshausen effect, heat
is pumped as a result of an electrical cur-
rent flowing in a magnetic field. The heart
of the present device is a bismuth anti-
mony single crystal. Other crystal sys-
tems are also being investigated.

This thermomagnetic cooling device is
oneoftheresults ofthe Lockheed research
programintransport phenomenain solids.

Another investigation concerns the
quantum theory of the electronic structure
of crystals. An ingenious computer pro-
gram has been devised for determining
the essential features of the energy band
structure of a wide variety of crystals.
Results for a given case can be obtained
in an hour or less. Conclusions drawn
from the theoretical solution elucidate
many of the electronic properties of crys-
tals, and have widespread significance.

Lockheed scientists and engineers are
also studying: Electron spin echo phe-
nomena; the interaction of electrons with
microwave phonons; coupled traveling
waves in crystals; semiconductor lasers;
antiserromagnetic resonance; various the-
oretical and experimental aspects of super-
conductivity.

LOOK AT LOCKHEED

Basic and applied research on the properties of solids

LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology. Evaluate its accomplishments
—such as the Polaris missile, the Agena
vehicle's superb record of space mis-
sions. Examine its outstanding advan-
tages—location, advancement policies,
creative climate, opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-45C, P.O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to solid state physicists and chemists,
otherimportant openings exist for special-
ists in: Inertial guidance « Orbit thermo-
dynamics » Electromagnetics » Mission &
trajectory analysis « Gas dynamics » Chem-
ical & nuclear propulsion - Systems en-
gineering » Computer research

LOCKHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California « Cape Canaveral,
Florida « Huntsville, Alabama + Hawaii

ELECTRONIC INDUSTRIES -
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THE CLASSIFIED ENGINEER

ACTUALLY, THE
STORY OF MY CAREER
AT HUGHES BORDERS
ON THE FANTASTIC

LAST YEAR, I WAS
RESPONSIBLE FOR THAT
GIANT BREAKTHROUGH

OF,COURSE,

MOST HUGHES GUYS
CAN BOAST ABOUT
QUCH THINGS

ON THE I
THE ONE THAT
T

AND LARGELY

BECAUSE OF ME,
MANKIND WILL S
WITHOUT

EVEN

EXCEPT I GET

TO SAY IT IN PRINT.
THEIR WORK IS SO
HUSH HUSH IT GETS

i

ror immediate

You work on more of the W= jobs at Hughes! rius a great many
projects we can mention, Like F-111B PHOENIX Missile System, MMRBM Integration,
Assembly & Checkout, TOW Anti-Tank Missile, SURVEYOR Lunar Landing Vehicle,
SYNCOM Synchronous-Orbit Communications Satellite, ARPAT, VATE Automatic
Test Equipment, Advanced POLARIS Guidance, Advanced ICBM Defense Systems
...and many others. Positions are open for specialists with professional experience,
degrees from accredited universities and U.S. citizenship.

consideration please
airmail your resume to:

Mr. Robert A. Martin
Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City §5, California

CONTROLS ENGINEERS. Concerns airborne com-
puters and other controls—related areas for: missilesand
space vehicles, satellites, radar tracking, control circuit-
ry, control systems, ‘control techniques, transistorized
equalization networks and control servomechanisms.

FIRE CONTROL ENGINEERS. Determine systems
requirements for manned airborne electronic systems
and supporting ground equipment to carry out neces-
sary technical direction to assure system integrity.
Responsibilities include logical design, signal flow
designs and circuit interface requirements between
portions of the systems.

B22

CIRCUIT DESIGNERS. Involves analysis and syn-
thesis of systems for: telemetering and command cir-
cuits for space vehicles, high efficiency power supplies
for airborne and space electronic systems, space com-
mand, space television, guidance and control systems,
and many others.

MISSILE ENGINEERS. Determine functional design ~ &-—---------
requirements for advanced air-launched missiles; the HUGHES AIRCRAFT COMPANY
design of such systems to meet customer requirements AEROSPACE DIVISIONS

and theoretical analysis of system performance; coordi-
nate and assist engineering departments in the develop-
ment of equipment to fulfill the system requirements.

Creating a new world with clectronics
b

An equal opportunity employer.

ELECTRONIC INDUSTRIES June 1963
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ARE YOU KEEPING
INFORMED ABOUT
THE LATEST
DEVELOPMENTS

IN SEMICONDUCTOR

RL. .

] Silicon Transistors

] Microcircuits

[ Darlington Amplifiers
[ Differential Amplifiers
[] Video Amplifiers

] Choppers

[ High Voitage Nixie

[ Germanium Transistors
] Silicon Rectifiers
[ Silicon Controlled Rectifiers

] Controlled Avalanche
Rectifiers

] Selenium Rectifiers &
Stacks

Zener Diodes & Regulators

Please send me the latest data on the following:

[J Precision Wire Wound
Resistors

[ “CAP-SIL®” Voltage Variable
Diodes

] UHF Mixer Diodes

[] High Power Diodes

[] Encapsulated Assemblies
] Special Products

PRODUCTS AND
TECHNOLOGY?

To help you do so, General
Instrument makes this
new A..7. V... postcard
service available. Simply
designate those products
about which you would
want the very latest infor-
mation. Mail the postcard
and data will be sent to
you posthaste.

GENERAL INSTRUMENT
CORPORATION

Semiconductor Products Group

65 Gouverneur Street
Newark 4, New Jersey

EASTERN AREA HEADQUARTERS

256 Passaic Street
Newark 4, New Jersey
Code 201 — HU 5-0072

CENTRAL AREA HEADQUARTERS
5232 West Diversey Avenue
Chicago 39, lllinois

Code 312 — AV 2-6700

WESTERN AREA HEADQUARTERS
3030 Temple Street

Los Angeles 26, California
Code 213 — DU 5-5371

Represented in Europe by:
Bay & C.S.p.A.

Centro Pirelli

Via Fabio Filzi 24

Milano, Italy

Bay & Co. (U.K.) Ltd.
c/o Pirelli House
343/5 Euston Road
London, N.W. 1, England

General Instrument France
3 Rue Scribe
Paris 9e, France

Transistors [ Silicon Diodes [] Other.
] Microdiodes [ Germanium Diodes
NAME
COMPANY.
TITLE
ADDRESS
CITY ZONE STATE

v @
Q%o QQ /- eﬁ Please send me the latest data on the following:

[ Silicon Transistors
] Microcircuits
[ Darlington Amplifiers

[] Germanium Transistors [ Precision Wire Wound
[ Siticon Rectifiers Resistors .
[ Silicon Controlled Rectifiers [] “CAP-SIL®" Voltage Variable

Diodes
i i ifi Controlled Avalanche
[ Differential Amplifiers O e ] UHF Mixer Diodes

ERELERRIKIES [ Selenium Rectifiers & ] High Power Diodes

[ Choppers Stacks [ Encapsulated Assemblies

[ High Voltage Nixie Zener Diodes & Regulators [ Special Products
Transistors [ Silicon Diodes [ Other

[J Microdiodes [] Germanium Diodes

NAME

COMPANY

TITLE

ADDRESS

CITY ZONE STATE

,? 0
Q%- QQ %Qﬂ Please send me the latest data on the following:

] Silicon Transistors
[] Microcircuits
] Darlington Amplifiers

[] Germanium Transistors [] Precision Wire Wound
] Silicon Rectifiers Resistors .
[ Silicon Controlied Rectifiers [] “CAP-SIL®" Voltage Variable

i i ifi Controlled Avalanche Diodes
Differential Amplifiers Od 4Ll o m e

[J Video Amplifiers [ Selenium Rectifiers & [] High Power Diodes

] Choppers Stacks ] Encapsulated Assemblies

] High Voltage Nixie ("] Zener Diodes & Regulators ] Special Products
Transistors [ Silicon Diodes [] Other

[] Microdiodes [] Germanium Diodes

NAME

COMPANY

TITLE

ADDRESS

CiTY ZONE STATE




BUSINESS REPLY CARD

NO POSTAGE NECESSARY IF MAILED IN THE U.S.A.

GENERAL INSTRUMENT CORPORATION
Semiconductor Products Group
65 Gouverneur Street
Newark 4, New Jersey

BUSINESS REPLY CARD

NO POSTAGE NECESSARY IF MAILED IN THE U.S.A.

GENERAL INSTRUMENT CORPORATION
Semiconductor Products Group
65 Gouverneur Street
Newark 4, New Jersey

BUSINESS REPLY CARD

NO POSTAGE NECESSARY IF MAILED IN THE U.S. A.

GENERAL INSTRUMENT CORPORATION
Semiconductor Products Group
65 Gouverneur Street
Newark 4, New Jersey

First Class

Permit No. 6114
SECTION 34.9 P.L.&R.

Newark 4, N. J.

First Class

Permit No. 6114
SECTION 349 P.L.&R.

Newark 4, N. J.

First Class

Permit No. 6114
SECTION 349 P.L.&R.

Newark 4, N. J.

DISTRIBUTORS

ALABAMA —BIRMINGHAM

M. G. Electronics

ARIZONA—PHOENIX

Astronics, Inc.
CALIFORNIA—NORTHERN

PALO ALTO— Zack Electronics

SAN FRANCISCO—

Fortune Electronics Corp.
CALIFORNIA—SOUTHERN

BURBANK—

Valley Electronic Supply Co.
HOLLYWOOD— .
Hollywood Radio & Electronics, Inc.
INGLEWOOD— Liberty Electronics Corp.
LOS ANGELES— Fortune of Los Angeles
SAN DIEGD— Radio Parts Company
COLORAOO—DENVER

Fortune Electronics of Denver
CONNECTICUT—STAMFORD

Sun Radio & Electronics Co., Inc.
FLORIDA

MELBOURNE-Electronic Wholesalers, Inc.
MIAMI— Electronic Wholesalers, Inc.
GEORGIA—ATLANTA

Southeastern Radio Parts Company
ILLINOIS—CHICAGO

Newark Electronics Corp.

Solid State Electronics
INDIANA—INDIANAPOLIS

Graham Electronic Supply, Inc.
IOWA—CEDAR RAPIDS

lowa Radio Supply Co., Inc.
LOUISIANA—NEW ORLEANS

Southern Radio Supply Co.
MARYLAND—WASHINGTON, D.C.
BALTIMORE—

Radio Electric Service Co.

of Baltimore, Inc.

BETHESDA—

Empire Electronics Supply Co.
HYATTSVILLE—

Milgray Washington, Inc.
MASSACHUSETTS

CAMBRIDGE—

R&D Electronic Supply Co., Inc.
NEWTON-— The Greene-Shaw Company

MICHIGAN—BATTLE CREEK
Electronic Supply Corp.
MINNESOTA—ST. PAUL

Gopher Electronics

MISSOURI

KANSAS CITY—

Walters Radio Supply Co., Inc.
UNIVERSITY CITY—

Olive Industrial Electronics, Inc.
NEW JERSEY—PRINCETON

Sun Radio & Electronics Co., Inc.
NEW MEXICO—ALBUQUERQUE
Electronic Parts Co., Inc.

NEW YORK (METROPOLITAN AREA)
Milgray Electronics, Inc.

Sun Radio & Electronics Co., Inc.
Terminal-Hudson Electronics, Inc.
NEW YORK STATE
BINGHAMTON—

Stack Industries, Inc.
BUFFALO— Summit Distributors

OHI0

CINCINNATI—

The Mytronic Company
CLEVELAND—

Mainline Cleveland, Inc.
OKLAHOMA

OKLAHOMA CITY—

Trice Wholesalers
TULSA— Radio, Inc.
PENNSYLVANIA—S. JERSEY
PHILADELPHIA—

Herbach & Rademan
TENNESSEE

KNOXVILLE—

McClung Appliances
NASHVILLE—

Electra Distributing Co.
TEXAS

DALLAS—

Adleta Company

FORT WORTH—

Scooter's Radio Supply Co.
HOUSTON—

Busacker Electronic Equipment Co., Inc.
UTAH—SALT LAKE CITY
S. R. Ross, Inc.

VIRGINIA
CHARLOTTESVILLE—
virginia Radio Supply Co., Inc.
NORFOLK—

Priest Electronics, Inc.
WASHINGTON —OREGON
SEATTLE—

F. B. Connelly Co.

Seattle Radio Supply, Inc.
WISCONSIN —MILWAUKEE
Electronic Expeditors, Inc.
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SEMICONDUCTORS
& TUBES

Part One-Semiconductors

The Future of Integrated Circuits C2
The Future of Semiconductor Devices Cé
Trends in Semiconductor Research Ci2
The Status of Microelectronics C18



IN ABOUT TWELVE YEARS, a revolutionary, brashly
vigorous, new solid-state electronics technology has
been developed. Only a few vears ago the great
transition from vacnum-tube circuitry to transistor
circuitry was begun; and now, before we have fully
digested the new approaches offered by transistors,
electronic ceramics, and the other solid-state devices
and materials, we find ourselves faced with addi-
tional changes wrought by the future widespread use
of integrated circuits. Integrated circuits which use
materials in inseparable association (as contrasted to
interconnected components) form a radical departure
from former fabrication techniques. This is a change
from component orientation to materials orientation.

Coordination

Heretofore, the circuit engineer’s concern with
materials was secondary. By blending theory and
experience, they developed circuit configurations of
intercounected components to perform the needed
functions. Although a number of disciplines were
involved in component preparation, they were de-
veloped independently by specialists who were not
concerned with the daily problems of each circuit
designer. Now, with integrated circuits, there is a
coordination and synthesis problem. For each circuit
we must include circuit theory, mathematics, physics,
metallurgy, chemistry, semiconductor
processing, thin-film processing, and photography.
The successful development of integrated circuits re-
quires a high level of intensely coordinated, sophis-
ticated engineering; but much work must be done
before the necessary levels of experience and maturity
are reached. Although progress has been made in the
fabrication of digital-logic integrated circuits, only a
few of the estimated thirty functions performed in

electronics,

modern airborne electronic equipment subsystems
can be done with mature, integrated-circuit modules.
Although the nse of integrated circuits will help sup-
port a continuing rise of electronic-systems complex-
ity without approaching unacceptable reliability lim-

C2

THE FUTURE
OF INTEGRATED
CIRCUITS

its, the sensational claims (however understandable)
associated with the introduction of integrated circuits
have exceeded thie performance and the production-
and-price availability of useful integrated-circuit com-
ponents. These poorly timed claims are a natural
result of the infection of marketing managers by en-
thusiastic engineers who have limited equipment
experience. ISventually disciplined engineering ap-
proaches will fulfill the optimism and the amplifica-
tion factor of the marketing managers. Digital-circuit
logic components are rapidly approaching expecta-
tions.

There are three major steps which must be taken
before we graduate from the highly promising but
still experimental pattern of integrated-circuit tech-
nology.

1. Integrated-circuit engineers must develop meth-
ods of eliminating, controlling. or compensating for
the stray couplings which are frustratingly ‘“inte-
grated” in integrated circuits. These couplings are
far more difficult to control than those associated with
component circuitry.

2. There must be an effective merger of the skills
of the experienced equipment engineers with those of
semiconductor and integrated-circuit specialists. Op-
erating integrated circuits have been produced under
ideal laboratory conditions, but design wmaturity,
which must include means for controlling reproduci-
bility, circuit-element parameters, and environmental
performance within acceptable specifications limits,

By DANIEL E. NOBLE

Executive Vice President

in Charge of Communications,
Semiconductor, Solid State

and Military Electronics Division,
Motorola, Inc.

5005 E. McDowell Ave.
Phoenlx 8, Ariz,
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Fabrication is an important step in the manutacture of an integrated circuit. Here, a photomasking technique is inspected.

will be accomplished only when the integrated-circuit
engineers and equipment svstems specialists under-
stand each others problems. Thus an exchange of
ideas between tlie two groups is essential to progress.

3. Processing techniques must be developed that
would allew fast circuit-parameters adjustments
while the circuit is being developed. Processing must
be refined to allow mass production of the prototype
circuits af acceptable levels of yield within reasonable
performance limits. Despite general optimisni, the
fact remaius that the production of integrated cir-
cuits other than comparatively simple switching digi-
tal networks is costly and the vield is low, Extensive
production experience must illumnate the major
problem areas, and research must find practical solu-

tiors to the problems.
Chips

The chipped semiconductor circuitry seens to be a
practical, effective means for developing microelec-
tronics, and it should provide a necessary and highly

ELECTRONIC INDUSTRIES -+ June 1963

desirable interim step leading from inicroelectronics
to the final. single-chip integrated circuit form. With
chips, the stray coupling problem can be minimized
and individual component chips can be selected to
meet component tolerances. The chips allow tradi-
tional comrponent circuit design approaches, and it
affords a means for gaining experience with equilva-
lent resistance, capacitance and active elements in
forms comparable with those to be used in the single-
block integrated circuits. The path from chips to
single-morlule “integrated” construction involves the
solution of the stray couplings problem introduced by
the “inseparable associatior..” Chip circuits allow the
exploration of patterns of reliability, reproducibility.
and parameter control. Trarsistor cans provide pro-
tection and connection while the work on new pack-
aging forms is progressing. While some digital cir-
cuits may progress without the intermediate step.
the cl:ipped approach can speed the evolution toward
more and more single-chip or single-module analog
integrated-circuit designs.
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INTEGRATED CIRCUITS (Continued)
A S eS ERERA B TV T TTI fe

When experienced cquipment engineers get in-
volved, the best of the available circuit approaches
will be selected for use in optimum combinations.
Equipment reliability, performance, reproducibility,
and cost will he sone of the guidlines for selection.

There is no virtue in the use of “pure” integrated
circuits if the equipment performance is not accept-
able. During the transition period, mature integrated
circuits should not he used in combination with im-
mature integrated circuits to produce an overall
inclegant solution. It is better to use a hybrid approach
which uses the mature integrated circuits i associ-
ation with conventional component circuitry, “Trade-
offs” will always be necessary. It may be necessary to
trade off tight performance specifications in favor of
substantial improvements in reliability, size and
weight reduction, and power requirements when
many integrated circuits are used.

Cooperation

Progress in integrated-circuit applications needs,
at this time, the joint, cffective cooperative efforts of
the integrated-circuit specialist and equipment en-
gineers. Since most integrated-circuit specialists are
1solated in thin-film or semiconductor research or
development laboratories, and the equipment men are
designing component conhgurations to satisfv their
customers’ needs, there exists a rather large gap
which is not easily closed. Many equipment engi-
neers are reluctant to use radically new coniponents
without extensive testing and knowledge about reli-
ability, costs, and production availability. But ade-
quate information in these categories will not he
generated until the interaction between the equip-
ment engineers and the integrated circuit designers is
effective and continuous. The job cannot be done
rapidly without the help of the equipment eugineers,
The rather slow process of developing and fabri-
cating experimental integrated-circuit designs; the
delays incurred in testing and modifying; and the
slow interaction hetween equipment and integrated-
circuit engineers when they are not in the same
laboratory present barriers to rapid progress. \We
need only look at the ten or more years of transition
from tube to transistor applications to understand the
delays inherent in the change from transistor com-
pouent circuitry to integrated circuitry.

Conclusion

As is the case with most complex industry ap-
proaches, there will be several working solutions to

Ca

the total integrated-circuit problem. No doubt stand-
ard supplier-proprietary integrated circuits will be
developed and sold to customers for use in equipment.
It is also true that many equipment organizations
will work closely with the integrated-circuit suppliers
to custom design and develop the unique integrated
circuits required. After the circuits are developed
through the cooperative efforts of hoth groups of
engineers, the production run of the customer-pro-
prietary circuit will he accomplished under contract
with the supplier. No doubt some preliminary circuit
design work will be hastened by using either com-
ponent circuit prototypes or chipped-up module cir-
cuitry to establish circuit performauce parameters.
As the processing equipment is developed and the
procedures approach an easily controlled automatic-
equipment routine, the larger equipment manufac-
turers will use iutegrated-circuit laboratory equip-
ment to develop their own prototypes. \When these
are fimalized, the full specifications can then be passed

Advanced techniques can produce either
digital circuits or, as shown by this high-fre-
quency integrated amplifier, linear devices.

to the integrated-circuit supplier who will process
the circuit for mass production.

Ultimately, some of the larger equipment manu-
factuers will equip themselves for both the circuit
development and production of integrated-circuit mo-
dules, but the stage may not be reached until push-
button processing equipment is marketed.

The final pattern will include all four approaches
to integrated circuits: the sale of standard modules;
the joint custom development of proprietary units
which will be mass produced by the supplier; the
equipment manufacturers in-house development of
the integrated-circuit prototypes, which will then be
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vended for mass production hy the semiconductor
manuiacturer: and eventually the in-house develop-
ment and production of integrated circuits by some
of the larger equipment manufacturers.

During the next five years the industry will be
concerned with the refinement of the diffusion, epi-
taxial growth, and thin-film processing techniques.
The refinement of all processes will add new degrees
of freedom to both the designs and control of inte-
grated-circuit parameters.

If the art is to be speedily developed, integrated
circuits must be used immediately in all possible
practical equipment applications. The refinement of
integrated-circuit technology is not only important to
the continuing growth of the electronic industry, it is
essential to the achievement of the necessary sub-
stantial reliability improvement for all military elec-
tronics equipment.

Massive engineering and quality-control efforts
will cause every art to mature to an asymptotic re-
lationship which, in the final analysis, yields only
slight improvements in reliability or performance.
This asymptotic relationship has been reached for
traditional component circuitry in complex systems,
and substantial efforts directed to quality-control im-
provements will produce only minor reliability im-
provements. When results of refinement of techniques
are no longer significant, a radical change in the per-
formance and reliability can be achieved only through
a radical change in the art itself. For the electronic
industry, this radical change appears to be the ma-
terial-oriented integrated-circuit approach. Hopefully,
this discontinuity or step function in the electronic-
industry development curve may provide a new steep
slope of potential advance before it levels off to its
ultimate asymptotic relationship. Nevertheless, the
integrated-circuit approach is the only promising
“step-function” technique on the horizon, and if the
problems of vield can be solved, the extrapolation of
transistor experience promises that circuits produced
will be both more reliable and less costly than those
made by the traditional methods.

The next five years should produce a turmoil of
activity in the industry which, hopefully, will yield
practical and economical solutions to encourage the
wide use of integrated-circuit modules in new equip-
ment designs. In continuing this most important work
we should not be pessimistic, but we should also
avoid unwarranted high levels of optimism which
confuse the realities of the reproducibility, produc-
tion, and cost problems. We move faster when we
accept the obvious need for the old rehable, succes-
sive approximation pattern of progress. No doubt
integrated-circuitry technology will revolutionize the
electronic industry; the only question is *‘when?”
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Some Views On . ..
RELIABILITY
The reliability of all forms of microminia-
turization depends greatly on the intercon-
nections. The advantages that integrated
circuits offer over all the other approaches
is that there are fewer interconnecting
wires. The great majority of the intercon-
nections are achieved by using evaporated
thin-aluminum films over the top of the
circuit itself. These, in turn, become an
integral part of the block and are com-
pletely stable. They adhere to the silicon-
dioxide covering, and there appears to be
no serious mode of failure of these alu-
minum interconnecting films except, of
course, gross overload which could fuse
them. The interconnections from the cir-
cuit to external components are usually
made by conventional thermocompression
bonding techniques. But again, these are
so greatly reduced in number over the num-
ber that would be used if the circuit were
assembled from conventional transistors
and diodes, resistors and capacitors, that
the probability of failure is correspondingly
reduced.
FABRICATION
One of the major problems in fabrica-
tion is the control of contamination and
foreign material in the process itself. An-
other major problem in construction is the
control of the diffusion processes. With
the present diffusion techniques, there
are many variables in the process. There-
fore the control of as many of these vari-
ables as possible is essential. Photo mask-
ing is another area of concern. Accurate
photo-masking processes and techniques
are required to eliminate variations in the
components that can be produced by varia-
tions in the photographic masks or in the
way they're applied.

A prevalent problem is the design of the
components. Here the circuit designer
must be familiar with the process, diffu-
sion, the masking and the assembly proc-
esses in order to better design a circuit that
is compatible with the process. A close re-
lationship between the circuit-design group
and the process group will encourage a lot
of cross training and education in both
groups.




The semiconductor industry has grown from

an annual business of a few million dollars

to one of nearly half a billion dollars

in less than a decade,

This article discusses the technological revolution
in the semiconductor field

which brought about this rapid growth.

It covers the present status of this technology
and tries to forecast the near future.

TobAY, THERE ARE TWO DIVERGENT TRENDS in semi-
conductors. One is the rapid change in certain areas
[e.g., liigh-speed silicon (S;) transistors for switch-
ing]. The other is the abilitv of many of the oldest
devices to hold on tenaciously. Even the point-contact
transistor 1s still being used in certain equipments
(but not in niodern designs). In this case, cost of
re-engineering to adapt newer types cannot be justi-
fied.

This same pattern of long use life is true for S;
grown-junction and germanium (G,) alloy-junction
transistors. These types are built into a wide range
of both military and commercial equipment. As long
as these equipments are made, a market will exist,
even though both types are technically obsolete by
today’s standards. In both cases, it is hard to sub-
stitute a more modern type directly without a good
deal of redesign. In the case of the G alloy types
there are other factors. These types have reached
peaks of refinement in characteristics and reliability.
Circuit designers know what to expect from them
under every operating condition. Also, many circuits
have been developed whose performance and reliabil-
ity have been proven over the years. \Where speed or
frequency is not a factor, the G, alloy transistor will
continue to be used for years to come.

Low-Power Transistors

In the area of low-power transistors having fre-
quency responses greater than 5 or 10 a1c, the situa-
tion is more fluid. In G, the first attempt to provide a
low-power r-f device consisted of the so-called micro-
alloy types. In this approach the base width is care-
fully controlled to obtain a narrow base width and,
thus, an h-f response. The micro-alloy type was for
a long time the only h-f transistor available, but it is
now nearly obsolete.

Drift Types: Development of drift transistors
was the next step towards higher frequencies. This

ce
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FUTURE OF
SEMICONDUCTOR
DEVICES

approach uses a graded region in the base just below
the emitter, plus an intrinsic region near the collec-
tor. For use as an amplifier, where low output capaci-
tances and low base resistance are needed, the
resultant characteristics are nearly ideal. If the drift
approach is combined with that of the micro-alloy
types, the resultant micro-alloy diffused transistor
(MADT) is useful as an amplifier up to frequencies
in the ¢ range. For a period these types dominated
the h-f and the high-speed switching fields. They will
probably continue to be widely used in many enter-
tainment and commercial equipments at frequencies
in the low Mc range. However, for fast switching and
for very high frequencies they are being superseded
by mesa and planar tvpes. Smaller geometries can be
used in mesa or planar transistors without serious
sacrifice of power capability and mechanical reliabil-
ity. Recent advances in mesa and planar methods,
particularly the use of epitaxial material, permit these
types to compete both technically and economically
with the MADT in all respects.

Mesa Transistors: Mesa transistors differ from
alloy and alloy-drift types in that the starting ma-
terial is the collector rather than the base. The base
of the mesa is diffused into the collector, and the
emitter is either diffused or alloyed into the base. A
mesa is then etched to reduce the collector area at
the base-collector region.

The mesa structure has several advantages. The
base width can be closely controlled, especially when
shallow emitter alloying or emitter diffusion is used.
With this narrow base width, there is no loss of
mechanical strength or power dissipation, as in the

By DR. A.M. GLOVER

Vice Pres. & Gen. Mgr.
Semiconductor and Materials Div.
Radio Corp. of America
Somerville, N.J.
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MADT. The diffused base-collector junction allows
a higher voltage breakdown with a given collector
resistance. This feature has made the mesa method
invaluable in making high-voltage transistors.

There are, however, some drawbacks. Because of
the need for a base contact, the collector capacitance
is larger than that of an MADT having the same
eniitter size. Also, the collector thickness needed for
mechanical handling produces a voltage drop across
the collector and increases the stored charge in sat-
uration. However, recent developments have made
the mesa transistor competitive with the MADT in
every way and have placed it in a power and reliabil-
ity class by itself.

Geometry Control of Mesas: Some of the ge-
ometry control that permits the collector area and
capacitance to be reduced has been done by brute
force. The alloyed dots have been made smaller for
mesas that use alloyed emitters and base contacts.
Because the mesa has no lineup problem between the
emitter and collector dot, dot sizes are limited only
by the need for making contacts to them. Present
limits for dot diameters are 3 or 4 mils. The mesas
are etched right to the edge of these dots to keep
the collector capacitance to a minimum. Mesa types
having gains up to 20 db at 200 Mc have been made
for amplifier uses. Further advances are being pur-
sued by the possible use of smaller dots.

With special methods such as that of “split dots,”
transistors have been made with useful gains at 800
amc. Because of the low-cost possibilities, alloy-dot
mesas will continue to have cominercial use. This
type has had even wider acceptance in the European
market,

Mesas using evaporated emitters and base contacts
are limited in area only by the lead-attachment prob-
lem. Emitters as small as 1 by 2 mils are possible
when 15-mil connector wires are used. These mesas
provide gains of 20 db at 200 Mc. Laboratory units
with small areas have shown much gain in the Gc
region. These types are being used in two areas—
amplifiers at UHF’s, and high-speed switches. They
are the most popular types for high-speed computers.
However, in the future they will receive strong com-
petition from S; planar types.

Double Diffusion: A more elegant method of
controlling base and emitter areas is by masking and
double diffusion. To date, this method has been car-
ried further with S; than with G.. The oxide deposit
formed by heating S; to a high temperature masks
the transistor against either an n-type or a p-type
impurity. The oxide can be removed by the usual
photoetching methods in areas where diffusion is
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Fig. 1: The germani-
um alloy - junction
type transistor has a
pattern of long use
life.

Fig. 2: Drift transis-
tor approach uses a
graded region in the
base just below the
emitter, plus an in-
trinsic region near
the collector.

Fig. 3: Mesa types
differ from alloy and
alloy-drift types in
that the starting ma-
terial is the collector
rather than the base.

Fig. 4: Mesas using
evaporated emitters
and base contacts are
limited in area only
by the lead-attach-
ment problem. They
are now the most
copular types for
present-day high -
speed computers.

Fig. 5: A method of
controlling base and
emitter areas is by
masking and double
diffusion — a typical
p-n-p device is
shown.
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SEMICONDUCTOR DEVICES (Continued)

tieeded i1 a base or an emitter, These methods have
been so well refined that lines 0.1 mil wide can be
etched in the oxide. This permits emitters and hase-
contact areas as small as the wires that can be at-

tached to them. Amplifier transistors with 1-mil-dia.

Fig. 6: The planar type is the method which the entire indus-
try is currently adopting. An advantage is greater stability.

lig. 7: The epitaxial approach to a meca transistor is shown.

Fig. 8: Triple diffusion approach as applied to a planar structure.

(&2

emitters and base areas of about 2 mils dia. have
been made. Performance in the Gc range appears
possible.

The Planar Approach: The approach whicl the
entire industry is now adopting is the planar type.
In this method, base diffusion as well as emitter dif-
fusion is from a limited-area source. Main advantages
are greater stability during life, a more constant beta
with current, and a low Iu,. Planar types have been
found to have low noise at very low frequencies (1/f
noise) consistent with low Iu,. These features are
probably inherent because of the oxide coating of all
junctions—something not possible in mesa types. An-
other advantage of the planar construction is that the
metallic coating from the emitter or base-contact area
can be extended onto the oxide where connections
can be made. This permits small active areas with
larger areas for the wire contact
integrated devices.

The planar device, however, has two drawbacks.

a useful feature for

First, for a given base area, the collector capacitance
is larger ; this can be compensated for with a slightly
reduced geometry. Second, although the low-voltage
Leo 1s an order of magnitude or more lower with the
planar structure, voltage breakdown figures have not
been as good as those obtained with mesas having the
samie crystal resistivity. Processing refinements should
dispel this problem.

Silicon vs. Germanium: Use of masking and
photoetching has been carried further with S; than G,
however, a great deal of work is being done to apply
the same approaches to G.. The planar approach
appears to be applicable to both p-n-p and n-p-n
germanium structures. Because of the greater mobil-
ity in Ge, it is thought that G, would be used for the
very highest frequencies. In vHF structures, however,
the input and output capacitances are as important
as the mobilities. This fact, along with the Dbetter
temperature capability of S;, may make S the logical
choice.

Gains of 20 db at 200 »c are achieved witlh hoth
S; and G,. The noise figure at 200 zmc for G, is as
low as 2 or 3 db; for S;, it has so far heen slightly
higher. G, has been pushed faster than S; into the Gc
ranges, but S; may overtake G,. In the next few years,
transistors having gains of 20 db at 1 Gc appear
feasible in hoth G, and S;. The noise levels obtained
may be the determining factor as to which material
is used for VHF low-level amplifiers. For switching.
this is not a consideration.

Epitaxial Layers: The second development
which has improved the mesa (or planar) approach
is the use of epitaxial material. This idea is an old one,
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but its use in semiconductors is recent. Epitaxial
construction permits the growth of a thin layer of
semiconductor material of the desired resistivity. The
epitaxial layer need only be thick enough for the
needed design parameters of the transistor. The layer
thickness is usually in the range of 0.1 to 0.3 mil.
The carrier material, which serves only as a holder,
is of such low resistivity that the voltage drop across
it and the charge storage in it are negligible. Im-
provement in the performance of mesa or planar de-
vices with the epitaxial approach makes them com-
pletely competitive with the MADT.

Triple Diffusion: Another approach is to use
triple diffusion instead of the epitaxial method. The
collector side of the wafer is diffused to provide a
low resistivity. The triple-diffused method has one
drawback ; in diffusing into the collector, it is difficult
to control the top-layer thickness of original resistiv-
ity. However, triple diffusion has the advantage of
producing a top layer with any desired value of re-
sistivity ; the epitaxial approach is at present limited
to a few ohm-centimeters. The triple diffused struc-
ture, therefore, is applicable for high-voltage tran-
sistors, especially for nonsaturated use.

Planar Types in the Future: Except for certain
areas where G, alloy and drift types and G, mesas
will continue to be widely used, it appears that epi-
taxial or triple-diffused S; planar types will hecome
the low-power type of the future. This field is just
beginning to settle down because nuich of the use in
the past has been in prototype equipment. There has
been a race to obtain faster and faster transistors in
order to show a continued improvement, especially
in computer speed. However, the older slower types
are now being used in production equipments and
there is some sign of stabilization of types. The n-p-n
structure has been the favored type because of the
higher mobility of electrons in S;; however, the
p-n-p type is now finding wider use. The p-n-p type
can be used in complement with an n-p-n type where
low power consumption is useful (such as for satel-
lite use) ; it is also easier to use as a replacement for
a p-n-p germanium type. Because of the effects of the
oxide of S; on the S; surface, it has proven to he
much more difficult to obtain stability in a p-n-p
type. However, increasing knowledge of surface ef-
fects (which can be controlled more readily in S,
than in G.) promises high reliability for both p-n-p
and n-p-n S; planar types. The reliability level is
becoming so high that it is hard to measure.

Field-Effect Transistors: An outgrowth of im-
proved S; technology is the development of useful
5S; field-effect transistors. A bipolar transistor has
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Fig. 9: One of two

forms that field-ef-

fect types have

taken is that of a

back-biased junction

to control the chan-

nel current.

many advantages, but it has suffered from three ma-
jor disadvantages: (1) a low and variable input
impedance which has made matching to high-im-
pedance sources difficult (this also makes design of
high-gain tuned stages difficult) ; (2) an exponential
dependence of the collector current on input voltage
which can result in severe cross-talk and has limited
the use of transistors in high-performance communi-
cation receivers; (3) difficulty of automatic gain
control (Acc). The field-effect transistor has none
of these disadvantages because of its high input im-
pedance and its square-law dependence of output
current on input voltage. Field-effect types have taken
two forms: (a) that of a hack-biased junction to con-
trol the channel current; and (h) the metal-oxide
semiconductor (MOS), in which the channel current
is controlled by the voltage on a metal gate which is
separated from the channel by an oxide. Both have
Fig. 10: Another form that field-effect types have taken is the

MOS, in which channel current is controlled by the voltage‘on
a metal gate which is separated from the channel by an oxide.

GATE
SOURCE ORAIN

(n) / \L (n)

CHANNEL

the advantages discussed above, but the MOS has
further improved characteristics: (1) Input imped-
ance is entirely capacitive, with the resistive compo-
nent greater than 10'? ohms (in general limited by
the enclosure used). This feature makes the MOS
useful as an electrometer. (2) Because the gate is
insulated from the channel by an oxide it can he made
negative or positive. This permits many circuit in-
(Continued on page C11)
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HOW TO CHOOSE
VARACTORS

Now you can choose the optimum combination of effi-
ciency, power, and price for your varactor requirements.

If you want voltage capability to 140 volts Vp with
power dissipation to 5 watts, and the extra ruggedness
of thermally bonded contacts (including junction con-
tacts), evaluate Philco L4200 series Epitaxial Sili-
con Varactors. They enable you to build harmonic
generators with higher output powers at higher out-
put frequencies. The L4200 series is designed to meet
MIL-S-19500/C requirements.

If you require medium power devices, get industry’s
highest varactor efficiency and lowest varactor prices—
with Philco L4600 series germanium varactors. The

low contact potential inherent in germanium enables
these types to have maximum capacitance variation
(highest harmonic generation efficiency).

There's a Philco varactor for every frequency multi-
plier and solid-state power source. Get the optimum
type for your application—now in stock at COMPAR
and at your Philco Industrial Semiconductor Distributor.
For complete data, write COMPAR, or Dept. EI663S,

CHECK THESE —
TYPICAL PHILCO 481
VARACTORS ~— SR

CC@—6v f.@-—6v

0.8-1.6 pf 70 Gc
0.8-1.6 pf 70 Gc

Type Pq Vb

L4633 J 03w 40 v
L4243 J 05w 60 v
L4244 F 10w 60 v 1.6-3.0 pf 40 Gc
L4277 B 50w 140 v 12-20 pf 10 Ge

Many other types available for your specific needs.

PHILCO

A SUBSIDIARY OF MW%WM%

ILANSDALE DIVISION, LANSDALE, PA.

Circle | on lnquiry Card

In Europe: Avenue de Beauregard 3, Fribourg, Switzerland

In Canada: Don Mills Road, Don Mills, Ontario, Canada




SEMICONDUCTOR DEVICES (Concluded)
B e

novations not even possible with vacuum tubes. (3)
Frequency responses will probably always be higher
for an MOS. (4) Small change of its characteristics
with temperature.

Insulation of the gate has another advantage. In-
stead of having conductivity in the channel which can
he cut off by making the gate negative, the MOS can
be designed to conduct current only when the gate is
positive. At low positive voltages (2 to 4 v) the
current can be made small, while large currents flow
with gate voltages of 8 to 10 v. Such a transistor
permits direct-conpled switching cirenits, in fact, the
circuits can he the same as for DCTL with hipolar

Fig. 11: An interdigitated emitter design is depicted here.

types. MOS circuits have the advantages of no “hase

’

hogging” and better s/u ratios. By combinming n-chan-
nel MOS transistors with p-channel types, switching
circuits can be built which use no stand-by power
(current flows only during switching). Such circuits
are attractive where low power is essential, e.g., in
satellites.

It appears that the next breakthrough in transis-
tors will be in the field-effect types. Such transistors
have all the advantages of tubes, plus most of the
advantages of bipolar types. Frequency response up
to the Gc region and switching speeds which provide
stage delays of 50 to 100 nsecs should be possible.

High-Power Transistors

1t is not clear whether S; or G, will dominate the
small-signal and low-power switching fields. How-
ever, in most areas of the high-power transistor field,
S; is becomiing the preferred material. Audio-output-
amplifier and power-supply-regulator transistors are
an exception because of the low cost of G. audio
power types. The initial problem with S; power tran-
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sistors was the poor saturation voltage, which made
the usual mesa approach unattractive. This problem
was solved by designs in which the collector and
emitter are simultaneously diffused from opposite
sides and part of the cmitter is etched off to obtain a
base contact.

Triple-Diffusion and Epitaxial: The single-dif-
fused approach has given good S; power transistors
with low saturation resistances and good reliability.
Becanse of the low saturation resistance, this approach
will be used for a long time. Diffusion from both
sides, however, makes control of the base width diffi-
cult. The frequency response, therefore, is limited to
the single-diffused device. With the advent of triple
diffusion and epitaxial layers, it is now possible to
make power devices using the mesa or planar ap-
proach, and to obtain low saturation resistance and
higher frequency response. Transistors having power
outputs of nearly 100 w. at 30 »c have been designed
using triple diffusion. There will be a place both for
these and for the older single-ditfused designs.

Geometry Considerations: .\nother factor in
the design of h-f, high-power devices is the tendency
for the emitter to emit only at its edges at high cur-
rents, especially in S; types. Best h-f results are
obtained with the largest emitter perimeter for the
smallest emitter area. Shape of the hase with respect
to the emitter must also he considered in order to
keep the base area, and conscquently, the base col-
lector capacitance small, and at the same time keep
ry low. Good results can be obtained with a variety
of geometries, including a ring emitter, a star emit-
ter, and interdigitated emitters and base contacts.

The Future: The ficld of high-power, h-f de-
vices is only beginning to open up. Today, devices are
available that will provide 3 w. at 200 ¢, 10 w. at
100 Mmc, 30 to 100 w. at 30 ac, and several hundred
watts at 5 arc. In the next few vears, devices capable
of several watts at 1 e, 50 to 100 w. at 100 to 200
¢, and several kw at a few ac appear to be possible.
This area is onc of the most exciting in transistor
design. In general, planar technology is used unless
the high collector voltages obtained at present only
with mesas are needed. With further study of sur-
faces. the voltage limitations of planars will be re-
moved. Also, a serious problem in power types. that
of “second breakdown,” must either be solved or

designed around.

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.
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IN sEMmtcoNpUCTOR RESEARCH, there has heen a close
connection between basic science and applications.
Scientific  discoveries have often been  translated
rapidly into practical deviees. Applied research due
to interest in applications has often led to advances
in understanding.  Probably in no other field has
invention followed so closely after scientific dis-
covery. livery vear or two a new breakthrough
seenls 10 cone along to give new impetus to the field.
Latest 1s the junction laser. Certainly the results
achieved during the past fifteen vears have been tre-
mendous, and we do not appear to he anvwhere near
the ¢nd of the road.

Progress in transistors can be characterized by
increasing frequencies, power, and reliability; and
smaller size and lower prices.

As transistors are designed to go to higher fre-
quencies, dimensions become smaller and hase layers
thinner. Conductivity of the base laver material must
be increased in order to get enough lateral condue-
tion. In lab models, conductivity is getting into the
metallic range. Many labs are in fact experimenting
with mietals for hase lavers as well as with other

active thin film devices.
Integrated Circuits

Transistors are usually put in a package larger
than the working volume, to have something big
enough to see and handle. To take advantage of the
inherently small size, to simplifv the problems of
interconnections and to increase reliability, the trend
15 toward integrated circuits or functional hlocks.

L —————— S|
By Dr. JOHN BARDEEN

University of illinois
Urbana, (i1

TRENDS IN
SEMICONDUCTOR

RESEARCH

Semiconductor research has progressed
at a rapid pace over the past fifteen years
This progress is reviewed and

areas of active research interest

are indicated in this article.

While it now appears that computers of the future
will use integrated circuits, it is uncertain just how
far the technology will go into other hranches of elec-
tronics. It is certain, however, that a new technology
with large potential remains to be exploited. Prob-
lemis of design of these circuits and of the economics
are quite different from those of normal circuits. Just
how these will e worked out remains to be seen.
There must be a compromise between a number of
factors. The design engineer knows hest what sort
of compromise suits his purpose. Some semiconduc-
tor producers are using the master slice principle in
which redundancy is built into the basic unit. This
allows flexibility in circuit design, but has limitations.
I do not know what the solution will he.

Present integrated circuits are assemblies of indi-

Dr. John Bardeen (left) shows a design of the junction laser to
Paul Carroll, president of Semiconductor Specialists, Inc., Chicago.




vidual components built into a small package. In
the future are truly integrated Dblocks in which a
semiconductor or thin layer device will give a de-
sired overall function. Shockley’s +-layer diode and
its close cousin, the controlled reetifier, are exam-
ples. Another is the Esaki tinmel diode. \We may
expect further advances in such devices, but hecause
of difficulties in fabrication as well as the ingenuity
which must go into their design, progress probably
will he slow.

With the increased packing density made possible
by integrated circuits, heat dissipation hecomes a
problem. Partly for this reason, there is increasing
interest in field effect devices which have a high
impedance input and lower standby power.

Shockley suggested the field effect transistor prior
to the invention of point contact and junction types;
hut, it took a long time for the state-of-the-art to
advance to working models. It was not until 1952
that Shockley published his detailed theory and not
until 1955 that Dacey and Ross published their classic
paper on experimental devices. However, even after
it was shown what could be done with field effect
devices, they were neglected until quite recently.

The present state of the semiconductor art is the
result of a large effort by many people. In 1948, the
year the point-contact transistor was announced, I
underestimated the time it would take to get tran-
sistors into commercial production and use, and did
not appreciate the large scale effort needed to make
useful and reliable devices. On the other hand, T did
not foresee the success that has been gained in over-
coming frequency, power and other limitations. This
shows that patience is needed in a research program
and that our sights should not he set too low.

Major Steps

Some major steps have been the production of
single crystals of germanium and silicon, start-
ing in 1950 and 1931; zone refining, 1952; grown
junction diodes and transistors, 1951; alloy junc-
tions, 1932 surface barrier transistors, 1933; dif-
fused base transistors, 1957; oxide masking a little
later ; and epitaxial growth and the planar design in
1961. Maximum frequency of transistors increased
by more than a factor of a thousand between 1943
and 1962. Progress in diodes and rectifiers has also
heen impressive. Some of the important advances
have been in power rectifiers, Zener reference diodes,
Shockley's 4-layer diodes, tunnel diodes and junction
lasers.

Largely through the efforts of Welker of Siemens-
Schekert, an intensive study of the 3-5 compounds
started in the mid-fifties. They appear to be quite
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valnable for a number of purposes, including the
junction laser.

[aser junctions of gallimm arsenide convert de
power from a hattery into light with high efficiency.
By replacing some of the arsenic with phosphorons
the wavelength of the light can be varied from about
84004 to G400A. DPerhaps with use of other com-
pounds, the frequency can be pushed further into the
visible, Possibilities here are great.

It has long been known that a junction laser is a
theoretical possibility, but its practical realization
came sooner than expected. As early as 1953, John
von Neuman suggested it and made theoretical cal-
culations of what might be needed.

There is now much (both basic and applied) re-
search on luminescence, photo-conductivity, and

This article is based on a talk given
in Chicago, lllinois at a seminar on
semi-conductor devices sponsored
by Semiconductor Specialists, Inc.

other problems involving interaction of light and
matter, including lasers. It seems that this is a broad
area of great potential.

Basic Research

Progress on basic research has paralleled that on
device uses. Perhaps the most important step for
hoth uses and basic science has been the develop-
ment of methods for making nearly perfect single
crystals. Measurements have given an understand-
ing of what is going on in terms of the electronic
structure and composition of the material. Com-
position control has allowed one to design devices
on paper and then make them in the lab and expect
them to perform as anticipated. There has been a
change from empirical art to engineering design.

Basic research in semiconductors covers a broad
front. Only two areas of current interest will be
mentioned. One is on surface properties. It is now
becoming possible to determine the atomic structure
of the surface and to see what impurities or surface
Another is the
study of plasma effects in semiconductors. One can

defects affect electrical properties.

observe plasma pinch effects as well as magneto-
hydrodynamical waves of various sorts.

Innovation

Innovation or invention needs two factors: seeing
a need and providing the technical means for ful-
filling the need. In some cases one predominates, in
some the other. Often elements of both are impor-
tant. It is possible that the need can be met within

(Continued on page Ci7)

Ci3




X
]

For parametric amplifier and harmonic generator

actuaL applications, the D-4600 varactor series offers the

SIZE

LOW-CAPACITY
MICROMINIATURE
PACKAGE

thermally bonded
ribbon construction

passivated silicon

surface

advantages of both a thermally bonded junction and a
microminiature welded ceramic package.

Superior Performance. Refined epitaxial techniques give
lower series resistance at high breakdown voltages —
which results in better conversion efficiencies at high
frequencies. And these techniques also permit tight

capacity tolerance control, resulting in a high degree of
uniformity among units of the same type. Because of
the low-inductance, low-capacity construction, this
series is capable of self-resonant frequencies in the
mid-X-Band region, assuring maximum operating effi-
ciencies in higher-frequency applications.

Extreme reliability is another dividend of the rugged
package and bonded-junction design. Before final elec-

New: Sylvania silicon epitaxial
varactors offer widest

A

precise axial
alignment to
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within .002”

welded,
hermetic seal

high-strength
alumina ceramic
.~~~ brazed to metal

D-4600
SERIES



trical testing, varactors are vacuum baked at 200°C and
immediately welded in a controlled dry atmosphere to
insure that there is no moisture inside the true hermetic
seal. And they are subjected to the exacting tests of
MIL-S-19500.

For more information on D-4600 series varactors see
your Sylvania Salesman or Franchised Semiconductor
Distributor. Semiconductor Division, Sylvania Electric
Products Inc., Woburn, Massachusetts.

~ honded-junction
choice In

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

RELIABILITY

All varactor diodes are subjected to the MIL-S-19500 tests below according to
standard military sampling procedures.

Ref. Par.
MIL-STD-750 TEST CONDITION
1052 Temperature Cycle —65°C to 4-200°C, 5 cycles
1056 Thermal Shock 100°C to 0°C
1021 Moisture Resistance 95% R.H. 10 cycles 10°C to 65°C
2016 Shock 1500 G, 0.5 millisecond. 5 blows
in each of 3 planes
2056 Vibration 20 G from 100 to 2000 cps. Four
5.minute cycles in each of 3
orientations
2006 Constant Acceleration 20,000 G for one minute in each
of 3 planes
2036 Terminal Strength 5 pounds
1031 Storage Life 200°C for 1000 hours
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NEW CAPABILITIES IN: ELECTRONIC TUBES « SEMICONDUCTORS
MICROWAVE DEVICES « SPECIAL COMPONENTS « DISPLAY DEVICES

SYLVANIA SALES OFFICES

ATLANTA, GA. 2115 Sylvan Road, S.W., phone 404—P0 6-3633 e BALTIMORE,
MD. 31 Allegheny Ave., Towson 4, phone 301—VA 3-2550 « CHICAGO, 1LL. 2001
No. Cornell Ave., Melrose Park, phone 312—ES 9-2525 « DALLAS 2, TEX. 100
Fordyce St., phone 214—R| 1-4836 « DAYTON 2, OHIO 333 W. First St., phone
513—BA 3-6227 » FLORIDA 1520 Edgewater Drive, Suite *C,” Orlando, phone
CH 1-9681 « FORT WAYNE, IND. 4740 Coldwater Rd., phone T3-1145 « LOS
ANGELES 54, CALIF. 6505 E. Gayhart St., phone 213—RA 3-5371 « MASS. 100
Sylvan Rd., Woburn, phone 617—WE 3-4784 « N. Y. 1000 Huyler St., Teterboro,
N. J., phone 201—AT 8-9484; in N.Y.C., CH 4-8820 » N. Y. UPSTATE Seneca
Falls, N. Y., phone LO 8-5881 e« PHILADELPHIA 31, PENNA. 4700 Parkside
Ave., phone 215—GR 7-5000 ¢ SAN FRANCISCO, CALIF. 1811 Adrian Rd.,
Burlingame, phone 415—0X 7-3500 WASHINGTON 6, D. C. 1120 Connecticut
Avenue, N. W., phone 202—FEderal 7-6600 e INTERNATIONAL 730 Third
Ave., New York 17, N. Y., phone 212—-551.1000 e MONTREAL 9, QUEBEC
6233 Cote de Liesse Road, phone 514—ME 1-4201 « GENEVA 40 Rue Du Rhone.




Total microelectronics capability

MICROSEAL* THIN FILM/MICROSEAL INTEGRATED INTEGRATED 1
CIRCUITS CIRCUITS SILICON/THIN FILM THIN FILM CIRCUITS
Active Passive CIRCUITS Thin film
and passive thin films Monolithic active and passive
pellet Active pellet silicon actives component )
components components Passive functions
thin films

*Trademark, Hughes Aircraft Company

“ALL EXCELLENT THINGS ARE AS DIFFICULT AS THEY ARE RARE.” Spinoza

pursuit and practical application of 1deas that is uncomnmon. o Six

years ago we set our sights on today. Theory through research has | HUGHES
yielded today's prototypes—the models for tomorrow's production. L

HUGHES MICROELECTRONICS, SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA

The best ideas are common property. However, it is the dedicated S 0 LR GRS I

HUGHES AIRCRAFT COMPANY
SEMICONDUCTOR DIVISION
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existing technology, even though much ingenuity
may be involved. In most great inventions of the
past century, the genius of the inventors was more
in recognizing the need, and of seeing a better way
of doing things, than in advances in technology. With
the need in mind, they worked out ways to meet it.
Edison advanced technology not by increasing hasic
scientific understanding, but by trying everything he
could think of until he found something which satis-
fied his needs for a use he had in mind. This method
is still valuable and is still widely used in areas where
there is a gap hetween scientific understanding and
technology.

In other cases the need may be seen, hut no one
knows how to fulfill it within existing technology.
A Dreakthrough in science or technology then is
needed. Tnvention of the transistor is an example of
this. In this case, we kuew that if we could make an
amplifier which would operate without a heated fila-
ment, we would have something. We were ready to
exploit anything which turned up in our basic re-
search program which might help us achieve this
goal.

Not long after Brattain and I invented the first
point contact transistor, Shockley suggested the junc-
tion transistor and worked out the current-voltage
characteristics to be expected. It took roughly three
years for advances in technology to reach the stage
where the first junction transistors could be made in
the lab. These performed close to what had been pre-
dicted. In this case, the need was seen and there was
basic understanding of what was needed but there had

CNme e = SN e
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to he marked advances in the art of processing semi-
conductor materials before the device could he made.

Sometimes innovation arises from a discovery in
hasic science. An example: development of atomic
energy which came from the discovery of nuclear
fission. When a new scientific discovery is made, one
may ask: How can it be applied? What can it be
used for? How can it be exploited?

The Government has been spending large amounts
on basic research. Knowledge is accumulating at an
increasing rate. Results of basic research are pub-
lished freely throughout the world and are available
to everyone. The most technologically advanced coun-
tries can take best advantage of this vast fund of
knowledge. This country being the most advanced
has the most to gain from basic research, wherever in
the world it is done. A good example is the tunnel
diode discovered by Esaki in Japan in 1958. Research
on Esaki diodes was taken up rapidly by labs in this
country not only for practical uses but also to obtain
many results of great scientific interest. It was not
long before Esaki diodes were an article of commerce.

What applies to different countries applies to dif-
ferent segments of our own economy. The bulk of
semiconductor research is done in support of military
and space efforts, with universities playing an im-
portant role in basic research. It has been difficult for
electronics industries, which are largely civilian based,
to support advanced research programs of their own
and to attract our best scientists and engineers. There
is a danger to the future of the industry if this trend
is not reversed. If we are to compete with such ad-
vanced countries as West Germany and Japan, we
need to get more of our best technical manpower
thinking about problems of the civilian economy.

GLOSSARY OF MICRO-CIRCUIT TERMS

Courtesy of Autonetics, A Division of North
American Aviation, Inc.

ACTIVE ELEMENT—An element which dis-
plays transistance such as gain or control.

ACTIVE SUBSTRATE—A substrate for an
integrated circuit in which a portion of the
substrate displays transistance.

ARRAY DEVICE—A multitude of similar,
basic, complex, or integrated devices without
separate enclosures, each having at least one
of its electrodes connected to a common
conductor or all connected in series.

ARTWORK—Artwork is an accurately scaled
configuration which is used to produce the
master pattern

ASSEMBLY-—A number of parts or subassem-
blies or any combination thereof joined to-
gether to perform a specific function. (Ex-
amples: Audio frequency amplifier, vacuum
tube, voltmeter, distance meter, analog-to-
digital converter.)

ELECTRONIC INDUSTRIES -
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BASE—An insulating support for the printed
pattern. It may consist of a flexible or rigid
material.

BASIC DEVICE—The simplest useful device
exhibiting a basic solid-state phenomenon.

BIONICS—The art which treats of electronic
simulation of biological phenomena.

BOND STRENGTH—A measure of the stress
required to separate a layer of material from
the base to which it is bonded. It is meas-
ured in pounds per inch of width (peel
strength) obtained by peeling the layer, and
in pounds per square inch (pull strength)
obtained by a perpendicular pull applied to
a surface of the layer.

BOSS—Use TERMINAL AREA.

CERAMIC-BASED MICROMINIATURE CIR-
CUITRY—Microminiature circuitry printed

on a ceramic substrate. Usually consists of
combinations of resistive, capacitive, or con-
ductive elements fired on a wafer-like piece
of ceramic.

CHARACTERISTICS-—Any dimensional, v
ual, functional, mechanical, electrical, chem-
ical, physical, or material feature or property;
and any process-control element which de-
scribes and establishes the design, fabrica-
tion, and operating requirements of an article
CHEMICALLY REDUCED PRINTED CIR-
CUIT —A printed circuit formed by the
chemical reduction of a metallic compound.
CHEMICALLY DEPOSITED PRINTED CIR-
CUIT—A printed circuit formed on a base
by the reaction of chemicais.

CHIP—Use SUBSTRATE

CIRCUIT ELEMENT—A basic constituent
of a circuit, exclusive of interconnections.
COLD WELD—The joining together of two
metals (without an intermediate material) by
the application of pressure only, without an
electrical current or elevated temperature.
(Continued on page C 32)
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I"ROM TIE BREADTH OF WORK in techniques and ap-
plications of thin-film and single-crystal microelec-
tronics, conservative estimates indicate more is to
be discovered than has already been uncovered. The
impact in future equipment will rank with the dis-
covery of the transistor.

Semiconductor manufacturers, hopeful that pres-
ent diffusion, passivation, photomasking and etching.

Fig. 1: Typical Characteristics of Microelectronic Techniques.

THIN FILM ACTIVE
CIRCUITS RESISTORS CAPACITORS DEVICES
Value 200400 ohm/sq 30,000 Pf to -
2,f/inch2
Tolerance +5%, +19% +50%, +109%, None (1962)
+5%
Stability +0.19 +19% &
Ratio +19%, +0.19% +1%
Temperature
Coefficient +50 PPM/°C  +1000 PPM/°C
Voltage Too low to
Stability measure —

SINGLE CRYSTAL CIRCUITS

Vaiue 200-400 ohm/sq 20,000 to 50,000 Transistor
Pf/in2 Diodes
Tolerance +30%, +209% +30% Field effect
devices
Stability +0.19% +19% SCR’S
Ratio +0.19% +0.1% —
Temperature
Coefficient =~ +1000 PPM/°C Diode
Voltage
Stability -— A 309

(0.1to 10 v)

*Production feasibility of thin film active films not at present
demonstrated.

Ci8

THE STATUS OF
MICROELECTRONICS

Microelectronics showed early promise

of revolutionizing the industry.

But despite the millions spent yearly

by both government and industry on R&D,
difficulties still hamper the production

and widespread acceptance

of these new components,

These problems and others

are frankly discussed.

and epitaxial techniques will remain in use, are auto-
mating measurement, test, and assembly. Iflimina-
tion of these areas as bottlenecks in an apparently
predictable stable processing period ahead promises
a hotly competitive circuit-pricing market in one to
three years.

Standardization is expected rapidly only in test
and measurement, with some acceptance of certain
package configurations. Major emphasis may be ap-
plied to controlling and standardizing process steps,
with less emphasis on circuit configurations and
transfer function.

Integration of thin-film and semiconductor tech-
niques is expected, but metallic thin-film active de-
vices have not reached the development maturity
necessary to assay a predictable future.

Military and aerospace equipment manufacturers
are rapidly applying thin-film and single crystal
microelectronic circuits to their products. Military
contracts, expected to total $100 million dollars in
1963, are aimed at developing the potential micro-
electronic advantages of improved cost, reliability,
weight, lower power, (uick reaction time and main-
tainability in selected applications. Although com-

(Continued on page C20)
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By E. Q. CARR

Technical Director,
Microelectronics Development Engineering, ’f' g
General Electric Co.,, &

Utica, N.Y.
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This “diode gap” saved our customer money

Along with controlled manufacture,
another benefit of the high degree of
automation at Sylvania's diode plant is
the packaging flexibility we can offer.

For example, the unusual packaging
shown above came about when one cus-
tomer asked us to deliver his diodes
taped in tight groups of 50, with a gap
between groups. This made it easy to

pick up 50 at a time for insertion into
lead-bending machines, with a consider-
able saving in girl-hours. Another cus-
tomer asked for leads already bent at
the ends, with the diodes inserted into
blocks of foam plastic. We were able to
oblige in both cases.

Neither of these ''specials’’ caused
any great problem or expense, thanks

to the versatility of Sylvania’s automated
packaging equipment. It can be pro-
grammed to meet your needs, whether
the requirement is reels, boxes, or some
other form of packaging. One more rea-
son to consider Sylvania for your diode
requirements, germanium or silicon,
Semiconductor Division, Sylvania
Electric Products Inc., Woburn, Mass.

SYLVANIA

SuUBSIDIARY OF

GENERAL TELEPHONE &H[C'TRU/WL’S

NEW CAPABILITIES IN: ELECTRONIC TUBES » SEMICONDUCTORS »
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MICROELECTRONICS (Continued)

mercial and industrial uses are expected at a slower
rate, sone appearances are expected in 1963. The
major impact year for the military applications should
be 1966 ; commercial applications should he 1968.

Single-Crystal Circuits

Semiconductor component manufacturers are
pressing vacuum tube and germanium transistor
radio and TV markets with low-cost, high-perform-
plastic-packaged, silicon

transistors, which are produced by process techniques

ance, planar-passivated
used to manufacture microelectronic single-crystal
circuits. While the demise of germanium-alloy signal

transistors is thus foreshadowed, equipment now
. capable of producing fifty thousand planar-epitaxial
passivated transistors a day can be converted with
little or no modification into a five thousand single-
crystal circuit-a-day operation. A circuit can average
high-frequency
transistors, fast diodes, zener diodes, tens-of-pico-

ten components ranging through
farard capacitors and closely ratioed, high-toleranced
resistors with large predictable negative temperature
coefficients. Although only five or six semiconductor
manufacturers reportedly have conquered both initial
development and production yield problems, many
have a one hundred to two hundred a week circuit
pilot production-run stage. This quantity pilot run
normally precedes a full thousands-a-week capability
within six to nine months.

Fig. 2: Industry Circuit Availability.

, 1962 ; 1963 | 1964 | 1965 ‘ 1966 '
DIGITAL '
LOW FREQUENCY e ———
HIGH FREQUENCY I —
POWER B —
INTERFACE — ]
ANALOG
VIDEO- NARROW o~ S—
BROAD e —
AUDIO - TUNED
BROAD S - — —
SERVO ——
OSCILLATOR .
PRECISION e
BROAD 2= — 1
POWER '
REGULATOR o

DC CONVERSION

Cc20

Semiconductor manufacturers are relying on pres-
ent processing techniques to carry them through the
coming microelectronic era without revolutionary
manufactnring changes. Present keys to low-cost
manufacturing are:

—Precision control batch gaseous diffusion pro-

cessing ;

—Photo-resist etching;

—Fully or partially automated wafer/dice testing,
die assembly, and packaging;

—In-process or post-passivation junction protec-
tion from moisture and other contaminants (per-
mitting epoxy encasements for at least conmer-
cial environments) ;

—Epitaxial depositions; and

—In-house mask-making capability.

In the past, such measures obsoleted costly, auto-
mated, alloy type production lines hefore a profit
was realized.

Established semiconductor and some equipment
companies have programis involving from ten to one
hundred professional contributors. Their goals range
from in-house engineering development and applica-
tion to several thousand circuits a month; but
expansion plans call for production well into the tens
of thousands of circuits a month if the demand war-
rants it. Last year a dozen or more military equip-
ment firms have established in-house thin-film and/or
semiconductor process engineering laboratories. Al-
though they are not openly competing with semi-
conductor suppliers, equipment builders are seeking
to establish a profitable future position in the single-
crystal and thin-film circuits area, in addition to
solving the problems of specifying, designing, and
testing new circuit types. Consequently, semiconduc-
tor vendors are reacting with a barrage of services
which include:

—Multiple device chip assemblies in a single pack-

age;

—Converting a circuit breadboard of conventional
parts into a single-crystal circuit on a two-to-five
week quick-reaction basis;

—Selling at any point in the semiconductor pro-
duction line—from an epitaxial wafer to a fully
diffused wafer without intracounection and up
to individual micropackaged device and circuit
dice;

—Do-it-yourself kits which result in a hybrid as-
sembly of flying-lead intraconnected device chips
soldered in microelectronic packages; universal
or custom matrices of limited range. The proc-
ess-selectable standardized components are dif-

(Continued on page C22)
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2N2875

PN Features remarkably

high beta linearity over
wide range of collector currents. Dissipates
up to 15 Watts of power at 100°C case.

Typical
Collector | Minimum | Typica! Power
DC Current |Saturation | Sustaining | Cut-Off |Dissipation
Gain Voltage Voltage {Frequency Rafin§
@ Ic= @ lc= @ lc= @lc= | @ 190°C
500mA 500mA 50mA 100mA Case
Type (R) (Volts) (Volts) (Mc) (Watts)
2N2875( 20-60 1.0 50 30 15

6" STUD-
MOUNTED
PACKAGE

2N2866-7

N P Features extremely low

RCS of 0.75 Ohms Max.
Dissipates up to 20 Watts of power at
100°C case. High beta linearity.

—

| 1 Typical
. Collector | Minimum | Typical Power
DC Current |Saturation [Sustaining | Cut-Off [Dissipation
Gain Voltage Voltage [Frequency Ratin§
@ lc- @lc=| @lc= c= | @100°C
500mA 1 Amp 50mA 100mA | Case
Type () | (Volts) (Volts) (Mc) (Watts)
2N2866 | 20-60 0.4 80 15 20
2N2867 | 40-120 04 | 80 15 20

TRANSITRON'S NEW STATE-OF-THE-ART SILICON PLANAR TRANSISTORS FEATURE GREATER RELIABILITY,
LOWER RCS, AND PERMIT FURTHER CIRCUIT SIMPLIFICATION IN DEMANDING POWER CATEGORIES.

Drawing heavily upon its broad experience in silicon power trassistor develop-
ment and stud-mounted packaging, Transitron introduces its new PNP 2N2875
and NPN 2N2866-7 intermediate power silicon transistoss. They combine all the
recognized advantages of planar construction with the efiiciency of 745" hex base
stud-mounted packaging, which solves a variety of annoying mounting prob-
lems. And, because they complement each other, extensive circuit simplification
is now practical within power applications.

These highly reliable silicon planar power transistors are the product of the

Trangitron

same intensive Transitron Total Reliability Program that produced the popular
%" NPN 2N1647-50 and 2N2018-21 series for modern military ICBM systems.
Continuous lot control from ingot stage, thorough product improvement docu-
mentation, and comprehensive failure analysis have enabled Transitron Product
Engineering to develop units which will satisfy the strictest requirements.

The 2N2875 and the 2N2866-7, and other complementing PNP and NPN silicon
power transistors, are available through your Transitron Distributor.

For complete information, write Transitron’s Wakefield, Mass. installation.

Circle 2 on Inquiry Card

electronic corporation
wakefield, melrose, boston, mass.
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MICROELECTRONICS (Continued)
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fused in batches of stockpiled wafers convertible
to fifty to two hundred circuits by two additional
mask and process steps.

Competition between the component and equip-
ment groups continues. With much significant growth
still to be achieved in the technique areas, leading
semiconductor firms continue to garner the high
volume production runs.

Opinions vary but more widespread application,
particularly in linear circuits, is hampered only by high
initial mask cost. The industry, however, is plagued
by a lack of definitive reliability criteria, reluctance
of semiconductor vendors to discuss problems, and
a tendency of these vendors to emphasize the merits
of their individual approaches. Factors contributing
to the situation are: only recent, lethargic, investi-
gation into new associated circuit problems by equip-
ment circuit designers; lack of detailed component-
drift data and worst-case analyses; and definition of
limits acceptable to reliability engineers long nur-
tured in component-oriented calculations. In addi-
tion, there are premature standardization conflicts
caused by a plethora of different logic-block circuit
types from each manufacturing source entering the
field.

High-powered, hard oversells to upper manage-
ment give rise to misconceptions on how much can
be done—and how soon. In one instance, a request
was made to micro and make redundant a wide-band
multi-channel amplifier to achieve two-year unmain-
tained operation, thus solving a particular reliability
problem in military field use. The findings of a
cursory engineering investigation showed the present
weighty thirty-two vacuum tube, small-quantity-use
amplifier operated from a few hundred ke to the gc
frequency range and, in field use, was lashed to a
trembling sheetmetal support. Aside from requiring
a costly and superb engineering achievement based
on some blithe assumptions concerning an all-semi-
conductor problem solution, a low-budget cost-shar-
ing arrangement was expected. Suggestions for non-
redundant conventional alternative
establish feasibility were ignored.

solutions to

Single-Crystal Circuit Applications

Considerable mixing of micro and conventional
components, circuits, and techniques will prevail in
the foresceable future (Fig. 6). Digital computer
designs and data processing with 90 to 100 per cent

c22

fully integrated, single-crystal circuits in arithmetic
and control sections is feasible. Remotely alterable
memory, memory drive, and amplifiers are less
amenable to micro techniques for reasons of per bit
cost, low usage, high power, and large size. Tech-
niques discussed later offer hopeful solutions in
some areas, but progress lags in circuit availability
by several years. The work of six firms engaged in
military computers demonstrates size, power and
weight advantages gained with micro techniques
(Fig. 7).

Second-level interconnection of single-crystal cir-
cuits is accomplished in a wild, nearly chaotic, ex-
ploration of multilayer stacked, eyeletted, etched
wireboards ; multilevel electrodeposited epoxy-coated
leveled board structures; cordwood stacking with
welded risers; epoxy potted and unpotted, welded
matrix interconnections with and without additional
soldering, etc. So far all approaches are costly and,
in some cases, still require significant amounts of
handwork. A seven to eleven multiply stacked etched
hoard in small quantities can cost a thousand dollars
or more because of artwork and photomask tooling
charges necessary even in small quantities. At least
two military development contracts have been let to
study and solve the problems, but the findings have
not heen generally accepted by industry. A number
of techniques employing optical-laser welding at at-
mospheric pressure; programmed, kilowatt-power,
precision-deflected, electron-heams welding at low
pressure; small single-piece welding probes; and
thin-film interconnection methods are being inves-

(Continued on page C26)

Fig. 3: Semiconductor Process Explosions. Improved man-
ufacturing techniques has increased both the quality
and quantity of the components, but they have also
profit can be

outdated process before a realized.

KMC

IKMC

IOMC |

IMC |-

OPE RATING FREQUENCY

100KC |-

IOKC " " L I |
IMW OMW OOMW W )W 0oOw IKW
POWER

ELECTRONIC INDUSTRIES -+ June 1963




I

MICROELECTRONIC

\,

9 New Differential Ampﬂiﬁmr Transistors feature close matching of characteristics:/A VBE as low
as 5 mV maximum. O Other features include: temperature tracking of Vpg— A (VBE, —VBE?_)/AT as
low as 10uV/°C.; extremely high beta — up to 50 min. at 1y A matched to within 10%; and low noise
typically 2db. Extremely low leakage —as low as 1nA max. at 30 volts. (O Because
these devices eliminate common-mode signals and allow use of balanced inputs to mini- b
mize input drift, they find application in low drift DC amplifiers, operational amplifiers, l‘] l 1 | EI .
telemetry, comparasors and analog-digital converters. These new microelectronic devices 3 ft h

have two closely matched low-level NPN silicon planar transistors, electrically isolated L | " )
but thermally connected, in a single 6-lead TO-5 package. Production quantities are pre- =il

sently available. O Sales Offices: Chicago, Illinois; Los Angeles, California; Oakland, DIVISIONS OF
New Jersey; Medford, Massachusetts; Sykesville, Maryland; Bethpage, L. I., New York. SPERRY RAND
O Write today for technical bulletin. SPERRY SEMICONDUCTOR, Norwalk, Connecticut, CORPORATION
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Fig. S5: Formation of thin - film, sin-
gle-crystal layers on an insulating sub-
strate could solve the parasitic problem
with respect to junctions. However,
this type of single-crystal film may not
meet  production  process  standards.
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MICROELECTRONICS (Continued) _ _ -
tigated in an effort to improve reliability within rea-  conductor vendors. Commercial computer firms

sonable cost.

Interconnection problems involving large inter-
coupling capacity between cable-bundle leads. low-
drive logic, small fanout. low clock speeds. plus
uncertainty about power and ground bus noise at low
power levels in semiconductor single-crystal circuits
have caused computer manufacturers not to react
rapidly to present microelectronic logic circuits. In
a business in which 80 per cent is software and 20
per cent hardware there is little enthusiasm despite
tantalizingly low-cost production proposals by semi-

Fig. 4: GE's 12F is an example of a current integrated
circuit. It is a 5 gate NOR circuit consisting of transis-
tors, 6-v zener diodes, fast signal diodes, and resistors.
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that are hard pressed to expand or keep their share
of computer markets have followed a pattern of in-
creasing clock speeds and living on tumbling semi
conductor prices, while increasing computer com-
plexity to handle more and more difficult customer
tasks.

Computer firms that have made developments in
microelectronics have
aimed at an elusive target of low-cost, high-speed
computation, and now are experiencing delavs in

superconducting cryogenic

converting laboratory work into production proce-
dures. Production problems in yield, photoetching.
intraconnection, precision mask alignment, and ther-
mal shock are found when multiple-layer deposited
thin films on large thinly-insulated metal substrates
are being made.

Should delays in crvogenic production continue,
manufacturers may take advantage of the crvogenic
vacuum-evaporating, photomasking, and camera fa-
cilities to produce their own microcircuits. Additional
equipment needed to perform this function would
cost between $300 to $600 thousand dollars. This
would be a successful venture because it would supply
a wide second source of components for industry, and
it would also open potential low-cost markets in
small industry, machine tools, etc. The main stum-
bling blocks are a dearth of proven top-talent semi-
conductor personnel and necessary redesign in logic.
interconnection and computer repackaging (and,
whimsically, perhaps, “image unselling,” if micro-
electronics shrinks the now commonplace show-
boat computer installations). The britliant VonNeu-
mann, who could not envision more than a few giant
electronic computers in the late 1940’s, might Dhe
startled at the number in use today-—and perhaps
shocked at future floods of computer-controlled micro-

(Continued on page C28)
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“ARE YOU SURE YOU CAN GIVE HIGH EFFICIENCY
IN HIGH CURRENT SATURATED OPERATION?”

Thermal |
Type VA?rII:Zs@ 'Vo|}§a@0maw Amps Volts@ Amp | Resistance |”
|2N1518 40 1.0 50 4 15/60 15! 0.7 25 |0.8° C/watt
|2N1519 60 1.0 80 4 |15/60 15| 0.7 25 |0.8° C/watt
|2N1520 40 1.0 50 4 17/68 15 0.6 35  0.8° C/watt
. — — — - — | . H
l2N1521 60 1.0 80 4 17/68 15| 0.6 35 (0.8° C/watt‘v
|2N1522 40 1.0 50 4 25/100 15| 0.5 50 |0.8° Clwatti
[2N1523 | 60 1.0 80 4 |25/100 15/ 0.5 50 0.8°C/watt‘
~ I R L |
////
-
-
-
-
-

NOW AVAILABLE AT HALF-PRICE: A
family of high current transistors that
offers low saturation resistance for im-
proved efficiency. You use fewer com-
ponents in a circuit, get better reliability.

Palo Alto, California

201 Town & Country Village
DAvenport 6-0365

AREA CODE 415

Detroit, Michigan
57 Harper Avenue
TRinity 3-6560

AREA CODE 313

Union, New Jersey
324 Chestnut Street
MUrdock 7-3770
AREA CODE 201

ELECTRONIC INDUSTRIES + June 1963

For additional information or applica-
tions assistance, write your nearest Delco
Radio Semiconductor distributor or one
of our sales offices listed below. Better
yet, phone.

Santa Monica, California
726 Santa Monica Blvd,
UPton 0-8807

AREA CODE 213

Syracuse, New York
1054 James Street
GRanite 2-2668
AREA CODE 315

Circle 4 on Inquiry Card

Chicago, lllinois
515! N. Harlem Ave,
775-5411

AREA CODE 312

[DELCO
RADIO

Division of General Motors, Kokomo, Indiana

Kokomo, Indlana

700 E. Firmin St,
Gladstone 2-8211, Ext, 500
AREA CODE 3t7
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Fig. 6: Estimated Conventional o,

vs Microelectronic Circuits in

Military Equipment by 1966. R
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COMPUTERS

MICROELECTRGNICS (Continued)

electronic computers gleaming in the eves of Ameri-
can marketing men.

The envisioned fiftv-cent to a dollar circuit has
caused  cost-conscious, import-sore, radio manufuc-
turers, already converted to germanium transistors
it most home radios, to consider competitivelv-priced.
higher-performance, low-collector capacitance indi-
vidual silicon devices. Silicon-transistor breadboard
receivers are operating already, and micro-techniques
may soon be introduced. Production radio engineers
design radios to operate on a bewildering variety of
one, two, three or a dozen transistors for an r-f
range of 200 K¢ to over a 108 arc. However, portable
radio manufacturers exist on cheap transistors (those

Fig. 7: The A-236 is a microversion of the M-236 shown in back-
ground. The A-236 airborne central computer will be used in early
warning and control systems, aircraft and weapon control systems,
etc.

PROCESSING

DATA COMMUNICATION CONTROL RADAR
SYSTEMS

(LARGE)

RADAR
SYSTEMS
(SMALL)

that do not meet specifications) from commercial
computer quality transistor production lines. Chal-
lenging implications arise when a decreasing volume
of the germanium transistors shrinks this transistor
supply. Limited engineering staffs have caused many
manufacturers to skimp on long-range development,
thus causing a dependence on seniconductor vendors
This de-

pendence may stay introduction of microelectronics

for advanced microelectronic innovations.

for the vears it takes to saturate the military market.

Raw materials for breakthroughs exist, and efforts
may be directed towards low-collector capacity silicon
transistors, characterized for linear class-A opera-
tion well below 1 ma collector current: that are
below a fifty-cent transistor price; that have 3 to 10 ke
bandwidth, low-insertion loss, 435 kc center-frequency
filters to team with a three to five stage 30 to 635 b
wideband video wmplifier for i-f strips: potentiometer
oscillator /converter
wide - capacity, swing - voltage variable PN junc-
tion tuning capacitors: R-C Q multipliers: combina-
tions of field-effect devices and transistors; N PN and

tuned circults; precision

PNP transistors in one chip for high-cfficiency audio
stages; and, perhaps, cheap current regulators which
permit half battery voltage operation in low-voltage
portables. High-volume, auto radios. which have a
greater margin in pricing. have more to gain by in-
trinsic silicon circuit advantages (easier wide tem-
perature operation). and the opportunity to move
some of the profit in-house now going outside to
vendors will likely lead portables in the field.

Thin-Film Microelectronics

Thin films are a paradox. Many equipment manu-
facturers enter microelectronics with thin films for
the following reasons: lower initial investment; simi-
larity of circuit design techniques to conventional
components; less stringent photomasking, etching

(Continued on page C30)
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Bendix “Leaf"" Silicon Transistor

|5 .
*Patent applied for. Magrified 265 times—actual size .025".,

BENDIX SILICON PLANAR EPITAXIAL TRANSISTORS OFFER THESE ADVANTAGES:

MECHANICAL ELECTRICAL

*‘Leaf’’ Configuration Lower Saturation Voltage
Larger Emitter Area Higher Gain

Larger Emitter Periphery Improved Beta Linearity
Larger Bonding Area Higher Reliability

TO-5 and TO-18 Packages 81 Types

Write us in Holmdel, New Jersey, soon.

Bendix Semiconductor Division .2 d

CORPORATION
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MICROELECTRONICS (Continued)

and artwork; straightforward evolution from etched
wireboard work : high-speed circuits withh ninimum
parasitic problems: design tlexibility : relatively low
cost in stiall quantities: and the future potential of
compatible process for thin-film active devices. DBut
vacuum-evaporated metal thin films, recorded over a
hundred vears ago, have less than ten years experi-
ence in control of precision shect resistance, teni-
perature coefficient, substrate finish, source shapes,
multiple element alloy compositions and effects of
hydrocarbons, water vapor, oxide formations 1 the
vacuum systems.  Manufacturers find few experts in
the composition oi thin films below 10004 thick.
Cleaning procedures, materials specification and con-
trol, heater design, etc.. as in semiconductor process,
are presently more art than science.

Present processes use singly or in combination ele-
ments and oxides of aluminum, chrome, gold. cop-
per, tantalum, niobium, silicon, nickel, titanium, bar-
ium, cadmium sulfide, tungsten, etc. Materials are
evaporated by electron beams, metal ribbon and fila-
nient

resistance  heaters, r-f fields, and radiation

heating. TLaboratory uses include sputtering. glow

discharge, ion transport, optical laser heating at

’

pressures of 10 to 100 microns in atmospheres of
nitrogen, argon. and helium with controlled leal
systems of oxyvgen, nitrogen, etc. Deposition areas
are controlled with precision-registered metal, glass
and ceramic masks, or by controlled etch-back tech-
“Mask-
less” systems actually use photographic masks rather
than etched metal masks to overconie tolerance and
etching problems whicli, so far, limit minimum metal
mask apertures to the 1 to 3 mil range.

niques in “maskless” deposition systems.
| 3

Deposition substrate materials include fire-pol-
ished glass, chemically insulated oxidized or anodized
metals, oxidized silicon. plastics and glazed ceramics
of aluminum and beryllium oxide. Ceramics offer
high thermal conductivity with present problems of
controlling tlatness, surface finish and thickness.
Active devices are thermocompression Dhouded,
welded, soldered or ultrasonically honded to the de-
posited substrates of passive components.

Circuit design procedures are similar to normal
component approaches; the circuits have less severe

resistor and capacitor tolerances than single-crystal

circuits, but they lack adjustable resistor, capacitor or
any usable inductance. The variety of methods heing
mvestigated indicate an open field but without a
clearly defined path. :\s sucl, it is difficult 1o assess
the future. However, thin-film approaches could well
represent the ultimate in microelectronic techmiques.

Thin-Film Applications

Development applications already
explored are digital and linear cir-
cuits in miltary radio receivers,
nnssile instrumentation. auto pilots,
test equipmient, and high-powered.
Lurge-fanout. digital circuits.  Four
stage. R-C coupled, 50 to 60 db gain,
wideband video amplifiers centered
at 4.5, 30 and 120 »c are operating
and under military test.

Iigh cost of microsized senmicon-
ductors. miproved quality of silicon-
dioxide passivated device junctions,
and improved  chip-bonding  tech-
niques indicate the new paths  of
interconnection by thin films now in

development.  Fig. 8 shows the

bl
feasibility of direct-device dice bond-

(Continued on page C34)

Fig. 8: Device Chips Bonded to Thin-Film Sub-
strate. The individual device chips are thermo-
compressed to a thin-film glass substrate.
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THE BEST WAY 10 GET THE FEEL FOR INTEGRATED CIRCUITS:

Signetics calls these integrated components
preFEBS®. With them, the circuit designer can
observe, first hand, the performance charac-
teristics of his design as it would behave when
completely integrated. That’s because each
preFEB is fabricated with its characteristic
isolation junction and has the same ieakage
current and isolation diode effects as that par-
ticular comporert would have in a completely
integrated circuit. With preFEBS, the refiability
engineer can study the rel ability of each irte-

,377-9731

O SO CALIF. Compar Los Ange

O CONN. Compar N.E. Hamden, 283-8296 O FLA. Caompar Southetn, Orlando, 29 0
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>
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grated circuit component. And with prefFEBS,
management has a low cost assurance that

integrated circuit decisicns are sound. There SIGNEIWBS
are 9 preFEB combinations — all housed in
g lead TO-5 cans including PF800T, PF801T
Transister Pairs; PF83GT, PF831T, PF832T
Diodes; PF860T, PF861T Diffused Resistors;
PF880T, PF881T Meta!-oxide-silicon Capacitors. cl“c“ils

For more information aonout preFEBS, write
to SIGNETICS INTEGRATED C!RCUITS, 680
West Maude Avenue, Sunnyvale, California.

CALL YOUR NEAREST SIGNETICS REPRESENTATIVE: ALA. Compar Southern, Huntsville, 539-4294 0O ARIZ. Compar Rocky Mountain, Scottsdale, 947-4336
0 NO. CALIF. E Lia A , Redwood City, 369-5515 O COLO. Compar Rocky Mountain, r, 7684

O ILL. Compar Chicagoland, 774-1500 O MD. Compar Chesapeaaxe,

0O MASS. Compar New England, Newtonville, 332-6975 O MICH. Compar Michigan, Oetro 365-5550 O MINN.

3altimore, 523-7700; Hyatt
Compar Twin Citje

mpar St. L:

5t. Paul, 646-6460 O MO

is, St. Louis, 7 6403 O N.J. Compar Philadelphia, Haddonfield, 429-4013 0O N. M. Compar

Rocky Mountain, 265-1020 O N.Y. Ccmpar New York, Little Neck, 225-3820; Compar Albany, 436-9649; Butfalo, NT 4.57_.1 O N.C. Compar Southern, Chartott

333 43 0O ORE. Eng. Liaison Assoc ,

Redwood City,

alif., 369-5515 O OHIO Compar Ohio, Fairborn, 879-2631 0O TEX. Compar Southwest, Dallas, 327-3944

O VA. Compar Soutkern, Richmond, 266 2060 O WASH. Eng. Liaison Assac., Redwood City, Calif., 369-5515 O CANADA Aero Sales Eng., Rexdale, Ont., 249-3139
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progress in semiconductors

I Who Put Those 21
Great Tobaccos

. in that itty-bitty can? The TV
commercials say you know who. And
who puts up to ten great planar pas-
sivated transistors in an itty-bitty
TO-5 or TO-18 can? You know who!
Or we can build-in any combination
of up to ten transistors, diodes and
resistors. We have over thirty different
kinds in stock, with many more varia-
tions available. We call them active
discrete pellet functional devices
(AFD’s). They are compatible with
conventional circuit board or thin film
techniques because the complete active
portion of a flip flop or gate circuit is
contained in one can, and the resistors
or capacitors are contained on the cir-
cuit or thin film substrate.

For example, take this two-stage
differential amplifier in which Q1, Q2,
Q3, and Q4 are very closely matched.

It’'s product type 12X015, in a TO-5
case, with ten leads. This single AFD
can be used in a circuit in place of
four planar transistors. You obviously
save space, but also inherent in the
packaging process are these very im-
portant advantages: (1) identical elec-
trical characteristics (2) improved
parameter (Vg H;s, etc.) tracking
with temperature changes because the
devices share the same environment
and the thermal resistance between ad-
jacent devices is minimized (3) re-
duced assembly cost, and (4) no initial
charge for special fixtures or masks.

Take another example. This is the
12X007 Emitter Coupled Logic Half
Shift Register, and it comes in a TO-5
or TO-18 case.

C32

It has six leads, and is similar to
transistor types 2N706, 2N708, and
2N914. Again you get identical elec-
trical characteristics and improved
parameter tracking with temperature
change because the General Electric
planar process yields oxide passivated
pellets which may be electrically
measured prior to mounting on the
header and final packaging.

Practically all AFD pellets in com-
pleted housings are from the same
transistor wafer. Manufacturing (pellet
mount, lead bond, cap) and the test
cycle have been streamlined to permit
delivery on special products with two
or more pellets in the same housing
within three weeks after receipt of
order. Write to Section 11E152 and
ask for Bulletin 35.01. It lists circuit
diagrams and applications for forty
different AFD’s, many of which are
available off the shelf. Or you may
want to specify your own special com-
bination. Fine . . . they’re built and
delivered within three weeks. And just
think of all those great transistors in
those itty-bitty cans!

Any questions? Write us at Section
13F152, Semiconductor Products De-
partment, General Electric Company,
Electronics Park, Syracuse, New York.
In Canada: Canadian General Electric,
189 Dufferin Street, Toronto, Ont.
Export: International General Electric,
159 Madison Ave., New York 16, N.Y.

GENERAL
ELECTRIC
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MICRO-CIRCUIT TERMS (Continued)
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COMPONENT PARTS DENSITY

.CONDUCTI/{/E I;IAT’TERN A desig
CONDUCTOR —

CONTROLLED PART—An item which r
CORDWOOD-

sible and interconnecting them into circuits

CRITICAL ITEM

DEFINITION-

DEGRADATION-

DEPOSITION

materié ase by means Of vacuun

DEVICE

ELECTRON BEAM MACHINING- o

ELEMENT

at displa an electrical phenomenor

substrate using diffused structures, resistor

a ceramic

EMISS|VITY» The relative power (of

face or a material composing a surface)

emit heat by radiatior

ENVELOPE DIAMETER —A dimer ‘ f an
as in De or missile air

opening or h
frame,

objec x r; can be accommo

d
gli de< mto the o emnE’ either at an angle or
erence to accommodating electro

within the airf
ETCHANT

reaction, to remove the

ETCHED WIRING SUBSTRATE —A printed

onductive pattern forme
wanted portion of conduct
FABRICATION TOLERANCE In the

struction an eguipmen

portion

1‘""1 to the defined variations of the €
rt eC permit

art - comprisir tt

[ t1on ¢

FEEDTHROUGH—!

NECTION

FINGER---Use PRINTED CONTAC(
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GRID-—-A two-dimensional network consisting
of a set of equally spaced parallel lines
superimposed upon another set of equally
spaced parallel lines so that the lines of one
set are perpendicular to the lines of the
other, thereby forming square areas. The in-
tersections of the lines provide the basis for
an incremental location system,

GUARD BAND—The unused area which
serves to isolate elements in a printed cir-
cuit. (Examples: Area between printed con-
tacts, area between an element and the edge
of the mounting base.)

INTERFACE—The junction point or surface
between two different media.

INTERFACIAL CONNECTION-—A conduc
tor which connects conductive patterns on
opposite sides of the base.

LAND—Use TERMINAL AREA.

MASK—An implement, usually a thin sheet
of metal containing an open pattern, which
shields selected portions of a base during a
deposition process. Also, an implement used
to shield selected portions of photosensitive
material during photo processing

MASTER DRAWING--A drawing showing
the dimensional limits or grid location appli-
cable to any or all parts of a printed circuit,

cludaing the Dase.

MASTER PATTERN-—A 1-to-1 scale pattern
which is used to produce the printed circuit
within the accuracy specified in the master
drawing.

MATRIX—Use CRID

MECHANIZED ASSEMBLY —The joining to
gether of parts and/or subassemblies with the
aid of operators and semiautomatic equip-
ment

MICROMINIATURIZATION — The tech-
nique of packaging a microminiature part or
assembly composed of elements radically dif-
ferent in shape and form factor. Electronic
arts are replaced by active and passive ele
ments, through use of fabrication processes
such as screening, vapor deposition, diffusion,
and photoetching.

MINIATURIZATION The technique f
packaging by reducing size and weight of
electronic parts in sten w the change
from vacuum tubes to transistors and dicdes

PAD—Use TERMINAL AREA

PARTS DENSITY per

nit volume

PASSIVE SUBSTRATE—A substrate which
exhibits no effects of transistance. (Exam-
ples: Class, ceramic.)

PEEL STRENGTH—See definition for BOND
STRENGCTH.

PRINTED CONTACT—That portion of a
printed circuit used to connect the circuit to
a plug-in receptacle and to perform the func-
tion of a pin in a male plug.

PRINTED ELEMENT—AnN element in printed
form, such as a printed inductor, resistor,
capacitor, or transmission line,

ELECTRONIC INDUSTRIES -
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PRINTED-WIRING SUBSTRATE-—A conduc
tor pattern printed on a substrate.

PRINTING—The act or art of reproducing
a pattern on a surface by any of various
processes, such as vapor deposition, photo-
etching, embossing, or diffusion.

PULL STRENGTH-—-See BOND STRENCTH

REDUNDANCY—That design which makes
additional electrical paths available to a func-

le

REGISTER MARK—A register mark is a
mark used to establish the relative position
of one or more printed-wiring patterns or
portions thereof, with respect to their desired
locations on one or both sides of a printed-

RESIST—Resist is a material such as ink,
paint, metallic plating, etc., used to protect
the desired portions of the printed conduc-
tive pattern from the action of the etchant,
solder, or plating.

SEPARABLE PART-—A replaceable part, the
body of which is not chemically bonded to
the base, excluding the effects of protective
coatings, solder, and potting materials.

SUBMINIATURIZATION—The technique of
packaging miniaturized parts using unusual
mbly techniques for increased volumetric

ciency. (I e: C d. )

SUBSTRATE—.
ating material which may serve as
t ort and thermal sink
n (Examples: Ceramic,

silicon,

TAB-—Use PRINTED CONTACT

TERMINAL ’AREA'-—J\ portion of a printed

1sed for making electrical connections

TERMINAL PAD—Use TERMINAL AREA

THERMOCOMPRESSION BONDING — The
omning together of two materials without an
intermediate material by the application of

pressure and heat in the absence of electri
cal current.
THIN FILM CIRCUIT-~The nation on

e, such as glass or
f elements entirely

films of conducting,

a single passive substra
ceramic, umber
in the form of de|

semiconducting, or insulating materials. The
nce of deposition, physical
the

method and s
location, and shape of the film provide
interconnections on the common physical sup-

yort. (Example: Vaporized tin oxide on glass.)
F 4

TRANSISTANCE—An electronic characteris-
tic exhibited in the form of voltage or cur-
rent gain or in the ability to control voltages
or currents in a precise and nonlinear manner.
(Examples of parts showing transistance:
Transistors, diodes, vacuum tubes.)

UNDERCUT—The reduction of the cross sec-
tion ot a metal-foil conductor caused by the
etchant’s removal of metal from beneath the
edge of the resist.

WAFER—Use SUBSTRATE.

WIRING PATTERN — Use CONDUCTIVE
PATTERN.

a MIL-TYPE fir
/from DICKSON

9 VOLT TC ZENERS

to MIL-$-19500 / 156A(Navy)

Circle 10 on Inquiry Card
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We’ve complicated matters by
giving our new.generation Hall
Effect voltage generaters two
different substrates. For the best
of reasons. There are two dif.
ferent areas of application -
depending on the nature of the
flux field being monitored. And
there’s a Beckman Hallefex* Gen-
erator for each. It makes sense.

Here are the hows and wheres.

FERRITE SUBSTRATE

Using a special manufacturing
process, we vacuum-deposit a mi-
crons-thin semiconductor film on
the ferrite base. Then, to protect
the film and improve flux density,
we add a ferrite concentrator.

LEAD
ATTACHMENTS

FERRITE
CONCENTRATOR

FERRITE
SUBSTRATE

SEMICONDUCTOR
FILM

The ferrite unit is essntial...

1-where it’s desirable to have
low reluctance in the magnetic
circuit. This is possible because
we've reduced the effective air
gap to 0.001”. That's up to 15
times smaller than in other Hall
generators.

2-where it’s permissible to dis-
tort the magnetic field if the flux
densitycan be increased. Because
flux takes the path of least re-
luctance, this can improve field
strength by several hundred
times or more.

Check the Hallefex Mode! 335.
It has an indium antimonide film
that delivers input resistances of
100 to 600 ohms and output sensi-
tivity of 2.0 volts/amp.-Kilogauss,
minimum. Or the Model 336 with
an indium arsenide film for
optimum tempco.

NON-MAGNETIC SUBSTRATE

Employing the same basic manu-
facturing process, we here de-
posit the film on a non-magnetic

WHY DOES BECKMAN OFFER 2
HALL EFFECT SUBSTRATES ?

base. And encapsulate the whole
works for protection.

LEAD
ATTACHMENTS

SEMICONDUCTOR
FiLm

NON-MAGNETIC

SUBSTRATE ENCAPSULANT

A non-magnetic unit is essential...

1 — where there must be a
minimum of disturbance to the
mechanics of the system.

2 — where there must be a
minimum of disturbance to the
spatial flux distribution of mag-
netic paths. Distortion would be
introduced by the presence of
stray or induced poles in ferritic
material.

3—-where a large dynamic range
of flux densities is to be mea-
sured. Because they’re subject to
saturation, ferrite models have a
built-in upper limit.

4-where the coercive forces must
be small compared to the applied
MMF, or where the retentivity
of the substrate must be small
compared to the allowable error.

5 —where high frequencies are in-
volved. Because hysteresis loss
varies directly with frequency,
a non-ferrite unit would be
preferred.

Check two Hallefex models with
non-magnetic substrates. The
350 has an indium antimonide
film for maximum sensitivity.
And the 351 has an indium ar-
senide film for optimum tempco.

HALL EFFECT APPLICATIONS
GROUP AT YOUR SERVICE

Just say the word to Sales
Manager for Special Products,
Helipot Division. Telephone:
TRojan 1.4848. Teletype : FULLER-
TON CAL 5210. Evaluation units
by return Air Mail. Prices:
Model 350-$25; Model 351-$35;
Model 335-$35; Model 336 - $45.

STRADEMARK B.1.1.

Also...precision potentiometers
and high-performance servomotors.

International Subsidiaries:
Geneva, Switzerland; Munich,

\ Germany; Glenrothes, Scotland.

| ==Y (00 T=1a Ml (NSTRUMENTS, INC.

HELIPOT DIVISION

Fullerton, California J
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ing to metal films on glass substrates
using a gold-silicon eutectic solder.
This technique now includes com-
plete single-crystal circuit dice as-
semblies shift - registers
(Fig. 9).

Integrating thin - film techniques

used in

with single-crystal circuits should
simplify interconnection, and allow
the use of cheap glass substrates for
large capacitors, precision, low-tem-
perature coefficient resistors in cer-
tain linear circuits, and precision
ladder - divider networks for A/D
convertors.

Thin-film passive circuits will he
in low-quantity special circuits where
high-speed or frequency operation
and power levels greater than those
obtainable from single-crystal circuit
are needed. These circuits have
larger substrate sizes, low parasitic
values and favorable cost differen-
tial.

The paradox of thin films is that
although it may be an advanced
technique compared with the single-
crystal diffusion process, contimied
integration of both technologies is
already evident. Depositing isolated
single-crystal platelets at scratches,
pits and other surface anomalies in
quartz, glass and semiconductors
from gaseous reduction reactions has
heen observed for years. Large con-
tinuous single-crystal films proved
difficult until recent work demon-
strated that one - inch
patches of almost uniform silicon
single-crystal film could be deposited
on a molten layer of glassy oxides
hetween the silicon and the final
alumina substrate. Although labora-
tory work continues, transistor pro-

diameter

duction-line quality films are not yet
available. In the past six months,

A REPRINT OF THIS ARTICLE
CAN BE OBTAINED BY WRITING
on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.
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Fig. 9: The use of a cheap glass substrate
instead of a more expensive silicon chip is
demonstrated with this 4-bit shift register.
Future progress in this field will reduce
cost, size, and weight of the microcircuits.

military contracts for improvements
have been awarded. The main tech-
nique attractions are large substrates
(12 in. x 12 in. solar cells), continued
utilization of present semiconductor
device and circuit fabrication tech-
nology, almost complete elimination
of parasitics by a passive substrate,
and potential cost reductions. Every
major research laboratory in the
country has a thin-film single-crystal
prograin in a technique which could
prove a new industry departure
point.

Thin-film active devices based on
“hot™

tron room temperature emission or

tunnelling phenomena, clec-
tield effects (IFig. 10) are intensive-
ly pursued in industry. Significant
progress, short of the production
line, however, has heen made in field-
effect devices emploving polycrys-
talline cadmium sulfide and cadmium
telluride. Production delayvs appar-
ently stem from control and stabil-
ity of semiconducting materials, film
thicknesses, and fine line or gap and
multilaver registration problems. As
one researcher mumbled, “cadmium
But so
were silicon and germanium in 1948,

sulfide i1s a chemical mess!”

Electron emission devices may be
styinied in the only recently explored
requirements  of continuous, hole-
free, high-dielectric constant nsula-
the 50 to 100& thickness
The use of multiple metal

tors in
range.
and oxide film will eventually allow
these devices to have higher nuclear
racdiation resistance than semicon-
ductors.

The continuing advantage of pas-
sive thin films in frequency respon-e.
plus the future discoveries which
may be ahead in thin films, have led
several semiconductor firms to main-
tain more than token programs in
passive thin-film elements, looking
to possible future merging of the

major techniques.
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Fig. 10: (a) Field-Effect Triode. The gate-elcctrode voltage modu-
lates the carriers in the volume between source and drain electrodes.
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New compact storage tube for airborne applications

Hughes has developed a 5" diameter direct view storage
tube with an overall length of 8” (tube envelope length —4”).
The Hughes H-1076AP20 TONOTRON* tube overcomes the
severe size limitations inherent in airborne equipment.
Designed with weather radar and terrain avoidance radar
in mind, the H-1076AP20 has both original design and retrofit
applications. It is now feasible to realize the advantages of
high light output direct view halftone storage tubes where
before only standard cathode ray tubes could be used.
While much smaller in size, the average performance char-
acteristics of the Hughes compact TONOTRON* tube are
equal to or better than many larger 5” diameter storage tubes:
H-1076AP20 5” TONOTRON* direct view halftone storage tube
with electrostatic focus and magnetic deflection. 4” minimum
useful screen diameter, On-axis construction.

STORED RESOLUTION 50 lines/in (shrinking raster) for Sua
beam current and 80% of equilibrium brightness.
BRIGHTNESS 2000 ft. L equilibrium brightness at 10,000 volts.
WRITING SPEED 60,000 in/sec for Sua beam currents, from
0% to 80% of equilibrium brightness.

ERASE TIME 200 milliseconds (length of single pulse to reduce
brightness from 100% to 20%).

VIEWING TIME**30secs.—0%1020% of equilibrium brightness.

For additional information and answers for your specific display problems,
call, wire or write today: Hughes Storage
Tubes, 2020 Short Street, Oceanside, Cali-
fornia— Area Code 714,722-2101,Ext.2730r 1
280. Hughes Storage Tubes, 1 Bala Ave.,
Bala Cynwyd, Pennsylvania, Area Code ‘!
215, MO. 4-3950. For export, write Hughes
International, Culver City, California.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY
VACUUM TUBE PRODUCTS DIV,

*Trademark Hughes Aircraft Company **By means of pulsing technigues, unneeded light output can be traded for extended viewing time.

8 MAX.

C36 Circle 16 on Inquiry Card

4 MIN. SCREEN DIA.

51/4 MAX. O.D.
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TUBES —
TODAY AND TOMORROW

In spite of the gloomy prediction
of a few years ago.

vacuum tubes are very much “alive” today.
The dollar volume remains high,

better than $300 million.
’ﬂ/lanyvi\rﬁprovements have been made
that are obvious only to tube designers.

Fig. 1: The novar, compactron, and frame-grid constructions represent some of the newest types of tubes used today.
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FACTORY SALES-BY QUARTER

LIKE Makk mwaiy, the electron tube industry can
say: “Reports of my death are highly exaggerated.”

For despite the oft-repeated dire predictions of the
past decade, this industry today remains a healthy
and vigorous supplier of electron control devices in
ail four major areas of application—entertainment,
industrial, military and space,

Behind the scenes, screened by successive flurries
of popular interest in scores of other developments,
tube makers and users have quietly continued to place
hundreds of millions of these devices in the bread-
and-butter circuitry that has heen the backbone of the

Fig. 2: Compactron sales have been increasing at a fast rate.

By ROBERT E. MOE

Manager of Engineering
Receiving Tube Dept.
General Electric Company
Owensboro, Kentucky
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clectronics industry. In addition, tubes play an im-
portant role in the more glamorous Space Age elec-
tronics.

Recently the coutinuing progress i tube design
and usage has brought this work to public view suffi-
ciently to cause some comment that tubes are “com-
ing Dback.” One knowledgeable tube mau, when
confronted with this comment, quietly smiled : “Well,
really you know, they never went away.”

Significant technical advances, particularly in nia-
terials usage, have been spurred by competition with-
inn the tube industry and from other devices—both in
the United States and throughout the world. Re-
search and development in basic techniquies. as well as
ntaterials, will continue to provide advances it tube
structures, efficiency and characteristics.

Recent progress, in the face of both new electronic
circuit needs and competition, has heen pointed to-
ward the circuit functions and areas where the elec-
trical advantages of electron tubes, their established
predictable operation, and their economy outweigh
those of other devices.

As a whole, the tube industry remains large both
in dollars (more than $300 million in domestic re-
ceiving tube manufacturers’ sales alone last year) and
in unit-functions. Though actual sales of tube units
have decreased somewhat in recent years, tube func-
tions have, in effect, increased because of multi-
function units like compactrons, becanse of more
sophisticated circuitry which needs fewer units, and
in a seuse also because increased tube reliability has
necessitated fewer replacements. All this adds up to
added value in the present-day products of the tube
industry.

[lere are some of the high points of present and
future developments in the major areas of wbe nse:

Entertainment

The most significant development i the entertain-
nient area is the mushrooming usage of the 12-pin
compactron in television receivers (Fig. 1). A\ glance
at the current service manuals shows that compac-
trons are used now in the majority of TV chassis—
and it is safe to say that their usage will become even
more general. There are 60 types of compactrons
registered which serve any and all present TV pur-
poses. Some, the hard-working power types remain
single-function units ; but the majority are two. three,
and four-function types.

Incidentally, there has been some rather shallow
criticism, particularly in the consumer press, to the
effect that comipactronized circuits make maintenance
more costly. This argument is built on the seemingly

ELECTRONIC INDUSTRIES + June 1963

logical assumiption that if one section of a multi-func-
tion tube fails, the whole unit must be replaced.
However, tliose who voice such criticism are not
aware of two facts: First, tests and field experience
have proved that, with less peints of possible break-
down, a compactron can and does rack up a better
reliability record than the 2 or 3 tubes it replaces.
Secondly. vears of experience have proven that the

[

Fig. 3: The com-

pactron (left) and

the metal-ceramic

power tetrodes pro-

vide high power at .

175 mc and 450 me |
respectively for mo-

bile communications. »—13

only significant concentration of tube failures in scts
lies in the small group of usually-over-worked single-
function tubes—the vertical and liorizontal outputs,
dampers, high-voltage rectifiers, and UHF oscilla-
tors.

In TV, tubes’ ability to handle high power and
high voltage continues to dictate their use in the de-
flection and picture tube circuits for a good many
years to come. This is particularly true in color TV,
still a growing infant, where the HV rectifier, shunt
regulator, and damper tubes are the only devices
which can handle the severe power needs in feeding a
90° deflection picture tube using 3 guns. In addition,
the color matrix demodulation function in some cir-
cuits can be perfornied hest by beam deflection tubes
like the recent 6ARS and 6JH8. For here the capa-
bility of generating a specific transfer function from
input beam deflection plate to output collector cur-
rent is unique to tube techniques.

The new frame grid tubes and, to a lesser extent
volume-wise, the magnoval-based tubes and nuvistors
of recent years are examples of the tube industry’s
ingenuity in tailoring produets to fit the needs of
equipment manufacturers and, in the end, consumers.

The second-largest entertainment market, AM
broadcast receivers, still largely uses tubes in clock
and table radios where extremely small size, porta-
bility and power consumption are not major consid-
erations. Tubes coutinue to excel in this area because
of quality of operation, lower price, and simpler and
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RECEIVING TUBES (Continued)
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less costly maintenance. The most influential of these

factors is, of course, price—a pressure to which
styling and various other factors have knuckled under.

One might wonder why no manufacturer has come
out with a one- or two-compactron table radio. The
answer lies in a peculiar combination of psychology
and economics. Manufacturers firmly believe the pub-
lic 1s deeply rooted in the philosophy that the more
components a radio has, the better it is. So, none is
willing to risk a “one-tube” or “two-tube” radio
manufacturing schedule. Complementing this factor,
and perhaps even more over-riding, is the fact that
the standard four- and five-tube AM “kits”—long
tried, trusted and proven—can be turned out by tube
manufacturers just about as cheaply as the com-
parable compactrons.

The ability of tubes to handle high radio frequen-
cies efhciently—both from the viewpoint of econ-
omics and electrical operation—assures their con-
tinued large volume use in FM radio and stereo
multiplex. In the foreseeable future, only a small
portion of this market will turn from tubes to meet
the demands of the relatively few consumers who
a factor which also

demand the latest in “gadgetry”
is affecting, in a small degree, the continuing use of
tubes in hi-fi equipment.

A heretofore “hidden” advantage of using tubes
in circuits connected to household and commercial
ac power lines recently has come to light. Seeking
to solve a problem plaguing modern tubeless enter-
tainment and industrial circuitry, application engi-
neers have found that transients as high as several
thousand volts, lasting several microseconds appar-
ently are quite prevalent on 60 cycle power lines

Fig. 4: Starting on left are nuvistor, TIMM and ceramic triode.

—both from atmospheric and man-made electrical
disturbances. Tubes apparently have taken such
pulses in their stride for many years.

Among the recent developments in tube materials
and construction are the use of welded top caps
(instead of soldered), rhenium tungsten heaters, 3-
and 5-ply plate materials, and many detailed struc-
tural improvements which have passed unnoticed by
all but the working tube designers.
yielded significant improvements in performance,

These have

reliability, life and cost. Progress has been so steady
and sound there can he no doubt that it will continue
at the same or even a faster rate. This progress is
rooted deeply in materials and techniques studies.
most of which are clothed in proprietary interests
and remain unheralded for olvious reasons.

Industrial

Although solid-state devices have been adopted
in the large-volume applications of the computer
industry, tubes still serve the specialty functions in
the industrial field, such as industrial TV systems
and high-voltage thyratron applications. This is par-
ticularly true where some of the newer devices have
caused sharp current rises, producing line transients
and severe radio noise which must be shielded an
filtered — situations more easily and economically
solved by using tubes.

In the growing radio communications equipment
field, receiving functions are shared with solid-state
devices in mobile equipment as higher performance
and more predictable transistors become available.
Yet even in these low power functions the most eco-
nomical installations employ tubes where a high
degree of miniaturization is not demanded. The ont-
put stages of transmitters, even relatively low power.
will continue to use tubes for the foreseeable future.

Fig. 5: Ceramic tubes provide 40db gain in an i-f at 1300mc.
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This inclndes the new power tetrodes at 175 mc.
and metal-ceramic triodes and tetrodes at 450 mc.
(Fig. 3). Except for additional emphasis on the
use of transistors, which can competently serve the
more critical size and power factors, airborne com-
numications and navigation equipment will follow
this same pattern.

Another large field, the instrument market, pro-
vides a healthy and growing body of applications for
tubes in such items as oscilloscopes, spectrum ana-
lvzers, gas-tube counters, RFT detectors, vacuum tube
voltmeters and many others.

Military

\While it appears at this point that both transistors
atl tubes will be succeeded in the large volume mili-
tary uses by integrated circuitry—either semiconduc-
tor or thin-film—such devices still are severely lim-
ited by intolerance to both high temperature and
nuclear radiation, and by application techniques. De-
sign choice may be severely limited.

The presently-available devices which most easily
tolerate these difficult environments are the new,
small metal-ceramic tubes (I7ig. 4). Their tolerance
is inherent in the characteristics of the ceramic and
metal materials used—uwhich have been carefully de-
veloped with this purpose in mind.

Such tubes can, and are, providing top eclectrical
performance in military equipment where low cost,
reliability and performance are the key factors. No
other devices of comparable size and weight can
attain the combination of power, high frequency, low
noise and bandwidth possible with small ceramic-
metal receiving tubes. (Fig. 5)

Small transmitting tubes, too, will continue to
supply those applications where a few kilowatts of
peak pulse output are needed for radar, beacon

Fig. 6: Triodes generate high peak pulse power up to 3.5gc.

transponders, altimeters, and telemetry equipment.
(IFig. 6) The same is true of receiver local oscillators
in these applications, where ceramic triodes will save
weight and space.

In phased-array radar, where linearity and freedom
from phase-shift are vital, tubes will see use in the
output stages and in beam-deflection phase compari-
son circuits.

Even in battery-pack field transceivers, where the
low-level stages are transistorized, filamentary tubes
are used in the power output stages for better uni-
formity, gain and power at high frequencies.

Present miniature and subminiature tubes in the
“reliable” series will continue in use for many years,
as equipment still is being designed around them,
and they enjoy a good replacement market.

Space

Recent work on high-current ceramic triodes has
shown their feasibility for C- or X-band work where
these frequencies must he nsed to transmit through
the plasma sheath formed around a space vehicle
during re-entry. Useful power from triodes has heen
obtained at 10,000 mc. and upwards—a signilicant
“raising-of-the-sights” on the part of the tube indus-
try. (Iig. 7)

This work has shown the feasibility of using triodes
for such super-high frequency operation in both
pulsed transmitters or receiver local oscillators. Per-
formance-to-weight and cost is far more favorable
with triodes, as compared to present microwave
klystrons, magnetrons, or TWTs. These new tri-
odes are no larger than the eraser on the head of a
pencil.

As shown by the Telstar experience, radiation
damage can pose a serious threat in space electronics.
There metal-ceraunic tubes have a tolerance 10.000

Fig. 7: A special metal-ceramic tube provides 20mw at 10gc.
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times higher than the active components in most
presently-designed space electronics. Although per-
haps more costly from the viewpoint of space and
power consumption, it may be that ceramic tubes will
provide the necessary reliability in facing radiation
in space.
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In fact, both ceramic tubes and heaterless ceramic
diodes and triodes combined in the integrated cir-
cuitry known as Thermionic Integrated Micro Mod-
ules (TIMM circuits) have been tested in the core
Results indicate that they could be
used for control, navigation or communication pur-
poses in a nuclear-powered missile or space ship
without the need of radiation shielding, which adds
weight.

of a reactor.

Necedless to say, they also can withstand a
much wider range of temperature than any other
Ceramic tubes have
operated while glowing red-hot: and TIMM circuits
operate normally at 580° C.

Using tube-derived technology, TIMM circuits

active electronic  component.

have been successfully produced in a wide variety of
circuit modules which have scores of resistors and

and triode control elements. These modules now are
heing evaluated for use in advanced air-borne and
space electronics systems. They are competitive in
size and weight with all other modular approaches to
miniaturization,

Although not a tube in the normal sense, the
thermionic converter—either vacuum or gas-filled,
will be a strong contender in space applications for
Most of
these will be of metal and ceramic to withstand the
temperatures involved. And here, again, tube tech-
nologv can be put to profitable use.

converting nuclear heat to useful power.

Special Devices

The broad subject of tubes covers things like
multiplier phototubes, which will continue to have
nany applications because of their exceptionally high
speed of response.

The high input impedance of elec-
trometer tubes at present continues to maintain the

extremely

significance of these devices in specialized functions.

Cold-cathode thyratrons and trigger tubes also
still hold special fields of application where low stand-
by power and the ability to hold off high voltages is

combined with high peak-current capability.

Feasibility studies are being conducted on the
development of tunnel cathodes, which if successful,
could advantageously apply thin-film technique to
produce “heaterless” receiving tubes.

A specialized version of a cathode ray tube, the
so-called “tuning-eye” tube, will continue to be both
necessary and useful in tape recorders as level indi-
cators, in FM sets for tuning accuracy, and in other
visual control applications.
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Photoconductive cells of high quality are now being
born of tube-derived techniques. Now available as
single units, they will, in the future, be made in many
specialized multiple arrays, such as for reading data
from punched cards.

Trends

In general, tubes will continue to improve in cath-
ode current density, higher efficiency, higher fre-
quency capability, warm-up time, and cost-per-func-
tion. Size per unit of output will decrease slightly
as more efficient cathode and plate materials are
developed. With the advent of more antomatic assem-
bly techniques and the consequent reduction in the
human error factor, reliability will improve by two
or three to one in most fields—continuing the steady
progress which necessarily is slow as the figure
nears 100%.

In the high-frequency region—above | Gc.— ce-
ramic tubes will improve in power output, gain-
bandwidth product, and noise figure, by significant
amounts. This will be directly related to the improve-
ments in cathode current density mentioned above.
Figs. 8 and 9 show the current state-of-the-art.

Conclusion

While no one can predict anything with certainty
in this fast-moving industry (as witness the fate of
the many predictions periodically expressed for a
short life for the tube industry since 1950), it is quite
safe to suggest there is a very strong posxibility that
electronic tubes will still be used in large volumes at
the turn of the next century—the year 2000.

This thought appears conservative when one
examines the record. Available figures for receiving
tubes alone show that nearly two generations were
needed to build this portion of the tube industry from
its inception in the early 1920’s to the peak dollar vol-
ume of domestic manufacturers’ sales in 1957. Since
then the curve has leveled, and there is no indication
that it will drop faster than it rose in the first 33
years. In fact, the electron control device market still
rises rapidly so that the net effect on domestic tubes
appears to be a slight decline resulting from imports,
increased reliability and other devices.

But even if the receiving tube volume were to
drop at the same rate as it rose, an extension of the
curve shows that this one section of the industry
would continue until past 1990!

Finally, consider the so-called “battle” between

tubes and transistors. Engineering-wise, no such
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strife ever has existed. For facts are facts; and at
any one point in time the respective states-of-the-arts
have dictated that tubes serve best in certain functions
and transistors in others. (Any overlap has been
quickly settled by economics or technical reasons.)

The only “battle” has been one of human minds—
hattles waged with words, too often the wrong ones,
derived from what knowledge (or lack of it) the
person speaking at the moment enjoyed. Such battles
have raged hottest in the market-place—a rutted no-
man’s land singularly unfertile for the growth of
engincering sanity. .And this situation may continue
for some time.

Periodically, however, the equalizing forces of
economics and engineering will swing the scales into
balance. And such a situation may well be approach-
ing right now—which perhaps has led some observers
into expressing the fallacy that tubes which never
went away are “coming back.”

Actually, the ideal sought by serious engineers in
hoth fields is a rcasonable situation in which the
semiconductor and the tube each complement the
other——each serving where its characteristics  (in-
cinding cost) are superior. But inasmuch as human
endeavors and desires move more on the order of
the oscillating pendulum, it may be unrealistic to
hope that such a steady, logical and scientific bal-
ance ever will be maintained for any length of time.
Onie can only hope that competent equipment design-
ers will enjoy the freedom, knowledge and compo-
nents necessary to accomplish their objectives within
the limits of the state-of-the-arts at the time.

AN OLD SOLDIER

Anyone remember this one? A 1925 Model 3R Zenith radio re-
ceiver that was to the Charleston as color-TV is to the twist.
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The industrial segment of the electronic ind istry
s among the most fertile at the present time.
Tubes are playing an important role

n this growing area

Latest developments. availability and

new applications of major industrial tubes

are covered in this article.

ELectroN 1UBES are used for many manuiacturing
and industrial applications. A\ number of switehing
functions are done by gas-filled tubes such as igni-
trons and thyratrons. Rectification of high voluge
is usually done by vacuum rectifiers and low-voliage
rectitication by gas-filled rectifiers. Induction heating
requires gencration of higher frequencies than nor-
mal power frequencies and uses high-vacuum triodes.

Some of these functions can he performed by semi-
conductor diodes which promise greater life and
reliability than tubes. Semiconductor equipment has.
in some ficlds. displaced tubes: but in other fields
tubes are superior in periormance and reliability.
lgnitrons

The ignitron is a mereury-pool cathode, single-
anode tube. It is triggered every conduction pulse
by a current of about 20a. Howing into the mereury
pool through a resistance rod. one end of which is
subnierged in the mercury. This rod s ealled an

ignitor.

The two ignitcons shown here are both rated at 56 amperes.
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INDUSTRIAL
TUBES
TODAY

Most of the tubes are water cooled. Vicunm enve-
lopes and water jackets arc of stzunless steel o mini-
mize corrosion. Electrical insulating hushings are of
glass-kovar design. Connection to the anode is hy a
Hexible cable and to the cathode by a strap projecting
from the cathode of the tube for holting to a buss-har
connection.

Recent design changes are a new cathode mounting
at the top of the metal envelope that simplifies con-
nection to the cireuit. This reduces the cost of the
massive conductors involved and provides a reduc-
tion of the magnetic field interacting with the mer
cury are, reducing the tendency of the are 1o contact
the tube walls.

Now we will look at some of the current uses of
1giitrons,

Power Conversion: [“or power rectification,
several sizes of ignitrons are available. Many of the
lower voltage and power uses are now being filled
hy stacks of semi-conductor diodes. |lowever, uses
for variable-speed notor drives and others where the
phase shift control of output voltage is convenient are
being filled by ignitron rectihers.

Capacitor Discharging: In recent vears, igni
trons have hecome of interest in connection with fast
discharging of capacitor banks to obtain large cur-
rents. .\ new use is metal forming by hvdraulic or
magnetic impact. Several sizes of ignitrons are avail-
able for this work, Table 3.

Resistance Welding Control: Most ignitrons
are used in the resistance-welding field. Two igni-
trons connected in reverse parallel in series with a
single-phase welding transformer is the common

type used.

W T | S
By D. MARSHALL

tvisor of Spedial Purnose T
and JAMES A. HALL

A
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The ignitron acts in a switching capacity. Current
to the welding transformer can be started and
stopped. 1t can be controlled in magnitude and syn-
chronized with the frequency of the power supply,
reducing unwanted transients, or can be non-syn-
chronized where transients can be ignored.

The three-phase welder circuits have additional
features of reduced frequency output at the welding
electrodes. This results in reduced secondary ve-
actance and, therefore, improved primary power fac-
tor. and the primary current is distributed over the
three phases, resulting in reduced phase unbalance.

Ratings and outline drawings have heen registered
by the ETA (Electronic Industries Association) for
a series of six sizes of resistance-welding-service igni-
trons. Data on these ratings are enough to show
capabilities of the tubes for single-phase welding con-
trol, Table 1.

Thyratrons

Thyratrons are grid-controlled, hot-cathode, gas-
filled rectifiers. The gas filling may be mercury
vapor or inert gases such as argon, neon, hydrogen,
or xenon. Most thyratrons are made in glass enve-
lopes. Method of mounting in the circuit may be by
a pin base and socket, flexible leads, or Ing bases.
The latter two methods usually provide more relia-
hle connections to the cathode heaters. This is im-
portant since the heater voltage may be 2.5v. and the
heater current near 20a. A small resistance in the
socket-to-hase pin connection may be the cause of
reduced cathode temperature. This results in reduced
clectron emission and thus reduced life.

They are used for voltage-controlled rectifiers, and
for controlling the speed of de motors, cither by con-
trolling the field currents or the armature current.
There are many control situations where they are
used as fast-acting relays and many small thyratrons
are used in relaxation inverter timing circuits.

Thyratrons are used in large quantitics in the
ignitor circuits of ignitrons. Control of the ignitron is
through the grid of the thyratron. Combining the
two provides the needed control of the thyratron and
the high current capability of the ignitron.

Authors:

D. Marshall (l.)
and ). A. Hall
(right)

ELECTRONIC INDUSTRIES -

June 1962

High vacuum trans-
mitting tube rated 75
kw output with at-
tached water jacket.

High-Vacuum Tukes

Radio-Frequency Heating: lleating of metal
parts by induction at xc and Mc frequencies pro-
vides a method of annealing. hardening, melting,
brazing. cleaning materials, parts and assemblies.

Source of the high-frequency pewer is often an
oscillator circuit containing one or more high-vac-
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FAMILY

Just five vears ago RCA introduced the first members of the CERMOLOX
“family,” a new concept in power tubes incorporating precision-aligned
grids, and ceramic-metal construction. Today, “second generation” types
are emerging and forming individual “type-families.” Highlighted here are
just two of these “type-families: ™ RCA-7650 and RCA-7213. These
rugged beam power designs provide the power required for virtually every
type of electronic application. They are casily tailored to a variety of air-
cooled or conduction-cooled techniques for communications, control,
radar, UHF-TV, phased array, and distributed amplifier applications.
CERMoLOX design is adaptable in power and size from watts to
megawatts, and in frequency from kilocycles to gigacycles.

For technical information and assistance, consult your RCA Industrial
Tube Representative or for technical data on specific tube types write:
Section: F - 50 - Q. Commercial Engineering, RCA Electron Tube
Division, Harrison, N. J.

The Most Trusted Name in Electronics

Circle 17 on Inquiry Cadrd

P e — P

[ };‘:g Capabilities | Applications Cooling
i S - - 1 | |
| 7850 | 800 watts power output CW Amplifier | Forced-Air
7651 | 39,000 watts peak power output |  RF-Pulse Forced-Air
| Amplifier
4614 | 2,500 max. ptate volts | Voltage Forced-Air
0.5 max. plate amperes Regulator
A2697 | 3,000 max. plate volts Hard-Tube Conduction
| 1.25 min. peak plate | Modulator
| amperes at zero bias
7213 1,350 watts power output CW Amplifier Forced-Air
7214 | 65,000 watts peak power output RF-Pulse Forced-Air
| Amplifier
4600A | 3,500 max. plate volts Voltage Forced-Air
i 1.0 max. plate amperes Regulator !
A2627 | 15,000 max. plate volts Hard-Tube Conduction
20 max. peak plate amperes Modulator

4618 CW Amplifier | Forced-Air

1,350 watts power output

INDUSTRIAL TUBE PRODUCTS FIELD OFFICES - OEM SALES:
Newark 2, N. J., 32.36 Green St., (201) 485-3900. Chicago 54, III.,
Suite 1154, Merchandise Mart Plaza, (312) 527-2900. Los Angeles 22,
Calif., 6801 E. Washington Blvd., (213) RA 3-8361. GOVERNMENT
SALES: Harrison, N. J., 415 South Fifth St., (201) 485-3900. Dayton
2, Ohio, 224 N. Wilkinson St., (513) BA 6-2366. Washington 6, D. C.,
1725 "K' St.,, N.W., (202) FE 7-8500. INTERNATIONAL SALES: RCA
International Div.. Clark, N. J., (201) 382-1000.




INDUSTRIAL TUBES (Continued)

uum triodes. These tubes are adapted from designs
originally used in radio communications.

Basic principles are much the same as in earlier
days. However, many improvements in materials,
design and processing have resulted in improved
efficiency and life.

Design improvements consist of shorter and lower
inductance connections, giving better performance
at the higher frequencies; stronger vacuum-envelope
design; coated grid wires to reduce secondary grid
emission ; placement of cathode and grid to reduce
the electron current to the grid on positive grid drive,
thus reducing grid heating and permitting higher
power outputs per tube.

Thoriated-tungsten cathodes are being used in
many of the tubes. This gives greater cathode elec-
tron-emission, resulting in less heating energy needed
for the cathode.

IFor tubes handling large power, cooling becomes
important. As a result of analysis, efficient water
jackets and air-cooled radiators have been developed.

A recent development has been cooling by evap-
oration. In the past, the cooling water had to be
held to temperatures below boiling because of the
insulating effect of the vapor bubbles which formed
on the cooling surfaces. The new method uses care-
fully designed roughness of the cooling surface. This
promotes release of the bubbles and increases the
surface area. Evaporative cooling reduces water con-
sumption and is important when cost of water is a
factor.

Tubes are available in nearly uniform steps from
10 to 300kw power-output with operating frequency
at full rating up to 22Mc. These larger sizes are
cooled by water flow or water evaporation. In sizes
below 50kw, radiator-cooled tubes for use with fan-
driven, forced-air cooling are available.

High-vacuum Rectifiers

High-vacuum rectifiers, up to 150kv. inverse-
voltage rating and 2.5a. peak-current, are in general
use. These are large glass-envelope tubes. They are
used in smoke precipitators, capacitor charging and
high-voltage testing equipment. Higher current and
voltage ratings are available.

These tubes are designed for minimum X-ray out-
put and minimum probability of cathode breakage.
Their processing benefits from the recent improve-
ment in high-vacuum methods.

Smaller vacuum rectifiers, in the 20kv. range with
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250ma. rating, are also available for use with smaller
equipment.

Vacuum Gauges

As part of the improvement in high-vacuum meth-
ods, vacuum-measuring tubes of special design permit
direct reading of pressure from 10! to 10"mm. of
mercury in a “high-pressure” type, and 10% to
10%mm. in a “‘low-pressure” type. These are used
in research, space environment simulation, electron
tube factories, and industries engaged in high-vacuum
work.

Mercury Vapor Rectifier Tubes

The 857B hot-cathode, mercury vapor rectifier
tube, rated at 20kv. inverse and 10a. average and the
8091, rated at 20 kv. inverse and 2.5a. average, are
standard for medium voltage, fairly high-current
uses. Many are used in the power-supply circuits of
induction heaters. These tubes have shown ability
voltage
This is true even though used often with unreliable

to withstand surges and short circuits.
protective circuitry.

These are fairly large tubes. The 857B, for exam-
ple, is 20 in. high and 7 in. in diameter.

Smaller rectifier tubes for lower voltages are the
575 at 15kv. inverse, 2.5a. average and the 872A at
10kv. inverse, 1.25a. average. These tubes are about

10 in. high and 3 in. diameter.
Imaging and Camera Tubes

Light sensitive tubes in industry are used mainly
for inspection, measurement, and control, and more
recently for surveillance or observation of areas which
are remote, inconvenient or hazardous. Although the
tubes themselves use little power, they are classed
as power tubes. They are normally made by the
power tube departments of the major tube manufac-

turers. (Continued on page 48)

Assortment of thyratrons with various basing arrangements.

ca7




INDUSTRIAL TUBES (Continued)

The Westinghouse WL-5997 X-ray image intensifier tube.

Three types of TV camera tubes are m indnstrial
use today. Most widely used is the Vidicon, a one
inch diameter tube which operates in corpact equip-
ment. It is designed to use camera lenses manufac-
tured for 16mm. motion picture cameras. These tubes
produce higlt quality pictures with 10 to 100 foot-
candles illumination on the objects being viewed
(normal factory or officc area illumination levels).
They have operating lives of 3000 to 8000 Iirs. 'res-
ent uses include remote viewing in conrection with
servo controlled manipulators for handling radio-
active materials. TV cameras using vidicons are
heing used in many monitoring and surveillance appli-
cations,

Vidicons designed for operation under either stand-
ard broadcast or slow-scan conditions are also avail-
able to permit scanning pictures, diagrams, or orders
and sending this information to another plant location
over telephone lines.

A special purpose TV tube, the Permachon camera
storage tube, operates in a standard vidicon camera
and can take flash exposure pictures and display them
on a standard TV monitor, for times up to several
minutes. This device is useful for detailed studies of
rapidly moving parts in a high speed production
process.

Another TV camera tube in industrial use is the
image dissector which needs much light but is stmiple
and long lived. It is used by some electric power
companies for functions like the remote monitoring
of boiler water levels. The image orthicon, a very
sensitive tube used in cutertainment broadeasting, is
also used. Although expensive, $1000 to $3000 for
the tube alone, and needing camera cizcuitry costing
from $4000 to $20,000, and despite its short life of
500 to 2000 hrs., it will come closest to seeing in the
dark of any tube in production today. They are good
where illumination is critically low, including TV
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microscopy in the unltra-violet, inspection of photo-
sensitive materials by low level and infrared radia-
tion, and remote viewing uses. Most startling of
these image orthicon uses is the installing of a water
cooled TV camera within a blast furnace in a German
steel mill to observe the ore reduction process as it
happens.

X-Ray Sensitive Tubes

A second major use for photo-sensitive tubes is in
the X-ray examination of industrial products. The
tire industry is using automated high speed X-ray
inspection as a quality control measure. To cut ex-

Image orthicon camera tubes—WL 7611, WL 22722 and WL 22724.

penses for photographic supplies, they use an N-ray
image converter like the \WWL5997 to visually inspect
for defects in the tire carcass. The X-ray image in-
tensifier tube is used rather than direct viewing of
a fluorescent screen to present a bright, readily visi-
ble image to the operator and because the N-ray tube
voltage and current can then be set for high resolu-
tion, high contrast. and longer tube life.

A similar arrangement has been used for inspec-
tion of welds and castings, which, because of their
X-ray opacity, need both high intensity and intensi-

.2 = :

.
' ’, Vidicon-like devices
- ‘ used in industrial ap-
y ' plications are (| to
r), the WL 7290,
& o WX 4887 and WL

! 7383.

fication of the output image to give a directly visible
picture of flaws. For small items like transistors and
complete solid state microcircuits, high resolution
NX-ray sources and X-ray sensitive vidicon type
camera tubes are used to give a magnified T\ picture
of connections or of desired density variations within
the device.

The method is important for a small number of
high reliability items in which control cannot be
assured Dy destructively testing samples from a large

production run. (See Rating tables an page C50)
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PHOTO TUBES

INDICATOR TUBES

DYNAQUADS SILICON DIFFUSED
AND FIELD EFFECT
TRANSISTORS

TRANSMITTING TUBES, INCLUDING
COMPACTRON TYPES

e,
DYNAQUAD : TOUCH CONTROL MODULES

SUBMINIATURE LAMPS

GLASS HYDROGEN DIODES
AND THYRATRONS

= 15 ] ..
i wn
un hai
TG-S,
e —e

CERAMIC HYDROGEN DIODES AND THYRATRONS

Tung-Sol is the one independent domestic manufacturer of vacuum and gas-
filled tubes and solid state devices with the capability to supply volume
requirements of so many popular-demand types. Tung-Sol components span
the whole frequency spectrum. For more than sixty years, Tung-Sol has served
America’s largest-producing industries. Year after year the confidence of
companies of all sizes has been merited by the performance-to-cost ratio of
Tung-Sol products, the competence of Tung-Sol engineering and the depend-
ability of Tung-Sol service. You may find it profitable to discuss your com-
ponent requirements with Tung-Sol, particularly in the design stage. Tung-Sol
Electric Inc., Newark 4, New Jersey. TWX: 201-621-7977

TUNG-SOL

Technical assistance is available through: DENTER LINE

Atlanta, Ga.; Columbus, Ohio; Culver City,
Calif.; Dallas, Tex.; Denver, Colo.; Detroit,
Mich.; Melrose Park, Ill.; Newark, N. J.;
Seattle, Wash. In Canada: Abbey Elec-
tronics, Toronto, Ont.
QUALIT

REGULATED POWER SUPPLIES
Circle Numbers on Inquiry Card: Tubes—70, Transistors—7|, Subminiature Lamps—72, Reciifiers—73, Pawer Supplies—74, Control Modules—75.
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- SCAN CONVERSION

- FLICKERLESS
DISPLAY STORE
- VIDEO STORAGE

RECORDING STORAGE TUBE SYSTEMS

Single-gun, dual-gun, multi-tube
systems to convert scan for radar,
sonar, television, and to perform
analog processing, data analysis,
contract or expand time scale,
auto correlation.

- SLOWED TELEVISION
TRANSMISSION

by telephone line or other narrow-
band systems.

. IMAGE ENGINEERING

“m e a——---—

OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW-LIGHT-
LEVEL CAMERAS, and IMAGE
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape, 1
color, and texture.

Write or call for
‘comple(e information:
A\
i INSTRUMENTS, /nc.
: 2300 Washington Street

Newton 62, Massachusetts

Circle 18 on Inquiry Card

ANTO

GRIDS to
your SPECS

No. 1

SOURCE

Anton’s years of experience and spe-
cially designed machinery saves you
time and money on large or small
quantities. Grids swedged or spot
welded to extreme accuracy.

Hlustrated literature on request.

/ \ NtoON MACHINE WORKS
*f* ==iQ'=LF 1226 Flushing Ave., B'kiyn 37, N.Y.

Circle 19 on Inquiry Card

C50
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INDUSTRIAL TUBES (Concluded)

Table 1
EIA REGISTERED IGNITRON RATINGS*
Max. Ave. Max.
Current Max. Pk. Averaging Tube Dimensions
Type Per Tube Current Time Diameter  Height
Number (amp.) (amp.) (sec.) (in.) (in.)
5550 22.4 850 1n 21 9%
5551 56.0 1,700 9 23 13
5552 140.0 3,400 7.1 41 14
7681 210.0 5,100 7.1 41 17V,
5553 355.0 6,800 5.6 554 191,
7151 900.00 13,600 4, 9 2234

"Data listed are for 400 to 500 volt RMS, 25 to 60 CPS supply.

Table 2
RECTIFIER IGNITRON REGISTERED RATINGS

Max. Ave. Max. Inverse Tube Dimensions
Type Amps/Tube Voltage Diameter Height
Number (amp.) (v.) (in.) (in.)
5554 100 2,000 4 16
5555 200 2,000 534 191,
5630 50 20,000 534 22
6228 150 20,000 9 41,

Table 3
CAPACITOR DISCHARGE IGNITRONS

Peak Max. Ave. Peak Tube Dimensions

Type Current Current Voltage Diameter Height
Number (amp.) (amp.) (v.) (in.) (in.)
7703 100,000 0.6 20.000 2l 7V
8306 35,000 0.6 15,000 214 7

Table 4
TYPICAL THYRATRON RATINGS*

Ave. Current Peak Current

Peak Voltage Max. Averaging

(amp.) (amp.) (v.) Time (sec.)
0.1 1 1300 30
1.0 8 1300 —
1.6 20 1500 15
3.2 40 2500 15
6.4 80 2500 15
16.0 160 1250 -

*Formal standardization of thyratrons is not effective.

universal and are not given.

Type numbers, therefore, are not

- NEW TECH DATA

Corona Stabilizer

Type SC5 is a new double-ended tube.
Its double top cap facilitates easy fitting
and greatly improves reliability by re-
ducing the possibility of internal flashing
or accidental mechanical damage to the
glass envelope. It is available at output
voltages of 5,000, 6,000 and 6,800v. oper-
ating over a current range of 25ua to Ima.
The M-O Valve Co. Ltd.. Brook Green
Waorks, London W.6, England.

Circle 563 on Inquiry Cord

Silicon Rectifiers

Eight hermetically-sealed silicon recti-
fiers covering the current range from 25
to 250a. are available, Each is available
in a choice of 6 voltages: 100 to 600 PIV
and 70 to 420 max. RMS input volts. All
units feature hard solder at every junc-
tion interface and oversized junctions that
hold a max. forward voltage drop to 1.2v.
Semiconductor Div., Sarkes Tarzian, Inc.,
415 N. College, Bloomington, Ind.

Circle 564 on Inquiry Coard
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NEW TECH DATA

Tube Brochure

More than 600 different tubes are cross-
indexed by type number, function, and
operating characteristics in this 16-page
brochure. Tubes include diodes, twin di-
odes, triodes, dual triodes, multi-section
types, thyratrons, decade counters, radia-
tion counters, etc. Industrial Components
Div., Raytheon Co., 55 Chapel 5t, New-
ton 58, Mass.

Circle 328 on Inquiry Cord

Magnetron Design Aid

“Magnetron Application Notes,." 21
pages, is an 8 section report to aid in de-
signing circuits that use magnetrons. In-
cluded are sections on magnetron test
specs., effect of system on tube, measure-
ments of system and tubes as a unit, and
application notes  for testing. Graph,
tables, and equations are also included.
Sylvania FElectronic Tube Div, Seneca
IFalls, N. Y.

Circle 329 on Inquiry Card t
|

Cooling-Water Repurifying

Bulletin  #149-B  describes  cooling-
water repurifying system which adds to
life of UHF transmitting tubes. System |
consists of mixed-bed and oxygen-removal
cartridge holders, Submicron® filter and
purity meter. It comes completely as-
sembled, ready for operation. Bulletin
tells why pure water is needed to safe- |
guard life of transmitting tubes. Barn- |
stead Still & Sterilizer Co., 201 Lanes-
ville Terrace, Boston 31, Mass.

Circle 330 on Inquiry Card

Backward-Wave Oscillator |

SYB-4403 features packaging which|
makes external cooling unnecessary. The
tube is tunable over the 2.06c to 4.0c
range, with a power output of 100mw.
and a power variation of less than 2db.
from a straight line. The Microwave De-
vice Div., Sylvania Electric Products Inc.,
730 Third Ave., New York 17, N. Y.

Circle 331 on Inquiry Cord

Phototubes

Three low-noise multiplier phototubes,
differing basically in their photo-cathode
spectral responses, are available from
ITT Industrial Laboratories, Div. of In-
ternational Telephone and Telegraph
Corp., Ft. Wayne, Ind. All are 16-stage
units; they withstand 25g’s of vibration
and 50g’s of shock. Uses include star
tracking, guidance, field uses in laser re-
ceivers, and unambiguous photon count- |
ing.

Circle 332 on Inquiry Card

Orthicon Selector

This quick selector publication gives
sensitivity and spectral response for
Westinghouse tubes. Included in the op
erating characteristics are the min. illu-
mination ratings for 200 and 400 TV lines.
Westinghouse Electronic Tube Div., El-
mira, N. Y. |

Circle 333 on Inquiry Card |
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Speed Production...Lower Costs!

with M AAHILIE

AUTOMATIC PRECISION

SSEMBLY MAGHINE

KAHLE service encompasses the complete responsibility for spec-
ial machine projects from design to final testing. KAHLE designs
and builds high efficiency production machines for manufacturers
in electronics, glass and general industry. The machines illustrated
are typical of the thousamll.s:, of different types now in use.

e ot

§ Assembly Machine No.
F-Fady 3383—Automatically makes

g the final seal on crystal di-
odes. Capacity 2,200 seals
per hour.

Sealing-Exhaust Machine
No. 2187 — Automatic ma-
chine features 16 positions
for high speed production.

Assembly Machine No.
3711 — Cat-whisker welder
for crystal diode assembly.
Automatically welds 3,000
units per hour.

KAHLE Engineers have the Experience and
Facilities to Solve Your Production Problems!

Call or write KAHLE for recommendations on your specific assem-
bly and production problems. KAHLE automatic high speed, pre-
cision machines are in use by hundreds of leading manufacturers
where they have earned an industry-wide reputation for high
efficiency and dependable performance!

ENGINEERING COMPANY

3320 HUDSON AVENUE, UNION CITY, NEW JERSEY

Telephone: UNion 7-6500 (Area Code 201)

DESIGNERS & BUILDERS OF AUTOMATIC MACHINES FOR HIGH SPEED, PRECISION PRODUCTION

Circle 20 on Inquiry Cord C51




SOLAtron

LINE VOLTAGE
REGULATOR

Responds up to 10 times faster than
electromechanical devices . . . irons
out fluctuations due to both line and
load changes! Voltage correction is
practically concurrent with every dis-
turbance; starts long before output
voltage nears the boundaries of the
regulation envelope. Even under ex-
treme conditions, correction never
takes more than one-sixth second.
And talk about reliability! Solatron
line voltage regulators eliminate mov-
ing parts; rule out mechanical wear
and tear. Complete maintenance-free
operation. Solid-state sensor monitors
actual output . . . then regulates the
transformer flux to automatically
maintain correct nominal voltage.

corrects

| SOLA |z

Division of Basic C ?i!

Products Corporation e ——
SOLA ELECTRIC €O., 1711 Busse Rond,
Elk Grove Village, Illinois, HEmpsteod 9-2800

IN CANADA, SOLA BASIC PRODUCTS, LTD.,
377 Evans Avenue, Toronto 18, Ontario

C52 Circle 21 on Inquiry Card

ELECTRONIC INDUSTRIES

Compare the advantages:

Superior performance — regulation =19,
for line and load variations, zero to full
load.

High efficiency — 959%, or better at full
load.

‘‘Lifeguard circuitry’’ — withstands mo-
mentary overloads many times rated cur-
rent.

Input PF — 909% minimum on unity PF
loads.

Smaller, lighter—considerably more com-
pact than other standard regulators.

Solatron line voltage regulators are
offered in ratings from 3 to 100 kva,
for 120 and 240 vac, 60 and 400 cycles.
For more information contact your
local Sola distributor or call us direct.
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THE USE OF A CARBON COMPOSITION FOR RESISTORS
dates back to about 1885, In this first era. scientists
and investigators working in electromagnetic wave
propagation and clectrical power utilization often had
to devise their own methods of inserting resistances,
such as carbon blocks or pieces of wire, in their ex-
perimental circuitry. Then World War | provided
the impetus to use radio conummnications on a large
scale. This led to both commercial and military de-
mand for resistors.

RESISTORS:
THEN AND NOW

expected in the next few years

In the second major era of component history,
continuing through the 1920’s, the first commercial
radio transmitters went on the air. Thousands of ex-
perimenters demanded that the industry produce de-
vices for hoe-built receivers. IFig. 1 shows some of
the resistive components of this era; the acknowl-
cdgement contains names of these antique compo-
nents. With this development came a new terminology
for dealing with these devices. For example, resistors

hegan having uniformity of case sizes, wattage rat-

Fig. 1: The early resistors shown below were used in the 1920's. They are a far cry from the sophisticated units in use today.




ing. ambient temperature ratings and purchase tol-
erances. Many varieties of carbon composition and
wirewound resistors became available.

Carbon Film Resistors Appear

In the 1930%s, the mass manufacture of radio re-
ceivers becaine a major industry. The mportance of
mproving  and  standardizing  resistors and  other
components was more evident. -\ new tvpe of resis-
tor, the carbon film, was marketed during this period.
This mvention was significant, hecause it completed
the 3 families of discrete resistor conponents as we
know them today : wirewound, composition and film
tvpes. g, 3 shows some swmples and their cross
sections,

Changes in construction, encapsulation and identi-
fication of these 3 basic groups provide a huge variety
of choices today. For instance, insulation may be
provided by molding, conformal coating or sleeving.
Common lead terminations materials are copper, Du-
niet and mckel. Complete immunity to envirommental
conditions can be achieved by hermetically scaling the
resistive element in an enclosure, such as shown in
[1ig. 4. Marking for part identification is done either
with printed characters or color bands.

With development of the 3 basic 1vpes. the stage
was set for the third era of components. World \War
11 equipment, circuit designs and applications needed
major strides in understanding and documenting re-
sistor capability in such areas as temperature coetti-
cient, temperature cycling, shock, vibration. load life.
moisture resistance, voltage coefficient and high tem-
perature endurance. Many methods ol testing and
performance levels for these parameters were evalu-
ated during this period, and basic concepts for full
scale industry and military standard specifications
were set.

Another key factor was recognized and dealt with
at this time: the use of statistical qualitv control con-
cepts to resistor performance and test evaluation.
Tables of sampling plans defining test lot sizes, de-
grees of statistical confidence levels, and associated
risks were developed. These were to assure designers
of the validity of performance claims and guarantees
of component manufacturers.

By LYMAN S. KING

Supervisor-Market Development-Resistors
Corning Electronic Components

Corning Glass Works

Bradford, Pa.
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Fig. 2: The latest stage of resistor development is in the
wafer and pellet film resistors for greater miniaturization.

Generating Military Specifications

The desire for standardized resistor quality and
performance continued through the 1940’s and into
the 1950°s. Military and industrial groups worked
closely together, generating a series of military specs
for fixed resistive components. This was accompanied
by the development of two significant and parallel
specifications that were aimed as much at all com-
ponents as they were at resistors. These are Mil-5td-
105 (Sampling Procedures and Tables for Inspection
by Attributes) and Mil-Std-202 (Test Methods for
Electronic @nd Electrical Component Parts). The
use of these documents, along with standard product
descriptions, such as those found in specs listeld in

TABLE 1
Early Fixed Resistor Military Specifications
Description of Component Date of
Resistor Designations  Specification  Basic Spec.

Fixed composition RC Mil-R-11 Feb. ’'53
(insulated)

Fixed film RN Mil-R-10509 Sept. '52
(high stability)

Fixed wirewound RW Mil-R-26 Dec. '52
{power type)

Fixed film RD Mil-R-11804 Mar. ’53
(power type)

Fixed film RL Mil-R-22684, Apr. '61
(insulated) (Navy)

Fixed wirewound RB Mil-R-93 Mar. '52
(accurate)

D3




Fig. 3: Three general types of resistors and their cross scc-

tions are shown. They are the film, composition and wirewound.

Fig. 4: Immunity to environmental conditions can be achieved
by hermetically sealing the element in an enclosure.

Fig. 5: Samples and longitudinal sections of metal alloy and
metal oxide types of resistors are shown in photo below.

e
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RESISTORS (Continued)

Table 1, helped assure quality resistors at a low cost,
They also paved the way for improvements in size,
materials and electrical performance.

Ilere it should be noted that not only resistors, but
also other components were undergoing much the
sanie general pattern of standardization and advance-
ment during this period.

A classic example of advancement in the resistor
mdustry is shown by the evolution of Mil-R-10509.
The original issue of this spec. in September 1932
contained five wattage ratings from 4 watt through
2 watts. EFach had two temperature coefficient char-
acteristics. Since then, the spec. has been revised 3
times and is currently undergomg a fourth review.
The original 10 resistor combinations have bheen
obsoleted and replaced by 27 resistor combinations
that include five temperature coefficient characteris-
tics, one hermeticity characteristic, and wattage rat-
mgs trom 1/10 wat through 2 watts.

During this period, the original carbon iihn resis-
tors were moditied and improved. Also, the metal
alloy film resistor and the tin oxide film resistor were
qualificd to the hasic standards in the specification.
These, too. now are major factors in the film resistor
market. IY1g. 5 shows samples and longitudinal sec-

tions of metal alloy and metal oxide types.
Establishing Reliability

Since the late 1950%s, there has been a fourth major
phase in the history of resistors. This phase results
from industrial and military needs for components
having established reliability. Modern systems made
it necessary for circuit designers to have access to
resistors and other components with proven minimum
failure rates within specified performance limits. The
first systems using this concept of established reliabil
ity achieved proof of reliability in many forms. Each
resistor supplier and each equipment manufacturer
had opinions and ways for both obtaining and proving
component failure rates. However, in the case of
standard components, it became apparent that stand-
ardization of these “reliability techniques” wonld he
the only way to obtain the cconomies and availability
of parts necessary to support svstem usage over the
years.

Again, industry and military study groups worked
together to find philosophies and techniques to gnide
this standardization. Many of the earlier concepts
were applicable to established reliability needs. bnt
it soon became evident that these concepts were much
more complex when implemented in standard reli-
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ability specifications. Basic materials and manufactur-
g processes needed detailed analysis to “build in”
reliability. Previous “proof of quality” testing had to
ke upgraded in quantity by many orders of magni-
tude.

The culmination of this effort was reached in 1962
wlien the first coordinated military spec. Mil-R-55182
(Resistors, I'ixed, Film, Established Reliability), was
issued as a procurement document. Missile and space
equipment designers now had a standard document
specifying that parameter of reliability that had been
so elusive. Since the issuance of the document, sev-
eral other components types have achieved, or are in
the process of achieving, this status. They include
fixed capacitors, composition resistors, connectors
and wirewound resistors.

As work in the established reliability phase con-
tinues, it is of interest to note the appearance of
several technical concepts that simplify the under-
standing of reliability for resistors. Becoming accept-
ed practices in the industry are tests such as power
burn-in to eliminate early life failures, high voltage
stresses to detect product or manufacturing deficien-
cies, and resistor current noise to evaluate degrees of
individual product alikeness. Much of the information
obtained through studies can be applied to standard
part manufacture and usage with resultant upgrading
of the entire industry.

Accumulation of resistor performance data through
established reliability testing has permitted accept-
ance of the validity of “worst-case design.” Statis-
tically proved performance parameters often reduces
the circuit design effort significantly. Knowing ac-
curate resistor design and tolerances permits engi-
neers to optimize circuit performance and reduce cost
of the overall system. Component reduction can be
accomplished with this technique, resulting in de-
creased power consumption and heat dissipation, and
increased reliability and overall economy.

The established reliability phase will continue at
least through the foreseeable future of discrete re-
sistor components. This phase is being complemented
by major efforts toward reduction of size and weight.
Also, improvements are expected in the arcas of
reliability, electrical performance, increases in usable
ambient temperatures, determination of long-term
performance under conditions of radiation and hard
vacuum, adaptations of multiple performance ratings
for single components, and modification of circuitry
to take full advantage of presently unused resistor
performance capability.

Future Aspects
A fifth and still embryonic phase for the resistor
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is being created, along with other components, by
changes in shapes. Resistive elements deposited in
various patterns on flat substrates comprise one kind
of modification. Small pelletized elements that can
be inserted in a three-dimensional matrix have
proved themselves an alternative. Ifig. 2 shows both
wafer and pellet Alm resistors. Combining passive
elements with active transistor elements to create a
functional electronic block, as in Fig. 6, is another
approach. Many advantages of miniaturization arc
available through these new approaches.

Despite successes to date, major investigations will
be needed to provide direction and balances for the
inherent performance compromises that will face
circuit and system designers as they adopt these new
component forms. Such parameters as life stability.
temperature coefficient, tolerance and reliability nmst
follow the same rigorous path as that traveled by the

discrete component. Also, industrial capability to

supply vast quantities at low cost must be developed.

Fig. 6: Combining passive elements with active transistors
is one approach being used to create a functional block.

The resistor today is a precise and sophisticated
component. Its capabilities and limitations are known
and documented to a very high degree. Though there
are new and exotic resistor forms, the success of
most circuit and system applications in the practical
future will depend on the high performance and low
cost of available products.

Acknowledgment

The author is grateful to Mr. C. H, Daykin of Geneva, N. Y., for
supplying the components shown in Fig. 1. Names on these componcnts
are as follows: Dejur, Bosch, Radiall Company (Amperite), Arthnr
H. Lynch, Inc. (Lynch Equalizer), Pilotohm, Allen Bradley (Bradley-
unit) International Resistance Co., and Daven Co. (Glastor and Re-
sisto-Coupler).

Bibliography

Dummer, G. W. A.: “Modern Electronic Components,” Phtlosophical
Library, Inc., New York 1959.

Henry, K. and Walsh, C.: “Electronic Components Handbook."
McGraw-Hill Book Co., New York 1957.

D5




Vv {

0
>

RECENT ADVANCES IN THE AREAS of development
and cost reduction are speeding the pace at which
thermoelectric devices are reaching the point of com-
mercial usage.

Currently, a number of manufacturers are making
feasibility studies, checking prototype designs, or
Planning production of equipment for these classes
of use:

Film Storage
Parametric Amplifier

Coolers

Incubators

Film Developing Tanks
Liquid Circulators
Drug Storage

Food Storage
Reference Chambers
Cooling Electronic

Dew Point Equipment
Gas Chromotography

Guidance Control Sys- Components
tenis Cooling Electronic
Constant Temperature Circuits

Baths Melting Point Apparatus
Controlled Environment Microscope Stages
Chamber Electronic Measurement
Food Serving Equipment
Heat Pumps

To stimulate application development activity,
there are system-oriented thermoelectric units which
appreciably reduce hoth the time and cost of devel-
oping prototype equipment. Introduced this year.
these consist of assembled heat pumps of various
ratings with matched power supplies, ready to be
installed in many consumer products and commercial
equipment,

The units are designed as a complete package with
a cold plate to mount to the load, a thermoelectric
module to do the heat pumping, and an integral fin-

By ROBERT L. BRICKLEY

Mar., Special Prod. Dept.
Semiconductor Div.
Westinghouse E'ectr'c Corp.
Youngwood, Pa
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fan combination to efficiently and conveniently dissi
pate heat to the ambient. (See photograph.) With
them, engineering and fabrication time is reduced to
a minimum. The application problem is reduced to
the selection of the proper unit, mounting the elec-
trically insulated cold plate to the load, and connect-
ing the unit electrically.

Heating and cooling are done by varying the
amount and direction of device current. With the
right control system, the units can be used to cool
loads over wide ambient ranges or to hold a desired
temperature.

The integral fin-fan combination on the units al-
lows ratings to be given in terms of specific cold-side
temperature when the ambient temperature is known.
The cold-side temperature is the actual information
needed. The current necessary to produce the de-
sired cold-side temperature can be found by reference
to technical data.

As an application example, consider an infrared
detector with preamplifier that is located in the roof
trusses of a plant. The device is used to position
large equipment, and in operation the ambient is 30°
C (122° F). The detector has its maximum chassis,
with its 5.5 w load, at this temperature.

The chassis is bolted to the cold plate of the module
and a foam insulation placed about the chassis to
reduce the ambient thermal loading. The total heat
load from ambient is 2 w, so the total load is 7.5 w.
tig. 1 shows a plot of the characteristics of a
Westinghouse \W832(;01 cooler in an ambient of
239°C. This plot give a cold-side temperature for
various device currents and thermal loading. How-
ever, the present ambient is 50°C, so it becomes
necessary to refer to Ilig. 2, which is a plot of the
algebraic cold-side correction temperature vs. am-
bient temperature. Irom these, a projected cold-side
temperature can be found as follows:

Tpmjecled = Tdosirel - Tmrrection
Torojectes = 10°C —(19°C) = —9°C

Referring again to the 23.9°C curve on Iig. 1. o
—9°C cold side temperature with a 7.5 w load is
obtained with a device current of 20 a.
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Cascaded Units

A cascade model provides a - 50°C (- 38°1)
cold-side temperature while cooling a 400 nuw load.
Sce photograph of this type unit. Designed to operatc
with 24 a. of dc current, the cascade etfect 1s achieved
by cooling the hot side of one thermoelectric module
with the cold side of a larger onc.

The cascade unit (1ype W832G03) cun he used
in the huilding of apparatus for freezing point meas
urements. dew point meters, freezing waps. photo
multiplier tube coolers and many other low temper
ature uses.

Ratings of each of the units are based on an am-
hient temperature of 23.9°C (75717). Cooling capaci-
ties are increased when operating under conditions
wherein the temperature difference hetween anbient
and cold side 1s lowered.

To speed mounting of the units. @ set of apped
holes is provided in the cold plate. This helps to re
duce the cold-side interface thermal drops, and hence
increases pumping capacity, In those cases involving
higher heat loads or difhcull mounting geometry,
several units can be apphied to mcrease the het
pumping capabilities and use whatever mounting
areas are available. The units also can be used to
cool a chamber by placing one or more units mto the
chamber wall.

To enhance unit dependability. features such as

Thermoelectric heat pumps, like the assembly seen equipped
with cold plate and integral fin-fan combination, facilitate
application design. Matched power supplies are also available.

I . = ]
A cold side temperature of —50°C is provided by this two-stage

cooler. The cascade cffect is achieved by cooling the hot side
of one thermoclectric module with the cold side of a larger one.




THERMOELECTRIC DEVICES (Continued)
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“impedance-protected” fans rated for ambicent tem-
peratures to 125°F, a thermostatic cutout switch
placed into the fin to prevent excessive temperature
rises, and wide spaces between fins to prevent clog-
ging from industrial atmospheres, have been made
part of the standard design.

The units are completely wired and tested. Each
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Fig. 1: Characteristics of W832GO1 cooler showing tempera-
ture difference versus heat pumping load for constant currents.

Fig. 2: From this graph, correction is added algebraically to
the cold-side temperature from Fig. 1, for other ambients.
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has terminals for the 115 v ac 60 cps power for the
fan, current terminals for the thermoelectric device,
spare terminals for a temperature sensor or control-
ler, and output terminals from two copper-constantan
thermoconples imbedded in the hot and cold plates,
which permits temperature monitoring for inspection
or evaluation,

Optional designs are available in the evemt a
standard 1mit will not meet a need. These are de-
signed to give maximum flexibility so that many
special design needs can be handled with mininmm
cffort. Mil-type fans, units without fans, and other
special changes are included in this classihication.

Proper operation of thermoclectric heat prunps
requires  a low-voltage,  high-current, low-ripple
source of de power. Varions sizes of power supplies
provide outputs matched to the assembled heat pumps
with which they operate.

Thermoelectric Devices for Lab Use

A mumber of thermoelectric devices for laboratory
use have been placed on the market. Indicative of
the current state of the art of thermoelectrics, they
mclude a controlled temperature chamber, a con-
trolled temperature hath, and a cold probe.

The controlled temperature chamber is designed
for various “helow ambient” uses, including temper-
ature control of frequency reference quartz crvstals,
crystal oscillators, reference thermocouples, and ref-
crence diodes. The \Westinghouse unit is cquipped
with control circuit, power supply and mercury
thermostat, and controls temperature to = 1°C at
30°C over an ambient range of —40°C to +353°C.
The chamber, which has a diameter of 214 in. and
stands O 1. high, is mounted on a 4 x 414 ~ 1 in.
power package.

The controlled temperature hath is designed to
permit determination of physical properties of mate-
rials as a function of temperature, chemical kinetics
studies, and other laboratory uses. One model of the
0.02°C control of bath tem-
perature at any point from —20°C to +40°C. It is
cquipped with mercury thermostat, clectronic relay

units made provides

and Dewar flask. Althongh bath capacity is 414 gal.
of appropriate fluid, the unit is designed as a com-
pact. table model measuring only 15 in. wide hy 23
in. deep by 21 in. high.

The Westinghouse cold probe is designed to permit
checking the conductivity type of very thin epitaxial
layers, about 2 microns, and high resistivity layers
on low resistivity substrates. The method of use is
shown in picture, It is of value in uses where hot
probes and/or room temperature probes arc inade-
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quate. since it eliminates the need for liquid reirig-
erants. The probe resembles a low-wattage soldering
iron in appearance. :\ thermoelectric module, a cold-
probe point. and heat-rejection fins are mounted on
the head of a balanced handle. Two current lead.
and a potential lead are integral with the probe. A
room-temperature probe which acts as the second
potential lead of the unit is also furnished. along with
a power supply that operates from 110 v ac.

Other laboratory uses for thermoelectric devices
that could lead to specialized products within the
next several years include:
Blood sample coolers Microtome sample
IFreezing traps coolers
Incubators Distillation coolers

Ihermocouple  reference  Controlled hnumidity

baths chambers

Military Uses

Military uses for thermoelectrics will deal with
problents raised by putting both equipment aud men
i ambient conditions beyond their endurance limit,
Thermoelectric devices expressly will be used be-
cause of their ease of control, static operation and
freedom from noise. While it is not possible to pre-
dict when various types of equipment might be pro-
cured by the military, there is little question of their
current feasibilitv. Examples inclnde:

Navigational equipment—=Shiphoard and aircraft
use of temperature control chambers for sensitive
reference components.

Infrared detectors—Sensors for missile guidance
can oiten be cooled thermoelectrically to meet the
needs, eliminating the complexity of crvogenic de-
vices.

Air conditioned clectronic equipment vehicles-
Thermoelectric devices can provide noise and vibra-
tion-free temperature and humidity control for ve-
hicles containing sensitive components and equip-
ment.

Submarine air  conditioning — Thermoelectrics
makes possible silent and diversitied air conditioning.
It also minimizes maintenance necds, and needs no
refrigerants which can pollute the air over extended
submerged periods.

Air conditioned mobile tield hospitals— Modular
construction of thermoclectric units provides the
portability and flexibility required of air condition-
ing svstems for field hospitals which must function
under widely-varving chimatic conditions.

Dehumidification of enclosed personnel chambers
—Bathyscaphs, space crait, test chambers, etc.
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The thermoelectric 3
cold probe elimi-
nates liquid cool-

ants in uses such : b
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Industrial Uses

Industrial uses feasible within the current state of
the thermoelectric art are too numerous to mention.
Reirigerated trucks, printing ink containers, fluor-
escent lamp coolers, and dechumidifiers show the
broad range of industrial uses whicli will take ad-
vantage of the compactness and light weight of
thermoclectric devices within the next 2 to 4 years,

The extensive effort placed on application develop-
ment in 1962, and the reduction in the cost of mate-
rials ranging from 30 to 50% during the same period,
have had their effect in stimulating new systems de-
sign. It is correspondingly true, however, that fur-
ther cost reduction and application development is
required hefore widespread introduction of products
using thermoclectrics materializes.

FFor the 1mmediate future, design engineers and
product planners alike, should appraise the cost in
terms of the entire system, rather than in the thermo-
electric component alone. As an example, it should
be realized that a complete 200 BTU hr. refrigera-
tion system with the necessary controls has less than
25% of the total cost tied up in the basic thermoelec-
tric module.

In many heating/cooling systems, the cost of the
modules is less than 20% of that of the entire svstem.

\When complete original equipment utilizing ther-
moclectrics 1s considered as the hase, the cost falls
as low as 3 to 10%.

These figures suggest that widespread thermoclec-
tric use depends on cost reductions in power supplies,
control equipment, and svstem design, as well as on
further cost reductions in thermoelectric materials
and modules.

In this connection, it is also interesting to note that
more substantial extension of the operating capabili-
1962 via

improved systems design and specitic application

ties of thermoclectrics was achieved in
effort than through improvements in thermoclectric
materials. This may well prove to be a pattern which
will govern the growth of the thermoelectric industry
in the foresccable future.
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[ELECTRO-OPTICS AND OPTOELECTRONICS have drawn
much attention lately, due to some extent to the laser.
However, there 1s a part of the broad field of electro-
optics that got relatively little notice until last year,
but which has grown steadily——chiefly in breadth of
applications. This is the area of those photosensitive
devices which do not use photovoltaic or photoelectric
properties in their operation.

A photosensitive device can be defined as one in
which the number of available charge carriers changes
due to incident light. The term photo imiplies visible
light, but one usually includes infrared detectors in
the definition.

Photosensitive devices are of 3 mjor types:* pho-
tovoltaic (selenium barrier layers, silicon or ger-
manium solar cells) ; photoelectric (the emission of
electrons due to light striking a cathode, as with
phototubes and photomultipliers) ; and photoconduc-
tive devices. Other than to compare with, we will
discuss only the latter tvpe from which we will leave
out those devices whose properties do not vary
much with light intensity (e.g., light-triggered sili-
con controlled rectifiers

*Misunderstanding in regard to the similarities and differences
among these three types is great, even within the industry.

Fig. 1: Sketch shows make-up and is used to help explain the
meaning of gain in a typical photoconductive device (see text).
/

/
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PHOTOCONDUCTIVE
DEVICES

IN CONTROL
CIRCUITS

Table 1 lists several photosensitive devices with
certain properties of each. TI’hotoelectric devices are
included for comparison since they are similar to the
photocondnctive devices in that their output is rough-
Iy linear with light intensity. A photomultiplier tube
is really a “stack”™ of simiple phototubes. Photoelec-
tric devices are defined by the emission of electrons
from a cathode and are described by their use of a
vacuinm and need of high voltages.

On the other hand, photoelectric devices have a
higher speed of response than the photoconductive
devices, although they are seldom used for other
than as detectors. Photoconductive devices have the
advantages of the glamour and reliability of solid-
state devices plus the ability to handle power.

Only the CdS photocells can handle much power.
This power capability is a new development for com-
mercial use. \Where applicable, these cells offer ad-
vantages in periormance and cost.

Basic Principles

The important properties of photoconductive de-
vices and also photovoltaic devices depend upon gen-
eration of charge carriers in them due to light strik-
ing the material. In a normal conducting solid. such
as copper or silver, there are many “free” electrons
which can move under the stress of the applied volt-
age and thus, permit current to flow. In a noncon-
ductor,
proper conditions, the electrons or charge carriers

either insulator or semiconductor under

are bound to the ions or atoms which make up the
crystal lattice.

By Dr. FRANK E. JAUMOT JR.
and ROGER W. BECK

Delco Radio Div.
General Motors Corp.
Kokomo, Indiana
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Fig. 2: Some available photoconductive devices: A is a single crystal cell; B is a small area sintered cell; C is a pressed-powder
pellet; D, E, and F are all sintered powder on ceramic substrate with dissipation ratings of 0.5, 2, and 25 watts, respectively.

I'ree electrons, such as in couductors, are absent
or sparse. Moderate applied voltages do not cause
these hound charge carriers to move and so no cur-
rent flows. Photoconductive materials fall into this
category at least when not cxposed to radiation,
\When radiation strikes the crystal, much of its energy
is absorbed by the lattice. Apart from a totally re
flecting surface, this is mostly true of all materials.

in photoconductors, an incident light photon (the
hasic energy particle of light having a specific energy
for a given wavelength) will cause the production
ot one hole-electron pair. (The hole is delined as the
absence of the hound electron and since this vacancy
15 iree to move it too can carry current.) However,
since the hole is irumediately “trapped” (i e.. bonnd
again) in either CdS or CdSe, canduction in these
materials i1s purely by electrons.

Fundamental Properties

Of importance 1n photoconductor devices are (a)
gain, (b) gan-bandwidth product, (¢
response, (d) voltage capability and (e) power han-

frequency

dling. For example, we would like to use available
“line” voltages, avoid intermediate amplification, etc. :
these are precisely the advantages of the CdS and
CdSe cells.

To understand the meaning of gain in a photo-
conductive device refer to I'ig. 1. The shaded areas
are the electrodes or metallic contacts. the white area
is the active photoconductor material, ¢ 1s the num-
ber of light photons striking per cm® per sec., t is the
thickness of the device, [ is the distance hetween elec-
A, the

\ssuming

trodes, w is the width of the device (tw
cross-sectional area) and [ is the current

that cach photon generates 1 hole-electron pair or,
since holes are immediately trapped. 1 charge carrier,
the added number of carriers in the photoconductor
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per em® will be, » = (1, where 1 is the eifective life-
time of the electron or the average time an electron
will live in the material before it is once again trapped
by the lattice. Then if we assume there is no con-
ductivity in the absence of light (in practice dark
resistances are of the order of megohms), the con-
ductivity is given by the usual expression, ¢ = nug =
(g, where w is the mobility of the charge carriers
and ¢q 1s the charge on the electron.

Then, since the current is given by, [ = sEA =
(s4V) /1. where L is the electric field equal to V/I
and / is the applied voltage, we find the current to be
I = (GrwpqdV)/l.

Now we are more interested in the current for the
number of light photons incident per sec. rather than
Thus, defining Q = GAl, we
(w3l gQ)/F* (1)

We see immediaiely that the current, instead of
being gQ, the charge times the number of photons
creating electrons per sec. is larger by a factor
M = (usV) /I = gain (2)

This gain may be of the order of 103 or 10* in

per volume per sec.
have, [

CdS or CdSe cells whereas it is near unity in other

photoconductive devices. Thus, these cells have gains
as much as 1000 times greater than the other devices.

Although the gain is “real,” how is it possible for
more electrons to leave the crystal than are released
by the incident light? The simple fact is that there
is nothing to stop free elecirons eutering from the
negative electrode. This, in turn, may permit an
electron liberated from the lattice to effectively pass
around the circuit many times before it is recaptured
by the lattice. Without radiation, free electrons are
not generated within the erystal. Therefore, any
appreciable number of electrons cannot enter the
crystal from the electrode. Their entry is restrained
by a space-charge effect.
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Fig. 3: The above graph shows how the speed of response of a
typical photoconductor depends on the level of light intensity.
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Gain-Bandwidth

A purer definition of gain which leads to the same
result but is somewhat more useful when talking
about the gain-handwidth product is

gain = M = lifetime, transit time = /T (3)

The gain bandwidth product R is the gain divided
by the lifetime, ®# = M, = /T, 4
or the reciprocal of the transit time, which is defined
as the time for a charge carrier to traverse the dis-
In CdS cells T is of the
order of 10 usce. so the gain-bandwidtlh product is

tance between electrodes.

of the order of 100 Kc per sec. Since gain is of the
order of 1000. the bandwidih which is roughly equal
to the frequency at which the photoconductor can
cycle from dark to light to dark resistance conditions,
is of the order of 100 crs. Actually this is only ar
high light intensities as shown in Fig. 3; at low light
intensities these cells are much slower.

Since the voliage appears directly in our gain ex-
pression (Eq. 2}, the gain-bandwidth product should
increase indefinitely as the voltage across the device
increases, at least to the point of diclectric break-
down. llowever, in practice a saturation effcct
occurs, since the current is space-charge limited.

Dielectric Strength

It is desirable to have a device which could “stand-
off”" high voltages. In CdS or CdSe cells, this prop-
erty is a function of the diclectric breakdown strength
and the spacing between clectrodes. These materials
have dielectric breakdowns high enough to enable
relatively narrow regions to withstand fairly high
electric helds, /2 (= F//1). Typical electrode spacings
of 0.010 in. will stand oft 400 v. and easily 200 v.
However, since the current (liq. 1) varies inversely,
or the resistance varies directly, as the square of the
electrode spacing. it is preferred, at least in power
devices, to keep this spacing small. In practice con-
servative voltage ratings above 400 v. are not prac-
tical to handle significant power.

Photoconductive devices have great advantage in
switching inductive loads.  Since their response is
quite slow, they do not get voltage spikes from the
usual inductive “kicks” and thus do not need pro-
tective circuitry, This freedom from spike trouble is
aided by the normal thermal inertia of the average
tamp used to activate them. \We are inclined to
regard slow response as a signilicant deficit in a de-
vice. llowever, the major use of these cells is the
activation of power relays, motors or mechanical de-
vices, all of which are very slow by modern speed

standards. (Continued on page D7)
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AMP

A patented Compression-Crimp Technique
. . . the finest research and testing facili-
ties in the industry . . . an exclusive plating
process . . . a sales and service organiza-

tion that spans the world . . . all these are

factors contributing to AMP's recog-
nition as the undisputed leader in
the field of Solderless Wire Termina-
tion. Shown here is a representative

sampling of the more than 15,000
electrical/electronics products we design and manufacture. All are designed
to provide you with more reliable circuitry. All are available for immediate
delivery. From basic ring tongue terminals to intricate programming systems

from one-crimp coaxial connectors to compression-crimp fine wire
splices . . . whenever a circuit needs completion, AMP delivers the best,
fastest and most economical answer.

,__!_ _

L. V» -
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COAXIAL CABLE AND SHIELDED WIRE PRODUCTS

COAXICON* CONNECTORS—OQuick connect/disconnect for coaxial wire with
one crimp termination of inner conductor, outer braid and cable support

. an exclusive AMP feature. Multiple and single-in-line types, in standard,
miniature and subminiature models. RG/U sizes .075 to .250". Gold over
nickel contact plating . . . standard with AMP.

2

MINIATURE—(TYPE IV CONTACT) COAXICON Connectors

—12 and 20 positions. STANDARD—18, 24 and 34 positions. Spe- and Pin and Socket mix.
cial configurations available on request.

TERMASHIELD® SPLICES AND FERRULES — both pre-
and-post insulated, for single and multiple conductors
. with nylon or TEFLON insulation. Line includes special
,(I// heat-resistant ferrules and a new pre-insulated ferrule
/,/-’ - for printed circuit boards.
2 .

BNC — Bayonet coaxial con- /
U nector for a quick connect/dis- /
TNC Standardgaoc mm_lature connect of maximum reliabitity. @

sizes. Plus hardware version of Noise free because of exclusive
h . >
COAXICON Contacts for through A-MP* crimp. Meets require-

panel installations, ments of MIL-C-3608.

World Radio History




PIN AND SOCKET MULTIPLE CONNECTORS

AMPin-cert* Pin and Socket connectors satisfy and ex-
ceed applicable Military and commercial requirements.
Complete range of sizes and configurations. Feature
crimp, snap-in contacts. Available in stamped and
formed and screw-machine processed types, in single-
piece or strip form for application with A-MP* hand,
semi-automatic or fully automatic crimping tools. Gold
over nickel contact plating . . . standard with AMP!

Connectors conforming to MIL-C-8384

/6
d
7

TIER BLOCK
—10 position

modular stacking unit
“ & SERIES “M""—14, 20,

21, 26, 34, 41,
B 50, 75 and 104 position.

SERIES "'D"—78 position

SERIES “W"
26 and 40 position

SERIES “A"

Meets electrical and environmental requirements of

MIL-C-26518. Metallic shell . . . sealed or unsealed
. 50 and 100 positions. Rack and panel or bulk-

head mounting. Screw-machine contacts exclusively.

Center to center spacing of .150".

SUBMINIATURE
High density, 50 position con-
nector. Center contact spacing 13
of .060”. Wire range 26-32. Insu- L
lation support. T

PRINTED CIRCUIT CONNECTORS

AMPin-cert one and two piece printed circuit con-
nectors, available in a wide variety of sizes and con-
figurations. Utilize crimp, snap-in contacts. Unique
design insures controlled contact pressures for reduced
surface wear. Exceed requirements of all applicable
MIL specifications. Connectors are alpha-numerically
coded, not pre-loaded and feature gold over nickel con-
tact plating . . . standard with AMP! Complete range of
hand, semi-automatic and fully automatic applica-
tion tooling.

AMP-LEAF* CONNECTORS
RIGHT ANGLE CONNECTOR 8, 15, 18, 22 and 30 positions.
Pin and Socket contacts Conforms to MIL-C-21097A.
... 19 positions
sealed and/or unsealed

16 DUO-TYNE® FLAG CONNECTORS

One piece right angle connector.
3 to 22 positions.

17

“

<2
,,.{44/

AMP-BLADE®* CONNECTORS
17, 23, 29, 35, 41 and 47 positions.

Conf to MIL-C-21097A \“‘w,// ‘
onforms to -C- . :
/4

CIRCUITIP® TERMINALS — compo-
nent tip for improved solder dip at-
tachments. Can be applied at rates
up to 7,200 tips per hour with A-MP
Component Tipping Machine.

TAPER TECHNIQUE

Miniaturized components for high density applications.
Both pre-and-post insulated, stamped and formed and
solid type taper pins to mate with a variety of one or
two piece stackable nylon taper blocks. Pins are self-
cleaning and self-locking and compression-crimped to
the conductor for insured uniformity of connections.
Newest addition to the line, TAYP-AIR* Pins, fea-
ture elongated pins which provide extreme vibration
resistance.

STACKED TAPER BLOCKS
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TERMINALS AND SPLICES

Industry’'s most complete line of pre-and-post in-
sulated compression-crimp terminals and splices.
Accommodate solid, stranded and irregularly
shaped conductors in all AWG wire sizes. Single.
piece or strip form for application with AMP hand,
semi-automatic or fully automatic crimping tools.

DUO-TYNE®* LEAF CONNECTOR—new mod-
ular design connector with virtually un-
limited application possibilities. Individ-
ually housed crimp contacts snaplock into
aluminum mounting plateswhich can be de-
signed to any size or configuration desired.

TERMI-BLOK®* CONNECTORS — modular
design terminal block connector for high
density circuitry. Permits infinite variation
in wiring logic and stack configurations.
No need for insertion/extraction tools.

200 CONTACT CABLE CONNECTOR —
crimp, snap-in contacts. Connector can be
electrically disengaged without mechanical
uncoupling. Cable outlet positioned at
either 45° or 90°.

PROGRAMMING DEVICES

AMP-FINE-Y-R* SPLICE TECHNIQUE—com-
pression-crimp method for joining 34 to 44
gage magnet wire to lead wires of 26 AWG
or finer. Special air and electric crimping
machine strips the wire and applies the
splice. Takes just 12 seconds. Up to 300
finished splices per hour.

AMP-BLADE® MULTI-CIRCUIT FEED-THRU
CONNECTOR—commoning block for rack-
mounted systems. Density potential of 192
connections in a cubic area of 3.375".
Crimp, snap-in contacts.

PATCHCORD—both universal and
shietded construction. Standard
rack mounted types and a new
‘““space-saver’” model which mounts
into rather than onto the panel.
Double-wiping action of crimped
contacts. New double-detent patch-
cord. Spring retention member
makes accidental dislodgement
next to impossible.

ENVIRONMENTAL TERMINALS AND SPLICES

STRATOTHERM® — ter-
minals and splices—for
high temperature appli-
cations. Conform to
MIL-T-7928.

32 “W=lyThey—

SEALED HELICON” DISCON-
NECT — pre-insulated and
environmentally sealed dis-
connect for all high-reliabil-
ity circuits. Wire range 22-10.
Exceeds requirements of
MIL-T-7928.

31

TERMINYL® — pre-insulated termi-
nals and splices for large wire sizes
(8:4/0). Conform to MIL-T-7928.

=Bz 33

CERTI-SEAL* SPLICE — pre-
vents moisture breathing in
aircraft and missile appli-

cations. Wire range 22-10.
Exceeds requirements of
MIL-T-7928.

*240" PATCHCORD — compact.
lightweight programming sys-
tem. Permits in-flight program-
ming of electrical/electronic
circuits in a matter of seconds.

-
D

29

PINBOARD — ideal for matrix
programming. Factory pre-wired
with standard or special silk
screen legends.
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LR e CAPITRON* PRODUCTS
A complete range of compression-crimp tooling to han-
dle the most diverse wire application problems. Match-
ing tool and terminal design insures reliable, uniform
terminations of maximum tensile strength and elec-
trical conductivity. Resistant to heat, vibration and
corrosion,

Over 2,500 specially designed power supplies, pulse
units, transformers, capacitors, etc. available as off-the-
shelf items. Exceed requirements of all applicable mili-
tary and commercial specifications.

A AAS

-

“T""-HEAD* HAND TOOLS—lightweight, compact,
hand crimping tools designed to handle a wide
range of AMP Products in wire sizes 26-14 AWG.
Color and numerical assembly coding. Ratchet-in
prevents opening of crimping dies until complete
crimp has been made.

PULSE NETWORKS — designed to specifications
covering all combinations of pulse widths, im-
pedances and charging voltages with exact com-
pliance to puise shape, rise time and ripple
tolerances.

AMP.-TAPEMATIC* TOOLS—highly versatile, port-
able, semi-automatic crimping tools featuring
tape-fed application of terminals and splices.
Combine the speed and power of a bench-press
with the compactness and light weight of a
hand tool.

RADAR PULSE NETWORKS—quadrupled power in
the same cube. Charging choke, pulse forming
networks, supply, and pulse transformers com-
bined in one balanced unit.

MP-O-LECTRIC* MATIC MACHINE—
Pt (ULELISS [ =0p G CAPACITORS—a variety of special high voltage

4,000 uniform connections per hour are possible
with this automatic, electrically powered crimping
machine. Bench-mounted, easily moved. Handles

capacitors in oil-filled hermetically sealed cases,
encapsulated in epoxy resin, of openframe con-
struction and of other special types.

a variety of AMP tape and strip mounted termi-
nals, splices and connector contacts.

U.S. POSTAGE
FIRST
CLASS

PERMITNO. 279

Harrisburg, Pa.

BUSINESS REPLY MAIL

No postage necessary if mailed in the United States.

AMP INCORPORATED
Harrisburg, Pa.

AMP INCORPORATED For complete information

on the products shown,

Eisenhower Boulevard circle keyed numbers
on the reply card

Harrisburg, Pa. on page 3.

Attn.: Reader Service Dept. (Adv.) T




Fig. 6: Motor speed control circuits: “‘Standard” SCR type (A);
LDR types are (B) simple, less feedback, and (C) with feedback.

Types of CdS and CdSe Cells

Table 2 gives the main types of CdS and CdSe cells
used, their general construction and their properties.
IMig. 4
rials and Fig. 2 shows some typical commercially

gives typical spectral responses of these mate-

available units.

Of the types shown i Table 2, the “powder™ type
is not seen on the market and this may be due to its
low sensitivity and somewhat low power capability.
However, it was able to withstand the highest volt-
Of the others,
ceramic has high sensitivity and by far the greatest

(Contimued on payge K20)

ages. note that the sintered laver on

power handling ability.

NMOvac

_”_ 110 vt Motor
| E_i

Motor
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Table 1
CLASSES OF PHOTOCONDUCTIVE DEVICES
Two photoelectric devices, the phototube and photomultiplier. are included.

Approx. Max. Approximate
Sensitivity Frequency Wavelength of
Type (per lumen) Response Max. Sensitivity Remarks
Vacuum phototube 100 pa 100 mc 4000 to 4500 A Requires approx. 100 volts.
Ge junction photojunction 30 ma 100 xc 1.9 microns Used mainly in computer
equipment.
Ge point-contact diode 100 ma 200 xc 1.9 microns Detector and computer
equipment
Si planar photodiode 200 ma 100 «c 1.1 microns Same as Ge diode but
better sensitivity.
CdS and CdSe photocells Up to 50A 100 cps (CdS) 5500 to 6500 A (CdS) Very slow at low light
. levels, can handle power.
1000 cps (CdSe) 7000 to 7500 A (CdSe)
Photomultiplier tubes Up to 1000 A 100 mc 4000 to 4500 A Requires up to 2500 volts.
Table 2
TYPES of CdS and CdSe PHOTOCELLS
Type and Current,
Method of Voltage, Distinguishing Type of General
Assembly Comments Dissipation Feature Encapsulation Electrical Char.
Single Crystal, small  Earliest types difficult Few ma. Active area All glass Ohmic with proper
crystal with ohmic to fabricate and 200 v. generally very assembly. contacts -very low
contacts. mount. Few mw. small. power dissipation.

Powder, sintered

Simple construction

> 10 ma/em2 Scant information

Glass-metal or

Current increases with

powder in binder adapts to any size. To 1000 v. but fairly high dis-  plastic-metal up to 4th power of the
Not marketed. ? sipation should be sandwich. voltage at low light
possible. levels due to particle
boundary limit on con-
ductivity.

Sintered, thin layer Can be made rugged Upto 1 Amp. Very high dissipa- Glass-ceramic, all Can be made quite
sintered on ceramic mechanically. About tion when substrate glass or metal ohmic. High power
substrates 10 times the sensitivity To 400 v. becomes part of package with types not strictly ohmic

of powder version and package. glass window, because high conduc-
14 the sensitivity of To 25w. tivity metals yield poor
pressed and sintered. ohmic contacts.

Pressed and Sintered, Very high sensivitity To 100 ma. Relatively thick All glass Can be made very
sintered powder though not as rugged active body shifts assembly. ohmic.
pressed into “pill” or easy to fabricate. To 400 v. spectral response

Dissipation limited by to the near
mounting scheme. To 500 mw. infrared.

ELECTRONIC INDUSTRIES
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Better things in

‘smaller pa ckages_

Resistors, Trimmer Potentiometers, Precision Potentiometers —no mat-
ter how exacting your specifications — Dale can meet them. This ability
stems from unmatched experience in winding the smallest diameter
resistance wires as well as superiority in producing resistance devices
with improved metallurgical and performance characteristics. If your
needs are not listed here, contact Dale at once.

WIREWOUND PREC'S'ON RESISTORS (write for Catalog A)

D18

TYPE RANGE SIZES WATTAGES TOLERANCE FEATURES
- 0.1 ohm to 3 2,510 1% Ultra-high reliability, failure rate less than
e T——" T 2001% at 1000 hours of operation at 50% of
TYPE ARS rated power at 25° C. Ask for Bulletin R-66.
_@_ | lohmto 11 Ya, Y2, 1, 2, 0.05% to 3% Meets functional requirements of MIL-R-26C.
- 240K ohms 2%, 3,5,7, 10 Silicone coating. Weldable leads available.
TYPE RS
e 10 ohms to 9 1, 2, 2V, 3, 0.05% to 3% Radial leads. Meets functional requirements
240K ohms 5 7,10 MIL-R-26C. Silicone coating. Weldable leads
TYPE RLS available.
.1 ohm to 9 1Ya, 3, 3V, 0.05% to 3% Replaces vitreous enamel resistors in high
m—: 240K ohms 334, 414, temperature applications. Silicone coating.
6%. 9, 13 Meets functional requirements of MIL-R-26C,
TYPE HS r Characteristic V. Weldable leads available.
- e g .1 ohm to 7 2,2, 3, 0.05% to 3% Siticone coated, non-inductive winding. Type
37K ohms 5, 7, 10 NLS has radial leads. Weldable leads
TYPE NS, NLS available.
.1 ohm to 7 2,35, 0.05% to 3% Resistance element suspended in metal tube
_@_ 240K ohms 7,10 meets toughest environmental conditions.
Lead orclip mounted. Weldable leads
TYPE RSE available.
5 1 ohm to 5 567,11 0.05% to 3% Replaces vitreous enamel resistors in high
w 200K ohms temperature applications. Multi-layer sili-
cone coating. Meets requirements of MIL-R-
TYPE HL 26C. Terminal or through-bolt mounted.
—— @ —— | | ochm to 2 Ya, V2 0.05% to 3% Molded coating offers superior protection.
4.6K ohms Weldable leads available.
TYPE MRS
.05 ohm to 7 1, 1%, 2Y, 0.05% to 3% Decreased size with increased heat dissipa-
175K ohms 4,6,7,15 tion. Silicone coated. Exceeds functional re-
quirements of MIL-R-26C. Weldable leads
TYPE G standard.
an 1 ohm to 3 15, 20, 35 0.5% to 3% Maximum heat dissipation at no increase in
{ 1 60K ohms size. Meets or exceeds requirements of MIL-
=3 R-18546C. Chassis mounted molded radiator
TYPE HG housing:
P’ - -1 ohm to 6 |5 10,25, 0.05% to 3% Resistance unit molded into radiator hous-
.2 240K ohms 50, 100, 250 ing. Meets requirements of MIL-R-18546C.
" TYPE RH Mounts on chassis.
. P> .1 ohm to 5 10, 25, 50, 0.05% to 3% Non-inductive winding. Silicone-sealed re-
W= 37K ohms 100, 250 sistance unit in radiator housing. Mounts on
TYPE NH chassis.
.1 ohm to 3 10, 25, 100 0.05% to 3% Silicone-sealed resistance unit in radiator
75K ohms housing. Mounts through hole in chassis.
5 TYPE PH
.1 ohm to 7 .1, .15, .2, 0.05% to 1% Bobbin type design with patented Dale fea-
@ 4 megohms .25, .33, .5 tures. Non-inductive winding, epoxy encap-
sulated. Meets requirements of MIL-R-93C,
TYPE WWA Charec. !
S - - 1 ohm to 2 .100, .125 0.05% to 1% Sub-miniature bobbin type with molded coat-
160K ohms ing for excellent environmental protection.
TYPE MWA
. 1 ohm to 7 .15, Va, V3, 0.5% to 1% Ceramic bobbin type. Non-inductively wound.
TN 12 megohms Y, 1 Radial tinned copperweld leads. Unencap-
{& TYPE CWR sulated.

ELECTRONIC INDUSTRIES
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For detailed information on the resistors listed here, write for
Catalog A. Complete data on Trimmer Potentiometers will be
found in Catalog B. Catalog E contains specifications on Pre- A :
cision Potentiometers. : : 5310

smaller packages

RANGE WATTAGES | TOLERANCE FEATURES
|
[ — 1 ohm to 10 1/10, ¥, Ya, 1% Miniature size. 3 layer silicone-base varnish
200 megohms 5,1, 2,5 coating protects against moisture and salt
[ TYPE DC spray. Weldable leads available.
1 ohm to 10 1/10, Vs, Ya, 1% Epoxy coating gives complete insulation and
200 megohms Y2, 1,2, 5 environmental protection in miniature size.
TYPE DCF Weldable leads available.

— 1 ohm to 10 [ 1/10, Y%, Ya, | 1% Hermetically sealed in non-hygroscopic en-
— ' 200 megohms 2,1,2,5 velope. Can endure severe mechanical shock.
Can be clip mounted. Weldable ieads

TYPE DCH available.
| e 1 ohm to 5 | Y%, Y, Y2 1% Moided housing completely insulates and
50 megohms 1,2 protects against environmental and mechan-

TYPE MC ical damage. Weldable leads available.
METAL FILM RESISTORS (Write for Catalog A)
100 ohms to 5 Vs, Ya, V2, .25% to 1% Molded housing gives complete environ-
4 megohms 1.2 mental and mechanical protection. Low tem-
’ perature coefficient. Weldable leads avail-
TYPE MF able.

WIREWOUND TRIMMER POTENTIOMETERS
HUMIDITY-PROOF - PRECISION (Write for Catalog B)

-~

1200 SERIES
Three different terminal con-
figurations, standard or print-
ed circuit mounting; 10 to
50K ohms; 5% tolerance; 1
watt up to 85° C, derating to

900 SERIES
High temperature, Three differ-
rent terminal configurations,
standard or printed circuit
mounting; 10 to 30K ohms; 5%
tolerance; 1 watt up to 70° C.

600 SERIES

Eight different terminal con-
figurations, standard, panel
and printed circuit mounting;
10 to 30K ohms; 5% toler-
ance; 1 watt up to 70° C, de-

1500 SERIES
Nine terminal configura-
tions, standard, panel and
printed circuit mounting;
10 to 50K ohms; 5% tol-
erance; 1 watt up to 70¢

5000 SERIES
New space saving
square configuration;
100 to 50K ohms; 5%
tolerance; 1 watt up to
70° C, derating to O at

Oat 150°C. derating to O at 175° C. rating to Oat 175°C. C, deratingtoOat 175°C.  150°C.

WIREWOUND TRIMMER POTENTIOMETERS -LOW COST (Wwrite for Catalog 8)

100 SERIES 200 SERIES
Five terminal configurations;  Five terminal configurations;
10 to 50K ohms; 5% toler- 10 to 50K ohms; 10% toler-
ance; .8 watt to 70° C, derat-  ance; .5 watt to 70° C, derat-  ance; .25watt to 70°C, derat- 10 ta 50K ohms; 10% tolerance; 1 watt to
ingtoOat135°C. ing to 0 at 105°C. ingto 0 at85°C. 70° C, deratingto O at 175°C.

PRECISION POTENTIOMETERS - SINGLE TURN - WIREWOUND
( Write for Catalog E)

1100 SERIES
High temperature. Three terminal configura-
tions; standard or printed circuit mounting;

300 SERIES
Two terminal configurations;
100 to 20K ohms; 15% toler-

» Precision machined anodized aluminum cups ¢ Molded Diallyl
Pthalate liners « Welded Tap and terminal construction « Precious
metal wipers and slip rings ¢ Flush clamp bands ¢ Gold plated ter-
minals « Precision sleeve or ball bearings « Centerless ground stain-
less steel shafts » Single or ganged units

« Meet requirements of MIL-R-12934B and NAS-710
« Eight physical sizes, 78" to 3" diameter

« Electrical angles and functions to specification

« Special mechanical configurations available

DALE ELECTRONICS, INC.

1304 28th Avenue, COLUMBUS, NEBRASKA

SPECIFICATIONS:

A subsidiary of
THE LIONEL
CORPORATION

ELECTRONIC INDUSTRIES -
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CRITICAL
OMPONENTS

FLEXIBLE
RESISTORS

1% WIRE-WOUND
RESISTORS

/

STANDEE
RESISTORS

POWER
RHEOSTATS

—@'-

ot

Exclusively Clarostat
Wire-wound on a flex-
ible core. Use like
wire for point-to-point
connections. Insulated

Series CC wire-wound
resistors. 20 PPM/°C.
1, 2, 3, or 5% resist-
ance tolerance. In 1, 2,
3, 5 or 10 watt sizes.

Mounts above chassis
for maximum heat dis-
sipation. Application-
required designs, in-
cluding multiple taps,
or separate resistance

25- and 50-watt sizes
Resistance elements
imbedded in inorganic
cement. Special wiper
design for long wear
Will withstand over-

Coded elements. loads without damage.

Depend on famous Clarostat quality in wire-wound power resistors:
Greenohm “‘V'' vitreous enamel manufactured to MIL-R-26 specifications
according to latest revisions; Greenohm cement-coated resistors for the
toughest industrial and commercial assignments; Special purpose resistors
for those beyond-the-usual application requirements.

Write for complete data on the complete Clarostat line of fixed and
variable resistance components . ..

2K el o =G
CLAROSTAT

mfg. co., inc., Dover, New Hampshire

D20 Circle 22 on Inquiry Card ELECTRONIC INDUSTRIES
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TREXDS IN USING PLASTIC DIELECTRIC are toward
higher reliability in smaller capacitors and better
capacitors and hetter capacitor properties. After a
good look at the plastic dielectric capacitor of today
and of the near future, one may feel that plastics for
capacitor dielectrics have “arrived.” But new designs
pop up more frequently. New ideas and techniques
are put into use as our knowledge of plastics grows,
and a great many Alms are "just around the corner”
with new properties to use in supplying capacitors to
meet the more exacting needs of today’s sophisti-
cated circuits.

Plastics for Reliability in Capacitors

As electronic circuitry becomes more involved in
the space age and its vehicles, polvethylene teraphthal-
ate (Dupont’s Mylar), is being recognized as one
of the most reliable dielectrics for capacitors. Mylar
is received in the capacitor plant as a complete
dielectric. 1t does not require impregnation to make
it useful as all paper diclectrics must. [t 1s well known
that reliability increases with less handling because
there are fewer chances of error.

Many of the steps that are needed to develop elec-
trical properties of paper dielectric capacitors are
excluded in production of dry Mylar units. Not hav-
ing to impregnate a capacitor, helps to preclude
chance of errors in temperature, vacuum, time cycles,
and purity of the impregnant.

Mylar has excellent dielectric breakdown strength,
good stability and long term life properties. It there-
fore requires minimum handling to he used in capaci-
tors that hecome highly reliable components.

Great strides have heen made in producing Mylar
film over the vears. Uniformity of thickness and
electrical properties of the film are inproved.

lixperience in manufacturing capacitors from film
and continuing tests of these capacitors have shown
the extent to which controls of handling these dielec-

ELECTRONIC INDUSTRIES -+ June 1963

Trends Toward Higher Reliability...

PLASTIC
DIELECTRICS
IN CAPACITORS

trics improves the quality and reliability of finished
parts.

Mylar capacitors are recognized to he rehable for
space applications. In part this is due to the out-
standing performance of these capacitors in fields of
intensive radiation. In several of the articles written
about the testing of diclectrics in radiation, it has
heen pointed out that Mylar ranks among the highest
in resistance to such exposure. (Good-All has an
information booklet available which contains data
and information from most of these articles.) IFor
example, after similar radiation exposure, the follow-
ing figures are shown in comparing temporary capaci-
tance change on 3 ditferent dielectrics :

Mica—changed irom +7% to —11%
Paper——changed from 0% to —90%
Mylar—changed from +1% to —8%

With respect to transient capacitance change, one
can see that Mylar is affected no more than mica and
much less than paper by exposure to radiation. Space-
age electronics requires reliability for obvious reasons
hesides the radiation problem. Plastic  dielectrics
certainly are playing a major role in capacitor de-
sign for reasons stated ahove.

Control Process Is Important

Good-All places emphasis on cleanliness of capaci-
Their THigh
(Continued on page 123)

tor manufacturing  areas. Relability

By TROY L. PESTEL

Chief Engineer
Good-All Elec. Mfg. Co.
Div. of TRW Electronics

112 W, 1st St.

Ogallala, Nebr.
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THIN-FILM MICROCIRCUITS
NOW AVAILABLE FROM SPRAGUE!

Smaller than a postage stamp, this

typical CERACIRCUIT is a two-stage oscillator and
gated amplifier, used as a clock-pulse

source in digital systems.

O GATE CONTROL

LINEAR and DIGITAL

CERACIRCUITS

FOR GREATER DESIGN FLEXIBILITY...INCREASED RELIABILITY. . .CIRCUIT ECONOMY!

Thin-film CERACIRCUITS allow great flexibility in
the choice of components and types of circuits. Chopping
size, weight, and cost, while boosting reliability and
power utilization, these revolutionary microcircuits are
being used by alert design engineers in ever-increasing
numbers. Their ease of usability is remarkable., Con-
taining familiar circuit elements such as capacitors, in-
ductors, resistors, diodes, and transistors, CERACIR-
CUITS offer precision components with a wider choice

of tighter parameters, assuring greater design freedom.
*Trademark

SPRAGUE COMPONENTS

Custom thin-film CERACIRCUITS are here . . . Now!
A Sprague microcircuit specialist will be glad to discuss
the transition of your circuits to thin-film. He can also
supply CERACIRCUITS such as linear amplifiers,
oscillators, NOR gates and drivers, indicators, binary
counters, and clocks for evaluation of Ceramic-base
CERACIRCUITS in your equipment. For complete
information, write to Technical Literature Service,
Sprague Electric Company, 233 Marshall Street, North
Adams, Massachusetts.

MICROCIRCUITS INTERFERENCE FILTERS

CAPACITORS PULSE TRANSFORMERS

TRANSISTORS PIEZOELECTRIC CERAMICS

MAGNETIC COMPONENTS PULSE-FORMING NETWORKS

RESISTORS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS

RIEE

D22 Circle 23 on Inquiry Cord

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘Qy are registered trademarks of the Sprague Elecaric Co.
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PLASTIC DIELECTRIC (Continued)

manufacturing area has controlled
atmosphere with electrostatic air fil-
tering. Workers wear lint-free gar-
ments and their habits are being
continually shaped in  reliability-
oriented channels. Extensive training
is given to High Reliability capaci-
tor workers in work habits as well
as production techniques.

Detailed manufacturing specifica-
tions are a must to obtain highly
reliable capacitors and adequate
quality control personnel are needed
to insure compliance with the speci-
fications.

The High

screening process used is a unique

Reliability material
system whereby a sample from a log
roll of Mylar is used to wind capaci-
tors. Extensive tests are then run to
decide whether the material i1s *“‘qual-
ified” for production. Only after
qualification is the entire log roll slit
to necessary widths for use. This
system has helped to achieve estab-
lished failure rate of .001% per 1000
hours with dry Mylar constructed
capacitors. This leads to the belief
that greater reliability can be ob-
manufacturers

tained as material

continue to improve the basic dielec-

tric and increased knowledge is

gained about its qualities.
Miniaturization a Reality

The pressure for smaller capaci-
tors becomes greater with each day
as circuit designers are cramped for
space. Plastics again are filling this
need.

Significant size reduction has been
achieved in a plastic dielectric capac-
itor with Good-All’s miniature ca-
pacitor called “Microlar™ or type
608. This capacitor offers a 75%
size reduction over conventional de-
signs in small values and is fully
capable of voltage rating over the
~55°C 1o
125°C just as other Mylar units are.

The unique design of this capaci

temperature range of

tor features excellent lead-pull char-
acteristics, even though it is very
small (see photograph). A combina
tion of small size and ruggedness are
found in this discrete component.
The “Microlar™ line has only Mylar
dielectric, but its design is readily
adaptable to other plastics.

Epoxy Dipped Units

Selections of physical shape and
case stvle of capacitors are usually

Good-All’s ““Microlar”™ Capacitors combine a 75% size reduction with unique lead-pull design.

ELECTRONIC INDUSTRIES -
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dictated by space available, the need
for humidity protection, and physi-
cal ruggedness
dipped units are popular since they
fill the requirements on most of these
points. Although as high a degree ot

required. Epoxy

miniaturization of the “Microlar”
capacitor is not achieved with type
001 PE dipped capacitors, they are
small and provide the radial lead
styles desired in printed circuit
work. They can be made thin to take
full advantage of hoard space and
the case of tough epoxy is a very

good humidity barrier.
Other Plastics

Up to the present time, Mylar
represents the best answer to an all-
purpose, reliable plastic dielectric
material for capacitor design.

Forward looking work by capaci-
1or manufacturers is largely aimed
at providing capacitors with im-
proved properties in such areas as
temperature range, temperature co-
efficient, dielectric absorption, and
physical size. When one or possibly
two characteristics must be optim-
ized. the selection of a specialty
dielectric is mmch easier today be-
cause of the varietv of materials
available.

The major portion of plastic di-
electric capacitors today contain My-
lar as the dielectric. Polystyrene is
also a verv important plastic used in
capacitors.

Polystyrene capacitors offer the
following advantages:

Extremely high insulation resist-
ance.

Extremely low dissipation factor.

Low capacitance change with ten-
perature change.

Very good stability.

Low dielectric absorption factor.

But the chief drawback is its low
melting point which limits its use
to a maximum of 85°C.

Teflon overcomes the high tem-
perature limitation of polystyrene

(Continued on page D24)
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PLASTIC DIELECTRIC (Concluded)

while offering essentially the same
characteristics. Although a few ca-
pacitor manufacturers ofier lines of
Teflon capacitors, it s very difficult
to handle and has found only limited
nse as a capacitor diclectric due to
the high costs involved in manufac-
turing.

There are a few othes plastics
used in capacitors today bt these are
of less importance and will not he
discussed. New plastics which have
been recently available or are ex-
pected to be available before long

shall now be inchuded,

New Plastics

A relatively new plastic dielectric,
polycarbonate, provides properties
similar to those of polystyrene but
up to at least 125°C operation. As
mentioned, Teflon will do this, but
has the drawback of being difficult
to handle. Polycarbonate handles
more castly and will probably find
much broader use than Teflon has
for capacitor use.

Comparison tests to date have
shown polycarbonate imported from
Germany to be superior to domestic
films. This is unfortunate, but size-
able stocks of the foreign polycar-
bonate film are being built up in
various plices i the United States

and its use is expected to increase
sharply.

Preliminary tests of Kodar ( Fast-
man Kodak's new film) have heen
very encouraging. This film exhibits
a significant improvement in tem-
perature  cocfheient  (capacitance
change with temperature change)
over Dul’ont Mylar above 83°C. Al
thongh KNodar is not now available
in gauges thinner than 15 mil in
production quantities, it shows prom-
ise to he a popular plastic diclectric
of the future.

DuPont’s  H-Film is currently
under stndy for high temperature
use. This is another plastic which is
avatlable only in small sample quan-
tities at present. It has good voltage
breakdown  strength.  even  above
150°C, and could be of significant

his  temperature

valnie in t range.
Since its properties are good, it is
fairly certain that this plastic will
he an important capacitor diclectric.

Polypropylene may he staging a
rally for recognition as a capacitor
diclectric. It has been tried in the
past with disappointment hut recent-
Iy manufactured film appears to he
good. Tts chief attraction in the past
has been its light weight and ac-

companying lower cost. It does offer

some very good properties, however,
and should be watched in the future
as a possible contender with poly-
styrene and polycarbonate.
DuPont’s 15-gauge Mylar (.00013
in. thick) is not actually a new film,
It does, however, represent some-
what of a breakthrongh in the plastic
capacitor dielectric field, and shonld
be discussed with new diclectrics. Its
primary usage appears to he in
metallized capacitors where the max-

imum in size reduction is realized.

Importance of Combinations

Combinations of plastic capacitor
diclectrics have heen used for some
time to obtain  desired capacitor
properties. However, when vou view
the excellent choice of new plastics
which will soon be available to ca-
pacitor design engineers, the combi-
nations appear to he virtnally unlim-
ited and properties can possibly e
tailored to meet almost any capacitor
application. These many new plastic
diclectrics will tend to increase con-
dielectric

petition  between  plastic

manufacturers and  hopefully  will
tend to foree continual improvement
and npgrading of all such diclectrics.
This is. of course, a healthy and
happy situation for both the capaci.
tor manufacturer and the capacitor
user since better capacitors are the

mevitable result.

NEW TECH DATA

]

Printed-Circuit Booklet

Techniques  for producing  reliable
printed  cirenits and assemblies are  de
tailed in this 3-color, 10-page booklet, It
covers  manufacturing  methods,  advan
tages and disadvantages of cach. Included
are charts listing tech. data and per
formance characteristics of base mate
rials, from phenolic paper to epoxy glass,
an casy-to-read table giving uses  and
properties of  plated  coatings, cut-away
renderings of muhi-layer terminaiion al
ternatives, and other illustrations, Indus
trial Circuits Co., 99 Main Ave, [, Pater
son, N. J.

Circle 581 on Inquiry Card

D24

for Engineers,

Wire and Cable

Standard Wire and Cable Co., 3440
Overland Ave., Los Angeles 34, Calif,,
has published a new aid to aircraft, elec-
tronic, space and missile designers, engi-
neers and purchasing personnel who deal
with military  spec.  wires and  cables.
Publication entitled, “Comparison Chart”
shows characteristies of aircraft and elee-
tronic wires and cables covered by mil.
spees. The brochure shows engincering,
physical, and electrical characteristics for
20 most commonly used clectronic and
aireralt wire types.

Circle 582 on Inquiry Card

ELECTRONIC INDUSTRIES -

Explosion-Proof Starters

Safety and reliability features of Allis
Chalmers threaded, explosion-proof start-
ers for hazardous locations are described
in this literature. Designed for indoor and
outdoor use, the enclosures have all-alu-
minum domes and body and stainless steel
exterior hardware. Enclosures are avail-
able as complete factory-assembled start-
ers, combination  starters, and circuit
breaker units. Components for field as-
sembly of starter and circuit breaker units
are also available. "TEDP Starters for
Hazardous lLocations,” 14C1488. Allis-
Chalmers, Milwaukee 1, Wisc.

Circle 583 on Inquiry Card
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a big line that can fill your needs in unique ways

@ﬁ' b

Ohmite ¥t~

Take basic models of variable transformers and develop them
intensely with imagination . . . with thoroughress . . . with
boldness. And what’s the result? A big line of muscular trans-
formers . . . innumerable variations that save you money by
close matching of requirements.

—1.75 to 25 amps (50 and
60 cycles to 400 cycles).

—40, 120, 240 Volts.

—Fixed mounting with knockouts; portable
w1th switch, cord, outlet, and fuse; deluxe portabie with on-off
overvoltage selection switch, cord, outlet, circuit breaker, and
adjustable handle.

—Two and three-unit from stock;
special arrangements made to order.

—Portable cased transformers with volt-
meter, ammeter, or wattmeter; single or in pairs.

v—Practically all models are directly
interchangeable with other popular types having comparable
current ratings.

Q X )

/ Variahle Transformers

1 —54 Types and combinations, plus Ohmite’s exclu-
sive motor drive modules, from distributor and factory stocks.

STANDARD" SPECIAL FEATURES—Multitaps; double
tracks; special terminals; concentric shafts (tandems); special
enclosures; special windings; adjustable taps;auxiliary
switches; innumerable shaft variations; motor drives; and
combinations with rhecstats and switches.

—Series VT4 and VT8 (3.5 to 10 amps).

Approvals pending on other sizes. Carried in stock.

s = erep—Whether your special needs are
'nechamcal or electrical, simple or complex, Ohmite can engi-
neer and manufacture the job in any quantity you desire.

Write for General Catalog 500 or call your distributor for
Stock Catalog 30

OHMITE

MANUFACTURING COMPANY

3662 Howard Street, Skokie, lllinols
Phone: (312) ORchard 5-2600

RHEOSTATS » POWER RESISTORS » PRECISION RESISTORS » VARIABLE TRANSFORMERS
TANTALUM CAPACITORS ¢« TAP SWITCHES ¢ RELAYS ¢ R.F. CHOKES ¢+ SEMICONDUCTOR DIODES
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capacitance dielectric Q
range mmf strength . . factor temp, coetf. length
measured per bDC. measured insulation  measured ot capacitance material (front
type 1F0 <5177 working at max resistance per JFO PPM. C (dielectric- of
mode! mount min max vilts rated cap 500 vDC =5178 ?5°to125 C piston)  panet)

SEALCAP MINIATURE PANEL MOUNT, PRINTEO CIRCUIT, GLASS AND QUARTZ T

SC131, 141 & ¥S1 Prt. Ct. 0.3 as 750 1500 vOC 2x10¢ Mgg. 500 +50 Glass - Invar "%
SC133*, 143 & 153 Prt. Ct. 1250 2500 vDC 10x10* Meg. 500 *50 Glass - Invar
SC134* Prt. Ct. 1250 2500 vDO< 10x10* Meg. 500 *75 Glass - Invar
SC144 & 154 Prt. Ct. 1250 2520 VDC 10x10* Meg. 500 =3 Glass - Invar
5C136*, 146 & 156 Prt. Ct. 1250 2500 VOC 10x10* Meg. 500 *100 Glass - invar
SC139+* Prt. Ct. 1250 2500 vOC 10x10* Meg. 500 *100 Glass - Invar
SC149 & 159 Prt. Ct. 1250 25920 vDC 10x10* Meg. 500 *100 Glass - Invar
QS171+, 181 & 191 Prt. Ct. 1000 1500 VDC 2x10* Meg. 1500 Approx. Zero  Quartz - Invar
QS173+%, 183 & 193 Prt. Ct. 1250 2500 vDC 10x10* Meg. 1500 Approx. Zero  Quartz - Invar
QS176*, 186 & 196 Prt. Ct. 1250 2500 VDC 10x10* Meg. 1500 Approx. Zero  Quartz - Invar
QS179+%, 189 & 199 Prt. Ct. 1250 2500 vOC 10x10* Meg. 1500 Approx. Zero  Quartz - Invar

STANDARD SPLIT-STATOR PANEL MOUNT, GLASS AND QJRTZ

000 EO~O000O0
DA NDOD®®D YD

A) 0. .
VC16G Panel Sai gg o g 500 1000 vDC 10* Meg. 700 Glass - Invar

ve176 panet (A1 06

(B) 1.1 500 1000 vOC 10 Meg. 700 Glass - Invar

A) 0.7 14.
VC186 Panel R

2
8
4
; 500 1000 VOC 10* Meg. =50 Glass - Invar
vcao Panel fg’, 3;3 fj
veal Panel :g’, g_'g ?j

A} O. o
vce2 Panel ((B; 835 2

A) 4. 11.
vcel Panel :B)) 3_g é

HI-LIFE NVC20G MINIATURE PANEL MOUNT SERIES (May be used to replace VC20G series)
NVC20G*, NSC133® Panel 0.8 85 750 1500 VvDC 10¢ Meg. +50 Glass-invar
(Sealcap)

NVC21G®, NSCI131® Panel 0.8 45 750 1500 VvOC 10¢ Meg. *+50 Glass-Invar
(Sealcap)

NVC22G*, NSC134¢ Panel 0.7 12.0 750 1500 vOC 10¢ Meg. 500 =75 Glass-Invar
(Sealcap)

NVC23G®, NSC134° Panel 0.8 18.0 750 1500 vDC 10% Meg. 500 Glass-Invar
(Sealcap)

NVC24G°, NSC139° Panel 1.0 30.0 750 1500 VvDC 10¢ Meg 500 Glass-lnvar
(Sealcap)

1Other NVC, NMQ and NQS Hi-Life models are also available. All Hi-Life units can be used to replace
other corresponding JFD trimmer capacitors without *“N'* prefix. All are fully described in JFD catalog C-63

1000 1500 vDC 10* Meg. Approx. Zero Quartz - Invar

8 1000 1500 vDOC 10* Meg. Approx. Zero  Quartz - Invar 1%,

5
S
0
5
o]
0 1000 1500 vOC 10¢ Meg. Approx. Zero Quartz - Invar
2
6
5
o]
o]

1000 1500 vDC 10* Meg. Approx. Zero  Quartz - Invar 1%,

MINIATURE SPLIT-STATOR SEALCAP SERIES

SPS226G*, 236G & 246G Prt. Ct. :g)) gg 750 1500 VOC 10°* Meg. 500 Glass - Invar "t

SPS227G*, 237G & 247G Prt. Ct. :g; (1)? 750 1500 vDC 10® Meg. 500 Glass - Invar 1%t

SP$228G*, 238G & 248G Prt. Ct. :g)) ;g 750 1500 vDC 10® Meg. 500 Glass - Invar 1%t

SUPER MAX-C SEALCAP SERIES, STANDARD PANEL MOUNT®*, PRINTED CIRCUIT, GLASS AND QUARTZ

MCD641°°, MCD661 Prt. . K 14.0 1000 2000 vDC 10¢ Meg. Glass-Invar Wt
MCD643° %, MCD663 Prt. Ct. . 28.0 1000 2000 vOC 10¢ Meg. Glass-lnvar 3%t
MCD644°°, MCD664 Prt. Ct. d 42.0 1000 2000 VOC 10¢ Meg. Glass-lnvar 17t
MCD646°¢, MCD666 Prt. Ct. K 60.0 1000 2000 vDC 10¢ Meg. Glass-Invar 1'%,
MCD649°°, MCD669 Prt. Ct. . 90.0 1000 2000 vDC 10¢ Meg. Glass-lnvar 1%+

MINIATURE DIFERENTIAL SEALCAP SERIES

1
DsS441%, 451 & 461 Prt. Ct. :2;

1
DS443%, 453 & 463 Prt. Ct. {2;

1
DS444%, 454 8464 Prt. Ct. :2;

(1)
DS446*, 456 & 466 Prt. Ct. )

Q
DS449%, 459 & 469 Prt. Ct. (2))

1000 vDC 10* Meg. *100 Glass - Invar Kot

1000 vDC 10* Meg. *100 Glass - Invar AUt
}2’ 1000 vDC 10¢ Meg. *+100 Glass - Invar %t

llgg 500 1000 vDC 10* Meg. *100 Glass - Invar 14

ggg 500 1000 vDC 10* Meg. *100 Glass - Invar 1%t

PrwOWONONO
CoovVoUD®ON

MAX-C SEALCAP SERIES

MC601%, 611 & 621 Prt. Ct. . 14.0 1000 2000 vOC 10 Meg. 500 =50 Glass - Invar R

MC603*, 613 & 623 Prt. Ct. d 28.0 1000 2000 VOC 10¢ Meg. 500 =50 Giass - Invar Kot

MC604+, 614 & 624 Prt. Ct. g 42.0 1000 2000 vOC 10¢ Meg. 500 =50 Glass - Invar M.t

MC606+. 616 & 626 Prt. Ct. d 60.0 1000 2000 VOC 10¢ Meg. 500 =50 Glass - Invar 1%,

MC609+, 619 & 629 . Ct. ] 90.0 1000 2000 VOC 10¢ Meg. 500 =50 Glass - Invar 1%t
nominal operating tength

self.resonating nominal induct capacitance Q temperature (front of
LC TUNERS* frequency (MC) (microhenries) (MME) factor °C material panel)

LC303* ,313 ,323 & 333** 400 MIN 725 MAX .0248 MIN 0277 MAX .54 MIN 6.56 MAX 170-200 —55 to 4125 Glass - Invar s,
LC304 ,314 ,324 & 334*% 275 MIN 550 MAX .0367 MIN .0396 MAX .85 MIN 11.66 MAX 150-175 —55 to 125 Glass- Invar ¥,
LC306~ ,316 ,326 & 336** 200 MIN 500 MAX .0507 MIN .0534 MAX .86 MIN 20.19 MAX 135-170 —55 to +125 Glass - Invar 1%,

LC303* ,319 ,329 &339** 125 MIN 375 MAX .048 MIN .0798 MAX .88 MIN 24.49 MAX 145-155 —55 to +4 125 Glass - Invar 1'%,
FIXED METALIZED INDUCTORS FOR PANEL MOUNT OR PRINTED CIRCUIT MOUNT

23 values available off the shelf from 0.054h-Q factor up to 180. High stability over
wide operating temperature. Write for our catalog.

s*Standard panel mount “ miniature panel mount tfLength Applicable for Panel Mount Types Only.
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AMERICA KNOWS BEST!

THE VARIABLE TRIMMER PISTON CAPACITORS,
LC TUNERS AND METALIZED INDUCTORS

eapacitance dielectric Q
range mmf strength insulation factor temp. coeff.
measured per D.C. measured resistance measured of capacitance
type JFD #5177 working at max. per JFD P.P.M./°C
mode] mount min, max. volts rated cap. 500vVDC. #5178 25° t0 125°C

length

material (front
(dielectric- of

piston) panel)

STANDARD PANEL MOUNT, GLASS AND QUARTZ

VC1G Pane! 0.7 9.0 1500 2500 VDC 10¢ Meg. Min. 500 —60 to 410 Glass - Invar 75
vcaG Panel 0.8 18.0 1000 1500 VDC 10¢ Meg. Min. 500 -+350 to 4 450 Glass - Brass 1
VC5G Panel 0.8 18.0 1000 1500 VDC 10¢ Meg. Min. 500 —20 to +40 Glass - Invar 1
VC116G Panel 0.6 140 1000 1500 VDC  10¢ Meg. Min. 500 —30 to 440 Glass - Invar 1
VC11GRA Panel 0.6 14.0 1000 1500 VDC 10* Meg. Min. 500 —40 to 50 Glass-Invar 1
VC11GRB Panel 0.6 14.0 1000 1500 VDC 10¢ Meg. Min. 500 +450 to +600 Glass - Brass 1
VC11GRC Panel 08 18.0 1000 1500 VLC 10* Meg. Min. 500 +20 to+100 Glass - Invar 1
VC30G Panel 0.8 30.0 1000 1500 vDC 10* Meg. Min. 500 —10 to +50 Glass - Invar 1'%,
vec2 Panel 0.7 4.5 1000 1500 VDC 10¢ Meg. Min. 2000 Approx. Zero Quartz - Invar Yo
ves Panel 0.6 6.0 1000 1500 VDC 10¢ Meg. Min. 2000 Approx. Zero Quartz - Invar. %
ve11 Panel 0.8 10.0 1000 1500 vDC 10¢ Meg. Min. 2000 Approx. Zero Quartz - Invar 1
VC11A Panel 1.0 10.0 1000 2000 VDC 10¢ Meg. Min. 2000 Approx. Zero Quartz - Invar 1%
vCi12 Panel 9.0 21.0 1000 1500 VvDC 10 Meg. Min, 2000 Approx. Zero Quartz - Invar 1'%,
vc9as Panel 0.8 10.0 3000 5000 VDC 10¢ Meg. Min. 2000 Approx. Zero Quartz - Invar 1%,
SPLIT BUSHING SERIES PANEL MOUNT, PRINTED CIRCUIT, GLASS AND QUARTZ

VC3G Panel 0.7 9.0 1500 2500 VDC 10¢ Meg. Min. 650 +350 to +500 Glass - Brass %
VC3GI Panel 0.7 9.0 1500 2500 vDC 10t Meg. Min. 650 +0 to-—150 Glass - Invar 2.
VCG6GA Panel 0.7 17.0 1000 1500 VDC 10¢ Meg. Min. 750 +400 to 4600 Glass - Brass 1%,
VC6GC Panel 0.8 17.0 1000 1500 VDC 10* Meg. Min. 650 —100 to +100 Glass - Invar 1%
VC6GI Panel 0.8 17.0 1000 1500 VDC 10¢ Meg. Min. 600 —100 to 4 100 Glass - Invar 1%,
VC7G Panel 2.0 30.0 1000 1500 VDC 10¢ Meg. Min. 600 —100 to +100 Glass - Invar 134
VC13GA Panel 0.8 13.0 3000 5000 VDC 10¢ Meg. Min. 500 +225to +375 Glass- Ph. Bronze 1%
vcsoc Panel 5.0 50.0 1250 2500 VDC 10° Meg. Min. 450 +250 to +-450 Ceram Ph Bronze 1
VvC801GW Prt. Ct. 0.8 4.5 1000 1500 VDC 10¢ Meg. 500 —55 to +125 Glass - Invar A
VC803GW Prt.Ct. 038 8.5 1000 1500 VDC 10¢ Meg. 500 —55 to 4125 Glass - Invar 254,
VC804GW Prt.ct. 08 12.0 1000 1500 vDC 10¢ Meg. 500 —55 to 4125 Glass - Invar W,
VC806GW Prt. Ct. 0.8 18.0 1000 1500 vDC 10 Meg. 500 -—55 to 4-125 Glass - Invar 1%,
VC803GW Prt. Ct. 0.8 30.0 1000 1500 VvDC 10¢ Meg. 500 —55 to 125 Glass - Invar 1%
vcsi1Qw Prt. Ct. 0.6 18 1000 1500 VvDC 10¢ Meg. 2000 —55 to 4 150 Quartz - Invar s
vcet13aw Prt. Ct. 0.6 5.0 1000 1500 VDC 10¢ Meg. 2000 —55 to +4-150 Quartz - Invar Y
vceieaw Prt.Ct. 0.6 9.5 1000 1500 VDC 10 Meg. 2000 —55 to +150  Quartz- Invar 1%,
veca1aaw Prt. Ct. 0.6 16.0 1000 1500 VDC 10¢ Meg. 2000 —55 to +150 Quartz - {nvar 1Y
MINIATURE PANEL MOUNT, PRINTED CIRCUIT, GLASS AND QUARTZ

VC20G* VC9G, VCIGW Prt. Ct. 0.8 8.5 1000 1500 VDC 10* Meg. Min. 500 +50 Glass - Invar M1
ve21G+* VC10G,VC10GW Prt. Ct. 0.8 4.5 1000 1500 VDC 10* Meg. Min. 500 250 Glass - Invar Hs
VC22G = Panel 0.7 12.0 1000 1500 VDC 10¢ Meg. Min. 500 *75 Glass - Invar %
VC23G+ VC32G,VC32GW Prt. Ct. 0.8 18.0 1000 1500 VDC 10¢ Meg. Min. 500 *100 Glass -Invar 1
VC24G Pane! 1.0 30.0 1000 1500 VDC 10¢ Meg. Min. 500 +100 Glass - invar 1%
WC31G, VC31GW Prt. Ct. 0.8 12.0 1000 1500 VDC 10¢ Meg. Min. 500 275 Glass - Invar 1y,
VC42G & VC42GW Prt. Ct. 1.0 21.0 1000 1500 VDC 10¢ Meg. Min, 500 *100 Glass - Invar 1)
YC43G, VC43GW Prt. Ct. 0.8 30.0 1000 1500 VDC 10¢ Meg. Min, 500 *100 Glass - Invar 134
MQ101*, 111 & 121 Prt. Ct. 0.6 1.8 1000 1500 vDC 10* Meg. Min. 1500 Approx. Zero Quartz - Invar
MQ103*%, 113 & 123 Prt. Ct. 0.6 5.5 1000 1500 vDC 10¢ Meg. Min. 1500 Approx. Zero Quartz - Invar ¥
MQ106*, 116 & 126 Prt. Ct. 0.6 9.5 1000 1500 vDC 10* Meg. Min. 1500 Approx. Zero Quartz - Invar 1
MQ109+, 119 8129 Prt. Ct. 0.8 16.0 1000 1500 VDC 10¢ Meg. Min, 1500 Approx. Zero Quartz - Invar 1%

ELECTRONICS

JFDCORPORATION

THE ;3 AMERICA KNOWS BEST!

JFD NORTHEASTERN
Ruth Drive, P. O. Box 228
Marlboro, Mass.

JFD WESTERN

9 Morlan Place

Arcadia, Calif.
Phone: Hillcrest 6-0312

JFD ELECTRONICS
(ISRAEL) LTD.

JFD CANADA
51 McCormack Street
Toronto, Ontario, Canada

Phone: HUntley 5-7311 Phone: ROger 2-7574 Azur, lIsrael
Cable Address:
| JFD AZUR, ISRAEL

Yariable Trimmer Piston Capad;ors s« Metalized Inductors ¢ LC Tuners =«
« Fixed ond Yariable Distributed and Lumped Constant Delay Lines «

Industrial area B. 8ldg. 23

JFD ELECTRONICS CORPORATION

Components Division

ISth Avenue at 62nd Street, Brooklyn 19, N. Y.; Phone 212 DE 1-1000
TWX212-833-7001

Cable-JEFDEE N. Y,

JFD MIDWESTERN
6330 Hermione St.
Chicago 45, 1Ii.
Phone: 775-5424

LCC STEAFIX
128 Rue de Paris
Montreuil, Seine, France

Filters ¢ Diplexers
Pulse Forming Networks

Cirele 25 .an.lnquiry, Card

STANDARD TELEPHONE &

Villawood, N..S.W.,. Australia

JFD MIDWESTERN-OHIO
P. O. Box 36090
Cincinnati 36, Ohio
Phone: 421-1166

CABLES LTD.
Footscray, Sidcup,
Kent, K.

"DUCON CONDENSER
PTY. LTD




VARIABLE RESISTORS ’

Complete Line. Whatever you need, CTS has it or can make it to your Exact Requirement, HIGH QUAL"’Y

CTS’ world-wide sales organization will

help solve your variable resistor POWER LGUDSPEAKERS
OIAMETER RESISTANCE TS
problems. RATIND (ohms) SERIES
(watts) ;
COMPOSITION VARIABLE RESISTORS / ‘ ‘
4 .
. COMMERCIAL 15/16" 1/4-1 2000—10 megs
|}
i 15/16" 1/4 2500—15 megs | Q
J = 3/4" 2/10-3/10 | 2509—5 megs 70 : {3
& 47 5/8" 2/10-1/4 |2500—2.5 megs | 200 { — - \&
4% 9/32" 1/10 5000—10 megs | M250
2 & 3 sectinn A ==
aile by side 1/4-1/3 2500—10 megs ;(:5)5
‘ us52 *Carbon- ’
2 & 3 section y o] Ceramic
side by side | 1/4 5000—10 megs ):igg.
MIL-R-
2 |s SKa-50 megs |Hve | "mon Comp/ete Lme
MILITARY 1-1/8" 2 1000—10 megs | 96 RvV4
—— 1-1/8" 2 1001:—10 megs | 95 From 3” tweeter...through
- 15/16" 1 1009—5 megs 90 RV2 all-purpose round and el-
15/16" 1/4 1002—15 megs | 45 liptical . . . to 15" woofer.
3/4 172 1002—2.5 megs | 65 RV5 Precision workmanship
1/2 3/4 1009—2.5 megs | 300* |RV6 produces the closest tol-
<-‘_ «Carbon-ceramic erances between moving
' COMMERCIAL 1-17/32" | 4 30—25K 2 coil and magnet. Mod-
E“ 1-} 7/64" |2 ?n-—égﬁ 252 » ern facilities. Request
1-1/4" 2 1 2W - Data sheet P-101 from
3/4 ‘ 1 1/2t0 3 1/29—5K 110 R-19 CTS of Paducah, |nC.,
MILITARY | 1-17/32" | 4 30—-25K 25 RA30 Paducah, Ky.
1-17/64" |2 30—15K RA20
1-1/4" 2 30—15K RA20
Request Data Sheet
(with Space Age 1-3/64" |3 1002—2.5 megs 179
High Stability 500°C Metal- 3/4" 1-1/2 1000—2.5 megs 180
Ceramic Element) 172" | 3/4 1002—5 megs 175

tSemi-precision j
- -
~&4‘:’; POWER RESISTANCE J crs |
OIMENSIONS ?::::I; (ohms) SERIES
COMPOSITION TRIMMER RESISTORS Request Data Sheet
COMMERCIAL [1.1/4x.295x.350 1/4 |5000—1 meg 140 80
7/16x5/16x1/2 |[1/8 |2500—2.5 megs | 220 | 184 “Carbon.
MILITARY 1-1/4x.295x.350 [1/4 |5000—1 meg t 140 80 ceramic
.344 Dia. x .240 |1/10|2500—2.5 megs | 380°

CERMET TRIMMER RESISTORS

1/2x1/2x.260 1000—1 meg 178
1-1/4x.295x.335 (1 1000—1 meg 177
Only P.C. sizes are shown. Lead sizes are smaller. SELECTOR
<z b
3 | SWITCHES 2.
4
- = Illl NON-DRIFT, COMPACT N °
(, N 1-1/8" dia., 2 to 12 ‘ et
\"}“ positions, rotary wa- I \4
: ter switches for com- B\
CERAFER-—Cermet resistance mercial and military ! 2
element. Wafers for micromodule N
systems. Low cost resistor and con- d:’:’tzgcasu?t’é:' c?nr;&rren::i(:; :
ductor lay.outs)for printed circuitry (o0 ChTT e e e REMOTE OPERATED
Roquest Data Sheet 181, " manufacturing concept. Re-  YARJABLE RESISTORS
CERMET cerapOT—S0lid cermet, quest Data Sheet 182. & SWITCHES
.050” dia. x .030" long or as
FIXED RESISTURS required.l 1/10 Wa'ﬂ. 5082 ‘\‘ Variable resistors with con-
100K, with or without 3 'S, tinuous motor drive or elec-
leads. Request Data ‘ tromagnetic step drive.
Sheet 185 S sr el / = Also available with at-
X ® tached on-off switch,

Founded \
§ roynusy DATA SHEET REQUESTS HONORED PROMPTLY, ASK BY NUMBER

CTs CORPORATION Factories coast-to-coast for your convenience: Elkhart & Berne, Indiana; South Pasadena,
Elkhart, Indiana California; Asheville, North Carolina; Paducah, Kentucky and Streetsville, Ontario, Canada,
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ANOTHER CONTINENTAL CONNECTOR FOR THE POLARIS PROGRAM
Series 683-40 and 683-41 Right Angle Plug & Socket

9.

19 Solderless-Wrap Plug Terminations/38 Taper Pin Socket Termi
Socket easily secured to PC board or chassis by two
threaded mounting studs. Plug has through hole mount-
ing. Guide pins and sockets are polarized to prevent mis-
mating. Molding is flame resistant, high dielectric, glass
filled Diallyl Phthalate.

DESIGNER’S DATA FILE. If you’re designing for right angle
printed circuit applications you’)l want to have Contin-
ental’s Catalog RTA 362, compiled to help you select and
specify the type best suited to your needs. For a free copy,
write to: Continental Connector Corporation, 34-63 56th
Street, Woodside 7?7, New York, or call TW 9-4422.

DISTRIBUTORS FOR OFF-THE-SHELF DELIVERY:
AIRWORK CORP., O.E.M. DIVISION P.O. Box 48-194, International
Airport, Miami 48, Fla. * Phone: 885-2401 « TWX 305-821-3720
CONTACT ELECTRONICS, INC. 2403 Farrington, Dalias, Texas
Phone: MEIrose 1-9530 « TWX 214-631-4993

ESCO ELECTRONICS INC.

3130 Valleywood Drive, Dayton, Ohio * Phone: 298-9816

STAN AUERBACH ELECTRONIC DISTRIBUTORS, INC.

1371 Bridgetown Pike, Feasterville, Pa. * Phone: (215) EL 5-0430

CCC WEST COAST BRANCH
4054 W. Beverly Blvd., Los Angeles 4, Calif. * Phone: 381-2285

CCC MIDWEST BRANCH
2040 W. Wisconsin Ave., Milwaukee, Wisc. * Phone: D1 4-2727

MICRO-MINIATURE * SUB-MINIATURE ¢ MINIATURE ¢ PRINTED CIRCUIT ¢ RIGHT ANGLE PIN & SOCKET ¢ CENTER SCREWLOCK

- CONTINENTAL
CONNECTORS

CONTINENTAL CONNECTOR CORPORATION *° WOODSIDE 77, NEW YORK

ELECTRONIC INDUSTRIES + June 1963 Circle 27 on Inquiry Card D29




50% more capacity per unit volume, 30% more capacity
per unit weight than any comparable nickel-cadmium
battery — rechargeable thousands of times —these are
features you may need now for transistorized field pack
radios or radio telephones, rescue beacons, unmanned
remote stations, test equipment, low-noise preamps and
other long:-life, low-rate-discharge applications.

Added to the voltage stability, rechargeability and low-

temperature performance of nickel-cadmium, these cells
offer exceptional efficiency —made possible by a space-
saving rectangular shape and Sylvania's film forming

process. Cell plates are made by casting and sintering
nickel to form a self-supporting, porous film, and then
loading this ‘‘sponge’’ with chemicals. The usual plate
backing is thus eliminated, and efficiency is increased.

Cells are hermetically sealed and available in a wide
choice of sizes with capacities from 50 mA hrs. to 4
Amp hrs. Easily stacked in a variety of arrangements,
they are strapped and jacketed in plastic to form a bat-
tery that meets shock and vibration requirements of
MIL-B-55118 (Signal Corps).

To crystallize some of the advantages of Sylvania bat-

Design small, design light—new Sylvania
are up to 50% more efficient

Typical plastic-jacketed 12-voit battery—only 5.5 cubic inches, with 500
mA hr. capacity. High efficiency comes from rectangular cell shape and
film formed plates shown in cutaway—sheets of porous nickel impreg-

nated with chemicals.

rechargeable...
stable output voltage...
hermetically sealed



BROADEST LINE OF T-4 CdS
PHOTOCONDUCTORS AVAILABLE

400 V, 300 mW ratings...hermetic

seal with blue-dot proof!

Photocell circuit designers can now have cells exactly
suited to streetlighting, flame-out alarms, remote control
devices and other applications—choosing from the
Sylvania line, ranging from 750 ohms to 16,000. Now
rated at 400 volts, with 300 mW dissipation, these photo-
conductors also have reliability insurance—a true her-
metic seal verified by a blue dot that immediately signals
the presence of as little as .02% water vapor.

Among T-4 cadmium sulfide cells, only Sylvania offers
such a broad range plus these high voltage and dissipa-
tion ratings. And watch for future developments: smaller
size, photoconductors for high power and ultraviolet.

Min. Dark Resistance
2 Ft.-Candle After 10 Sec. in
Resistance (ohms) Complete Darkness (ohms)

75,000
200,000
300,000
500,000
900,000

1,600,000

For more information on these two new developments
from Sylvania, write Electronic Tube Division, Sylvania
Electric Products Inc., Box 87, Buffalo, N. Y.

SYLVANLA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS (&&%)

NEW CAPABILITIES IN: ELECTRONIC TUBES <« SEMICONOUCTORS
MICROWAVE DEVICES « SPECIAL COMPONENTS « OISPLAY OEVICES

Circle 14 on Inquiry Card



NEW TECH DATA

for Engineers,

Components Catalog

Catalog 32, 44 pages, lists variable re-
sistors, switches and ceramic capacitors.
Detailed dimensional drawings and com
plete electrical, mechanical, and environ-
mental spees. are given, Included are 18
and 24-position phenolic switches, lever
action switches, intercom switches, rotary
switch kits, military  type ceramic disc
capacttors, ac line ceramic dise capacitors,
20v. micromimature  Ultra-Kaps,  and
polystyrene  capacitors.  Centralab,  The
Electronies Div. of  Globe-Union  Inc.
00 12, Neefe Ave, Milwankee 1, Wisc,

Circle 484 on Inquiry Card

Thin-Plate Capacitors

Bulletink N1J-122 describes  subminia-
ture thin-plate capacitors, types TPN PO,
TP25, and T1'89. Available in a variety
of temp. coeflicients, their rectangular slim
design allows close assembly on printed-
wiring hoards. Listed are typical proper-
ties for cach type, physical dimensions,
cte. Acrovox Corp.,, New Dediord, Mass.

Circle 485 on Inquiry Card

Nonlinear Capacitors

This new line of Mylar® diclectric per-
mits any nonlinear function with capaci-
tor rotation. Custom features such as trig-
onometric, step, discontinuous and circuit-
error correcting functions can be accom-
modated. Total capacitance may be in
creased, decreased  or  remain  constant
with rotation. Western  Industrial  Re
search, Rotary Products Div., . O, Box
404, Beverly Hills, Calif,

Circle 486 on Inquiry Cord

Low-Power Amplifier

The SA-112 amplifier gives high-gain
and low-drift performance without chop-
pers. It has less than 10mvy./day drift and
uses Ot It can be operated continuous
Iy for 1 month from 2 flashlight-size bat
teries and drives a  galvanometer-type
recorder. It is ideal for recording ther-
mocouple signals. Self-Orpanizing  Sys-
tems, Ine, 6612 Denton Dr., Dallas 33,
Tex.

Circle 487 on Inquiry Card

I-F Tubes

Types 0JK6 and 6J1.6 are strap-frame,
i-f amplifiers desiened for use in televi-
ston receivers. Type 0)J N6 is a 7-pin min-
fature video i-f pentode featuring frane
grid construction, sharp cutoff character
istic, and 18,000umhos ; type J1.6, also a
7-pin miniature  i-f  pentode,  features
rrame-grid, has remote cutofi character
isties, is  designed  for  ace controlled
stages, and has  15.500umhos. Sylvania
Electric: Produets Ine, 1100 Main St
Butialo 9, N. Y.

Circle 488 on Inquiry Card

D32

Power Supplies

Pulleting Series 4105 presents informa-
tion on power supplies covering output
from 0.7v. to 300v. at 1.0 to 110 amps.
Circuits use cither conventional or ferro
resonant  transformers and  cither mag-
netic-amplifier, SCR, or transistor regu-
lators. Vickers Ine., 18153 Locust St, St
Louis 3. Mo.

Circle 489 on Inquiry Card

Power Resistors

The Greenohm V" edge-wound resis-
tors are available in power ratings from
90 to 375w. Temp. rise is 375°C. The
units meet or exceed Mil-R-26C for un-
insulated  resistors. Resistance range is
rom 0.04 to 25 ohms. Clarostat Mig. Co.,
Inc., Dover, N, 11,

Circle 490 on Inquiry Cord

Voltage Sensors

Voltage  hermetically - sealed  sensors,
consisting of input network, voltage con-
parator with adjustment ir required, am
pliter and output relay, are available.
These sensors are used  where critical
amplitude sensing between drop-out and
pull-in voltages or low voltages must be
sensed. Hi-GoIne, Bradley 1Field, \Wind
sor locks, Conn.

Circle 491 on Inquiry Card

Tin Oxide Resistors

Bulletin, *Resistor Reliability” discusses
methods of manufacturing and  selecting
and provides information on periormance
of high-reliability tin oxide resistors. Two
representative graphs illustrate the results
of continuous life testing of standard parts
for almost 6 years at 60¢¢, and at 140%
for almost 4 vears. Corning  Electronic
Components, Corning G lass \Works,
Raleigh, N. C

Circle 492 on Inquiry Card

Trimmer Capacitors

Series Bulletin Y-63 deseribes a new
series of low-cost trimmers which ex
ceed Mil-C-14409.\N. These trimmers fea
ture stability, high Q. ultra-linear tuning,
and lack tuning reversals. Information in
cludes physical and electrical spees. JFD
Eleetronies Corp,, 15th Ave. at 62nd” St.,
Bklvn, 19, N Y.

Circle 493 on Inquiry Card

Power Resistors

Type PW  wire-wound  resistors  are
avatlable in ratings of 2, 3, 5, 7, 10, 15,
and 20w. Min. standard resistance value
is 019, and tolerances are 5 and 10¢; .
Joone Div., International Resistance Co.,
P. 0. Box 393, Boone, N. C.

Circle 494 on Inquiry Card

CALLYOUR

'KEMET

REPRESENTATIVE or
DISTRIBUTOR
for all your needs in
SOLID TANTALUM
CAPACITORS

“KEMET'" SALES REPRESENTATIVES

NEW ENGLAND AND EAST COAST
Electrical Manutacturers Services, P.0. Box 489, Hemp-
stead, N. Y. 516 IVanhoe 5-4321; 1784 Hempstead Turn-
pike, Hempstead; 3001 James St., Syracuse 6, N. Y.
315 HOward 3-4866; 1476 Force Orive, Mountainside,
N. J. 201 PLainfield 6-1018; Old Lakeshore Rd., Oerby,
N. Y. 716 NA 7-2121; 7 New Market St., P. 0. Box 843,
Poughkeepsie, N. Y. 914 471.6830; 265 Church St., New
Haven 10, Conn. 203 UN 5-9104
Kitchen & Kutchin, 1775 Massachusetts Ave., Lexington,
Mass. VO 2.8230; 223 Broad St., Milford, Conn. 203
TR 8-4366
Sunday-0'8rien Corporation, 15 Potter St., Haddonfield,
N. J. 609 HA 9-4013; TWX 609 429-9088
Daniel and Company, 407 Washington St., Towson 4,
Md. VAlley 5-3330; P. 0. Box 124, Lutherville, Md.
VA. (Except Fairfax County), TENN., GA., FLA.,
N.C, S.C., M[SS_, ALA.
Jake Rudisill Associates, 2009 N. Tryon St., Charlotte
6, N. C. 376-4792; 2454 Medway Ave., Raleigh, N. C.
TE 4-6417
Roy Attaway Company, 900 Bob Wallace Ave., S.W.,
Huntsville, Ala. 534-2811; TWX 205 811-3424; 711 Mag-
nolia Ave., Orlando, Fla. GA 4-9983; TWX 305 275-0841
OHIO, Western PENNSYLVANIA
R. G. Sidnell & Company, 15120 Edgewater Drive, Cleve-
land 7, 0. ACademy 1-1313; 30 Lynn Rae Circle, Oayton
59, 0. 885-5531; 409 Hazelnut Orive, Monroeville, Pa.
CHurchill 2-1476; 9012 Cherrybiossom Lane, Cincinnati
31, 0. 522-0732
IND. (Except Lake County), MICH.
Warner, Kesler & Associates, P. 0. Box 338, 604 State
St., S. Whitley, ind. 723-5353
WISC., Northern ILL., IOWA, IND. (Lake County)
D. Dolin Sales Company, 3553 W. Peterson Ave., Chicago
45, II. JUniper 8-3738; TWX 312 222-0928; 3501 W.
Burleigh, Milwaukee 10, Wisc. UPton 1-2933
NEB., KAN., MO., Southern ILL. (Incl. Quincy)
Harris-Hanson Company, 2814 S. Brentwood Blvd., St.
Louis 17, Mo. Mission 7-4350; TWX 314 962-3933; 7916
Paseo St., Kansas City 32, Mo. Highland 4-9494; TWX
816 556-2423
MINN., NO. and SO.DAKOTA
Stan Clothier Company, Inc., 12 W, 58th St., Minneapo-
lis 19, Minn. TAylor 5-1234; TWX 612 321.0886
TEX. (Except El Paso County), OKLA., ARK., LA.
Ammon & Champion Company, P. 0. Box 35263; 2746
Seelcco, Dallas 35, Tex. FlLeetwood 7-8441; TWX 214
899-8306; 615 Gilpin St., Houston. HUdson 6-2233

| COLO., UTAH, NEW MEXICO, Southern IDAHO,
TEX. (El Paso County)
Barnhill Associates, 1170 S. Sheridan Blvd., Denver 26,
Colo. 934-5505; TWX 303 292-3124; 300 S. Main St.,
Centerville, Utah. AXtel 5-6521; TWX 801 521-2687; 319A
Wyoming Blvd., N.E., Albuquerque, N. Mex. 265-7766
WASH., ORE.
Samuel N. Stroum Company, 621 S. Michigan St., Seattle
8, Wash. PArkway 2-7419; TWX 206 998-0403. Portland
customers call COmmerce 9640
CALIF.,, ARIZ., NEV.
G. S. Marshall Company, 2065 Huntington Drive, San
Marino, Calif. MUrray 1-3292; TWX 213 499-2953; 708
Warrington Ave., Redwood City, Calif. EMerson 6-8214;
TWX 415 364-9023; No. 28 Pima Plaza, Scottsdale, Ariz.
946-4276; 4410 Kearny Mesa Rd., San Oiego, Calif. BR

8-6350
“KEMET” DISTRIBUTORS

OEMS, Inc., 1748 Hempstead Turnpike, Hempstead, N.Y.
+ R & D Electronics Supply, Inc., 75 Pearl St., Cam-
bridge 39, Mass. - Eastern Radio Corporation, 312 Clif-
ton Ave., Clifton, N. J. - General Radio Supply Com-
pany, Inc., 600 Penn St., Camden 2, N. J. « Valley Elec-
tronics Supply Company, 1735 E. Joppa Rd., North
Baltimore, Md. - Electronic Wholesalers, Inc., 1301
Hibiscus Blvd., Melbourne, Fla. - Pioneer Electronic
Supply, 5403 Prospect Ave., Cieveland 3, 0. + NEDCO
Electronics, Inc., 3553 W. Peterson Ave., Chicago 45,
IIl. « Gopher Electronics, 2520 W. Larpentuer Ave.,
St. Paul, Minn. - Standard Supply Company, 225 E. 6th
St. S., Salt Lake City 10, Utah - Ward Terry and Com-
pany, 910 Rio Grande Blvd., Oenver, Colo. « Almac
Electronics Corporation, 6301 Maynard Ave. S., Seattle
8, Wash. « K-Tronics, Division Kierultf Electronics, Inc.,
1030 Byram St., Los Angeles 15, Calif. « G. S. Marshali
Company, 2065 Huntington Orive, San Marino, Calif.
« G. S. Marshall Company, 708 Warrington Ave., Red-
wood City, Calif.

Kemet Cepartment, Linde Company, Glvision of Unlon Carbide Cerperation
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Another bull’s-eye in capacitor design...!

il

EEE—

—

C-SERIES

PRESENTLY AVAILABLE IN
2 CASE SIZES

Case A: Diameter .146; length

.370; lead diameter .020.

Case B: Diameter .196; length

.505; lead diameter .025.

Case material : Dimensionally-sta-

ble, moisture-resistant, self-extin-

guishing epoxy with excellent

dielectric properties.

Leads: Solder-coated nickel wire,

ELECTRONIC INDUSTRIES -

EXACT SIZE

Linoe, Kemer PRODUCTS
for Electronics/Aerospace
LINDE Laser/Maser Crystals,
Sapphire, Rare Gases/ Mixtures,
Cryogenic Materials, Single-Crys-
tal Refractory Metals, Semicon-
ductor Silicon, Silicon Monoxide.
KEMET Barium Getters and Solid
Tantalum Capacitors—6 to 100V,

[ ]
Write today for technical data

June 1963

‘KEMET"

TRADE MARX

BULLET-SHAPED

C-SERIES

(Polar Type)

SOLID TANTALUM
CAPACITORS

Provide peak performance under
severe shack/vibration conditions

% Molded shape adaptable to welded module
construction or conventional point-to-point
wiring...also automatic insertion equipment.

% Suitable for better-grade entertainment
devices, ship-to-shore and other 2-way radio
communications or similar top-quality uses.

KEMET'’s complete line of solid tantalum ca-
pacitors has a brand new member —the
C-Series polar type—designed for highly com-
pact circuitry!

C-Series units consist of a porous tantalum
anode encapsulated in an epoxy case with a
bullet-shaped end for fast polarity identifica-
tion, easy capacitor orientation, and assembly
in close proximity to other components.

DC leakage current is extremely low and
dissipation factor is not sacrificed. Capaci-
tance ranges from 0.1 to 56 microfarads in
=+5, 10, and 20 per cent tolerances. Working
voltages are 6, 10, 15, 20, 35, and 50. Opera-
tion is continuous over a temperature range of
—55° to +85°C.

For full information on the C-Series and
other solid tantalums in KEMET’s complete
line—from 6 to 100 volts —write to:

“THE SPECIALIST IN SOLID TANTALUM CAPACITORS"

Kemet Department, Linde Company, Division of
Union Carbide Corporation, 11901 Madison Ave-
nue, Cleveland 1, Ohio. Telephone 216-221-0600,

KEMET DEPARTMENTgTT "

LI NDE - - CARBIDE
COMPANY

**Kemet,”’ ‘‘Linde,’’ and *‘Union Carbide’’ arc registered
trade marks of Union Carbide Corporation.

D33
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ELECTRONICS CORP.

products are available from stock,

534 BERGEN BOULEVARD ¢ PALISADES PARK. N. J.

*MAGNETOSTRICTIVE DELAY LINES

This new ESC line ranges from 10 usec to 10,000 usec;
frequency range 200 KC to 1 MC R.Z.; temperature coefficient
less than 1 PPM where required; meets MIL environmental
requirements. The acoustic wire type of sonic delay line
offers the most desired characteristics of a memory line
fong delay, wide bandwidth and delay stability in a high
density package.

. ! Series No. Min. Delay Max. Delay

or depending on your require- oM 250 uSEC 1000 4SEC
g R 40M 1000 LSEC 2500 uSEC

ments, W|II_ be designed to your SoM 9E8D . Sic TR
exact specifications. For custom *Write for Brochure 60M 5000 4SEC 10000 4SEC

requirements, we will produce a
prototype and submit a detailed
laboratory report on all para-
meters and test equipment used.
When your prototype is ready for
production, our rigid Inspection
and Quality Control Procedures
ensure that each electrical and
mechanical characteristic is ex-
actly as specified.

For complete information on the
hundreds of different models
manufactured by ESC, write or
call today for catalog No. 9, or
specific technical literature.

DIRECT READOUT VARIABLE DECADE DELAY LINE

Model 101 — a total delay of 8.99 usec, resolution —— of total delay

AUDID DELAY LINES

Hermetically sealed for most severe environmental applica-
tions; delays from 500 usec to 5000 usec and greater;
bandwidth (3 db); up to 35 KC and greater; delay time/rise
time ratios as high as 170/1. Frequency insertion loss less
than 4 db.

Other audio defay lines up to 200 milliseconds.

MI<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>