


















































































































































































































































































































































































































FEATURE ARTICLES FROM 
ELECTRONICS MAGAZINE ARE NOW 
AVAILABLE IN REPRINT FORM ! 

No. of 
Copies 

Wanted 

Valuable additions to your electronics library are now available thru this exclusive reprint 
service. Just check the articles you wish to order and enclose check or money order for 
prompt service. · 

R· 11 Computer-Aided Design . . .. .. .. . . ... .. . . . . .... $4 .00 

R- 15 Special Report on LSI Packaging .. ... . . . .. . .... $3 .00 

R-016 Special Report on The Transistor: 
Two Decades of Progress ........ . ..... $3.00 

R· 18 Reshaping the EE for the Seventies .. .. . . .. . ... $1.00 

R-023 Special Repo rt: Tomorrow ' s Communications .... $3 .50 

R-027 Consumer Hazards : Why They Happen , 
How They Can Be Fixed . .... . . . .. ...... $2 .00 

R-031 Circuit Designer's Casebook <U.S. Onlyl ... .. ... $5.50 

R-032 Active Filters .. $4 .00 

Infra- Red Detector Chari 

R-101 Special Report : The Right Numeric Readout, 
a Critical Choice for Designers .. .. . . .......... $2.00 

R-104 The New Concept for Memory and 
Imaging : Charge Coupling .. . . 

R-107 Wanted for the ' 70s: Easier-to-Program 

. ... . $2 .00 

Computers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4 .00 

R-110 Automation for Survival and Profit ........ $2.00 

R-113 Optoelectronics Makes It At Last (3 part seriesl. .$4 .00 

R-203 East Europe Market Report ............. . ...... $2.00 

R-205 Bridging the Analog & Digital 
Worlds with Linear I Cs .. $4 .00 

R-207 Technology Gap Starts to Close for 
Computer Peripherals . . .. 

R-209 Semiconductor RAMs Land Computer 

. . $3 .00 

Mainframe Jobs ... - .. . ..... . .. - ... $2 .00 

R-211 Electromagnetic Spectrum Report 
and Foldout Chart 

R-213 Electromagnetic Spectrum Chari 

.. $4 .00 

(rolled in mailing lube) . . .... . . . ... . ......... . $2 .00 

R-306 Charge Coupling Improves Its Image, 
Challenging Video Camera ............ _ .. . . . . $2 .00 

R-308 Program for Transition from Nonlinear 
lo Linear Transistor Model . . ......... __ . .. . .. . $2 .00 

No. of 
Copies 

Wanted 

R-31 0 Penetration Color Tubes are Enhancing 
Information Displays . . . . . . . . . . . . .... .. $2 .00 

R-31 2 Leadless , Pluggable IC Packages Reduce Costs .. $2.00 

R-316 Hybrid Ci rcuit Technology Solves 
Tough Design Problems .... . .. . . . . .. .. . . $3 .00 

R-318 Buckling Up for the Bumpy Road lo Detroit . 

R-320 Planar Interconnection Techniques (Designer 
Musi Plan Early for Flat Cable) . . .. 

R-3 22 Special Report : The New Displays 
Complement the Old ... 

R-324 Semiconductor Memories Are Taking Over 

. . $3 .00 

. $3 .00 

. . $2 .00 

Data-Storage Applications . . . .. . $3 .00 

R-326 Optical Spect rum Report and 
Optical Spectrum Chari ... .. ............ . . . . . . $4.00 

R-328 Pervasiveness of Electronics 
Entire Iss ue of Electronics .. .. . ... $2 .00 

R- 500 Japanese Forecast 1975 . . .. $3 .00 } 
3FOR 

R-502 European Forecast 1975 . . . . . . . $3 .00 
$750 

R-504 U.S. Forecast 1975 ..... . . . .. . .. . . ... $3 .00 

R-406 Logics New Design Tools ..... , ...... .. . . .... .. $3 .00 

R-408 Bringing Sight lo the Bli nd ..... .. .. . .... . .. . . . $2 .00 

R-410 Passive Components ....... . . .. ....... . . .. . .. . $3 .00 

R-412 Liquid Cooling Semiconductors ... . . . .. . . ... . .. $3 .00 

R-414 Simplified n-Channel Process ..... .. . • . . .. .. . . $3 .00 

R-416 Optical Waveguides Look Brighter ...... . ..... $3 .00 

R-4 18 Computer Analyses of RF Circuits . . .. . .... $3 .00 

R-420 Computerized Text-Editing and Typesetting .$3 .00 

R-422 A Microprogramable Minicomputer ... . .. . . . .. . $3 .00 

R-424 Microprocesso r Applications ... .. . . . . .. . $3 .00 

R-426 'special Issue - Technology Update-1974 .. . . . $4 .00 

.. 

, 

Payment must accompany your order I I I USE THIS PAGE AS YOUR ORDER FORM r 

Make check or money or­
der payable to Electron­
ics Reprints . All orders 
shipped prepaid via parcel 
post. Allow two to three 
weeks for delivery. 

Back Issues Now Avail-

Mail Your Order To 
Janice Austin 

ELECTRONICS REPRINTS 
P.O. Box 669 
Hightstown, N.J. 08520 

Amount of Order $ ___ _ 

Plus 10% Handling Charge $ ___ _ 

TOT AL AMOUNT ENCLOSED $ ___ _ 

SEND REPRINTS TO 

able. 1960 to 1969 $5.00 Name _________________________ _ 

each. 1970 to 1973 $3.00 each. Company _____________________ Dept. __________ _ 

Street __________________________________ 

City _________________ State ___________ Zip __ _ 



At last-after years in preparation-the one 
~ authoritative source covering virtually every 

-
JUST PUBLISHED! 

This Handbook contains over ••• 
• 2, 100 pages 
• 2,000 diagrams, charts, 

illustrations 
• 2,500 bibliographic entries 
• 2, 100 formulas and equations 

Price: $42.50 

27 MAJOR SECTIONS COVERING 
THE ENTIRE FIELD OF 
MODERN ELECTRONICS ... 

• 5 compact reviews of the basic principles 
and theories of electronics 

• 6 extensive compilations on the materials, 
components, and assemblies used in 
electronics 

• 7 sections on the design of functional 
electronic circuits 

• 9 sections on electronic equipment and 
systems, ranging from computers to 
medical electronics 

In scope, in reliability, and in up-to-date data, 
you will find this volume an invaluable aid to 
your everyday work ... whatever your informa­
tion needs in electronics engineering. 

FAMED COMPANION VOLUME 

STANDARD HANDBOOK FOR 
ELECTRICAL ENG/ NEERS, 10th Ed. 
Also edited by Donald G. Fink 
(with John M. Carroll , Associate Editor) 
2,506 pages, 1, 139 illustrations, $34.85 
The most extensive and authoritative handbook in electrical 
engineering, this giant reference concentrates in a single 
volume the basic design data and methods relating to all 
components and systems employed in the generation, 
transmission, distribution , control, conversion, and 
application of electricity. The handbook reflects today's 
technology, offering practical principles, definitions, 
conversion factors, accepted formulas, and experimental 
data needed by working engineers. 

~!._ McGraw-Hill Book Company 
l.nllll 1221 Ave. of the Americas, New York, N.Y. 10020 
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aspect of your work ... 

Electronics 
Engineers' 
Handbook 
Donald G. Fink, Editor-in Chief 
Executive Director and General Manager, 
Institute of Electrical and Electronics 
Engineers (Ret.) 
Up-to-the-minute and all inclusive in scope, this 
one-volume reference covers all the essential principles, 
data and design information on today's electronic 
components, circuits, equipment and systems. 

D Electronics engineering has grown so fast and reached 
such complexity that few engineers can be expected 
to have in their heads all the detailed technical information 
now needed for their day-to-day work. That's why this 
Handbook is designed specifically to provide this information 
quickly, and in clearly organized, easy-to-follow sections. 
The Handbook uses the standard vocabulary and 
mathematical expressions familiar to all practicing engineers. 
D The work of 129 expert contributors, it gives you 
complete, practical .data on everyone of today's important 
electronics specialties, including much useful information 
not previously published. Sections exceptional for their 
depth and breadth of coverage include ... 

•Integrated Circuits• Antennas and Radio Wave 
Propagation • Sound and Picture Reproduction and Recording 
Systems• Properties of Materials• Radar, Detection, and 
Navigation Systems• Sources and Sensors of Infrared, Visible, . 
and Ultraviolet Energy 

r---------- FREE 10-DAY EXAMINATION·----------, 
McGRAW-HILL BOOK COMPANY 
1221 Avenue of the Americas, New York, N.Y. 10020 
Please send me the book(s) checked below for 10 days on approval: 
0 ELECTRONICS ENGINEERS' HANDBOOK 

(20980-4), $42.50 
0 STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 

10th Edition 
(20973-1), $34.85 

At the end ol 10 days I will remit for the book(s) I keep plus local tax, 
postage and handling, and return the unwanted book(s) postpaid. 
0 I PREFER TO BUY ON TERMS. In 10 days I will remit one-third of the 
total price of the books retained, plus local tax, postage and handl ing. 
I will pay the balance in not more than 2 equal instal!ments every 30 days. 
There Is no finance charge for purchases under these terms. 
PAY NOW AND SAVEi Remit in lull with this order, plus local tax, and 
McGraw-Hill pays all postage and handling costs. Return books for lull 
refund in 10 days ii not satisfied. 

NAME------------------~ 

ADORES"-----------------~ 
CITY _________ sTATE _____ z1p __ _ 

This offer good only in the U.S. and Canada and subject to accej?tance by 
McGraw-Hil l. 23-A680-4018-3 

L------------------------------------------~ 
Circle 201 on reader service card 201 



202 

Materials for Electronics 
Epitaxial structures of silicon and semiconductor 
structures 

Germanium: 
monocrystalline & polycrystalline 
germanium dioxide 99.99 % & 99.9999 % 
germanium monoxide 

Silicon: 
monocrystalline & polycrystalline 

Gallium: 
arcenide 

Indium: 
arcenide 

Gallium: 
phosphide 

Monocrystals of semiconductor 
compounds, Extra-pure materials, 
diffusing agents, quartz crucibles 

exporter:v10Techsnabexport 
Moscow G-200, USSR 
Tel. 244-32-85 
Telex 7628 

Circ le 202 on reader service card 

New books 

Growth of Crystals from the Vapour, 
Marc M. Faktor and Ian Garrett, 
Halsted Press, 300 pp., $22.75 . 

Materials Science, 2nd ed., J .C. An­
derson, K.D. Leaver, J .M. Alexan­
der, and R.D. Rawlings, Halsted 
Press,41 1 pp. , $14.95 . 

Specialized Communications Tech­
niques for the Radio Amateur, 
American R adio R elay League, 
208 pp., $3.00 (paper) . 

Automatic Control: Classical Linear 
Theory, ed. George J. Thaler, Hal­
sted Press, 431 pp., $23 .00. 

Data . Communication: Fundamen-
tals of Baseband Transmission, ed. .. 
L.E. Franks, Halsted Press, 399 pp., 
$24.00 . 

Microwaves, Communications and 
Radar, ed . L. Solymar, Halsted 
Press, 190 pp. , $7.95 (paper). 

Modern Relay Techniques, M .L. 
G ay ford , Transatlantic Arts , 
149 pp., $8.50 . 

Solid-State Devices and Appli­
cations, Rhys Lewis, Transatlantic 
Arts, 258 pp., $12.50. 

Physics and Engineering of High 
Power Switching Devices, Thomas 
H. Lee, MIT Press, 542 pp., $25.00. 

Digital Logic and Switching Cir­
cuits, Jefferson C. Boyce, Prentice­
Hall , 526pp., $15 .95. 

Designer's Guide to OSHA (Occupa­
tional Safety and Health Act) , Peter 
S. Hopf, McGraw-Hill, 289 pp., 
$17.50. 

Manual for MOS Users, John D. 
Lenk, Reston, 340 pp., $16.95 . 

Magnetic Bubbles, T .H. O 'D ell , 
Halsted Press, 159 pp., $24.50. 

Radio: Theory and Servicing, Clyde 
N. Herrick, Reston, 310 pp., $ I 2.95 . 

Theory of Waveguides, L. Lewin, 
Halsted Press, 346 pp., $25 .75. 
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SIEMENS 

Cost-Effective Solutions to 
Semiconductor Test Problems 

FREE! ~ . f: 
Send for the Computes! cat- -
alog of Semiconductor Test ~ . 
Equipment and our Semi-
conductor Program Library ·..__......, 

NAME------ - ------

COMPANY------------

ADDRESS 

Electronics/April 17, 1975 Circle 203 on reader service card 203 
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• Abbott Tranalator Laba, Inc. 6 • Ebarla & Co. GmbH 20E • Kepco, Inc. 5 
Technical Advertising Agency Time For Werbeagentur GmbH Weiss Advertising 

• ACDC Electronlca, Inc. 178 EECO 64 Litton lndustrlea-ACD 132 
Rose Associates Advertising & The Greer Agency Bryan Donald Inc., Advertising 
Publ ic Relations 

• EL lnstrurMnta, Inc. 175 • Logabax 27E 
• Adeb8lr1 107 

Langeler-Stevens, Inc. • Marconi tnatrumenta Ltd. 15 
Russell Powell Advertising Ltd. .. 

• Adret Electronlque 7E,23E • Electro Scientific lndustrlea 72 
Psycho Publiclte Commark Group Inc . •MC L, Inc. 176 

Electronic DeveloprMnt Corporation 194 
Huwen & Davies. Inc . 

Advanced Micro Devtcea 11 
Keye Donna Pearistein Advert ising Assistance , Inc . • Micro Device• 193 

* Alle~o~{:a'n~Y~~C~7, & Johnson , Inc . 
24 

Advertis ing & Merchandising, Inc . 
Electronic~ .. 

and MagneUca Corporation 184,185 Micro Power Syatema 71 

S. Michelson Advertising Associated Ad Ventures . Inc . 
ArMrlcan Mlcroaystema, Inc. 28 ,29 

Wilton Coombs & Col nett Inc ., Micro SwHch Division of Honeywell 152 
Advert ising Fairchild Semiconductor 203 N . W. Ayer & Son, Inc. 

American Optical, Scientific • Mlcrotran Company 197 .... 
Instrument Division 174 Fink - Electrontc Engineer•' Handbook 201 Packer Advertising Corporation 
Wilson, Haight & Welch, Inc. 

Motorola Semiconductor ,... 
AMF/Potter & Brumfield Division 166 • John Fluke Mtg. Co., Ltd. 41 Products, Inc. 39 ,42-43 ,74-75 

Fuller & Smith & Ross, Inc. Lennox Marketing Limited E. B. Lane & Associates, Inc. 

• AMP, Incorporated 62,63 • Fluke Manulacturtng Co., John 159,165 • National Semiconductor Corporation 82,83 
Altkin-Kynett Co ., Inc . Bonfield Associates Chiat/Day, Inc . Advertising 

• Amphenol lnduatrlal Division, FMC Corporation-
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Bunker Ramo Corporation 22 ,23 Semiconductor Product• Operation 138 
Buchan Advertising DeSales Advertis ing , Inc. 
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Analogic Advertising Allied Advertising Agency, Inc. N. alter Thompson Company 
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Carborundum Company, The Harri• Corporation 163 Brockies Communications Systems, SA 
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• Clalrax Corporation 4th Cover • Heath/Schlumberger 
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~ 
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Where can you find 
a remote controlled 

cassette tape 
transport for under 

$100? 
For Applications In: 

1. Mi cro Processo rs 
2. Data recording/logging/sto rage 
3. Programm ing 
4. Instrumentation 
5. Ind ustr ial Controls 
6. Data duplicat ing 
7. Security/automat ic wa rni ng systems 
8. Test app lications 
9 . Au dio Visual/Education 

10. Others 

With Features Of: 
4 motor reliab il ity 
Qui ck head engage 
Completely programmable- Logic 
No tape coasting 
Low power-AC or battery 

PHI-DECK 
The Economy Co ., Ill Division 

Oklahoma City, Oklahoma 73125 
The Phi-Deck i.s.the first American-made tape transport with remote 
control capab11it1es and features including standard and nonstan­
dard functions - selling for under $100 in quantities of one. ---------The Economy Co. , Ill Division 
1901 North Walnut I Oklahoma City, Oklahoma 73105 
(405) 528-8444 Ext. 76 

I D I am interested in application no. __ 
D Have Representat ive call 

I 
D Send app lication notes 
Name ___ _ Title 
Company Name _____ _ 

I Address _______ _ 
City _______ State Zip __ 

I 
I 
I 
I 

i.:on~m:. - - -- - _1 
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i=unlcseltau+ ik 
The leading two electronic 
publications on the german 
spea~ng market. Please visit our booth 

JEEE-Nr.1818 

102000 
fortnightly -

* 111ost read* largest circulations 
*only paying readers 

C?c=Gwffi3o~ 
the largest publishing house for Electronics 
in Federal Germany 

Advertisement Department 
KarlstraBe 37, D 8 Munich 2, W. Germany 

206 

/---------------- ---- - --- - - --
r Sales Offices in USA 
1 New York - INTA Advertising Inc. 
: 1560 Broadway, New York, N. Y. 10036 
I 
I 
I 
I 

Los Angeles - Galusha Corporation 
6060 Manchester Avenue, 
Los Angeles, CA 90045 

Name 

Company 

Adress 

ri Please send me your rate card 1975 and media 
information Funkschau/ Elektronik 
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~ Advertising Sales Staff 
Pierre J . Braude New York [212] 997-3468 
London 01-493-1451 
Director of Marketi ng 
Atlanta, Ga. 30309: Warren H. Gardner 
100 Colony Square. 1175 Peachtree St.. N.E. 
[212] 997-3617 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 

Chicago, Ill. 60611 : 
645 North Michigan Avenue 
Robert w. Bartlett (312) 751-3739 
Paul L. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dallas , Texas 75201 : Charles G. Hubbard 
2001 Bryant Tower, Suite 1070 
[214] 742-1747 

Denver, Colo. 80202: Harry B. Doyle, Jr. 
Tower Bldg., 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg. 
[313] 873-7410 

Houston, Texas 77002: Charles G. Hubbard 
375 Dresser Tower, 60t Jefferson St. (713] CA 4-8381 

Los Angeles, Calif. 90010: Robert J. Rielly 
Bradley K. Jones, 3200 Wilshire Blvd ., South Tower 
[213] 487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner [212] 997-3617 
Michael J. Stoller [212] 997-3616 

Philadelphia, Pa . 19102: Warren H. Gardner 
Three Parkway, 
[212] 997-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, (212] 997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford , N .Y. 
[716] 586-5040 
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(415] 362-4600 

Paris: Alain Offergeld 
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Tel : 720- 73-01 

Geneva: Alain Offergeld 
1 rue du Temple, Geneva , Switzerland 
Tel: 32-35-63 

United Kingdom & Scandinavia: Keilh Mantle 
Tel : 01-493-1451, 34 Dover Street. London Wl 

Milan: Luigi Rancati 
Robert Saidel (Middle East) 
1 via Baracchini, Italy Phone 86-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-73-95 

Frankfurt / Main: Fritz Krusebecker 
Dieter Rothenbach (East European Countries) 
Liebigstrasse 27c, Germany 
Phone 72 01 81 

Tokyo: Tatsumi Kalagiri , McGraw-Hill 
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Kasumigaseki Building 2-5. 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
(581] 981 t 

Australasia: Warren E. Ball, IPO Box 5106, 
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Delevan proudly announces another 
first in hybrid circuit component design. Only .1 " square by 
.075" high, the newest member of the Delevan Micro-i, inductor 
series was engineered to withstand the hi-temperature 
exposure of reflow soldering used for thick film processing. 

High temperature insulated magnet wire is thermal 
compression bonded to gold plated metallic 
solder rails. The solder rails wrap 
around the sides of an alumina 
substrate to provide a visual 
indication of the solder bond 

Thermal exposure 
during assembly or 
rework is a severe 
test of component 
capability .. . and can 
be a controlling 
factor in reliability 
and performance. 

When 
dependability is first 
priority, check out the 

new series 103 miniature leadless 
chip inductor .. . built to stand the heat. 

Ask for bulletin 103. 

Delevan 
Division 

270 QUA K ER RD . / EA S T AU R ORA , N Y.140 52 
T EL EPHONE 716 / 652-3600 TELEX 091·293 

OTHER DIVIS IONS OF AM ERICAN P R ECISION INDUS TR IES IN C · 

BASCO • OUSTEX 
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Keithley's newest 
ffe?W©fil DMM is ... 

The Model 1608. It's the epitome 
of a DMM for scientific and engineering 
labs. Sensitivities down to 1 microvolt, 
10 picoamps, and 1 milliohm are founded 
on Keithley's lifetime of expertise in de­
signing and building low-level in­
strumentation. 

sensitive .. • • 

stable . ... . • • 

(to1µV, 10pA, 1mfl), 

(0.2 µV /°C), 

But the 1608 isn 't just for super-sensitive 
measurements ... it's a rugged. all-around 
Multimeter too. It measures voltages to 
1200 volts. currents to 2 amps and resis­
tances to 2000 megs. Floating measure­
ments to 1200 volts off ground are routine 
for the 1608 which also has Keithley's 
traditional analog output. And there 's a 
full complement of accessories to en­
hance the DMM's versatility-recharge­
able battery operation, digital output, rt 
probe, carrying case and many more. 

versatile . . . • • 

economical • • 

Circle 208 on reader service card 

(26 de ranges), 
($525) 

Introducing 
the Brush 110 strip chart 
recorder-with a thermal 
writing pen guaranteed 

for life. 
There isn't another strip chart recorder on the market 
today that can match the Brush 11 O's performance, rug­
gedness, versatility and writing dependability. 

The new hot-tip thermal writing system produces 
clear, sharp, highly reproducible blue traces with no 
smudges, no smears, no skips and no puddles. 

Before you buy, check out the remarkable Brush 110. 
Contact your nearest Gould sales engineer for a dem­
onstration. Or write Gould Inc .. Instrument Systems 
Division , 3631 Perkins Avenue, Cleveland, Ohio 44114. 
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The new Keithley Model 1608 Digital 
Multimeter has it all: sensitivity, stability, 
versatility, economy. Find out what it can 
do for you. Send for complete literature 
or phone (216) 248-0400. 

ll!!KEITHLEY 
INSTRUIV1E NTS 
U.S.A., 28775 AURORA ROAO, CLEVELAND, OHIO 44139 
EUROPE , 14, AVENUE VILLARDIN, 1009 PULLY, SUISSE 

lnlayed or striped clad metals are finding increased 
cost-savings use in the electrical and electronic in­
dustries. In our process, materials are solid phase 
bonded with no intermediate braze materials be­
tween the inlay and the base metal. Call Mr. Harry 
Friedman at (617) 695-9312 if you need to discuss an 
immediate problem. Or send for our free brochure, 
Polymetallurgical Corp., 262 Broadway, North Attle­
boro, MA 02761. :::;;; w-= 
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