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TOTAL CAPABILITY IN
PRECISION RESISTANCE

RS Wirewounds...

22,000,000+

UNIT TEST HOURS

Lv - 1 [’»M&l. S R Y §
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. 99.991%
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-
=
7 ;7
‘. .’,-,t

[

Unmatched performance in a standard
precision power wirewound resistor

You get a reliability bonus at no extra cost with Dale’s
RS Precision Power Resistor. Of all the wirewounds outside
the specially-conditioned "Hi-Rel” category (where Dale’s
ARS Resistor is tops) the RS has been conclusively proven
to be the most reliable. In tests, patterned after Dale’s
famous Minuteman High Reliability Development Pro-
gram, the RS has passed the 22,000,000 hour mark at a
99.991% reliability level (60% confidence level, 100% rated
power, 25° C ambient, 1% AR failure point). The RS Wire-
wound is just one example of Dale’s total capability in
precision resistance—a capability which includes giving
you both performance and delivery which exactly match
your requirements.
SPECIALS-ASK US

Dale has built over 400 special modifications of the RS

Resistor. One of them may be the answer to your problem.
If it isn’t. we'll build one that is.

RS SPECIFICATIONS

B Applicable Mil. Spec: MIL-R-26C & MIL-R-23379 (A new Spec,
designed especially for precision resistors)

B Wattage Sizes: ¥4, ', 1, 2, 2.5, 38,5, 7, 10

B Tolerances: 0.05%, 0.1%, 0.25%, 1%, 3%

B Operating Temperature Range: -55°C to 350°C

B Resistance Range: .1 ohm to 240k ohms

B Load Life Stability: 1% max. AR after 1000 hours at full rated power

B Moisture Resistance: .5% max.AR after MIL-R-26C moisture test for
insulated resistance

B Dielectric Strength: 500 volts, RS-Ya through RS-1B; 1000 volts RS-2
through RS-10

B Thermal Shock: .5% max.AR after MIL-R-26C thermal shock test

B Insulation Resistance: 100 megohms minimum

M Temperature Coefficient: 20 p.p.m. (high values); 30 p.p.m. (intermediate
values); 50 p.p.m. (low values). Specific T.C. chart available on request.

RS RELIABILITY STUDY AVAILABLE. Write for a copy as well as for Dale’s expanded Catalog “A”.

DALE ELECTRONICS,

1304 28th Avenue, Columbus, Nebraska

DALE

INC. ..o
.« ~,
o

A subsidiary of THE LIONEL CORPORATION R
Also Made and Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada

Circle 98 on Inquiry Card
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INDUSIRIES

The STATE-OF-THE-ART Magazine
for Electronic Engineers

ELECTRONIC MARKETING—
MOST NEEDED BREAKTHROUGH

THE DRIVE FOR TECHNOLOGICAL PROGRESS in our in-
dustry has obscured a simple fundamental—if nobody
needs it, why develop or produce it?

Several years ago, a medium sized company was
successful, in competition with some industrial giants,
in developing a black box that represented a dramatic
engineering design achievement. Impressed with its
success in doing what no other company could do,
this manufacturer set up to produce in quantity the
exotic product for which it had orders for one half
dozen units. More than a year later and thousands
of dollars poorer, this company discovered that its
original order of six units represented the total world
market for this unique product.

On the happy side, consider the company which
enjoyed a three year lead in silicon transistors. This
was no accident. It was deliberately planned. Ex-
tensive marketing studies had revealed that the in-
dustry was eager to have, and would purchase in
large quantities, reliable silicon transistors at a rea-
sonable price. Corporate resources were mobilized
fully—research and development, engineering de-
sign, production facilities, materials development—
for the sole purpose of being first to the market
place. This effort paid off handsomely in corporate
growth and profitability.

Engineers direct the corporate affairs of the major-
ity of the electronic companies. Yet few engineering
schools give more than passing notice to the subject
of marketing. Perhaps that is why our industry has
concerned itself more with technological progress
than with marketing. As a young and dynamic
growth industry, we enjoyed many years when the

ELECTRONIC INDUSTRIES - June 1964

engineer with an idea or new product had little
trouble finding customers eager to buy.

Defense requirements are no longer so ucgent.
Where we had a limited number of talented people
and capable organizations, our expanded industry
now is loaded with capabilities ir: technology but
short of the marketing skills needed to sell its prod-
ucts.

Marketing is a total concept. It implies an ex-
ploration of the needs of customers. What they want,
how it should be made, what price they will pay, how
many they will buy, and the best way to sell them?
Answers to such questions as these are a way of life
for successful companies in all industries.

As publishers, we have developed and used the
most modern marketing research techniques on our
own product—ELEcTrONIC INDUsTRIES. We have
a major investment ir: facts and figures on the indus-
try that is available to manufacturers in the form of
a Marketing Assistance Program. We have helped
many companies find the answers they need to mar-
ket their products successfully.

There are still far too many companies that have
failed to make use either of our facilities or other
resources in the marketing area that are available.
Manufacturers that have been willing to do their
marketing homework are continuing to show growth
and profits. Others are complaining about competi-
tion, lower volume, and shrinking profits.

We believe that the next important breakthrough
for our industry is an awareness that marketing and
communication skills are equally as important as
technological capabilities.




New from Sprague!

For extreme size reduction and unusual capacitance stability . . .

The tubular polycarbonate film
capacitor and the rectangular
oil-impregnated paper
capacitor are both rated
10 uF, 100 VAC, 400 cy.

e

FILMITE 'K’ POLYCARBONATE FILM CAPACIT

® New Filmite ‘K’ Polycarbonate Film Capacitors are
more than 13 times smaller than paper capacitors of equiv-
alent capacitance value and voltage rating!

@ Polycarbonate film dielectric provides exceptionally high
capacitance stability over the entire temperature range, due
to inherently low coefficient of expansion of polycarbonate
film and a dielectric constant which is nearly independent
of temperature.

@ Filmite ‘K' Capacitors exhibit almost no capacitance
change with temperature—dramatically better than poly-
ester-film types, they even surpass polystyrene capacitors.

® Low dissipation factor (high Q) makes these capacitors
extremely desirable where high current capabilities are re-
quired, as in SCR commutating capacitor applications.

® Low dielectric absorption (considerably lower than that
of many other commonly-used film dielectrics) over a
broad frequency/temperature spectrum makes Filmite ‘K’
Capacitors ideal for timing and integrating.

ORS

@ Extremely high insulation resistance, especially at higher
temperatures. Superior to many other commonly-used
film dielectrics.

@ Close capacitance tolerances—available to +0.25%!

@ Filmite ‘K’ Capacitors are excellent for critical appli-
cations including tuned circuits, analog and digital com-
puters, precision timing and integrating circuits because of
the unusual properties of the polycarbonate film dielectric.

Type 260P Filmite ‘K' Capacitors are metallized, utiliz-
ing non-inductive construction. They feature special self-
healing characteristics, in the rare event of capacitor
dielectric breakdown. Designed for operation at full rated
voltage over the temperature range of —55 C to +105 C,
these metal-clad capacitors are hermetically-sealed and are
available with both standard and weldable wire leads or
solder tabs in a variety of mounting styles.

Types 237P and 238P Filmite ‘K’ Capacitors are of
high-purity foil construction, and are hermetically sealed
in metal cases. Operating temp. range, —55 C to +125 C.

For complete technical data on Type 260P and on Type 237P and 238P Capacitors, write
for Engineering Bulletins 2705 and 2700, respectively, to Technical Literature Service,
Sprague Electric Company, 233 Marshall Street, North Adams, Massachusetts.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS PIEZOELECTRIC CERAMICS
RESISTORS PULSE-FORMING NETWORKS

MICROCIRCUITS
INTERFERENCE FILTERS

45C.4110

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

2 Circle 43 on Inquiry Card

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co,
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Reasons Why SPRAGUE is a

Major Resistor Supplier

-~

FILMISTOR®
PRECISION FILM RESISTORS

—ezm—

metal-film, molded case

Distinct limited temperature coefficients
and low tolerances to meet exacting appli-
cation requirements. Rugged end cap
construction for long-term stability and reli-
ability. Superior resistance to humidity and
mechanical damage. Surpass MiL-R-10509D
requirements. Send for Bulletin 7025B.

—C—

deposited-carbon, molded case

Approach precision wirewounds in reliability
and stability, yet are smaller in size and
have lower self-inductance. Low, controlled
temperature coefficient. Dense molded case
provides outstanding humidity protection.
Send for Bulletin 7000A.

e
——] -
deposited-carbon, conformal coated

Full rated load operation at 70 C with no
wattage derating. Assured uprated loads at
lower operating temperatures. Ideal for cir-
cuitry where small size, humidity resistance,
and close tolerance (=+19%) are required.
\\Send for Bulletin 7005A.

Circle 61 on Inquiry Card
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Exclusive ceramic-insulated resistance. wire permits “short-
proof” multilayer windings for higher resistance values.
Standard and non-inductive designs. Non-porous ceramic
shell for moisture protection and electrical insulation. Axial-
lead, axial-tab, and radial-tab styles. Send for Bulletins

7300B, 7305, 7310.
Circle 64 on Inquiry Card
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KOOLOHM™ CERAMIC-SHELL
POWER WIREWOUND RESISTORS

ACRASIL® PRECISION/POWER\
WIREWOUND
RESISTORS

silicone-encapsulated
Combine the best features of
both precision and power wire-
wound types. Resistance toler-
ances to +0.05%. Unusually
tough encapsulation protects
against shock, vibration, mois-
ture, fungus. Meet MIL-R-26C
requirements. Smaller than con-
ventional wirewounds, yet
greater in stability. Send- for

Bulletin 7450. /

K !

Circle 62 on inquiry Card

BLUE JACKET®
VITREOUS ENAMEL
POWER WIREWOUND RESISTORS

L bmdgr—

] ]
All-welded end cap construction with
special vitreous coating for long-term
dependability. Axial-lead style for con-
ventional wiring or on printed boards. Tab
terminals for higher wattage applications.
Meet MIL-R-26C requirements. Send for
Bulletins 7400B, 7410D, 7411A.

Circle 63 on Inquiry Card

STACKOHM® w

POWER WIREWOUND
RESISTORS

> ")

f GLASS-JACKETED

POWER WIREWOUND RESISTORS

Ferrule terminals soldered to metallized ends of glass casing.
for true hermetic seal. Virtually failure-proof, even in ex-
tremely corrosive industrial and salt atmosphere. Standard

and non-inductive windings. External meter-multiplier types
also available. Send for Bulletins 7350, 7420, 7421.

\ Flat silhouette permits

stacking of resistor banks
in close quarters. Alumi-
mum thru-bar simplifies
mounting and conducts
heat from resistance ele-
ment. Vitreous enamel
protective coating. Meet
MIL-R-26C performance
requirements. Send for

Quuetin 7430,

=4
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For complete technical data, write for
engineering bulletins on the resistors
in which you are interested to: Tech-
nical Literature Service, Sprague
Electric Company, 233 Marshall
Street, North Adams, Massachusetts.

4SR 16863
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SPRAGUE

THE MARK OF RELIABILITY

ELECTRONIC INDUSTRIES

New Bridge Design
For Safe, Accurate,
Easy Measurement
of ’Lytic Capacitors

|

=

The Sprague Model 1W2A Capaci-
tance Bridge introduces new, im-
proved technical refinements as well
as restyling for added attractivencss
and ease of operation. Built by ca-
pacitor engineers foi capacitor users,
it incorporates the best features of
bridges used for many years in
Sprague laboratories and produc-
tion facilities.

Precision Measurements over Entire
Range from O to 120,000 pF

The internal generator of the IW2A
Bridgeisa line-driven frequency con-
verter, and detection is obtained from
an internal tuned transistor amplifier-
null detector, whose sensitivity
incrcases as the balance point is
approached. It has provision for
2-terminal, 3-terminal. and 4-termi-
nal capacitance measurements. which
are essential for accurate measure-
ment . .. + 197 of reading 4+ 10uuF
... of medium, low, and high capac-
itance values, respectively.

No Damage to Capacitors

The model IW2A Capacitance Bridge
will not cause degradation or f{ailure
in clectrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! 1t is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this
precision instrument, write for Engi-
neering Bulletin 90,010A to Technical
Literature Service, Sprague Electric
Company, 233 Marshall Street,
North Adams, Massachusetts.

489P-120-63
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COMPONENTS: THE STATE-OF-THE-MART 14

Rising microminiature circuit-component sales may hit several billions of dolliars
yearly by 1970. What of discrete components? Some believe sales will diminish
slowly reaching a low, but profitable plateau. Some suggest that instead of just
selling the products they make, firms should concentrate on making products
that customers need.

CAPACITORS: TODAY AND TOMORROW 20

Capacitors have made significant strides over the last ten years. The latest
improvements and future developments are outlined here. Design and applica-

tion information are included to aid in the proper use of these new develop-

ments.

ACHIEVEMENTS AND TRENDS lii TRANSFORMERS 50

Gains are being made in achieving higher power handling, size reduction,
higher operating frequencies, and higher temperature capabilities. New mate-
rials and techniques are the main factors.

INTEGRATED CIRCUITS—TODAY AND TOMORROW 58

A number of significant approaches are being followed in the area of integrated
circuits. While industry waits for one approach to achieve a dominant position,
each is finding certain unique applications for which it is best suited. This may
well be the pattern of development in integrated circuits for many years to come.

SEMICONDUCTOR TECHNOLOGY 68

How are semiconductor devices being made? Why are these methods used
and what are the problems associated with them? What improvements are
needed? How are manufacturing costs being cut? Will these methods be used
in the future? This state-of-the-art feature answers these and other pertinent
questions.

CHOOSING RELAYS OR SOLID-STATE SWITCHING 99

Neither the electromechanical relay nor the solid-state switch is the panacea
for switching problems. Each has its own advantages. This article presents the
pros and cons of each, and gives the various parameters to be considered in
design application of a switching device.

NEW DEVELOPMENTS IN INTERCONNECTION TECHNIQUES 129

The most compatible and complete system interconnection solutions are
achieved when all interconnection problems are approached as an entity. Here
are a few steps that will greatly simplify the problem.

NEW METHOD FOR FOCUSING KLYSTRONS 152

Electrostatic focusing has been successfully applied to high power klystron
amplifiers, thus eliminating the need for conventional magnetic focusing struc-
tures. Greatly reduced weight and size, high efficiency and reliability are im-
nortant features.

MEASURING RELAY CONTACT-BOUNCE 206

Measuring contact-bounce with an oscilloscope introduces the possibility of
operator error and fatigue. This device increases accuracy and a printout device
eliminates the need for an operator.
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1 KRS DITBSTACT DR Z=
136 MILES OF

CONTINUOU.S LOOP TAPE

i Al

6

A gooa fact to remember! One 60-pound KRS DATA-STACT™ DR-2 is equal
to almost any instrumentation record/reproduce function you could give
it between DC and 100 kc. And, it's the only Cartridge Instrumentation
Recorder able to log 1¥3 miles of two-channel data without reloading.

SIX RECOROERS IN ONE It's true! Each DATA-STACT DR-2 Recorder oper-
ates a stack of six KRS STACTape™ Cartridges. Each cartridge holds a two-
channel, 1,200-foot continuous-loop rcll of Ya-inch tape. Used sequential-
ly, they provide 7,200 feet of two-channel data-logging capacity at any
one of six selectable tape speeds. Operated simultaneously, they can
record up to 1,200 feet of 12-channel data.

NO MECHANICAL ADJUSTMENTS Extreme simplicity of the DATA-STACT
DR-2 Recorder eliminates the critical parts that cause adjustment head-
aches. All-solid-state circuitry contributes to its exceptional reliability.

Complete system price range from $2,500 to $10,000.
For more facts on KRS DATA-STACT DR-2 Cartridge Instrumen- @
tation Recorders, write for Instrumentation Div. Bulletin DR-2, lececrronics

Dept. E.1., KRS Efectronics, 4035 Transport Street, Palo Alto, California

k ™ Trademarks of KRS Electronics

/
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World’s first all-solid-state
10 KC to 15 MC Wave Analyzer

"

R

Up to now you had to look outside the U.S.A. for a
wave analyzer to fit this billing. Except you’d never
find an all-solid-state model. Because there weren't
any until Sierra’s new Model 128A Extended Range
Wave Analyzer came along. [0 Now you’'ll be seeing
more and more Sierra Wave Analyzers

SIERRA ELECTRONIC DIV.

A" 1
-

4‘5 .

-— g =

tions, and in R&D labs. That’s because Model 128A’s
specs, taken as a view of total performance, exceed
those of any other wave analyzer made in the world
today. You'll find the specs in a newly published
product bulletin, available now from Sierra. Or, a word
to your Sierra sales representative
could produce both the bulletin and

at work in carrier communications

OF
terminals, in microwave repeater sta- pl l I I CO a date for a product demonstration.

A susstoimry aF T, /éi/or%rmy?aﬂ y

Sierra Electronic Division / 3879 Bohannon Drive / Menlo Park, California
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“Quick Heat” for “Push-to-Talk” Equipment

4 e

_ Holtow, cylindrical design of the RCA-8462 |
‘mesh filament offers greater emitting surface s
{ as well as built-in mechanical strength.
I,

New RCA-8462 with Mesh Filament Achieves
70% of Rated Power Output Within 1 Second

A warm-up time of less than 1 second without exter-
nal circuitry provides the new RCA-8462 conduction-
cooled Beam Power Tube with a heating capability so
quick that standby power can be eliminated in “push-
to-talk” emergency equipment. In a suitably-designed
filament over-voltage pulse (‘“hot-shot’) circuit, this
ceramic-metzl tube achieves warm-up in less than
100 milliseconds.

The thermal capabilities of the mechanically-
rugged mesh filament were proved in a 100,000-cycle
“hot-shot” test. The only commercially available
“Quick-Heat” tube in its frequency-power range, the
RCA-8462 is designed for use in inexpensive, 11-pin

-

sockets answering many communications needs.

In CW operation with a plate voltage of only 700
volts, the RCA-8462 provides 110 watts power output
at 50 Mc, 105 watts at 175 Mc, and 85 watts at 470 Mc.
It can be used as an RF amplifier, oscillator, regula-
tor, distributed amplifier, or linear RF amplifier in
both mobile and stationary equipment.

For more information on the RCA-8462 and other
RCA tubes with ceramic-metal construction, see your
RCA Representative. For technical data, write: Com-
mercial Engineering, Section F-50-DE, RCA Elec-
tronic Components and Devices, Harrison, N. J.
AVAILABLE THROUGH YOUR AUTHORIZED RCA INDUSTRIAL TUBE DISTRIBUTOR

"!,4 The Most Trusted Name in Electronics
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Some people call our inspectors fuss-budgets
(but Speer customers think they’re great)

The man up there in the picture is a member of Speer
Carbon’s Quality Control and Inspection team. He’s
checking a resistor lead for solderability —one of many
tests that are S.O.P. for Speer fixed carbon resistors.

He’s also one big reason why Speer customers are
happy customers. They know they can rely on Speer
electronic components for uniformity and performance —
time and time again.

Actually, all of our inspectors are fuss-budgets. They
just won’t take anything for granted and we’re glad.
That’s why Speer has one quality-assurance employee
for every eight employees in production and one quality-
assurance engineer for every seventy-five employees in
production. And that holds for every manufacturing step
...from raw materials to the finished product.

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

10 Circle 52 on laquiry Card

Mil specs? Speer participates in industry committees
that cooperate with military departments in writing
them. What's more, our tests don’t stop there. This year,
141,912,000 unit life test hours are scheduled for Speer
resistors and 40,000,000 for Jeffers coils.

But just to keep the record straight, our inspectors
don’t deserve all the credit for Speer quality. The folks
up and down the line, in all departments, have the same
kind of pride in Jeffers’ and Speer’s performance that
our quality-assurance employees have. And we suspect
that Speer's multi-million

dollar research and develop-
ment program has something -SP‘EEH) @éoxﬁ
to do with it, too.
A L__
JEFFERS
[SPEER| Wwmm = !
. ELECTAONICS
A\,
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SYSTEMS ENGI RING

sefect CO VARICON n
ploved to translate Pokaris

ORATORIES

Polaris Data

S ’OI' 'he sys‘em Processor
sile telemetry data?

SERIES 7008 Receptacle, showing
variety of contact terminal ends avail-
able for various wiring techniques

3% 7021-22 Plugs mate ‘Because,’”” states SEL, of Ft. Lauderdale, Fla.,, *“we needed highest

if. our Receptacle Series! possible reliability. In the matter of connectors, this meant ELCO
15 only one hole per  VaRicON® connectors.” So SEL selected our Series 7022 card-edge,

contact module cards! printed circuit connector plugs, and Series 7008 receptacles, for the
o As\sure ¢ erfecg spacing and data processing system which translates input digital data into output

perfett sth Receptacles! tapes after Polaris test firings. Series 7022, along with Series 7021, is
* Ma e simultaneous a one-piece, all-molded miniature plug, with uoper and lower tier, one
staking; % L es card warp- legged ELCO VARICON® contacts. SEL also specifies ELCO VARICON”
age; simplifis Gircuitry layouts! contacts exclusively for all its NASA, and NASA’'s prime contractors’
® Results mihlgher production data acquisition systems. Why not request ELCO VARICON® connector
efficiency andBreater economy! literature, tco, for *“highest possible reliability!”

if it's new . . . if it's news . . . it's from . . .

™

CORPORATION

MAIN PLANT AND OFFICES: Willow Grove, Pa. 19090; 215.659-7000; TWX 510-665-
5573 e ELCO PACIFIC: W. Los Angeles, Cal. 90064 ¢ ELCO MIDWEST: Chicago.
ill. 60645 e Also Representatives, Subsidiaries, Licensees Throughout the World

TRADE . MARK
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AMPLIFIERS

General-Purpose DC Amplifiers—Burr-Brown
Research Corp.—p. 229

DC Kilowatt Amplifiers—Dynatran Elec-
tronics Corp.—p. 79

High-Gain  Amplifiers — Keithley
ments—p. 225

Wide-Band Amplifier—Kay Electric Co.—
b. 225

Instru-

CAPACITORS

Self-Healing Capacitors—Standard  Con-
denser Corp.—p. 46

Capacitor Distributers—Arco  Electronics,
Inc.—p. 24

Mylar-Paper Capacitors-—The Electro Mo-
tive Mfg. Co., Inc—p. 25

Aluminum & Tantalum—Interrational Elec
tronic Incustries—p. 28

Piston Trimmer—JFD Electronics Corp.—
p. 210

Polycarbonate Film Capacitors—Sprague
Electric Co.—p. 2

CHEMICALS

Coolants—Chemical Div. 3M Co.—p. 18I
Flux—Fairmount Chemical Co.—p. 13

COILS
Variable Inductor Kits—Sangamo Electric
Co.—p. 55

Deflection Yoke—Syntronic Instruments, Inc.
—p. 56

CONNECTORS

Molded Phono Jack- Switchcraft—p. 134

Printed-Circuit Board-—Elco Corp.—p. !l

Miniature PC Connectors—Cinch Mfg. Co.
—p. 128

Connectors—ITT Cannon Electric !nc.—p.
135

All Crimp Multi-pin Connector—Microdot
Inc—p. 131

Modular Packaging—Malco Mfg. Co., Inc.
—p. 137

Miniature Plugs and Jacks—E. F. Johnson
Co—p. 130

Custom Connectors—The Pyle-National Co.
—p. 138

Rack and Panel Connectors—Ampheno!
Div.—Inside Back Cover

Connector Capabilities—Amp Inc.—Insert
following p. 104

DIALS, INDICATORS

Glow Discharge Tubes—Fujitsu Ltd.—p. 196

Meters—Honeywell, Precision Meter Div.—
p. 197

Moving Coil Mechanism—Ammon Instru-
ments, Inc.—p. 228

FILTERS
Air-Cooling Filter—Rockwell-Standard Corp.
—p. 109
FREQUENCY CONTROL

Crystal Units—Bliley Electric Co.—p. 202
Frequency Sources—Reeves-Hoffman p. 226
Crystal Filters—Reeves-Hoffman—p. 226

12

Products Advertised

FUSES

Fuses and Holders—Bussman Mfg. Div.
McGraw-Edison Co.—pp. 198-199

HARDWARE
Drafting Aids—Stanpat Products. fnc.—p.
188

Molded Nylon Screws—Gries Reproducer
Corp.—p. (5]

Nylon Washers—Weckesser Co., Inc.—p.
190

Lugs, Clips, Terminals—Zierick Mfg. Corp.
—p. 188

Master Drawing Aids—By-Buk Co.—p. 191

Cal;le Patching—Trompeter Electronics—p.
136

Miniature Screws—Harvey Hubbell Inc.—
p. 186

Binding Parts—Hugh H. Eby Co.—p. 132

Component Catalog—Cambridge Thermi
onic Corp.—p. |14

Heat Sink—International
search Corp.—p. 182

Floating Captive Nuts—National
Co., Inc—p. 190

Adhesive Panels—Pres:On Products Co.—
p. 191

Electronic  Re-

Radio

INDICATORS

Colored Filters—APM-Hexseal

203

Corp—p.

INSULATING COMPOUNDS,
MATERIALS
Custom-Molded Insulators—Superior Stea-

tite & Ceramic Corp.—p. 186
Insulating Sleeves—Varflex Corp.—p. 95

Hardboard Laminate—Masonite Corp.—p.
171

Plastic Tubing—Lamtex Industries—p. 185

Repairable Epoxy Resin—3M Co.—pp. 168-
169

Glass Hermetic Seals—Wilbur B. Driver Co.
—p. 180

Silicone Laminates—Dow Corning—p. 179
Laminations Bulletin—Howcor Laminations

—p. 184
MAGNETICS
Steels for Cores—Armco Div., Armco Steel
Corp—p. 173

Iron Cores—Permacor, div. of Radio Cores
Inc.—p. 176

METALS, MATERIALS
Round Closures—The
Co—p. 190

Quartz Components—Generol Electric—p.
174

fron Oxide Reagents—Columbian Carbon
Co.—p. 170

Polycarbonate Material—Mobay Chemical
Co—p. 187

Semiconductor Materials—Monsanto—p. 66
Carbon Material—Speer Carbon Co.—p.
10

Paper Tubes—Precision Paper Tube Co.—
p. 95

Buckeye Stamping

ELECTRONIC INDUSTRIES -

Made-to-Order Solder—Kester Solder Co.
—p. 183

Copper Stampings—Braun Too! & Instru-
ment Co. Inc.—p. 133

Solder Notes—Alpha Metals, Inc.—p. 189

Soldering Tip—American Electrical Heater
Co—p. |75

MICROWAVE

Microwave Towers—Stainless, Inc.—p. [62
Microwave Amplifiers—Aifred FElectronics

—p. 17
Glass-to-Metal Seals—Electrical Industries
—p. 157

Microwave Capabilities—American  Elec-
tronic Laboratories, Inc.—p. 159

MOTORS, BL.OWERS
Pancake Resolvers—Reeves Instrument Co.
—p. 125

Brushless D.C. Motors—Aeroflex Labora-
tories Inc—p. 123

Vacuum Pump—Kinney Vacuum—p. 123

POTENTIOMETERS

Adjustment Potentiometers—Bourns, Inc.—
pp. 116117

POWER SUPPLIES

Low-to-High Power Supplies—Trygon Elec-
tronics Inc.—p. 139

Transformers—Essex Wire Corp.—p. 56

Low-Ripple DC Source—Christie Electric
Corp.—p. 151

Variable Transformers—Ohmite Mfg. Co.—
p. 54

Card-Bin Power Supply—Power Designs Inc.
—p. 147

DC to HV Static Inverter—Abbott Tran-
sistor Laboratories, Inc.—p. 228

DC Power Supplies—Sola Electric Co.—
Insert following p. 140

PRODUCTION MACHINERY

Hand Eyeleter—United Shoe
Corp.—p. 184

Water Demineralizers — Barnstead Still &
Sterilizer Co.—p. 228

Thin-Film Circuit Process—IBM Corp.—p.
139

Metal Forming Machines—C. B. Kaupp &
Sons Inc—p. 176

Component Assembly Machines—Kahle En-
gineering Co.—p. 92

Machinery

RECORDERS

X-Y Recorders—Houston Instrument Corp.
—p. 218

Rectilinear Recorder—Beckman Instruments,
Inc.—p. 215

Recorder/Reproducers—Consolidated Elec-
trodynamics—p. 224

Telemetry Recorder—Mincom Div. 3M Co.
—p. 219

Cartridge Instrumentation Recorder — KRS
Electronics—p. 6

Recording Head—Nortronics—p. 53
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In This Issue . ..

RELAYS

Crystal-Case & High-Amp  Relays—
WABCO, Union Switch & Signal Div.—
p. 230

Relays and Telephone Components—Strom-
berg-Carlsoan—p. 126

Telephone Type Relay—Allied Cantral Ca.,
Inc.—p. 121

Contamination-Proof Relays—Bobcock Elec-
tronics Carp.—p. 102

Crystal-Can Relays—Hi-G Inc.—p. 115

Controls Catalog—Essex Wire Carp.—p.
120

Rotary Relays—Couch Ordnonce Inc.—p.
127

Military-Type Relay Catalog—C. P. Clare
& Co.—lInsert following p. 32

Vacuum Coaxial Relays—Jennings
Mtg. Carp.—p. |18

Relays—Potter & Brumfield—p. 119

Custom Relays—Phillips Advance Control
Co—p. 110

General-Purpose Relay—Price Electric Corp.
—p. 122

Military-Type Relay Catalog—C. P. Clare
& Co—p. 32

RESISTORS

Molded and Wirewound Resistors—Sprague
Electric Co.—p. 4

Variable Resistors—Allen-Bradley Co.—pp.
44.45

Wirewound Resistors—Dale Electronics, Inc.
—Inside Front Cover

Trimmer and Variable Resistors—CTS Coarp.
—p. 98

Precision Wirewound Resistors—Kelvin Carp.
—p. 48

High-Power Wirewound Resistors—Resistors,
Inc.—p. 46

Rodio

Low-Drift Resistors — Resistance Products
Co.—p. 47
SEMICONDUCTORS

Planar Stud-Mounted SCR—Transitron Elec-
tronic Corp.—p. 82

Core Drivers—Sylvania—pp. 72-73

Silicon Power Transistors—Bendix Semicon-
ductor Div.—p. 62

Rectifiers—General Instrument Corp.—p. 85

Encapsulated Rectifiers—Erie Technological
Products, Inc—pp. 78-79

Ultrahigh Voltage Transistor—Delco Radio
Div. of General Motors—p. 57

Silicon-Controlled Rectifier
Rectifier Corp.—p. 80

Zener Diodes — Motoralo Semiconductor
Products Inc.—p. 75

High-Yoltage Complementary Transistors—
Sperry Semiconductor—p. 140

International

Power Transistor—Silicon Transistar Corp.—
p. 65
Microwave Diode—Philco—p. 155

Computer Transistors — RCA Electranic
Campanents and Devices—Back Caover

Low Noise Transistors—Amperex Electronic
Corp.—pp. 76-77
SHIELDING

Magnetic Shields—Perfectian
p. 176

Mico Ca.—

ELECTRONIC INDUSTRIES -

SWITCH
High-Vibration Data Switch—Wheelack—
p. 124
High Current Switch—Radio Switch Carp.
—p. 120

Rotary Stepping Switches—Automatic Elec-
tric—p. 100

lluminated Pushbutton — Industrial Elec-
tronic Engineers, Inc.—p. 97

Reed Switches—General Electric—p. 113

Thumbwheel Modules — Chicaga Dynamic
Industries, Inc.—p. |14

High-Current Stepping Switch—Ledex Inc.
—p. 104

TEST EQUIPMENT

Frequency Standards & Ovens — Reeves-
Hoffman—p. 226

Single & Dual Trace
tranix, Inc.—p. 208
Thermostats—Stevens Mfg Co., Inc.—p. 195
Thermistors—YS|I Companents Div.—p. 39
Electric Timer—The Stondord Electric Time
Co.—p. 200

Environmental Chambers — The Bethlehem
Corp.—p. 224

RF Millivoltmeter—Ballontine Labaratories
Inc.—p. 201

Oscilloscope—Tek

Analog-to-Digital Converters — Astrodata

Inc.—p. 209
Microvolt Equipment — Infrared Industries
Inc.—p. 218
Standards Receiver—Gertsch Products, Inc.
p. 223

Tuning Fork Oscillator — Ford Standaords,
Inc.—p. 230

Dual-Beam Oscilloscope—Fairchild Dumont
Laboratories—p. 221

Speedservo — Esterline Angus Instrument
Co., Inc.—p. 222

Proportional Control Oven — The Jomes
Knights Co.—p. 200

Solid-State Wave Analyzer—Sierra Elec-
tronic Div. of Philco—p. 7

Heat Detector—Pyrodyne, Inc.—p.188

Microwave Checkout Equipment—Polarad
Electronic Instruments—p. 163

Capacitor Electrometer-The Victoreen In-
strument Co.—p. 229

High-Temperature Chamber—Webber Mfg.
Co., lnc.—p. 218

RF Sweep Equipment—Jerrald Electronics,
—p. 220

TUBES
High-Gain Microwave Tubes—STC Valve—
STC Components Group—p. 161
Beam Power Tube—RCA Electranic Com-
panents & Devices—p. 8
Zener Diode Equivalent—The Victaoreen In-
strument Co.—p. 89

WIRE & CABLE
Semiflexible Coaxial Cable—Times Wire &
Coble—p. 96
Complete Wire Line—Belden Mfg. Co.—
p. 94

Delay Lines Packaging — ESC Electronics
Corp.—p. 203
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WATCH
for these
STATE-OF-THE-ART
Issues

July  MEDICAL ELECTRONICS

Aug. WESCON SHOW ISSUE

Sept. MICROELECTRONICS

Oct. POWER SUPPLIES

Nov. 12th ANNUAL MICROWAVE ISSUE

Dec. NEW ELECTRONIC MATERIALS
and HARDWARE

It stands
alone

Hydrazine-Activated
Flux* and Core Solder
offers an exclusive
combination of
advantages:
o High wetting
properties for
good “bite.”
o Non-corrosive
connections.

® Residues removed
by heating or
water rinse.

® No change on aging.

Cuimicar CO.. Il“

SRUPACTUR (NG CmEmiort
o

CONCENTRATE

No one flux is best for all purposes. TEST
HYDRAZINE FLUX AND CORE SOL-
DER FOR YOURSELF. The liquid per-
mits pre-fluxing, is useful for soft-soldering
a wide range of copper and copper-based
alloys. The core solder flows at an ideal
rate, leaves a minimum of soldering resi-
dues. Write for samples of either, or tech-
nical literature.

Available only from Fairmount and its
sales agents. *U.S. Potent No. 2,612,459 and others

Fairmount
CHEMICAL CO., INC.
136 Liberty St., N. Y. 6, N. Y.
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Computers sparked development of printed circuits (second left)

Hand wiring (left) from carly radio days, used in first computers, still used in some TV sets, used mostly by amateurs now.

such as analog to digital conversion module. Desire for smalil-

er and highly sophisticated systems fostered need for microcircuits (second right). Latest in the circuit/component evolu-

tion is molecular circuit (right)

COMPONENTS:
THE STATE-OF-THE-MART

By SIDNEY FELDMAN

Associate Editor
ELECTRONIC INDUSTRIES

ABOUT EVERY FOURTH DOLLAR spent for electronic
products is spent on components. Iast yvear regular
comiponents, plus microminiature circuits and com-
ponents, totaled nearly $+.2 hillions in sales by about
2,000 firms. Some sources estimate that discrete and
integrated circuits may pass $3 billions by 1967, then
continue rising to a possible $6.23 billion by 1970.

Promising yet conflicting trends will confront com-
ponent makers in those coming years. Active and
passive components continue as huilding blocks and
replacement parts for equipment and system. But
industry spokesmen say that component makers “have
to come to grips with microminiaturization” which
threatens to shrink components markets, as well as
circuits.

Integrated circuit sales are assumed ta hover be-
tween a potential $1.5 billion and a pessible $750
million market by 1973, That's how Texas Instru-
ments’ president Patrick Haggerty pictured the nar-
ket at IEEE’s engineering microelectronics forum
last March. He figured microelectronics weould help
reduce government electronic costs by about 7% hy
1973; this particular assumption challenges com-

14

on a silicon wafer mounted in a flatpack with leads. Flatpack is smaller than a dime.

Rising microminiature circuit-component saies
may hit several biliions of dollars yeariy by 1970.
What of discrete components?

Some believe sales will diminish slowly,

reaching a low, but profitable plateau.

Some suggest that instead of just selling

the products they make,

firms should concentrate on making products
that customers need.

ponent makers to compensate for this 7% gap in sales

-merely to make up the difference. Then, com-
ponents makers wili have to catch up hefore sales can
really grow.

More optimistic sources look mainly to indusirial
electronic markets as the fastest growing. Consumer
electronic marxets supposedly were bypassed by in-
dustrial’'s $2.7 billion billings in 1963, compared to
about $2.4 billion in 1962. Yet nearly 25% of these
so-called "industrial” sales were made to defense-
aerospace contractors.

Some components companies don’t make this fine
distinction, since they often don’t know the ultimate
uses of all components they sell. Manufacturers also
regard this distinction as “academic,”” since they insist
a component sold is a component sold.” In future,
proper marketing definitions will become more im-
portant as markets change.

Most component makers report that when they
speak glowingly of the “great untapped potential”
of industrial electronics, they think chiefly of test and
measure equipment, nuclear systems, medical instru-
ments, industrial controis and devices. Market experts

6
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contend that components makers have vet to get
closer to equipment makers who, in turn, have vet to
get closer to the ultimate users—real and imagined.

Attractive Market

One particularly attractive market for components
is among users of industrial controls and process
equipment. One estimate is that about $200 million
of electronic hardware here represents a mere 10%
scratclt of total potential. But it remains for com-
ponents firms to decide whether to accept the chal-
lenge of financing and pioneering these markets where
electrical, electro-mechanical, and pneumatic devices
long have served.

For example, most process control companies don't
know how and can't afford to design total systems
that “marry”™ computers to controls. Such industrial
processors shift this responsibility to instrument and
control makers. Yet these firms often avoid develop-
ing new sensors and actuators for such advanced, but
small “one of a kind™ markets. Instead. economics
drives these suppliers to concentrate on components
and equipments for big, broad markets.

This commercial market vacuum may be filled by
defense-aerospace contractors—if they ever choose to
adapt automatic control technology and techniques
developed for weapons and aerospace systems. This
high-ticket custom components and systems market
requires just the high reliability of defense-aerospace
markets.  Apparently, such industrial systems mar-
kets may be left to joint ventures vet to he formed
between astute components and computer manufac-
turers. Some of this work already is being handled
by integrated components and computer giants, such
as General Electric and Honeywell.

ELECTRONIC

INDUSTRIES

——REFeRENcE ssUE
COMPONENT

MARKETING

In the cyclical consumer electronic feld, total in-
dustry sales rose slightly from about $2.4 billion in
1962 to about $2.5 billion in 1963. Sales of black/
white TV sets for replacements and new family for-
mations increased to about 6.8 million units in 1963,
up from about 6.3 million in 1962. Color TV sales
rose from about 400,000 to about 600,000 in 1963 and
may sell past 1 million this year. Similarly, auto
radio sales kept pace with historically high auto sales,
from ahout 7.2 million sets in 1962 to nearly 8 million
in 1963. Home radio set production fell off from
about 12 million in 1962 to about 10.3 million in 1963,

‘Comfortable’ Market

Replacement component sales generally held be-
tween $800 and $900 million from 1962 to 1963. This
is generally a "comfortable” market which depends
upon sales to govermment, industry, service tech-
nicians, hobbyists and amateur repairmen who test
electron tubes at the corner drugstore. Components
distributors play a growing role here, chiefly supply-
ing original equipment manufacturers as well as R&D
laboratories. (Continued on page 16)

“We don't know just what
percentage of consumer prod-

Sprague Electric Co. had
great expectations for mili-

ucts assembled in the U.S.
use foreign-made — chiefly
Japanese — electronic parts,
from tubes through assem-
blies,” says Frank W. Mans-

tary components early in
1963. But ‘‘our military com-
ponent volume fell off $9
million, as compared with
1962, and to less than 259%

Patrick Haggerty, Texas In-
struments president, figured
microelectronics would help
reduce government electronic
costs by about 7% by 1973.
He sees a 1973 market some-
where between $750 million

“As a result of tighter gov-

ernment procurement poli-
cies, customers are demand-
ing lower costs, tighter
schedules, increased reliability
and improved performance.
Competition is encouraged

field, Director of Marketing
Research for Sylvania Electric
Products.

of our total billings for 1963,”
reports chief executive officer
Robert C. Sprague.

and we are forced to accept
R&GD programs on a fixed-
price basis,”” declares Dr. W.
H. Christoffers, Manager,
Microwave Tube Div., Hughes
Aircraft Co.

and $1.5 billion.

ELECTRONIC INDUSTRIES
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COMPONENTS (Continued)

The Defense Electronics Supply Center, DESC,
at Dayton, enables the Defense Department more
efficiently to centralize, standardize, and decrease the
number of duplicate replacement parts for mainte-
nance. Concurrently, consumer and industrial solid
state electronic products are generally lasting longer
and requiring less maintenance and fewer replace-
ment parts.

Component makers monitor DOD and NASA
developments as bellwethers of future business, de-
pending upon the volume of business they do with
these big customers. Sprague Electric Co. had great
expectations for military components early in 1963.
But “our military component volume fell off $9 mil-
lion, as compared with 1962, and to less than 25%
of our total billings for 1963,” reports chief executive
officer Robert C. Sprague. P. R. Mallory & Co., in
this area, says it seeks ‘““to maintain a proper balance
of government business, which presently amounts to
12% of total sales.”

Among the hardest hit component makers in 1963
were microwave tube firms serving defense markets.
Dr. W. H. Christoffers, manager of Hughes Aircraft
Company’s Microwave Tube Division, sums up this
defense components environment thus:

“As a result of tighter government procurement
policies, our customers are demanding lower costs,
tighter schedules, increased reliability and improved
performance. Competition is encouraged and we are
forced to accept research and development programs
on a fixed-price basis. We find ourselves in an era
where there is continuing emphasis on development,
but little production. We should accept this new
business picture as a challenge and make the appro-
priate adjustments in our operation so we can con-
tinue to operate profitably and effectively.”

Interest in Other Areas

As defense markets shift, there is interest in other
microwave component areas. For example, the Air
Force Systems Engineering Group at Wright-Pat-
terson Air Force Base, Dayton, is expanding its pro-
gram to use microcircuit technology to microwave
frequencies. In recent months, DOD and NASA
funded microminiature sub-systems for Polaris sub-
marines, Appollo, Minuteman guidance, Loran-C
receivers, the Army-Navy VAX close-support air-
plane, the W2F-1 Hawkeye airplane computer, and
meteorological satellites, among others.

A commercial microminiature milestone last April
was the new System/360 International Business Ma-
chines computers using the firm’s own multichip logic
circuits in flat packages. Here is the third generation
of components for electronic computers: tubes in the
1940’s, transistors in the 1950’s, and microelect-
tronics in the mid-1960’s. These tiny circuits fore-
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shadow future component developments. By 1965
these circuits will start cutting into sales of discrete
components for computers and data processing equip-
ment. EDP hardware billings grew from about
$985 million in 1962 to about $1 billion in 1963.

IBM says that such microcircuits eventually will
be produced on in-house fully-automated assembly
lines—a feat in itself, when accomplished. Similarly,
many components today must be made and packaged
for proper use on automated or semi-automated as-
sembly lines. Entire lines of components have been
developed especially for use on printed circuit boards.
Not only are components used on automated assem-
Dblies, but they are being made automatically. Western
Electric pioneered the first on-line computer-con-
trolled system to automate production of high relia-
bility deposited carbon resistors. Production is largely
for in-house Bell System use and for select defense
contractors.

Gradually, according to industrialists, the tradi-
tional discrete components field has gone liquid ; gov-
ernment prime and major sub-contractors now make
components and microcircuits. There’s a trend here
to joint ventures by primes and components makers.
Early in 1963, P. R. Mallory & Co. reported that
21% of the industry’s biggest users of components
make hoth components and modules, and 14% make
discrete components. This survey also noted that
more than 50% of these firms do R&D in components,
and all big electronic firms surveyed had their own
component evaluation groups. Other surveys show
that U. S. electronic industries are approaching the
situation in other countries where equipment manu-
facturers usually make many of the components they
utilize.

Want to Widen Horizons

Self-preservation may be leading several compo-
nents makers into the microcircuits business, while
others simply want to widen their horizons. Sprague,

(Continued on page 18)

SEMICONDUCTORS

Semiconductors is expected to be our fastest
riser in the major component market over the next
few years. Total sales for 1964 may reach as high
as $605 million, rising through $644 million in
1965, to $677 million in 1966. The semiconductor
catekgories listed in the table are not the complete
market.

1964 1965 1966
(in millions of dollars)
Semiconductors—
total market $605 $644 $677
Silicon Diodes
& Rectifiers 128 131 135
Germanium Diodes
& Rectifiers 33 31 29
Selenium Rectifiers 16 16 15
Zener Diodes 36 38 39
Silicon Transistors 162 171 175

Germanium Transistors 132 120 111

(Figures based on a limited E!l survey among 300 leading component
manufacturers.)
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Sturdy new Alfred microwave amplifiers m
1 to 12.4 Gc m 1 watt output, 30 db gain m 50 db amplitude
modulation range a gain stable m phase stable

Four new Alfred microwave amplifiers are now available
to provide you with high gain and uniform response over
the whole frequency spectrum. Models 560, 561, 562, and
563 operate from 1 to 2 Gc, 2to 4 Gc, 4 to 8 Gc and 7 to
12.4 Gc, respectively. All units are ruggedly constructed
to meet demanding laboratory or field applications.

Amplitude of the TWT can be continuously controlled
over a 50 db range using an external 0 to 10 volt signal.
Similar pulse modulation range is available.

Only the Alfred amplifiers provide a gain variation of less
than 0.2 db for 105 to 125 volt line variation. Low peak-to-
peak ripple provides excellent short term phase stability.
Precise voltage regulation, including regulated dc heater
supply, insures long term phase and gain stability.

Use of PPM focused TWT's, transistorized circuitry, care-
ful layout, and construction promises reliable long term
performance under all kinds of conditions.

ELECTRONIC INDUSTRIES ~« June 1964

BRIEF SPECIFICATIONS
1 watt minimum

30 db (minimum)

0 to 50 db minimum gain reduction

0.2 db or iess at 1 watt output for 105 to 125

Power Qutput

Gain (at rated power)
Gain Adjustments
Gain Variation with

Line Voltage vo't line voltage variation
Modulation Modulation input is direct coupled to permit
pulse maduiation or continuous control. 10 volts
required to cover full 50 db range.
Rise Time Mocels 560 and 561, less than 4 pusec.

Mocels 562 and 563, less than 2 usec.
Spurious Modu!ation At least 45 db below output signal level.
Input Power 1157230 volt, 50/60 cps

Price Model 560, 1 to 2 Gc: $2150.
Model 561, 2 to 4 Ge: $2150.
Model 562, 4 to 8 Gc: $2650.
Model 563, 7 to 12.4 Ge: $2650.

For complete information or a demonstration, call your
Alfred engineering representative or write us at 3176
Porter Drive * Stanford Industrial Park * Palo Alto, Calif.
Phone: (415) 326-6496.

ALFRED ELECTRONICS

Circle 127 on inquiry Card 17




COMPONENTS (Continued)

“One particularly attractive

market for components

is among users of industrial controls
and process equipment.

One estimate is that about

$200 million of electronic hardware
in this market represents a mere
10-percent scratch of total potential.”

film circuits (containing simple
resistors to cryogenics), semicor-
ductor integrated circuits, and
function concepts. Further out
along the way, is the ultimate
possibility of “growing” coni-
puter circuits in highly-packaged
bionic units.

Despite this trend, Eric Lidow,
president of International Recti-
fier Corp., has decided to diver-
sify into “black hoxes,” rather
than microcircnits. His firm
now makes component lines in-
cluding silicon rectifiers, regula-
tors, and batteries. 1R’s new
black hoxes include an inverter-
type power supply, and forth-
coming solid state versions of
thyratrons and ignitrons. Over-
capacity and price-cutting led Mr.
Lidow to react against two prime
factors affecting component mak-
ers: (1) Compared to the rest of
the electronic industries, compo-
nent manufacturers profit more
in prosperity — but suffer more
during recession, and (2) This
situation is repeated cyclically.

for example, develops and fabricates semiconductor
materials and devices, thin-films, microcomponents
and assemblies. This firm's policy is to hold old cus-
tomers and cultivate new ones by assisting them in:
(a) Selecting optimum combinations of integrated
circuitry and discrete components, (h) Evaluating
design trade-offs among various approaches to circuit
fabrication, and {c) Minimizing the cost of final sys-
tems design. Similarly, P. R. Mallory finances its
own research on materials, thin-films, solid state com-
ponents and electro-chemistry.

Virtually all semiconductor manufacturers, includ-
ing those who never were in the electron tube busi-
ness, are noving into the mierocircuits or integrated
circuits field. These firms include Motorola Semi-
conductor, Fairchild Semiconductor, Transitron,
Texas Instruments, among others. Fven some com-
panies which were neither in the tube nor transistor
business now are heavily in microcircuits—particu-
farly Signetics. /At this stage, it remains to be seen
which type: of microminiature concepts will prevail
and how they will be defined, or standardized: dis-
crete components (high density packaging), thin-
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More Units, Less Profit

Components companies were selling more units but
profiting less, according to the latest statistics of the
third quarter of 1963, reported by the Commerce
Department’s Business and Defense Services Admin-
istration. By Spring, 1964, however, this situation
seemed to be improving somewhat. Last October,
BDSA reported component shipments rose 1.8%
in volume, but dropped 6% in value from the second
quarter. Defense shipments were off 8.9% and non-
defense units were off 5.1%.

BDSA said reduced value of sales characterized
“virtually all major categories surveyed except com-
plex conmponents (component packages; integrated
circuits, etc.) whose output is growing rapidly be-
cause of expanding requirements in miniaturized
highly reliable electronic circuitry.” BDSA reports
indicate, to some extent, that greater use of micro-
circuits seems to be contributing to overcapacity and
oversupply of components—which are driving com-
ponent prices down.

Pricing is ane of the severest problems of the com-
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ponents industry. Invariably, as a component market
flourishes it attracts an oversupply of top firms as
well as loft operators. Such overcrowding ends up by
undercutting of prices until there is a company shake-
out. Through the years, there has been components
cut-throat price-cutting as markets waxed then waned.
This originally happened in the electron tube field
where about 300 firms are now reduced to a handful.
And it has happened more recently in the semicon-
ductor and tantalum capacitor fields.

Concurrently, certain prime and sub-contractors
have eased into the components business. What ap-
parently started out as a “make or buy” decision,
eventually turned out to be a “make—and sell to the
market” decision. Thus, IBM, the major digital com-
puter maker, has a new Industrial Products Division
which sells dry reed switches and various other IBM-
developed products. Electronic Associates, Inc., the
major analog computer maker, has a new line of
“miniature, rectangular, precision polystyrene capaci-
tors that meet stringent performance and size re-
quirements.” Radiation, Inc., recently spent more
than $1 million of its own funds for an in-house plant
to make solid state and thin-film microcircuits.

Market Invaders

Good reasons mingle with real reasons for these
outsiders invading traditional components markets.
Prime and major sub-contractors seek to assure sys-
tems reliability and to compensate for shrinking de-
fense and aerospace markets. Radiation, Inc., says it
does not want to compete with components and micro-
circuits makers, but aims to strengthen its systems
capability in telemetry and missiles and spacecraft
data processing. This firm believes that microcircuits
capability will help it win contracts to meet more
stringent requirements of high reliability, low weight,
small size.

New electronic component reliability specifications
recently were developed by Autonetics division of
North American Aviation, under U. S. Air Force
Ballistics Missile Division contract. The new spec,
MIL-R-38100, specifies a supplier’s requirements to
qualify as a source for high reliability resistors, capaci-
tors, diodes, transistors and parts packaging. Inte-
grated circuitry specifications also are being devel-
oped. This program is based upon Autonetics’
experience buying high-reliability components for
Minuteman missiles.

Some sources differ here, though not specifically
with the Minuteman program. The Sarkes Tarzian
semiconductor division advertises that “MilSpecs and
the Qualified Product List lost their value to the
average purchasing agent because they no longer pro-
vide an automatic indicator of product quality. Today
50% to 80% of specifications in our commercial cus-
tomer orders exceed MilSpec requirements. Tech-
nological improvements take place faster than the
military can update MilSpecs.”
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Defense and aerospace companies fairly strictly
have to buy domestic components because of “Buy
American” statutes which protects domestic sources.
But various components are available in the world
component market, particularly from Western Europe
and Japan. These countries supply consumer, indus-
trial and replacement parts. Many U. S. component
companies have diversified into foreign operations.
These firms own foreign plants, are in joint ventures,
utilize licensing and cross-licensing, and export
and/or import components.

Foreign Imports

Numerous U. S. manufacturers of consumer and
industrial electronic products and systems have im-
ported foreign-made components for use in products
labeled “Assembled in U. S. A.” Last March Tokyo
Shibaura Electric Co. Ltd., for example, announced
it will provide about $1.1 million worth of silicon
diodes for Ford Motor Co. AC automotive motors.
In some cases, U.S. firms have minimized foreign
competition by stipulating that joint venture or
licensed firms could sell components in all countries—
except the U.S. A, IBM, for example, will make
microcircuits here for its new 360/computers, but
IBM’s French factory near Paris will make micro-
circuits for computers to be sold elsewhere in the
world.

Despite some outcry in the U. S. against the foreign
components invasion, statistics are hard to come by.
“We don’t know just what percentage of consumer
products assembled in the U. S. use foreign-made—
chiefly Japanese—electronic parts, from tubes through
sub-assemblies,” says Frank W. Mansfield, of Syl-
vania Electric Products, who heads ATA’s Marketing
Services Advisory Committee. Several million dol-
lars worth of components, soldered into circuits, were
imported in 1963 as 450,000 TV sets and about
14,000,000 radios.

Foreign components are bought largely on lower

(Continued on page 191)

inystares M-A-P

Marketing Assistance Program

M-A-P can go to work for you with the six
basic marketing tools you need to sell or study
the Electronic Original Equipment Market.
{1} Census of electronic plants on [BM cards.
(2) Marketing map of U. S. electronic plants.
{3) Market studies by a headquarters research staff

and 250 field interviewers.
{4) Computer center for processing Inquiries.
{5) Direct mail service program.
(6) Marketing statistics.
Ask your Electronic Industries representative to
help you start using it now or write———Edwar:d
G. Shaud, Jr., Marketing Manager, Electronic
Industries, Chestnut & 56th Streets, Philadelphia,
Pennsylvania 19139.
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CAPACITORS

REQUIREMENTS FOR caracITORS have hecome very
stringent in recent years. They are used to filter, tune,
couple, block dc, pass ac, shift phase, bypass, feed-
thru, compensate, store energy, isolate, suppress
noise, start motors, etc. . . . and while doing so, they
must frequently be able to withstand such adverse
conditions as shock, vibration, salt spray, extremes
of temperatures and altitude, humidity and radiation.
They must also be small, have minimum weight and
be reliable.

Much research work has been carried out during
the past decade to develop better manufacturing
processes and to uncover new and improved dielectric
materials, to enhance capacitor characteristics and
reliability. Consequently, many new capacitor types
have reached the market. Such a wide choice, how-
ever, may make it difficult for the circuit engineer to
select the correct capacitor for his application. Each
capacitor has some characteristics in common with
others; yet, each is designed for a specific application
where it will excell.

Presented here is an overview of most types of
fixed capacitors available today together with peculiar
advantages and limitations of each.*

ALUMINUM ELECTROLYTIC CAPACITORS

Electrolytic capacitors provide high capacitance
in small volume at a relatively low cost per micro-
farad-volt. They account for about a third of the
total dollar volume expended on capacitors; yet, they
collectively amount to only about 10% of the total
number of capacitor units manufactured.

Background

The first electrolytic capacitor was made in Ger-
many about 75 years ago. It was first used as a filter
element in the 90 v. hattery eliminators of the early
1920's. The earliest commercially available electro-
lytics were “wet” polarized types for vertical mount-
ing. The “dry” electrolytic made its appearance

*This is the first of a series and covers electrolytic capacitors. Paper,
film, metallized, mica, ceramic and energy storage capacitors, will
he covered in subsequent issues.
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CAPACITORS:
TODAY AND TOMORROW

Capacitors have made significant strides

over the last ten years.

The latest improvements and

future developments are outlined here.

Design and application information are included
to aid in the proper use of these new developments.

about 1928. Performance was improved with better
materials and processing techniques.

During the past ten years many new and important
developments have occurred. Better seals assure
longer life. A ten-fold increase in volume efficiencies,
through improved etching techniques, make for
smaller capacitors with equal or improved perform-
ance. Leakage characteristics improved a hundred
fold.

A recent technological breakthrough in aluminum
electrolytics is the availability of units which operate
from —35°C to +125°C with voltage ratings to
150 vdc. Heretofore, temperature limits for alumi-
num electrolytic capacitors were from ahout —35°C
to +85°C.

This advance was accomplished by increased foil
purity, improved oxide systems, and newly developed
methods of etching that yield higher etch ratios.
Other contributing factors were an improvement in
capacitor seal design and the development of a unique
new electrolyte with a non-aqueous hase.

The cost of the new units is about half and weight
only about a third of corresponding tantalum foil
units ; yet, performance characteristics are compara-
ble. Also, they are generally smaller than military
grade tantalum foil capacitors of equivalent CV rat-
ings. Aluminum electrolytic capacitors have proven
reliable, but temperature requirements of military
equipment precluded their use for such applications.
Now, they can meet the requirements of military
specification, MIL-C-3965.

The mode of failure for both tantalum and alumi-
num foil electrolytic capacitors is the same and is
normally a degradation type of failure. When capaci-
tance falls off, the equivalent series resistance (ESR)
and dc leakage current increases. Results of a typical
14,000 hour life test are shown in Fig. 1. This
demonstrates unusual stahility of capacitance, dissipa-
tion factor and leakage current. Such a capacitor has
an expected useful life under normal operating condi-
itons of 10 years or more.

How They're Made

Basic to the construction of electrolytic capacitors,
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Fig. 2, is the electrochemical forma-
tion of an oxide film on a metal sur-
face. Intimate contact is made with
this oxide film by means of another
electrical conducting material. The
metal on which the oxide film is
formed serves as the anode or posi-
tive terminal of the capacitor; the
oxide film is the dielectric, and the
cathode or negative terminal is either
a conducting liquid, a gel or a solid
material. All present-day electrolytic
capacitors are essentially made this
way, and the most commonly used
basic materials are aluminum and
tantalum.

The capacitors described here use
an aluminum foil, which may have a
smooth or etched surface. The etched
surface gives an increase to its sur-
face area resulting in higher capaci-
tance in the same volume. The foil
is then electro-chemically treated to
form a layer of aluminum oxide on
its surface. This oxide film — the
dielectric—is extremely thin. \When
formed on a high purity aluminum
foil, it has a dielectric constant be-
tween 7 and 10 and an equivalent
dielectric strength of 25 million volts
per inch. This characteristic of alu-
minum oxide is used to the fullest,
by controlling its thickness from
only a few molecules to that required
by the capacitor’s voltage rating.

The thickness of this oxide coat-
ing dielectric is determined by the
voltage used to form it. The work-
ing voltage of the capacitor is some-
what less than this formation volt-
age. Thin films result in low voltage,
high capacitance units; and thicker
films produce higher voltage, lower
capacitance units for a given case
size.

Following formation of the dielec-
tric, a system of paper spacers is ap-
plied to the anode foil. This pre-
vents the possibility of direct shorts
between anode and cathode foils that
might result because of rough sur-
faces or jagged edges on either foil.
The spacer material also absorbs
the electrolyte with which the

By RUDOLF F. GRAF

Sprague Electric Co.
North Adams, Mass.
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Fig. 1: Typical curves of R x C, capacitance and dc leakage
current after life test at 85°C, for 60 volt electrolytic capacitors.
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Fig. 2: Basic con-

struction of an elec-
trolytic capacitor.

A, B—capacitor terminals
C—Effective capacitance
R.=shunt resistance (insulation resist-
ance) through which dc leakage
current flows

ESR —equivalent series resistance
L—=self inductance of capacitor caused
by terminals, electrodes and ge-
ometry.

Fig. 3: Simplied equivalent cir-
cuit of an electrolytic capacitor.

Fig. 4: A typical curve of impedance as a function of frequency.
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CAPACITORS (Continued)

capacitor is impregnated, and thus assures uniform
and intimate contact with all of the surface eccen-
tricities of the etched anode foil throughout the life
of the capacitor. The cathode foil serves only as an
electrical connection to the electrolyte which is in
fact the cathode of the electrolytic capacitor.

The foil-spacer-foil is finally rolled into a cylinder,
inserted into a suitable container, impregnated and
sealed.

The equivalent circuit of an electrolytic capacitor
is shown in Fig. 3. The shunt resistance, Rs, in
parallel with the effective capacitance, C, accounts
for the dc leakage current through the capacitor.
The ESR represents energy loss and heating effects
within the unit. In an aluminum electrolytic capaci-
tor, this resistance is due mainly to the spacer-elec-
trolyte-oxide system. Generally it varies inversely
with temperature. The impedance of a capacitor is
frequency dependent, as shown in Fig. 4. The initial

Fig. 5: Full wave rectifier capacitor charge and discharge.

downward slope is a result of the capacitive reactance.
The trough (lowest impedance) portion of the curve
is almost totally resistive, and the rising upper or
higher frequency portion of the curve is due to the
capacitor’s self-inductance. If the equivalent series
resistance were plotted separately, it would show an
ESR decrease on the initial downward slope to about
4 K¢, and then remain relatively constant through-
out the remainder of the frequency range.

The dissipation factor (df) is a measure of the
resistive component of the impedance and has a nu-
merical value equal to the ratio of the equivalent
series resistance (ESR) to the capacitive reactance
(X¢). The design objective is to make this value as
close to zero as possible over the operating frequency
and temperature range of the capacitor. ESR meas-
urements are practical because most precision capaci-
tance bridges halance both the ESR and capacitance
of the unit under test at the same time. This normally
results in a direct measurement of ESR.

Leakage current is the dc current which passes
through a capacitor when a correctly polarized dc
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voltage is applied to its terminals. This current is
proportional to temperature and becomes increasing-
ly important when capacitors are used at elevated
ambients. Imperfections in the oxide dielectric film
cause high leakage currents. High leakage currents
can also be due to the use of relatively low purity
material or to contaminants introduced during the
manufacturing process. Leakage current is generally
considered to have reached “steady state” conditions
after 10 minutes of electrification, and a high con-
tinuous level of leakage current normally indicates
one of the aformentioned defects.

Only as long as the capacitor is connected with the
proper polarity will the current through it be low.
If the connections are reversed, the oxide film offers
very little resistance ; and, the resultant high current,
if left unchecked, will cause overheating and self
destruction of the capacitor. The low temperature
limit on electrolytic capacitors is imposed by the in-
crease in the viscosity and resistivity of the electro-
lyte, and it is even possible that crystal formation can
be encountered at low temperatures. The total amount
of heat generated within a capacitor is the sum of
that caused by the I?R losses in the equivalent series
resistance, and that caused by the leakage current
times the applied voltage.

Application Considerations

For certain ac applications, such as motor starting
where a nonpolar electrolytic capacitor is desired, two
anodes are used instead of an anode and a cathode
and each is formed with an aluminum oxide dielectric
film of sufficient thickness to withstand the applied
voltages. One foil acts as an anode for one half
cycle, the other during the second half cycle. There is
no need to observe polarity during installation. These
capacitors are effectively two capacitors in series,
and, therefore, they will occupy twice the volume
of a polarized unit having the same capacitance.
Nonpolar capacitors are operated on ac, but the
service must be intermittent and brief. A typical
maximum operating condition is 20 three-second
starting periods per hour, spaced at regular time
intervals, so as to prevent overheating. These capaci-
tors cannot be operated continuously at a high ac
potential because of their high power factor and the
relatively small surface area available for heat dis-
sipation.

Another family of electrolytic capacitors, called
semipolar units, has an oxide film formed on the
cathode as before; but, this film is not as thick as
that formed on the anode. These capacitors are used
where the ac ripple voltage is high (such as in a
filter application) and where it is necessary to have
the cathode capable of withstanding the peak-to-peak
voltages of this ripple. If the cathode were not
formed, an oxide film would build up so as to reduce
the effective capacitance and increase the impedance
of the capacitor.

The ac ripple current rating of an electrolytic
capacitor is one of the most important factors in
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filter applications, because excessive
current produces a greater than per-
missible temperature rise and short-
ens its life. The maximum permissi-
ble rRMs ripple current for any ca-
pacitor is limited by the temperature
within the capacitor and the rate of
heat dissipation from the capacitor.
It is effected by its equivalent series
resistance as well as its physical ge-
ometry.

After a capacitor is fully charged,
in a full-wave rectifier application, it
will discharge into the load as shown
in Fig. 5 until the second half cycle
comes along. Then the capacitor is
recharged again to the peak voltage.
The Ae shown in the illustration is
equal to the total peak-to-peak ripple
voltage. Inspection shows that this
is a complex wave which contains
many harmonics of the fundamental
ripple frequency. It is this ripple
that causes the noticeable heating of
the capacitor, and it can be mathe-
matically determined. On the other
hand, the ripple current through the
capacitor can he measured to see if
it is within the rating of the specifi-
cations. One way to make this meas-
urement is to insert a low impedance
thermometer in series with the nega-
tive lead. It is very important that
the impedance of the meter be small
compared with that of the capacitor ;
otherwise, a great measurement
error will result. A thermoammeter
is used, since a true RMs reading can
thus be obtained on complex waves.

Another way of measuring ripple
current is by inserting a very low
resistance in series with the negative
lead, and measuring the voltage drop
across it with a true RMS vacuum
tube voltmeter. The current is then
equal to the voltage measured di-
vided by the value of the resistor.
The resistor value must be small
compared with the impedance of the
capacitor. A third method, which
gives a quick approximation of the
ripple current, is to measure the rip-
ple voltage across the capacitor ter-
minals and divide this measurement
by the capacitor impedance.

Though the above methods are
satisfactory, another way of measur-
ing the heating effect of the capaci-
tor that is often employed involves
the insertion of a thermocouple be-
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Fig. 8: Typical liquid-electrolyte sintered-anode tantalum capacitors.
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CAPACITORS (Continued)

Table 1.
8000 HOUR, 85°C SHELF DATA FOR TYPICAL TANTALUM FOIL CAPACITORS

*Capacitance in uf
*Dissipation Factor in 9%
D-C Leakage Current

in ua

Capacitor A
(2 uf, 150 vdc) |

*Capacitance in uf
*Dissipation Factor in 9
D-C Leakage Current

inua

Capacitor B
(100 uf, 75 vdc)

Capacitor C
(12 uf, 25 vdc)

*Capacitance in uf

D-C Leakage Current
in ua

*Dissipation Factor in % |

*Capacitance and Dissipation Factor were measured at

tween the insulating sleeve and the
capacitor can (about half way be-
tween the top and the bottom)
thereby measuring the heat rise of
the capacitor above ambient. For
this test to he meaningful, readings
should be taken until a condition is
reached where two successive read-
ings, taken about 15 minutes apart,
show no change in temperature of
either the capacitor body or the am-
bient temperature. A capacitor ap-
plication may be considered satis-
factory if the case temperature does
not rise more than about 12°C at a
40°C ambient, or 8°C at a 65°C
ambient for an 85°C rated capacitor.

The maximum allowable ripple
current at a given temperature and
frequency is proportional to the
square root of capacitance multiplied
by a constant based on rated voltage.
Furthermore, increased ripple fre-
quency increases permissible ripple
current, while increased operating
temperature reduces permissible rip-
ple current. This relationship for a
typical capacitor is shown in Fig. 6.

Storage at elevated temperatures
without voltage applied gives a very
excellent indication of stability of the
oxide film and the compatibility of
all the materials used in the manu-
facture of the capacitor. Following a
period of at least 24 hours, with no

¢ A REPRINT of ANY ARTICLE
in this issue is available from
ELECTRONIC INDUSTRIES
Reader Service Department.
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HOURS ON TEST

0 | 2000 | 4000 6000 | 8000
1.85 | 2.02 1.94 1.97 1.88
1.1 1.2 14 1.2 13
0.2 2.0 1.5 1.0 1.2
124.6 120.6 139.0 1298 1210
34 3.2 4.7 3.9 3.2
300 | 600 1150 60.0 | 45.0
11.75 | 11.77 | 1240 1232 12.10
15 | 15 1.7 2.0 2.0
0.1 0.1 03 0.3 0.1
120 CPS.

voltage applied and at maximum
pperating temperature, the leakage
current should remain within ini-
tially specified limits after a Drief
period of electrification.

The common misconception that
electrolytic capacitors deform their
oxide film to a lower voltage when
used below their rated voltage, is a
carryover from the early days of wet
electrolvtics which then had a ten-
dency to adjust themselves to the
voltage at which they were being
used. This is definitely not the case
with properly manufactured elec-
trolytic capacitors today. In fact, a
lower operating voltage will only re-
sult in increased reliability ; and, the
capacitor can still be used at its full
rated voltage if desired. It is known
that the recovery time to normal dc
leakage current, required after an
electrolytic capacitor has been stored
for a considerable time at its maxi-
mum storage temperature, is a meas-
ure of the quality of the capacitor.
Therefore, to test capacitor quality
it is advisable to subject them, at
maximum operating temperature, to
various voltages below rated. Fol-
lowing this, the units should be op-
erated at full rated voltage again,
at maximum operating temperature,
for at least 250 hours. A comparison
of dc leakage current, capacitance
and dissipation factor after such a
test, will quickly indicate which are
the well constructed units.

(Continited on page 26)
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Kere is MEASURED RELIABIITYT

DUR-MICA Ten thousand EL-MENGO high reliability
CAPACITORS dipped mica capacitors were put on life test
rvre M2DM at 85°C with 225% of the rated DG voltage
applied-After 26,500,000 actual test unit-
hours no failures of any type occurred.

The accumulated 26.5 x 108 test unit-hours without any failures can be used to calcu-
late many different failure rates depending upon the confidence level desired. However,
we shall explore the meaning of the results at a 909% confidence level.

Assuming no acceleration factor for either temperature or voltage, we have verified
a failure rate of less than 0.01% per 1000 hours. (Actually, there is a temperature effect
and it has been found that, with the DC voltage stress remaining constant, the life de-
creases approximately 509 for every 10°C rise in temperature. There is also a voltage
effect such that, with the temperature stress remaining constant, the life is inversely
proportional to the 8th power of the applied DC voltage.)

Assuming no temperature acceleration factor and assuming the voltage acceleration
exponent is such as to yield an acceleration factor as low as 100, we have nevertheless
verified a failure rate of less than 0.0001% per 1000 hours.

Assuming no temperature acceleration factor and assuming the voltage acceleration

factor is on the order of 250 (test results are available to confirm this) we have ac-
cumulated sufficient unit-hours to verify a failure rate of less than 0.00004% per 1000

hoursy, o 1har all the above failure rates are calculated at a 90% confidence level!

o ) MYLAR-PAPER
Only 1 Failure in 14,336,000 Unit-Hours DIPPED

S S S d

for 0.1 MFD Gapacitors CAPACITORS
Life tests have proved that El-Menco Mylar-Paper Dipped Capacitors — tested at
105°C with rated voltage applied—have yielded a failure rate of only 1 per 1,433,600 TYPE MPD

unit-hours for 1.0 MFD. Since the number of unit-hours of these capacitors is in-
versely proportional to the capacitance, 0.1 MFD El-Menco Mylar-Paper Dipped
Capacitors will yield ONLY 1 FAILURE IN 14,336,000 UNIT-HOURS.

*
MINIMUM LIFE EXPECTANCY FOR 1.0 MFD ** MYLAR-PAPER DIPPED
CAPACITORS AS A FUNCTION OF VOLTAGE & TEMPERATURE

™
-
l 82 o O
w ‘ "fHE NU BER O »!m 1S NVLE%HF I
w O 20l | —_PROPORTIONAL TO THE CAPACITY IN MFD
o2 B— - ! [ + 1
5 o] 1501 C e _|_| | |
> — !
§ a 10 '_hun_,_::: \,“'ﬂu e
i - ¥ A
=4 o= I - ~—
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1000 10,000 100,000 1,000,000 10.#0,000
UNIT-HOURS FOR ONE FAILURE

% Registered Trade Mark of DuPont Co.

Write for Reliability Study and technical brochures, S

«« ELECTRO MOTIVE MFG. CD., Inc.

MANUFACTURERS OF WILLIMANTIC, CONNECTICUT

Dipped Mica » Molded Mica * Silvered Mica Films » Mica Trimmers & Padders
- Encu Mylar-Paper Dipped * Paper Dipped * Mylar Dipped * Tubular Paper
ARCO ELECTRONICS, INC., Community Drive, West Coast Manufacturers Contact
Great Neck, L. |., New York COLLINS & HYDE CO., 1020 Corporation Way
Exclusive Supplier to Jobbers and Distributors Palo Alto, California
in the U, §. and Canada 5380 Whittier Bivd., Los Angeles, Calif.
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CAPACITORS (Continued)

Though standard life tests at rated voltage and
maximum rated temperatures are usually the cri-
terion for determining the quality of an electrolytic
capacitor, these two conditions rarely occur simul-
taneously in practice. Capacitor life expectancy is
doubled for each decrease of about 10 degrees in
operating temperature. Thus, a capacitor operated
at room temperature will have a life expectancy 64
times that of the same capacitor operated at 85°C.

The surge voltage specification of a capacitor
determines its ability to withstand high transient
voltages which generally occur during the starting
up period of equipment. Standard tests generally
specify a short on and long off period for an inter-
val of 24 hours or more; and the allowable surge
voltage levels are generally from 15 to 30% above
the rated voltage of the capacitor. Electrolytic capaci-
tors have a limited over-voltage capability; tests of
several times the rated voltage that sometimes are
applied to electrostatic capacitors cannot be applied
to electrolytic capacitors of any kind.

All polarized electrolytic capacitors, other than
those that have one side grounded, characteristically
exhibit an indeterminate resistance hetween the cath-
ode terminal and the metal container. Therefore, the
container must be considered at the same potential
as the cathode terminal; and there should not be any
potential difference between the case and this termi-
nal. If this is not done, the capacitor may be dam-
aged as the result of the current between the cathode
terminals and the case.

Electrolytic capacitors are often constructed with
pressure sensitive vents to serve as safety valves and
to release gas pressure that may be built up in the
capacitor if it becomes overloaded or is accidentally
connected to reverse polarity. The electrolytic capaci-
tor is essentially an electrochemical device. Hence,
the purity and compatibility of all of the material
used in its manufacture, as well as tight control over
all the manufacturing processes, are of greatest im-
portance.

Failure Modes

Electrolytic capacitors may fail for a number of
reasonts. One of the main causes of failure is the
eventual drying out of the electrolyte. This results
in a decrease in capacitance, an increase in dissipa-
tion factor, or at worst, an open circuit. Short
circuits in electrolytic capacitors have become of
minor importance, since potential shorts are generally
weeded out during the manufacturing process.

TANTALUM ELECTROLYTIC CAPACITORS
Military and commercial requirements have de-
manded wider operating temperatures, increased vol-
ume efficiency, longer shelf life, higher reliability,
uniformity and inertness to generally destructive
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environmental conditions. Such demands largely
account for the rapid development and increased use
of tantalum capacitors over the past decade.

Tantalum capacitors can be classified into three
groups: the foil, the sintered anode and the solid
electrolyte types. Refinements are still taking place
in each type. Here presented are the basic charac-
teristics, performance features and latest improve-
ments.

Tantalum Foils

The foil tantalum capacitor has a higher volume
efficiency than its aluminum counterpart. Tantalum
is more inert than aluminum; therefore, thinner foil
(0.0005 in.) can be used without danger of puncture
because of local action. Also, tantalum oxide has a
dielectric constant almost double that of aluminum
oxide. Available in plain or etched foil, both polarized
and noun-polarized, tantalum foils operate from
—55°C and +125°C. At present, plain foil polarized
tantalum capacitors can be manufactured in ratings
from 3 to 430 vdc. Over their operating tempera-
ture range they exhibit the smallest capacitance
change of all the foils. Etched foils are currently
available to 300 vdc.

3y new etching techniques, it is possible to nearly
double the capacitance heretofore available in a given
case size. The new process produces a much greater
effective surface area. Capacitance-voltage products
1o 42,000 are available. Capacitors rated 2,500 uf at
15 v, 210 uf at 100 v or 45 pf at 250 v, in an axial
lead tubular configuration, measure only 0.531 in.
diameter by 234 in. long. In many cases these axial
lead capacitors can be used advantageously to take
the place of bulkier, heavier and more expensive
rectangular capacitors. In same case size, but for
125°C operation, such ratings as 2500 pf at 10 v,
580 uf at 30 v, 120 wpf at 100 v, or 51 pf at 150 v
are available.

Tantalum foil capacitors are analagous to alumi-
num electrolytics, and much of the technological
experience and know-how gained for convolutely
wound aluminum electrolytic capacitors has been
applied to tantalum foil units.

Manufacture of Tantalum Foils

Early in the manufacturing process, tantalum oxide
is formed electrochemically by anodizing the tan-
talum foil. Thickness of the oxide film thus formed
depends on the formation voltage and the tempera-
ture at which this formation is carried out. The film
thickness is about 25A units per volt of formation
voltage at 100°C. Increasing formation voltage and
temperature increases the thickness.

Anodic connection to the foil is made by welding
a tantalum tab to it before the oxide film is formed.
The thin foil electrodes are then separated by means
of a porous spacer material and rolled to form the
conventional convolutely wound cylindrical capacitor
section with axial tantalum wires on either end. The
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Fig. 9a: Construction of a low capaci-
tance, hermetically-sealed solid tantalum
capacitor. The anode is a coil of smooth-
surfaced tantalum wire which has been
anodized to obtain the dielectric surface
film. The type of anode used is only for
fractional capacitance values.

Fig. 9b: A typical porous anode, hermet-
ically-sealed solid tantalum capacitor. The
anode is of the sintered tantalum pellet-
type which exhibits a large gain in sur-
face area per unit volume. Thus, the
resulting capacitor has a large capaci-
tance-to-volume ratio.

SOLDER

GLASS SEAL

section is impregnated with a suitable electrolyte,
and the capacitor section is then sealed into a suitable
container. Solderable leads are then welded to the
tantalum leads.

Foil tantalum capacitors will usually show a de-
creasing dc leakage current with increased time on
voltage. On the other hand, dc leakage current is
quite stable even when the capacitor is stored for
extended periods of time with no voltage applied.
Shelf life data, taken on several 85°C foil capacitors
rated at 150, 75 and 25 v, are shown in Table 1.
Note that the dc leakage current shows some varia-
tion and that the capacitance and dissipation factor
show excellent stability even after 8000 hours on
the shelf at 85°C.

Leakage current as a function of applied polarizing
voltage for 125°C etched-foil capacitors is shown in
Fig. 7a. Note that at 50% of rated voltage the dc
leakage current is one-half that at full rated voltage.
Also, at 150% of rated voltage, the dc leakage cur-
rent has increased only 3.5 times over that at full
rated voltage. The effect of temperature on the
leakage current of 125°C foil tantalum capacitors is
shown in Fig. 7h. Note that the 125°C leakage cur-
rent is about 30 times that at room temperature.

Polarized units, with the exception of those with
3 v ratings, are designed with a formed cathode to
withstand a reversal of 3 v max. To produce a non-
polar unit, both capacitor electrodes are formed to
the same oxide film thickness. One film acts as the
insulating medium in one polarity direction, and
the other film acts as the insulator in the reverse
polarity direction. Such a nonpolar capacitor will
withstand equal dc voltage with no deleterious effect
in either direction. However, the capacitance of a
nonpolar unit is less than the polarized type in a
given case size.

ELECTRONIC INDUSTRIES « June 1964

The most common operational failure to be ex-
pected in foil capacitors is slow degradation brought
about by loss of electrolyte through the end seals.
This is evidenced by a gradual loss of capacitance,
an increase in power factor and a decrease in leakage
current, Truly hermetically sealed foil tantalum
capacitors using glass-to-metal seals which will not
out-gas when in a vacuum or exposed to radiation,
should become available in production quantities
before the end of 1964,

Foil tantalum capacitors are suitable for ac appli-
cations such as phasing of ac motors or tuning of low
frequency circuits.

Sintered Anode Tantalums

Sintered-anode-liquid-electrolyte tantalum capaci-
tors have highest capacitance per unit volume, lower
rated leakage current, and life unaffected by source
impedance. Their low temperature characteristics
are better than the foil types, but not as good as the
solid tantalum capacitors,

Sintered anode types are made by first pressing
powdered tantalum into a pellet together with an
organic binder. The pellet is sintered under vacuum
to decompose and evaporate the binder. This yields
a slug with great mechanical strength and a surface
area about 100 times or more that of a solid piece
of tantalum having the same outside dimensions. The
pellet is then electrochemically formed and sealed in
an electrolyte filled fine silver case.

The physical configuration of the sintered anode
tantalum unit (Fig. 8) limits this capacitor to polar
type. In a variety of mechanical configurations, ca-
pacitance ranges from 1.7 to 22,000 pf at 4 to 630 vdc.
Operating temperature range of this family of capaci-
tors extends from —55°C to +175°C.

(Continued on page 29)
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The last full measure of performance

g

== ﬁ i

is built into every IEl design.

Today, progressive engineers in every field
of electronics count on IEl to provide ca-
pacitors which will invariably deliver the
superior performance required as modern
circuits grow more and more sophisticated.

IEl has consistently and successfully
pioneered the newest developments in
aluminum and tantalum foil capacitors. In
both wet and dry slug tantalums, IEl per-
formancecurvesdramaticallydemonstrate
a decided superiority over the usual MIL
spec requirements.

IE! engineering startswhere typical spec-
ifications leave off. Poured into every de-
sign are extra measures of research . . .
materials . . . workmanship . . . test proce-

dures to provide quality far beyond the
most stringent MIL specs.

Automated and other advanced manu-
facturing techniques assure better and
faster production . . . high quality repeata-
bility. A separate quality control depart-
ment provides a 100% checkout for all ca-
pacitors of the five critical parameters
with automatic QC instrumentation.

At |IEIl, Quick Reaction Capability is not
just an empty phrase. Engineering and
production facilities are geared to deliver ' .
—unbelievably fast! Let us demonstrate on i
your next requirement —whether routine '
assignment or special design problem.

Write for complete information.

INTERNATIONAL ELECTRONIC INDUSTRIES
Box 9036-12, Nashville, Tennessee

A DIVISION OF ’P‘ STANDARD PRESSED STEEL COMPANY ‘‘Where reliability replaces probability™
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CAPACITORS (Continued)

Limitations

The ability of the sintered anode tantalum capaci-
tor to withstand reverse voltages for any appreciable
period of time is poor. In practice, they should not
be used in circuits where reversal voltages may he
applied. However, short-time reverse voltages usually
do little damage. Repeated reversals of currents in
excess of rated leakage current will permanently dam-
age liquid-electrolyte tantalum capacitors.

Low Voltage-High Capacitance

Sintered anode capacitors have a larger capacitance
loss at low temperature than do higher voltage low
capacitance units. By comparison, solid tantalum
capacitors have about the same capacitance loss
whether they are low or high voltage units.

When properly applied, sintered-anode capacitors
customarily fail in the same manner as the foil tan-
talum units; i.e., there is a gradual degradation of
performance which normally results from evapora-
tion of the volatile components in the electrolyte
through the end seal of the capacitor. The ability
of that seal to contain the electrolyte and thus reduce
the rate of weight loss, is a major contributory factor
to the extension of the ultimate life of the capacitor.

Aging Characteristics

Shelf aging for appreciable periods lengthens the
time during which current in excess of rated leakage
current will flow when rated voltage is again applied.
Typical sintered-anode wet-electrolyte capacitors,
which have been shelf aged one year at room temper-
ature, will drop to rated leakage current at rated
voltage in about 10 sec.

New Developments

A recently announced development of considerable
importance is the miniature hermetically-sealed tubu-
lar sintered-anode tantalum electrolytic capacitor. It
employs a gelled-electrolyte and is capable of opera-
tion at temperatures to 175°C. Interchangeable in
size with MIL Styles CL 64 and CL 65, they are
intended for 125°C operation. The electrical char-
acteristics are fully equivalent to those of conven-

FIXED CAPACITORS

Fixed capacitors of all types are seen rising to
$364 million in factory sales by the end of 1964,
Expected total for 1965 is $377 million. The rise,
slow and steady, is characterized by random
samples in the tab'e.

1964 1965 1966
(in millions of dollars)

Fixed Capacitors——
total market $364 $377 $391
Electrolytic 121 125 130
Ceramic 44 46 48
Tantalum . 76 78 81

(Figures based on a limited El survey among 300 leading component
manufacturers.)
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tional wet-anode tantalum capacitors, used at tem-
peratures up to 125°C, but the use of a glass-to-metal
seal instead of an elastomer seal makes them especially
well-suited for use in satellites and other space elec-
tronic equipment.

Typical units in this new series have withstood
3000 hour life test at 175°C under vacuum corre-
sponding to space satellite operation, without de-
terioration. Maximum capacitances available range
from 500 pf at 3 v to 28 uf at 63 vdc at 175°C. This
is a “dual rated” capacitor, and these working volt-
ages may be doubled for operation at 85°C. This
new capacitor is expected to offer a 20 fold increase
in life over comparably operated non-hermetically
scaled sintered anode capacitors.

Solid Tantalums

The solid-electrolyte tantalum capacitor, Fig. 9,
consists of solid inorganic material containing no
liquids or other volatile constituents. It uses a solid
semiconductor in place of the liquid or semi-liquid
electrolytes.

The anode is a porous tantalum pellet, pressed,
sintered and formed in a somewhat similar manner
as for the wet sintered-anode tantalum capacitor. But
after formation, the pellet is impregnated with an
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Fig. 10: Typical curves of impedance (Z), capacitance

(C), and equivalent series resistance (ESR) with
temperature for solid-electrolyte tantalum capacitors.

aqueous solution of a manganous salt. This salt is
then pyrolitically decomposed to yield manganese
dioxide, which is the working electrolyte in solid
form. A carbon compound is applied over the ex-
ternal layer of manganese dioxide to allow the appli-
cation of a metallic cathode. The entire system is
then sweat-soldered into a metal case and hermeti-
cally sealed or otherwise mechanically protected. The
use of a completely solid system prevents ohjection-
able escape of electrolyte as a liquid, and greatly ex-
tends the life of the capacitor.

Solid electrolyte tantalum capacitors are available
in polar and nonpolar construction, hermetically
sealed, molded, or enclosed in a polyester tube. Ca-
pacitance ranges from 4700 pf to 380 pf at voltages
from 2 to 125 dc. Operating temperature range is
—80°C to +125°C.

Unique Characteristics

Even though the capacitance is relatively high,
these units demonstrate an unusual degree of capaci-
tance and dissipation factor stability over a wide
temperature range as shown in Fig. 10. The change

(Continued on page 30)
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CAPACITORS (Concluded)

of capacitance indicated by these curves is of the order
of 1500 ppm/°C.

lligher capacitance units have a relatively small
capacitance change with temperature. Units of 6 v
-ating may be as low as 300 ppm/°C. The equivalent
series resistance does not increase materially at low
temperature and remains low over the entire tem-
perature range.

Variation of leakage current with temperature is
similar to that for other electrolytic capacitors. Room
temperature leakage current increases by a factor of
10 to 30 after capacitors are exposed to 125°C.

Solid tantalum  capacitors have been tested for
extended periods at elevated temperature with no
voltage applied. They have withstood 125°C for
thousands of hours with no deleterious etfects.

Solid tantalum capacitors charge immediately when
voltage is applied, even after being on shelf under
no load conditions for extended periods. Liquid-
clectrolyte tantalum capacitors usually require a
finite period in excess of the normal charging time
after shelf conditions.

Typical polarized solid tantalum capacitors are
capable of withstanding the following maxinum
peak reverse voltages without harmful effects: 13%
of de rating at 25°C; 10% of dc rating at 55°C: 5%
of dc rating at 85°C.

Standard production units have withstood shock
of several thousand times gravity. Special units,
capable of withstanding 30,000 g. are available.

Catastrophic Failure Phenomena

It is well known that voltage and temperature
derating reduces the failure rate of capacitors. How-
ever, there is another mode of failure peculiar only to
solid-electrolyte tantalum capacitors which must also
be considered. IFor some time it has been noted that
sudden unexplained catastrophic failures: have oc-
curred. This mechanism of failure in solid tantalum

Typical solid tantalum capacitors.
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capacitors, occurring only in low impedance circuits,
is caused by a sudden avalanche of electrons which
destroy the capacitor if sufficient power is available
from the circuit to which it is connected.

It has also been established that the failure rate
will vary with circuit resistance when this resistance
is three ohms per volt or less. :\ decrease in circuit
resistance from 3.0 ohms per volt to 0.1 ohm per volt
multiplies the failure rate hy a factor of about 7.0
at 85°C and by 55 at 123°C.

Because of such sudden breakdowns, it is often
to be recommended that the sintered-anode tantalum
capacitor, immune to this type of failure. be used in
low impedance applications. However, extremecly
good reliability is attained with solid tantalum capaci-
tors in applications where the circuit impedance is
high.

Applications

Solid electrolyte capacitors are available in a
variety of mechanical enclosures to fill the require-
ments for particular applications. Some of these
applications include digital computing equipment and
industrial electronic devices where cost is of prime
importance. They are used for hearing aids and
other ultraminiature circuits where space is at a
premium. They are emploved as feed-through inter-
ference suppressors.

Solid tantalum capacitors can be connected back-
to-back (cathode to cathode) to produce non-polar
units. This can be done within a single metal con-
tainer by the manufacturer of capacitors or by the
user who may connect two polar units in this manner.
Such non-polarized capacitors find wide use as phase
splitting capacitors for small low-voltage motors,
meter phasing circuits, in servo systems, in low fre-
quency tuned circuits, in crossover networks, in hy-
pass applications where high ripple voltages are en-
countered and in many types of circuits in which
there are reversals of polarity greater in magnitude
than those which may be applied to a polarized
capacitor.

l.eakage current of aluminum and tantalum capaci-
tors has been reduced at least 100 fold over the past
ten vears to a level where it is dithcult to measure:
and the day may not be far off when leakage current
specifications will be supplanted by insulation re-
sistance. For example, a typical 8.2 pf 00 v capacitor
is specified as having a maximum leakage current
of 0.3pa at 25°C and 2 pa at 85°C. [t is interesting
to note that this figures out to be equivalent to an
insulation resistance of 120 megohms and 30 meg-
ohms, respectively. Dissipation factor has improved
to where it now is less than 1% and rivalling paper.
Capacitance stability is steadily improving,

This improvenent in leakage current is note-
worthy, since it now offers the opportunity to replace
much larger paper capacitors in many applications.
Tantalum capacitors are quite suitable for extremely
small and stable timing circuit applications.
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MEASURING CAPACITOR

HEAT RISE

Electrolytic capacitors are being made

in smaller and smaller sizes.
And, as they shrink,

they encounter internal heat problems.

THE DEMAND IS FOR MORE AND MORE
CAPACITANCE in smaller and smaller
containers with high ripple current
ratings. This practice reduces the
surface area available for heat dissi-
pation. When a maximum allowable
temperature is reached, means must
be found to increase the rate of heat
transfer.

When the temperature in an elec-
trolytic capacitor cannot be kept to
a safe value by natural removal of
heat, several possibilities are open
to the design engineer.

1. He may provide a better heat-
flow path between the capacitor and
the region to which the heat is to be
transferred.

2. He may resort to forced con-
vection.

3. He may increase the conducted
heat by using a heat sink.

If a heat sink is used, it should be
electrically insulated from the chas-
sis, unless the negative terminal of
the capacitor is at chassis potential.
Initially a capacitor may have a
high resistance from the terminals to
the container, but the electrolyte
tends to decrease this resistance as it
saturates the insulator, usually var-
nish coated paper, between the ca-
pacitor and its container.

Method of Measurement

During construction, electrolytic
capacitors are wound on a mandrel
and therefore a hole about 3/16 in.
in diameter extends the length of the

By EDWARD BOWLING

Project Engineer,

Cornell-Dubilier Electronics,

Div. of Federal Pacific Electric Co.,
Sanford, No. Carolina
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Here’s how to measure this heat

and find the upper limit.

capacitor. .\ thermocouple may he
inserted through a small hole drilled
in the center of the top and the tem-

perature rise, for a given ripple and
leakage current, can be determined.
If the internal temperature is not

Fig. 1: The temperature difference versus. radius for various levels of internal
heat generation due to ripple and leakage currents in electrolytic capacitors.
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CAPACITOR HEAT (Conciuded)

allowed to increase over 92°C for
a rating of 85°C, a normal life span
may be expected.

Ripple current should he applied
for about 2 hours, or until two suc-
cessive measurements, taken 13
minutes apart, show no change in
internal temperature.

The temperature difference be-
tween the center of the capacitor and
the outside of the case is a function
of the radius, the internal heat gen-
erated due to the ripple and leakage
currents, and the surface area.

The power dissipated in a capaci-
tor may be expressed as:

We=1Ir* R + LI
Ir = Ripple current
R = Equivalent series

Where

resistance
Iy = Leakage current
V' = Applied dc voltage

A second method which produces
results in determining the tempera-
ture difference is to use the curves
in the Fig. 1.

These curves are hased upon the
fact that under steady-state condi-
tions, the power dissipated within
the capacitor results in a specific
temperature differential hetween the
center and the outside surface of the
capacitor. This relationship can he
represented as:

We o (0.531) (A°C)
A r
Where H'c = Power dissipated
within the
Capacitor.
A = Surface area in
square inches.
r = Radius of capacitor
in inches.
A °C = Temperature dif-

ference.

This formula is an empirical con-
densation of formulas derived from
Newton's law of cooling.

The case temperature is casily
measured and the internal tempera-
ture may then be calculated as shown
by the following examnples:

EXAMPLE 1: Determine the dif-

32

ference in temperature from the cen-
ter to the outside of the case of a
1250 M¥D., 150 wv capacitor in a
134 x 414 in. container. The ripple
current is 2 amps at 60 crs and the
leakage current is 500 pa. The equiv-
alent series resistance measured at
60 crs is 0.0695 ohm.

SOLUTION: The case area is
274 sq. in. The power dissipated is
We=(2)?(0.0695) + (0.5 X 10*)
(150); We = 0.353 watts. There-
fore, watts/sq. in. = 0.353/27.4 =
0.0129. The radius is 0.875 in. The
temperature difference is found to be
2.2°C from the curves.

EXAMPLE 2: If the internal
temperature is to he maintained at a
maximum value of 80°C, at what
temperature must the case be for a
6000 MFED., 75 wv capacitor in a
3 x 4% in container? The ripple
current is 4 amps at 00 crs and the
leakage current is 1.0 ma. The equiv-
alent series resistance measured at
60 crs is 0.0372 ohms.

SOLUTION: The case area is
529 sq. in. The power dissipated is
We = (4)2(00372) + (1.0 X 10*)
(75): We = 0.670 watts. There-
fore, watts/sq. in. = 0.670/329 =
0.0127. The radius is 1.5 in. The
temperature difference is therefore
3.6°C. The case could be maintained
at a temperature of 76.4°C and the
internal temperature would not ex-
ceed 80°C.

* A REPRINT of ANY ARTICLE
in this issue is available from
ELECTRONIC INDUSTRIES
Reader Service Department.

INDUCTORS, COILS,
TRANSFORMERS

Factory sales for transformers,
and reactors, including toroids,
for 1964 are forecast at $236
million,

The climb will again be slow
but steady. Estimates for 1965
average around $242 million,
la_nd for 1966 around $248 mil-
ion.

Separate figures for reactors.
and various types of transformers
are not available. Toroids for
I1_964 may reach about $30 mil-
ion.

(Figures based on a limited El survey among
300 leading component manufacturers.)
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TYPICAL
TERMINALS
AND
MOUNTING
DESIGNS
FOR

F, FW, SF,
SFW, LF, LFW
RELAYS

CLARE MILITARY-TYPE RELAYS These Relays - — | ,_ : | CLARE

provide choice of

100 03y

MILITARY-TYPE RELAYS

] i soldered or welded (W)
non-p OICH'I Zed Cllare F and F(‘iW Reltz)llys afrehstaéll('iardt }flze cr;trsta!t_cali enclosures. pOIC[ Il zed Clare LF and LFW Relays are magnetic latching relays,
Sin Ie Si de S t(]b Ie gi;}éi’ rzlc‘l?lgfemﬁllz: Ige(\)/elo;gd ;)I;igmar?l;rn fcz)sr r;;llitl::y (Two-coil LF and LFW Relays similar in external appearance and dimensions to the F and
- W have 10 terminals-—see draw- . .
& use, they maintain a high degree of reliability with long ing at right) Smgl e-side stable FWleve;?;SI:manent magnets, incorporated in the dynamically
Smgl e coil oper ation fl—?:nstl:fe:;;lp (filt'fg::ance file moel Bechine @il or bi-stable balanced armature of the LF and LFW, provide latching
" These Relavs ;)ffer hich speed. with operate and . forces which hold the contacts in either of the two stable
| ] release time ofyS ms max.gTheI; op’erate at g power of Slngle or dO'Ub ’ e P os(i)tions. 1 LF and LFW Rel , 1
Dimension A: approximately 250 mw. Operated at up to 30 cps, they | {ion oS at elays operate at approximately
) _ _ i CcOol operaitlo R
L B have a mean mechanical life of 50,000,000 operations. T '_1 o TR _ -
_l_ Bifurcated contacts for reliable operation. Gold-plated Wo-col an elays operate at approximately
0T contact surfaces for consistent, low contact resistance, CLARE & MILITARY_TYPE RE LAYS 100 mw. They have 10 terminals (see lower drawing at
- assuring excellent low level switching, with no sacri- - left). o N l 1
- fice of reliability under full contact loads. 2] i _qi - 1 : : : I LF Relays have soldered enclosures; LFW Relays have
L i F and FW Rel ilable in all 1 Slngle Slde Stable non p OIGF Ized Slngle COII oper ation will'ACTURTE ConTACTS One-Coit welded enclosures. Dimensions and mounting arrangements
an elays are available in all popular T‘\ > —— R el
mounting arrangements (see photo). LF and LFW ° terminal locations are same as for F and FW Relays.
8 8 (see photo) : . : .
‘ ] h ldered ] . FW Rel - Clare SF and SFW Relays are hlgh-sensmVlty versions  SF Relays have soldered. ens:losu'res; SFW Relays Relays \ ) Lo F nOE0 Relaye
fj \] F Relays have soldered enclosures; elays of the F and FW Relays, identical in dimensions and  have welded enclosures. Circuits, dimensions, mount- e
I\ Lo have welded enclosures. & similar in construction to the F and FW, but capable  ing arrangements and terminals are same as for F and _ - ——
L L ©° ¢ 3 ./of operating as low as 40 mw. Four models provide @ FW Relays. r\&_zm ‘ i
esloay e - proper sensitivities for a wide variety of applications: ot R R it Flast 700 200
oncaai s o SF-1000/SFW-1000: 40-60 mw Relays (two-coil) Relays - !
Sh.owg in 2 b= R:;‘ays c SF-2000/SFW-2000: 61-80 mw 100
ST . SF-3000/SFW-3000: 81-120 mw 200

400

L Rep poT 288

SF-4000/SFW-4000: 121-180 mw

CLARE MILITARY-TYPE RELAYS

Clare HF Relays deliver important features of Clare F Relays
—in half size: . . . .
Sturdy, simple design . . . plus bifurcated contacts and Sealed—ln-glass ContaCtS non-pOIGrlzed Slngle-SIde Stable
flexible make and break contacts, which deliver maximum . a2
liability. Gold-plated contact surfaces for consistently low 3 . . . —
LARE Ef)ntact S - aBeurin oxcellont switching &t 16v-level o ] Clare BA Relays are designed and built for maximum reliability under extreme
under full contact loads J SHESReas 155 shock and vibration. Precise armature balance results in resistance to shock of
F . : . : | 75 125 g at 11 ms and 250 g at 1.5 ms, as well as vibration resistance of 100 g at
HOH-pOI(]I‘IZGd ] Wltl}: stan_dard 26.5 vdc 0011, 'th.e HFfRelay has resistance of i ; 5-2500 cps and of 70 g at 2500-4500 cps.
’ re2 53ir2m121§,t ;?i:;)?gie;:{( evoslf:s;tlovfltgnlo 5égommwi\lgnd.lpower "!’ "‘:— Each BA switch is assembled in a super-clean atmosphere and hermetically
Single-side Stable S hegtin roblem t J 1t J f 32 “(’1 s q[ | sealed in glass under pressure; this glass-encapsulation eliminates possibility of
unenergized position D gp L a: even a 0‘;?;;’(31 ages o thv‘ }(it i ] ' contact contamination from relay environment or relay coil.
c . . e elay, except helght {. maxj. BLUE BEAD g Radiation-resistant construction is available on special order.
Slngle COII Operatl on ™ 1c| [CHILIEE] Sreqsome 38 PARAEY: BA Switeh SinPole Single-Pole Single-Pole BA Relays are available in practically every desired configuration, including

’ 5 Capsule BA Relay BA Relay BA Refay Module 6-pole round enclosure (BA6A201), single-pole round enclosure (BA1B201) and
: f.f,',',ﬁ:f,s;;'a'ed single-pole printed circuit board module (BA1C300).




' % One-Coil LF Two-Coil LF V HF Six-Fole Single-role
4 FW One-Coil LFW Two-Coil LFW SFW BA BA

ELECTRICAL CHARACTERISTICS

CLARE Military-Type Relays offer the designer
every needed relay for military application:
standard, sensitive, latching, miniaturized, and
special relays for unusual requirements of
shock, vibration, and radiation resistance.

er te :LA;E *RE:AYf _V_ - D_ES;R;’T;ON NUMBER
for this - B T 1

) Type F/FW Design Manual 203
literature
or use indicated

6 Form C
(6pdt)

1FormC
(spdt)

2.0 amp resistive @ 28
vdc. 1,000,000 opera-
tions.

Contact Arrangement 2 Form C (dpdt)

Bulletin 700

Contact Rating—
High Level

Type SF/SFW

1.0 milliamp resistive @
28 vdc. 40,000,000
operations @ 200 milli-
ohms max contact re-

every operation for a maximum drop of 10%

2.0 amp resistive @ 28 vdc 100,000 miss-free operations monitored at
of source voltage.

1.0 amp resistive @ 115 vac
e < Data Sheet 754

IMPORTANT

DESIGN CONSIDERATIONS Sistance S — RN | )
e Contact Rating— 100,000 miss-free operations monitored at every number Type LF/LFW Data Sheet
Low Level 104c @ 30 ;v operation for a maximum drop of .5 mv
. 2 e
Versatile contact capability.
414 o ty : Contact Resistance— - Data Sheet
Clare Military-Type Relays provide excellent e e 50 milliohms max @ 6 v, 100 ma 200 milliohms
low-level switching without sacrificing reliabil- e @6v I
ity under full rated contact loads. Gold-plated Contact Resistance— Y L 100 ma Data Sheet
contact areas provide consistently low contact After Life 100 millichms max @ 6 v, 100 ma S
resistance. Bifurcated contacts, with high con- e —
tact pressures and over-travel for proper contact Maximum Operate Time 5.0 ms 8.0 ms 50 Mk 840 mis 5.0 ms 3.5 'ms 2.7 ms y Reliability Manual
. : . : (including bounce) Assurance Program
wipe, assure reliable operation at high or low
level. Nominal Must-Operate 250 mw 50 mw 100 mw 40-180 mw 160 mw N :
Long mechanical life Sensitivity (v colp et 6 _— e
Simple structure (contacts and armature are - - 6.3-110 vdc 3.2-110 vdc 3.2-54 vdc 6.3-110 vdc 6.3-48 vdc
onlypmoving parts)( prevents mechanical break- Nominal Operating Voltage (continuousduty) (continuous duty) ol w L RE Con a C yo ur n e areS SOUTHWEST
] . Robert E. Nesbitt Co.
fownl,_f ey Consis“’“t SPEElon OTE 35-10,000 40-9100 15-4400 35-10,000  40-2700 C 1 & . 1055 L REies
ong lite of these relays. Coil Resistance ohms ohms (oel:Tosi.l) ohms ohms 5-3500 ohms 15-7000 ohms are a eS nglneer T e
Sensitivity. P Eobgr}_{E. stbitt Co.
I ! I 1 ‘? ! I ! ’-7 81
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