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MOS technology presents another American 
ideal to satisfy your revolutionary ideas... 

THE MCS 2050 RAM IS HERE! 

THE MCS 2050, a 256 BIT STATIC RANDOM 

ACCESS READ/WRITE MEMORY can do a 

lot for you, your customers, your nation . . . 

fast, without a big power grab! 

Consider the tenets to which its dedicated: Low 

Power Operation — Typically 200 Milliwatts, 

Static Circuitry — No External Clocks Required, 

Access Time—Typically 600 n sec, Standby Power 

Mode — Power Dissipation — 20 milliwatts, 200 n 

sec Input Address Skew, TTL/DTL Input and Output 

Compatibility, Complete Decoding Internal to Memory, 

Wire Or Capability, Supply Voltages —9V, —7V, + 5V. 

THE MCS 2050, 256 BIT STATIC R.A.M. . . . FROM MOS 

TECHNOLOGY . . . IN VALLEY FORGE . . . WHERE IDEALS 

HAVE ALWAYS BEEN TRANSPLANTED INTO ACTION. 

We've Turned 
A Technology 

Into A Company 

MOS TECHNOLOGY, INC. 
VALLEY FORGE INDUSTRIAL PARK, VALLEY FORGE, PENNA. 19481'2M-666-7950 

A Proud Affiliate ot Allen-Bradley Co. 

EASTERN REGIONAL OFFICE—REGIONAL SALES DIRECTOR—Mr. William Whitehead, MOS TECHNOLOGY, INCORPORATED, 88 Sunnyside Blvd., Suite 307, Plainview, New 
York 11803 • Phone: ( 516) 822-4240 • ALABAMA, FLORIDA, GEORGIA, N. CAROLINA, S. CAROLINA, TENNESSEE, MISSISSIPPI— Currie Aerospace Associates, P.O. Box. 
1424, Huntsville, Alabama 35807 • Phone: (205) 536-5650 • 2907 McCoy Road, P.O. Box 13229, Orlando, Florida 32809 • Phone: (305) 855-0843 • P.O. Box 5588, 
Greensboro, North Carolina 27403 • Phone: (919) 273-3040 • NEW ENGLAND STATES — Victor Associates, 179 Union Ave., Framingham, Massachusetts 01701 • Phone: 
(617) 879-5710 • NORTHERN NEW JERSEY, NEW YORK (WESTCHESTER COUNTY, LONG ISLAND)—Falk Baker Associates, 383 Franklin Avenue, Nutley, New Jersey 07110 
• Phone: (201) 661-2430 • E. PENNSYLVANIA, SOUTHERN NEW JERSEY— Rivco. P.O. Bon 338, King of Prussia, Pennsylvania 19406 • Phone: ( 215) 265-5211 • DELA-
WARE, MARYLAND, WASHINGTON, D.C., VIRGINIA, W. VIRGINIA— Bernard White & Company, Inc., 7 Church Lane, Baltimore, Maryland 21208 • Phone: (301) 484-5400. 

CENTRAL REGIONAL OFFICE—REGIONAL SALES DIRECTOR—Mr. Alan Matta', MOS TECHNOLOGY, INCORPORATED, 10400 W. Higgins Rd., Suite 631, Rosemont, Illinois 
60018 • Phone: (312) 298-2035 • ILLINOIS, INDIANA, WISCONSIN—L-TEC, Incorporated, 5808 West Higgins Rd., Chicago, Illinois 60630 • Phone: (312) 286-1500 • 
OHIO, KENTUCKY, W. PENNSYLVANIA—McShane, Inc., P.O. Box 523, 123 W. Washington. Medina, Ohio 44256 • Phone: (216) 725-4568 • MICHIGAN—R. C. Merchant & 
Co., 18411 W. McNichols Road, Detroit, Michigan 48219 • Phone: (313) 535-6000 • MISSOURI, KANSAS, NEBRASKA, IOWA—Harlan J. Weisler & Assoc. Inc., 2050 Woodson 
Road, St. Louis, Missouri 63114 • Phone: (314) 428-3934 • TEXAS, OKLAHOMA, ARKANSAS, LOUISIANA—Norvell Associates, 10210 Monroe Drive, Dallas, Texas 75220 
• Phone: (214) 357-6415. 

WESTERN REGIONAL OFFICE—REGIONAL SALES DIRECTOR— Mr. Jack Turk, MOS TECHNOLOGY, INCORPORATED, 2172 Dupont Drive, Patio Bldg., Suite 221, Newport 
Beach, California 92660 • Phone: ( 714) 833-1600 • ARIZONA, NEW MEXICO— Toward Engineering Assoc., P.O. Box 15268, Arcadia Station, Phoenix, Arizona 85018 • 
Phone: (602) 955-3193 • CALIFORNIA, NEVADA— Bertrand & Zoolalian, Inc., 7340 Florence Avenue, Suite 205, Downey, California 90241 • Phone: (213) 927-4406 • 
Hunter Associates, 1208 Fox Plaza, San Francisco, California 94102 • Phone: (415) 626-8576 • COLORADO, UTAH, WYOMING—R, G. Enterprises, 1107 South Pearl Street, 
Denver, Colorado 80210 • Phone: (303) 744-2464 • WASHINGTON, OREGON, IDAHO, MONTANA-1. A. Tudor & Assoc. Inc., 2605 Western Avenue, Seattle, Washington 
98121 • Phone: (206) 682-7444. 

INTERNATIONAL SALES REPRESENTATIVES—ARGENTINA- T. R. C. Electronica, S.A.C.I.el., Cangallo 4450, Buenos Aires, Argentina • Phone: 88-4044.5/6, Mr. 
M. Lissin • ENGLAND, WALES, SCOTLAND, IRELAND—Impectron Limited, Impectron House, 21-31 King Street, London W3 9LH, England • Phone: 01-992-5388 • FRANCE 
—Bureau de Liaison, 113 Rue de L'Universite, Paris Vile, France • Phone) 551.9920 • GERMANY, NETHERLANDS— International Micro Electronics, Inc., Arabellahaus 
1838, Arabellastr. 5, 8000 Munich 81, Germany • Phone: 92-321 • INDIA— Electronic Enterprises, 46 Karani Building, New Charni Road, Bombay 4, India • Phone: 
375375 • ISRAEL—Eastronics, Ltd., 75 Haifa Road, P.O. Box 21029, Tel-Aviv, Israel • Phone: 38352 • ITALY— Special -Ind, Corporation, Piazza Spotorno, 20159 Milano, 
Italy • Phone: 632-435 • JAPAN, HONG KONG, KOREA, TAIWAN—Takachiho Koheki Company Ltd., 1-7, Chome Koh(imachi, Chiyoda.Ku, Tokyo 102, Japan • Phone: 
263-3211 • SWEDEN, DENMARK, FINLAND, NORWAY—Thrue F. Forsberg, Forshagatan 58, P.O. Box 79, Farsta 1, Sweden • Phone: 647040 • SWITZERLAND—Ernst M. Egli, 
Ingenieur—Bureau Ag, Witikonerstrasse 295, Zurich (CH 8053), Switzerland • Phone: 53.38.11. 
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Save $15 on our new 
communications kit 

and get something special 
in your syste 

The kit contains 12 Schottky diodes, 
4 pin diodes, and one low-noise, high-
gain transistor. As well as application 
notes and data sheets. 

If you bought these components 
separately, it would cost you more than 
$34. But right now you can buy the 
whole kit and kaboodle for $19.40. 
We're sure that once you've tried them, 
you'll come back for more. 

Performance like this will bring 
you back. The HP 2800 Schottky diode 
is ideally suited for high level detector 
applications with a breakdown 
voltage of 70 volts. The HP 2835 
Schottky diode, with a breakdown 
voltage of 5 volts and a forward voltage 
drop of . 33 volts at one mA makes an 
ideal VHF/UHF mixer. 

The HP 3080 pin diode as an 
AGC element guarantees low cross-
modulation and intermodulation 

down to frequencies of 5 MHz. The 
HP 35824A transistor makes an ideal 
low- noise, high-gain RF amplifier 
with a noise figure of 3 dB and a 12 dB 
gain at 1 GHz. 

So if you're looking for ways to 
improve the performance of your RF 
amplifiers, mixers, detectors or AGC's, 
tear out the coupon and a check and 
send them both in. 

You may also want one of our 
very popular Schottky diode kits. For 
$8.40, you get eight each of three 
different Schottky barrier diodes. Try 
them and see what a difference they 
make in your circuits. 

Clip this coupon and mail with 
check, money order or P.O. to: Hewlett-
Packard Associates, 620 Page Mill 
Road, Palo Alto, California 94304. 
Your local HP sales office can also 
handle the order. 

$34.00 value for $19.40! 
;offer expires on January 31,1972) 

D Send me one of your communications kits. 
(HP 5082-0051) 

D Here's $8.40 for a diode kit. (HP 5082-0050) 
(California residents add 5% sales tax) 

Name 

Company  

City/State/Zip  

Frequencies D less than 10 MHz 
D 10 to 250 MHz 0250 to 500 MHz 
D 500 to 1000 MHz D greater than 1000 MHz 

HEWLETT â PACKARD 

COMPONENTS 01109* 
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Our IMPATT diodes 
will uncomplicate 
your circuits. 

We'll show you how in our 32-page guide to 

IMPATT circuit design. This applications brochure 

specifically details nine ways to incorporate IM-

PMI'S as the active element in microwave 

oscillators and amplifiers. 

You can use IMPATTS to cut costs and 

increase performance in applications as diverse as 

Doppler radar, telecommunications and telemetry. 
And they're bringing more effective intrusion 

alarms within the pocketbook of every businessman 
and homeowner. 

But whatever your application, you'll find an 

HP IMPATT right for your design. We cover the 

range from 5 GHz to 14 GHz, with power from 
100 mw to over 11/2 watts. 

Our IMPATT diodes are available in a price 
range that others can hardly match: 100 mw 

family, less than $ 15; 11/2 watt family, less than $50; 

111/2 watt family, $75. ( 100 quantity prices). Start 

uncomplicating your circuits today and write for 

our IMPATT application brochure and other infor-

mation: Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, Switzerland. 

HEWLETT IIPACKARD 

01107 
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Publisher's letter 

optoelectronics is chang-
ing almost as fast as the 

speed of light, on which 
it is based. When our 
solid state editor, Larry 
Altman, started out on his 
reporting, which included 
a three-week swing to all 
the major optoelectronic 
capitals in the nation, we thought 
we had a nice comfortable 16-page 
special report to present to you. 
When he came back, with far more 
valuable information than could fit 
in that space, we shifted gears. Now 
the 16-pager (see page 61) is the first 
in a series of optoelectronic specials 
we will publish in upcoming issues. 

Electronics 

il 

our optoelectronics cover is cer-
tainly colorful enough to stand 

on its own, but we thought you 
might be interested in what the 
photos really are. The shot in the 
No. 1 position, from Sandia Corp., 
shows the color variations obtain-
able in PLZT crystals. No. 2 and No. 
4 from Ampex Corp., are a diffrac-
tion pattern from a halftone screen 
and circular inspection pattern used 
with holographic filters, both gener-
ated by an argon-krypton laser, a 
source of optical energy for failure-
prediction equipment. No. 3, also 
from Ampex, is a CRT readout of 
two frequencies separated by 0.5 
hertz, a resolution of better than 
0.03%. No. 5, from Sandia, demon-
strates how colors can be filtered in 
strips of PLZT crystals by changing 
the electrical field and allowing the 
material to relax to saturation rema-
nence. 

picturephones are the subject of 
the first byline in Electronics for 

Lyman Hardeman, our new corn-

munications and micro-
wave editor. Hardeman, an 
EE from Texas A&M, comes 
to us after six years at 
Texas Instruments, where 
he worked on the Mera 
solid state, phased-array 
radar, and two years as an 
electronics trade magazine 

editor. 
While his background is heavy in 

the microwave end of communi-
cations, he is fascinated with what 
communications terminals can do. 
For the Picturephone story (see 
page 97). Hardeman made the re-
quired pilgrimage to Bell Labs in 
Holmdel, N.J., where he was given a 
glimpse of the future uses of the de-
vices. "One of the Picturephones 
was tied to a computer, and by 
pressing two buttons, the screen 
showed how many employees were 
at work that day and the price of 
AT&T stock at the moment. Another 
pair of buttons commanded the 
computer to display the classic slid-
ing number game, with 15 numbers 
in a four-by-four grid. You just 
keyed in the number you wanted to 
slide to the blank." 
Those were just demonstrations, 

of course, but Hardeman says he 
can hardly wait until he can have 
one of his own, tied to a computer's 
memory, on his desk. Then he can 
not only use the units' long-distance 
sketching possibilities to clear up 
technical points for his Electronics 
articles, but also to get fast access to 
dictionaries and other reference 
works. 
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Cirkitbiock 11 
modules for 
industrial 
power 

) supplies 

'.04W 

Now càge 
the industrial area: Si 
modules used aboard tqtA 
probes, new Cirkitbleck 
instrumentation power 
stantial reduction in size an 
industrial-priced, off-the-shelf blocks. 

Cirkitblock modules offer high efficiency 
conversion and low thermal rise. They are 
ruggedly constructed, completely self-con-
tained, easy to install. Three basic types — 
pre-regulators, power generators, and output 
modules— are available, (provides outputs 
from 4vcIr — 4000vdcliville.rimpge of up 
to 100w.) 

ca 
an 
sys 

*Ifyou are involved in the design or manufac-
reoisma I I, portable instrumentation, you 

NtitiV be interested in Cirkitblock power 
modules. Send for your Cirkitblock power 
supply design chart today. It can help you 
make the right module selection, to get a 
power supply that's out of this world. 

Iblocks 
be Lsed for 
boarding as well as 
stems. Even system changes 

ommodated simply by changing 
odule instead of redesigning the 

Request free selection guide 

POWERCUBE CORPORATION 
214 CALVARY STREET. WALTHAM. NnAss. 02154 (617) 891-1830 

SUBSIDIARY () .F UNITPODE CORPOTION 
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NEED 

CMOS 
LOGIC 
SCL 4000A 
SCL 4001A 
SCL 4002A 
SCL 54004A 
SCL 4007A 

SCL 4009A 
SCL 4010A 

SCL 4011A 
SCL 4012A 
SCL 4013A 
SCL 4015A 
SCL 4016A 
SCL 4017A 

SCL 4018A 

SCL 4019A 

SCL 4020A 

SCL 4022A 

SCL 4023A 
SCL 54024A 
SCL 4025A 
SCL 4027A 
SCL 4030A 
SCL 5206 
SCL 5407 

Dual 3 Input NOR + Inv. 
Quad 2 Input NOR 
Dual 4 Input NOR 
8 Stage Binary Counter 
Dual Complementary 

Pr. + Inv. 
Hex Buffer, Inverting 
Hex Buffer, 

Non- Inverting 
Quad 2 Input NAND 
Dual 4 Input NAND 
Dual " D" Flip Flop 
Dual 4 Bit Static S.R. 
Quad Bilateral Switch 
Decade Counter 

w/ Decoder 
Presettable Divide by 

"N" Counter 
Quad AND/OR Select 

Gate 
14 Stage Binary Ripple 

Counter 
Octal Counter 

w! Decoder 
Triple 3 Input NAND 
8 Stage Binary Counter 
Triple 3 Input NOR 
Dual J— K F.F. 
Quad Ex-Or 
1 of 8 Decoder 
8 Bit Counter 

SHIFT REGISTERS 
SCL 5136 64 Bit Static 
SCL 5151 128 Bit Static w/recycle 

(Low Power) 
SCL 5151 128 Bit Static w/recycle 
SCL 5169 100 Bit Static 
SCL 5170 128 Bit Static 
SCL 5172 Dual 128 Bit Static 
SCL 5408 8 Bit Static 

Parallel/Serial 
SCL 5340 64 Bit Variable Static 

WATCH CIRCUITS 
SCL 5415 16 Stage Ripple Counter 
SCL 5423 Silicon Gate Time Base 
SCL 5424 4 Digit Decoder/Driver 

(For Liquid Crystal) 

CALL 
SOLID 
STATE 

SCIENTIFIC 
The Solid State People... 

MONTGOMERYVILLE, PENNA. 

(215) 855-8400 

Circle Bingo Number for a Personal 

of our new short form Catayl 

Readers comment 

Spectran replies 

To the Editor: In his letter concern-
ing our microwave measuring sys-
tem for carpet backing [Oct. 25, p. 
6], Mr. Childress of Uster Corp. re-
fers to a dominant cutoff mode of 
1.2 gigahertz. In so doing, he is as-
suming that the frequency propa-
gated is related to spacing between 
bars. This is not true, because in the 
Spectran system this is a straight 
transmission line, and the space be-
tween bars changes only their im-
pedance, not the upper cutoff. We 
are simply radiating many fre-
quencies and picking up the return. 
As for his assertion that the Uster 
system plots continuously while the 
Spectran recorder plots an average, 
he overlooks the fact that a sampl-
ing oscilloscope provides an instan-
taneous picture for making adjust-
ments. And the continuous plotting 
in the Uster system is done by a 
moving microwave head, much 
slower than our system, which 
monitors all points at once. 

Jerry Aukland 
Spectran Inc. 

Hollywood, Calif. 

Sorry 

To the Editor: In the story on "Con-
sumer renaissance flowers in Eu-
rope" [Aug. 30, p. 71], the passage 
referring to Mullard activity says, 
"Like the Motorola chip it needs 
peak-to-peak output." This is mean-
ingless. You go on to state that 
"Like the Plessey chip there are age 
generators for tuner and an afc buf-
fer." Later the chip is referred to as 
being complete with its own afc gen-
eration. The latter statement is cor-
rect and the reference to the buffer 
is misleading. 

B.M. Whale 
Mullard Ltd. 

London, England 
• The first sentence should have read, 
"Like the Motorola chip it needs 
preamplification-70 millivolts input 
is needed for a 3-v peak-to-peak out-
put." Our computer dropped a line. 

Plated wire in the ' 70s 

To the Editor: I must rebut the com-
ments of James. J. Orris of Varian 
Data Machines that appeared in the 
firmware section of the special re-

port on computers in the '70s [Sept. 
13, p. 61]. There are two basic archi-
tectures for minicomputers—the 
less-flexible "hard wired" and the 
newer, highly flexible micro-
programable. The Varian 620 fam-
ily is basically a "hard-wired" de-
sign; thus a read-only memory or an 
electrically alterable read-only 
memory are of limited or special-
ized use. However, microprogramed 
machines can offer enormous ben-
efits if fitted with a writable control 
store. IBM uses a "floppy disk" as the 
reloadable control store backup in 
case of power failure, or for startup. 
A minicomputer user can't justify 
the cost, and our position is that he 
doesn't have to—we'll sell him a 
truly idiot-proof, nonvolatile, plated 
wire Earom that doesn't "need load-
ing every morning." Several of our 
customers are using Earoms in sys-
tems that are dynamically reloa-
dable (from disk or tape). In fact, we 
profitably sell complete plated wire 
Earom systems at costs similar to 
those of programable ROM chips of 
similar speed. 
The preoccupation with Ic 

memory devices is understandable. 
But the solution to volatility re-
quires a new device; nothing on the 
market except plated wire does the 
job cost-effectively. 

Bruce Kaufman 
Memory Systems Inc. 

Hawthorne, Calif. 

Know your mnemonics 

To the Editor: I was appalled by the 
letter complaining about the use of 
mnemonics such as DIP, MOS, BCD, 
etc. [Aug.30,p.6]. Electronics is an 
industry trade journal. It would be a 
grave disservice to the majority of 
your readers if you were to make 
compromises for those who should 
be reading Electronics Illustrated. 

E. Douglas Jensen 
Logic Associates 

Dallas, Texas 

Scanner resolution 

To the Editor: The Electronics 
Newsletter of Sept. 13 says of the 
256-element self-scanning array that 
"resolution of an image produced 
by the chip is equal to or better than 
that of a standard television set." 
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What's smaller than a breadbox, 
has two channels and built-in preamps, 

and writes well under pressure? 
Answer: the Brush 220. 

The Brush 220. A rugged, two- channel 
recorder that's little to the tune of 25 
pounds, accurate to 99%% linearity. 

Just plug it in. And then let Brush per-
formance take over. 

It starts with our pressurized ink system. 
A system that forces ink into the paper, 
instead of just laying it on. So you get 
traces that are clear, clean, and crisp. And 

a disposable ink cartridge holds a year's 
supply of ink. 

Built-in preamps give you a measurement range 

of 1 millivolt per chart division to 500 
volts full scale. And a choice of 20 signal 
conditioners give you an even wider range. 
Four chart speeds are push-button con-
trolled. And two event markers are standard. 

The Brush 220. It just may solve your 
recording riddles. To see the Brush 220 
in action, call your Brush Sales Engineer. 
Or write for more information to Gould Inc., 
Instrument Systems Division, 3631 Perkins 

Avenue, Cleveland, Ohio 44114 or Rue Van Boeckel 
38 Brussels 1140, Belgium. 

BRUSH INSTRUMENTS 
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How Hermes did away with vast rhombic or log-periodic 
antenna farms. Shoed away by a shrewd array: 
Take 1 meter diameter loops, 4 meters apart, and get an 
omni directional broad-band receiving array. 
Covers 2 - 32 MHz. 
Optimum beam characteristics for both long and short range 
communications. 
Rosette configuration of linear arrays gives a number of 
overlapping high gain beams - all available simultaneously. 
* Using less than one hundredth of traditional real estate. 
Aperiodic Loop Systems are shrewd enough for restricted 
space, quick set up, roof mountable, or just below ground 
level. And portable version now available. 
From polar icecap to sweltering tropics. 
Installed in more than 52 locations for more than ten gov-
ernments and more than 32 of their agencies. 
Give up the antenna farm. ASK US 

Hermes Electronics Limited 
Suite 315 
2020 F Street N. W. 
WASHINGTON 
D.C., 20006 
Telephone 202 296-2978 
TWX 710-822-1106 

Readers comment 

This is wrong: 256 elements, no 
matter if they are used along the 
horizontal or vertical axis, produce 
only about half that resolution. 

In the vertical axis of a standard 
iv screen, about 490 lines are vis-
ible. If replaced by 256 lines, verti-
cal resolution would drop to 52% of 
normal. As for the horizontal, allow-
ing for retrace blanking and over-
scan, 50 microseconds of scan time 
is available. The 256 discrete ele-
ments can reproduce up to 128 
cycles, but this must be multiplied 
by the Keil factor of 0.7 to allow for 
the fact that discrete elements can 
be reproduced as a step function 
only at fixed locations. Thus, 
equivalent horizontal resolution is 
90 cycles which, transmitted in 50 
microseconds, corresponds to a 
video cutoff at 1.8 megahertz. Com-
mercial monochrome sets are at 
least twice as good; thus, horizontal 
resolution is at best 50% of normal. 

Robert Adler 
Zenith Radio Corp. 

Chicago 
• Mr. Adler's analysis is correct, says 
John J. Rado, president of Reticon 
Corp. The company was scanning an 
8-millimeter film with a standard RL-
256 array and imaging it on a Tek-
tronix 602 display unit. The resulting 
picture, he notes, presented the same 
"quality" to the eye a viewer is accus-
tomed to in ordinary TV sets. Mr. 
Rado also notes that since the display 
was not on an actual TV screen, some 
of the limitations presented by estab-
lished standards in the TV industry do 
not necessarily limit scan rates here. 

Pioneers 

To the Editor: The Electronics 
Newsletter of Oct. II. in announc-
ing Ti's plans to enter the tuning 
diode market, names Motorola as 
the only domestic manufacturer of 
these devices. In fact, the us divi-
sion of irr Semiconductors for four 
years has pioneered the develop-
ment and application of tuning 
diodes. Since June 1970, our facility 
has made and sold them for a vari-
ety of frequencies; they're in radio, 
TV, and avionics receivers. 

Thomas R. Mills 
ITT Semiconductors 

Lawrence, Mass. 
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GE DESIGNED THESE TRIACS FOR YOU 

GE originated the triac in 1963 and now offers new standards of performance and 
reliability. Silicone encapsulated SC141 and SC146 triacs, up to 500 volts, and 
6 and 10 amps respectively, feature the new proprietary POWER-GLAS'" passivation 
process which creates a void free bond between the silicon chip and the matched 
glass. This results in low " off-state" currents of typically 10m.A. The SC141 and 
SC146, like all GE triacs, have inherent immunity from transient voltage damage 
and improved commutating dv/dt. Additionally these rugged packages incorporate 
a stress-free assembly system, which offers you torque limit-free tab mounting and 
easily formed round leads. For your convenience, GE offers 6 standard lead 
configurations. These features make the SC141 and SC146 your best 
value in 6 and 10 amp triacs. 

GENERAL 

Another GE creative design, the ST4 
asymmetrical trigger, is an ideal trigger 
for light dimmer applications. It features 
performance comparable to triggering 
circuits using at least 3 additional passive 
components and greatly reduces hys-
teresis effects by means of a single RC 
time constant. At 46EC each in 1,000 unit 
level, it is truly an economical companion 
to GE POWER-GLAS- passivated triacs. 

ELECTRIC 
Interested in seeing how GE triacs and triggers can help you design? For free SC141B and 
ST4 samples write on company letterhead to GE Semiconductor Products Department, 
Electronics Park, Bldg. # 7, Mail Drop 49, Syracuse, New York 13201. 
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Programmable 
1-ns Digital 

Delay Generator 

The Berkeley Nucleonics' Model 7040 is a new breed of 

time delay generator: 

• It is programmable. 
• It may be triggered internally or externally up to a 

5-MHz rep rate. 
II It is adjustable in delay from 1 ns - 999.999 ;is in 1 ns 

increments. 
• It is accurate to 100 ps. 
• And its price is $2950. 

Whenever highly precise time delays are required, the Model 7040 will do 
the job. It is ideally suited for the following applications: calibration of time 
interval counters, time-to-amplitude converters and oscilloscope sweeps; 
radar range simulation, cable fault location and delay line testing. The 
Model 7040's programmable feature gives you an important new building 
block for automatic test systems and production testing of IC's. 

Berkeley Nucleonics has been developing and manufacturing precision 
pulse generators for eight years. These instruments have become stand-
ards in the nuclear research industry for testing linearity, stability and reso-
lution of amplifiers and analog-digital converters. The Model 7040 is a 
product of the company's continuing interest in the development of pulse 
generators with precision parameters. For additional information about the 
Model 7040 as well as the rest of the product line, write or phone: 

BNC 

Berkeley Nucleonics Corporation 

40 years ago 

From the pages of Electronics, November 1931 

A radio set can be no better than its 
weakest part. The last year or two 
have seen too much yielding in the 
direction of cheapening and weak-
ening. Against reduction in quality, 
the great influence of the Institute of 
Radio Engineer's gatherings must 
now be organized and thrown de-
terminedly in the direction of build-
ing quality upwards. insisting that 
every part be adequate. 
Meanwhile the pressure of every 

sales department continues inexo-
rable, to hold down the overall price 
at which the radio set must be sold. 
From this dilemma in which the set 
designer thus finds himself, he has 
one escape. He can turn for help to 
the makers of quality components 
and parts. Their experience can be 
used by the set-maker—with marked 
saving of plant investment and in-
crease of manufacturing flexibility. 
There is no warrant for repeating, in 
radio, the classical incident of the 
Rolls-Royce engineers who de-
signed and built their own special 
horn push-button, at a cost for tools 
and dies of $ 12 per car.—and later 
found that a better button could be 
bought on the open market at 10 
cents! 

A principle of motion picture projec-
tion without a shutter and with the 
film moving continuously through 
the projector was described by H.E. 
Edgerton of MIT. 
The adaptation of intermittent 

light using mercury-arc lamps for 
taking motion pictures was illus-
trated by examples. There are in 
general two methods of using the in-
termittent light. One method is used 
to take moving pictures where the 
light is caused to flash for each 
frame and the film runs at a contin-
uous speed. The second is used to 
take stroboscopic moving pictures of 
rapidly moving objects by causing 
the light frequency to approach the 
frequency of the motion of the ob-
ject. Examples of the latter method 
were demonstrated. these being 
stroboscopic movies of a crude mo-
tion picture claw mechanism oper-
ating at 30 f.p.s. and of the surges in 
the valve springs of a gasoline en-
gine running at 1930 r.p.m. 

1198 Tenth Street • Berkeley, California 94710 • Phone: ( 415) 527-1121 
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only a BUSS fuseholder could have so many 
quality features squeezed into such a small package 

Rated for 15 
amps at any 
voltage up 
to 250 

Dielectrically 
capable of 
withstanding 
1500 volts A.C. 
between termi-
nals and between 
terminals and panel 

For more information 

FUSEHOLDERS 

on the HTA 

FOR 1/4 x 11/4 INCH FUSES 

Fuseholder 

and the complete BUSS QUALITY line of 

small dimension fuses, fuseholders, and fuse-

blocks, write for BUSS Bulletin SFB. 

geeee gaeft,./ 

BUSSMANN MFG. DIVISION, 

McGraw-Edison Co., St. Louis, Mo. 63107 

SUPPLIED THE ECONOMICAL WAY 

THRu DISTRIBUTORS 

IJ1Jss QUALITY 
FUSES 

Electronics/Novenbe' 8 1971 11 



Two Years Ago, Almost 

Including us. A digital cassette recorder. Seemed like a great idea 
at the time. But there was too much garbled info. And lousy reliability. 
A bumper crop of real lemons. 

Well, we licked our wounds along with everyone else. But we also 
went back to the drawing board because we still thought the basic 
idea was sound. And we came up with a unit that really works. 

A Whole New Concept 
To get super reliability, we reasoned, you have to 
control that tape. So, we started from scratch. Got 
rid of the traditional pinch rollers, belts, solenoids, 
levers and mechanical linkages from the transport. 
Took out the head guide forks. 

Eliminated the need for pressure pads. Those 
were the main cause of head and tape wear, oxide 
shed and dropout. 

Then, instead of just pushing the head up to the 
tape as it rolls by, we decided to get the tape out of the cassette. (That way the cassette is just a tape holder.) 

So we designed two little fingers that pull the tape down past the head, over a precision guide and 
around a capstan. That maintains optimum head wrap angle— critical for read-after-write operation. And 
it's all done automatically as you load. (We've got a patent pending, in case you're interested.) 

The Insides 
Next, we put in three DC motors. One for the capstan and one for each reel. 
Servos positively control tape tension on both sides of the capstan. And 
tension sensors confirm proper loading to BOT—no writing on tape leader. 
There's no drag on the tape. Ever. 

So now we have high bi-directional tape speed, fast start/stop times, precise 
start/stop distances. 

Reel motor torque is automatically reduced when EOT or BOT is sensed to 
prevent pulling tape from cassette reel hubs or other possible tape damage. 

All modular electronics. Plug in PC boards. Logic and interface that're 
TTL compatible. 
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Everybody Brought One Out 

The Outsides 
All these components are mounted in a cast aluminum 
frame. Very, very rugged. So it works for any number 
of EDP OEM applications. And we supply it for users 
in a handsome case with straightforward, push-button 
controls. 

Real Reel to Reel Performance 
Our basic Model 240 has 2 tracks, selectable data rates from 2 to 20 ips, with start/stop times of 15-30 
msec. Same start/stop times for 50 ips search or fast forward/reverse. It operates in incremental and/or 
continuous modes, and in several combinations of recording codes/data channel selections. Test data 
indicates: calculated MTBF in excess of 2,000 hours. Thousands of passes without tape damage. 

Options 
All sorts of options. Like two selectable read/write speeds. Dual gap read-after-write head. Separate read-
after-write heads. Power supply. Rack mount kit. Automatic tape cleaner. Etcetera. 

Don't Wait. Order Now 
Now that we've really licked performance and reliability problems, we figure our recorder's a natural for 
business machine manufacturers, terminal makers, mini computer builders. 

And users. A great replacement for punched paper tape. Even some reel to reel mag tape applications. 
Especially at the price. About $500 to $600 in bunches. 

Bell & Howell & a Digital Cassette Recorder That Works 
Send me all the specs. 

E Send a guy around for a demo. 
D Here's my P.O. You fill in the blanks. 

Name 

Title   

Company  

Address 

City   State   Zip 

Bell & Howell— Electronics & Instruments Group, 
360 Sierra Madre Villa, Pasadena, California 91109 

See us at FJCC this year. Booths 1651-1653. 

cCOPYRIGHT 1971 BELL & HOWELL 

ELECTRORICS E. IRSTRUMEnTS GROUP 

BELL E., HOWELL 
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f  
Reliability 
and Service 
Two important reasons to 
discuss your power rectifier 
requirements with Tung-Sol. 

Complete Line of Power Rectifiers 
If your current requirements 
are in the 3 to 420A range, 
let us send you specifications 
and operational data on 
Tung-Sol DO-4, 5, 8, 9 and 
21 types. Ratings up to 500A 
in flat base construction. 

Higher Ratings in Standard 
Bridge Rectifier Packages 

B-20 Series 

B-10 Series 
soL 

Single phase B-10 Series - 
30A DC @ 55°C. Forward 
surge rating — 400A @ rated 
load. Replace similar bridges 
rated from 8 to 25A and 
from 50 to 1,000 PRV per leg. 

Three phase B-20 Series - 
35A DC @ 55°C. Forward 
surge rating — 400A @ rated 
load. Replace similar bridges 
rated up to 25A and from 
50 to 1,000 PRV per leg. 

WRITE FOR TECHNICAL INFORMATION. 
SPECIFY BRIDGES, OR POWER RECTIFIERS. 

SILICON PRODUCTS SECTION 

TUNG-SOL DIVISION 

WAGNER ELECTRIC CORPORATION 
630 West Mt. Pleasant Ave. Livingston, N.J. 07039 

TWX: 710-994-4865 PHONE: (201) 992-1100 
(212) 732-5426 

thill:rpaclealark TUNG•SOL Peg U S Pat Oil and Marcas RegIslradaj 

People 

T he new buzz words in the military 
marketplace are high-power la-

sers. As competition builds to sell a 
set of specifications for these new 
rangefinders and target designators, 
the man behind the technology at 
IBM'S Federal Systems division is 
James T. Vanderslice, a 31-year-old 
physicist at the division's Gaithers-
burg, Md., headquarters. 
Armed with a nondegradable dye 

Q-switch—for which IBM has filed 
patents and which Vanderslice calls 
a "breakthrough"—plus a high-
power Raman laser emitting in the 
1.54-micron "eye-safe" region, the 
young, Boston-bred manager of 
electro-optical systems development 
is moving in on a major market. 
Current military forecasts put the 
potential for ground and airborne 
systems in existing aircraft, missiles, 
and other ordnance as high as 4,200 
over the next two to five years [Elec-
tronics, Oct. 25, p. 36]. IBM is pitted 
against other competing specialists 
like Hughes, Martin Marietta, 
Sperry Rand, and RCA. 

Competition is nothing new to 
Vanderslice, who grew up in a fam-
ily environment as the youngest of 
four sons, three of whom acquired 
doctorates. Of the family's two 
physical chemists, brother Joe is 
chairman of the University of Mary-
land's chemistry department while 
Tom is a vice president of General 

Electric. Jim, the physicist, took his 
baccalaureate at Boston College in 
his hometown of Newton, Mass., 
and then moved south to take his 
Ph.D. at Washington's Catholic 
University, where he continued re-
search before joining IBM's quantum 
electronics department in June 
1966. 
Vanderslice numbers among his 

honors fellowships from NASA and 
the National Academy of Sciences, 
his wife Louise and four children 
ranging in age from five years to 
one month. 

W e want to be the Sears Roe-
buck of test equipment," says 

James R. Tucker, president of 
Tucker Electronics in Garland, 
Texas. But not being content with 
that goal, Tucker hopes to do more. 
He wants to offer a complete test 
equipment service, selling not only 
many brands of equipment—includ-
ing popular types of new equipment 
under a private label—but also of-
fering reconditioned used equip-
ment, service and calibration for all 
brands, and leases and rentals. 

His plans sound ambitious, but 
Tucker has made a good start. His 
four-year-old company now has a 
volume of about $ 1.5 million— 
recently he opened a sales office in 
Orlando, Fla., and is presently ex-
panding his sales office in Edison, 

Tucker: Becoming the Sears Roebuck of test equipment though sales, service, and rentals. 
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Introducing the Fluke 8120A, the first 

low cost complete universal multimeter 

measurement system. Ask your local 

Flukeman for a demo today. Call him 

now or write us directly for literature. 

Up a pole, 

F-74e>' û  

Vri 
on the bench, 
or in the boonies, 
Fluke's new 
universal 
multimeter 
measures more. 

in five ranges, five modes, 41/2  digits, $795 

• voltage from 100 millivolts to 1000 volts 

is current from 100 microamps to 1 amp 

• resistance from 1000 ohms to 10 megohms 

• published overload and environmental specs 

• fully guarded circuits 
• guaranteed range, accuracy and resolution specs 

• field installable options 

• push button convenience 

• single mainframe option structure 

IFLUKEI 
Fluke, Box 7428, Seattle, Washington 98133. Phone: ( 206) 
774-2211. TWX: 910-449-2850 / In Europe, address Fluke Neder-
land ( N.V.), P.O. Box 5053, Tilburg. Holland. Phone: (04250) 
70130. Telex: 884-52237 / In the U.K., address Fluke 
International Corp., Garnett Close, Watford, WD2, 4TT. Phone: 
Watford, 33066. Telex: 934583. 
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QUALITY and SERVICE 
have just tied the knot 

\fr 

AMY and S.S.WHITE 
Plastics Division Plastic Closure Dept. 

CLOSURES 
Robroy Industries, oldest manufacturer of plastic pro-
tectors, has acquired the S. S. White Industrial Division 
Plastics Department of the Pennwalt Corporation . . . 
the " Klosure King" product line of metal and plastic 

closures. Now, as one of the largest closure producers, 
Robroy is dedicated to providing the highest quality 

protective closures for every conceivable application 
and the best service  in the industry. Caps and plugs 
(male and female) are available in standard and special 
designs. Write or call today for prompt delivery. 

Our middle name is service! 

WRITE FOR FREE CATALOG 

-HMI> DUSTIES 
PLASTIC PROTECTOR DIVISION 
Box 223, Morrisville, Pa. 19067 

Telephone: 215/295-4123 

People 

N.J., to include service and calibra-
tion. His acquisitions include about 
a third of a million dollars in addi-
tional capital to aid expansion as 
well as a former vice president from 
Collins Radio to help with the fi-
nancial end of things. 
Tucker himself is a soft-spoken 

Texan from McKinney, about 25 
miles north of Dallas. He got his EE 
from Stanford and subsequently 
spent three years with LTV as an an-
tenna engineer. 
He claims that Tucker Electronics 

probably already has the largest 
volume in reconditioned equipment, 
"but we don't find quantities of late 
model equipment that people want 
to buy." So he is looking closely at 
expanding his sales of new equip-
ment. The firm, still primarily in the 
reconditioned equipment market, 
also sells three lines of new equip-
ment, including the Triplett and 
Simpson meters. "In other busi-
nesses, such as car sales or machin-
ery, you can get all your needs taken 
care of at one place. But not in the 
test equipment business." 
The two giants of the industry, 

H-P and Tektronix, offer sales plus 
service of new equipment, but not of 
reconditioned devices. Tucker 
points out that "It makes more sense 
for the smaller companies to sell 
and service through someone with a 
good organization such as the one 
we're establishing, than to try to do 
it on their own." 
Tucker believes that it will be 

necessary to go to private labels for 
at least part of the new equipment 
sales. "The present pricing structure 
is set up for reps, and makes it hard 
to stock equipment as a distributor. 
But if we can develop a strong 
enough marketing and service orga-
nization, we should be able to sell 
private labels." He is already nego-
tiating with a number of American 
firms. 
"There are so many $399 Dvms 

on the market, for example, that we 
have to evaluate the equipment and 
the company carefully," he explains. 
And Tucker realizes the problem 
ahead of him. "We've been selling 
H-P and Tektronix on their names. 
Now we'll have to see how it works 
when we're selling under ours." 
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Xerox 
Osallographic 
Papers: 
31 B.C. 
(Before Copiers) 

Forty-one years 
ago- 31 years before - 

copiers— Xerox made . 
great oscillographic papers. 

And we've been improving them ever since. You can order them direct from your 

local Xerox Product Spec'alist listed in your telephone directory for fast shipment 
from our Regional Supply Centers—our way of helping you save time and money, while 
solving storage and delivery problems. Check performance, price and service benefit 

that's yours with Xerox Astroprint DP90. Xerox Corporation, Business Products Group, 
Department HL, Rochester, New York 14603. 

XEROX. 
Xerox and Astroprint are registered trademarks of Xerox Corporation 
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GR Resistance Anodize Trim System 

Circle 221 on reader service card 

Micronetic s Laser Trimming System 

Circle 220 on reader service card 

Lovv-Cost Logic Circuit Tester 

Circle 222 on reader service card 
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The under $20,000 Computer-Controlled 
Logic-Circuit Tester is here 
You can't buy one for less. You 

can't build ore for less. And Gen-
eral Radio hasn't compromised 
capability for the sake of a low price 
tag. With this new system you can 
perform high-speed functional GO/ 
NO-GO and diagnostic tests even on 
big boards with more than 100 IC's. 

GR's new 1793 Logic-Circuit 
Tester is a full-blown ccmputer-con-
trolled systen with a 4k memory 
minicomputer, paper-tape input, and 
teleprinter output. Test prog 
miing is done in a simplified high-
level language. Personnel with little 

or nc previous programming experi-
ence can write test programs after 
only a few hours training. What's 
more, the system design, hardware, 
and software have been field-proven 
over the past two years in GR's 
highly successful 1790 system. 

The basic 1793 gives you 96-pin 
capability. We can furnish more if 
you need it. 

This new system from GR brings 
high-speed logic-circuit testing into 
the price range of almost every com-
pany. We'd like to tell you the full 
story on the 1793. Write or call the 
GiR office nearest you or GR in Con-
cord, Mass., (617) 369-4400, for com-
plete information on the low-cost 
1793. In Europe write Postfach 124, 
CH 8034. Zurich. Switzerland. 

r4 General Radio 
NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-9990 • BOSTON 517 646-3550 

CHICAGO 312 992-0800 • WASHINGTON. B.C. »1 181-5333 • LOS ANGELES 714 54048303 
TORONTO 416 252-3395 • ZORICH el) 55 24 20 

ORASON-STADLER 617 369-3787 • TIME/DATA 405 327-8322 



The Allen-Bradley 
cermet corps: 
versatile standard packag 
containing R/C circuitry 
designed to your needs. 

The need: compact R/C net-
works in DIP's for terminator 
applications in new generation 

computer designs. To meet the 
circuit board space crunch. 
Allen-Bradley combines resis-
tors and capacitors in a package 
compatible with automatic in-
sertion equipment. These cer-
met networks save space and 

attachment costs. Packaged in 
dual in- line molded packs that 

lock out the environment and 

II,Illk Actual S.ze 

match your IC's. Lead frames 
with built-in stand-offs are weld-
able or solderable. Volume pro-
duction available. 

SELECTED SPECIFICATIONS 

TOLERANCES Absolute to 

TRACKING Excellent 

RESISTANCE 
RANGE 

CAPACITANCE 
RANGE 

TCR 

10 ohms to 10 megs. 
standard. 1 ohm to 
100 megs, special 

To 60.000 pF per cm , 

As low as -± 100 ppm C 

CALIBRATION Abrasive or laser 

LEAD SPACING 100 mil standard 

Investigate the advantages of 
Allen-Bradley cermet R/C net-

works. For information write: 
Marketing Department, Elec-
tronics Division, Allen-Bradley 
Co., 1201 South Second Street, 
Milwaukee, Wisconsin 53204. 
Export office: 1293 Broad St., 
Bloomfield, N. J. 07003 U.S.A. 
In Canada: Allen-Bradley Cana-
da Ltd., 135 Dundas Street, 
Galt, Ontario. 

NEVV DIMENSION ELECTRONICS 

ALLEN-BRADLEY \AB) 

GUALIT 
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The vehicle? Nikkei Electronics - 
the Japanese version of Electronics 
Magazine published in Japanese foi 
consumption in Japan only. 

Nikkei Electronics will be published 
hi-weekly by NIKKEI/McGRAW-
HILL INC. — a joint venture of NI-
HON KEIZAI SHINBUN and 
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely 
in the Japanese language including 

advertisements. 

• If you sell, or want to sell your 
products in Japan, you can talk 
to 20,000 buying influences in 
their native tongue for just $400 
a page. 

• If you are already advertising in 
any of the unaudited lesser media 
in Japan, here is your opportunity 
to consolidate your schedule in 
the one strong medium, make a 
dominant impression and save 
advertising dollars. 

If you are interested in advertising 
in Nikkei Electronics contact your 
local Electronics salesman or any of 
the Electronics sales offices in the 
U.S. and Western Europe. 

• 

A Nikkei/McGraw-Hill Publication. 

Meetings 

Fall Joint Computer Conference: 
IEEE, Convention Center, Las 
Vegas, Nov. 15-18. 

Ultrasonics Symposium: IEEE, Caril-
lon Hotel, Miami Beach, Dec. 6-9. 

Vehicular Technology Conference: 
IEEE, Sheraton-Cadillac Hotel, De-
troit, Dec. 7-9. 

Reliability Symposium: IEEE, El 
Cortez, San Diego, Jan. 25-27. 

Power Engineering Society Winter 
Meeting: IEEE, Statler Hilton Hotel, 
New York, Jan. 30- Feb. 4. 

Aerospace & Electronics Systems 
Winter Convention (wINcoN): IEEE, 
Biltmore. Los Angeles, Feb. 8-10. 

International Solid State Circuits 
Conference: IEEE, Sheraton Hotel, 
University of Pennsylvania, Phila-
delphia, Feb. 16-18. 

International Convention & Exhibi-
tion: IEEE, Coliseum and N.Y. Hil-
ton Hotel, New York, March 20-23. 

International Geoscience Electron-
ics Symposium: IEEE, Marriott Twin 
Bridges Motor Hotel, Washington, 
D.C., April 9-14. 

International Conference on Mag-
netics (INTERMAG): IEE, Kyoto In-
ternational Conference Hall, Kyoto, 
Japan. April 10-13. 

CALL FOR PAPERS 

International Conference on Mag-
netics (INTERMAG): LEE, Kyoto In-
ternational Conference Hall, Kyoto, 
Japan, April 10-13, 1972. All digests 
must be submitted no later than 
Nov. 20 to Eiichi Goto, c/o INTER-
MAG 72 Secretariat, KDD research & 
Development Laboratory, 1-23 Na-
kameguro 2-chome, Meguro-ku, 
Tokyo, Japan. 

Ninth Annual Design Automation 
Workshop: IEEE, Stotler Hilton Ho-
tel, Dallas, Texas, June 19-21, 1972. 
Deadline for submission of abstracts 
is Jan. 3. 1972, to R.B. Hitchcock, 
Watson Research Center, Box 218, 
Yorktown Heights, N.Y. 

1-Watt 

ZENERS  
Immediate Shipment 

Low Prices 
ANY voltage from 2.0 to 18.0 

Quantity Price each 
1-99 $1.07 
100-499 .97 
500-999 .91 
1000-4999 .86 
5000 up .82 

All welded and 
brazed assembly 

No fragile 
nail heads 

Gold 
plated 

leads 

Write for complete 
rating data and other 
tolerance prices. 

Buy the kit-
Save 

Atim- a lot 

.0000 110C, 

e 'ye jjk', 

in 0.SC. 

/ SO0010 NO. 

Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 

A $54.57 value for 

ONLY  
Semiconductor Division 

SCHAUER 
Manufactuling Corp 

4514 Alpine Ave. Cincinnati, Ohio 45242 

Telephone: 513/791-3030 
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We Must Communicate 
...on land! 

2N5847 

Low-band, portable land-mobile radio power chain. 
25 to 50 MHz, 12.5 V. 

Send for data sheets and AN282: "Systemizing RF 
Power Amplifier Design" and AN502: "A 40 W, 50 MHz 
Transmitter for 12.5 V Operation." 

Circle 211 on reader service card 

4000 

2N5945 2N6136 

25W 

UHF land-mobile radio power chain. 
470 to 512 MHz, 12.5 V. 

2N5945 

3W 

UHF portable land-mobi e power chain. 
470 to 512 MHz, 7.5 V. 

Send for data sheets and AN548: "Microstrip Design 
Techniques for UHF Amplifiers." 

Circle 212 on reader service card 

300 mW 

3000 

10 mW 

Marine radio power chain. 
152 to 162 MHz, 12.5 V. 

Send for data sheets and AN481: "A broadband 4 W 
Aircraft Transmitter;" AN503: "A 25 W Broadband Air-
craft Transmitter" and AN507: "A 13 W Broadband 
AM Aircraft Transmitter." 

Circle 213 on reader service card 

2N3553 12N5641 

High-band, portable land-mobile radio power chain. 
150 to 175 MHz, 12.5 V. 

Send for data sheets and AN282: "Systemizing RF 
Power Amplifier Design" and AN495: "A 25 W, 175 
MHz Transmitter for 12.5 V Operation." 

Circle 214 on reader service card 

Land-mobile radio, covering 3 distinct frequency 
ranges, requires significantly different devices in each 
band. Other design techniques are required for UHF 
devices than low or high-band. Data sheets and applica-
tion notes examine these differences with UHF types 
even characterized at 7.5 V for portable operation. 
Motorola has them all! 

. at sea! 
Send for data sheets and AN282: "Systemizing RF 

40W Power Amplifier Design" and AN495: "A 25 W, 175 
MHz Transmitter for 12.5 V Operation." 

Circle 215 on reader service card 

Marine radio falls into the same frequency range as 
40W high-band land-mobile with the same type of modula-

tion and voltage required. Both PNP and NPN chains 
are available from Motorola for your designs! 

... in the air! 
30W 

108 o 136 MHz, 13.5 V. Aircraft/Military radio power chain. 225 to 400 MHz, 
Circle 216 on reader service card 

28V. 

Typical AM systems are shown. Devices capable of 
25 W and 50 W output for 225 to 400 MHz range are 
available on special request. And they're Isothermal-

rugged! 



Single sideband power chain. 
2 to 30 MHz, 28 V. 

With You At Once 
by cable TV! 

CATV 
Device Gain (dB) 

Cross Modulation 
Distortion 

Noise 
Figure (dB) Case 

2N5109 11 Typ —70 dB Typin 3.0 Typ 

2N5943 11.4 Typ —67 db TypI21 3.4 Typ 

2N5947 11 —60 dB TypIn 3.8 Typ 

2N6135 11 —62 dB Typt31 4.8 Typ 

I 2 channel with +54 dBmV output level 
I I 12 channel with +40 dBmV output level 
I 12 channel with 50 dBmV output level 

Send for data sheets with complete characterization for 
broadband CATV operation including distortion specs, 
noise figures and Y & S parameters . . . they're unique 
with Motorola! 

Circle 217 on reader service card 

Hybrid circuits offer important performance, reli-
ability and space advantages. Both upstream and down-
stream hybrid designs are available from the factory. 

CATV 5 to 300 MHz 

... on single sideband: 
Send for data sheets and AN546: "Solid-State Linear 
Power Amplifier Design." 

Circle 218 on reader service card 

The problem of linear amplifier design, including a 
technique for temperature compensation utilizing only 
passive devices can be solved. The block diagrams show 
output capability at two of the most popular power 
levels with 150 W PEP outputs easily obtainable with 
multiple devices. 

.. without noise: 
Low- Noise 
Device 

Noise 
Figure (max) Frequency Case 

2N5179 4.5 dB 200 MHz 

2N5031 25 dB 450 MHz 

2N2857 4.5 dB 450 MHz 

2N5829 ( PNP) 2.5 dB 450 MHz 
\ 

2N4957 (PNP) 3.0 dB 450 MHz 

Low Noise Designs. 

Few semiconductors are subject to as severe 
treatment as RF devices. Load mismatching — by 
far the largest single cause of transistor failure — 
has largely been curtailed with the introduction of 
Motorola balanced emitter technology . . . BET* 
... and most recently, Isothermal* fabrication tech-
niques. The latter has furnished an important new 
level in RF device ruggedness on many Motorola 
types with heat buildup reduced 50% through use 
of an asymmetrical emitter-resistor path design 

Send for data sheets and AN215: "RF Small Signal 
Design Using Admittance Parameters;" AN419: "UHF 
Amplifier Design Using Data Sheet Design Curves" and 
AN421: "Semiconductor Noise Figure Considerations." 

Circle 219 on reader service card 

These low-noise devices excel in receiver front-end 
designs and have excellent noise figures at frequencies 
other than those listed. Design in Motorola quietness! 

... and a word about ruggedness in RF. 
which apportions heat evenly over the entire chip 
surface. 

Trademark of Motorola Inc. 0 — Get The Message. 

Choose from more than 150 standard — and 
rugged — Motorola types. .. with frequency ranges 
to 2 GHz ... power outputs to 100 W . . . in 18 opti-
mized package styles. And you can customize device 
performance and testing merely by letting us know 
your particular needs. Write for data sheets and 
let's communicate. 

MOTOROLA RF 



A new pushbutton line 
has come to light. 

Announcing a medium-priced line of 
quality lighted pushbuttons and indica-
tors. Our new Series 3. 

A complete line with a choice of 
options that never seems to stop. For 
example: 
Choose from low energy, electronic-

duty reed switches with form A circuitry. 
Or from 5- amp, double- break power 

switches with a variety of circuit options. 
Choose from strip, matrix or individual 

mount. Each with front relamping or re-

placement. And with two lamps and 
3/4 " mounting centers. 
Choose from five lighted display col-

ors and from momentary or two- level 
alternate-action. 

It all adds up to versatility. The kind 
that makes the Series 3 ideal for com-
puter peripheral equipment, business 

machines, instrumentation equipment, 
communications systems, control pan-
els. Or, maybe a job you're working on 

that requires a lighted pushbutton or 
indicator. 

For more information, call your 
MICRO SWITCH Branch Office or Au-

thorized Distributor (Yellow Pages un-
der "Switches, Electric"). 

Or write for Product Sheet 
Series 3. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL— Sales and Service offices in all principal cities Of the world. Manufacturing in Austfalea, Canada, Finland, France. Germany, Japan, Mexico, Netherlands, Spain. labran. U.K. and U.S.A. 
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MOS RAM boasts 

under-100-nsec speed 

Solid state sensors 

for air pollution rely 

on ion exchange ... 

MOS memory makers, stung earlier this year when bipolar makers 
announced new high-density processes, are beginning to counter with 
memories that offer bipolar speed. 
The latest such device is an n-channel silicon gate 1,024-bit random 

access memory from Electronic Arrays, Mountain View, Calif., the first 
n-channel device on the market. The new memory has an access time 
that is "well under 100 nanoseconds, and we are seeing power dissipation 
in a system of 10 milliwatts per package," according to a company spokes-
man. This is an order of magnitude improvement in power dissipation 
over p-channel silicon gate parts. 

Probably even more important, the new memory does not have to be 
cycled through the addresses to be refreshed as do other MOS memories— 
the refresh is accomplished by a write cycle. Parts will be available next 
month. 

Experimental all solid state sensors are showing "remarkable responses" 
in detecting many common air pollutants at Environmental Metrology 
Corp., Ann Arbor, Mich. The end product, says Verne R. Brown, presi-
dent, might be an atmospheric pollutant-measuring device far simpler and 
more rugged than present devices that rely on ultraviolet, infrared, photo-
metric, and wet-chemical principles. 

Sensors consist of thin-film electrodes made of catalytic metals such as 
palladium, nickel, platinum, and gold, deposited on a solid dielectric— 
a developmental sulfonated Teflon-like sheet material from DuPont. A 
gas flowing over the sensor triggers an ion exchange in the electroly te and 
generates microampere-sized currents. Current varies with the gas and 
its concentration, with the electrode materials, and with magnitude and 
the polarity of the bias that's applied to the electrodes. 

... as developer seeks The next step for Environmental Metrology is to get together with an 
electronics company to develop a scanner, memory, and display for 
identifying gases automatically. The scanner would, for example, sample 
an array of sensors whose outputs would be compared with values stored 
in memory. Identification and concentrations could then be displaced. 
Enmet has constructed individual sensors, but the most ambitious 

thus far is one with six different electrode materials deposited on a 1-
inch-square electrolyte. Based on the differing responses from these 
electrodes, it's possible to develop a characteristic signature for each gas 
and its concentration, the company says. Gases and vapors tested by 
Enmet using room-temperature nitrogen as a carrier include sulfur 
dioxide, nitrogen dioxide, hydrogen sulfide, ammonia, gasoline, benzene 
and alcohoL 

electronics partner 

Monsanto making 

green MAN-1 LED 

Monsanto's MAN-1, seven-segment, light-emitting-diode numeric display 
soon will be available in green as well as red. The company has perfected 
a gallium phosphide process that will enable it to manufacture displays 
that emit green light at 5,600 angstroms. 

Efficiency of the material is about the same as the MAN-1A high-
brightness red unit, and current requirements are also the same-20 milli-
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amps per segment. Initial cost is expected to be $9.50 each in quantities 
of 1,000. 

H-P to introduce 

medium-sized 

computer 

Mini calculator 

competition heats up 

At the Fall Joint Computer Conference in Las Vegas next week, Hewlett-
Packard will unveil its entry into the medium-sized computer field. Called 
the System/3000, the new hardware-software package is said to be the 
first computer system designed from the ground up specifically with 
multiprograming and multilingual capabilities. Price tag is expected to 
be $100,000 to $300,000. 

Hard on the heels of the announcement that Ragen Precision Industries 
will build a mini calculator with liquid crystal display [Electronics, 
Oct. 25, p. 32], Busicom Corp. of Tokyo has finally put out a data sheet on 
another promised version [Electronics, Feb. 1, p. 19]. 
The Japanese firm is currently selling a light-emitting diode mini in 

this country for $395, less battery charger. But it is also promoting a 
single C/NIOS-chip unit with liquid crystal display planned for U.S. 
entry if and when the consumer market takes shape. Busicom's proposed 
model is larger than the one planned by Ragen, measuring 5.6 by 0.78 
inches. The company refuses to disclose price, but says that it should 
be less than half that of the LED unit. 
At the same time, Garrett Micro-Circuits of Rancho Bernardo, Calif., 

has built a prototype calculator, using a proprietary MOS chip, that it 
expects would eventually sell for under $100. The firm, which sold its 
assets to Burroughs in August but retained the corporate name and a 
team working on proprietary developments, will not make the chip or 
calculator itself. Rather, it plans to provide masks and engineering help 
to semiconductor firms that will make the chips on a custom basis. 
"Within the next month we expect to have a manufacturer for the 

calculator, and production should start in January," says George Cone, 
director of operations. 

Now it's the personal Look for the almost-minicomputers—programable calculators—to invade 
more and more commercial applications in brpkerage houses, banks, and 

programed calculator medical laboratories. Insiders are already talking about "personal pro-
gramables" to replace, or substitute for, computer terminals as the 
nonengineering uses are fast catching up to traditional markets at Wang, 
Hewlett-Packard, and Compucorp. Japanese makers are in an all-out 
drive to make programables next year's commercial market bonanza as 
hand-held minicalculators move into the consumer market. 

Addenda Mostek will soon begin second sourcing National's 4,096-bit ROM. At the 
same time, separate development is continuing at Mostek on an 8,192-bit 
ROM that also will be ready shortly. . . . Texas Instruments' Equipment 
group is apparently buying 100,000 1103 RAMs from Intel Corp. for its 
new 960A minicomputer [see p. 111]; the order may be one of Inters 
largest single deals for the 1,096-bit 1103. Also, the 960A comes with 
4,096 bits of 16-bit memory, or a minimum of 64 1103s. TI also has plans 
to build its own versions of 1103 part. .. . The Instrument Systems Corp. 
system for electronically changing door locks from a remote console 
[Electronics, May 24, p. 17] is being demonstrated this week. 
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NIBILIIIESWITCH" 
A unique high-performance C/MOS analog switch 
offering multiple configurations on one chip. 
HI-1800 
Now, for many analog switching 
applications all you need is "The 
Switch: With this single monolithic 
device you can implement at least five 
switch configurations. Additional 
advantages are lower leakage at high 
temperatures and an excellent power-
speed ratio. To order contact your 
Harris representative or distributor. 

Features: 

Monolithic CiMOS 

Low leakage 50nA 125 C 

High speed 250 ns 

Low power dissipation 5 mW 

Type 

Dual DPST 
Single DPDT 
Single SPDT 
Dual SPST 
Single SPST 

HI- 1800 
0°C to + 75°C 

- 55°C to + 125°C 

HI-1800A 
0°C to -r 75°C 

— 55°C to + 125°C 

R.„ 

125n, 
125n 
son 
60Í1 
30n 
100-999 units 

$ 9.35 
$ 13.75 

$ 11.55 
$ 17 05 

HI 11100 BLOCKOIAGRANI 

• 

ADDRESS 2 1 

...s..01/ SUPPLY 2 

ENABLE 3 

ADDRESS 3 4 

OUT 4 

IN 4 6 

OUT 3 T 

IN 3 

18 ADDRESS 1 

15 NEG. SUPPLY 

74 POS SUPPLY 

19 NC. 

12 IN I 

11 OUT 

10 IN12 

9 OUT 2 

TRUTH. TABLE 

INPUT ADDRESS SWITCH CHANNELS 

1 2 3 US 1 2 3 

L X X L ON ON 

H X X L OFF Of F 

X l X L ON ON 

X X H L ON ON 

[ X H L L I OFF OFF 

X X X H OFF OF. OFf OF, 

H ≥ .1.0V 1.5.0.11V 

HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS- INTERTYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

DISTRIBUTORS . schweber Electronics: Westbury. New York (516) 334-7474; Rockville. Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 
HarveyA38, DElectronics: Lexington, Massachusetts (617) 861-9200./ Semiconductor Specialists, Inc.: Chicago :.312) 279-1000; Detroit 313) 255-0300: 
Minneapolis (612) 884-8132; Kansas City (816) 452-3900; St. Louis (314) 428-6100; Dallas ( 214) 358.-5211; Indianapolis (317) 243-8271; 
Pittsburgh (412) 781-8120; Dayton (513) 278-9455 t R.V. Weatherford Co.: Albuquerque ( 505) 265-5671; Anaheim ( 714) 547-0891: 
Austin (512) Enterprise 1443; Dallas ( 214) 231-6051; Denver (303) 427-3736; Glendale ( 213) 849-3451; Houston ( 713) Enterprise 1443; 
Palo Alto (415) 321-5373; Phoenix (602) 272-7144; Pomona ( 714) 623-1261: San Diego ( 714) 278-7400; Seattle (206) 762-4200. 
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Once a second 
our 1024-bit RAM risks its reputation 

to help preserve yours! 
Since we introduced it just a few months ago, our ion 
implanted 1024-bit RAM, the MK 4006 P, has set a new 
standard for superior performance without speed or cost 
penalties. Now there's another reason for buying your 
next RAM from us. 

When you specify MOSTEK's 4006 you get industry's 
only totally tested 1024-bit RAM. We designed and built 
our tester to perform a complete memory "exercise" of 
each circuit over the entire voltage input range and at 
maximum specified temperature in less than a second... 
automatically. 

In addition to a complete DC parametric test of input 
and output leakage, pull-up resistors, supply currents, 
logical " 1" output current and worst-case input levels, 
we write four basic data patterns into the memory to 
provide a thorough operational test. These data patterns 
test for possible errors in row and column decoders, 
verify the integrity of all 1024 bits and test chip-enable 
logic, supply voltages and access times with worst cases 
compounded to assure reliability. Thirty-two separate 
"disturb" tests are run to ensure stored data is not affected 
by other operations on the chip. In fact, once our circuits 
have passed these tests you can depend upon them to 
perform properly regardless of sequence or number of 
address changes made within the refresh period. 

What's more, as if this memory exercise isn't enough, 
we conduct an 8 hour operating burn-in at 125°C on 
every circuit. 
Circle 28 on reader service carc 

What does all this mean to you? Just this. When you 
receive your 4006 circuits you'll find them ready for use 
in your system without the need for additional testing. 
Saves you time and expense and adds measurably to 
your system reliability. Then you can add up the other 
advantages, like: full TTL compatible decoding on the 
chip; no precharging or clocks required; 16 pin package. 

Read the whole test story yourself by sending for a 
free copy of our new report on testing procedures for 
eyee«ettme MOS RAMs. Phone Gordon Hoffman or Dave 

West at ( 214) 242-1494 for immediate informa-
tion...or contact your local MOSTEK represent-
ative or distributor. 

MOSTEK 
CORPORATIO n 

An affiliate of Sprague Electric Company 
1400 Upfield Drive 
Carrollton, Texas 75006 

The 
Calculator-on-a-Chip 
Company 



Electronics review  
Significant developments in technology and business 

Processing advance 
brings solid state tube 
another step closer 
Ability to apply 

low-work-function layer 

to cold cathode improves 

current density 

A whole new field of electronics 
based on semiconductor tubes may 
be in the offing. Helping it along is a 
solid state p-n junction cold-cathode 
vacuum tube being developed 
jointly by two Texas firms—Spec-
tronics Inc. in Richardson and Gen-
eral Electrodynamics Corp. in Gar-
land—that uses gallium phosphide 
for its cathode material. The tube is 
coated with a low-work-function 
material, such as cesium or cesium 
oxide, to let the electrons escape 
into the vacuum. 

Robert Beard, Spectronics' vice 
president for R&D, points out that 
vidicon camera tubes could be built 
with an array of solid state cathodes 
each of which would address a sec-
tion of the target. This would mean 
less energy spread on the electron 
gun, and reduced lag. The concept 
could lead to the development of 
flat video tubes. 

Search. Researchers have been 
excited for some time about the pos-
sibilities of solid state tubes. For ex-
ample, RCA, long active in cold-
cathode work [Electronics, Oct. 12, 
1970, p. 45] has recently operated a 
silicon version successfully. In that 
device, essentially a forward-biased 
silicon p-n junction, the p surface is 
activated into a state of negative af-
finity to allow electrons to escape 
into the vacuum. 
The p-n junction cold cathode is a 

device that emits electrons directly 
into vacuum when the diode is for-

ward biased. In the Spectronics de-
vice. operation is made possible by 
the low work function that can be 
achieved when a clean GaP surface 
is treated with cesium or cesium 
oxide. Here, ohmic contacts and 
mounting techniques allow the de-
vice surface to be cleaned at 500 C 
before the low-work-function layer 
is applied. 
To come. When the surface work 

function is less than the band gap of 
the semiconductor, minority carrier 
electrons injected at the junction 
diffuse to the surface and are 
emitted into the vacuum. Current 
density is presently small and must 
be increased to approach commer-
cial significance. 

Spectronics selected GaP because 
of its wide band gap and poor light-
emitting properties—photons would 
represent lost electrons. 

Military electronics 

Four-man council set 

to run telecommunications 

A new top-echelon council has been 
formed to run the World Wide Mili-
tary Command and Control System. 
The four-man council, which is tak-
ing over responsibility for the sys-
tem from the Defense Communi-
cations Agency, also will have the 
final word on planning, coordina-
tion, and new procurement. Goal of 
the council will be to spur military 
commanders and electronics con-
tractors to come up with systems 
whose performance matches their 
promises. 

This is evident in Deputy Defense 
Secretary David Packard's saying 

Texas tube. Gailium phosphide cold cath-

ode may find its way into vacuum tube. GaP 

is coated witn low-work-function material to 

ease electron escape into vacuum. 

that he wants to unsnarl the 
wwmccs network—particularly the 
National Military Command Sys-
tem segment at the Pentagon—to 
avoid any repetition of foulups like 
the Mediterranean incident a few 
years ago, the Pueblo incident, and 
the EC- 121 incident, all of them 
embarassing to the U.S. 
Unhappy. Though Packard didn't 

spell it out, the council's formation 
makes it clear to government and 
industry telecommunications spe-
cialists that the Pentagon has been 
less than pleased with the perform-
ance of the Defense Communi-
cations Agency as manager of the 
wwmccs net. At the same time, for-
mation of the wwmccs council— 
comprising Packard, the Chairman 
of the Joint Chiefs of Staff (who will 
have responsibility for operations), 
and the Assistant Secretaries of De-
fense for telecommunications and 
for intelligence (with responsibility 
for technical aspects of the system)— 
downgrades the role of individual 
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military commands and, presum-
ably, their potential as electronic 
customers. 

Boss. "I lean very strongly in the 
direction that you've got to have 
one guy in charge," says Packard 
explaining his appointment of the 
chairman of the Joint Chiefs to run 
the NMCS operations. In effect, 
Packard is recentralizing authority 
that former DOD Secretary Robert 
McNamara decentralized when he 
created the unified and specified 
commands in the mid '60s. "Local 
commanders now have as their first 
priority to design their command 
system to meet the requirements of 
the national command system and 
only second, to meet the require-
ments of their mission." 
Job open. To Defense officials, 

Packard's personal participation in 
the new council indicates his con-
cern with the vacuum created in the 
Pentagon's telecommunications hi-
erarchy by the death of the first as-
sistant to the secretary. 

So long as his position remains 
unfilled, the plan to integrate military 
communications systems among the 
three services is in abeyance. Several 
leading lights in U.S. communica-
tions are known to have turned 
down the post because of its politi-
cally sensitive nature, including the 
possibility that they could be out of 
work after the next Presidential elec-
tion. A top priority job will be doubl-
ing the size of the national Military 
command Center headquarters in the 
Pentagon basement. 

Communications 

Signal processor 

speeds code changes 

A signal processor marrying two 
emerging technologies—surface 
acoustic-wave-delay lines and sili-
con-on-sapphire control circuits— 
promises to permit hundreds of 
code changes per second when re-
quired by a program. 
Two of the units, built by the re-

search and technology facility of the 
Autonetics division of the North 
American Rockwell Corp., have 
been delivered to the Air Force's 
Wright Patterson Avionics Labora-
tory in Dayton, Ohio. 
The encoding and decoding por-

tion of the processor is a 16-tap 
programable surface acoustic-wave 
delay line in which the taps are con-
trolled by the SOS circuit. Because 
switching speed in SOS circuits is 
high—several hundred nanose-
conds—input data can be fed into 
the delay line encoder at data clock 
rates of 10 to 20 megahertz and 
transferred to hold circuits control-
ling the output of each line tap. 
Every 5 µsec. Once held, other 

codes can be fed in as required, then 
transmitted, received, and pro-
cessed, at which time the held code 
could be activated again. In this 
manner code changes could be 
made in intervals as small as 5 mi-
croseconds. 

Peter Hagon, director of the proj-
ect, points out that communication 
systems are not equipped to utilize 
fully the entire capability of these 
new processors. "But," he says 
"when system analysts realize the 
extent of its flexibility they may de-
sign new systems around it." 
Common carrier. Carrier fre-

quencies as high as several me-
gahertz can be accommodated, 
making the processor useful in the 
most common transmitting bands. 
The delay line is made on lithium 

niobate, with the acoustic taps 
bonded to pads on the SOS sub-
strate. The sos circuit is a standard 
two-phase dynamic shift register, 
but it has resistive loads instead of 
the conventional transistor loads be-
cause in sos configurations these are 
faster. This arrangement gives the 
circuit its fast code change ability. 

Coming. Hagon indicates that his 
group is now working on a fully mo-
nolithic version of the device. This 
one, a 32-tap processor with a 20-
wiz data rate, will have a single-
crystal aluminum nitride acoustic 
line fabricated on the same subst-
rate as the sos control registers. This 
represents the most advanced signal 
processing technology to date. 
"Look for it in six months," says 
Hawn. 

Medical electronics 

NAE urges biomedical 

evaluation board 

A study by the National Academy 
of Engineering recommends crea-
tion of a national body of industrial, 
medical, engineering, and social ex-
perts to clarify Government's role in 
biomedical engineering. The body 
also would stimulate industry par-
ticipation and understanding of the 
biomedical electronics marketplace. 
To be dubbed the National Bio-

medical Engineering Evaluation 
Board, the group also would pro-

SOS to rescue. By joining surface-acoustic-

wave delay line with silicon-on-sapphire 

control circuitry, Autonetics can change 

codes at extremely high speeds. 
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Segment of Industry 

1970 

Sept. ' 71 Aug ' 71 Sept. ' 70 

Consumer electronics 96.4 89.3 84.7 
Defense electronics 117.6 115.9 122.6 
Industrial-commercial electronics 118.3 117.5 125.5 
Total industry 114.4 113.0 116.7 

vide communications between med-
ical and technical personnel, collect 
technical and market information. 
and encourage alterations in the 
educational process. 

Surgery. The report. to be pub-
lished by the !VACS committee on 
the interplay of engineering with 
biology and medicine, reflects a sur-
vey of 50 biomedical engineering 
firms by Arthur D. Little Inc. In ad-
dition to the board. the report calls 
for a government organization simi-
lar to the Food and Drug Adminis-
tration to regulate biomedical prod-
ucts. It also urges the National 
Institutes of Health to expand their 
role in biomedical engineering by 
endorsing the overview board. sup-
porting goal-oriented research, ex-
panding its in-house engineering 
competence. supporting engineering 
internships at NW. and establishing 
university programs for design- and 
product-oriented biomedical engi-
neers. 

Industry says the major problem 
is slow market acceptance. The rea-
son is lengthy and unstandardized 
clinical evaluation procedures— it of-
ten takes five years or more to get a 
product from idea to market accept-
ance. And doctors are conservative 
about new techniques that may in-
volve a certain amount of risk. 

Related problems include esti-
mating the market size for specific 
products, finding capable salesmen, 
providing sufficient instructions for 
use and maintenance, and providing 
service facilities. The maintenance 
function. the study concludes, is a 
loss, or, at best, a break-even prop-
osition. For example. electronics 
companies say that doctors call in 
service personnel before seeing that 
equipment is being operated prop-
erly. 

Costly. Industry also cites high 
product development expense as 
constraining. The most often-quoted 
figure was 8% to 10% of sales for de-

Electronics 
Index of 
Activity 
Nov. 8, 1971 

Though September's total production In-
dex climbed 1.2% from the revised Au-
gust level of 113.0, it was still 2% lower 
than the year-ago figure. 

All areas of the index contributed to 
September's increase. Consumer, the 
biggest gainer, was up almost 8% from 
August's sharply revised 89.3, leaving it 
14% above the September 1970 result. 
Defense showed a 1.5% increase from 
the previous month's 115.9, leaving it 
down 4.1% from its year-ago total. Indus-
trial-commercial was up 0.7%. which is 
5.7% below September 1970. 

Indexes chart pace of production volume for total in-
dustry and each segment The base pe'od eluai lo 
10o. is the averaga, of 1965 monthiy output for each of 
the three parts ol the industry index numbers are ex-
pressed as a percentage of the base pebod Data s 
seasonally adjusted 

devised 

velopment, although the study con-
cludes that the biomedical electron-
ics industry does not undertake or 
support basic research to a signifi-
cant degree. Also, the custom nature 
of small quantities of products. 
which generally cannot he marketed 
through dealers' or manufacturers' 
representatives, adds to high prod-
uct costs. 

Industry also reported that vari-
ations in product specifications— in-
cluding performance standards. 
product features, and safety stan-
dards—can be attributed to uncer-
tainties in the market place. Most 
companies indicate that they would 
be happy to see standardized clini-
cal evaluation procedures, and that 
they favor laws setting device stan-
dards. However, only half the com-
panies surveyed say they comply 
with voluntary safety and perform-
ance standards issued by outside or-
ganizations—a lack of faith that in-
dustry associations will be able to 

Electronics/November 8.1971 31 



Electronics review 

agree on voluntary standards, NAE 
concludes. 

Unseen. In addition, NAE reports 
that industry does not recognize 
many of the problems plaguing bio-
medical markets, such as the need to 
develop management and technical 
personnel. There was a surprising 
resistance to formally trained, re-
search-oriented biomedical engi-
neers—most companies prefer using 
a combination of specialists. The 
NAE recommends that industry in-
crease its involvement in academic 
biomedical internships in industry. 
The biomedical electronics indus-

try does not realize that its relation-
ship with medicine is "inadequate," 
the committee decided. "The major 
sources of product ideas are conven-
tions, public resource papers, and 
the advice of one or, at most, a few 
medical consultants." 
Companies reported that foreign 

competition is not a major threat at 
this time. But the NAE warns that 
foreign government subsidies, such 
as the underwriting of the nuclear 
industry in France and England, 
greatly enhance those countries' ca-
pabilities. And an NH-1 source re-
ports that Japan and Germany are 
preparing a strong push into the 
U.S. medical electronics market. 

Instrumentation 

Gas chromatograph 

tailored for drug test 

The development of a gas chro-
matograph for hospital drug tests of 
comatose patients is helping to 
change the image of the instrument 

CLOCK{ 

•  • • 

n-TYPE SILICON 

BUCKET - BRIGADE SENSOR 

Si02 

e 

CHARGE - COUPLED SENSOR 

n-TYPE SILICON / 

•  

Call the bucket brigade. Salient difference between bucket-brigade and charge-coupled 

devices: bucket brigade requires two diffusions per bit processed; CCD requires none. 

from a complex research tool to a 
simple, useful clinical device that 
can be operated by technicians. The 
result may be a line of "less-knobs" 
gas chromatographs for specific in-
dustrial applications. 
Match. "We're matching the 

chemistry to the electronics instead 
of vice versa," says Joe W. Lee, sen-
ior sales engineer at the Bendix divi-
sion. "All the gas chromatograph's 
controls have been incorporated 
into a logic circuit to minimize the 
instrument's external knobs." 

Bendix calls its hospital machine 
the Toxichron drug analyzer system, 
and it's scheduled for introduction 
in January by American Hospital 
Supply Corp.'s Scientific Products 
Division. A potential market of 
7,000 hospitals has been pinpointed, 
especially those of over 100 beds in 
rural areas, for the $7,000 Toxi-
chron system. 
"The payoff is in lives," says Lee. 

The Bendix pilot installation saves a 
life a month at a poison center in 
Charleston, W. Va.. a clinical lab 
serving 1,000 hospital beds. A simi-
lar setup in Philadelphia averages 
10 lives a month saved from poten-
tially fatal drug overdoses. 

By injecting a sample of the 
patient's blood or urine parallel 
with a company-supplied drug stan-
dard, technicians can perform in 
minutes qualitative and quantitative 
analyses for drug abuse, as against 
hours for thin-layer chromatogra-

phic techniques that are merely 
qualitative. 
The Toxichron is now programed 

to clinically determine heroin use by 
sensing morphine and quinine in se-
rum and urine; and methadone, co-
deine, alcohol, and barbiturates to 
2% accuracy. Under development 
are standards for other drugs. 

All the analyzer's electronics are 
in one module consisting of nine 
snap-in circuit boards—each off the 
shelf. Output is normally displayed 
on a strip- chart recorder, but 
Toxichron can be tied to an elec-
tronic digital integrator or through 
Teletype to the hospital's own data 
processing system. 

Displays 

RCA bucket brigade 

in new camera tube 

No sooner did vidicons with solid 
state targets appear on the market 
than researchers started casting 
about for techniques to make them 
without having to pack 750,000 
diodes on a single silicon slice. 
Among the ways to go: charge-
coupled and bucket brigade devices. 
Though the bucket brigade tech-
nique has been around longer, most 
corridor talk at recent technical 
meetings has been of CCD. 

However, it appears that bucket 
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TEKTRONIX 7904 
featuring extended performance or general purpose use, from one 
mainframe and a family of plug- ins. 

Extended Per kHz to 1 GHz 

Plug in the 7A21N and install a simple vertica: amplifier bypass tc directly 
access tie CRT. The bandwidb — 1 GHz, aid risetime — 350 ps. Less than 
4 V/cm driving signal required — single ended or differential. Sorry — no 
CRT READOUT— vertical amplifier bypassed. 

General Purpose— DC to 500 Mfi-ez 

Pug in the 7A19 — 500 MHz bandwiJth at 10 mV/cm, 7692 — de.aying sweep 
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• sampling • TDR • spectrum analysis • curve tracing • digital multi-
meter • etc., etc. TEKTRONIX 7904 . . . A product of technical excellence. 

For further information or a demonstration call your nearby TEKTRONIX Field 
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500 Mi real-II time 
Oscilloscope System 

8 x 10 cm display 
CRT READOUT 
9 cm/ns writing speed 

7A19 Amplifier 
500 MHz r,/ 10 mV/crr 

7014 Digital Counter 
525 MHz direct counting 

7B92 Dual Time Base 
500 Ps delayed sweep 

OR... 

choose from 21 other 
compatible 7000-Series 
plug- ins for virtually 
any measurement 

7904 Oscilloscope   $2900 

7A19 Amplifier   $ 500 

7A19 Amplifier, with variable delay $700 

7D14 Digital Counter   $1400 

7692 Dual Time Base   $ 1400 

7A21N Direct Access   $ 350 

U.S. Sales Prices FOB Beaverton, Oregon 
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brigades will find their way into 
camera tubes before their CCD cou-
sins. In fact, one of the research 
groups that was into the bucket bri-
gade approach early, RCA's Sarnoff 
Research Laboratories in Princeton. 
N.J., feels it has refined the tech-
nology to the point where imagers 
are not far off. Researchers have 
built a completely integrated self-
scanned sensor with 32 by 44 ele-
ments spaced on 3-mil sensors; as 
an area imager it's more advanced 
than any using CCD 
No loss. Bucket brigade lc tech-

niques offer practically all the fabri-
cating simplicity inherent in CCDs 
(they're a little more complex, need-
ing a few diffusions per storage ele-
ment, whereas CCD needs prac-
tically none) but they have the 
salient advantage of not experi-
encing the charge transfer loss at 
high scanning rates that's one prob-
lem with ccDs. Also, they're closer 
to standard mos structures. 

Both types offer the advantage of 
scanning the image by transferring 
charge, as opposed to the more con-
ventional X-Y addressing of diode-
target imagers. This translates into 
improvements in sensitivity, uni-
formity of output, and ease of fabri-
cation. Both sensitivity and uni-
formity improvement will follow 
from a reduction of the switching 
transients over that obtained with 
X-Y addressing. 

Nonuniform. Since the transients 
in X-Y addressing depend on criti-
cal phase differences between suc-
cessive pulses, they vary somewhat 
randomly in time, and hence con-
tribute to a nonuniform background 
level. On the other hand, a charge-
transfer sensor that collects its out-
put signals on a common electrode 
would be expected to provide a 
more uniform background. 

Paul K. Weimer, leader of the re-
search team responsible for RCA's 
bucket brigade development, points 
out that the RCA approach is to 
build the arrays "in a ladder-like 
pattern that could be used to take 
TV pictures. To form the overall TV 
pictures," Weimer says, "the charge 
storage pattern is read out a line at a 
time. In this way only nine external 
leads to the device are needed for 

both passing control signals in the 
sensor and for receiving the picture 
output." 

Lasers 

Bell's laser writer 

may be CCTV alternative 

Piping lectures and hand-drawn 
materials into classrooms over the 
wideband lines of closed-circuit tele-
vision can be an expensive proposi-
tion. Bell Laboratories feels it may 
have found a more economical way 
with its experimental system for 
transmitting handwritten informa-
tion over phone lines [Electronics, 
Oct. 25, p. 25]. The result could be 
an elegant new piece of equip-
ment—a laser writing and image 
projector about the size of a 16-mm 
movie projector, says F. E. Froeh-
lich, head of the Telephone Tech-
nology department at Holmdel, N.J. 

Bell is developing its system on 
the assumption that the visual aids 
required in many subjects often are 
only the equations and schematics 
drawn by the lecturer while he 
speaks. Full TV images of the in-
structor himself are unnecessary. 

The position of a writing imple-
ment such as a piece of chalk, pen, 
or stylus is sensed acoustically, con-
verted to digital data for trans-
mission over phone lines, and recon-
verted at the receiving end in real-
time. 

Initially, Bell is using a modified, 
commercially available, computer 
graphics terminal, a Science Acces-
sories Corp. GP- 1 Graf/Pen. 

Mikes. This device comprises two 
electret strip microphones, placed at 
right angles to each other at the 
edges of the writing surface. They 
receive acoustic pulses from an ul-
trasonic emitter fastened to the writ-
ing implement. No special writing 
surface is needed with the pickup, 
point out engineers C. Blake 
McDowell III and L. E. O'Boyle; it 
can use a full-size blackboard or a 
small writing pad. 

Time. Position is fixed by measur-
ing the time it takes for a sound 
pulse to travel from the stylus to 
each microphone. These times are 
expressed in 10-bit output pulses, 
which are transmitted over phone 
lines using Bell Model 102 Dataset. 
At the receiver, Bell uses a non-

scanning technique for recreating 
the handwriting. This consists of a 
modified slide projector containing 

Schematics by phone. Bell labs experimental " remote blackboard" transmits information 
written on 14 X 14 in surface. Desk-size cabinet houses laser, projector, optics, circuitry. 
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Outstanding linearity. 150 KW Peak at 500 MHz. Up to 
4,000 micro-seconds pulse width. 

That's the kind of performance you will get from 
TH591 and TH296 triodes. Performance That enables 
you to build highest-powered broad-band pulse compres-
sion radar for the detection and tracking of satellites 
and other space-borne ob-
jects. Capability that permits 
the economical operation of 
wide bandwidth-10%—UHF 
radars for both military and 
civilian applications. 

These triodes are rugged 

Typical operating characteristics 

Type Peak Power 
Output, kW 

Pulse 
Width, Max. 

Duty Fac- 
tor, Max. 

Plate 
Voltage 

Frequency 
MHz, Max. 

TH 591 150 4,000 .150 15 kV 500 

TH 296 150 400 .050 15 kV 500 

as well as powerful. They're made of metal and ceram-
ics, assuring you of long service life even under the most 
difficult environmental conditions. Precise assembly 
techniques and quality control provide them with the 
utmost reliability—keeping maintenance to a minimum. 
And these triodes are part of the most comprehensive 

line of UHF tubes available 
for pulse operation up to 
3,000 MHz. 

For specific information, 
please circle the appropriate 
number on Reader Service 
Card, or contact us directly. 

This new pair of triodes 
lets you build 

the highest-powered UHF radar 
you can come up with. 

Thomson-CSF Electron Tubes, Inc./50 Rockefeller Plaza/ New York, N.Y. 10020/ (212) 489-0400 

France—THOMSON-CSF G-oupement Tubes Electroniques/8, rue Chasseloup-Laubat/ 75/ PARIS 15ème/Tel : 566 70 04 
Germany—THOMSON-CSF Elektronenreren GMBH/6 Palmengartenstrasse/6 FRANKFURT/Main/Tel : 70 90 67 

Italy—THOMSON-CSF Tubi Elettronici SRL/Viale degli Ammiragli 69/ROMA/Tel : 63 80 143 
Sweden—THOMSON-CSF E ektronriir AB/Box 27080/S 10 251 STOCKHOLM 27/Tel : 08/22 5800 
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standard size, 2-by-2-inch slides 
coated with an ultra-violet-sensitive 
Dylux writing material. Information 
is written on the slides with a beam 
from an ultraviolet helium-cad-
mium laser—RCA Model 2119 with 
about 6-milliwatt output. This beam 
reproduces the writing by being de-
flected by an X-axis and a Y-axis 
galvanometer mirror, which are 
controlled by the digital data sent 
over the phone lines. Focused on a 
coated slide, the laser beam forms a 
dark dye almost instantaneously; 
this is then projected immediately 
onto a viewing screen. 

Use. Bell plans to use the system 
in connection with one of its em-
ployee education courses next 
spring. Two-way audio will be 
transmitted via the Bell system's 
Model 50A portable conference sys-
tem. Right now, the receiving and 
projection unit is about the size of a 
desk, and researchers are working to 
bring the size down. 
One possible way is to replace the 

RCA laser, which is about a yard 
long, with a new type of helium-
cadmium laser still under develop-
ment. This new device will use me-
tallic cadmium, rather than an iso-
tope as required in commercially 
available units, and could be as 
short as 15 inches. 

In particular, Bell wants to learn 
more about the human factors asso-
ciated with the system, points out 
Froehlich, as well as insuring itself 
of commercial feasibility. The type 
of writing implement that will prove 
most comfortable is one question to 
be answered, he says. Another ques-
tion is whether viewers will accept 
the color scheme that the Dylux ma-
terial requires— black-appearing 
writing on an orange background. 

Consumer electronics 

TV pictures ride fm bands 

in slow-scan trials 

A scheme to transmit narrowband 
video over fm radio subcarriers is to 
undergo tests early next year in 
Flint, Mich., and South Bend., Ind. 
Designed for educational use, the 

system transforms standard 525-line 
television frames into slow-scan sig-
nals of 8 kilohertz. 
The picture, reduced to 120 lines, 

then can be broadcast to an fm re-
ceiver connected to a decoder, 
which converts the signal into a still 
photograph on a standard TV tube. 
Audio is transmitted on another 
subcarrier. A sliding pulse generator 
continuously delays the horizontal 
lines 10 to 60 microseconds. Then 
each line is sampled and held on a 
magnetic storage disk until the com-
pleted picture is ready to be sent. 

Costs less. According to devel-
oper Glen Southworth, president of 
Colorado Video in Boulder, Col., 
this transmission provides a usable 
picture suitable for illustrating lec-
tures at less cost than home video 
cassettes or relatively untried frame 
grabbers. Transmission time, he 
adds, is 2 to 30 seconds, depending 
on the complexity of the picture. 
Preliminary tests produced a 30-
decibel signal-to-noise ratio with no 
crosstalk between channels. 
The converter, connected to a 

standard closed-circuit TV camera, 
would cost about $2,000 in quantity. 
Ultimately, Southworth predicts, 
this compressed video approach will 
be the least expensive method for 
transmitting medium-resolution dis-
plays because the frequency-divided 
system can use economical narrow-
band services. And because the im-
ages can be stored on computer disk 
memory, time-sharing information 
retrieval will be possible for the 
home screen, he points out. 

Genuine. Signature verification gear has 

stainless steel pad, stylus. Analog circuits 

pick up signature, transmit it to verification 

center's display tube. There, it is held for 30 

minutes while a clerk checks it for accuracy. 

System comes in two configurations: one for 

hard-wired intercom, the other for phone 

link. 

Commercial electronics 

Signature check by phone 

designed to stymie forgers 

A system for verifying signatures 
remotely via intercom or telephone 
lines has been developed for banks 
and security control points. Manu-
factured by Interand Corp., Chi-
cago, the system, called Electrochek, 
has a plain stainless steel "pad" on 
which the user writes his name, ei-
ther with a pencil or stylus. 

30-minute hold. Special analog 
circuits, under wraps until patents 
are issued, pick up the writing for 
transmission to a central hand-
writing-verification center. A stan-
dard electrostatic storage tube cap-
tures the signature and can hold it 
for at least 30 minutes while a clerk 
checks it against a sample filed at 
the center. 
Two models, one for hard-wired 

intercom and another with coupler 
for telephone links, are available. A 
five-station, hard-wired system costs 
$2,600 plus $ 1.650 for the display. 
The same five-station setup with 
telephone coupling costs $5,495 plus 
$200 for each additional signature 
plate. 

Since it's virtually impossible to 
forge a signature without seeing the 
writing, banks will probably favor a 
pen-sized stylus for the writing in-
strument, says Electrochek devel-
oper Leonard Reiffel. And it's also 
possible to transmit other graphic 

data on the 4.5-in.-by-6-in. plate 
and capture the input on the CRT. A 
scan converter can replace the stor-
age tube for display on a television 
monitor, if necessary. According to 
Reiffel, the phone coupler model of 
Electrochek is noise immune, mak-
ing transmission as reliable as a 

36 Electronics/November 8, 1971 



Whisker 
are o 

The new military standard 
for 1.5 watt power zeners 

is Unitrode's double pin bonded design. 
The 1N4461-89 series from Unitrode is available 
off-the-shelf as JAN and JANTX zeners to 
MIL-S-19500/406 in most voltages from 6.8V 
to 100V. They offer greater reliability and 
improved electrical characteristics _ 
at no more cost than conventional 
1watt whisker-type metal can zeners. — 

This results in a voidless, monolithic structure 
with exceptional zener stability. Surge capa-

,,,- bilities are 5 times greater than the 1N3016B 
series. Zener impedances are improved 

and reverse currents are two orders 
.—# of magnitude lower. The point is, 

eer now you can switch from whisker-
The reliability of the double pin design is t type to double slug design without shay-
further increased by bonding the silicon chip ,I,E1e.M:Cii., ing your standards. For fast action, call Sales 
directly between terminai pins and then gell}Ei4Cer7Y TO SMC0', Engineering collect at ( 617) 926-0404, 
fusing a hard glass sleeve to the exposed Unitrode Corporation, Dept.1 2 C, 580 Pleasant 

silicon surface and pins. Street, Watertown, Mass. 02172. 
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hip pocket 
laser. Dit 
$415. T $3 
Helium-Neon Ditto 
Power at 632.8nm, TEM00 Ditto 
Power supply: unregulated* Ditto 
Cold cathode for longer life Ditto 
Full one-year warranty ' Ditto 

(Typically 10,000 hrs. Ditto 
operating life) Ditto 

Rugged, weatherproof construction Ditto 
Sealed laser head Ditto 

(Ends optics cleaning) Ditto 
No mirror adjustment required Ditto 
Linear polarization Ditto 
Delivery from stock Ditto 
Quantity discounts available Ditto 
3 milliwatts 1 milliwatt 
1 3/4  " dia. x 12 1/4  " 13/4 " dia. x 8 
Model 3076H Model 3078H 

*Available Options: Regulated 
power supply. Regulated and 
modulated power supply. 230 VAC 
input voltage. Weatherproof cases. 
12- volt DC in weatherproof case or 
OEM potted module. 10X collimator 
and mounting accessories. 

HUGHES 
 _1 

HUGHES AIRCRAFT COMPANY 

ELECTRON DYNAMIC* DIVISION 
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standard closed circuit hook up, but 
much easier to install than the cum-
bersome cm/ cables. 

Industrial electronics 

Calculator chips 

help measure gas 

Standard mos calculator chips are 
finding wide application outside 
desk and pocket machines, but one 
of the more unusual users may be in 
a gas flow calculator developed by 
Teledyne Geotech in Garland, 
Texas. According to R.R. Ryder, 
manager of the Products division, 
the new unit provides 0.1% mea-
surement accuracy over a 100°F 
range on gases flowing through 
large transcontinental pipelines. It 
replaces older techniques that were 
often 10% off. 

Other companies have recently 
introduced analog gas flow calcu-
lators using servos, pots, and the 
like, but Ryder says that the Geo-
tech unit, which uses the Electronic 
Arrays set of calculator chips plus 
considerable additional electronics 
and logic, is the first digital version. 
Gas flow has traditionally been 

measured with an orifice meter driv-
ing a chart recorder; most oper-
ations mail the charts in daily to a 
central office for integration by me-
chanical instruments. However, re-
sulting inaccuracy causes a prob-
lem—the distributors who tap onto 
the pipelines pay severe penalties 
for excess delivery. They have to ad-
just their orders by a few percent to 
avoid the charges. Thus, Ryder says, 
his unit, which costs under $ 1,800, 
can pay for itself in a few months. 

Harvest. Geotech's new calculator 
accepts inputs from a number of 
sensors—flowing temperature, flow-
ing pressure, specific gravity, and 
differential. After appropriate signal 
conditioning and analog-to-digital 
conversion, the calculator chips de-
termine the gas flow by following 
instructions programed in an mos 
read-only memory. The formula for 
the calculation also involves a su-
percompressibility factor, which also 
is figured automatically. 

The unit can accept inputs from a 
number of parallel pipes, a common 
arrangement. It can be incorporated 
in various systems for local or re-
mote monitoring or control; Geo-
tech recently received a major con-
tract to automate one of the major 
pipelines, Tenneco's Tennessee Gas 
Pipeline and some of the units will 
be installed there. As for possible 
markets, Ryder notes that Tenneco 
alone has 300 metering points and 
Transcontinental Pipeline includes 
somewhere around 550 metering lo-
cations on its maps. 

Integrated electronics 

Raytheon steps into 

'power module' market 

Finding new growth areas within 
the framework of a semiconductor 
company is getting harder and 
harder. Part of the problem is that 
extending semiconductor tech-
nology into the subsystems area has 
the effect of creating enemies—the 
semiconductor manufacturers wind 
up competing with their customers. 
Raytheon Semiconductor, how-

ever, has entered a new market area 
where this subsystem capability is 
welcomed. Raytheon's Mountain 
View, Calif., facility manufactures 
both discrete transistors and diodes 
and linear and digital tcs, and last 
year started to produce a thin film 
hybrid packaged so that it can 
handle up to 25 watts. Says Robert 
T. Borawski, operations manager for 
the hybrid and discrete facilities, 
"We wanted to move into new mar-
ket areas characterized by high 
technology, medium volume re-
quirements, an expanding market, 
and need for a high engineering 
content where we could make a def-
inite contribution." 
The answer is what Borawski calls 

the "power module" area. In the 
communications field, for example, 
Borawski says that the makers of 
land mobile equipment are chang-
ing over from tube designs to solid 
state units, and are very happy to 
buy a complete amplifier instead of 
designing the amplifier. 

Hughes is more than 
¡ust electronic devices 
and components. 

It's equipment too. 

Gas lasers and laser trimmers, welders 
and drillers ( RS 293) 

Microcircuit production equipment 
(RS 294) 

Numerical control systems ( RS 295) 

Semi-automatic wire terminating and 
harness laying equipment (RS 296) 

N/C positioning tables and systems 
(RS 297) 

FACT automatic circuit testers ( RS 298) 

! HUGHES 
HUGHES AIRCRAFT COMPANY 

 IAL ELECTRONICS CROUP 

BUILDING 100, MAIL STN. C-1111 

CULVER CITY, CALIFORNIA   

Circle appropriate 
Reader Service ( RS) numbers. 
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Look deep deep into my circuit. 
You see an operational amplifier, 
very operational. You see a 
minimum gain of 106. You see 
an offset voltage drift of less 
than 1/NrC. You see CM RR 
and PSRR errors of less than 
one part in a million. You are 
not sleepy. 

In fact you are wide awake and 
asking yourself what we compro-

mised to give you those remark-
able specs. 

Look deeper. Single capacitor 
compensation, eliminating 
stabilizing networks. 1000pF 
capacitive drive capability, 
eliminating series output resistors 
and loss of dc accuracy. Fully 
protected inputs and output, 
eliminating outboard com-
ponents. AC performance com-
parable to general purpose I.C. 

op amps, eliminating extra 
circuitry to achieve moderate 
speeds. 

The AD504 is honest all the way 
— as are all of the linear IC's in 
our growing family. Get our new 
20-page brochure: "The New 
Linear Integrated Circuits." 
Therein lies the proof. Analog 
Devices, Norwood, Mass. 02062 

ffl ANALOG 
141I DEVICES 
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Four dual 
transistors 

with excellent 
matching 

characteristics, 
high current gain, 
and high voltage 

breakdown. 
We got to making linear I.C. 

dual NPN transistors because 
we couldn't find good enough 
ones to put in our circuit mod-
ules. Now we're ready to share. 

The AD-813 has outstanding 
input characteristics: 0.5mV 
max. VBE differential, 2.5,µV/°C 
max. VBE drift. The AD-812 has 
an extremely high and linear 
gain of 400 minimum at 10µA 
to 350 minimum at 5mA. The 
AD-811 has all around excel-
lent input and gain perfor-
mance and a minimum BVcRo 
of 45V. And the AD-8I0 has a 
remarkably good performance 
combined with a remarkably 
low price. 

All four are specified 
from — 55° to 125°C. 
All are hermetically sealed. All 
are available in quantity now. 
Send for the full specifications. 
Analog Devices, Inc., 
Norwood, Mass. 02062 

rill ANALOG 
UM DEVICES 
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Another market area for power 
modules is cable television. Bo-
rawski says that CATV equipment 
manufacturers need integrated 
functions. But because of frequency 
and power requirements, they can't 
turn to monolithic circuits. "And be-
cause of stability requirements, they 
can't turn to thick film hybrids ei-
ther," he adds. His facility is 
presently gearing up for production 
of proprietary cable television am-
plifiers. 
"The problem here," he explains, 

"is that a flat amplifier that has very 
low cross modulation and low inter-
modulation distortion and that can 
also put out 10 milliwatts or 30 deci-
bels of gain from 30 to 300 
megahertz requires about 7.5 
watts." This is a lot of power to 
handle in a cubic inch of space (the 
size of a power module), but it can 
be done if the hybrid is mounted on 
a block of aluminum or copper. 

For the record 

Tape system. A magnetic tape sys-
tem, called Masstape, has been in-
troduced to help operators of large 
computer installations cut tape-han-
dling time. While it still relies on 
magnetic tape as the basic storage 
medium, hardly anything else about 
the system resembles conventional 
ones. 
The half-inch-wide instrumenta-

tion tape records binary data in a 
modified phase-encoded form, in se-
rial format, at 8,000 bits per inch on 
each of 16 tracks. It comes in 260-
foot lengths in cartridges; one car-
tridge stores a maximum of 44.5 
million bytes, the equivalent of 11/2 
conventional reels. The basic stor-
age unit holds 352 cartridges, and 
thus stores nearly 16 billion bytes on 
line; a single system can employ as 
many as eight storage units, storing 
127 bytes or just over a trillion bits. 
Masstape's control unit is plug-to-

plug compatible with IBM'S System 
360 and 370, and with the operating 
system software that supervises the 
large computers. 
The system's manufacturer, 

Grumman Data Systems Corp., a 
subsidiary of Grumman Corp., says 
deliveries are expected to begin in 

the second quarter of next year. 

Wang's new direction. Seeking new 
markets in office equipment, Wang 
Laboratories of Tewksbury, Mass., 
has added a computerized type-
writer to its line of programable cal-
culators. IBM now dominates the 
market. Wang's System 1200 Cas-
sette Typewriter automatically jus-
tifies typed lines, centers headlines, 
sets tabs, and establishes margins. A 
one-tape system and a two-tape sys-
tem sell for $7,000 and $7,400, re-
spectively. 

Invasion. Construction by Japanese 
television makers of assembly plants 
in the U.S. because of the Nixon 
economic game plan is beginning to 
look like a trend. First there was the 
Matsushita move into Puerto Rico; 
now the Sony Corp. plans to build a 
140,000-square-foot plant near San 
Diego, Calif. 
Sony says that it will be putting 

together 5,000 Trinitron one-gun TV 
receivers monthly by 1972. 

And counter invasion. In the short 
time it has taken for the Japanese 
electronic calculator makers to cap-
ture 70% of the U.S. market-90% 
counting private-label deals—the 
traffic in desktop and handheld ma-
chines has been or way. Now a 
U.S. company, armed with a new 
$179 mini unit, has announced 
plans to reverse the flow. 
Commodore, Santa Clara, Calif., 

which has been importing Japanese-
assembled calculators, last month 
revealed that not only will all its fu-
ture machines be all-American, but 
it will attempt to compete in Japan 
for the mini-machine market. The 
opening gun of this reverse invasion 
is the Minuteman I, a four-function 
rechargeable battery unity designed 
around a single Texas Instruments 
MOS/LSI chip. It has a light-emitting 
diode display with a constant 
memory plus floating and fixed 
decimal. First deliveries are planned 
for January 1972. 

Panasonic entries. More confusion 
over which type of home video cas-
sette player will dominate the indus-
trial and consumer field developed 
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INTERNATIO _NAL'S 
MOE Crystal Oscillator 
Elements provide a complete 
controlled signal source 
from 6000 KHz to 60 MHz 
The MOE series is designed 
for direct plug-in to a standard dip 
socket. The miniature oscillator 
element is a complete source, 
crystal controlled, in an 
integrated circuit 14 pin dual-in-
line package with a height 
of 1/2 inch. 
Oscillators are grouped by 
frequency and temperature 
stability thus giving the user 
a selection of the overall accuracy 
desired. Operating voltage 
3 vdc to 9 vdc. 

TYPE CRYSTAL 
RANGE 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 

10 NO. LEE • OKLA CITY. OKLA. 73102 

OVERALL 
ACCURACY 

25°C PRICE 
TOLERANCE 

MOE-5 6000KHz to 60MHz 
+ .002% 

—10° to + 60°C 
Zero 

Trimmer $35.00 

+ .0005% 
MOE-10 6000KHz to 60MHz —10° to + 60°C 

Zero 
Trimmer $50.00 

Electronics review 

late last month when Panasonic 
(Matsushita), threw its considerable 
weight behind both the 'h-inch and 
the 3/4-in. formats. 
The 3/4-in, model is compatible, 

feature for feature, with the Sony 
player and recorder-player an-
nounced earlier. 

Rival. Varian Data Machines of Ir-
vine, Calif., claims to be the first 
minicomputer manufacturer to 
reach the market with an on-line, 
real-time operating system that will 
make a minicomputer rival much 
larger machines in capability. The 
system is called Vortex, for Varian 
Omnitask Real-time Executive, and 
uses a Varian 620/f. 

Vortex will be available in Janu-
ary, and offers users automatic 
batch processing in a background 
mode while providing on-line, real-
time foreground operations in the 
same system. A minimal Vortex sys-
tem, including the 620/f, will cost 
approximately $48,000; a more ver-
satile package will sell for $55,000. 

Spending less. Plant and equipment 
spending in the electronics indus-
tries during 1972 is expected to de-
cline 9% compared to 1971, accord-
ing to the latest McGraw-Hill 
capital spending survey. This can be 
ascribed partly to the continuing 
massive cutbacks in defense spend-
ing and to the fact that facilities 
probably will be utilized well below 
their capacity. By contrast, most 
other industries covered in the sur-
vey expect plant and equipment 
outlays to increase next year by a to-
tal of 7% to $87 billion. 

Gloom. Third quarter losses of 
$3,057,000 on sales of $46.3 million, 
or $0.70 per common share, by Fair-
child Camera & Instrument 
prompted C. Lester Hogan, presi-
dent and chief executive officer, to 
say: "Return to profitability in 1971 
must be considered unlikely." This 
was in marked contrast to Hogan's 
predictions after second quarter re-
sults when he said, "Current book-
ing trends in the semiconductor in-
dustry appear encouraging.. . . We 
expect the industry's recovery from 
the sales downturn of last year." 
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You're 
invited 

to a private 
screening 

of the 
National 

Semiconductor 
Memory 
Seminar 

Film. 

In your office. 
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A Film Is Born 

Recently, we captured our best memory spokes-
men on film as they discussed the National 
Semiconductor memory design philosophy, our 
current broad-based product line, and upcoming 
new designs, as well as a number of memory 
system applications. 

The result is The National Semiconductor 
Memory Seminar Film: an informative, 
no-holds-barred, no b.s. look at the past, present 
and future of semiconductor memories. 

A 30-minute filmic experience we'd like to 
share with you in the privacy of your own office. 

With up to 25 of your friends and 
co-workers. 

Free crackerjacks. 
And one of our best applications engineers 

as projectionist/answer man. 

Five-Part Flick 

Before asking you to sign up for a free 
private screening of The National 
Semiconductor Memory Seminar Film,we'd 
like to offer a brief summary (realizing of 
course that mere words can never fully 
describe the exact nature of this unique, 
five-part cinemagraphic work): 

Part One: Mainframe Memories 

A quick-paced, yet highly significant 
review of National's mainframe memory 
capability in which the MM1103 and a 
couple of dynamic MOS RAM superstars 
are put into proper focus. Namely, the 
Tri-State* 1024-bit MM5260 and the 
2048-bit MM5262. 

Part Two:Scratchpadeache Memories 

A thought-provoking presentation of 
scratchpad and cache memory applications 
featuring the breathtaking (Tri-State, 
256 x 1) DM74200 and a bevy of other 
highly talented National bipolar RAMs. 

Part Three: Silicon Store Memories 

This highly-informative, slickly-produced 
portion of the film is devoted to the introduction 
of the revolutionary new "silicon store" memory; 
an inertia-less electrically rotating data string 
ideally suited to the dual 256-bit MM5012 and 
1024-bit MM5013, National's up-and-coming 
pair of new longer length dynamic accumulators 
with Tri-State logic. 

Part Four: Buffer Memories 

A hard-hitting, two-fisted recap of commonly 
known buffer memory applications, liberally 
sprinkled with appropriate devices from 
National's arsenal of static MOS RAMs, shift 
registers and bipolar RAMs. 

Part Five: Microprogramming Memories 

As the proverbial "light at the end of the tunnel" 
appears, a number of devices are quickly 
exposed; including the DM8597 (1024-bit bipolar 
ROM), MM5203 (2048-bit MOS pROM) and the 
MM5232 (Tri-State 4096-bit static MOS ROM). 

(For your convenience, we've taken the 
liberty of listing our complete line of semi-
conductor memory devices. Look them over 
carefully. We'll be glad to send complete specs 
on any category you wish.) 

All you have to do now is fill out and 
mail us the handy free film coupon. 

*Tri-State is a trademark of National Semiconductor Corporation. 

Main-
frame 

Memories 

- 
Scratch- r 
pad/ Buffer 
Cache Memories 

Memories 

- 1 
Silicon 
Store 

Memories 

Micro-
program- - 
ming 

Memories 
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Mainframe Memories 

MM5260 1024-bit Tri-State MOS RAM 
MM1103 1024-bit MOS RAM 
MM5262 2048-bit MOS RAM 

Scratchpad / Cache Memories 

DM7489 
DM8599 
DM74200 

DM86L99 
DM8594 

16 x 4 bipolar RAM 
16 x 4 Tri-State bipolar RAM 
256 x 1 Tri-State bipolar RAM 
(read-write) 
16 x 4 low power bipolar RAM 
64 x 4 Tri-State bipolar RAM 

Buffer Memories 

DM7489 16 x 4 bipolar RAM 
DM8599 16 x 4 Tri-State bipolar RAM 
DM86L99 16 x 4 low power bipolar RAM 
MM1101A2 256 x 1 MOS RAM 
MM1101 256 x 1 MOS RAM 
MM11011 256 x 1 MOS RAM 
MM1101A 256 x 1 MOS RAM 
MM1101A1 256 x 1 MOS RAM 
MM5054 dual 80-bit tapped-static 

shift register 
MM5052 dual 80-bit MOS shift register 
MM5053 dual 100-bit MOS shift register 

Silicon Store Memories 

MM5012 dual 256-bit Tri-State dynamic 
shift register/accumulator 

MM5013 1024-bit Tri-State dynamic 
shift register/ accumulator 

MM5016 500/512-bit dynamic 
shift register 

MM5017 Dual 500/512-bit dynamic 
shift register 

MM5019 Dual 256-bit mask programmable 
dynamic shift register 

Microprogramming Memories 

DM8598 
DM7488 
DM8597 

DM74187 
MM5203 

MM5231 

MM5241 

MM5232 

256-bit Tri-State bipolar ROM 
256-bit bipolar ROM 
1024-bit Tri-State bipolar ROM 
(256 x 4) 
1024-bit bipolar ROM (256 x 4) 
2048-bit MOS PROM 
(256 x 8 or 512 x 4) 
2048-bit MOS 
(factory programmable) ROM 
3072-bit Tri-State static MOS 
ROM (64 x 6 x 8) 
4096-bit Tri-State static MOS 
ROM (512 x 8 or 1024 x 4) 

' _ _ 
ir Free Film Coupon. Sirs: sign me up for a freé private showing of The National Semiconductor 
I Memory Seminar Film in my office on . I understand that crackerjacks 
and a projectionist/applications engineer will be provided free. Would also like  
complimentary"Admit One" tickets ( maximum 25) to pass out to my friends and co-workers. 

Name  Phone  

Company  

Address  

City State Zip  

Mail to: National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, California 95051. 

National 
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You name it—we have the exact 
cermet resistor network size 
and characteristics you need. 
Here's the choice you get right 
now: our 750 line includes: .100" 
centers with 4,6 & 8 pms; .125" 
centers with 2, 4, 6 & 8 pins; 
and . 150" centers with 4 through 
13 pins. And we're working on 
new designs right now! 

All compact, extremely stable and 
highly reliable. 
Recently we packed even more 
circu itry into our 760 series, giving 
you a choice of four popular 
space-saver packages: 8, 14, 16 
and 18 flat lead styles. Packed 
with up to 17 resistors per module 
with flat leads standard (round 
leads on request). 
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cermet resistor nelvfkks. 
So ask us! 

1 1 1 
1111111 

Our broad line provides an infinite 
number of circuit combinations, 
all with excellent TC, load and 
temperature characteristics 
supported by millions of hours 
of reliability testing. Ask your CTS 
sales engineer for data. Or write 
CTS of Berne, Inc., Berne, Indiana 
46711. Phone (219) 589-3111. 

..... . 
kit à 

FORM 
ACTUAL SIZE 

ré- 4 r q 

CTS CORPORATION Elkhart. Indiana 

A world leader in cermet and variable resistor technology. 
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Signetics 
has the 

broadest line-up 
of ROMs 

in the industry. 

BIPOLAR 
1024 Bit Field Programmable ROM ( 256 x 4) Open Collector Outputs 8226 * 

1024 Bit Field Programmable ROM ( 256 x 4) tri-state Outputs 8229* 
256 Bit Field Programmable ROM ( 32 x 8) Open Collector Outputs 8223 
256 Bit Mask Programmable ROM ( 32 x 8) Open Collector Outputs 8224 
4096 Bit Mask Programmable ROM ( 1024 x 4) Totem Pole Outputs 8228 

2048 Bit Mask Programmable ROM (256 x 8) tri-state Outputs 8204 
4096 Bit Mask Programmable ROM (512 x 8) tri-state Outputs 8205 

•AVAILARLE . N JANUARY 

MOS 
METAL GATE 

1024 Bit Static ROM ( 256 x 4) Bare Drain or MOS Pull-Down 2410 
1024 Bit Static ROM ( 128 x 8 or 256 x 4) Bare Drain or MOS Pull-Down 2420 

4096 Bit Static ROM ( 256 x 8) Bare Drain or MOS Pull-Down 2430 

SILICON GATE 

3072 Bit Static Character Generator (64 x 8 x 5) tri-state Outputs-2513 
2560 Bit Static ROM ( 512 x 5) tri-state Outputs 2514 

3072 Bit Static Character Generator (64 x 6 x 8) tri-state Outputs 2516 
6400 Bit Static Character Generator ( 64 x 10 x 10 or 640 x 10) tri-state Outputs 2526 
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And 
we make them 
easy to use. 

With our fantastic line-up, we can put you on the air 
in breadboard and keep you there all the way into 

production. From design desk to shipping dock your ROM 
designs will be fully functioning at system operating 

speeds. In breadboard you'll be using field programmable 
FROMs or simulators. Through prototype you'll be working 
on FROMs. ROMs, or simulator. In production you'll be 

working with FROMs and ROMs — taking advantage of field 
programming or the Signetics quick turn around ROM mask 

generation and mask verification capability. 

Designs will be de-bugged and into production in weeks or 
even months less time. And at savings you can measure 

in thousands of dollars per unit type. No one knows more 
about ROMs than Signetics. And we help make them easy to use. 

In addition to what you've already seen, here's the deal we offer. 

nazi 

5 separate fusers for 3 new FROMs. 3 new 
FROMs with 5 separate fusers to custom develop 
your fused ROMs: for laboratory and prototype 
use or pre-production through mass production. 

De-bug your design before you build it. With the 
fantastic ROM simulator, you can simulate up to 
sixteen fully operational ROMs simultaneously, 

each up to 4096 bits either Bipolar or MOS. Each 
operating completely independent of the others. 

Or use our FROMs which are designed for both 
prototyping and production usage. Your choice. 

Support. Application notes, 2 complete manuals 
covering both MOS and Bipolar, 2 operating 
programs and a wealth of descriptive data sheets. 
We put it in writing. Send for it. 

Please send me a full literature package. 

Name  

Address  

City State  Zip  

51911lltiC5 
811 E. Argues Ave, Sunnyvale, California 94086 

L A subsidiary of Corning Glass Works.  

1 
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When our circuits 
came down to earth, 
so did our prices. 

We're proud that our products had a part in 

placing man on the moon. But, like everything else 

in the program, component costs were high. 

Take our circuits for instance. They had to exist 

in alien elements and work to perfection— 

so they cost more. 

When our circuits came cown to earth, we felt 

our prices should too. That's when we created our 

industrial line for people who need circuits in 

earthbound jobs. Now our analog switching ICs 

sell for as low as 90¢ per channel at 10K quantity. 

At Siliconix, the circuit technology that put us 

in space is working for you on earth—in our driver 

gates and switches and all the other circuits we 

design and produce for commercial use. 

On your next circuit problem, call the people 

who have their feet on the ground: Siliconix. 

We think you'll like our down-to-earth prices. 

IFGiliconix incorporated 
2201 Laurelwood Road • Santa Clara • Calif. 95054 
Phone (408) 246-8000 Ext 201 • TWX: 910-338-0227 

... the company with their feet on the ground. 

Siliconix distributors. Hamilton/AVNET, Semiconductor Specialists, cramer Electronics, Liberty Electronics, Elmer Electronics, Western Radio, Norelcom. Siliconix 
sales offices. Bethpage, NY (516) 796-4680 / Norwood, MA (617) 769-3780 / St. Louis, MO (314) 291-3616 / Minneapolis, MN (612) 920-4483 / Long Beach, 
CA (213) 420-1307 / Santa Clara, CA (408) 246-8000 / San Diego, CA ZE 7-1301 / Denver. CO (303) 744-0404 / Phoenix. AZ (602) 947- 3183. Overseas sales 
offices. Siliconix Limited. Saunders Way. Sketty, Swansea, Great Britain / Siliconix GnbH. 7024 Bernhausen, Postfach 1340. W. Germany / Siliconix S.A.R.L., 
94-Saint-Maur, France. Tel. 283-57-90. 
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U. S. exports of 

"know-how'' threaten 

jobs, trade ... 

... yet DDR&E 

pursues European 

technology 

Government administrators, along with aerospace and electronics execu-
tives, are Éecoming increasingly alarmed at what is beginning to look 
like European and Japanese raids on U.S. aerospace technology. Latest 
example is General Electric and Pratt & Whitney proposals to SNECMA, 
whereby the French company will produce an advanced jet engine of 
American design. At the same time, the Japanese are considering pro-
posals from Boeing, Lockheed and McDonnell Douglas to design a 250-
passenger jetliner to be built in Japan. 

U.S. fears that the next generation of American technology will appear 
first in foreign-made products are intensified both by the knowledge 
that many U.S. consumer electronic products are already produced off-
shore, and by increasing Pentagon interest in European missiles and 
radars [Electronics, March 29, p. 31, and Dec. 21, 1970, p. 39]. Should 
Japan and Europe, particularly France, further improve their aerospace 
capabilities with U.S. technological knowhow, their competition in U.S. 
world markets could seriously threaten U.S. aircraft sales overseas—a 
contributor to the U.S. balance of trade. 

The Directorate of Defense Research and Engineering is pushing ahead 
with its program to take a close look at European technology for incor-
poration in future systems, despite the concern in the defense electronics 
and aerospace industries with a tight procurement budget, and the 
resultant decline in contract opportunities and jobs. Dr. John S. Foster, 
Jr., DDR&E chief, is "very much interested in finding things that can be 
used,' says his boss, Deputy Secretary David Packard, "particularly 
European developments, that would avoid our having to do the job" 
of development at higher U.S. costs. Ongoing changes in the international 
monetary structure, adds Packard, "will help make foreign buys more 
attractive to us." 

Law enforcement To assist law enforcement groups in buying and using specialized equip-
hardware standards ment, a National Bureau of Standards laboratory is compiling a list of 

potential contractors who may be asked to develop sets of performance 
to be set... standards, says an official of the NBS Law Enforcement Standards Labo-

ratory. The year-old group had planned to contract out only weapons 
and vehicles testing, but now, apparently stymied by President Nixon's 
freeze on Federal hiring, will have to rely on companies for standards-
setting work in other areas, such as fixed-wing, VTOL, and STOL aircraft, 
alcohol breath testers, narc-otics test kits, mobile vehicle communications 
systems, and voice scrambler devices. While priorities have not yet been 
established by the Law Enforcement Assistance Administration, labora-
tory officials say they expect that equipment with a large electronics 
content will be high on the list. 

... as LEAA prints 

new handbook on 

telecommunications 

Electronics companies anxious to tap the police telecommunications 
market should study the Law Enforcement Assistance Administration's 
recently published inch-thick telecommunications guidebook, say agency 
officials. "Technically competent companies have a great interest in being 
responsive to this market," comments an LEAA source, "but we've found 
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that many are completely unversed in the peculiarities of police and 
urban telecommunications." 

"Police telecommunication systems," written for the LEAA by the 
Associated Public-Safety Communications Officers and the ITT Research 
Institute, is primarily aimed at planners and officials responsible for evalu-
ating police telecommunication system modification and design projects. 

Federal R&D trust 

fund unlikely to 

appeal to Congress 

Air Force sees 

1973 approval of 

command post... 

A new national trust fund—rather than a more liberal tax structure of cred-
its and rapid depreciation of new research and development investments— 
may be recommended by Presidential assistant William A. Magruder as 
a means of encouraging increased application of electronics, aerospace 
and other technologies to U.S. industries [Electronics, Oct. 11, p. 25, and 
Sept. 27, p. 33]. Such a trust fund would back industry R&D projects 
and require repayment out of profits, but the concept is likely to be 
strongly opposed by Congressional leaders, who construe such appropria-
tions as blank checks for the Executive branch. Proposal of a similar fund 
for the defunct supersonic transport program—which Magruder headed— 
proved one of its principal political defects. 
Nixon could boost the whole technology transfer project by declaring 

the program a "national goal" similar to John Kennedy's 1961 declaration 
of plans for a manned lunar landing. Important objectives of the Nixon 
program, of course, are to make U.S. industries more competitive in world 
markets and to increase U.S. engineering job opportunities while making 
them less dependent upon aerospace and defense. 

After several years of delay, the Air Force expects to get fiscal 1973 
budgetary blessing for its Advanced Airborne Command Post, now that 
Deputy Defense Secretary David Packard has created his four-man 
World Wide Military Command and Control System council (see p. 29) 
to upgrade command and control performance. Packard says the 
WWMCCS council "will enable us to move ahead with some of the 
programs which are on the books, for example, this airborne command 
post." 
The Air Force has been anxious to proceed with the AACP as the 

successor to the Strategic Air Command's looking glass" aircraft with its 
largely manual command and control system. First moves are already in 
progress to pull together AACP electronics requirements—notably 
possible combinations of onboard computers and integrated radar and 
ground forces communications capabilities—for future development. The 
service's funding goal for next year is $10 million, though DOD sources 
call this figure "optimistic" and say it is more likely to run to half that 
level. 

... but choice of Speculation in some quarters of the aerospace industry is that political 
considerations could require the Advanced Airborne Command Post to 

aircraft could use the controversial Lockheed C-5 jumbo jet or the L-1011 wide-bodied 
be controversial jet, even though the Air Force leans to the longer-range and proven Boe-

ing 747. Most recent public word on the subject came from the Air Force 
assistant secretary for R&D, Grant L. Hansen, when he told Congress 
earlier this year that "the most likely airframe candidate would be the 
747, although we certainly have to consider the other large air frames, 
the C-5, the [McDonnell Douglas] DC-10, and the L-1011." 
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For basic industrial connectors 

think of us as 
your hardware store. 
Plugs, sockets, connectors, hardware and 
accessories—for relays. tubes, cable connec-
tions, sound systems or whatever—a whole raft 
of things you'd never expect from us. They've 
been in our industrial product line for many 
years. In fact, it's the broadest line available 
anywhere. So next time you need something 

in basic black, think of us as your connector 
hardware store. Drop us a line and we'l send 
you our latest 32-page 11-1 Catalog along with 
the name of your closest Amphenol distributor. 
Write to Amphenol Industrial Division, The 
Bunker-Ramo Corporation, 1830 South 54th 
Avenue, Chicago, Illinois 60650. 

BUNKER 
RAMO AMPHENOL 
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TI announces 
the leader... 

in minicomputer 
price/performance 



Model 960A 
$2,850 
Quantities 1 to 100 

CPU with 4K memory $2,850 
CPU with 8K memory $4,350 
CPU with 16K memory $7,350 

The 960A is the newest addition to 
the proven family of TI computers 
used to solve the problems of indus-
trial automation. 
With the capability of using sin-

gle bits of standard 16-bit words to 
perform sensing and control func-
tions directly, and the easy-to-use 
"shop language" software, the 
960A is especially cost effective in 
manufacturing automation, proc-
ess control and data collection 
systems applications. 
The basic price of the 960A 

includes the power supply, a Direct 
Memory Access (DMA) channel, 
automatic parity checking, and a 
full, lockable front panel. The new 
750-nanosecond semiconductor 
memory is expandable to 32K in 
the basic chassis at $1500 for each 
4K increment. Also provided in 
the basic chassis is space for 512 

input/ output lines that are 
expandable to 8,192 I/O lines. 
Options include hardware mul-

tiply and divide, memory write 
protect, power fail with auto 
restart, a battery pack good for 
two weeks of memory refresh, and 
a 65K memory. 

Extensive software backup for 
the 960A includes: 
FORTRAN with extensions to 
permit direct I/0 interfacing, 
to produce re-entrant code, and 
to allow logical operations and 
bit manipulations. 

D General Purpose Language 
Translator which allows the cre-
ation of applications-oriented 
program languages. 
Operating systems ranging from 
a small batch processor to a full 
disc operating system with back-
ground/foreground processing. 

Assemblers and Linking Relo-
cating Loaders. 

D Cross-Assemblers for large 
computers. 

D Source maintenance, debugging 
and utility programs. 
For applications support TI 

offers the resources of its exper-
ienced Applications Engineering 
group. Also, training courses on 
960A software and hardware are 
scheduled regularly, and TI service 
facilities are located throughout 
the United States and abroad. 
Would you like to know more 

about the new 960A price/per-
formance leader? Write to 
Computer Products Marketing 
Manager, Texas Instruments 
Incorporated, P.O. Box 
1444, Houston, Texas 
77001. Or call ( 713) 494-
5115, extension 2745. 

See the 960A at FJCC Booth 1312 

TEXAS INSTRUMENTS 
INCORPORATED 
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By 1979, your wife will 
be computer-aided. 

Running a household is getting as complicated as running a business. So, 
lw the end of this decade, your household 1'111 have something business couldn't 
de) without — the computer. 

Although no larger than a personal ' I' your home computer ‘vill help 
your wife plan and cook meals. It'l l automatically activate the laundry cycle, 
balance the checkbook and do the shopping. In addition, your compilter will be 
able to check Your child's homework or take you on in a 6111C Of chess. 

Best of all, your computer will be able to converse'. with other computers. 
So you can order tickets to the theatre or Sunday's double header from your 
kitchen table. Even make airplane and hotel reservations for an entire vacation. 

But a home computer will be just one of the home-electronic breakthroughs 
you'll see in the decade ahead. 

'Hie fact is, products of electronics technology will be doing more in our 
lives tomorrow than electricity does for us today. 

Our daily newspapers will be automatically printed in our living rooms. 
I Lome diagnostic centers will keep watch on our health. Automated highways 
will do the driving. 

Who are the master minds masterminding these changes? 
Our readers. 
Among them the engineers who'll be adapting more and more electronic 

innovations f()r home use. 
Every two weeks, Electronics presents its readers with a complete up-to-

the-minute picture of the state of the technology. Plus all the fast-changing 
developments in their particular fields of interest. Industry-wide and 
world-wide. 

Whether you're a reader or an advertiser, Electronics can help 
make you part of the future. 

Electronics, a N lc( ; raw- I I ill market directed publication. 

Our readers are changing the world. 

PA«, 

Bectionics 
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OUR ANGLE: Fast and Accurate 
Digital-to-Synchro Converters 

Now you can have both speed and 
accuracy in digital conversion 
Without compromise. North Atlan-
tic's Series 538 provides a pre-
cision interface between your 
digital computer or tape pro-
grammer and analog servo 
system. With 1-minute ac-
curacy, resolving 14, 15, 
or 16 bits. For both 
400Hz synchro and re-
solver outputs at 11.8, 
26, or 90 Volts, 
Series 538 accepts 
digital input data in 
binary angle form 
whenever a 4,us pulse 
appears on the strobe 
line. The strobe design 

prevents misidentification 
of noise as a valid word. It 
can also be addressed in hard-
wire applications where sev-
eral converters are shared by a 
central processor. 
Featuring solid-state design with 
precision trigonometric transformers, 

Isn't 
There 

Another 
Angle to Your 
Conversion 
Problem? 

the units have introduced improved 
control and speed to the entire 
spectrum of commercial and mili-
tary applications: automatic test 
equipment, production testing, 
numerical control, celestial 
scene simulation, etc. 
Priced from $1000 to $4000, 
all units in the series are 
completely protected 
against power line tran-
sients, power line fre-
quency changes or 
an improperly con-

nected reference 
frequency, overload 

and short circuit of 
the output terminals. 

Numerous options avail-
able for local/remote se-

lection, special reference 
frequencies, logic levels, etc. 

For more about these fantastic 
multi-function converters, con-

tact your North Atlantic sales en-
engineering representative today. 

He'll show you another angle. 

NOR. T H 1\7* TIC 
industries, inc. 

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 

cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600 
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SPECIAL REPORT: 
Optoelectronics makes it at last... 

. . . in computers, optical character recognition equipment, 

and ! ndustrial controls. Part I of this three-part report links 

the popu ation explosion in pho-todevices to still newer applications 

by Laurence Altman, Solid Stat9 Editor 
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SPECIAL REPORT 
El Between the maturation of a new technology and its 
widespread use there often is a temporary lag. Equip-
ment designers simply aren't aware of what's available. 
Optoelectronics has reached this stage of development: 
its technology is ripe, and its markets are green. But the 
next few years will see a vastly increased demand for 
optical techniques in all segments of the electrénics in-
dustries, and this could spell millions of dollars in new 
sales for the manufacturers of optoelectronic compo-
nents and equipment. 
The number and variety of such components is grow-

ing rapidly. In addition to the familiar phototransistor 
and photodiode there are: 
• The photosensitive field effect transistors built by 
techniques born in integrated circuit technology. 
• Beam lead emitter and detector arrays that now have 
200 to 300 or more elements on a single chip and could 
be used for sophisticated optical character recognition. 
• Photodiodes. either the standard diffused type or the 
new Schottky barrier type, but both capable of speeds 
compatible with those of computer peripherals. 
• Optically-coupled isolators in standard dual-in-line 
packages that can switch small signals in microseconds 
or handle hundreds of volts and tens of amps. 
• Self-scanning photodiode arrays, containing silicon-
gate mos shift-registers fabricated directly on the array 
chip for use in complex reading and facsimile equip-
ment. 
• Optically pumped amplifiers and silicon avalanche 
photodetectors that could find a variety of uses in com-
munication systems. 

Paralleling this surge in optoelectronic components is 
the growth and maturity of the laser, vital to many in-
dustrial optoelectronic applications. Off-the-shelf 

Versatility. Boom in components is illustrated by this TI assortment. 

ranging from isolators to multi-element card readers. 

Zigzag path to power. New types of laser are being built for an ever 

increasing number of optoelectronic jobs. This recently developed 

glass laser from GE will be capable of 140 watts average power. Zig-

zag construction makes heat removal efficient and power high. 

helium-neon and argon laser sources form the basis of 
interferometric, geodolite, and laser ranging and record-
ing equipment. Optical communications systems have 
at their heart either the new neodymium-doped YAG la-
sers that are optically pumped with linear LED arrays 
placed along the cavity or the new, more efficient min-
iature diode lasers that can operate at room tempera-
ture. Industrial process control equipment is also going 
to laser beams and photodetectors. 
The older markets are growing, too. Advanced optical 

character recognition equipment requires diode arrays 
and optical scanners. The computer industry relies more 
heavily on end-of-tape optical sensors, and punched-
card and -tape readers. Optical isolators are replacing 
twisted pairs and coaxial cables in industrial equipment. 
Point-of sales terminals, credit card readers and mail 
sorters will use optoelectronic components. 

Detectors and isolators are moving up 

Two of the fastest moving component areas, in terms 
both of developing technology and of expanding mar-
kets, are detectors and coupled-pair isolators. Of the 
many types of detector available today—phototransis-
tors, Darlingtons, photodiodes, Schottky photodiodes, 
silicon controlled rectifiers and field effect transistors— 
the phototransistor makes up the bulk of market activ-
ity. According to Ian McCrae, marketing manager for 
Texas Instruments' large Optoelectronic division, it 
alone accounts for 80% of today's detector sales, mostly 
in simple card or tape readers. Indeed, both TI and 
Motorola feel it will continue to dominate the detector 
market in the next five years, as computers continue to 
take over the inventory control jobs that use tape and 
card readers. 

But the more sophisticated reading functions per-
formed by point-of-sales and credit card verification 
equipment, for instance, may need faster and more sen-
sitive detectors or ones that can handle large currents. 
To meet this need, the major optoelectronic component 
manufacturers are concentrating their efforts on devel-
oping fast photodiodes, Schottky diodes, and silicon 
controlled rectifiers. 

Each new type offers the user its own set of design 
tradeoffs. A conventional diffused diode is faster than a 
transistor, but has a very small current output. A 
Schottky barrier device, having no diffusions, may be 
easier to fabricate, is also faster and more sensitive, but 
has a smaller (microampere) output than diffused 
diodes. PhotoFETs offer high gain and wider ranges of 
sensitivity, made possible by control of the transistor's 
beta, while the SCR could handle larger current loads 
but, on the other hand, is rather slow and could.be ex-
pensive to fabricate. 

Parallel evolution 

As the detector technology evolves, so too will that of 
the optical isolator: a detector forms half the coupled 
pair, and an infrared light-emitter forms the other half. 
In general, an optical isolator is inserted between two 
components or between two systems to provide near- in-
finite electrical isolation. As many types exist as there 
are photodetectors. There are isolators with phototran-
sistors, Darlingtons, photoFETs, diffused diodes, 
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Schottky diodes, and SCRs as their output component. 
Monsanto is an active manufacturer of isolators. Ac-

cording to Mike Bottini, manager of isolator develop-
ment, the optically coupled pair became practical with 
the development of low-cost ir light-emitting diodes— 
but what put the device on the map was Monsanto's de-
velopment of the dual in-line package for isolators. Bot-
tini states that "this was not as easy as it seems since 
previously the standard DIPs dealt with components that 
were all in the same plane, whereas isolators are two-
plane devices—the ir LED in one plane, the photosensor 
in another. Producing the package required retooling to 
accommodate two-plane devices," he adds, "and this 
gives equipment designers the DIP'S convenience and fa-
miliarity." 
As with couplers, the gain and speed of an isolator 

must be considered in relation to a particular function, 
and these parameters are determined by the kind of de-
tector used. For example, a typical phototransistor has a 
gain of 0.5 and a bandwidth of about 150 kilohertz, 
yielding a gain bandwidth product of about 75 kHz. On 
the other hand, a diode with the same gain bandwidth 
product, operates at very high speed (5 to 10 
megahertz), but with very low gain (no greater than 
0.0015). With it, typical 50-milliampere inputs result in 
only 75-microampere output signals, which are too 
small for many requirements. Moreover, if a standard 
amplifier follows the diode, it increases the load imped-
ance and slows down the diode drastically. 

A best buy 

Perhaps a good compromise is the Darlington photo 
coupled pair with its gain of 10 and speed of 5 to 10 
kHz, both adequate for many applications. Pete Polgar, 
manager of Motorola's Optoelectronics division, points 
out that Darlington isolators, along with the standard 
phototransistor isolator, could satisfy almost all coupler 
applications, with the exception of a few high-speed 
computer applications that may require p-i-n diodes. 

In fact, the speeds, gains and current-handling capac-
ity Darlington devices make them suitable for many in-
dustrial tasks now performed by electromechanical re-
lays—as Texas Instruments in Dallas was quick to 
realize. A new TI isolator features a Darlington-con-
nected output stage with an input-to-output current 
transfer ratio as high as 15,000. According to Lin C. 
Wettereau, Jr., Ti's manager for standard sensors, emit-
ters and photocouplers, the device could find appli-
cation in telephone circuit and remote terminal isola-
tion, also as an SCR and triac trigger, and as a 
replacement for mechanical relays and pulse trans-
formers. 

Polgar sees a bright future for the SCR coupler, too, 
which has the highest current capability of any opto-
coupler device and can provide up to 200 volts of block-
ing voltage. He says, "The SCR can impact the relay 
business right now. For example, some people are intro-
ducing solid-state control relays with diode-output opti-
cal couplers. But these are low-output devices that need 
additional active elements, whereas high-gain SCR cou-
plers could do the job without these." 
The one design problem with SCR isolators is their 

inability to turn off when the light source is removed. 

Expanding applications. Isolators are creating new optoelectron 

markets. Detector in Monsanto device is seen at bonding station. 

Typically, SCRs must be cycled through a zero voltage 
point before they can be turned off. 

In general, SCR isolators, with their high blocking 
voltages and 200-ampere current capacity, are the ideal 
component to trigger another control SCR or, with recti-
fication, to trigger a control triac. These features could 
be useful, too, in isolating sensitive digital mos logic 
from the damaging high voltage spikes of an ac line, 
which are transmitted through the base of the control 
SCR. The mos logic in washing machine control, for ex-
ample, could well use SCR optical isolators. 

Where the isolator will impinge 

Motorola's Polgar is very optimistic about optical 
coupled pairs for the industrial market in general. Fie 
sees the "range of applications as being vast, with new 
sockets almost limitless." "If the cost can be kept 
down," he adds, "we can even impact the reed relay 
people. But certainly optical isolators would be ideal in 
industrial markets, where noisy environments are often 
too much for sensitive equipment that now relies on 
twisted pairs or shielded cable for isolation. This is espe-
cially true where heavy-duty equipment operates near 
control equipment using sensitive ics," he points out. 
Computers are often cited as a likely target for optical 

isolators. These can act as buffers between mainframes, 
or between mainframe and peripherals, for instance. 
But Polgar points out that the devices will have to be 
speeded up and outputs boosted substantially before 
many computer people get interested in this appli-
cation. Also, multichannel devices must be developed. 

Monsanto, however, regards the computer industry as 
an immediate market for isolators, particularly because 
of their ability to eliminate ground loops between com-
puter and peripherals. 

Isolators can also be used with a computer that con-
trols mechanical equipment like motors, where high-
gain Darlington or SCR devices would yield the higher 
power required. Again, a Darlington type would be ap-
propriate for a computer system working in conjunction 
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Eye beam. Monkey's cornea 

is operated on with a Spectra-

physics argon laser. Counting 

blood cells, mending brain tis-

sue. are among the many 

other medical uses of lasers. 

Light Industry. This Bendix 

tag reader and box sorter is 

typical of industrial machines 

that depend on the availability 

of efficient, reliable, and not 

too expensive lasers. 

Making light work. The laser is probably the single most important opto-
electronic device: it is cercal to almost every industrial, communication, 
and scientific system application that relies on op:ical techniques. The 
popularity of these systems is a recent growth, however, and dates from 
the availability of production lasers reliable enough lo be designed into 
systems by equipment manufacturers. Today, helium-neon and argon gas 
lasers, gallium-arsenide diode lasers, and an assortment of solid state 
models such as the ruby and YAG lasers are obtainable from several sup-
pliers, all as off-the-shelf items. 

Diode lasers are being used in ranging systems, as illuminating sources 
for active surveillance systems, and in closed-circuit TV systems. Recent 
improvements in their structure nave enabled these semiconductor de-
vices to operate efficiently at room temperatures. YAG lasers are being de-
signed into longer-range communication networks. and are also being 
thought of as possible local oscillators in future data communications sys-
tems. Shown here too are some Ha-Ne and argon laser applications. 
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Worth waiting for. Measuring ,engths to optical accuracies dates clack to last 

century, when Michelson inverted the interferometer. Elent as the c'evice is, 

it has come into general use only fairly recentiy: no reliable source cl coherent 

light was available Wore the development of the He-Ne laser. A Hewlett-PacK-

ard interferometer (!eft) records vibrations at San Franciaz.-.o's Enbarcadero. 
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Growing up. Discfete detector arrays are becoming mere complex. 

Motorola unit has hermetic photodetectors, decoding hybrids. 

with banks of relays, where high sensitivity is required 
without high speed. 

Monsanto is also looking at the reed relay market, 
but sees this one as a "tough one to crack," says Stu 
Harris, its isolator applications engineer. "That's be-
cause reed relay applications require a device with a 
low, constant 'on' resistance," he explains, "and vir-
tually all isolators have an offset voltage and high im-
pedance when 'on'." Reed relays are heavily used in 
telephone crosspoint switching, and Harris points out 
that no optical isolator now available can do that job. 

In general. impact on the relay market will only 
come, in Harris' opinion, with the development of both 
normally open and normally closed devices ( today's 
isolators are all normally closed). Coupled with a low 
"on" impedance. this would allow isolators "to crack the 
communications market," he says. For this, photodiode 
devices seem the best bet because they are fast and ca-
pable of handling megabits of data per second. "How-
ever, gain here must be increased," he asserts. 
Monsanto is actively developing multichannel de-

vices for the computer market, and is expected to an-
nounce a dual-channel isolator shortly. Since the device 
requires four chips instead of two, as well as two outputs 
that must be matched, the problem is to achieve high 
enough yields to make the price attractive. 

Reduction of offset voltage and "on" resistance repre-
sents another hurdle for isolator manufacturers. Ideally 
what's needed here are devices with zero offset and re-
sistances of below I ohm. Offset of today's devices 

ranges from 0.2 volt for phototransistors to I y for 
Darlingtons. Resistances range from 1 to 2 ohms for 
high-current Darlingtons to 1,000 ohms for low-current 
types. 

For these reasons, although Monsanto sees the com-
puter market as maturing rapidly, they predict high-
volume business will await isolators that can operate at 
10mw and at ern-compatible logic levels, generally 5 v. 
This means a gain bandwidth product of greater than 
10 MHz, compared with the 75 kHz of the best available 
diode. 
As for the future, Monsanto predicts isolators with 

triacs in the same package, couplers with 10-MHz band-
widths, normally open and normally closed devices, and 
devices with optical fibers linking a laser source and a 
fast diode combination and capable of transferring sig-
nals at gigahertz rates and high output levels. 

Rows and columns 

Keeping pace with the development of discrete opti-
cal components are recent advances in electro-optical 
arrays. Texas Instruments, a pioneer in this type of de-
vice, has built a wide assortment of emitter and detector 
arrays, both as separate components and in pairs (as 
emitter detectors) in the same package with beam leads 
or conventional wire. 
McCrae states that the big market for arrays today is 

in punched-card and -tape readers, where they replace 
hot and troublesome filament lamps and bulky pho-
todetectors. To enable more complex cards to be read, 
increasingly larger emitter arrays are being developed— 
for example, Ti's new series of tape and card reader ar-
rays of' nine or 12 LED emitters and a corresponding 
number of phototransistors. (Emitter and detector ar-
rays can be supplied in pairs or individually.) The emit-
ter arrays have a minimum radiant power output of 0.4 
milliwatts and a peak emission wavelength of 0.93 mi-
crons, a good spectral match with the sensitive range of 
the phototransistor detector array. Continuous power 
dissipation for the entire array is only 50 mw. 
Texas Instruments is also developing still larger ar-

rays for more complex reading applications, and has 
built custom units with hundreds of elements on a 
single chip. A standard Ti product is a new 120-element 
phototransistor array designed for reading garment 
tags. It measures only 1.3 by 0.9 inch, and the transis-
tors are beam-lead-bonded to reduce the number of ex-
ternal wire-bonds. 

Fairchild's Microwave and Optoelectronic division in 
Mountain View, Calif., another major factor in the tag 
and card reader business, also plans to introduce a 10-
by- 12 transistor array for standard merchandise tags 
(for example, Kimball's). For an array that size, it will 
have the smallest package so far—one that's only 50 
mils wide, 100 mils long and 80 mils high. Up to now, 
because no suitably compact array has been available 
with enough elements, cards could be read only by 
highly complex and bulky assemblies of standard pho-
totransistors and fiberoptic bundles. 

Spectronics Inc. in Richardson, Texas, specializes in 
building large custom arrays for card and tag readers in 
special applications. For instance, the company's latest 
product was designed for an optical read-only memory, 
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and contains 1,024 LEDs and photodiode combinations 
mounted on an etched circuit board and electrically 
wired in a 32-by-32 matrix. 
The LED anode frames are connected together to 

form a third level of interconnect above the surface of 
the etched circuit board, leaving the back of the board 
free for any rerouting necessary to achieve the circular 
layout. Even more important, the design yields an array 
with random access to any element in it. Pulse rates of 
10-megabits are possible with the device. 

Self-scanning for OCR 

Though the developing boom in standard diode and 
phototransistor arrays is significant, something of a gen-
uine breakthrough has occurred in integrated diode ar-
rays with self-scanning schemes built onto the chips. 
Optical component manufacturers are learning how to 
integrate mos devices on the same chip with the light-
sensing array. This results in a self-scanning sensing ar-
ray having few lead bonds and operating at scanning 
rates of more than 5 MHz. Manufacturers of optical 
character recognition equipment, like Recognition 
Equipment Inc. of Dallas, Texas, say this is the develop-
ment they've been waiting for; it has the speed, resolu-
tion, and simple optics they need to greatly improve 
their equipment. 
To date, three companies have announced self-scan-

ning arrays: Reticon of Mountain View, Calif., with a 
64- and 256-element array in a DIP; Fairchild, also of 
Mountain View, with a 96-, 128- and recently a 256-ele-
ment array; and Integrated Photomatrix Ltd. of Britain, 
weighing in with 64-, 100-, 128-, 200- and 256-element 
devices. 

Reticon's most recent development, the 256-element 
linear array in a 16-lead DIP, integrates a scan generator 
(to address the diodes) with a preamplifier (to boost the 
video output), and includes a TTL-compatible driver cir-
cuit all the same chip. 

Silicon gate mos was chosen for the process because 
metal gates are limited in density and scanning speed. 
With silicon gates it's possible to place diodes 2 or even 
1 mil apart, a separation that allows scanning to be 
done at a 10-mHz rate. To produce the chips, John J. 
Rado, Reticon's president, turned to Intel Corp., Santa 
Clara, Calif., for what he terms "the industry's most ad-
vanced silicon gate mos technology." 
As with most self-scanning arrays, its diodes operate 

in the charge storage mode—they stay on until all the 
incident light is integrated. Thus, they can operate with 
low light levels, down to a few milliradiums. 
One of the first to announce a self-scanned linear 

diode array was Integrated Photomatrix Ltd. Its most 
advanced 256-element device has impressive specifica-
tions: scanning rates up to 5 MHz, 10-volt video signals 
obtainable with a fixed-pattern dark noise of 0.5 y or 
less, and the sensitivity of each diode in the array 
matched to within i-0.75% typically. The device is en-
capsulated in packages that are compatible with stan-
dard sockets. 

Fairchild's latest diode linear array is also a 256-ele-
ment device composed of a matrix of mos shift register 
counter stages—a four-tier circuit arrangement that 
yields the maximum number of shift register elements 

The bright market prospect 

Optoelectronics could mean millions of dollars of new 
sales in the next few years. Defined in its broadest 
sense, as that branch of electronics incorporating opti-
cal technology in all kinds of equipment—from video 
players and pre-recorded cassettes, to laser ranging and 
industrial processing control equipment—then Arthur 
D. Little consultants estimate that 1970 optoelectronic 
sales in the free world exceeded $ 10 billion, or half as 
much again as computer industry sales. 
Even when optoelectronics is limited to its tradi-

tional, narrower meaning—the implementing of elec-
tronic functions by optical means—the market is rich 
and the potential vast. According to the Electronics 
1971 annual market survey. U.S. sales of optoelectronic 
components alone will total almost $36 million, with 
sales expected to exceed $80 million by 1975. 

Worldwide, the numbers are still more impressive. A 
recent Motorola market analysis anticipates that 1971 
sales of all optoelectronic devices will run as high as a 
$65 million, and will have jumped to an astonishing 
$225 million by 1976. 
The question is, where will the action be? Contrary to 

common belief, the greatest boom will not be light-
emitting diodes and LED displays, which these days are 
receiving the most publicity. Rather, photo-detectors 
and couplers. about which comparatively little is heard, 
are expected to take the lead. According to the figure, 
supplied by Motorola, the detector market will grow 
from its present $ 15 million to at least $75 million, and 
couplers from $ 1.5 million to almost $ 15 million by 1976. 
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per linear direction of array. The photodiode sensors 
are on 1-mil centers, making the total length of the ar-
ray only about 0.25 inch. Though its scan rate is only 1 
MHz, experiments indicate that 5 mHz or more is pos-
sible. 

In addition, Rudy Dyke, manager of Fairchild's Op-
toelectronic R&D effort explains that the sensor was de-
signed for minimum noise, a major OCR requirement: 
the device presently has a 35:1 signal-to-noise ratio. 

Integrated arrays are being considered for OCR, pat-
tern reading, facsimile, edge sensing, width monitoring, 
and a number of other less obvious applications, such as 
measuring wire diameters in manufacturing processes. 
Says G.R. Parsons, marketing manager for Integrated 

Electronics/November 8, 1971 67 



SPECIAL REPORT 

And what of the tube? 

By no means all the new technical activity is taking 
place in solid-state photodevices. In several laboratories 
various combinations of the Ill-V materials, such as 
gallium phosphide, gallium arsenide and gallium in-
dium arsenide, are being used as cathode surfaces in 
highly sensitive photomultiplier tubes. These are in-
creasingly popular in areas where very low light levels 
must be detected, as in astronomy and medicine, or 
where near infrared signals cannot be detected by the 
standard S-1 surface. 
The III-V cathode phototubes offer better efficiency 

in detecting light than the old photoconductive sur-
face—two to 50 times that of the conventional S-1 and 
S-20 surfaces over most of the optical spectrum. Since 
the III-V compounds can be made extremely sensitive 
to a wide spectilil range with the addition of other ele-
ments, a single cathode tube of the new kind can ef-
ficiently span a greater portion of the optical spectrum 
than any one old tube—from uy to the ir wavelengths. 
RCA at its Lancaster Tube division has extended the 

range of III-V tubes into the infrared, to wavelengths 
beyond 1.06 microns. By using various percentages of 
indium, RCA engineers have developed GalnAs photo-
multipliers with quantum efficiencies better than four 
times that of the S- I photocathode, which is the only 
conventional surface with any useful response at the 
I.06-micron wavelength. 
Already RCA has operated GalnAs photomultipliers 

in the laboratory at 2.5% quantum efficiency, compared 
to 0.5% for the S- Is. Packaged tubes evaluated by the 
U.S. Army Electronics Command in Fort Monmouth. 
N.J., operated typically at better than 0.1% efficiency, 
double that of the S- I. RCA engineers expect soon to be 
building photomultipliers with efficiencies in the 10% to 
20% range and perhaps as high as 40%. 

Significantly, dark current with the GaInAs cathodes 
is one thousandth of the noise of the S- 1 surface tubes. 
Because of this, sensitivity is greatly expanded: at 1.06 
microns, a typical GalnAs photomultiplier has a sensi-
tivity of 10,000 amperes per watt of light input and a 
bandwidth of 100 megahertz. This means that I nano-
watt of light incident on a typical five-stage GalnAs 
tube yields an easily detectable 10-microamp signal. 
The detection limit appears to be about 10-'3 w, and 
this together with an extremely fast rise time—better 
than 600 picoseconds—makes these tubes ideally suited 
to high-speed, low-level infrared applications. 
Already these tubes are being evaluated for optical 

communication systems and laser ranges running at the 
I.06-micron wavelength. In these applications, pho-
tocathodes with lower indium content are ideal for use 
with GaAs lasers, while the higher indium content pho-
tocathodes are ideal with YAG lasers. Astronomers are 
also using these tubes, primarily to look at red stars 
with weak emission spectra. 

In a related effort, RCA Lancaster engineers are inte-
grating the power supply into the tube package, a de-
velopment that rids the photomultiplier tube of its last 
vestige of the old vacuum tube technology—the over-
sized, bulky external power supply that's required to 
operate it. Because 100 to 5,000 volts are typically 
needed, the power supply requirement limits these 
tubes to systems that can tolerate bulk. Designers often 
must turn to photodiodes, although they can't offer the 
sensitivity and noise performance of the phototubes. 

Photomatrix, "Our chip size for the larger array is over 
1 inch by 60 mils, and we feel this is not the end of the 
line. The yields we are obtaining indicate that 1,000-by-
1 arrays are more than gleams in the eye." The com-
pany also envisions two-dimensional imaging compa-
tible with, say, video phones. "It's a matter of simply 
building a two-dimensional array with a modest 
amount of signal processing to give acceptable picture 
quality," says Parsons, and adds, "The only hold-up 
here at present is development costs." 

Where the components go 

Optical character recognition equipment is a highly 
lucrative outlet for optoelectronic component makers. It 
makes use of discrete phototransistors and diode sen-
sors, discrete and monolithic detector arrays, self-scan-
ning arrays, LED indicator lights, numeric readouts, and 
CRT displays, as well as a large assortment of optical 
parts. Clearly, as such equipment proliferates—in cus-
tomer credit billing, stock inventory, packaging routing, 
business and banking transactions, point-of-sale termi-
nals, and post office address reading—so too will the de-
mand for optoelectronic devices. 

Essentially, an OCR system has three parts: a retina or 
scanner that detects the characters to be recognized, a 
recognition unit that compares the detected input with 
the machine vocabulary, and a vocabulary computer 
that contains the basic set of character masks—as many 
as 360 in advanced machines. 
The biggest opportunity for manufacturer lies in the 

retina, the eye of an OCR system. It converts the optical 
image into an electronic one for comparison with the 
machine store, and consists of either a fixed single de-
tector with a multiple or moving light source or an array 
of detectors with a single light source. 

Resolution, which limits the complexity of document 
that can be recognized, depends on the type of detector 
used in the retina and its method of scanning. Since the 
recognized character is converted into a number of bits, 
the larger this number is, the better the recognition rate 
and the more complex the retina's detector must be. 

Recognition Equipment Inc., one of the major sup-
pliers of OCR equipment, will soon make machines that 
will contain a wide assortment of scanning mechanisms. 
They range from single-diode or -phototransistor types 
to complex integrated sensor *arrays. The simplest read-
ers, designed for credit card or invoice numbers, are 
used by the major oil and credit card companies to sort 
incoming invoices. Since only a short line of alphanu-
merics must be read, usually a single photosensor or 
simple linear array can do the job. 

For more complex jobs, such as reading 81/2-by- 11-in. 
pages, single sensors are not adequate. Instead, Recog-
nition Equipment is turning to monolithic arrays—for 
example, Fairchild's 96-element diode array, or Moto-
rola's line arrays, or those of various complexity sup-
plied by Integrated Photomatrix. Since these units don't 
have a shift register scanning mechanism on the same 
chip, scanning still requires standard optics. 

Multiple-element sensors, as Stan Requa, research 
engineer for Recognition Equipment, points out, add 
considerable complexity to the retina. Each photodiode, 
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Light shows all. Two applications 

of light at work—one an RCA 
laboratory experiment, the other a 

record of the atmosphere over the 

Detroit river— illustrate the many 

uses to which the new optical 

techniques can be pit. In the pho-

toçraph on the rght, a polarized 

light pattern, diffracted through an 

m-iitroanile crys:al, is indicative 

of the high nonlinear coupling 

coefficient of this compound, and 

suggests searching for other ma-

terial with a similar structure and 

could serve as tunable parametric 

oscillators. The two ir thermal 

maps shown below were photo-

graphed with a Bendix multichan-

nel spectrum analyzer. The pic-

ture on the right, made with a 

single ultraviolet channel, shows 

the Detroit river near Fighting Is-

land. The blue is smoke, the violet 

patches dense puffs of smoke. 

The same scene, recorded simul-

taneously over three other chan-

nets that allow :he analyzer to 

penetrate below the smoke, 

shows refuse (white and red 

areas) dumped on the island. 
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In small packages. Fairchild's circuit squeezes 120 transistors into 

a 50-by- 100-by-80-mil package for reading of tags shown at left. 

because of its low output, has to be followed by a 
preamplifier and amplifier-96 of each for a 96-element 
array. In addition, the system needs a multi-plex circuit 
for the scanning function, and an analog-to-digital con-
verter to accommodate the recognition unit. 
Equipment of this complexity is expensive to manu-

facture and difficult to maintain. And Requa indicates it 
may still not measure up to many OCR jobs. One prob-
lem is with low-quality inputs, between which the detec-
tor often cannot distinguish—it may mistake a D for an 
0, or completely fail to recognize a really bad input. 
The answer, says Gordon Cooper, Recognition 

Equipment's director of research, is higher-order, self-
scanning, integrated arrays, such as the 256-element 
units currently being developed. Since an mos scanning 
circuit (shift register) is incorporated in the sensing chip 

Crowded picture. Monolithic arrays are in demand for OCR: 100 

phototransistors fit on Motorola chip bonded to a ceramic substrate. 

to do the multiplexing chores, all but one preamp and 
amplifier can be eliminated. The result is high resolu-
tion, fast mos scanning rates (up to 5 to 10 MHz), fewer 
and more reliable parts, and lower manufacturing and 
assembly costs. These features might be important in 
OCR systems designed for the post office, where millions 
of letters must be read and sorted each day. 

In fact, Recognition Equipment will be supplying 
machines along with Ism for evaluation for the address 
and zip code reading of business mail in New York's 
central post office. But these will not have self-scanning 
detector arrays. 

Outside OCR, development of most other optoelec-
tronic system equipment was stalled till reliable, pow-
erful and inexpensive lasers became available a few 
years ago. Today, the helium-neon and now the argon 
laser are standard, off-the-shelf items that can be ac-
quired in a range of sizes, with a variety of outputs and 
characteristics. They yield continuous output powers of 
from 1 milliwatt up to tens of watts, and have a wide 
range of spectral responses. Pulsed devices generating 
hundreds of watts are also available. 
One result of the helium-neon laser's new ubiquity is 

the development of interferometric equipment that can 
measure dimensional change to within a fraction of an 
inch. All such systems need coherent light sources. 
The optical system of most interferometers is prac-

tically the same as the one Michelson used in 1892. Es-
sentially, an interferometer consists of a source of light, 
a beam splitter and two mirrors. The incoming beam is 
divided by the beam splitter. One beam travels a refer-
ence path, the other the path to be measured. A mirror 
at the end of the path to be measured reflects this beam 
back to the interferometer, where it recombines with the 
other beam and reveals an interference pattern that 
varies with the degree to which the two paths have dif-
fered. 

If the path difference is an integral number of 
wavelengths, constructive interference takes place. If it 
is an odd integral number of half-wavelengths, destruc-
tive interference occurs. If one of the paths is variable, 
the observer will see a complete interference fringe 
cycle for every full-wavelength change in the length of 
this path. 

Delicate business 

Because of its delicacy, interferometric equipment 
has always been difficult to use in the industrial envi-
ronment. The intensity of the laser beam may be ser-
iously affected by impurities in the air, or when turbu-
lence deflects the beam slightly or warps the wavefronts. 
These intensity changes may be large enough to trigger 
the detection system, yet trigger levels can be adjusted 
only for long-term changes. 
To get around this problem, Hewlett-Packard—one of 

the first companies to develop the laser interferometer— 
designed an instrument that operates on a heterodyne 
principle. While conventional interferometers mix two 
light beams of the same frequency, the HP inter-
ferometer uses a two-frequency laser and mixes light 
beams of two different frequencies. 
The virtue of the two-frequency system is that the di-

mensional information is carried on ac carriers rather 
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than in dc signals, and unlike dc amplifiers, ac ampli-
fiers are not sensitive to changes in the dc levels of their 
inputs. 
The ac signals representing dimensional change are 

produced by mixing two slightly different optical fre-
quencies, near 5 X 10" HZ, differing by a few parts in 
104. The frequencies are generated by applying an axial 
magnetic field to the laser and forcing it to oscillate on 
two frequencies simultaneously. 
One of the two frequency components is used as the 

measuring beam and reflected from the cube corner. On 
return it is mixed with the second frequency, or local os-
cillator, and produces fringe patterns of light and dark 
bands. These are monitored by a photodetector and 
converted to an electrical signal. A second photo-detec-
tor monitors fringe frequency before the paths are sepa-
rated, as a reference for the fringe rate corresponding to 
zero motion. 
The two frequencies from the photodetectors are next 

counted in a form of reversible counter. One frequency 
produces up-counts, the other down. If there is no mo-
tion, the frequencies are equal, and no net count is ac-
cumulated. Motion, on the other hand, raises or lowers 
the Doppler frequency, producing net positive or nega-
tive counts. 
A remote interferometer technique. also a recent HP 

development, eliminates another problem, the error 
caused by slight movement of the laser head relative to 
the reflector. A remote section is made to serve as the 
retroreflector and in this capacity contains all the reflec-
ting optics. 

Its principle of operation is simple. After a small por-
tion of the beam has been reflected for a reference sig-
nal, f, and f. are transmitted to the remote inter-
ferometer. They are separated by a polarizing beam 
splitter such that one is reflected, the other transmitted. 
In the distance measuring mode, f is reflected by a 
fixed cube corner, f, transmitted to the movable cube 
corner. For differential and angular measurements, f, 
can be turned through 90 to be parallel to f,. The re-
flected beams then recombine at the polarizing beam-
splitter surface, and finally return to an optical element 
in the laser head where fringes become visible to the 
photodetector. 

Bendix, another supplier of interferometric equip-
ment, has detailed the many applications opening up 
for these instruments. For example, laser inter-

Detectors galore. United Detector Technology products include 

large arrays for OCR, tiny discretes for sensitive light measurement. 
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ferometers have found ever-increasing application in in-
dustrial machine shops. Also, they are found in the 
feedback loops of numerically controlled, high-preci-
sion measuring machines and machine tools. Portable 
systems can be used to check the slide motions of ma-
chines and the tolerances produced by precision ma-
chine tools, where they eliminate the need for gage 
blocks. Because they have essentially infinite resolution, 
laser interferometers also make machine checkout pos-
sible for extremely tiny dimensions and increments of 
length, for which no tangible physical standards exist. 

Null tracing in coordinate measuring is yet another 
job that a laser interferometer can do. The system proj-
ects a small spot of light from the laser onto the part 
surface and senses the movement of this spot over the 
surface. The magnitude and phase of the output signal 
produced by the probe indicate respectively how far the 
distance between part and probe deviates from some 
preset null position, and what the direction of that de-
viation is. This output can be used to drive a servo sys-
tem that moves the probe so as to keep it a constant dis-
tance from the part surface. The laser source is remote 
from the probe, the light being brought to the probe 
through a fiber-optic bundle. Overall system resolution 
is better than 0.0005 in. 

Future interferometry: the hologram 

To increase the resolution of the standard inter-
ferometer even further, Bendix is developing an inter-
ferometer in which a holographic image takes the place 
of the test and reference object. This experimental sys-
tem improves resolution by a factor of 2 over previous 
configurations, and appears to be superior to any other 
"single-beam" device known. 
The laser beam is divided by a beam-splitter. One 

portion is directed to the left, is eventually diverged, 
and provides the reference beam for the hologram. The 
other is collimated and directed by a large beam-splitter 
onto the test object. Part of the energy scattered and re-
flected from the object passes in the opposite direction 
through the splitter and continues to the hologram 
plate. 

Although the optical elements of the interferometer 
should be of good quality, extremely accurate surface 
finishes required by conventional interferometers are 
not necessary. Reasonable levels of imperfection cancel 
optically because the paths for the reference and the test 
beams are almost identical. 
Another instrument using a laser source is the geodo-

lite, which is particularly useful for precise measure-
ments of distances of less than two kilometers. Much 
like the interferometer, it projects the beam from a colli-
mated He-Ne laser to a corner cube retroreflector tar-
get, and measures the distance to the target by compar-
ing the phase of the modulated outgoing beam with 
that of the returning beam. The output of the instru-
ment is a voltage proportional to the distance measured, 
I v/0.30480061 meter ( 1 ft) over the modulation 
wavelength. 

Spectra-physics Inc. in Mountain View, Calif., is one 
of the major suppliers of geodolites. In their systems, 
the transmitter is a 1-in, telescope mounted coaxially to 
the 8-in, diameter receiving telescope. The light re-
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Tuning in. Texas Instrument re-

searcher adjust 3 lead tin telluride 

diode laser for detecting pollu-

tants. The PbSnTe laser repre-

sents new class of tunable de-' 

vices. Pattern below is from 

flashlamp-pumped dye laser, an-

other tunable type. 

Two applications. The 

National Bureau of 

Standards, Colo., now 
uses lasers to make 

measurements. At left, 

old mine shaft is scene 

where an interferom-

eter records strain in 

granite caused by seis-

mic disturbances or 

tides_ Glowing cylinder 

is He-Ne laser whose 

beam is directed to an 

interferometer which 

can be seen through 

tunnel door. The laser 

beam excites the inter-

ferometer's fringes and 

gives the earth strain in-

formation. Below, a 

recently developed T 

laser from Bendix may 

be powerful enough to 

be used for such indus-

trial applications as 

stripping wire. 

flected from the target retroreflector passes through a 
0.5-nanometer bandpass filter and a variable iris dia-
phragm, and hits a photomultipiier. Controls are pro-
vided to adjust the angular alignment of the outgoing 
beam, the size of an iris diaphragm to reduce back-
ground light, attenuation of the received light to a level 
compatible with photomultiplier. and photomultip;ier 
gain. 
The geodolite laser altimeter is another application 

finding its way into industry. Operated from an air-

plane, it could give complete terrain profile data. A sys-
tem built by Spectra-physics employs a continuous 
wave modulated laser to obtain continuous measure-
ment of the height of the instrument above the ground. 
A helium-neon laser producing 25 mw of red light at 
6,328 angstroms provides the transmitted signal. A Kerr 
cell modulator in the optical path acts as a high-speed 
shutter to modulate the amplitude of the transmitted 
light at selected precision frequencies. 

Lasers are at the heart of newly developed automated 
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systems for inspecting machined surfaces for defects 
such as cracks, pits, or roughness. Typically, human in-
spectors do this, and their accuracy and level of per-
formance vary widely, both among inspectors and for a 
given inspector over a long period of time. Moreover, if 
minute defects have to be detected, inspection takes a 
relatively long time. These problems are compounded 
when the surfaces are difficult to view—for instance, it is 
very hard to look closely at inside diameters or gear-
teeth surfaces. 

Bendix has developed an optoelectronics approach to 
this type of surface inspection, based on the principle 
that a laser beam reflected from a machined surface 
contains information that defines the smoothness or 
roughness of the surface. This information is conveyed 
both by the intensity of the reflected light and by its 
shape or pattern. 
The approach also has the advantage that both the il-

luminating beam and the reflected beam can be opti-
cally manipulated to permit the inspection of limited-
access areas. Numerical-control techniques are used to 
position the optics and/or the part under inspection 
over a predetermined path that will allow the required 
surface to be scanned. The reflected optical pattern is 
converted into a set of electrical signals that can be pro-
cessed by means of pattern-recognition techniques to 
extract the required information. 

Boring work 

An automated system of this nature is currently being 
used on a production basis to inspect the inner bores of 
automotive master-brake-cylinder bodies at the Hy-
draulics division of the Bendix Corp., St. Joseph, Mich. 
The condition of the surface can be related to the bright 
elliptical pattern reflected from a smooth ( 15- to 20-mi-
croinch) surface. The pattern reflected from a rough 
(30-to 35 in.) surface is less predominantly elliptical in 
shape and has a more scattered appearance. A surface 
with a crack (approximately 0.020 in. wide) yields a pat-
tern with a definite void—a nonreflecting area caused by 
the crack. Thus, both the shape and the intensity of the 
reflected pattern are needed to detect both surface 
roughness and flaws. 

In operation, the part to be inspected is clamped in 
the inspection position, the system scans the bore of the 
part, the results are displayed on the display panel, and 
the part is returned to its initial position, where it is un-
loaded by the operator. 
The pattern-recognition portion of the system, which 

consists of a phototransistor sensing array and both 
analog and digital electronics, has three functions: flaw 
detection, roughness detection, and hole detection. The 
presence of a flaw decreases the intensity of the re-
flected light pattern. Roughness increases scattering in 
the reflected light pattern. A hole is indicated by laser 
light striking an external sensor. 

Cylinder-bore surface scanning is the easiest to ac-
complish with optical systems because the surface to be 
inspected is usually a simple surface of revolution. The 
technique is applicable not only to master brake cylin-
ders but also to wheel cylinders, engine cylinders, valve 
bodies, and bearing sleeves and races. 

Outside surfaces can also be scanned automatically in 

Diode lasers range far and wide 

Last year saw the GaAs injection laser become the most 
efficient source of coherent light, largely due to the de-
velopment of a new double heterojunction structure. 
Now operating at higher power and room temperature, 
this small, compact device is finding its way into an 
ever widening assortment of ranging and communi-
cation systems: closed-circuit iv, data links, line-of-
sight multi-channel voice communicators, and ir sur-
veillance systems. 

RCA, a leader in the development of the GaAs laser. 
was instrumental along with Bell Labs in evolving 
the room temperature diode laser. More recently 
still, a team headed by iaenry Kressel of RCA's Prince-
ton Laboratory developed a new laser structure that 
doubles the output efficiency of previous semicon-
ductor lasers at high powers. Quantum efficiencies as 
high as 40% to 50% and overall efficiencies up to 20% 
are typically possible with 20-watt peak power output 
at 3% duty cycle, compared to the 1-w levels of the old 
devices. 

Kressel points out that unlike previous semicon-
ductor lasers, which required special cooling at high 
powers and high duty cycles, the new laser will function 
at room temperature. Moreover, it can also operate re-
liably at extremely high temperatures—even above the 
boiling point of water. 
The improved performance is due to a "large optical 

cavity ( Loc) design which is located directly next to the 
p-n junction," says one of the developers, Harry Lock-
wood. This means that the light propagation region is 
separated from the generation region, and the light-ab-
sorption loss is reduced. 

this way. Although their optical geometry may be some-
what more involved than that of the insides of cylinders, 
some of the problems are manageable. Currently stud-
ies are under way of the applicability of the technique 
to crankshaft bearings, tapered and cylindrical roller 
bearings, rolls of flat strip steel, and flat part surfaces 
following grinding operations. 

Inspection of parts that can be defined in terms of a 
profile or a specific two-dimensional shape is also 
amenable to an optoelectronic approach. Instead of re-
flected light being converted into electronic representa-
tion, as in the case of surface inspection, the profile 
coordinates of a part are represented electronically, and 
the results compared with stored data on the desired 
profile coordinates. 

For instance, one machine that's available uses this 
technique to inspect the alignment of a rubber dia-
phragm on the plastic body of a power-brake vacuum-
assist unit. Gear teeth, gear assemblies, fillets, and 
stampings can also be similarly checked. 

Tracking and ranging 

Optical tracking and ranging systems have become a 
practicability with the availability of reliable lasers. Syl-
vania Systems division in Mountain View, Calif., using 
its expertise in laser development and optical process-
ing, has developed one of the most advanced of these. 
Called the precision aircraft tracking system (PATS), the 
device is an automatic laser radar system designed to 
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News flash. Ytterbium- and neodymium-doped YAG lasers have 

communications potential. Ti's Yb-YAG laser is in cooling tank. 

loss into the resonator that would not be reflected into 
output. 
Now the scattering efficiency of an acousto-optic de-

flector is a monotonically increasing function of its 
acoustic power. Consequently, the fraction of the circu-
lating laser beam fed back to the lasing medium can be 
precisely controlled by controlling the power applied to 
the deflector. This in turn permits the laser threshold to 
be lowered to any arbitrary value at any time during the 
pumping cycle simply by controlling the timing and 
amplitudes of the rf pulses applied to the acousto-optic 
device. This allows the laser intensity to be regulated by 
the cavity switched. 
The laser head consists of a 2 x 0.25-in. Nd-YAG la-

ser rod and a single krypton flash lamp in an elliptical 

A Dutch treat 

An advanced optical system being developed in Hol-
land is the only known one of its kind. Built by Philips 
Laboratory in Eindhoven, it's a grating-type inter-
ferometric measurement system with a difference—it is 
designed around the polarization of light instead of 
around its intensity. The equipment has already en-
abled Philips researchers to achieve resolutions of less 
than a hundredth of a micron, and they expect to attain 
a thousandth of a micron within two years. 
As in a conventional grating interferometer, the sys-

tem produces a reflective phase grating pattern that is 
imaged onto itself by a concave mirror system. But by 
depending on phase variations in the polarization of 
the two beams, it escapes errors caused by variable in-
tensity of the light source, differences in grating reflec-
tance, etc. 
The measuring system has been used by Philips in a 

pattern generator and, together with high-precision 
bearings, has been incorporated into a numerically con-
trolled lathe. The pattern generator's specifications are 
impressive: writing area is 200-by-200 square millime-
ters, with an absolute accuracy of + 1 micron; max-
imum writing speed is 10 mm per second; maximum 
acceleration is 0.5 mm/s2; line widths range from 2 to 
1.900 microns in 200 steps. The system draws any pat-
tern with straight or curved elements. 

Fast reader. Bendix pattern recogniton equipment could help auto-

mate warehouses; laser reader could control sorting mechanism 

pumping cavity. The acousto-optic deflector consists of 
a fused silica prism bonded to a crystal quartz trans-
ducer tuned to 100 MHz. 

Bell Laboratories' high-pulse acousto-optic Q-switch-
ing has been directed toward micromachining images 
on suitable materials and thus to the achievement of the 
long-sought image recording by laser beams. Here im-
ages are recorded on a 600-angstrom-thick, 1/2-in.-wide 
bismuth film on a nylon substrate by acousto-optically 
modulating a cw 20-mw argon laser. 
The recorded image size is 10 x 11 mm, and the writ-

ing speed is 10" spots per second. Images of documents 
which were originally 8.5 x 1 l in. have a resolution of 
over 175 lines. When magnified to the original size, the 
picture obtained is comparable with a good black and 
white photograph with nine to ten shades of gray. The 
required energy density (given by the pulse peak energy 
divided by the spot area) has a maximum value of 
about 0.060 joule/cm2. 
An acousto-optical intracavity modulation system 

produces 25-ns light pulses of 2-0mw average power. 
The video information is acquired by a He-Ne laser 
scanner. A balanced mixer amplitude-modulates a 5-
mw 450-MHz rf signal with the video signal. If a dc bias 
were supplied in addition, the modulation depth could 
be adjusted to obtain the proper gray scale. 
A second balanced mixer, triggered with 30-ns-dura-

tion base band pulses at a 1-MHz repetition rate, pro-
duces the rf pulses required to switch the cavity. The 
video-modulated 30-ns rf pulses, after being amplified 
by a 20-w linear amplifier, are fed directly into a zinc 
oxide transducer sputtered on a fused silica modulator. 
As the result of Bragg interaction between the acous-

tic pulses and the light beam, 25- to 30-ns light pulses 
are dumped out of the cavity at a 1-MHz repetition rate. 
They are intensity-modulated at the video frequency, 
and then collimated and focused with an f/5.6 lens onto 
the bismuth film, out of which they machine spots 6m 
in diameter. 

This is the first of a three-part series on optoelectronics. Part II will deal with tunable lasers 
aid their role in pollution measurements, and Par: Ill with optical approaches to information 

s-rorage, retrieval, and display. Reprints of Part I are available at $2.00 each. Write to Elec-
tronics Reprint Department. Po. Box 606, Hightslown, N.J. 08520. Copyright 971, Elec-

tronics. A McGraw-Hill Publication. 
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Thiseivard contains over 
250 components. 
Compatible FREON can 
economically clean the assembled 
board... residue-free. 

Put an end to costly piecemeal 
cleaning. FREON cleaning agents are 
compatible with most materials of 
construction, including polycarbonates. You 
can clean completely assembled boards 
without damage to substrates, components 
or markings. Remove all rosin-based flux 
and other contaminants at the same time. 
Get clean, dry, residue-free boards. 

Flux Removal. A typical cycle for 
cleaning p.c. boards in a four-stage vapor 
defluxer is ( 1) gross removal of flux and 
contaminants in boiling FREON (below 
118°F), (2) liquid rinse in FREON, (3) spray 
rinse, (4) final vapor-rinse in vapors of 
freshly distilled FREON. 

Low Solvent Replacement Cost. 
FREON cleaning agents are constantly 

FREON is Du Pont's registered trademark for its fluorocarbon 
cleaning agents. 

recovered and purified for reuse. In a 
properly designed and operated defluxer, 
solvent losses are minimal. 

Purity. FREON cleaning agents are 
electronic grade materials and chemically 
stable. No stabilizers or inhibitors are 
required. 

Safety. FREON cleaning agents have 
a low order of toxicity. They are 
nonflammable and nonexplosive and do not 
require any special safety equipment. 

See what a difference a properly 
designed FREON cleaning system can make 
in your cleaning costs. Write for more 
information about FREON and cleaning and 
defluxing systems. Du Pont Company, 
Room 22448J, Wilmington, Del. 19898. 

FREON 
cleaning agents 
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A better source for 
reliable reeds. 

If you want the best source for reeds, go to 
the people who make them for their own 
equipment. Us. The "Vibrasponder" 
reeds that we use for thousands of remote 
control and signaling applications are 
now for sale. 

Features include contactless design, 
narrow bandwidths, shock and vibration 
protection, and over 120 standard tones 
from 67Hz to 3225.8Hz. Specs available 
from Motorola Component Products 
Dept 4545 W. Augusta  1r: --
Blvd. Chicago, 111. 60651.   

FREQ.   
MOTOROLA 

• MOTOROLA 
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Designer's casebook 

Comparator logic limits 
switching regulator current 
by Robert S. 011a 
National Semiconductor Corp., Sunnyvale, Calif. 

A switching regulator that uses digital current limiting 
provides a current regulation of better than 1%, while 
offering good frequency stability and fast response to 
transients. Essentially, the regulator uses two NAND 
gates as a pulse-width modulator to keep current from 
exceeding the present limit. 
The circuit employs a zener diode. D1, to provide 

both the circuit reference voltage and supply power for 
the logic. A hot-carrier diode, D. is used for efficient 
elimination of spikes in the output. 

As long as the current limit. Ii., is not exceeded. tran-
sistor Q, remains off; 1,, is determined by the value of 
resistor R,. For the resistor shown, 1,, approximately 
equals 10 amperes. 
The signal at Q,'s collector is used to inhibit the out-

put pulses from comparator A,. When Q, is off, all 
pulses pass through NAND gates G, and G,. However, if 
1,, exceeds the preset 10 A, Q, conducts, and its collector 
voltage goes low. This inhibits the comparator pulses 
until the current falls below 
A triangular wave is applied to the noninverting com-

parator input. It is obtained from a multivibrator whose 
pulse output is integrated and written on the zener ref-
erence voltage. The comparator switches one time dur-
ing each triangle cycle, when the wave's slope is posi-
tive: the switching point is determined by setting the 
1-kilohm potentiometer. Operating frequency of the 
switching regulator is the frequency of the triangular 
wave. 

Digital current limiting. Output current of switching regulator is held to desired limit by digital comparator. Transistor (:), remains off as long 

as current limit is not exceeded. If current goes beyond limit, C), turns on, inhibiting A's output pulses. NAND gates G, and G. form pulse-

width modulator; zener diode D, supplies regulator's reference voltage. Current limit for circuit shown is 10 amperes. 
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Transistor matrix driver 
supplies varying loads 
by S.S. Durvasula 
Honeywell Intormation Systems. Frammgham. Mass. 

Testing magnetic memory planes containing transistor 
matrices often requires special drive circuitry between 
the decoding logic and matrix because of varying signal 
conditions. The matrix drive circuitry illustrated com-
pensates for these changing signal and load variations, 
and yet maintains power dissipation at a minimum. The 
decoding logic used in the matrix driver circuitry is 
greatly simplified by the use of medium-scale integrated 
circuits, like three I-of- 16 decoders. 
There are 16 base and 16 emitter circuits to drive the 

16-by- 16 transistor matrix. Operating the matrix may 

require switching pulses of up to 900 milliamperes with 
40-nanosecond rise and fall times. This should be pro-
vided by a current source that controls pulse amplitude 
and width, and maintains specific pulse rise and fall 
times. 

Operation of the matrix base drive is straightforward. 
When the top decoder's output is high. Q, is on, and Q 
is off since D, clamps the base of Q at a diode drop 
above -5 volts. Once the decoder goes low, Q, turns off 
and Q. saturates, driving the base bus of Q, through a 
twisted pair. 

Emitter drive operation is slightly more complex. 
Normally, the decoder outputs that feed Q. and Q, are 
high, keeping Q, on, and Q. and Q. off. When the de-
coder outputs go low. Q turns on. Q, turns off, allowing 
Q,, which is a current-driven switch whose base drive is 
fixed by R,, to conduct. Current flows through Q's col-
lector-emitter junction only when the decoder control 
voltage is changing. 
The load requirements of Q are for controlled cur-
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Transformer-coupled driving. Base and emitter drivers for 16-by-

16 transistor matrix are controlled by 1-of- 16 MSI decoders. CD, and 

form base driver; 0,, 0,, and Q., constitute emitter driver. Q. is a 

current-driven switch whose turn-on and turn-off times are en-

hanced by the overdrive action of C), and the transformer. 0, keeps 

C/s switching times constant even though load conditions change. 
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rent and pulse conditions. But since the voltage excur-
sions of Q,'s collector and emitter could vary over a 
wide range, a transformer-coupled drive is used to cor-
rect for changing load conditions. 

Transistor Q, and the transformer provide overdrive 
for a pulse leading edge so that Q, turns on quickly. 
When current flows in the opposite direction during a 
pulse trailing edge, transformer droop removes any 
stored charge from the base of Q, forcing it to turn off 
quickly. 

Since the circuit must accommodate varying pulse 
widths, Q, is used to make Q's turn-on and turn-off 

times always as fast as possible. Although the leading-
edge overdrive, which is fixed by R„ is not affected by 
narrow pulse widths, transformer droop is no longer 
available to enhance turn-off time. However, during the 
trailing edge of a narrow pulse, Q, turns on and pro-
vides a reverse current through the transformer droop 
and decreasing Q,'s turn-off time. 

Matrix bases and emitters not selected look like ca-
pacitances distributed along the bus lines. The capaci-
tance per transistor depends on the back-bias voltage at 
the base-emitter junction of the unselected device; it 
can be determined from manufacturer's specifications. 

FET current source gives 
stable, precise ramp 
by Thomas D. Price 
Saunderstown, R.I. 

Employing a field effect transistor as a constant-current 
source in a ramp generator can produce an output with 
a linearity and slope that is virtually independent of un-
wanted variations in control voltages. The resulting cir-
cuit is a stable, high I \ linear ramp generator that is both 
simple and inexpensive to build. 

Before the ramp trigger is applied, the Q output of 
flip-flop FF, is low and the amplifier output is clamped 
low by back-to-back zener diodes. Resistor R, limits 

amplifier short-circuit current. At time t„, the ramp trig-
ger causes the Q output of FF, to go high, producing an 
output ramp whose rate is determined by the value of 
capacitor C„ and a constant current from FET Q„ which 
is set by resistor R,. (For this circuit, ramp slope is 100 
volts per second.) 
The output ramp, in turn, drives external comparator 

logic, which produces a reset pulse for FF, at time t,. 
The pulse input at t, is preset at some desired voltage 
level: for instance, an unknown voltage that is being 
measured. Once FF, is reset, its Q output goes high. C, 
discharges fast through D,, terminating the ramp. 

Without Q„ ramp slope is determined only by C,, R, 
and the voltage level of FF,'s Q output. Any change in 
this voltage, caused by power supply variations and/or 
transients, will produce ramp inaccuracies. Using Q, 
and R, as a constant-current source isolates the output 
ramp voltage from supply irregularities. 

Linear ramp generator. Constant-current source, formed by FET Q, and resistor R, enables precision ramp generator to supply very linear 

output. Input trigger sets FF,, whose output is integrated by amplifier 0,, C,, and R, to produce a ramp. Constant current makes ramp in-

sensitive to supply variations. Comparator logic, external to generator, terminates ramp with pulse that resets flip-flop FF,. 
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Logic signals pulse heaters 
for multiplexed display 
by Eric Breeze 
Fairchild Semiconductor. Mountain View, Calif. 

Seven-segment fluorescent readout tubes can be multi-
plexed with a heater supply that operates from 5-volt 
logic levels. Because of thermal inertia, pulsed power 
keeps the filament hot during the pulse off-period. 

Basically, the readout is a vacuum tube diode with 
seven phosphor-coated anodes. When a positive poten-
tial is applied between the cathode and an anode, elec-
trons strike that anode, activating the phosphor. To use 
the readout in a multiplexing mode, both its anodes and 
cathode must be addressed. 

Since the tube's heater acts as the cathode, it is diffi-
cult to supply power to one heater and isolate it from 
the others. The solution is to use logic signals with a 
one-eighth duty cycle (for an eight-digit display). 
The circuit shown is for eight multiplexed digits, but 

it can easily be changed to six digits by modifying the 
scan counter. Each of the heaters has a transistor, a 

diode, and a resistor associated with its supply. When 
the transistor conducts, the readout is active. When the 
transistor is off, the resistor pulls the cathodes up to the 
positive supply potential, reverse-biasing the diode and 
leaving no potential across the tube. 
To find the total filament voltage (VR) required for 

pulse-mode operation, use: 
V, = N_V, + diode and switching losses, where N is 

the number of parts in the scan cycle, and VF the tube 
filament voltage. If Sylvania, Tung-Sol, or General 
Electric readouts are used, V. = 1.4 V. For the eight-di-
git (N = 8) display shown: 

V,. = 8_(l.4) + 0.9 = 4.9 V 
In the event of clock failure, a fail-safe circuit on the 

most-significant bit of the scan decoder prevents the full 
filament supply voltage from being applied to any one 
heater. As long as the counter is operating, pulses to 
diode D„ resistor R„ and capacitor C, bias transistor Q1 
on. Clock failure removes the bias from Q„ changing 
the input code to the scan decoder so that the decoder's 
unused outputs are addressed. Ac coupling through ca-
pacitor C2 is necessary in case the counter output should 
stop in the high condition. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 

and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and Purpose. We'll pay $50 for each item published. 

Eight-digit display. Filament supply for multiplexed seven-segment readout tubes is controlled by logic signals. Pulses of heater power keep 

tubes operating even during pulse off-period, and the filaments remain isolated from each other. Fail-safe circuit prevents individual filaments 

from receiving full heater supply voltage if the clock fails. Clock frequency can be as high as 20 kilohertz. 

SCAN 
COUNTER   

FAIRCHILD 
9305 

SO 

CLOCK  
CPI 

MULTIPLEXER 
SEVEN- BCD INPUT 
SEGMENT 1 1 1 1 
DECODER 

st 

0102 

03 
03 

D— 

A 0 A1 A2 A3 
FAIRCHILD 

9327 

a bc de f g 

ALL RESISTORS - 104(12 

TO INPUT 
MULTIPLEXER 
ADDRESS 

C2 
I • 

0.47 pF 

2.7 kfle 
0.47 pi 

A o A1 A2 A3 
FAIRCHILD 

9301 
2 3 4 5 6 7 

YYrn" 
TO OTHER 
DIGITS 

a bcdefg 

DIGIT 1 

1.2 kS2 

SCAN 
DECODER 

—--

.7 kS2 

v.NRI (Ê) 

01 

FAIL SAFE CIRCUIT 

1.5 kS2 

1 5.k!.2 

FAIRCHILD 
9016 

abcdeg 

e 100 kS2 

ALL TRANSISTORS - 2N3569 

ALL DIODES - 1N457 

abcdeg 

DIGIT 8 

60 V 

100 kl2 

HEATER 
VOLTAGE 

DIGIT SEGMENTS 



AiResearch electronic 
cooling systems are 
built into the F-14. 

We have designed and built complete 
electronic cooling systems for hun-
dreds of airborne applications 
—both on board and pod mounted. 
In fact, a Garrett AiResearch built 

electronic cooling system is on 
board the Grumman F-14 air-superiority fighter. EJ 
Whatever your specific airborne electronic cooling 
requirement, come to Garrett AiResearch for total 
system optimization. 

Garrett AiResearch enclosures are also cooling 
the pod mounted ALQ-76 and ALQ-99 electronic 
countermeasures systems. The enclosure in the 
ALQ-99 pod (shown above) for the EA-6B utilizes 
surface heat exchangers as the ultimate heat sink. 

AiResearch Manufacturing Co. 
9851 Sepulveda Boulevard. Los Angeles. Calif. 90009 

one of The Signal Companies 
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12 ways to shed 
more light on your detector/ 
instrumentation problems 

It all starts with UDT and our overwhelming selection of 
both planar diffused and Schottky Silicon Pin photodiodes, 
photodiode/op amp combinations, and photodiode/filter 
combinations. Add to that our complete array of digital 
light measuring instrumentation, and you begin to see 
the light ... 

DETECTORS 
1 . SCHOTTKY SERIES 5 . DETECTOR/AMPLIFIER 

These Detector/ 

Amplifier's combine 

a PIN silicon photodiode 

and a matched low 

op amp in a single 
acteristics include: 

namic range of 108, 

hertz, sensitivity to 

COMBO'S 

- 
- OD 

noise 

package. Unique char 
DC & AC detection, dy-

response to 10 mega 

10 1, watts. 

Circle Number 233 

Includes nine standard capacity, low capac- 
ity and long line types: Response from 

2000A to 11,000A with UV types, capacities 
to 30p1/cm , with LC types, active areas to 

6 cm2 with standard types, active area 

lengths to 9 inches with long line types. 

Circle Number 229 

2 . DIFFUSED SERIES GI 

ii 
:1 

Illp i 
Planar diffused " P" I 

on "N" junctions formed i 
on high resistivity silicon yielding rugged, 

low noise, PIN photodiodes. Dark Currents 

to 5x10 7 amps/cm ,, responsivities to . 5 
amps/watt, linearity over eight decades of 
light level, oxide edge protection for environ- 

mental stability. 
Circle Number 230 

6 . DETECTOR/FILTER COMBO'S 
..." 

These units feature a 
computer designed, ' 
spectrally matched $3,,, e ' 

detector/filter. The PIN-

IODF has a flat spectral response from 4500A 

to 9500A. The PIN-10AP has a photopic 
"eye- response". The PIN-10RP is spectrally 
matched to the photopic eye curve to 2% 

between 5800A and 7200A for LED mea-

surement. 
CH de Number 234 

3 . LOW NOISE SERIES 

/ 

PIN- 020 ( 20 mil 
diameter) and PIN- 040 ( 40 mil 

diameter) have unmatched low 

light level detection ability — 

to 5x10 1, watts. Mounted in 

TO-18 hermetic cans, the active t 
element is completely isolated from and 
electrically shielded by the metal case, 

Circle Number 231 

7 . ARRAY SERIES 

_ 

e 1  
e - 

,,e...... 

Single and Dual 0 eS% 
Axis arrays with center to 
center spacings from 0.002" to 0.500". Mul-

tiple chip or monolithic construction to 10" 

in length. A wide variety of mounting 
schemes ore available. 

Circle Number 235 

4 . CALIBRATED SERIES 
o 

I, 

Provides a fast, 
convenient, and accurate 

standard traceable to NBS for photometric 
and radiometric measurements. Calibration 

stability is better than 2 percent over a 6 

month period, 
Circle Number 232 

8 . SPECIALS 

.... 

The Schottky and \....e 10 
planar diffused technolo-
gies employed by United Detector Technology 
are very readily adaptable to new geometries 

and to modified characteristics Geometries 
possible include lengths to 10", widths to 1", 

diameters to 2". 
Circle Number 236 

With a spectral response of 2000)81/4 to 11,500A, sensitivities 
to 6x10" 5 watts, dark currents of picoamps, response times 
to 4 nanoseconds and absolute calibrations for both de-
tectors and instruments traceable to NBS. 
Call UDT direct for immediate technical assistance. Write 
for our free " Photodetector Design Manual". 

NSTRUMENTATION 
- 

9 . 404 "OPTO-METER" 

i 
The personal, 
portable radiometer 

/photometer for 
every electro optic user. 

, The UDT- 40A Opto 

Meter measures radiant power to - 

10 9 watts, radiant energy, illuminance, lumi-
nance, integrated illuminance — linearly and 

logarithmically over seven decades in 36 

ranges. 
Circle Number 237 

1 0 30A LINEAR DISPLACEMENT 
• MONITOR 

This instrument, iihZ' mi\. 
when used with 1 .14.7 194 
one of UDT's 
"SC" position detectors ono a collimated 
light source, gives a display of X and Y light 

spot position with a resolution better than 

0.0001". 
Circle Number 238 

1 1 . 21A OPTICAL POWER METER 

-------r 
__.. 

0 • " ' ' 

• 250nm to 1150nm 
• 10 10 watts to 1 watt 

• 4 digit readout, BCD, analog 

• 2?,. — 6 mo. Stability 
Circle Number 239 

1 2 .114 PHOTOMETER/RADIOMETER 

Le , 

• 10" watts resolution 1.----
• 10 , ft. candle resolution 

• 8 decades of linearity 
• Telephotometer/Microphotometer head 

• 4 digit readout, BCD, analog 

Circle Number 240 

CIRCLE NUMBERS ABOVE FOR READER SERVICE 

UNITED DETECTOR TECHNOLOGY INC. 
1732 21st STREET SANTA MONICA, CAL. 90404 
TELEPHONE ( 213) 829-3357, TELEX: 65-2413 
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Dynamic MOS shift registers can also 
simulate stack and silo memories 
Two useful functions for digital systems, often implemented with complex 

software routines, can instead be built from circulating shift registers; 

they're economical, and open up many new applications in small systems 

by Richard Percival ,National Semiconductor Corp, Santa Clara, Calif. 

111 Small digital systems often require certain special-
ized internal functions that are complex to execute in 
software, yet difficult and expensive to design onto 
large-scale integrated circuits. For example, push-down 
stack and silo memories should make excellent parallel-
character buffers in such equipment as point-of-sale ter-
minals, printers, data-transmission units, and keyboard-
to-tape machines. But addressing and control problems, 
and high cost, have limited their usefulness in this 
equipment. 
These problems are circumvented by a new method 

of simulating stack and silo operations with metal oxide 
semiconductor dynamic shift registers, which normally 
operate like delay lines or rotating magnetic drums. The 
difference in this application is an additional shift regis-
ter that contains marker bits to identify data locations. 
A stack memory reads out stored data in a last-in, 

first-out mode. This mode is often used in computers for 
compiling programs written in a high-level language 
into machine language, but also has many other uses. In 
point-of-sale terminals or printing equipment, for ex-
ample, a stack memory can tabulate data, align mar-
gins, and speed the transmission of records of variable 
length. 

Conversely, a silo memory reads out stored data in a 
first-in, first-out mode. It is ideal for interfacing a slow 
data-transmission unit with a fast telephone line, or a 
keyboard operating at human speeds with a magnetic 
tape or other medium operating at electronic speeds. 
By contrast, a conventional shift-register memory can 

read out data more or less in any order—but at the ex-
pense of a counter and comparator which the system 
uses to track the location of circulating data. This ad-
dressing method is like those used with acoustic delay 
lines or with electromechanical disks and drums. 

A new independence 

By eliminating the need to locate data in a specific 
time frame, the new technique makes the memory vir-
tually independent of system control except for read-
write requests: all that's needed is a demand/response 
schedule. A request to store information, accompanied 
by the word, is honored by the memory at the right 
time. Data is continuously available at the memory's 
output, enabling the system to pick it up at leisure. 
The word on the output lines at any moment is the 

most recently stored word when the memory is oper-

ating in stack mode; in the silo mode it's the word that 
has been stored the longest time. The memory can oper-
ate in either mode, and the system can switch from one 
to the other without disturbing stored data. Immedi-
ately after changing mode, the new current word may 
not become available for up to a few hundred micro-
seconds as it circulates into position through the shift 
registers. 

Marker register needed 

Like conventional mos dynamic memories, the stack 
and silo memories consist of shift registers operating 
synchronously. Each register corresponds to a single bit 
position in a word; reading or writing a word consists of 
simultaneously removing from or adding to one bit in 
each of the memories. But unlike conventional memo-
ries, the new control technique marks the location of 
stored data with 1 bits, called marker bits, circulating in 
an additional dynamic shift register. This one extra reg-
ister (also synchronized with the data) and a small 
amount of associated logic replace large quantities of 
software, address decoding, and other complications of 
conventional memory controls. 
The control technique is exemplified in Fig. I. This is 

a 512-word, seven-bit dynamic memory that always 
loads the same way, but unloads like either a stack or 
silo memory, as determined by the associated system. It 
contains seven 512-bit shift registers for the data, and 
an additional register in which the marker bits circulate. 
These registers operate with a maximum clock rate of 
2.5 megahertz, corresponding to a minimum bit period 
of 400 nanoseconds. Necessary clock pulses at the 
proper frequency, together with syncopated pulses for 
the control logic, can be generated from a single 5-MHz 
clock and a few logic blocks, as shown in Fig. 2. 
Any actual application would require some control 

logic, with signals passing between it and the shift regis-
ters, as shown in Fig. 3. Also shown are the signal lines 
along which the registers and the control logic commu-
nicate with an associated digital system. 

Feeding each shift register is a Tri-state buffer switch. 
(Tri-state is the trademark for three-state transistor-
transistor logic. It is a bus-connectable variety of rn. 
that offers high-speed active-pullup outputs [Electron-
ics, Sept. 14, 1970, p. 78].) The buffer has a normal ra, 
output when enabled, but may be disabled into a high-
impedance third state. There, no data is transferred and 
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1. Stack or silo. This collection of dynamics MOS shift registers can operate as either a push-down stack (first-in, first-out) memory or a silo 

(first- in, last-out) memory. The key to operation in either mode, in contrast to conventional operation of dynamic shift registers, is the marker 

register. This extra register contains a 1 bit for each word stored in the data registers. The marker register plus a small array of logic blocks 

replaces the complex software and decoding that conventional stack/silo implementations require. The clock rate is 2.5 megahertz. 
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efir 

J K 
FLIP 
FLOP 

2. Clock pulse generator. A single 5-MHz oscillator plus one J-K 

flip-flop and four gates can generate all the timing pulses needed by 

the stack-silo memory of Fig. 1 and its assocrated control logic. Am-

plifiers are necessary to provide sufficient power. 

only a very small leakage current can exist. Through its 
input latch, the buffer controls entry into the shift regis-
ter of new data being loaded from the system. 
At the register's output is another latch and a Tri-

state output buffer switch. The latch serves as one more 
stage in the shift register, and lengthens the circulation 
time by 400 ns. During this interval, the control logic 
can examine the contents of the marker register, and es-
tablish proper timing for load and unload operations. 
The latch is needed so that the control logic can look at 
the first two marker bits emerging from the shift regis-
ter, and so that the data registers and marker register 
are the same length. 

In parallel with the input buffer switch is another 
switch through which data is unloaded. These two 
switches are basically identical, but in the present de-
sign they have different National Semiconductor part 
numbers—Dm8094 for the input switch and Dm8093 for 
the readout. Both have one data input direct to the 
switch, and one control input; and in both switches, the 
control input drives the Tri-state enable/disable circuit. 
But the control in the Dm8094 is noninverting, and that 
in the Dm8093 is inverting, so that a binary signal con-
nected to the two control inputs opens one switch and 
closes the other as it changes state. 

Two switches, single load 

Because the input transistor in both switches is the 
conventional TTL multiple-emitter transistor, it can be 
fully switched by the control input. Thus, when the con-
trol input disables the switch, the latter presents no fur-
ther load to the data input. When the control input en-
ables the switch, the data input presents a single load to 
its driver. As a result, the data input can be driven by a 
low-power source that couldn't otherwise be connected 
to two gates at once. In this design the source is an AND-
OR-INVERT gate and an input-output latch, four of 
which are available in one package as the Dm74L98. 

These three sets of buffers—input, output, and read-
out—define three operating functions: normal recircula-
tion, data unloading, and data loading. 
During either normal recirculation or data unloading, 

both the output buffer and the readout buffer are en-
abled (the output is disabled). Data circulates from the 
output latch through the output buffer, directly to the 
register input. Meanwhile, data also is routed to the in-
put-output latch, from which it is available to the sys-
tem through the readout buffer. 
While loading new data, both the output buffer and 

the readout buffer are disabled, and the input buffer is 
enabled. New data enters through the AND-OR-INVERT 
gate and the input latch, and goes to the shift register at 
the proper time. This "pushes" previously loaded data 
further "down" into the register, in either stack or silo 
mode, old data being unloaded from the "top" in stack 
mode or from the "bottom" in silo mode (Fig. 4). 
The connection from the output buffer to the register 

input is possible only with the Tri-state circuit—the reg-
ister is common to both the output and the input buffer, 
so that one or the other is always disabled. Without this 
capability, another set of AND-OR-INVERT gates would 
be necessary. 

Continuous circulation 

The system can retrieve from the readout buffer ei-
ther the newest or the oldest word from the circulating 
data at any time. But having retrieved it, the system 
cannot take another until it appears in the input-output 
latch—a wait of a few hundred nanoseconds in stack or 
a few hundred microseconds in silo. And when the sys-
tem retrieves a word in this fashion, that word is logi-
cally removed from the file, but continues to circulate in 
the memory until a new word is loaded in its place or 
unit power is turned off. 
The input-output latch's contents change only when a 

word is loaded into or taken out of memory. In stack, a 
newly loaded word becomes the output word: when the 
system takes it, the next previously loaded word re-
places it in the input-output register. In silo, the newly 
loaded word occupies the input-output register only un-
til the oldest word again circulates through the shift reg-
ister and replaces it. When the system takes that oldest 
word, the next-oldest replaces it after another round 
trip through the register. 
The key to automatic operation is the marker register, 

the eighth shift register in Fig. 1. It assures that data in-
put and output are always correctly timed, regardless of 
the number of words stored. It contains a sequence of 
adjacent 1 bits preceded or followed by a sequence of 
adjacent 0 bits; otherwise there are no Is or Os in the 
register. The sequence of Is in the marker register iden-
tifies the location and length of a string of words in the 
data registers. 
When a new word is to be loaded into memory, it 

must wait until the beginning of the string of Is starts to 
emerge from the marker register. Just as the first 1 in 
the string reaches the end of the marker register, the 
new word is loaded into the registers, and a new 1 bit is 
inserted into the marker, ahead of the approaching 1 
bit. That way, new data always is in front of old data 
progressing through the synchronized memories (Fig. 
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5)—only one new word can be loaded on each round 
trip of data through the shift registers. 
The practical capacity of the stack-silo memory is one 

less than the number of bit positions in the shift register 
(511 words in the present design). This can be extended 
or reduced by using a shift register of a different length. 
At least two empty spaces must appear following the 
last word of data, to separate it from the oncoming lead-
ing word following it through the register. These two 
spaces correspond to the remaining position in the reg-
ister and to the output latch. One round trip through 
513 bit positions takes about 205 ps at a 2.5-MHz bit 
rate. To load up the memory completely from an empty 
state would take just over 100 milliseconds. 

Doling out data 

Unloading data depends on the operation mode. In 
stack, the most recently loaded data is taken out first (a 
"pop"), so that the approach of the string of Is signifies 
that unloading may take place; the loading 1 bit in the 
marker register is replaced by a 0. Data can be removed 
at the clock rate in stack mode-therefore a single data 
burst can empty the memory completely in one round 
trip. In silo the oldest data is taken out ( a "clip"), and is 
timed by the approach of the string of Os; the trailing 
I bit is replaced by another 0. Only one word can be 

unloaded per round trip of data in silo mode. 
The márker register also has a latch at its output, but 

between the register and the latch are two inverters 
which make available both the bit M„ emerging from 
the register and its complement, Fvt„, and which provide 
enough drive to set the output latch and also to drive 
external logic in the controller. These inverters add a 
slight delay to total marker circulation time, but it is 
negligible relative to the spacing of clock pulses that 
controls circulation. 
The output of the latch, M„ recirculates the marker 

bits to the input of the register, just as with the data reg-
isters, except that the latch output is always enabled 
and the recirculating bits always pass through a Dm8093 
gate at the register input. The latch output also drives 
two cascaded "extra latches" that store the value of the 
two preceding marker bits, M. and M„ and their com-
plements. From this, external control logic can locate 
the first-in and last-in words. 

Details of the external control logic depend some-
what on the system in which this stack/silo memory is 
used. But its basic function is to provide signals that 
load and unload the memory. The control would re-
quire, at most, three flip-flops, logic to control them and 
to decode their outputs, and a memory clock. The three 
flip-flops would encode the eight stable states of the 

3. Relation to system. The stack/silo memory of Fig. 1 can be used in any small or large digital system. It is almost completely independent 

of the system, because it requires only data lines in both directions, a " push request" signal to initiate loading a new word, and a few signals 

to the control logic. The memory runs with its own clock, and therefore is asynchronous to the system in which it is installed. 
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4. Functional appearance. To the system, the stack and silo ver-

sions look like these representations. New data always goes in at the 

top. Old data is unloaded from top in stack mode (first- in, last-out) 

and from bottom in silo mode (first- in, last-out). 

control logic. These are one each for EMPTY, NORMAL, 
and FULL, one each in response to a PUSH REQUEST, a 
POP REQUEST, and a CLIP REQUEST, as well as one each 
for the short intervals following a pop or a clip, during 
which the next current word for readout is awaited. Less 
complex control logic would be necessary, for example, 
in applications where only the stack mode is needed. 

But both stack and silo modes can be useful in a 
single application. For example, in a keyboard-to-tape 
machine, the memory is loaded from the keyboard and 
unloaded in silo mode when the data is transferred to 
the tape. But if the operator makes a mistake and 
presses the backspace key, the last character entered 
must he unloaded in stack mode. 

Loading data 

In the empty state, with all data purged from the sys-
tem, marker recirculation is disabled and the memory 
can receive a word of data at any time. The system sig-
nals its intention to store a word with the line PUSH 
REQUEST, which is asynchronous relative to the 
memory's clock, independent of the system clock. The 
memory synchronizes this request with its own clock 
and immediately loads the word—the registers are 
empty. As it does so, it inserts a 1 into the marker regis-
ter via the load line in Fig. I. 
When the first word has been loaded, the memory 

transfers into the normal state, where it stays until ei-
ther the registers are full or are again empty. In the nor-
mal state the memory can still receive words for storage, 
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5. Actual operation. When dynamic shift registers are organized as 

stack or silo memories, new data always goes in front of old data cir-

culating through the registers. Old data is "clipped" off the rear of 

the data in silo moae, "popped" off the front in stack mode. 

but it must synchronize them with previously stored 
words already circulating in the registers. As each new 
word arrives, the normal state goes down, to block fur-
ther push requests until the word actually goes into the 
data register. When it does so, another 1 goes into the 
marker register. 

Refreshing interval 

While in the normal state, the controller periodically 
generates a refresh signal, which sets the word currently 
available to the system into the input-output latch. Tim-
ing of refresh depends on memory mode. In either case, 
if the system accepts the output data, it responds to the 
memory with a signal indicating its acceptance, which 
the memory uses to insert a 0 in the marker register. 
(The signal is shown in the diagram as "drop.") 
As for specific circuits, in most cases polarities of sig-

nals would have to be altered, and additional logic 
stages inserted, to utilize the levels that particular cir-
cuits would provide. For example, the eight shift regis-
ters could be implemented with four National mm5017 
packages; the output buffers with two Dm855 1 s; the in-
put gates and latches with two Dm74L98s; and the two 
extra latches at the output of the marker register with 
one Dm7474. 
The memory design would be much more compli-

cated if Tri-state logic were not employed. The preced-
ing discussion has pointed out some elegant shortcuts 
made possible by Tri-state circuits, which are available 
from several manufacturers as second sources. Li 
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Today's dynamic IC tests won't 
work without meaningful specs 
To obtain accurate and reliable testing of devices at production 

rates, both manufacturer and end user must correlate their 

test specifications to simulate realistic operating conditions 

by Jack Salvador, Teradyne Dynamic Systems Inc., Chatsworth. Calif 

0 Since very fast digital integrated circuits are chosen 
primarily for their dynamic characteristics, it's impor-
tant that they be subjected to accurate dynamic tests. 
Though this seems obvious, the testing situation is far 
from cut and dried. In fact, even the best dynamic test-
ers can give meaningless test results. For instance, an lc 
may pass a propagation delay test even though its ac-
tual delay is long or short enough to cause a logic-race 
condition in the system. The fault lies not in the tester 
but in the way the tester is used—or misused. 

It all points to the fact that test results can be mean-
ingless if the test specifications inadequately define the 
test conditions, fail to simulate the real applications en-
vironment, or ignore the test system characteristics. On 
top of that, the demands on dynamic testing keep esca-
lating. Today, logic circuits with speeds close to 1 
nanosecond are being tested. They are very difficult to 
check out accurately at production rates unless the ca-
pabilities and limitations of advanced dynamic testers, 
such as those in the system in Fig. 1, are appreciated. 

Device test specifications often are written as though 
the device were to be evaluated under laboratory condi-
tions instead of being tested prior to system assembly. 

Emitter-coupled logic test specs, for example, some-
times call for an output load of 5 picofarads when the 
equivalent input capacitance of devices in that lc family 
is 8 pF. In other words, the test could not show whether 
a "good" ic would even drive a similar circuit in the in-
tended application. And one device spec even called for 
"zero shunt capacitance"—no allowance was made for 
test fixture capacitance. 

Ambiguities 

Why do test specs sometimes ignore the realities? In 
laboratory evaluations, it is often desirable to set up 
special bench tests to determine how a circuit will per-
form under flat-out conditions. Developers of high-
speed transistor-transistor logic seem to prefer 5-to-10-
pF loading for evaluation, while the least that can be ex-
pected in a practical application or test system is 15 pF. 
Negligible loads and other specialized lab conditions 
must be weeded out of device data sheets and produc-
tion test specifications. 
A more prevalent problem is specs that, while reflec-

ting realistic conditions, are so loosely written that a test 
can be set up to provide a desired result rather than the 

1. Real-time tester. Digital integrated circuits with nanosecond switching times are checked at Honeywell Information Systems with this real-

time test system. ICs from gates to memories are 100% tested for dynamic as well as functional and dc characteristics in a single pass 

through the automatic tester at left. The test station at center is a multiplexed unit for dc and functional checkouts. 
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2. Be more exact. Conventional pulse test specifications may be 

ambiguous about pulse timing (a). Two pulses, each with a rise time 

of less than 15 nanoseconds, can result in a 1.4-ns variation in er-

rors in propagation-delay tests (b and c). A specific, fast ramp rate 

reduces error and makes the test reproducible. 

actual circuit performance. Since one tester can make a 
circuit look fast and another can make the same circuit 
look slow, the sellers and buyers will wonder where the 
correlation went. Worse, the user won't really know the 
dynamic characteristics of his ICs. 

Therefore, an essential requirement for accurate 
dynamic IC testing is correlation between test results ob-
tained by device manufacturers and device users with 
different test equipment. This cannot be achieved with-
out realistic test specifications. Another requirement is 
automated equipment with high throughput. To elimi-
nate extra handling and test equipment, both the dyna-
mic or high-frequency tests, and the static or low-fre-
quency and dc tests, should be made with a single 
insertion of the device in a general-purpose test fixture. 

Propagation delay is perhaps the most useful mea-

surement to make on a digital integrated circuit—and, if 
approached in the right manner, is the simplest dyna-
mic measurement to make. It gives a direct indication of 
the maximum frequency at which a circuit will operate; 
it provides the information needed to eliminate race 
conditions in the logic design. 
The delay test should reject circuits that are too slow 

or that might cause logic-race conditions—the designer 
has used the delay spec to establish data rates and de-
sign against race problems. 

Suppose a TTL logic gate with a real propagation de-
lay of 9 ns is to be tested. The IC manufacturer gener-
ally specifies the test timing pulse as in Fig. 2(a). Propa-
gation delay is defined as the time between 1.5-volt 
points on the input and output transitions. 
He may say the input pulse rise time shall be "less 

than 15 ns." If this is taken literally and a test pulse ris-
ing to 3 volts at a ramp rate slightly under 5 ns/v is ap-
plied, the measured delay will be about 7 ns, as in Fig. 
2(b). The gate appears to be 2 ns faster than it actually 
is because TTL typically switches at 1.1 V, not at 1.5 V. 
On the other hand, if the input pulse ramp is 1.5 

ns/v, as in Fig. 2(c), the measured delay will be 8.4 ns-
1.4 ns nearer the real condition. The manufacturer and 
user should agree, for good correlation, on a specific 
ramp rate to make the tests reproducible. With good IC 
process controls, there should be little variation in the 
device switch point and thus in the measuring error. 
Any error that results can be added to the time mea-
surement to obtain a test result close to the actual de-
vice delay. 

Choosing levels 

Another source of ambiguity is shown in Fig. 2(a). 
Pulse rise and fall times generally are specified as the 
times between 10% and 90% pulse amplitudes, yet the 0 
and 100% levels are not absolute references. In many 
actual applications and in dynamic test systems, ring-
ing, overshoot, and other distortions will be found at the 
beginning and end of a high-frequency pulse. 
The example in Fig. 3 is the output pulse shapes of an 

ECL synchronous decade counter. Where are the 10% 
and 90% levels? Variations of at least 50 to 75 millivolts 
can be seen where the 0 and 100% levels are supposedly 
located. A good dynamic test system will detect 10-mv 
noise signals at very high frequencies, so variations in 
the references will show up in the test results if the con-
ventional pulse spec is used. 

However, note how clean the transitions are through 
most of their rise and fall times. The correct procedure 
is to set up the test system to detect specific levels in the 
transitions, measure the time between levels, and agree 
to specific test conditions. Then, both IC manufacturer 
and user will have a correlatable performance measure. 
The moral to be followed in dynamic tests is: bipolar 

switching devices are sensitive to absolute voltage lev-
els, not percentages. A well-designed test system detects 
levels to test, not measure, device characteristics. 
Many dynamic testing problems stem from the basic 

design and specifications of subsystems in the test sys-
tem. These must also be understood to make mean-
ingful tests. 
The greatest single source of error in most pulse-test 
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systems usually is the digitally programed pulse gener-
ator. For example, pulse delay is traditionally specified 
from an arbitrary starting time (t„ in Fig. 4) to the mid-
point of the first transition at minimum rise time. But 
the minimum time may not be used, making the real 
delay parameter unknown. Good pulse generators are 
capable of 1-ns rise time, while many device tests re-
quire 3 ns. 
The ambiguity is illustrated in Fig. 4—the desired de-

lay, and therefore the midpoints of the pulse leading 
and trailing edges, are not defined. This would prove 
troublesome when a characteristic such as skew is to be 
measured accurately, since that measurement depends 
on the delay between voltage points on two pulses. 
• In a device such as a large-scale memory lc with sev-
eral inputs, if the skew tolerance is, say, 5 ns, the input 
pulses should be timed within 0.5 ns lest cumulative 
test-pulse errors be larger than the skew tolerance. Fur-
ther, if times between input and output transitions of 
the lc are to be measured, the combined uncertainties 
can leave the lc user completely in the dark as to actual 
device performance. 
The pulse generator spec follows classic practice, go-

ing back to the days when engineers put together instru-
ment collections for bench tests. Not knowing the setup, 
the device, or the fixturing involved in the end use, in-
strument manufacturers gave the performance limit. 

Shaping up 

A bench setup can be tuned by adjusting the instru-
ments and watching a scope until the test stimulus ap-
plied to the device has the desired shape. This is the 
procedure followed in many dynamic test systems. The 
pulse-shape-and-timing spec is written by the device de-
signer. When this spec is used to program the pulse gen-
erator, the actual pulse arriving at the device pin is en-
tirely different—it is changed by line delays, line 
distortions, fixture bandwidth, high-impedance test 
probes, and other total-system factors. By trial and er-
ror, the test programer and the technicians rewrite the 
program until the right pulse comes out of the test con-
nector or probe. Meanwhile, the test system is down. 
The tester manufacturer cannot adjust the pulse gen-

erator in advance—he cannot foresee all the changes the 
user may make in test specs, fixturing, and load boards. 
The latter are needed to make ac and dc tests. The clas-
sic, universal fixture will not take all types of Ics. 

Typically, this fixture has a device socket as its hub, 
with signal lines radiating out like the spokes of a wheel. 
The fixture is a compromise, which allows ac and dc 
testing to a point. That point is reached when the leads 
become too long. Some devices cannot be tested in the 
nanosecond region unless leads are shorter than 2.5 
inches and unshielded. Try to put together a radial fix-
ture for 40-pin packages and not exceed a diameter of 5 
inches—it can't be done. 
Nor can longer, smaller coaxial cables be used in 

many cases—DTL and several ra, families cannot be 
tested accurately in such a low-impedance environment. 
And though ECL can drive 50-ohm lines, the pulse deg-
radation problem remains. 
What's the solution? In addition to advanced fixture 

design, the important factor is to use the system's test 

ME' 
3. How high the pulse? Pulse rise and fall times are conventionally 

defined as the time taken to go between the 10% and 90% ampli-

tudes. But the references at the zero and 100% levels are lost in 

noise. Times should be measured between voltage levels in the 

clean regions of the pulse transitions. The upper waveform is the 

fours ouput of an ECL decade counter at a scale of 200 mV per verti-

cal division, the lower trace is the clock at 500 mV per division; the 

horizontal scale is 20 nanoseconds per division. 
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4. Pulse-generator errors. Specifications of pulse generators typi 

cally give the delay t„ at minimum rise time, which may be 1 ns. 

When a longer rise time is desired, the delay is unknown. Error can 

be avoided by having the test system calibrate the pulse. 

capabilities to adjust the signal source programing. 
Instead of rewriting test specifications each time sys-

tem operating conditions are changed, provision should 
be made for system self-test. A computer in the system 
makes this fast and practical. The program is written so 
that the computer analyzes the pulse or other stimulus 
right at the test socket. Then the computer automat-
ically changes pulse generator settings until the desired 
pulse is obtained. Like the engineer using a benchtest 
setup, the computer makes a calibration run before the 
test run. 

Since the stimuli are virtually identical .to the test 
specs, test results obtained by different test systems are 
reproducible without much program debugging. The re-
sults are correlatable even if the specs are improperly 
written. 
The choice between real-time or sampling tests de-

pends on the tests to be made. Experience indicates that 
real-time testing is more generally applicable. Figure 1 
shows a real-time test system. Such a setup makes dis-
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crete, digital tests. A gate is triggered by a single pulse, 
for example, to test propagation delay. 
A sampling system basically is an analog tester. It 

may pulse the gate 500 or 1,000 times so the waveforms 
can be inspected and measured with a sampling scope 
or other detector. This type sometimes is preferred be-
cause smoothing or averaging techniques can be used to 
make accurate measurements in a high-noise environ-
ment. In principle, the concept resembles the classic in-
tegrating techniques for averaging out broadband noise 
riding on a dc or low-frequency signal. 
To make nanosecond pulse tests, the real-time system 

must have a bandwidth from dc to at least 350 
megahertz. For economy, the same system is used to 
make low-frequency and dc tests. Consequently, it may 
pick up broadband noise from the low-frequency test 
responses. 
On the other hand, the sampling test may not be able 

to simulate ic applications. And another major objec-
tion is that some types of sampling tests take a relatively 
long time, slowing throughput. Furthermore, sampling 
is really a measurement technique rather than a digital 
test method. 

Consider the actual operation of an output buffer in a 
core memory. Each memory output pulse should put 
the buffer output in a known state. The buffer gets one, 
and only one, pulse to make this decision. It does not in-
tegrate and sample the pulses. 

It's true that within a millisecond the buffer may be 
switched by 1,000 pulses. Repetitive pulsing of a sampl-
ing system simulates this and is therefore useful in mea-
suring temperature-dependent characteristics. But the 
real-time system gives the option of cold or warm tests, 
or both, in a short time. A device can be tested cold with 
a single pulse (to represent performance during inter-
mittent operation, for example). Then a train of clock 
pulses can be applied for as long as desired to reach op-
erating temperature. Finally, the clock can be removed 
and a single test pulse applied immediately. Note that 
the rate and duration of the clock pulse may be inde-
pendent of the test pulse, making test conditions still 
more variable. 
The real-time system also can perform averaging 

functions. In this configuration, the device is pulsed 
repetitively and the results of each test statistically aver-
aged by the computer (the digital tests can simulate the 
analog sampling measurements). 

Testing time 

Another point to be considered is the time needed to 
check out an IC that requires a large number of condi-
tioning pulses so that internal states can be set up for a 
test. Such tests are common in LSI testing. One of the 
simplest LSI devices is an mos shift register that has se-
rial entry and serial output. A length of 1,024 sequential 
stages is typical. To test such a device completely, the 
register requires 1,024 pulses at a single input before a 
known state is detectable at the single output. If the reg-
ister must be recycled many times, the test time be-
comes long indeed. 
A simple binary circuit such as an R-S flip-flop must 

be toggled repetitively for a propagation delay test in 
sampling system. Pulses must be applied in rapid alter-

5. Sorting it out. A tough problem in production- line IC testing is to 

interface an automatic handler with a nanosecond system while pre-

serving signal integrity. One solution was to use a carefully designed 

interface to te Daymarc 852 "stick-to-stick" sorter. 

nation to the reset and set inputs. Although toggling has 
nothing to do with the delay time, two pulse generators 
must be provided. programed. set up, and debugged. 
The real-time tester applies one pulse to the set input, 

measures the on propagation delay. pulses the next in-
put, makes another measurement, and continues until 
the test conditions are exhausted. Since pulses are ap-
plied serially, only one pulse generator is needed. 

Finally, the test-system user also must recognize the 
limitations of resolution. The system must look at a 
noise bandwidth extending to beyond 350 mHz when 
testing a device such as an ECL circuit, with switching 
transients on the order of 1 ns. Further, a well-designed 
system that is flat beyond 350 MHz will also see fre-
quency components in the gigahertz region. These will 
be attenuated, but they will still affect the ability of the 
system to reproduce precise measurements. For ex-
ample, a voltage swing of 1 volt that takes place in 1 ns 
corresponds to 1 mv / picosecond. 
Suppose that a typical real-time test system is ex-

pected to have 10 picoseconds as the least-significant 
digit since 1() ps can be equated to 10 mv in a 1-ns mea-
surement. This means that the entire system is being 
limited by : 0 mv of noise throughout a noise band-
width greater than 350 MHz. Also, note that 10 ps re-
lates to 100-GHz frequency components. 
A fast Ic's parasitic oscillations do go to frequencies 

above 1 GHz. Any oscillation with more than a few mil-
livolts of amplitude will significantly affect the repro-
ducibility of time measurements—they figure in the 
measurement circuits, the pulse sources, and the IC it-
self. There is no sure way of precisely measuring and re-
jecting noise levels of less than 10 mv in the gigahertz 
region while detecting a very fast digital transition. 

At present, it is more difficult to achieve 3% resolu-
tion in high-speed dynamic testing than 0.1% at dc or 
low frequencies. Be satisfied for now with 3% accuracy 
and save the 1% tests for tomorrow. 
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• Full Programmability )1RN''iZ 
• 0.001 Hz to 2 MHz Range 
• No Switching Transients 
• 0.001 Hz Resolution 
• Direct Digital Technique 
NO MIXING OR PHASE LOCKING 

• ity-70db SPURIOUS High Spectral Pur —60db HARMONIC 

• High Stability 22 >),, 00 3., ; °Cc serN ,DOANRAD 

• Precision Attenuator 
0 TO 85db IN ldb STEPS PLUS CONTINUOUS CONTROL 

(PROGRAMMABLE ATTENUATION OPTIONAL) 

• High Output Voltage 
10 VOLTS P-P, 50-OHM SOURCE IMPEDANCE 

ROCKLAND 
131 Erie Street E., Blauvelt, N. Y.10913 • (914) 359-1818 

SYSTEMS CORPORATION 

ROCICI-RND 
Electronics/November 8, 1971 Circle 95 on reader service card 95 



A low-cost oscilloscope 
that keeps up with changing applications 

When you shop for a low-frequency oscilloscope, you'll want to know about the measure-

ment capabilities, exclusive cost-saving features and flexibility provided by the new 

TEKTRONIX 5100 Series. 

First, you start with the 5103N three plug-in mainframe. 

Then, select your display from four interchangeable units with 6-1/2 inch CRT's: 

single beam single-beam storage 

Assemble the main-

frame and display 

unit into a cabinet 

dual beam dual-beam storage 

or rackmount. 

Now, add the low-cost plug-ins of your choice. 
Today, there are six vertical amplifiers and 

three time bases to choose from with more 

on the way. Bandwidth is DC to 2 MHz, 

depending upon the amplifier plug-in. 

When your applications change, just buy components 
instead of a complete oscilloscope. Interchangeable 
display units let you update to dual beam, or storage, 
or dual-beam storage by simply buying a module—not 
a new scope. Here's another way to save. When your 
applications call for a new configuration, you can change 
these oscilloscopes from cabinet to 5-1/4 inch rack-
mount and back. It takes only a few minutes and a low-
cost kit. And with plug-in flexibility you solve many mea-
surement problems in one mainframe. 

The most exciting part—low-cost. If you choose a D10 
Single Beam Display Unit assembled with the 5103N, 
2 ea. 5A2ON 50 0//div 1-MHz Differential Amplifiers 
and the 5B1ON Time Base, here's what you get. iiimm> 
The cost? Only $1045 in cabinet or rackmount ( includes 
slide assemblies). You can choose an X-Y oscilloscope, 
cabinet or rackmount, for as little as $590. 

U.S. Sales Prices FOB Beaverton, Oregon 

TEKTRONIX' 
committed to 

technical excellence 

Contact your local 
Field Engineer for a 
demonstration and 
complete details. 

1 — — me. 

v.. 

, 

t. A ... 
,.,, • 

C 

e 
4.^:. 

.... 1.111•11•11. 

.... 
, 

t 1« 
.z: 

, 
... ... 

ita-- — 
'" 1.7. 

• , 

wee p•••••••m•Ill gem 

t :. 
.. 

WO% ••••••••••Ill 

- ... l•-• 
W.. 

Circle 96 on reader service card 



Probing the news 

When will Picturephone break out? 
Not before switched intercity service is available, say trial users; 

transmission—link problems must be worked out before costs fall 

by Lyman J. Hardeman. Communications & Microwave Editor 

With less than 100 Picturephones 
in actual commercial service, the 
Bell System's bright star seems to be 
fading far behind the goal set three 
years ago by AT&T Chairman H. I. 
Romnes of 1 million subscribers by 
1980. In fact, some sources predict 
that it will take over 20 years to get 
Picturephone into homes. The chief 
reason offered so far for Picture-
phone's lagging progress is "a de-
pressed economy," but looking 
ahead, the biggest question seems to 
be whether the service will catch on 
when the economy improves. 
The answer to that question de-

pends on when intercity switched 
service will be available and how it 

will be achieved; whether tech-
nological problems in making the 
equipment and in reducing band-
width requirements can be over-
come and whether Picturephone 
service charges can be justified. 

Field trials for intercity links have 
been technically successful, but user 
demand was so light that the main-
tenance costs did not warrant com-
mercial service. And AT&T has re-
tracted its application with the FCC 
for intercity service. 
Another reason for AT&T not go-

ing intercity with Picturephone is 
that New York State's Public Ser-
vice Commission has rejected the 
telephone company's bid to initiate 

the service in New York City. With-
out being able to connect to the 
city—headquarters of many giant 
national corporations— Picture-
phone may remain more of a nov-
elty than a practical communi-
cations tool. 
The 100 Picturephones in com-

mercial switched service are in Chi-
cago and Pittsburgh. In an attempt 
to get subscribers, Illinois Bell cut 
tariff rates by 50 percent. Intracity 
switched service was set at $75 per 
month ($50 for line service and $25 
for the set rental). There is no instal-
lation charge, and additional sets 
can be connected for conference or 
intercom use at $25 per unit; this 

The station set. The Picturephone set consists of four units, including the standard pushbutton telephone, display unit, and control unit 

shown. A fourth service unit ( not shown) conlains the low-voltage power supplies, control circuitry, and the station set equalizer. 



Probing the news 

monthly charge includes 30 minutes 
of free use. Additional use costs 15 
cents a minute. 
Though Bell refuses to estimate 

what charges will amount to in 
widespread use, one guess from in-
dustry sources is $30 a month. 

But despite this active marketing 
effort, Illinois Bell claims only 37 
working stations representing 16 
customers. The company does have 
orders for 113 more units, most of 
which are planned for installation 
by year-end. 
Go intercity, young service. The 

first users represent a cross-section 
of businesses. The list includes law 
and real-estate firms, hospitals, tele-
vision stations, publishing and 
printing companies, and industrial 
corporate headquarters. The users 
in Chicago and Pittsburgh have 
been creative in uncovering new ap-
plications for video telephones. 

But they still believe Picture-
phone will have to go intercity be-
fore it really takes off. Officers at 
Hartnutt-Show and Associates, a 
national real-estate company with 
headquarters in Chicago, use Pic-
turephone six to eight times a day, 
averaging over five minutes per call, 
according to Stephen Sanders, a 
spokesman for the firm. Most calls 
are between the president or the 
chairman and the firm's law offices 
located in another part of the city. 
"We would love to be able to talk 

to our branch offices in La Jolla, 
Calif., via Picturephone," says 
Sanders, "A live on-site view of our 
condominium project there would 
eliminate a number of trips to the 
site by our board chairman." 

WLS-TV in Chicago has also found 
interesting applications for Picture-
phone. "We were the first to use Pic-
turephone on television," claims 
Squire Rushnell, the station's pro-
grams manager. "We have a morn-
ing talk show where viewers can call 
in and participate," he says. "Pre-
viously this show was done by voice 
only. Now, with several Picture-
phone terminals installed in public 
places, viewers can call in and their 
expressions, as well as their voices, 
can be captured." 
While this may be a novel role, 

another use of Picturephone in the 

Assembly Ilne. Over 1,000 Picturephone sets (very low volume by ATGT standards) have 

been assembled and tested at Western Electric's Indianapolis plant. 

television industry may be more im-
portant. With intercity service, a lo-
cal TV station could call a Congress-
man. for example. for a live 
interview on the evening news. 

Technology. Picturephone is one 
of the most complicated instruments 
ever aimed at widespread use. It 
must not only transmit and receive 
good-quality TV images, but it must 
operate as reliably as the telephone 
under varying temperatures and be 
able to withstand the hazards of 
subscriber abuse. 
Even though the system has been 

in development since 1964, there are 
still difficulties with transmission 
and terminal requirements. Accord-
ing to William Cagle. who heads 
Picturephone development at Bell 
Labs, Holmdel, N.J., the stickiest 
technical problems do not concern 
the station sets, but the switched 
transmission links that connect these 
sets. While the intercity links are 
technically feasible. they may be 
prohibitively costly for many users. 
The transmission plan considered 

most feasible by Bell uses digital 
links for the long-haul portion of the 
network and analog links for the 
short-haul sections connecting the 
customer to the local exchange of-
fice. Analog transmission for these 
short lengths uses 2 sets of wire pairs 
for video (one video signal in each 

direction). Voice is transmitted via 
conventional means. Pulse code 
modulation must be used, says 
Cagle. to maintain the required pic-
ture quality over long distance. 
Since the transmission lines are 
costly. sophisticated and expensive 
terminal equipment can be justified 
to reduce the signal bandwidth. 
An analog Picturephone signal 

uses 1 megahertz of bandwidth. 
about 250 times the 4-kilohertz 
channel used for voice circuits. After 
PCM coding for long-distance trans-
mission, the video signals require 
about 100 times the bandwidth of 
the coded voice signal. Techniques 
are being studied to reduce this fac-
tor even further so that the PCM sig-
nals may be carried at a 15-mega-
bit-per-second data rate. 
Spokesmen at Bell believe that 

with volume Picturephone use, its 
long-distance rates can be reduced 
to about 10 times that of the tele-
phone. 
One problem in manufacturing 

Picturephone has been magnetic de-
flection camera tube using an array 
of silicon diodes as the sensing ele-
ments. [Electronics, Jan 19, 1970, 
p. 131]. "Reproducibility problems 
in manufacturing a silicon target 
camera tube haven't been easy to 
overcome," says Cagle. "But the 
serious problems are solved." 
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When you come to 
us for connectors, 
you could have your whole job 
wrapped up. 

In the old days, we made con-
nectors only to your specifications. 
We still do. But now we've gone a lot 
further. 
We added off-the-shelf connectors. And now 

we'll mount either type to your specifications. And we'll 
have them wrapped to your specifications. 

In short, we'll give you a connector or a complete wired 
backpanel assembly. Or anything else in between. 
You save time, money and aggravation, because you don't 

have to set up an in-house operation. 
And we can probably do it at lower cost because we make our 

own plastic bodies, form our own contacts, and assemble our own 
connectors. We even draw our own wire for wrapping. 

It used to be you could only corne to us for connectors. 
Now you can throw the whole wrap at us. 
To find out what we really can do, call Russ Sanders at 814-723-2000 

or write him at GTE Sylvania, Precision Maierials Group, Parts Division, 
Warren, Pennsylvania 16365. 

1:31B SYLVANIA 
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Commercial electronics 

'And leave the designing to us' 
Lambda Electronics provides free custom power-supply designs if 

customer buys the parts from the firm and does his own assembly 

by Alfred Rosenblatt, New York bureau manager 

Custom design is a get-what-you-
pay-for proposition at most elec-
tronics companies: to obtain special 
features they have to incur special 
design costs. Dissenting, however, is 
Lambda Electronics Corp., Melville, 
N.Y. That long-time manufacturer 
of' off-the-shelf power supplies will 
throw in custom design and engi-
neering free, provided the customers 
buy Lambda-furnished parts and 
assemble them themselves. 

This new approach is geared 
toward capturing the custom power-
supply business Lambda has long 
ignored. With sales of about $ 15 
million, it figures it is the largest 
maker of off-the-shelf supplies. 
And the custom business it's now 

after, says Merrill Simon, 
Lambda's marketing vice president, 
is "very, very big," bigger than the 
test equipment, laboratory and 
breadboard markets combined. He 
estimates that altogether, power 
supplies built in-house and by cus-
tom suppliers for makers of all types 
of electronic original equipment are 
worth anywhere from $300 to $500 
million yearly. This size is the rea-
son why Lambda is expanding its 
assemble-it-yourself standard sup-
ply kit program introduced about a 
year ago to include custom units. 

Requirements. The parts charge 
alone, says Lambda, will cover such 
special design requirements as mul-
tiple output voltages and currents, 
regulation, ripple, and form factor. 
The firm will design circuits, make 
thermal design calculations, and de-
velop a components layout to assure 
operation at a safe temperature. 
Lambda is betting that it can 

handle its custom orders routinely 
and swiftly, relying on its 23 years 
experience in designing its own 

standard units. Simon notes that 
power supply design requires the 
cooperation among circuit, mechan-
ical, and thermal engineers. 
"Many companies can't afford to 

keep one full-time supply designer 
on staff, let alone three," he says. 
"That's why they turn to outside 
help." Lambda didn't want to sell 
custom supplies in the usual way. 
"We'd just have to be cheaper and it 
would be hard to beat the guys al-
ready in the business." 

You do It. Merrill Simon has Lambda tack-

ling do-it-yourself custom power supplies. 

At present, output limits in 
Lambda's kits are set at about 150 
volts dc and currents of 25 amperes 
dc for regulated lines, and 50 A for 
coarsely regulated lines. Input may 
be any of the 50- and 400-hertz and 
110 and 220-v power systems usu-
ally available. 
The upper limits on the outputs 

coincide with the operating ceilings 
of the components Lambda has 
been using in its standard supplies, 
particularly of the integrated circuit 
hybrid regulators Lambda has been 
offering since spring [Electronics, 
March 15, p. 123]. "Without the hy-
brid regulator, you might as well 
forget about the whole thing," Si-
mon says. This single device re-
places as many as 60 discrete com-
ponents, he points out; without it, it 
would be impossible to custom-de-
sign a system with so many parts at 
no charge. 

Savings. As for his customers' ad-
vantages, Simon notes that equip-
ment manufacturers will save 
money because they won't have to 
pay for the value added plus profit 
to an outside supplier. What's more, 
the manufacturer will have better 
control over his production—he 
won't have to worry about a sup-
plier meeting delivery dates. And 
with a short lead time, the customer 
will be able to respond quickly to 
fluctuations in sales volume, so that 
he won't be stuck with a shipment of 
assembled supplies arriving after a 
decision to curtail production. 
Simon also points out that 

Lambda will be providing parts it 
orders "in tremendously large quan-
tities" for its standard line of sup-
plies. Consequently, it will be pos-
sible to pass on to custom-parts 
customers the cost savings incurred 
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by ordering parts in large volume. 
Lambda's competitors have other 

views. At Kepco Inc., Flushing, 
N.Y., a spokesman says that firms 
specializing in building power sup-
plies can do the job for considerably 
less than companies whose forte is 
assembling other systems. 
James R. Bright, director of sales 

at the Electronetics division, North 
Electric Co., Galion, Ohio, another 
Lambda competitor, agrees, espe-
cially for production runs in the 
thousands of units which could be 
where outside suppliers will con-
tinue to have the advantage. He 
says his custom supply customers 
would generally realize a greater re-
turn on their labor dollars if they 
devoted them to manufacturing 
their particular line of equipment, 
rather than power supplies. 

But Lambda counters that cost 
savings may still be great enough to 
warrant in-house assembly. Another 
factor to be considered, according to 
Bright, is that the OEM's dollars may 
be unnecessarily tied up in parts 
during the time it takes to receive 
them, put them into stock, and 
move them out to the assembly 
floor. Ordering completed supplies, 
delivered when needed, could pre-
vent this, he feels. 

Quotes. Yet, Lambda has been 
quietly pushing its idea since June, 
and the company has quoted on at 
least a hundred different systems, 
says Simon. Customers include 
manufacturers of communications, 
medical electronics, peripherals, and 
cable television gear. 
One buyer is Intercontinental 

Services Inc., Sparks, Nev. Edward 
J. Trent, assistant general manager, 
claims he will save more than $400 
on each supply his company assem-
bles. Intercontinental, a 23-man op-
eration with a five-man assembly 
shop, manufactures keno ticket-is-
suing machines for casinos. The 
company ordered 100 custom kits 
and expects a production run of 400 
to 500 machines. 

Cost of parts for each supply, 
which includes two transformers 
providing five regulated and three 
unregulated outputs, is $280; pro-
jected assembly cost is $50. An addi-
tional $ 12 per supply is for power 
transistors Trent is buying himself. 
Separate off-the-shelf units supply-
ing the outputs would have cost 

close to $ 1,100, Trent says. And the 
quotes received frorp custom houses 
"invariably" were in the $700 to 
$800 range, he adds. 
Work-maker. Trent says assembly 

of the power supplies is an "ideal 
time filler for slack periods." Alan 
Selin, a test supervisor at the Instru-
ment division, Perkin-Elmer Corp., 
Norwalk, Conn., also cites this as a 
reason for building his own power 
supplies. Selin says his company is 
considering putting Lambda custom 
do-it-yourself kits in some of its 
atomic absorption gear. 

Still another reason is cited by an 
engineer at Hughes Aircraft Co., El 
Segundo, Calif. He needed about 
two dozen power supplies for pro-
totype ground receivers and went to 
Lambda because he wanted to "use 
their expertise in picking compo-
nents. We're in the microwave busi-
ness, not in the power supply busi-
ness," he points out, adding that his 
requirements were very similar to 
what Lambda was already offering 
in a kit form. 
A similar sentiment is held by T.J. 

Meloro, a supervisory engineer at 
Bendix Corp.'s Navigation and 
Control division, Teterboro, N.J. 
He's "considering" purchasing 
Lambda-supplied parts to fit a cus-
tom design for his company's BDX-
9000-series of commercial ground-
based digital computers. Like the 
Hughes man, Meloro says he's in 
the computer design business and 
would rather not devote manpower 
to designing supplies, or even to se-
lecting the proper components. 

Confidence. He trusts Lambda's 
experience in handling these chores 
and describes its approach as offer-
ing him something halfway between 
an off-the-shelf supply and a fully 
customized design. And he adds: 
"We'll get a custom design without 
having to pay for the design labor 
and the extra cost of designing 
something from scratch." When it 
comes to building the power sup-
plies, Meloro will schedule the work 
in with the assembly of the rest of 
the computer. 
Lambda's Simon calculates that 

production runs as low as 25 pieces 
could justify the engineering his 
company is ready to provide with 
the power supply kits. Just where 
the economical upper limit lies, 
though, varies from case to case. Ei 

Our Reconstituted 
Mica Capacitors 
Are Tested Harder 

You get higher 
capacitor reliability 
for less 

Because Custom Electronics, Inc. 
is the reconstituted mica capaci-
tor maker who precisely grades 
the dielectric material before it 
reaches production, other manu-
facturers' final mistakes are never 
started at Custom. The result is 
fewer production rejects, and 
lower job quotes for Custom Elec-
tronics' customers. Add this grad-
ing system to Custom Electronics' 
rather fanatical Quality Control ef-
forts throughout the production 
process, and it becomes clear why 
our client list reads like the who's 
who of high voltage electronics. 

If your high voltage capacitor 
needs are RELIABILITY and IM-
MEDIATE SERVICE write or call 
Custom Electronics, Inc., Browne 
St., Oneonta, N.Y. 13820. Phone 
607-432-3880. TWX 510-241-8292 

The QC Fanatics 
STOIVI 

CUSTOM ELECTRONICS, Inc. 
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Commercial electronics 

Point-of-sale gear set for takeoff 
Makers of retail store electronic terminals, cash registers, and coding 

schemes are ginning up for push that could bring $650 million market by ' 75 

by Paul Franson Dallas bureau manager 

Electronic point-of-sale equipment 
is moving at last. Already, 7,000 ter-
minals are operating and makers 
now expect to convert a goodly 
number of cash register rings into 
steady electronic hums by 1975. De-
spite the cautious trial-and-error ap-
proach taken by retailers and the 
lack of standards (see "Standards: 
Point of Contention," p.105), some 
170,000 units worth $650 million are 
expected to be humming away by 
1975, according to research by Dean 
Witter & Co., New York City. 

Right now, five major companies 
dominate the point-of-sale market— 
Unitote, Singer-Friden, NCR, Pitney 
Bowes Alplex, and Litton Indus-
tries' Sweda division. Singer-Friden, 
New York City, scored a major coup 
with an order for 19,000 terminals 
from the Sears, Roebuck organiza-
tion, and the success is not lost on 
other electronic companies, includ-
ing IBM. which are carefully eyeing 
the point-of-sale equipment market. 

Retail stores are now looking 
closely at what point-of-sale equip-
ment can do and what it costs. Con-
ventional cash registers cost $2,200 
to $4,600, but prices of electronic 
units are more difficult to deter-
mine: A terminal that lists for 
$1,900 may end up costing $9,000 
installed with all the required tele-
phone lines, back-room computers, 
and other equipment. The registers 
alone are generally in the $3,000 to 
$4,000 range, with some of the 
equipment costing $5,000. 
There seems to be general agree-

ment on what the retailer wants: 
"We'd like complete merchandise 
tracking, on-line credit checking, 
full management information, and 
reliability—at the same price as a 
conventional register," says Irving I. 

Solomon, vice president and man-
ager of the Information Systems di-
vision of the National Retail Mer-
chants Association. And he adds, 
"nothing is available that does 
that." Roy Burns of the Dayton Co., 
Minneapolis, operator of the Target 
Discount Stores, agrees. "The real 
incentive is increased information." 
Where it's at. The terminal itself 

is only the beginning, the "tip of the 
iceberg," says C.S. Adams, vice 
president of Litton Industries, and 
head of the group that includes 
Sweda, of Orange, N.J., and Stock-
holm. Litton is working on other as-
pects of information for retailers: 
point-of-receipt terminals for mer-
chandise and management systems. 
The company's complex termi-

nals are virtual minicomputers with 
two-way telecommunications capa-
bility for credit verification, man-
agement reports, and maintenance 
of customer accounts. Electronic 
cash registers, too, are expected to 
take off, but this market is hard to 
pinpoint because significant sales 
and installations have been made 
only in this year. 

Point-of-sale terminals have been 
in use since at least 1962, when Uni-
tote started installing its models. 
These registers used electrome-
chanical relay logic, and resembled 
conventional cash registers. 
The next step up is typified by the 

Singer-Friden store-and-forward 
system, which stores data on a tape 
that is polled automatically by a 

More than a cash register. The Olivetti AR 600 point-of-sale terminal reads customers tick-

ets, records sale, and checks credit instantly. 
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Right for the times! 

Here's why these new counters— offered in 
four frequency ranges of 50, 200, 512 MHz and 
3 GHz —are right for today's requirements: 

New 6150 series expandable 
universal counter-timers. 
S-D developed this line to handle almost every 
counter/timer requirement— bench and sys-
tems. Four basic models cover frequency 
ranges of 50, 200,512 MHz, and fully automatic 
3 GHz. Buy for current requirements and up-
grade frequency range at any time. These in-
struments were designed from scratch for 
programmability: single line or binary, total 
control including attenuators, and analog or 
digital trigger level control. 

COUNTER TIMER MODEL 6153 

SYSTRON 

6150 options and features: Choice of 100 nsec 
or 10 nsec TIM resolution—choice of five oscil-
lators—four types of BCD output— up to 9-digit 
readout — versatile remote programming — 
3 1/2" height in full rack width — 10mV rms reso-
lution to 0.1 Hz. 

Expandability. The expandable counter con-
cept satisfies many needs, present and future. 
Why? Because it's so simple and economical 
to upgrade the frequency range of your count-
er and add options. BCD output, additional 
readout digits, and a 200 MHz frequency range 
(in place of 50) are added by inserting new 
plug-in PC cards right inside your lab in min-
utes. Go to 512 MHz or 3 GHz, higher stability 
oscillators, 10 nsec TIM resolution (on 6150 
universal series), and remote programming— 
all are offered as expandable option kits in-
stalled by your local S-D service center. 

50 200 512 3 
MHz MHz MHz GHz 

Universal Model: 6150 6151 6152 6153 

Counters Price: $1195 $1495 $2150 $2995 

MOLD 

OvniT • 

AAIT A 

RATE 0 

41111,141 

DONNER 

Concord Instruments Division, 888 Galindo Street, Concord. CA 94520. Phone: (415) 682-6161 
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IT WORKS A LITTLE 
BETTER WITH NOMEX. 
SO DOES MOTOROLA. 

Flyback transformers can be a 
big problem. But not at Motorola. 
Not si ncethey switched to NOMEX 
nylon as the layer insulation for 
the flyback transformers of all 
their TV sets. Motorola finds 
NOMEX to be a superior insulation 
and easy to work with. 

NOMEX works well—even in rough situa-
tions. It's moisture-resistant, so it maintains 
its high dielectric strength under conditions 
of prolonged high humidity. It can operate at 
high temperature ( up to 220° C.), is non-
melting, and is self-extinguishing with no 

flaming drip. U.L. rates NOMEX in Flam-
mability Solid Burning Class SE-0. 

And NOMEX is exceptionally tough 
and flexible. So it's easy to handle. 
Its non-slick surface helps Motorola 

to maintain a high-quality pro-
duction yield in the area where 
wire slippage can be a problem. 

So if you'd like things to 
work a little better—work 
with NOMEX. For samples and 
more information, write: 

Du Pont Company, Room CRB 3156, Wil-
mington, Delaware 19898. 

*Du Pont registered trademark. 

NOMEX. The difference may be pennies, but your good name is worth it. 
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central computer after business 
hours. These registers can provide 
vital management information, and 
if desired, data for billing customers 
with credit at the store. But they 
cannot give on-line credit checks. 
A variation of the stand-alone 

register with the individual recorder 
permits a number of independent 
registers to share a single recorder 
that can be polled or operated off-
line. NCR, Dayton, Ohio, is a propo-
nent of this approach, but the com-
pany has also introduced a cassette 
recorder usable with a single ma-
chine. Singer-Friden and Sweda 
have similar systems. All can be 
adapted for credit checking. 

For stores with many cash regis-
ters, a minicomputer with memory 
and central credit files can provide 
considerable information to the lo-
cal manager, and greatly reduce the 
number of communications to the 
central installation as well as the 
amount of mainframe time. All of 
these registers stand alone. Com-
pletely computer-controlled regis-
ters, however, cannot operate 
alone—or at least they have very 
limited capability without their con-
troller to tell them what to do. 
A must: Reliability. The major 

questions about computer-con-
trolled registers concern reliability: 
a merchant cannot afford to have 
his cash register quit, even for an 
hour, if that hour is on a Saturday 
just before Christmas. Here, min-
icomputers look best: They are 
readily adapted to simple changes 
in operating procedures and are rel-
atively inexpensive since the logic 
and operating memory of the mini-
computer are shared among many 
terminals, while the stand alone-ter-
minal must contain its own. How-
ever, recent developments in inex-
pensive computers, calculators on a 
few mos chips, and inexpensive mos 
memory may reduce very rapidly 
the advantage of minis. For ex-
ample, North American Rockwell 
Microelectronics Corp., Anaheim, 
Calif. recently announced a set of 
mos chips designed for cash register 
use; other mos firms are known to 
be quite interested in the business 
[Electronics, Oct. 25, p. 26]. 
These new cash registers hold a 

Standards: point of contention 

While business has perked up for retail point-of-sale systems, there still re-
mains a nagging problem of standardization in this neo-industry. Five com-
mittees are working for over two years under National Retail Merchants As-
sociation sponsorship to hammer out specifications for exactly what store 
owners need. 

So far, the many divergent approaches vying for leadership have prevented 
NRMA from coming up with the answers. One rub is in coding—NCR has a 
three-color optical bar tag with complete equipment to run a dedicated sys-
tem, Pitney-Bowes Alpex has a two-color optical bar system, and other man-
ufacturers are spread out between punched or magnetic tags. Retailers, 
caught in a storm of sales rhetoric, are playing it cool. Just about every major 
chain is evaluating more than one possibility. 
And the result has been a cautious trial-and-error period. Irving Solomon 

of NRMA says the systems specifications are coming to a head so that in ap-
proximately two months, requirements for point-of-sale equipment should 
be in their final stages. How these specs will accommodate the varied—and 
incompatible— systems remains to be seen. 

Echoing the manufacturing view, Owen B. Garner, vice president, Market 
Development division of NCR, advises, "Total systems must be planned, not 
individual pieces of equipment. Only then will new technologies be compa-
tible with present equipment." 
However, Robert Shinberg, director of research systems for Blooming-

dale's New York, counters, "Do you have to marry one bride? The questions 
of free-standing vs dedicated terminals, number of digits per tag, how much 
information to collect, and how much to leave still have to be researched." 
Once this logjam is cleared, however, Garner predicts, "there won't be a 

retail store that will buy an electromechanical cash register instead of an elec-
tronic terminal." 

lot of electonics: mos and rrL, plus 
older DTL and discrete parts. Singer-
Friden's machines, which have wide 
acceptance, make extensive use of 
MOS RAMS and ROMs, plus TTL. 
Singer-Friden depends on standard 
parts rather than custom, and 
apparently National Semiconductor 
Corp., Santa Clara, Calif., has the 
lion's share of the business. NCR 
uses many custom parts—about 
150—in four-phase mos logic using 
older processes. General Instrument 
Corp., Hicksville, N.Y., supplies 
most of the mos, with NCR's in-
house facilities providing second-
sourcing as well as the design. 
The Sweda terminals now use 

TTL, but are in the process of con-
verting to mos, including some large 
ROMs. Advanced Retail Systems, the 
engineering development and man-
ufacturing group of Litton that 
makes the terminals, is considering 
a number of sources, but American 
Micro-systems Inc., Santa Clara, 
Calif., and Mostek, Dallas, Texas, 
seem likely to share the work. 
Coding. To take full advantage of 
the capabilities of electronic cash 
registers, manufacturers must use 
machine-readable price and stock 
tags, credit cards, and employee 

numbers. Small punched tags (Kim-
ball tags) have been in use for many 
years and are the standard in about 
80% of all major department stores, 
but other schemes seem destined to 
replace them. Kimball itself, a divi-
sion of Litton, has developed mag-
netically coded tags that can be read 
with a hand-held wand. 

Other major companies have de-
cided on optical coding of tags and 
credit cards: NCR is "strongly com-
mitted" according to a spokesman, 
to its three-color (black, white and 
green) coding. But one problem has 
been that this tag requires an expen-
sive encoder, but NCR has just an-
nounced some less-expensive units 
suitable for store use. 

Pitney Bowes Alpex has its tag, 
too: it has black-and-white bars that 
can be prepared inexpensively, and 
can also be easily preprinted on 
merchandise packaging. And just to 
round things out, IBM, Armonk, 
N.Y. recently showed a black-and-
white scheme it calls Delta Distance 
Coding. And though it's a little dif-
ficult to believe that IBM developed 
it just to be nice to the industry, IBM 
still will not comment on whether it 
will jump into the retail point-of-
sale marketplace. 

Electronics/November 8, 1971 105 



Probing the news 

International 

Finnish electronics rides sales wave 
Native companies enjoy soaring sales of goods ranging from 

color TVs to process control gear, with high percentage exported 

by Robert Skole, McGraw-Hill World News, Stockholm 

While the electronics industries in 
the U.S. and parts of Europe are in 
the doldrums, brisk trade winds are 
keeping electronics in Finland on a 
steady course, with some companies 
reporting gains in sales volume of 
65% a year or better. Finland is ex-
porting TV sets to Britain, process 
control equipment to the U.S., and 
telecommunications and factory au-
tomation electronics to both Eastern 
Europe and the West. 

With highly developed mining, 
metalworking, shipbuilding, pulp, 
and paper-making industries, and 
with a we-can-do-it-better national 
attitude, it has not been difficult for 
the Finns to zero in on special areas 
and come up with some highly com-
petitive products. And with a lim-
ited domestic market ( Finland's 
population is only 4.7 million), the 
Finns have concentrated on prod-
ucts with export potential. 

Moreover_ because wages in Fin-
land are relatively low—an assembly 
line worker earns about a dollar an 

hour—companies can keep competi-
tive in the European market. (In 
Sweden, the highest-wage nation in 
Europe, an assembly line worker 
earns about $2.50 an hour.) 
At Sabra Oy in Salo, central Fin-

land, sales growth has nearly 
doubled in recent years. This year, 
sales are up "only" about 65%. Sa-
lora Oy is the nation's leading enter-
tainment electronics firm and the 
second-largest TV maker in Scandi-
navia. The company's sales last year 
were about $ 15 million, compared 
with $9.5 million in 1969. 

Color TV moves. Sabra Oy is 
very strong in TV receivers. It has 
about half of the black-and-white 
and color TV market in Finland, and 
exports about 60% of its total pro-
duction. This year the company will 
make about 110,000 TV receivers, 
50,000 radios, and 1,000 radio-
telephones. About half of Salora's 
35.000 color TVs will go to Tele-
Rent of Great Britain, a TV renting 
firm owned by Granda TV System. 

"We have no marketing problems 
on the color side," says Pentti Im-
monen, Salora's information direc-
tor. "Our entire capacity for next 
year is sold out. Granda will get 
about 20,000 color sets— they'd like 
even more, but so would our other 
customers." 
At the American Mining Con-

gress meeting in Las Vegas last 
month, one of the exhibits drawing 
considerable attention was a Fin-
nish on-line X-ray analyzer for use 
in ore-processing plants. The maker, 
Outokumpu Oy, is confident the 
system can pay for itself within a 
matter of months in some big mines, 
even by scoring an improvement in 
ore recovery of as little as 0.5%. The 
machine automatically analyzes six 
elements in 14 continuously flowing 
slurries, and it can be tied in to a 
computer-controlled system for 
complete closed-loop operation. It 
sells for $250,000. 
Outokumpu Oy is Finland's huge 

state-owned mining company, 
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From 
RF Tube/Cavity 
Combination 
for 1 kW VHF-TV 
Translator 
Service 

The RCA-8792 Cermolox8 Tube/ 
Y1167 Cavity combination, now 
available, is recommended for lkW 
VHF-TV translator service. 

8792/Y1167 provides 12 dB of 
gain with a third order intermodulation 
distortion product of greater than 
—50 dB at 1000 watts in VHF-TV 
translator service. Digned especially 

for such service, this compact 
combination can introduce as much 

as a 4-to- 1 savings in plate dissipation 
alone. Think of the lowered operating 
costs per hour! 

RCA-8792 is a tetrode that has 
surpassed the stringent linearity 

requirements while operating with less 
than the rated 1500 watts of plate 
dissipation—desirable performance 
for translator service. The tube is 
equipped with an efficient, forced-
air-cooled radiator which reduces 
blower noise problems and increases 
system efficiency. Its sturdy matrix 
cathode increases system reliability, 
too—a feature that is ideal for 
unattended locations. 

Y1167 is a cathode-driven, 
double-tuned, coaxial cavity designed 
especially for use with the 8792.1n 
translator service, the module 
amplifies both visual and aural signals. 

For more information on RCA 

tube/cavity combinations, see your 
local RCA Representative or your RCA 
Industrial Tube Distributor. For 
technical data, write: RCA, Commercial 
Engineering, Section 70K-8/ZR6, 
Harrison, N. J. 07029 International: 
RCA, Sunbury-on-Thames, U. K., or 
2-4 rue du Lièvre, 1227 Geneva, 
Switzerland, or P. 0. Box 112, Hong 
Kong. 

RCA 
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Controls 
by Tortes 

control ... indicate ... regulate 
... monitor ... supervise ... alarm 
... data transmission 

With tones you can send and receive all 
the data and controls you need — on a 
continuous, failsafe basis. Over a single 
voice line or RF channel your equip-
ment can talk to you while you tell it 
what to do. Have up to 20 things going, 
all at the same time. 

One way to generate and detect tones is 
with our RF 20. It's a reed that works 
as a filter or tone generator. Gives you 
narrow bandwidth, small size, and very 
low cost. 

Bramco LC, RC and reed modules 
make it easy to put your system to-
gether. Plug them in. Add power. 

Simpler yet, let Bramco TONE-PHONE 
decoders do your switching. Generate 
the signals with a standard tone tele-
phone, or use Bramco TONE-PHONE 
encoders over the rotary dial network. 

Among the many ways to control 
things by tones, there is usually just 
one that's best and most economical 
for you. To find it, just talk to our tone 
technology people. 

For more about controls by tones, ask 
for our catalog 303. Its name is: "Con-
trols by Tones." 

BR AMCO CONTROLS DIVISION, LEDEX INC. 

College and South Streets, Piqua, Ohiq 45356 

(513) 773-8271 

LeDex-
tlie torte 
tech tiologys people 

Probing the news 

which has its electronics research 
laboratories outside of Helsinki. The 
company got into electronics when 
it needed instruments for its own 
ore-processing plants in the mid 
1960's. An early product, a metal 
detector, designed to locate stray 
metal pieces in ore, has been rede-
signed and is now used at airports as 
a weapons detector. 
At Helsinki's Nokia py, a con-

glomerate that is Finland's second-
largest company, outstanding orders 
in the electronics division at the end 
of last year amounted to about $9 
million, more than total net invoic-
ing for the entire year. Nokia also 
makes control systems—for paper 
and pulp, power plants, oil reserves, 
and shipboard automation—and re-
mote control systems for power net-
works. It also produces data logging 
equipment and industrial measuring 
instruments. 
Wanted: U.S. engineers. Nokia is 

planning to build a large factory 
outside Helsinki for its electronics 
division and officials are looking for 
topnotch American electronics engi-
neers with broad research, develop-
ment, marketing, and management 
background. "We want to get fairly 
big quickly, so we can have more 
funding for development work," 
says a company spokesman. "Right 
now we are looking for some top 
U.S. electrical engineers, preferably 
some who have had line experience 
and responsibility." 
Many electronic firms tend to spe-

cialize. Elektronikikkayhtymae Oy, 
for example, specializes in weighing 
and batching control. Oy Labko AB 
makes measuring control and alarm 
systems, while Wallac Oy is in nu-
clear electronics, producing liquid 
scintillation counters, radiation 
monitors, and isotope measuring in-
struments. Philips Gloeilampenfa-
brieken of the Netherlands has a 
plant in Finland making hi-fi equip-
ment, primarily stereo amplifiers 
and fm receivers. 
Nokia Oy got into the electronics 

business, as its marketing man puts 
it, "because we wanted to have 
something to connect our cables to." 
Nokia was organized in 1967 by the 
merger of a paper and pulp firm, a 
rubber company, and a cable works 

(the cable unit had formed an elec-
tronics division in 1967). This divi-
sion will have sales of about $ 15 
million this year, compared with $9 
million last year. Some 30% of sales 
are on export markets, with the ma-
jor single customer the Soviet 
Union. 

East side, West side. Nokia's 
long-range marketing plans call for 
its sales to break down at 50% do-
mestically, 30% in the East, and 20% 
in the West by 1975. About half its 
sales are in process control equip-
ment and industrial electronics, and 
in telecommunications. A large por-
tion are in data processing: it repre-
sents Honeywell Information Sys-
tems in Finland and also 
manufactures modems, data trans-
mission equipment, and paper tape 
readers. In telecommunications, 
Nokia was one of the first com-
panies to produce a 30-channel 
pulse code modulation system. Its 
first unit was operating in Finland 
in 1967. 
Nokia also makes multiplexing 

equipment, line gear, and vhf, uhf, 
and microwave radio links. One of 
Nokia's best-selling single items is a 
multichannel pulse analyzer, whose 
modular design enables expansion 
from 100 to 200, 400, or 800 chan-
nels. About 90% of logic is made up 
of ic's, thus allowing small size and 
weight of only 50 pounds. Nokia 
says price, starting at $5,000, is 
highly competitive. 
Another diversified company that 

has gone into electronics is Oy Fis-
kars AB, which started as an iron-
works in 1649. Fiskars' move into 
electronics came in 1964, with a 
study of the feasibility of estab-
lishing a Finnish semiconductor in-
dustry, especially for thyristors and 
power transistors. 

Product search. Though the semi-
conductor outlook was poor—the 
domestic market was too small and 
international competition was too 
tough—Fiskars continued to search 
for product lines it could get into. 
The first electronic unit was a dc 
power supply, constant voltage rec-
tifier for telephone exchanges. Next 
was microwave ovens, and the new-
est models feature electronic step-
less timers. Ovens make up half of 
Fiskars' total electronic sales of $2.5 
million this year, compared with 
$1.75 million last year. EJ 
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Metal Glaze resistors 
don't crack up under 
stress and strain. 

Metal GlazeTM resistors are made to 
take stresses and strains that crack up 
so many other types. Physicalty and 
eleetr cally, they're tough customers. 

Metal Glaze resistors can take PC 
card flexing, exposure to solvents, auto-
matic machine insertion, potting— and 
general knocking around. The glass-
hard Metal Glaze fi,rn is permanently 
fused te a solid ceramic core. Lead 
wires are soldered to the core in a pat-
ented process.This makes the resistive 
element and the terminatons one con-
tinuous component which, even in its 

sub-assembly form, is mechanically 
stronger than many finished resistors. 
Molded in a tough, environmentally pro-
tective envelope, Metal Glaze resistors 
are practically indestructible. 

Metal Glaze resistors can take their 
share of electrical jolts, too. For power 
handling they're conservatively rated, 
and often can be operated at twice 
rated power without degradation. Short-
time overload and high temperature 
characteristics are excellent. 

Competitively-priced Metal Glaze re-
sistors are available in power ratings 

from 1/8 watt to 2 watts, in ± 196 to ± 596 
tolerances. 
TRW Metal Glaze resistors are avail-

able in quantity from your local TRW 
industrial distributor. Or contact TRW 
Electronic Components, IRC Boone 
Division, Boone, North Carolina 28607. 
Phone (704) 264-8861. 

TRW 
IRC RESISTORS 
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The most complete line 
of sweepers 
between here and 1.4 GHz 

I ri -1 iii 

2001 0 to 1 4 GHz $1695 

1001 0 to 300 MHz $ 995 

1002  0 to 500 MHz $1095 

1003 350 (VIHz to 650 MHz $ 995 

1004 500 MHz to 1 GHz $ 995 

1005 700 MHz to 1 4 GHz $ 995 

No matter what your frequency range or your price range, there's a Wavetek 
Sweep/Signal Generator to fit it. All have laboratory and production capa-
bilities in a rugged solid-state design. They include such features as pin diode 
internal or external leveling, front panel crystal- controlled markers with am-
plitude, width and tilt controls, and up to 90db attenuation. And the frequency, 
amplitude and sweep width may be remotely programmed. So take your pick. 

Circle 110 on readerservice card 
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INDIANA INCORPORATED 
P.O. Box 190, 66 North 1st Ave. 
Beech Grove, Ind. 46107 
Phone (317) 783-3221 



New products 

TI elbows way 
into low-price 
minicomputer race 
by Paul Franson, Dallas bureau manager 

Single-quantity tag of $2,850 

tailored to small user for 

control, automation jobs; 

machine to bow at FJCC 

A giant step toward staking its claim 
in the computer business will be 
taken by Texas Instruments this 
month at the Fall Joint Computer 
Conference when the company's 
Houston Equipment Group intro-
duces a new I6-bit minicomputer 
[Electronics, Oct. 11, p. 93]. 

In a market already rife with se-
vere price cutting. TI will sell the 
960A—which has a 750-nanosecond 
cycle time and 4,000 words of semi-
conductor memory—for $2,850 in 
quantities of one to 100. The lowest 
price previously announced in the 
field was $3,000 for Digital Equip-
ment Corp's PDP 11/05—but the 
$3,000 tag was for quantities of 100. 

Richard Jennings, manager of 
computer marketing for the TI 

group, expects the new computer to 
be attractive for process control and 
factory automation applications: 
not only does it offer the small user 
what is virtually an OEM price, but 
the computer was designed specifi-
cally for use in Ti's own extensively 
automated factories. The new 960A 
uses the small dual-mode archi-
tecture that TI developed in the ear-
lier 960 [Electronics, May 25, 1970, 
p. 159], but the 960A is a completely 
new machine. Jennings says that TI 
engineered it for economical mass 
production, using new components 
and techniques. The latest pub-
lished price of the 960 is $8,450. 
Among cost-saving steps in the 

960A is widespread application of 

standard 7400 TTL MSI. The central 
processing unit is on one 10-layer 
board, and the front panel is also 
formed from a circuit board. Except 
for a few wires in the power supply, 
all internal cabling has been elimi-
nated and the back panel is wire-
wrapped on a numerically con-
trolled machine. 

Cost-saving is also evident in the 
memory. The standard 4,096-word 
memory is composed of 1103-type 
mos chips, the price of which is rap-
idly dropping. It is expandable in-
ternally to 32,768 words of mos 

turing-oriented programing of the 
computer. A single-bit word can be 
used for controlling "peripherals" 
such as motors or valves, and the 
user can energize a motor simply by 
commanding "Turn motor 1 on." 

Included in the price of the 960A 
is the power supply, a direct-
memory-access channel, automatic 
parity checking, memory write pro-
tect, and a lockable front panel. Op-
tional features include a combina-
tion of up to 512 I/O lines 
(expandable to 8,192), hardware 
multiply and divide, and a memory 

Shop tool. Hardware and software design of the 960A minicomputer make it suitable 
for automated manufacturing applications, process control, and data collection systems. 

es gee ese••••• & CO 

4. 

1 
• • 

it 4 

memory at $ 1,500 per 4,096 words, 
and up to 32,768 words of external 
core memory can also be added. 
Another economy became possible 
in the recent reductions in the price 
of LEDs used for panel display. 

Simple command. Jennings says 
that significant features for users are 
the ease of input/output inter-
connections, and the manufac-

f f f f ft 

• 

refresh battery pack good for two 
weeks without external power. 
Numerous software options are 

available, including Fortran, moni-
tors, loaders, microprocessors, and 
an overlay link editor. 

Deliveries of the TI 960A will be-
gin in late 1971. Texas Instruments 
Digital Systems Division, P. 0. Box 
1444, Houston, Texas 77001 f338] 
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RAM 
systems 
to beat 

the 
system 

Intel has beat system application 
problems for you— with plug-in semi-
conductor memory systems built with 
Intel RAMs. They give you all the 
advantage of Intel's expertise, incor-
porated in systems designed to meet 
most people's requirements for speed, 
reliability, size and cost. 
Two TTL-compatible MOS systems are 
now in stock. Bipolar systems are so 
close that now's the time to talk to us. 
(When you have quantity requirements, 
we're ready to customize.) 
First in stock is System in- 10, a dynamic 
MOS memory assembled modularly 
from 8" x 10" cards. Each memory card 
(top photo) stores 4K 18-bit words or 
8K 9-bit words. A complete, self-con-
tained system requires only one off-
the-shelf control card for every eight 
memory cards. Maximum system cycle 
time is a fast 450 ns. Price is le to 
11/2 e per bit in quantity. 

Also in stock is System in-20, a static 
MOS memory built modularly with 6" x 
8" cards. Each memory card (bottom 
photo) stores 1K 12- bit words and forms 
a complete system. Maximum system 
cycle time is 900 ns. Price is 2e to 4e 
per bit in quantity. 
Both MOS systems operate from 0° to 
50°C ambient. Byte control, card 
selection and address register are 
standard features. Power supply and 
card chassis for mounting in a 19-inch 
rack are optional. 
For more information on MOS or bi-
polar systems phone your local Intel 
salesman or contact Intel Corporation 
at 3065 Bowers Ave., Santa Clara, 
Calif. 95051. Phone (408) 246-7501. In 
Europe contact Intel at Avenue Louise 
215, B 1050 Bruxelles, Belgium. 
Phone 492003. In Japan contact Nippon 
IC, Inc., Parkside Flat Bldg. No. 4-2-2, 
Sendagaya, Shibuya-Ku, Tokyo 151. 
Phone 03-403-4747. 
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New products 

Industrial 

Half-watt runs 
pneumatic lines 

Electronically actuated fluid 

amplifier directly controls 

high-pressure air flow 

High-pressure pneumatic power 
lines in machine tools, packaging 
machinery, computer hardware, and 
electronic test equipment are often 
controlled by electronic logic cir-
cuits operating at relatively low 
power levels. One problem is that 
the low-level logic cannot drive the 
pneumatics directly. An interface is 

VENT 

SOLENOID 
(DE- ENER-
GIZED) 

EXHAUST 
(OPEN) 

SUPPLY 
PRESSURE 

SOLENOID 
(ENER-
GIZED) 

EXHAUST 
(CLOSED) 

SUPPLY 
PRESSURE 

VALVE OPEN 

VALVE CLOSED 

DIAPHRAGM 

BLEED 
NOZZLE 
(OPEN) 

--> OUTPUT 

DIAPHRAGM 

BLEED 
NOZZLE 
(CLOSED) 

PRESSURE 
OUTPUT 

needed between the two that might 
consist, for example, of an amplify-
ing circuit driving a solenoid pow-
erful enough to activate the valves 
in the pneumatic lines. 

Northeast Fluidics Inc. thinks it 
has gotten around this requirement 
with a new type of solenoid that can 
control high-pressure (20-to- 100-
pounds- per-square-inch- gage) 
pneumatic lines while driven by sig-
nals from a low-powered transistor. 
Northeast's model 2013 Electronic 

Fluidamp draws less than a half-
watt at rated voltages of either 6 or 
24 volts dc, depending on solenoid 
coil design. says Melvyn M. Brown, 
vice president and sales manager. 
This power is impressively low, as-
serts Brown, when compared with 
:he requirements of the usual ac- or 
dc-powered solenoids: roughly 7 
watts of holding power and 12 w of 
in- rush, or turn-on, power. 
Power is low because the new unit 

does not have to move the heavy 
plunger of a conventional solenoid. 
Instead, it moves a lightweight 
metal diaphragm. The latter acts 
within a three-way air valve identi-
cal to one in an earlier Northeast 
product—the Fluidamp 2010 fluidic 
interface valve which amplifies low-
pressure air-jet signals to working 
power levels. The company has 
taken this original valve and added 
an electronically actuated solenoid 
for moving the diaphragm. 

In its normally closed state, line 
pressure at the supply port pushes 
up against and closes off the lower 
portion of the poppet, or lift, valve. 
During this state, a small amount of 
air passes through an orifice in the 
center of the valve up through a 
bleed nozzle, and out to the atmos-
phere. 
When the solenoid coil is ener-

gized. the diaphragm, made of a 
springy magnetic material, is pulled 
down magnetically against the 
nozzle, closing., it off. With air now 
no longer abre to escape, there's a 
rapid pressure buildup below the di-
aphragm which pops the valve into 
a new position. The exhaust port 
closes, the lower valve opens. and 
line pressure appears at the output 
port. 
When the solenoid is de-ener-

gized, the valve returns to its origi-
nal position. load pressure vents 
through the exhaust port, and out-
put pressure drops to zero. 
Brown claims the Electronic Flu-

idamp will, with its simple, light-
weight structure, operate for 100 
million cycles, at least an order of 
magnitude longer than conventional 
units. Switching speed is 10 milli-
seconds. Units measure 1.36 inches 
in diameter and 1.64 inches long.. 
and come in oil-tight cases. 

Price is $29, with discounts for 
large orders. Northeast Fluidics Inc.. 
Amity Road, Bethany, Conn. [370] 

Training system teaches 

digital circuitry 

A general purpose digital training 
system has been developed to ease 
the job of teaching students the 
fundamentals of digital circuitry. 
Aimed at universities and military 
and other training schools, the BES-
18 enables the student to assemble 
modules into a simulated system and 
to develop the capability to wire 
circuits and check their validity 
against set specifications. 

Built by Beta Engineering & De-
velopment, the training system has 
specific integrated circuits in each of 
the modules, which may be inter-
connected by the student through 
the use of patch cords. This allows 
for a variety of basic digital circuits 
'to be demonstrated. An instructor, 
using any test circuit, can demon-
strate logic circuitry, current con-
sumption and short-circuit and mal-
function protection. Beta Engineering 
& Development, a subsidiary of 
Gerber Scientific Instrument Co., 
P.O. Box 2004, Hartford. Conn. 
06101 [371] 

Tunable CO., laser puts out 

5 watts at 10 wavelengths 

A tunable CO, laser provides cali-
brated selection in either of the two 
high-gain CO, bands. From 14 to 18 
transitions are available in the 
10.17-10.81 or 9.22-9.66 micro-

meter ranges, specified at the time 
of purchase. A minimum of 5 watts 
output power is provided at more 
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New products 

This 
Sweet 
MICROVOLT 

MULTIMETER is 

SENSITIVE to le, 

STABLE within 2µWday 
and easy on the budget at 

$545 

Users call it " the- how- sweet- it- is- meter". 

But it's really the Model 160 that ... 

• MEASURES WITH DIGITAL ACCURACY 

Voltage — 1 µV to 1000V 

Current — 0.1 nA to 2A 

Resistance — 0.1 0 to 2000 MO 
• 100% OVERRANGING 

• ANALOG and OPTIONAL BCD OUTPUT 

• MANY MORE SWEET PERFORMANCE FEATURES 

SEND FOR FULL DETAILS AND YOUR FREE "HOW SWEET IT IS" BUTTON 

I 1\1 S I. T.J MEN. P S 

U. S. A.: 28775 Aurora Road, Cleveland, °hie, 44139 
Europe: 14, Ave. Villardin, 1009 Pully, Suisse 

than 10 wavelengths. The laser, 
model 950, is suited for infrared 
spectroscopy, atmospheric propaga-
tion experiments, signature studies 
for element identification, scattering 
effects, and Doppler measurements. 
Price is $ 12,635. Electro-Optics Or-
ganization, GTE Sylvania, P.O. Box 
188. Mountain View, Calif. 94040 
[373] 

Preselector-protection unit 

prevents front-end burnout 

Receiver operation in installations 
requiring co-location of transmitting 
and receiving antennas is made pos-
sible by the model RF-507 preselec-

tor and and protection unit. It has full 
duplex operation from 1.5 to 30 
MHz in seven tunable bands, and 
the self-contained system includes a 
115/230-v, 50/60-Hz power supply. 
The unit can be used with any re-
ceiver antenna system with a nomi-
nal 50-ohm impedance. RI-' Commu-
nications Inc.. 1680 University Ave.. 
Rochester, N.Y. 14610 [375] 

Heat-cool controller has 

automatic reset and rate 

A problem with heat/cool control-
lers has been the abrupt change in 
controlled temperature when the in-
strument moves from the heat to 
cool region. This is eliminated on 
the model 96 series units by au-
tomatic reset and rate on both the 
heat and cool channels. Output is 
generated on a plug-in board that is 
interchangeable with other series 96 
outputs such as the time propor-
tional relay and the SCR drive. A 9-
in. calibrated analog scale or digit 
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'THE COOL ONES" 
switch setpoint is also included. 

Eurotherm Corp., The Isaac New-

ton Center. Reston, Va. 22070 [374] 

POWER-TEMPERATURE DERATING CURVE 

Fast-response IR analyzer 

monitors air pollution 

A computer-compatible. nondisper-

sive infrared analyzer for monitor-

ing air pollution, stack gases and 

auto emissions gives a response that 

is 90% of the final reading in five 

seconds. The model M-S-A LIRA 202, 

with a specially designed. air bath. 

proportional temperature controller. 

assures operation in ambient tem-

peratures from 40 to 120 F. Zero 

drift is less than 1% of full scale in 

less than 24 hours, and repeat-

ability-accuracy is +1% of full scale. 

Mine Safety Appliances Co., 201 N. 

Braddock Ave.. Pittsburgh. Pa. 

15208 [377] 

Temperature controllers 

have rated accuracy of 0.5% 

Indicating potentiometric tempera-

ture controllers using integrated cir-

cuit design have a rated control ac-

curacy of +0.5%. The model 49 

series includes proportioning, limit, 

and heat control models, all offering 

thermocouple input, full scale -indi-
cation. plug-in construction. and 

heating and cooling lights. The units 

occupy a 4- by 4 1/4 -in, panel space. 

Price of the proportioning and limit 

units is $ 110. Love Controls Corp.. 

1714 S. Wolf Rd., Wheeling, Ill. 

60090 [376] 

30 

2.0 

e 

1 0 

I MINIMUM JEDEC 
REQUIREMENTS 
FOR IN4728 - 

150°C 25°C 50°C 80'C 100°C 125°C 175°C 200°C 

EPDXY ZENERS 
from DICKSON 

As the above curve indicates, Dickson's 
1 Watt epoxy voltage regulating diodes 
run cool. They can safely handle 

3 Watts to 80°C 
2 Watts to 120°C 
1 Watt to 160°C 

"The Specialists" 

"Where Quality 
Makes The 
Difference" 

This far exceeds the minimum per-
formance required by the JEDEC 
1N4728 series spec. 

It is an indication of the tremendous 
surge capability of Dickson epoxy 
zeners 

150 Watts for 1 msec 
40 Watts for 8.3 msec 

and the comfortable safety factor Dick-
son builds into these popular devices. 
Dickson epoxy also offers excellent 
shock protection. 

So, whatever your application, you can 
count on Dickson 1 Watt epoxy zeners 
to run cool. Zener voltages from 3.3 to 
100 are available. Give 'em a try. 

For data package giving complete tech-
nical information including details on 
derating and surge conditions on Dick-
son 1 Watt epoxy Zeners, use this pub-
lication's reader service card or con-
tact Dickson. 

1C71"C'.7Cg ,1411 
ELECTRONICS CORPORATION 

PHONE (602) 947.2231 TWX 910.950-1292 TELEX 667 406 

P.O. BOX 1390 • SCOTTSDALE. ARIZONA 85252 

EUROPEAN OFFICE: AUENSTR. 90, MUNICH 5, GERMANY 
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Buy the performance 
you need at the 

right price. 

Sorensen 
DCR's. 

Today every budget dollar has to go as 
far as possible for both new and replacement equip-

ment. And Sorensen's DCR line saves you money because 
it offers you regulated dc power at the lowest cost per watt in the 

industry. Not only that. you select from the broadest line available 
anywhere. Pick the exact unit you need from 37 models covering power 

levels from 400 W to 20 KW ... voltage ranges from 20 V to 30 KV. Remote 

programming and sensing. too. The cost'? 
Consider the typical comparisons below.* 

For complete information on our DCR's, contact Raytheon 
Company, Sorensen Power Supplies, 676 Island Pond Road, 

Manchester, N.H. 03103. Telephone 603-668-1600. 

SgrEfISUFPflES 

Output Power Supply Cost/Watt 

400 Watts DCR 40-10A $0.78 
Mfr A I.02 
Mfr B 1.18 

2400 Watts DCR 300-8A 0.36 
MfrC 0.47 

5000 Watts DCR 20-250A 0.3 I 
Mfr C 0.60 

*Specific competitive model numbers 
available on request. 
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New products 

Data handling 

Multiplexer has 
low distortion 

C/MOS device for analog, 

digital switching also 

offers low ' on' impedance 

In multiplexing equipment for 
analog and digital signals, one of 
the most important design consider-
ations is the level of distortion intro-
duced by the multiplexer itself. An 
eight-channel cimos unit developed 

by Ragen Semiconductor contrib-
utes what the company calls "ex-
tremely low distortion" over a full 
8-volt signal range. Distortion into a 
10,000-ohm load (at 4 v rms and 1 
kilohertz) is less than 0.05%—"So 
low we had difficulty measuring it," 
says Albert Medwin, Ragen Semi-
conductor president. 
When operating with a 15-v sup-

ply, the "on" impedance of the 
monolithic device is nominally 100 
ohms, probably the lowest among 
similar units on the market, says 
Medwin. "OW" impedance is 10" 
ohms. 

Static power dissipation of the 
multiplexer, called the ms-504, is a 
low 50 nanoamperes at 15 V. Cross-
talk also is minimal—less than 0.5 
picofarad of coupling between any 
two pins. 
The ms-504 is on a single chip, 

measuring 91 by 64 mils, that also 
contains the circuitry for full three-
bit decoding and chip selection. 

Switching or access time of the 
multiplexer is less than 50 nano-
seconds, fast enough for digital as 
well as analog applications, Medwin 

points out. Applications include 
telephone switching, audio and digi-
tal switching, and multiplexing for 
low-level ac and dc measurements. 
Operating temperature range is 
-55 C to + 125 C. 
The multiplexer is available from 

stock in 16-lead fiat packs or dual 
in-line ceramic packages. On special 
order, it can be supplied with two 
chips in the same package. 

Prices for the ms-504 are: 1-24, 
$38.50; 25-99, $23.60; 100-999, 
$14.40. Ragen Semiconductor, a 
subsidiary of Ragen Precision In-
dustries, Inc., 53 S. Jefferson Rd., 
Whippany, N.J. 07981 [361] 

Nonimpact line printer 

runs at 1,200 lines/min 

A line printer called the X/3 em-
ploys a nonimpact technique that 
produces computer printout on or-
dinary fanfold paper at speeds of 
1,200 or more lines per minute with 
a 96-character set. Quality of char-
acters permits forms to be processed 
by optical character reader. Fonts or 
character styles can be easily 
changed and the printer can directly 
generate an unlimited number of 
types of business forms. Price starts 
at $20,000 and leasing per month is 
$600 including maintenance, Scan-
Optics Inc., 22 Prestige Park Rd., 
East Hartford, Conn. 06108 [368] 

Magnetic pen's circular gap 

reduces digital error rate 

The DigiWand, a pencil-sized, azi-
muth-independent magnetic reader, 
is fabricated with a circular gap con-
figuration that reduces digital error 

rate. The DigiWand permits the op-
erator to tilt the pen approximately 
20 in any direction, and the read 
bandwidth is 10 kHz. Other specifi-
cations include a recording density 
of 250 bits per inch, wiping speed of 
15 in./s, and inductance of 100 mH. 
The unit is for use with point-of-sale 
digital systems. Nortronics Co. Inc., 
8101 Tenth Ave. North, Min-
neapolis, Minn. 55427 [364] 

Communications capability 

added to input stations 

A communications system links the 
company's 220 Typescribe, 510 
Pooler, and 1500 Data Editor in a 
network called Sycom. It allows the 
user to record source data in a re-
mote location, and then transmit it 
to a central site for input to the com-
puter. Source data may also be sent 
from the 1500 Data Editor, which 

performs comprehensive editing 
and validation of data to make it 
ready for processing. The Type-
scribe with communications leases 
for $ 125 a month, the Pooler with 
communications for $350, and the 
Editor with communications for 
$1,455. Data Action Corp.. 4445 W 
77th St., Minneapolis, Minn. 55435 
[366] 

New configuration doubles 

capacity of memory card 

The capacity of the ECOM series of 
core memories has been doubled by 
the addition of an 8,000-word con-
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New nigged 
TO-5 relays 

m"'ve, tool 
A unique magnetic structure with larger diameter coil and 
integral return spring, and a new ball-bearing armature support 
provide increased stability and improved operating 
characteristics for these new Babcock TO-5 relays in high shock 
and vibration environments. This low level to 1 amp, DPDT, 

all-welded series (qualified to 
MIL-R-5757) is offered in 6, 9, 
12, 18 and 26 VDC versions, 
and includes a sensitive model 
requiring only 60 mw pull- in. 
In low level applications, relay 
life can be as high as . 
10,000,000 operations. 

For complete information on 
these new TO-5 relays, write or 
call Babcock Control Products, 
Babcock Electronics Corp., Sub. 
of Esterline Corp., 3501 No. 
Harbor Blvd., Costa Mesa, 
Calif. 92626; Tel: (714) 540-1234. 

BlansenS 

—11 ••••”••• 

f3F14() BR41 

ESTERLINE 
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MIL'-R-6106 

TIMERS/SENSORS 

....".“•• 

MERCURY WETTED 

20A INDUSTRIAL 

2A INDUSTRIAL 

BABCCICIK 
SUBSIDIARY OF ESTERLINE CORPORATION 

New lab-quality instrumentation at famous 
HEATHKIT do-lt-yoursell savings! 
(A) New Heathkit solid-state digital multimeter. A true lab-grade 
digital multimeter at about half the cost of comparable DMMs! 5 
overlapping DC voltage ranges, 100 uy to 1000 V; AC ranges, 
100 uV to 500 V; 10 ranges measure 100 nanoamperes to 2 am-
peres on AC or DC; 6 resistance ranges, 0.1 ohm to 20 megohms. 
Automatic polarity indicators. Automatic decimal point, over-range 
light. Precision DC calibrator furnished plus transfer method for AC 
calibration. Solid-state with cold cathode readout tubes & "mem-
ory" circuit for stable, non-blinking operation. Assembles in 
about 10 hours. Kit IM-102, 9 lbs. 229.95* 
New Heathkit 175 MHz scaler & counter combo...for less than 
$300! (8) The Heathkit IB-101 counts from 1 Hz to over 15 
MHz. Hz/kHz ranges & over-range indicator let you make an 8-
digit measurement down to the last Hz. 5-
digit cold-cathode readout; extremely low 
input triggering. ., less than 30 mV at 100 
MHz; all solid-state with 26 les, 8 tran-
sistors. (C) Heathkit 18-102 scaler ex-
tends capability well into the VHF range 
at a price far below a 175 MHz counter. 
Compatible with virtually any counter. 10:1 ' 
& 100:1 scaling ratios give resolution down (0) 
to 10Hz...1:1 ratio provides straight-through 
counting. Solid-state, fully regulated supplies. Carrying handle/tilt stand. 
Kit IB-101, 7 lbs.  199.95* Kit 18-102, 7 lbs.  99.95* 
(D) New Heathkit DC-15 MHz dual trace solid-state oscilloscope... 
$399.95* Features rock-solid triggered sweep; full bandwidth in both 
automatic & normal modes; complete dual trace capability — Ch. 1, Ch. 
2, chop, alternate; X-Y mode with 5% or less phase shift; 24 nsec rise 
time; 9-position 1, 2, 5 sequence vertical attenuator; 8 x 10 cm rectan-
gular flat-face CRT with mu-metal shield. Kit 10-105, 35 lbs. ... 399.95* 

fee 
Exciting '72 

Catalog 
Yours 
FREE 

for the 
Asking 

(C) 

ens 

e! 
e l 

HEATH COMPANY, Dept. 520-28 
Benton Harbor, Michigan 49022 

Rush my new Heathkit Catalog 
D Enclosed is $  
Please send model(s)  

Name  

Address  

City State Zip  
Prices & specifications subject to change without notice. 
'Mail order prices; F.O.B. factory. TE-249 

(Al 

plus shipping. 

New products 

figuration of the digital stack card. 
Bit length remains at from nine to 
18 bits. Full cycle time is 750 na-
noseconds, and the same size card is 

used as in the older version. Stan-
dard Memories Inc.. 15130 Ventura 
Blvd., Sherman Oaks. Calif. 91403 
[363] 

Communications processor 

aimed at heavy data traffic 

Programable data communications 
processor model 16 consists of a 
model 5 minicomputer with a model 
16 ROM, which contains an ex-
panded I/O instruction set for data 
communications requirements. The 

model 16 has a comprehensive set of 
I 14 instructions, and the core 
memory is directly addressable and 
alterable to the eight-bit level. The 
instruction set includes fixed-point 
arithmetic, logical, byte handling, 
status control. Single unit price of 
the 16 is $ 14,700. Interdata Inc., 2 
Crescent Pl., Oceanport, N.J. 07757 
[365] 
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Minicomputer has large 

repertoire of instructions 

Microprogramable general-purpose 
minicomputer model Micro 
1600/21 permits more efficient use 
of core memory in most applications 
because of an instruction set with 
107 different operations. Modular 
design allows system expansion 
within a single basic enclosure, and 
the control memory, processor op-
tions, input/output elements, and 

magnetic core main memory are all 
expandable. The main memory is 
organized into pluggable modules 
of 4,096 and 8,192 bytes each, and it 
is byte-addressable. Price is $6,995 
for a unit with 8 kilobytes of main 
memory, and under $5,000 in OEM 
quantities. Microdata Corp., 644 E. 
Young St., Santa Ana, Calif. 92705 
[367] 

Writable control stores 

can be modified on site 

A series of writable control stores 
are plug-compatible with most 
minicomputer systems, and can be 
modified on site, in real time, under 
keyboard, console or software con-
trol. After the new contents are in 
place, the device operates as a true 
read-only memory. Called the Om-
niRom, the nonvolatile plated-wire 
memory retains data indefinitely, 
even through power shutdown. 
Price, in OEM quantities, ranges 
from 5 to 10 cents per bit, depend-
ing on size and configuration. 
Memory Systems Inc., 3341 W. El 
Segundo Blvd., Hawthorne, Calif. 
[369] 

MECANORMA Symbols. 
Because thinner layouts 
print better circuits. 

Most electronic symbols used in 
preparing printed circuit layouts are 
die-cut from crepe paper and mounted 
on large sheets or rolls. 

Now K&E offers you something new 
and measurably better. 

The MECANORMA System. Symbols 
that are printed on transparent strips of 
carrier film, only 20 microns thin. So 
thin you can barely feel the film with 
your finger, once you press it on the 
layout. So thin there's no parallax, no 
distortion, no rough edges—just a 
sharp, opaque symbol that's ready for 
the camera. Unaffected by the heat of 
your copying equipment. And accurate 
to within 1/1000 of an inch! 

The convenient size of MECANORMA'S 
carrier strips, and their transparency, 
allow rapid, precise positioning, 
application and correction (with 
adhesive tape or blade)...a remarkable 
40 to 50% more rapid than other 
methods! There are more than 800 
symbols available, and packaged so 
you order only those you need. Others 
can be printed to your specifications. 

Why not write us today 
for free samples and our catalog: 
Keuffel & Esser Co., 20 Whippany Road, 

Morristown, N.J. 07960. 

I 
KEUFFEL & ESSER CO. 
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* THE 
CROWD 

d 

' de?' DISAPPEARS 

Ag AT 20MHz 
Now we're alone with the world's first 20 megahertz function 

generator, which starting at 0.0001 Hz, makes it twice the frequency 
range of other wide-range function generators. The model 7230 thus opens up 

new signal generator applications in the testing of MOS devices and IC's where 
111 frequencies are well over 10 MHz and will be going higher. It also will find application in pulse 

generation w,th ts 30V P-P outputs and 10 nanosecond rise/fall times (equivalent slew rate of 2400 
V/microsecond). Another new field for the 7230 will be intermediate frequency applications in FM receivers 

and telemetry. For only $795 you get a precision source of sine, square, triangle, ramp, pulse and sync 
forms, plus these other features: VCF input control; several choices of DC offset; sync input for 
locking the çenerator to an external clock, and 80 db of step attenuation. And if 11 MHz is 
still all you need, you should check out EXACT's other three fine instruments in this series: 
the Model 7030, which has the same operating features of the 7230 above but saves you 
$200; the Model 7050, same as the 7030 but with the additional capability to trigger 
and gate (with variaole start/stop levels on the triggered and gateo waveforms) for 
$745; and the Model 7060, which at $845 adds a second generator (again at 11 
MHz) for ramp, pulse and sweep, 1000 seconds to 100 nanoseconds. Call on us 
to rise above the crowd with your next function generator. 

EXACT 
electronics, inc. 
Box 160 
Hillsboro, Oregon 97123 

(503) 648-6661 
TWX 910-460-8811 

a subsidiary of 

Vector 

Management 

Corp. 
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New products 

Semiconductors 

Building blocks 

are on one chip 

IC for communications 

breadboard has gain block, 

multiplier, and oscillator 

Three main types account for a 
large number of the circuits em-
ployed in communications systems. 
These are multipliers, which are 
used in modulators, phase compara-
tors, and synchronous detectors; 
gain blocks, which appear as oper-
ational amplifiers, sense amplifiers, 
and comparators; and oscillators, 
which are either fixed- or variable-
frequency types and are either volt-
age- or crystal-controlled. And while 
any one of these three types is read-
ily available as a monolithic inte-
grated circuit, systems made with 
combinations of them still require a 
number of monolithic circuits. By 
combining all of these basic build-
ing blocks on one chip. Exar Inte-
grated Systems Inc. hopes to pro-
vide the communications engineer 
with a tool for developing com-
pletely monolithic systems. 

Called the xR-S200. the IC con-
tains a multiplier with two inputs, 
two outputs and two gain control 
lines; a gain block that has both in-
verting and noninverting inputs, a 
comparator input, and both an 
analog and a digital rrt. level out-
put for threshold detection; and an 
oscillator with both digital and 
analog inputs and outputs, and 
gain, and sweep control lines, as 
well as a crystal input. All are con-
tained in a 24-pin package and, as a 
system, can operate over the fre-
quency range of from 0.1 hertz to 40 
megahertz with supply voltage rang-
ing from +2.5 volts to ±25v. 

According to Alan B. Grebene, 
vice president and director of engi-
neering at Exar, -Each of the three 
circuits on the monolithic chip is de-
signed for maximum flexibility of its 
performance characteristics and 
with a large number of design op-

tions." Grebene points out that 
previously, even if the three basic 
functions could be obtained in three 
packages, "usually they wouldn't be 
compatible with each other and 
would require level shifting or bias-
ing networks. But the components 
on our chip are all compatible with 
each other." Two of the design op-
tions include ECL compatibility, and 
an 80 mHz oscillator. 
The circuit, while it can be used in 

a system directly, is intended as a 
design breadboard. The systems de-
signer receives a pc card and an in-
struction book along with the XR-
S200. He then can proceed to design 
a circuit for his specific application 
and, after wiring up the pc card, try 
it out. After it is proved, he sends 
the design back to Exar where it's 
turned into a metal mask pattern. 
Grebene explains that most designs 
won't require 24 external connec-
tions; the internal connections can 
be made on the final metal mask. 
Thus a smaller cheaper package can 
be used. Exar can stock "blank cir-
cuits" and, as custom designs come 
in, they will complete the circuits. 
The basic kit, which Exar has in 
stock, sells for $40. 
Grebene feels that this approach 

to "custom communications cir-
cuits" will save the customer consid-
erable time and money since he 
himself is designing the circuit and 
the IC company is making a "stan-
dard part." A few examples of what 
can be built include fm demodula-
tors for commercial broadcast 
equipment, military communi-
cations systems or subcarrier music 
detection; frequency synthesizers; 
a-m demodulators; tone decoders; 
and waveform generators. Exar In-
tegrated Systems Inc.. 733 North 
Pastoria Ave, Sunnyvale. Calif. 
94086 [411] 

MOS circuit sets provide 

low-cost calculator logic 

Two mos calculator circuit sets, the 
S-101 and the S-114, handle eight-
digit and 16-digit entries respec-
tively, both providing keyboard in-
put processing, add, subtract, mul-

tiply, divide, and stored constant 
operation; keyboard setting of deci-
mal point location, and BCD outputs 
for display control. The four chips 
are: input subsystem, control and 
memory subsystem, arithmetic and 
register section, and output subsys-
tem. Program changes can be made 
on custom orders. Price is $40 per 
set in quantities of 100 to 249. Elec-
tronic Arrays Inc., 501 Ellis St., 
Mountain View, Calif. 94040 [413] 

C-band lmpatt diodes 

deliver up to 1 watt 

Designed for use in local oscillators 
and rf power sources, the vA0-30 
series of 10 Impatt diodes operates 
in C band, between 6.0 and 8.0 GHz. 
The low-noise, avalanche silicon de-
vices range in continuous rf power 
output from 10 mw to 1 w. Typical 
efficiency ranges from 0.8% for the 
IO-mw unit to 7.0% for the 1-w de-
vice. Operating voltages are from 
100 to 125 V. Varian. Solid State 
Div., Salem Rd., Beverly. Mass. 
09195 [414] 

Chip-resistor values 

range from 0.5 to 10 ohms 

Thin film chip resistors, which are 
composed of' a 96% alumina sub-
strate, chromium resistor element, 
and either gold or solder termi-
nations, are for use in hybrid cir-
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Have you 
yonttered 
if,your 
kids can 
make the 
ade in 
ochester? 

Today, college preparation starts in 
kindergarten. If a youngster is to 
compete, he must get a first-rate pri-
mary and secondary education. Here, 
in a fertile, dynamic 9-county area of 
Western New York, learning is as 
important as earning. New York 
State standards are high. And the 
public, private, and parochial schools 
in our affluent area reflect those 
standards. With 16 colleges nearby, 
a student can pursue undergraduate 
and graduate studies at a variety of 
institutions specializing in the sci-
ences, humanities, or arts. Would you 
like specific information of educa-
tional opportunities ... or any aspect 
of plant or site selection? If so, call 
collect or write to Bob Hall, 
Director of Area Development, 
Rochester Gas & Electric, 89 East Ave., 
Rochester, New York 14604 (Tele-
phone 716-546-2700). Nobody knows 
more about this area than we do. 
And because we make money selling 
energy to industry, we're eager to 
share our knowledge with you. 

Stromberg -Carlson made it here. 
How about you? 

RM- ROCHESTER GAS AND ELECTRIC 

New products 

cuitry and low VSWR microwave ter-
minations. Resistance values range 
from 0.5 ohm to 10 ohms. Three 
sizes are available, with power dissi-
pation from 50 to 100 mw. Price 
ranges from 37 cents to $ 1.45 per 
chip depending on quantity and tol-
erance levels. Film Microelectronics 
Inc., 17 A St., Burlington, Mass. 
01803 [415] 

Simultaneous read-write 

built into TTL memory 

A TTL memory, a 16-bit quadriport 
register file called the model 
sN74172, is suitable for use in high-
speed buffer and cache memories. 
Its simultaneous read-write capabil-
ity is equivalent to 196 gates. Avail-
able in a 24- pin package, the 
memory is organized as eight words 

by two bits, and has the ability to 

access any two-bit words for read or 
write operations while accessing a 
third word for the opposite function. 
Price is $9.80 to $ 14.70 in lots of 100 
to 999, depending on package. 
Texas Instruments Inc., P.O. Box 
5012, M/S 308, Dallas, Tex. 75222 
[416] 

MOS memories challenge 

System/360 core storage 

Built for IBM System/360 model 
computers, n-channel mos memo-
ries are capable of 200-nanosecond 
operation. They also provide the 
user with up to double the storage 
capacity of regularly available IBM 
core storage units. The plug-to-plug 
memory units are available in four 
models: the ssm7330 with a storage 

capacity of up to 128k bytes; 
ssm7340, 512k bytes; ssm350, 1024k 
bytes; and ssm7365, 2048k bytes. 
Potter Instrument Co., Melville, 
N.Y [418] 

Self-scanning optical array 

built for OCR, facsimile 

Designed for OCR, facsimile, TV 
camera, and industrial control ap-
plications demanding high resolu-
tion, the RL256 self-scanning optical 
array has 256 elements. The photo-

diodes of the monolithic image-
sensing device are spaced on l -mil 
centers, with on-chip scanning cir-
cuitry for serial output on a single 
video line. TTL compatibility is 
achieved through drive circuitry 
provided in the same 16-lead DIP. 
The silicon gate sensors are oper-
ated in the charge storage mode 
providing high sensitivity at up to 
10-MHz scan rates. Price is $250 in 
OEM quantities. Reticon Corp., 365 
Middlefield Rd., Mountain View, 
Calif. 94040 [417] 

High-gain phototransistors 

directly switch TTL, DTL 

At very low light levels, high-gain 
phototransistors called the sTPT-260 
Quantistors deliver sufficient output 
to directly switch TTL, DTL, or RTL. 
And at typical light levels, they are 
said to provide seven times greater 
output than conventional units. 
They offer 70 MA typical output at 5 
mw/cm2, 11 MA at 1 mw/cm', and 
a switching speed of 6 its. Peak 
spectral response is 800 nm. Sensor 
Technology Inc., 7118 Gerald Ave., 
Van Nuys, Calf. [419] 
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HOW MANY 

MILLIONAIRES 
ARE THERE IN THE 
UNITED STATES? 

. . . and how many NEW mil-
lionaires join the ranks every 
year? How did they acquire 
their wealth? The number and 
the reasons may astonish you! This amazing story 
is revealed in a valuable new booklet, 
"NEW ROADS TO WEALTH AND OPPORTUNITY." 
Even more exciting are the factual details about 
a specific business opportunity that is nothing 
short of a gold mine. Why? Because, as an aseo-
ciste of the organization providing the oppor-
tunity, you help others to succeed. 
For your tree copy of "New Roads to Wealth and 
Opportunity," phone, wire, or write immediate-
ly to: 

E.L.E.K. INTERNATIONAL 
1110x 22125•  , Colombo 110222 • (303) 757-5500 

El 

DISPENSER 
AIR OPERATE n 

(or miniature potting 

and encapsulatIng 

Ata.tabie.n 

5ce • lyre • 30cc  UP 

aPHILIP FISHMAN COMPANY 
CA.PON SI • PUSSPCNUS( 0,181 
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FLASH STRIPPER 
wire braid 

Weld groundlead and/or 
strip braid in one fast operation. 

Submit sample wire. Ask for data sheets. 

EWALD Instruments Corporation 
Rt. 7E Kent, Ct. 06757 - Tel (203)927-3278 

CIRCLE 970 ON READER SERVICE CARD 

FREE CATALOG 
HARD- TO- FIND PRECISION TOOLS 
Lists more than 1700 items—pliers, 
tweezers, wire strippers, vacuum systems, 
relay tools, optical equipment, tool kits 
and cases. Also includes lour pages of 
useful "Tool Tips" to aid in tool selection. 

-roctL.B Land. .11 L. I— 0 'tte 

4117 N. 04th Street, Phoenix, Armond> 15018 

ZIP CODE MOVES 

E3IPLOYMENT 

!Inn OPPORTUNITIES 

Closed Circuit 
TV Product 

Manager Heeded 
We are a long-established 
midwestern firm listed 
on the New York Stock 
Exchange. As a result of 
expanding activities in 
the CCTV field, we need 
an experienced manager 
familiar with all phases of 
closed circuit television. 
Should be capable of 
managing a product line, 
including its basic de-
velopment, coordination 
with R&D, and marketing 
programs. Salary com-
mensurate with qualifica-
tions. We are an equal 
opportunity employer. 

P•5202 
Electronics, Class Ad) Dept 
P.O. Box 12, , N.Y. 10036 

ENIP1,01 NIENT SERVICE 

Electronics / A%ionics Employment Oppor-
tunities. Report on jobs nou. open. Free 
details. Aviation Employment Informa-
tion Service. Dept. E. Box 240, Northport, 
NY II 7hti 

PosiTioN WANTED 

Creative EE with several patents, others y et 
pending. desires challenging. position. 
PW-5275, Electronics. 

CUSTON1 SERVICES 

Handwork At I.ow Cost —Assembling, 
Transformer core ui-nding. etc. Gemaco 
Industries, P.O. Ros 744. Port-au-Prince, 
Haiti. 

Don't forget the 

BOX NUMBER 
. . . when answering the 
classified advertisements in 
this magazine. It's our only 
means of identifying the ad-
vertisement you are answer-
ing. 
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The Heavy-Duty DMM 

Take a look at the digital multimeter you can 
really knock around— ad still get 0.1% accu-
racy for a year. The Hickok 33004 in its tough 
Cycalac case and with its shock-moLnted cir-
cuits has enough built-in versatility to tase the 
place of a stack of instruments. 

The 3300A measures: 
• DC/AC voltage from 100 microvolts to 

1.5 kilovolts; 
• DC/AC current from 100 nanoamperes to 
2 amperes; 

• resistance from 100 rnilliohms to 200 
megohms. 

To add to your value, the rugged 3300A is 
truly portable at no extra cost. It operates 
continuously for 24 hours off its internal re-
chargeable battery— no other DMM can hold 
a candle to that performance. You can make 
measurements while recharging the battery. 
And the battery's good for 1000 recharges. 

This versatility is standard; you get it all in 
the $ 435 price. If you add options and acces-
sories, then the 3300A goes to 30 kilovolts 
AC/DC. It has a clamp-on current probe good 
to 100 amperes, DC as well as AC. With an 
Adapter, the Multimeter becomes a counter 
up to 20 MHz. 

If you want a sweet multimeter, take a look 
at the Hickok 3301. It has the same measure-
ment capabilities as the portable 33004 in a 
line-operated bench-top configuration. And it 
has a sweet price— $ 385. Options for the 3301 
include a BCD output or an internal recharge-
able battery. 

You'll like the other features standard with 
both Hickok models: automatic polarity and 
decimal point position, out-of- range indication, 
1500 volts off ground operation, outstanding 
overload protection, easy operation with color-
coded front panels, and continuous automatic 
zeroing. 

Look for yourself. Call Hickok for a demon-
stration or complete specifications. 

HICKOK 
the value innovator 

Instrumentation and Controls Division 
10514 Dupont Avenue • Cleveland, Ohio 
(216) 541-8060 

44108 
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New products 

Subassemblies 

Supplies are 
programable 

Power sources keep voltage, 

current levels constant for 

up to 10,000 tests a second 

In testing advanced semiconductors 
and in exercising computers, the 
power delivered to the system is a 
critical factor. To meet the needs of 
checkout operations like these, the 
SRC division of Moxon Inc. has de-
veloped two supplies that deliver 
constant voltage and current and 
are programable by a computer or a 
data generator. 

The model 3532 offers ± 1-, 10-, 
and 100-volt outputs; the 3533 of-
fers only the lower two. In output 
current, model 3532 provides 0 to 
0.01, 0 to 0.1 and 0 to 1 ampere; the 
3533 provides those three plus a 0-to 
10-ampere capability. Both sell for 
$2,540 and are available for imme-
diate delivery. 

Dale Romrell, applications engi-
neer, stresses that the principal ad-
vantage of the two power supplies is 
that they can be programed for con-
stant-voltage, constant-current oper-
ation while testing digital or analog 
circuits at rates of up to 10,000 tests 
a second. A digital computer or data 
generator can set the dc voltage out-
put to within 0.01%; a digital word 
from the computer is converted into 
either a precise voltage with a cur-
rent limit or a precise current with a 
voltage limit. 

In addition, says Edgar Romo, 
sRc/Moxon's chief engineer for in-
struments, the power supply meets 
the needs of advanced semicon-
ductor testing in that it can program 

both the positive and negative input 
and the output voltage and current 
specifications. He says that about a 
third of the market for the two units 
will be made up either of semicon-
ductor manufacturers who build 
their own test equipment, or semi-
conductor users who build such 
equipment for incoming inspection. 
Another third of the market, 

Romo believes, will consist of users 
of large, complex systems who have 
to check the continuity and imped-
ance of thousands of wires connect-
ing one system to another, while the 
remainder of users will want to 
exercise digital or analog comput-
ers—signals can be generated that 
simulate how the computer will ac-
cept phone line data, for example. 

There are 31 input lines from the 
power supply to the computer that 
controls it, each with a memory. The 
digital word representing a voltage 
or current is applied to the input 
memory, where it is stored on com-
mand from the strobe lines. Once 
that data is in memory, the input 
lines are free to accept new data to 
exercise some other peripheral de-
vice, say, in a computer system. 
One of the digital lines is used to 

turn the units' output on and off, 
preventing the wrong voltage or 
current level from being applied to 
external equipment while the cur-
rent is being switched from one 
level to another. SRC Division, 
Moxon Inc., 2222 Michelson Dr., 
Newport Beach, Calif. 92664 [381] 

Digital panel meter offers 

multiplexed BCD outputs 

A ±3999-count digital panel meter 
designated the series 400A has mul-
tiplexed BCD outputs for time-share 
recording. Other standard features 

are display blanking, autopolarity, 
remote hold command, read rate 
control, overload and plus-minus in-
dicators, and true differential inputs. 
Accuracy of 0.05% is maintained 
with digitizing rates of 0 to 60 read-
ings per second. Price is $ 189. New-
port Laboratories Inc., East Young 
St., Santa Ana, Calif. [383] 

Dc power supplies 

rated at 0 to 100 volts 

Two general-purpose laboratory dc 
power supplies, designated models 
6211A and 6212A, are both rated at 

0 to 100 volts, 0 to 100 milliamperes. 
The 6211A is constant volt-
age/current-limited and the model 
6212A is constant voltage/constant 
current. Applications include circuit 
design, testing, student experiments, 
laboratory use, or wherever a low-
cost dc source is needed. Load and 
line regulation is 0.01%, and output 
is isolated so that the supplies can 
float at up to 300 v above ground. 
Price of the 6211A is $ 105; the 
6212A, $ 130. Hewlett-Packard Co., 
1601 California Ave., Palo Alto, 
Calif. 94304 [387] 

Display module includes 

memory, anti- blur circuits 

Variable-intensity, seven-segment 
display modules, called the TR-510 
series, allow data to be stored on 
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The UnPlotter 

the first graphic digitizer 
for less than s8,000. 

You have plotted and gathered stacks of graphic 

data. Convert it to computer format using the Ruscom 

Digitizer from Electronetic Systems. 
The practical solution: The Ruscom Digitizer reads 
any X-Y coordinates such as strip charts, graphs, 

X-rays, maps, and engineering drawings. And drives 
any of the computer peripherals you can list. Which 

creates computer compatible inputs faster and 

infinitely more accurat - than hand recording. Yet 

superbly cheaper than ultra- sophisticated methods. 

Power Burn-In System 
with Heat Sinks interchangeable 
to any case style in 30 minutes! 
✓ Demountable heat sink bars 

hold constant temperature for Burn- Ins, 
HTRB, Life Testing, Product Evaluation. 

✓ Versatile System never becomes obsolete. 

✓ Complete System or Modules available. 

Write or call for Standard Burn-In Literature. 

WAKEFIELD ENGINEERING, INC. 

# • \ 

Specifications: 0.01" accuracy, resolu-
tion and repeatibility. Keyboard entry 

and display are standard. 

Contact Electronetic Systems today 
for complete details on the Ruscom Digitizer. The 

UnPlotter for any budget. 

EIECTROIET1C SYSTEMS 
62 ALNESS STREET, DOWNSVIEW, ONTARIO, CANADA 

TELEPHONE (416) 636-3673 • TELEX 02-21374 

Circle 126 on reader service card 

wow 
Photocells ãi too expensive 

for my application 

New low-cost design 
offers many new 

application possibilities 

Plastic encapsulated cells are now readily available in 4 
sizes from . 170 inches to .435 inches in diameter . . . and 
they're as rugged and nearly as reliable as hermetically 
sealed cells for many applications. 

For full data, call ( 914) 664-6602 or write Clairex6-.), 
560 South Third Avenue, Mount Vernon, New York 10550. 

CLAIREX ELECTRONICS 
A DIVISION OF CLAIREX CORPORATION 

Systems Div. Wakefield, Mass. 01880 • Phone: 617-245-5900 
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New products 

command, and also permit visual 
monitoring of all significant digits 
even at a 20-MHz data input rate. 
Using an automatic internal latch 
clock, the TR-510 samples incoming 
data within the normal human vis-
ual response frequency, so that dis-

plays do not appear blurred. The 
modules operate from a single 5-v 
source, are available with three to 
six digits complete with rrucompa-
tible latches, driver-decoders, and 
decimal point at each position. Price 
is $20 per digit. Tronix Inc., Box 
349, Phillipsburg, N.J. [384] 

FET-input amplifiers have 

programable gain to 2,000 

A family of four instrumentation 
amplifiers with field effect transis-
tors for front ends have an ex-
ternally programable gain of from 
unity to 2,000—set by a single re-
sistor. The encapsulated modules 
exhibit up to 100 dB of common 
mode rejection ratio at a gain of 
1,000 with common mode voltages 
to ±10 V. Maximum unity-gain fre-
quency response is 1 MHz. Four 
models are offered, with stabilities 
from 50 pv /°C through 3 ttvtC. 
Prices range from $35 to $59 in 1-9 
quantities. Dynamic Measurements 
Corp., 6 Lowell Ave., Winchester, 
Mass. 01890 [386] 

Hybrid voltage regulators 

cover range of 5 to 24 V 

Fixed-voltage hybrid integrated cir-
cuit regulators, series 102, are for dc 
voltages in the range of 5 to 24 v 
and will handle a continuous load 
current of 2 A. Studs for mounting 
permit power dissipation of up to 20 

Roll Out the Red Carpel 
For Toko's 

Aiiir Low t'oxl 
High-Speed 
.11e:too:if 
System 
Here's a real eye-opener for computer 
designers -Toko's new 65K byte memo-
ry system, HS-400L. It's constructed with two 
basic sub-assemblies woven-plated-wire memory stacks 
and electronics packages. Designed for medium and large scale 
computers, the HS-400L offers high reliability, easy maintenance and a 
flexible arrangement of word lengths. 

General Specifications: • Memory Capacity: 32,768 words 18 bits ( Internal Or-
ganization is 8K words--72 bits) • Access Time: 220 ns Random Access • Cycle 
Time: Clear/Write 450 ns Read/Restore 450 ns • Operating Mode: Destructive 
Read-Out • Temperature Range: 00 C to 50 C (Operating) • Measurement: 
16.5(H) x 19.0(W x10.0 D • Interface Level: TTL compatible • Power Dissipa-
tion: 0.3 m W/bit max. 

For further information, just call or write 

TOKO, INC. 
Head Office: 1-17, 2-chome, II:gashi-Yukigaya, Ohta. ku, Tokyo, Japan 

• New York: Toko New York Inc. 
350 Fifth Avenue, New York, N Y. 10001 U.S.A. Tel: 565-3767 

Los Angeles: Yoko, Inc. Los Angeles Liaison Office 
1830 West Olympic Blvd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417 
Toko, Inc. Europe Liaison Office 
4 D)sseldorf, Kolner Strafte 246, Düsseldorf, W. Germany Tel: 78-7064 
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THIS SPA.;E CONTRBuT• 'UBL:r•ER 

IA) 1( )Ult 
1M MW. 

If something's going wrong, 
it'll tell you. 
1. Change in bowel or bladder habits. 
2. A sore that does not heal. 
3. Unusual bleeding or discharge. 
4. Thickening or lump 

in breast or elsewhere. 
5. Indigestion or difficulty 

in swallowing. 
6. Obvious change in wart or mole. 
7. Nagging cough or hoarseness. 

If you have a warning signal, 
see your doctor. If it's a 
false alarm, he'll tell you. 
If it isn't, you can give him 
time to help. Don't be afraid. If It's what you don't know 
that can hurt you. 

American Cancer Society 

Less than 10 
Offset! 
Rau 
Ultra-Low Thermal 
emf Reed Relays! 
• Unique new method (pat. (lend.) virtually 

eliminates thermal offsets, permits use of 
almost any type reed switch ... Hg wet, dry, 
high voltage. 

• Remarkab y independent of ambient temperature, 
environment. 

• Many contact forms, pin configurations 
availabfe. 

• Units also available at less than 500 nanovolts 
per switch, or less than 1/.tV differentially 
between switches. 

• Greater than ion ohms isolation resistance. 
• Rugged molded package. Moderate price. 

Write for Complete New Catalog MR-6.1 

COTO—COIL COMPANY, INC. 
61 Pavilion Avenue, Providence, R. I. 02905 

Tel: (401) 941.3355 
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The Material 
of Unlimited Uses... 

MERINO 
"UNSOLDERABLES" 
...is but one of the thousands of 
uses for advanced low-melting-
temperature alloys such as 
Cerrosear 35. Cerroseal 35 melts 
between 238°and 260° F., and can 
be used with ordinary soldering 
techniques. When soldered with this 
versatile alloy, "toughies" such 
as glass-to-metal, ceramic-to-metal 
and metal-to-metal seals stay 
tight even in a deep vacuum. Other 
Cerro® Alloys, including specials 
made to your individual specs, are 
perfect for joining ultra-delicate 
parts like integrated circuits which 
cannot be heat-sinked during 
soldering. Low-temperature 
soldering as cool as 117° F. can also 
be accomplished with certain 
Cerro Alloys. 

For detailed information contact 
Cerro Alloy Dept., Cerro Copper 84 
Brass Company, Bellefonte, Pa. 
16823 ... (814) 355-4712. 

In Europe, contact Mining & 
Chemical Products Ltd., Alperton, 
Wembley, Middlesex, England. 

CERRO, 

New products 

VO1 AGE 
REGL,LATOR 
102P 18 

EPITE« ElEC Teor.,cs 

1\REZLArOR 
‘àE 

1p 24 

limb( Itt-:TRomcs 
crt.w. 

RS* 

aSo 

tau 

sets 

,55 

Y 

. Specifications include regulation 
of 20 mv for load current of 0 to 1.5 
Az lo mv per volt input change, and 
temperature coefficient of 0.01%/ C. 
Epitek Electronics Ltd., 19 Grenfell 
Cres., Ottawa 12, Ontario, Canada 
[3851 

A-d converter gives 0.015% 

accuracy at 40-ms speed 

Bipolar 41/2-digit analog-to-digital 
converter model 1010 is built on a 
plug-in circuit card, andincludes 
dual input amplifiers, a two-channel 
multiplexer, internal clock, output 
register, dual-polarity reference sup-
ply, and encode clock. When oper-
ating with a single input, the 1010 
achieves 0.015% accuracy with a 
conversion speed of 40 ms. Users 

1 taij. 
, 

may choose from four input voltage 
ranges and four output code for-
mats. Price is $255. Libra Systems, 
P.O. Box 161, Collegeville, Pa. 
19426 [3881 

Recently we've tried to dispel 
some of the misconceptions 
about monolithic crystal filters 
with some straight facts. Now, 
we'd like to augment these facts 
with some straight figures. Fig-
ures that should convince you 
that monolithics combine high 
performance/small size with low 
cost. Here goes. 

1. Replacing conventional 
crystal filters with monolithics 
usually saves 10 to 20%, and 
sometimes as much as 50%1 

2. PTI standard monolithic mod-
els save time and money. Over 
20 models off-the-shelf at 10.7 
MHz. Plus our new low-cost 
standards at 21.4 MHz. More on 
the board, too. 

3. Designing from scratch 
around monolithics can save 
money by eliminating unneces-
sary parts and by optimum pa-
rameter choice. 
4. No matter how you figure it, 
the performance of PTI mono-
lithics makes money for you by 
adding value to your equipment. 

It all adds up to this — higher 
performance at a price you can 
afford. Talk to us about your 
project. We've been making 
monolithics longer — and more 
of them — than anyone else. 
And we've got the figures to 
back it up. 

Plezo Technology Inc. 

2400 Diversified Way 
Orlando, Florida 32804 
305-425-1574 

The standard in monolithic crystal filters 
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The problem 
eliminator... 

If you're looking for 
inexpensive 
D/S and S/D converters, 
you can stop looking. 

Our converters are far less costly than other 
types. Made up of modules, they lend them-
selves naturally to maintenance on a throw-away 
basis. Easily mounted on PC or DIP plug-in 
boards. Compatible with the new Navy SHP 
module standards, too. Ideal for shipboard, 
ground and airborne applications, military or 
commercial. 
Unique, phase- locked, loop S/D circuits, com-

bined with new pulse width controlled D/S cir-
cuits, provide greater reliability and dependable, 
14- bit performance. No adjustment or controls 
required. 60 and 400 Hz models available. 
More information? Quotations on quantity 

sales? Contact: The Bendix Corporation, Envi-
ronmental Science Division, Dept. 81, 1400 
Taylor Ave., Baltimore, Maryland 21204. 
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Dialight's 
new contactless 
solid state switch 
This new illuminated pushbutton switch eliminates con-
tact bounce, contamination, intermittent switching at low 
levels ... all the problems associated with mechanical 

switches. Because it switches electronically. Pressing the 
button interposes a shutter between an LED light source 
and a photo-Darlington amplifier. This actuates a built-in 
Schmitt trigger to provide clean switching with rise and 
fall times of less than 100 nsec — many times faster than 
any mechanical or Hall Effect switch. It has many times 
their life too- 10' operations at rated load. 

The Dialight Contactless Switch interfaces directly with 
ICs or discrete circuitry. It's available for panel and snap-
in mounting (interchangeable with existing Dialight switch 
caps and bezel assemblies), and in SPST-NO, SPST-NC 
and SPDT types. Write for technical and applications 
bulletin SW6110. 

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY 

60 STEWART AVENUE, BROOKLYN, N. Y. 11237 • (212) 497-7600 
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HEAT 
SENSORS 

IR 
OPTICS 

Informative technical literature 
available on request. 

The Harshaw 
Chemical Co. 

Division of Kewanee Oil co. 
Crystal & Electronic Products Dept. 
6801 Cochran Rd., Solon, Ohio 44139 

(216) 248-7400 

New products/Materials 

Clear cut-glass tubing and rods are 
for hermetic sealing for relay actua-
tor arms, diode enclosures, and 
lamp seals. In addition, they can be 
used in optoelectronics applications 
as hermetic window seals for photo-
cells and light-emitting diodes. 
Mansol Ceramics Co., 141 Little 
Street, Belleville, N.J. [481] 

Flexible polyimide film laminate 
called Poly-Clad is copper clad on 
both sides with an epoxy adhesive 
that withstands solder-pot tempera-
tures of 500 F without blistering or 
delaminating. It is stress-free, di-
mensionally stable from pre-etch to 
etch condition, and compatible with 
through-hole plating and rigid-flex 
combination circuitry when used 
with coverlay adhesives. Fortin 
Laminating Corp., 1323 Truman St.. 
San Fernando, Calif. 91340 [483] 

Etchant type C-35 one-part material 
is for gold conductive layers in hy-
brid and integrated circuits. It et-
ches films up to 1,000 microinches, 
and can etch a 100-microinch thick-
ness in less than 15 seconds at 90°C. 
Price for one quart is $ 14.40; quan-
tity discounts are available. Film 
Microelectronics Inc., 17 A St., 
Highland Industrial Park, Bur-
lington, Mass. 01803 [484] 

Phosphate-free liquid detergent, 
called Liqui-Nox, and low phos-
phate powder detergent, Alconox, 
are for manual and ultrasonic ma-
chine cleaning of electronic parts. 
They are soluble at any tempera-
ture, remove grease, oil grime, dust 
and common soilants from almost 
any surface, and are suitable for 
clean-room maintenance. Alconox 
Inc., 215 Park Ave. So., New York, 
N.Y. 10003 [485] 
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The vehicle? Nikkei Electronics — 
the Japanese version of Electronics 
Magazine published in Japanese for 
consumption in Japan only. 

Nikkei Electronics will be published 
bi-weekly by NIKKEI/McGRAW-
HILL INC. — a joint venture of NI-
HON KEIZAI SHINBUN and 
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely 
in the Japanese language including 
advertisements. 

• If you sell, or want to sell your 
products in Japan, you can talk 
to 20,000 buying influences in 
their native tongue for just $400 
a page. 

• If you are already advertising in 
any of the unaudited lesser media 
in Japan, here is your opportunity 
to consolidate your schedule in 
the one strong medium, make a 
dominant impression and save 
advertising dollars. 

If you are interested in advertising 
in Nikkei Electronics contact your 
local Electronics salesman or any of 
the Electronics sales offices in the 
U.S. and Western Europe. 

NzeztzEltieti,cet 

A Nikkei/McGraw-Hill Publication. 
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YOU'RE WHISTLING IN THE DARK... 

if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 
HEART FUND 

C,rntrir,:e.1., he 

DIGIÀEC DIGITAL 
THERMOMETERS 
We delivered our first Digital Thermometer in 
1963. We were the first to offer these unique, 
convenient instruments. Today we're still the 
leader with a broad line of accurate, wide 
range thermometers to meet the require-
ments of nearly any application. 

DigiTec Thermometers are designed for 
use with' thermistors, platinum resistance and 
thermocouples. Probes for the thermistor 
and platinum resistance units are available 
from stock. The Thermocouple Thermome-
ters are for use with the five most common 
TC types in both ° F and °C. 

These instruments are value oriented with 
many outstanding features, some of which 
are: optional battery pack, LED displays, 
guarded input and isolated BCD output. 
Prices range from $395 to $825. Write or call 
for assistance in selecting the most suitable 
Thermometer for your application. 

r r, .1—,INITECI Ss/STEMS CORPORATION 

918 Woodiey Road • Dayton, Ohio 45403 • (513) 254-6251 
Representatives throughout the world 
For complete specifications, request new catalog 

Circle 131 on reader service card 

New Solid State Switch 

Ageless 
Responsive 
Rugged 

Multiply switch life with 
the new 5 AMP Solid 
State Switch from 
Grayhill. 
Absence of moving parts, 
contactless operation as-
sures infinite switch life 
with proper use. Provides 
immediate response to a 
low current control signal. 

Close any pair of external 
contacts to actuate the 
low power control circuit 
—and remotely locate thE 
solid state switch at the 
load to save costs, reduce 
weight and simplify 
circuitry. 
Completely sealed in a 
compact, self-contained 
unit. Equipped with inte-

Circle 148 on reader service card 

gral heat sink. Shrugs off 
high shock, corrosion. 
moisture. Resistant to 
20 G's vibration in a 
range of 10 to 2000 Hz. 
Dielectric strength: 1500 
VAC, device to ground 
(case) AC or DC. 

Like to know more? 
Write, or phone for liter-
ature on the Grayhill 
Solid State Switch Series 
and for our latest general 
engineering catalog: 
Grayhill, Inc.. 523 Hill-
grove Ave., La Grange, 
Ill. 60525 (312) 354-1040_ 

Grayhill 
pioneers in miniaturization 



If you're in Electronics 
the world is yours 

3 special reports in November, 
December and January issues unlock 
the future of the Japanese, 
European and U.S. markets 

November 22, Japan; December 20, 
Europe; January 10, United States— 
those are the issue dates for Elec-
tronics' special annual reports and 
1972 forecasts that will give you a 
true picture of today's and tomor-
row's electronics world ... and elec-
tronics markets. 

As an electronics company, and an 
electronics man, you can't afford— 
and can't properly market—without 
these reports on your desk. 

You can only get interpretive fore-
casts like these from the one maga-
zine with the on-the-spot world-wide 
editorial capability. Electronics. 

To be certain you get your own sub-
scription to Electronics, fill out the 
subscription card in the back of this 
issue. 

Then the electronics world will be 
yours. 

Call your local Electronics district 
sales manager to show you last 
year's reports. 

Closings: 
Japan Oct. 29; 
Europe Nov. 26; 
United States Dec. 17 

The International Magazine of Electronics Technology 

Electronics/November 8, 1971 



That market letter 
may be injurious 
to your wealth 

Not so long ago, a market advisory letter 
published in Canada started appearing 
in the mailboxes of U. S. investors. Its 
advice seemed so consistently sound 
that many investors began to swear by it. 
Soon, however, they were swearing at it. 
When their confidence was at a peak, 
the advisory service shot out a telegram 
telling them to grab immediately all they 
could of an obscure mining issue. Too 
late, the investors discovered that their 
prized market letter had merely been 
used to set them up for a swindle. The 
stock proved worthless, and the market 
letter was heard from no more. 

Fortunately, the flim-flam market letter 
is rarely that successful. But the truth 
about market letters in general is that, 
while few aim to defraud, none is " right" 

NOVEMBER 1971 

INVESTMENTS 

What the market 
letters really mean 

TAXES 

Year-end selling 

GIFTS 

Jewels for the gals in your life 

TRAVEL 

Hawaii's Big Island 
Broadway's new season 

HEALTHY, WEALTHY AND WISE 

about the market all the time. Their ad-
vice can range from excellent to abomi-
nable. It can be so couched in "gob-
bledygook" and " bafflegab" as to be 
incomprehensible or, worse, misleading. 
Yet they are essential tools for any in-
vestor. Professional money managers 
cppnd fortunes on market information. 
So do bankers, investment counselors 
and brokers. The problem for the individ-
ual is to separate the good from the bad. 
One basic rule wise investors follow: 

Beware " free", unsolicited advice. 
There are "services" for which selling 
otherwise unsaleable securities is part of 
theJr stock in trade. Generally these ad-
visories can be recognized by the prom-
ises they make. "The more they prom-
ise," says one market veteran, "the 
more careful you must be." 

Brokers, of course, supply market let-
ters to their clients and prospective 
clients. These, it should be remembered, 
are primarily prepared as a means of 

PERSONAL BUSINESS 
Idce all McGraw-Hill publications, is written 
for a select audience. It is devoted entirely 
to your personal interests and activities as 
an aid to better management of your time 
and money. 

producing commission business. That is 
not necessarily a black mark against 
them, since the well-established firms re-
alize that the more useful their informa-
tion, the more successful they will be in 
holding onto the business they seek. A 
problem with even the best, however, is 
that in recommending a broad spectrum 
of stocks as most of them do, they leave 
the individual investor pretty much on his 
own in building his portfolio. 

Further, market letters are not always 
as helpful on specific stocks as an in-
vestor might like them to be. Some 
merely state their opinion on an issue, 
without backing it up with reasons. Oth-
ers merely state the case statistically, 
and let the investor make up his own 
mind. The moral: No investor can expect 
any single market letter or advisory serv-
ice to solve all his problems; he needs a 
selection. 
Some of the better brokers' market let-

ters can be obtained from New York 
Stock Exchange firms such as Harris-
Upham, E. F. Hutton, Reynolds, Paine 
Webber, Dean Witter and Spencer Trask. 
Merrill Lynch's Investor Reader with the 
largest circulation of all goes N-monthly 
to over 300,000 readers. 

The Wall Street Transcript reprints a 

Personal Business 1 



You can't replace a $30,000 house with $20,000 worth of insurance. 
If you haven't increased the value 
of your homeowners insurance 
recently, you may be seriously 
under-insured. Inflation has upped 
the value of the average house by 
43% over the past ten years. 

See a State Farm agent about 
insuring your home and your 

possessions for what they're worth 
today with no worry about tomorrow 
...because a special inflation 
coverage feature automatically 
increases the amount your policy 
pays, as inflation continues to boost 
the cost of things. We're the world's 
largest home insurer. We protect 

you from loss by fire, tornado, 
burglary, vandalism and more. 

State Farm Fire and Casualty 
Company. Home Office: 
Bloomington, Illinois. 

For your home, your life, your 
health and your car— State Farm is 
all you need to know about insurance. 

State Farm 
inflation-coverage 

Homeowners 
Insurance 



large number of market letters. The diffi-
culty is that most investors have only a 
limited amount of time to give to such 
reading. Another source of a prodigious 
amount of information is a new daily 
publication, The Media General Finan-
cial Daily, which has just been started in 
Richmond, Va. It combines in one place 
an amazing amount of material on al-
most 4,000 stocks. 
A major question is the relationship 

between what an individual investor can 
logically spend for services in relation to 
the size of his capital. The burden is 
somewhat eased because money paid 
for market letters is tax-deductible. 
One way to decide is to examine the 

popular services at most brokers' of-
fices. It can also be done by mail at 
home. The Select Information Exchange, 
Box 770, Wall Street Station, New York 
10005, sends on request a 45-page 
pamphlet listing 615 investment and 
business services. These are analyzed, 
priced and categorized. The SIE acts as 
selling agents for these services and 
does not give out addresses. But it does 
provide an economical means of sampl-
ing. Provision is also made for sampling 
up to 30 varying services and letters at 
relatively nominal cost. 
Among the oldest and best-known 

publishers are Moody's and Standard 
and Poor's. S&P, the largest investment 
advisory and statistical organization, 
provides a wide choice of services avail-
able. One of the best all-around services 
is The Value Line Investment Survey. It 
gives tabulated and charted information 
weekly on 1,400 individual stocks. Un-
like many letters, the advices are spe-
cific. The Mansfield Stock Chart Service 
provides charts and dozens of points of 
tabulated information weekly on over 
3,000 stocks. 
There is such a large variety of mutual 

funds today that they need to be se-
lected in much the same manner as 
stocks in general. The best source of in-
formation is the Weisenberger Manual 
available in brokers' offices. Arthur Lip-
per & Co. provides current and complete 
fund statistics too costly for the average 
investor. This service is taken in the 
main office of the large brokerage firms. 
Stock Market Trendex and Related Serv-
ices, published in San Antonio by E. C. 
Coppock, combines relative strength fig-
ures with perceptive comment. 

In the final analysis, one must educate 
oneself, and take the time to make the 
most use of the market letters one re-
ceives. The greatest danger is to place 
too much confidence in a single source. 

TAXES 

The time of year 
when stock losses 
can spell profits 

It happens every fall, seemingly just in 
time to catch the World Series and the 
football season as it roars its way into 
action. An investor will examine his port-
folio, survey his purchases and sales for 
the year to date, and decide, then and 
there, that something must be done to 
reduce the pain of the tax bite come the 
following April. And every year, that dis-
tinct minority of savvy traders knows 
precisely how to tackle the problem: Sell 
chunks of the portfolio and take tax 
losses to compensate for those taxable 
capital gains that seemed so bur-
densome earlier. 

Late this year—in fact, right about 
now—perhaps a record number of Amer-
ican investors will join the pros in the 
yearend sell-off for tax purposes. The 
reasons for the crush this year are var-
ied, but with the Dow-Jones industrial 
average meandering up and down 
through a 200-point range all year, 
chances are that more investors than 
ever before need the kind of tax write-

Dick Wolters 

offs end-of-the-year selling can provide. 
Whatever the reasons, however, one 
thing is certain: Any investor must care-
fully appraise his or her portfolio and—in 
concert with broker, investment adviser, 
or accountant—plan a rational strategy. 
The reason for yearend tax selling, of 

course, is simply to balance gains or 
losses taken earlier. But as one Wall 
Street tax-sale expert cautions, " It's ab-
surd to let the prospects of a few saved 
dollars in taxes govern portfolio strategy 
completely." Some investors, for in-
stance, find liberal carry-over rules just 
too attractive to pass up. This lure is sim-
ply that a tax loss of any size can now be 
carried over indefinitely—until it's used 
up in its entirety. One can count himself 
lucky if he is not among these " I must 
sell it now" thinkers, but instead, uses 
tax sales for their intended purpose. 
Once an investor has decided what he 

wants to sell for his tax loss and then has 
that strategy executed by his broker, he 
has taken the first step, but only the first. 
For example, if Harry Brown realizes 
$35,000 from a tax-loss sale in mid-No-
vember, he's still faced with a big deci-
sion: what to do with the money. One 
option is to wait out the market, and in 
doing so, plunk the money into some 
short-term markets—U. S. Treasury bills 
or commercial paper issued by corpora-
tions. But here one must tread cau-
tiously; ever since the Penn Central 
bankruptcy, many brokers have assid-
uously avoided the commercial paper 
market like the plague. If Brown is not a 
veteran in that game, he should probably 
steer clear. 

Even if he knows what to do with the 
money, he may forget to plan adequately 
for short-term cash needs—for such 



At least 
there's one 
problem you can 
stop worrying 
about. 

Finding the 
right employees. 

Through Snelling and Snelling. 

All you need is a telephone and the acumen to call us. 
For we may have immediately available the people you 
need. If not, we'll find them. 

Quickly. Efficiently. 

And with measurable savings to you in time, aggravation 
and in another vital area--money. 

Look us up in the White Pages. You have nothing to 
lose except problems. 

Make that telephone call. And watch Snelling and 
Snelling magic. 

SnellinrSnellin 
The World's Largest Employment Sevin 

with 540 offices coast to coast 

things as, say, taxes. It sounds silly, of 
course, but some investors get caught 
with not enough money in their wallets 
on April 15. What can make matters 
worse is the very fact that the novice, if 
he finds himself in this bind, may also 
have sold the weaker stocks in his port-
folio for losses. Thus, to pay the Internal 
Revenue Service, he must dip into the 
quality goods. 
Such caution aside, there are some 

handsome benefits in tax-loss selling. 
For instance, once Brown balances cap-
ital losses against capital gains, he can 
offset up to $ 1,000 of highly-taxed ordi-
nary income with any excess carried 
over to future years. With a little astute 
juggling, Mr. Brown might even be able 
to maintain his original position in a 
stock when making a loss sale. One way 
is to "double up" in November. In other 
words, Brown could buy a like number of 
shares of the same stock, then wait 31 
days to clear the " wash sale" rule, 
which cuts off at 30 days—and sell to 
take the loss before yearend. (A note of 
caution on the "wash sale" rule: A re-
cent IRS ruling states that stock bought 
on margin is now subject to the same 
criterion as stock bought for cash. Thus, 
Brown would lose the deduction if he 
sold margined stock at a loss within 30 
days of buying other shares for cash.) 
There are other forms of juggling. 

Harry could take the loss by Dec. 31, 
then wait the required 31 days to buy 
back; but this also is a bit chancy. Few 
investors have the patience to wait it out. 
Instead, they get anxious and purchase 
something else—often not as good as 
their original stock. A third form of ma-
neuvering is the " switch". Promoted by 
some aggressive brokers, this method 
simply switches Brown into a similar 
stock in the same industry, using a list of 
"paired" issues supplied, of course, by 
the broker himself. But this may be dan-
gerous, too, for obvious reasons. 

If he plays his cards right, the investor 
might even be able to freeze a profit—or 
loss—and postpone the tax bite until 
1972. For example, if he wanted to es-
tablish his paper profit, but avoid paying 
the capital gains tax next April, he could 
sell short (borrowing shares he doesn't 
really own, usually from his broker), then 
deliver in January or February his origi-
nal shares in payment. By this method, 
the gain on the late-year short sale be-
comes 1972 income. 
There are some drawbacks to this 

type of wizardry. If the stock nose-dives, 
the investor is safely ahead of the game. 
But, if it skyrockets, he misses the 
chance to ride up on the crest of the 
market. 
Top analysts note that stocks that 

have been in a decline for most of the 
year tend to dive even deeper in Decem-
ber. Their advice to the tax-loss-sale in-
vestor with such goods in his portfolio: 
Sell now and avoid the Christmas rush. 

4 Personal BusIne 



Travels in fast company: 
On-the-go professionals, on the scene when ideas, facts, and 
figures are flying thick and fast Get it all down, accurately, per-
manently, and easily with the Sony TC-40 Action-Corder. 

About as small as an instant camera and as simple to use; 
just snap in a tape cassette, press a button, and you're recording. 

There's no mike ta hag around, either. Sony built it right 
into the case. Not just any microphone, mind you. This is a 
profemiona.1 condenser nucnyplume. It picks up any sound 
your ears can hear. Only Sony has it And it's yours 
in the TC-40 for just $99.95. And in many other 
Sony models. Take the Sony Model 110 
portable Cassette-CordeC In fact, take 
it anywhere. The 110 operates on both 
batteries and AC. But that's only 
one of the many reasons why 
the 110 is so big among 

, 

, 
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students and businessmen. Another is Its price. Only $119 95. 
Travelling first class? Then you'll want the Sony Model 120 

Deluxe AC/DC portable Cassette-Corder as your traveling com-
panion. Make your own cassette recordings from discs, tapes 
or off the air. Or simply relax to the sound of your favorite 

music cassettes. Ticketed at $129.95 
Mix mobility and music with, Sony's new CF-300 
combination AM'FM Radio and Cassette-Corder. 

Record music and big news stories right off 
the air. Plus do all the other fun things 

you can do with an ordinary tape 
recorder. It go-as for just $129.95. 

See your Sony/Superscope dealer 
fur a demonstration of the entire 

line of Cassette-Corders that feature 
the fantastic built-in professional 

condenser microphone. For every-
one who can't afford to lose a 

thoLght, or let a good idea get away. 

SONY SUPERSCON 

You never heard it so good e 

eiDeee Êcreer conveys:E.? 
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Gold jewelry 
and jeweled rings 
are Xmas plums 

Jewelry is always an appreciated gift to 
give at Christmas—but also one of the 
most difficult to shop for. After settling 
the confusion over styles, quality and 
price, a man then usually is faced with 
the problem of coming up with some-
thing that is uniquely " personal". And if 
a special design is required—even a 
simple one—orders should be placed 
four or five weeks in advance. 
Some comfort comes in knowing that 

not all purchases need be " big ticket 
items". The top shops, from New York's 
Tiffany to Shreve & Co. in San Fran-
cisco, all are showing popular and fash-
ionable pieces in the $50 to $ 1,500 price 
range. 

This season the trend is to polished 
yellow gold jewelry in classically simple 
patterns. The " in" items, such as heavy 
link bracelets, large clip earrings, and 
wide gold rings are all chunky-looking 
and geometrically designed. Styles and 
prices show up this way: 

Bracelets of gold links are very popu-
lar gifts for wives. They sell for $250 to 
$450, depending on the bulkiness of the 
links. Or, in silver, shops such as Georg 
Jensen in New York are showing similar 
designs in sterling at $75 to $200. 
Bangle bracelets (solid circle) are popu-
lar, too, and if the woman in mind hap-
pens to favor delicate designs, Cartier's 
stock is quite good ($250). Wide, mod-
ern-looking puzzle bracelets, in 18-karat 
gold, run $800 and up at Tiffany's. 
Hoop earrings are always in style. 

Plain gold rope designs—large and 
heavy—are available at Everts in Dallas 
($200), and braided gold hoops run 
close to $300. Large geometric-shaped 
gold earrings are this season's choice in 
a number of leading stores around the 
country ($400 and up). 
The simple chain necklace is another 

favorite; one particularly attractive pat-
tern is of gold beads and twisted links 
($280). One set with lapis lazuli, a strong 
blue stone, is $875. Shreve's big item 
this year is gold coin pendants which 
can be dangled from the chains. The 
pendants, mostly U.S. coins set in 
grooved rims, cost $ 110 to $175. Jew-
eled pins, too, are in vogue. A textured 
gold leaf with a single ruby or sapphire is 
$50 at Georg Jensen. And Shreve sells 
lots of braided bow pins ($ 100). A popu-
lar item at Chicago's Costigane & Geiger 
is an 18-karat yellow gold humming bird 
brooch set in diamonds and one emer-

Cartier's lovely shop in New York has everything from 
diamond pins at $10,000 to bangle bracelets—at $50. 
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The business gift 
for special people. 

Before you settle for the old standbys consider 
something charmingly different. 

Thoughtful, colorful flowers. Lush, lasting plants. 
They brighten your office beautifully. And they 

let you thank favorite people for favors without 
looking like you're asking for more. 

An AFMC professional florist can help you select 
and deliver appropriate Thanksgiving and 
Christmas creations to all the special people on 
your gift list. Locally. Or via wire service, any-
where in the world. 

Make everybody's holiday 
a little brighter this year. 
Do it with flowers. 

s ibda •14 

Suzanne— thanks for 
knowing what I 
wanted before 

I did 

) 

Charlie - I should 
have known you'd 

stick by us 
despite the wage 
freeze. Thanks 

The Gang— with 
appreciation 
for making me 

look good 
again this year. 

•••••••' 

American Florists Marketing Council, 901 N. Washington St.. Alexandria, \fa. 22314 

...Martin. I dub thee 
Tax Lawyer of the 
Year and wish you 
many happy returns. 

AFeté 
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It 
too's 

ALEX KARRAS 
All Pro Defensive Tackle 
of the Detroit Lions 

APÉCOffl 

SYSTRIFITIC. 
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The Ail Pro 
APECO SYSTEM:ITC Copymaker 

TacklesYour Big 
Copymaking Jobs 
&Brings DownYour Costs 
New"Bond-Like"Copymaker makes every size up to 113A"x17" 

Score a never-before size 
advantage. Copy computer 1' 
printouts, blue prints, maps, 
charts—everything up to 
11 3% x 17". Including short 
forms, letter and legal-size pages. Copy 
straight from books and even 3-D objects. 
Go all the way to full copymaking 
convenience! 

Enjoy the first copies that 
challenge the quality and clarity 
of fine office stationery. Apeco 
"Bond-Like" copy paper gives you a 
whole new kind of "presentation" 
quality you must see to believe 
. . . at a price that competes 
with electrostatic paper. 

No time out waiting for this 
copymaker! Copies 100% faster to 
give you 20 letter-size copies per 
minute. No warm up, just turn on the 
Systematic and it's ready to perform. 

FREE! tirb 
NFL Pro Football Hall of Fame Appointment Calendar 1971-72 

Just fill out and mail the attached postage-paid card, or write APÈCO. 

Compact, portable and 
engineered for years of 
rugged high volume 
copywork. Pick your all-pro 
style. Console with built-in 
storage or desk-top model. 
Vibrant computer colors 
blend with every office decor. Choose 
Brilliant Blue, Sun Yellow or Regal Red. 

Bigger roll out action means 
bigger economy. Easy loading super 
size rolls give you non-stop 
copymaking convenience with less 
reloading time. Up to 1000 letter-size 
copies per roll. Every copy cut to 
exact size of original. No 
costly paper waste ever! 

Simplified strategy zooms out 
1 to 99 copies automatically. Set 
the dial for the number of copies 
you want, push the button and that's all 
there is to it. Anyone can produce 
perfect copies every time, in no time at all. 

112‘-str% 

APÉCO IS A REGISTERED TRADEMARK OF APÉCO CORPORATION, EVANSTON, ILL. 60204 



Some of our customers talk 
like they're on the Lyon pay-
roll. Yet we promise no mir-
acles. We simply know what 
it takes to stay No. 1: more 
personal service. 
That's what makes a cus-
tomer a Lyon booster. Be-
cause we put more manpower 

in the field. Lyon representa-
tives are readily available to 
help you plan your steel 
equipment systems. We also 
offer the best quality control, 
the broadest selection from 
more than 1600 stock items, 
the easiest ordering system 
and the best unit packaging. 

Plus the convenience of three 
strategically located plants, 
the larg.est dealer network 
and fast shipment from stock. 
See why often our customers 
are our test salesmen. Order 
all of your steel equipment 
needs from your Lyon Dealer. 
Stay with the leading name. 

Satisfied 1..yon customers 
often sell others: 

that why we serve 36u better 
LYON METAL PRODUCTS, Inc. 
75 Monroe Avenue, Aurora, Illinois 60507 

Please send me a copy of catalog No. 100 

Name  

Firm  

Address 

City State 

Look for us , n the Yellow Pages under LYON 
"STEEL SHELVING," ' LOCKERS .. or -SHOP EQUIPMENT" 

Alre 

MUM main 214( 
11111fflumprim 
NU!! 
Iron 
ors 
nu IFF-m 

LYON METAL PRODUCTS INC. 
General Offices: 75 Monroe Ave., Aurota, III. 60507 

Plants in Aurora, Ill., York, Pa., Los Angeles 
Dealers and Branches in All Principal Cities 

METAL ® 
PRODUCTS 



TRAVEL 

Big Island offers 
everything Hawaii 
has and more 

Each of Hawaii's seven volcanic isles 
has something different to offer, but tne 
Big Island—the island of Hawaii which 
gives the 50th state its name—wraps up 
all their tropical treats in one neat pack-
age. Well, almost all. For some reason, it 
has no pineapples. So far it also lacks 
the traffic jams of Honolulu and the high-
rise hotels of Waikiki. 

It does have golden sands and surfer's 
waves, swaying palms, bikinied girls, 
waterfalls tumbling into lush tropical val-
leys, wild orchids and live volcanoes—all 
standard equipment on Hawaiian isles. 
Then, exclusively its own. the Big Island 
boasts two of the world's loftiest moun-
tains, exotic black-sand beaches, the 
second-biggest U.S. cattle ranch, and a 
melange of sports ranging from snorkel-
ing to snow skiing, to sailing, sailplaning 
and sailfishing, plus big game hunting 
and upland bird shooting. 

Real mountains are a rarity on so 
small a Pacific island—Big Island is big 
(80 X 100 mi.) only in comparison to the 
others—yet Mauna Kea soars 30,000 
feet from the ocean floor to 13,730 
above its surface, and its sister peak, 
Mauna Loa, is only 50 feet shorter. Even 
at this latitude (20 deg. N), both are 
crowned in winter with skiable snow. 
The scarred slopes of Mauna Loa, 
world's largest active volcano (its latest, 
leisurely eruption occurred in 1950), so 
resemble the moon's surface that U.S. 

astronauts trained there for their lunar 
landings. Snug against Mauna Loa's 
side lies Kilauea Crater, part of Vol-
canoes National Park, which has man-
aged to generate a m.ld but spectacular 
eruption nearly every year for the past 
decade. 

Centuries ago, violent eruptions 
spewed lava all the way to the sea, 
where it quickly cooled into crude ob-
sidian glass. Time has slowly turned it 
into fine, black sand, creating the rare 
black beaches of Kalapana and Pa-
naluu, along the Big Island's southern 
shore. 
The Big Island's cattle tradition goes 

back to 1815, when seaman John 
Palmer Parker left his ship to help round 
up wild cattle for King Kamehameha I. 
The ex-sailor married a Hawaiian prin-
cess and set up a ranch of his own. To-
day the Parker Ranch runs 45,000 head 
of Herefords and 1,200 horses, tended 
by paniolos, tough Hawaiian cowboys 
who wear flowered leis for hatbands. 

Adjoining the ranch is the Mauna Kea 
Beach Hotel. Travel writers grope for 
words to describe it, but usually settle 
for spectacular. Its championship golf 
course, designed by Robert Trent Jones, 
was carved out of an ancient lava flow, 

The City of Refuge was an inviolate sanct-
uary for those fleeing tribal wars; its temple 
and great wall were built before 1550. 

Red-hot lava bubbles in the weird lunar land-
scape of Hawaii's Kilaeua Crater. 

FTD 
Speed* 

Gift 

Now you can wire a beautiful, 
tresh flowers and gift combination 
almost anywhere in the country. 

Just call or visit your FT[) Florist 
and choose from his Speed-A-Gift 
collections. 

It's so easy. No wrapping, no 
mailing, no worries. Why not surprise 
a loved one, thank a friend ... or just 
remember someone in a very special 
way for no special reason? 

Available only through your 
FTD Florist. 

Pictured above is SC-15, Pitcher and Bowl 
Real pottery, not porcelain. Richly designed 
to capture that old-world charm. 

The gift 
that 

travels 
by wire. 
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and nearly every tee has a view of the 
sea; a Pacific cove, in fact, serves as the 
water hazard for the short third hole. The 
hotel's open-air corridors feature mu-
seum-quality art objects from throughout 
the Pacific and the Orient. At night, there 
are torchlit luaus at the water's edge, 
and underwater floodlights attract giant 
manta rays to play in the surf. 
Mauna Kea Beach is not the Big Is-

land's only fine hotel by any means. Oth-
ers include Kona Village, luxuriously 
simple thatched cottages surrounding a 
lagoon, and the Kona Hilton, whose 
stepped-back terraces echo the shape 
of the volcanic mountains. Resort day 
rates (double) range from $22 to $65 at 
the Hilton, $55 to $85 at Kona Village, 
and $65 to $85 at Mauna Kea. 
Few places on earth provide such a 

variety of action sports in so compact an 
area. The world record Pacific blue mar-
lin ( 1,100 pounds) was caught just off 
the Kona coast, where charter boats can 
always be hired. There is superb snor-
keling off Mauna Kea's own beach or 
state park beaches to the north, and fine 
scuba diving in deep waters off the lower 

Kona coast. Wilderness trips can be ar-
ranged to the summits of Mauna Kea or 
Mauna Loa, or into the mile-deep, trop-
ical forests of Waipo Valley. Hawaii Is-
land Safaris, Hilo, or Hawaii Trails, on 
the Kona Coast, can also arrange winter 
ski trips to the volcanic slopes, where 
the runs are five miles long, or sailplane 
flights over the Kohala peaks. 
On the Parker Ranch and adjoining 

high country, the bird season runs from 
November through January. Besides in-
season shooting for quail, pheasant, 
partridge and dove, there is bow hunting 
year-round for wild boar and the long-
horn Mouflon sheep. 

Both Pan American and United air-
lines provide daily jet service direct to 
Hilo, on the Big Island. Round-trip rates 
from the West Coast range from $387 for 
first-class on weekends to $222 for 
weekday coach. For the same price, vis-
itors can arrive at Honolulu and leave 
from Hilo, or work out any combination 
within the Los Angeles-Hilo-Honolulu-
San Francisco loop. And neighboring is-
lands can be visited at the bargain rate 
of $5 apiece. There is scheduled shuttle 
service, too, between Hilo and the Kona 
resort coast, and one of the best ways to 
orient oneself to the wonders of the Big 
Island is a, charter ride with Royal Ha-
waiian Airlines. 

Mauna Kea Beach hotel is strikingly furnish-
ed inside (below), and smartly equipped 
for golfers ( left), swimmers, sun loyers. 
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It's a slim year, 
but Broadway still 
has much to offer 

"I went to Philadelphia once," said the 
late Joe E. Lewis, " but it was closed." 
Lately other comics have been tempted 
to apply the old joke to Broadway. Year 
after year, the number of new plays and 
musicals that draw visitors to New York 
has shrunk. This year, with recession 
clipping the wings of potential backers, 
scarcely a dozen new shows are open-
ing. But among them are hits that visitors 
will not only want to see bJt almost have 
to see before they go home, and the 
Philadelphia jokes about Broadway 
are—for another year—premature. 

This season's big sure-fire smash is 
Jesus Christ, Superstar, the rock-opera 
retelling of the Passion that sold $ 1-mil-
lion in advance tickets before opening. 
Performed at the Mark Hellinger Theater, 
with a gigantic cast and orchestra on a 
massive stage that rivals Radio City Mu-
sic Hall's for trick effects, it is stunning 
audiences without regard to race, creed, 
color, age or national origin. 

Neil Simon is back, too. The prolific 
author who brought Broadway Plaza 
Suite, The Odd Couple, and nearly a hit-
a-year for the past decade, has done it 
again with The Prisoner of Second Ave-
nue, pure Simon comedy augmented by 
the direction of Mike Nichols. With Peter 
Falk and Lee Grant in starring roles, 
Prisoner is at the O'Neill Theater, prob-
ably for a long run. 
What No, No Nanette did for nostalgia 

last year, the 1940-ish splashy musical, 
On the Town, is doing this season, at the 
Imperial Theater. This is the one about 
the three sailors who spend their 24-
hour liberty in New York in quest of the 
girl whose face smiled at them from a 
subway poster. Dancing and singing to 
the unforgettable Leonard Bernstein 
score, they are directed this time around 
by Ron Field of Applause fame of two 



Let's put the 0 back in Sonoco. 

There's one thing we at Sonoco want to be remembered 
by: our name. 

But people keep spelling it with a U instead of an 0.Which 
is not just another way to spell Sonoco. It's another company. 

So to help you remember who we are, we'd like for you to 
remember, one: we don't pump gas for a living. And, two: our 
business is making things out of paper and plastics. 

Things like cones, cores and spools for textiles. Cores and 
tubes for paper manufacturers and converters. Cans, containers 
and folding cartons for packaging. Column forming tubes and 
underground pipe for construction. And underground vaults for 
the utility industry. 

What's more, each of the thousands of products we make 
is developed in some of the largest and most complete laboratories 
in the paper, cone and tube industry: our own. And none of them 

go to consumers. Because all our products are made 
to solve specialized industrial problems. 
We'd like to tell you more about all the things we 

do. If you'll write Sonoco Products Company, 
Department PB, Hartsville, S.C. 29550, we'll 

send you a copy of our 
capabilities booklet. I1 Because other than 
our name, there's at 

i least one product we 
want to be remem-
bered by. 
The one we can make 

for you. 

Sonoco Products Company. 
Innovators in paper 
and plastics. fri 
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SHEAFFER., 
the proud craftsmen 

W. A. 511EAFFER PEN COMPANY, A t-e7)flori, COMPANY, FORT MADISON, IOWA 52627 

The superb S«hmidt-Cassegrain optics of the Celestron 8 cause faint Celestial 
objects to appear 500 times brighter thon to the uroided eye with magnification of 50 
to 500X. Imagine your thrill and satisfaction when you can swing this large observatory 
telescope across the heavens and bring into sharp focus the: twirling moons and belt 
structure of Jupiter, rings of Saturn, polar caps of Mars, thousands of stars of a Globular 
Cluster, or filamentary detail of a deep-sky nebula. These and many more are easy 
objects for the Celestron 8 telescope. 

Celestron 5 ... also a large observatory telescope of Celestron Techniques — a periodical containing much 
research quality with light grasp of 225 and magnifi- useful information on telephotography and observing 
cation up to 300X yet super portable. Folds down to techniques. Current issue contains articles on lunar 
7x8xle and weighs only 10 lbs. Send for compara- and planetary photography and many full-color Coles-
live data and photos. Celestron 5 — $495.00. tron photos of these subjects. $2.00 for 4 issues. 

For de:ails 
write to: CPlestron Pacific 2430 Arrsler Torrance, California 90505 

seasons ago. • With a big advance sale, 
On the Town seems sure to last. 

For drama lovers, a handful of new 
plays are set, but the current tendency 
of Broadway audiences to foresake all 
but one or two each season makes it 
questionable which will be running dur-
ing a visitor's stay. Last year's success-
ful Sleuth and Lenny are both still run-
ning, of course. Among the new plays: 

• Old Times, by Harold Pinter, at the 
Billy Rose. It has a top cast: Robert 
Shaw, Mary Lire, Rosemary Harris. 

• Twigs, by George Furth (who wrote 
the book for the hit musical, Company), 
at the Broadhurst Theater. 

• Solitaire, Double Solitaire, two one-
act plays by Robert (Tea and Sympathy), 
Anderson, at the Golden Theater. The 
show was the first this season produced 
under a plan to cut ticket prices. 

• Ain't Supposed to Die a Natural 
Death, by up-and-coming black play-
wright Melvin Van Peebles, at the Barry-
more Theater. 

• Three by Roth, three one-actors by 
Philip (Portnoy's Complaint) Roth, pro-
duced in the off-beat Story Theater " nar-
ration" style, at the Plymouth Theater. 

Theater-goers also will want to keep 
an eye out for at least three other shows 
slated for Broadway runs. These include 
a revival of Leonard Bernstein's Can-
dide; a play by Connor Cruise O'Brien, 
called Murderous Angels, and a drama-
tization of the life of writer-critic Max 
Beerbohm, The Incomparable Max, by 
Jerome Lawrence and Robert E. Lee, 
noted for Auntie Mame. 

Last fall, a dozen new shows blos-

Broadway scene: With far fewer shows in 
town, the big hits are like pure gold. 
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somed off-Broadway. This year only two 
had been definitely set to open as the 
season began. Both are musicals— 
Leaves of Grass, based on the Walt 
Whitman work, and something called 
Drat. The famed Circle in the Square 
Theater also tentatively plans a musical 
version of Member of the Wedding, and 
Joseph Papp's New York Shakespeare 
Festival operation can usually be 
counted on for exciting and off-beat pro-
ductions at its downtown Public Theater, 
where Hair and the Pulitzer Prize-win-
ning No Place to Be Somebody were 
born, and ticket prices are reasonable. 
Uptown, the Repertory Theater of Lin-

coln Center is playing a new translation 
and adaptation of Friedrich Schiller's 
Mary Stuart. It will be followed in Janu-
ary by Narrow Road to the Deep North. 
by the young Englishman, Edward Bond. 
One happy result of the economic re-

cession has been the blanket it has 
thrown over spiraling ticket prices, a 
Broadway plague in recent years. 
Slumping attendance, too, has prompted 
producers to offer "twofers--discount 
tickets with which patrons can buy two 
seats for the price of one. The discount 
tickets can often be found in quantity at 
hotels and Broadway restaurants. 
Some solace to the late-comer who 

can't get into Superstar or the new Neil 
Simon comedy is the aveability of seats 
to some outstanding survivals from 
previous seasons. These include Ap-
plause (with Anne Baxter in the original 
Lauren BacaII role), Follies, Company, 
Fiddler on the Roof, Hair, House of Blue 
Leaves, and the youth-oriented musical, 
The Me Nobody Knows. Any one of them 
offers a memorable evening of theater. 

Three guys waiting 
to tee off. 
On you. 

EATON'S "At-A-Glance" Record 
Books. That's all you have to 

remember. 

There they were. Three key business associates 
waiting at the first tee. For you. And because 
you didn't note the date on your calendar, it 
completely slipped your mind. 

Be infallible. Jot down all your appointments 
in an Eaton "At-A-Glance"® Record Book. 
They are available in Month, Week and Day 
"At-A-Glance" designs, desk or pocket size. 

You'll find one that suits you to a T. Or even to 
a Tee, like our new Week-At-A-Glance Ap-
pointments and Golf Guide. And, of course, 
there are Calendars, Tax, Securities and Auto 
Records, etc. Simulated or genuine leather. 
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From $ 1 to $ 10 at 
better stat;onery departments. 

EATON PAPER COMPANY Division of textroni Pittsfield, Mass. 01201 
Dick Wolters 
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Healthy, Wealthy and Wise 

Cash flow: 
The tax scene, 
and the SBICs 

Hunting season 
is rated "good" 

Xmas planning: 
high-powered 
ideas—for Dad 

A tight squeeze in some businesses has junior, middle, and top-rank executives on 

the look-out for new jobs. Internal Revenue has at last cleared some air and given 

the man who is " relocating" a cash dividend. You can now tax-deduct the cost of 
employment agency fees, counseling fees, and even psychological testing fees— 
assuming you can show that by paying such charges, you were, in fact, installed in 

a new job. In a word: What you pay to get relocated is deductible; but what you pay 
for a fruitless search, is not. . . . Meantime, anybody who takes work home from 

the office may now deduct office-at-home expenses with less fear of being hauled 
on the carpet. Says the Tax Court: It's enough now to show that the homework is 

job-related—that it helps get the workload done. It is no longer necessary to prove 
that it is " essential," or required by the company. . . . Club note: A taxpayer tried 

to deduct his 19th-hole bar bill—and even his country club dues—because he 
played golf with clients. But the Tax Court turned him down flat: He failed to show 
that the costs were business-related. He was merely a gregarious golfer. 

Small business investment company (SBIC) common stock is getting a bit of play. 
These firms, licensed by the Small Business Administration (SBA), put cash into 

new ventures, hope for profits and capital gains—and offer their own investors a 
unique tax break. An example from First Connecticut SBIC which is listed on the 
American Stock Exchange: Jones buys 1,000 shares of an SBIC common at $ 15 a 

share; a year later he sells at $20, and pays capital gains tax on his $5,000 profit, as 
usual. However, say that the market crumbles and in a year's time the SBIC drops 

to $10. Jones can take his loss by selling—and write off his entire $5,000 loss. 

Things look interesting for hunters in most sections of the U.S., according to a de-
tailed check of conditions by the Winchester people as reported in their updated 

Hunter's Handbook, 1971-72. Among big game, antelope will prove to be the high-
light of the season, while white-tailed deer rate from "excellent" in New York state 
to " spotty" in parts of the upper Midwest (check on local conditions). You can look 
for mule deer to be in heavy supply in Montana and western South Dakota, and 

good to fair in most other areas. Ruffed grouse are rated high on the small game 
roster in most sections, with bumper crops, says Winchester, in the Midwest. As for 
ring-necked pheasant and bob-white quail, the situation is generally quite good. 
But if you go out for cottontail rabbit, pick your spot: the rating is good or better in 
33 states, but spotty in 17 states. Full flights of ducks and geese across the U.S. 

mean local seasons and bag limits at about the same levels as last year. 

You might start to do a bit of early Christmas-gift hinting, and line up an item that 

someone in the family may decide is just what you really need. Here are a few 
choice high-ticket ideas that may take some advance planning: East-

man Kodak has two new super-8 movie cameras that make it possible 
to do indoor scenes in color without using movie lights. With a new type 

film, you can even bring off candlelight shots (XL33 and XL55 cameras, 

$120 to $200). . . . Smith-Corona's entry for the man who types in duck 
blinds or on Caribbean beaches is the Electra SS which has a nickel-

cadmium rechargeable battery, with no plug-in needed for efficient 
electric typewriting ($ 190). . . . Hand-size electronic calculators that 

can save hours of pencil work, no matter where you are, are gaining fa-
vor; Monroe's new Shrimp model does a print-out on tape ($379), and 

Sharp has over 15 models that come with and without the printing fea-
ture (tax-deductible, $190 up). . . . Omega's new Speedmaster chronograph 
watch is well designed, has a heavy-duty stainless steel case; worn by Apollo astro-

nauts ($ 195). . . . Cheers: The Wine Vault is a completely self-contained "cellar" 
made of redwood; stays at 53-57 deg. Smallest size racks 256 bottles, is 4 x 3 x 6, 
costs $995 (Box 6298, 909 Park Ave., San Jose, Calif. 95150). 
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International Newsletter 
November 8, 1971 

TI wins contract for 

MRCA nose radar ... 

... and designs 

two ICs for TV sets 

The award for the mapping and terrain-following radars on the British-
German-Italian Multi-Role Combat Aircraft finally has been made, and 
the winner is Texas Instruments Inc., Dallas. TI took the contract, worth 
an initial $ 1.3 million, from high-powered competition including the 
Autonetics division of North American Rockwell, and Britain's Elliott 
Automation Radar Systems Ltd. and Ferranti Ltd. [Electronics, Inter-
national Newsletter, Aug. 16]. 
The award, granted by Panavia Aircraft GmbH, the German firm that 

has overall responsibility for the plane, covers development and testing 
of the radar, but has options that permit production of the unit by TI, 
by selected European companies, or both. As for other MRCA hardware, 
German sources say Litton Technische Werke, a Litton Industries sub-
sidiary, is the front-runner for the weapons computer. 

Texas Instruments Ltd. of Bedford, England, is readying two TV receiver 
integrated circuits that promise substantial manufacturing savings. One 
will give line and frame oscillator outputs; the line unit contains a 
phase comparator, voltage-controlled oscillator, and flyback pulse shaper, 
and the frame section a frame integrator, oscillator, and two optional 
outputs. Both sections are fed from an integrated sync-pulse separator 
and noise gate in parallel. TI engineers say minimal external components 
will be required without sacrificing performance, so that set-making costs 
can be cut. The second item-is a four-pin, 2.5-watt rms, Class A-B audio 
amplifier specifically for TV and intended to be cheaper than the discrete 
components it replaces. Both should be available early next year. 

Fujitsu boosts Lower prices of integrated circuits, particularly TTL/MSI, have enabled 
ca abilities of Fujitsu Ltd. to greatly expand the capacity of its latest computer model, 

the Facom 230-55, without significantly raising prices. The new unit had 
newest computer been slated to go on the market as the Facom 230-45D [Electronics, 

Electronics International, March 1], but was renamed to reflect the 
increased capacity—three tilines that of the Facom 45S and about five 
times as much when used as a multiprocessor. Capabilities added by the 
greater use of ICs include pipeline processing and expansion of the 
data bus; the unit has 32 data channels. Memory configurations are a wire 
unit with a cycle time of 0.6 microsecond or a core version with a 1.2-
microsecond cycle time. Maximum storage size is 2,040 kilobytes. 

British wind down 

Black Arrow program 

The success of the second all-British attempt to put a spacecraft into 
orbit may also be the last all-British launch. The $5 million, 145-lb. X-3 
technology-proving satellite, built by British Aircraft went into polar 
orbit from a Black Arrow launcher late last month from Woomera, 
Australia (the first attempt failed 14 months ago). But because the Black 
Arrow program is being run down to save money, the only definite 
successor is X-4, another small technology prover, which will go up in 
an American Scout Rocket early in 1974; Hawker Siddeley Dynamics 
Ltd. is prime contractor. The government won't decide what's to follow 
X-4 till next year; best bet is a larger, geostationary technology prover. 
It's not likely that the government will kill the satellite programs. 
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Yet another new low 

for Japanese 

calculator prices ... 

... as Germans fret 

over domination 

of their market 

French move to curb 

imports from Asia 

ITT subsidiary takes 

contract for British 

telephone exchanges 

East, West Germans 

set up TV link 

The latest company to drag down the steeply declining price curve of 
Japanese electronic calculators is Eiko Business Machine Co. Ltd. The 
firm will be selling by the end of the month a 12-digit, line-operated unit 
in Japan for about $90. An important reason for the calculator's low price, 
says Eiko, is the inexpensive cost of the unit's single LSI chip imported 
from Caltex Corp. of Saratoga, Calif. Eiko plans to export the calculator 
to the U.S. next year as a semifinished product, with the LSI chip to be 
installed by Caltex. 

West Germany's calculator manufacturers are angry over unabated 
imports of low-priced Japanese models, which have now captured 
roughly 80% of the German market. Although Japan officials recently 
declared they will not step up their sales activities in Europe to offset 
losses on U.S. markets, the West German industry remains highly skep-
tical. Prices for Japanese calculators sold in West Germany have dropped 
very significantly in the past five years, uring which time their share of 
the market has risen from less than 10%' to the present 80%. Calculator 
producers in West Germany and elsewhere in Europe are now considering 
an appeal to Common 'Market commissioners. 

France and Japan are optimistic that they can get together on terms for 
a new bilateral agreement limiting importation of Japanese consumer 
electronics into France. The current four-year agreement expires in 1973, 
and French and Japanese officials recently decided to open talks next 
April for a new accord. 

Meanwhile, French customs officials are cracking down on importation 
of Asian components, apparently on instruction from the highest govern-
ment levels. Quotas on components shipments from Asian countries 
previously had not been rigorously enforced, but now "they're interpret-
ing the law to the letter," complains an executive of a company that has 
spent several weeks trying to get clearance for a $30,000 semiconductor 
shipment from its Formosa plant. 

The British Post Office has awarded contracts for that nation's first large 
electronic telephone exchanges to Standard Telephone and Cables Ltd., 
an ITT subsidiary. Worth $36 million, the award covers final develop-
ment, production, and installation of initial systems that will use electri-
cally held reed relay switches controlled by solid state logic. Call instruc-
tions are in plug-in, threaded-core storage modules. The system, known 
as TXE-4, is a joint development of the Post Office and industry for local 
exchanges of up to 40,000 lines. It complements TXE-2, which is similar 
in principle and handles up to 2,000 lines. London will get the first 
exchange, probably in early 1975. 

Although politically still far apart, the two Germanys are getting a bit 
closer together in communications. In addition to establishing consider-
ably more direct telephone, teletype, and automated telegram connec-
tions, negotiators have agreed to set up an across-the-border microwave 
link for television transmissions. The link, to be built by West Germany's 
Siemens AG and scheduled for operation in mid-1972, will be the first 
to be established since the Berlin Wall went up in 1961. 
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Significant developments in technology and business 

Japanese 
computer leaders 
team up 
Hitachi and Fujitsu, two 

of leading computer makers, 

surprise industry by plans 

to jointly build new line 

Japanese computer companies, with 
government-approved liberalization 
of foreign investment only a couple 
of years away, are beginning to join 
forces in what will be a major indus-
try realignment. 

But far faster than anyone ex-
pected, two of the three top com-
puter makers, Hitachi and Fujitsu, 
have revealed they will jointly de-
velop their next generation of com-
puters. 

Significantly, the new computer 
line will be compatible with the re-
quirements of the Nippon Tele-
graph and Telephone Corp.'s am-
bitious time-sharing system and the 
policies of the powerful Ministry of 
International Trade and Industry. 

It will be at least three years be-
fore the first computers developed 
under this agreement are ready for 
the market. The complete series of 
3.75- or 3.8-generation computers 
will probably cost between $ 150 
million and $300 million to develop. 
The fourth generation will be the 
pattern-oriented computers to be 
developed in MITI'S eight-year large-
scale project [Electronics, Sept. 13, 
Electronics International]. 

Compatible. Both companies want 
the new line of computers to be-
come the main series in Japan. That 
is why they want to build computers 
that meet NTT and MITI standards. 
A commercial line of computers 
that meets NIT'S DIPS time-sharing 
system's specifications will make life 
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easier for manufacturers by elimi-
nating the need to build two series 
of computers, and it will make costs 
much lower for NTT because of 
higher production. 
The agreement was initially 

worked out by vice presidents of the 
companies, Toshihiko Kubo of Hi-
tachi and Hiroshi Seimiya of Fu-
jitsu. They were classmates in high 
school and because they are work-
ing in the same industry have kept 
in touch with each other through the 
years. 
They say that there is no definite 

date when they first agreed to agree, 
but the impetus came toward the 
end of this spring as MITI firmed up 
its decision to liberalize foreign in-
vestment for production of comput-
ers in three years. 
Kubo says that talks had started 

before RCA announced that it was 
withdrawing from computer pro-
duction, and that the move did not 
have much effect. Starting last year 
RCA slacked off on development as 
its computer income fell off, and Hi-
tachi was not receiving much of 

value from RCA recently, according 
to Kubo. 
MITI. An important factor in in-

ducing the two companies to agree 
to cooperate is the policy of the 
Ministry of International Trade and 
Industry. It is now negotiating with 
the Finance Ministry for a special 
appropriation to promote the elec-
tronic computer industry that will 
total ( at the deflated rate of 330 yen 
equal $ 1) $421.2 million during fis-
cal years 1972-1976. 
Funds from this appropriation 

would not be available to individual 
companies but only to groups of 
companies for joint development— 
this is a sweetener to promote re-
alignment of the industry. The 
source of these funds would be in-
creased tariffs from imports of data 
processing equipment in excess of 
$70.9 million expected to be col-
lected during the current fiscal year. 
Most important categories within 

this appropriation include a subsidy 
for the promotion of the develop-
ment of new models of computers. 
This means computers competitive 

Joint venture. Laying the foundation for what could become Japan's leading computer pro-

ducer are Yoshimitsu Kora, president of Fujitsu, Kenichiro Komai, president of Hitachi, and 

Kakuei Tanaka, head of the Ministry of International Trade and Industry. 
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with IBM's series 370. Total for this 
category would be $300 million, of 
which MITI will request $ 15.2 mil-
lion for 1972. 
The others. Meanwhile, there is 

the question of how the four re-
maining major computer companies 
in the industry will realign. Most 
observers feel that Nippon Electric 
Co., will form one group, and Oki 
Electric Manufacturing Co., Oki 
Univac Kaisha Ltd., and Mitsubishi 
Electric Corp. will form a third. 
Toshiba has expressed an interest 

in cooperating with Nippon Electric. 
But NEC is not as eager, because it 
holds the best cards. NEC sales of 
computers run between two and 
three times those of Toshiba. Also, 
NEC is a supplier of both DIPS com-
puters and electronic telephone ex-
changes to NIT, while Toshiba is in 
neither of these two markets. 

Both companies have ties with 
Honeywell Information Systems: 
Nippon Electric on the strength of 
an overall agreement with Honey-
well, Toshiba on the strength of a 
model-by-model agreement with 
General Electric. 

Mitsubishi Electric and Oki Elec-
tric say they are seriously consid-
ering buying equal size blocks of 
each others stock, probably 1 mil-
lion shares each. 

France 

High-speed camera 

dissects explosions 

Necessity, that well-known mother 
of invention, has pushed French 
military researchers into develop-
ment of an electronic camera that 
can stop action at any given nanose-
cond. Ballistics experts have kept 
the device busy eight hours a day 
for several months snapping some-
what foggy but quite revealing pic-
tures of explosives in the act of ex-
ploding. 

Without revealing any military 
secrets, Jacques Marilleau, project 
manager of the team that perfected 
the instrument, first spoke publicly 
about his research a year ago at an 
international congress on high-

speed photography in Denver. Since 
then he and about a dozen aides 
have put their camera into full oper-
ation. They believe they have the 
fastest shutter in the world, using a 
Hyperelec image converter tube in-
stead of the conventional mechani-
cal open-shut device to capture a 
glimpse of movement as brief as one 
nanosecond. 

Marilleau still declines to talk 
much about what's happening on 
the firing range, but he says his 
camera is taking it all down with 
precision. One example he cites is a 
test of a detonator, which should 
cause an explosive device to explode 
uniformly. 

But by photographing the bottom 
of the device, the experts found that 
the explosive material under test 
was being ignited unevenly because 
the detonator was slightly cockeyed. 
Calculations from the photograph 
showed that a minute adjustment of 
some 0.3 millimeter was needed in 
the device to attain uniform detona-
tion. 
Three shots. Marilleau's lab, 

which is in the military applications 
section of France's Atomic Energy 
Commission, worked on the camera 
for more than two years, striving to 
better the maximum speed that a 
mechanical camera can achieve— 
about 100 nanoseconds. 

It seems 100 nanoseconds was just 
too slow for checking out the behav-
ior of the latest explosives. Electron-
ics provided the answer—the key 
component being the electron image 
tube that receives the visual image 
via a zoom lens. The image tube 
contains a photoemitting cathode 
plane separated by a few millime-
ters from a photoluminescent 
anode. The exposure time, or shut-
ter speed, is regulated by controlling 
the duration of a 10-kilovolt pulse 
applied between cathode and 
anode. The beam of light to be pho-
tographed is split in three parts and 
fed into three tubes so that the cam-
era can take up to three pictures in 
sequence with variable intervals be-
tween exposures. 

Instead of using emulsion-coated 
paper to capture the image, the 
team channels the image-tube emis-
sions through a conveying lens, then 

into a storage tube. The picture can 
be recorded on magnetic tape, vis-
ualized on a cathode ray tube, or 
digitalized computer analysis. 

Marilleau and his crew say they 
don't expect to sweep the consumer 
market with their $ 100,000 instru-
ment, but they say three have been 
built for use in France. 

Austria 

Paralyzed patients 

get an electronic hand 

For people whose limbs are para-
lyzed as a result of certain spinal 
cord injuries, help is coming in the 
form of an electronically controlled 
device that lets them move at least 
their fingers again. Developed by a 
small Austrian firm, the apparatus 
enables patients to do on their own 
such basic life functions as eating, 
and it allows the use of their hands 
even for more complicated jobs like 
writing and dialing a telephone. 
The device was developed at 

Viennatone Hiirgerâte GmbH, a 
Vienna-based company known in 
Europe primarily for its expertise in 
hearing aid design. Lately, though 
the company has been getting in-
volved in building electronically 
controlled artificial hands and limbs 
[Electronics, May 15, 1967, p. 233]. 
Called Orthomot, Viennatone's new 
apparatus has already proved itself 
at Austria's Tobelbad Rehabilita-
tion Center and is now being used at 
various medical institutions 
throughout the country. 

Control problem. As in artificial 
limb control units, tiny myoelectric 
signals generated by muscle con-
tractions are used to initiate motion 
of the patient's fingers. However, 
limb control in a paralyzed person is 
a much more difficult task because 
only one muscle may be still active 
enough to generate usable signals. 
In that case the same signal must be 
used to control gripping an object, 
releasing it, or holding it tighter. 
Thus, Viennatone came up with a 
different approach to electronic con-
trol circuit design. 

In the Orthomot system, the 
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Gripping. Unit uses impulses from single 

muscle for holding, tightening, or releasing. 

muscle-generated signal—usually in 
the order of microvolts—is picked up 
by a gold-plated electrode on the 
skin near the active muscle. A small 
integrated circuit preamplifier in-
corporated in the electrode housing 
boosts that signal by about 20 deci-
bels and passes it through an im-
pedance converter to the control 
unit. Here, in a three-stage, low-fre-
quency amplifier, the signal is again 
boosted, this time by approximately 
60 dB, and applied to a small motor, 
which controls a flexible cable at-
tached to the patients fore and 
middle fingers. 
The control unit, about the size of 

a cigar box, is usually fastened to 
the patient's wheel chair but can 
also be attached to his belt for easier 
switch manipulation. In addition to 
the amplifier and the motor, the 3-
pound unit houses a reduction gear 
for the motor as well as the power 
supply. 
When the one active muscle is 

contracted the fingers begin to close, 
and when the muscle is relaxed the 
finger motion stops. At the same 
time, a sequencing circuit is 
"preprogramed" for the subsequent 
finger opening so that the next 

muscle contraction results in releas-
ing motion. 
However, if the patient wants to 

tighten his grip around an object, he 
momentarily contracts the muscle, 
producing a short pulse-shaped sig-
nal. This intermediate pulse by-
passes the control circuit's's direc-
tion-reversing portion and causes 
the already closed hand to exert 
more pressure around the object. 

Threshold. The sequence circuit 
employs digital techniques in which 
a Schmitt trigger, a bistable multi-
vibrator, and several gate circuits 
handle the signal processing jobs 
and provide the proper 1 and 0 in-
puts to a bridge circuit preceding 
the motor. When the amplified and 
rectified myoelectric signal at the in-
put of the Schmitt trigger reaches a 
certain threshold, the digital outputs 
of that trigger and of the multivibra-
tor work to open the hand. When 
the signal remains below the 
threshold, the outputs cause the mo-
tor to close the hand. 
Once an object is grasped, an au-

tomatic locking mechanism keeps 
the fingers around the object after 
the muscle is relaxed. This feature 
enables the patient to hold objects 
easily for longer periods of time. 
So far, Viennatone has built 

around 40 prototype Orthomots. 
Once volume production gets un-
derway, it will sell for around $420. 

Japan 

3-d radars 

take shape 

Three-dimensional radar is one area 
of defense electronics where the 
Japanese have advanced a long way 
by themselves. Unlike much other 
defense electronics, where the U.S. 
shared its technology with Japan, 3d 
radar was withheld from the Japa-
nese, who were thus compelled to 
develop their own. They now have 
two advanced types of S-band sys-
tems, one for permanent installa-
tions and one that is transportable. 

Until now Japanese radar sites 
have used two-dimensional radar 
for distance and direction informa-

tion, and separate nodding-type 
height-finding radar to obtain all 
third-dimension coordinates. But in 
the early 1960s, as plans were made 
for upgrading sites to include au-
tomatic tracking, simultaneous digi-
tal processing of several targets, and 
rapid digital transmission of data, 
the nodding-type radars became a 
bottleneck. 

Progress. In 1964, a 3-d radar 
prototype development contract was 
awarded to Mitsubishi Electric 
Corp., which began its work with 
development of the antenna system. 
Overall cost of developing the pro-
totype and testing was more than $3 
million. The first operational 3-d 
system will be completed and in-
stalled before the end of next 
March, and one system will be in-
stalled each year for the next few 
years. 

This radar is similar to Mitsu-
bishi's air traffic control radar [Elec-
tronics, June 21, p. 68], but uses 
multiple mirror and horn antennas 
rather than a single mirror and horn 
antenna and multiple stick an-
tennas. The transmission of a fan 
beam from a single mirror and horn 
antenna enables it to maintain all of 
the desirable aspects of previous 
two-dimensional systems while add-
ing a third dimension. 
The prototype system used vac-

uum tube circuits and has a total of 
four mirror and horn antennas to 
form the phased array needed for 
height information. The operational 
radars use solid state circuits except 
for high-power transmitter stages 
and have a total of three mirror and 
horn antennas. 
They will be installed in place of 

radars now used at sites of Japan's 
Base Air Defense Ground Environ-
ment system. In addition to its ex-
cellent characteristics, this radar 
also includes moving target indica-
tion (MT!) capabilities and sophis-
ticated capabilities against elec-
tronic countermeasures (Ecm) 
including jamming and chaff. 

Portable. In 1969 a contract was 
awarded to Nippon Electric Co., for 
a transportable 3-d radar system for 
use as a backup to the fixed site ra-
dar. In this program, the prototype 
phase was skipped and the first sys-
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tern built was an operational unit, 
which was delivered last March. 
The principle of operation is com-

pletely different from that of the 
Mitsubishi equipment. NEC uses a 
single planar phased-array antenna 
with phase-frequency scan. Com-
bined phase-frequency scan is used 
for elevation scan while the azimuth 
scan is performed by mechanical ro-
tation of the antenna. This radar has 
many of the same features as the 
fixed radar, including digital pro-
cessing of data from many targets, 
MTI processing, track while scan, 
and ECM capabilities. 

Feeding. The aperture of the an-
tenna for this radar consists of 64 
identical waveguide linear arrays, 
each of which contains 76 inclined 
radiating slots. In series with the 
feed of each linear array is a four-
bit digital nonreciprocal ferrite 
phase shifter, which can be set for 
one of 16 different phase shifts. 

Since each one of the linear ar-
rays is fed from a different point 
along a common feed line, the 
phase with which each linear array 
is excited varies with frequency. In 
this antenna, the effect is enhanced 
by having the feedline meander 
rather than going straight between 
arrays to achieve additional delay. 
The antenna is designed so that 

succeeding steps of the digital phase 
shifters cause a radar beam scan of 
3. In practice, scan in increments of 
1° is achieved by using three sepa-
rate frequencies for transmission— 
the phase shift in the meandering 
line then gives a 1° difference in 
scan angle between frequencies. 

In operation each pulse from the 
radar consists of three subpulses of 
different frequency. These pulses 
leave the antenna with directions 
differing by 1" increments. 

Balance. The combined use of 
frequency and phase scan is very 
advantageous. Use of frequency 
scan alone would require a very 
wide bandwidth. The band allo-
cated for radar in Japan is not too 
wide, and use of the necessary large 
frequency sweep would cause inter-
ference to other radars and other 
services. The use of phase scan 
alone would require an excessively 
long time for each scan. 

The antenna is about 20 feet wide 
and can be transported in a truck. 
Altogether the radar system with an 
air-inflated command center can be 
transported in six trucks. 

Great Britain 

For phased-array radar, 

a new steering technique 

To simplify some of the problems of 
driving phased-array radars, re-
searchers at University College, 
London, have developed an har-
monic oscillator locking technique 
as a means of accurately shifting the 
phase of a fundamental frequency. 
A free-running oscillator is quite 

often controlled by feeding into the 
circuit a small-signal oscillation that 
locks the oscillators phase or fre-
quency. Though the frequency ratio 
of the oscillations is generally 1 to 1, 
the technique will work equally well 
if the locking frequency is at some 
harmonic of the locked frequency, 
say 3 or 4 to I. 
Jump. The principle of the UCL 

group's work is that with a locking 
frequency of four times the funda-
mental frequency the phase can be 
shifted through 90 if the funda-
mental oscillator can be made to 
jump out of lock and resettle one 
cycle of the locking signal earlier or 
later. A double jump would give 
180°. Other angular shifts can be ob-
tained by changing the harmonic. 

Using 100-milliwatt, 1 gigahertz 
transistor oscillators, the UCL re-
searchers have found that a short 
pulse of around 50 millivolts ap-
plied to the transistors base will 
change its frequency by about 1 me-
gahertz, which is sufficient to make 
it jump out of lock and resettle 90' 
away. Whether it is earlier or later 
depends on the polarity of the pulse. 
The greater the pulse voltage, the 

faster is the rate of change of fre-
quency, and hence the quicker the 
phase change can be made. John 
Forrest, one of the development 
team, says they have not tried to op-
timize pulse voltage and duration 
yet, but with the 1-gigahertz setup 
they have achieved 90° switching 
times of 40 nanoseconds. In any 

case, voltage and duration do not 
seem to be critical within 20% or 
25% of the probable optimum. 
Transistor oscillators require less 
power than Impatt oscillators for 
locking and shifting between second 
and fourth harmonics, but Impatts 
are better between third and fifth. 
Forrest says this is because the two 
types of device have different non-
linear characteristics. 

Test. The group has expanded the 
experiment into a five-element, in-
line phased-array antenna, using a 
4-GHz locking signal. With the five 
transistors locked in phase. the an-
tenna is looking at right angles to 
the array. A probe test after moving 
the first transistor 180 forward, the 
second 90 forward, the fourth 90 
backward, the fifth 180- backward, 
and leaving the middle alone, show-
ed that the beam had steered. 

Forrest says a practical cw sur-
veillance radar would probably use 
some dozens of transistor oscillators 
or Impatt oscillators controlled from 
a single locking oscillator. Beam 
steering flexibility would depend 
primarily on the transmission 
wavelength and the distance be-
tween the elements, and it is un-
likely that a harmonic higher than 
the fourth would be necessary for 
the locking oscillator. It should be 
possible to phase shift all the out-
puts more or less simultaneously. 
Compared with conventional cw 

phased-array systems, the UCL sys-
tem has the advantage that it could 
be made entirely from low-power 
solid state devices, and it would 
need no power dividers or ferrite 
phase shifters. It could also be very 
easily controlled from a computer. 

Limits. Forrest doubts it would 
work in the fm mode. That's be-
cause fm radars use a bandwidth 
greater than the frequency range 
through which any likely output os-
cillator would stay in lock, so that 
the system would be unstable. He 
thinks that even in the cw mode 
there might be a problem from in-
terference pulses producing 
spurious jumps, but this could be 
countered by returning to the in-
phase condition on all elements be-
tween steer points instead of moving 
progressively. 
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The new F34 proves that a 
Function Generator doesn't have 
to be expensive to be great! 
Read the panel! The Output Limit indicator Light — unique! It 

guarantees you an unclipped waveform. The Sweep Width control — 
foolproof and calibrated. Frequency analog output, variable width 
pulse and manual trigger — they're all there and more. See for yourself! 

For details on IEC's complete Function Generator line, 

contact john Norburg today. 

The new SERIES 30 includes 3 other models 
costing even less, starting at just $295! 
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Wide Band, Precision 

CURRENT 
MONITOR 

With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1 Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly precise measurement 
of pulse amplitude and waveshaPe. The 
one shown above, for example, offers 
pulse-amplitude accuracy of + 1%, —0% 
(typical of all Pearson current monitors), 
10 nanosecond rise time, and droop of 
only 0.5% per millisecond. Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, a klystron, or a particle 
accelerator, it's likely that one of our 
off- the-shelf models ( ranging from 1/2 " 

to 103/4" ID) will do the job. Contact us 
and we will send you engineering data. 
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eiseeetterde 
HOW TO SAVE MONEY ON 

THUMB WHEELS: 
Lower Prices... 
Better Discounts 
on Cherry 
Thumbwheef 
Switches 

Those high-flymg thumbwheel prices just came down. 
Cherry's new down-to-earth prices are an average reduction 
of 24% ... as much as 46% reduction on some models. 

csebP. 
c•-s'çt 

et* 

$5.3v 
,r.er ,1;e3 

* b he 

3 

•Prices shown are 

for 2000 piece quantity. 
Lower prices 

on larger quantity. 

SEND FOR NEW LOW PRICES AND CATALOG 
TWX 910-235-1572 . . . or PHONE (312) 6897600 ext. 7703. . or WRITE: 4. 

7 

CHERRY o® 
CHERRY ELECTRICAL PRODUCTS CORP. 

3600 Sunset Avenue, Waukegan, Illinois 60085 

Makers of paten:ed Leverwheel/Thumbwheel Switches, Matrix 
Selector Switches, Snap-Action Switches and Keyboards. 
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How Can You Sort 
Useful Information 
from 100 Million 
Bits Per Second? 
Today the television camera is an extremely 
versatile data acquisition tool. It can give you 
around 100 million bits of information per 
second— spatial dimensions, brightness, color. 
time — with a wide range of 
sensitivities. Not all of what 
the camera sees is usable, 
however. 

How can you extract the 
exact, useful data you 
need from this source? 
Colorado Video has the Model 
321 Video Analyser specifically designed to 
help you pinpoint the data you want and 
eliminate the redundant or useless bits. 

The 321 can be used on a " stand-alone" basis 
as a laboratory instrument for such 
applications as image analysis and 
camera-to-hard-copy interfacing. Or, 
the 321 can provide input to your 
compLter for a 
variety of analysis 
functions. It can 
also be controlled 
by the computer. 
The 321 now is being 
used for such diverse operations as automatic 
instrument calibration via computer, cancer 
cell analysis and measuring changes in the 
diameter of human veins. 

Find out what the Colorado Video Model 321 
Video Analyser can do for you. Write or call 
for information. Price: $2500. 

<VI 

COLORADO VIDEO, 
INCORPORATED 

• 

P.O. Box 928. Boulder. Colorado 80302. Phone (303) 444-3972 
Video Data Acquisition • Processing • Display • Transmission 

How much 
free time 

do you have 
available for 
reading? 

Add up the number of magazines that 
come across your desk. 

Nlultipl \: them by an average reading time 
— minutes to scan, an hour Or more to dig in. 

N lost people can only spend six hours each 
week on all sources of occupational information. 

So how do you fill your professional needs 
and still keep your reading within reason? 

I ,eaf through this issue again. 
Notice how much of its editorial is 

designed to keep you aware of trends, show 
you how new technologies are being applied, 
and give you information on new products. 

If you want to keep yourself up to date and 
cut down on your reading time, do the same 
thing with every issue of Electronics. 

When you make Electronics your regular 
habit, you'll find you have only occasional 
need for other electronics magazines. 

N lore information, in less reading time, is 
one reason it pays you to have your own 
subscription to Electronics. 

Electronics. 
It's all you need to read. 
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November 8, 1971 

Electronics 
Reader service 

Use these handy post-
cards for more detailed 

information on 
products advertised, 

new products, 
new literature. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are in-
terested. 

Please print clearly. All written 
information must be legible to be 
correctly processed. 

If the cards have already been 
used, you may obtain the needed in-
formation by writing directly to the 
manufacturer, or by sending your 
name and address, plus the Reader 
Service number, to Electronics 
Reader Service Department, Box 444, 
Hightstown, N. J. 08520. 

All inquiries from outside the U.S. 
that cannot reach Electronics before 
the expiration dates noted on the 
Reader Service postcard must be 
mailed directly to the manufacturer. 
The manufacturer assumes all re-
sponsibilities for responding to in-
quiries. Electronics merely provides 
and clears requests for information 
from inquirer to manufacturer. 

Correct amount of post must be 
affixed for all mailings from outside 
the U.S. 

Multi-product advertisements 

For information on specific items 
in multi- product advertisements 
which do not have a specific Reader 
Service number indicated,write di-
rectly to manufacturer for informa-
tion on the product in which you are 
interested. 

To subscribe to 
or to renew Electronics 

Fill in the subscription card ad-
joining this card. You need to send 
no money. Electronics will bill you 
at the address indicated on the card. 
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Reprint service 

Reminder: The Post Office now requires your ZIP CODE on all mail. Please include your 
ZIP CODE number when filling out your reply card. 

Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 
Reader service department 

Box 444 

Hightstown, N.J. 08520 

First class 
Permit no. 42 

Hightstown, N.J. 

Business reply mail 
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Postage will be paid by 
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Only Electronics editorial 
matter listed on this page 
available in reprint form: 

You may order any of the below listed 
reprints by key number. Discounts on 
quantities over 10. 

Bulk reprints of editorial matter can be 
ordered from current or past issues. The 
minimum quantity is 500 copies. Prices 
quoted on request: call 609-448-1700 Ext. 
5494, or write to address below. 
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Special Report on Gallium 
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Parts I, II, and ill. 64 pages. 
$4.00. Key no. R-64 

1970 Electronics Index to Technical 
Articles and Authors. S1 00 
Key no. R-32 
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order will be accepted. No invoicing will 
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HOW 
TO READ 

A CONNECTOR 
Specifically, Elco's brand 

new, Series 8219 two-piece 
miniature connector. A state-

of-the-art, high contact density 
connector for your printed 

circuit and input/output 
rack and panel applications. 

Sophisticated. Highly reliable 

The new VariconTM low 
withdrawal force contact 

(1-6 ounces per contact pair) 
that makes it easy to assemble 
the connector into your board. 

And provides MIL-SPEC 
reliability as well 

(MIL-C-55302 Type) 

Variations are provided for 
single-sided and double-sided 

p.c. cards, and for parallel 
or perpendicular p.c. 

card mounting 

Contacts on 
.050" staggered 
spacing to help 
you cope with 
the packaging 

squeeze imposed 
by MSI and LSI 

circuitry 

Coming soon! 

Matable 
connectors with 

crimp-type 
contacts for a 
variety of wire 
sizes for your 
total system 

requirements. 

Color-coded, 
rugged metal 
guides to help 
you properly 
orient mating 
connectors 

Series 8219 connectors 
are available right off 
the shelf in six discrete, 
most popular sizes: 18, 
30, 36, 42, 54 and 72 
contacts. Also immediately 
available: the Series 8129 
two-piece connector on 
.100" centers in four sizes-
6, 9, 12 and 15 contacts. 
And the Series 8300 
subminiature connector 
with the Bi/ConTM contact, 
miniature version of the high 
reliability Varicon contact 

zrimi . 
High dielectric 

min strength, glass-filled 
dially, phthalate 
insulators, ideal for 
critical electronic 
applications under 
the most severe 
environmental 
conditions 

If these, or any others of 
our thousands of standard 
connectors don't fit your 
circuit, we can tool up for 
your special in a wink. 
Another service in keeping 
with CONNECTRONICS, Elco's 
Total Connector Capability 

For full details on Elco's 
two-piece connectors, contact: 

Elco, Willow Grove Division, 
Willow Grove, Pa. 19090 
(215) 659-7000 

Elco, Pacific Division, 
2200 Park Place, 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world. 
In Europe, Elco Belge, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2-10-2 Nagata-cho, 
Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5. Copyright © 1971 Elco Corp. All rights reserved. 
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RCA Power 
Hybrid 
Circuits 
at new low 
prices• 

HC-1000 
$20 each 
at 1000 
quantity 

CURRENT/VOLTAGE FEEDBACK AMPLIFIER 
(Current feedback shown) 

VOLTAGE FEEDBACK AMPLIFIER 

Price plus performance that's what RCA's HC-1000, 
linear power amplifier, and HC-2000, power Op Amp, de-
liver in a big way! Available now at an attractive low 
price, these power hybrid circuits will bring new econo-
mies to your designs for industrial and commercial sys-
tems. Both the HC- 1000 and HC-2000 provide these de-
sign features: 

• 7 A peak current 
• Bandwidth: 30 kHz at 60 W 
• Power output to 1 00 W 

• Rugged plastic package 

For fixed voltage feedback systems, such as audio, you 
can use the HC- 1000 or the HC-2000. The added feature 
of external feedback modification on the HC-2000 pro-
vides for both current and voltage feedback — current 
feedback is an important7Evantage for servo applications. 

Rin 

HC-2000 
(New, formerly 
TA7625A) 
$20 each at 
1000 quantity 

 _J 
HC2000 

Using these RCA units you can simplify your designs in 
such areas as: 

• Servos 
• Tape drivers 
• Stepper motors 
• Linear motor controls 
• Audio systems 
• Magnetic deflection 

These are rugged units offering uncompromised reliability. 
Ask your local RCA Representative or your RCA Distrib-
utor about them. For application information on these 
devices and the RCA growing line of power hybrid cir-
cuits, write: RCA, Commercial Engineering, Section 
70K-8/UC4, Harrison, N.J. 07029. International: RCA, 
Sunbury-on-Thames, U.K., or P.O. Box 112, Hong Kong. 
RCA Limited, St. Anne de Bellevue, 810 Quebec, Canada. 

RCA Solid State 
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