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“DALE Metal Films

have sure solved
our reliability
problems, Ed.”

...get both with DALE

LOW NOISE CONSTRUCTION. Maximum for
standard resistance range: 0.10 micro-volt per volt
over a decade of frequency. Low and intermediate
values: below 0.05 micro-volt per volt. Terminating
band of low-resistance metal alloy is deposited in
same vacuum as metal film element resulting in
oxide-free, low-noise contact area between film,
terminating band and press-fit cap.

CONTROLLED T.C. Ten standard T.C. codes from
0 + 150 ppm/°C to 0 + 25 ppm/°C available in
operating temperature range of -55°C to +175°C.
Close matching between pairs or sets available.
GOOD HF CHARACTERISTICS. Low reactance
gives excellent stability at high frequencies. Non-
helixed or laterally adjusted units supplied for
extremely critical applications above 100 mc.

SPECIAL REQUIREMENTS. Special terminals,
special matching, special pre-conditioning, special
networks and mountings can be quickly supplied
by our Special Film Products Department.

WRITE FOR CATALOG A

DALE ELECTRONICS, INC.

1304 28th Avenue, Columbus, Nebraska s
Also Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada

W
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RELIABILITY

TOTAL CAPABILITY IN
PRECISION RESISTANCE

3
No need to scrap reliability for low price

METAL FILM RESISTORS

MFF Epoxy coated. Meets electrical and
environmental requirements of Char. B, C. D. E;
MIL-R-10509E, but is dimensionally smaller.

MFH Hermetically sealed in ceramic tube.
Meets requirement G; MIL-R-10509E.

MF Transfer molded in epoxy. Meets all
requirements of Char. B, C, D, E; MIL-R-10509E.

DALE MIL 125¢ | RESISTANCE DIMENSIDNS
TYPE TYPE RATING | RANGE | {LxD.)
1
MF 50 RN-50 (Proposed 1/20 watt 49.9 2 to 60K 2 .140x.065
S b X T—

MF-1/10 _RN-55 1/10 watt 49.9 @ 10 200K @ 250x.093 |
| MF-1/8 RN-60 1/8 watt 30 2 to 550K @ .406x.140
Ll _ _ [ A
| MF-1/4 | RN-65 | 1/4 watt 1 30 € to 1 Megohm | .593x.203 |
I MFSH% RN-70 | 1/2 watt | 499 2 to 2 Megohms .750%.250 ]
| MF-1 _ RN75 1 watt 499 €2 to 6 Megohms 1.093x.375 |

MF-2 ~ RN-80 Zwatts | 100 €2 to 15 Megohms | 2.188x.375 |

1 T

Tolerance: +1% standard; +.5%. +.25%. +.1% available.

ENVIRONMENTAL SPECIFICATIONS

Dale MF resistors are manu- DALE T.C. CODE Applicable Char. of

factured tothe environmental MIL-R-10508E
specifications of MIL-R- [—— o |

10509E. Characteristics D, C | _1-1(100 PEMI € | & —
or E apply dependingon T.C. | T-2(50 P.P.M./°C) | _C

Code specified at purchase. T-9 (25 P.P.M./°C) _l_ E

- 23
g,

*Specificatiorgfor MFF and M_FH are similar, but vary din;ensionally.

Circle 98 on Inquiry Card
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Did You Know
Sprague Makes 51 Types

of Foil and Wet
Tantalum Capacitors?

FOIL-TYPE
RECTANGULAR
TANTALEX™ CAPACITORS

Type 300D polarized
phain-foil

Type 301D non-polar-
ized plain-foil

Fype 302D polarized
etzhed-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

Circle 12 ¢n Inquiry Card

SINTERED-ANODE
TUBULAR
TANTALEX® CAPACITORS

Type 103D elastomer seal 85C
Type 130D elastcmer seal 125C
Type 137D hermetic seal 125C

SINTERED-ANODE
RECTANGULAR
TANTALEX® CAPACITORS

Typwe 200D negative
terminal grounded

Type 202D both
tetminals insulated

|

ASK FOR BULLETIN 3705A

Circle 18 on Inquiry Card

FOIL-TYPE TANTALUM
CAPACITORS TO MIL-C-3965C
°L20,CL21 tubular 125C polarized etched-foil
CL22, CL23 tubular 125C non-polar etched-foil
CL24, CL25 tubular 85C potarized etched-foil
CL26, CL27 tubutar 35C non-polar etched-foil
CL30, CL31 tubular 125C polarized plain-foil
CL32, CL33 tubular 125C non-polar plain-foil
CL34, CL35 tubular 85C polarized plain-foil
CL36, CL37 tubular 85C non-polar plain-foil

CLS1 rectangular BSC polarized plain-foil
CL52 rectangular 85C non-polar plain-foil
CL53 rectangular 85C polarized etched-foil
CL54 rectangular B5C nor-polar etched-foil

SINTIRED-ANODE
CUP STYLE
TANTALEX® CAPACITORS

Type 131D 35C industrial-type
Type 132D 85C vibratien-proof
Type 133D .25 C vioration-proof

ASK FOR BULLETINS 27108, 3711

Circle 16 on Inquiry Card

SINTERED-ANODE TANTALUM
CAPACITORS TO MIL-C-3965C

CL14 cylindrical, %" diam,

. CL16 cylindrical, %" diam., threaded neck

CL17 cylindrical, 1%4” diam.
CL18 cylindrical, 1%4” diam., threaded neck

| CL44 cup style, uninsulated

CL45 cup style, insulated

CL55 rectangular, both terminals insulated
CL64 tubular, uninsulated

CL65 tubular, insulated

Circle 19 on Inquiry Card
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125 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

Type 120D polarized plain-foil

Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 11 on Inquiry Card

85 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

e IR ——

Type 110D polarized plain-foil

Type 111D non-polarized plain-foil
Type 112D polarized etched-foil
Type 113D non-polarized etched-foil

ASK FOR BULLETIN 3601C

Circle 14 on Inquiry Card

SINTERED-ANODE
CYLINDRICAL
TANTALEX® CAPACITORS

Type 140D
up to 175 C oper-
ation, %” diam.

Type 141D
up to 175C oper-
ation, 1%4” diam,

ASK FOR BULLETIN 3800

Circle 17 on Inquiry Card

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
233 Marshall Street
North Adams, Mass, 01248

agc-n

SPRAGUE

THE MARK OF RELIABILITY

Spragus’ and *(@° are regrstered trademarks of the Spragus Electric Co.




INDIVIDUAL
CONTACT SEalL

CLOSEC.ENTRY
SOCKET CONIACT

IT'S WHAT'S INSIDE THAT COUNTS —NAS 1599
specifications are exceeded in Pyle-Star-Line Venus Se-
ries Connectors. Environmental sealing of individual con-
tact pins and sockets is a feature proved over a period of
years in hundreds of thousands of the original Pyle-
National Neptune Series Connectors. Now this feature
along with interfacial cork-in-bottle seal and multi-riser
wire seal is available in these new Venus EB Series

ool Ml e

INTERFACIAL SEAL
FUNCTIONS AS CORK.IN BOTTLE

MULTLRIGER
WIRE COMBA SEAL

RIGID CLOSED-ENTRY
SOCKET INSULATOR

CONTACT RETENTION
COLLEY

Connectors. Bayonet coupling types mate with MIL-C-
26482 connectors in skell sizes 10, 12, 14, 16, 18, 20, 22,
24 with full sealing capabilities. Above connectors are
also available with threaded cougling to mate with
MIL-C-265008B.

For further information and specifications regarding
the Venus Series NAS 1599 Connectors send for Bulletin
No. 681,

CONNECTOR DIVISION, THE PYLE-NATIONAL COMPANY, 1334 NORTH KOSTNER AVENUE, CHICAGO 51, ILLINOIS

Also manutactured in Canada by: Pyle-National (Canada) Ltd,, Clarkson, Ontario

Pyle-National

ELECTRICAL CONNECTORS

2 Circle | on Inquiry Card

LIGHTING EQUIPMENT

CONDUIT FITTINGS

ELECTRONIC INDUSTRIES < February 1966



[4

FEBRUARY 1966, Vol. 25, No. 2

The STATE-OF-THE-ART* Magazine

Editorial: What Future for Passive Components? ... . .. . ... . . . . .

Studying and Controlling IC Reliability
Understanding the Tunnelling Phenomenon

Is EIA/JEDEC Device Registration Useful? . ... .. . . .. S. Feldman
High-Efficiency Power Supply Uses Micrologic. .. .. ... .. ... . .. S. A. Schwartz
Precise Voltage Regulation for Photomultipliers. .. .. .. . . . E. Bauman
1966 Survey of Switch Specifications—Part |l Pushbutton Switches . . ..

Advances in Storage Oscilloscopes . .. ... = . ...D. C. Calnon

Gold Plate Levels Rough Surface .. .. 67
Highly Accurate Pedestal . ... .. .. . . 45
Highlights . . B B 4
Radarscope e R 10
Coming Events . ... . ... ... ... .. ..... . 14
Washington Trends . ... ... ... ... ... ... .. 18
Electronic Snapshots . . .. . ... ... 22
Marketing: Fact & Figure Roundup R 28
Circuit Wise .. ... ... .. . .. ... .. ..... 56

New Mounting for Microcircuits . . . ..
Automatic Soldering . .. . . ..

New Products

international News
Measurement News
Microelectronic Developments
New Tech Data

Books

40
52

114
116

46
57
61

109

80
112

72

. 105
. 107
. 125

126

. 138

COVER: THE F3518 latron is a direct viewing storage tube designed primarily for high brightness television
and radar displays. This dramatic picture was taken during the ‘“bake-out” of the tube at the Fort Wayne,

Indiana plant of I.T.T, Industrial Labs.

*STATE-OF-THE-ART: up-to-the-moment ca-
pability in each area of electronic technology
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Storage Scopes
EIA/)EDEC Device Registration

HIGHLIGHTS

STUDYING AND CONTROLLING IC RELIABILITY 40

Effective reliability improvement and control can only be achieved when the
effect of processing variables is known. To establish this correlation, however,
a technique should be developed that, accurately and economically estimates
device reliability.

UNDERSTANDING THE TUNNELLING PHENOMENON 52

Interest in tunnel diodes has gone up and down since the discovery of the
tunnelling phenomena. Interest is again on the up cycle. Some of this
fluctuation is due to lack of understanding of the basics. Here is a chance
to get up-to-date with this concise explanation.

PRECISE VOLTAGE REGULATION FOR PHOTOMULTIPLIERS 56

The product of the previous dynode stages is multiplied at each stage of a
photomultiplier tube. To preserve any semblance of accuracy or predictability,
the voltage at each stage must be precisely controlled. A method of providing
this close control is presented here.

1966 SWITCH SURVEY—PART Il PUSHBUTTON SWITCHES 61

Reviewing the technical characteristics of electro-mechanical switches. A
guide for design engineers.

ADVANCES IN STORAGE OSCILLOSCOPES 109

More versatile oscilloscopes are possible because of improved storage
cathode-ray tubes. State-of-the-art storage tubes are discussed, terminology
defined, and trade-offs considered.

IS EIA/JEDEC DEVICE REGISTRATION USEFUL? 116

As in most other systems for coding, cataloging or registering, the EIA/JEDEC
system for registering tubes, semiconductors, and microcircuits has both
advantages and disadvantages. Despite obvious drawbacks, the system offers
significant advantages.

HIGH-EFFICIENCY POWER SUPPLY USES MICROLOGIC 46

A design for a switching-type high-efficiency power supply with feedback
regulation is described. Using integrated circuits and ultra high speed power
output transistors, its performance is excellent. It is well suited to applica-
tions requiring compactness and small size as well as low assembly and
maintenance costs.

FREE REPRINT of ANY ARTICLE in this issue is available
from ELECTRONIC INDUSTRIES Reader Service Depart-
ment, 56th & Chestnut Streets, Philadelphia, Pa. 19139

ELECTRONIC INDUSTRIES -« February 1966
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Now, you can eliminate one stage and reduce the
number of components in your video-amplifier cir-
cuit with the new RCA-12HG7 COLOR-TV RECEIVING
TUBE. This FRAME-GRID, Sharp-Cutoff Pentode of-
fers these benefits to the circuit designer:

e high transconductance — 32,000 umhos — pro-
vided by the FRAME-GRID eonstruction, per-
mits you to drive the color-TV picture tube
with only two stages of video amplification.

e high dissipation capability — 10 watts (maxi-
mum) plate-dissipation rating eliminates the
need for a series plate-circuit dropping resistor
and its associated by-pass capacitor. Greater
margin between maximum rating and usual
operating values will contribute to greater re-
liability and longer life expectancy.

e high plate current ‘‘knee'’ characteristic — per-
mits high output and good linearity over a “‘B”’
supply voltage range of 270 volts to 400 volts
or more.

e RCA Dark Heater—reduces temperature and
contributes to long life and dependable per-
formance.

| VIDEO AMPLIFIER
! Recommended RCA Type
1
]

' From Triode Driver Vi?\ﬁf]’ cl)i?ig?m
g H
| IF Amplifier | Stage Pha7  [To Picture Tube

1
] —Sync. Separator
: To | —Burst Amplifier
[ _L—Band-Pass Amplifier  _ ________ |
RCA’s knowledge and experience in color television have led to the design and selec-
tton of tubes, such as the RCA-12HG7, which offer the color-TY set manufacturer
the best combination of price, performance and reliability on the market today. For

more information on the RCA-12HG7 and other RCA COLOR-TV RECEIVING TUBES,
call your nearest RCA District Office or write RCA Commercial Engineering, Harri-
son, New Jersey 07029.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, NEW JERSEY

RCA DISTRICT OFFICES—OEM SALES: EAST, 20/5 Millburn Ave.. Mapilewood, N.J. 07040, (201)
485-3900 » MID-ATLANTIC, 605 Marlton Pike, Haddonfield. N.J. 08034, (609) 428-4802 . MID-
CENTRAL, 2511 East 46th St., Bidg. Q2, Atkinson Square, Indianapolis, Ind. 46205, (317) 546-
4001 - CENTRAL, 446 East Howard Ave., Des Plaines, lil, 60018, (312) 827-0033 - WEST, 6363
Sunset Boulevard, Hollywood, Calif. 90028, (213) 461-9171 « INTERNATIONAL OPERATIONS, RCA
International Division: Central and Terminal Aves., Clark, N.J. 07066, ¢201) 382-1000 « 118 Rue
du Rhone, Geneva, Switzerland. 35 75 00.

/N
(@?j\\ The Most Trusted Name in Electronics



Depend on white-glove Tayloring!

SHELBY A. McMILLION,
Publisher

BERNARD F. OSBAHR,
Editor

CREIGHTON M. MARCOTT
Executive Editor

JOHN E. HICKEY, Jr.
Managing Editor

SMEDLEY B. RUTH
SIDNEY FELDMAN
Associate Editors

JOHN ). HUNTER
ROBERT ). BRAMLETT
Assistant Editors

DR. ALBERT F. MURRAY
Consulting Editor

ELMER KETTERER, Art Director
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ANN LAVENDER, Research Assistant
MAE MOYER, Reader Service

IDA GOOD, Editorial Secy.

EDITORS-AT-LARGE

Eastern Region

ELMER T. EBERSOL,

100 East 42nd St

New York 17,

(Area Code 212) Oxford 7-3400

Western Region

I. PHILIP GEDDES,
1543 W. Olymmc Bivd.

Five compelling reasons for

Defense/Space
CHARLES R. WILHIDE,

changing to Tavlor copper-clad now | &

WASHINGTON NEWS BUREAU

o Superior solderahility e Excellent printability e Consistent uniformity 1093 Nationa! Press Bid
f . . e (Area Code 202) 393 74
o Surface that accepts all acid resists e Ready availability TWX—202 965—0675

GEORGE BAKER, Mgr.
The first three reasons are the results of white-glove handling, atmosphere- L R. REGEIMBA

controlled white rooms, careful processing, and an extremely tight quality BUSINESS DEPARTMENT
control system (governed by MIL-Q-9858—toughest spec in general use). Eﬁﬂﬂ},ﬂ%ummﬁm

The fourth is assured by a specially developed surface finish. The fifth is :D::':';ms::::"h
guaranteed by two fully equipped copper-clad facilities—one at Valley Marketing Manager

Forge, Pa., the other at La Verne, Calif. ‘r?&..!‘ii.,ﬁ‘?m‘.,.,

We’ll be happy to supply samples of Taylor copper-clad for test in your PR R e
plant. Write today, describing your process and the type of copper-clad you Regional Sales Managers.
use. And be sure to ask, too, for a copy of Bulletin 8-1B.

Chilton Company—G. C. BUZBY, Chairman
of the Board; R. E. McKENNA, President.
Executive Vice President: G. T. Hook. Vice
Presidents: P. M. Fahrendorf, L. V. Row-
lands, M. E. Cox, E. B. Terhune, Jr.,
R. W. Case, Jr., ). H. Kofron Tmsurer

Typical high-fidelity, high-reliability Stanley Appleby. Socr-hg A. Mont.
printed circuit etched on Taylor cop- %?’"Ef'-c?:“:.la ""““";l I'h:.:lns' ’;7_'"';:
per-clad material. Courtesy of Naviga- Phair, L. F. King, C." W. Hevner. As:
. g sistant Treasurer: J. Miades. Assistant
tion Computer Corporation, Valley Secretary: I. C. Holloway.

Forge Industrial Park, Norristown, Pa.

JOHN H. KOFRON
Chilton Research Director

ELECTRONIC INDUSTRIES February, 1966.
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hon of Chilton Company. Executive, Edito-
rial & Advertising offices at Chestnut &

JﬂyIOI' copper- C/ﬂd 715) Sherwood 5:2000. , Conbraad i

tion ge paid at P 1

a copy; Reference issue (June), 35 00.

TAYLOR CORPORATION + Valley Forge, Pa. 19481 ﬁ?.ﬂ{.,f,ﬂ::‘"'{"“’,‘ ""Bo"'zs,,, $18. Soe:
Phone: 215-666-0300 231".1":3..,’.'?;'.; 112 -00; oszo .00. AII

West Coast Plant: La Verne, Calif. ﬁr?yoomlfo;e’:x'l'} 's”?.:'"o%"".'{’."r&"u'l-'.

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre m.n"' lur&por:ln:;;llin prohibited - except by
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COMPARE
Better Life Characteristics

Lagle 25AA
Genersl Purpose
Qelay (Actual Sizer

COMPARE
Lower Pull-in Voltages

New Eagle relays...more than 3,000 types...are
the best you can get anywhere. Be crafty. Check
the specs and the product. Convince yourself.

One example: Gold-plated contacts are standard
on every general purpose Eagle relay. And on me-
dium power relays, silver cadmium oxide contacts
are standard, since they deliver the best possible E‘ F 3

current-bearing characteristics in this power range.
Check some more. Note the sturdy designs... the

ratings that exceed all other competitively-priced  Part of the “‘big" picture. .. more than 3,000 types: plug:-in
units...the precise engineering and inventive use with dust covers; dual latching; hermetically sealed; cus-
of materials. They’re all what you’d expect from tom-engineered styles.

Eagle—leaders in time/count control devices. Get full details in our new, 16-page coior catalog. Send for

If you’ve ever dealt with Eagle you’u expect more, your free copy to Eagle Signal Division, E. W. Bliss Com-
and you'll get it. We're talking about unequalled ~ Pany, Federal Street, Davenport, lowa.

service...service that frankly has never before been .
available from any relay manufacturer. m ‘*’ E AG LE s ' ﬁ “ Al
Compare. You’ll choose Eagle.

A DIVISION OF THE E. W. BLISS COMPANY

| Electro-Mechanical, Electronic, Solid State Timing /Counting/Programming Controls [] General Purpose, Medium Power Refays

ELECTRONIC INDUSTRIES <« February 1966 Circle 3 on Inquiry Card 7



Circle 4 on Inquiry Card

NEED M i i

HiGH POWER
WIDE BANDWIDTHS?

TELONIG PD SWEEP GENERATORS
DELIVER 4 WATTS OF SWEPT RF

...for frequency testing of networks, filters,
transmission lines, varactors, klystrons, and
other systems at high power levels.

Telonic’s P Series of sweep generators supplies
maximum versatility for testing, aligning, and adjusting
operations. First — they may be used in 4 modes, swept
RF, modulated swept RF, CW, and modulated CW, and
secondly —they supply as much as 4 watts of output,
providing power levels at which the unit under test will
actually be functioning.

Considering all this versatility and their ability to provide
more test data in less time, the PD Sweep Generators be-
come necessary instrumentation in any application using
tedious, single-point,signal generator techniques.

SPECIFICATIONS PD-2 PD-3 PD-7 4‘ PD-8
CENTER FREQUENCY [20-100 MHz | 100-250 MHz|200-375 MHz | 375-1000 MHz
SWEEP WIDTH 0.2:15% | 0.2-15% 0.2-10% 0.2-15'%

SWEPT RANGE

SWEEP FUNCTION
Attenuator out
Attenuator in

CW FUNCTION
Attenuator out
Attenuator in

18-105 MHz | 90-260 MHz [190-385 MHz | 330-1010 MHz

14 v RMS into 50 ohms (4 watts)
10 v RMS into 50 ohms (2 watts)

2 watts into 50 ohms
1 watt into 50 ohms

PRICE $2750

Complete specifications on the <
PD Sweep Generators and all ?
H Telcnic swept frequency S’
s instrumentation is
available in General
Catalog 64-A-1.
Yours on request.

INDUSTRIES, INC.

60 NORTH FIRST AVE., BEECH GROVE, INDIANA
TEL.: (317) 787-3231 TWX: 810-341-3202
World Leader in Swept Frequency Instrumentation.

Representatives in all major cities in the U.S. and Overseas.

ELECTRONIC INDUSTRIES ¢+ February 1966



Faster set-up, more automatic control, immediate feed-
back of test results. Wherever data is gathered and
searched on magnetic tape, the Model 5600 Tape
Search System can provide these advantages. First,
because it combines Time Code generation and transla-
tion of time/1D information into one compact, pro-
grammable unit.

MULTIPLE OPERATIONS
You have complete control over the RECORD,
SEARCH, and PLAYBACK of magnetic tape trans-
ports. In KECORD, the unit provides both automatic
and manual control; and generates serial time codes
for mag tape transports and oscillographs. In SEARCH
and PLAYBACK, the 5600 translates and uses pre-
viously recorded time/ID data as a reference in pro-
gramming the tape transport. This means you can
check back over your test results immediately, pro-
viding unusual flexibility in planning or re-designing
experimentation, and rapid correlation of data.

MULTIPLE ECONOMIES

The Model 5600 allows numerous economies lacking
in conventional tape search procedures, particu’arly in
applicatiors with numerous, repetitive data runs. In
bio-medical applications, for example, separate genera-
tion and translation systems usually mean high equip-
ment costs, laborious set-up, and delays in interpreta-
tion of up to one day or more.

IRIG “B” TIME CODE: Model 5600 generates and
translates IRIG Format B time codes, modified to in-
clude BCD seconds, minutes and hours, and the 3-digit
identification code.

SELECTABLE ASTRODATA “A” TIME CODES:
Four speeds are available for output to oscillographs.
Rates range from a time frame of 1 second to 10 min.

FOUR MODES OF SEARCH: Searching may be
accomplished by RECYCLE, SINGLE CYCLE,
SEARCH/STOP, MANUAL SEARCH. The search
select may be set to TIME, ID ADDRESS, or com-
bined TIME-ID ADDRESS.

WIDE ANGLE SUPER NIXIE CISPLAYS: Accu-
mulated t‘me-of-day or elapsed time in hours, minutes
and seconds, along with 1D data programmed into the
time code, appears on the front panel with polarized
filters for maximum visibility. Up to three remote dis-
plays can be connected.

CARRIER FILTERS: Ten band-pass filters are select-
able from two front-panel rotary switches. One switch
selects the proper filter for tape playback speed; the
other selects the proper filter for search speeds. Extra
switch positions permit by-passing a filter or inserting
external filter via connector.

SYNCHRONIZATION MODE (ERROR BY-PASS):
This enables operator selection of by-passing 0, 1, 2, 3,
or consecutive time words decoded erroneously without
reflecting these errors in the output register.

SINGLE-CYCLE NOISE REJECTION: Noise or
dropout of a single cycle or less occuring on the input
will not affect the decoding process.

For ccmplete technical information, contact your near-
est Astrodata representative or write direct on your
company letterhead.

—

o

ASTIROIDATA
P. O. Box 8002 m 240 E. Palais Road, Ancheim, California m 92803

ELECTRONIC INDUSTRIES + February 1966
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SILICON NITRIDE is being used as an insulat-
g material for better yvield of more electrically stable
diodes, transistors and integrated circuits.  Sperry
Rand Corp., Sudbury, Mass., scientists have heen doing
experimental work in its use. Instead of growing the
normal insulating oxide layver on the silicon wafer,
they use a deposition process for the nitride. The sili-
con nitride can he applied ten times faster than silicon
oxide can be grown. And it can be done at nnch
lower temperatures. Thickness can be accurately con-
trolled.  Trial metal nitride semiconductors (MNS)
insulated-gate FIETs have been made and tested by
Sperry Rand.

THIN FILM HYBRID MICROCIRCUITS are
produced with “flip channel™ transistor methods.
This permits high volume output. Simplified manu-
facturing methods result in lower circuit modular
costs. Mepeo. Inc., Morristown, N.J., savs that they
can supply circuits a customer needs, including
planar type or special transistor elements. In mak-
ing the circnits, they use a heating unit that auto-
matically makes all terminal attachments at one
time.

A BROADBAND SPECTROMETER

Dr. G. Peterson uses new spectrometer he invented at Bell Tele-
phone Labs. Device detects resonance signals from nuclei that are
quadrupolar (nonspherical) in their electrical make-up. New nuclear
quadrupole resonance (NQR) spectrometer is very sensitive over
a band of frequencies greater than that of previous devices.

RADARSGOPE

DEVELOPMENTS AND TRENDS AFFECTING THE STATE-OF-THE-ART OF TECHNOLOGIES THROUGH-

10

TRANSMISSION SYSTEM sends 625 line TV
signals by PCM. The experimental, all-solid-state
system was developed by a British subsidiary of
ITT, Standard Telecommunication Labs., Harlow,
England. Other systems often used electron heam
coding tubes, This system uses only discrete solid-
state components. System samples signal at 12.3
sMHz and uses parallel encoder to generate an 8-
digit unit-distance code, providing 1 quantization
levels. Only one level is used for TV svnchronizing
pulse. The encoder is linear, and divided into 14
identical subunits. Eacli of these discriminates a
group of 6 adjacent levels. Outputs are intercon-
nected to produce the appropriate codes.

LONGER LIFE high-power klystrons and TWT’s
appear possible because of a new long-life *“coated
powder™ cathode invented at Bell Telephone I.abs.
The usual carbonate powder is chemically coated
with a thin film of nickel before being spraved onto
the cathode base. The nickel increases conductivity
of the cathode, and improves its ability to sustain
high current densities. Life expectancy is 20 to
30,000 hrs. at 0.5 a/em?® and 810°C, and is predic-

ELECTRONIC INDUSTRIES -+ February 1966



OUT THE ELECTRONIC INDUSTRIES

ably the same at I a/em? Cost is close to normal
oxide cathodes and much less than for the matrix
cathode. Greater coating adhesion. higher electrical
conductivity, and faster processing are among its
features.

EXPERIMENTS WITH “HOT ELECTRONS"
being carried out at NASA's Electronic Research
Center, Camibridge, Mass,, indicate a promising ad-
vance in microwave research. Higher frequency
microwaves have heen generated hy means of a re-
cently discovered phenomenon. The microwaves
are produced by interaction of “hot cfectrons™ in
solid state component material. In the method a
low voltage is applied across a crystal (bulk GaAs
semi-conductor material) which is less than 1/1000-
in. thick. A\ counversion of de¢ to continnous micro-
wave power was achieved at frequencies as high
as 12 guz.

NEW AUTOMATIC DEVICE for quantitative
and qualitative X-ray analysis of solids and liquids
was announced by Toshiba of Japan. The unit
completes calculations more than twice as fast as
normal equipmeut. According to the material to be
analvzed, the proper crystal spectrum, opening,
and illumination angle can all be preset on a memo-
ry device. When the test material is in position the
unit is started by a pushbutton and the results are
automatically produced on a recorder. It can be
used to improve research, and quality control.

HIGH-POWER SCRs have heen developed by the
Electronic Components Div. of General Electric
Co.. Schenectady, N. Y. The ac switclt can handle
1200 a. rMs continuous current with blocking to
1800 v. This permits switching of 1.5 Mw loads.
High-power is due to water cooling and a heat
transfer method which dissipates heat an both sides
of the SCR junction. Samples will be avail-ble in
about 60 days.

Three-dimensional motor that can simultaneously rotate and push
and pull a shaft is examined by its inventor, Stanley Cory, of
ITT Federal Labs, San Fernando, Calif. Between one stroke and 32
strokes per revolution are possible. Most practicable size for
such a motor appears to be in a range from 1/1000 hp to 5 hp.

ELECTRONIC INDUSTRIES + February 1966

Model (' size) of Automated Biologicai Laboratory (ABL) being
designed by Philco's Aeronutronic Div., Newport Beach. Calif,
under a NASA contract. is checked by executives C. Grant (I'  and
W. Hostetler. ABL will be a fully automated and miriaturized
biology lab, capable of performing tests on the surface of Mars.

TV CAMERA using solid state and four plumbicon
tubes is heing made hy Marconi Co., England. Ex-
cept for a nuvistor in each of the four visiou head
amplifiers, and the pickup tubes, it is fully trans-
istorized with thin film resistors. .\ major advantage
is that color pictures are not so dependent on ac-
curate registration of the three color tubes. Camera
produces good black and white pictures. Tt cann be
switched to either 325 or 625 line standards, and
can be used with the proposed systems— -NTSC,
PATL., or SECAM. The main market is aimed at
the U. S, and Canada.

A NEW ULTRAVIOLET LASER has been de-
veloped Dy Avco-Everett Rescarch Laboratory. The
30-kw, UV, pulsed gas laser is hased on a 200-kw ex-
perimental lah miodel. The new laser uses convnercial-
crade nitrogen. It produces  self-terminating  pulses
lastine 10-20 nsecs.. with a variable rep rate of 1-10
pulses/see. Output wavelength is 3371 & @ output hand-
width is less than 1 & Since the pulse is self-terminat-
ing, () switches are not needed. The high power ampli-
fication of this laser transition allows it to operate
without a resonator and with only one pre-aligned
Mmirror.

OPTICAL SUPERHETERODYNE RECEIVER
has been huilt by Sylvania Electric. Waltham,
Mass. It will be used to evaluate laser heams in
space-ground communications. Built for NASA it
can extract inconting laser signals with accuracy
needed for coherent communications.
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Here are just 36
of the 36,000

Amphenol connectors

Why so many? Because interconnec-
tion jobs have become sc diverse and
complex. On a Polaris, you may need
a big aft umbilical connector that
withstands 5000°F for 2'/2 minutes.
But if you're miniaturizing a strip
chart recorder, you can pack 50 con-
tacts into a 1” connector. What else?
MILITARY CONNECTORS. (Far left)
We make all the standard AN/MS
and other Mil-spec types, including
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MIL-C-26500 and MIL-C-38300 circu-
lar environmental connectors. (Inci-
dentally, we have a Space and Mis-
sile Systems facility just for specials.)
PRINTED CIRCUIT CONNECTORS.
(Middle left) There are actually thou-
sands. Everything from the mi-
crominiature 64 Series to the bellows-
contact type 225 Series to the new
Amphenol Flex-1 connecior that
welds directly to unstripped flat cable.

Specify Amphenol .

~
-
~
»
~
s
~
tr

O

RACK AND PANEL CONNECTORS.
(Middle right) There’s the Min-Rac 17,
with its extremely uniform body con-
tacts. For the ultimate in mating
reliability, consider our new Series
217. It is 99.99% reliable with three
positive seals: around the contacts, at
the rim, and at the lip. Or for easy
blind mating, choose the Amphenol
Blue Ribbon connector with sturdy,
wedgelike contacts.

COMMERCIAL PLUGS AND SOCK-
ETS. (Far right) Pick from a long list
of tube sockets, microphone plugs,
cable jacks, tip jacks, heavy duty in-
dustrial sockets—all you'll ever need.

Delivery? The fastest in the busi-
ness. Ask your nearest distributor or
Amphenol Sales Engineer. (Or write
to us.) Amphenol Connector Divisioa,
1830 Sauth 54th Avenue, Chicago 50,
Illinois.

AMPHENOL CONNECTOR DIVISION
AMPHENOL CORPORATION

. the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics

Circle 6 on. Inquiry Card
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BURR-BROWN

FUNCTION
MODULES

dependable building blocks
for a variety of analog systems
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8 Whether you're building systems to control, measure, compute, test, or ana-
lyze, Burr-Brown’s new analog function modules with built-in operational am-
plifiers give you unlimited design flexibility. And, these versatile, solid-state
units have the level of accuracy and reliability to match your most critical
requirements,

B Currently, Burr-Brown is supplving twelve off-the-shelf function modules
including four hybrid units designed for interface hetween analog and digita!
circuits, By combining additional operational amplifiers with selected function
modules, an endless variety of economical general and special purpose systeins

may be developed. FOR COMPLETE TECHNICAL INFORMA-
TION, write, wire, or phone for six-page cata-
log describing Burr-Brown Function Modules
and Instrumentation Amplifiers.

SZE THE NEWEST

MODEL DESCRIPTION
BURR-BROWN

0 _HIGHLIGAT SPECIFICATIONS PRICE
1661 MULTIPLIER/DIVIDER

Transfer ¥unction $595

OPERATIONAL AMPLIFIERS
AND FUNCTION MODULES
AT |EEE BOOTH #3A26-27

Eo =

10 or
b=—

switch selected

Transter Error; < 1%

11 segment

convenient front panet
adjustment

Aperture Time: 50 nsec
Drift in HOLD: +100 uv/ms
Reset Time: 10asec
Aperture Time: 200 nsec
Drift in HOLD: +10 mv/sec
Reset Time: 100 usec
OTHER MOOULES AVAILABLE INCLUDE: Log Converter, Log Ratio
Converter, Antilog Converter, Squaring Modules, Precision Recti-
f er, and Electronic Switehes.

1662 FUNCTION GENERATOR $625

1663 FAST SAMPLE & HOLD/

SWITCHED INTEGRATOR

$355

1664 SAMPLE & LONG HOLD/

SWITCHED INTEGRATOR

$295

ENGINEERING REPRESENTATIVES ALA. MADISON (205) 772 6981/ALASKA
ANCHORAGE 1907: Z72 5231 ARIZ , PHOENIX (602) 254 6085/B C . VANCOWVER
(BC4 RE 66377 /CALIF, GLENDALE (213 2459501/CALIF  SAN JOSE (d15)
9. 1608/COLO ., DENVER (303) 388 4391/CONN . MILFORD (203} 874 9222
fL5 . GRLANDO (305) 42348% FLA, MIAMI (305) 444 1118/ILL, CHICAS0
QD) AV 66824,MD, SILVER SPRING (301) JU 8 8134/MASS , WAKEFIELD
(517, 2£54870/MICA . DETROIT (313 353 3822/MO , ST LOUIS (314) JA 4.4800
¥ L. CAMDEN (609] 365 2450/N Y, ALBANY (518) 436 8224/NY , BINGHAM
TON (607) 723 9664/NY . BUFFALO (715) 6322727/NY . NEW HARTFOMD
{$15) 732 377/N Y . MT VERNON (914} Y1) 8 2200/N M , ALBUQUERQUE (SC5)
255 1638/N C . BURLINGTON (919) 564 6129/0HI0, CINCINNATI (513) 761 5442
CHIO, CLEVELAND (216) 884 2001/0HID, DAYTON (513) 277.8911/0KLA , TULSA
(18) TE S 2481/0RE, PORTLAND (503 292 8762/ONT , AGINCOURT 16}
293701 /TEX . DALLAS (214) EM 3 1671/TEX . HOUSTON, (713) WA 85251
UTAH, SALT LAKE CITY (801) 466 B709/WASH , SEATTLE (206) MA 20177
EUNOPE. Frazer & Fansen Ltd, P O 85, 3000 Bern § Switzerland

RESEARCH CORPORATION

INEHNATIONAL AIRPORT IRDULTIIAL PARK
BNX 11400 TUCSON AR ZOMA 85706
PUONE 602 294 1431 - TWa 910952 1113
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COMING EVENTS

February 1966

Feb. 9-11: Int’| Solid-State Conf., U. of
Pa., |IEEE; Univ. of Pa., Sheraton
Hotel, Phila., Pa.

March

Mar. 2-4: Scintillation & Semiconductor

Counter Symp., IEEE; Shoreham
Hotel, Washington, D.C.
Mar. 21-24: IEEE Int'l Conv., IEEE:

Coliseum & New York Hilton Hotel,
New York, N.Y.

Mar. 26: Quality Control and Reliabil-
ity Conf., American Society for Qual-
ity Control; Hofstra Univ., Hemp-
stead, L.I., N.Y.

'66 Highlights

IEEE Int'l Conv., Mar. 21-24; Coliseum,
New York, N.Y.

WESCON Western Electronics Show &
Conv., Aug. 23-26, WEMA, IEEE;
Sports Arena, Los Angeles, Calif.

Nat’l Electronics Conf., Oct. 3-5, IEEE;
McCormick Place, Chicago, IIl.

e
April

Apr. 4-5: Rubber & Plastics Industries
Tech. Conf., IEEE; Sheraton-May-
flower Hotel, Akron, Ohio.

Apr. 12-14: Int'l Symposium on Gen-
eralized Networks, IEEE, OSA, Brook-
lyn Polytech, et al; Hotel Com-
modore, New York, N.Y.

Apr. 12-15: 4th Quantum Elect. Conf.,
IEEE; Towne House, Phoenix, Ariz.

(Continued on Page 16)

ELECTRONICS CONFERENCE
RETURNS TO CLEVELAND

The annual Cleveland Electronics
Conference returns to the Cleveland
Engineering & Scientific Center in
1966, after an absence of three years.

The date for the 13th annual Con-
ference has been set for April 12-14.
Five technical seminars are again
planned as in the two previous confer-
ences. Conference Director Mike La-
pine, of Mike Lapine, Inc., reports that
65 exhibit spaces are available. Fx-
hibit show hours will be from 1 to
9:30 P.M. daily, except for a 6:30
P.M. closing on Thursday, April 14h.

Technical sessions will be staged in
the Lecture Room at 2 and 7 P.M. on
Tuesday and Wednesday and at 2
P.M. on Thursday. Chairman of the
Technical Committee is Robert Stroup
of Reliance Electric & Engineering
Co.

ELECTRONIC INDUSTRIES

February 1966
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Standard O ptima Racks,
the “custom” enclosure
for your instruments

® First p;ize, Advanced Packaging / Production Techniques, NEP / CON '65.

Circle 9 on Inquiry Card

ELECTRONIC INDUSTRIES

COMING EVENTS

(Continued from page 14)

Apr. 18-21: Spring URSI-IEEE Mtg.,
URSI, IEEE; Nat'l Academy of Sci-
ences, Washington, D.C.

Apr. 19-21: 20th Annual Frequency
Control Symp., U.S. Army Electronics
Command; Shelburne Hotel, Atlan-

tic City, N.J.

Apr. 20-22: Southwestern Conf. & Ex-
hibition, IEEE; Memorial Audit.,
Dallas, Tex.

Apr. 26-27: 14th Annual Nat'l Relay
Conf., Oklahoma State U., Nat'l
Assn. Relay Mfrs.; Student Union
Bldg., Stillwater, Okla.

Apr. 26-28: Spring Joint Computer
Conf., IEEE, AFIPS, ACM; Boston
Civic Ctr., Boston, Mass.

Apr. 26-28: Future Eng'g for Earth &
Space Conf., IEEE; Pioneer Int'l
Hotel, Tucson, Ariz.

May

May 2-4: Communications Satellite Sys-
tems Conf., AIAA, IEEE; Washington,
D. C.

May 4-6: 1966 Electronic Components
Conf., IEEE, G-PMP, EIA; Marriott
Motor Hotel, Washington, D.C.

May 5-7: 7th Symp. on Human Factors
in Electronics, |IEEE, G-HFE; Minne-
apolis, Minn.

May 9-10: Midwest Symp. on Circuit
Theory, IEEE, Oklahoma State u,;
Oklahoma State U., Stillwater, Okla.

May 10-12: Nat’l Telemetering Conf.,
IEEE, G-AES, G-Com Tech., AIAA-ISA;
Prudential Ctr.,, Boston, Mass.

NEW FIRM CATEGORY ADDED
TO 1966 ELECTRONICS WEEK

A new category of electronic manu-
facturers will be eligible to display
wares at NEW-—1966 National Elec-
tronics Week, May 30 to June 5, 1966,
according to Kenneth C. Prince, gen-
eral manager of Electronic Industry
Show Corp.

The San Francisco NEW will mark
the first time that manufacturers who
sell products, equipment, or services to
distributors for use of consumption
will be eligible to participate. In the
past, exhibits were limited to products
sold through distributors, sound con-
tractors, high fidelity specialists, and
similar trade categories.

Companies that manufacture elec-
tronic <lata processing equipment, of-
fice equipment and copying machines,
automation devices, and similar prod-
ucts, or who sell services and systems,
are expected to take advantage of this
important market place, now open to
them for the first time.

February 1966



NOTE

TO MANUFACTURERS OF:

-

small kitchen appliances

hair dryers

power drills

floor polishers

office copying machines
commercial temperature controls
light dimmers

space heaters

computers (tape drive control)
sewing machines

motion picture projectors

You can add
solid state reliability

plus continuous power control for

less than *2.50 in total component cost...

Continuing development of the Elf® thyristor —
Motorola’s popular low-cost 8-ampere SCR — has
opened up unlimited areas for stepless control of 120-
and 240-volt operated electrical equipment. Now the
Elf truly satisfies the current and power requirements
of virtually every product using continuous control of
motor speed, heat or light ... retains all the safety
features essential to reliable SCR circuit operation in
these products...yet costs little more than non-
hermetically-sealed devices having only a fraction of
its current-handling capability.

Without waste, wear and repair...

common to expensive electro-mechanical switches and
controls, the midget-sized “Elf” SCR’s give you these
design advantages:

® high power handling capability at elevated temper-
atures — 5 amperes (AV) at 75°C, case

@ minimum power loss — low 1.3-volt forward voltage
drop (max.) @ 5A @ T; = 25°C

MOTOROLA

P.O. BOX 955,

ELECTRONIC INDUSTRIES February 1966

® mounting versatility — 12 different hermetic cases
(plus reverse polarity)

@ immunity from false triggering due to noise — a
realistic 10mA (typ.) gate firing level

® current surge protection — 100 amperes for 1 cycle,
60 cps, minimizes chances for damage from tran-
sients

Get symmetrical firing characteristics . ..

with the MT32, bilateral trigger — a versatile com-
panion in value that replaces neon lamps, unijunction
transistors, and other thyristor triggering devices re-
quiring complex circuitry.

Investigate these products NOW. ..

Call your Motorola distributor for off-the-shelf engi-
neering units . .. And for ideas that can help acceler-
ate your thinking about electrical control designs,
write for our set of “applications unlimited” thyristor
circuits and device data sheets.

Semiconductor Products Inc.

PHOENIX, ARIZONA 85001

Circle 10 on Inquiry Card 17
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WASHINGTON TRENDS

COST-CUTTING EXPLAINED-—Need to know
more concerning  cost-cutting on defense contracts?
Department of Defense is sponsoring five regional
briefings on cutting of costs: Boston, March 3, 4;
Atlanta, March 9, 10; St. IL.ouis, March 16, 17; San
Francisco, April 12, 13, and Washington, April 27,
28. DOD promises to present 350 specific examples
of contractor efficiencies that resulted in lower costs to
the government.

NEW DESCRIPTOR VOCABULARY-—Depart-
ment of Defense is compiling a broader vocabulary
of descriptors for computer usage. Purpose: to in-
crease effectiveness and use by industry of the rapidly-
expanding deluge of technical information. The new
technical thesaurus is being compiled under the direc-
ticn of John S. FFoster, Jr., defense research and engi-
neering chief.

UNLIMITED COMSAT USE ASKED Indus-
try spokesmen have asked FCC to permit all manu-
facturers to use private satellites without limitation.
IFCC also is asked to clear the way for private firms
to launch their own satellite systems if needed. Indus-
try urges that I'CC encourage use of space communi-
cations by U S, and foreign industries. They also
warned that undue limits would hinder advance of com-
munication needs.

VISUAL SPACE BEACON

lonized argon gas laser to be used as a visual beacon from earth
to orbiting Gemini craft under test at Electro-Optical Systems, Inc.
The unit broadcasts at varied wavelengths in the visible blue-green
spectrum. In space operation, rotating disk chops the laser's wave,

STANDARDIZATION PUSHED — Defense of-
ficials are pressing electronic and aerospace industries
to step up progress in standardization of microelec-
tronic circuits. The Pentagon’s interest stems from
the drive originated by Sec. McNamara to bring
about lower costs via standardization of components.
In Pentagon talks, industry men have pointed out the
obvious need for a free exchange of ideas between
systems designers and components fabricators. Out-
look is for increasing pressure from military men to
bring about further standardization in this area.

SPACE BUDGET CUTS LIKELY—Iligh cost of
the Vietnam war is causing budget officials to take a
second look at some projected space programs, unless
a peace is effected. Some cuts have already been
ordered. Research projects are likely to be hard hit,
NASA is asking $5.5 billion for the fiscal year ending
June 30, 1967, as compared with about $5.1 for the
1906 fiscal. Budget Bureau is recommending that
NASA hold spending down to the current level. It’s
alwavs possible, of course, that Congress will over-
ride \White [House recommendations.

PATENT RULES CHALLENGED-—NASA soon
will he under more heavy pressure from Congress to
change its patent policy. NASA Administrator James
I5. Webb is faced with a patent case involving rocket
engine development by an aerospace company. If Webb
rules in favor of the company, as expected, he will
incur the wrath of some congressmen. These con-
gressmen have been criticizing NASA’s patent policy
for years. This year they plan to settle the question
once and for all. FExpected is a government patent
policy for all federally-financed inventions.

NEW STANDARDS SYSTEM SET-—The John-
son Administration has revised procedures for develop-
ing  voluntary product standards in industry.  As
adopted by the Commerce Department, all standards
more than five vears old will be reviewed for ade-
quacy. |. Herbert Ilollomon, Assistant Secretary of
Commerce for Science and Technology, says the new
rules will set requirements for general acceptance of
new standards, and provide safeguards to protect
public interest. A standard will be revised if any por-
tion of it 1s obsolete, technically inadequate, or no
longer acceptable to or used by an industry. It will
also be revised if any part is being used to mislead
consumers, or is against their best interests. Also, a
standard being used to limit production, set prices,
create cconomic advantages for one segment of an
industry, or constitute unreasonable restraint of trade
or create illegal dominance will be revised.

ELECTRONIC INDUSTRIES -+ February 1966



A REED RELAY
ENGINEERING
DESIGN KIT

15 pages of clearly written and illustrated
information and a complete selection of parts to
bread-board prototypes of, for instance:

ELECTROMAGNETIC RELAYS

Std. and min. size SPST—NO

Multiple contact relay: SPST, DPST, 3PST—NO and NC
Electrical latching relay

Magnetic latching relay SPST—NO

Permanent magnet biased relay SPST—NC

COMPUTER LOGIC ELEMENTS
AND, OR, and EXOR circuits
Single mode matrix element
Crosspoint memory matrix element

PROXIMITY TRANSDUCERS
For biasing, rotation, switching,
shielding, and proximity switching

THE PARTS include 9 std. and 6
min. switches in 3 sensitivity
ranges . . . std. and min. test coils
... logic coil, 4 magnets.

THE PRINTED MATTER also
covers operation and application
considerations that suggest when
NOT to use reed switches or reed
relays!

THE WHOLE KIT costs $10 and
is available from stock. Please
order Part No. 67-001.

FROM THE COMPANY THAT MAKES THEM LIKE THIS

With the kit, you automatically receive complete
specifications of NPE's standard and special reed
switches and reed relays. B |f you want only product
literature, without the kit and without charge, write for:

NPE Reed Switch Specifications Bulletin
and/or

NPE Reed Relay Specifications Bulletin
and/or

An Introduction o Reed Device Applications

WM

NEW PRODUCT ENGINEERING, INC.

A Subsidiary of Wabash Magnetics, Inc.
812 Manchester Avenue / Wabash, Indiana 46992

ELECTRONIC INDUSTRIES -+ February 1966

Chosce, trom stock, of coil remstances for
wide selection of voitages and sensitmities

Magnetic shelding layer prevents interaction from
other Hux-generating. electrical apparatus

Rhodium plated contacts lor higher
load and longer life characteristics

Each swiich housed mn its own cradie

| Bobbin ledge has addihonal pin holes.
! 7 available for various grid spacings
‘ 1& o
L Non-magnetic inter-connecting pin, which can be bent,
cut, etc., relieves stresses and peevents breakage of
Extra thick molded ledge glass.metal seal dur ng hook-up o printed circuit board or

when board 15 flexed duning its own assembly into equipment
Assures maintenance of operating characteristics

with two sides for additional
cigidty gives further structural
protection of switch seals

Standard connechion of switch lead 10 pin 15 soldered.
Optional connections: wekded of {as shown) Quik-tit.

Circle 20 on Inquiry Card 19
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and need
maximum "}EZ
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IBR

SILICON AVALANCHE
INTEGRATED BRIDGE RECTIFIERS

Circle 44 on Inquiry Cord

When your design must deliver maximum performance,
and you have tight space requirements, Varo's IBR® de-
vices can be a low-cost solution to your rectifier problems.

The IBR® s a full-wave bridge in one small package with
SAR® (silicon avalanche)characteristics to control tran-
sient overvoltages. All devices feature 2000 V minimum
circuit-to-case insulation. They are available with 3 versa-
tile mounting methods: press-fit; single-stud; and TO-3
mounts.

For fultl-wave bridge applications: the 1N4436 (250 V min
BVy), 1N4437 (450 V min BVy), and 1N4438 (650 V min
BVy). Output current is 10 amps at 100°C (T). Three-
phase, half, and full-wave rectifiers, full wave center tap
rectifiers, and voltage doublers are also available in the
IBR® line.

Write today for complete information and a better solution
to all your rectification problems.

VARO INC

SPECIAL PRODUCTS DIVISION 2201 WALNUT ST, GARLAND, TEXAS 75041, (AREA CODE 214) 276-6141 TWX 214.276.8577

ELECTRONIC INDUSTRIES

'World Radio Histo!
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It seems like only yesterday

that phase-lock frequency control
was so new that it was a status
symbol to have a“phase-lock-box”
in your lab. Crude and tricky as
those early designs were, they gave
you more-or-less tunable crystal
stabilization of just about any
UHEF/SHF oscillator...and they
made wonderful “conversation
pieces”, too. Nowadays, ordinary
phase-lock is old-har—to be “one-
up”’, youmustowna POLARAD
Model 3815—the “Rolls-Royce” of
Continuously Tunable Phase-
Lock Frequency Controls.
Then you can “spec-drop” with
confidence, for the Model 3815
has at least an order of
magnitude higher stability and
resolution than any other design;
and it will stabilize a wider range
of signal generators, signal sources,
oscillators, klystrons, BWQO’s and
receivers, too—not only all 27

POLARAD Instrumentation
Modules, from 950MC t012.4GC,

®

World Leader in
Microwave
Instrumentation

but just about anybody’s
stabilizable signal circuit. Best
of all, you can own this “Rolls”
for about what you'd pay for that
funny-shaped foreign compact.
Call us for a free test drive—
(212) EX 2-4500—and move
up to a 3815.

=

Model 3815 Frequency Stabilizer

Continuously Tunable

. HIGHEST STTBIL_ITYA:P_roportionaI oven, unique °
« circuitry!

: averaging time stability

+ 1 millisecond 1 part/10°
< 100 milliseconds 4 parts/10°
o 1hour 1 part/10®

* HIGHEST RESOLUTION—Continuous tuning (no
. “spots”) 0.95 to 12.4 GC, discrete coverage down to 500 MC.
: (Usable to 21 GC with Polarad Models 1709 and 1710.)

. HIGHEST SENSITIVITY

. LBand .......... —30dbm XBand .......... —10dbm ¢

. WIDEST RANGE OF STABILIZATION. —Stabilizes reflex
* klystrons, voitage-tuned magnetrons (VTM) or backward
. wave oscillators (BWO) with either helix or cathode ground-
* ed. Isolation: =3000 VDC to ground. Control output: 0-40
+ MA, =15 V. Discriminator bandwidth: 6 MC. Modulation sen-
¢ sitivity: 0.12 to 8 MC/Volt.

oooooooooooooooooooooooo @0 0000000000000
155

POLARAD

ELECTRONIC INSTRUMENTS

A Division of Polarad Electronics Corporation
34-02 QUEENS BOULEVARD
LONG ISLAND CITY, NEW YORK 11101
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4 CLOSED CIRCUIT OFFICE MONITOR TV

Telephone operators at Bethlehem Steel Corp. use TV system produced by Sylvania
Electric Products, lnc., to view sales areas not in line of sight. By looking at monitors,

operators can determine if a salesman is available for incoming calls.
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The Changing
STATE-OF-THE-ART
in the electronic industries

4 EYES, EARS AND VOICE

—for delta wing supersonic transport of the
1970s, being tested at Lockheed-California
Research Lab., which may relay communica-
tions from 70,000 feet-plus. SST mode! serves
as conductor for hf. About 28 antennas for
communications may be mounted on the SST.

4 BACK FROM SPACE

Gemini 6 radar which helped U. S. astronauts
achieve man’s first rendezvous in space is
back at Westinghouse (Baltimore) for study.
Engineers say the radar came through re-cntry
in good shape; they are making adjustments
before giving the radar an electrical test.

<4 INSTRUMENTS FOR SATURN

Electronic instrument unit for first Saturn
IB in test cycle at IBM Space Guidance Cen-
ter, Huntsviile, Ala. Technicians check inside
of 22-foot section. The unit, command post
for Saturn IB and V, issues commands for
steering, stage separation, and ignition; it
monitors performance. On Saturn V| unit will
stabilize last propulsion stage of Apollo.




World’s largest selection —

TRIMPOT®
POTENTIOMETERS—~UNSEALED

General-Purpose Wirewound
Model 200. Max. temp. 105° C /
L, S, P terminals / 0.50 watt at
70°C / 10 ohms to 100K.

General-Purpose RESISTON®
Carbon Element Model 215. Max.
temp. 125°C / L, S, P terminals
/0.25 watt at 50°C /20K to 1 Meg.

High-Temperature Wirewound
Model 260. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K.

TRIMPOT
POTENTIOMETERS —
HUMIDITY PROOF

General-Purpose RESISTON
Carbon Element Model 235. Max.
temp. 135°C / L, S, P terminals
10.25 watt at 50°C /20K to 1 Meg.

General-Purpese Wirewound
Model 236. Max. temp. 135°C /

S, P terminals / 0.8 watt at
70 c¢/10 ohms to 100K,

Micro-Miniature High-Tempera-
ture Wirewound Model 3000.
Max. temp. 175°C / P terminals
/ 0.5 watt at 70°C / 50 ohms to

20K -

Micro-Miniature High-Tempera-
ture RESISTON Carbon Element
Model 3001. Max. temp. 150°C /
P terminals / 0.20 watt at 70°C
/ 20K to 1 Meg.

Sub-Miniature High-Tempera-
ture Wirewcund Model 220. Max,
temp. 175°C / L, W terminals /
1.0 watt at 70°C / 10 ohms to
30K / Mil-Spec style RT10 and
meets MIL-R-27208A.

High-Temperature Wirewound
Model 224. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil.
Spec style RT12 and meets MIL-
R-27208A.

N g s

Ultra-Reliable High-Temperature
Wirewound Model 224-500. Max.
temp. 150°C / L, P terminals /
0.5 watt at 70°C / 100 ohms to
20K, Performance and reliabitity
statistically verified tocustomer.

High-Temperature, High-Resist-
ance RESISTON Carbon Element
Model 3051. Max. temp. 150°C
/L, S, P terminals / 0.25 watt
at 50°C / 20K to 1 Meg / Mil-
Spec style RJ11 and meets MIL-
20978B.

High-Temperature High-Resist-
ance PALIRIUM® Film Element
Modet 3052. Max. temp. 175°C
/ L, P terminals / 1.0 watt at
70°C / 20K to 1 Meg.

High-Temperature, Low-Resist-
ance PALIRIUM Element Model
3053. Max. temp. 175°C / L, P
terminals / 0.5 watt at 70°C [ 2
ohms to 100 ohms.

High-Temperature Wirewound
Model 3010. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil.
Spec style RT11 and meets MIL-
R-27208A.

High-Temperature RESISTON
Carbon Element Model 3011.
Max. temp. 150°C / L, P termi-
nals / 0.25 watt at 50°C / 20K
to 1 Meg / Mil-Spec style RJ11
and meets MIL-R-22097B.

High-Temperature High-Resist-
ance PALIRIUM Eiement Model
3012, Max. temp. 175°C / L, P
terminals / 1.0 watt at 70°C /
20K to 1 Meg.

=3

%”-Square erewound Model
3280. Max. temp. 175°C / L, P,
W terminals / 1.0 watt at 70°C /
10 ochms to 50K.

3."-Square RESISTON Carbon
Element Model 3281. Max. temp.
150°C / L, P, W terminals / 0.5
watt at 50°C / 20K to 1 Meg.

W"-Square, High-Temperature
erewound Model 3250. Max.
temp. 175°C / L, P, W terminals
/ 1.0 watt at 70°C / 10 ohms to
50K / Mil-Spec style RT22 and
meets MIL-27208A.

) vt
Y"-Square High-Temperature
RESISTON Carbon Element
Model 3251. Max. temp. 150°C /
L, P, W terminals / 0.50 watt at
50°C / 20K to 1 Meg / Mil-Spec
style RJ22 and meets MIL-R-
220978B.

longest record of reliability

BOURNS®
SINGLE-TURN
POTENTIOMETERS

asr B

%"-Diameter Micro-Miniature
High-Temperature Humidity-
Proof Wirewound Mode! 3300.
Max. temp.175°C /W, P, Stermi-
nals /0.5 watt at 70°C/10 ohms
to 20K.

2 8

Ch
%, -Diameter Micro-Miniature
High-Temperature Humidity-
Proof RESISTON Carbon Ele-
ment Model 3301. Max. temp.
150°C/ w.P,S terminals / 0.25
watt at 70°C / 10K to 1 Meg.

2 5

Sub-Miniature Wirewound Model
3367. Max. temp. 105°C / P, S
terminals / 0.5 watt at 70°C / 10
ohms to 20K / meets steady-
state humidity.

Sub-Miniature RESISTON Car-
bon Element Model 3368, Max,
temp. 105°C / P, S terminals /
0.25 watt at 50°C / 20K to 1

Meg / meets steady-state hu-
midity.

LOW.COST
COMMERCIAL
POTENTIOMETERS

Wirewound TRIMIT® Potentiom-

eters Models 271, 273, 275. Max.

temp. 105°C / L, S,P terminals /

g.s watt at 25°C / 50 ohms to
OK.

RESISTALOY® Carbon Element
TRIMIT Models 272, 274, 276.
Max. temp. 105°C / L,S,P termi-
nals / 0.2 watt at 25°C /20K to
1 Meg.

Wirewound E-Z-TRIM® Potenti-
ometer Model 3067. Max. temp.
85°C / S, P terminals / 0.5 watt
at 25°C / 50 ohms to 20K /
Priced under $1 in production
quantities.

Carbon Element E-Z-TRIM Poten-
tiometer Model 3068. Max. temp.
85°C / S, P terminals / 0.2 watt
at 25°C / 20K to 1 Meg.

SPECIAL-PURPOSE
POTENTIOMETERS

High-Power (2 watts) High-Tem-
perature Wirewound Model 207.
Max. temp, 175°C / L terminals
| 2 watts at 50°C / 100 ohms to
100K. As Rheostat Model 208,
available 100K to 200K.

BOURNS. INC..
1200 COLUMBIA AVE . RIVERSIOE CALIF
PHONE 584:1700 - TWX: 714.682 9582

High-Power (5 watts) Humidity-
Proof Wirewound Model 3020.
Max. temp. 200°C / L terminals
/ 5.0 watts at 25°C / 100 ohms
to 50K

BOURNS

Dual-Element Wirewound TWIN-
POT® Potentiometer Model 209.
Max, temp. 135°C / L terminals
/ 0.50 watt (each element) at
70°C / 10 ohims to 50K

15 watts, High-Temperature
Wirewound Model 3030. Max.
temp. 265°C / L terminals / 15
watts at 25°C / 10 ohms to 10K.

Radiation - Resistant, High-Tem -
perature Wirewound Model
3040. Max. temp. 350°C / W ter-
minals / 150 megarad / 5X 10's
neutrons per sec. / 5.0 waus at
70°C / 500 ohms to 20K.

PANEL-MOUNTED
POTENTIOMETERS

Most models are available
with panel mounting. Unique
design permits quick factory
assembiy to ‘“on-the-shelf”
units. In addition, mounting
screws, brackets and clip
brackets are available to
meet almost any mounting
requiremen
KEY TO TERMINAL TYPES
L=Insulated stranded leads
S=Solder lugs (includes panel-
mounting bushing on Mod-
els 3367S, 3368S, 3300S and
3301S only)
P=Printed-circuit pins
W=Uninsulated wires (edge-
mounting 3250, 3251, 3280
and 3281).

Write TODAY for detailed speci-
fications on any model in the
large BOURNS® Potentiometer
and  TRIMPOT®  Potentiometer
line AND o list of factory
representatives.

TRIMPOT®means BOURNS,
BOURNS means QUALITY, so
remember...

Don't MIL-SPECulate . .. SPECify
BOURNS.

TRIMPOT is a registered
trademark of Bourns, Inc.

OURINS

TRIMPOT DIVISION

CABLE: BOURNSING

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA
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% Six Semiconductor Innovations Help

2. Symmetrical geometry of TIXS33 FET 3. Up to 20 diodes may be packaged in a single case.

TI cannot assume any responsibility for any circuit shown
or represent that they are free from patent infringement.

1. New tetrode FET
attains 8000 umhos

Very high transconductance, frequency
capability into the uhf range — these
are the major advantages you get with
TPs new TIXS35 N-channel tetrode
field effect transistors. These represent
a two-to-one improvement over cur-
rently available tetrode FETs.

Transconductance is typically 8000
pmhos with substrate gate connected to
source, and 10,000 pmhos minimum
with gates connected together. Other
characteristics: V(grjcss = 30 V min;
Crssi = 1.4 pF max; Ci5 = 8 pF max.

Isolation between gates minimizes
“pulling” in mixer applications and
greatly reduces skewing problems in
AGC applications at IF. In autodyne
mixer circuits like the one at left, the
TIXS35 reduces circuit components.
Circle 71 on Reader Service card for
data sheet.

2. New N-channel FET
features 60 ohms R (ON)

TI's new TIXS33 field-effect transistor
features a very low drain-source resist-
ance of 60 ohms maximum. This makes
it ideal for a wide range of switching
applications such as low-level choppers
and commutators as well as low- and
medium-frequency amplifiers.

This planar epitaxial device offers high
transconductance (Y¢s > 12,000 umhos),
high drain current (> 25 mA), low
leakage (Igss < 1 nA), and low capaci-
tance (Cpc < 5 pF and Ciss < 20 pF).

Symmetrical geometry makes drain
and source leads interchangeable. This
permits use in multiplex and sample-hold
circuits and allows replacement of older
devices with non-standard lead config-
urations. Package is the TO-72 (four-
lead version of the TO-18). Circle 72
on Reader Service Card for data sheet.

3. High-density diode arrays
save space, improve product

Custom monolithic and discrete diode
arrays, combining up to 20 diodes in
standard flat-pack, low-profile TO-5 and
TO-18 packages, are available from TL
Benefits include high-density packag-
ing, compatibility with integrated cir-
cuits, uniformity of parameters, and
close thermal tracking. Core drivers,
diode AND gates, common-anode and
common-cathode arrays are typical of
devices that are available. Circle 75 on
Reader Service Card for information.
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You Improve Performance, Reduce Lost

4. New diodes employ oven
for high stability, low cost

TIXD746 — 759 temperature-compen-
sated reference diodes offer temperature
coefficients as low as 0.001% /°C and
voltage ratings from 3.3 to 33 volts.
Cost is less than conventional multi-
junction reference diodes.

The unique unit comprises a Moly/ G®
diode within a self-regulating polycrys-
talline semiconductor oven as shown at
right. The oven holds 120°C within *
8°C from —55°C to +100°C and with-
in £2°C from —10°C to +50°C. Tem-
perature is held within 1°C over a 10%
voltage change. The oven operates on
24 V ac or dc.

Typical applications include regulated
power supplies, high-frequency crystals.
differential amplifiers, and instruments
requiring voltage reference. Circle 73
on Reader Service Card for data sheet.

5. Simplify assembly with Ti
customized light sensor arrays

Now you can reduce manufacturing
costs, increase reliability, improve per-
formance, and minimize optical cross-
talk with PC-board light sensor and
light emitter arrays from TI.

You can reduce assembly, testing and
inventory costs because TI arrays are
preassembled and pretested units ready
for installation. Reliability is improved
because PC-board design is inherently
more rugged than individually wired
sensing devices. All components are her-
metically sealed for long life.

LS600 planar light sensors give high,
uniform sensitivity. Typical output is 1
mA, light, and 0.01 pA, dark, at 25°C.
Sensitivity can be matched to *=20%
across arrays. Lens confines admission
angle to 10° off axis, minimizing optical
crosstalk with close sensor spacing. Cir-
cle 74 on Reader Service Card for
information.

6. 400 V power transistors
permit simplified circuitry

TIPO4 NPN silicon transistors feature
400 volt minimum V(BR,CBo—permit-
ting simplified circuitry for high-power
line-operated equipment and circuits
with inductive or capacitive loads.

Low saturation voltage (1V max at
2A) gives high efficiency. Low leakage
(Icex = 10 mA max at 400 V and
100°C T¢) permits high-impedance bias
circuitry for high gain. Other features
include an fr of 3 MHz and fast switch-
ing speed. Circle 76 on Service Card
for data sheet.
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5. Typical light sensar arrays produced by TI. 6. High voltage capability of TIPO4 permits simple circuitry.

TEXAS INSTRUMENTS

INCORPORATED

13500 N. CENTRAL EXPRESSWAY
P. O. BOX 5012 » DALLAS 22. TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND ¢ NICE, FRANCE » DALLAS, TEXAS 21658
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Clarostat Series 49M
dingle-Turn, 1.5 Watts
Miniature Potentiometers

... literally hundreds of thousands of these miniaturized units have proved their outstanding
dependability and performance in critical electronic assemblies. Now, improved and stream-
lined manufacturing techniques make it possible to offer these potentiometers at new
penny-pinching prices (as much as a 100% reduction) to meet the cost requirements of
almost any electronic assembly.

Series 49M pots are available as single or dual units, with a choice of standard or split-
bushing mountings. They're perfect for trimmer requirements calling for high resolution.
Units are manufactured to MIL-R-19 specifications, Style RA 10.

SPECIFICATIONS: Power Rating 1.5 watts @ 40°C, or .005 watt per degree of effective
rotation maximum. Derated linearly to zero power @ 125°C. Working Voltage 175 volts
maximum. Resistance Range 1 ohm to 20,000 ohms linear functions. Resistance Tolerance
+=10%, closer tolerances on order. Effective rotation 300° +5° Mechanical & Electrical
Rotation - 300° =5°. Torque: .3 to 6 oz. in, Locking type bushing: 20 oz. in. minimum with
jam nut tightened. Typical Weight .02 Ib.

Consider these brief, but outstanding specifications for your application —then call or write
Clarostat today for full details and the new penny-pinching prices.

¥ p'é ; l 1[

47 1 . )

b’ B {:.:% 57 u bl

CLAROSTAT MFG. CO., INC. DOVER, NEW HAMPSHIRE
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FIRMS EXPAND TO MEET
PREDICTED COLOR TV BOOM

Three of the nation's leading elec-
tronic firms have disclosed plans for
further multi-million-dollar expansion
into production for color TV tubes.

The Scranton, Pa., Keystone Indus-
trial Park will be the site of an RCA
300,000 sq. ft. plant to produce color
TV picture tubes. Cost will be $26 mil-
lion, part of the firm’s $195 million pro-
gram to expand and modernize plant
facilities in 1966.

RCA also plans to spend $25 million
to establish a color CRT facility for its
RCA Vicior Company, Ltd., in Montreal,
the move is expected to be the largest
single expansion program in the history
of the Canadian electronics industry.
The new plant, in Midland, Ontario, to
be completed in mid-1967, will have
an annual capacity of 300,000 rectan-
gular color CRTs.

Philco Corp. announced that it will
spend about $20 million to build and
equip a color TV tube plant at Lansdale,
Pa., which is expected to be in opera-
tion early in 1967. Output by the end
of the year will be 200,000 tubes.
Eventual output capacity, according to
Philco spokesmen, is predicted at 500,-
000 tubes yearly.

Zenith Radio Corp. has purchased a
plant in Melrose Park, lli., as a major
part of its plan to increase output of
color TV picture tubes by 50% before
the end of 19%6. The expansion will
cost $17,000,000 and will step up
monochrome tube output as well
Zenith spokesmen report that the firm
is currently producing tubes at the rate
of 900,000 annually. The new Melrose
Park facility will be modified “into a
highly mechanized color tube process:
ing plant,”” and it is expected to be pro-
ducing by the end of summer, 1966.

FM SALES TRIPLE SINCE 1960,
409%, RISE SEEN BY 1966 END

Sales of home and auto radios with
FM reception have more than tripled
since 1960 and an increase of 40%
above 1964 sales is expected by the
end of next year. This is from findings
in an analysis of FM factory sales by
the Electronic Industries Association.

EIA statistics, which include domes-
tic and foreign-labe! sets, show that
one out of every four home radios sold
in 1964 could receive FM, with the
proportion expected to increase to one
out of three by 1966. In 1960, the
start of the FM boom, the ratio was
one receiver with FM capability of every
nine sold.

Sales of FM auto radios, first mar-
keted significantly in 1962 with 100,-
000 sets sold, are expected to
rise five-fold by the end of 1966.

28

MARKETING

ELECTRONIC CHECK CHECKER

a &

Supermarket clerk uses new Telecredit-100
system to instantly verify customer's check-
cashing status, cutting bad check risks and
check-stand  bettlemeck. Built by General
Precisicn's Librascope Group for Telecredit,
system can verify credit status of any one
in 100,000 customers in 1/10 of a second.

4 MILLION COLOR SETS
MAY BE SOLD IN 1966

Color TV sales volume for 1965 ex-
ceeded even the most optimistic pro-
jections made early in the year. A re-
port issued by Value Line investment
Survey states that, barring unlikely
severe turndown in national economy,
sales outlook for 1966 is even brighter.
It predicts that four million color TV
sets will be sold in 1966—a jump of
hetie- than 509% over 1965's volume.

According to the report, the total
number of sets sold in 1966 1nay be
limited by supply problems rather than
by coansumer resistance. Value Line
oredicts that selling prices anc profit
margins will temain firm.

The report cautions that two factors
could help spoil this bright prospect.
These include a wide assortment of pic-
ture tube sizes, and early obsolescence
of the current industry mainstay-—the
21-inch round color tube.

U. S. TAKES BIGGEST SPACE
AT LONDON ELECTRONIC SHOW

At least 1C-million-pounds worth
($28 million} of foreign electronic
equipment w:l be shipped to London
for the International Instruments, Elec-
tronics and Automation Exhibition set
for May 23-28 at Olympia. The U. S.
will hold down the biggest single stand
in the 1l-acre show. At the last IEA
there were 148 overseas exhibitars. For
the coming show this figure may reach
300.

ELECTRONIC INDUSTRIES -

INDUSTRIAL CONTROLS SEEN
AT $1 BILLION BY 1975

Opportunities are overemphasized
for new companies in the field of in-
struments and control in process in-
dustries. So states Al Lee, Director,
Process Industries and Industria! Con-
trols in the Industrial and Development
Economics Area, Stanford Research In-
stitute.

He indicates that many market fore-
casts are optimistic, but must be thor-
oughly investigated before they are
used for business planning.

This field is estimated by Mr. Lee
to double from about $500 million at
present to about $1 billion by 1975.
Two reasons he cites for caution in
evaluating process instruments and
control markets are: inadequate
amount of sound data published in the
market, and potential customers’ ex-
pressed desires for certain equipment
does not always convert into equip-
ment orders.

Highest growth among process in-
strument and control suppliers would
be in computers, and the lowest in re-
corders, says Mr. Lee. Computers’
share of the market should double by
1970, while recorders’ share may de-
crease by one-third. Mr. Lee says the
industry's largest supplier has less
than 209, of this market of about $500
million.

He believes no giant will dominate
this industry by 1970 because the
market is too diversified. As evidence,
Mr. Lee indicates that out of hundreds
of products in this field, fewer than 10
probably have markets exceeding $20
million annually.

MANUFACTURER PREDICTS
RISING CONNECTOR SALES

“The growth rate in sales of elec-
tronic connectors this year will exceed
current growth rate of 6.99% per year
for electronic circuit components in
general. Growth will adhere closely to
the 119% annual growth experienced
by the aerospace industry, a prime con-
nector market,’” reports Boris A. Jack-
son, President of U. S. Components
Inc. He predicted that total connector
sales for 1965 will finally be about
$165 million.

Referring to sales growth of connec-
tors since 1961, he said that total
shipment value of all types of connec-
tors rose from $360 million to $600
million collectively by the end of 1964.
Important factors in this healthy growth
have been low dependence on direct
government business and a wide mar-
ket among all facets of industry.

Mr. Jackson placed the current size
of the European market for connectars
at about $75 million.
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ASSURE A LOW FAILURE RATE OF
Only 1 Fullure |n Unli Hours for 0.1 MFD Capacitors™

14536,

Setting A New ngh Standard Of Performance!

Y Life tests have proved that El-Menco SPECIFICATIONS
Mylar-Paper Dipped Capacitors — tested ® TOLERANCES: 10% and 20%. Closer tolerances

o q . _ available on request.
at 105‘ C with rated voltage applled ® INSULATION: Durex phenolic epoxy vacuum
have yielded a failure rate of only 1 per impregnated.

1,433,600 unit-hours for 1.0 MFD. Since ©® LEADS: No. 20 B & S (.032") annealed capper

Q . clad steel wire crimped leads for printed circuit
the number of unit-hours of these capaci- application.

tors is inversely proportional to the capac- @ DIELECTRIC STRENGTH: 2 or 2% times rated

g . A voltage, depending upon warking voltage.
m:mce, 0.1 MIfD El M.encq Mylar-Paper INSULATION RESISTANCE AT 2500: P 0sMFD
Dlpped Capacufors will Y'eld ONLY 1 or less, 100,000 megohms minimum. Greater
FAILURE IN 14,336,000 UNIT-HOURS. than .05MFD, 5000 megohm-microfarads.

® INSULATION RE3ISTANCE AT 105°C: For .O5MFD
or less, 1400 megohms minimum. Greater than

.05MFD, 70 megohm-microfarads.

® POWER FACTOR AT 25°C: 1.0% moximum at
1 KC

These capacitors will exceed all the electrical

requirements of E. |. A. specification RS-164 and

Military specifications MIL-C-91B and MIL-C-25C,

Write for Technical Brochure

CAPACITANCE AND VOLTAGE CHART
® Five case sizes in workimg voltages and ranges:

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

S S 5 1 O O B '8

*"THE NUMBER OF UNIT-HOURS IS INVERSELY
VPROPO‘RTI‘ONA‘L TO THE CAPACITY IN MFD n

ROPORTIONAL TO THE CAPACITY IN MF:

PERCENT OF
RATED VOLTAGE

iAA ~85°C TEMPERATURE i — ——
105°'C TEMPERATURE T T 1111 I ] . |

i 4 144

fcc=125"C TEMPERATURE |

LTI [ [0 (T

100,000 1,000,000 10,600,000

UNIT-HOURS FOR ONE FAILURE

%k Registered Trade Mark of DuPont C

e ELECTRO MOTIVE MFG. CO., nc.

MANUFACTURERS OF
A Dipoed Mica « Molded Mica « Silvered Mica Films = Mica Trimmers & Padders
Em[:n Myiar Paper Dipped * Paper Dipped « Mylar Dipped * Tubu'ar Paper
g ZZ ‘
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No, it's not the start of a price war.
We're simply demonstrating that our
new solid-state Model 616A fre-
quency meter costs about half the
price of any other comparably per-
forming instrument now available.
But, since the 616A is so versatile,
who needs two of them anyway? This
clever little instrument, with all sili-
con semiconductor insides, gives you
direct frequency measurement
through the entire 225 Mc telemetry
band, and as high as 12 gigacycles
with one plug-in. That's because we
cunningly built in the prescaler.

But Hewlett-Packard and Beckman
didn’t. Theirs is a plug-in to a counter,
and the total cost is twice that of our
616A. Then they sell you a second

plug-in to measure above 400 Mc.
Speaking of plug-ins...the 616A
comes well equipped! Slip in a fre-
quency converter or other special
CMC frequency extender plug-ins,
and your frequency measurements
can soar to 1,000 Mc, 3,000 Mc, and
even a phenomenal 12 gigacycles! Or,
with our time interval plug-ins, meas-
ure time from .1 pusec. to 1 sec., or
1 usec. to 10 sec.

Not only is the Model 616A half the
price, but notice, it's half-rack size
too! One reason is because, like
athers in the 600-Series, it features

CIIC

an advanced ‘‘mother board' tech-
nique. Lost are excess size, weight,
and components; gained are new
shape, reliability, and ease-of-main-
tenance. Button it up with its front
cover and this rugged 28-pound wiz-
ard goes right out in the field.

All this for just $2,185. Interested?
Then send now for the complete
specs. And, if you're new at com-
paring our specs to high-powered
H-P and big, bad B, you can earn a
glorious Crusading Engineers’ medal
which reveals to everyone that you
had the guts to look at somebody
else for a change. It's also a great
conversation opener for sweet young
things you want to dazzle at your
next T.G. |. F. party!

12976 Bradley - San Fernando, California - Phone (213) 367-2161 - TWX 213-764-5993

COMPUTER MEASUREMENTS COMPANY IS A LEARING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL.
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Conventional overlep of foil
reducss usefulness.

Patented Beldfoil* fold obtains
extra shield performance

It's in the fold!

By Frank Timmons, Crief Engineer, Electronics Division, Belden Manufacturing Company

There are a number of cables on the mar-
ket today which utilize Mylart Aluminum
Shielding to eliminate noise, hum and
cross-talk. These cables have been devel-
oped to meet the needs of equipment
engineers who have found that standard
braided and spiral shields are inadequate
in reducing pick-up and fransmitted noise.
There is a big difference in the various
cables available . .. and the big difference
is in the manner by which the Mylar Alu-
minum Shielding is applied to the cable.
The cable which does the most effective
job of eliminating noise, hum and cross-
talk uses a unique, patented wrapping
process that ‘‘folds back' one or voth
edges of the Mylar Alurinum Shielding. It
orovides ‘'total shielding'' and was intro-
duced in 1957 by the Belden Manufacturing
Company under the trade name, "*Beldfoil."’
It is evident that many interested per-
sons do not completely understand the
manner in which Mylar Aluminum Shield-
ing is used in the manufacture of Beldfoil
cable. Therefore, Frank Timmons, Chief
Engineer of the Electronics Division at
Belden's Richmond, Indana plantanswers
some of the more frequently asked ques-
tions, and points up some of the morzs
important benefits offered by Beldfoil.

Q. You talk about a patented process where-
in the Mylar Aluminum Shielding is
folded back . . . on one or both edges.
Just how is this done ?

A. First, let us define Mylar Aluminum
Shielding . . , it is a lamination of Mylar
insulation film from 0.0005” to 0.001” thick
and aluminum foil of .00035” to .001” thick-
ness, applied spirally around the shielded
conductor or conductors to give 100%
shield coverage.

In some instances the wires are wrapped
with the metal foil on the outside as shown
in the cross-sectional drawing Fig. 1.

; GROUND
Fig. 1 — (DRAIN)
WIRE
(MYLAR) (SHIELD)}
INSULATING — METAL
LAYER FOIL.
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Note the heavy black ine showing the foil
edge folded back so that a full layer of
Mylar **bonus insulation'' is provided be-
tween the conductors and tne foil shield,
increasing the reliability of the cable.
Cables to be used at radio frequencies,
or sensitive to radio fiequency interference,
may need the fold snhown in Fig. 2. This
fold creates a metal-10-metal connection
which eliminates any poss ble inductive
effect, and makes the shield the electrical
equivalent of a solid aluminum tube.

(MYL AR) - GROUND
INSULATING (= (DRAIN)
LAYER WIRE
f METAL
Fig. 2 FOIL
SHIELD

Shields shown in Fig. 1 and 2 are used
for cables with one pair of conductors,

For cables carrying multiple pairs of con-
ductors, a different technique is used. On
each pair, the aluminum foil is placed on
the inside, with the Mylar layer on the out-
side (See Fig. 3). This is important be-
cause if the aluminurr surface were on the
outside we would Fave rardom metallic
contact between the shields on the differ-
ent pairs of wires. This would permit the
voltages existing on one shield to generate
currents in the adjacent shield, creating a
transfer of energy or cross-talk between
circuits.

Ncte that the ouier edge of the shield is
folded to tuck the edge of {oil out of the
way where it cannot chort to the adjacent
shield.

(MYLAR} METAL
INSULATING ~—(SHIELD)
LAYER FOIL
Fig. 3
GROUN|
INSULATED (DRAIN)
CONDUCTCRS WIRE

The inner fold again provides the elec-
trical equivalent of a solid aluminum tube.
Belden calls this combination of two folds
in one shield a “Z'' fold because an end
view of the unwrapped tape looks like the
letter **Z"",

How much signal isolation resulls
belween pairs, when aluminum foil is
on the inside, and Mylar layer outside ?

A. This type of construction obtains iso-
lation of more than 100 db between pairs,
per thousand feet of cable, at 10 Kc. The
short-circuited tape shield makes the ca-
ble quite suitable for use at frequencies
ranging from audio to RF.

U. Do any contact-resistance problems arise
between the drain wire and the alumi-
num foil shield on Beldfoil ?

A. No. Belden design and field service
experience on millions of cable-feet in wide
service environment have proved this point
of reliability.

Can Beldfoil shields be used over small
single conductors as well as over large
complex cables ?

A. Yes. Belden applies it on groups from
.050” to 1.25” OD.

\J. Design engineers are constantly faced
with miniaturization problems. What
about the size of Beldfoil shielded cables?

A. Beldfoil definitely reduces the diameter
of multi-conductor cables . . ., in some
instances by as much as 66%,%. The small
diameter provides design engineers with
extra conduit space, extra raceway, extra
console and rack space.

. How can | determine which type of shield
! should choose for a given cable ?

A. Belden application engineers are avail-
able for engineering assistance. Or, you
can obtain prelimirary printed information
by writing to Belden Manufacturing Com-
pany, Advertising Department, P.O. Box
5070-A, Chicago, Hlinois 60680.

Better Built...Better Buy...

Belden

WIREMAREX FOR INDUSTRY
SINCE 1802 CHICAGO 8.7.5

*Belden Trademarx Reg. U.S. Par, Off, 'duPont Trademark
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Gut eneray loss
reduce core Sie
decrease weioht

with Armco 48 Ni and 48 Ni-R Nickel-Iron Maonetic Allovs

“+‘ Armco 48 Ni and 48 Ni-R nickel-iron magnetic alloys offer

Sieel

a wide range of magnetic properties and thicknesses. This
selection of core materials enables you to achieve the most
effective design for high quality audio and instrument transformers,
specialty motors and generators, communications, computers and
other high frequency equipment.

Armco 48 Ni is produced in thicknesses of 2, 4, 6, 10 and 14 mils. Precise process
control assures low hysteresis loss. Armco 48 Ni has exceptionally high permeability
at low and moderate inductions. Init’'al permeability is approximately twice that of
the oriented silicor steels. Extremely low coercive force minimizes core losses for

a wide range of frequencies. He for 48 Ni is only 10 to 30%c of that for silicon steel
in the low and moderate range.

Armco 48 Ni-R is produced in thicknesses of 6, 10 and 14 mils. Processed to assure
small grain size and uniform magnetic properties in all directions, it develops higher
permeability with a lower annealing temperature than 48 Ni. These special charac-
teristics make 48 Ni-R ideal for rotor applications in communications equipment,
guidance systems and sensing devices.

For full information on Armco 48 Ni and 48 Ni-R magnetic alloys,
call your local Armco Sales Office, or write Armco Steel Corpora-
tion, Department E-726, P. O. Box 600, Middletown, Ohio 45042.

ARMCO
ARMCO STEEL V\/
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Clareed® Sealed-Contact Reed
Relays
... highly-reliable general

purpose switching

Clareed Control Modules Q;\ )

...a practical, economical digitals 2
control concept o

<L

Clare Low Level Relays L

...solutions for analog circuit
notise and thermal voltage problems

T T

Clare Mercury-Wetted

Contact Relays

... marimum switching consistency
and reliabilety over 20 r 10°
operations

Clare Military-Type Relays
...the standard of quality for
aerospace swilching requirements

Clare Polar Relays
...maximum 17, pulse distortion
orer 20 x 10° operations,
with no maintenance

Clare Coaxial Relays

...reduce crosstalk, VSWR and
insertion loss at R.F. ranges
up to 700 me

Clare Telephone-Type Relays
...compelitive, high-qualily,
long-life industrial controls

Clare Stepping Switches
...compact, low-cost sequential
switching

A

LUNTACH

OWITGHING

C.P.CLARE & CO.

Group 02D2 « 3101 Pratt Boulevard
Chicago, Illinois 60645



GONTAGT SIMITGRING

0lves Switching Problems
gconomically, with minimum

CLAREED Sealed-Contact REED RELAYS rr;pw

Industrial control, data logging and instrumenta- | -st¥¥ .

tion, communication switching, ground control and I .- 3“.1 A “2:‘3‘_‘[’"“‘;‘;?

check-out systems ]1| G‘““" — i

® [nherent reliability with no maintenance (contacts 34 EHICAGD. I
sealed in glass) 0y

s Switching speeds in low ms range ]" @‘“" Y

s [mmunity to transient electrical noise — e

= Contact load versatility...low level to 50 va ‘ .

= One to twelve contacts ]

s Packaging for peb or wired chassis...or as ST '
functional pcb assemnblies See Clare Bulletins 900, 951

127, 128.

Circle 100 on Reader Service Card.

CLAREED
CONTROL
MODULES

Counters, scanners, digital clocks, shift
' registers, logic arrays, non-volatile
/ memovies

= Beats solid state on cost in most applications
= Only one circuit voltage required...24v + 59

= Immunity to transient electrical noise without elab-
See Clare Bulletins 400, 401, 402, orate buffering

403, 451, 452, 453.
Circle 100 on Reader Service Card.

s Complete compatibility with industrial environ-
ment and service conditions

= Switching capacity from low level to 50 va

= Complete isolation between input and output

s Multiple input/output capabilities

= Data handling speeds up to 250 bits per second




( GLARE

* reliably, simply,
mamtenance

CLARE LOW LEVEL RELAYS
FOR ANALOG SWITCHING

Industrial process control, data logging and instrumenta-

tion, analog system ecalibration, military ground support

equipent

s Low thermal voltages at varying duty cyeles and am-
hient temperatures...as law as 1 pv at 20¢; duty eyvele,
+257 ambient

s Extremely low contact noise...as low as 5 uv at 600
ens bund width, 5 ms after energization

s Low and consistent contact resistance...50 milliohms
+ 2 milliohms over complete hfe

s [ife as great as 20 x 109 operations

= Peb module packaging for convenient mounting

CLARE POLAR RELAYS

Digital data transmission, telegraph and teleprinter service,

1mnulse repeater, polar signaling, polarity sensing

s Maximum 19 pulse distorfion for 20 x 10° operations with
- no maintenance

s L.ow and consistent, conract resistance (mercury-wetted
contacts)

= s High contact efficiency...95% total dwell, compared with

8097 in oither polar relays

s Contact foree and resistance eompletely independent of
drive level

s Small size...for wired assemblies or pek mounting

s Stands off 1500 v line surges

= Positive on-ofl switehing

s Low cost

See Clare Bulletin 853.
Circle 102 an Reader Service Card.

1 Type MR2MT 3 Type HG2MT

Mi(-rq(‘lareed" switch Mercury-wetted con-
for quickest noise ~educ- tacts . .. minimal
tion thermal emf

2 Type HGS2MT
Mercury-wetted con- Crystal-can design for
tacts...fast, sensitive military-tyoe applica-
...minimal contact noise tions
and thermal emf

4 Type FT

D Type SFT . Sensitive FT, designed for lowest
thermal emf in long duty cycle switching

See Clare Bulletin 1251B.
Circle 101 on Reader Service Card.

CLARE |
MERCURY-WETTED
CONTACT RELAYS

Input analog switehing, output power con-

version switching, solid stafe input and

output buffering

= Life: 20 x 10* operations

= Low, consistent contact resistance

= No contaet bounce

» Switching speeds as fast as 1 ms

s \ersatile contact load capabilities...
low level to 250 va

= High power gain...up to 5000 with
no noise sensitivity

See Clare Bulletins 201C, 800, 851, 852. ]
Circle 102 on Reader Serv ce Card.

i |

CLARE
TELEPHONE-TYPE RELAYS

Industrial, commercial, and military ground systems
where cost and life are important considerations

’

= Long life: up to 50 x 10° oper-
ations - =
s Variety of enclosures...dust
covered, sealed

s Variety of terminals...solder,
pcb, direet plug-in

= Highly reliable con-
tacts, with independ-
ent twin contact sur- |
faces : : =

= Stable, adjustment- l i
free operation /

s (Consistently reliable B ‘
performance at low T
cost

SeeClareBulletins 500, 551A,552A.
Circle 104 on Reader Service Card.
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CLARE
MILITARY-TYPE
RELAYS

Airborne, aerospace and ground support equip-
ment, where high reliability and long life are
required in demanding environments

n Clare quality assured by Clare Quality Assur-
ance Program

s Long electrical and mechaniesl life, under ex-
treme conditions of temperature, shock, vibra-
tion, linear acceleration

s Wide range of relay types...standard, extra-
sensitive, latching, miniaturized

a Sensitivities ranging from 40 to 250 mw

a Versatile contact capability, low level to 2
amp. Gold-plated contact areas...bifurcated
contacts, with high contact pressures and pos-
itive wiping action

See Clare Bulletins 129A, 203A, 700, |
755 and Reliability Manual 710A.
Circle 103 on Reader Service Card. |

CLARE
COAXIAL
RELAYS

Microwave intermedi- S o
ate frequency switch- qé \_O o
Ing, transmit-receive g 1)
antenna switching up § I '{;f?
to 700 me range N 4
s Very low crosstalk, VSWR, ’4 ‘
and insertion loss' 1" &) g
s Useful at frequencies up to 700 me¢ #°§ £
m Long life: 20 x 10" operations
» Low and consistent contact resistance (mer-
cury-wetted contacts)
» Bounce-free contact operation

See Clare Bulletin 854.
Circle 102 on Reader Service Card.

For additional Clare Contact
Switching components, turn
the page

-

[
!
t
{

o
D
]
N
=
=
w
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CLARE STEPPING SWITCHES

Mass sequential switeching -counting, total-
1zing, scanning, sequence control, ecireuit
monitoring

s Lower cost scanning and counting

s Maximum switching density

s Longer scrvice life with low maintenance

s Special modifications and funectional assem- <
blies for handling complex sequential
switching problems

Special Purpose Shorting Switches

”ALL BUT ONE" shorts all ecircuits but one together, making possible sequential
testing for insulation resistance, shorts, continuity, ete.

"PROGRESSIVE"” provides sequential shorting or un-shorting for bi-directional
control or test cireuits.

"ALTERNATE" generates variety of ecoded control outputs. Readily adaptable to
bed encoding.

See Clare Manuals 600, 601, 602, 651-1, 651-2.
Circle 105 on Reader Service Card.

|
| EU\HE Clare application engineers can provide effective solu-
’ tions for switching problems, frequently saving your
‘ APP“EA“UN engineering time. If you have a control problem, get
Clare’s suggestions. They’ll save you time, work and
[NG'N[[H'NG worry—and probably money, too. Write Clare’s Appli-
cation Engineering headquarters in Chicago . . . or ask
S[H\”E[ your Clare sales engineer. His phone number is shown
below.
For complete information contact your Write Group 0202 C. P. CLARE & CO.
nearest CLARE Sales Engineer 3101 Pratt Boulevard Chicago. lllincis 60645

CALL—NEEDHAM (Mass.): (617) 444-4200 - GREAT NECK, L. 1. (N.Y.):
(516) 466-2100 « SYRACUSE: (315) 422-0347 « PHILADELPHIA: (215)
386-3385 « BALTIMORE: (202) 393-1337 « ORLANDO: (305) 424-9508
« CHICAGO: (312) 262-7700 « MINNEAPOLIS: (612) 920-3125 - CLEVE-
LAND:(216)221-9030 « XENIA (Ohi0):(513) 426-5485 « CINCINNATI: -
(513) 891-3827 « COLUMBUS (Ohio): (614) 486-4046 - MISSION CLARE
(Kansas): (913) 722-2441 . DALLAS: (214) 741-4411 - HOUSTON:
(713) 528-3811 « SEATTLE: (206) 725-9700 » SAN FRANCISCO: (415)
982-7932 - VAN NUYS (Calif.): (213) 787-2510 « TORONTO, CANADA:
C. P. Clare Canada LTD. » TOKYO, JAPAN: Westrex Co., Orient « IN
EUROPE: C. P. Clare International N.v., TONGEREN, BELGIUM .

Clare-Elliott, Ltd., LONDON, ENGLAND relays and control components



Wide-Sweep Generator

{3200 me

Wi
08 7 0 O O

|
t
|
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|

10 me 1 J 4 60 mcy

Programmable, Voltage Controlled Oscillator

Marker Generator

Pulse-Type Markers

Harmonic (or Comb) Birdie Markers

Kay 154: 50 KHz to 100 MHz
Kay 159: 1 MHz to 3C0 MHz

Single-Freq, Type Birdie Markers

PM 7650 Plug-in: PM 7660 Plug-in:
Pulse Markers Harmonic & CW Markers
0.5 to 100 MHz 1 to 300 MHz

These solid-state sweep and marker generators cover the range in
a single sweep; provide a continuously-variable narrow sweep.

Performance characteristics include line-lock, cw, manual and
variable sweep rates, and external input,

PM 7650 and PM 7660 piug-in marker heads offer up to eight
optional, individualiy-switched crystal plug-in markers per head.

A variable birdie marker provision is standard. All plug-in marker
heads may be changed or added as required.

External modulation from dc up to more than 15 KHz, a built-in
detector and switched attenuator are standard features. Sweep high-
to-low or low-to-high.

For literature and prices write:

KAvELEC'I’RIC COMPANY

Pine Brook, Morris County, New Jersey ¢ (201) 227-2000 Undetected Turn-0ff Markers

Visit Kay at the IEEE Show, Booths 3C11-3C17

Circle 28_on_Inquiry Card
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DMS-3200 Digital Measuring System

DMS3200 Main Frame
(shown with DP-100)

$320

¢ DP-100
DC Voltmeter
Plug-in

- $175

DP-150
1 MC Counter
Plug-in

$175

DP-170

Ohmmeter
Plug-in

$240

DP-200
Capacity
Meter
Plug-in

$240

HIGHLIGHT FEATURES

3-digit Biquinary Tube Read-out
Plug-in Flexibility

All-electronic

Fully-transistorized

Modular Design

Fully Field-tested

Automatic Polarity Indication
Automatic Decimal Point Indication

AS A DIGITAL DC VOLTMETER (DP100 Plug-in)

Range 0.1 millivolts to 1000 volts

Accuracy +0.1% FS, 10.1% of reading
True integrating voltmeter design

10 megohms input impedance at all times

' AS A DIGITAL 1 MC COUNTER (DP150 Plug-in)

40.005% accuracy: Resolution 1 part in 107
(Overrange capability with sector read-out
permits 3-digit display to be equivalent of a
7-digit instrument)

Frequency measurement range 0.1 cps to 1 mc

Period measurement range 0.1 ms to 999 sec-

onds

AS A DIGITAL OHMMETER (DP170 Plug-in)

Range 0.01 ohm to 1,000 megohms
Accuracy +0.1% FS, +0.2% of reading

AS A DIGITAL CAPACITY METER (DP200 Plug-in)

Range 1.0 picofarad to 10,000 microfarads
Accuracy +0.1% FS, +0.2% of reading

The DMS-3200 is designed for rugged industrial
and laboratory applications. By utilizing a de-
sign which has the optimum combination of
accuracy capability and number of digit display,
the DMS-3200 meets the general purpose mea-
surement needs of industry for reliable, pre-
cision digital measurement equipment in the
$400-$500 price range.

THE HICKOK ELECTRICAL INSTRUMENT CO. « 10514 Dupont Avenue « Cleveland, Ohio 44108

)

8
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V

MQISTURE OXIDE PASSIVATED
SILVER OR SEALED DCUBLE JUNCTION
DUMET LEADS PACKAGE NAILHEAD LEAD—
NC FRAGILE WHISKER
WIRE

IRC Poly-Sil Zeners

Production quantities at production prices

With the addition of new production facilities, IRC Poly-Sil zeners are now
immediately available from stock to meet your volume requirements. And
with prices lower than ever you can use them for all your low-power zener
applications with considerable cost savings.

Poly-Sil zener diodes are space savers too. They are up to 309, smaller than
comparable units. Wattage dissipation is as much as 2Y, times higher than
glass packages of the same physical size.

Extremely tough and durable, Poly-Sil completely surrounds all internal parts.
This solid construction provides greater thermal and mechanical strength and
more dependable performance. Poly-Sil zeners are available in over 400
different JEDEC types. Write for samples, literature and quantity prices to:

IRC, Inc., Semiconductor Division (formerly North American Electronics, Inc.),
71 Linden Street, West Lynn, Massachusetts 01905.

ELECTRONIC INDUSTRIES + fFebruary 1966 Circle 30 on Inquiry Card

WITHSTANDS SHOCK
BETTER HEAT AND VIBRATION
DISSIPATION THAN ~ BETTER THAN GLASS
GLASS, CERAMIC OR
METAL

CAPSULE SPECIFICATIONS
———
actual size
MIL: Designed to meet
MIL-S-19500
WATTAGES: Up to 1 watt @70°C
VOLTAGES: 6.8 to 200 volts
DIMENSIONS: DO-7 (.265” long x
10" dia.)
TOLERANCES: +5%, %=10%, +209%
LEADS: Silver or Dumet

39



ELECTRONIC
INDUSTRIES
STATE-OF-THE-ART

For Integrated Circuits . . .

Studying and Controlling

QG“
- 4

AnaLysis oF FAILED IC's show that most of today’s
reliability problems stem from their processing. We can
enhance our knowledge of 1C Reliability, if the follow-
ing factors are studied, analyzed, and determined on
a qualitative, as well as a quantitative basis:

1. The Effect of Manufacturing Processes on De-
vice Reliability

2. The Measurement and Verification of Device
Relirbility

3. The Derivation of Reliability Predictors and
Screens

A study program, described here, would yield a
method to control and monitor IC reliability through
process control. Also, potential failures can be screened
out, while an estimate of individual device reliability
is feasible.

The Effect of Manufacturing Processes

The reliability of a product is set by its design and
manufacturing. Tt is, therefore, essential that there he
control points in any critical part of the manufacturing.
In the case of semiconductor devices, enough solid
state theory is known to assure a good design. The
many variables in the processing are still a source for
variation in the reliability level. Since reliability is a
function of design and processing, a numerical relation
ship between processing and reliability of a finished
product can be found by way of:

1. A lot identification system to maintain the pro-
duction history for each group of devices. Then it

40

> B H 'I' Go Product Reliability Consultant, Aerospace Division
y o e Westinghouse Defense & Space Center, P. 0. Box 746, Baltimore 3, Md.

becomes possible to relate failures from any source
back to the processing.

2. An in-process quality control system which has
inspection stations at critical points. Inspection results
shall be plotted into statistical control charts where
trends in quality levels can he watched.

3. A system which verifies the reliability level of
the products at given time intervals.

A lot identification system is an administrative mat-
ter which should be designed for one specific need.

Process Control Charts

To obtain a continuous measure of process per-
formance. statistical control charts are a must. Gen-
erally, two kinds of control charts can be used:

1. Charts for variables. (X, S-charts)

2. Charts for attributes. (p-charts: c-charts)

The control limits for the charts are calculated as the
average value *3 times the standard deviation.

n
= (.r ] .l’,')2

{=l

=1
3‘/1>L1 -
n

¢ chart ;i.‘{‘/r

N-chart : X + 3

i+

p-chart @ p

The existence of control limits on a statistical control
chart show that because of process limitations, defec-

ELECTRONIC INDUSTRIES - February 1966




Effective reliability improvement
and control can only be achieved
when the effect of processing
variables on reliability of

the device is known and understood.

To establish this correlation, a method must

be deve|oped that accurately and Photo shows the formation of the infamous “purple
plague” which has appeared in semiconductors.

economically estimates device reliability.

tive items still have a change of being accepted and
further processed into the final product. In other
words, there are some discrepant units escaping
through each check point. To show the numerical
level of escape, an index is used which gives the dif-
ference in the observed and nominal value in units of
standard deviation, for example:

X-X X -\,
X -chart : Index = — ~ = -
NS Von _:‘ (r — )2 Shorted base-collectors were caused during
Sl handling by aluminum being dragged across
nin —1) the junctions by a worker with tweezers,

p-chart : Index = : = 4
N — This photo chemistry fault is most probably
p—p a flaw of the mask, connecting the base
- - area of the two transistors as shown,

c-chart : Index = — =

A\

According to Q.C. practice, an index value greater
than 3 points to an “out of control” condition of the
process.

Reliability Verification

For semiconductor devices, reliability verifica-
tion can be a stabilization hake, burn-in, step-stressing
or add-on life testing. This should be done on a con-
tinuous basis. From the verification test, an estimate
can be made of the device fzilure rate. This, along

ELECTRONIC INDUSTRIES -+ February 1966



Photo voltage picture of the base-emitter region
of a mesa transistor. Dark lines and spots
indicate regions of high recombinations. Light
shading between contacts indicate chammelling.

Scanning electron photomicrographs (above & be-
low) of a biased DCTL NOR gate, showing irregu-
larity in the p-wall isolation of the transistors,

42

IC RELIABILITY (Concluded)

with a lot identification system and the escape index,
yields information about the relationship of process
control and reliability by constructing the following

graph:

Process | Process 2 etc.
. o ]
+Given max. spec. limit for
/ porometer or mox.oliow-
S g ,/  oble failure percentage
H-] ,/Process 2'
ERS
o9
> 0
O In order to stay under the
2a spec. limit Process | should
e be controlled within |2 S
o 32 4
g
25S  3S Multiples of S

Each point represents an individual lot that went
through processing steps 1, 2 . . . »n and finally life
tested. The slopes of the curves show the effect a cer-
tain process step has on the reliability. Thus, a direct
relationship is set between the process quality level and
the Failure Rate, that is, control limits can be de-
termined for each processing step to assure that each
lot will not exceed a given failure rate goal or parameter
limit.

This approach can also be applied to check the con-
trol we have in achieving desired device characteristics
in terms of parameters. Instead of the Failure Rate,
parameter values or drift can he plotted on the vertical
axis. The effect of process changes on reliability can also
e studied. For instance, the “student’s” ¢t significance
test is based on the ratio of ¢

Error in Mean X -z

~ ‘Standard Error of Mean . —
e s/ V-1

X —

lH!

V-1

S

Since the horizontal axis is already in multiples of
S, the t value of each point in the graph can be found

by multiplying it with 4/ ~—7 (n = sample size).
Supposedly, point A is the result of a change is process
2, the significance of the change can be found by multi-

plying Si with /"= to obtain the Student ¢
value. Thereafter, with a given number of degrees of

ELECTRONIC INDUSTRIES + February 1966



freedom, the significance level of the process change
can be learned.

Reliability Measurement & Verification

Reliability is defined as the probability that a device
will operate within given parameter limits for a given
time, under given operating conditions. Normal com-
ponent reliability life tests become too costly for ICs.
A less costly accelerated stress type test is needed.

When an accelerated stress-time relationship has
been set and validated on a product, it should be tried
on ICs made by others for general applicability. The
study must be a complete and thorough analysis of
external, was well as internal failure mechanisms noted
during the test. This approach should be checked by
comparing the failures under st-essed conditions, as
shown in the tests, as being basically the same as
those occurring at normal ambients. This will validate
the above-mentioned aging methods. Once found to
be valid, an accelerated testing method, is very useful
in estimating product failure rate. Also, for learning
the effect of process or design changes and reliability
improvement measures.

Some work has been done in the failure pattern of
ICs under accelerated temperature stress. Early data
points to the Log-Log and Eyrinz eqs. as the best fit:

Log-Log Relation: F = F,T™ where T is the temp. in °C and
m is a time dependent constant,

. C .
Eyring Relation: F = F,Te — T where T is the absolute

temp. given in °K and C is a constant

depending on the activation energy.

The time element of the Log-Log relationship seems
to be in the exponent m which approximated the re-
lationship m = 2, where { is titne in hours, and a is
a constant, which is less than unrity. This means that
when plotted on log-log paper, the failure curves
have higher slope values for greater time intervals,
giving converging failure curves. In the case of tem-
perature stress, this shows that at highly elevated
temperatures, material degradation is more heat than
time dependent. The same test data that has been
fitted to the log-log relation is tested for fit with the
Eyring equation. A very good fit is alsp obtained as
shown in Table 1, where R:

2
Correlation Index = v 1 - )

(sy)?
Standard error of estimate of the Y value.
Standard Deviation of the Y value.

8,
Sy
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Table 1
TEMPERATURE STEP-STRESS TEST RESULTS
Log-Log R Eyring R
— 1787

48-Hr Step F =027 72% 099 F = 1.1 Te — 0.97
. — 132 -
96-Hr Step F = 05472 097 F =09 Te —- 0.87

(T = °C) (T = °K)

The log-log has the advantage of simplicity, while
the Eyring Eq. opens the opportunity to relate device
failure to device geometry. When gross mechanical
failures are eliminated from IC’s, the Eyring Eq. is
more accurate in describing failure occurrence. More
tests should he done to pin-point the time relationship
of these two.

Reliability Predictors & Screens

Several screening methods are available, of which
the following are most interesting, because of their
non-destructive nature.

Scanning Electron Microprobe: The working of
the Scanning Electron Microprobe is based on the
emission of secondary electrons from the specimen
under study. An electron collector, biased at high
potential with respect to the specimen, attracts sec-
ondary electrons and provides a proportional signal.
This signal is converted into a picture, where the
modulation of intensity corresponds with the quantity
of secondary electrons from the specimen surface. This
picture is of surface potential which may be affected
by the electrical biases applied to the specimen (which
can be a functional microelectronic block).

The detection of a failure in such a complex struc-
ture would be an almost hopeless task without a tool
such as this. Here external hiases may be varied while
observations of those transistors cutoff and those
saturated may be made. Then, by comparing observed
conditions with those expected for the impressed biases,

you can learn which circuits are okay, and which have
failed.

Infrared Techniques (IR): Most failures are of
a chemical or electrochemical nature which is speeded
by heat. The heat from a device under bias might
thus be used as a sign of potential (un)reliability. The
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Table 2
FAILURE MECHANISMS IN INTEGRATED CIRCUITS

The failure mechanisms observed for present day I1Cs are dominated by

mechanical type failures as shown below:

Cause

Electrical overstress.

Poor bonding technique
and control.

Poor ailoying technigue.

Dirty surface and poor
passivation.

Poor design.

Poor workmanship and
visual inspection.

Poor photochemistry,
Poor workmanship.

Contaminated evaporator
or dirty oxide surface.

Misalignment.
Dirt particle acts as a

mask against diffusion,

Mechanical and
environmental
stress.

Imperfect oxide.

Bulk Imperfection.

Moisture inside
package.
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Failure Mechanism

Moelting of the lead wires and metallic inter-
connects creates an open connection.

The lead wires were touching either the sub-
strate edge or the package lid.

Plague formation created an open.

Gold splatter during the bonding operation
created a shorting path between two ad-
jacent connections.

Lifting of bond created an open.

Aluminum “over-run’ created a short between
adjacent connections.

Leakage between adjacent junctions.

Leakage between adjacent junctions,

Scratched or open interconnect.

Missing oxide and random Al-strips.
Wrong markings.

Lifting of aluminum interconnect,

High resistance contact.
Incomplete diffusion.

Package Failures.
Two kinds of package failures can be
distinguished.
a. mechanical-—non hermetically sealed
package.
stray current path among
the package terminals
caused by residue of con-
ductive chemicals.
inadequate leak detection techniques are part
of the problem. The widely used combi-
nation of gross leak and helium leak test
does not completely cover the total leak
spectrum. A gap exists for the detection of
leaks in the 10" 4 to 1075 cc/sec. range. The
use of Kr85 (krypton) to cover the complete
spectrum of 10-2-5 — 10~? cc/sec., showed
good results.

b. electrical

Oxide Failures.

a. Voids or holes in the oxide layer expose
the silicon. The metallized inter-
connect pattern, which is deposited on
top of the oxide layer, can thus pen-
etrate the oxide protection and make
contact to the silicon substrate. These
holes can be created by faulty oxide
growth, damaged mask, poor photo-
resist and so-called undercut by
etching.

b. The oxide on the surface of a junction,
consists of several layers successively
grown at different diffusion steps. And
as such may contain different impur-
ities and contaminants. [t can make
the oxide conductive, resulting in the
creation of channels.

Bulk Failures.

Most of present day bulk problems are
associated with the imperfection in the
silicon crystal. Dislocations of the crystal
lattice results in the formation of epitaxial
spikes, which during diffusion create non
uniform junctions and “pipes”.

Deterioration of interconnects.

This failure mechanism is closely related to
package failures. Moisture or any corro-
sive substance inside the package attacks
the aluminum interconnects resulting in
an open circuit,

IC RELIABILITY (Concluded)

heat dissipated by energized components is measured
hy its IR emission. In other words, every component
is transmitting, by way of IR, the proportional amount
of current flowing through it.

In the same group of heat detection methods through
IR, the “Thermographic Technique” is also worth-
while mentioning. Ilere, a high resistivity thermo-
graphic phosphor is sprayed on top of the component.
When irradiated with an ultraviolet light, the bright
vellow fluorescence is quenched or darkened by the
heated component. proportional to its temperature.

Noise Measurements: IFive basic types of noise
can be detected in a semiconductor device:

Thermal Noise—Generated by random thermal mo-
tion of changed particles.

Shot Noise—CGenerated as a result of the random
passage of discrete carriers across a barrier or discon-
tinuity, such as a semiconductor junction.

Evcess Noise—Results from the passage of current
through a semiconductor material.

Awvalanche Noise—Carriers in a high voltage gra-
dient develop enough energv to dislodge more carriers
through physical impact.

Multistate Noise—Consists of erratic switching that
1s generated within the device at various sharply de-
fined levels of applied current.

Abnormal noise in a semiconductor device stems
from abnormality within the device. Excess noise and
avalanche noise have been claimed, for resistors and
transistors, to be a good sign of potential unreliability.
More work is needed here.

Here is a suggested plan for investigation:

a. Develop suitable bias conditions for measurement
of noise.

h. Measure many devices and sort out very high
and very low noise blocks. Study reasons for relative
amount of noise.

This represents a failure because of deterioration
of the interconnects due to moisture or
corrosive substance inside of the package.

’.. 5 o"- ‘:. ‘.-".
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c. Measure noise of a number of 1Cs. Stress to
failure, analvze, and see if noise and stress resistance
correlate.

d. If shown to he feasible in (c), develop a produc-
tion screen.

Mathematical Screening — Linear Discriminant
Analysis: Mathematical Screening is based on the
philosophy that physical faults contributing to device
degradation, in one way or the other, affect the de-
vice parameters. Device parameters are studied for
any statistical correlation between behavior and follow-
ing failure, Here is a suggested plan for investigation:

a. Using test data from accelerated as well as con-
ventional life testing performerd at fixed time intervals,
parameter distribution patterns can be set as a time
and stress dependent. The parameters most sensitive
to drift and/or sudden failure can he found and as-
signed a weight factor, based on the frequency of oc-
currence of the parameter as a failure mode.

h. Investigate the applicability of the method by com-
paring the weight factors of different device types and
finding any existing relationship between device type
and weight factor. Also, the effect or operational time
and environment on the weight factor shall be analyzed
and determined.

c. Determine the efficiency and thus the feasibility
of using the screening method.
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- o HIGHLY ACCURATE PEDESTAL

A UNIQUE METHOD OF LOCATING AND GRINDING eccen-
trics on elevation hearings has produced a highly ac-
curate pedestal. The pedestal, an elevation-over-azimuth
tvpe. can'be used in ground-based or shipboard track-
ing. Currently, system accuracy for such pedestals ex-
ceeds 0.5 mils and digital-data pick-off and alignment
errors are 0.05 mils peak.

Verticality of the mount is established with electronic
split-bubble levels to accuracies better than 5 sec. of arc.
Train bearing and elevation axis wobbles are limited
to =5 sec. of arc and axis. The unique method of lo-
cating and grinding eccentrics on the elevation bearings
shows its advantages in the inorthogonality. Tests to
locate an inorthogonality of 0.00005 in. across 75 in.
failed to reveal even this much error.

The mount gives continuous azimuth rotation and
coverage in elevation from —16° to +196°. The type 2
servo system which meets these requirements has the
following features: chopper-stabilized operational am-
plifiers ; acceleration coefficien: of 180/sec? at the high-
est bandwidth setting : direct drive to dc torquers which
completely eliminate backlash; slave, manual and auto-
track modes: tracking and slew rates up to 60°/sec. in
azimuth and 30°/sec. in elevation; and 5 selected band-
widths. A type 3 servo system could be provided for
even more stringent uses. The pedestal uses 17-bit en-
coders, along with 0.05% sin/cosine potentiometers.

The reflector used is a 12 ft. fiberglass honeycomh
unit with an R? distribution of error. Reflectors as
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large as 30 ft. can be used with no redesign required.

The antenna assembly has a max. deflection of 0.07
mils under all environmental conditions. Optical deflec-
tions are limited to 5 sec. of arc. Electronic Specialty
Co., 4561 Colorado Blvd., Los Angeles, Calif. 90039.

Pedestal has inorthogonality of less than 0.00005 in.
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Fig. 1: Overall power supply diagram.

High-Efficiency Power Supply

THE LARGELY INTEGRATED CONTROL
section in this design makes it pos-
sible to build small, compact units
having low assembly and mainte-
nance costs. Also, the very fast
turn-on and turn-off times of the
output devices minimize switching
dissipation. Thus, high operating
frequencies can be used and the
power transformer can be small.

Although the unit described here
provides a dc output of -+20v, the
design can easily be adapted to supply almost any volt-
age desired; e.g., 3.5v for uL elements in an airborne
use or both 4-12v and —6v for transistor circuitry in
a variety of uses. These uses include computers, radar
and navigational equipment, etc. The design described
uses largely industrial/commercial grade pL elements,
but the military components suggested in Tables 1 and
2 can be substituted if necessary.

Voltage regulation for the 20V supply is 1% for a
load variation of 0—S5a, and could be improved by
providing higher gain within the feedback loop.

Fig. 1 is a diagram of the overall power supply. It
includes: (1) the largely integrated control section,
which supplies symmetrical waveforms to the driver
and power output stages, thus greatly facilitating trans-
former construction; (2) the driver and “high-level
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A design for a switching-type high-efficiency power
supply with feedback regulation is described. Using
integrated circuits and ultra high speed power output
transistors, its performance is excellent. It is

well suited to applications requiring compactness and

small size as well as low assembly and maintenance costs.

logic” stages, which provide power gain; and (3) the
output stage. Voltage regulation is provided by feed-
ing back an error voltage from the output to the op-
erational amplifier in the control circuitry. This is used
to adjust the conduction time of the output switching
amplifiers.

Control Circuitry

Fig. 2 is a block diagram of the control circuitry;
Fig. 3 shows the waveforms at indicated points; and
Fig. 4 is a schematic diagram. The design is a com-
bination of analog and digital methods. The square
wave generator output (A) is separately integrated
and differentiated. It produces waveforms B and C,
whose sum (D) is a triangular peaked waveform. This
waveform appears at one input to the level comparator,
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Fairchild Semiconductor, 313 Fairchild Drive, Mountain View, Calif. 94041
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MICROLOGIC POWER SUPPLY (Continued)

while a steady error or control voltage e appears at
the other. Twice per cycle, the instantaneous value of
DD passes above or below ec. This causes the com-
parator output to change level, forming a square wave.
If the level of e. shifts up or down, the leading and
trailing edges of the output square wave shift about
the peaks of the triangular wave. Symmetry is thus
preserved. The spikes on I prevent an inoperative
condition when ec becomes larger or smaller than the
peak values of the triangular wave alone.

The trigger and inverter circuit decreases the rise
time of the comparator square wave and produces
complementary waveforms (17 and (). These wave-
forms drive the binaries, whose outputs are directly
coupled to the associated driver circuits. The binaries
are interconnected so that the state of one controls the
state of the other. This is done to prevent a 180° phase
ambiguity which conld otherwise occur in the hinary
ontputs when de supply power is first applied. Each
binary puts out a pair of complementary square waves
(H, T and ], T), whose frequency is half that of the
square wave generator ontput and displaced 14 cycle
from the output of the other hinary.

Squarc-wave generator—The square-wave generator
ts a self-starting  syvmmetrical multivibrator (MVB)
composed of two of the gates in a ul. 927 quad inverter.
Its frequency (5 guy) is controlled by the equal-time-
constant pairs Ry C, and R, Cy. Proper initiation and
maintenance of Mve action is insured thusly: The col-
lector of each ul. 927 inverter is connected throuch a
diode (I3 or D) to capacitor C,. which supplies drive
to the bases of both inverters. D and 1), form a logical
“or" gate which allows C; to become charged if either
or hoth outputs from the inverter collectors go i the
positive direction. Thus, it is impossible for both in-

Fig. 5: A single driver Hy Ay

circuit is shown here.

e LUAL U s sl U e

verters to be saturated at once since this condition
would eliminate both base drives. After the MVB is
running normally, the needed charge on C; is main-
tained by alternate conduction of D; and D..

To insure a square-wave output of about equal rise
and fall times, the collector of each inverter is returned
to the supply voltage not only through discrete com-
ponents D; R, and D, Rj;, respectively, but also
through an integrated resistor inside the Micrologic
element. By taking the output across this integrated
resistor, the usual degradation of rise time due to
charging current from the coupling capacitor (C; or
Cy) is avoided. This is hecause the charging current
flows through the discrete-component resistor and is
isolated from the output by the diode (D3 or Dy).
Although only one output is needed, the external path
to the supply voltage is added to both collectors to
help maintain symmetry of output.

Operational integrator—The basic operational in-
tegrator circuit consists of a third inverter in the pL
927 clement with C4 and R; in the feedback loop.
Forward-biased diodes D5 and Dg provide self-regulat-
ing Class-A bias similar to the normal zener biasing
method. But, it is more suited to this circuit because
of the low voltage bias requirement. Emitter-resistor
hias could not be used in view of the low supply volt-
age (3 vdc). Base bias current is obtained from the
collector circuit throngh the hias diodes and R; and Rq.
A dc collector voltage of about 1.5 v is fixed primarily
by the \pg of the wl. 927 transistor and the two diode
drops, the voltage dropped across R; and Ry heing
small. C; and Ry form a low-pass filter that couples
the dc component of the collector voltage to the bias
diodes. Since the integrator operates only on an ac
basis, integrating a symmetrical square wave, C, sim-

Ha +28V
o
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% 015
Rig R24
A'AvAﬁ A“"V
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Liv €12 — Cis R23
+ +
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‘ L
g n ¥ f
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ELECTRONIC INDUSTRIES +« February 1966



plifies coupling between the square-wave generator and
the integrator by blocking de voltage.

Differentiator—The differentiator circuit consists of
Cs. Rg and Ry. Since the output of the integrator is
introduced at one end of Ry, current summing of the
integrated and differentiated waves produces the tri-
angular peaked waveform at the junction of Rg and R,.
This waveform is directly coupled into one input of
the level comparator. The controlling error voltage is
introduced into the other.

Level Comparator—The level comparator is a pA
702A analog integrated element operating without
feedback. Effect of the dc component of the direct-
coupled triangular wave is offset liy biasing the opera-
tional amplifier in the following manner: pin 4 of the
pA 702A, which is normally connected to a negative
supply, s grounded: pin 1, the common amplifier
input terninal, is operated at 43 vde. and the positive-
supply input terminal (pin 8) at +9 v. Thus, the
effective positive and negative supply voltages are +4-6v
and —3v, respectively. A single output, a square wave
of controlled duration, is taken from pin 7.

Trigger and mverter—A pl. 914 dual 2-input gate
connected as a cascaded pair of saturating amplifiers
between the comparator and the frequency dividers
serves two functions: (1) it insures reliable triggering
of the dividers by improving the rise and fall times of
the square wave: and (2) it provides complementary
inputs to the dividers.

Frequency dividers—Two pl. 923 J-K Flip-Flop
elements divide the input trigger pulses by two. This
provides complementary, symmetrical outputs displaced
from each other in time by the width of the input
pulse. Suitable negative-going pulses for the trigger
(pin 2) input of each divider are obtained by coupling
and differentiating the complementary square wave
outputs from the wl. 914 gates through networks Cy
Ry and Cy Ry, respectively. The ambiguity elimination
set line goes from pin 5 of the lower hinary to pin 1
of the upper. Complementary outputs are obtained from
pins 5 and 7 of each binary.

Supply wvoltage—Needed supply potentials are obh-
tained from the combination resistor-diode divider
network consisting of Ry, and Ry5 and D7 through Dy;.
Appropriate points are bhyvpassed by Cyy and Cyy.

Driver Circuitry

The drivers operate push pull, each device conduct-
ing a full 180°. A single driver circuit “H"” is shown
in Fig. 5. The driver power-output transistors Qs and
Q4 are predriven by Q, and Q;. Since the 1lv level
of the drive voltage signals (H and ﬁ) from the
control binaries is insufficient to control predrivers Q,
and Qs directly, voltage-gain stages Q, and Q4 are
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supply 6 v peak to peak, and two supply 15 v peak to
peak, Fig. 6a. The secondary windings are connected
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Table 1 TRANSISTOR COMPLEMENT

Characteristics
Tl’nll
Device (oper.) P heg VeCE (aaty BVina Ts General Remarks
SE2002 125°C  0.3wat65°C 100 — 400 0.7v 35v — General-purpose NPN
(2N9186) case lc = 10 ma Ic = 10 ma lc = 0.1 ma with low Vg (4
ch=lv Ia=lma |§:,=0
SE8002 200°C 2.8wat100°C 40 — 120 1.2v 80v ¥l Medium-power NPN
(2N3110) case lc =150ma I = 1.0a le = 100ua with low Veg e
Veg = 1v In = 0.1a lge =0
2N3638 125°C 0.42w at 85°C 30 — 67 — 0.25v — 25v — Medium-high-current
case lc = 50 ma lc = 50 ma Ie = 100.a PNP switch
Veg = — 1v ls =2.5ma lg =20
2N3920 150°C 15w at 75°C 100 — 300 1.2v 12.0v 0.5us turn-on  High-Current
case lc = 2a lc = 10a le = 5ma 1us turn-off NPN switch
Veg = 2v Iy = 1a le=0 lc = 10a
Table 2 DIODE COMPLEMENT
Characteristics
Device BV In Vg te Pn Package Remarks
FD-100. S 75v < 100 na Z v < 4.0 nsec
(IN3064) lg = 5pa Vi = 50v Iy = 10 mna Iy =1lg =10ma, = 250mw DO — 7 glass* High-speed switch
rec. to 1.0 ma
FR — 107 > 250v < 500 na < v < 100 nsec S 1.0w 1W glass High-speed rectifier
In =500uﬂ Vi = 150v Iy = 1.0a v|y=;6(v’a

*FDM1000 low-cost epoxy unit can be used in ial /industrial

M, < 125°C)

to the high-level logic circuits (Fig. 6b). These sup-
plv symmetrical, positive-going pulses (waveform 5,
Fig. 6¢) to the output switching devices.

Turn-off Waveform—Waveform 3 in Fig. 6c is gen-
erated by combining H, and J2 in an or gate. When
either H, or Jo is negative, 3 is negative; otherwise it
is zero. Dyg and Dy; (Fig. 6b) assure that only a
negative-going output will appear at 3. Canacitor Cy5
determines the charge initially removed from the out-
put transistor base to effect turn-off. Ro.s serves two
functions: (1) it provides a direct path to the output
transistor base to maintain cutoff; and (2) it supplies
a discharge path for C;5 so that C;5 will be ready to
absorb charge on its next operating cycle. Note that
Waveform 5 at the output transistor base is alternately
negative for turn-off and positive for turn-on.

Turn-on Waveform—When ﬁl and J; are of the
same polarity, Waveform 4 is of this polarity, but
when H; and ], are of opposite polarity, no voltage
appears at 4. The magnitude of 4 is the linear sum
of Hy and J,. During the turn-on interval Dyg is
forward-biased and the base drive applied to Q;
through Ro; is negative, so that Q; is driven into
saturation. Thus a path exists to the output transistor
base (5) for a turn-on current whose magnitude is
limited by Rgg.
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Isolation—Tsolaticn between the turn-on and turn-off
circuits is provided as follows: during the turn-off
interval when H and J are negative, D5 is reverse-
biased and Q)7 is held off by the positive signal on its
base. Thus no path for current flow from point 3 to
point 4 exists. During the turn-on interval, when H
and ] are positive, T, and Jo are of larger amplitude
than H;, and J,. Current flow is therefore prevented
by reverse hias on D5 and Dy,

Switching Amplifiers, Bridge Rectifier, and Filter

As shown in Tig. 7, the output stage consists
of two switching power amplifiers. Qg and Q,. trans-
former-coupled to the rectifier and filter circuitry.
This circuitry supplies a constant dc voltave to the
load and to a reference amplifier (Q;0) use for voltage
regulation. Transistors Qg and Q, are arranged in
push-pull and held alternately on and off by positive-
and negative-going signals from the high-level logic
circuitry. C,4 hypasses the power input terminal, pro-
viding a low-impedance path to ground for the load
current. Coupling transformer T; operates as a linear
transformer. A Dridge (Dig, Doy, D2y, and Dg,) is
used to rectify the output. Alternatively, a full-wave

(Continued on page 134)
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Interest in tunnel diodes has gone up and down

Some of this fluctuation is due to a lack of under-

Fig. 1: Here is a typical
tunnel diode characteristic curve.

Understanding the

TUNNELLING PHENOMENON ., cucs v soue

THE OBJECT HERE is to present a simplified explanation
of why the tunnel current exists. This involves the use
of quantum physics. The hasic groundwork for the
understanding of quantum physics is given. If you wish
to look deeper into quantwm physics, then check the
references given at the end.

The tunnel diode is a two terminal. PN junction de-
vice. showing negative resistance characteristics for cer-
tain values of hias voltage. IFig. | is a normal tunnel
diode curve. The recion in which the current decreases
as the voltage increases is the negative resistance region.
It is in this region that the diode must operate. The
name, tunnel diode, arises from the fact that electrons
appear to “tunnel” through the PN junction when work-
ing in the negative resistance region.

Quantum Physics

When one delves into the sub-atomic world, i. e.. a
world that is not apparent, classical physics has reached
its limits. It is more concerned with the overall effects,
such as the diffraction of a heam of light. And as such,
it must give way to quantum physics, which is concerned
with the sub-atomic world, a world made up of
particles.

The deBroglie equation ; 7. = i /i ; is the assumption
upon which deBroghie hased his work in quantum
physics. This equation gives the relationship hetween
the electron wavelength and the electron energy, where:

A is the deBroglie wavelength of the particle.

h is Plancks’ constant, a universal constant of nature.

m is the mass of the particle in question.

v is the velocity of the particle.
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This equation says that if the electron is allowed to
have an infinite number of wavelengths, there would
he an infinite number of energy levels for the electron.
But an electron must occupy an orbit of an atom. And,
for an electron to occupy an orbit, the deBroglie half-
wavelength must fit an integral number of times into
the length of the orbit. An electron orbit cannot sup-
port any other wavelengths hecause of wave attenuation.

Bolirs” model of the atom gives a finite number of
allowable orbits for an electron. Hence, there are a
finite. number of energy bands available for an elec-
tron. We say bands, because there are several energy
levels within each band. The electrons in the same orbit
interact to make several energyv levels within the band.
Each electron within a shell will occupy a different
energy level within the energyv band for that shell.

These hands are wide apart, with the region between
the bands called the forhidden region. For in this region
no energy levels can exist. This is because the deBroglie
equation does not allow any energy levels there.

There are several of these hands., Rut, we are inter-
ested in the uppermost forbidden band, the band helow
this, (the valence hand), and the hand above this, (the
conduction band).

For an electron to become a current carrier, it must
occupy an energy level in the conduction band. Also
there must be a hole, or absence of an electron, at the
same energy level for the electron to move to.

The width of the forbidden band is zero for a con-
ductor. Therefore, many electrons are available for con-
duction. For the insulator and semiconductor, the
forbicdden band will prevent most electron movement.

ELECTRONIC INDUSTRIES - February 1966



since the discovery of the tunnelling phenomena.

Interest is again on the up cycle.

standing of the basics. Here is a chance to get up-to-date with this concise explanation.

Dept. 411, McDonnell Aircraft Corp
Box 516, St. Louis, Mo. 63166

The Atomic Diagram

A semiconductor has 4 valence electrons. These are
the electrons in the outer orbit of the atom. The 4 elec-
trons combine with 4 other atoms, as shown in Fig. 2,
to form a neutral crystal. Now, if an atom with the
valence of 3 is added, there will be an extra electron
that does not fit mto the normal pattern of the crystal.
This atom has an electron that is not shared by 2 atoms,
as shown in Fig. 2. Because this electron is bonded to
only one atom, the energy required to free it is less
than one shared by 2 atoms.

Once this electron is released from its parent atom.
it floats around the crystal uutil it is trapped by a hole.
This is a N type impurity hecause of the extra electron,
or negative charge.

If an atom with the valence of 3 is added, there will
he an absence of an electron, or a hole in the normal
crystal structure. The result is a positive charge, which
can trap free electrons. This is a r type impurity be-
cause of the extra hole, or positive charge.

Now let us apply a field ta the crystal in the direction
shown in Fig. 3. For the ~x tvpe impurity. the field will
supply enough added energy to clevate the extra
electron to the conduction band and release it from its
parent atom. This is shown by arrow 1 of Fig. Ja.
This electron collides with another electron. and re-
leases it (arrow 2). Meanwhile the hole will attract an
electron from a neighboring atom, (arrow 3). Then
another electron will be released from its parent atom
to fill the hole created hy 3 (arrow 4). The result is
that an electron has moved to the left side and a hole to
the right side. (Continued on following page)
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Fig. 3: An atomic diagram for
a N (3a) and a P (3b) type
semiconductor showing the electron
and hole movement in the material.

Fig. 4: Energy diagram showing the
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TUNNEL DIODES (Continued)

For the p type impurity. the field will supply the
energy required to move the hole to the right, as shown
in Fig. 3b. In this sketch the arrows represent hole
movement. The original hole will move to a neighhor-
ing atom, which gives up an electron to the hole (arrow
5). This hole will, in turn, migrate toward the right
side (arrows 6 and 7), as electrons move toward the
left. The net result is that an electron i{s on the left,
trapped by the original hole, and a hole is on the right
side.

Fermi Level

The fermi level is defined as the energy level at which
the probability of finding an electron ‘n’ energy units
above it is the same as that for finding a hole ‘n’ energy
units helow it.

For a pure semiconductor, the fermi level is in the
center of the forbidden band. The reason is that there
are no electrons in the conduction hand, and no holes
in the valence hand.

If some N type impurity is added, the fermi level will
shift upwards. Because the encrgy level of the added
electrons is greater than the electrons of the semicon-
ductor. The more impurity atoms that are added. the
more the fermi level will shift, as shown in Fig. 4. If
some P type impurity is added. the fermi level will shift
down,

If the impurity content is high enough. the fermi
level will fall in the valence or conduction band, as for
tunnel diodes.

Fig. 5: This is the energy diagram
for point 1 of the curve in Figure 1.
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EXCESS ELECTRONS

'FORBIDDEN BAND l
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When a pN junction is formed, the crystal is one
continuous atomic structure. Therefore the fermi level
for the » and N sides of the junction will be at the same
energy level.

When the fermi levels line up. the energy hands stay
in the same relative position with respect to the fermi
levels. This means that electrons have to shift from the
N to the P region, and holes have to shift in the opposite
direction. Therefore the P region has a net negative
charge, and the N region has a net positive charge. This
gives a potential harrier at the junction that opposes
current flow. The results are shown in Fig. 5, which is
the energy diagram for an unbiased tunnel diode.

If a potential harrier (such as the junction) is placed
in the path of electron flow, classical physics states that
all electrons will be reflected from it. This is assuming
that the energy of the electrons is not great enough to
go over the top of the barrier.

But quantum theory states that there is a possibility
that some electrons will ‘tunnel’ through the harrier, as
though it never existed. What actually happens to the
electron while tunnelling is not fully understood. It is
similar to electron flow in a wire. It is upon this fact
that the tunnel diode was conceived.

As the barrier width decreases (or the transition from
the N to the p region hecomes narrower) the probabil-
ity that an electron will tunnel increases. Also, as the
energy of the electron increases, the tunnelling probabil-
ity increases.

Fig. 6: Referring to Fig. 1, this is
the energy diagram for point 2, the peak.
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Tunnel Current

For tunnel current to flow, 3 conditions must he met.
These are:

1, the junction must bhe very narrow ;

2. several electrons must be available for tunnelling

3, a hole must exist on the opposite side of the junc-
tion, at the same energy level.

The physical and atomic construction of the diode
takes care of the first two items, while hiasing takes care

of the third.
Fig. 5 shows the energy diagram with no bias applied.

This corresponds 10 point 1 on the curve of Tig. 1. The
excess electrons are at the same energy level as the
electrons on the other side of the junction, so no current
flows.

As the bias is increased, the energy level of the excess
electrons will increase with respect to the energy level
of the excess holes. This will eause some overlap be-
tween the excess electrons and the excess holes. There
will be some current flow. represented by a horizontal
transition across the forbidden gap. Fig. 6, correspond-
ing to point 2 of Fig. 1, shows the condition for peak
current. At this point the added electrons and the ex-
cess holes are at the same energy level, so maximum
tunnel current flows.

If the bias is increased still more, the electron energy
will increase. Therefore the added electrons and holes
will be offset from each other, with the electrons at the
higher energy level. This will reduce the tunnelling

Fig. 7: Again, looking at Fig. 1,
this is the energy diagram for point 3.
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EXCESS ELECTRONS |

current. This is shown in Fig. 7, which corresponds to
point 3 on the curve.

At about point 3, a small amount of ‘excess’ current
hegins to flow. This current cannot be explained by
tunnel theory, and is not easily explained by normal
diode current. This excess current can be looked at as
electrons obtaining enough energy to climb the barrier.
This is shown by the dashed arrow of Tig. 7. It is
this excess current which causes the non-linearity in the
lower region of the negative resistance part of the curve.

If the hias is increased still more, the excess electrons
will hecome more offset from the excess holes. This is
shown by Fig. 8, which corresponds to point 4 of Fig. 1.
The added electrons are at a higher energy level than the
excess holes, so no tunnel current flows. The current
at this point is excess current, as shown by the arrows.

As the bias is increased still more, normal diode cur-
rent will flow, and the curve follows a normal diode
curve.
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Fig. 8: And last, the energy diagram
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GIRGUIT WISE

Circuit Clamps Voltage Within 0.1%

WE NEEDED To arrLy two accurately clamped voltage
levels (+ 18 or 0 volts) to the input of a digital-to-
analog resistive matrix that binarily develops a deflec-
tion staircase. A transistorized clamping circuit that
clamps either of two voltage levels (+ 18 or 0 volts)
with less than 0.19% voltage offset did the jobh.

Output to Digital Matnx

3
“Inverted Mode” Swiich
(e + 18V
t 245V \/v\, Q;
R
3 Q,
+ 55V

When a positive 3.5v level is applied to the base of
transistor () through resistor Ry, transistor () is driven
into saturation. In this state, the collector-emitter voltage
of transistor Q; is about 30mv and is relatively inde-
pendent of temperature. The output of transistor Q, is
applied directly to the digital matrix and to the base of
transistor (s through resistor Ry, This holds transis-
tor Q. at cutoff, which in turn keeps transistor Qs
(operating as an “inverted-mode” switch) hiased off.

When a zero-volt level is applied to the hase of tran-
sistor )y through resistor R,, transistor (), is hiased
off. Tran: 'stor Q, is driven into saturation by current
from the 2¢ 5v supply through resistors Ry and Rs. The
output of transistor Q. turns transistor QQ; on and
allows the 18v supply to be applied through transistor
Qs to the digital matrix. The collector-emitter voltage
in transistor QQy is about Smv,

Whereas ideal output levels are 180v_and 0.0v,
actual performance obtainable is 18.005v * Smv, and
0.030v *= 15mv. Although the speed of operation of
this clamping circuit technique is limited by the charge
storage in transistor (y, it may be useful for analog,
digital, and hybrid circuit applications,

For further information contact : Technology Utilization Officer, Goddard
Space Flight Ctr., Greenbelt, Md., 20771. Ref. B65-10118.

VOLTAGE VARIABLE OSCILLATOR

variable capacitance, the oscillator
frequency can be varied by applying
a modulating voltage.

A low-pass filter section, consist-

ALTHOUGH FREQUENCY-MODULATED
OSCILLATORS are available, their uses
are restricted by certain operating
limitations. In L.C or reactance-tube
oscillators, relatively low levels of
phase stability are normal, and in
piezoelectric crystal oscillators, mod-
ulation is limited to a fraction of a
percent of the center frequency.
A voltage variable oscillator using
a low noise, phase stable amplifier
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with negative feed-back, plus two
(or more) series resonant L.C cir-
cuits for high phase stability and
optimum frequency deviation was
used.

The resonant part of the oscillator
consists of two identical series reso-
nant circnits, each consisting of an
inductor (I.) and a voltage variable
capacitance (C.) loosely coupled by
capacitor C.. Since C, is a voltage

Output

ELECTRONIC INDUSTRIES -

ing of C;, L, and C, is used to
isolate the r-f oscillator signal from
the modulating signal. The filter
load resistor R has a resistance much
greater than the capacitance react-
ance of C, at the oscillation fre-
(uency.

Amplifier negative feedback is
done by the network consisting of
Cs. Dy, D2 and Ds. A de voltage
proportional to the oscillator output
voltage is developed across Dy and
Cs and applied to the h-f point con-
tact diodes Dy and Ds. If the ampli-
fier output tends to increase, the
higher output signal reduces the
dynamic resistance of D, and D,
and negative feedback to the ampli-
fier increases to maintain a constant
output signal level.

For further information contact Technology
Utilization Officer, Langley Research Ctr., Lang-
ley Sta.,, Hampton, Va. 23365. Ref.: B65-10204.
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1933 Heck Ave..

Neptune, N. J.

ELECTRONIC INDUSTRIES « February 1966

ELECTRONIC
INDUSTRIES

STATE-OF-THE-ART

_FEATURE _

Precise
Voltage Regulation
for Photomultipliers

The product of the previous dynode stages
is multiplied at each dynode stage of a
photomultiplier tube. To preserve any
semblance of accuracy or predictability,
the voltage at each stage must be
precisely controlled. A method of
providing this close

control is provided here.

THE MODERN CONCEPT OF PHOTOELECTRICITY stems
from Einstein's genius and the development of the quan-

mv?

tum theory. His classic equation, E = =hv — ¢,

tells us that the maximum energy of the emitted photo-

electron, m_?j_ , is proportional to the energy of the light

quanta hv less the energy of the work function ¢ which
must be given to an electron to allow it to escape the
surface of the photocathode. The real progress that
has heen made in photosensitive cathodes, however,
has paralleled the development of semiconductors and
solid state technology.

The use of semiconductor materials instead of metals
as the photoemitter cathode has an important advan-
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PHOTOMULTIPLIERS (Continued)

tage. The advantage is that their quantum efficiency
in the visible spectrum exceeds that of the metals by a
much higher ratio. It is up to 30% for semiconductors
versus up to 0.1% for metals. These semiconductor
materials have made possible special amplification
methods which are used in the photomultiplier tubes.

Secondary Emission

Photoelectric emission is a relatively efficient process
on a per quantum basis. But, the primary photocurrent
for low light levels is so small that secondary electron
emission is needed to provide enough current amplifi-
cation to be useful. In the photomultiplier tube, photon
energy impinging on a photocathode causes electron
emission. These electrons are directed to a secondary
emitting surface called a dynode. Tmpingement of the
primary clectron on the dynode causes 3 to 6 secondary
electrons to he emitted per primary electron. These
secondary clectrons are directed to a sccond dvuode
where the process is repeated. Photomultiplier tubes
may have as many as 14 dynodes. The last dynode is
followed hy an anode which collects the electrons and
provides the ontput signal.

Coupling and focusing of multiple secondary-emis-
sion stages (dynodes) so that the secoudary electrons
from one heconte the primary electrons of the next
results in a total gain which is an exponential func-
tion of the number of stages. This gain is described
as a function of the voltage applied 1o the dvnodes.

Need for a Regulated Supply

This indicates the need of providing a well regulated
voltage supply for each of the dynode stages. A photo-
multiplier can be operated so that cach stage is at the
voltage needed for maxinuun secondary emission. But,
such a condition would require about 500 v. per stage.
The more normal and practical approach is to operate
each dynode at the voltage which produces the maximum
cain per volt. While this voltage varies from tube to
tube, it is generally about 70 to 100 v. Thus, again
we see the need for closely regulated voltage supplies.

Photomultiplier Classifications

The method by which electrons are directed from
dynode to dynode determines photomultiplier classifi-
cation. They may he classified as unfocused, electro-
statically focused and electromagnetically focused. In
unfocused structures such as the grid, Venetian-blind
and hox types, electrons are simply accelerated from
dynode to dynode by means of grids. In electrostati-
cally focused types a portion of each dvnode serves to
shape the clectric field between dynodes so that second-
ary emission from one dynode is focused upon the
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Fig. 2: Simple voltage divider net
for a multiplier phototube.

optimum area of the following dynode. Mutually
perpendicular electric and magnetic fields provide sim-
ilar focusing of secondary electrons in electromagneti-
cally focused photomultipliers.

An clectrostatically focused type with nine dynode
stages Dbefore the collector anode may result in an
overall gain of about one million at 100 v. per dynode
stage. Variation of the amplification factor with the
voltage per stage is shown in Fig. 1 for a fvpical
931-A tube. It can he seen that the gain is affecter
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Fig. 4: Voltage regulation of dynodes of a
photomultiplier tube using cold cathode
voltage regulators (Signalite Z84R2).

either by variations in the stage voltage of all the
dynodes. or in the voltage of just one dynode. Thus,
the photomultiplier amplification depends on the char-
acteristics of the circuit supplving the needed inter-
electrode operating voltages. When this circuit is a
simple resistive voltage divider. interstage currents of
the tube nwy alter distribution of the dynode voltages.
This may be done in a manner which causes limiting
of the output current and loss of gain due to electro-
static defocusing and electron skipping of dynode stages.
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Fig. 6: Typical photometer circuit.

Most common type of voltage divider used for the
tube is a series of resistors which divide the applied
voltage equally or unequally among the various dynode
stazes as necded by the tube’s clectrostatic focusing
svstem. Fig. 2. In some uses the interstage currents
are negligible compared with the divider current. Also,
the relation between output current and light flux is
linear. When there are large variations in light level,
tlese interstage currents are not negligible. This re-
duction in current produces the greatest loss hetween
the last dynode and the anode. If the total applied
voltage is kept constant, the voltage lost in the output
stages is redistributed among the preceding stages in
a nonuniformy uanner. This causes wnequal changes
i the gain of the afiected stages. [t may cause electro-

(Continued on page 136.)
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PLACE
YOUR
FINGER
HERE

ACTUAL SIZE

YOU HAVE JUST PUSHED THE WORLD’S SMALLEST PUSH-BUTTON ROTARY SWITCH!

Easy, wasn't it? The real one is just
as easy...Notice the readout, nice
touch, huh?

Here is something else to think about
—this little push-button rotary switch is
a printed circuit rotary switch, and you
can specify it in 8, 10, or 12 position.

But here is the clincher, look at the
size. Imagine how much switching you
could do with just five inches of panel
space.

JANCO

CORPORATION

Now stop pushing...Someone might
be watching. And start circling the Bingo
Card number below, and receive full
technical data on the world’'s newest
Push-Button Switch.

In a hurry? Okay, be the first to scoop
the group...Call Area Code 213 845-
7473 and ask for Gordie.

He will not only answer your technical
questions but will also send you com-
plete data in tonight’s mail.

3111 WINONA AVENUE, BURBANK, CALIFORNIA

60 Circle 32 on Inquiry Card
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1966 Survey of Switch Specifications

Part 2: Pushbutton Switches

The second of a 7-part specifying guide by Ef editors surveying hard
contact, non-electromagnetic switches for the electronic industries

Part 2 highlights hand-operated mechanical pushbut-
ton switches for computers, video switching systems,
intercoms, radios, audio, light-duty machinery, amuse-
ment equipment, lizhting, medical apparatus, signaling.
test equipment and other DC, AC, audio and high-
frequency control and communications applications.

cates that the product conforms to all the categories
listed under the heading.

WATCH FUTURE EI ISSUES
FOR OTHER SWITCH TYPES

) ! ; ; Part 3: Rotary Switches (including manual RF, Stepper and
The charts identify each supplier with the types and Thumbwheel types)
classes of switches hie offers, and list the basic electrical Part 4: Snap Action Switches, Stack Assemblies, Reeds
. . . Part 5: Limit, Mercu wi
and physical data under appropriate headings. AC and ! ry Switches
DC . I : f. T Part 6: Special Purpose Switches
o 1 3t 7, .
current ratings are nonunal values for resistive Part 7: RF Switches
loads at the voltages given. An “X” in a column mdi-
I - R T T e | gl 2 D
g =} il 3
a > g 3 ol Snll' | £,
51 5|15 2 s 8l 3
3 93 2 5 Aol
g1 <€l s 3 v 3 o
: o RS o 1 & 3 0
£ S| 3|ve 2 & il i Al =1 &1 £
n 4 w | 2 v E a a 2 = = @ =
« s L | =< 4 3 E 3 E 4 ) - - £
o = ° B u - a LS L4 s ~ » = o
o E] a s = o Q w >° & E a &
& o N 5| 8 ES o ) (% (%] P4 ) v ©
z o c £ € v - v (=] < . b3 ’_v o i
® < ° El ¢ a ® 4 g : 5 £ > >
2 3 52 5 o é H £ 5 z S g @ 3
PUSHBUTTON SWITCHES - "3 @ | = F “w z (v} 2 72 @ @ o @ @
[ Adoter mtg. Co. . c | X 1.2 DT 102 | 1010| 10600 B | SC 0.7 dia.
4801 W. 150t st. o R |2 X 1,2 DT to2 | 1010 10600 B | SC
{ Clevelond, Ohic 44135 *Explosion proof types only = )
T Alcoswitch MSP c I c's sN 1,2 DT 5 15 B | T 07! 05
| Lowrence, Mass. MSP-20sN | € |1 | C L SN DT 5 15 B | T

Allen-Brodley Co. 800-800T- | € | 1 x DB 6 120 sC

Milwaukee, Wisc. = c |1 X DB 3 240 sC
- c |1 X DB 1.5 | 480 sC
= c | X DB 1.2 | 600 sC
= c | X DB 0.2 550 sC
= c | X DB 0.5 235 sC
— ¢ [ X DB 13 15 sC

*Oil tight |

Ark-Les Switch Corp. 2900 l R to 8 (g L to 7-ckts 25 120 X 18 Y 0 S8
S1 Water St. — | R |18 € C 1o 12-ckts 25 120 X 1.5 0.7°
Watertown 72, Moss. *Button spacing, centers

Arrow-Hart & Hegemon Electric Co. 80511-3 | € 1 S 1 ST 3 120 8 X 0.5
Hartford, Conn. 06108 829313 c |1 s 2-ckt 3 120 | B | X 0.5

827913 c |1 5 1 ST 3 250 B | X 0.6
= c I s 2 DT 3 3 125 B | X 0.6
— c 1 s 1,2 DT 1 1 125 B | X
— fc ciL 1,2 DT 3 3 125 B | X
82383 c s 1 8 8 125 8 | x
82546 c | s 1 10 10 125 8 | Xx
| 80938 c ! 3 1,2 ST 15 15 125 B | X 0.9
80710 c ' L 1.2 DT 3|3 250 B | X 0.5
82403 c 1 L 1,2 DT 6 6 125 B | X 0.6
81105 c L 1,2 DT 6 6 125 B | X 0.7
81546-51 ¢ I L 1,2 DT 15 15 125 B | X 0.9
PM ¢ 1 ¢l ¢ 113 DT 2 29 B | T 03| 0.5
PMQ c |1 L SN 1 DT 5 29 B | T 0.3, 0.5

Capitol Machine & Switch Co. [ ne C ! I s s 2 [« 3 no B | T f
36 Balmforth Ave. PSB3 R |1 T 2 c 3 10 sc | T
Danbury, Conn. 06813 | s X | w020 x| x s 2 ¢ 3 1m0 | sc| 7T l

Corling Electric, Inc. 10 c 1 X N ST 6 125 B | X 0.5
West Hortford, Conn. 06110 166G ¢ |1 X ) ST 10 10 125 B | X

3le I X 2 DT 3 125 | 8 | TL

FA761 c | c s 1 ST 6 250 B | X

FA751 | € |1 c s 1 ST 10 | 250 B | X

90 c |1 s 2 250 | scC

D c | X 1,2 ST 16 16 125 B | sC 0.7' 1.8
| E i ¢ X 1,2 ST 20 | 20 125 8 | sC 08, 2.1

Carter Precision Electric Co. { s6 c [ C s SN 1 A-C 2 s B | T 1 0.7 dio
3401 W, Madison St., Skokie, 111, 60078 §

Chicago Dynamic Industries | PB-DN c 1 L 10(Decimol switch) 3 15 SC 2 2.5
1725 Diversey Blvd. | e c | oL 10(Binory switch) 2 sC 2.7 25
Chicago, Hi, 60614 i 1 |

Chicago Switch Div., F & F Enterprises| 203-016 C 1 C L/ SN 4 B
1733 Milwaukee Ave. l 203.029 l s 1 C L| SN 6 < S
Chicago, Hi. 60647 —
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other...

AE's new

dry-reed switches
and standard
printed-circuit boards

That's because PC CORREEDS* are
specifically designed for direct inser-
tion into standardized grids. Terminals
are located on multiples of 0.200-inch
centers. And all terminals are de-
signed to fit standard 0.062-inch
holes; permit the use of small wiring
pads. Standardized terminal size and
spacing also aliow for greater packag-
ing density.

In addition to this feature, PC Cor-
reeds have separate terminals to
eliminate strain on the glass capsule.

These terminals are “ribbed" for added
strength and rigidity, and are welded
... not soldered .. .to the capsule
leads. Individual capsules can be re-
moved without having to remove the
entire package. The bob-
bins are made of glass-
filled ptastic for greater
strength and to eliminate
breakdown due to moisture
absorption.

For the full facts on how
these new AE Printed-

2-capsule
(Forms 2A,

1B, or 1A 28
Mag. Latch)

Circuit Correeds meet the require-
ments of modern electronic circuitry,
write to the Director, Electronic Con-
trol Equipment Sales, Automatic
Electric, Northlake, Illinois 60164,

S-capsule
(Forms 5A
or 2A-2B)

3-capsule
(Forms 3A,

*Patent applied for.

Circle 33 on Inquiry Card

AUTOMATIC ELECTRIC
GRE

February 1966

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS
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I | 8| = 2 3 l | | 2 4] £
= < iz s s ~ -
| 2 El~1e 2 = | gl 2 ®
£ s L3 e K] | ‘ 2| $1&
o - . - - ! "
| 2| =(5|g| & 3 ot 2| -
v s slsl% = - | l 5l o4 |z g |
F S| 3 |vl2 7 & | [ AL 0% £ |
2 HIEEAEE I ” e | BE|E| oz |8 %|3| %
SR AR AL I T Polsl s $0% il e B
s al S |§ ¢z 3 g p el 2| > £ 5| & 3
z ¢ €€ » - Q a < £ A fd |
° § = I % o b4 . o I s | < | > _: '
g 5 s El¢ s ; € £ £ z - ] 2l
= P a2 & : S B g 3 s 3 |
PUSHBUTTON SWITCHES L B i R | | 1N i o
— —-I /T4 il
w9623 C 1 2-ckt 10 28 B SC/T
Controls Co. of America, { ek 10 28 8 T
Control Switch Div. w403P6 c | | L| SN | | Zeke . 2 Bl
1420 Delmar Or. s S |2 | 5% Py l2s '8 |17 | | ‘
e LI I A N DA PR N RSN+
B7070,80 | C I . =3 | | 5 dio.
85000 c | c|s|s 1 2-ckt 3| 28 B | T | 0.6 dio.
WC1500 c | cls|sN 2 deckt 2| 28 B T |1
Ad-5103 c } 1 S| SN 1 DT | | 5 120 B | T 0.6 0.8 l
A4.18-103 | C | 1 s | SN 1 DT 50| 120 B | T 0.7 0.8
A4.6.103 | C |1 s | sN 2 DT 5 120 B | T 06 0.8 |
| Ag-86-103 | € | s | SN 2 DT |5 | B | T 0.9 0.8
| a414.103 | ¢ |1 [s|sN 3 DT 5 |15 BT 0.8 0.8
A4-332-103 | € | 1 clsisN 4 DT 5 | 125 B | T 09| 1.2
14010 C ! l C|lL|SN 1 DB [ 4 s B T
£4.87-103 | € | 1 C|L]|SsN 2 0T 5 1 15 B | T | )
87000 c | c|s|sN 1 NO/NC 5 125 B T 0.3 dio.
€100 c | Cls | sN |1 NO 10 |25 BT | ‘
14004 C 1 clL|sN 1 DT | 10 125 B | T | | 0.5 dia.
| Ad2/x3.4 | € |1 s | SN 3 b-ckr 15 125 B | T |
0200 Sl | 5w 1 | NO 35 28 B | T 0.8
| na-507G3-8| € | v | | s|SN | 1 | 2-ckt | 40 |3 |8 1 [o8
_ 1 [ € & I S S, (- I |
T T R N L A ER I R PR R
ﬁlwvél,ke:'w'i;c. £096 c l P s ! ST s, | . ‘ 12, i €| s 08| 07
40 1 s . . .
e8| AR B CRAE,
7106 c {1 L 1 T . .
1440 | ¢ | 1 L 1 st 3, 125 8 }/22 07, 08
3446 i c |1 L {1 DT L / ‘
e . |
B 3448 g/ 1 IL. ¢T_ “'Sl,? e ;s_ :;:_‘: :_[ IR
Dialight Covp — c/s| 1 x| s A- i
60 Stewart Ave., Brooklyn, N.Y. 11237 | | 1 - B I | 4 N | | |
Donold P. Mossmon, Inc. 7600 c | e12] x[L[s 20+ A-D 3 1o sc | 1 | Zg| %0
P.O. Box 265 7700 € | tol2 X LS 20° A-D 3 n ¢ T | 3] o3
Brewster, N.Y. 10509 3900 ¢ iz LS 20 :.g | 3 no | 22 T 3.5| X ‘
5600* ¢ ‘ 1 X|s A-E 5 Mo | €| T i
4400* c | ] X|s 5 110 B | T
5500 c {1 ! s{s 20+ A-D ' I 3 Lo |8 T | 24|
L7600 R | 106 X|L T 3.7
5400 R l 1 x| X|s 12+ A-D 3 no | sc| T ‘
761 c M x| s 12¢¢ -A-D 3 no | €| T | 26
*Push.'Turn Switch; *“Springs o - — B S S N N A
Eagle Electric Mig. Co. — c 1 1 sl T ST I 28 sc | sC | ;
23-10 Bridge Plozo South = c [ 1] s]s 1 ST 28 sc | sc |
L, NY. 11101 = c ! 2 | [ 5 1 T | 28 sC | sC
R (——— _»c_|_1"L_Js S — ] | 5T | | 1 | sc| sc | os __%
Electronic Controls, Inc. 803 C | 1 L ; S| s to 36 DT t2 125 B T 0.5 to 1.7 J
Wilton, Conn. 1 I | - + N ._
— +—t— —+——— ——— —-
GC Electronics Co. " 34-000 c | cls|s 13 ot [ s i no | 8
400 S. Wymon St. | t {
Rockford, Il. 61101 - ‘_‘F S | s 7_1 - = l B R S P - —
General Control Co. MP8B (o} to 16 C| X| S to 5 A-H {5 T 125 SC T 4.4 0.7:
1200 Soldiers Field Rd. SPS | c | 1o18f C! x| s 10 7 A-H [ | 1 125 sc| 1T | 2.6l g6
Boston 34, Mass. 3 L:’i C to 16/ 1 X S 10 7 A-H 1 125 | sC i T ! 4.2 .6
‘Stondord button spocing i B ——— + o B 1 B [ _+_ - il
O iathamer St 56 37 i H E| SN ] s | P |3 ks | VT
5 Hathoway St. { | g a
Providance R.}. 02907 — = I N B
__{_ S (— S y— — S S —- t 1» —
; BRI
P.0O. Box 907 - 5| 5 .3 dia.
Columbus, Nebr. 68601 G c | C| L SN 1-4 A-C o5 | ' 28 8 T 15 0.6 :Eo.
i M ___(c:_ | }_ ¢ t_'jﬁ_ _4__11 _!_3_'1 — |_3 20 | B | T |7l 0.6 dia._|
Groyhill, Inc. 46 c | L| SN 1,2 oT |02 | 15 B | T 0.7
P.0. Box 373 2000 c | C| s| SN 1 ST 0 | 15 B { T | 1.2
Lo Grange, I1l. 60526 4000 c | c|s 1 ST 05 | 115 B | T |1
3s c | cls 2 ST 05 | U5 | B T | 05 [
23 C 1 C 1 ST | ?.2 { HS | 8 P T 8.5’ g.s:.o
30 c | c 1 ST 5 B T 4 0.4 dia
30-76 c | clL 1 ST b 15 B | T
30.17 c | c sl 1 ST [ 1 ns 8 |1 | | ;
39 c | cl L 1 sT 0.5 | 15 B | T 0.2 0.2dio. |
40 c [ X|s 1 ST 17 s T 1
= 2y b S L L R T R
Guordion Electric Mig. Co. CXA3430 | C | 1| c| x| sN/S 3 ot w lnus (8T | | !
1550 w. Co"o“ Ave. Chlcogo 7, Ul - _1 - 1 e 1 . -
Horvey Hubbell, Inc. — R | 1 Ll 1,2 | 3-way,d-woy [ 20 | 277 | sc | sc | | .
Bridgeport, Conn.  C6602 - R [ 1 1L 1 3-woy,d-way 20 | 120 | sC | sC |
= R |1 x| L 1 20 120 SC | sC
= R | 1S | | 20 | 277 _sc | sc _ &
International Electro Exchange ) c | tol0] X| sL 10 8 1 250 {
Box 8360, Minneapolis, Minn, 55426 N | [ ___1 T' _‘_{
Joy-El Prods. 4 R |1 1T x 2
1859 W. 168th St., Gordeno, Colif. | j; | il =)
Joseph Pollok Corp, Taa3sa | R | L] 3 |28 Tse | |
179-195 Freeport St. [ |
Boston, Mass. 02122 £ 1 o | o B ny _‘
Lincon, Div. Nlinois Tool Works, Inc. | 01-800 R |1 x| x| sN SPSTNO,NC 10 | 250 ‘ s T T 02 1.2 w
8615 W. lrving Park Rd 44 c |1 |x T 1
Chicogo, IH. 4 o R |
Litton Industries, Useco Div. 6P X 1 X X to & DT _+ | T | t
9370 Sonta Monica Blvd. | [
Beverly Hills, Calif. 90213 (A [ - || - — . N i B .
Mochinery Elactrification, Inc. MEK-02PB | C | 1 | X| L| SN 2-ckt, d-ckt 6 125 ﬁ
Northboro, Mass. — c {1 x| L} SN 2-ckt,d-ckt 1.5 | 10600
A c | X| L|sN 2-ckt,d-ckt 2.2 125
= c | X| L| SN 2-ckt,d-ckt 0.2 to 6ool 8 1 T




S I ST —
E— 11 T [ | TJs&ls3
[ gl e 13
| g 2 ¢ | -
sl =| |3 % [ -
= = = s = O =
[ '% | ~1 % = | c | 2l ¢ I E |
51 @ |¥)a ! g | 2 ! k4 . 'y
31 < |7 % 3 3 ¢ H -
[ N S = | 3|2 3 ! & , [ [ 3 ¢ |z ~ \
° . Y o c . - ] “ = é
1 Polgl ilslE 2 | & sla| | &) 413 2
A T)ov ||k o 3 E| 8| 2| &5 E | £
s | EE|5i 3| oz | f L E|Elzie|5 | %
N H 'y sl > = | 3 uw v v > k- E F H
s @ w |88 3 o I ) < g o 2 3
z - € Ll E ) s 1 o | s | . o £ Lol S ty
M c ° E| ¢ a | 3 E € z " o 3 3
S 3l 5|25 g | $ 5 2| 2 5 a4, 3| a @ ‘
PUSHBUTTON SWITCHES fa ® a | = 2 83 z | v =z 2 |-
I o IR I B 1 —T T T 1.2 DT is 15 B T t
; 1 X SN . s |
Marco-Oak Industries -— C 1
M 4011, Anche im, Calif. 92803 |- | R | L ottt T._l*r 1
" Mas R TT Tx TxTsn ["27a DT 5 g
Master Specialties Co. 12 ¢ 1 x | 3N 24 DT 5 250 B T 1 .
15020 Figueroa St., Gordena, Calif. ‘1?85 & i e 54 bT | 5 | 250 S T gg
Momentary Action 10E R l 1 | x2 X | SN 2/4 gl g ggg 3 ; i
L 1-2lamps, 2-4 lamps 2100 JR L1 X2 X SN %; T t AR Y LI —
Mncro Switch, Dw of Honeywell 2N | R i } é )5( g: s | o o350 138 8 T 2.2
| Fraspor, 1. 61033 0 LE€ 11 [CisIaN 12 DT 020125 | B | T |
P8 C |1 lcix|sn 2' B 5 125 | B [
DM | ¢ 1 Cis|sN 1,2 DT 10 12 S ; : o6
Hai S S R . oM 3 % |8 |1 X
3PBI1 C 1 | C s |sN 3 DT b 2l i W
| apB1I c |1 C S |sN 4 DT s o i | 1.3] 0.7
| 82pB c I C L SN 2 DT (3 38 |8 |7 13 12 ‘
| 84PB [€ |1 [cit|sN i U B | T 0.6 | 0.2 dio.
TR . L L L 3 Tt Tt B_j—T<[_"0—4d—1
Midlond International Corp. 25-457 c |1 S [ 10 125 B | T |
i 25-445 c i IrjulsN 1 | sT
l 151962'} A'Iamé‘f s..M - | | | I T ) B
Nortl ansas City, Mo. | [ il e - . R I S *._ O_l_7 0 8.—1
s { B | T -T 5 .
;_ Milli-Switch Corp. | B-pB] c |1 2 s o B | T 07| o8
1400 Mill Creek Rd. B-PB2 can A 24 DT | B | T |09 o8
Gladwyne, Pa. ST lc (. o SN 2.4 ST ) B N S A I
S — 1 =— T e 2 ST Tos [os |2 f sC T |03 1.4
Muter Co. | 4649 R I | |
| Gean M|'|°|h'92863§"' 1 | ' | | | ; -
Ch-ca'o, o % - ] _ I N i S S TSR]
[ - . 0.05 . 7 di
Novigotion Comlpu'er Corl s | 1050 S 1 | % S | SN ' t | ‘
Volley Forge Industrial Par
Norristown, Po. o 1 A . o ik 4 S +—t 0 ._1

Oak Mfg. Co. 130 [ to 12 | t | g to 10 DT T g:g ”g gg } 3.6 i |

Crystol Lake, IIl. 60014 e R 12| P vo 10 DT 0.5 M0 | sc T || 06t
*Spocing between buttons, I 1 1 1 _l i e e S

Pyle-Notionol Co. T xBprerct | Astart-s10p station) l-ckt, 2-ckt | , 1 |
1334 N. Kostner Ave. *Weatherproof, vopor tight ! | [ { |
Chicago, Hl. 60651 N i 1 I T S | \{» . | ol +- IR 31—

- 1 L 1 DT 25 .

" Rils Industries 101 C ‘ [ | | I | 1 |
1 Henry St., Bloomfieid, N.J. - 0 Lol 1 N | 5 T e 1 =

Rowon Controller Co. 675" c L |12 | 600 | s [ f
P.0. Box 306 Bethel Rd. l 675 C RS | 5 600 | SC
Westminster, Md. . 6175 C

| *0il Immersed | | l 1 [ i e t 1l T t o i —
- 2 DT

Sloter Electric, Inc. 190 r C 2 C|s 15 125 L 2

45Sea Cliff Ave.,Glen Cove,N.Y. 11542 | 191 1€ {2 |cC) L} SN | g IO | i i { l ‘ —
Lls

S'rombug Corlson Covp 200 cC | 4 T C | |
G =B I A E1 1 N PR o ET |88
Rochester, N.Y. —_ AD 0.5 o 5C | 2 X

= ¢ |1 €3 | : | AD 05 | mo | sc| T 26| 95
| _ ¢ |20 [cfL]s vo 4 A-D 05 Mo s T 2 1
14673 c |24 [clL]s | 2 A 05 | 110 | scC | 5| 6.
14671 c |20 |c|lcls 2 A 05 | 110 sC | T
14622 C 16 clL s | 2 A 0.5 1mo | sc | T [
4 S A-D ! { ool { l —
3107312 C 1 | s | :
B O [xld s [ A w s B T 22| 1.2 dia.
1 Superior Electeic Co. SPF C | | | | 1 )
__ Bristol, Conn. 06012 —t- i [ ! +—4 L+ + it t ne t o3 T 300 e & 281 1dia
Steorns-Lyman Corp f - g | : g L [} AC 0.5 250 B | T | 21 lLidi.
| 12 Cass 5t. 1 ciL 1.2 AC | 103 500 | B T | 3.3 I 1.2 dio.
Springfield, Moss. 01101 — E | 1 cl L 1.4 [ A:C 0.5 | 250 | sC . T i 1.6 0.9 oim.__l
e |} 1 4 | - 4 PO e = W
itct 1 [s s 04 c 3 .

Switchcroft, Inc. gggggTL' C | 4 x 13 e B | 3 e |7 ‘ | "
Chroans " 60850 35000 X | 1018 Lls 106 o1 3 sc T | =l |
Chicago, 111, DT 3 ¢ T X

37000 R to 18| X L | S to 6 |
—_ C 1 X i S |13 oT g B T v f
1037 X
' i :;888 S : X|L s 10 4 [ aF ’ [3 | sc| T | ”4 |
*Push/ Switch ! 1 o Bl | =T
I_- u§r Turn Switch | ] {. i . | s 1 i & v 25 12 ] B sc/T| 0.6 1.0 dia.

UL R b 1 | no | S | SC/T| 07| 0.6 dio.

158 Pine St., Provid R.1. 100 c |1 L|s 1 | 1 | Al A 4
ine St., rovi dence, N ~ | } i |
MS$25089 c 1 clLlsN 1,2 DM,SFSTNO,NC| 10 28 B's| T J

Ucinite Co. MS24318 ¢ 1 clL|sN 1 DM 10 .27 s |1 | 0.9 07 |
459 Wotertown St. Ba100 ¢ 1 [cls|sn 1 DM,SPSTNO,NC| 20 28 B/s| T
Newtonville, Moss. 02160 lsn c | c|s!sN | 12 [DMSPSTNONC, 17 28 B/S| T - |

- . . —.. - 1 + = - I 1 B | T 1.9 | 0.5 dio.

Unimox Switch Div., Moxson Electronics| LALTIR | ¢ | 1 x| L] sn 1 [ | ['s s | |
Ives Rd., Wallingford, Conn. l . L o4 : i i A i 1 1 ' 22 w0 —

Vemoline Prods. Co. | 200 C to lgl ] ' ; ; oo
Fronklin Lakes, N.J. ggg g to }0 | E to 10

110
110 C v Cls \ A-E ‘ 3| i J
4’ 120 c | 1 [L]s | aE | L3 o | ! 1 -

Vitramon, Inc. c | c 1 A 0.25 j2 |8 71 Lo.si
itramon, .

P.0. Box 544, Bridgeport, Conn. 0660]_]»7 N | -L B + | 1 _ 1 N B L 4 _ S
ard Ele 1 3 1 DB 1 6 125 sC | sC 1| 13

Ward Leonard Electric Co. 2901 C 4 & 5 oB | | 6 125 | ¢ | ¢ 0.9 l 18 ]
voun Yermon, BY. oo e Jf T = Tor 1 s Tus T8 11 [oel

Zoron Inc. | 6000 C 1 C S 1 f ’ ‘ ‘ l

612 W. Monroe St. | [ | I l
Chicogo, IlI. l I ‘ [
| ‘ i
‘ ‘ | [ \ { |
[ l [
l | B N J,_ | .
64 ELECTRONIC INDUSTRIES « February 1966




Master Specialties Company
liluminated Pushbutton Switches
Word Indicators and Caution/Control Devices

Highlights of the Industry's “Military Quality” Component Line
for Aerospace, Industrial and Commercial Information Display and System Control.

ROTO TELLITE WORD INJICATOR

Flush-mounted, 2-lamp units, Rotat-
inF lamp/legend capsute for front
refamping without tools. Mounted in
stacks, rows or matrices. Removable
control capsules for Master Dim-
ming, Master Test. Modular channel
configurations yield complete units
ready to install. CATALOG 2002

FJSE LITE INDICATING FUSE HOLDER

Series 70E. Includes 2-lamp and
standard fuse. Both replaced from
anel front without tools. Resistance
imiter or isolated lamp circuits. Un-
limited mtg. arrangements. Positive
hard mount with integrated mtg.
sleeves. Easy legend/filter change.
Projected color. CATALOG 2005

TOGGLE SWITCH ASSEMBLIES

Alternate action, precision switches.
Simultaneous trarsfer of all switch
contacts within 1° of toggle lever

34° travel arc. Full travel lever
action prohibits *'tease’ operation.
2PDT or 4PDT types. Platec double
turret terminals for two wire con-
nection. Series 16. DATA 3021

Regional Offices and Telephone:

huntsville, Alabarma, 205-

ROT® TELLITE PUSHBUTTON SWITCH

Flush-mount, 4-lamp pushbutton
switches. Relamp without tools. Full
to 4-was split, 4-color display. 2PDT
and 4PDT mom. and alt. action plus
holding coil units. Mounted in rows,
stacks, matrices in channel con-
figurations ready to install, includ-
ing legends. CATALOG 2009

TELLITE PILOT LITE

Series 80E, miniature, 2-lamp flush
mount units. Full, vert. or horiz.
split display or_2-lamp relbbilitr 2
color display. Engraved, 3-line leg-
enos. Integrated mounting sleeves -
no brackets. Combination screw/
solder terminals at rear. Needs no
tools for relamp. CATALOG 2006

PHASE SEQUENCE SENSORS

Relays: Automatically monitor three-
phase power, biock current of wron,
sequence to protect circuits. SPST,
SPDT, DPDT contacts. Rated to 10
amps.

Indicators: Panel-mount monitors to
warn of incorrect phase sequence.
Six standard ratings. CATALOG 2020

TWIST LITE PUSFBUTTON SWITCH

Series 10E, four-lamp, flush-mount,
units. Twist/pull to relamp from
front without tools. Up to 4-way split,
4-color display. 2PDT/4PDT mom.
or alt. action switches. Positive hard
mount in rows, stacks and matrices.
Removable lamp filters for indi-
vidual color control. CATALOG 2000

MINIATURE TELLITE SWITCH

Series 90E miniature, 2-lamp units.
Front relamp without tools. Horiz.
and vert. split, 2 color full display,
or 2-lamp reliability in full display.
All terminals at rear. Easy legend
change. 2PDT, 4PDT mom. or alt.
action. Occupies half the volume of
standard units. CATALOG 2008

SOLID STATE AND RELAY FLASHERS

Series 500 miniaturized flashers fea-
ture transistorized circuitry, numer-
ous configuraitons. Flashing rates of
60, 90, 120 cycles per minute.
Series 600 features solid state flash-
er circuit to operate relay, in the
same can. Various output ratings

on-off ratios. CATALOG 2019

Send for Short Form Cat .log No. 2007a

MSC “=. Master Specialties Company

1640 MONROVIA, COSTA MESA, CALIFORNIA 92627 = TELEPHONE 714-642-2427

TWIST LITE Il PUSHBUTTON SWITCH

-

.

Series 12, 4-Iamr, spring clip or bar-
rier mount. Relamp without tools.
Six mounting styles, up to 4-way, 4-
color display. Internally bussed
lamp circuits. 2PDT or 4PDT mom.
or alt. action or holding coils. En-
gravings included. Individual lam

color control. CATALOG 200

PUSHEUTTON SWITCH ASSIMBLIES

Series 14, unlighted, precision units.
Instant ‘‘no-tease’ contact transfer.
Mil-Quality. 2PDT or 4PDT alt. or
mom. action. Gold or silver contacts
rated to 5 amps. Concave finger-fit
buttons, plated, double turvet ter-
minals. Universal anti-rotation hard-
ware included, DATA 3020

TIME DELAY RELAYS

Solid-state timing network actuates
relay with +10% or = 5% accuracy
and *+2% repeat accuracy. Dela

time can be pre-set or can be ad-
justed. Mil quality for airborne or
ground support use in extremes of
environment. Various mountings

and headers. CATALOG 2021

36-7415 = Costa Mesa, Califcrnia, 714-642-C114 » Sunnyvale, California, 408-245-9292 = Winter Park, Florida, 305-647-0100

Chicago, |llinois, 312-282-7112 = Syracuse, New York, 315-479-9191 = Valley Stream, L.I, New York, 516-561-2334 = Dallas, Texas, 214-357-9459
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RBIVI CONTROLS NEWS

Serving Major Markets Since 1921

RELAY EDITION: 93

New 3PDT SwiHing Relays

are Most "Versatile” and
"Real Cost Savers”!

AC AND DC MINIATURE RELAY wuscrs
have been presented with new cost-saving
opportun:ties with the introduction of the
RBM CONTROLS line of 3 pole double-
throw switching relays.

The new Type 93 line includes both open
and enclosed types. and is characterized by
their ruggad construction features. con-
servative ratings. versatility, and. above ali.
by several important cost-reducing features.
FRONT WIRING—AIl terminals, both coil
and contacts, are out the front of the
terminal block surface. This “everything
out tie front” construciton makes it easier
to wire, with resulting reductions in assem-
bly costs.

Another cost-reducing teature is the one-
screw. single-hole front mounting standard.
which cuts both mounting and assembly
time.

CONTACT FLEXIBILITY—Both open and
enclosed tvpes are available in three termi-
nations — 3/16” quick connects, solder
type, or printed circuit. Continuing with
the versatility of the new line. RBM
CONTROLS has also provided contact
flexibility. Button type power contacts can
he provided on the relays with highest
quality crossbar heavy duty contacts for
rcliable circuit operation on multiple
switching operations.

MOUNTINGS—Numerous types of mount-
ings are available. For the open type relay
they include: (1) 6-32 Stud With Lug. (2)
Single Hole With Lug. t3) Front Mounting,
(4) Printed Circuit. The enclosed type relay
includes: () Printed Circuit. (2) ® & |1
Pin Ocial Flug-In. (3) Quick Connect Plug-
In. (4) Solder Terminal—Front Mounting,
(5) Quick Connect—Front Mounting.

Special Construction
Offers Many Advantages

MOLDED PLUG

For 3/16" quick con-
nect plug-in enclosed
reluy provides protec-
tion in handling and
servicing.

WIRING FLEXIBILITY

Both coil and contact
terminals are out front
for casc of wiring and
low cost assembly.

CONTACT FLEXIBILITY

Button type (a) and
crossbar (b) power
contacts available on
same relay for mul-
tiple switching opera-
tions.

LOW COST MOUNTING
One screw, single hole
standard front mount-
ing reduces assembly
time.

Open and Enclosed Printed Circuit Relays

g

-
Open type relays are available with printed
circuit terminals for easy. low cost assem-
bly to printad circuit board.

Enclosed type relay plugs into receptacle
that is mounted directly to printed circuit
ooard.

Circle 35 on_Inquiry Card

General Specifications

CONTACTS—To 3PDT. Button—power.
Crossbar—Ilow energy loads.

COIL—DC to 110 Volts. AC to 240 Volts.
LIFE—NMechanical—10.000.000 Minimum:
Electrical-—10.000.000 Dry Circuit.

UL & CSA—Rcecognized under U/L. Com-
ponent Recognition Program and CSA
with varicty o contact ratings. coil volt-
ages, and terminations.

Standard controls available from your
avthorized distributor.

For complete technical data, please write to
RBM CONTROLS, Division Essex Wire Corpo-
ration, Department 93; Logansport, Indiana.
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Fig. 1: Comparison photographs of plated phonographic record stampers
illustrate the leveling ability of the BDT process. Photograph A, shown
at approximately 520X, illustrates the ‘“‘dog-boning™ edge build-up
and nodulization effects that are characteristic of many common gold

GOLD PLATE LEVELS ROUGH SURFACES

We had an epporturity recently to view first hand
a relatively new gold electroplating process. It is coni-
mon in plating to have difficulty plating in valleys
and to overplite on mountain areas. The “BDT”
process at Sel-Rex Corporation appears to reverse this
tendency. The build-up in the valleys is greater than
on the peaks se that with continual plating, a smoothing
of the surface results. (See Fig. 1.)

Key to the development is a new generation of non-
cyanide electro’ytes. Sel-Rex, however, will not divulge
the formula. Their main interest is in selling the
plating batlis and consulting on plating problems.

Advantages of the Process

BDT exhibits unusual uniformity of metal distribu-
tion. Where other electrolytes will vary in the build-up
of the plate Yy as much as 309% depending on the ccn-
tour of the parts being plated, tests show BDT de-
posits that vary no more than 8% in deposited coatings
measured from edge or corner to side. This holds for
thicknesses of 0.05 in. and greater.

The BDT process also builds surface brightness as
the deposition increases. Nickel has been considered
the best leveling (ability of an electreplated deposit
to smooth out a surface) electroplated coating with
a ratio of 2.5:1. BDT is able to level at the rate of
4 to 5:1. Also, BDT apparently has greater throw:ng
power than other electrolytes—the ability of a system
to deposit metal in recesses or crevices.

Comparison with Standard Baths

BDT baths range in purity from 98.0 to 99.9+ per-
cent and in hardness from 110 to 240 Knoop. There
are several BDT formulations. Although they are
similar in basic characteristics, each has certain ap-
plications for which they are best suited. Compared to
present high purity, ductile deposits which have a matte
finish, the high purity BDT formulations are equally

ELECTRONIC tINDUSTRIES + February 1966

electroplating processes. Photograph B, pictured at approximately
900X, illustrates the leveling characteristics of one of the BDT
processes. The record stampers are first given 3 nickel coating. The
gold is then applied, followed by a nickel overlay.

ductile, as resistant to oxidation at high temperatures;
vet they are also mirror bright and harder. Actually,
high purity, ductile matte deposits test only 70 to 110
on the Knoop scale. Like all high purity golds, BDT
permits soldering, welding, die attachment and whisker
wire bonding. Because BDT when deposited, does not
build up on edges or projections (dog-boning), (see
Iig. 2), a characteristic of otler gold processes, the
need for overplating to meet thickness specifications
can he eliminated with a significant economic advantage
to the user. Also, when exposed to high temperatures
as high as its melting point, bright BDT deposits of
gold do not discolor.

Applications

On connectors, where a stamping operation may
have left a had surface, the BDT plating process can
help smooth out the surface depending upon thickness
of plate.

On printed-circuit boards, on wearing surfaces such
as finger als, BDT’s anti-galiing or anti-coldwelding
characteristics can prevent tabs or contacts from stick-
ing while providing a harder wear surface.

Fig. 2: Cross-section of a gold plated copper bar demonstrating the
uniformity of the deposits achieved with the BDT plating process.
Magnified 8X, the bar has been plated to an extra heavy thickness of

0.013 in. to demonstrate how overplating to meet minimum thickness
requirements on critical surfaces can be eliminated with BDT.
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f you're awfully busy and you

have anything to do with

production soldering. .. here’s quick
free access to all that's new in
resistance soldering and thermal

wirestripping —from

GLO-MELT

pioneers in resistance soldering and thermal wirestripping

Save your company time and money . . . use this coupon

F-----------------------------------------------------------------------------------

QUICK, FREE HELP—Fill in your name and address, check one or all of the squares and mail.
We will send you the information you want immediately.

Complete temperature-and- New tweezer-type thermal wire- Most comprehensive source of

time controlled power units for stripper. Squeeze and pull; no information on resistance solder-
resistance soldering, thermal twishnﬁ. Adjustable strip-length ing and thermal wirestripping.
wirestripping, basic building stop. Nickel-chrome elements. , Acquaints you with basic sys-
blocks for automated soldering. Soft-touch finger grips. Strips tem, equipment and steps of
Once proper tempera- thermoplastics, includ- operation. Asks and

ture and time have been ing Teflon. Also, infor- answers many impor-

set, same job can be D mation on other thermal D tant questions about D
repeated over and over wirestripping hand- the method.

again ... accurately. pleces.

New Wassco Glo-Melt catalog.
New infinitely-variable heat All that's new in resistance
source. One source for all types soldering and thermal wire-
of miniature soldering and wire- stripping equipment. The tools
stripping jobs. Dial exact tem- for high-speed production, per-
perature needed. Repeat job fect connections, simpli-

again and again, usln% fied jobs, safety, com-

dial readings as exac D fort and lower material D
‘guide. and power costs.

5 New tweezer handpiece for per-
fect contact-control on micro-
miniature setups. Holds part
while it solders. Electrodes can
be formed or bent. Also, informa-
tion on many different
handpieces for resist- D
ance soldering.

Name__ Title Company.

Street City State

ADDRESS TO—WASSCO GLO-MELT DIVISION, AMERICAN ELECTRICAL HEATER COMPANY
6110 CASS AVENUE, DETROIT, MICHIGAN 48202
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n eW Allen-Bradley line of

subminiature low pass filters provide...

HIGHER PACKAGING DENSITIES AND
EFFECTIVE FILTERING TO 10 GHz

Tiny FO type filter shown
mounted on connector
pin. (Approximately three
times actual size.)

especially designed for
use in cabte connectors

>

Pir z € ] 1 4
Max. 0.D.
Approx. Lengtt
Voitage Rating
v.D.C. max.)
Fred-thru

uirent rating
A:tenuation, min

at pera

625 4

Temp. R € - -5, Cto+125C —¢

Cto +85C

FO Filter

Attenuation, db, with 50 @ Resistor

B ] his new line of FO tvpe subnziniature low pass Llers
is cestened te provide maxiium reduction of RFL i
minimum of space —atienuation is greater than S0DB over
the frequency range from 100 NMIHz to 10 GHez.

he exclusive Allen-Bradley design allows unusnally
close spacing. ‘The filters car be introduced into con-
nectors with no redaction 1 the mwnnber of terminals.
still providing the possibilits of individual replacement

of filters i desizesd,

Frequency in Mcps (MHz)

With these filters mounted through a ground planc in
the connector. there’s complete shielding to prevent the
possibility of +f coupling hetween input and output.

A-B engincers will be pleased o cooperate with vou
in the application of these new subininiature filters, For
more details, please write: Allen-Bradley Co.. 222 West
Greenficla Avenue. Milwaukee, Wisconsin 533204,

Lxport Otfhice: 630 Third Ave,, N.Y  N.Y., U.S. A, 100]7.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



In the Scott 344 transistor FM stereo tu
amplifier. Allen-Bradley hot molded resistors

provide excellent gain stablulity, low noise, at tog eperating voltages.

7\1(‘ ’Based on our use of more than 30,000,000
Allen-Bradley hot molded resistors over the past
18 years, under a continuous re-evaluation program
for all component parts.’”

The known reputation of Scott hi-fi equipment is based
on their nnguestioned engineering excellence and their
rigid quality standards. And \ilen-Bradley hot molded
resistors have played an important role in this
achievement.

The consiste atly high quality of Allen-Bradley vesistors
—vear after yvear, and million after million—i: the result
of an exclusive ot molding process developed ane nsed
only by Allen-Bradley. 1t produces such uniformity that
the long term performance of Allen-Bradley resistors can
be accurately predicted . . . and catastrophic failures
never occur.

You can be certain of this same ““built-in™ resistor
reliability and superlative performance only when stand-
ardizing on Allen-Bradley hot molded resistors. For iore

®

/
\

51.07.5€

;.
“Allen-Bradley hot molded resistors have

. always proved absolutely reliable

and superior to any others. ..
foreign or domestic”’

H. H. Scott, Inc.

Maynard, Mass.

complete specifications, please send for Technical B lle-
tin 5050: Allen-Bradley Co., 222 West Greentield Avenuc,
Milwaukee, Wisconsin 53204. Export Otlice: 630 Third
Avenue, New York, New York, U.S.A. 10017,

TYPE 88 1/8 WATT MIL TyrE RC OS

— — R -
TYPECB 1/4 WarTT MIL TYyrPE RC O7

— I

TYPE EB 1/2 WATT MIL Type RC 20

o

MIL TYPE RC 32

AL W

TYPE GB 1 WATT

TYPE HB 2 WATTS a m MIL TYPE RC 42

HOT MOLDED FIXED RESISTORS are available in all stand-
ard EIA and MIL-R-11 resistance values and tolerances,
plus values above and below standard limits. Shown
actual size.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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Albert Canning (left) preserts Martin’s Quality Supplier Award to Horace Potter, president of Reeves-Hofiman.

Reeves-Hoffman is the first crystal manufacturer

to earn Martin’s coveted ‘““Zero Defects”’ award!

With delivery of over 1,000 defect-free crystal-
controlled filters for the highly reliable Bullpup
missile, Reeves-Hoffman becomes the first and
only crystal manufacturer to earn Martin-
Orlando’s Zero Defects Award.

The product that won the award was a com-
plex miniature network package, which con-
sists of crystals, glass-to-metal seals, tempera-
ture controlling and other circuitry.

In making the presentation, Mr. Albert J.
Canning, technical requirements chief, quality,
of Martin-Orlando, said in part: “This award
from the Martin Company for Zero Defects
is intended to reflect the thousands of systems
components that Reeves-Hoffman has previ-
ously delivered. . . . It represents excellence
in performance.”

February 1966

We think it is important to note that the award
is also based on management cooperation and the
meeting of scheduled delivery dates. Shipping
defect-free products merely qualifies a supplier
for the award, but does not guarantee it.
Whether our products are for outer space, un-
dersea or “down-to-earth” applications, we do
our utmost to deliver “zero defects” shipments
on time. We invite your inquiries.

.l» REEVES- ¢
=z HOFFMAN o4
ZI™ DIVISION OF DA '

400 WEST NORTH STREET, CARLISLE, PENNSYLVANIA 17013

Circle 38 on Inquiry Card
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VACUUM THERMOCOUPLES

Used i trie was coltieters or concevts D7 s fo micasure RyS,

The MP1S.7 vacuum thermocouples are used in true RMS
voltmeters or they can convert digital voltmeters to measure
true RMS. Matching for temp. and tracking effects is better
than 0.5% over a 50°C range, accurate for fregs. from a
few CPS to 10MC. When used with a suitable amplifier, the
true RMS of the input ac current will be proportional to the
dc output current within 0.25%. Characteristics include:
heater current, 5ma; heater resistance, 90 (#=109%); couple
output, 7mv (+12%), and couple resistance, 82 (F+10%).
Price is $24.95, Best Electrics Div., Harry Levinson Co., 1211
E. Denny Way, Seattle, Wash. 98122.

Circle 140 an Inquiry Card

BINARY ENCODER

The Binary C encoder has a revolution life of 7.5 million.
Revolutions for a full count is 64, and accuracy is 1 part -
in 8,192. Load current/digit is 20v. (max.). The units max. e watog 12 9
speed (continuous interrogation) is 200 RPM, while max. o MUALOR
slew speed is 1500 RPM. The operating temp. range is .
—54°C to 105°C; storage is allowed up to 125°C. Ncrden
div. of United Aircraft Corp., Norwalk, Conn. 06852.

Circle 141 on Inquiry Card

VOLT STANDARD

S oltage includes Dz to T H0cde cecuracy 0.01%.

o A S Model VS 1000NR is a portable voltage standard/source.

e T 1 i F I It allows 10ma of current to be drawn at all voltages. Short-
@ . ‘ ‘ ‘ ‘ ‘ : term stability is 0.001%, and the instrument is completely
4 e short-circuit and overload proof. It needs no zeroing or
calibrating. This makes it ideai for production-line quality

54 £ " /‘ = control or laboratory uses. An added feature is a built-in
e 1 e & ! ‘§> nullmeter which provides potentiometric measurements.
= Price $995. Electronic Development Corp., 423 W. Broadway,
Boston, Mass. 02127. Phone Robert Ross 617 268-9696. 5

L Circle 142 an Inquiry Card

TIME INTERVAL METER
Measures tinme intereals with a range from lusec, to 10 see.

The Model 633A time interval meter plugs in the center
compartment of the CMC Model 616A freq. meter. The com-
bined instrument will then measure the time interval between
2 points on the same or different waveforms, with measure-
ment resuits displayed in usec. Marker waveforms are avail-
able at a front-panel receptacle so that the trigger points
can be observed on an oscilloscope. Price is $325. CMC,
12970 Bradley Ave., San Fernando, Calif.

Circle 143 an Inquiry Card
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DATA ANALYZER

12 operating specds ranging from 10 to
10000 bauds, Distortion accuracy  +2%.

The DAS-10 is a stop-pulse length tele-
graph Data Analyzer System. It has a
floating input for higher common-mode
voltages. Internal slide switch program-
ming allows precision control of stop-
pulse length. This feature enables op-
erators to adjust stop-pulse widths
from 1 to 2 units in 0.01 bit incre-
ments. Additional flexibility is provided
by an integral time base which pro-
duces a 128-character message, includ-
ing both standard alphanumeric and
ASCIl formats. Testing is simplified by
an A-scope which shows the actual
signal as it appears on the line being
measured. Radiation Inc., Products
Div., Melbourne, Fla.

Circle 144 on Inquiry Card

ELECTROMETER
Has De, 0.0 pa, and 107Q full-scale sensiticnty.

The Model 610B electrometer has all of the features of
conventional VTVM plus 10"'¢ input resistance. This permits
measurements in circuits where a conventional VTVM causes
undesirable circuit loading. The unit offers 79 ranges for
dc measurements: 11 voltage ranges from 1mv full scale to
100v.; 28 current ranges from 107'a. full scale to 0.3a.;
25 resistance ranges from 100¢ full scale to 10" 15
coulomb ranges from 10* coulomb full scale to 10°*
coulomb; unity-gain output and recorder outputs. Keithley
Instruments, 12415 Euclid Ave., Cleveland 6, Ohio. Phone

216 795-2666. Circle 145 on Inquiry Card

. = AUDIO AMPLIFIER
7 n Has 300mize output with less than 3% total harmonic distortion.
' The freg. response of Model A-300 is *2db from 200 to
) 5000 CPS and *+ 5db from 200 to 10,000 CPS. The amplifier
| consists of a volume control, 5 transistors, 1 thermistor, a
shielded input transformer with 2 primary windings for 50t
high impedance, and an output transformer with 2 second-

ary windings (84 for speakers, 500¢ for modulation and high
impedance loads). Gain at the 100K input is 40db; at the

P . © input. it is 80db. Noise level is —70db. Price is $7.95.
/ Birnbach Radio Co., Inc., 435 Hudson St., New York, N. Y.
/ Circle 146 on Inquiry Card

SERVO AMPLIFIER

The Model A480, 17kw power output servo amplifier will drive
1 to 8 HP dc motors. The amplifier output gives smooth,
full-wave, bi-directional control with linear operation through
null. Adjustable current limiting and 3 signal inputs with
100K input impedance are standard features. Westamp,
Inc., 1542-15th St., Santa Monica, Calif. 90404.

Circle 147 on Inquiry Card
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B DUAL-TRACE DISPLAYS
20 mV/div through 10 V/div,
dc-to- > 50 MHz.

10 mV/div, dc-to- > 45 MHz.
5 mV/div, dc-to- >40 MHz.

B SINGLE-TRACE
DISPLAYS
1 mV/div, dc-to- > 25 MHz
(channels cascaded).

B X-Y OPERATION
5 mV/div through 10 V/div,
dc-to- > 5 MHz.

B OPERATING MODES
Channel 1 only; Channel 2
only (normal or inverted);
Added Algebraically (= 20:1
CMRR up to 20 MHz, linear
dynamic range = 20X
indicated sensitivity);
Alternate; Chopped (500 kHz
+20% chopping rate).

B SWEEP RATES
5 sec/div to 0.1 usec/div (Time
Base A),0.5 sec/div to 0.1
usec/div (Time Base B), with
10X magnifier extending
fastest sweep rates to 10

50 sec to 1 usec.

B DISPLAY FEATURES
4-inch rectangular tube; 6 x
10 div display area (1 div/0.8
cm); internal, illuminated

oscilloscope

B TRIGGER SYSTEM

To 50 MHz, from Channel 1
or combined signals (both
sweeps). Trigger modes
include AC, AC LF REJ, AC
HF REJ, DC, AUTO. Trigger
sources include INT, LINE,
EXT, EXT = 10.

H POWER REQUIREMENTS

96-127, 103-137, 192-254, or
206-274 V ac ("T100 W) 45 to
440 Hz.

B MECHANICAL FEATURES

Net weight is <28 Ibs.
including panel cover;
shipping weight is 36 lbs.
Overall height including feet
is 714" overall width including
handle is 12'4"; overall length
including rear feet and front
cover is 20%4", including rear
feet and extended carrying
handle is 22%/5". Carrying
handle may be set in any one
of a number of positions for

nsec/div. viewing convenience. Feet on
B SINGLE SWEEP rear provide for vertical
Time Base A. operation.
" SELE:'YSK,N SWEEP B ENVIRONMENTAL

FEATURES

Ruggedly designed to operate
reliably under environmental
conditions encountered in
portable use.

graticu'le: 10 kV accelerating Type 453 Oscilloscope . . . $1950
potential; P31 phosphor. Rack Mount Type R453 . $2035
// - — ———— — _ — - e ‘\
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A compact, high-performance oscilloscope, the Type 453 operates
almost anywhere, and under severe environmental conditions—giving
sharp bright displays. The Type 453 offers dual-trace and sweep-delay
for accurate and reliable measurements over the dc-to-50 MHz range.

For a demonstration,
call your Tektronix field engineer.

Tektronix, Inc.
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What isit?

Clue No. 1: Its development made application of single side-
band practical.

Clue No. 2: Its applications range from Citizens Band radios
to such highly complex telemetry systems as that of the Saturn
Rocket.

Clue No. 3: It offers the greatest combination of selectivity,
simplicity, compactness and reliability ever developed in a
component designed for its particular purpose.

Clue No. 4: It resists aging to such a remarkable degree in ac-
celerated tests that aging need not be a consideration.

Ciue No. 5: It’s a classic circuit component associated univer-
sally with the Coilins name.

Answer: It's the Collins Mechanical Filter. It's used in single

COMMUNICATION / COMPUTATION / CONTROL -

ELECTRONIC INDUSTRIES <+ February 1966

sideband applications. High performance transmission and re-
ceiving equipment. Missile guidance systems. Multiplexing
equipment. Frequency synthesizers. Doppler radar. Data trans-
mission systems. Precision navigation equipment. Spectrum an-
alyzers. FM communication receivers and Citizens Band trans-
ceivers.

It’s available in frequencies from 60 KC to 600 KC, and in
bandwidths of .1% to 10%.

If you build any of this equipment and have a selectivity/
reliability requirement, call Collins Radio Company, Com-
ponents Sales Department, 19700 Jamboree Road, Newport
Beach, Calif. Phone: (714) 833-0600. Or call your author-
ized Collins components sales representative.

)

COLLINS RADIO COMPANY / WORLD HEADQUARTERS / DALLAS, TEXAS
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NEW products

PRECISION POTENTIOMETER
Resistance range 100Q to JOOKQ (=459 max.) Lincarity *1%.

Model 3707 is a 10-turn, Y, in. dia. potentiometer for in-
dustrial uses. Power rating is 1w. at 40°C, and operating
temp. is —55° to 105°C. The units resolution is 0.09 to
0.02%,. A special rotor design assures excellent wiper stabil-
ity under 50G shock and 10G vibration. Price is $10 in 100
aquantities. Bourns, Inc., Trimpot Div., 1200 Columbia Ave.,
Riverside, Calif. Circle 148 on Inquiry Card

IC CARRIER
For testing and shippina of 14 o Vg in.. IH-lcad. 1C packaacs.

Series 8351 integrated-circuit carrier has a spring-action
lock for easy loading and quick assembly. The IC package
fits into a 2-piece thermoplastic holder which can be heat
sealed by the manufacturer for warranty purposes. This
holder snaps into a glass-epoxy board, where spring-wiping
contacts of beryllium copper make electrical contact with
S0 the integrated-circuit package leads. The carrter plugs into
a standard 14-contact, card-edge connector with 0.156 in.
center-to-center spacing for testing. Elco Corp., Willow Grove.
Pa. 19090.

Circle 149 on Inquiry Card

SINE-COSINE GENERATOR

Model 530 is a 2-channel function gen-
erator for analog computation of sines
and cosines. Max. static error is less
than 25mv, and zero signal error is
below 2mv. Accuracy better than
0.025% (*+100v) output. Sine capabil-
ity is +=270° and cosine +180 to
—270°. Zeltex, Inc., 2350 Willow Pass
Rd., Concord, Calif.

Circle 150 on Inquiry Card

ROTARY INSTRUMENT SWITCH
Life of this 12-position siwcitch exceeds 1 million cycles.

Series 2000 is a 12-position, 1 to 6 pole switch. Primary
uses include precision bridges and decades, laboratory test
equpment and thermocouple switching. The switch has silver
contacts and external, adjustable stops. Contact resistance
is less than 1 milliohm and varies less than 4% milliohm
after 1 million cycles. Industrial Devices, Inc., Edgewater,
N. J. Phone 201 WH 3-4084.

Circle 151 on Inquiry Card
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CERAMIC COIL FORMS

Ceramic coil forms come in 4 diameters: 0.205, 0.260,
0.375, and 0.500 in. The ceramic material conforms to
Mil-1-10 Grade 523 specs. Brass cores and 6 grades of
powdered iron permit use in freq. ranges between 50KC and
300MC. Bushing-mounted forms with fiberglas collars for
high-Q/low-.0ss uses are available in 2-terminal and 4-
terminal configurations. J. W. Miller Co., 5917 S. Main St.,
Los Angeles, Calif. Contact L. G. Crawford.

Circle 152 on Inquiry Card

STEREO MIXING CONSOLE
Neven iz inputs are pormalled via pushl-utton to 17 sonrces.

Model AF-37A solid-state mixing console allows 7 mixing
inputs to be normalled to 17 programs sources. 6 of which
are dual stereo sources. In addition to its sterec design, the
console contains facilities for simultaneous SCA operation
from a separate program source by assigning a third output
channel for this purpose. Melcor Electronics Corp., 175G
New Highway, Farmingdale, L. I., N. Y. 11735. Phone: 516
MY 4.5570.

Circle 153 on Inquiry Card

TAPE RECORDER

No tape threading, e recls to install, no arms, guides or levers.

The D/C-1 portable instrumentation cartridge tape recorder
uses standard !/ in. Mylar-base magnetic tape contained
in Fidelipac tape cartridges. This 25 |b. recorder can be
loaded or unloaded in less than 2 sec. Just slip the cartridge
in place, release the idler-control, and start. You can even
leave it unattended—the tape can't run out. The D/C-1
operates at 174, 334, 714 and 15 ips with the desired speed
electronically selected through the front panel controls.
Data/Cartridge Inc., Dept. 3P, 161 Constitution Dr., Menlo
Park, Calif. 94025. Phone: 415-323-9880.

Circle 154 on Inquiry Card

i o A6l WAFER-DIE SORTER
99 - Tests and classifies wmicrosivcuit devices at 2000 units/hr.
With the Model 920, wafer die-sorting is ‘uily automated.
The unattended operation eliminates costly and :edious
methods previously used. Once probe points are positioned
to the pattern configuration., the operator is free and the
920 takes over. The probe steps acrcss, down, reverses its
path and then indexes until the wafer is completed. The
tester then returns to a start position and is ready for
reloading. Just one technician without extensive training or
skills can operate up to 4 units. Electroglas, Inc., 150
Constitution Dr., Menlc Park, Calif. Phone 415-325-1536.
Circle 155 on Inquiry Card
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A-TO-D CONVERTER
Features 10-bit conwversion (Uni-
polar) and 50,000 conversions/sec.

Model AS-2 45 a solid-state, high-speed
analogz-to-digital converter using inte-
grated circuits. It has a basic accuracy of
0.05% (*+12 LSB) and completes dedi-
sions at a rate of 2uscc./bit. Output is
approx. 45,000 samples/see for a 10-hit
word including ~ign (without input am-
plifier), The AS-2 is also available as a
3 decimal «ligit machine, Price is less than
$£2000) in quantities of 1-9. psco, Inc., 411
Provilence  Hwy, Westwood, Mass.
02090. Phone ¢17 329-1500.

Circle 130 on Inquiry Cord

LAMP ADAPTOR

Lets T-134 lawips be used in
low cost T-314 bayonet type.

The Adaptor-Lens uses a bavonet sleeve
with inserts to retain the T-134 lamp and
plastic lens. The lamp is inserted at the
rear ot the assembly and is retained under
spring tension. The unit is then received
by the standard T-314 socket. Electrical
connections are made to the center post of
the lamp and to the shell of the adaptor-
lens. As tae adaptors are not wired di-
rectly into the circuit, they can be readily
removed  and  replaced, facilitating  the
change of lens colors. Display Devices,
Inc., 2117 Sepulveda Blvd., Tos Angeles,
Calif. ©6025,

Circle 131 on Inquiry Cord
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NEW PRODUGTS

DELAY SET

Accuracy is *=3psec. Total delay is
measured unambiguously for 4msec.

The Model 460 transmitter and receiver
units can be stacked together for local
input-output, or separated for remote in-
puts and outputs. FEach contains its own
power supply for plug-in operation on
115vac. Its carrier frequencies are variable
from 500crs to 50Kkc. It is capable of hoth
absolute and relative measurements. Read-
ings are in msec., and the set is adaptable
to closed or open loop measurements.
Acton Laboratories, Inc., 531 Main St
Acton, Mass,

Circle 132 on Inquiry Cord

NPN TRANSISTOR
Provides 3w, at 300sc twith a max

junction dissipation of I1w.

This epitaxial device has low induc-
tion ribhon parasitic ca-
pacitance, low junction-to-case thermal
resistance and a beryllium oxide base
readily solderable to a dissipator. In a
tumped-clement test circuit the transistor
delivered 6db gain at S00wmc, vielding a
Sw. output at 53% efficiency. This unit
has operated in coax circuits with outputs
arcater than 100mw at 2¢e. It comes in
flat pack. Price is $60 ca. in quantities
of 100. Vector Solid State Laboratories,
Vector Div. of United Aircrait Corp.,
Southampton, Pa. Phone 215 El. 7-7600.

Circle 133 on Inquiry Cord

leads,  low

ELECTRONIC INDUSTRIES -

DISPLAY LIGHT

Ideal for indicating toggle switch posi-
tions and for verifying relay settings.

The SDIL Series indicator lights are
.240 in. in dia. and mount on }4 in. cen-
ters horizontally and vertically, They are
designed  for use where panel space is
limited, or where small indications such
as decimal points are wanted. A choice of
connector hook-up (SDI.-A Scries) or
wire lead (SDL-B Serices) is available.
The SDL. Series uses 100K hr. T-1 incan-
descent lamp and 13 lens colors. TEC-
LITE, Transistor Electronics Corp., Box
6191, Minnecapolis, Minn. 55424,

Circle 134 on Inquiry Cord

TETRODE FET
Said to offer 2-to-1 improve-
ment in freq. transconductance.

10000 — - —

(1] /e ) » S e
‘ o - 4
The TINXS35 is an N-channel double-

gate TO-12 device. Transconductance of
the front gate with the substrate gate
connected to source is typically 8000 mi-
cromhos.  With the front and substrate
gates connected together, Yy, is 10K mi-
cromhos min. The unit allows the use of
FETs in autodyne mixer circuits where it
can function as both mixer and local
oscillator, thus eliminating 1 transistor
and associated oscillator circuitry. Texas
Instruments Incorporated, P. O. Box 5012,
Dallas, Tex. 75222, Phone Jack Miller
214 AD 5-3111, Ext. 1206,

Circle 135 on Inquiry Cord
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We're referring to the contacts in our rew TERMI-
TWIST* Printed Circuit Connector. In addition to all
their other advantages, they're bifurcated for redun-
dancy.

Now, with TERMI-TWIST contacts, you may use auto-
mated point-to-point wiring techniques and have the
benefits of AMP's gold-over nickel plating—plus contact
redundancy. Yet, they're designed for cost savings from
the front bifurcated contact through the center twist
locking section right back tc the rear post which accom-
modates AMP's new TERMI-POINT* clip wiring devices.

For reliability, tne phosphor-bronze contacts are plated
with gold over nickel, including a .000030" gold plating
on the critical contact areas. Thanks to their 90° twist
and square shoulder design, the contacts are positively
aligned and firmly locked in the housing. Contact re-
moval, however, is easily accomplished with ordinary
long nose pliers.

These low-cost TERMY-TWIST Connectors are available
in either diallyl phthalate or phenolic housings ir sizes
which include 15, 22, 31, or 43 contact positions, with
contacts loaded on one or both sides. They are designed
with a contact density of .156" for convenient replace-
ment of existing panel mounted connectors.

ELECTRONIC INDUSTRIES -+ February 1966

Take a look at these TERMI-TWIST Connector features:

Economy—low initial and per-line cost
Wiring compatibility—use TERMI-POINT clips; or
solder, weld, or wrap

Flexibility—accepts printed circuit boards from .054"
to .071" thick

Quality—meets mechanical and electrical require-
ments of MIL-C-21097

Reliability—Gold-over-nickel plating and high contact

force

Versatility—optional automatic machine orhand tooling
1f you've been asking around for an economical and reli-
able board edge connector that's compatible with auto-

mated apglication, don't overlook this TERMI-TWIST
Connector. Write for complete details today.

*Trademark of AMP |neorporated

INDUSTRIAL }
SALES |

DIVISION I

i

. |
INCORPORATED I
|

Harrisburg, Pennsylivania

A-MP+ products and engineering lakle through iary in: Austraha
e Canada ® England o France ® Holland ® ltaly ® Japan e Mexico  Spain e West Germany

Circle 67 on Irquiry Card

World Radio Histo
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... the Difference
Between

Excellent
and
Adequate . .

Select Materials:
¢ Contacts: Fine Silver
¢ Springs: Tinned Music Wire
® Housing: Molded Phenolic
per Mil Specs
* "Faston’ Terminal: Brass, Tin
Plated
e Shorting Bar: Brass, Silver Plated
Construction:
* Momentary Contact Snap- Action
¢ Silent Action
e Push-Pull
e Lighted
¢ SPST, DPST, SPDT, DPDT
Ratings:
e Life Expectancy 50,000 to
1,000,000 Operaticns
® V4 Amp. to 10 Amp.
* 115 VAC, Resistive
e Contact Resistance
.003 Ohms Typical

o\ .

/_z%m

s — I

...in

Design
Materials
Construction

Send for
Engineering

Data Book

Push Button—
Rotary Switches and
Other Components

543 Hillgrove Avenue
LaGrange, lllinois 60526
Area Code 312, Phone 354-1040

i 8eed|

""PIONEERS -IN MINIATURIZATION""

Circle 41 an Inquiry Card
80

WHAT'S NEW

NEW MOUNTING FOR MICROCIRCUITS

ACONEW MoUNTING coNCEPT, which allows casy han-

dling of microcirenits and provides solderless pressure-
contact mounting of circuit chips, has been developed
by Scanbe Miv, Co., 1161 Monterey I'ass Road, Mon-
terev Park, Calif.

The package consists of three pieces: a base in which
the chip is set with no fastening necessary: a positive
lock snap-on top which holds the chip sceurely in
place: and a mounting stud which hecomes part of the
base. The mounting stud extends through the mother
Board and a nut is applicd on the opposite side. Sinee
the mounting stud and nut e metal, they also act as
aheat sink.

The chip leads are roucht out of the package in
individual chamels. This assures constant lead separa
tion and spacing. vet allows the leads maximum con-
tact arca with the mating leads on the momnting hoard.
Tightening the nut pulls the assembly down  tigln
The

package also has a boss molded into 1t for orientation

against the board, creating a pressure contact.

i an indexing hole on the bhoard.

The new packaging concept proves to he economical.
With it the chip and its mounting can he installed, re
moved, testeds or replaced without daimage  to the
mather hoard and its circuits, or to the chip itself. The
package also serves as o test fisture, and can be used

for shipping container, Circle 196 on Inquiry Card

Package allows pressure-contact mounting

of circuit chips. It needs no heat sink,
and can be used as a shipping container.

POSITIVE LOCK
SNAP-ON TOP

MICROCIRCUIT

MOUNTING BASE

MOUNTING STUD

ELECTRONIC INDUSTRIES + February 1966
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NEW PRODUCTS

SILVER-FILLED PAINT

Iigh clectrical conductivity plus adhesice
and  film-forming properties of acrylics.

Dynaloy 340 adheres to any surface—
metal, plastic, glass, rubber, or ceramic.
Uses include electrostatic shielding, repair
and prototype production of printed cir-
cuits, dielectric test patterns, component
lead terminations, etc. Volume resistivity
is 0.0019-cmv. This silver-filled conductive
paint requires no formulating, and can be
applied directly from the can by dipping,
brushing, roller coating, or silk screening.
Trial quantities available at $10.00 for 3
oz. cans. Dynaloy, Inc, 408 Adams St.,
Newark, N. J. 07114,

Circle 136 on Inquiry Card

PRINTED-CIRCUIT CHECKER

Test point strip/handle provides conveni-
cnt access to test and alignment voltages.

With this test point strip/handle, test
points on the front of the unit are num-
bered for individual circuit identification,
and an area is provided at either end of
the strip board identification. This allows
PC boards to be checked in the circuit
without using a bhoard extender, jumper
cables, or substitution. The test point
strip/handle mounts on PC boards by
manual positioning and is permanently
secured by wave soldering. The new com-
ponent is designed for both single and
multiple layer PC boards. E. F. Johnson
Co., Waseca, Minn. 56093.

Circle 137 on Inquiry Card

82

A-C POTENTIOMETER
Nominal input impedance is 40kQ
and max. output impedance is 209.

The Model 3C Vernistat® potentiom-
cter has an absolute linearity of 0.005%.
The unit has no end-trimming. High mu-
tual coupling provides a ratio of 10° or
better hetween input and output imped-
ances, assuring relative immunity to load-
ing errors. Specs. include: theoretical
resolution (100/N) of 0.002% ; max. out-
put current of 25ma; and electrical rota-
tion 30 turns, 10,800°. Electronic Products
Div., Perkin-Elmer Corp., Main Ave,
Norwalk, Conn. Phone Henning Nielsen,
203 847-0411.

Circle 138 on Inquiry Card

WIREWOUND RESISTORS
Offer 0.0025% absolute tolerance @
25°C rcith 0.0025% stability for 3 vears.

'

Series “A" precision resistors arc rated
at 0.12 to lw. based on a max. ambh.
temp. of 125°C, derated to Ow. @ +145°C.
Resistance ranges from 1K to 1 meg. Tol
erences of 1% through 0.0025% are avail-
able on most types and resistance values.
Temp. coefficient is 10 ppm/°C stand-
ard from +10°C to +85°C. Sizes range
from 4 x V5 in. to ¥ x 2 in. The re-
sistors are ideal for A-to-1) converters,
analog computers, differential voltmeters
and guidance computers. Kelvin, 5907
Noble Ave., Van Nuys, Calif. Phone
Roger Featherston 213 782-6662.

Circle 139 on Inquiry Card

ELECTRONIC INDUSTRIES -

DELCO RADIO SEMICONDUCTORS
AVAILABLE AT THESE DISTRIBUTORS

EAST
BINGHAMTON, N. Y.—Federal Electronics, Inc.
P. 0. Box 1208/P1 8-8211
PHILADELPHIA 23, PENN.
Almo Industrial Electronics, Inc.
412 North 6th Street /WA 2-5918
PITTSBURGH 6, PENN.—Radio Parts Company, Inc.
6401 Penn Ave./361-4500
NEWTON 58, MASS.—Greene-Shaw Company
341 Watertown Street/WO 9-8900
GLIFTON, N. J.—Eastern Radio Corporation
312 Clifton Avenue /471-6600
WOODBURY, L. I, N. Y. 11797
Harvey Radio Company, Inc.
60 Crossways Park West, Phone (516)-921-8700
BALTIMORE 1, MD.—Radio Electric Service Company
5 North Howard Street/LE 9-3835

SOUTH

BIRMINGHAM 5, ALA.
Forbes Distributing Company, Inc.
2610 Third Avenue, South/AL 1-4104

WEST PALM BEACH, FLA.—Goddard, Inc.
1309 North Dixie/TE 3-5701

RICHMOND 20, VA.—Meridian Electronics, Inc.
1001 West Broad Street/333-6648

MIDWEST
KALAMAZOO, MICH.~—Electronic Supply Corporation
P. 0. Box 831/381-4823
INDIANAPOLIS 25, IND.
Graham Electronics Supply, Inc.
122 South Senate Avenue/ME 4-8486
CLEVELAND 1, OHIO-The W. M. Pattison Supgly Co.
Industrial Electronics Division
177 Rockwell Avenue /621-7320
CHICAGO 30, ILL.—Merquip Electronics, Inc.
4939 North Elston Avenue/AV 2-5400
GINCINNATE 10, OHI0—United Radio, Inc.
1713 Reinhold Drive /241-6530
KANSAS CITY 11, MO.—Waiters Radio Supply, Inc.
3635 Main Street /JE 1-7015
ST. LOUIS 17, MO.
Electronic Components for Industry Co.
2605 South Hanley Road /M1 7-5505
TULSA, OKLAHOMA 74119—Radio, Inc.
1000 South Main Street/(918)-587-9124
MINNEAPOLIS, MINNESOTA 55413
Northwest Electronics Corporation
336 Hoover St., N. E./(612)-331-6350
WEST
DALLAS 1, TEXAS—Adleta Company
1907 McKinney Ave./RI 2-8257
HOUSTON 1, TEXAS — Harrison Equipment Company, Inc.
1422 San Jacinto Street/CA 4-9131
SAN DIEGO 1, CAL.
Milo of California, Inc.
2060 India Street, Box 2710/232-8951
LOS ANGELES 15, CAL.—Radio Products Sales, inc.
1501 South Hill Street/RI 8-1271
LOS ANGELES, CAL. 90022—Kierulff Electronics
2585 Commerce Way/0V 5-5511
MOUNTAIN VIEW, GAL.—Kierultf Electronics
2484 Middlefield Road/968-6292
DENVER, COLO.—L. B. Walker Radio Company
300 Bryant Street/WE 5-2401
SEATTLE 1, WASH.—C & G Electronics Company
2600 2nd Ave./Main 4-4354
PHOENIX, ARIZ —Midiand Specialty Co., Inc.
1930 North 22nd Ave./258-4531
ALBUQUERQUE, N.M.—Midiand Specialty Co., Inc.
1712 Lomas Bivd., N.E./247-2486
TUCSON, ARIZ.—Midland Specialty Co., Inc.
951 South Park Ave./MA 4-2315

Ask for a complete catalog

DELCO RADIO

DIVISION OF GENERAL MOTORS o KOKOMO, INOIARA

February 1966



Delco Radio’s new 400V silicon power transistors will change
your thinking about high voltage circuitry. You can reduce
current, operate directly from rectified line voltage, and use
fewer components. Our standard TO-3 package stays cool
(junction to heat sink 1.0°C per watt). And price is low—less
than 3c a volt even in sample quantities—for wide ranging
applications. Vertical and horizontal wide-screen TV out-

puts, high voltage,

9 high efficiency
e eats o regulators and
| converters. Your

Delco Radio Semi-

conductor distributor
keeps them on ice.

Call him today for

clr c“lts data sheets, prices and delivery.

RATINGS DTS 413 DTS 423
VOLTAGE
VCEO 400 V 400 V
VCEO (Sus) 325 V (Min) 325 V (Min)
VCE (Sat) 0.8 (Max) 0.8 (Max) |
0.3 (Typ) 0.3 (Typ)
CURRENT
Ic (Cont) 2.0A (Max) 3.5A (Max)
Ic (Peak) 5.0A (Max) 10.0A (Max)
Is (Cont) 1.0A (Max) 2.0A (Max)
POWER 75 W (Max) 100 W (Max)
FREQUENCY
RESPONSE
[ | 6 MC (Typ) 5 MC (Typ)

FIELO SALES OFFICES

UNION, NEW JERSEY* CHICAGO, ILLINOIS*

Box 1018 Chestnut Station 5151 N. Harlem Avenue
(201) 637-3770 (312) 775-5411
SYRACUSE, NEW YORK SANTA MONICA, CALIF.*
1054 James Street 726 Santa Monica Blvd.
(315) 472-2668 (213) 870-8807

DETROIT, MICHIGAN General Sales Office:

57 Harper Avenue 700 £. Firmin, Kokomo, Ind.
(313) 873-6560 (317) 457-8461 —Ext. 500

*Office includes field lab and resident engineer for apphication assistance.

DELCO RADIO

Division of General Motors, Kokomo, Indiana

ELECTRONIC INDUSTRIES < February 1966 Circle 43 on Inquiry Card 83




Can you contribute to the development of products like these?

INFRARED ENGINEERS AND SCIENTISTS:

Homing guided
missiie seeker head

NN

Cryogenically cooled
parametric amplifier.

Rapid growth of Hughes infrared
activities in the Aerospace Divi-
sions and the Santa Barbara Re-
search Center has created many
responsible positions for quali-
fied engineers and scientists in
all phases of IR systems devel-
opment from conception through
production engineering.

Immediately available assign-
ments include openings in such
diverse technologies as optical
design, semiconductor physics,
cryogenics, mechanical engi-
neering, precision electro-mech-

Mimature closed-cycle
cryogenic refrigerator

Radiometer for NIMBUS weather satellite

tnterceptor IR search/track set

Anti-tank missile controller.

N SUH

/S

I

anisms, electronic circuit design,
servo systems...and many
other areas.

Current Hughes IR contracts
include advanced systems for:
space exploration, weather satel-
lites, anti-ballistic missile de-
fense, night reconnaissance, air-
craft and space vehicle defense,
and tactical weapon guidance
and fire control.

Professional experience, an ac-
credited degree and U.S. citizen-
ship required.

e

; ! | \ 5 \
,36-glement IR detectoRarray.

Multi-element cooled IR detector

Star tracker for
SURVEYOR spacecraft

For immediate consideration, please air-
mail your resume to-

Mr. Robert A. Martin
Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 2, California

| ateiatntatnt a

HUGHES |

HUGHES AIRCRAIT COMPANY
AEROSPACE DIVISIONS

~—-=-
[

An equal opportunity employer

Cast silicon IR opticai components

N

84
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New Amphenol design cuts
RF switch delivery to 14 days

Modular eonstruction of Dyna-
form* switches puts prototypes
or production quantities in your
hands as quickly as they can be
assembled and shipped.

OVER 300 VARIATIONS. Amphe-
nol Dynaform switches are built
from 23 standard modules. From
these come over 300 switch vari-
ations: SPDT, DPDT, and Trans-
fer. Shorting, non-shorting or
resistor terminations can be pro-
vided, A variety of coil voltages
are availabie.

Connectors arce BNG, TNC or

tvpe N positioned for through-
pancl or above-chassis mounting.

LIGHTER WEIGHT. New alumi-
num cons:ruction cuts weight to
less than one-half that of com-
parable RF switches.
Completely enclosed design
makes Amphenol Dynalorm
switches dust-proof, too.

FREQUENCY RANGE EXTENDED.
Electrical performance of the
new Dynaform switch is better
than any other blade-type RF
switch. Usable frequency range

sDynaform is a trademark of Amphenol Corporation.

has been extended to 6 Ge. Cross-
taik remezins consistently low in
all frequency ranges.

Designed and tested to exceed
the requirements of classes B2b
and B3b coaxial switches per
Military Specification MIL-S-
3928B

DELIVERY IN 2 WEEKS. Order
today and be prepared to install
your custom design Dynafurm in
14 days Call your Amphenol
Sales Enginecr. Or write Am-
phenol RF Division, 33 E. Frank-
lin St.. Danbury, Connecticut.

AMPHENOL RF DIVISION
AMPHENOL CORPORATION

Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics

Circle 45 on Inquiry Card



Which
ELECTRONIC INDUSTRIES Article
was the MOST USEFUL in 19657

You can win a cash prize by telling us how one of
the articles listed on the opposite page was useful to you
in 1965. Just write the name of the article and a description
of how it helped you on the attached card. Mail to us
before April 15th, 1966. Winners will be determined by
the best comments on the use of an article.

1st prize $100.
2nd " $ 50.
3rd " $ 25.
4th " $ 25.
5th " $ 25.

In addition, a reprint of the article receiving the most
votes will be mailed to all participants.

The winners will be announced in our June issue.
Mail your entry today. Only one per person.

IF CARD HAS BEEN USED SEND YOUR ENTRY ON A COMPANY LETTERHEAD
To The EDITOR, ELECTRONIC INDUSTRIES, 5611 Chestnut Street, Philadelphia, Pa. 19139
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1965 FEATURE ARTICLES IN ELECTRONIC INDUSTRIES

January 1965

1965 Review and Forecast for the Electronic Industries
The 1965 Electromagnetic Spectrum Chart

Guide to Connector Specifications: Part 1—P-C Connectors
Manufacturers of Printed-Circuit Connectors

Materials for Packaging Microelectronic Devices
Comparing the Backplane Wiring Techniques

Designing the RFI-Shielded Package

Selecting Epoxies for High-Z Circuits

A Microwave Beamfield Plotter

New Market Looms in Electronic Toys

February 1965

State-of-the-Art in Electrical Energy Sources
Specifying Connectors for Coaxial Cable

The Evolution of Semiconductor Electronics

How to Specify High Voltage Silicon Diode Stacks
Practical Design of All-Pass Networks

Shift Register Design Using Tunnei Diodes
Parallel Tuned Circuit Calculations

Making Meaningful Measurements

Laboratory Accuracy in a Portable Dual-Trace Oscilloscope
Writing Persuasive Proposals

Solid State Circuits Conference

March 1965

1965 Survey of Relay Specifications (Part 1)

What Engineers Should Know About Plasma

The Navy's Approach to Telemetry

Optimum Performance from Silicon Reference Elements
Applying Poles and Zeros to Nonlinear Networks
Choosing the Right Solder Alloy

Checking the Quality of Integrated Circuits

Making Meaningful Measurements—Part |l

Profile of Today's Electronic Engineer

April 1965

1965 Connector Specifications Guide . . .

Part 3 Multi-Pin Connectors
The impact of Integrated Circuits on Industry Roles
Mating the Thin Film and Semi-conductor Technologies
Measuring DC Relay Coil Transients
Suppressing Relay Coil Transients
A Semiconductor Servo for DC Control
Solid State Relay for Data Communications
Design Guide-Lines for Space Thermal Environments
The Probably Reliability of a Measurement
Many Technical Films Available for Engineers
Needed: Better Technical Papers

May 1965

Engineer's Guide to Antenna Selection
* Considerations in Selecting Antennas
e Linear Antennas
s Long-Wire Antennas
e Aperture Antennas
¢ Log-Periodic Antennas
1965 Relay Specifications—Stepping Relays & High
Voltage Relays
Using Field Effect Transistors for Digital Circuits
Thermal Probe Speeds Environmental Testing
Oceanography—New Challenge for Equipment Designers

June 1965

The Status of Monolithic and Thin-Film Circuits
Thin-Film Hybrid Approach to Integrated Circuits
A Close Look at Measurement Standards

Low Level High-Frequency R-F Voltage Standards
Measuring Frequency Deviation

Selecting the Right Meter

Improved Circuits for Testing SCR's
Oscilloscope Sampling Techniques

Laminates for Multi-Layer P-C Boards

Late Developments in Capacitor Design

Design for a Simple Voltage Regulator

ELECTRONIC INDUSTRIES + February 1966

Engineer's Notebook: Rise-Time Calculations
Color Photomicrographs of Electronic Devices
How EIA Faces the Challenge of Change

July 1965

The Broad Aspects of EMC

New Developments in EMC

Evaluating DC Testers for integrated Circuits

Survey of Integrated Circuit Testers

1965 Survey of Commercial Semiconductor
Photosensitive Devices—Part 1: Photoconductors

1965 Connector Specifications Guide, Part 4:
Plugs, Jacks, Cords and Terminals

Reliability Through Redundancy

A Simple Approach to Operational Amplifier Design

Electromagnetic Compatibility Measurements

August 1965

1965 Survey of Relay Specifications, Part 3: Power Relays

Profile of Electronic Engineers—1965

1965 Survey of Commercial Semiconductor
Photosensitive Devices

Designing Varactor-Tuned Circuits

Applications for Collector Logic

The Electronic Correlator

Growing Crystals for Electronic Devices

Testing Silicon Rectifiers

Don't Overlook the Competition

September 1965

1965 Survey of Commercial Semiconductor Photosensitive
Devices, Part 3: Phototransistors & PNPN Light
Activated Devices

1965 Survey of Relay Specifications, Part 4:

General Purpose Relays

A Look at Linear Integrated Circuits

Digital Integrated Circuits and Their Limiting Factors

Report on the Transistor Industry

Semiconductor Diodes—Past, Present, and Future

Wire & Cable Reference Chart

A Miniature R-F Switch for Space Applications

Nomograph for the Parabolic Surface Area

Curve Tracer for Field-Effect Transistors

October 1965

1965 Survey of Potentiometer Specifications, Part 1:
Precision Potentiometers

The Broad Aspects of Testing Integrated Circuits

Integrated Circuits Commercially Available

Using SCR’s in Power Control Systems

Potentiometer Linearity Considerations

Applying Directional RF Wattmeters

How to Avoid Engineering Obsolescence

November 1965

A Practical Component Packaging System

Microwaves—Past, Present & Future

1965 Survey of Microwave Semiconductors

Understanding Plasma Diodes and Amplifiers

Design Technique for Wideband Microwave Links

1965 Survey of Potentiometer Specifications, Part II:
Special Purpose Potentiometers

Photoconductive Detectors for Infrared Measurements

Market for Microwave Components Turns Upward

December 1965

More Computing Power Per Dollar
A Survey of Optical Character Recognition
OCR Equipment Manufacturers Listing
Memory Devices for Modern Computer Memories
Basic Considerations in Time-Sharing
Looking at Integrated Circuit Costs and Failures
1966 Survey of Switches, Part 1:
Toggle, Rocker, Slide and Lever Types
Notes on the Measurement of SNR
Legal Protection for Computer Software

89



NEW PRODUGTS

RACK & PANEL CONNECTORS

Ias 50 contacts in a mating
face area approx. 2.4 x 0.61 in.

The Micro - Ribbon 57 series allows
mounting many identical units on a single
frame without danger of mismating with
new  keyed shell miniature connectors.
Four different keying positions are pos-
sible on each connector in the line. Com-
binations of these basic keying positions
further increase the number of like con-
nectors that can be used on the same
panel. Three types are available: cable
to chassis units; cable to cable units; and
right-angle shell units, Contacts are rated
at 5a., 700vdc. Amphenot Connector Div.,,
1830 S. 54th Ave., Chicago, 111 60650.

Circle 156 on Inquiry Card

PLUG-IN CONNECTOR

Allotes interconnection of plug-
i 1C flut packs for testing.

Model MPC4 Pin Pack Connector al-
lows interconnection of in-line or plug-in
flatpack types of integrated circuits for
testing. prototype design, and production
packaging. The device accepts 16-lead
flatpacks. Spring-loaded connector has 16
positions consisting of 2 rows of 8 lead
sockets spaced 0.200 in. apart on 0.100 in.
centers.  Socket locations are numbered
both on the top and on the bottom of the
connector and 1 corner is chamfered for
easy indexing of devices. Texas Instru-
ments Incorporated, Metals & Controls
Inc. Div., Attleboro, Mass. Phone Bob
Rowe, Ext. 7203.

Circle 157 on Inquiry Card
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MULTI-TURN POT

Resistance ranges from 230 to [0OKQ
with a tolerance of 1% standuard.

PHOTOCHOPPERS

Operate at chopping freq. to 1kc and
modulates de signals in sub-pr level.

With this multi-turn potentiometer, the
wiper rotates around the periphery of the
resistance wire helix. and follows each
turn as does a nut on a screw. Since the
contact essentially travels with the axis of
the resistance wire, mstead of across the
turns as with conventional potentiometers,
high resolution is achieved with a low
noise level. Linearity is 0.01% and temp.
coefficient is 10 PPM/°C to 125°C. A
15,° of shaft rotation provides a typical
resolution of 0.17Q in the 25KQ unit.
Elliott Industries, 23987 Craftsman Rd,,
Calabasas, Calif.

Circle 158 on Inquiry Card

MICROWAVE POWER METER

Uses 60 cycle line voltage for calibra-
tion: no bridges or amplifiers needed.

Modet 540 power meter is used in con-
junction with a thermal-converter mount
to indicate microwave power. The meter
provides a full scale indication for 10mw
of r-f. The microwave thermal converter
mount has a vswr of less than 1.5:1 from
8.2-1246¢, and the mount efficiency is
hetter than 98%. The thermal converter
mount is capable of meeting Mil shock and
vibration and shows less than =5% varia-
tion in output from 0° to 70°C. The re-
sponse time is approx. 3 sec. MSI Elec-
tronics Inc, 116-06 Myrtle Ave,
Richmond Hill, N. Y. 11418. Phone A.
l.ederman, 212 HI 1-6420.

Circle 159 on Inquiry Card

ELECTRONIC INDUSTRIES -

The hpa-4503 and 4504 are DPDT ex-
ternally-driven photochoppers. The 4503
features a high impedance modulator for
use with high input impedance amplifiers;
the 4504 features a low impedance modu-
lator for use with low amplifiers. The
demodulator of both types is used with
a low output impedance amplifier and
provides an output impedance of 50K
Prices are $37.50 in quantities of 1-99
and $26.50 in quantities 100-999. HP
Associates, 620 Page Mill Rd., Palo Alto,
Calif. 94304. Phone Dan Scheel 415 321-
8510.

Circle 160 on Inquiry Card

LIGHT SOURCE
Provides the high speeds needed
to cxposc photo resist materials.

Series B3042 emits approx. 85% of its
energy in the 365MU and 420MU region.
These peaks match the sensitivity response
of most photo resist emulsions, resulting
in exposures that are said to be 3 to 10
times faster than those produced by con-
ventional brute-force sources. The source
offers cool and uniform light coverage,
cleanliness, automatically timed exposures,
and almost inexhaustible lamp life. All
units are thermostatically controlled, in-
suring peak intensity at each start. De-
signed for intermittent operation only.
Aristo Grid Product, 65-B Harbor Rd,,
Port Washington, L. L

Circle 161 on Inquiry Card
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Here’s why engieers have specified
this heavy duty 25 amp relay by P&B

for over 30 years

This is the granddaddy of all P&B relays. Our very first design. Many millions

are in use throughout the world . .

. starting motors, controlling elevators,

switching high current and voltage loads, doing a multitude of heavy duty
jobs, reliably. Year after year, the PR Series remains high on our best-seller

list. Here are some reasons why.

EXCELLENT CONTACT WIPE
ACHIEVED WITH FLOATING
CONTACT CARRIER

PR relays are designed with a full
floating carrier for the movable con-
tacts. Beside providing sufficient con-
tact pressures, the ; s
floating carrier
builds-in an abun-
dance of wipe to
keep the contacts
scrubbed on every
operation. Large,
3" diameter con-
tacts switch 25 am-
pere non-inductive
loads or 1 HP at 115/230 VAC, smgle
phase. A phenolic barrier between the
contacts of multipole relays prevent
flash-over between contacts.

SELECT FROM A VARIETY
OF CONTACT ARRANGEMENTS

PR reliability is available in relays
having the following contact arrange-
ments: SPST-NO, SPST-NC,
SPST-NO-DB,
SPST-NC-DB,
SPDT, DPST-NO,
DPST-NC, and
DPDT. Coil volt-
ages range from 6
to 440 volts A.C.,
and 6 to 110 volts
D.C. A vast number
of special variations ‘
of these standard parameters have
been engineered over the years.

ELECTRONIC INDUSTRIES < February 1966

AUXILIARY CONTACTS ADD TO
VERSATILITY OF PR RELAYS

A single set of auxiliary contacts
(Form A, B or C) can be supplied
when the application demands. They
are rated at 5 am-
peres at 115 VAC,
60 cycle resistive.
Standard models of
PR relays with
auxiliary contacts
are available from &
leading electronic
parts distributors.

MANY STANDARD RELAYS ARE
LISTED BY U/L AND CSA

A wide range of standard PR relays is
listed by Underwriters’ Laboratories
(File E22575) and Canadian Stand-
ards Association (File 15734). CSA
listing covers AC relays only. These
listings can often save you time and
extra expense when obtaining UL or
CSA qualification for your products.

MAGNETIC ARC-QUENCHERS
FURNISHED ON SOME MODELS

For DC loads over 28 VDC, PR re-
lays with normally open contacts can
be furnished with permanent magnets
to quench arcs.
These magnets in-
crease the DC volt-
age rating to 220
volts resistive . . .
and offen increase
the life of contacts
handling DC in-
ductive loads.

A4

PR SERIES SPECIFICATIONS

GENERAL:

Mechanical Life: Single-pole, 1,000,000
(cycles); double-pole 10,000,000 (cycles).

Contacts: 100,000 cycles at rated load.
Contact life increases at smaller loads or
with appropriate arc suppression.

Breakdown Voltage: 1,500 volts rms
minimum between all elements and ground.

Ambient Temperature Range:
DC: —55to +80° C.
AC: —55to +45° C.

Weight: Approximately 10 ozs.

Puli-In
DC: 75% of nominal voltage (approx.)
AC: 78% of nominal voltage (approx.)

Terminals: Heavy-duty screw type terminals
are standard for coil and contacts.
Available with printed circuit, plug-in,
%" quick connect and terminals for rear
panel wiring.

Enclosure: PR dust cover.

CONTACTS:

Arrangements: Up to 2 Form C (DPDT.)

Material: %" dia. silver standard. Other
materials available for special applications.

Load: 25 amps non-inductive or 1 HP @
115/230 volts AC, single phase. Special
version—30 amp. non-inductive at
115/230 VAC; single phase available.
(Consult factory)

COIL:
Voltage: AC: 6 to 440 volts.
DC: 6 to 110 volts.
Power: DC: 2.0 watts nominal.
AC: 9.8 volt-amps.
Resistance: 63,800 chms maximum.
Duty: Continuous, AC or DC (DC coils will
withstand 8 watts @ +25° C.
Mounting: Two %" diameter holes on 14"
centers.

LEADING ELECTRONIC PARTS
DISTRIBUTORS STOCK 44
DIFFERENT PR RELAYS

Immediate delivery
at factory prices.

Ask your distributor ~53
for a copy of Stock Catalog 100

POTTER = BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, N.Y

Circle 46 on Inquiry Card 91
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“Quick-Acting” fuses for protection of
sensitive instruments or delicate appara-
tus;—or normal acting fuses for protec-
tion where circuit is not subject to
current transients or surges.

INSIST ON

BUSSMANN MFG. DIVISION, McGraw. Edison Co., ST. LOUIS, MO. 63107

Circle 47 on Inquiry Card

FUSETRON

dual-element Fuses
slow blowing

“Slow blowing™ fuses prevent needless out-
ages by not opening on harmless overloads—
yet provide safe, protection against short-
circuits or dangerous overloads.

INSIST ON

BUSS: The Complete Line of Fuses and

NEW PRODUGTS

BUSSMANN MFG. DIVISION, McGraw- Edison Co., ST. LOUIS, MO. 63107

TRIODE OSCH.LATOR

Provides o high-powcer signal source

comtinmonsly tiable from 26c to foc.

The Maodel 2423 oscillator uses a triode

mounted in a nmulti-axial cavity, \verage
power output is L3w. o min, is 10, Tuning
resolution is 40KC or better with overall
residual Fa Jess than 10ke. Varactor ele-
ment ineremental freg. control is provided
over the entire octave band with a tuning
ranve of +04uce at 2ae to 083 at da.
It may be used in phase-locking applica-
tions, I'rice is £1,730. Scientific- Mlanta,
Ine., Dox 13054, Atlanta, Ga. 30324
Circle 162 on Inquiry Card

COMPUTER TAPE

lor phase modulation recording.
Dacking  density of looo cpr.

Ampex 836 computer tape is fully com
patible with the THBN 2400 tape transport.
[t i~ suitable Tor present standard NRZI
dicital recording, 7-track or Y-track, at
packing densities up to 80 ¢pi. The 836
tape carrics a 3-ve. computer tape war
vanty. Ampex Corp, 401 Broadway, Red
woorl (.il'\" Calif.
415 307-4151.

Circle 163 on Inquiry Card

TRANSISTOR SOCKET

Solders to ['C board and ac-
cepts TO-60 outline packaye.

Phone Gregg Perry

The KX-730 mounts 3/32 in. above the
bhoard. Pia. is 0.370 i max. Insnlator is
Gi-10 glass epoxy laminate with individual
contacts securely staked into it; pull-ont
Operating  temp.
range ol nsulator is 150°C continuous.

foree is 25 1hs. min.

This socket is particularly suitable for air
hortie or severe service applications. Rob
mison Nugent Ine., 802 k. 8th St,, New
Albany, Ind. 47130

Circle 164 on Inquiry Card

ROTARY SWITCH

PC board switch clininates soldering,

all wiring  and  mounting  hardweare.

This switch has a printed stator pat-
tern incorporated directly to the PC hoard.
To assemble, just drill or punch a hole
in the center of the stator pattern and
snap the switch in place. Switch can be
assembled, ready for nse in less than a
min. The conmtacts 1ift off the stator as
they are turned to a new position, reduc-
ing wear due to normal wiping action.
Lateur Engineering Co., 5337 Satsuma
Ave, N Hollywood, Calif.

Circle 165 on Inquiry Card




NEW PRODUGTS

ONE-PIECE CONNECTOR

For solderless terminating and ground-
g braids on shiclded or coaxial cablc.

This connector has a floating inner
sleeve which facilitates insertion of the
braid and gronnd:ng lead for faster ir-
stallation. Two large inspection windows
are provided in the end of the connector.
These windows allow #20 stranded
ground wire to be inserted from the front.
Available in 9 sizes, the connectors acconi-
maodate a dielectric or insulation range
from 0.053 to 0.202 in. The Thomas &
Betts Co., 36 DButler St., Elizabeth 1,
A

Circle 156 on Inquiry Card

CRYSTAL OSCILLATOR

Stability better than 5 parts i
107 [day and 1 part 10"/ month.

The [FIFO - 160 provides a Iatc output.
Proportionally  controlled oven  permits
stable operation from —40°C to 4060°C.
A low jitter crystal oscillator circuit, with
an aGe system to maintain constant erys-
tal current, gives a short-term stability
better than 1 part in 10"/sec. Price is
approx.  $50. Manson laboratories
77 Danbury Rd., Wilton, Conn.

Circle 167 on Inquiry Card

RECTIFIER BRIDGE ASSEMBLY
Avatlable in sigle or 3-phase con-
fiqurations with outputs up to 140a.

This hybrid SCR bridge assembly is de-
signed for max. cooling and optimum per-
formance under conditions such as heat

and dust. It features simplificd terminal

attachment, accessible gate terminal blocks,
and insulated rail mounting for the ut-

most  flexibility.  International Rectifier,

233 Kansas St., El Scgundo, Calif. 90246.

Phone Kenneth ). All, 213 678-6281.
Circle 168 on Inquiry Card

A-TO-D CONVERTER
Features 13 bit ¢ 20019 ) accu-
racy al high

conversion rates.

l

Model 633 analog-to-digital converter
converts input voltage levels to digital
form for subscquent recording or proc-
essing. Using integrated circuit techniques,
it provides resolutions up to 15 bits of
binary data or 17 bits of BCI) data at a
conversion rate of 1.Susec./bit. Any of 8
different output signal levels are avail-
able at the user’s option. Redcor Corp.,
7800 Deering Ave., P. O. Box 1031,
Canoga Park, Calif. 91304,

Circle 169 on Inquiry Card

Fuseholders of Unquestioned High Quality

VISUAL INDICATING FUSES

BUSS
SUB-MINIATURE

FUSEHOLDER COMBINATION

FUSE ONLY
270 x .250
INCHES

PREVENT
RADIO

GMW FUSE
and HWA
FUSEHOLDER

FREQUENCY
INTERFERENCE

For space-tight applications. Fuse has window for

inspection of element. Fuse
without holder.

Fuse held tight in holder by beryllium copper con-

tacts assuring low resistance.

Holder can be used with or without knob. Knob

nay be used with or

&
R

For use where fuse and fuseholder could pick up radio frequen=

cy radiation which interferes with circuit containing fuseholder

makes holder water-proof from front of panel.

Military type fuse FMOI meeis all requirements of
MIL-F-23419. Military type holder FHN42W meets

—or other nearby circuits.

Fuseholder accomplishes both shielding and grounding.
Available to take two sizes of fuses—14 x 114" and 14 x 1” fuses,
Meet all requirements of both MIL-1-6181D and MIL-F-19207A.

all military reguirements of MIL-F-19207A.

Write for BUSS Bulletin SFB Write for BUSS Bulletin SFH-12

INSIST ON LB

BUSSMANN MFG. DIVISION, McGraw- Edison Co., ST, LOUIS, MO. 63107
Circle 47 on Inquiry Card
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1970

1969
1968

an L = 1| =

1970 is a reality. Only four years
hence—hardly enough time to
plan ahead.

Every day brings new problems.
And one manufacturer can show
only one particular way to tackle
your problems. 5900 exhibitors
can show you 5900 ways—that
will pay off tomorrow.

In 20 years Hanover has become
the world’s foremost trade fair
for industrial materials, equip-
ment, machinery and selected
consumer goods. It is a time-
tested instrument for bringing
manufacturers and customers to-
gether once each year, creating
a marketplace for buying and
selling, comparing and examin-
ing, or just talking shop.

HANOVER FAIR
1966

©

April 30-May 8

Hanover, Germany

For informotion, room reservotion forms
ond tickets, phone 212-JU 2-7788

or write:

GERMAN AMERICAN
CHAMBER OF COMMERCE

New York: 666 Fifth Avenue
Chicago: 77 East Monroe St.

Circle 48 on Inquiry Card
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NEW PRODUGTS

MINIATURE BLOWER
Generates 2 maximum vilira-
tion ; has 1006 e mininnem life.

Y

The CF-100 miniature blower (1 in.
cube) delivers 2 efm. The unit is a radial
bladed, centrifugal type which weighs less
than 37 granws. It contains & 2-phase 2-
pole hysteresis motor that operates at 26v,
400 cycles. The motor consumes less than
2.5w./phase. Operating temp. range is
—55°C to 125°C. The blower has a 20°C
heat rise. Power factor is (.87. Clifton
Precision Products, Div. of Litton Indus-
tries, 5080 State Rd, Drexel Hill, Pa.
Phone George Galvin, 215 622-1000.

Circle 170 on Inquiry Card

GATE DRIVERS

Prevents failures caused by the di/dt
cffect, and provides increased gate power.

Series VSN532 and VS6732 are Silicon-
trol® packaged SCR gate drives. They
are fast-pulse rise-time stacked open-card
assemiblies and provide increased gate
power for pulsing SCRs having high-cur-
rent ratings. Ideally suited for completely
balanced, reliable SCIY firing in 3-phase ac
or dc power cantrol, they sequire no bias
for pulse reset. They are fail-safe—load
and controi circunits are fully isolated.
Each gate-signal output is a pulse of
substantially constant amplitude which is
180° wide at full SCR conduction.
Sprague Electric Co., North Adams, Mass.
Phone Skiney Chertok, 413-6/4-4411.

Circle 171 on Inquiry Card

ELECTRONIC INDUSTRIES -

MINIATURE CAPACITOR
U ses newe diclectric material. Packs a max.
of Tuf inoa 025 x 04w package.

The Glass-K capacitors use a dielec-
tric of glass composition containing inter-
spersed microcrystals. Working valtage is
SOvde for an operating temp. range of
—55°C to +4125°C. In addition to the
0.25 x 0.14 in. package, a 0.25 x 0.1 in.
unit is available which is rated at 0051 ufd.
The smaller case size has a capacitance
range of 0L001 to 0.051ufd. The otlter case
size has a capacitance range of 0.012 to
0.100ufd. Corning Electronics, Corning
(ilass Works, Raleigh, N. C.

Circle 172 on Inquiry Card

PULSE GENERATOR

Offers a min. risc time of 4.3nsec.
and ¢xternal triggering from Ie.

&

R i \ ‘/5\% ‘.- "' s

= -+ “»
. DR

5 g

The repetition rate of Model 110A s
variable from 4crs to <0Oxmc¢. Linear tran-
sition times are separately variable. Si-
multancous positive or negative outputs
are available to 10v. into 509 with up to
70db attenuation in either single or double
pulse modes. Pulse width is variable from
10nsec. to Smsec.: pulse delay is variable
from 10nsec. advance to S0mscc. delay.
Dty cvele is 509 at 40sc. Variable de
baseline control allows selection of com-
plement output pulses at any level be-
tween ~+=10v. Datapulse Inc.. 509 Hindry
Ave., Inglewood, Calif. 90300, Phone M.
B. Cox. 213 671-4334.

Circle 173 on Inquiry Card
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SELECTED for MAJOR AEROSPACE SYSTEMS because of
DRAMATIC SIZE REDUCTION and INHERENT RELIABILITY...

ERIE SUBMINIATURE
BROAD BAND

RFI FILTERS

Actual Size

8 [ ’ ] High Attenuation ¢ Hermetically Sealed
xctustve . Subminiature * Reliable

Only one-fourth the size of conventional filters, Erie subminiature Broad
Band RFi Filters provide excellent attenuation performance in the 10KC to 10KMC
frequency range as shown in the attenuation curves below.

The problem of Electro-Magnetic interference caused by switches, relays,
motor commutators, SCR and transistor switching is efficiently eliminated by the
use of Erie’s hermetically sealed Broad Band EMI Filters. No longer is it necessary
to use bulky paper capacitor-coil combinations. .. or large conventional filters.
Erie filters provide better attenuation in a fraction of the space.

These reliable Broad Band Filters are selected for major aerospace systems
as well as for use in industrial and commercial communication circuitry becals
of their small size ( .375 dia. x .720 long ) and high performance. Mountin

arrangements and hardware to suit the application. z
J

Consider the advantages of Erie Broad Band EMI Filters Iy | S
in your equipment. Write TODAY for literature and samples . . . \ - 2
Erie Technological Products, Inc., Erie, Penrisylvania. ,' %’.

TECHNOLOGICAL

PRODUCTS, InC
TY?ICAL

1
ATTENUATION
) CURVE P
d . ! Formerly
R L Erie Resistor
requEncy Corporation 7

Another series of components in Erie’s Project “ACTIVE.”
Advanced Components Through Increased Volumetric Efficiency.

ATTENUATION IN db

644 West 12th Street
Erie, Pennsylvania
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NEW PRODUGTS

SWITCHES

AC rated at 5a., 1254, and 2a. 2507, ;
de at 4a., 125v. and la. 2507.

BAT /
LEVER /

PADDLE
LEVER

Series 84000 are snap-sliding, wedge-
action switches, This new line offers ac
and dc ratings; quick make, quick break
with wiping contact action; 2 or 3 lever
positions : maintained or momentary ac-
tion—on 1 or both sides of center: choice
of 3 contact materials; and compact phys-
ical dimensions. The 85000 series is of-
fered in all circuits SFST through DPDT.
Specialty Switch Div., The Arrow-Hart
& Hegeman Electric Co., 103 Hawthorn
St., Hartford, Conn.

Circle 174 on Inquiry Card

NEON TRIGGER TUBE

lor swottching circuits. Standoff
voltaye rating is 190 to 210vdc.

The TRQ250 trigger tube can be used
in switching circuits such as timers, ring
counters, shift registers, memory cells,
X-Y matrices, computer readouts, machine
control, etc. Its high iight output allows
it to be used with photo resistors. The
tube is ionized by 106 (=*4)vdc. Its
maintaining voltage is 100 (*2)vdc. Op-
erating current range is 1 to 6ma. Main-
taining voltage is 2ma. Turn-on current
is lua. max. Life expectancy is greater
than 25,000 hrs. Signalite Inc, 1933 Heck
Ave., Neptune, N. J. Phone Robert Mayer,
201 HU 7-7477.

Circle 175 on laquiry Card
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LOG SPIRAL ANTENNAS

Three individual models span the
freq. range from 130 to 8500c.

The Series 324 conical log-Spiral an-
tennas may he used as low-power primary
feeds for paraboloidal reflectors in appli-
cations requiring min. horesight shift and
good circular - polarization performance.
To meet these requirements, the balanced
excitations are derived from a series of
inherently balanced bhalum configurations
which provide a bandwidth ratio of 4:1.
Jasik lLaboratories, Inc., 100 Shames Dr.,
Westbury, 1.. 1., N. Y. Phone Dr. A, D.
Bresler, 516 ED 3-4010.

Circle 176 on Inquiry Card
MERCURY-WETTED RELAYS

Operates at speeds as high as Hnsec.
and on power as low as 1.2msec.

BABCOCK RELAYS

The Series BWS mercury-wetted relays
can be used on printed-circuit boards. The
relay  meets  the high-speed  switching
needs of computer, control and data proc-
essing systems, and operates from —37°C
to +107°C. They have life expectancy
of over 1 billion cycles, and will with-
stand non-operating shock up to 30G's and
vibration of 100G's. Other specs. include:
max. power dissipation (35°C) from
1.5w., and a contact resistance (max.) of
40 milliohms. Babcock Relays, Div. of
Babcock Electronics Corp., 3501 Harbor
Blvd., Costa Mesa, Calif.

Circle 177 on Inquiry Card
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Buy your ITT Red Caps
from any of the following
ITT authorized distributors

ALABAMA
Gulf Semiconductors, Inc.
(205) 881-7737
ARIZONA
Moltronics of Arizona
(602) 278-5531
R. V. Weatherford Company
(602) 943-1966
CALIFORNIA
Capacitors, Inc.
(213) 682.3541
Electronic Components, Inc,
(714) 232-8951
Fortune Electronics
(415) 826-8811
Hollywood Radio and Electronics
(415) 322.3431
Perlmuth Electronics
(213) 931-1041
Santa Monica Bell Electronics
(213) 321.5802
Wesco Electronics
(213) 795.9161
CONNECTICUT
Cramer Electronics
(203) 288-7771
FLORIDA
Cramer Electronics
(305) 566-7511
Gulf Semiconductors, Inc.
(305) 887:6541
ILLINDIS .
Semiconductor Specialists, Inc.
(312) 622-8860
MARYLANO
D & H Distributing Company, Inc.
(301) 539-6525
Frontier Electronics, Inc.
(301) 427-3300
MASSACHUSETTS
Cramer Electronics, Inc.
(617) 969-7700
Greene-Shaw Company, Inc.
(617) 969.8900
MINNESOTA
D. F. Countryman & Company
(612) 645-9151
Semiconductor Specialists, Inc,
(612) 866-3434
MISSOURI
Olive Industrial Electronics
(314) 863-4051
NEW JERSEY
Eastern Radio Corporation
(201) 471-6600
Genera! Radio Supply
(609) 964-8560
Valley Electronics
(609) 662-9337
NEW YORK
Arrow Electronics, Inc.
(516) 694.6800
Electronic Supply Corporation
(212) 478-4000
Harvey Radio Company, Inc.
(516) 921-8700
Milo Electronics
(213) 233-2980
NORTH CAROLINA
Southeastern Radio Supply
(919) 828-2311
OHI0
Alpine Industries, Inc.
(513) 278.5861
Pioneer Standard Electronics
(216) 432-0010
PENNSYLVANIA
Philadelphia Electronics
(215) 568-7444
TENNESSEE
Electra Distributing Company
(615) 255-8444
TEXAS
Beta Electronics, Inc.
(817) 277-2231
Contact Electronics
(214) 631-9530
McNicol, Inc.
(915) 566-2936
VIRGINIA
Meridian Electronics
(703) 353.6648
CANADA
Prelco Electronics, LTD

(514) 389-8051




|
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Why ITT wet tantalum
capacitors can't leak

Every ITT Red Cap® wet tantalum capacitor gets a “total
stress” seal that. urlike the ordinary single-crimp seal,
positively prevents electrolyte leakage. To accomplish
this, ITT inserts a teflon end seal, then spins down the
open end of the can until end seal, anode and insulating
washer are under a predetermined compressive force.

Seal integrity is further insured by the addition of an
epoxy end fill, Since the epoxy's expansion coefficient
is less than that of the can, temperature cycling cannot
relax the spun seal,

If you're tired of electrolyte leaks and the problems
that go with them, here’s an easy solution. Order the
ones that can't leak —the Red Caps®— from your ITT
Capacitor distributor or from ITT Semiconductors, 3301
Electronics Way, West Palm Beach, Florida.
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Here are some
old beaker covers

Now you can do away with sandwich wrap and other
makeshift beaker lids. New Mallinckrodt AR plastic
beakers are available with rigid covers in all sizes.

These are also the beakers with the exclusive “*no-drip
lip” that stops pouring instantly as you tilt it back.
There's never a leftover drop to run down the side and
mess up your work area. You don’t have to clean up
after AR beakers, because they don't leave rings and
puddles on your workbench.

Send for the complete AR Plastics catalog. New ideas in labware
from the people who think past the product. Stocked for immedi-
ate shipmert by your lab supplier.

AN

Mallinckrodt

-

MALLINCKRODT CHEMICAL WORKS
St. Louis . New York . Los Angeles

Circle 61 on Inquiry Card
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PISTON TRIMMER

% in. dia. unit permits new
latitude in package miniaturization.

MH-13 is a tiny precision glass-piston
trimnier capacitor which extends only 34
in. behind pancl. The Q at 1Mc is 300min.,
and Q at 250mc is 200min. Solid metal
electrode bands on glass dielectric permit
soldering directly to electrodes without
damaging the capacitor. Samples avail-
able from Roanwell Corp., Roanwell
Bldg., 180 Varick St., New York, N.Y.
Phone Marvin Payne (212) 989-1099.

Circle 178 on Inquiry Card

POWER FILM RESISTORS
Resistance range is 509 to 3 meyolims.,
Tolerances are 1/10, V4. V5. 1, and 2%.

The D) resistor comes in 3 models rated
from 4 to 12w. The D5 is rated at 4w.;
the 110 at 8w. and the D15 rated at 12w.
Resistance range is from 5092 to 5 meg-
ohms. Two standard temp. coefficients,
+25 ppm/°C and ==50 ppm/°C, are avail-
able in an operating range from —55°C
to +175°C. Functionally, the D series
meets the physical specs. of Mil-R-18546C
for housed resistors and the electrical
specs. of Mil-R-10509E for film resistors.
Approx. $1.25/unit, depending on quantity,
tolerance and T.C. Dale Electronics, Inc.,
P. O. Box 488, Coluinbus, Nebr.

Circle 179 on Inquiry Card
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NEW PRODUGTS

SUBNANOSECOND SWITCH

Uses Gallium Arsenide and cxhibits
switching  times less than  Insce.

Model SC-32 is a SPDT switch. It
exhibits insertion loss of approx. 0.7db in
the transmitting state, and isolation great-
er than 30db when biased “off.” The
freq. bandwidth of operation is greater
than 109% at C-band. This unit is de-
signed for small size and min. bias. These
min. bias conditions enable a simple high-
speed driver to be used.  Hyletronics
Corp., 185 Cambridge St., Burlington,
Mass.

Circle 180 on Inquiry Card

PASSIVATED DICE

Encompass computer, sener, and
ageneral furpose silicon diode spers.

\ \
These silicon mesa passivated dice have
recovery and capacitance af less than
2nsec. and 2pf. Specific, substrate, thin-
film and matrices configurations can be
custom engineered. Dice surfaces can he
metalized. Termination temps. greater
than 350°F can he used without degrad-
ing the device characteristics or the
passivated surface. The dice meet or ex-
ceed Mil-S-19500 and Mil-STD 202 specs.
without further encapsulation. Units are
priced at $1.50 each at the 100 unit quan-
tity level; less than $.50 at over 1000 unit
quantity level. MicroSemiconductor Corp.,
11250 Playa Court, Culver City, Calif.
Phone James Whitehead 213 391-8271.

Circle 181 on Inquiry Card

ELECTRONIC INDUSTRIES -

IC MEMORY SYSTEM

Integrated-circuit, core-memory sys-
tem has full - cycle time of 2usec.

. ‘[. s = J
185 ‘
o |

late, |

|

Series MUA comes in any of 4 access
modes: random, sequential, random / se-
quential, and sequential-interlaced. In ad-
dition, the user can select from a variety
of interface circuits and optional features
such as address register, power supply,
and self-test. Half-cycle time is 1.25usec.,
and access time is 950nsec. Word capaci-
ties range from 64 to 4096 with 2 to 30
bhits/word. Fabri-Tek, Inc., Amery, Wisc.
Contact Mrs. Ruth Gordon.

Circle 182 on inquiry Card

4-LAYER DIODES
Stmplifics circuitry by reducing
the number of componciuts needed.

These  2-terminal,  bistable switches
change from the high resistance off state
to a low resistance on state when the ap-
plied voltage exceeds the device's forward
hreakover voltage. The 4-layer diode re-
mains in this high-conductivity state as
long as the current through the device ex-
ceeds its specified holding current. The
diode simplifies circuitry. Whenever the
applied power and the control signal are
the same or are on the same line, the diode
climmates the pulse-steering circuits which
isolate or derive the control signal and
deliver it to the control terminal of a 3-
terminal device. Motorola Semiconductor
Products Inc.,, Box 955, Phoenix, Ariz.

Circle 183 on Inquiry Card
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DUAL OUTPUT

POWER
SUPPLIES

Guaranteed

3-DAY
Shipment!

Dual output power supplies are housed
in one case 3-5/16” x 4-5/32" x 4-11/16”
high. ldentical or different output volt-
ages from 1.5 to 75 are available in 1
volt increments for each of the DC out-
puts. The graph below furnishes maxi-
mum current corresponding to output
voltage. Select the two outputs needed
and telephone Acopian for all the de-
tails — plus guaranteed 3-day shipment
after receipt of your order.

75 1), - 4{,_
60 —F — - = . 4
3
S 50
E]
) 1
&
3 0 1
S
g2 20 - -
g
3
10 —oF !
i
100 200 300 400 500
OUTPUT CURRENT (MA)

TYPICAL SPECIFICATIONS

Input Voltage: 105 to 125 VAC

Line Regulation: =05 to *+0.05%
(depending on model)

Load Regulation: 1.0 to +0.05%
(depending on model)

Ripple: 5 to 1 mv (depending on model)

No additional external

heat sinking required.

Write for Acopian’s 16-page catalog and

price list to: Acopian Corp., Easton,

Penna., or call collect (215) 258-5441.

Acopran

Circle 52 on Inquiry Card
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No stoop, stretch, or missed
readings with Behlman-
Invar's exclusive

TILT

METERS

Mount this DC power supply at floor
level or above your head — you’ll be able
to tilt the meters for easy viewing and
accurate settings and readings from any
operator position!

6 VOLTAGE RANGES: from 0-5 to 0-100 VDC
€ CURRENT RANGES: from 0-6.5 to 0-0.60 AMP

The most power per dollar with silicon
reliability . . . in quarter-rack size. Liber-
ally derated circuit elements. Load reg-
ulation: 0.019,. Stability: 10mv/8 hrs.
Remote voltage and current program-
ming and sensing. Constant voltage,
constant current, with automatic cross-
over. Provision for external modutation.
Tilt Meter. LIFETIME WARRANTY.

Nom. Current, Amps Ripple
Model Volts 30°C  71°C P-P (rms)  Price
Qs-5 0-5 06.5 04.7 1.0mv/150uv $214
Q$-10 0:10 04.2 03.0 1.0mv/170uv $200
Qs-20 0-20 0-25 0-1.8 1.0mv/200;v $184
Qs-40 040 0-14 0-1.0 1.0mv/250uv $179
QS-60 0-60 0-0.96 0-0.69 1.0mv/300uv $209
QS-100 0-100 0-0.60 0-0.43 1.0mv/400uv $229

Send now for QS data sheet, 4 pages of
comprehensive technical data.

“POWER TO MATCH THE ART”

BEHLMAN-INVAR
ELECTRONICS CORP.

1723 Clovertield Bivd., Santa Monica, Calif. 90404
Representatives in principal U.S. Cities & Canada

100 Circle 53 on Inquiry Card

NEW PRODUCTS

1 BANDWIDTH AMPLIFIERS

Solid - state  amplifiers  deliver  output
powers comparable to vacusm-tube types.

The AP series are low-noise, octave-
bandwic¢th amplifiers. Standard ‘req. cov-
erage is provided by the iollowing models:
AP-10, 100 to 200 MHz; AP-20, 200 to
400 MHz. These amplifiers provide be-
tween 20 and 423dbm of power at the
1dbh gain compression point. The MTBF
is 250,000 hrs. @ 71°C. Max. de input is
+15vde @ 3.75w. They use 509 imped-
ance OSM miniature r-f connectors, and
the complete unit weighs less than 8 oz.
Price is approx. $1000. For additional
data write to lLarry Thielen, Avantek,
Inc., 3001 Copper Rd., Santa Clara, Calif.

Circle 184 on Inquiry Card

WAVE ANALYZER

Examines fundamental freqs., harmonics,
and components from 20cps to 100kc.

Model 301A is a solid-state, wide-range
wave analyzer with digital readout that
is direct-reading in ke, The 5-digit read-
out provides numerical values in 10ces
increments, with 2ces interpolation marks.
Freq. resolution is specified as *1%
4 10cps from 20crs to 10k¢, and ==100ces
from 10kc to 100kc. Model 301A can be
used as a tracking signal generator or as
a selective voltmeter with restored signal
output. In the signal generator mode,
the output freq. is the same as that to
which the voltmeter is tuned. Price is
$1,995. Sierra/Philco, 3885 Rohannon Dr,,
Menlo Park, Calif. 94025, Phone 415 322-
7222

Circle 185 on Inquiry Card
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HEAT SINK

Loz - cost heat sinks are
for TO-1 casc transistors.

The 1-piece construction of the 2N-
2431MP heat sink eliminates clamping
tuts and bolts, and saves the time spent
in aligning the Z-piece types. Thermal
resistance from case to amb. is reduced by
a factor of almost 2:1. Three types are
available: HS-3 is used in amplifiers up to
10w.; HS-2 is adequate for a Sw. ampli-
fier in free air: HS-1 provides heat sink-
ing for 2 output pairs (4 transistors for
stereo), for up to 10w./channel, when
mounted on a chassts. Amperex Elec-
tronic Corp., Semiconductor & Receiving
Tube Div., Slatersville, R. 1. 02876.

Circle 186 on Inquiry Card

FET/TRANSISTOR TESTER

Tests characteristics of p- and
n-channel junction MOS FET.

Monitor II is a general-purpose. easily
programmed test set. In addition to
[FETs, it tests most small-signal and
medium-power bipolar transistors and
semiconductor diodes by adding program
modules. Some features include: 10 pico-
amp leakage current resolution; modular
construction; test time programmable
from 100msec. to 1 sec./parameter. Any
transistor or diode within parametric
limits of the equipment mayv be tested by
changing test modules. Price varies from
$7,900 to $15,000; 90 day delivery ARO.
Silconix Inc., 1140 W. Evelyn Ave., Sun-
nyvale, Calif. 94086. Phone Harriet St.
Tohn 408-245-1000.

Circle 187 on Inquiry Card
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VOLTAGE FCLLOWER

Features 4000 megolms input and
wnity gain to an accuracy of 20 ppm.

Model 933 is a differential amplifier
specifically optimized for follower uses.
Applications indude : impedance transfor- I
mation, measurement from very high- |
impedance sources, unloading of precision
voltage dividers, sample and hold circuits,
shield capacity drivers, and precision ac-
tive low-pass filters. QOutput is 20ma @
10v. ; drift is Suv/°C and 120pa/°C. Volt-
age and current offsets are adjustable to
0. The output impedance is less than
0.0192. RO Associates. Inc., 917 Terminal
Way, San Carlos, Calif. 94070. Phone
Jerry Hacegle, £15-593-7570.

Circle 188 on Inquiry Card

CARD HOLDER

Accepts any size card within the
limitations of the end plates used. |

card

circuit
holder comes in sizes of 514, 7, and 83 l
in. high x 11 in. deep for standard 19 in.

wide mounting Furnished normally un- |
assembled. it consists of end plates, tie

The Verorack printed

rods, plastic guides and spacers. Any
desired card spacing can be achieved down
to 0.6 in. hy u<ing the appropriate spacer
size. \'arious length guides are available
to suit the card length. Connectors are
mounted either cirectly on the card guides
ar on connector meunting rails,  Price
Aepending on size and number of guides
required. Vero Flectronics, Inc., 48 Allen
Blvd., Farmingdale, N. Y. Phone Walter
OYDonnell, 516 MY 4-6550.
Circle 189 on Inquiry Card
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Of the many thousands
of items Fischer makes...

Parts within these
limits can be made
and delivered faster
at lowest prices

Width: from %a" to 3"

(L Dp—m

Minimum thickness: .015" for all

\ parts %e" hex or %" round
and larger
3 .
3 7 .
e ) L o bad
1 N\
!" N — P '
4 Minimum wall thickness: 4" \
4 for wafer nuts .020" for parts

with shoulders %" with %"
threads or larger

Threads: up to 120 per inch
Pitch: 000 to %

Y

) LS REBREA W)

-

All parts are tap-
ped to Unified
Class 3B, 2Band
American Class
2 tolerances.

/ Don‘t take our word for it. . . check |
us out. Fischer's extremely high-
speed precision equipment, close
quality control and prompt delivery
will reduce your costs tc an abso-
lute minimum.

SPECIAL MANUFACTURING CO.

446 Morgan St., Cincinnati, Ohio 45206
Phone: 513—961-1280 2T FS
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BIG POWER

SMALL PACKAGE
CERMET STABILITY
UNDER $2.00 each

(in production quan.)

CERMET RESISTANCE ELEMENT

GOLD TERMINATION PAD

TERMINALS ELECTRICALLY
SONDED TO TERMINATION PAD

TERMINAL INSERT
MOLDED INTO BASE

CERAMIC ELEMENT
RING AND HEAT SINK

MOLDED DIALLYL
PHTHALATE BASE

Series 550 has long life—
no catastrophic failures

New 2-watt, 3/4" diameter
CERMET Variable Resistor

Applications: computers, instruments, medical electronics, communications
equipment, electronic machine controls, electronic processing equipment, aero-
space electronics, microwave transmission, etc.

Outstanding features:
Closed construction—Cover entirely protects against dust and dirt.
Exceeds MIL-R-23285 (Navy) metal film, Cermet; also far exceeds
MIL-R-94B.
Extreme stability under severe environmental conditions.
Resistance range—50 ohms through 1 Megohm.
Infinite resolution.
Low noise and long life.
Excellent high frequency characteristics.

Founded 1896

Request data sheet 3550.

102 Circle 55 on Inquiry Card

ELECTRONIC INDUSTRIES -

TERMINAL JUNCTIONS

Replaces bulky terminal strips and
welylt.

reduces  wwiring  steps  and

L
-5

The TJ Series are high-density, en-
vironmental terminal juncttons with rear
release, insertable/removable, crimp-type
contacts. They feature a modular design
which, together with associated hardware,
allow junctions of varving lengths. The
junctions use crimp-type pin contacts in
sizes 20, 16, 12, and 8 designed to geom-
etry similar to NAS 1600. The contacts
are inserted and removed from the rear
hy a single insertion/removal tool: they
arc crimped by a standard MS 3191 tool.
The Deutseh Co., Electronic Components
Div., Municipal Airport, Banning, Calif.
Contact Henry Comneau.

Circle 190 on Inquiry Card

POWER SUPPLY

Output can be accurately controlled
by standard digital control systens.

Model 3100 is a programmable, wide-
range dual-output power supply. Remote
programming is accomplished hy contact
closures in 1248 BCD code. Two inde-
pendent supplics are included : each supply
provides cither constant voltage or con-
stant current. The constant voltage range
is 0 to 99.99v. in 0.01v. steps, and the
constant current range is 0 to 99.99ma in
0.0lma steps. Both outputs are floating
and can be operated in parallel in the
constant-current mode or in series in the
constant-voltage mode. Accuracy of volt-
age or current output is 0.01% (=1
digit). IFairchild Instrumentation, 844
Charleston Rd., Palo Alto, Calif. Phone
Robert (i, Merrick 415 962-2451.

Circle 191 on Inquiry Card
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NEW PRODUGTS

CROSSBAR SELECTOR SWITCH

Stmplifies circuit selection and
peruiits rapid program changes.

The C10-44A provides 400 crossover
points. It is intended for use in multiple-
circuit situations, and provides intercen
nection of all common circuits by the
printed-circuit strips. The working con-
tacts are wiping and in parallel with
forces averaging 200 grams, effecting a
contact resistance of 0.0502 max. Electrical
capacity : current-carrying only (no make
or break) 3a.—125vac or wvdc. Make or
break la.—15vdc., 150ma—125vac. List is
$55.00 cach. Cherry Electrical Products
Corp., P. O. Box 438, Highland Park, 111
Phone H. 1. Anderson, 312 432-8182.

Circle 192 on Inquiry Card

DRY REED RELAYS LINE

Operate time is less than
nominal coil voltage and 25°C.

3msec. at

The JR series come in a wide selection
of operational configurations. Two types
of glass dry-reed switches are used sirgly
or in groups. Either reed switch may be
magnetically biased. Relcase time is 0.5-
msec. at 25°C. Temp. range is —30°C to
+85°C. Contact life is 20 million opera-
tions at rated load. Contact arrangements
are Form A (SPST-NO): Form B
(SPST-NC); Form C (SPDT) combin-
ing Forms A and B, and true Form C
(SPDT) in 1 capsule rated 20w. The
ratings of Forms A, B and combination
C are 15 or 50w. Potter & Brumfeld,
Princeton, Ind. Phone W. A. Huser, 812
385-5251.

Circle 193 on Inquiry Card
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MULTIPLEX EQUIPMENT

Solid-state, 48-channel FM voice mud-
tiplex equipment for microwave relay.

The MC-30 features toll quality per-
formance, modular construction, bat-
tery operation, and is ideally suited for
transmission of voice, vHF hase station
control, telemetering, data and facsimile.
A channel module contains transmitter, re-
ceiver, termination and dc regulator. Each
channel is totally independent, and only a
120vac power module, if used, is common
to a 4-channel group. Power options per-
mit operation from 24vde, 48vde, or
120vac. Motorota Inc., Military Electron-
ics Div., Chicago Ctr., 1450 N. Cicero
\ve., Chicago, T11. 60651,

Circle 194 on Inquiry Card

MULTI-PURPOSE WELDING
Fnables precision welds for a wide
range of uses including flutpacks.

—

The Unibond allows welding of flat-
packs to PC boards, fine wire to thin-film
conductors, potentiometer interconnects,
and heat-stripping/reflow soldering of in-
sulated wire.
the power supply allows simultaneous
control of voltage amplitude and pulse
duration during the weld cycle. The
svstem provides instant selection of fixed
or modulated pulse duration. Pulse dura-
tion ranges arc 0-10, 2-20, and 4-40msec.
Compliant tip clectrodes conform to un-
even weld surfaces. Operating speeds are
60 welds/min. Weldimatic  Div./Unitek,
950 Royal Oaks Dr., Monrovia, Calif.
Phone Fred E. Benoit 213 EI. 9-8361.

Circle 195 on Inquiry Card

Dual-sensing  circuits  in
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Lock-In

Amplifier
measures signals
mn the presence
of noise by
crosscorrelation

The PAR Mode!l HR-8 Lock-In Amplifier
represents a significant advance in sig-
nal processing equipment for experi-
mentalists who must measure low-level
signal intensities in the presence of
noise. It employs the theoretically op-
timum technique for signal recovery,
and can be incorporated into a large
class of experiments in which the sig-
nal of interest is, or can be made
periodic, and in which a reference volt-
age related in frequency and phase to
the signal can be obtained. The Model
HR-8 first amplifies and bandlimits the
input signal and then crosscorrelates it
with the reference signal, suitably phase
shifted and shaped. The crosscorrela-
tion of input and reference signals
yields a DC output voltage proportional
to the signal of interest, while the cross-
correlation of the reference and noise
results in no net DC voltage. The unit
operates in the frequency range of 1.5
cps to 150 kc with a sensitivity that can
detect nanovolts.

Price: $1,950.00, excluding pre-amp.
Write for bulletin No. 120.

PRINCETON APPLIEO RESEARCH CORP.

Dept. Q
Box 565, Princeton, N. J.
Telephone (609) 799-1222

Circle 56 on Inquiry Card
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Bulova
solve

problems!

You've
got more
Important

lOV‘
B ion

things &
to do. "

Bulova makes servo products faster,
better, and at less cost than anyone!
It’s our business.

Don’t take your engineers off vital
programs to home-brew! Developing
your own electronic components to
meet servo system requirements
wastes time, money and key men,
while chances are Bulova’'s group of
engineering specialists have already
tackled —and solved—a problem
similar to yours.

Bulova offers a full line of solid-state
electronic servo products—off-the-
shelf or custom designed: servo
amplifiers » resolver booster ampli.
fiers « modulators
demodulators » quadrature
rejection amplifiers
pre-amplifiers « isolation
amplifiers « variable-gain
amplifiers « two-speed
switching amplifiers « DC
torquer amplifiers.

What’s more, you get prototypes as fast
as you need them, and production

units to your schedule! Write for complete
specifications. Address: Dept. £I1.18

BuLova
SERVO PRODUCTS
ELECTRONICS DIVISION

OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000

Circle 57 on Inquiry Card

104

STANDARDS FOR MICROCIRCUIT
PACKAGES AND SUBSTRATES

The Philadelphia Electronic Connec-
tor Study Group is urging industry
standards for the substrates and pack-
ages used with thin-film and mono-
lithic ICs.

To determine the optimum size for
substrates and packages, the Connector
Group held a meeting in Philadelphia
on Jan. 12. Manufacturers represented
were American Lava, Bendix Scin-
tilla Div., Coors, and Glass-Tite, Users
were  Burroughs, General Electric,
Philco, RCA, the Army Signal Corps,
and Vector.

The users complained that while
substrates can be ordered in any size,
the packages available are inadequate,
for various reasons.

In spite of this, designers use the
packages available because it is cheap-
er to buy off-the-shelf than pay for
the tooling needed for a custom pack-
age. The manufacturers, on the other
hand, claim the packages available
were developed by customer needs.

To solve this substrate-package
problem, the participants agreed that
standards were needed in the following
areas: Form Factor, Substrate Size,
Lead Size, l.ead Spacing, Number of
Leads. and Package Size. After
lengthy discussion the group developed
the following tentative standards:
IForm I"actor—rectangular with leads
on long edge: Usable Substrate Size—
0.65, (.35, and 0.15 sq. in.; Lead Size
and Type—25 mil grid system or in-
crements thereof. The two most com-
mon will be 0.50 or 0.10 mil. Leads
will be axial types (as opposed to
ribbon) and the diameter will be 0.0017
in.; Number of leads—optional.

These tentative standards will be-
come firm unless the manufacturers
are told differently. The Group wants
to know if these specifications meet
vour needs; if they don’t. let them
know. The Group would also like
vour views on the type of connection
preferred (should it be between sub-
strate and package) and the number
of usable leads needed. Send your
recommendations to Glenn R. Heidler,
General Electric, P, O. Box 8661,
CCF.1, Room 1727, Phila., Pa.

HULL ASSUMES EIA POST

David R. Hull, former Raytheon
Co. executive and two-term past presi-
dent of the Electronic Industries As-
sociation, has joined EIA as director
of the association’s Engineering Dept.

ELECTRONIC INDUSTRIES -

FILING BY TELEVISION

Southern Pacific Co. will convert paper files
for freight waybills to video tape using new
Ampex Videofile document filing and re-
trieval system, which will store more than 20
million documents, permit faster filing and re-
trieval and take up only one/eighth space.

NEW SILICON PHOTOSENSORS
FEATURE PLANAR PASSIVITY

Two miniature silicon photosensors
have been developed by Fairchild
Semiconductor for use in tape and
card readers, optically-coupled cir-
cuits, encoder-decoders, character rec-
ognition devices and process control
applications. Both units feature planar
passivation,

The FMP-100 phototransistor re-
sponds from 0.4 to l.lw and has a
maximum dark value of 0.lpa to
typical values in the range 1.5 to 2.5ma
upon illumination, Typical rise time
is Ju.sec.

By using a flat window, Fairchild
engineers have managed a divergence
angle of 70°. Avoiding optical mag-
nification eliminates the possibility of
a hot spot developing to introduce
random errors. An array of units
may be placed in physical contact with
a moving tape without abrading the
tape. Cross-talk is eliminated Dby this
feature,

IR INSPECTION SYSTEM
IS NON-DESTRUCTIVE

Following almost three years of
R&D, the Research Div. of Automa-
tion Industries, Boulder, Colo., has an-
nounced the completion of an Infrared
Non-destructive Testing System.

The infrared System “has proved to
yield inspection of superior quality” in
several types of materials and struc-
tures, according to automation engi-
neers. One of the more important
materials inspected was honeycomb
sandwich structures, used extensively
in aircraft, missiles and space vehicles,
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INTERNMATIONAL
NEWS

Ilford—Plessey Company Ltd. and
The Bissett-Berman Corp., Santa Mon-
ica, Calif., announces a distribution and
manufacturing cross licensing agree-
ment in oceanographic and meteoro-
logical instruments and sensors.

Reading — New 3-stage ultrasonic
cleaning system, developed by the
Sonics Division of Elliott-Automation,
cleans, rinses and dries mechanical and
electromechanical components and as-
semblies.

Jutphaas, The Netherlands—FOM
Institute will soor. have a brand new
20kw microwave power source sup-
plied by Sperry Rand Corp. for plasma
research. Heart of the package is
Sperry’s cw klystron type SAX 418

Ulm, West Germany — Telefunken
has entered a license agreement to
manufacture and sell in Europe, air
traffic control radar systems designed
by Whittaker Corp. of Los Angeles.

Copenhagen—Eastern Air Devices,
Inc., Dover, N. H,, has acquired Peer-
less Fabrikkerne A/S, one of Europe's
oldest and largest manufacturers of
speakers, speaker cones, and magnets.

Gothenberg, Sweden — A 4000-line
intercom system, believed largest in
the world, is being installed in the
Volvo auto plant, here by Standard
Radio & Telefon, AB (ITT).

Malmo, Sweden—Radio AB Peerless,
a distributor of electronic components,
has joined expanding Eastern Air De-
vices, Inc, Dover, N. H. maker of
electromechanical devices.

Rio de Janeiro—Air navigation aids,
about $2.4 million worth will be in-
stalled by U. S. Federal Aviation
Agency at five Brazilian airports.
Equipment: surveillance radars, instru-
ment lading systems, and light systems.

Monterrey, Mexico — A substantial
interest in Acumuladores Mexicanos
S. A. of Monterrey, Mexican battery
manufacturing firm, has been pur-
chased by Gould-National Batteries,
Inc., St. Paul, Minn.

Tokyo — Nippon Electric Company
Ltd. (NEC) has completed the first
PCM (pulse code modulation) com-
munications system for commercial use
in Japan.

ELECTRONIC INDUSTRIES -
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employing advanced

interconnection

expertise...
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SYSTEMS

Send for literature

= DIVISION OF
a C | KENT CORPORATION

206 INDUSTRIAL CENTER, PRINCETON, N.J. 08540

Let the aci engineering staff and its unique
problem solving capability design aci

S/@ucyza

systems into your circuitry

cabling . . . whether you
require shielded or un-
shielded, fixed imped-

ance, minimum cross

talk, etc.
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New GORNING
G Style Resistors
give you precision stability.
reliability, 1, 2 and 5%
tolerances, 100 ppm 1.6.

All of which boils down to this. Only one component to specify, buy and stock. One component you can use for general-
purpose, semi-precision and precision use alike. One component that satisfies two military specs, as a look at the table
quickly reveals. And you still get all the performance advantages of CORNING Glass-Tin-Oxide film resistor construction.
Now for your tests. At our expense. Return coupon for samples.

PERFORMANCE CHARACTERISTICS

i . T T

Characteristics New CORNING C-Style Resistors Mi-R-226848 | NLR-10309E |
[~ Temperoture Roting ) | 70°C [ 70°C [ V25°C | 70°C | 70°C
Wattage C 4 (RLOZS) Resistors, 51 ohms te 150K I w I % | o T v Y
Wottoge C 5 (RL20S) Resistors, 10 ohms to 499K [ % Y | % Y Y
Lood Life AR | 1.0% | 0.5% I 0.5% 2% 1%
Design Tolerance A R | 2t0 +4% | —1to +2.5% L =15t +3% |
Temperature Coefficient from —55°C to +175°C : i +100 ppm " +200 ppm | +200 —500 ppm
Dielectric Withstonding Voltage A R { +0.10% | +0.50% +0.5%
Moisture Resistonce A R | +0.50% +1.50% | +1.5%
| Short Time Overload A R * +0.25% i +0.50% 1:0.5%7
Temperoture Cycling A R +0.25% B +1.00% +0.5%
Effect of Soldering A R '( +0.10% | +0.50% +0.5%
Low Temperoture Operotion A R +0.50% +0.50% +0.5%
Shock A R +0.10% : +0.50% +0.5%
Vibrotion A R +0.10% 1 +0.50% | +0.5%
| Terminol Strength A R | +0.10% | 0.50% |
| Voltoge Coefficient ! +0.001%/Volt |
L Shelf Life AR +0.10%/Yeor | +1.0%

, _ 1 _ S
*For Type-marked, military lead Mil-R-10509 E  Chorocteristic D Resistors, specify CORNING NA Style Resistors

r--------------------------------1

I CORNING GLASS WORKS, 3909 Electronics Dr., Raleigh, N. C. 27604.
Send complete data, test samples of new CORNING" C Style Resistors.

Name

Title

Address

|

]

]

1

: Company
|

1 Ciy State_ P
]

|

]

(1

CORNING

ELEC
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CABLE FAULT LOCATOR

Open Fault locator (Model 4910A) self-calibrates for variations in
conductor capacity to give precise readings in feet te location of
vpen in communications cable. Solid-state instrument, made by Del-
con Divisicns of Hewlett-Packard, uses automatic charge sampling.

Equipped for many functions, new, compact portable Multi-
Mite, introduced by Thermo-Electric Co., Inc., Saddle
Brook, N. J.. calibrates moving-coil pyromillivolinteters and
1)1)tcntimnct('r-t_\'pc pyrometers: it measares up toH thermo-
couple or millivelt inputs. Accurate to Y4 of 1% of milli-
volt scale, the MultiMite has direct reading, dual scales
calibrated in I¥ or C degrees, in millivolts, or both,

A new device developed by Radiation I=ac. enables users to
combine standard test equipment tc automatically record
semiconductor and integrated circuit dynamic test data on
punch cards. The instrument, an automatic tester interface,
when combined with Tektronix 567 oscilloscope and 262
Programmer, plus IBM 526 card summary punch, permits
up to eight test parameters to be recorded. Two or more
programmers can be cascaded for more complex measure-
ments.

Bench-mounted convenience centers for laboratories, quality
control, and engineering or production test areas are offered
by X-Cel Controls Inc., South Bend, Ind. Placing the test
units conveniently throughout the plant eliminates much
handling of instruments and saves time in making test
setups. All models have ac outlets. Some have instrumen-
tation, while others have a built-in variable dc supply.

A new series of 3 Dimensional Directional Probes for
measuring yaw and pitch angle, and total and static pres-
sure as well as total temperature, have been developed by
United Sensor & Control Corp., East Hartford, Conn. A
wide variety of standard or custom designed types are
suitable for almost any industrial, aircraft, missile and
special purpose applications. The probes are usable up to
velocities of Mach 0.7. They are furnished with individual
calibration curves up to pitch angles of 40°.

ELECTRONIC INDUSTRIES -+ February 1966

MIEASUREMENT & UEST

A problem has existed in measuring the intensity of cavita-
tion—formation followed by a rapid collapse of small
cavities into a liquid phasc. Macrosonics Corp., Carteret,
N. J., suggests a new Cavitation Meter (Model CVM-3a)
which indicates instantly the truc amount of energy released
during cavitation of liquid media.

The Instrument Division of Bourns Inc. is now using a
random/sine vibration system, that produces continuous
random vibrations over 10 to 4,000 CPS. Transducers can
be accurately tested under exact environments met in mis-
sile launches, sonic barrier breakthroughs, and spacecraft
stage separations.

“An extremely sensitive and  highly  accurate” frequency
meter has been announced by Data Instruments Division,
Pennsanken, No 1o The unit-—331C - opcerates as a frequency
meter and as a signal generator np 3,000 MO with accuracy
of #=35 parts in 10" and drift of 1 part in 10" per day.

Measurements of either long or short delays with accuracy
on order of 0.1 nsec are now possible with Accu-Time, new
solid-state test instrument developed by WMA Anderson
Co., Inc., Pleasant Valley, Conn. This accuracy is assured
by a 1-yc oven-controlled crystal oscillator and a passive
phase shifting device. A digital readout is provided for
incremental delays of less than one usec.

For testing highly precise components under simulated
g-forces, Model 444 Precision Dual Range Centrifuge re-
cently introduced. has many suitable design features, re-
ports developer The Gyrex Corp., Santa Monica, Calif. The
444 is dual-range with Range | infinitely variable from 3
to 100 ¢'s, and Range II infinitely variable from 10 to
600 g's. Accuracy: Range I, 0.005%; Range II, 0.25%.

FLOW METER CALIBRATOR

Portable console calibrates flow meters using nitrogen or deionized
water as medium. In closed circuit, the medium is monitored for
cleanliness by particle counter, Continuous counts are provided
ranging from 10 to 175« and more. The console, developed by
Royco Instruments lInc. for the Apollo program, has adjustable
pressures up to 150 psi for nitrogen, 80 psi for deionized water.

B
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GROUNDING TECHNIQUES

NEW ONE PIECE SHIELDED CABLE CONNECTOR
HAS “WOBBLE ACTION” FOR QUICK INSTALLATION

T&B’s new Shield-Kon™ connectors for Shielded and
coaxial cables provide better quality connections and
reduced costs. The “wobble-action” of the hard inner
sleeve allows it to move when the shielded cable is in-
serted. The soft outer sleeve provides an excellent com-
pression material. One squeeze of the T&B Shure-Stake™
hand tool and a noise-free, high quality connection which
meets the performance specifications of MIL-F-216081
is completed. The connectors can also be installed by
any Class I, MS-25312 tool. Al Connee-

tors accommodate one or two #22 or #20 o
stranded ground wires from back or ’\?E
through front inspection hole. Nine sizes !

cover the conductor insulation range
from .030 to .202.

For complete information write for Bulletin $-7

ES
T

NEW CONNECTOR GROUNDS ALL CONDUCTORS
m OF SHIELDED CABLE SIMULTANEOUSLY

T&B’s new Shield-Kon® connectors offer grounds all wires in a noise-free connec-

users an easy, quick and reliable system for
grounding multiple-conductor shielded cable.
One compression grounds all wires —
eliminates individual connections and daisy
chained jumpers. Reduces installed costs —
less installation and inspection time. The
system utilizes a hard brass inner ring and
a soft copper outer ring. Ground wire or
wires and shielded braids are positioned
between the two rings. One stroke of the
tool and a 360° compression uniformly

tion. These Shield-Kon connectors are also
available with a rugged nylon
insulator ring which protects
conductor insulation from
abrasion.

For complete information
write for Bulletin T60

m SOLDERLESS COAXIAL GROUNDING CONNECTORS & R. F. ADAPTERS
NEW COMPRESSION TECHNIQUE REDUCES NOISE

Product samples
available on letterhead request.

108

A permanent hex-compression method for
reliable grounding termination and insu-
lation of shielded and coaxial cable at
lower installed costs. Provides a noise-free,
solderless, secure connection without damage
to insulation or measurable change in im-
pedance. Mechanically, the bond is stronger
than the braid.

T & B has designed a line of R. F. Adapters
which are pre-matched to fit widely used
coaxial cables to specified R. F. Connectors.
They provide a complete, secure, threaded
joint in addition to the advantages of the
hex-compression. These adapters lower in-
ventory and tool requirements which make

them particularly attractive to users of
coaxial cable.

A wide selection of sizes in several con-
nector styles are available for the complete
range of shielded cable.
Standard and special types
for every need — non-insu-
lated, flared, self-insulated,
half-length and special high
temperature, to 500°F, inner
and outer sleeves. T & B flag
type for special applications
is also available. Hand and |
power tools are available.

Write for technical bulletin T60.

The Thomas & Betts Co., Incorporated - Elizabeth 1, New Jersey
In Canada, Thomas & Betts Ltd. « iberville, P.Q.

ENGINEERED
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By DONALD C. CALNON, Project Engineer,

Instrument Engineering, Tektronix, Inc., Beaverton, Ore.

Advances in

Storage Oscilloscopes

More versatile oscilloscopes are possible because
of improved storage cathode-ray tubes.
State-of-the-art storage tubes are discussed,
terminology defined, and trade-offs considered.

A\ STORAGE OSCILLOSCOPE has an ability to store a CRT
display in order that it may be observed for any re-
quired time. This stored display may be instantly
erased to make wayv for storage of a later event. By
the flick of a switch, the instrument is converted to a
normal display oscilloscope.

Historically, a limiting factor in adapting storage
CRT's to oscilloscopes was the slowness of the storing
mechanism in relation to the sweep velocities of gen-
eral purpose scopes. New, faster responding storage
crT's are now available and, coupled with circuit
methods which increase their speed of response, these
obstacles have lieen overcome.

Mechanics of the Bistable Storage CRT

The Anderson bhistable storage tube has two electron
sources: a normal “writing gun” which provides the
oscilloscope heam for writing, and a pair of “flood
guns”* which provide the hroad flood of eclectrons that

*Similar to view guns.
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hombard the whole target uniformly. This flood of
electrons directed to the target holds it in one of two
stable modes or levels. They are the “written level”
and the “ready to write” level.

Target behavior is explained in the storage CrRT hy
referring to secondary emission phenomena as it oc-
curs in certain materials. The curve of IFig. 1 shows
how electrons emitted by secondary emission usually
respond to the hombardment by primary clectrons,

When the fload of view electrons arrives at a voltage
below the first crossover, the target charges toward
the first stable point where it then rests in the ready-
to-write, or rest level condition. Target appearance is
dark, and the light level associated with this condition
is termed the background light level or simply, back-
ground. The target is made ready to write by the
erase pulse, which is applied to the target terminals
to move the storage clement into the readv-to-write
level.

When the writing gun is turned on, clectrons arrive
with very high energy and move the boniharded target
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STORAGE OSCILLOSCOPES (Continued)

element quickly beyond the first crossover point where
it becomes written. Secondary emission maintains this
level, while flood gun electron current to this segment
results in still higher brightness. The light level of the
written area is thus the written brightness for the
storage CRT.

Quality of the stored display is often measured by
the ratio of written brightness to the hackground light
level. This is the contrast ratio.

The target terminal (or terminals) in the split-
screen-type tube is connected to a control circuit which
maintains a constant terminal voltage relative to that
of the flood gun cathode. This voltage is termed the
target operating level. When this level is advanced
positively so that flood electrons arrive at energy levels
above the first crossover, the target tends to shift to
the higher stable point. This action or condition is
termed fade positive.

Moving the target voltage level lower, while ohsery-
ing a written trace, permits voltage measurement where
the written area begins to fade or drop hack to back-
ground light level. This voltage is called the retention
threshold.

The voltage range between fade positive and reten-
tion threshold is called the stable range. Often bistable
storage tubes are operated at the mid-point of the
stable range, the operating level in this case.

The Anderson storage crT can he erased by applying
a voltage to the target terminal having first a positive
portion followed by a negative step and ramp return
as shown in Fig. 2,

The first portion of the waveform causes the target
to have a uniformly written appearance, and the second
portion moves the target from the written state back
to the the ready-to-write state where it is held by the
action of the flood electrons. Time needed for pulse
completion and for the target to get ready to write is
about 14 sec.

Writing Speeds of Storage Targets

Because of its bistable nature, the storage target
displays a uniformly bright trace as the writing beam
travels across it. At some faster sweep rates, the writ-
ing beam runs “out of gas,” and the target fails to
write. This lineal speed or rate of writing (including
vertical components), where the target will just store
a display, is the maximum writing speed of the systen.

110
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Secondary Emission Ratios

Secondary Electrons
Primary Electrons

Fig. 1: Curve of secondary emission ratio.

Measurement of maximum writing speed is done
by first finding the maximum intensity setting where
the heam is well focused. Then successive sweeps are
used and erased, while changing sweep rates, until
the maxinmun storing speed is found.

Another often-used method of measurement is to
apply a sine wave to the vertical system with ahout
3 to 5 Hz per horizontal screen division. If the vertical
amplitude of the waveform takes more than 3 divi-
sions, the horizontal component of velocity can he
ignored and the following relationship used to calculate
writing speed :

Stored writing speed = Thf div/sec
h = amplitude of the display

Maximum stored writing speed is then the maximum
speed at which the sine waves will appear fully writ-
ten in a single traverse of the sweep.

A shortcut method often used on storage scopes is
to adjust the vertical display amplitude to 3.2 em so
that writing speed is read directly. Thus:

(™) (h) f

writing speed =

” ” = (3.14) (32 cem) f
v ” = 10 x f em/usec
where f = frequency in MHz

Caution is required so that the written sine waves are
well separated on the target. Specifications on writing
speeds of storage targets include a permissible gap
dimension of 0.025,” the writing bheam current, and,
in somte cases, a defined quality area of the target.

Enhancement for Faster Writing

A method for faster writing in storage scopes uses
a pulse technique to briefly shift target operation to

Table 1

Characteristics of Anderson storage tubes
used in oscilloscopes

Standard Target Mosaic Target

Stored Writing Speed

Writing Speed Enhanced
Contrast Ratio (typical) 2to1 5to 1
Written Brightness (typical) 6ftL 3ftL

25 cm/msec 500 cm/msec

250 cm/msec 5x103 cm/msec

ELECTRONIC INDUSTRIES + February 1966



,‘——'=O.253

| OPERATING
| LEVEL

Fig. 2: Typical erase waveform.

favor faster writing with a return
to normal before deterioratior: of the
display can occur. This method is
called writing speed enhancemeont, OPERATING
or simply, enltancenent. LEVEL
The circuitry provided for this
purposce is a simple multivibrator
which generates a rectangular wave-
form of variable width or height.
This' waveform is applied to the
flood gun cathode or to the farget itself. The circuit
is initiated Dby the sweep system and applies one
pulse for cach sweep. The scope is provided with a
front panel control to adjust either ampiitude or width
to a level at which optimum writing is obtained with
the least deterioration of the hackground. Increase in
the response speed of the different types of storage
targets ~aries from 5 to 20 times. Typical pulse dura-
tions usel are from 1 to 5 :usec., with amplitudes of

40 to 60 v.

The Mosaic Target Storage Tube

The Mosaic target storage tube is the newest of the
Anderson storage ¢rT's for oscilloscope use. This tube
is different in phvsical appearance hut employs a sim-
ilar storage principle hased upon target secondary emis-
sion hehavior.

The Mosaic target tube, represented in Fig. 3, is
readily identified by its gold surface, which is the
metallic terminal for making clectrical connection to
the two halves of the tarcet and to the locate zone.
The gold extends into the target in a honevcomb pat-
tern and permits the control voltage changes to he
relayed to the target for establishing the stable condi-
tions needed to store a display. The erase and enhance
pulses are applied to this terminal,

Mosaic targets offer stored writing speeds from 2
to 100 times that available in previous scopes. Per-
formance with enhaneement is the area of high-speed
stored writing where the Mosaic target has offered
the most significant advances. See Table 1.

Collimation System of the Mosaic Storage CRT

The Mosaic target ¢rT uses a simiplified flood gun
assembly with  two highly  efficient electron  guns
mounted in front of the writing gun deflection system
(see Iig. 3). These guns supply the high density flood

ELECTRONIC INDUSTRIES + February 1966

lig. 3: Simplified flood-gun/collimation system.

FLOOD GUNS N\ UPPER

TARGET
CONTROL
AMPLIFIER

LOWER
TARGET
CONTROL

AMPLIFIER

FLOATING
VOLTAGE
SUPPLY

LOCATE ZONE

COL_IMAT- ION
ION REPELLER

ELECTRODE

of clectrons needed at the storage target to hold those
written arcas and readv-to-write areas stable. These
efficient electron sources contribute to the more posi-
tive nature in which the Mosaic target functions, permit
higher brightness and more uniform target resnponse.

A regulated-voltage power supply must be used o
control the flood gun cathode potentinl so that storage
target hackpiate-to-cathode voltage is at the proper
opcrating ilevel. Power supply stability is critical he-
cause of the dependence of target characteristics on the
operating level voltage, particularly important in split-
screen storage svslems.

Collimatzor: of the clectron flooding is done with
one clectrode terminal, to which a variable voltage
adjustment is connected. Thus, the storage svstem op-
erates with nearly uniform potentials throughout.

To minimize damage to the storage target, an ion
repeller shou'd be mounted near the targets, to he op-
erated at a potential slightly above that of the target
backplate. A locate zome to the left of the storage tar-
get does not store. This allows the operator to select
a proper vertical position setting without writing on
the target. This operator aid has heen found  very
helpful when storing a group of traces on the display
area.

Storage Oscilloscopes Add a New Dimension

The freezing of a waveform in time by recording
it on the storage oscilloscope screen until ohserved,
or until a second event can be stored for direct com-
parison, has added wnparalleled capability to oscillo-
scope instrumentation. The normal phosphor display
is 1o longer acceptable when compared to a storage
system at sweep rates below 0.5 sec/div. In all prob-
ability the new storage scopes will ultimately replace
most instrumentation which depends npon long per-
sistence phosplhors, except where Falftones are nee-
essary.
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INFRARCL!

YOU NAME THE GOMPONENT

o

4
e
~ 8

THEN SEND THE ORDER TO DAVERS |

either standard or custom— |
single or mosaic configurations |

“HOW ABOUT SOME SPECIFICS"” Okay, let's take DAVERS '
infrared devices now in production. \
® Photovoltaic indium antimonide detectors
m Photovoltaic indium arsenide detectors
® Indium arsenide electroluminescent diodes |
® Photoconductive gold doped germanium detectors !

“WHAT ABOUT RELIABILITY' It's absolutely proven —
and in both military and commercial infrared systems.

“FORGIVE US FOR NAME DROPPING' . . . but here are
just a few of our satisfied customers:

® ACF Industries, Inc. ® AVCO Electronics ® Bell Telephone
Laboratories ® Battelle Memorial Institute ®w U. S. Naval
Research Laboratories ® General Dynamics Corp. ® Aerojet
Corp. ® and Canadian Dept. of Defense.

“AS FOR INFRARED PROBLEM SOLVING" . . . our exist-
ence hinges on solving difficult infrared component prob-
lems such as unique packaging requirements (including
dewars), optical coatings, mosaic configurations, cooling
techniques, and filtering. Test and evaluation is another
important operation.

“NOW, GIVE US A CHANCE”. . .+ help you with your

infrared component requirements . . . Just let us know
what they are — we’ll send you our recommendations. And
don’t forget to request our complete '‘DAVERS Infrared
Catalog’'. Writeto . . .

DAVERS

CORPORATION

HORSHAM, PENNA.
PHONE: (215) 675-0488

a subsidiary of @

DAVERS

112 Circle 61 on Inquiry Card

THE SOURCE FOR INFRARED DETECTORS |

AUTOMATIC SOLDERING

[CICLES, BRIDGING, AND BOARD WARPING are a few
problems minimized by an antomatic soldering line
system for processing circuit hoards through the
soldering operation. The new system consists of 4
integrated process units: (1) full-wave flux applica-
tor, (2) preheater, (3) adjustable-wave soldering
station, and (4) an enclosed washing and drying sta-
tion. The circuit hoards are carried through these
stations on a chain-driven conveyor at speeds from
0-96 in./min.

The flux applicator has a 12-in, useable wave width
with height adjustment to ¥4 in. The flux is forced
into terminal holes and against hairline circuits, insur-
Ing proper wetting.

The system uses a preheating cvcle which aids in
the fluxing action and evaporates excess solvent. It
also thermally conditions both the circuit board and
component leads. When the solder wave touches the
underside of the board, the molten solder flows into
every terminal joint. As the board leaves the solder
contact, the exit slope of the wave reduces hoard tem-
perature slowly, permitting excess solder to remain
free-flowing long enough to drop back into the pot. By
avoiding sudden cooling, bridging and icicling of
excess solder are minimized. There is no abrupt heat-
ing or cooling of the hoards to cause warping.

The 12-in. wide solder wave is adjustable 3 ways.
Both the entrance and exit angles can be adjusted in-
dividually, and the wave height can be preset at any
height to ¥4 in. This is said to give the operator com-
plete control and is particularly important for boards
with critical soldering requirements, such as extremely
thin or extremely heavy component leads, hairline cir-
cuits and wire wrapped terminals. The solder tem-
perature range is adjustable up to 900°F,

The washing and drying station is enclosed and
cleans excess flux from both sides of the hoard simul-
taneously.

The Solder-Wel Automatic Soldering System, a
product of Dimensional Control Machinery Co., Salem,
Ohio, is constructed in 30 in. modular sections.

Circle 197 on Inquiry Card

Soldering system allows operator total control of operation.

COMPLETE SOLDER WEL AUTOMATIC SOLDERING SYSTEM

ELECTRONIC INDUSTRIES -
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PRECISION
ROTARY STRIPPER

'df’

cZses

TS u Sy

IDEAL MAKES NICK-FREE
STRIPPING AT
PRODUCTION RATES
AS EASY AS PUSH-PULL

That's all the operator dees with the new Idea Frecision
Wire Stripper. Irsert the wire, pull it out, and it's auto-
matically precision stripped without nicking, or scraping.

The secretisa unique stnzping blade design, a car-
bide blade mounted on a Ieaf spring and installed on a
rotating head. The blade partiaily cu:s insulztion, then
rotational force twists the slug, severing the remaining
web of insulation. Since the blade never touches the
conductor, stripping is nick-free. Blade adjusts in incre-
ments of .0004".

For singie-corductor wire, either solid or stranded, in
sizes AWG #16 to #26 with single-layer insulation includ-
ing Teflon and PVC. Write fo- specifications.

IDEAL INDUSTRIES, INC.
5127-8 Becker Place, Sycamore, Illinois
IN CANADA: IDI Electric (Canada) Ltd., Ajax, Ontario

W

Circle €3 on Inquiry Card

GLOBE

constant speed A.C.
commercial motors and gearmotors

motor
speeds

CMC 1800

3600
CFC 1200
1800
3600
CLC 1800
3600

ELECTRONIC INDUSTRIES

Type CMC

mactor Y.p

1/8C0
1/375
1/6C0
17275
17225
1728

1/72C

gearmotcr
torque

to 1000 oz. in.

to 200 Ib in

reductio
rztios

* February 1966

Type CFC

diameter

}13/64”

119/32”

33/8

Type CLC

Start with 115 v.a.c, 60 cycle hysteresis synchronots
motors or gearmotors small enough to meet your space
and weight requirements, big enough to meet your torque
needs, and meet you- price objectives. Check Globe first
for fast delivery of standard units, prototypes, and spe-
cials; many available in 24-hrs. Request Bulletin CAC.
Globe Industries, Inc., 2275 Staniey Ave., Dayton, Chio 45404,
US.A., Tel: 513 222-3741.

Circle 44 on Inquiry Card 113
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MADE ANY

GOOD CONTACTS
LATELY?

Youdon't have to any more .. .you can
get your contacts from a specialist
and save yourself a lot of time, money
and aggravation. Mostelectrical man-
ufacturers know this, of course, but
you'd be surprised how many still try
to make their own contacts or sub-
assemblies.

What many people don't know is this:
besides know-how, it takes a wealth of
specialized equipment and specialized
people to economically turn out con-
tacts as good as Deringer's. It takes
years of study and cumulative experi-
ence in successfully solving countless
contact problems and the development
of special equipment and processes to
produce such a wide variety of elec-
trical contact types and sizes.

Todeliver the right contactfor a given
application . ..to deliver promptly and
at the right price .. .these things take
what Deringer has: specialized cap-
ability plus the newest, most modern
contact manufacturing facilities and
plant.

Contact Deringer the next time you
have contact problems. It's your best
bet for quick, economical solutions.

FOR CONTACTS—CONTACT

DERINGER

METALLURGICAL CORPORATION
1250 Town Line Road - Mundelein, lllinois 60635

Circle 65 on Inquiry Card
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Learn Integrated Circuit
Technology!

Dear Reader:

Through the years, as editors, we have
seen a number of evolutionary changes take
place in this industry. As examples we
cite: the shift from vacuum tubes to solid
state devices, the transition in equipment
design from manned aircraft to guided
missiles, the development of an important
market for high fidelity audio equipment,
and the current expansion from black-and-
white TV to color-TV.

We are now on the threshold of another
great change . . . but this one promises
to be revolutionary rather than evolutionary.
We are facing the time when practical low-
cost integrated circuits are becoming avail-
able. These new devices will find applica-
tion in all types of electronic equipment . . .
military, industrial, and consumer.

The development of these new circuits in-
volves “functional design techniques.” Most
electronic engineers now working in indus-
try have never received any formal training
in this new technology. To fill this need,
ELECTRONIC INDUSTRIES is happy to an-
nounce an exclusive series of educational
articles covering every aspect of this new
technology. These articles, starting in April,
will be prepared by the Integrated Circuit
Engineering Corporation of Phoenix, Ari-
zona, leading consultants to the industry.

The content of this series will parallel
the highly successful five-day seminars con-
ducted by this organization throughout the
United States. Tuition for these seminars
has been set at $500.00 per person. The
lecturers are prominent engineers with years
of practical experience with the major IC
producer organizations.

A detailed outline of this course will he
published next month. Reprints will be
available to interested readers as each article
is published.

We are proud to be the first publication
to present such a series as a service to the
industry.  We invite your comments and
suggestions as the course progresses.

Stncerely,
The Editors

ELECTRONIC INDUSTRIES -« February 1966




ACDC
POWER SUPPLIES
ARE GUARANTEED
FOREVER.

WE SHOULD CLARIFY THIS:

Your catalog ACDC silicon power supply is
guaranteed forever. Against power surges, spikes,
breakage, abuse, civil disobedience, anything.

If it 1s in need of service or calibration at any
time, return it directly to the factory and we’ll
adjust 1t to meet its original specifications,

free of charge. And that means we’ll pay the
freight, too. Both ways.

-

BY =2,
= » BURBANK
acdc elecironics inc. CAUEORMIA

acdc electronics inc., 2979 North Ontario Street, Burbank, California 91504
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Is EIA/JEDEC

Device

Registration
Useful?

Tue Ela/JEpEC sysTEM of registering electron tubes,
semiconductor devices and microelectronic circnits has
been and is being criticized.  Despite some shortcom-
ings, however, the svstem still provides industry with
an cffective tool for marketing and standardization.

The subject is especially pertinent hecause of the re-
cent assicnment of the GN100 series aof numibers to
microlectronic circnits and devices. By way of a full
discussion of the usefulness of the svstem, Mr. Hohn
offers answers to 16 questions on the EIA/JEDEC
system and the series ON190.

Q.—What does the number 6N100 mean?

A This kind of number has been assigned by the
Flecttome  Industries Association (ETA) to micre-
clectromic devices. For many vears type-designations,
assivned to clectron tubes and semiconductors, were
known as FIA and JEDECtvpe numbers. However,

—— ADVANTAGES TO ELECTRONIC INDUSTRIES OF EIA-REGISTRATION SYSTEM

As in most other systems for coding,
cataloging or registering, the EIA/JEDEC
system for registering tubes, semicon-
ductors, and microcircuits has both
advantages and disadvantages. Despite
obvious drawbacks, the sysiem

offers significant advantages.

By Sidney Fe|dman, Assouiate Editor ELECTRONIC INDUSTRES

Intarview with G. F. Hohn, former manager of EIA's engineering office.

microelectronic devices will be identified by EIA type-
numbers,

Q.—Is there any significance to the letters and
figures in this type-numbering system?

\.— No. The number is similar in nature to the 1IN,
2N, 3N and AN mmibers assigned to solid state de-
vices. ON means simply that it is a microclectronic
cirenit device and the three, and later four digits fol-
lowing the ON are assigned sequentially as applications
arc received.

tecently there was some publicity about considera-
tion of « SN-numbered series. Since this possibility was
reported, EIA has decided to omit the 5SN-number
serics. This was done to avoid potential conflict with
a simikirlv-numbered series used by a well-known semi-
conductor device manufacturer.

Q. How is such registration handled?

1) A single number replaces multiple house numbers, of various manufactur-
ers, used where two or more manufacturers make a particular device. This
advantage particularly benefits the larger customer, such as the govern-
ment. because it means in most cases the procurement and supply of a
single item instead of multiple items. This single number also encourages
standardization. A nationally recognized designaticn encourages other man-
ufacturers to make similar devices, thus increasing and promoting competi-

tion.

2) EIA/JEDEC-registered types can be compared more easily because their
defining characteristics must be registered with standard formats, under
standard test conditions.

3) Publication of registration information, through trade channels, heips cus-
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“The EIA/JEDEC system, used for more than 30 years, has proved quite effective as a standardizing tool for tubes and semiconductors.”

A——In the registration process a manufacturer re-
quests from EIA o type-designation number. He sup-
plies data to insure that the tvpe is sa well-defined
that another manufacturer using these data will make
an interchangeable product.  Interchangeability is re-
quired to protect the user who will purchase the device
by type-number fron: all manufacturers marketing a
device with that particular tvpe-number.

This system also functions as a standardizing tool
offering advantages for the electronic industries. (Ad-
vantages are histed in the box below.)

After atype-number is assigned. the whole industry
is informed and is given registration data. EIA and
manufacturers also issue publications summarizing the
characteristics of registered designations.

Q.—Why do manufacturers use their own house
numbers when the EIA/JEDEC registration sys-

tem is available?

A—As yvou can see fram the lst of alvantages, the
registration  system is o especially  usefu'  where two
or more manufacturers make a given tvpe. Yet in
many cases users buy custom-made or specially-marked
products  from o particular manufactiirer,  Here a
lwuse number is preferable, particularly if there may
e no replacement problem or no likely aced of second
sources of supply.

Even for house-number types, the EIA/JEDEC
number plavs a role because the user often, for ex-
ample, will specify, * Just like the EIA/JEDEC type
NXNX, exeept .
uumbers for every lA-type number, we know ET1A/

While there are hundreds of house

TEDEC-numbered devices represent a significant por-
tion of cach manufacturer’s production.
Q.—One frequently hears criticism that there

tomers obtain second sources of supply.

4) Characteristics of registered devices cannot be changed at will by the first
or any subsequent manufacturer, except through a standard re-registration
procedure. Standardization and interchangeability also are promoted.

5) Relatively non-technical personnel of user procurement, stock, and main-
tenance operations, often are aided in obtaining proper replacement parts.

6) This system provides a permanent record for future procurement where
the original manufacturers no longer exist or make a given type.

7) The standardization and identification features of the EIA/JEDEC registra-
tion program also enable electronic parts distributors to reduce the number
of parts required in inventories o serve customer requirements.
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“EJA has no responsibility for policing how its data or numbers are
used by manufacturers, but EIA is vitally interested. This system
depends upon veluntary compliance by both manufacturers and users.

REGISTRATION (Continued)

are too many type-numbers in the EIA/JEDEC
system. People say several types can be substi-
tuted for a given type, which may not be available
from the manufacturer. How is this possible if,
in registration, the manufacturer’s application for
a number is reviewed to make certain it differs
from a type already registered?

A—A review of all ETA/JEDEC registered types
shows that some are old types 1o longer designed in
new equipment, but must be maintained on the regis-
tration hook for replacement needs. Registration is a
permanent recorG. Several types often can be substi-
tuted for a given type, provided one is willing to make
certain compromises.

For example, if available space were not a problem
in a particular application. then it might be possible
to find four or five different application types with
similar clectrica! characteristics but different mechani-
cal dimensions. Different numbers were assigned to
these simlar devices because their physical dimensions
were dissimilar,

In many cases a particular electrical characteristic

nay not he important to a given application or there
may be two or more types whose other characteristics
are quite similar, if it were not for standards pre-
pared by EIA/JEDEC engineering committees, the
number of registered types would be still more nu-
merous. These commitrees have recommended dimen-
sioms, voltages, cu-rents, test circuits, and rating
methods which help minimize variants in product de-

sion.
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Q.—What happens in cases where types, made
by two different manufacturers, bear the same EIA/
JEDEC-type numbers that are not interchangeable
in a given application?

A.—Assuming manufacturers comply with ETA/
1EDEC defining data, these cases will continue to arise
hecause the industry learns as it progresses. I‘or ex-
ample, a registered-type may he made at a later time
Iy some manufacturer using a newer manufacturing
or processing technique and still meet the original
registration characteristics. The new technique also
mayv alter some characteristics of the device which
formerly were unspecified and hence uncontrolled.

When the need for specifyving these parameters comes
to light in certain sensitive applications, the engi-
neering committees will require that the characteristics
be specified in future data. As the industry advances,
the need for data to completely define a device also
increases.

Q.—What is EIA’s responsibility in observing
that manufacturers conform to EIA/JEDEC regis-
tration data of their devices?

A.~—The marketing and sale of any device is a con-
tract matter between buyer and seller. EIA has no
responsibility for policing how its data or numbers
are used by manufacturers, but EIA is vitally inter-
tested. This system depends upon voluntary compli-
ance by both manufacturers and users.

Q.—Is this registration system limited to mem-
bers of EIA?

A—No. Any manufacturer, domestic or foreign,
may register types with ETA.

Q.—Do foreign manufacturers make much use
of the registration system?

A.—Limited use only. Types have heen registered
by electron device manufacturers throughout the world,
hut the number of these registrations has heen smail.
In Europe. for example, manufacturers have available
a registration office similar to ETA’s operation.

Q.—Does the European registration office use
the same standards and format as the EIA office?

A—They do, where international standards exist.
But their requirements and procedures differ somewhat
from EIA. They assign their own series of type-num-
bers for their devices. Their numbering system is
highly coded, compared with our numeric system. This
practice was quickly called to our attention by those
in our country who advocate changing EIA/JEDEC-
tvpe numbers to a coded system,

EIA PUBLICATIONS

EIA's new microelectronics program operation is
described in EIA Type Assignment Bulletin No. 3,
“EIA Type Assignment Procedure for Microelectronic
Devices.” Also published is the new data registration
format for logic gating circuit devices. Both publica-
tions are available from the Type Administration Sec-
tion, EIA Engineering Office, Electronic Industries
Association, 2001 *‘I'" Street, N.W., Washington, D.C.
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Q.—Then why don’t we change to a coded sys-
tem?

A—\We don't believe this system offers too many
advantages. And in the case of tubes and semiconduc-
tors, it is impractical at this late stage to change to a
new system of type-designation.

Q. —Now that the process of assignments for
microelectronic devices has been started, why don’t
we introduce a coded system?

A.—For precisely the same reason that we did not
start assigning coded numbers to electron tubes and
to semiconductor devices at the inception of those num-
hering programs! We lack a “crystal hall” that allows
us to see what kinds of products manufacturers will
make in the distant future,

It is easy to look back and devise a coding system
after a product area has been developed and stabilized.
That is why the European registration office compara-
tively recently adopted a registration system for tubes
and semiconductors by taking advantage of U. S. and
European marketing experience. Significantly, we have
no knowledge that the Europeans have been able to
devise a coded system for nucroelectronic devices.

EITA engineering committees have spent much time
examining possibilities of a coded system, particularly
for newer products such as semiconductors and micro-
electronic circuit devices.

FFor example, well over a year ago semiconductor
device manufacturers actively were designing types in
which the operating portion of a JEDEC-numbered
device was placed in a smaller “TO” package. This
might have offered a good opportunity to use coding
to show the electrical relationship between types hav-
g different outline dimensions. But, after careful
study, the JEDEC Council and its committees found
that changing the device packaging altered one or
more electrical characteristics. A coded system then
would have had to hmit any variation in the so-called
“identical characteristics” to he eligible for one of these
coded designations.

Q.—Despite the Council’s action, didn’t some
manufacturers use JEDEC registrations with added
numbers and symbols to indicate the kind of coding
mentioned here?

A—Yes, but they were asked to discontinue this
practice. The altered JEDEC designation misled users
into helieving that these devices were registered regu-
larly. Registration procedures do not allow for the
alteration of JEDEC numbers. except by the U. S.
armed services.

There, the practice has been to assign a prefix, such
as Mil (Military) or Jan (Joint Army/Navy), to
indicate a device for which a military specification has
been prepared, based upon EIA or JEDEC registra-
tion. The military specification usually adds quality
or reliability requirements which are not part of the
JEDEC registration.

Q.—Then, the JEDEC registration system is
useful to the armed services?

(Continued on jollowing page)
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Now _ CHARTS THIS CLEAN

EVERY TIME!

EEIe T ;
o

with

BLUE M FULL RANGE
ENVIRONMENTAL CABINETS

Programming/Controlling/Recording or Single Steady State
with Advanced State-of-the-Art Design Features.

That’s a reproduction of an actual chart of MIL-202C,
Method 106B, Steps 1-7A obtained with a Blue M Full
Range Constant Temperature/Humidity Cabinet, No “saw
tooth” lines like you get with ordinary equipment. Just
clean straight lines—and positive pin-point temperature/
humidity control—throughout the cycle, every time! Auto-
matically performs Step 7-A (—10°C.) without changing
cams. Temperature range —10°C. to +93°C. (=% °C.)
and 20% to 98% R.H. (=% %).

Blue M all-stainless Environmental Cabinets, with exclusive
POWER-O-MATIC 60® Dual Saturable Reactor Wet
and Dry Bulb Control Systems and separate monitoring
recorder, assure unrivaled duplication of environmental
conditions whether Programmed or Single Steady State.
Unmatched reliability, stability and accuracy inherent in
the design due to minimum components—all static. Vapor
pressure method eliminates troublesome water spray and
wet bulb control wicks. Mechanical horizontal air-flow.

_Blue’M_Programme(l Humidity Cabinets easily meet the
mu('lj tougher requirements of MIL 202C—including
continuous testing for 1344 hours . . . 56 days!

Four distinct models (5.8 to 64 cubic feet)—to perform
all current MIL humidity tests plus a variety of critical
industrial research and production jobs. Also constant fem-
perature/humidity cabinets with limited ranges and verti-
cal air-flow, CO, and LN, chambers, shock test chambers,
and other specialized environmental equipment,

Ask about our new Crystal-Clear Water Purification Sys-
tem — the effective low-cost way to fight corrosion in
humidity chambers.

SEND FOR COMPLETE INFORMATION

e . .
BLUE M Exineoung Company

L;: A DIVISION OF BLUE M ELECTRIC COMPANY
b 138th & Chatham Streets

Circle 66 on Inquiry Cord

Blue Isfand, Mlinois
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NORTRONICS
DOES IT
AGAIN!

8 TRAGKS

ON % TAPE!

Now... twice the playing time
... with Nortronics B2L heads

Nortronics has pioneered the development of a
new track system to double the storage on 1/4-
inch tape. When maximum storage capacity is
required —on tape-cartridge or reel-to-reel
players—check the new 2-channel, 8-track Nor-
tronics heads! Widely used in automotive and
home back zround music players.

These new B2L heads can be mechanically
indexed to provide eight monophonic channels
or four sets of stereo pairs—thus doubling the
capacity of existing 4-track systems for a given
taEIg speed.

he B2L is a 2-channel head with 20-mil
tracks spaced 127-mils on centers—available in
either solid or laminated core versions.

® Special close fitting mu-metal cases provide
outstanding shielding against external mag-
netic fields.

® Precision deposited 100 micro-inch quartz
gaps reslt in exceptionally clean, sharp gap
edgesfor optimum high frequency resolution,

= Hyperbolic face contours give intimate tape-
to-gap contact.

w Highly pclished all-metal faces, greatly re-
duce oxide build up.

These new advanced-design heads, available
now, are ancther result of the ‘‘engineering-in-
depth” policy that has made Nortronics the
world’s largest manufacturer of laminated
tape heads.

Cut specification time...check
Nortronics FIRST! [

8149-F 10th Ave. N. « Minneapolis, Minn. 55427
B e R o T e TR S RS
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REGISTRATION (Concluded)

A.—Yes, in several ways. First, as mentioned, the
armed services use the registration data in preparing
a procurement specification. Second, in isolated cases
there are small urgent procurements for types not yet
covered by military specifications.

Here, the procurement agency uses registration data
as a basis for buying the type. Third, and most impor-
tant, the armed services look for the standardization
benefits and advantages to be derived from the basic
registration program.

Q.—Has anybody come up with a good plan for
coding microelectronic devices?

A.—No. Occasionally we receive proposals on how to
code tubes and semiconductors, varying from the
mildest to the most extreme degree. Experience shows
that the more information that is coded into a type-
designation, the more diffcult it is for users to remem-
ber the guide lines.

A larger number of systems also must be devised
to encompass the many kinds of products covered by
type designations. The more complicated the coding,
the faster it will break down and require a revision as
new product variations are produced.

We all would like to know of a coded system, de-
vised at the inception of a type numbering program,
that would: (a) result in type-numbers short enough
to be memorized easily, (b) give a maximum amount
of information on ratings and characteristics, and (c)
be useful for all current and future products without
need for any revision in the coding structure. But we
lack the wisdom to devise such a system.

Q.—Do you feel that the EIA/JEDEC number
system is less useful because it is uncoded?

A.—Certainly not. The construction of a number is
only a minor aspect of the type-designation. This sys-
tem, in use for well over 30 years, has proved quite
effective as a standardization tool. It also has re-
sulted in what the armed services call “item simplifica-
tion.” Both the small consumer who buys a single
component and the large systems user have benefited
from this program.

Inconvenience of an uncoded-type number system is
offset largely by publications which list types by prod-
uct category and summarize characteristics of EIA/
JEDEC types.

EIA expects to publish information that will cross-
index thoroughly all EIA/JEDEC-registered types.
This method of handling data is better than assign-
ing coded-type numbers because, as category needs
change, new lists are issued to revise assignments of
individual types.

G. F. HOHN, former manager of Electronic Industries Asso-
ciation's engineering office (recently in Newark, N. J.),
served as JEDEC administrator from 1958 to 1965. His ex-
perience is drawn upon in this exclusive interview with
Sidney Feldman, associate editor, ELECTRONIC INDUS-
TRIES. As of December 31, EIA's Newark office was moved
to EIA's new headquarters building in Washington, D. C.

Mr. Hohn resigned and was succeeded by C. Everett Coon
as EIA/JEDEC administrator.

ELECTRONIC INDUSTRIES <« February 1966

-




MICROELECTRONIC
DEVELOPMENTS . . .

KMC Semiconductar Corp.,, Long
Valley. N. J., announces a new tyvpe
of transistor for thin-film
and other microcircuit packaging tech-
niques. Designated K2837C, the double-
diffused N PN silicon device is intended
for UITI and VI amplifier applica-
tions.  Twypical performance at 430:¢
ix 14 db gain with a noise figure of less
than 4 dbh.

designed

Fairchild Semiconductor has estab-
lished a new memory products depart-
ment to design, manufacture and
market components and systems for
memory sections of computers. First
products of the new department,
located in Mountain View, Calif., will
be monolithic semiconductor “scratch-
pad” assemblies, ferrite memory cores,
wired memory core planes and “stacks”
of core planes.

A compact multi-purpose  microcir-
cuit honding system capable of welding,
brazing. aml
thin-film  diffusion bonding has heen
introduced by TTughes Aircraft \acuum
Tube Products Division. Oceupying only

parallel-gap  seldering

20 inches of beneh space, the sy~tem
includes a power supply, two tvpes of
bonding  heads, micropositioning ap-
paratus and accessories, and a Dausch

& Lomb stercozoom micrascope.

Four microminiature data process-
ing systems—constructed entirely of
microelectronic circuits, and operating
on a fraction of a watt of power—are
being built by General Instrument
Corp., under contract from NASA for
use in the OGO-E (Orbiting Geophy-
sical Laboratory) research satellite.
Two of the data processors weigh less
than 16.5 ounces each and two less
than 5 ounces. They will be used in
cosmic ray experiments to collect data
on space conditions.

A new family of linecar integrated
circuits for use in industrial environ-
ments has been announced by Texas
Instruments Incorporated. Designated
Series 72, the new family of monolithic
silicont cireuits initially  includes  the
SN723 general-purpose differeatia
amplitier and the SN724 general-pur-
posc operational amplitier.  Operating
temperature range of the SN723 and
SN724 05 0° to 4 70°C. The SN72:
features dilferential inputs and differ-
ential outputs.  The
SN724 features an unusually high in-
put impedance.

cmitter-follower
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80 Technical sessions, 300 papers
— a1l at the New York Hilton

4 floors of exhibits — all at the
New York Coliseum. Four days
only — Monday - Thursday

Gala 1EEE Banguet—Wednesday,
7:15 p.m., New York Hilton Grand
Ballroom — $15.00

Free shuttie busses between the
Hilton and the Coliseum —

every few minutes

Registration — Members $2.00 —
Non-members $5.00. Ladies $1.00.
Good for all days — Technical
Sessions and Exhibits. In and
out privileges.

{
Electrical
Electronics
Engineering

{

n

EXHIBITS (4 days only)

Monday through Thursday
11:30 a.m. - 9:30 p.m.

NEW YORK COLISEUM
®
TECHNICAL SESSIONS
Monday through Friday
NEW YORK HILTON

MARCH 21-25, 1966

Students (over 14) accompanied by adult wili be admitted to
Exhibits Thursday only. $2.00. (Not more than 3 per adult)

¢ IEEE EXHIBITION
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MODEL 90 SWITCH

Circle 70 on

® 20,000 volt peak flashover at 60 cps
® 40 ampere current carrying capacity

e Current carrying members
heavily silver plated

® Coin silver contact shoes

® Low loss silicone impregnated
steatite stators and rotors

* White glazed steatite spacers
Nylon detent wheel

Stainless steel detent arm
Sleeve bearings
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Any job shop can help you pick
hardware . . . krock stock parts
together . . . throw in an wun-
tested motor and call it
cooling equipment. We're called
upon to replace equipment like
that every day.

So who else but Mclean offers
true reliability in packaged cool-
ing? Who else but Mclean can

from start to

take over the job
finish? Who else has the person-
nel, equipment, and facilities to

Who ‘else but McLEAN?

@
a

SEND FOR
NEW 1966
44-PAGE
CATALOG

Come in and use any of Mclean’s modern
your disposal without cost. This Air Flow Test Chamber, for instance, is for new
product development and quality control and testing. Provides sure knowledge of
pressure drop and air flow requirements to cool specific loads

WHO ELSE

CAN DESIGN RELIABLE COOLING SYSTEMS?
MAINTAIN THE BEST “LAB"” FACILITIES?
GUARANTEE BLOWER LIFE?
PROVIDE APPLICATION ASSISTANCE?

lab’”’ facilities any time! They're at

1) analyze your requirements, (2
develop cooling systems to an-
swer those needs, (3) recommend
units that are most proctical, effi-
cient, and lowest in cost, and
(4) establish the life af a given
blower under most operating
conditions?

Remember, no one knows more
about the cooling of electronic
systems than Mclean. And no one
can insure their total reliability
through packaged cooling except
Mclean.

ENGINEERING t
McLEAN ::orarories
P.O. Box 228, Princeton, N. J. 08540

!
‘lean
Phone 609-799-0100 * TWX 609-799-0245 [D_— ean )

TELEX 083-4345
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NEW TEGH DATA

Instruments Catalog

\ new catalog contains  photographs,
descriptions, and complete spees. for this
line of electronic instruments, including
voltmeters, null detectors, current and
voltage amplifiers, calibration sources and
resistance measuring devices. The catalog
also lias definitions, check lists, applica-
tions, and charts.  Keithley Instruments,
12415 Fuclid Ave.. Cleveland 6, Ohio.

Circle 201 on Inquiry Card

MOS Microelectronic Circuits

A technical bulletin on designing with
MOS microclectronic cireuits offers data
o MOS applications, fabrication, high
input impedance, operation of RST flip-
flop, MOS integrated circuits, and resistor
problems in integrated circuits. The bul-
letin contains drawings and schematics.
General Instrument Corp., Microcelectron-
jes Div., 600 W, John St, Hicksville,
LI, NY. 11801,

Circle 202 on Inquiry Card

Memory System Catalog

This catalog (Bulletin 6336) describes
an entire line of memory systems and
stacks. Ten system descriptions are tah-
ulated i u concise, foldout chart. The
chart is designed to let users quickly com-
pare access speeds, word and bit capaci-
tics, logic levels, power requirements, op-
crating parameters, accessory equipment,
and physical dimensions. Basic data on
2000 possible plane and stack configura-
tions are included.  Fabri- Tek, Inc.
Amery, Wisc.

Circle 203 on Inquiry Card

Power Sources—Medical

\ new illustrated booklet entitled, “*One
Flundred  Million Heartheats,” describes
the use of high reliability power sources
in medical electronics.  Special applica-
tions arcas are: cardiac situations in the
Stokes-Adams syndrome, clectrical control
»f the bladder and urinary tract, stimula-
tion of the cighth nerve in certain hearing
defects. and  stimulation of the phrenic
nerve to promote breathing in paralytic
patients. The booklet is illustrated with
Sarts and graphs. Mallory Battery Co,,
So. Droadway, Tarrvtown, N. Y. 10591

Circle 204 on Inquiry Card

Ni-Alloy Magnetic Cores

Tech  Data 53-1  describes  familiar
nickel-alloy tapewound or cased cores re-
packaged for lower cost as new stand-
ardized line of bobbin cores. Direct size
interchange to 114 in. OD plus new nar-
row widths to 1/32 in, even in Super-
malloy. Change alloys freely for best
freq. response: for mag-amps, dc invert-
ers. SCR firing circuits, pulse and satur-
ating transiormers and inductors, shift
registers, core-rope computer memories
and digital circuitry. Infinetics Inc., 1601
Jessup St., Wilmington, Del.

Circle 205 on !Inquiry Card

ELECTRONIC INDUSTRIES < February 1966



Component Catalog

This new catalog contains 53 pages of
listings for capacitors and resistors de-
signed for industrial uses. Capacitor tyjes
included are electrolytics, paper, film, met-
allized film, subminiatures, Mil types, ce-
ramics, and micas. Decade boxes, filters,
and resistors are also shown, Czatalogs
are available at Aerovox distributors or
on company letterhead to Acrovox Corp.,
Distributor Div.,, New Bedford, Mass.

Stepper Relays

A 34-page stepper relay catalog pre-
sents new developments in steppers with a
concentrated “short course™ for designers
of multiple circuitry. Included are photo-
graphs, \\orkmg drawings, \pguhg.mom
and operating data. Special sections in-
clude application guides, stepper ternii-
nology, a guide to stepper selectior: and
ordering information. Catalog No. 3-32,
Guardian Electric Mig. Co., 1550 \W. Car-
roll Ave., Chicago, 111. 60607.

Circle 207 on Inquiry Card

Component Selector

New 1965/66 Component Scelector “re-
flects a new philosaphy in the component
business—one that now ofiers unprece-
dented benefits.” This 129-page catalog in-
cludes application charts, type selector
charts, and standard rating sclector tables
to guide the user, or designer, to the
proper selection of a standardized stock
design. Cornell-Dubilier Electronics, 30
Paris St., Newark, N. J. 07101,

Circle 208 on Inquiry Card

Strip-Printer Bulletin

Strip printers for use in weapon and
acrospace systems are described in this
bulletin. It discusses various uses aud de-
velops the general concept of strip printer
theory and operation. It concludes with
a detailed description of 2 typical printers
presently used by the military., Franklin
Electronics, Inc., Dridgeport, 'a. 19403,

Circle 209 on Inquiry Card

Slip-Ring Assemblies

Bulktln SR-65 shows slip-ring assem-
blies in drum and pancake styles, from
tiny units of less than a cu. in. to assem-
blies nearly 6 ft. high, carrying more than
130 power, instrument, and signal circuits,
plus specs.  Electro Switch  Corp,, 167
King Ave., Weymouth, Mass. 02188.

Circle 210 on Inquiry Card

BUWEPS Synchros

A data sheet on size 11 BUWEDPS Syn-
chros is available for designers who necd
a device that transduces shaft angle to
clectrical signals and vice versa. The data
sheet presents full spees. on a family of
synchros. Three types, CT, CX and CDX
(Control Transtorm, Control ‘Transmit-
ter, and Control l)lﬂlrcntnl Transmitter
rc~p(gt1\cl\) comiprise the family, TMC
Magnetics Corp., 570 Main St., Westhurr,
N.Y. 11591,

Circle 211 on Inquiry Card

telephone
quality
There is no higher rEIuvs

standard for relays. Specify famous
Stromberg-Carlson . . . known to
telephony since 1894.

TYPE A: general-purpose relay. Up to
20 Form “A” spring combinations.
TYPE B: multi-contact relay. Up to
60 Form “A” spring combinations.,
TYPE BB: multi-contact relay. Up to
100 Form “A” springs.

TYPE C: two relays on one frame;
mounts in same space as one Type A.
TYPE E: general-purpose relay;
universal mounting; interchangeable
with relays of other manufacturers.

Write for complete technical data.

INSING- 5y 7 5
vt
YR T on

STROMBERG-CARLSON

A Subsidiary of General Dynamics

116 Carlson Road +« Rochester, N. Y. 14603

Cirde 78 on lnqulry Card

Eldema... First in Indicators

FLANGE BASE LAMP HOLDERS

Here are some of Eldema’s many styles of lamp holders —all for
use with replaceable flange based long-life neon or incandescent
T1-3/4 lamps. These parel indicators are available in a variety of
lens colors and shapes, tody sizes and finishes ... with or without
built-in resistors. A number of types carry Mil Spec numbers.
Tnere is an Eldema lamp holder for every application.

Write today for our catalog!

ELDEMA CORPORATION

( }(,‘ TECHNOLOGY
TUSCO | - SRPORATION @‘

18435 Susana Rd./Compton, Calif./Tel. (213) 774-1850/TWX 213-639-3380

ELECTRONIC INDUSTRIES + February 1966

Circle 62 on Inquiry Card 127



NEW

FOXBORO

CHEM LAB
SELECTS
BARNSTEAD
\\2_1011

FOR PUREST
DISTILLED
WATER

Dr. 'ruman Light, Senior Re-
scarch Chemist at Foxboro, stands
next to oo Barnstead 72-107 com-
pletely enclosed Water Still used to
obtain the high purity distilled water
needed for their laboratory work.
Note how it fits into the available
wall spiace — yet it provides two
vallons per hour and has built-in
10 gallon storage tank. The »2-107
is completely enclosed and designed
for wall or beneh mounting. Why
not update your chem lab with a
Barnstead ~2-107 the new fow-
cost Distilled Water Center.

SEND FOR FREE LITERATURE
Write for Bulletin =196 describing the
Barastead “2-107. Yours tor the asking.

Barnstead

STILL AND STERILIZER (O.
22 Lanesville Terrace, Boston 31, Mass.
New York, Phitadelphio, Washington,
Atlanto, Cleveland, Detroit, Chicago,
St. Louis San Francisco, los Angeles
Circle 79 on Inquiry Card
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Transducer Catalog

This catalog, i a series of & contains
a simplitied chart for an orderly custom-
ized selection of exact configurations to
meet most transducer requirements. Man-
ufacturing techniques of the Tength, stroke,
windings within a given category, may be
varied in reasonable inerements to pro-
vide a large variety of configurations.
G L Collins Corp., 3875 Obispa Ave.,
J.ong Deach, Calif.

Circle 212 on Inquiry Card

Micro Switch Bulletin

Full color illustrated Dulletin 70 offers
control panel builders guick and casy-to-
asserble Uplug-in” Lighted  pushbutton
switches wid matching indicators. Charts
and dingrams cover : mounting and wiring
hardware : mechanieal interlock udd-on”
deviees : mounting dimensions ;. circuitry,
component  listings: and  replacement
parts.  Micro Switch, a div. o Honey-
well Tne Freeport, T 01033,

Circle 213 on Inquiry Card

Diode Reliability

\ O0-page report summarizing 15,700,-
000 diode hours of 100°C Tife test at rated
conditions is now available. Tests were
conducted  for three years: during  that
time 7.883 units “were life tested without
a single fatlure. At the end of testing,
all units contimied to meet pre-test spect
fied requirements  forall parameters.”
Included ts a discussion of acceleration
factors and a curve to apply such factors,
Unitrode, 3800 Pleasant St Watertown,
AYFTESS

Circle 214 on Inquiry Card

Militarized Tape Transport

High - performance, ruggedized  tape
transport, for military environments is de-
~eribed in this brochure, Product Data 1-
2150 The transport, Model SC-1T30M,
v ~ingle-capstan digital tape transport

I operates at hidirectional tape speeds
to 130 1p~ without program restrictions.
Drocumentation  and  logistics  programs,
recommended preventive maintenance, and
ield support are included. Potter Instru-
ment Cono Ine 1531 Sunnyside Blvd.,
Plamview, NV TIR03,

Circle 215 on Inquiry Card

Photocom Switch

Thi~ data sheet (F-3180)  provides
spees. Tor solid-state photocom  switeh,
SPST o Neries. Driven by a neon lamp
that activates a photo-resistive cell, the
tnit s desiened tor Jow level switching.,
The switeh has a life rated at billions of
perations and has application as a series
1 unt - madulator  in operational  de
amplitices, PH meters, clectrometers and
servo controls. Fact sheet contains spees.,
~ehematios, and deseription. James ilec-
tromics, fne, 40300 N, Rickwell St Chi-

v, THL 60618,

Circle 216 on Inquiry Card
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VISUAL

MAGNETIC

CONTROL

MAGNETS MOVE FASTEST—AND EASIEST—OF ALl

SIMPLEST VISUAL CONTROL FOR

Sales ® Production ® Personnel
Maintenance ® Machine Loading ® Scheduling

Charts ® Visual Presentations ® Graphs

COLORFUL MAGNETIC ELEMENTS

ORGANIZE FOR ACTION
SHOW FACTS INSTANTLY
ELIMINATE MISTAKES
GET THE JOB DONE

Priced From

$3800

Including Magnetic Elements

Price List &
Brochure EiZ

FRE

On Request

Methods Research Corp.

54 Willow Ave., Statenlsland,N.Y. 10305

Circle 80 on Inquiry Card

when you
think about the
South East...

think of the

DAYTONA BEACH

industrial area

FLORIDA’S INDUSTRIAL
DEVELOPMENT
SUCCESS STORY

B 26 miles North of NASA-MILA Merritt Island Lausch
Area and Cape Kennedy WM Located at the heart of
Florida's Interstate Highway System —the junction of
1-95 and 1-4 W New 200 plus acre Central Industrial Park
W University of Florida's GENESYS Graduate Engineering
Facility at your plant door.

T0 RECEIVE A SURVEY FOR INDUSTRY THAT IS
YOUNG AT HEART — WRITE T0:

ROBERT H. MILES
COMMITTEE OF 100
% DAYTONA BEACH
‘ Industrial Area
P.0.Bcx 1309, Dept. El

( DAYTONA BEACH,

FLORIDA 32015

Telephone Area Code
904 « 255-1711

L o e s e &
Circle 111 on Inquiry Card
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Potentiometer Catalog

Precision Potentiometer Short Form
Catalog No. 3 gives spees. on Bourns

entire  precision  potentiometer  line, 23
types, including  bushing  mount, servo
mount, and KNOBPOTE® and [.A3-

POT®R potentiometer styles. Bourne, Inc,,
Trimpot Div,, 1200 Coiumbia Ave,, River-
side, Calit. 92507,

Circle 217 on Inquiry Card

Power Supply Catalog

A R2-page illustrated catalog describ-
ing EECO transistorized, 12v and 6Oy de
power supplies is available. The units are
primarily for use with cquipment rather
than for general laboratory use. Data in-

cludes spees, graphs and sales offices.
Engineered  Illectronics  Co., 1441 L.

Cnestnut Ave., Santa Ana, Calif.
Circle 218 on Inquiry Card

Vacuum Relay |

A new lo-page catalog (No. 102) de-
seribes  characteristics, construction  a-l
appliances of  vacuum  transfer  relays.
The catalog includes a usceful section for
engineers  devoted  to constructive  sug-
gestions on the proper application of vac-
uum relays, The seetion contains sche-
matics and data tables. Jennings  Radio
Mig, Corp, Po Q) Box 1278, San Jose,
Calif., 93108

Circle 219 on Inquiry Card

Miniature Capacitors

Steps in manufacture of miniature clec
trolytic capacitors are illustrated in a
new brochure. Detailed from basic mate-
vials  through tmal inspection, brochure
underscores care taken in producing a
product that relies on manual operation
and assembly, Nashville Electronics, Irc.,
20300 Foster Creighton Dr., Nashville,
Tenne 37204,

Circle 220 on Inquiry Card

Low T.C. Resistors

New Bulletin 109 deseribes small, axial-
lead resistors recently added to a line of
slicone-ceramic, conformally coatea pow-
er resistors. The Hne features low T.C.
(temperature  coeflicient of - resistance ),
prevision  tolerances,  excellent  stability,
and ratings to 1000w, Ohmite Mig, Co,
3604 Toward St, Skokie, 1L 60076,

Circle 221 on Inquiry Card

Pulse/Digital Generators

Condensed 1963 <06 catalog furnishes
major specifications, general descriptions
and prices Tor over 23 pulse generators,
including  programmable models,  ligital
data cenerators, and plug-in output units,
Domestic and overseas representatives and
service centers are also listed. Datapulse
Ine. 309 Hindry Ave., Inglewood, Calif.

Circle 222 on Inquiry Card
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Subminiature

ILLUMINATED

PUSH BUTTON

SWITCHES

Switch Form A or B
with 3/4” sq. cap

= FRTE 2R and matching
& I Eq . a
= \Ew Indicator Lights
< \E:ﬂt’a-—.ﬂ
u— s A
_Sr\?litch"For? C
withpl/Zind icap > DIALCO Switches and Indicator Lights provide al-
,—""f”/f most limitless applications—are flexible in ar-
-7‘ 1 A rangement—economical in price—and feature
?\‘_\“‘\“, high reliability.
Matching Indicator i ‘\; Switches are the silent, momentary type—requir-

ing 24 oz. (approx.) operating force. Contact
arrangements are: S.P.S.T., normally open or
5 normally closed; S.P.D.T. two circuit (one normally
31- open, one normally closed}. Ratings: 3 amps, 125V
A.C.; 3 amps, 30V D.C. (non-inductive). The switch
is competely enclosed and independent of the
4 lamp circuit. The fight source is the T-134 incan-
descent lamp, available in voltages from 1.35 to
28V. Units are made for single hole (keyed) mount-
ing in panels up to 3/16” thick and mount from
back of panel in 1/2" ciearance hole, Switch
forms for dry circuits are also available.
Cther features include: 1/2” or 3,4” interchange-
able caps, round or square, rotatable or non-
rotatable, in a choice of 7 color combinations.

DIALCO

with 3/4” rnd. cap

Matching (ndicator
with 1/2” sg. cap

For complete
data, request
current Catalog.

Ilust. approx. 75% actual size

FOREMOST MANUFACTURER OF PILOT LIGHTS

DIALIGHT CORPORATION

60 STEWART AVENUE, BROOKLYN, N.Y. 11237 212 HYACINTH 7-7600

Circle 81 on Inquiry Card

PRECISION

is ready to ship...

Fast delivery from an arbor
list of over 2000 different sizes
and shapes, plus modern high
speed equipment and special
fabricating service assure
you coil forms to your exact
dimensional and material

= specifications...when you
want them and in the quantity desired.

Mechanical specifications —any shape, 1.1, O.D. or
length . .. Di-Formed or bowed sidewall construction
... rolled, spun, notched, punched or formed.

Materials—any diclectrical material, including kraft,
fish paper. acctate, DulPont Mylar and Nomex.
Johns-Manville Quinterra, Resinite (phenolic im-
pregnated) and combinations.

Ask about our special mandril service. Request
Arbor List and Bulletin,

PRECISION PAPER TUBE COMPANY

1049 S. Noel Ave., Wheeling, Ill. 60090 (Chicago Suburb)

TELEPHONE 312...537-4250 TWX 312...537-5202
Circle 82 on Inquiry Card
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Mail this...

fairmount
CHEMICAL CO., INC.
136 Liberty St., New York, N. Y. 10006
» High wetting
properties for

: good bite
- + Non-corrosive
FMRMOUNY connections
-3 * Residues
w %ﬂlﬁ removed by
i, el heating or water
M ‘ rinse
(‘_ ¥. » No change on
aging

Please send samples of your
hydrazine-activated

O flux O core solder

Name _

Title_

Company

Address

City

State ~_ Zip

for samples, technical
data on hydrazine-

activated flux* or core
SOIder- *U.S. Patent No. 2,612,459

and others.
Circle 83 on Inquiry Card

LOOKING FOR

PROFIT?

THE FACTS FAVOR

NEBRASKA

L

Sample the facts in a free survey.

Authoritative studies give you
the facts on labor, taxes, re-
sources, utilities, local economy,
services in 57 Nebraska com-
munities. If the information
you want about Nebraska is not
at hand, we'll research it for you.

CONSUMERS POWER OISTRICT
Community Development Dept
1401 O Street, Lincoln, Nebr. 68508

Send sample survey and basic data sheet to
NAME

ADDRESS

CITY

STATE ___ue
(Ptease attach specific requests for ather data.)
- E S G D D S e ..

Circle 84 on Inquiry Card
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CERMET Catalog

| I-page catialog ( Noo 3003) con

tatns illustrations and techmcal ditac o
he 1 ¢ ol CERMET potentionmeters,
trimmiers, resistor/capacitor maodules, hy-
hrid integrated  circuits and microminia-
tur Lid pellet fined resistors, Fables on

ctairotmental

clectreal an

perfornimee specs, and
mechanieal speess are civen,

\ il forehiability it basel thie
cquivalent of nearly 240000 vears o test-
e, on hyvbrid inteerated cirenits s in
b CIS Corp,, Flkhart, Tnd

Circle 223 on Inquiry Card

Microminiature Modules

Ome of the “most complete documents

cver assembled on microminiature elee-

tromic modules™ is offered inan illustrated,
32 paee hooklet, which deseribes design,
TR nent,  packagine  and  prototype

bricat [Tustrations highlight point

to-point, wrix, multilayver and parallel
cap  welding,  Fligh Reliability Ciremt
Sustems, Ines dive of International Eled
tronic Research Corp., 1833 N. Raymond
4 \naheim, Calir, 92801,

Circle 224 on Inquiry Card

Connectors and Contacts

Catalog MOTC-1 deseribes microminia-
ture hieh - density MICRO/CON rack/
{e and  strip connectors  features
FWIST 7 CON microminiature contacts.

TWIST/CON pins and sockets permit
high density packaging up to 420 con-
Gets /s in. on 0030 in, centers. MTCRO/
CON connectors are sold harnessed and
~embled, or in bulk. Catalog contains
dingrams, drawings and spees. Microdot
Ine, 220 Pasadena Ave, Soo Pasadena,
Calif.
Cirele 225 on Inquiry Cerd

Indicator Lights

This To-page, fully illustrated  catalog
=161 presents a wide array of minia
ture and Jaree indicator lights for use
with neen or incandescent light sourcee.
Ao neluded are tamper-proot open type
ssseniblies and lens caps for panel mount-
inge. Lanip charts are provided, giving a
anplete listing of the appropriate lamps
wothe ~ertes of indicator hehts, Dialight
Corp,, 60 Stewart Ave, Brooklvn, NUOY,
11257

Circle 226 on Inquiry Card

Voltage Control Devices

New  20-page buyer's guide,  (GEC-
1064) desertbes a complete line of regu-
lated de power supplies, ac voltage stabil-
izers, and manual, plug-in, motor-operated
and automatic Volt-Pac® variable trans-
formers, Hlustrated bulletin contains or-
dering information, dimensions, diagrams,
operating  characteristics, and a special
problent solver to aid in product sclection,
General Electric Co., Schenectady, N.Y.
12305,

Circle 227 on Inquiry Cerd

ELECTRONIC INDUSTRIES -

NO FAILURES

NO FAILURE FAILURE

NEW WALDOM
BARRIER BLOCK
TERMINALS

Designed specifically for use with
terminal blocks. These new Wal-
dom terminals lock irto position
because of their precise fit be-
tween barriers . . . cannot loosen,
rotate and cause arcing and
failure. Three tongue styles —
Spade, Flanged Spade, Rectang-
ular. Five different barrel styles
also available.

For complete information and catalog,
see your distributor or write . ..

w nlnom ELECTRONICS INC.

4643 W. 53rd St., Chicago, I1l. 60632

Circle 85 on Inquiry Card

a name to remember
in machinery

for electronics

At left;
Largest assortment
of wet and dry type
Glass Cutters.

Below:

An Eisler
precision
vertical
Spot Welder
designed
exclusively
for welding
electronic
components.
Sizes from
12 to 7¥2 KVA

Write us today for full particulars!

EISLER ENGINEERING COMPANY

Dr. Charles Eister, M.E. President

770 South 13th Street, Newark, N. J., U.S.A. 07103

Circle 86 on Inquiry Card
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NEW TECH DATA

Solid-State Multiplexers

This brochure provides complete tech
nical information on Series 970 Solid
State Multiplexers. Three models featare
high-speed multiplexing, improved FIST
switching, 8 to 128 channel expandibility,
and sclectable <tepping rates from 0 to
20,000 chanels/sec. Input configurations
are desceribed tor single-ended Model 970,
Jitferential  Model 973, and  the 3-wire
Maodel 970, Control requirements, operat-
g characteristics, and spees. are detaihed.
Astrodata, Inc., PO, Dox 3003, 2400 15,
Palais R, Anaheim, Calif,

Circle 228 on Inquiry Card

Solenoid Drivers

A new hulletin discusses inductive over-
shoot caused by long leads hetween driver
modules and the relays or solenoids they
are controlling in memory core testng
sitnations. Overshoot  can destrov  the
driving transistors. Solution suggested is
using a zener diode to ground meluctive
transients that exceed harmful potontials.
Digital Equipment Corp., 146 Main St
Maynard, Mass. 01754,

Circle 229 on Inquiry Card

Solid-State Modules

Aplication hulleting, (SCDTO, 11,12 and
200 on 4 new solid-state logie madules
for controlling automatic machines and
processes, explain logic capabilities of cach
module and provide data on clectrcal re
quirements, installation and  conneetors,
Schematic drawings i cach bulletin show
the diode relay equivalent cireuit which
can be supplicd by the appropriate modnle,
Ault, Inel 35301 48th Ave. N Minne
apolis, M. 353429,

Circle 230 on Inquiry Cord

Potentiometer Catalog

Revised edition o a 20 Page catalog on
rotary precision tilne potentinaneters de
seribes 3 new  lines: Series 130, 17/16
. diacs slimline in 13950 2 and 3 . dia
and low torque-low inertial Series 170 po
tentiometers, The catalog ¢ No. rp v62, 1)
contains data and specs. on single and
multi-turn potentiometers ad  potentiom
cter elements, plus special confieurations,
Computer Tnstruments Corp,, 92 Madison
\ven Hempstead, 110N, V.

Circle 231 on Inquiry Cord

Microwave Power Measurement

Ao St-page Application Note 204 (-
titled, “NMicrowave Power Measuraneat,”
details recently-deyveloped  technigiies Tor
higher aceuractes with reduced complexity
and thme. Special emphasis s placed upon
accuracy improvement, Modern nocans of
determining eff cetive cthiciency and cali
Lration fuctor are developed. Wavs to
apply the data simply, 10 achieve higher
acenracy, are eiven, Available from 1 ow
]\'ll*l’:l(‘L.u'(l_ 1301 Paee Ml Rdo. Palo
Ao, Calif, 94304,

Circle 232 on Inquiry Cord

! i’ﬁ 100, ') \ 560
v

B ——

TC .290 r : 660 790 .890

P-100 1- 5pf - — — —

NPO 1-15 - . 70- 85 pf 86-115pf | 116-175 pf
N- 33 1-15 3 70- 85 86-115 116-175
N- 75 2-15 . 70- 95 96-130 131-190
N- 150 2-15 - 70- 95 96-140 141-230

N- 220 2-15 - - 75 76-100 101-160 161-230
N- 330 | 222 - . 76-115 116-190 191-270
N- 470 220 - - 80 81-120 121-200 201-275
N- 750 | 232 7 156-220 221-300 301-470
N-1500 | 10-74 221-399 400-550 551-800
N-2200 | 20-99 300-450 451-680 681-900

Temperature Coefficients up to N5200 Available on Special Order
Disc sizes under 12” diameter have lead spacing of .250. Discs 1»” diameter and over have .375 spacing.

TROUBLE-FREE PERFORMANCE

RMC DISCAPS

TEMPERATURE COMPENSATING TYPE C

RMC Type C DISCAPS meet or exceed all SPECIFICATIONS

specifications of the EIA standard RS-198 CAPACITANCE: Within toler-
ance @ 1MC and 25°C

and RS-165-A. Rated at 1000 working volts, CA5PACIT1AONCE TOLERANCES:
+5%, --10%

Type C DISCAPS provide a higher safety fac- Izo/% e or

tor than paper or mica capacitors. %ggsm(; MOETACE:

QUALITY FACTOR: Greater
than 1000 for 30 pf and above.

Constant production and quality control BeIOW(3?)pf = Q = 400 + 20
. R x cap (p
checks assure that all specifications and INSULATION RESISTANCE:

g Greater than 7500 Megohms
temperature characteristics are met. z 500 VDC .

TEMPERATURE COEFFICIENT:
As noted on capacitance chart

Throughout the years leading manufacturers FLASH TEST:
. X 2000 vDC for 1 second
have relied on RMC for quality of product and LIFE TEST:

. . . Per EIA RS-165.A Class |
maintenance of delivery schedules. Write on BODY INSULATION: Durez
your company letterhead for additional infor- g:‘:g":;'&d‘“ LTI LR RS e
mation on DISCAPS. LEAD STYLES AVAILABLE:

Long lead — £22 AWG tinned
copper (=20 for .890” diame-
ter)—and all types for printed
wire circuits,

f—_-r:"w." -

—_ — — - — - L ———
RADIO MATERIALS COMPANY

DISCAP
CERAMIC A DIVISION OF P. R. MALLORY & CO., INC.
CAPACITORS GENERAL OFFICE: 4242 W. Bryn Mawr Ave., Chicago 46, III.
| Two RMC Plants Devoted Exclusively to Ceramic Capacitors
! FACTORIES AT CHICAGO, ILL. AND ATTICA, IND..
L S iR T R T s S ——
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NEW TECH DATA

Power Supply Bulletin

A new brochure, Bulletin 1010, de-
seribes improved spees. and a new avail-
able model in compact, high precision
power supply series featuring the “duet”
twin amplitier which controls voltage or
current with automatic crossover to either
mode. Deltron, Inc, North Wales, Pa.

Circle 233 on Inquiry Card

Ceramic Packages

A new Bulletin No. 033 on AIsiPak
ITigh Aumina Ceramic Packages contains
technical data on this subject which has
not been published previously, The tech-
nical bulletin contains charts, spees. and
coloriul diagrams of ceramic packages.
Steatite Div., American Lava Corp., Chat-
tanooga, Tenn, 37405,

Circle 234 on Inquiry Card

Differential Amplifier

An all solid-state diff erential amplifier
is described in bulletin 68020, Designated
the Maodel C-44 Amplexer™  amplifier,
this low-cost unit provides commutated,
Hltered or wideband outputs, and choice
of cains, bandwidths and tilters. Berkeley
v, of Deckman Tonstruments, Inc, Rich-
mond, Calif.

Circle 235 on Inquiry Card

Power Supply Index

An up-to-date index lists 10 standard
transducer  excitation power supplies. A\
Z-page reference chart on the inside pages
contains all spees. Six use constant cur-
rent, one uses constant voltage, and 3 can
be switched from constant current to
constant  voltage merely by switching
links. I3 & I¥ Instruments, Inc, 3044 N.
Lawrence St, Phila., Pa.

Circle 236 on Inquiry Card

Coaxial Switches

A new 12-page catalog describes 23
types of  hermetically -scaled coaxial
switches. Complete mechanical and elee-
trical spec., photographs, and outline
drawings are mcluded. The catalog also
contains details on variations of voltages,
r-f connectors and power terminations
available for cach type. Electronic Spe-
cialty Co., 4561 Colorado Blvd, Los An-
oeles, Calif. 90039.

Circle 237 on Inquiry Card

Sealing Design Book

This new design handbook is called a
must for all designers faced with sensi-
tive scaling  problems.  Spring - loaded,
self-energized teflon seals feature low fric-
tion, chemical inertness, temp. range from
cryogenic to 4-400°1, unlimited storage
life. Request Tee-Ring® design handbook,
TR-100. Tee Scal Corp., 22624 Avalon
Bivd., Wilmington, Calif.

Circle 238 on Inquiry Card

MEASURE FOR
AS =1 GRAM FULL SCALE

in studies of bearing torque, weight, small
angles, liquid levels, surface tension, etc.

VCXO Use Brochure

A new brochure on the use of VCXOs
(Voltage Controlled Crystal Oscillators)
includes brief graphic and theoretical dis-
cussion. Background data describes im-
portant characteristics which make the
VONO applicable to specific techniques
in military, industrial and commercial
projects.  Included are block diagrams,
schematics  and  tables,  Damon  lingi-
neering, Inc., 240 Highland Ave,, Need-
hamm Heights 94, Mass.

Circle 239 on Inquiry Card

Micro-Miniature Sockets

Complete details on a full line of micro-
miniature relay sockets are presented in a
new catalog. Included are photos, outline
drawings, electrical and mechanical specs.,
and chassis cutout dimensions. Branson
Corp., Vanderhoof Ave, Denville, N. J.

Circle 240 on Inquiry Card

Rigid Line Assembly

Special assemblies fabricated from rigid
line are fully described in this catalog.
Four pages are devoted to illustrations of
terminations, cavities, power dividers, an-
tennas, Jow-pass filters and reducers, all
of which are “unique assemblies” fabri-
cated of rigid coaxial transmission line
in copper or aluminum. Bulletin RLA,
lssue 1, Phelps Dodge Electronic Prod-
ucts Corp., PO, Box 187, 60 Dodge Ave,
Nortlt Haven, Conn.

Circle 241 on Inquiry Card

S ot el

AS LOW

New, miniature Microforce transducers provide an economi-
cal way to measure uni- or bidirectional forces with infinite
resolution, extremely high linearity and low hysteresis.

request These transducers have excellent overload
technical . : damage immunity, low tracking force, no
data i1 ; bearing play (drive rod spring-suspended),
: non-linearity only 0.2%% of full

scale, excellent thermal
stability. Temp. range

0° to 170° F, Excitation

5V, 2.4 KC nominal.

a rectangular
readout tube with 2
decimal point! 38 ol KO

" pispLace. | sensiTiv] Nat.
MEN

(f.s., mv | FREQ.
per volt | (approx.
inches) of excit.)] ¢ps)

grams)

sd

B FTA-LL I sl ) =00l00 S | 65 |
| _FTA-10-1 | +10 | =0.010 8 130
¢ FTA.100-1 | =100 =0.010 8 390
oy ———— -

*Working range; usabie range at least 2x f.s. range.

...another innovation from
NATIONAL®

available for immediate delivery

NATIONAL

ELECTRONICS, INC.
A SUBSIDIARY OF VARIAN ASSOCIATES
PHONE: (312) 232-4300 * GENEVA, ILLINOIS, US.A,

HEWLETT =

PACKARD hp, GANBORN

DIVISION
Waltham, Mass. 0215

Circle 88 on Inquiry Card Circle 89 on Inquiry Card
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Ratiometry Data File

Technical Data File on ac ratometry
and automatic test equipment consists of
a bound set of 10 technical bulletins in
which engineers discuss the state-of-the-
art of ac measurement.  Papers cever
phase angle measnrement and phase sen-
sitive conversion, Theory and practical

applications are covered. .\01111 At antic
Industries, Inc.. 200 Terminal Dryv, Plain-
view, N. Y. 11803.

Circle 242 an Inquiry Cord

Potentiometer loading data

Technical Data Bulletin No. TI-113
discusses aspects of the effect on the
output voltage ratio of lincar and non-
lincar potentiometers of varying or un-
expected loads. Formulae are develaped
to permnit a circuit or system designer to
compute output errors. Each use circuit
is illustrated with diagrams, and voltage
ratio load effect is shown graphically in
a series of curves. Markite Corp., 1535
Waverly Place, New York, N.Y. 1(‘014.

Circle 243 an Inquiry Card

Power Rectifier Diode

Bulletin B-113 provides engineering «lata
on a new silicon power rectifier, the 70H,
suitable for industrial, commercial :m(l
military uses. The dcvicc has high surge
current capacity (up to 1200a), fatizue-
free  construction, standard or reverse
polarity, and low thermal impedance. In-
ternational Rectifier, 233 Kansas St.. El
Scegundo, Calif. 902406.

Circle 244 an Inquiry Card

Feed-Thru Capacitors

Lag - terminal  capacitors have been
added to Type 180D Tantalex Fued-Thru
Capacitor family used for RFL suppres-
sion. These capacitors are now available
in 30 and 75v. ratings. Complete per-
formance characteristics and list of stand-
ard ratings are given in  Engineering
Bulletin No. 35323\, Sprague Electrie Co.,
233 Marshall St No. Adams, Mass,

Circle 245 on Inquiry Cord

Resolver/Synchro

Newsletter No. 15 describes precision
shaft angle to digital and digital to shaft
angle conversion systems-—using a special
solid-state  resolver / synchro.  The new
resolver/synchro can use CN, (T, CHX
or any resolver or synchro contiguration,
and requires no modification of existing
cquipment. Reeves Instrument Co., Gar-
den City, N. Y.

Circle 246 an Inquiry Card

Vibration Transducer

A veloeity  vibration  transducer  that
provides an nnusual combination of 1-f
response ina lightweight (2.2 oz.). shock-
resistant unit s deseribed in o bulletin
4150, The type 4-150 is a small vibration
transducer for I-f velocity or displacement
measurements,  Avatlable from Consoli-
dated  Electrodynamics  Corp., subs, of
Bell & Howell, 300 Sierra Madre Villa,
Pasadena, Calif,

Circle 247 on Inquiry Cord

ELECTRONIC INDUSTRIES -

To make or buy

Sola CV transformer
matched to your
output requirements

S ™

l
%7

. Sola CVDC built to your
output requirements

Make the decision a realistic one. Let
SOLA quote you on a custom built CV
transformer and CVDC power supply. You
will then have the costs and specifics to
make the right decision.

Building your own d-c supply?
Start with the SOLA CV, custom built to
match your power supply’s outputs, ex-
actly, Save extra component costs in
your design. Get short circuit protection,
regulation within - 1% for line variations
to = 15%. Send output power and
circuit requirements, we'll return price
of CV and values of circuit components.

Buying a complete d-c supply?
Choose the SOLA CVDC, custom built to
your specified output requirements. Get
a high watts-per-pound package combin-
ing the CV's tight regulation, low forward
voltage drop of the rectifier and low out-
put impedance of the capacity filter.

Let SOLA quote both ways. Send us
your specs for custom-built CV's and
CVDC's, or call your distributor and ask
about his line of standard CV'sand CVDC's.

Sola Electric Division, Sola Basic In-
dustries, 1717 Busse Road, Elk Grove
Village, lilinois 60007 (312) 439-2800.

CUSTOM VOLTAGE REGULATION HEADQUARTERS

February 1966

SOLA ELECTRIC

DIVISION OF SOLA BASIC INDUSTRIES
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MICROLOGIC POWER SUPPLY (Concluded)

... from page 51
rectifier could he used with a center-tapped secondary
on the transformer, which would be somewhat more
difficult to construct.

The rectified square wave from the bridge, filtered
by L and Ciz, supplies a constant dc voltage to the
load. Excitation current for T.; is normally supplied
through the load: for operation withont external load.
therefore. a small (100 Q) resistor is shunted across
the output terminals,

Reference and Error Amplifier

Voltage regulation is provided by the error ampli-
fier and voltage reference consisting of Qo and Do,
These feed back an error voltage to the pA 702A com-
parator to adjust the duty cycle of the output square
wave from the control circuitry.

Regulator action is as follows: if, for example, the
line voltage or the load voltage increases, the cor-
responding increase in output voltage appears at the
emitter of Q4 as well as across the voltage divider
network Ray, Rgo, Rai. Since less of the increase ap-
pears at the base of (qy than at its emitter, Q4 con-
ducts more heavily, so that its collector voltage—and
therefore the error voltage to the A 702\ comparator
—rises. An increase in error voltage causes a decrease
in duty cycle of the output square wave and thus a de-
crease in the rectified de voltage across filter capacitor

L

ECD) YOUR
24

&« SHORTEST

to what's new in
Semiconductor Coolers

WAKEFIELD DISTRIBUTOR
PRODUCTS CATALOG

The latest designs in Heat
Sinks are as near as your
nearby authorized WAKEFIELD
Electronic Distributor. His
name is in our catalog along
with the full line he stocks:
milliwatt to high power coolers,
circuit board coolers, extru-
sions, thermal joint compound,
DELTA BOND 152 Thermally
Conductive Adhesive.

FOR YOUR COPY, WRITE

WAKEFIELD

INC.

WAKEFIELD, MASS. (617) 245-5900 « TWX 617-245-9213

NC.680-1.0

ocELTa

ENGINEERING,

DIVISION

139 FOUNDRY ST
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Ci; in the output.

The same mechanism can be used to change the load
voltage by adjusting the pot at the base of Q;9. Moving
it up. for exaniple, causes the base of Q) to go more
positive than its emitter. Transistor conduction then
decreases and the error voltage also decreases. This
increases thie duty cycle of the output waveform from
the switching amplifiers and thus increases the load
voltage.

Performance of supply — Efficiency and regulation
curves for the power supply are shown in Fig. 8. The
regulation characteristic (a), plotted as a function of
load current at a constant 30v input supply level,
shows a 1% variation in output voltage from no load
up to la. From 1 to 5a, the output voltage remains
constant. The regulation curve (b) shows that the
output remains constant as the input supply voltage
changes from 25 to 33.5v. The load current under
this condition is a constant 2.1a. The efficiency curve
(c) shows a peak efficiency of 82.5% at 3a of out-
put current. The element in the supply which con-
tributes the largest loss is the bridge rectifier. At 5a,
a single rectifier drop is 1.5v, so that the total bridge
drop, through two series rectifiers, is 3v. If the supply
requirement had necessitated a higher dc output voltage,
the efficiency would have increased hecause of the lower
diode loss at the reduced current, Curve (d) shows a
change in cfficiency of only 2% as the input voltage
is changed over the extreme range of 25 to 33.5v.

pin

money

In high-volume requirements, pin-money can be big money.
That's where the Multi-Swage process pays off . . . in big
savings on P-C Board Contacts, Terminals, Pivot Pins and
Custom Parts. Dimensionally consistent Multi-Swage parts

can cut costs in a wide range of applications.
N  For our new catalog or special information write:
B) THE BEAD cHAIN maNuFAcTURING co.

201 MOUNTAIN GROVE STREET
BRIDGEPORT, CONN. 06605
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RUGGEDIZED FIELD-TAPE TRANSPORT

\,

~
New FT-150 Field-Tape®™ Transport features rugged construction, jow

12vdc power and high-speed operation, especially designed for geo-
physical and military field operations, reports Potter Instrument Co

PCM BIT SYNCHRONIZER which is fully autoe-
matic has been developed by the Bendix Corp.,
North Hollvwood, Calif. Called thie Model SC-2000
amd using extensive microcircuitry, it covers 10 to
1.00G,000 Dhits/sec., Data is re-
consiructec with a bit error probadbiiity within

rates continuously,

db. of thearetical curves for both rectangular and
prefiltered waveforms,

CHICOPEE MANUFACTURING CO,
FLSLARCH DMISION
MILLTOWN, NEW JERSEY

T

DRAwN Y

cuecaeD oy
ATOVED BY
PROJ(CY WO

The second lime you draw these

(or any other repetitive element)

you're wasting creative time!
Use STANPAT repetitive symbols for any dia- ’” ”"‘m miH” (M
gram, spec, detail, title block . . . or any Il ' (A
have it ready for application to your draw- "‘ I
ings and tracings on any medium. It will be I
accurate, permanent, reproducible, and . .. 'I" Il’]?ll‘
-

other detal you draw. It's like adding
another draftsman to your staff. STANPAT ,”l“ |

will preprint your own symbol. You'll always

most important . . . you will gain creative
time! [

. il
STANPAT reproduces the drawing you need
on top-quality tri-acetate sheets. You sim- J\ H‘ ”
ply apply the sTanPAT to your tracings when- } 'l ‘f"
ever you need to, as often as you need to. ""“Imn..
Adherence is instant. Reproductions are
crisp and clean, even when microfilming.
There’s rever ghosting . . . no matter what
tracing medium you use!

Send for literature and samples today.

Jaithfully serving the engineer
for over two decades

STANPAT PRODBUCTS INC. |

.\ Covert and Main Street, Dept.C2
£ Port Washington, N.Y. 11050
<< Telephone: 516 883-8400

I ‘,'
l H"I"] M

il
IWMW
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VARGLAS

SILICONE RESIN

!!500’7
SLEEVING

So flexible you can get it
on spools or in coils!

FLEXIBLE—ct —70° to 4500° F. without crock-
ing or checking. D electric strength remoins.
DIELECTRIC STRENGTH up to 7000 V., even
when knotted. Meets MIL-1-3190, revised.
RADIATION RESISTANT — remoins noncon-
ductive under bigher random intensities.
SIZE AND COLOR CODES— 010" to 3” I. D., .
in 12 brilliant, non-fadz colors {deal where miniotur-
CHOICE OF LENGTHS—continuous lengths to ization increoses heat
5000’; 36” lengths where preferred. ) and dielectric load on
IMMEDIATE DELIVERY on stondord items from 0 wi
stock . . . 48 hr. for new production. LU E

@ Send for free fest

samples
"Never Satisfied Until You Are"’

Manufacturers of Electrical Insulating Tubing and Sleeving
308 N. Joy St., Rome, N. Y.
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NEW panoulr
PAN-RING®

Reduces harness
tying time

Simply insert Sta-Strap®
and push—the new Pan-
Ring guides the strap
around the harness and au-
tomatically threads it into
the self-locking head. Pull
tight and the strap slips off
the Pan-Ring onto the har-
ness . .. ready to be cut flush
at preset tension with a
Sta-Strap installation tool.
For harness board and
point-to-point work.

Write for Pan-Ring
and Sta-Strap Samples

A I] [] Tinley Park, Iil. 60477
Phone: 312-5321800
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PHOTOMULTIPLIERS (Concluded)

. from page 59

static defoeusing, clectron skipping of stages, and other
cflects.

Regulation

The voltage applied to the dynodes may be regulated
by cither of two methods. One is to have a tightly
regulated power supply in the 1000 to 1300 v.
s0 as to supply

class,
and to have a high current bleeder
a low source impedance voltage to cach dynode. Dis-
advantage of this method is that for most uses it is
complex, costly and may present a severe maintenance
problem.

The second method is to regulate the voltage at
cach dynode, Several methods have heen proposed and
used to do this. One is to use zener diodes, which
have good regulation. But, they can only be used in
applications where they will not be adversely affected
by their poor temperature coeflicients. Cost is also a
factor in their hich
tolernnee zeners tend to he too expensive.

sclection because voltage, close
Use of large gas tube regulators for each dynode
Often they do not exhibit a
close enongh regulation to maintain the dynode voltage

also tends to be costly.

within tight limits. Sometimes they exhibit jump volt-

age characteristics. In some uses, their size prohibits

their use.

PLASTIC and NYLON

WIRE-TIES

FAST, LOW COST WAY
TO TIE, MOUNT, IDENTIFY
WIRE BUNDLES

® LOOK . . . NO TOOLS!
easy hand installation.

® USE LIKE A BELT . .
LOCK HOLDS TIGHT.

® STRONG, SAFE . ..
REUSABLE.

® “STANDARD" types: (4% "
& 10"); Plastic—red, blue,
yellow; Nylon, natural
color.

“SNAP-IN-PLUG" type:

Plastic—red, yellow,
blue (4%"). Fits %' hole.

WRITE FOR

FREE |y
SAMPLES

HOLUB INDUSTRIES, In

448 ELM STREET ° SYCAMORE. ILLINOIS
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Newer Method

A newer method for reculating these voltages has
recently hecome available with the development of sub-
miniature cold cathode voltage regulators. These were
an outgrowth of the development program to produce
neon glow Tumps with the same tight tolerances as
other
Signalite
regulation over

made by
whose

circuit components. These new tubes,

lue., are subminiature  components

the
/ 141\;

needed current ranges is wsually
less than 0.1 v, \) and whose temperature co-
efficient 1x a few myv/°C. Typical lifetime of 30,000 hrs.
allows these tubes to l»( permanently wired into the
circuit. Their initial that of
other components designed for Their
allowed them

low cost s well helow

the same job,

phvsical dintensions and low mass have
to he used with applications of photomultipliers where
there are severe space and weight limitations.

A circuit for voltage regulation of a photomultiplier
tube using cold cathode voltage regulators 1s shown
i g 4
tube which is critically dependent on voltage. The volt-
age at dyvnode Y of Fig. 4 is plotted avainst the input
voltage in Regulation is accomplished by 10
type ZR4R 12 voltage reference tubes.

at average temperature cocfficient of minus 2

This cireuit was used with a type 931-A

IFig. 5.
These tubes have
nv/°C
and exhibit less than 1 v, change from the 84 v, refer-
2.0 ma. 30.000

of continuous operatior.

ence from 013 to [Life expectancy is

hrs.

3-POSITION ON ON-ON

TOGGLE SWi TCH

FOR: UNIQUE APPLICATIONS - = +

witw wawott |
10 THE KET WAY

wiTH MANDLE
OPPOSITE $I0F
OF KET waY

ON ON

23 23
45 56

CENTER

First of'its kind! Ultra-miniature 14" size,

5amps « 115VAC. In stock. Write for details, .

ALCOSINITEH :
I T T

Lawrence, Mass. Dept. X-57 ‘""-“

WORLD'S FIRST

MINIATURE
SPDY TOGGLE

UNITIZED BODY

One-piece “‘unitized body" reduces parts, weight, size
to a minimum for ultra-miniature space requirements.

Supplied with miniature bat handles or plastic color.
coded caps. Solid silver contacts' and terminals.

Insulation over 100 megs. Break down over 1000V,
Over 80,000 on/off cycles.

4 PDY $4.85. Ask for 0.E.M, quantity price schedule
on complete line of ALCOSWITCH.

ALCOSINITCH

SEND FOR FREE CATALOG
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Available
with
color
coded
caps
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Uses

Photomultipliers are an important tool in detection,
human
acuity is insufficient. This is particularly true where

measurement  and  observation  where visual
the light level is low enough to preclude the use of
other types of photosensitive deviees such as photo-
cells. the

transit time can materially affcet the needed  results,

Because in these uses cffeets of noise or
accurate regulation of voltages to the dynodes s of
critical importance. These new cold cathode voltage
regulators can provide relinble regulation over a long
period of time in a small package and at a favorable
cost differential. Many photomultiplier uses can henefit
from this new development. Some of these are photom-
etry,  spectrophometric  instrumentation,  scintillation
counters, gammit ray spectronteters, Cerenkov radia-
tion  measurement measurement.

Others are smoke detectors, celestial navigation, star
~

and  particle  size
tracking, flving-spot TV pick-up, laser detection and
timing measurement.

Typical Photometer

A typical photometer capable of full scale readings

FREE
* A REPRINT of ANY ARTICLE in this

issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department.

Send today for complete information on
the only readout that works like a rear-
projector, uses film to cisplay anvthing
(even colors!), gives vou 12 message
positions all in a single plane, and plugs
in and out from the front for quick lamp
replacement. All that and it’s only 114" x
1-1/16"! Just think what its bigger
brothers can do ...

INDUSTRIAL ELECTRONIC ENGINEERS, INC.

7720 Lemona Avenue ¢ Van Nuys, California
Phone: (213) 787-0311 « TWX (213) 781-8115
S Pri its

1965 1T sonlati
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in the microlumen range is shown in Ifig. 6. It con-
sists of a high voltage power supply for the photometer
and a low voltage power supply for the VTV

TT supplies 1000 vac to a half wave rectifier and a
capacitor filter. This produces nominally 1,400 vde.
This negative voltage passes through a dropping re-
sistor, It is then fed through a string of 10 subminia-
ture voltage regulators in series. Fach of the dynodes
is supplied voltage from a tap in the regulated voltage
supply. Henee, the voltage supplied to cach dyvnode
is kept constant against variations in line voltage,
dynode current or nonlinear current needs.

The anode supplies a current through its load re-
sistor to ground. The amount of anode current is a
function of the incident light hitting the cathode. Tt
appears as a voltage drop across the anode load re-
sistor. In the schematic this resistor is actually a
selected resistor depending on range. The voltage drop
is applicd to one grid of a push-pull de amplifier. This
amplifier 1s very stable due to the negative feedback
in its cathode circuit and to its regulated power supply.

In actual operation Switch 11is turned to the BALANCE
position and the BALANCE control is adjusted for a
zero reading. Next, with the photomultiplier in an
enclosed housing, Switch 1 is turned to the READ posi-
tion. The dark current Banancr control is then ad-
justed until the meter again reads zero. The hood is
removed from the photomultiplier and the light range

selector switeh is turned for the hest reading.

Radiused Mating Surfaces Provide Smoother
Positive Mating. Assure Repeated Low
Resistance Contact. Available in Bulk Or In
Permanent Dielectric. Connectors Available With
15 to 47 Contacts. All Popular Termination Styles.

|IMMEDIATE DELIVERY)]
—

| s

Write For Technical Bulletin

ethode Electronics, Inc.

7447 W. Wilson Ave. + Chicago, Illinois 60656
UNderhill 7-9600

Licensed under Elco patents.
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BOOKS

13th Annua! National Relay Conference
and 2nd International Conference on
Magnetic Relays Proceedings

Published 1945 by the National Association of Re-
lay Manufacturers, P.O, Box 7765, Phoenix, Ariz.
85011, Price $5.00. Paperback.

Contains copies of the papers presented
at the 13th Annual National Relay Cou-
ference on Electromagnetic Relays held
April 27-29, 1965, at Oklahoma State
Univ., Stillwater, Okla.

Here is a
Complete
PW Eyelet
Prototype .
!!Lah77

Systems Engineering Tools

By Harold Chestnut. Published 1965 by John
Wiley & Sons, Inc., 405 Third Ave., New York,
N.Y. 10016. Price $:12.95. 446 pages.

This book develops the mathematics and
technical skills neceded in the analysis and
synthesis of large, complex, onc-of-a-kind
systems in the utility, industrial, and mil-
itary ficlds. The importance of energy,
materials, and information in the produc-
tion of high grade systems is emphasized.
Modeling and simulation are highlighted,
and computing is presented in terms of
hoth analog and digital mcthods. Optimi-
zation is also treated from many points
of view.

Before production. use prototypes to select the right eyelets
for optimum PW Board performance. Eliminates costly post-
production changes — and the economical USM S-5 Hand
Eyeleter and the USM Electronic Evelet Selection Kit handle
virtually all your prototype eyeleting work.

The USM S-5 Hand Eveleter provides ample throat depth,
544 and, with its four setting tools, sets all standard and sub-
miniature evelet sizes. The selection kit includes more than
15.000 brass and OFHC copper evelets in standard sizes
capable of meeting most PW Board eyeleting needs. For
complete information, write, wire or phone: (TWX 710 451-
3734 — Phone (203) 735-3391.)

USM Eyelets

FASTENER DIVISION

USMm

United Shoe Machinery Corporation

1253 River Road, Shelton, Connecticut 06485

Branches: Atlanta, Ga. .
Dallas, Texas .

Milwaukee, Wisc. ¢ Nashville, Tenn. o
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Space Communications Systems

By R. F. Filipowsky and E. |. Muehldorf. Published
1965 by Prentice-Hall, Inc., Englewood Cliffs,
N.J. 07632. Price $14.90. 564 pages.

Divided into two parts, the first four
chapters deal with fundamentals, orbital
motions, the space environment, propaga-
tion, noise, and link design. The final four
chapters cover uses in communication sat-
ellites, instrumented satellites, deep-space
vehicles, and manned spacccraft. The
chapters on fundamentals cmiphasize the
systems character of the book by consider-
ing the problems of the communications
link. Methods used in space communica-
tions arc explained in enough detail to
allow their application to specific prob-
lems.

Telemetry Systems

By LeRoy E. Foster. Published 1965 by John Wiley
& Sons, Inc., 605 Third Ave., New York, N.Y,
10016, Price $12.75. 308 pages.

This book covers aspects of the field
needed to analyze and design airborne
telemetry systems. The newest develop-
ments in PCM telemetry are stressed and
the material presented so that the reader
can distinguish between usable theory and
actual design. Theoretical and practical
aspects are covered first. This is followed
by work on sensors. Reduction of tele-
metry data on the ground is discussed, as
is the analysis and design of both airborne
TV systems and spacecraft communication
systems. Latest work on radar, tracking
cameras, CW tracking, and other ground-
hased devices is included.

Threshold Logic: A Synthesis Approach
By Michael L. Dertouzos. Published 1945 by The
M.L.T. Press, Cambridge, Mass. Price $4.00. 256
pages.

Book shows how a basic approach (cor-
relation) can he used in treating the ques-
tions of threshold-element synthesis. .\
number of scattered concepts are unified
through this approach under one idea
(the characteristic-vector language).

Transmission Lines, Antennas
and Waveguides

By R., W. P. King, H. R. Mimno, and A. H. Wing.
Published 1965 by Dover Publications, Inc., 180
Varick St., New York 14, N.Y. Price $2.00. 347
pages, paperback,

This Dover edition is a corrected and
enlarged version of the work first pub-
lished by McGraw-Hill Book Co.. Inc,
in 1945

Books Received

Microelectronic Circuits and Applica-
tions
By J. M. Carroll. Published 1965 by McGraw-

Hill Book Co., 330 West 42nd St., New York,
N.Y. 10036, Price $9.75. 356 pages.

Symposium on Microelectronics and
Large Systems

Edited by S. J. Mathis, Jr., R, E. Wiley and
L. M. Spandorfer, Published 1965 by Spartan
Books, Inc,, 1250 Connecticut Ave., N.W., Wash-
ington, D.C. 20034, Price $8.50. 272 pages.
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The STATE-OF-THE-ART Magazine

What Future for

assive Components?

[T MAY S$OUND STRANGE TO RAISE THIS QUESTION.
Yet, the rapid advances heing mivde in integrated
circuits (J1Cs) make such a question valid.

Recently a group of component manufacturers
cot tagether 1o discuss the subject: “The [Future
i Passive Components (resistors, capacitors, in-
ductars) in Microclectronics.”  Authorities from
such prowsinent component companies as Sprague,
117D, General Eleetric and TRC presented  their
forecasts for nve vears ahead.

The consensus was that as experience with
functional desien techniques grows, the use of in-
tegrated cirevits will inerease in a revolutionary
Wiy,

Component producers emphasize present limita-
tions of 1Cs. They have low power, high cost
in small quantities, and limited reliability data.
New production facilities are needed and there
are few trained engineers in the monolithic art.
They believe that advanced manufacturing and
processing methods will beget o host of new
discrete components that will cost Iess, be smaller,
more precise, and more reliable. The expanding
clectronic industries are expected to provide many
new markets for passive components. Also, they
expect some engineering reluctanee to change,
since the industry s still steeped in the discrete

design coneept.
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What will ultimately happen to the discrete
component manufacturer? Progressive companies
will move with the trend. An example of this is
the wide diversification by Sprague.  Short-run
ICs are economically feasible now and some
discrete component makers may add facilities to
spectalize in this arca. Other manufacturers, slow
to switeh from tubes to transistors, may have to
make the Teap directly into integrated circuits.

We do not know just how fast and drastic
the drop-off in the nse of discrete companents
will he. We foresee that certain components will
he needed indefinitely for special purposes and
where they may do o better job at lower cost.
But the age of the integrated circuit is at hand.
How fast it moves will depend on many factors.
We think vou—the equipment and svstems en-
cineers—remain the big kev.

Will vou be ready to take advantage of this
technology as it unfolds?

ELECTRONIC INDUSTRIES will shortly  inaugu-
rate a series of tutorial articles designed to bring
vou up-to-date on all phases of integrated circuit
technology, (See announcement on page 114.)

What's the future for passive components?
TheyT e replaced by ICs when  performance
and cost are hetter served. Theyll undergo
changes for applications where 1Cs aren’t suitable.
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Now S-K Wayne offers you
the right plier for every job

... choose from over 50 models.

Whatever your particular job may be, there's

an S-K Wayne plier to do it . . . quickly,

easily, effectively. And so economically, too.

W Precision electronic jobs? S-K Wayne

offers everything from tiny 414" '}
tip-cutters to super-fine 7" long nose ~
models. Industrial production or general
maintenance jobs? Choose from over

30 different types, including diagonals,
side cutters, chain nose and snipe

nose models . . . all in a variety of

sizes. @ And with S-K Wayne

pliers, you get top quality in every

detail. Each plier, for example, is
individually fitted and tested. Cutting
edges are specially hardened. Faces

and shoulders are polished. And, for
fatigue fighting comfort, our famous
blue-vinyl Cushion Grip handles are
standard on most models at no extra
cost. @l Find out now about the S-K
Wayne line of solid joint pliers. Also
utility pliers, sockets and ratchets,
screwdrivers, wrenches, chisels, etc.
Check your industrial distributor.

Or write for FREE catalcg.

S-K Wayne Tool Company

332 South Michigan Avenue, Chicago, lllinois 60602

K Subsidiary of Symington Wayne Corporation

Let your hands be the judge
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OW RGA ASSURES
REROSPACE MILITARY RELIABILITY
IN AN OFF-THE-SHELF " UHF TRANGISTOR

RCA 40294 low-noise UHF AMPLIFIER—only 4 dB typical noise figure at 450 Mc/s—tested to meet
your most exacting high reliability requirements for critical aerospace and military applications.

r i
s -

100% inspection of all components,
and assemblies before sealing

100% testing for 450 Mc/s gain
and noise figure

\
|

100% power burn-in for
reliability assurance

.

|

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE, V ... ...

COLLECTOR-TO-EMITTER VOLTAGE, VcEo ...... 15 max. volts
EMITTER-TO-BASE VOLTAGE, V gy - cvoov e 2.5 max. volts
COLLECTOR CURRENT, I, ... ..o 40 max. mA
TRANSISTOR DISSIPATION, P . ............ 200 max. mW
T (25°CT )

TEMPERATURE RANGE:
Storage and Operating (Junction) ........ -65 to -+-200°C

.30 max. volts |

Gone is that long costly wait for delivery on transistors to meet aero-
space/military reliability standards.

At least on the RCA 40294, It's available right now—as a stock item
—cither directly from RCA or from your RCA Distributor. It’s elec-
trically equivalent to our familiar and popular 2N2857 low-noise
silicon UHF amplifier. But the RCA 40294 is specially controlled,
processed, and tested to assure ultra-high reliability. RCA 40294’s
get all these extra tests. . ..

EXTRA! RIGOROUS CONTROLS AND INSPECTIONS

of all components and assemblies before sealing.

EXTRA! 100% PRECONDITIONING AFTER SEALING
AND BEFORE TESTS. Includes stabilization bake (50 hours
min. at 200° C), temperature cycling from —65° C to 4-200° C,
helium leak and bubblc tests...plus sample constant-acceleration
(centrifuge).

EXTRA! 100% RELIABILITY ASSURANCE TEST.
Each 40294 transistor undergoes “power burn-in’—running at full
power rating for 340 hours—then is retested to assure that Ieso and
hee have not deviated beyond prescribed limits.

EXTRA! 100% PERFORMANCE REQUIREMENTS
TESTS. All electrical characteristics including 450 Mc/s gain and
noise are then RE-TESTED as per MIL-STD 750 rcquircments.

...PLUS—A 100% MICROSCOPIC EXAMINATION
FOR THE FINAL MECHANICAL INSPECTION.

For the performance assurances you need for critical aerospace/
military applications, specify the RCA 40294 (or a special version
to meet your particular requirements).

For complete electrical characteristics of the 40294, information on
custom versions, or any other technical information, call your RCA
Field Representative, or write: RCA Commercial Engincering, Sec-
tion C-J-2, Harrison, N. J.

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
®
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