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MOS TECHNOLOGY BRINGS YOU THE MGS 2050

THE MCS 2050, a 256 BIT STATIC RANDOM ACCESS Input and Output Compatibility, Complete Decoding
READ/WRITE MEMORY can do a lot for you, your cus- Internal To Memory, Wire Or Capability, Supply Volt-
tomers, your nation . . . fast, without a big power grab! ages —9V, —7V, +5V.

Consider the tenets to which its dedicated: Low Power

i i illi i ireui T STATIC R.AM. . .. FROM
Operation—Typically 200 Milliwatts, Static Circuitry— THE MCS 2050, 256 BI
No External Clocks Required, Access Time—Typically ~ MOS TECHNOLOGY ... IN VALLEY FORGE ... WHERE
600 n sec, Standby Power Mode—Power Dissipation— IDEALS HAVE ALWAYS BEEN TRANSLATED INTO

20 Milliwatts, 200 n sec Input Address Skew, TTL/DTL ACTION.

A TECHNOLOGY
INTO A
CDMPANY
\N!n=- .

x MOS TECHNOLOGY, INC.

II " I ; VALLLY FORGE INDUSTRIAL PARK, VALLEY FORGE, PENMNA. 19481 215-666-7950

A : i LI ‘ A Proud Affiliate of Allen-Bradley Co.

EASTERN REGION—SALES DIRECTOR—Mr. William Whitehead, MOS TECHNOLOGY. INC., 88 Sunnyside Blvd., Suite 307, Plainview, N.Y. 11803 + Phone: (516)
822-4240 + ALA., FLA.,, 6A., N.C., S.C., TENN., MISS.—Currie Aerospace Assoc., P.0. Box 1424, Huntsville, Ala. 35807 « Phone: (205) 536-5650 « 2907 McCoy Road,
P.0. Box 13229, Orlando, Fia. 32809 + Phone (305) 855-0843 « P.0. Box 5588, Greensboro, N.C. 27403 « Phone: (919) 273-3040 + NEW ENGLAND—YVictor Assoc., 179
Union Ave., Framingham, Mass. 01701 « Phone: (617) 879-5710  NORTH. N.J., N.Y. (WESTCHESTER, LONG ISLAND)—Falk Baker Assoc., 383 Franklin Ave., Nutley, N.J.

07110 « Phone: (201) 661-2430 + E. PA., SOUTHERN N.J.—Rivco, P.0. Box 338, King of Prussia, Pa. 19406 « Phone: (215) 265-5211 « DEL., MD.,, WASH,, D.C,, VA,
W. VA.—Bernard White & Co., Inc., 7 Church Lane, Baltimore, Md. 21208 < Phone: (301) 484-5400.

CENTRAL REGION—SALES DIRECTOR—Mr. Alan Mattal, MOS TECHNOLOGY, INC., 10400 W. Higgins Rd., Suite 631, Rosemont, 1Il. 60018 « Phone: (312) 298-2035 *
ILL.,, IND., WISC.—Coombs Assoc., Inc., 1001 E. Touhy, Des Plaines, Ill. 66018 « Phone: (312) 298-4830 + OHWID, KY., W. PA.—McShane, Inc., P.0. Box 523, 123 W.
Washington, Medina, Ohio 44256 « Phone: (216) 725-4568 « MICH.—R. C. Merchant & Co., 18411 W. NMcNichols Road, Detroit, Mich. 48219 « Phone: (313) 535-6000
« MINN., N.D., S.D.—Mel Foster Co., Inc., 7389 Bush Lake Rd., Edina, Minn. 55435 « Phone: (612) 941-7600 « MO., KAN., NEB., IOWA—Harlan ). Weisier & Assoc.
Iznc.,) 205706W050dson Rd., St. Louis, Mo. 63114 « Phone: (314) 428-3934 « TEX., OKLA., ARK., LA.—Norvell Assoc., 10210 Monroe Dr., Oallas, Tex. 75220 < Phone:
(214) 357-6415.

WESTERN REGION—SALES DIRECTOR—Mr. Jack Turk, MOS TECHNOLOGY. INC., 2172 Dupont Drive, Patio Bldg., Suite 221, Newport Beach, Calif. 92660 ¢ Phone:
(714) 833-1600 « ARIZ.,, N.M.—Toward Engineerirg Assoc, P.0. Box 15268, Arcadia Station, Phoenix, Ariz. 35018 ¢« Phone: (602) 955-3193 « CALIF., NEV.—Bertrand
& Zoolalian, Inc., 7340 Florence Ave., Suite 205, Downey, Calif. 90241 + Phons: (213) 927-4406 ¢ Hunter Assoc., 1208 Fox Plaza, San Francisco, Calif. 94102 -
Phone: (415) 626-8576 + CDLO., UTAH, WYD.—R. G. Enterprises, 1107 S. Pearl St., Denver, Colo. 80210 ¢ Phone: (303) 744-2464 + WASH., ORE., IDAHO, MONT.—). A,
Tudor & Assoc. Inc., 2605 Western Ave., Seattle, Wash. 98121 « Phone: (206) 682-7444.

INTERNATIONAL—ARGENTINA—T, R. C. Electronica, $.A.C.1.el., Cangailo 4450, Buenos Aires, Argentina + Phone: 88-4044/5/6, Mr. M. Lissin + ENGLAND, WALES,
SCOTLAND, IRELAND—Iimpectron Ltd., Impectron House, 21-31 King St., London W3 9LH, England < Phone: 01-992-5388 + FRANCE—Bureau de Liaison, 113 Rue de
L'Universite, Paris Vlle, France « Phone: 551.9920 ¢ GERMANY, NETHERLANDS—Int'i. Micro Eiectronics, Inc., Arabellahaus 1838, Arabellastr. 5, 8000 Munich 81,
Germany * Phone: 92-321 « INDIA—Electronic Enterprises, 46 Karani Bidg., New Charni Rd., Bombay 4, India * Phone: 375375 « ISRAEL—Eastronics, Ltd., 75 Haifa
Rd., 9.5. Box 21029, Tel-Aviv, Israel * Phone: 38352 « ITALY—Special-Ind. Corp,, Piazza Spotorno, 20159 Milano, Italy ¢ Phone: 632-435 « JAPAN, HONG KONG,
KOREA, TAIWAN—Takachiho Koheki Co. Ltd., 1.7 Chome Kohjimachi, Chiyoda-Ku, Tokyo 102. Japan * Phone: 263-3211 '« SWEDEN, DENMARK, FINLAND, NDRWAY—
Thrue F. Forsberg, Forshagatan 58, P.0. Box 79, Farsta 1, Sweden » Phone: 647040 + SWITZERLAND—Ernst M. Egli, Ingenieur—Bureau Ag, Witikonerstrasse 295,
Zurich (CH 8053), Switzertand * Phone: 53.38.11.
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Introducing: “The Portables” from HP

VOIN Qe soscene

1 V calibrator connected internally

The 1707A —Fastest in Its Class

If you're looking for speed in a
$2000 portable scope, tnen the new
dual-channel HP 1707A s your baby.
It gives you 75 MHz bandwidth (<4.7
ns risetime)—more than any other
scope in its class. And you get 10
ns/div sweep speed. delayed sweep,
and 10 mV/div over the full band-
width. With this capability, you can
measure T2L or ECL pulse timing and
propagation delay. Yet the 1707A
costs only $1925.

And, you get this performance in a
truly portable scope. The 1707A
weighs only 24 Ibs. And it can be
powered from an internal, recharg-
able battery pack ($200)—or from any
dc source from 11.5 Vto 36 V, as well
as any standard ac outie!.

Its low power requirement not only
allows battery operation—but also
eliminates the need for fans, or even
dust-admitting vent holes. And
although the 1707A is small and light
you still get a large 6 x 10 cm CRT

Electronics/September 13, 1971

viewing area—larger thancompetitive
scopes. Compare the display bright-
ness, too!

If you need even more measure-
ment capability, a $125 option gives
you our ‘lab package’ which in-
cludes mixed sweep, calibrated de-
lay, and external trigger input for
delayed sweep. It also includes ex-
ternal horizontal input, and cascad-
ing capability at reduced bandwidth.
(How's that for a bargain?)

Our new 1700 Series of portable
scopes begins as low as $1680—for
the dual-channel, 35 MHz 1700A
(<10 nsrisetime). Add delayed sweep,
and you've got our 1701A, for only
$1800.

The philosophy behind the 1700
Series is simple —providing the max-
imum in useful capability per doflar.
The 1700A, 1701A, and 1707A offer
wide flexibility, giving you everything
you need for digital field service
work. And they won't cost you a for-

tune. Compare them with anyone's
competitive models —prove to your-
self that the HP 1700's are the best
values in portable scopes today.

For further information on “The
Portables”—HP's new 1700 Series
scopes —contact your local HP field
engineer. Or write Hewlett-Packard,
Palo Aito, California 94304. In Eu-
rope: 1217 Meyrin-Geneva, Switzer-

land. “‘Option 020 Shown. HP's lab version of the
1707A. $2050

Scopes are changing.
Are ycu?

Y

HEWLETT g PACKARD
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POWER SUPPLIES

when you
specify a

There’s a lot to consider when you specify a
power supply, and HP gives you a lot. Take selec-
tion for example. HP offers well over 100 models
ranging from 10uV to 4000V, from 1uA to 2000A
. .. plus a selection of options that satisfy most
applications. Performance is another major con-
sideration. At HP, we don’t practice ‘‘'specsman-
ship”. We present specifications conservatively
and completely, so you get the performance you
expect. And, every model is backed by a com-
prehensive operating and service manual detail-
ing every aspect of the supply from operation to
maintenance. But it doesn't end there . . . if you
need assistance, we have an international net-
work of 220 offices to serve you. And it’s all based
on a concept of quality and reliability — your
assurance that you are getting the best value.
Hewlett-Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Height, New Jersey 07922,
Telephone (201) 464-1234.

DC POWER SUPPLY SELECTION :
GUIDE—this 36-page guide is factual g
and informative . . . clearly lists all
the specs, features, options, prices,
etc. on every HP power supply . . .
makes it easy to find the right model
for any application. Write for your
copy.

21103
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very issue of Electronics presents

a challenge to our art director,
Fred Sklenar. in the form of the
cover, which must graphically cap-
ture the essence of a major story in
that issue: be original and artistic-
ally sound. and excite the reader’s
curiosity.

The cover story for this issue was
easy lo pick: Computers Editor
Wally Riley's 24-page report on
“Computers in the Seventies™ (see
p. 61) dominates the technical fea-
ture section. But how to meet the
other requirements? Sklenar likes to
make an editorial statement on his
cover designs, and the leggy blond
programers so prominently featured
in much computer promotional art
just didn’t fill the bill. And most
computer hardware is ho-hum, ar-
tistically speaking. Appropriately,
Sklenar turned to the computer it-
self to help solve his problem.

He took his cue from a major
point in Riley's article—computer
technology in this decade will be
strongly influenced by the need to
overcome the long-standing soft-
ware problem. Part of this will be
accomplished by putting more of
the software into hardware, and it
was this hardware-software merger
into the computers of the seventies
that Sklenar tried to capture graph-
ically. The field of type spelling out
“hardware™ and “software™ was set
by computer—on the surface, not a
demanding task. but almost impos-
sible to accomplish by conventional
typesetting with the precise spacing
required. Judicious choice of color
change to bring out the title
rounded out the human contribu-
tion to the job.

Although it worked well, we don’t
think we’re quite ready to trade

Publisher’s Letter
Sklenar in for an 18M 370.

Riley, a bearded ex-1BMer. spent
two months gathering material for
his report from a worldwide mix of
hardware and software experts.

arry Armstrong, Electronics’ self-

styled “burgeoning markets” edi-
tor who works out of our Washing-
ton bureau. wrote the coal mine
story on p. 103, although his experi-
ence with that industry is limited to
a 25-cent tour of the coal mine in
the basement of Chicago’s Museum
of Science and Industry.

His story reflects dozens of inter-
views with the sons of coal miners
who comprise the management of
the U.S. Bureau of Mines, and with
electronics company officials whose
coal mine expertise stretches back
only a year or two. One of those of-
ficials, Bendix's Louis Paine. sums
the industry’s problems up best, ac-
cording to Armstrong. “The miner is
using almost every sensc he has to
operate a continuous coal mining
machine.” says Paine. program
manager for remote-control mining
work at Bendix Research Labora-
tory. Southfield, Mich. “And we
have quite a long route to go to du-
plicate that complex interplay of
senses.”

Since joining the Washington bu-
reau. Armstrong has ferreted out
technology in seemingly unlikely
Government agencies. “You'd be
surprised at the discrete pockets of
electronics you can dig out of the
Departments of Interior, Justice,
Commerce, and HEW.™ he claims.

Y-
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A biased view of the world
of linear IC testers

GR

1730 A" "B g
Price | $5950 | $7850 | $7950 | $7000
Optional Tests Available YES NO NO YES
Limit Readout YES YES NO NO
Variable Power Supplies and Load YES +$985 NO YES
Plug-in Programming YES NO YES NO
Remote Programming YES NO NO NO
Print Failures Only YES NO NO NO
Gain-Bandwidth Test YES NO NO NO

Based on information available July 22, 1971

Write for the Whole Truth.

General Radio Company, 300 Baker Avenue, Concord, MA 01742
General Radio Company (Overseas), Postfach 124, CH 8034, Zurich, Switzerland

General Radio

C o 53 ~F NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 » BOSTON 617 646-0550
it s To Al CHICAGO 312 992-0800 » WASHINGTON, D.C. 301 881-5333 « LOS ANGELES 714 540-9830
% TORONTO 416 252-3395 « ZURICH (01} 55 24 20
GRASON-STADLER 617 369-3787 » TIME/DATA 415 327-8322
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If you’ve just
bought somebody else’s
60 MHz scope
read this ad and weep.

This is Dumont’s new 60 MHz dual trace oscilloscope. For
a few dollars less, it gives you features you simply can’t
get from our major competition. At any price.

Consider our unique, new triggering system, for example.
It lets you re-position the traces without re-adjusting the
trigger. With our scope, once in the morning does it. Your
trigger is set all day. A real bonus for your overworked
fingers.

For your overworked eyes, there’s our CRT screen. It's a
big 5” (compared to the competition’s 4”), and features
full centimeter divisions instead of 0.8 centimeter divisions.
In effect, you get over 50% more viewing area.

And that's not all. Other 60 MHz scopes degrade to 40
MHz at 5 mV/division. Ours gives you full 60 MHz at 5
mV/division. Other scopes use gain switching. Ours uses
a passive attenuator. And that means you don’'t have to
trade bandwidth for gain, or make additionai D.C. balance
adjustments.

Now, imagine the highly improbable. Something goes
wrong with this paragon of sophistication. Fear not. For
every component in our 1062 scopes, there’s another one
just like it. Here at Dumont or sitting on your local dis-
tributor's shelf. Ready to be put into place. Compare that
to the selected, potted, home-made and special parts that
our competition uses.

If you're in the market for a great 60 MHz scope, write
for our literature. If you just bought one from somebody
else, write anyway. May it serve as a reminder. Next time.

DUMONT OSCILLOSCOPE LABORATORIES, INC.
40 Fairfield Place, West Caidwell, N.J. 07006 (201) 228-3665
TWX (710) 734-4308

I == a1

DUMONT

Circle 6 onreader service card

Readers comment

EIA and metrication

To the Editor: With regard to some

comments made about the Elec-
tronic Industries Association in the
Washington Newsletter [Aug. 2.
p- 36]. it would be helpful 1o look at
the record of our association in sup-
porting conversion of the U.S. to the
world metric system. EIA was one of
the first major organizations (0
present a comprehensive position
showing member support for metri-
cation. The presentation was sub-
mitted at the Commerce Depart-
ment’'s Metric Study  Conference
No. | in Decerficld. Mass., Aug. 17-
21. 1970. Based on a membership
survey. LIA supported increased use
of the metric system and said: “The
sooner it 1s started, the less costly it
will be.™ Most companies favored a
fixed time period for metric conver-
sion, with 10 ycars the average
length of time proposed. We have
continued 10 cooperate fully with
the Commerce Department. provid-
ing appropriate industry resources.
We therefore believe that we have
given strong support to the metric
survey study.

With regard to our position on
proposed legistation in the arca of
international  voluntary standards
(S. 1798 and H.R. 8111) also men-
tioned in the newsletter. we gave a
forthright statement reflecting the
deep-seated and legitimate concern
of the U.S. electronics business com-
munity. We are continuing to study
the proposed legislation.

V.1 Addua

President

Electronic Industries Association
Washington, D.C.

On time

To the Editor: An Elcctronics Re-

view article [Aug. 16. p. 38] stated

that the first shipments of the 1BM

3330 disk storage were promised by

the second guarter ot 1972, In fact.

the ininal 3330 shipments to cus-

tomers were made right on schedule
last month.

R.C. Dorn

Product marketing manager

Input/output svstems

1BM Corp.

White Plains. N.Y.
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NEW

OP AMP

The new LM118 may well be the ultimate
true differential operational amplifier.

It not only has the fastest slew rate ever
offered (a minimum of 50 volts per micro-
second at A =+1), but guarantees it for
every single device. In writing.

As if that weren’t enough, the highly
versatile LM118 is pin for pin compatible
with general purpose op amps, has a
1MHz full power bandwidth, a unity gain
crossover frequency of 15MHz, is inter-
nally compensated,can be offset nulled to
zero with a single potentiometer, doesn’t
sacrifice dc performance for speed,
comes in a TO-5 package and will soon be
second sourced. (Once again giving
testimony to the now-famous National

Electronics/September 13, 1971

CHAMP.

Linear Circuit Motto: “In order to be
Jollowed you have to lead.”)

Naturally, the entire LM118 series is
available for immediate delivery at the
following (100 up) prices:; LM318H, $9.95;
LMZ218H, $19.95; LM118H, $29.95.

For more information,contact your
nearest National distributor. Or write,
phone, TWX or cable us direct.

National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.
TWX: (910) 339-9240. Cable: NATSEMICON.

Circle 7 on reader service card 7
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IRCO Seeer Electronics

The

passive

innovators

low-value fitm resistors. It's time you too investigated our
at

innovative people and passive components. Write Airco
Speer Electronics, Venture Products Dept., 47th and

high-value high-voltage resistive elements, and very
Packard, Niagara Falls, New York, 14302.
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People

man with a history of running

successful operations, or getting
rid of them if they’re not. has
stepped 1nto the presidency of Elec-
tronic Arrays Inc., the Mountain
View, Calif., maker of MOS arrays,
at a time when the company has to
plug the dollar drain. Mois Gerson
succeeded Samuel Nissim, who be-
came chainman, in late July, but

Gerson: Make them profitable or else

Gerson's alrcady moving swiftly to
make sure the company’s mainstay
MOS/LSt business remains sound.

"My background is operations”
Gerson says. “and that includes ev-
erything from making a picce of
hardware from engincering design
to getting the product out the door.™
Gerson 1sn't new to running a mul-
tufaceted company, having directed
more than 14,000 persons as senior
deputy director of operations for
McDonnell Douglas’s Missile and
Space Systems group.

His first job upon joining Elec-
tronic Arrays in February 1970 was
director of corporate operations. He
was to make a cohesive entity out of
the tirm’s own Semiconductor divi-
ston; Monographics Inc.. an East
Palo Alto, Calif., mask maker; Xin-
tel Corp., the Chatsworth, Calif,
manutacturer of LSI testing equip-
ment; Monolithic Memories Inc., a
bipolar scmiconductor memory
house i1n Sunnyvale. Calit.; and
Electronic Arrays' Systems division
in Woodland Hills, Calif. The latter

also spawned a calculator maker
International Calculating Machines.

As Gerson moved up the ladder
first to general manager of the
Semiconductor division and then to
executive vice president of the par-
ent firm—he quickly became aware
that all was not right outside the
Semiconductor  division, and he’s
been moving 1o correct the prob-
lems. He helped cure cash flow ills
by borrowing on receivables. He
also helped negotiate a private
placement.

Monographics is being operated
by the parent company until it can
be sold; it isn’t unprofitable yet.
Gerson says there have been “some
slippages™ in getting cash to Xintel,
but “there’s an indication of one of
their backers is willing to carry
them” until the fledgling firm gener-
ates some sales. And any of three
options could bail out, or result in
the sale of, International Calcu-
lating  Machines.  Gerson  smiles,
though, when he talks of Monolithic
Mecemories. The company has “all
the finances it needs; it's a plus for
us in that we've already got cash
from stock sales,” Gerson says.

It’s clear that he won't let any of
the other companies further sap
Electronic  Arrays™ resources. He
says: “Sure we've got problems, but
[ don’t see any that can stop me.”

Traditiun is associated more often

with political than with engineer-
ing tamilies. But there are excep-
tions. For example, Donald M. Jan-
sky. now 31 and senior engincer in
the White House Oflice of Tele-
cominunications Policy, traces the
tamily's connection with communi-
cations back to his grandtather. who
was a professor of electrical engi-
neering at the University of Wiscon-
sin.

Of the grandfather’s four sons,
“the oldest, C. M. was the founder
of Jansky & Bailey. communications
engineering consultants. back in the
1930s: his younger brother, Karl
Jansky, was the man who made the
original discovery of radio astro-
nomy at Bell Laboratories in 1932;
then my father. who was I8 years
younger than the oldest, got not

Electronics/Septernber 13, 1971
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Shown actual size.
WORLD’S SMALLEST 5VDC/100AMP POWER SUPPLY. Off-the-shelf.

The world’s smaliest 5VDC/100AMP supply

gives you:

* Volume under 500 cubic inches!
8Y2" x 6% x 8%"

* Lightweight. Less than 22 pounds

» High Efficiency 70% typical.

» Cool Operation No forced air er external cooling
for fuli rated outpud to 55 C.

* Low Cost. Priced 'cwer tnan the large brute force
supplies

If our 500 watt supply overpowers your requirement,

let us talk with you about our complete line of

off-the-shelf nigh power density supplies, wh.ch offer
you the same advantages as above: small size,
lightweight, high efficiency, cool operation. lcw cost
They come in single, dual, and triple outputs with
voltages from 5VDC to 30VDC. Military and Export
models also available.

We also custcm develop/produce to specific needs
Call collect — or write Dept. E

Trio Laboratories, inc.
80 Dupont Street, Plainview, L.I., NY. 11803 , . b
Tel: (516) 681-0400 TWX: (510) 221-1861 rt"“,’l(‘lﬂ.
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EVALUATE
BOURNS

I_OW COST

I:AM I I_YOF TRIMPOT® POTENTIOMETERS

CALL ANY OF THE DISTRIBUTORS LISTED BELOW FOR A

AS/75 VALUE FOR ONLY

Mode! 3358

QO-Q-

PROVE TO YOURSELF THAT
BOURNS QUALITY AND LOW-COST
HAVE BEEN COMBINED

ALABAMA
Cramer/E.W., Inc
Huntsville, 205 539—5722
ARIZONA

Kierulff Electronics
Phoenix, 602 273-7331
CALIFORNIA

Westates Electronics Corp.
Chatsworth, 213 341-4411

Hamilton Electro Sales
Culver City, 213 870-7171

Liberty Electronics Corp.
El Segundo, 213 776-6252

Elmar Efectronics, Inc.
Mountain View, 415 961-3611

Hamilton/Avnet
Mountain View,
415 961-7000

Kierulff Electronics
Palo Alto, 415 968-6292

Electronic Supply Corp.
Riverside, 714 683-8110

Western Radio
San Diego, 714 239-0361
COLORADO

Hamilton/Avnet
Denver, 303 433-8551

Kierultf Electronics
Denver, 303 343-7090
CONNECTICUT

Connecticut Electro Sales
Hamden, 203 288-8266

Cramer Electronics, Inc.
North Haven, 203 239-5641
FLORIDA

Cramer/E. W.
Hollywood, 305 923 8181

Gult Electronics
Miami, 305 887-6541

Hamilton/Avnet
Hollywood, 305 925-5401
Hammond Electronics, Inc.
Orlando, 305 241-6601
GEORGIA

Jackson Electronics Co.
Atlanta, 404 355-2223
iLLINOIS

Allied Electronics Corp.
Chicago, 312 421-6800
Newark Electronics
Chicago, 312 421-2400
Hamilton/Avnet

Schiller Park, 312 678-6310

INDIANA

Fort Wayne Electronlcs
Supply, In
Fort Wayne 219 742-4346

Graham Electronics Supply, inc.

Indianapolis, 317 634-8486

KANSAS

Hall-Mark Electronics, Inc.
Kansas City, 913 236-4343
MARYLAND

Pyttronic industries, Inc.
Baltimore, 301 539-6525

Hamilton/Avnet
Baltimore, 301 796-5000
Washington, 262 935-5600

Schweber Electronics
Rockville, 301 427-4977
MASSACHUSETTS

Electrical Supply Corg.
Cambridge, 617 491-3300

Cramer Electronics, Inc.
Newton, 617 969-7700
MICHIGAN
Harvey-Michigan
Romulus, 313 729-5500
MINNESOTA

Lew Bonn Co.
Edina, 612 941.2770

MISSISSIPPI

Ellington Electronic Supply, Inc.

Jackson, 601 355-0561

MISSOURI

Hamilton/Avnet
Hazelwood, 314 731-1144

Hall-Mark Electronics Corp.
St. Louis, 314 521-3800

NEW JERSEY

General Radio Supply Co., Inc

Camden, 60 964-8560
Hamilton/Avnet

Cherry Hill, 609 662-9337
Eastern Radio Corp.
Clifton, 201 471-6600
NEW MEXICOC

Electronic Parts Co., Inc.
Albuquerque, 505 265-8401

NEW YORK

Standard Electronics, Inc.
Cheektowaga, 716 685-4220
Cramer/Esco, Inc.
Hauppauge, 516 231-5600
Milo Electronics Corporation
Syosset, 516 364-1111
Cramer-Eastern

East Syracuse, 315 437-6671
Hamilton/Avnet

Syracuse, 315 437-2641
Federal Electronics, Inc.
Vestal, 607 748-8211
Schweber Electronics
Waestbury, L. |., 516 334-7474

10 Circle 10 on reader service card
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Harvey Radio Company, inc.
Woodbury, L. I., 516 921-8700
NORTH CAROLINA
Cramer/E.W., In

Winston- Sa|em 919 725-8711
OHIO

Hughes-Peters, Inc.
Cincinnati, 513 351-2000

Pioneer Standard Electronics, Inc.

Cleveland, 216 432-0010

Hughes-Peters, Inc.
Columbus, 614 294-5351

Pioneer/Dayton

Dayton, 513 236-9900
OKLAHOMA

Hall-Mark Electronics
Tulsa, 918 835-8458
PENNSYLVANIA

Pyttronic Industries, Inc.
Montgomeryville, 215 242-6700
Powell Electronics
Philadelphia, 215 724-1900
Cameradio Company
Pittsburgh, 412 391-7400
RHODE ISLAND

Wm. Dandreta & Co.
Providence, 401 861-2800
TEXAS

Hall-Mark Electronics Corp.
Dallas, 214 231-6111

Hamilton/Avnet
Dallas, 214 638-0900

Harrison Equipment Co., inc
Houston, 713 224-9131

UTAH

Standard Supply Co.

Salt Lake City, 801 355.2071
WASHINGTON

Liberty Electronics/Northwest
Seattle, 206 763-8200
WISCONSIN

Taylor Electric Co.
Mequon, 414 241-4321

CANADA

Cesco Electronics Ltd.
Montreal, Que., 514 735-5511

Cesco Electronics
Ottawa, Ont., 613 729-5118

Cesco Electronics
Quebec City, Que.
418 524-4641

Zentronics Ltd.
Toronto 19, Ont., 416 781-6651

Varatronics Industries, Ltd.
Vancouver, B.C., 604 736-9252

>

People

only an engineering degree but also
a law degree and practiced before
the Federal Communications Com-
mission for 25 years.”

Like offspring of other famous
families, Don Jansky remembers
there was a time when he used to
wince at those who began conversa-
tions by asking, “Are you related to

. At one point he even contem-
plated changing his name to John-
son, the Anglo-Saxon equivalent of
Jansky, which is Czech. But that
flight of youthful fancy is long past,
he says. and he now holds that a fa-
mous name can be helpful early in
life “by opening some doors. But
once you are inside, you're on your
own.”

Donald Jansky’s labors in four
years at OTP and its predecessor re-
flect a diversity of interests, ranging
from state communications and
educational TV systems. cable com-
munications—a subject of strong
Federal interest now [Electronics.
Aug. 16, p.109])—and satellite com-
munications. After gaining his BSEE
from Dartmouth’s Thayer School of
Engineering in 1963 and a master’s
degree from Johns Hopkins Univer-
sity, Jansky worked at Jansky
Bailey (now part of the conglomer-
ate Susquehanna Corp.) designing
state TV systems for Kentucky and
New York. In the latter case, he re-
calls. the study’s cost estimates
pushed the New York Telephone
Co. into coming up with a new in-
trastate tariff that reduced charges
for the system by about one-third
from the tariffs initially proposed.
“Some of the other things I did with
Jansky & Bailey included work in
space, working on a NASA contract-
an engineering economic study™ of
earth stations. their location in the
spectrum, and their size and costs.

His overriding interest at OTP is
some of the uncharted areas of tele-
communications relationships be-
tween the civil and military sides of
the government and between the
Government and private groups on
the civil side. He is assisting in de-
velopment of a Federal capability in
electromagnetic compatibility anal-
ysis comparable to the military’s 10-
year-old Electromagnetic Compati-
bility Analysis Center.

Electronics/September 13, 1971



BOURNS

L_OWVV

COST
FAMILY

OF INDUSTRIAL /R/MPOT° POTENTIOMETERS

O¢
OFF THE SHELF AS LOW AS ...4' ¢

Model
3305 3359

POWER:
15 WATT (or bettery AT 70°C.

Bourns LOW-COST FAMILY was designed specifically
to fill the requirements of cost-conscious industrial
users — so were the prices! Imagine how they reduce
on large production-run quantities. As a bonus, you
get Bourns TRIMPOT potentiomeler quality, reliability
and performance.

AVAILABILITY

All models shown are stocked in depth RIGHT NOW,
so delivery is oft-the-shelf from the factory or your
local Bourns distribufor.

Electronics /September 13, 1971

Mocel
3006

TEMPCO:

AS LOW AS 100PPM/°C OVER ENTIRE
—55° TO 4+125°C TEMPERATURE RANGE.

Complete data on all models of the LOW-COST FAMILY
is available ugpon request. Just write, or call, your local
Bourns Sales office, representative, or distributor.

*1000-piece price Madel 338¢%

BOURNS

A F ALl ¢
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GE GLASSIVATED TRIAGS MAKE
THE CLEAR DIFFERENGE.

:

g——

tnside view of Trlac “andl
¢rosg saction of triac pel-
13t showing POWER-CLAS
passivation of P-N wunc-

tions: in bhq

* Having infroduced the triac in 1962, who
is better qualified to improve upon the origi-
nal? General Electric solid state research has
provided the answer with a proprietary glass
formula and deposition process that improves
upon the normal passivation techniques. GE's
new POWER-GLAS process makes the clear
difference. It provides for an intimate void-
free bond between the silicon chip and the
matched glass. The resulting stable low level
off-state current significantly improves per-
formance and reliability.

Il

) 4
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6, 10, 15 Amp Metal Can Triacs
Available Now
At Competitive Prices.

Press Fit

Isolated Stud

Now General Electric introduces a new
triac series wnich capitalizes on GE’s new
POWER-GLAS process . . . the new SC240,
SC245 and the SC250 series at 6, 10, 15 am-
peres respectively with voltage ranges of 200,
400 and 500 volts each. This new series fea-
tures very low off-state currents (typically less
than 1C0«a) and high commutating dv/dt (4v/
usec.). Like other GE ftriacs, the new series
comes in three industrial packages . . . Press
Fit, Stud and Isolated Stud.

GE’s PCWER-GLAS is the c'ear differ-
ence—adding greater reliability and increas-
ing AC blocking life stability.

Electronics/September “ 3, 1971

POWER ' TRIAC PRICES (1000 UNIT LEVEL)

200V 400V 500V
PACKAGE RATING TYPE TYPE TYPE
PRESS-FIT 6A $1.63 $2.1 $2.37
STUD 6A 1.83 2.31 2.57
ISOLATED STUD 6A 2.53 3.01 3.27
PRESS-FIT 10A 1.98 2.35 2.81
STUD 10A 2.18 2.55 3.01
ISOLATED STUD 10A 2.88 3.25 3.7
PRESS-FIT 15A 2.10 2.49 2.98
STUD 15A 2.30 2.69 3.18
ISOLATED STUD 15A 3.00 3.39 3.88

The prices above for the SC240, SC245 and SC250.

qgfa' o
BILITY THROUGH POWER- . * &
GLAS” for the full story on ]
improved performance un- A%
der worst case electrical
stress conditions.

Write for your copy of
“IMPROVED TRIAC RELIA-

RIAC ST LRBLITY

/’IWMMS

More Semiconductors To Come.

Additional new series of SCR’s, Triacs
and other semiconductors with the GE
POWER-GLAS process will be introduced
soon. To familiarize yourself now with the
superior performance of the new GE Triac
Series, send for product specifications. For
prices and availability, call your local GE
authorized distributor.

GENERAL 3 ELECTRIC

o ——— " — o vy

FREE TRIAC SAMPLE &
RELIABILITY REPORT

Mail this coupon attached to company letter head to:

GENERAL ELECTRIC
SEMICONDUCTOR PRODUCT DEPARTMENT
Inquiry Clerk, Electronics Park, Bldg. 7 Box 49

Syracuse, New York 13201

OFFER EXPIRES SEPTEMBER 27, 1971

Please send one 200V or 400V TRIAC:
RATING: 6A 10A 15A
NAME |
FIRM___ POSITION |
STREET !
CITY STATE ZIP %
|

Circle 13 on reader service card
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This new 3% digit panel meter combines excellent specs., an
aesthetic design, quick delivery, compact size and OEM prices
of $95 (Uni Polar) and $101 (Auto Polar).Check these additional

benefits:
100% overrange — 1999

0.1% =1d accuracy
Zero bias current
100uV sensitivity

0 to +60°C temp. range

Send for complete specs.
and prices in Bulletin 88.

NOW WE’RE
“SMALLEST”
ENOUGH
TO BE NO.1

“Smallest” Price
$95
“Smallest” Size
26”W.x3.2”H.x4.6”D.

aAtascan

/ digital products group

14 Circle 14 onreader service card

40 years ago

From the pages of Electronics, September 1931

Our Kuropean cousins are quite
frank in their comments on the
American “midgets” now being im-
ported into the markets of the Con-
tinent.

The bad taste of much of the cab-
inet work is criticized, but the tech-
nical excellence is praised. Particu-
lar mention should be made of the
method being used to adapt U.S.
sets to the European long waves by
adding an “infradyning” tube,
working on a fixed frequency, so
that the normal tuner becomes the
intermediate frequency amplifier
and must be tuned to the summa-
tion wave.

In New York and other cities tele-
vision is now being made into a
stock-selling racket, preying on the
savings of the ignorant, trusting
public to an extent that has already
attracted the attention of the Dis-
trict Attorney’s office.

Regiments of stock salesmen are
being hired to call on such lists and
sell securities under the pretense of
letting the investor share in legen-
dary profits.

The dollar value of the research lab-
oratory is receiving increasing atten-
tion from hard-thinking business
men, in times of changing condi-
tions. Out of the research laboratory
has come a flood of new ideas,
and products. The business world
now knows that “research pays!”

It is significant, therefore, that re-
search activities in the electrical
field as carried on in some of Amer-
ica’s foremost research institutions
are to be shown at first hand to 100
businessmen and bankers this fall
during a tour of laboratories spon-
sored by the division of engineering
and industrial research of the Na-
tional Research Council.

New York City’s Police Department
has been authorized to spend
$125,000 with which to equip all
squad cars, police launches, and the
force’s two airplanes with radios. Al-
though it has one longwave radio
station for its harbor police, New
York City has never radioized the
rest of its force.

Electronics/September 13, 1971



SERIAL DATA IN
SERIAL DATA OUT

SANRE RAYE

2

>

-
'

>

INSTRUMENT mrznﬂ:ux ‘

INSTRUMENT INTERFACE

TERMINAL PORT :
CONTROL INTERFACE

[

MODEM PORT

DESERMALIZER

+EHT999

YL RL N

PARALLEL RESPONSE BUSS

'PARALLEL CONTROL BUSS

CRT TERMINAL

DIGITAL VOLTMETER

CALIBRATOR

The new systems DVM with the
big accuracy spec (0.004% for 90 days,

0.01% per year).

Here's the systems DVM with all time 24
hour, 30 day, and year long accuracies.
it's the new Fluke 84G0A with certified
specs, autoranging on all parameters,
options galore, and superior systems
compatibility.

Five ranges of dc from 0.1v full scale te
1,000v with 0.004% accuracy for 90 days
and 0.01% for one year guaranteed. We
give you five full digits plus “1” for

FLUKE]

Electronics/September 13, 1971

20% overrange. Featuring modular con-
struction, the new DVM is only 3% “
high by 19" wide. Resolufion is 1 micro-
volt. The Fluke 8400A will make 33
readings per second with a 3 millisecond
aperture sample and hold. A switched
filter on all ranges provides better than
65db noise rejection.

Any or all of the following options can
be added at any time.

Circle 15 on reader service card

Seven ranges of 4 terminal resistance
from 10 ohms to 10,000K ohms. Four
ranges of ac from 1 to 1,000 volts with
0.05% accuracy to 10 KHz, ac/ac

ratio and 4-wire dc/dc ratio, isolated
data output. And the 8400A will remember
its remote control instructions for
convenient computer communication.

Base price is $2,450.

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850
In Europe, address Fluke Nederland (N.V.) P.O. Box 5053, Tilburg, Holland.

Fhone (04250) 70130. Telex: §84-50237/In the U.K., address Fiuke International Corp.,
Garnett Close, Watford, WD2 4TT. Phone: Watford 27769. Telex: 934583.
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35A MCR3835 SCR

FEEDBACK
CIRCUIT \O

HALF-WAVE CONTROL WITH FEEDBACK —
Universal ac/dc; food mixers, blenders, portable
tools, floor polishers, and sewing machines,

THERMISTOR aA
MCR106
FIRING SCR
CIRCUIT
P THERMAL
REL
7 RELAY
! l I
! !
( | l
| S |

TEMPERATURE CONTROL —Hair dryers, ovens,
environmental controls, electric frypans, ranges,
heaters and toasters.

8A 2N4442 SCR

CONTROL
CIRCUIT

BATTERY CHARGING — Shavers, knives, emer-
gency lighting, toothbrushes, automotive,
clothes brushes.

*Trademark Motorola Inc.

16

A Good Thyristor
CanBeA

35A 2N6157
I\ TRIAC
y

TACHOMETER *

2!_‘

FULL-WAVE CONTROL WITH FEEDBACK —
Universal ac/dc with any load, shaded pole or
permanent split capacitor with fan/blower load;
automatic washers, conveyor belts, air-condi-
tioners, clothes dryers.

FIRING
CIRCUIT

800 mA 2N5064 SCR

FIRING
CIRCUIT

HI

T
LO

LIQUID LEVEL CONTROL — Industrial applica-
tions, dishwashers, automatic washers, humidi-
fiers, dehumidifiers, vending machines, water
softeners.

DIODE

CONTROL
CIRCUIT

8A
2N4156
SCR

FLAME
SENSOR

CD PULSE APPLICATIONS — Furnaces, water
heaters, automotive/marine ignition, clothes
dryers, room heaters.

10A 2N6151
TRIAC 2\

NON-
FEEDBACK
CIRCUIT

;__

FULL-WAVE CONTROL WITH NON-FEEDBACK
~ Universal ac/dc, shaded pole, permanent
split capacitor; blenders, food mixers, portable
tools, floor polishers, sewing machines.

e MFC8070
ZERO POINT
SWITCH

THERMISTOR

SYNCHRONOUS SWITCHING — Electric blan-
kets, coffeemakers, frypans, ranges, electric
heating and water heating.

1T 1

LOAD 1 LOAD 2 LOAD 3

3}4A| MCR106 SCRS

DIGITAL LOGIC

SEQUENCING APPLICATIONS — Vending ma-
chines, automotive/aircraft, dishwashers, auto-
matic washers, oven timers.

Electronics/September 13, 1971



Good Anything

... like the new 2N6068 plastic Triac offering 1.000
watts of full-wave power-handling in heat, light
and speed control . . . reliably . . . at low cost! This
Thermopad* device is priced at only 86¢, 100-up.
vet offers all these advantages: 4 A/600 V maximum
ratings - dual-mode gate firing .5°C/W thermal
resistance — and glass-passivated. hermetic die con-
struction for higher voltage vield and the cleanest.
most uncontaminated plastic-device junctions vou
can bet your design on,

. . . or the popular, industry-standard & A
2N4151 metal EIf* SCR that still provides the
ultimate in design flexibility and mounting case
combined with rugged compactness and reliability!
It’s still the smallest of any comparable SCR, still
offers six different, hermetic case configurations and
is still ideal for the value-conscious designer of lamp
dimmers, battery chargers, flashers. power supplies
and speed controls.

And if you're into lamp and relay drivers, small
motor controls, gate drivers for larger thyristors and
sensing and detection circuits, you'll want to select
one of our 800 mA 2N5060 Unibloc* SCRs, opti-
mized and priced for 3 different case tem-
perature applications: 85°, 110° and 125° T,.. They
feature sensitive, 200 «A triggering, low-as-30-cent

{2) 110A 2N4367lSCRS

(2) 110A 2N4365 SCRS

LOGIC |
CONTROL

REGULATOR
CONTROL

WELDING — Spot welding with automatic cycle
determination.

Electronics/September 13, 1971

ﬁ 10A 2N6151
TRIAC

DC-TO-AC CONVERTER — Low-voltage DC to
high-voltage AC servos, fluorescent lighting.

100-ups and fill out a line of more than 3 dozen
economical signal thyristors! Big power require-
ments? How about a new, 110 A RMS 2N4361 SCR
that spells QUALITY in the only ways that count:
pressure-contact encapsulation . . . freedom from
thermal fatigue . . . guaranteed 100 V/us dv/dt . . .
1.600 A surge protection . . . high-temperature
(300°C-tested) alloy materials .. .. hermetic ceramic
seals . . . all-diffused junctions contoured for longest
voltage creepage . .. 1,400 V blocking voltage.

There are others - - scores of plastic and metal
SCRs and Triacs offering you the exact degree of
full- or half-wave. stepless power control you want,
from 25 to 800 volts in 17 different package styles.
Whatever thyristor you want . . . in the volume you
want . . . at the price vou can afford . . . from the
biggest discrete device warehouse you can find!

See your Motorola distributor or write on your
company letterhead to P. O. Box 20912, Phoenix,
_ Az.85036. for your “Guide To
-@ Thyristors” a comprehen-
sive, new look at selection,

TORS  symbols, characteristics, defi-
I I l nitions, uses and cross-refer-
encing of today’s thyristors.

_ LE Motorola thyristors. Great for

anything you want!'

FIRING
CIRCUIT

LIGHT DIMMING — For full-on, full-off light
control in home, office, business.

MOTOROLA THYRISTORS
—300 Ways To Get Control

Circle 17 on reader service card 17



|Cpanels:

by the piece...

AMP gives you two ways to go for building the IC panels you want, economically.

Make them yourself.

We'll supply all the mounting components you need.

Miniature spring sockets, |C receptacles,

DIP headers and strip receptacles.

And high-speed machines to apply them in your plant.

Miniature spring socket ¢ inner spring ex-
erts constant pressure on lead end for
maximum retention and conductivity e wide
bell-mouth for easy entry « low profile o
flare lip for stop  accepts DIP leads and
round leads .010” to .040” diameter ¢ avail-
able with wrap-type or TERMI-POINT*
clip-type posts, also solder version.

DIP headers ¢ ideal for low-cost, high den-
sity packaging e built-in overstress design
« bell-mouthed entry for easy insertion of
IC's « 14 and 16 leads ¢ available with
wrap-type or TERMI-POINT clip-type posts
 solder version available.

18

IC receptacles » accepts .022” round leads
and .022” x .040” rectangular leads ¢ has
wide contact lead-in—unique anti-over-
stress feature assures good contact e
available with wrap-type or TERMI-POINT
clip-type posts ¢ solder version available.

Low profile DIP header and DIP strip re-
ceptacles » only .150” high ¢ housings are
self-containing for solder operation e
header accepts standard 14 and 16 pin
DIP’s « strip receptacle available in 4 posi-
tion through 22 position DIP patterns.

*Trademark of AMP [ncorporated
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n COST SAVINGS By DESIGN WORLDWIDE

by the boardful.

Have us make them for you.

Finished IC panels made to your specifications and
ready for you to insert IC packages.

Factis, we can take your IC panels to the final step and
supply them pre-wired with wrap-type point-to-point
wiring, or our own TERMI-POINT clips.
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Either way you get all the reliability you need plus the

benefits of AMPECONOMATION ... high-speed

AMP automated application machinery that gives you A M P
the greatest number of reliable connections at the

rowest installed cost. INCORPORATED

For details that can help you make a choice write: Manufacturing and Direct Sales Facilities in: Australla,
A . , itain, ) " , Mexico,

AMP Incorporated, Harrisburg, Pa. 17105 Puorio ltioe, Epin, Bwodan. United Blates and waet Gormany.
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Allen-Bradley Type GD. The most
compact two-section variable re-
sistor available today. The same
diameter and only a fraction longer
than our popular single-section
Type G. Type GD resistance tracks
are solid hot-molded elements for

EC71-19 © Allen-Bradley, 1971

Circle 20 on reader service card

‘1

\4'
N
'jﬁ'\\‘

long life. Noise level is low and res-
olution is virtually infinite. Low in-
ductance. Usable at frequencies far
beyond the range of wirewound
variables. Ideal for use as bridged
pad (T or L) attenuators. Entire unit
immersion sealed. Available in re-

sistance values from 100 ohms to 5
megohms through your appointed
A-B electronics distributor. Or write
for publication 5213: Allen-Bradiey,
Electronics Division, Milwaukee,
W1 53204. Export: Bloomfield, N.J.
00703. In Canada: Galt, Ontario.

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY
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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 KEIZAl 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 i
the Electronics sales offices in the |
U.S. and Western Europe.

Niddees E&@ww:o»!'

A

A Nikkei/McGraw-Hill Publication. ‘

|
|
|
I
|
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Meetings

International Telemetry Conference,
Instrument Society of America,
Electronic Industries Association:
IEEE, Washington Hilton Hotel,
Washington, Sept. 27-29.

Seminar on Telecommunications;
IEEE, Mexico City, Oct. 6-9.

Second IFAC Symposium on Mul-
tivariable Control Systems; IEEE,
Duesseldorf, Germany, Oct. 11-13.

Switching & Automata Theory:
IEEE, Michigan State University,
East Lansing. Mich., Oct. 13-15.

National Electronics Conference;
IEEE, McCormick Pla., Conrad Hil-
ton Hotel, Chicago. Ill., Oct. 18-20.

1971 Region 8 Convention—Euro-
con; IEEE, Le Palais de Beaulieu,
Lausanne, Switzerland, Oct. 18-22.

Annual Electronic Connector Sym-
posium, [EEE. Cherry Hill Inn,
Cherry Hill. N.J., Oct. 20-21.

Electronic & Aerospace Systems
Convention; IEEE, Sheraton Park
Hotel, Washington, D.C., Oct. 25-27.

1971 Joint Conference on Major
Systems. IEEE; Disneyland Hotel,
Anaheim, Calif., Oct. 25-29.

Int’l Electron Devices Meeting:
IEEE, Sheraton Park Hotel, Wash-
ington, D.C., Oct. 27-29.

CALL FOR PAPERS

Internation Symposium on Fault-
Tolerant Computing, IEEE, Mas-
sachusetts Institute of Technology.
Boston. June 19-21. Nov. | is dead-
line for submission of papers to
Prof. Gernot Metze, Coordinated
Science Laboratory, University of
Illinois, Urbana 61801.

International Symposium on
Acoustical Holography, IEEE, U. of
California, Santa Barbara, April 10-
12. Nov. 1 is deadline for submis-
sion of summaries to Glenn Wade,
Department of Electrical Engineer-
ing. University of California, Santa
Barbara, Calif. 93106.

Circ

THE SOUND OF

Trouble

ON ITS WAY ... ARE
YOU READY FOR IT?

DELTALERT iS!

A door knob rattling in the nignt. ..
footsteps on the front porch...the
shattering of window glass. In that
moment you, your family ard your
property are in danger.

Enjoy new peace of mind with a re-
liable DeltAlert detection and alarm
system. DeltAlert detects motion ir 150
te 300 sq. ft. of critical space with a
silent ultrasonic bianket...turning on
lights automatically to drive away
prowlers.

When the separate DeltaHorn is
piugged into the DeltAlert unit, tke in-
truder faces the additional obstacle of
ioud, ear-shattering noise. A built-in
20-second delay switch allows autharized
persons to turn off the horn when en-
tering the monitored area. The sturdy
units, finished in handsome walnut ve-
neer. are maintenance-free, economical
and need no installation.

At home or work, proven economical
security begins with DeltAlert alarm
and detection protection.

DELTAHORN, $24.95
3V"w x 3%a"h

1 3Vs"d

DELTALERT, $69.95

Madein U.S.A. 10%"w x e

3%h <
Order your DeltAlert Security System today!
Superior Products At Sensible Prices
0000000000000 00000000 ®
oP70-24 ®

[}

DELTA PRODUCTS, INC. :

1 . e

P.O. Box 1147 E /Grand Junction, Colo. 81501 @

{303) 242-9000 ®

Please send me literature immediately: L]

Enclosed is $ Ship ppd Ship C.0.D °

Please send Deltalert(s) @ $69.95 ppd L4

Please send DeltaHorn(s) @ $24.95 ppd :

Name °

Address :

City/State 2ip °
° °
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Introduci

g

the little counter

thatcan.

It can become four different systems.

It can go anywhere you do.

It can protect you against obsolescence.

It can make buying and maintaining a coun-
ter less expensive than ever before.

Meet the Hewlete-Packard 5300, the snap-
together counter that’s not much bigger than
the palm of your hand. It has six
digtt accuracy, solid state display
and autoranging. It'll make period,
frequency. time interval and ratio .
measurenents, Operate on its own snap-
on battery pack and drive a printer. Prices start at
only 8§520.

If everything sounds too good to be true,
we'll tell you how we did it: snap-together con-
struction that lets you choose the module that
makes the counter you want and also avoid obso-
lescence. Plus the most advanced LSI circuitry

ever used in a counter. That means you get

acompact instrument with
high reliability, perform-
ance and versatility ata cost
lower than ever before.

To make the counter you need,
take the $395 mainframe and add any of the follow-
ing 4 modules (moreare on the way). They lock
right onto the maintrame in an instant.

® 10 MHz frequency module. Direct
frequency counting to greater than
16 MHz. Model 5301A, just $125.

©50 MHz all-purpose module /

& 1
[ L
-
with period average, time interval, J

Electronics/September 13, 1971

and ratio functions. Model 5302A, $250.

® 500 MHz frequency module, both 502 and 1
Me¢ impedances. DC to 500 MHz. Model 5303A,
only §750!

® Time interval module with features you'd
expect to pay twiceas much for: 100 ns resolution;
attenuators and slope and trigger level controls
® on both channels; counting to better than

10 MHz; perind averaging. A unique “time

interval holdoff™ feature lets you ignore
electrical pulses between the events you want
to measure. Model 5304A, $300.

You ought to be able to take a counter as
small and useful as the 5300 anywhere. And you
can. All you have to do is snap on the battery
pack (Model 5310A, $175) for 4 to 8 hours worth
of cord-free operation. The pack fits between the
mainframe and any module. The system’s rugged
dust-proof aluminum case resists
almost any of the bumps it might
get in the field.

The 5300 is one system you have
to use to appreciate; there is simply no
other way. To get you started we'd like to send you
more information on this amaz-
ing instrument. Just call your

nearby HP field represent-

ative or write to Hewlett-
Packard, Palo Alto,
California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT @ PACKARD

ELECTRONIC COUNTERS
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MICRO SWITCH products are available worldwide through Honeywell International.

.You’re sure to find exactly
what you want.
Simply necause MICRO

SWITCH has a larger selection of toggles to pick
from. With an almost limitless choice of size, cir-
cuitry and toggle action.

There are miniatures (Type TW); environment-
proof (Type TL); magnetically held (Type ET);
rocker button (Type TP); standard sized (Type TS);
and assemblies with sub-miniature, high capacity
or hermetically sealed basics (Type AT). Many of
them designed to meet military specifications.
More special features, too, right off the shelf.

Like shape-coded and color-
coded bat handles, each in a
variety of lengths. A choice of
locking configurations as well
as a choice of mounting bush-
ings and hardware. And several
types of terminations, including
an Integrated Wire Termination
System (IWTS).

For more information, call
your MICRO SWITCH Branch
Office or Authorized Distributor
(Yellow Pages under “Switches,
Electric”). Or write for Cat. 51.

MICRO SWITCH

FREEPOR™, ILLINOIS 61032
A DIVISION OF HONEYWELL
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Fluke, Tektronix Two established “names” in the instrument business, the John Fluke

Manufacturing Co. of Seattle and Tektronix Inc. of Beaverton, Ore., are

to sell computer- entering the cgomputer-controlled tester business.

controlled testers Fluke’s system, called the Terminal/10, has been designed to automate
final preduction testing and verify ard calibrate electronic instruments
and subassemblies. The major advantage of Terminal/10 is that, unlike
most other automatic test systems, it doesn’t require a dedicated computer
—it operates as a true computer peripheral tying into the asynchronous
port. If the user already has a computer, Terminal/10 can be dropped
in without modification. It can also be purchased with a computer (a
PDP-8 or PDP-11) and the computer can be used with other peripherals
for other functions. The PDP-11 can handle 16 terminals—Terminal/10’s
or any combination of peripherals.

Tektronix says its LSI tester is four times faster than anything else on

the market. It can test four-phase MOS circuits at a 20-megahertz clock
rate. The basic unit can handle 64 pins—either inputs or outputs—or 128
pins with 64 fixed inputs and 64 fixed outputs. Called the S-3160, the
system is controlled by a PDP-11. It will probably be shown for the first
time at the 1972 IEEE Show.

Self-scanner with A monolithic, 256-element, self-scanning optical array has been developed

. by Reticon Corp., Mountain View, Calif. The largest available self-
256 elementsrivals  scanning array built to date, the device is also the only one to contain
TV resolution both the video amplifier and shift counter on the same chip.

The silicon gate MOS chip is packaged in a glass-topped, ceramic
16-pin dual-in-line package together with a TTL driver circuit making
the device TTL-compatible. With 256 elements, the resolution of an
image produced by the chip is equa! to or better than that of a standard
television set. This makes the device a natural for document facsimile
transmission systems, and for other applications where character or page
reading is required—zip code readers, for example.

Reticon, a recently formed company that will specialize in opto-elec-
tronics, says this new array will soon be in volume production and samples
have already been shipped.

Arinc to ponder Plans for a $257 million nationwide microwave-coaxial cable communica-
. tions network for the air transport industry will be considered Sept. 22
its own network by directors of Aeronautical Radio Inc., the air carriers’ communications
company based at Annapolis, Md. The Arinc plan [Electronics, Apr. 12,
p. 38] not only will offer users three times the capacity of the Telpak
private-line net now leased from AT&T, but will save an estimated $50
million a year in charges and eliminate the uncertainties of future tarif
increases, contends Arinc chairman John S. Anderson.

The system study, by Collins Radio Co., predicts that airline communi-
cations requirements in the U.S. “will grow threefold between 1970 and
1980,” says Anderson, “at which time the annual leased cost of facilities
at present rates will exceed $140 million.” The comparable private-line
system would cost an estimated $90 million.

Arinc directors will be briefed on “recent refinements in its study and
recent developments in regulatory requirements” of the Federal Com-
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Lasers ordered
for lab system

RCA to introduce
small computer

Motorola to build
H-P MOS memory

Addenda

26

Electronics Newsletter

munications Commission, says a company official, indicating that Arinc
is not ruling out the possibility of buying some or all of its services from
special-service common carriers such as Datran or Microwave Com-
munications Inc.

Spectra-Physics, the Mountain View, Calif., laser manufacturer, has
received what it calls 2 “volume order” for argon lasers from an East
Coast biomedical engineering company. The lasers are the heart of an
automatic blood-cell-counting system that will sell for about $10,000;
blood-cell counting has been one of the most difficult laboratory tasks
to automate. The system may be shown at the convention of the American
Academy of Ophthalmology and Otolaryngology in Las Vegas starting

Sept. 20.
' '

RCA’s soon-to-be-announced computer will be a small machine, but not
a minicomputer as rumored. It will have the same architecture as
the RCA 2, 3, 6, and 7, announced a year ago, and will rent for about
$5,000 a month, against roughly $7,500 for the RCA 2. The new entry
will be called the RCA 1—which implies that the company doesn’t expect
to bring out anything smaller in this series in the foreseeable future.

Hewlett-Packard’s Loveland division has granted a contract to Motorola
Semiconductor Products to second source the 4,096-bit n-channel MOS
read-only memories that H-P uses in its new Series 9800 Model 10 pro-
gramable calculator [Electronics, July 19, p. 32]. H-P developed the
chip in-house and is currently producing what it needs in Loveland, but
Motorola is expected to supply an additional 90,000 to 100,000 units over
the next two years. The agreement also allows Motorola to offer the
ROM:s nonexclusively to other customers, but the company has not yet
decided whether it will.

H-P decided to go to n-channel chiefly to attain high speed: the ROM
offers a 250-nanosecond access time. Also, H-P reports it is getting
“extremely high yields” in production. Failure rates are running at about
0.25% per 1,000 hours, and Hewlett-Packard says that 0.1% will be attain-
able soon.

Fairchild’s Microwave and Optoelectronics division has developed a
package for phototransistors that is only 50 mils wide, 100 mils long and
80 mils high. Using this small package in a 10-by-12-transistor array, the
division has produced a reader for Kimball merchandise tags that it hopes
will sell for $120. Previously, merchandise tags could not be read directly.
Standard phototransistors in large packages were combined with fiber
optic bundles producing very complex assemblies. The new tag reader
has not been put into production yet, but developmental samples are
available. . . . A Southern California minicomputer company, Omnicomp
Computer Corp., that was all but counted out a year ago because it
couldn’t find venture capital [Electronics, Aug. 31, 1970, p. 33] has
survived its initial financial woes. The Santa Ana firm has delivered its
first Omnus 1, a 16-bit machine that incorporates 256 registers to give it
an unusually large instruction set. The price was $10,500. The company
has just moved into a manufacturing facility.
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in lon Implantation there
IS only one manufacturer
with proven performance:

Accelerators, Inc.

40 Implanters already in the Field
processing thousands of wafers per
week after week after week . . .

There are lots of people talking about Implanters these days, but

not too mary delivering them. Maybe that’s because it's a little

more difficult to build and deliver working systems than it is to

talk about them. Or. perhaps success in this business takes

a greater commitment than most are willing, or able, to make.

After all, Implanters are Accelerators and it takes a lot
of time and effort to put together an Accelerator com-
pany. We've done it. That's our name. and that's our
business—our only business. And today, 5 years after
starting the Implanter business. it's still our performance
vs. the good intentions of others.

If the industry’s rapid swing towards lon Implantation
has got you thinking about a facility of your own, why
. not give us a call?” We'll recommend a system, from our
1 wide line of research and/or production Implanters,
that best suits your needs.

K

Accelerators, Inc. offers a complete line of fully auto- We can usually deliver in 60 days, and while you're
matic, programmable production Implanters, with waiting, we'll get you started by Implanting your wafers
unequaled throughput capability. at our own facility.

Accelerators, Inc.

The full-time Ion Implantatiom Company

For information on our Implanters and/or Implantation Service, write or call
Accelerators, Inc./212 Industrial Blvd./Austin, Texas /78745 /512-444-3639
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MOSTEK announces

A breakthrough in counter/display circuits!

Now...MOS replaces TTL

Four digits of counting/display logic in one package . . .
same single +5V supply but 1/100th the power!

Our new MK 5002 P gives you all the logic
you need for your counting/display systems:
four decade-counters. four quad-latches. seven-
segment decoder. multiplex logic. BCD outputs.
leading-zero suppression. All of this in one
package. with one + 5V power supply and less
than 20mWw of power!

Qur point is this. If you're now using TTL.
better take a look at what MCSTEK's MOS
technology can do for you. We've designed an
entire instrument system on a single chip.

We've replaced 12 ordinary TTL packages with a
single 5002 and given you more performance
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MK 5002P FUNCTIONAL DIAGRAM

Circle 28 on reader service card

over a broader power range. (You can operate
from + 5V supply. or your 6V. 9V or 12V
batteries. for instance.) And the cost of our 5002
is lower than TTL—even at today's prices.

Whether your application is in frequency
counters. digital voltmeters. digital timers or
event counters. for example. you need to
consider the advantages of our new breakthrough
circuit . . . made possible through MOSTEK's
jon-implantation process Call for detailed
information to Gordon Hoffman or Dave West at
(214) 242-1494. Or contact your nearest Sprague
representative or distributor.

MOSTEK

CORPORATION |ups

Calculator-on-a-Chip
Company

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



Electronics review

Diode laser’s
on right track
for car pollution

Tl uses lead, tin, telluride

to obtain proper wavelengths
of auto exhaust emissions

in work for GM prcject

Not long ago lasers were technology
looking for applications, but now
the uses are finding them. For in-
stance, they are practically the only
way to measure the constituents of
air pollution because they can be
made to emit conveniently at the
absorption wavelength of the com-
mon pollutants. If the laser beam is
absorbed, the pollutant is present.
Then, by correlation techniques, the
kind and amount of pollution can
be determined.

The problem is to build a com-
pact laser system that emits in the
right spectrum, which generally
means at 4 to 10 microns. Gas and
dye lasers will do this, but they’re
bulky, as well as difficult and
inefficient to operate. On the other
hand, the typical small diode gal-
lium-aluminum-arsenide lasers emit
at too long a wavelength, typically 9
microns.

The solution may have been
found at the Texas Instruments
Central Research Laboratories in
Dallas under a contract from Gen-
eral Motors. The job was to develop
a compact diode laser emitting
throughout the spectral range of the
major pollutants found in automo-
bile exhausts—4.2 to 10 microns.
The pollutants are carbon monoxide
at 4.2 microns, carbon dioxide at §
microns, and the unburned hydro-
carbons at the longer wavelengths.
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TI researchers have developed a
new kind of diode injection laser. It
is similar to the old GaAlAs laser
except that its materials are lead,

tin, and telluride. The wavelength of

its emission can be tailored simply
by varying the amount of tin. The
heavier the tin concentrations. the
shorter the wavelength.

The GM scheme is to put an array
of lasers (say five) together with a
suitable one-for-one array of detec-
tors in the path of the exhaust. Each
Pb-Sn-Te laser diode would be
doped with enough tin to make it

emit at the absorption line of one of

the pollutants.

Tt has built several experimental
models and has the diodes lasing at
the required wavelengths. The trick
was to make the diode laser operate
in the continuous-wave mode re-
quired by spectroscopy. which is
very difficult in this material system.
TI engineers are cooling the laser to
about 28 Kelvins, and hope to be
able to run cw at higher tempera-
tures—the temperature of liquid ni-
trogen, for example.

GM, which is also looking at other
approaches, is pushing the project
because it must meet stringent pol-
lution standards by 1975.

a Mainyfééturing

Laser scribers
find willing users

A little more than a year after the
first laser system developed specific-
ally to scribe silicon wafers was in-
stalled at Motorola’s Semiconductor

Products division in Phoenix, [Elec-
tronics, Nov. 23, 1970, p. 70]. laser
scribing has taken hold as a produc-
tion-proven technique at many
semiconductor houses, and spawned
heated—albeit narrow—battles for
capital equipment dollars.

By the dozen. The system in-
stalled at Motorola to scribe zener
diode wafers is the model 601 La-
serscribe, made by Quantronix
Corp., Smithtown, N.Y. Since last
July, Quantronix has delivered two
more of the $55.000 machines to
Motorola, and Richard T. Daly,
Quantronix president, says his firm
has installed “about a dozen™ of the
units in all. Moreover, he says he
has dozens of firm orders, and main-
tains that they’re coming from the
top half-dozen firms in the semicon-
ductor industry, though he identifies
only Tl besides Motorola.

But Quantronix doesn’t have the
field to itself. Electroglas Inc.,
Menlo Park, Calif., has to deliver 11
laser wafer scribers by Nov. 19, says
G.E. Lucus, corporate marketing

Quick break. Fresh from Quantronix model
601, wafer is cracked after scribe
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director. The Electroglas machine.
like the Quantronix scribers, uses a
neodymium-doped YAG laser, and is
priced just a shade under the Quan-
tronix units at $54,750. In addition
to the 11 systems to be delivered this
fall. Electroglas also has shipped
scribers to Tr's facility in Munich,
Germany. and to Electronic Con-
trols Corp.. Dallas. Lucus adds that
one of the 11 to be delivered by
Nov. 19 will go to AEG-Telefunken
in Germany, and that an Electroglas
system is also being evaluated by
Motorola.

And there’s a third company
ready to introduce two versions of a
laser scriber in 30 to 60 days. The
Korad department of Union Car-
bide Corp.’s Electronics division will
price its cntries at “just under
$50.000 and just under $40.000."
says William Thurber. general man-
ager of Korad in Santa Monica,
Calif. The difference between the
two units is that the less expensive
onc has a tungsten-halogen pump
lamp for the laser. which has less
power than the one driven by a
krypton lamp.

Korad has extensive experience in
laser manufacturing, and is partic-
ularly strong in YAG laser tech-
nology. Just how well the company
can do with a fully integrated sys-
tem remains to be seen. Korad la-
sers have been used in homemade
silicon scribers at North American
Rockwell Microelectronics  Co..
among others, and it’s likely that
there has been some cross-fertiliza-
tion between the two companies.
Thurber claims to have one firm or-
der from “onc of the major com-
panies in the electronics industry.”

For keeps. Quantronix has im-
proved the throughput rate of the
model 601 in an upgraded version,
the model 602 Laserscribe. Daly
says that every company that has
evaluated a Quantronix laser scriber
wants to keep it—but not necessarily
for better yiclds in the scribe-and-
break operation. touted as one of
the big benefits of laser scribing.
While there is a yicld improvement.
Daly believes more semiconductor
houses are interested in getting rid
of the microcracks caused by dia-
mond scribing. leading to failure in

30

the device as these cracks propagate
during thermal changes.

For every three Quantronix or-
ders in the U.S., there’s one from
overseas. Daly says. He thinks the
Administration’s new economic pol-
icy could have three effects on the
market for laser scribers. The first
would be to make the machines 10%
cheaper for overscas companies be-
cause the customer will be paying in
devalued dollars. The sccond could
be that overscas customers won't
buy because the 10% surcharge on
imports may curtail their U.S. mar-
ket for devices scribed abroad. Fi-
nally. the third might be to make
the machines 10% cheaper for U.S.
firms if Congress ratifies the Presi-
dent’s proposed investment tax
credit plan.

Daly sees his market continuing
for two or three vears. and envisions
all major semiconductor manufac-
turers adopting laser scribing of sili-
con wafers. “But I don’t think
there’s room for three companices in
the market.” he adds.

Meeti_ngs_

Wescon's cloud
has silver lining

The 1971 Western Electronic Show
and Convention completed its four-
day run late last month and bore
out earlier grim forecasts, [Electron-
ics, Aug. 16, p. 58]. Attendance fell
to 24,800. down nearly half from the
45,000 in San Francisco two years
ago, and off 17% from the 30,000
visitors some Wescon officials were
predicting. There were only 551
booths, far below last year’s 999 and
1969's 1,199.

But there were positive results
from the industry’s No. 2 meeting,
according to some exhibitors and to
Wescon show management. Visitors
stayed longer at the show, the lower
attendance weeded out many of the
marginal attendees, and companies
that did exhibit received more at-
tention because some of their com-
petitors were absent.

The pattern of visits changed
somewhat from previous years, says

Ted Shields, Wescon’s assistant gen-
eral manager. Normal stay for Wes-
con registrants has been six hours,
he says, but this year's activity indi-
cated that people were staying eight
or nine hours and more of them
came back for a second day. His in-
dicators showed that many booths
were still quite active until 9 p.m.
closing time Aug. 25, and, instead of
the doldrums that usually set in
early on Friday afternoon, the last
day, a number of booths were still
busy until after the show’s 5 p.m.
closing time.

As for the technical sessions,
Shields says ‘“‘though there was
some sparse attendance at some of
them, six sessions had standing
room only.”

The two halls making up the
Wescon exhibit this year were like
two different shows. The compo-
nents and microelectronics exhibits
in the Civic Auditorium seemed to
be getting very little attention, espe-
cially in comparison to the very
busy booths in the downstairs
Brooks Hall, where the instrumenta-
tion, circuit packaging, fabrication
equipment, and computers and cal-
culators exhibitors were.

Glen Madland, president of Inte-
grated Circuit Engineering Corp.,
which has exhibited in the compo-
nents section for about eight years,
summed up his impression of the
components and microelectronics
exhibits with two words that were
echoed by many others: “Very
quiet.” A spokesman for Burr-
Brown Research Corp., however,
says his firm benefited because its
competitors weren't there. “We
made a couple of fairly sizable di-
rect sales, which we don’t usually do
at shows,” he notes. Burr-Brown’s
booth attendance was down about
400 from the 1969 Wescon total, but
it registered a slightly higher per-
centage of show attendees. The
quality of Burr-Brown's booth vis-
itors was better than usual, too.
“The people who came and looked
were really interested.” he adds.

Movement. Monsanto Electronic
Special Products of Cupertino,
Calif., also exhibited its light-emit-
ting diodes and other display prod-
ucts in the components section. It
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also was “quite happy with tke traf-
fic through our booth.” savs Gary
Breeding. marketing services direc-
tor. He estimates Monsanto got 12%
to 13% of the total show attendees.
and that 25% of them gencrated
specific inquiries for product infor-
mation,

While these reactions were excep-
tions to the rule in the componerts
and microelectronic arena. Brooks
Hall was another story. Companies
exhibiting liquid crysial disprays
and electronic calculators got con-
siderable play.

Visitors to the calculator exhib-
itors” booths showed that they were
potential customers bv repeatedly
asking prices for the desktop or
hand-held models.

A spokesman for North American
Rockwell Corp’s Electronics Group
estimates that 7.000 to 10.000 per-
sons visited the multifaceted beoth.
were liquid crystals. bubble dom-
ains, and silicon-on-sapphire prod-
ucts got most of the attention. “We
were very happy with the response,
considering we were back at Wescon

Electronics/September 13, 1971

for the first time in several vears.”
he says.

The same sentiment was ex-
pressed by John Fluke Manufac-
turing Co. A spokesman for the
Seattle instrument maker says. “We
were pretty happy with the show
and with the attendance. Traffic
held up well. and we had good qual-
itv. The geographical distribution
was better than last year because
the Japanese continent was down
and there were more people from
Canada. France. Spain. and Isracl.”
Total number of qualified visitors to
the Fluke booth. however. was
down about 8% from last vear’s Los
Angeles show.

For bellwether Wescon exhibitor
Hewlett-Packard Co.. “results were
mixed: some of our booths were
mobbed and  others were  disap-
pointing.” a spokesman savs. Calcu-
lator and computer products drew
heavily. frequency svnthesizers drew
only moderatety. and HP Associ-
ates” light-emitting  diode  display
products drew lightly. he notes.

The spokesman added that he

Electronics
Index of
Activity

Sept. 13, 1971

The index backed off in July, dropping
0.6% from the revised June figure to
111.6 This put the tota! industry 5.6%
behind the same month a year ago. Two
of the three major components turned
down to cause the overall decline. De-
fense production was off 0.6% while in-
dustrial-commercial electronics fell 0.5%
Consumer output held steady

se of production v
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was pleased that the show was un-
der one roof’.

David Methvin. president of
Computer Automation Inc.. says the
show “surprisingly, was pretty ac-
tive” for the maker of mini-
computers and circuit board testers.
Digital Equipment Corp. was the
only other computer maker exhib-
iting. Methvin adds that his sales-
men “were in seventh heaven™
precisely because of this situation.
“Anyone who had an interest in
computers gave it alt to us and DEC.
It was a good show.” he observes.
“and we'll probably be in the next
one.”

Patents
New licensing policy
could be boon to business
Will new patent regulations. which
permit Govermment agencies to

grant exclusive licenses. turn into a
bonanza for industry? The answer,
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says one industry observer. is that
“companies will have to overcome
the ‘not invented here” psychology if
they want to benefit from the new
regulations.” But, cautions another,
“Who knows what’s available be-
hind the door?”

President Nixon finally opened
that door when he handed down a
new patent policy, ending the tradi-
tionally nonexclusive licensing prac-
tices that characterized agency in-
terpretations of the old patent
policy. *Over half the patents
owned by the Government were de-
veloped by Government employ-
ees.” explains James E. Denny, di-
rector of the Office of Government
Inventions and Patents in the U.S.
Patent Office. “and industry has
never had a crack at those.”

Exclusive. Perhaps more impor-
tant. the changes in the patent pol-
icy. first suggested to the White
House in 1968, give agency hcads
the power to grant contractors at the
time of contracting greater, even ex-
clusive. rights to inventions spawned
by  Government-sponsored  re-
search—if the agency feels that ex-
clusivity is necessary to insure com-
mercial development of the
invention, or it the Government’s
contribution to the invention is
small compared to the contractor.

“The key is to accomplish the
transfer of technology from the
Government to the public.” Denny
says. “and not to collect revenues,
although the policy probably will be
interpreted  broadly enough  that
royalties can be collected if an
agency thinks that's important.” He
adds that foreign licensing of Gov-
ernment-owned patents will con-
tinue on a rovalty basis. Moreover.
the Government will retain nonex-
clusive. nontransferable.  paid-up
rights to make, use. and sell the in-
ventions that it has licensed to con-
tractors.

The next step is for the Adminis-
trator of General Services to pres-
cribe licensing regulations for pro-
moting the utilization of these
patents. One such set of guidelines.
drafted by the Federal Council for
Science and Technology. is now cir-
culating among the agencies for
comment. The GSA regulations.
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which officials cxpect to be pub-
lished in six months to a year. may
require Government-owned patents
to be offered on a nonexclusive
basis for perhaps two yecars before
applications for exclusive grants can
be considered. Or they may permit
exclusivity for a period of time less
than the patent hfe, just long
enough for a company to recoup de-
velopment costs. or require that the
grantee spend a specific amount of
moncy each year toward the inven-
tion’s development. ““In any case.”
Denny says, “it will not be an out-
and-out divestiture of property.”

At the Pentagon, the first signs of
the new patent policy will surface in
the negotiation of greater rights to
inventions developed under military
funds in new contracts. DOD has the
largest portfolio ol patents—some
12.000. an ofhicial there estimates—
and expects to start pushing them to
industry. although it will not say
what shape that promotion will
take. “We expect an increased inter-
est,” a procurement policy oflicial
savs, “but not an overwhelming.
land-office rush.”

Components
Notch filter features
constant depth

An integrated notch filter with a
constant notch depth over its entire
operating frequency range has been
developed at the University of Vir-
ginia. What's more. the device can
be tuned linearly from 50 to 113
kilohertz with a dc bias voltage.

The developers, Robert Mattauch
and Harry Benz. say that the filter
should sell for less than S1 pack-
aged. Thev hope to explore arrange-
ments with a manufacturer.

The device makes possible total
electronic tuning in such circuits as
amplifiers and phase-shift oscilla-
tors, as well as in instruments like
wave and spectrum analyzers. It
would replace the frequently used
method. in critical circuits, of trving
components until the proper toler-
ances are found. With instruments,
the usual wav is to mechanically
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Constant. Tunable notch filter for critical cir
cuit and instrument applications
move an inductor slug.

The monolithic filter consists of
two specially designed n-channel in-
sulated-gatc MOSFETs. One (Q, in
the diagram) has a long channel to
simulate the behavior of a distrib-
uted-parameter system. like a trans-
mission line. The other. Q.. is geo-
metrically matched on the chip to
Q, and has its drain terminal iso-
lated from the common MOSFET
substrate.

Two dc voltages are required to
tune the device—-one between the
drain of Q. and the substrate. an-
other between Q.’s gate and the
substrate. The drain bias, which 1s
about 1.5 umes the gate bias. varies
from 3 to 17 volts over the filter’s
tunable range.

Lasers

Spin-flip device could
play role in SST story

The quiet voice of the National Bu-
reau of Standards’ Measurements
Laboratory in Boulder. Colo., may
vet be heard in future debates about
the supersonic transport. Long
adept at using laser emission (o
measure the absorption spectra of
various atmospheric  constituents,
scientists at the Boulder laboratory
are eyeing a new kind of tunable la-
ser—a spin-flip Raman-effect unit
just developed by Bell Labora-
torics—whose ability to emit at the
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DELAY TINE MULTIPLER
10

THE NEW 454A 150-MHz OSCILLOSGOPE MAKES PORTABLE PERFORMANGE
BETTER THAN EVER BEFORE

The New 454A has even more built-in perfor-
mance and measurement ease than its field-
proven predecessor. Here are just a few of many

examples.
BEFORE | NOW [ TO YOU THIS MEANS
CRT Size 6x 10 Div 8 x 10 Div ‘ 33% more display area—More vertical resolution
(0.8 cm/div) (0.8 cm/div)
Max Sweep Rate 5 ns/div 2 ns/div 2 1/2 times more horizontal resolution p——
FET Inputs No Yes Mor;__st_abiilit)'l—Mc;reiréliabili& v i
Max Def Fact @ 150 MHz 20mV/div | 10mV/div | Measure lower amplitude signals at higher BW
Max Def Fact T smV/div 2 mV/div "2 1/2 times more gain g4 ;
Calibrated Mixed Sweep “Ngis | Yes More display capatﬁty_
Maintenance EE_:aS_); ~ Easier ~ More on-site measurement time
Color-Coded Panels No Yes " More operaﬁEease SR >y
150-MHz Probe Yes | Yes | Its easier to handle ' =i
{ Still—maximum BW at the probe tip

AND—just like the 454, high impedance inputs are
standard on every 454A. It all adds up to a NEW
model of a field-proven oscilloscope. An oscilloscope
designed to measure with laboratory precision and
10 be carried with small-package ease.

TEKTRONIDC
[ {15

Tektronix rental and lease progtams are available in the U.S.

committed to progress

in waveform measurement Your field engineer will gladly arrange a demonstra-

tion. See for yourself all that's NEW abou: the 454A.
U.S. Sales Price is $3200 FOB Beaverton, Oregon.
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absorption lines of many atmos-
pheric pollutants should allow the
experimenters to determine the ex-
tent of damage. if any. that the
plane would cause.

Because the big planes—whether
Anglo-French. Russian, or Ameri-
can—would fly about 10 miles above
the earth in the ozone-rich portion
of the atmosphere. their exhaust
would convert some of the ozone to
nitric oxide. Just how much nitric
oxide is already in the atmosphere
has never been determined. If there
are greal quantities. a little more
produced by an ST wouldn’t matter
much. But if it is not present natu-
rally in great quantities—as claimed
bv some critics of the SST project
the amount created by the craft
could cause a severe imbalance in
the atmosphere and even destroy
the ecology of the high sky.

Tuned in. The NBS scientists feel
that they can settle the controversy
by designing airborne measurement
equipment using the spin-flip laser
source tuned to the spectral absorp-
tion line of nitric oxide. By measur-
ing how much laser light is absorbed
by the nitric oxide in the atmos-
phere. the quantity present can be
determined. Most important, this
technique takes only 5 seconds to
detect 0.01 part per million in a gas
volume of only 1 cubic centimeter.
Thus. even if only small quantities
are present naturally, they could be
measured and compared to the
amount that might result from SST
flights.

The spin-flip laser is ideal for this
purpose because it's casily tuned (by
varying the magnetic field. say from
30 to 40 gauss on a cube of indium
antimonide) and is stable and com-
pact. The idea is to design a laser
and detector unit that could be
flown through the ozone with and
without $STs present. The NBS scien-
tists have ordered the laser’s magnet
and hope to set it up and have
molecules radiating by Christmas.
And if their laboratory experiments
are successful. they feel they could
get something into the air not long
after that.

The measurement technique most
likely would follow the Bell Labs
work. There. the spin-flip Raman la-
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ser consists of a carbon monoxide
pump. emitting continuously at one
of the vibration bands of carbon
monoxide. Pump power is about 0.7
watt. The O beam is focused on an
indium antimonide sample in a
magnetic field: the radiation passing
through the material is the tunable
spin-flip Raman radiation that’s
used in the special measurements.
Average power of about 50 milli-
waltts can be obtained in a tuning
band of around 5.000 angstroms by
changing the magnetic field from 20
to 55 kilogauss. The Raman output
is the focus on a nitric oxide gas ab-
sorption cell with typically 15 Mw
useful light availabie. suflicient for
accurate absorption detection. The
Bell rescarchers have already mea-
sured 20 ppm of nitric oxide in ni-

trogen. with an integration time of

only | second. Extrapolating from
this, the Bell scientists feel that con-
centrations as small as 0.01 ppm can
be detected. And that’'s what NBS

scientists in Boulder are excited
about.
Consumer electronlcs

Petition for quadcasts
awaits FCC decision

The battle over what four-channel
stereo broadcast approach will be-
come the standard has started. The
first petition for a decision on a dis-
crete channel scheme is in the hands
of the FcC. If the commission de-
cides to consider it. which seems
likely. it will give notice of a pro-
posed rule making, and here’s
where the battle will begin.

It could take the FCC a while to
make a decision on four-channel
broadcasting. If it decides this
month to consider the petition. *it
almost certainly will bring in every
other dwclopu of four-channel
equipment.” one commission offi-
cial predicts. The standard-setting

jurisdiction also could be shifted to

the National Association of Broad-
casters.

Whichever discrete four-channel
technique is approved, however. it
faces another battle—this time in the

marketplace. The competition here
is the four-to-two-to-four channel
matrixing svstem which can be
broadcast over present two-channel
equipment. In most cases. this ap-
proach doesn’t require FCC ap-
proval and there already is some
broadcasting.

The first petition for FCC rule-
making came from Pacific FM Inc.
(K101-FM In San Francisco). after
two months of on-the-air tests and
six months of test data analysis on
the approach developed by Quadra-
cast Systems, Inc.. San Mateo. Calif.
[Electronics. March 1. p. 71].

Basicallv. Quadracast differs from
two-channel transmission (which
employs a matrixing technique and
rely on encoding broadcast material
before the transmitter and decoding
it at the receiver) by adding subcar-
riers to the existing 38 kilohertz sig-
nal: at 38 KHz and at 76 KHz. Thus,
there are three suppressed subcar-
riers: the two at 38 KHz and in
quadrature modulation.

In the main 0-to-15 KHz band. the
left front, left rear, right front. and
right rear signals are all present
This enables the listener with a mo-
nophonic radio to get the full pro-
gram material. On the first 38-KHz
subcarrier, the left front plus the left
rear—minus right front and minus
right rear—are sent. With the infor-
mation on this subcarrier and in the
main band. two-channel stereo re-
ceiver owners get the full two-chan-
nel material.

The second 38-Klz subcarrier
contains the left front. minus the left
rear and minus right front. plus
right rear. At 76 KHz the subcarrier
contains the left front. minus the left
rear. plus the right front. minus the
right rear. All four signals can be
combined and decoded into four
discrete channels by a receiver
equipped with a decoder developed
by Quadracast, This gives the lis-
tener true four-channel sound.

The tests have shown. according
to the petition. that with the four-
channel system. channel separation
is from 35 to 40 decibels—the FCC
requires 29.7 dB8 minimum-—and
subcarrier-to-main-carrier crosstalk
is 55 to 60 dB down-—the FCC re-
quires at least 40 dB. Frequency re-
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Bell & Howell & Heads You Win

“"Wow! We've done itt A super headed recorder/reproducer
like nothing nobody's ever seen!”

This from one of our brighter back room boys as he charged
into our office.

“Take a look guys. 2MHz performance at 60 ips. Realize what
that means? Perfect recording with half the tape. And at about
$200 a reel, that's a cash register fuli of saved bucks.”

Not bad

“"And it's so good we've given the record head a whompin’
5,000 hour warranty.”

“Well, I think we got something to work with. Anything else?”
“Yeah, those are both industry firsts from Bell & Howell.”
“"And?”

“Well, it has the usual 14 channels. 15/16 to 240 ips and stuff
like that, in the conventional format.”

“Ummm, who uses the thing?”

“R&D types mostly. It's about as sophisticated as you can
get. They use it for aircraft tests. Cars To pull down whole
libraries of data from field recorders. That sort of thing.”

“Sounds like a heckuva machine.”

“System "

“Okay. system. So what do you call the super headed system?"
"The VR3700B."

"Wow. That really tells it like it is. Okay. we’ll do an ad. But
first I'tl flip you for coftee. Call it."

“"Heads."

“You win!

“Hey. not a bad headline for the..."

"Are you kidding? Beat it. Sheez, can you imagine.”

Read about it. Bell & Howell, CEC/Instruments Division,
360 Sierra Madre Villa, Pasadena. California 91109

CEC/INSTRUMENTS DIVISION

¥ BeLLe HOWELL

_«—-—\‘.\.

¢ Copyright 1870 Bell & Howell
Circle 35 on reader service card
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OUTSTANDING
THERMAL ENDURANCE
RUNS IN THIS FAMILY:

ELECTRICAL
TEMP-R-TAPE
OF KAPTON.

Temp-R-Tape®of Kapton*is now avail-
able in a complete *“family’’ of tapes—
ail offering outstanding thermai en-
durance, retaining their excellent me-
chanical and electrical properties over
an operating range from —100F to
+500F. Available in thicknesses from
.001 to .0045” with electric
strengths up to 10,000 volts ... with a
choice of pressure-sensitive silicone
adhesive on one or both sides, or ther-
mosetting acrylic adhesive, or a flame
retardant adhesive ... and in 14", 1",
%", 1", 12", and 2" widths, with spe-
cial widths slit to order.

Find your CHR distributor in the Yel-
low Pages under “Tapes, Industrial"
orin industrial directories. Or write for
details and samgle. The Connecticut
Hard Rubber Company,

New Haven,
Connecticut 06509.

a HITCO company l%

*T.M. of DuPont
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sponse is 50 to 15,000 hertz.

Quadracast is now working with a
West Coast integrated circuit manu-
facturer on the design of a mono-
lithic chip to perform the decoding
function.

Quadracast says the difference in
making a stereo tuner and a four-
channel tuner will be about $2 to §3
in OEM quantities; a converter for
existing units will cost $10 to $20
for OEMs.

_So_lid s_tate

Arsenic and a new
American transistor

With an added marketing incentive
from Washington, where the Gov-
ernment has reshaped its economic
policies to put a premium on buying
American, Fairchild’s Microwave
and Optoelectronics division is turn-
ing out a broadband transistor that
formerly was available only from
Japan. The device, operating at | gi-
gahertz and above, had been sup-
plied by Nippon Electric Co.. but a
new process has planted Fairchild
firmly in the market.

Customers are electronic counter-
measures builders, who need low
noise and a wide operating fre-
quency range. And what may be
best of all. says Michael Hackworth,
general manager for transistor and
circuit products, is the price. “We
originally priced it at about 30% be-

low Nippon. But with the added
10% surtax and the possible 10% ad-
vantage we may gain with the float-
ing dollar, we could come in at 50%
lower.”

The new process employs arsenic
for the emitter diffusion instead of
phosphorus. and the result is a de-
vice, says Fairchild, that is equal to
Nippon’s at 3 GHz and better at 4
GHz. Explains John A. Archer, a re-
searcher at the device physics and
development department at Fair-
child: “Arsenic emitter transistors
have a base transit time two to three
times smaller than that of phos-
phorus emitter devices. This reduc-
tion results in higher f, and f,,... and
in a reduced noise figure. f, of 15
GHz and f,,.. of 26 GHz have been
obtained.”™ Archer points out that ei-
ther parameter can be optimized by
choosing the proper collector dop-
ing and thickness. “For typical mi-
crowave appiications, both must be
high.” Such a device would have f,
of 7 GHz, f,.. of 22 GHz, and a 4-
decibel noise figure at the 4 giga-
hertz level.

Commercial electronics

Electronic orderlies
hasten hospital automation

They still have to wait for the eleva-
tor—but they don’t visit among
themselves, quit at 4:30. or ogle the
nurses.

Quiet orderly. Computer simulation of installation slated for Harper-Webber Medical Center
in Detroit. Carts are guided by snap-in diode boards that sense path embedded in floor.

‘
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and low cost in PIN diodes

If you are designing a VHF or UHF :system with
strict harmonic or intermodulation product
requirements, Unitrode PIN diodes, with industry’s
longest carrier lifetime {1-10 psec tygical) will

put your mind at ease.

In addition to tha low insertion foss and high
reliability aspects on Unitrode’s fused-in-glass
PIN diodes, we can row offer the additional
advantage of low distortion switching and
attenuating. By controlling certain key parameters
in our patented manufacturing process we can
guarantee second and third harmonic levels of

90 db below fundamental and intermodulation

smm UNITRODE

products as low as 60 db. This guaranteed low
distortion performance ccsts no more. (Available
under 90¢ in quantity.)

Applications from HF through UHF include TR
switches, duplexers and receiver protectors in
military and commercial two-way communications
systems. They also reduce distartion in AGC loops
and tunable filters in CATV systems.

For further information, samples and applications
assistance, call Bob Tremblay at (617) 926-0404
or write Unitrode Corporation,Dept. 10 C

580 Pleasant Street, Watertown, Mass. 02172
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DIALCO
SUBMINIATURE
INDICATOR
LIGHTS
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Designed to meet
requirements of MIL-L-3661B and
MIL-L-6723.

Sizes for mounting in
1%2", 15" or 75" clearance hole.

Incandescent for
1.35 to 28V and neon for
105-125V AC-DC or 110-125V AC.

Patented built-in
current limiting resistor
(U.S. Patent No. 2,421,321).

Wide selection of lens
shapes and colors, hot-stamped
or engraved legends.

Available off-the-shelf
for prompt delivery.

Send for free catalog

e ——

L8

Dialight Corporation

60 Stewart Ave., Brooklyn, N.Y. 11237.
(212) 497-7600

A NORTH AMERICAN PHILIPS COMPANY
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Add to that increasing labor costs
and a decreasing supply of unskilled
hospital employees, and it’s easy to
see why hospital administrators are
turning to automated materials-
handling systems to move hot
meals, laundry, trash, pharmaceu-
ticals, and surgical supplies through
the hospital.

Hospital officials say they expect
such systems to pay for themselves
over seven or eight years. Consul-
tants for the new 800-bed Harper-
Webber Medical Center in Detroit
estimate that the $2.25 million sys-
tem they are installing will do the
work of 60 people, and the West-
inghouse Health Systems depart-
ment, in its report on a new gen-
eration of military hospitals
[Electronics, June 21, p. 32], recom-
mends that consideration be given
to completely automated systems in
200-to0-300-bed and 700-to-800-bed
hospitals.

The Harper-Webber system,
manufactured by Detroit’s Jervis B.
Webb Co. for the American Ster-
ilizer Co.’s Amsco Systems division,
consists of 500-pound, 5-foot robot
carts guided by snap-in, diode
boards that sense paths embedded
in the floor. The sensing device elec-
tronically compares the phase of sig-
nals received by a reference coil and
corrective signal coil from braided
guide wires.

The paths emit signals at either
6.5 or 10 kilohertz, and the diode
boards can be programed to select
the proper signal to turn corners, or
automatically restart after a stop of
predetermined length. Built-in
block patterns prevent collisions at
intersections.

The carts can also travel vertically
in passenger elevators equipped
with a vertical series of photo-recep-
tor cells that matches a series of
lights on the cart’s side. A special til-
ler control allows the robot to be
automatically moved off the guide-
path and the cart element can also
be used as a normal hospital cart by
rolling it off the automatic base unit,
which contains the electronic sen-
sors and power supply. The carts
can even be programed to go to a
battery charge area as the service is
needed.

~ Companies

Calculator price drop
may yet save a maker

A company that helped force
desktop calculator prices well below
$200 because its parent corporation
needed cash is still hanging by a
tenuous thread. But International
Calculating Machines, the Wood-
land Hills, Calif., subsidiary of Elec-
tronic Arrays Inc., may yet snap
back [Electronics, July 19, p. 18]-
precisely because of its own and
Electronic Arrays’ cash flow diffi-
culties—and set a new trend in
prices to boot. The reason: the price
cuts forced on IcM by Electronic Ar-
rays’ cash flow problems have re-
sulted in a purchase order for 75,000
machines. But they won’t be built
unless $1 million is raised.

ICM was formed late last year as
an all-American company to chal-
lenge Japanese competition [Elec-
tronics, Feb. 15, p. 37]. Its first ma-
chine, the ICM 816, uses six MOS/LSI
chips made by Electronic Arrays,
and the complete calculator is as-
sembled at the Woodland Hills site
of Electronic Arrays’ Systems divi-
sion. But the machine carried an ini-
tial $395 price tag at a time when
prices for this class of calculator
were beginning to drop in special
sales at discount stores.

ICM intended to provide machines
to OEMs only. Then its first cus-
tomer, Caltype Corp., a Los Angeles
office machines wholesaler, couldn’t
pay under terms that called for icM
to deliver 2,000 machines a month;
so ICM found itself with a big inven-
tory. That’s where it stood just be-
fore Mois Gerson (see p. 8), was
moved into the presidency of Elec-
tronic Arrays. *

Gerson says 2.000 machines still
in production at ICM are being fin-
ished, bringing the total of 816s pro-
duced to 6,500. Of that number,
5,500 were sold to a distributor who
sold them to a Palo Alto, Calif,, re-
tailer to help alleviate the cash bind
at Electronic Arrays; the firm also
borrowed and had a private stock
placement. But it’s believed the cal-
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Thank you for showing us

that engineers
still appreciate creative design. Design that
isn’t measured by how many jazzy junctions
and metallurgical miracles you can cram onto
a chip of silicon. Design that goes back to
the fundamental constraints of circuits, func-
tions and economics.

Three months ago, the engineering
team which had labored so long to produce
the first major instrument breakthrough in
five years agreed that the job was done. So
we called in the toughest bunch of critics in
the business — the editors of the leading tech-
nical magazines in electronics.

We told them, and showed them,
what we had done: gone back to fundamen-
tals and developed a completely new genera-
tion of digital multimeters. We showed them
original, patent-applied-for circuits that
achieved orders-of-magnitude improved per-
formance, at a fraction of the cost of the
circuits then in use. Circuits that made it
possible to actually cut the selling price of a
premium-grade 5% digit multimeter by 50%
or more . . . while significantly reducing the
component count, and thereby greatly en-
hancing reliability.

Then we showed them a vastly im-
proved package . . . easy to use, convenient
to calibrate . . . a package that saved half
the size and more than half the weight that
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burdened earlier premium-grade DMM’s.
And just for good measure, we showed them
a compatible family of 4% digit designs, at
equally startling savings.

They came. They saw. They probed.
They challenged. (We must have explained
our new TRI-PHASIC™, ISOPOLAR™, and
RATIOHMIC™ circuits dozens of times.)

And then came the editorial cri-
tiques. Admittedly, we’re not in the best
position to be objective, but cooler, less in-
volved colleagues tell us that they cannot
remember ever having seen such a consistently
enthusiastic editorial response to a new
family of instruments.

But the story doesn’t end there. The
phone began to ring steadily. Letters poured
in. We got firm purchase orders even before
our catalog was printed. Our first production
run was sold out before we had provided a
single field rep with a demo unit. And the
response continues to exceed all reasonable
expectations.

There isn’t sufficient space on this
page for complete specs, or competitive com-
parisons, just enough to show you one of our
beautiful new 2000-Series Digital Multi-
meters. But please write or call. We’d like to
show you what the excitement is all about.
Data Precision Company, Audubon Road,
Wakefield, Massachusetts 01880.

Phone (617) 246-160u

Model 2540, 5Y, digits. DC volts, AC volts, Resistance, Voltage Ratio. Auto-
ranging. Awuto-Polarity. Isolated BCD outputs. Remote triggering. Remote
ranging. Basic accuracy *0.001% f.5. £0.007% rdg *1 l.s.d. for 6 months.

One-piece price: $1,195.00

(i-DATA PRECISION
..years ahead
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culators were sold to the distributor
for about $100: his retail price was
$139.50. The machines sold out
quickly. and few of the other 1.000.
which other retailers have been of-
fering at $169. can be found.

Gerson wants 1o retain ICM as
part of Electronic Arrays. He and
Earl Gregory. vice president and di-
rector of marketing for Electronic
Arrays’ Semiconductor division. are
convinced that both their firm and
the retailers can make a profit with
a four-chip cvolution of the 8l6.
designated the 816A. built with
plastic-packaged chips.

The quandary now is how to meet
the purchase order for 75,000 ma-
chines—including the 816. 916A,
and two newer models, the 820 and
120. Gerson says he has three op-
tions: outright sale of ICM. a joint
venture that would provide both a
cash infusion and a marketing orga-
nization familiar with business ma-
chines, or maintaining ICM as a sub-
sidiary “‘provided we enter a
contract through which payment for
the calculators would reduce our fi-
nancial burden.” Gerson says.

It's known that Eldorado Electro-
data Corp., Concord, Calif., is inter-
ested in buying ICM. Eldorado is an
instrument manufacturer that has
its own inexpensive calculator in the
works, Electronics Arrays officials
won't say who has ordered the
75.000 machines, but Gerson indi-
cates that he’s running out of pa-
tience and will probably choose any
of the three options that material-
izes  first. “We've waited three
months already,” he says. “and
that’s too long.”

Regardless of the option selected.
the 1CM experience has hastened the
drop in desktop calculator prices.

- Computers
Speech recognition system
handles service calls
Computer: “What is your terminal
type?” (beep)

Engineer: *2. . .7 0...1L”

Computer: "Typ.e 2...7...0
. . . 1. Understood. Is this correct?”

40

This is part of a sample conversa-
tion between an 1BM computer in
Raleigh, N.C., and an IBM customer
engineer telephoning from some-
where in the country. It's possible
because of IBM's first operational
use of speech recognition. The sys-
tem, Automatic Call Identification,
is designed to troubleshoot the com-
pany’s tele-processing cquipment.

The new system automatically an-
swers and identifies calls coming
into IBM’s Tele-processing Test Cen-
ter in Raleigh. It then switches the
call, much like a telephone operator
would. to the line that has the
proper routine for testing the type of
terminal being serviced. In the ex-
ample. it is a model 2701 data
adapter. IBM says that by automat-
ically routing the calls. instead of us-
ing an operator, more cflicient use is
made of the incoming phone lines.

The system has a 13-word vocab-
ulary—the numbers O through 9.
and the words zero, yes, and no—
and is programed to recognize one
word at a time. Its signals are recog-
nized by an experimental general-
purpose frequency spectrum ana-
lyzer built around a filter bank ap-
proach. Groups of filters cover the
frequency spectrum across the
3,000-hertz telephone bandwidth.

The voice signals are converted (o
a digital pattern and compared with
patterns stored in a disk file. The
system will recognize anyone’s
speech: it doesn’'t have to be
“trained™ by first hearing the vocab-
ulary words.

- Fér thg regorg' B

Space Co-op. Working groups of
NasA and the Soviet Academy of
Sciences hope to complete agree-
ment on technical specifications for
compatible rendezvous and docking
systems when they meet in Moscow
in late November. Exchange of in-
formation and ideas will continue
before the meeting, covering general
methods and techniques for ren-
dezvous and docking, radio and op-
tical reference systems. communi-
cations systems. life support, and
crew transfer and docking assem-
blies. At their first meeting at Hous-
ton in June. the groups agreed in

principle on technical solutions and
requirements and solutions.

A bilateral agreement on space
cooperation could mean significant
contract modifications to future U.S.
manned orbital spacecraft. partic-
ularly the Skylab workshop sched-
uled for a May 1973 launch. Pro-
jected first test of compatible sys-
tems, says NASA. could dock an
Apollo-type spacecraft with a Soviet
space station of the Salyut class. fol-
lowed by the docking of a Soviet
Soyuz-type vehicle with Skylab.

Split. Honeywell’s reorganization
into two worldwide operating units.
Information Systems and Control
Systems. is designed to make the
units as autonomous as possible.
Corporate headquarters will remain
in control of organization and exce-
utive personnel selection. financing.
accounting, basic research, legal
matters. and public affairs. while
other areas are being shifted to the
two operating units. There will be
some personnel changes and cut-
backs in the corporate branch.

Line forms. Prime candidates to fill
the now empty slot of U.S. Patent
Commissioner are Donald W. Ban-
ner. patent attorney at Borg-
Warner, Chicago. and head of the
American Bar Association’s patent.
trademark. and copyright section,
and Robert Gottshalk. now acting
head of the Patent Office and a GAF
Corp. lawyer until coming to Wash-
ington to take the number two posi-
tion under William Schuyler Jr.
Banner was second choice when
President Nixon picked Schuyler,
and is generally rated higher on
managerial ability than Schuyler.

Shuttling. Space avionics equipment
competition for NASA’s space shuttle
program is expected to be unaf-
fected by the dispute that has arisen
over award of a $500 million shuttle
engine contract to North American
Rockwell’s Rocketdyne division.
The forecast by NASA and industry
sources is based on the premise that
the program will go forward using
proposed engine designs and related
electronics regardless of who ulti-
mately builds the huge engines.
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AIRPAR

TYPE 203
ELECTROMAGNETIC
RCUIT PROTECTORS

Type 203 front papel mount electromagnefic circWjt protectors

are designed or uge in computers, cegmputor periphegrals,
copying machines; aieonditidners, marine controls,
and other high-quality industrial and military equipment
where accurate, reliable protection is demanded.

FEATURES

e Snap-in frcnt panel mounting for fast, economical installation
e Optional flush mounting available
e Single rocker actuator for 1, 2 or 3-pole assemblies
e Selection of color combinations
e 50V DC and 250V AC (50/60 or 400 Hz)
e Current ratings from 0,020 to 20 amperes
e Choice of inverse time delay or instant trip

Trip Time vs Percent Rated Current @ 25 C
Delays 40, 50, 60 Delays 41, 51, 61 Delays 42, 52,62
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Delays 40, 41 and 42 are for use in 400 Hz systems; deiays 50, 51 and 52 are for use in DC systems;
and delays 60, 61 and 62 are for use in 60 Hz systems.

For complete details, specifications and application examoles, call or write:

AIRPAR

AIRPAX ELECTRONICS / CAMBRIDGE DIVISION / Cambridge, Maryland 21613 / Phone (301) 228-4600 / TELEX 8-7715 / TWX 710 865-9655
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A New Programmable Calculator That Can
Perform 10 Simultaneous Equations Yet Costs
Only $2975.

That's right, the new Hewlett-Packard Model
10 is the most powerful desk-top computing tool
on the market, and it costs nearly half as much
as its nearest competitor. That's just the begin-
ning. The Model 10 is also the most versatile
programmable calculator. The modular structure
of the Model 10 allows you to specify the capa-
bility you need to match your particular problem-
solving situation. With the Series 9800 Model 10.
you can:
Design your own keyboard with special plug-in
modules that give you single keystroke solutions
for statistics, mathematics, or special functions
for a host of disciplines. The Statistics and
Mathematics Function Blocks include Read-
Only-Memories, so they do not draw upon the
main calculator memory.
Specify the memory size you need. In basic
configuration, with a program memory of 500
program steps and a separate data memory of
51 storage registers, the Model 10 can solve
10 simultaneous equations. |f you need more
memory initially, or if growing demand warrants
a larger capacity, both the program and data
memories are easily expanded with simple plug-
in modules. You can get a Model 10 with 500,
1000, or 2000 program steps and 51 or 111 data
storage registers.
Select the display options. Now you can choose
a Model 10 Calculator with Display only, with
the silent Strip Printer for basic hard copy, or
with the exclusive HP Alphanumeric Printer
and have the ability to automatically label data
and solutions.

Add peripheral equipment to complete your
system. The Model 10's ASCIlI compatible I/0
structure allows you to interface with such work-
saving peripherals as a Marked Card Reader,
Paper Tape Reader, Formatted Output Type-
writer, or X-Y Plotter.

Together these features add up to one thing
for you—a truly personal computing system —
a system that gives you the power to literally
put your hand on the answer in the fastest,
most economical manner.

Features. Price. Versatility. We say the
Hewlett-Packard Series 9800 is the best desk-top
computing system now, and in the foreseeable
future. But don't believe us; ask our competitors.
Or write for more information or a ‘‘hands-on"’
demonstration right at your desk. Hewlett-Pack-
ard, P.O. Box 301, Loveland, Colorado 80537.

co9ln

HEWLETT [h

- PACKARD

CALCULATOR PRODUCTS
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The exclusive Alphanumeric
Printer automatically labels
data and solutions.

Interchangeable Keyboard Blocks Include  Model 62 X-Y Plotter generates
Statistics, Mathematics, or User Definable linear. log-log and semi-log
Functions. plots,automatically.

YOUR PERSONAL COMPUTATICN SYSTEM
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...for greater reliability!

Introducing the MCMb5003A, the
industry’s first field-programmable
ROM with a built-in reliability fac-
tor. Basically a 512 bit bipolar device
organized as 64 eight-bit words, the
MCM5003A offers ““instant custom-
izing” by merely “blowing” nichrome
resistors and thus breaking metaliza-
tion links. The blown links change
the initial logic “0” state to a logic
“1” state to meet specific program
requirements.

A bit more for reliability

Since unprogrammed ROM'’s have
all outputs low regardless of address,
testing does not detect many faults
in amplifier inverters, address de-
coders, memory array and sense
amplifiers. Special consideration is
required in the areas of Program Ele-
ment Testing, Functional Testing
and AC Testing. To solve these
problems, Motorolaexpanded the
memory from a 64 word, 8 bit mem-
ory to a 64 word, 9 bit memory with
the 9th bit dedicated to testing.

By blowing some of the 9th bits, we
can assure that the links can be
blown without using up any of the
normal 64 x 8 bit array. With some
of the links blown, functional and
AC performance testing is now pos-
sible. This is important in that all of
the 64 x 8 bit array elements are in
a logic “0” state regardless of the
address selected, and no way would
be available to determine whether
the functions are correctly operating
without the 9th testing bit.

The MCMJ5003A circuit contains six
address inputs to select the proper
word and two chip enable inputs, as
well as outputs for each of the eipht
bits. Supplied in a hermetic 24-pin
dual in-line ceramic package, the
M(CMS5003A has positive enable
with open collector outputs. Another
version, the MCMbB004A, has posi-
tive enable with 2.0 kilohm pullup
resistors on the collector outputs.
Both devices are MDTL/MTTL
compatible and access times are less
than 75 ns.

By stocking the MCM5003A you
can work up custom microprograms,

lookup tables, code and number con-
versions without the worry of turn-
around time and costly mask
charges. And speaking of costs, either
the MCMS5003A or 5004A is avail-
able for $45.00 (100-up price) — less
than 9¢/bit. Programming can be
accomplished at your facility,
through your distributor, or here at
Motorola.

Take advantage of the MCM-
5003A’s “instant customizing” by
calling your local Motorola distrib-
utor for evaluation devices today. Or
write to Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoe-
nix. Arizona 85036. We'll send com-
plete specifications plus our latest

MEMORIES TO REMEMBER

application note describing several
programmers that can be built
specifically for programming the
MCM5003A/5004A.

It'll pay to evaluate the MCM5003A . ..
A Memory To Remember For Reliability

Motorola can now supply memories
to meet your specific requirement,
whether it be high-speed, low power,
or custom products. In traditional
Motorola fashion we can draw from
the technologies of MOS (Ion-
Implanted, Silicon Gate CMOS,
N-Channel) oradvanced bipolar
techniques - - each technology offer-
ing specific advantages to meet your
application.

FUNCTION

Bit RAM
Bit RAM
Bit CARAM
Bit RAM
Bit RAM
Bit RAM
Bit Static RAM
4 Bit Static RAM
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Bit ROM

Bit ROM

Bit ROM

Bit ROM

Bit PROM

Bit Static ROM
Bit Char. Gen.

16 x 8

32x8
256 x 4
256 x 4
: 64 x 8
Open Option
Col. Sel. 64 x 35
5x7)

MEMORIES TO COME

FUNCTION

64 Bit RAM
256 Bit RAM

1024 Bit RAM
(1103 Equiv.)
1024 Bit RAM
(1103-1 Equiv.)
2048 Bit RAM

512 Bit ROM
1024 Bit ROM
1024 Bit ROM

256 Bit PROM
1024 Bit PROM
2048 Bit ROM
2240 Bit ROM
4096 Bit ROM
2560 Bit ROM

1024 x 1
1024 x 1
2048 x 1

—
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MDTL, MTTL Trademarks of Motorola Inc.

MOTOROLA

MEMORIES

...1C Systems for the 70 s/
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Introducing the

On your left, the 12-bit
PDP-8/M. On your right,
the 16-bit PDP-11/05. Our
brand new additions to the
world's most popular fam-
ilies of minicomputers.

Complete computers — at
incredibly low prices. Like
$3,069.00 for the 11/05,
and $2,362.00 for the 8/M
in quantities of 100. Even

the discount schedule is
new. Very atftractive.

In addition, they're compat-
ible with the rest of the
family members. Their op-
tions. Their periphercls.

They have the features of
their bigger brothers. And,
a full instruction set. OEM-
oriented architecture. Both

el

the UNIBUS™ architecture
of the 11/05 and the OM-
NIBUS™ architecture of the
8/M permit easy, flexible
configuringand interfacing.
Real pluses for the OEM.

They're built with the kind
of reliability that comes
easy after delivering over
11,000 minicomputers.



And, they're supported wit
more field backug than you

can get anywhere else.
Worldwide.

PDP-11/05. PDP-8/M. De-
signed for the OEM. Priced
for the OEM. Cheice for the
OEM. From the leader in
OEM computer applica-
tions.

OEM Yardsticks

Now there's a whole new

set of standards to measure
up fo.

Write for more information.
Digital Equipment Corpora-
tion, Main Street, Maynard,
Massachusetts 01754,
(617)897-5111.,
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CTS has the answér m

You name it—we have the exact All compact, extremely stable and
cermet resistor network size highly reliable.

and characteristics you need. Recently we packed even more
Here's the choice you get right circuitry into our 760 series, giving
now: our 750 line includes: .100” you a choice of four popular
centers with 4, 6 & 8 pins; .125” space-saver packages: 8,14, 16
centers with 2, 4, 6 & 8 pins; and 18 flat lead styles. Packed
and .150” centers with 4 through with up to 17 resistors per module
13 pins. And we’re working on with flat leads standard (round
new designs right now! leads on request).
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cermet resistor ne S.
So ask us!

Our broad line provides an infinite
numkbter 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.

A world leader in cermet and variable resistor technology
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Eight for One
ROM Sale

Introducing the world’s first replace eight 1K ROMs or 32, 256 Bit

8K bit bipolar read only memory. ROMs. Quite a savings when you consider
one masking charge vs. eight, reduced P.C.
card area, fewer interconnections, lower
power requirement, lower insertion costs,
and so on and so on.

On top of all that, it’s got 100 nsec access
1 time and nibbles only 60 microwatts per bit
i of power. It has four enable lines so you
can go to 16K words without adding
additional decoding. And no clocks are
required because it is static.

What can you do with this big bipolar
ROM? Plenty. You can use it to store the
full 128 ASCII character set, row or column
scan, put multiple trig functions in one
package (including sine, co-sine, tangent
and co-tangent) ; build a mighty powerful
microprogrammed CPU or achieve high
accuracy look-up tables.

.

A few detail specs:
1024 words by 8 bit
60 microwatts per bit
100 nsec access time

4 enable lines

160 microamps address input current
DTL/TTL compatible

Fantastic price: .7¢/bit in hundred quantity

Sooner or later someone was bound to do Pick a winner, write, call, TWX or
good things with bipolar memories. We did telex for full data. Do it quick!

it sooner. Think about it. That’s a lot of M()n()lithic Memories

memory on one little chip. Even MOS can’t B e Arties A o G e
. . 1¥lonol 1c emories, [ ) kuast Arques vehue, Sunnyviile, a 4 )
touch it. With our new MM6280 you can (408) 739-3535 TWX: 910-319-9220 Telex 346 301

U.S. REPRESENTATIVES: ALABAMA: Col-Ins-Company, Inc., Huntsville (205) 881-1835; ARIZONA: Howe & Howe Sales, Inc., Phoenix t602)
264-7971; CALIFORNIA: DeAngelo, Rothman & Company, Whittier (213) 945-2341; William J. Purdy, Burlingame (415) 347-7701; COLORADO: William
J. Purdy, Littleton (303) 794-4225; FLORIDA: Col-Ins-Company, Orlando {305) 423-7615: TLLINOIS: Carlson Electronic Sales, Chicago (:312) 774-0277;
INDIANA: Robert O. Whitesell, Indianapolis (317) 359-9283; KENTUCKY: Robert 0. Whitesell, Louisville (502} 8¢3-7303: MARYLANI): J. R. Daniel
& Company, Lutherville (301) 825-3330; MASSACHUSETTS: Circuit Sales, Inc., lexington (617) 861-0567; MICHIGAN: Robert O. Whitesell, Detroit
(313) 358-2020; MINNESOTA: HMR. Inc., Minneapolis (612) 920-8200; NEW JERSEY: R. T. Reid Assoc.. Teaneck (201) 692-0200; NEW YORK: Mar
Com Associates, Syracuse (315) 437-2843; NORTH CAROLINA: Col-Ins-Company, Raleigh (919) 834-6501; OHIO: Robert O. Whitesell, Cincinnati (51:3)
521-2290; PENNSYLVANIA: J. R. Daniel & Co., Glenside (215) 887-0550; TI2XAS: Data Marketing Associates, Dallas (214) 358-4646; Data Muarketing
Associates, Houston (713) 686-9627.

INTERNATIONAL REPRESENTATIVES: :NGLAND: Analog Devices, Ltd.. 59 Eden Street, Kingston-Upon-Thames, Surrey, London.
Phone: 01-546 6636, Telex: 27383. FRANCE: Radio Equipments, 9 rue Ernest Coganaco, 92 levallois, Peret. Phone: 737-54-80, Telex: 62630, GERMANY:
Neumuller & Co. GmbH, 8 Munchen 2, Karlstrasse 55. Phone: 592421, Telex: 0522106. INDIA: Flash Enterprises, 72-3, Miller RRoad, Bangalore-1B. Phone
72660, Cable: Flaent. ISRAEL: S.T.G. International Ltd., 52 Nachlat Benyamin St., P.O. BBox 1276, Tel-Aviv. Phone: 53459, Telex: 033-229 Tel-Aviv.
JAPAN: Marubeni-lida Co., Itd., 3. Hommachi 3-Chome, Higashi-ku, Osaka 530-91. Phone: Osaka (271) 2231, Cable: MARUBENI OSAKA, Telex:
08-3261, 08-3262, 0S-3297; Marubeni-Tida Co., Ltd., 6-1, Ohtemuchi 1-Chome, Chiyoda-ku, Tokyo. Phone: TOKYO (216) 0111, Cable: MARUBENI
TOKYO, Telex: TK2326, TK2327, TK2328. NORWAY: Henaco A/S, Cort Adeleers Gate 16, Oslo. Phone: 56 51 85. SWEDEN: AR Svensk Teleindustri,
Valla torg 53, 121 69, Johanneshov. Phones 08-91 0440, SWITZERLAND: Omni Ray AG, Dufourstrasse 56, 8008 Zurich. Phone: (051) 47 8200, Telex" 53239
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Air Force’s RFP
for B-1 avionics
atlast on the way

Waste-water control,
monitoring is new
automation market

Estimates show
import tax
won’t curb Japan

Probe threatened
of tactical missiles
in Navy and Army

Washington Newsletter

September 13, 1971

The Pentagon has backed the Air Force’s decision on who will have
management responsibility for the avionics subsystem on the B-1 strategic
bomber. North American Rockwell, prime for the potential $11.1 billion
program, had challenged the service’s plan to make the avionics sub-
contractor responsible for “overall design and performance of the entire
avionics systems prototype,” and so had stalled the issuance of requests
for proposals. The NR complaint was dropped when the Pentagon assured
the company it could work closely with the B-1 Systems Project Office
awarding the contract. The winner will develop or subcontract of-the-
shelf equipment for the prototype B-1 computer, software, controls and
displays, and the stores management system. More than 11 avionics
suppliers, including NR’s Autonetics, will be competing for the estimated
$100-150 million involved.

Aiding the case for the controversial bomber and the passage of its
fiscal 1972 funding through Congress was the public disclosure that
the Russians already are flight-testing a new bomber of the B-1 class.

Process computers and instrumentation for the automation of waste-
water treatment may turn into a lucrative environmental market, accord-
ing to an Environmental Protective Agency source, who estimates that
electronic monitoring and control equipment will cost at least $450 mil-
lion, and may go as high at $2.2 billion if the degree of automation reaches
that in other bulk-processing plants, such as petroleum refineries. “The
U.S. should spend $31 hillion by 1976 to meet water quality standards as
they now exist,” he adds.

The new instrumentation needed to tap that market is discussed in a
report by the American Public Works Association and General Electric’s
Re-entry and Environmental Systems division, which EPA will release
this month. In part, the study recommends development of on-line sen-
sors for monitoring suspended solids, biochemical oxygen demand, and
mercury, plus spectrographic sensors for phenols and trace oils.

The impact of the 10% import surcharge will be “considerably less than
dramatic in the long run” for the electronics industry, concede Commerce
Department officials, who say that it probably won’t affect Japanese pene-
tration of U.S. markets because of large factory-cost differentials. First
tentative estimates indicate that electronics imports may run only $50
million behind last year’s $1.84 billion. Short-term effects, however, will
hit selectively at small U.S. importers and assemblers,

Pentagon efforts to hold down escalating costs and improve performance
on several tactical missile programs by redirecting them are being closely
followed on Capitol Hill. In fact, members tracking military spending
see investigative opportunities. For example, the Navy has phased out
General Dynamics’ Standard ARM air-to-surface missile, and instead
wants to spend more than $10 million this year for a follow-on weapon
called HARM (for high-speed advanced radiation missile), dividing the
money about equally between hardware and systems technology devel-
opment. Moreover, the service wants to double spending to correct defi-
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Local jobs plan
for technologists
slips despite aid

Nixon group cites
need for engineers
in health care

Addenda
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Washington Newsletter

ciencies in the shipborne Terrier, Tartar and Talos missiles, to keep them
in the fleet until Harpoon becomes available in the middle of the decade.
The call for another $31.2 million spending for the 3T “improvement”
program for the General Dynamics and Bendix projects has Congressional
critics angry in view of the $791 million spent thus far.

On the Army side, various programs are under scrutiny, particularly
two Raytheon projects, the improved Hawk air defense missile, and
SAM-D, its planned successor. The basic Hawk, now being phased out,
reportedly had only a 20% kill probability, and Congress appears unim-
pressed with Improved Hawk test performance so far—and with a $728
million program cost projection. Questions about the SAM-D, on which
close to $230 million has been spent with Raytheon on R&D to date,
cropped up after what Congressional staff sources believe were unrealistic
Army efforts to sell the ground-to-air missile also as an ABM weapon.

The Nixon Administration is finding. that more than money will be
needed to open up new jobs for engineers and scientists in state and
local governments. Though the Emergency Employment Act, signed in
July, allots $1 billion in this fiscal year to the creation of state and local
jobs for an estimated 130,000 unemployed at all levels of skill, “the
opportunities for technologists so far number only a few hundred,” says
William Haltigan, who oversees the effort at the Labor Department.

Edward David, the President’s science adviser, is urging his state
counterparts “to go out and do missionary work” on behalf of such special-
ists as systems analysts and engineers and their potential for contributing
“some high technical competence to local government.” The difficulty,
in David’s view, is that “the whole idea of analyzing how local govern-
ment operates to look for efficiency and economies is new.”

A special advisory committee on redeploying scientists and engineers
in the health care field will make its final report to the President’s Advi-
sory Council on Management Improvement in mid-September. The
group, charged with studying the quality and not the logistics of retrain-
ing engineers for biomedical work, in part concludes the medical profes-
sion needs substantial high-quality technical help, especially with the
increasing instrumentation used in patient diagnosis and monitoring.
Moreover, doctors are no longer unhappy about admitting qualified
engineering professionals to their ranks after a comparatively modest
retraining program, adds an insider.

Though many of the council's recommendations for procedures to
sharpen Government efficiency are never released, this one may surface
in a report to the President on health care management.

The Air Force has appropriation approval for a $1.34 million, optical
physics laboratory at Hanscom Field, Mass. The only one of its kind, it
will perform infrared studies of gases generated by missile plumes and
nuclear bursts in the upper atmosphere, for application in defensive
target discrimination and offensive weapons guidance. . . . The Elec-
tronic Industries Association plans to close its West Coast office in Los
Angeles on Oct. 15 to cut overhead costs. Few member companies regret
the action, apart from some of the large aerospace electronics corpora-
tions belonging to the Government Products division.
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A new cost-saveyr...
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to wrap your wires around.

Here’'s a new family of miniature pc connectors
from Amphenol for wire wrapping applications.
They cost you less because we've engineered new
industrial grade materials into these connectors,
yet retained all the same features found in military
connectors.

Contact spacingis or 2 .100 X .200, or .125 X .250

grid and the connectors are available in 22-, 30-,
43- and 50-position models with either grid spacing.

These new 225 Series connectors have bifurcated
bellows contacts for smooth, positive, 2-point
mating action no matter how irregular the board

surface. The bellows exert firm pressure on the
pads even under extreme vibration and shock con-
ditions. You get thousands of insertions and with-
drawals without a failure.

We can zlso give you this new low-cost connec-
tor with solder terminations on .156 centers. And
there’s a QPL version to MIL-C-21097B, too.

Call your Amphenol salesman or distributor; he’ll
show how inexpensive it is to wrap your wires
around a great connector. Or write us. Amphenol
Industrial Division, The Bunker-Ramo Corporation,
1830 South 54th Avenue, Chicago, lllinois 60650.

E==] AMPHENOL
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Reliability is 756 little dents
and one big one.




The big squeeze.

The heelpiece and frame
are the backbone of our Class H
relay. The slightest squiggle or shimmy out of
cither and the whole relay is out of whack.
756 tiny dents on the heelpiece, plus one big one
on the frame, make sure this’ll never happen.
They’re the result of planishing, a big squeeze.
Planishing is an extra step we go through in form-
ing the pieces to add strength and stability by re-
lieving surface strain. It also makes the parts extra
flat.
This takes the biggest press in the industry and
the biggest squeeze. Both exclusively ours.

A different kind of coil.

The heart of a relay is the coil. If ours looks
different, it’s because we build it around a glass-
filled nylon bobbin. It costs us more, but you know
how most plastic tends to chip and crack.

Also, moisture and humidity have no effect on
glass-filled nylon. No effect means no malfunctions
for you to worry about. No current leakage, either.

The coil is wound on the bobbin automatically.
No chance of human error here.

We didn’t forget the solder.

We use a solderless splice. That’s
because solderless splice connec-
tions are sure-fire protection
against the coil going open
under temperature changes,
stress, or electrolysis.

A solderless splice is more
expensive to produce, so it’s usu-
ally found only on the most reli-
able relays. AE is the only manu-
facturer to use this method on all
of its relays.

Finally, we wrap the whole assembly
with extra-tough, mylar-laminated ma-
terial. A cover is not really necessary here;
but why take chances?

Springs and other things.

We don’t take any chances with our contact
assembly, either. Even things like the pileup insu-
lators (those little black rectangles) get special
attention. We precision mold them. Other manu-
facturers just punch them out.

It makes a lot of difference. They’re stronger, for
one thing; and because they’re molded, there’s no
chance of the insulators absorbing even a droplet of
harmful moisture. Finally, they’ll withstand the high
temperatures that knock out punched insulators.

v

Then there are the
contact springs.
Ours are phosphor-
bronze. Others use
nickel-silver. Our lab
gave this stuff a thorough
check, but found nickel-silver
too prone to stress-corrosion. At-
mospheric conditions which cause
tarnish and ultimately stress corrosion
have almost no effect on phosphor-bronze.

Two are better than one.

Our next step was to make sure our contacts give
a completed circuit every time. So we bifurcate both
the make and break springs.
Each contact works independently to give you
a completed circuit every time.
Edge-tinned contact springs save you the job
of solder tinning them later. Also, edge-
tinning enables you to safely use the
same relay with sockets or mounted
directly to a printed circuit
board. A simple thing, but it
takes a big chunk out of the
inventory you have to stock,

Etc. Etc. Etc.

There’s a lot more to tell about
what makes our Class H relay reli-
able. Now we’re waiting to hear from
you. GTE Automatic Electric, Industrial
Sales Division, Northlake, Illinois 60164.

AUTOMATIC ELECTRIC
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By 1979, French pictures will
be seen live in Cameroon.

In the decade ahead, electronies will be bringing the nations of the world
closer together: Socially. Feonomically. Mavbe even pnlmull\

Rmht now the countries of Western' F urope are collaborating on a high-

capacity communications satellite svstem to handle television, air traftic and
picturephone networks all over Furope, \frica and the Middle Fast.

So, by the end ot this decade, nations that not too long ago used drums
for communications will have picturephone service. Major sports events, such
as the 24 hours of LeNMans, will be beamed live to such obscure countries as
Cameroon, Dahomey, Togo and "Tanzania. While Sundays in Swaziland will be
spent watching live lmlltwhts from Spain.

Fact is, two-thirds of all electronies production and consumption will be
outside the United States.

Who are the master minds masterminding these international changes?

Our readers.

Among them, more than 19,000 subscribers in tro countries outside the
United States. From Australia to Zambia. 'he very men who are spreading the
clectronics market to every corner of the world.

Fvery two weeks, I lutromuprcscmsthcm with a complete, up-to-the-
minute pmturc of the state of the technology. Including a spuml
international section spe )th(Whtmgr the latest electronic innovations as Electronics
compiled by our editors in Russia and Japan, as wellas Furope.

Soif vou'd like to be included in the world’s electrontes market
tOMOTTON, SPCJI\ to the men who are working on it today.

IFlectronics, a MceGraw-1 il market-directed pubhutmn

Ourreaders are changing the world.
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Solderless connector modules with .156-inch spacing.

In two sizes: all with dual readout contacts — center modules
with six, and end modules with four. With these two sizes,
you can custom design your connector to accommodate

just about any size p.c. board.

A NEW Without soldering.
Simply push the contact tails of these Mojo™ connectors

through the plated through holes of the p.c. board. And you'll

have a gas tight, corrosion proof, vibration immune connection

that’s as electrically and mechanically sound as the best

soldered joint. But more easily assembled than any soldered
IN connection. More economically. And without the heating

problems that automatic soldering methods often impose.
P C BOA R D And Mojo gives you more.
® a

Such as preloaded contacts that firmly grip the p.c. card,

but keep their distance when the card is removed. Easily
accessible square wire-wrapping posts in the event you have
to make any extra back-panel interconnections. And you’ll

move smoothly and economically from prototype to production
with just two connector modules to carry in inventory.

Did we say just two modules? Sorry, we meant four. Because
Elco still makes available Mojo connectors with contacts at
.150-inch centers. Same specs, same special features as the
new .156-inch. Just that little .006-inch difference.

For full details and specifications on Mojo connectors, contact:

Elco, Willow Grove Division, e
Willow Grove, Pa. 19090 H
(215) 659-7000 ELLO

Elco, Huntingdon Division, i L—77
Huntingdon, Pa. 16652

(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 thraughout the world.
Copyright © 1971 Elco Corp. All rights reserved. ’
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Wanted for the ’70s:
easier-to-program computers

Software problems and semiconductor technology will set the pace of

the '70s, says this Special Report. Whichever computer architecture
Is used, systematized programing remains the most urgent need, though
LSl is helping out with firmware. Cores will lose ground, while
processors will have to learn how to keep the faster memories busy.

by Wallace B. Riley, Computers editor

1. Evolutionary growth. Adaptable to changing needs without requiring basic redesign, IBM's System 370 is a growth vehicle that will
keep pace with new applications. (Photograph courtesy of IBM Systems Development Division, Poughkeepsie, N.Y )
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2. Sizable difference. Digital Equipment Corp.’s PDP-11-05 com-
puter exemplifies the shrinking size of new machines. It's shown
here in front of DEC's PDP-10 in a maximum configuration.

O Of all the problem areas in computer technology of
the 60s, software was far and away the worst. And of ail
the solutions prophesied for the '70s, those involving
software are the most far-reaching, and could even alter
the structure of the industry.

Everyone is agreed on the need to turn programing
from something “handcrafted by elves in the Black For-
est,” as Morton Bernstein, assistant manager of ad-
vanced development at System Development Corp.,
Santa Monica, Calif., describes it, into a systematic, en-
gineering discipline, built round a core of basic prin-
ciples, in which all programers can be trained and from
which new languages can be deliberately evolved for
specific purposes. But no one is agreed on how near this
situation is. “It’s a job for the universities,” say some,
while others, more pessimistic, think it will take an Eins-
tein or a Maxwell to bring order out of the existing
chaos.

At present the disorder is such that it will affect in-
dustry trends well into the *70s. The surging interest in
minicomputers is partly due to software difficulties with
larger and more complex machines. The growth of firm-
ware as a substitute for operating software and the ex-
perimentation with macroinstructions in hardware are
largely prompted by the hope of limiting the areas in
which software errors can run riot. Some even predict
the disappearance of the distinction between progra-
mers and engineers. and the emergence of the computer
engineer, skilled in both disciplines.

Worst of all is the expense. At an American Manage-
ment Association conference last year. Robert McClure,
president of Telpar Inc. a Dallas consulting firm,
presented a diagram showing that, though the cost per
hardware gate has dropped by two orders of magnitude
since the middle 1950s, the cost per software instruc-
tions has remained just about constant, at around $10.
This constancy itself has been achieved only because a
decreasing execution cost offsets the growing number of
instructions required per system and the growing cost of
preparing those instructions with solid state technology.

In other areas, the pressures on data processing tech-

nology are less severe. Internal pressures stem from the
ongoing debate on how best to organize computers
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from within. Can a network of minicomputers adequa-
tely substitute for a large computer? In a multiproces-
sor, is a pipeline organization of processors, as in Con-
trol Data Corp.’s Star-100 approach, preferable to a
parallel organization, as in the Illiac 4? Are there some
things that only a single, large machine can:accom-
plish? Research at lowa State University on Fairchild’s
radically new Symbol computer could provide the *70s
with unexpected new inputs.

External pressures stem largely from the rapidly
evolving semiconductor technology and from the
changing character of the marketplace. Large-scale in-
tegrated circuits, for instance, are helping solve some
problems at the same time as they are complicating the
situation in other areas. As read-only memories. they
made feasible the adoption of microprograming that is
helping supplant some supervisory software and also in-
creasing the versatility of processors. As buffer memo-
ries, too, they are improving the performance and speed
of computers. On the other hand, the "70s will see the
answer to the question of whether they can ever really
replace core memories. Possibly. too, integrated circuits
may yet help to simplify peripheral equipment, which is
still largely electromechanical and by now absorbing an
increasingly large proportion of the cost of a computer
installation.

Other technologies could also make inroads in memo-
ries—notably magnetic bubble and beam-addressable
memories, which could appear in commercial form by
the end of the decade.

The impact of these technological advances is likely
to be braked only by the still somewhat uncertain eco-
nomic outlook and by the inertia-like effect of invest-
ment in existing technology. Failure to make a dent in
software costs 1s especially critical since it makes the
buyer in today’s economic climate particularly anxious
to cut costs wherever else he can.

“Users are going to acquire the capability to evaluate
the bang per buck in what they buy,” observes Jerome
Larkin, marketing vice president of Advanced Memory
Systems Inc., Sunnyvale, Calif. “They are going to stop
buying equipment just because it sports the latest tech-
nological gimmick—they'll ask what the gimmick will do
for them and check its cost and then buy—as like as not
a plainer model.”

Obviously the manufacturer who stands to lose the
most in the trend toward user sophistication is Inter-
national Business Machines Corp. Plenty of people used
to buy machines from IBM just because it was IBM. To-
day. given impetus by 1BM’s “unbundling” or separation
of its software from its hardware offerings in 1969, and
by the coincidental offering by independent peripheral
equipment manufacturers of machines that were plug-
to-plug compatible with 1BM’s, at very attractive prices.
a trend is already under way toward mixed installation
of equipment from several manufacturers.

Archltecture of the '70s

As computer technologlsts meet the software challenge,
the distinction between engineers and programers may
disappear. “Within 10 years from now.” says Yaohan
Chu, professor of computer science at the University of
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Maryland, College Park, just outside Washington, D.C.
“we’ll have people engaged only in computer engineer-
ing. The increasing interest in firmware—machine con-
trol through read-only memories—during the past few
years is part of this trend: engineers design the read-
only memories containing firmware, but programers are
likely to decide their contents.”

“Along with the computer engineers,” predicts Chu,
“there will emerge the computer architect. Just as today
you ask an architect to design a house, you will ask a
computer architect to design a system. And just as the
building architect combines materials and equipment

Toward better software

by Jack Goldberg, Stanford Research Institute, Menlo Park,

Consider the attitude of consumers toward an industry
whose products typically have these characteristics:

s When delivered, they are almost certain to have defects.

s Though made for the same end use and produced by ac-
cepted professional designers, some perform ten times
worse than others, may cost more than twice as much, and
take more than twice as long to deliver.

= Building a totally new one is often better than modi-
fying an existing one.

= Moving one to a new environment often necessitates a
major overhaul.

» The output per member of a team of designers tends to
plummet when the team size increases beyond four.

The product is software, and it has these characteristics

because the demand for new programs is very high, the
problems of design are truly difficult, and the prevailing
art of software design and production is undeveloped. And
the consumers are indeed concerned because of the in-
creasing role of software in computer systems—and be-
cause of the increasing penalties that system buyers must
pay when the software costs skyrocket, or the software is
late, or it doesn’t work.
Professional programers, who are very conscious about
this state of affairs, have coined the term “software en-
gineering” to emphasize that programing ought to be an
orderly process. Another term, “rugged programs,” by
analogy with rugged hardware, suggests the qualities that
should follow from good programing practices.'

Tools for a new programing methodology are being de-
veloped in several places, and the prospects for substantial
improvement are good. Some significant work being
aimed at the betterment of programing languages, and at
the use of logical methods to debug and verify programs,
1s quite likely to have results that will influence future
computer design.

A recent estimate attributes at least half of the more
common varieties of program error to weaknesses in the
source language. Some of these errors may be avoided by
improving just the language alone, others by combining
language improvements with protective hardware. For ex-
ample, in Fortran, if the index of an array accidentally ex-

| ceeds the array size, irrelevant data will be treated as array
elements, with no alarm. This problem could be avoided

| by providing hardware to check array bounds, plus lan-
guage constructs to specify the range of an array index.

Program debugging is perhaps the least scientific pro-
graming task, although tricks of great ingenuity and power
are often used. The most common aids are programs to in-

| sure that the syntax rules of the program language have
been followed. Other aids monitor a program’s execution
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from several sources, the computer architect will put to-
gether a system using elements from several different
manufacturers.”

As a result, says Chu, manufacturers will become
more specialized: though IBM will always be IBM, and
always produce excellent machines, perhaps in fewer
categories than today, smaller companies will tend to
evolve into highly competent mainframe builders, or
bulk storage builders, or punched-card and printing
equipment builders, and so on.

This condition will arise gradually, though it may be
well along by 1980. One reason is that the program

Calif.

in various ways, but their effectiveness depends heavily on
the skill of the programer using them. Conversion of the
debugging art to a science is essential, but it will occur !
only if the problem receives serious attention.

Since programs never seem lo be totally debugged, the |
thought that a program might be proven correct may be
startling. In fact, it has already been done for some small
but useful programs.

One scheme for program-proving is based on the pro- |
gram’s flow chart.>. Appended to it is a set of assertions at
the beginning, end, and at various other points in the
chart, that state what relationships among the program
variables should apply at those points. A formal proof is
constructed to show that the computational steps in the
flow chart, from beginning to end. carry out all changes
that pairs of successive assertions imply.

The scheme contains some sizable difficulties. For ex-
ample, the creation of assertions is very critical, since they
must correctly express the programer’s intent and be
amenable to an efficient proof process. The proof process
itself must be “clever” enough to avoid endless detours
into trivialities.

Since program-proving involves a good deal of detail,’ it
is reasonable to concentrate, first, on methods that could
be applied to small, simple straightforward programs, such
as heavily used subroutines, routines responsible for ex-
tremely critical functions like process control and security,
and microprograms. (Proving microprograms, of course, is
tantamount to proving machine hardware.) For large pro-
grams, the proof of certain properties—short of complete
correctness—may be useful. For example, a given pair of
program variables may be proven independent, or a set of
events may be shown to occur in a specified order, or the
program may be shown not to get into an endless loop in
handling a certain range of input data.

This kind of debugging involves a great deal of logic
manipulation, one of many forms of non-numerical com-
putation that are growing in importance. If future comput-
ers were designed for such work, they would simplify pro-
gram proving and other debugging processes.

In general, investments in hardware that can make pro-
graming better and easier are sure to bring a good return.

References

Bernard Elspas, Milton W Green, and Karl N. Lewitt
puter, Jan.-Feb 1971, p. 21
2. RW Floyd, "Assigning Meanings to Programs,” Proceedings of a Symposium in
Applied Mathematics, in Mathematical Aspects of Computer Science, J.T Schwartz
Ed., Vol 19, American Mathematical Society, Providence, Rhode Island, 1967
3. Bernard Elspas, Karl N, Levitt, Richard J. Waldinger, and Abraham Waksman, *'An
Assessment of Technigues for Proving Program Correctness,” (to appear in ACM
Computing Surveys, late 1971),

‘Software Reliability,” Com-

63



TAPE —-‘ TELETYPE N

EXCHANGE LOOP 1

| PROCESSOR
' MULTIPLEX LOOP l
CRT CRT
I |
[ TELETYPE MODEM
REMOTE —
TERMINAL

| COUPLER
‘ EXCHANGE LOOP 2
CRT
CARD
PRINTER READER

—/‘—1 TELETYPE —J

3. A modular model. Collins Radio Co.'s C-System computer is an example of a powerful system assembled by modular design techinques.

managers in the large computer companies, if advised
to design as computer architects, would insist that they
already design their new systems from the architectural
point of view. And these people will have to be per-
suaded to change their ways.

Another brake on the emergence of the computer ar-
chitect as a profession is the fact that most computers
are rented, not bought—thanks to a market custom es-
tablished by 1BM. “If you buy a complete system you lay
out a large sum of money all at once,” says an industry
observer, “and you’ll go to considerable lengths to make
sure you get the most for your investment—you’ll hire
an architect, for example. But on a rental basis, you're
inclined to settle for less than your optimum require-
ments—particularly if you can move up to something
better on short notice.”

Even so, now that mixed systems are becoming less of
an exception, renters, too, are more likely to be aware of
their advantages, and this again favors the emergence
of the new profession.

But the computer architect will still find software a
problem and a challenge, if it’s handled more or less the
way it has been. Some claim the challenge can be met,
at least in part, by using minicomputers, which gener-
ally require relatively simple programing—and whose
prices are tumbling.

For example, James J. Orris, director of product man-
agement at Varian Data Machines, Irvine, Calif., con-
trasts his company’s 1970 model 620/i at $10,000, with
today’s 620/L for $5,400. The only differences between
them, apart from price, are a few minor changes in com-
ponents and some improved manufacturing techniques.

Even if prices were not dropping, however, the mar-
ket would be growing rapidly because the proliferation
of minicomputers increasingly affects people’s daily
lives. Sooner or later there’ll be a minicomputer on the
market that’s made on one board and uses a rotating
memory; it’ll be slow, but it’ll also be inexpensive—per-
haps only a few hundred dollars. Somebody, some-
where, is going to make such a minicomputer before
very long; and when that happens, “many people will
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find the personal or household computer a necessity,”
says Bernstein of System Development Corp., “and it’ll
open up a whole new segment of the industry.”

Hands-on use by all sorts of people, directly in their
own offices or even in their homes, is one of
minicomputers’ most important advantages. They are
small enough not to take up too much space. They are
priced about as much as a new car, yet they have the
same capability today that million-dollar computers did
20 years ago.

Although minicomputers don’t normally have large
memories, they can obtain access to large files through
data communication, and this removes a major obstacle
to their use. “By this means,” says Ruth Davis, director
of the Center for Computer Science and Technology at
the National Bureau of Standards, “a lot of the need for
standardization disappears. The things that are easy to
do, people can do on minicomputers any way they
please, whereas standards become that much more im-
portant for data communication and for large data
bases, file structures, and the like. Nobody foresaw this
kind of thing five years ago, but for the next five years
it’'ll be extremely important.”

Of course, Davis is in an excellent position to see that
standards of the second kind are established. One of her
problems is streamlining the machinery for implement-
ing a standard once it has been proposed; another is
specifying a standard that will achieve its aim without
stifling industry. She’s working closely with the Office of
Management and the Budget and with the General
Services Administration, and intends to have essential
standards established by mid-1974.

Possibly computers will get not only smaller but very
much larger, leaving today’s middle range nearly
empty. Alan Clemmetsen, chief engineer of Arcturus
Electronics Ltd., Blandford Forum. Dorset, England,
says this will occur for economic rather than functional
reasons—because the demand for small machines is ex-
pected to mushroom, they’ll go into mass production,
their price will drop, and then, he says, “it will be
cheaper to buy three or four small machines than a
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single middle-sized machinee of equivalent power.”
Adds Brian Gaines, reader in electrical engineering at
Essex University, England, a group of linked minicom-
puters can often support far more terminals than one
big machine, thereby avoiding the problems of queu-
ing simultaneous requests from a number of different
terminals.

Clemmetsen and Gaines have lots of company, in
Britain and elsewhere. For example, at the annual con-
ference of the Association for Computing Machinery,
early last month, Frederic G. Withington, senior staff
associate of Arthur D. Little, Inc., predicted a “tug of
war between dispersal of computing power (with
minicomputers) . . . and centralization in giant remote
centers . . . both extremes developing at the expense of
the traditional, middle-sized, stand-alone computer.”
And even RCA, which is going after the middle-sized
computer market, recognizes the inevitability of this
trend. “I've been predicting this polarization for five
years,” says L.E. Donegan, vice president and general
manager of the Computer Systems division at RCA. “It
hasn’t happened as quickly as I once said it would; but
the only real question is how fast—not if.”

Donegan expects that the polarization will take shape
in five years and be quite clear by the end of the decade.
Meanwhile, RCA’s aim at the middle range is short-
term; it will expand its present line of computers in both
directions within the next year [see Electronics Review].

Modular popularity. In minicomputers, modular de-
sign has already taken such a hold that it is probably a
significant trend and may spread to larger computers.
In the modular concept, major functional subassemblies
are interconnected along a bus and have several electri-
cal conductors in common. To communicate with an-
other module, a “sending” module places the desired
signal plus an address on one or more lines; the two
travel to all the modules attached to the bus, but only
the addressed module responds.

The power and complexity of systems built this way is
almost unlimited, especially as they may include several
processors, each specialized to a different task. More-
over, they are very flexible—a user need buy only as
much capability as he actually needs, tailor it to special-
ized applications, and add to it as necessary. The com-
puter designer, too, may upgrade his designs in smaller
chunks, and the user is free to buy those new and im-
proved chunks if and when he needs them.

An example of a large modular system is Collins Ra-
dio Co.’s C-System (Fig. 3), in which subassemblies are
connected serially along a single cable. Transmission is
at very high frequencies, fast enough not to degrade the
performance of the individual modules, which work in
parallel by bit.

A very ambitious modular design, proposed by Tudor
Finch, head of the digital device integration department
at Bell Laboratories, Murray Hill, N.J., would be ca-
pable of large-machine performance at potentially low
cost. It would consist of several small special-purpose
task processors, made from 10 to 100 LsI chips each,
and interconnected along a circular bus, as shown in
Fig. 4. One processor would be dedicated to receiving
tasks and data from the outside world, another would
transmit results to the outside, and a third would con-
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trol access to a very large memory—perhaps half a mil-
lion 64-bit words—that would serve all the special-pur-
POse processors.

This is a pretty far-out idea—but it resembles other
machines that have already been built or proposed. The
bus organization suggests Digital Equipment Corp.’s
PDP-11 and other modular systems, the circular bus
brings to mind Collins Radio Co.’s C-System, and the
multiple processors are like those in the Illiac 4.

But some problems can be handled only on the large
machines, regardless of software difficulties. James
Thornton of Control Data Corp. knows of plenty (see
page 75). The so-called Grosch’s Law, formulated by
Herbert R.J. Grosch nearly 20 years ago, is often cited
to back up this idea. The “law” is usually misstated:
“The performance of a computer system is proportional
to the square of its cost.” In this form it is no longer
valid, because of the amount of peripheral equipment
now used in computer systems. Robert S. Barton, pro-
fessor of electrical engineering at the University of Utah
and a recognized computer consultant, says, “I don’t
think the concept, ‘The faster and bigger it is, the better
it is.” is true any more. It can’t be true when the semi-
conductor industry is on the verge of a mass production
capability, and when the vast majority of computer
problems just aren’t huge.”

But Grosch, now at the National Bureau of Stan-
dards’ Center for Computer Sciences and Technology,
says his original formulation was, “If you want to do it
twice as cheap, you have to do it four times as fast.” He
insists that it would still be valid except for inefficient
operating software and unnecessary peripherals. He
cites a present-day corollary to the law: “No matter how
clever the hardware design, the software boys will fritter
it away.”

Nevertheless, the big problems are still there. “The
market we see today is even bigger than we thought it
was when the 6600 computer came out.” says CDC’s
Thornton. “Today there are 25 installations that have
more than one of them.” (EDP Industry Reports, a com-
puter industry newsletter, estimates that about 100 cDC
6600’s have been sold.)

Many of these large installations are in computer util-
ities, where the central computer services a network of
remote terminals in customer offices. And Frank Sulli-
van, director of guidance, control, and information sys-
tems in NASA’'s Office of Advanced Research and Tech-
nology cites the problem of transferring a spacecraft
from one orbit to another under some constraint such as
minimum fuel expenditure. “It may cost more to seg-
ment that kind of problem into parts for minicomputers
than to go ahead and write straight code for a big ma-
chine,” he says.

Even here. however, the large machines are being
challenged by networks of minicomputers. Advantages
are cited for both, and it’s still not certain exactly where
the tradeoff comes. Undoubtedly some problems can be
solved adequately only on very large machines. Un-
doubtedly also large machines are now processing prob-
lems that could be handled quite well, and at lower cost,
on a network of interconnected small machines or on a
single small machine.

One of the most important advantages of a computer
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network is that it permits various groups to make use of
one another’s work. Just a few years ago this wouldn’t
have been thought possible. Today it’s being actively in-
vestigated, and soon it’ll be in common use. “We’ve
learned how to write better compilers now,” says J.C.R.
Licklider, professor of electrical engineering at the Mass-
achusetts Institute of Technology, “so the programs we
write in Fortran and other languages are much closer to
being machine-independent than they were not long
ago.” As a result, in a network, it’s easy to use a routine
stored in somebody else’s machine for one’s own appli-
cation, without having to rewrite or adapt it for one’s
own machine.

But there’s one disadvantage, too. Probably the big-
gest one is—once again—the software involved. And
“there’s more to organizing a system than just plugging
a bunch of minis into one another,” adds Varian’s Orris.

“Frankly, I don’t think minicomputer networks are
the best way to do any job,” says Rex Rice, director of
memory systems operations in the Systems Technology
division of Fairchild Camera and Instrument Corp.,
Sunnyvale, Calif. “People who try it are looking for an
casy way out of a tough problem, and they’re going to
get bogged down in software for the network just as
they got bogged down in software for a big machine.”
Rice, of course, has an ax to grind for his Symbol ma-
chine (see page 82) which he hopes will do much to
solve the software problems of the sixties.

One engineer at the French national computer-
maker, Compagnie Internationale pour 'Informatique
(ci1), who asked to remain anonymous, can’t see net-
works or minicomputers replacing large machines.
Rather, he thinks, there’s a bigger future for the mini as
a supplement to the big machine than as a replacement
for it. “The mini can relieve the strain on the big com-
puter, freeing it for more noble work,” he says.

Closely related to minicomputer networks is the con-
cept of distributed processing, where functional sections
of a processor are not necessarily all in one rack or cabi-
net, and where each section is sometimes not much dif-
ferent from a minicomputer. And in one embodiment of
this concept the distributed sections are on-line termi-
nals. “Although there’s an excellent argument for cen-
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tralizing a data base,” says Linder C. Hobbs, a southern
California consultant, “there’s none for centralizing
processing capability. Remote access to systems through
on-line terminals is already a reality, and increasing,
creating a need for more communications capability
and for ‘smart’ terminals.” Thus the trend is toward de-
centralization—if not toward individual terminals, then
definitely toward satellite processors. These satellites
would perform most of the routine computation, but
would forward big problems to a central processor,
which, incidentally, would not itself necessarily have to
be large, especially for business applications.

One advantage to this kind of distributed processing
is that the terminals retain a modicum of processing ca-
pability even when the central processor is out of com-
mission. With “dumb” terminals, when the central pro-
cessor goes down, the whole system goes down.

William H. Howe, manager of the device test systems
department of Fairchild’s Systems Technology division,
expects use of such distributed processing to increase in
manufacturing operations. It requires small, inexpen-
sive memories to store the necessary data locally, where
it originates, and an equally inexpensive processor to
assist in uniting the memory to the network. “These lo-
cal memories and small computers are going to be
sprinkled around amongst machines, processes and
people the way on-off switches have been used in the
past,” forecasts Howe. Simply collecting, reducing, and
disseminating information is a handy way to control lo-
cal inventories, and when properly set up this function
can cut inventory cost substantially; “but it has no real
impact on the operation of the company,” he adds.

Parallel and pipeline. It is only a short jump concep-
tually from minicomputer networks to distributed pro-
cessing. And it’s only another short jump to the two
basic approaches to design of very large machines: par-
allel and pipeline organization. In the first, several inde-
pendent processors work at the same time on different
problems, or on different parts of the same problem. An
example is the Illiac 4, which comprises 64 processors,
each with its own local memory, plus a control unit, a
conventional general-purpose computer to handle in-
put-output operations, and a large high-speed drum for
bulk memory. Parallelism on a smaller scale is also used
by Burroughs Corp., builders of the Illiac 4, in the de-
sign of its commercial machines.

In the pipeline approach, there are also several pro-
cessors, but instead of functioning independently, they
are arranged so that the output of one is the input of an-
other. Thus the processors in a pipeline work in se-
quence on massive parts of a problem, and every part at
some time passes through every processor. When the
pipeline is “full,” the processor at the end may be pro-
ducing results at very short intervals, but the actual time
taken by a particular increment of a problem to “flow”
through the pipeline may be considerably longer. The
best-known current example is Control Data Corp.’s
Star-100 computer, an acronym for string array. (This is
not to be confused with Jet Propulsion Laboratory’s
Star computer, from self-testing and repair.)

Burroughs is unquestionably committed to multipro-
cessors or parallel processors, on the grounds that any
reasonably large problem can be divided into the
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smaller pieces that such a system can handle. “A lot of
work in military, command-and-control and avionics
applications is divided up and processed on a single
multiprogramed computer,” says John T. Lynch, Bur-
roughs’ director of advanced development at Paoli, Pa.
“But we think multiprocessing is a more cost-effective
use of available resources than multiprograming.”

Multiprograming is the running of several different
programs on a single processor, more or less simulta-
neously. But what the processor does is run one pro-
gram until it encounters a condition, such as calling for
data from an input device, that requires it to wait for a
few milliseconds. Rather than idling during that time, it
switches to another program. But in multiprocessing, no
program has to wait except when two or more proces-
sors require simultaneous access to the same memory
module, at which time a priority circuit imposes a queue
upon the processors, delaying things for no longer than
a few microseconds.

“As an example of what can be done with multipro-
cessing,” says Lynch, “we found a set of 17 tasks in a
command and control environment that were being ex-
ecuted on three large processors with a total of 262,000
words of memory. These were tasks like input-output
processing, displays, communication, radar data pro-
cessing, and so on. We put the 17 tasks on 17 special-
purpose processors, each small, and each with only
1,000 words in its memory, of the same number of bits
per word as the three large machines.

“But we didn’t actually build 17 different machines.
We used one general-purpose machine, smaller than the
three used previously, with a special set of 17 micro-
routines in a reloadable control memory—firmware, if
you will.”

But others think the pipeline approach is the best way
to design a fast general-purpose machine. Gene M. Am-
dahl. who worked for some time in IBM’s advanced sys-
tems lab in Menlo Park, Calif., but now heads his own
development company in Sunnyvale, Calif,, says the
parallel approach is too specialized. “A computer that
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works well with regular problems is nice,” he says, “but
not very helpful in irregular problems—the kind that
people need to solve most of the time. After all, a ma-
chine is judged by what it does poorly, not by what it
does best.”

Perhaps the best-known proponent of pipeline sys-
tems is James E. Thornton, who is in charge of Control
Data’s Star-100 computer, the pipeline system. “It’s im-
portant to recognize the similarities as well as the differ-
ences between these two approaches,” says Thornton,
empbhasizing that “both projects aim at solving the same
kind of problem.”

Meanwhile, the single big machine that’s neither a
pipeline nor a multiprocessor has a place, too, handling
problems that take many hours to solve, no matter how
they’re tackled—determining the stress on the wing of a
jumbo jet, for example. A big machine can devote all its
time to such a problem, and between times can be used
on smaller problems, provided it can be fed data fast
enough and still run economically.

Most of the larger manufacturers produce a range of
machines from small to large, and for reasons of eco-
nomics must use one architecture for them all. Few are
willing to go out on a limb with a fancy new archi-
tecture, except perhaps on an experimental one-shot
basis. John Pinkerton, manager of performance eval-
uation at International Computers Ltd., Putney, Eng-
land, says accordingly, “The Illiac 4 is a bit of a blind
alley.” What’s more, he points out that it would be com-
mercial suicide for any but the largest companies to in-
troduce an architectural change suddenly, no matter
how bright its engineers’ ideas are, because its custom-
ers would be unable to expand and update their older
equipment. IBM found this out the hard way when it in-
troduced the System 360.

A rather unusual view is that of Leo E. Groosman,
deputy manager of the small computer division of Phi-
lips Gloeilampenfabrieken, in Apeldoorn, the Nether-
lands, who says, “For a long time the computer industry
has been selling customers Rolls-Royces to transport
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potatoes,” meaning too much machine for the cus-
tomer’s needs. As a result, Groosman thinks computers
will become more and more specialized. But he’s also
quite sure that the basis of all computer design—the
concept of a stored program and a sequential approach
to problems—will remain unchanged. “We're so loaded
with hardware and software based on this concept that
there’s no possibility of change,” says Groosman. “We
can continue to bring down size—even to the point of a
one-chip computer, which I think will be commercially
available in seven to 10 years—and increase software so-
phistication, but the basic concept will remain.”

Customers’ needs. The direction that computer archi-
tecture will take during the 1970s will be influenced by
users’ demands, as well as technology. Users are, of
course, demanding a way out of the software jungle. Yet
they don’t appear uninterested in the big machine. For
example, Burroughs Corp. reports that customers are
showing a lively interest in acquiring more Illiac 4s after
the first giant computer has been delivered some time
this winter.

On the other hand, computer users outside the aero-
space field don’t show much interest in fault-tolerant
computers (computers that can keep going at essentially
top performance even if some parts fail) even though
the design theory of such computers is well advanced.
This isn’t too surprising. For what the user wants is usu-
ally economy plus performance just a little bit better
than what he has.

The minicomputer is a case in point. “Ten years ago.”
says Gerhard Hollander. a Fullerton, Calif.. consultant,
“nobody considered the idea of a minicomputer se-
riously.” But then Digital Equipment Corp. brought out
the original PpP-8, priced remarkably low for its time.
That broke the ice: today minicomputers represent the
form of computer technology in greatest demand, and
machines of similar capability to the original PDP-8 cost
almost an order of magnitude less than that pioneering
machine. “What’s important is not what’s possible, but
what’s possible economically,” concludes Hollander.

Gene Amdahl is in agreement: “What can be done
technically must wait on economy. The use of micro-
programing is a prime example. First proposed in 1951,
it didn’t show up in a commercial machine until 1964,
in the System 360.”

Another concept that’s desirable economically is
time-sharing, which is likely to take over much of the
role of the traditional service bureau. “The original
time-sharing organizations set up their own systems,”
says Laszlo Rakoczi, vice president of Standard Com-
puter Corp., Santa Ana, Calif,, “and each had its own
way of running its system. At that time the independent
service bureaus, in order to compete with I1BM’s subsidi-
ary, the Service Bureau Corp., had to be IBM-compa-
tible. But the time-sharing option now available for the
IBM operating system software package will favor the
setting up of in-house time-sharing systems, and there-
fore the pull-back of business that formerly went to
service bureaus.

“But service bureaus as a class won’t go out of busi-
ness,” Rakoczi continues, pointing out that “already
they’re carrying out much of their business in a remote-
batch mode that often offers better response time than
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that available with 1BM’s time-sharing package.”

Time-sharing could also overcome some software dif-
ficulties if minicomputers become as popular as they’re
expected to during the '70s. Fairchild’s Rex Rice fore-
tells a need for much extra software, which in turn will
generate a serious need for either “a way to bypass the
need for software, or much better input-output capabil-
ity to get it in and out of the computer.” One solution
would be to put most of the software in a big central
processor, which already has extensive input-output ca-
pability, and then to use it in a time-sharing mode.

This approach presupposes the development of the
necessary improvements in the communication capa-
bilities through which the minicomputer obtains remote
access to the central system. But Rice insists that
minicomputers should not themselves be used as termi-
nals. “It just adds one more layer of software to an al-
ready confused mess at the center,” he emphasizes ““and
it’'s a confession that the existing central software is
inadequate.”

Even the granddaddy of time-sharing systems has lots
of room for improvement, at least in the eyes of one ex-
perienced observer. Project MAC at MIT, in business now
for eight years, is still just beginning to learn what it can
and cannot do. For example, researchers at Project MAC
have only recently discovered how important it is to
limit the number of accesses to files in the project’s stor-
age facility, and to limit the size of these files. They
learned that as queues build up, the demands on stor-
age increase in proportion to the square of the number
of requests, and not linearly, as had previously been
supposed. “It's really tragic.” says the observer. “The
project has siphoned off such enormous resources. and
could have accomplished so much more if the nature
and extent of the problems had been recognized much
earlier—as | think they should have.”

Telefactoring, in which computers enhance human
capability remotely, will be an important area in a few
years, according to Ruth Davis of the National Bureau
of Standards. Computers will be used along with to-
day’s remote manipulators, in both the gross and the
high-precision senses; that is, they’ll control such things
as pouring molten steel into ingot molds and pushing
bacteria around in experimental colonies. Perhaps,
more romantically, where Russian space experts in 1971
monitor and control their Lunokhod lunar vehicle from
a control center on the earth, later in the decade a lunar
vehicle of Russian, American or other nationality will
carry a computer with which it can decide for itself
where it will go.

At MIT, Licklider is working on tools and techniques
that will replace or supplement such artifices as the
charts and doodles that people use to support this
thinking. These tools and techniques can put ideas to-
gether more efficiently than is even conceivable with pa-
per and pencil. Licklider cited the example of the graph
of an equation, changing dynamically as coefficients in
the equation are altered.

Equipment has already been designed, at least exper-
imentally, to permit such doodling in three dimensions.
But Licklider feels that two-dimensional techniques will
be as important, at least initially, partly because it cor-
responds more closely to what people are used to.
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In this respect, Licklider disagrees with Hollander.
*“As soon as people see that something can be done that
they think is important, it’ll catch on quickly. They did
this once, for example, with on-line programing; they’ll
do it again when the right technology comes along.”

Processors of the '70s

The historical mismatch between processor speed and
memory speed is disappearing, and because of this pro-
cessor designs will probably develop rather differently
from the way they’ve done in the past. Till recently, pro-
cessors always were faster than memories. Now they are
approaching a limit imposed by the speed of light, and
memories are beginning to catch up as semiconductor
arrays come into frequent and large-scale use.

Consequently, whereas most processors were for-
merly able to use several cycles to process a word pro-
duced by one memory cycle, it’s getting harder and
harder for the processor to keep the memory busy, and
so a new form of processor inefficiency is appearing.

Of the various design changes that could take up this
slack and also improve the overall performance of com-
mercial equipment, the best understood are error cor-
rection and fault tolerance. Error correction requires the
inclusion of enough redundancy in data to permit its re-
construction in the event of a transient or permanent
component failure. Fault tolerance is the inclusion of
spare components or subassemblies that can be
switched into a system automatically to maintain system
performance at a high level.

Most of the work in these areas to date has been for
military and aerospace applications. But already the
work done on a computer to be used in the Grand Tour,
in which a spacecraft will be flown past a series of outer
planets in the solar system., is attracting outside interest.
It is being actively investigated by a Los Angeles hospi-
tal that would like to adapt the design of a computer in
its intensive care unit, where a failure could mean a
death. The concepts are also directly applicable to com-
puters controlling vehicles in a mass-transit facility.

In error correction, as distinct from mere error detec-
tion, a lot more is known than is generally used. How-
ever, a few large computers do use a little in their
memories. “And even error detection isn’t often applied
where it would be very useful,” says Algirdas Avizienis,
a member of the computer science faculty at the Uni-
versity of California, Los Angeles, and also of the tech-
nical staff at the Jet Propulsion Laboratory, Pasadena,
Calif. “The arithmetic unit of a computer is the one
place that ought to be checked and isn’t.”

Error detection is mainly used on input-output and
data communication channels, and where data 1s trans-
ferred from point to point within a computer—to and
from memory or between registers. The most common
form of error detection is parity, in which an extra bit,
either 1 or 0, is added to each word to insure that the to-
tal number of 1 bits is odd. A word that is found to con-
tain an even number of bits is known to have an error,
but because the site of that error is unknown it cannot
be corrected.

Only one machine, Avizienis says, has ever had an er-
ror detection unit appended to its arithmetic unit, and
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Slotnick on computers and society

Perhaps best known as the moving spirit behind the Illiac

4 computer, Daniel L. Slotnick, 39, also represents a trans-

formation in the engineering outlook. As such, he is |
| acutely conscious of man’s deteriorating natural and social

environment, and is actively working to apply technology |
| to reverse the process.

Five years ago, in the early stages of planning the Illiac
4 project, Slotnick, professor of computer science at the
University of Illinois, told a visitor, “*The guiding principle
of my life is to build the fastest possible computer. I don’t
care whether there’s any particular need for a machine like
that—I’m just going to build it.”

Now Slotnick, director of the university’s new Center
for Advanced Computation, has turned about. He’s come
to recognize that if science and technology don’t attack our
real problems, it can’t justify itself. “Pure technology isn’t

| satisfying any more,” he says in explanation. I still work |
atit, but only in overseeing my graduate students’ research
projects. It’s fun, but it’s like dessert: there's no meat and
potatoes in it.”

As a result, he’s become closely involved in a number of
*“real problems” of 20th-century society and its environ-
ment. For example, he’s a consultant to a state-wide re-
source-planning project, which will eventually permit a
planner to obtain from a computer a printed list of the
available sites in a given area that meet the planner’s spec-
ifications for, say, a shopping center or a new highway or
an airport.

Such a resource-planning project has two major tech-
nological requirements, says Slotnick. One is a sophis-
ticated interactive graphic display system—but a system

| not beyond today’s state of the art. The other is a way to
measure the available resources, and this is far below the |
required level. “How many fish are there in Lake Mich-
igan?” asks Slotnick. *How would a new sewage disposal
plant in Chicago affect them? Nobody knows.” When a
farmer exposed day after long day to the noise of a diesel
tractor becomes deafened. in what other ways is the man
affected? Does he become, perhaps, less than human be-
cause he can no longer enjoy Brahms or the singing of the
birds? .

“We can measure the darnedest things at the subatomic
| level,” says Slotnick. “but we can’t measure what’s in the
air that kills us!

Most interestingly, the technology to attack problems |
like these requires large computers, so that Slotnick’s new
interest isn’t really a complete turnabout after all. Eco-“
nomic studies that work out the interactions between in-
dustries, occupations, national requirements and national
| priorities involve enormous amounts of computations with |

optimizations, matrixes, linear programing—you name it

and this kind of thing is exactly what the Illiac 4 was de- |
| signed 1o solve. \

1

|

that was the Raydac, built in the late 1940s. 1t had a
modulo 31 residue check, in which five extra bits were
added to each word to make it numerically divisible by
31. Avizienis has incorporated a modulo 15 residue
check, requiring four extra bits, in his Star computer,
the one being developed for the Grand Tour mission
[Electronics, July 19, p. 91; Sept. 4, 1967, p. 41].

In fault tolerance Avizienis doesn’t foresee any tech-
nical breakthroughs over the next few years, although it
will surely develop further. He’s more interested in
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spreading the word about what’s already known, scanty
though it may seem. Yet few people seem to be inter-
ested, in spite of the fact that none of the work in the
field is classified.

Fault tolerance will require two important and inter-
related developments in future processors: a need for
function-monitoring hardware, and a need for error cor-
rection circuits that have an output integrated with the
machine controls and so don’t need external help in fol-
lowing up errors. To include error correction circuits
would be of dubious value if they only interrupted the
machine and called in an executive program, or worse
yet notified the human operator. They would be much
more efficient, and more than pay their own way, if they
triggered a hardware monitor that noted the failure for
possible later action. “Monitoring hardware is included
in the design of Star,” says Avizienis, “and it’s very
simple; it would be so easy to use elsewhere.”

I\Emories of the ’'70s

Memories are the most volatile area in computer tech-
nology—yet the ferrite core seems set to go on and on.
Though its demise is repeatedly predicted, it succeeds in
improving its speed and price almost yearly.

The goal, of course is high speed. But is there really a
need for it? Varian’s Orris feels that only a very few
people require a memory that cycles in less than 2 m:-
croseconds. But Linder Hobbs doesn’t share that opin-
ion. “Speed in memories has always been the main
thing, and it always will be,” he says. He maintains that
a fast memory’s principal advantage is that it permits a
component reduction without a loss in performance. As
an example, he cites the transfer of characters from a
telephone line into a memory. On the line the charac-
ters are in bit-serial format, and if the memory is fast
each bit can be stored as soon as it arrives. But a slow
memory requires an external register to assemble the
characters in a register before they can be transferred in
parallel into the memory.
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Core memories, the mainstay of computers for per-
haps 15 years now, will probably remain important at
least through the *70s. Richard J. Dadamo, president of
the Electronic Memories division of Electronic Memo-
ries & Magnetics Corp., predicts that core memories, his
division’s major product, will continue to get bigger,
faster, cheaper, and more reliable. Traditionally mili-
tary systems are subjected to severe physical and ther-
mal shock tests, and their reliability will continue to im-
prove as designs are refined still further over a period of
time. But industrial users are approaching military spec-
ifications in some respects, and Dadamo suggests that
the distinction between the two may soon almost disap-
pear. (Reliability in this context is to be distinguished
from fault tolerance; it is measured in terms of the
mean time between failures and is only one of many
considerations entering into fault tolerance.)

As for competition from other technologies, semicon-
ductor memories at present are primarily a complement
of cores, not a replacement. The millions of hours of
field experience with core memories won’t be attained
by the semiconductor people for a long time. Core
memories with cycle times of 500 ns are common today,
and at this speed they’ll hold off semiconductor arrays
for a while. And Electronic Memories is working on still
faster stacks using 14-mil and 16-mil cores.

Louis B. Horwitz, executive vice president of Xerox
Data Systems, El Segundo, Calif., is sure that cores will
remain a major memory element for some time, if for
no other reason than inertia. “They can be sold for
around 1¢ a bit or less, but semiconductor memories,
despite their makers’ claims, aren’t anywhere near 1¢ a
bit yet,” he says. He’s confident that cores will even-
tually have 300-ns cycle times, at reasonable prices.

“In spite of the challenge of advanced technologies,
the ferrite-core memory market will continue to grow,”
says Gross. “Ampex is producing 100 million cores a
week now, and that rate appears to be growing expo-
nentially.” Curiously, the development of 1Cs is benefit-
ting not only semiconductor memories but also the
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competition. because the cost of the drive and sense cir-
cuits, which is a significant part of the cost of a core
memory, is dropping rapidly. “Because of this, the best
bet for semiconductor memories is in the smaller sizes—
under 10,000 bits—at least in the immediate future,”
Gross says.

What about plated wire? “A superb technology.” is
Horwitz’s comment, “but ten years too late. We spent
two and a half years on plated wire before dropping it.
We felt it had the prospects of a relatively short tech-
nological life.”

Univac, the leader of plated wire in commercial ma-
chines, doesn’t share the viewpoint—but then it made its
principal investment some years ago. “For us, now,
plated wire is the most economical way to go, and we'll
stay with it as long as it stays economical,” says George
Fedde, manager of advanced manufacturing techniques
at Univac. “Meanwhile, we're always looking for ways
to cut its cost, and to improve its density.” Univac now
packages the wires 60 mils apart. and is working on
ways to get it down to 30 mils. In the laboratory, wires
have been packaged as close as 10 mils, with bits 20
mils apart along the wire. This gives a total packing
density of 5,000 bits per square inch, which Fedde says
is about the same as packaged semiconductor arrays.
Still, he admits that semiconductor memories will give
plated wire a “horse race” over the next few years.

Others, who lack Univac’s investment in plated wire,
already see a clear advantage in semiconductor memo-
ries. Gene Amdabhl, for instance, thinks semiconductor
memories will be out in front in terms of both price and
performance within a year. Already he cites Intel and
Advanced Memory Systems as having introduced prod-
ucts that are very attractive—in part because they recog-
nized that a semiconductor memory need not look like
or operate like a core memory.

Likewise, semiconductor memories give an important
boost to the concept of distributed processing. “With
core memories,” says Hobbs, “the bigger the memory.
the lower the cost per bit. because of economies in as-
sembly and the smaller quantity of peripheral circuitry.
But this isn’t true of semiconductor memories beyond
the individual chip. It costs very little more to buy 32
memories of 2,000 words each than one memory of
64,000 words.”

In a true distributed processing system, of course, a
certain degree of cross access is necessary, which implies
either that the individual small memories can transmit
data to one another or that they have multiple ports.
But this isn't a difficult problem. One way to get around
it would be to construct the system with, say, 16 of the
small memories. each with its own processor, and one
32.000-word unit accessible to all processors.

“Computer manufacturers should be excited about
semiconductor memories,” says Utah’s Bob Barton,
“because they can buy small chunks of storage and dis-
tribute them: they shouldn’t be arguing 60-ns versus 90-
ns access times.” He thinks the economics of the semi-
conductor industry will force a de-emphasis on process-
ing in favor of storage at the hardware level during the
next few years.

Gordon E. Moore, executive vice-president of Intel
Corp.. Santa Clara, Calif., thinks people will soon learn
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how to take advantage of the special properties of semi-
conductor memories, such as their capability for distri-
bution. parallel access, organization into very long
words, and brute-force high speed where it’s called for.
“It's okay for the time being to replace a ferrite-core
memory one for one,” says Moore, “but that’s not the
way to get the most out of the memory. There’s more to
it than just getting a 0.1¢-per-bit difference in cost.™

Volatility remains a serious problem with semicon-
ductor memories. “An unexpected power failure can
wipe you out completely,” says Horwitz of XDS. There
are ways of restarting a job in the middle, and the acro-
space companies, in particular, have invested large
sums in software that can quickly recover from any such
calamity. But the ordinary user can’t afford this ex-
pense: and if his system is time-shared, and a hundred
programs are on line and a hundred files are open at the
moment of a power failure, he's got an enormous task to
restart all those routines.

Clemmetsen of Arcturus Electronics in England
agrees that a nonvolatile semiconductor memory is a
necessity, and will be developed with silicon nitride
technology. With this technique both the memory and
the processor could be made with the same technology,
thus reducing costs. And Gaines, his fellow countryman,
agrees with him, except that he feels that mini-
computers with all-semiconductor main memories will
be common first, volatility and all. Gaines thinks that
volatility needn’t be a problem if a nonvolatile backup,
such as a disk, is available in the system. Nevertheless,
Moore doesn’t think volatility is a serious problem in
semiconductor memories, except in military appli-
cations. “There’s always a way to reload.” he says, “and
not many people even depend on the controlled shut-
down that's available with cores. In any case. it's rela-
tively easy to add standby power with a small battery.”

But with or without volatility, the market outlook for
semiconductor memories is rosy. Larkin. the marketing
vice president of Advanced Memory Systems, describes
it as the most “elastic” that has appeared in a long
time—elastic in the way the economist uses the term. “If
you cut the cost in half, the demand doubles.” he says.
“and if you reduce the cost to a quarter of its former

7. Girl at work. Displays like the Univac Uniscope pictured below
are already a familiar part of the business worid. But soon, predict
many in the industry, minicomputers may be entering the home and
becoming as essential a part of daily life as the automobile.




level, the demand quadruples.” As large-scale integra-
tion brings down the cost, Larkin believes that elasticity
will create a corresponding demand, and that there’s a
lot of room for expansion.

But not everybody agrees. For example, Gerald A.
Maley, senior engineer in the exploratory technology
department at iBM's Components division, Hopewell
Junction, N.Y, feels that, although the prospects for an
enormous market are very good. the cost is already near
a point of diminishing returns. Figure 5 shows that, as
costs decrease and selling prices follow them, the break-
even quantity increases sharply, eventually attaining a
wholly unrealistic level. “Cost has already come down
over a period of years by orders of magnitude,” Maley
says. “lt can’t go much further and still permit suppliers
to make a return on their investments.”

Instead, Maley thinks the semiconductor memory in-
dustry will soon have to add functions to its product,
other than mere data storage. This will increase the cost
of the product. but could materially decrease the cost of
the system in which the product is used. Maley’s pet
added function is the latent image, a base of fixed data
that lies beneath the conventional active data of a semi-
conductor memory [Electronics, Aug. 16, p. 82] and sur-
vives power failures and other catastrophes.

John Pinkerton of ICL, however, says it’s not easy to
see what extra functions would be useful, except in an
associative memory—and that’s expensive, even in LSI,
because of the amount of logic it requires.

Perhaps the semiconductor memory’s greatest useful-
ness at present is as a fast buffer between a ferrite-core
main memory and a processor. There it enhances the
performance of the system, and its volatility is less of a
problem, because it can be quickly refilled from the
main memory.

How much performance is improved depends on the
algorithm by which the buffer is kept filled, and the al-
gorithm in turn depends on the size of the buffer, the ra-
tio of its speed to the main memory’s, and the width of
the data path connecting main memory and buffer.

A specific version of the high-speed buffer is known
as a cache memory. It seems particularly useful now be-
cause it allows semiconductor arrays to extract high per-
formance from other types of memory before LSI ver-
sions are available in large enough quantities and at low
enough cost to take over the memory function entirely.

Basically the cache memory stores blocks of data for
quick access by the processor. It works because both the
words of data processed by a program and successive
instructions in the program are usually stored near one
another, so that a large block transferred from the main
memory into the cache is likely to keep the processor
busy for some time.

The operation of the cache requires an algorithm for
selecting the blocks of program and data for transfer to
the cache and for determining when they may be elimi-
nated from the cache. The most primitive and also the
cheapest method is to have one and only one spot in the
cache for each block from the memory (Fig. 6), but it
breaks down easily if the proportion of data to instruc-
tions isn’t just right, and has never been used in any ac-
tual machine.

The most efficient approach would be to use a full as-
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sociative memory, which would permit access to each
page of data, regardless of its position in the cache or
when it was brought in (Fig. 6). Unfortunately. such
memories are not available today in the size and per-
formance ranges or in the quantities needed for the
computers that use the cache concept. There won't be a
fully associative cache before the end of the decade.

Two compromises have been used so far. In the 1BM
System 360 model 85, the first commercially available
machine to use a cache, several large blocks are brought
in as units, and accessed associatively by block. This
scheme works, but it requires the whole block to be used
for the cache to achieve its maximum efficiency. In the
later 360/195 and in the 370/155 and 165. the cache is
in effect divided into smaller pieces, and the same small
block of data is transferred simultaneously into several
of these sectors. If the sectors were small enough, this
approach would be identical to the fully associative
cache. But the intermediate size is practical and, accord-
ing to Donald H. Gibson, manager of technical support
for large systems at IBM’s System Development division,
Poughkeepsie, N.Y., permits a level of performance not
very far short of that of a fully associative cache.

The concept seems to be viable wherever the machine
cycle is less than 100 ns and where the memory capacity
is more than 10 million bits. Technological limitations
prevent data from being brought in from such a large
memory fast enough for such a processor to use it, ex-
cept with the help of the cache. Moreover, a new struc-
tural design, of which the cache is an example, is
needed because the market continues to push for higher
and higher performance.

Had 1BM not decided to go to the cache, what other
alternatives existed? The approach tried in the System
360 Model 67—a combination of hardware and software
that implemented its capability for relocation—gave the
user of the machine effective access to the entire
memory. He could write his programs accordingly, re-

8. Heart of the matter. Cores, the mainstay of memory technology
since the '50s, are threatened by semiconductcr arrays, but may last
out the '70s because of their low cost, respectable speeds.




gardless of what other tasks the machine was perform-
ing concurrently. But this hybrid approach didn’t work
too well.

A fully software approach is used in some machines—
notably the Control Data 7600, which has a fast core
buffer in front of its main memory. But this buffer func-
tions very like a conventional main memory backed up
by a large core array: the operating system software
keeps track of the data, moves it as required (actually
before it is required) out of the slow memory into the
fast memory, and returns the results to the slow
memory. Large core storages are offered by indepen-
dent memory manufacturers as add-ons for IBM and
other computers; but IBM discontinued its own LCS
some time ago in favor of direct access to reasonably
fast units through the cache.

Even larger bulk storage units—magnetic disks, tapes,
and the like—have always had to be addressed by block.
One full block is transferred into the memory and its in-
dividual words or bytes addressed at that point, by
means of software. If the direct access to data in a bulk
unit were under hardware control, a computer would
probably need a larger address format; for example, the
24 bits in the standard 360-370 instruction might be re-
placed by 32 bits, for a maximum of 4 billion bytes.
This would either sacrifice compatibility or require pro-
grams employing the enlarged address capability to use
indirect addressing extensively.

The cache concept can also be applied to large semi-
conductor arrays. A bipolar cache could, and probably
soon will, be used with a large, slow MOS main memory
just as well as with a core memory. The idea also ap-
plies to a core memory backed up by a magnetic drum.
This scheme was described at the IFiP Congress 68 in
Edinburgh, Scotland. It made the core memory seem to
have the vast capacity of the drum. or. conversely the
drum seem to have the speed and random access of the
core memory. There is no reason why the two schemes
couldn’t be combined to provide a high-speed bipolar
cache backed up by a larger, slower core or MOS
memory. in turn backed up by a still larger and slower
drum memory. This is simply an extension of the old
memory hierarchy idea, which involves keeping the
most frequently used data close at hand in a small, fast
memory that may have a high cost per bit, while using
successively larger. slower, cheaper memories with
longer access times for data that’s less likely to be
needed on short notice.

Although the idea of the hierarchy is old, the makeup
of the hierarchy constantly changes. From that point of
view, the cache may turn out to be a transient member
of the hierarchy.

In contrast, the concept of virtual memory is assum-
ing ever more importance at the slow end of the hier-
archy. As requirements for memory capacity become
greater and greater, accompanied by larger bulk
memory units and by faster main memories, the virtual
memory concept will become the ordinary instead of
the extraordinary way of locating individual programs
and their data.

Multiple users of a single computer can rapidly ex-
ceed the physical capacity of the main memory, so that
their overflow must be kept on some form of bulk
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memory and switched in and out as required. No user’s
entire program and data are in the main memory at one
time; those parts that are in the main memory may not
be in contiguous blocks: they are returned to bulk
memory only when they are “bounced” by something of
higher priority, and when reloaded from bulk memory
they may not go into the same block as before. Because
the supervisory program has to keep track of all these
program pieces switching around, it makes no differ-
ence how large an individual program is, or how it ad-
dresses its data: it becomes completely independent of
physical memory. and is limited only by the machine’s
addressing capability—in the System 360 and 370, for
example, more than 16 million bytes, and in RCA
Corp.’s current machines. 8 million bytes.

In the area of bulk memories, machines like 1BM’s
3330 disk drive, the first of which are just now being de-
livered, will be the mainstay of the 1970s. Today’s work-
horse version, the IBM 2314 and equivalent compatible
machines, are good for another couple of years, in the
opinion of Robert J. Daniel, planning manager at Infor-
mation Storage Systems Inc., Cupertino, Calif. Daniel
expects they’ll be helped along by double-density ver-
sions, of which examples have already been announced
by iss, Marshall Industries, and Century Data Systems.
The machines use the same disk pack as the 2314, but
squeeze twice as many tracks onto each surface, by
recording two where the standard iBM format has one.

“But even the 3330 and its equivalent will be going
downhill during the latter part of the decade,” says
Daniel. “It may be supplanted by an improved version,
or it may yield to magnetic bubbles by that time. But |
personally think there’s lots of life left in the oxide-
coated disk. and that bubbles won’t really get down to
the cost-per-bit level of disks before 1980.”

John Kiernan, manager of peripheral development
engineering at Univac, thinks that at least one more
product cycle could be extracted from the oxide-coated

9. Material importance. Samples of lanthanum-doped zirconate-
titanate (PLZT) have same composition and thickness. Different ori-
entations in polarized light produce changes in color.
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Hopper against the big machine

When the Data Processing Management Association de- |

cided to establish a “computer sciences man of the year”
award, the first recipient was a woman—and a very well-
qualified woman she is. Grace Murray Hopper has an ex-
traordinary list of accomplishments, which range from
work on the electromechanical, automatic, sequence-con-
trolled calculator at Harvard University in the ’40s,
through a lengthy stint at Eckert-Mauchly Computer
Corp. (see page 79) and at Univac, to service in the United
States Naval Reserve. Presently she is a commander in the
Naval Reserve, serving in the Information Systems divi-
sion, while on leave from Univac, where her title is staff
scientist, systems programing,.

She is outspoken on the topic of misuse and improper
design of large computers. “We’re building dinosaurs,” she
says. “Those big machines will collapse of their own
weight sooner or later. They should be split up the way a
corporation president splits up his company into divisions.
No successful executive insists on making every decision
himself, or on reading every piece of mail. Rather, he
delegates authority to his employees and devotes his own
time to coordinating their activities.” She thinks it’s ri-
diculous to tie up a high-performance processor while, for
example, swapping programs in and out of bulk storage, or
sorting records while its floating-point arithmetic unit
stands idle.

Comdr. Hopper feels that such jobs should be assigned |

to minicomputers, specialized ones if necessary, and con-
nected by a message switch that would permit each to use
the others’ results. The system wouldn’t need interrupt
routines—"you could tie as many minis as you need into
the system,” she says, “‘and if you got too many ‘busy’ sig-
nals you could just add more computers to the system.”

She pooh-poohs the manufacturers who claim to be us-
ing this approach now in the design of their systems, be-
cause those systems still need central control units and op-
erating systems. “It's humbug to say there has to be a
central control system,” she asserts—"it’s another way of
saying, ‘We’ve always done it this way, so it has to be done
this way.” The people who run the system are the real cen-
tral control, and they can’t be put into hardware.”

The kind of system of which Comdr. Hopper is thinking
would be available in three years, she says. if only the
users would demand it. The technology is here now—she
cites such instances as the Nova line from Data General
Corp. and System IV/70 from Four-Phase Systems Inc.

disk toward the end of the decade. After that, he sees
another technology, and mentions magneto-optics as
one of the more likely prospects.

“But there’s a need for something else sooner,” Kier-
nan points out. “Right now and in the immediate fu-
ture, mainframe memories of various technologies are
selling for around 1¢ per bit, and maybe can get down
to 0.1¢ per bit before very long. Meanwhile our mass
memories, on moving mechanical media, are running
about 0.001¢ per bit. They have access times in the tens
of hundreds of milliseconds. What'll fill this gap—some-
thing at 0.01¢ per bit with an access time of 1 to 5 ms? A
rotating disk with a fixed read-write head?”

Coming over the horizon are a number of new
memory technologies that may take their place along-
side, or replace, the three most common current forms,
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core, plated wire, and semiconductor. Of the new-
comers, the two that have aroused the most interest are
magnetic bubbles and beam-addressable memories.

The magnetic bubble memory consists of a pattern of
spots of magnetic material, such as permalloy, depos-
ited on top of a garnet film. Magnetic domains within
the garnet, usually long wavy strips, are compressed
into a circular shape by an external magnetic field. In
the absence of the permalloy spots, these circular do-
mains, called bubbles, would exist at random locations
throughout the film. But because the spots tend to con-
centrate the field, the bubbles are attracted to points of
field concentration. When the external field rotates in
the plane of the film, the bubbles can be made to move
about in the film, jumping from spot to spot as the
points of concentration change.

Because a bubble can represent a stored binary 1, and
the absence of a bubble a O, these garnet films show
great promise as memories. They are potentially much
less expensive than present-day main memories, and
much faster than magnetic-disk bulk storage systems.

Peter 1. Bonyhard, a supervisor in the fundamental
memory components department at Bell Laboratories,
sees the bubble memory as occupying an important
place in memory hierarchies, along with the cache, be-
fore the decade is out—perhaps within a few years.

The simplest hierarchy comprises only the computer’s
main memory and one or more magnetic tape drives or
disk units, with a library of tape reels or disk packs
backing them up. Additional hierarchical levels might
be general-purpose registers closely integrated with the
processor, a fast buffer memory between the main
memory and the processor, and a large slow core-stor-
age unit between the main memory and the peripheral
tape or disk units.

But even with all these levels in a memory hierarchy,
there is still a difference in access time of three to four
orders of magnitude between the all-electronic bulk
memory and the electromechanical peripheral storage
unit. This gap, which sharply reduces the efficiency of
the memory hierarchy, could be filled by the magnetic
bubble memory.

Bonyhard cites the following example to show how
the bubble memory could fill this gap:

In a two-level hierarchy of memories M, and M, with
access times T, and T., the ratio of the number of words
found in M, to the number in M, is the “hit ratio,”
called h, and should be a fraction between 0 and I.
Over a long period of time the average access time is

T,h + Tl -h)

If T, is much larger than T,, then h should be close to 1:
otherwise the long access time of M, will swamp any ad-
vantage of M,.

In many applications the organization of the data
files insures that the ratio is close to 1. In others, it can
be made close to | by making M, large: but since M, is
likely to be expensive, that defeats the purpose of hav-
ing the hierarchy. But by adding a third memory to the
hierarchy, with an intermediate access time and an in-
termediate cost per bit, the magnitude of the hit ratio is
less critical.

The magnetic bubble memory is an excellent candi-
date for such an intermediate memory, if its cost can be
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suitably reduced—as it probably can. It’ll be capable of
very respectable bit-transfer rates, and it’ll be econom-
ical in smaller sizes. Where disks have a minimum eco-
nomical size of 10 million bits and sell. evén at that ca-
pacity, for perhaps $5,000, bubble memories should be
economical at a megabit or less for a few hundred dol-
lars. Bonyhard says it’'ll be “just the thing for mini-
computer manufacturers, who don’t need and can’t use
the larger capacities of most magnetic disks.”

Since the magnetic bubble memory operates by shift-
ing bubbles within a film of garnet, it is subject to one of
the disks’ disadvantages—a given bit may not be avail-
able at the readout point at the moment it is requested.
On a disk, that data on an addressed track isn’t avail-
able until the starting point is rotated under the reading
head—a delay that can add up to 100 milliseconds or
more. Likewise, a bubble would have to circulate
through the film along a path determined by the pattern
of permalloy spots to a sensor spot. This is not quite as
rigid an arrangement as in disks, because bubbles can
be made to move in two dimensions within the film,
switching tracks under control of external signals.

Bell Laboratories is working on a skeleton model that
will have a bit transfer rate of 100,000 per second, well
below what the experimenters know is possible. By the
end of 1971, the Bell researchers expect to have com-
pleted the skeleton, in the sense that although it will be
designed for a capacity of several megabits, they do not
intend to build all the bubble substrates needed for
such a large unit—only enough to demonstrate that it
works. Other organizations both inside and outside the
Bell System are expected to develop the technology fur-
ther in terms of applications and manufacturing capa-
bility, while Bell Labs works at building up the transfer
rate to a megahertz or higher.

Obstacle. “One thing that may hold up the develop-
ment,” says Bonyhard, “is obtaining the necessary raw
materials. A few years ago, for example, silicon was
hard to get; but now you can buy it in large quantities
for making 1Cs. We’ll have to be able to buy garnet, and
significant amounts of certain rare earths, the way we
buy silicon now.” But once the materials are available,
actual fabrication is easy—only three layers in a simple
pattern, as compared to 15 diffusions or more plus sev-
eral layers of metalization in an IC.

George Pulliam. manager of physical sciences in the
research and technology divisions at Autonetics, be-
lieves that bubble memories have a great future in both
commercial and military applications—he expects them
to be inexpensive, to dissipate little power, occupy small
volume, and be highly reliable. He expects new memory
organizations will be derived from the peculiarities of
bubble technology, such as the addition of logic to indi-
vidual memory cells to create an inexpensive associative
memory. Autonetics, in fact, came up with some im-
provements ahead of Bell Labs, Pulliam claims. The
company has contracts to develop prototypes of bubble
memories for possible use in deep-space missions,
planned for late in the decade.

Another promising new development is the beam-ad-
dressable memory, which consists of a film of magneto-
optical material deposited on a suitable substrate and il-
luminated by a laser. To write data on the film, a laser

Electronics /September 13, 1971

Thornton for the big machine

One of the two corporations most closely identified with
the birth of the computer in the late 1940s was Engineer-
ing Research Associates Inc. It was formed by a group of
ex-Navy officers who had gained experience in large-scale
computation during World War 2. (The other company
was Eckert-Mauchly Computer Corp.—see page 79: both
later became parts of Univac.) It was ERA that introduced
James E. Thornton to computer technology, after his grad-
uation from the University of Minnesota in 1950. Ever
since then, he's been turning out one big machine after an-
other, and is currently working on one of the biggest of
them all—Control Data Corp.’s Star-100 pipeline machine.

As vice president of the company. and manager of its
advanced design laboratory near St. Paul. Minn., he's all |
for the concept of big machines and their applications.
“Any big data-management application requires a big
computer,” he says. “The task is to find the data and move |
it somewhere.”

Because of tasks like this, he points out, some big ma-
chines are being bought just to provide access to big stor- |
age capacities. “The need for large storage provides pres-
sure for high performance a lot more quickly than is
commonly realized,” says Thornton. He believes that this
fact alone will act to change the nature of minicomputers;
| they’ll have to come with large memories, which will pro-
vide the impetus to beef up the machines’ performance.

This need for large memories is not a transient thing.
“People don’t seem to be using paper any more,” he says.
“They just stick everything into the computer; and because
they do, they need trillion-bit memories.” But he adds that
the need for still larger units will be very limited. ,

When asked whether a couple of dozen minicomputers

could do the job of one $3-million ¢DC 6600, as some have
suggested [Electronics, Mar. 29, p. 56|, he says that might
be true if the job were such as to bog down the 6600 in |
transferring data to and from storage. “*But if the job re- |
quires such a large storage unit, to be hung on either the
6600 or a network of minicomputers. the memory costs
you a good part of what you save on the minicomputers.”
he cautions.

beam focused down to a tiny spot heats the film above
its Curie temperature, and an external magnetic field
governs the direction of magnetism of the film when it is
permitted to cool down again. The heating and cooling
cycle takes only microseconds. because the film is very
thin. To read the recorded data a lower-powered laser
illuminates the magnetized spot, which rotates the po-
larization of the beam in one of two ways; then a detec-
tor on the other side of the film translates the rotation
into a binary 1 or 0.

Two approaches to this form of memory have been
used. IBM has used a film of europium oxide, because
EuO has a very strong specific rotation (number of de-
grees per unit thickness) and is transparent. But its
Curie temperature, even when it has been doped, is so
low that the memory has to be operated at cryogenic
temperatures. Furthermore, the magnetic easy axis of
EuO is parallel to the plane of the film; the necessary
rotation can only be obtained by directing the light onto
the film at a sharp angle. This reduces the output signal,
and focusing the beam on a tiny spot at a sharp angle is
quite difficult. Nevertheless, 1BM has built a rotating
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magnetic disk memory using this principle.
At the Honeywell Research Center in Hopkins,
Minn., experimenters have done similar work with

manganese bismuth, which has a Curie temperature of

+360 C and so works at room temperature, and which
also has an casy axis perpendicular to the film, permit-
ting light to be directed at it vertically. Although its
opacity and its low specific rotation are disadvan-
tageous, Honeywell scientists feel it has much the more
promising of the two magneto-optic memory materials.

In connection with the memory work, IBM has con-
structed 20 separate lasers on a single structure about
1 inch long and ' inch wide. It permits the parallel
reading of several spots in an array of magneto-optic
material so that a machine built around this technology
can be character-oriented instead of bit-oriented.

Ampex is also investigating a beam-addressable
memory, using a three-layer coated tape and the reflec-
tion of polarized light, not the transmission. The three
layers are permalloy, copper, and an alloy of cobalt,
nickel, and phosphorus.

Although some work is still going on at 1BM using
EuO, George Fan, who has done much of IBM’s beam-
addressable memory work, says the principal effort is
with another magneto-optic material (which he would
not identify), requiring temperatures somewhat below
room temperature but not cryogenic.

The principal application of these magneto-optic
beam-addressable memories would be in “archival
stores,” which contain large quantities of information
only occasionally referred to, and never or almost never
updated. In an archival store, loss of data is intolerable,
because the store contains the only copy; and this is
why EuO isn’t suitable as a medium for such a store, be-
cause a failure of the refrigeration equipment could de-

10. Getting everything taped. Direct numerical control of machin-
ery is an application of computers that is becoming increasingly pop-
ular and therefore is growing in importance. The computer shown
here is one of Data General Corp.'s Nova line.
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stroy all the stored data in a matter of hours.

IBM has abandoned one of its early projects in the ar-
chival store area—the trillion-bit Photostore, of which
only a few were built. This machine recorded data in
the form of spots on photographic film; there were
146,000 spots in a cell about Y in. square, 32 cells on a
“chip” of film measuring 1% by 2% in., 32 chips in a
plastic box, and up to about 7,500 boxes in the Photo-
store. Although the Photostore worked, and those that
were installed in customer’s locations are still working,
IBM felt it couldn’t compete against magnetic tape in
terms of cost, reliability and performance. In Fan’s
opinion, magnetic tape is the competing technology for
archival stores, because master tapes are stored away
and never updated—whereas disks, as a rule, are
frequently updated.

Don Bush, marketing manager at Precision Instru-
ment Corp., Palo Alto, Calif., would question the state-
ment that magnetic tape will be the competing tech-
nology for archival store. He points to his company’s
Unicon, an archival store capable of holding up to a
trillion bits, like 1BM’s Photostore. The availability of
this unit was announced over two years ago, but the
first one is only just now about to be shipped; one more
is on order, and a third is on option.

The Unicon contains a laser, with a beam that is split
into two parts for independent operation on two Data-
strips (Precision Instrument’s trade mark). Each strip is
a length of polyester film 4-% in. wide coated with rho-
dium and recording 11,000 tracks down its 31%-in.
length. Data is recorded on the tracks at approximately
6.000 bits per inch, in the form of tiny holes burned into
the rhodium film by the laser. Since a hole can’t be
erased, the Unicon is an archival store that can be up-
dated but not rewritten. There are 25 Datastrips in a
pack and 18 packs in a carousel. To read or write data
in a particular location, the carousel rotates until the
proper pack is under a selection mechanism, which
pulls the right strip out of the pack and wraps it around
a drum. A small carriage holding a mirror moves across
the drum to direct the laser beam onto the addressed
track, and the last fine tuning of the beam is done by a
galvanometer mechanism that tilts the mirror slightly.

The Unicon is more than a large memory. It is a com-
plete film management system, containing a small com-
puter to process the data read from the strips and to for-
mat it for the computer which the Unicon services. Bush
is confident that the Unicon represents a viable high-ca-
pacity memory concept for the next ten years. For one
thing, it's here, with the first units ready for shipment.
He feels that the beam-addressable memories won't be
ready for the market for several years, and that when
they make it they’ll be less permanent than the Data-
strips with their little holes.

A magnetic bulk memory called Terabit based on the
principle of the video tape recorder is being offered by
Ampex. It achieves a packing density of 700,000 bits per
square inch, and scans the magnetic tape with a rotating
head; as the tape moves 1,000 inches per second. the av-
erage access time is 15 seconds. At the 1971 Inter-
national Conference on Magnetics, John C. Mallinson
of Ampex predicted that the Terabit would have
the capability of doubling its packing density within
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five years and quadrupling it in ten years.

For completeness, charge-coupling should also be
mentioned, since it’s a means of data storage that ex-
cites semiconductor specialists; charge-coupled devices
in a memory can operate at 10 megahertz and dissipate
only 5 microwatts per bit, and offer the prospect of 10
times faster when better lithographic techniques are
used. They’re capable of storing up to a million bits per
square inch [Electronics, June 21, p. 50].

- Peripherals of the ’70s

Electromechanical peripheral equipment is waiting for
the same kind of precipitous price dropping that has
made integrated circuits such an important part of to-
day’s electronic systems. This is the opinion of Richard
Rabin, vice president and general manager of graphics
and data systems at Varian Data Machines, Palo Alto,
Calif., who says, “Large-scale integrated circuits first be-
came attractive to the military and aerospace people be-
cause of their excellent reliability.” This factor was what
both built up their volume and dropped their cost—a
regenerative phenomenon.

“Somewhere out there somebody is available to start
a similar process with electromechanical equipment. To
a certain extent it’s under way already—low-cost equip-
ment has appeared recently for use with minicomputers.
When the cycle really gets going, price of input-output
gear will drop like those of 1Cs.”

Louis B. Horwitz of XDS agrees. “There’s an
enormous challenge for industry here,” he says. “Cir-
cuits are dropping in cost. Memory is dropping in cost.
We’re faced with a processor of negligible cost sur-
rounded by expensive and troublesome peripheral
equipment.” In Horwitz’ view, the challenge is to design
peripherals with a price/performance ratio that drops
the way that of the processor has dropped.

Meanwhile, peripheral equipment has been growing
in importance practically since the beginning of the
computer age. In 1955, for example, of every dollar
spent on hardware, 20¢ went for peripherals; in 1965
the ratio was more nearly 50-50, and by 1975, if not
sooner, it will be 80-20—the reverse of the 1955 figure.

Much of this growth is due to increased interest in re-
mote on-line computing, which requires communication
channels and a multiplicity of terminal devices. Much
of it is also due to the increased raw power of central
processors, which require more and fancier peripheral
devices to provide them with enough data and to absorb
their output.

But a significant need for the classic input-output de-
vice remains, and they will remain important through
the next decade, although in some cases their forms
may change. The backbone of the computing business
for many years has been the unit record, and its most
common form the punched card. But while the produc-
tion of punched cards continues to increase, in many
applications new forms of unit records and of data entry
equipment threaten to supplant them.

An important rival of the punched card is the optical
character reader. Several companies have entered the
field, some not as successfully as others. But somehow
the concept doesn’t have quite the glitter it did a few
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years ago. For one thing, 1BM extended the life of the
punched card by introducing a new 96-column version
with its System 3. Had it chosen to do so, 1BM could
have opened a market of some kind for OCR, although
probably not to serve the market that the System 3 is
designed to serve.

Meanwhile the keyboard-to-tape concept, which Mo-
hawk Data Sciences pioneered, and which enjoyed a
burst of popularity a few years back, is continuing to
grow. New forms of keyboard-to-tape machines are in-
troduced from time to time, along with keyboard-to-
disk and other combinations. There’s even a new kind
of keypunch for cards now and then. None of this helps
the OCR market, and OCR technology itself continues to
be plagued with the problems of implementing scan-
ning functions, standardizing formats, and reducing er-
ror rates and high costs.

There’s a great need for a good printer that can turn
out multiple copies quietly at high speed while requir-
ing little maintenance. Univac’s Kiernan says, “Some
users of our 9000 series computers pay more for paper
than they do for computer rental.” Most printers are
impact types which are almost invariably noisy and
wear out quickly. Various forms of nonimpact printers
showing up now in remote terminals are for the most
part based on electrostatic or thermal techniques. But
they are usually character-at-a-time printers and there-
fore limited in speed. For on-site use, line printers are
necessary, and often multiple copies are desired, mak-
ing impact printers the only economical method to date.
But Kazuji Hashimoto, general manager of the large-
scale computer division of Hitachi Ltd. in Japan, says a
cost-effective nonimpact printer is possible in three or
four years—probably an ink-jet, chemical, diazo, or
electrostatic type.

A technological factor likely to influence printer de-
sign over the next few years is the continuing decrease
in IC cost. One printer in which the extensive use of ICs
reduces substantially mechanical complexity is Potter
Instrument Co.’s model LP3000 [Electronics, May 25,
1970, p. 47]. While it is an impact printer, each impact
prints only one dot of a 5-by-7 dot matrix. The tiny
imprint coupled with the high repetition rate of succes-
sive impacts means that the hammer actually vibrates
rather like the tip of a loudspeaker cone—in fact, the
drive mechanism is quite similar. Only 12 hammers are
used, each spanning 11 print positions. This simple
mechanism unloads much of the work onto the elec-
tronic circuitry, which is inexpensive enough to make
complex electronics and simple mechanics pay off.

Fairchild’s Rex Rice sees a serious problem ahead in
input-output equipment for minicomputers, caused
directly by extending the use of minis from primarily
scientific applications and from process-control moni-
toring into general-purpose work. “When this hap-
pens,” says Rice, “these computers are going to need a
great deal of additional software, and there’ll be a
serious need for one of two things—a way to bypass that
need for software, or much better input-output capabil-
ity to whip software routines into and out of the com-
puter as they are needed.”

There’s a lot of interest in adding hardware to periph-
eral devices, notably bulk storage machines, to increase
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their capability at low cost without falling back on soft-
ware. An important example of this capability is error
correction—not just detection. Error-detecting codes are
old hat; tapes, for example, have always had parity bits
written along with every character, and cyclic codes that
detect errors are common in magnetic disks. Tapes also
often have a longitudinal redundancy check (LRC),
which in combination with lateral parity can often iso-
late erroneous bits in a block of data read from tape.
But both the LRC and the cyclic code operate after the
fact—the faulty data has already been transmitted to the
computer’s memory before the error information be-
comes available. Error-correcting codes, on the other
hand, can often invert faulty bits as they go by, so that
at the output of the correcting circuit no error within the
handling capability of the circuit ever appears. Or,
equivalently, the only errors that will appear at the cir-
cuit’s output will be big ones.

Necessary extra. Another function that can and
should be added to the controllers of input-output de-
vices is a means of direct access to main storage, which
bypasses the central processor and doesn’t impede the
processor’s own access to storage except in rare cases.
Further, the controller could be made to perform a
string of simple instructions on incoming data, such as
checking for exceptional conditions in the data, refor-
matting it for computation, and so on. “These things al-
most have to be done to relieve the central processor of
a large input-output overhead,” says Bob Daniel of 1ss.

What about new peripheral equipment? “One of the
things we’re doing at Project MAC now,” says MIT’s
Licklider, “is putting together a hardware-software sys-
tem that expresses your ideas, shows you what happens,
and lets you back up and try again if necessary.” The
principal equipment that Licklider and his associates
are working with is the powerful Evans and Sutherland
Computer Co.s LDs-1 display—LDS stands for Line
Drawing System—beefed up with improvements con-
ceived and executed at Project MAC. For instance, they
use a better character generator than the one that comes
with the machine.

Another system, similar in some ways to the LDS-1, is
the Adage Graphics Terminal, made by Adage Inc. The
AGT uses hybrid analog-digital circuits, whereas the
LDs-1 is all digital. Originally designed for use by re-
search organizations for swirling around mathematical
equations and their graphical equivalents, the AGT has
been modified for commercial use in practical appli-
cations. Indeed, industrial users now make up the major
part of the customer base for the terminal.

Based in part on experience with this terminal,
Thomas G. Hagen, senior vice president of Adage, feels
that on-line conversational systems are finally getting
off the ground, after a period of false starts and flurries
of interest. “This big new flap of data communications
seems to be real,” Hagen says, “so that on-line inter-
action appears to be more and more real—particularly if
the cost of minicomputers and peripheral equipment
continues to drop as it has recently.”

Some early on-line conversational systems, which are
still in use to some extent, depended on teletypewriters
and similar equipment as terminals. These are capable
of two-way communication at about 10 characters per
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second, and are limited to messages of no more than
about 200 characters. But on-line graphics is much
more powerful, and its capabilities account for the new
applications in which it’s showing up. It must handle
the equivalent of thousands of characters, sketch data at
bit rates much greater than any typing rate, and there-
fore needs a much wider data transmission channel
than the teletypewriter-oriented system. Consequently,
the AGT and similar displays have to be used either with
a wide channel to a host computer, or in a stand-alone
mode with only a standard telephone line to allow re-
mote batch processing. Of these two options, the first is
expensive, so the second is the one more likely to be
used. The AGT is in fact a stand-alone unit. But Hagan
anticipates that more processor power will little by little
become available in the unit itself, because of present
cost trends in memories and small computers.

“People demand a low-cost terminal, and they for-
merly dismissed graphics as being too expensive,” says
Hagan. “But now the price trend for both terminals and
computers is down, and things that used to be day-
dreams are becoming feasible.”

Firmwa;r.e in the ’70s

Microprograming, which was first thought of in the
1950s, had matured enough by the 1960s to give birth to
one of the decade’s more important ideas—firmware.
The term refers to a collection of microprograms in a
control memory, which usually takes the form of a read-
only memory. In such a collection, hardware (the
memory plus the logic gates it controls) combines with
software (the programs and routines that utilize the
computer’s capabilities) to improve the machine’s speed
and efficiency.

Alternatively, firmware can be viewed as control in-
formation that, being contained in a read-only memory,
can be altered much more easily than if it were imple-
mented in hardware. The memory can be physically re-
placed, while the hardware would require extensive re-
wiring, yet it is not as evanescent as software.

This use of microprograming, to alter the machine
image of a general-purpose processor, is described by
Jack Lynch of Burroughs Corp. as the key to the direc-
tion of Burroughs’ future large machines. He calls the
microprogram the “common engine,” providing com-
puting power to a wide variety of specialized appli-
cations. “It’s a way to build a lot of functions into a
small design using large-scale integrated circuits,” he
says. “It solves the problem of producing many differ-
ent parts in small volume, because the differences be-
tween parts are reduced to differences in the micro-
program. By this means anything from a digital
controller up to the level of the Illiac 4 can be built.”

Moreover, firmware compels a desirable orderliness
in thinking. “A habit of orderly thinking imposed by
microprograming leads to an orderly design, which in
turn may produce a simple control system,” points out
Gene Amdahl.

The idea was originally proposed as a control means
in large computers. But it is becoming more and more
important in minicomputers, for two reasons: first, sec-
tions of control memory can be made much smaller
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than those of the main memory, and can be replaced at
very low cost; and second, a small increase in the size of
the control memory allows a substantial reduction in
the size of the main memory. and considerably in-
creases the machine’s performance.

Clemmetsen of Arcturus Electronics predicts that the
firmware idea may be expanded till the distinction be-
tween memory and processor disappears. In his view it’s
possible to build a minicomputer with a dynamically al-
terable microprogramed instruction set that could be
changed from time to time—perhaps even by the user.
Eventually as much as 70% of the processor functions
now carried out by logic gates could be realized in stor-
age elements that function as combinational logic—an
extension of the idea that many complex logic functions
can be implemented as truth tables stored in read-only
memories [Electronics. Jan. 5, 1970, p. 88).

Brian Gaines has a similar view, except that he
doesn’t call this prospect an extension of firmware.
When nonvolatile semiconductor read-write memories
eventually become available, he says, read-mostly oper-
ations will become just another part of main store oper-
ation and won’t be distinguished from it in any way.

Not an answer to everything. But not everybody
thinks firmware is the answer to a designer’s prayer. If
firmware is piled into a design almost to the point of
creating a special-purpose machine, it won’t be cost-ef-
fective. In addition, microprograms imposes a time pen-
alty on the machine, because the microinstructions must
be taken out of the control memory and permitted to set
up the data paths for the subsequent micro-operation in
the next machine cycle. There are tricks for avoiding or
reducing this penalty—for example, staggering the con-
trol memory cycles relative to the machine cycles—and
in any case it’s offset by the fact that wired-in control in-
formation also takes time to propagate through a series
of logic gates.

Gerhard Hollander points out another disadvantage:
“it’'s expensive—memory costs are dropping, but logic
costs are dropping faster.”” He believes that firmware is
only an interim step, and that a better total design phi-
losophy is the use of functionally distributed computers.

Linder Hobbs dismisses firmware as a logic design
trick, not a system technique. The only exception is
when the firmware is stored in a read-mostly memory—
a memory into which new data can be written electri-
cally, but at a much slower writing than reading speed.
Depending on just how the facility for occasional writ-
ing is implemented, a microprogram in such a memory
could enable a machine to change and adapt its own
operation to changes in its environment.

Up to now, however, almost all firmware has been
taken the form of read-only memories. Some of these
memories have been physically rather larger, but as
semiconductor technology progresses, they’re shrinking
rapidly to a manageable size.

This trend is also reducing the cost of firmware, which
in turn encourages its use in small computers. “When
read-only memories get cheap enough.” says Varian’s
Orris. “they'll unquestionably be the only reasonable
way to implement controls in minicomputers.” Varian is
already using read-only memories extensively in its ma-
chines. which it sells as subassemblies to manufacturers
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Eckert on making haste slowly |

Twenty-five years ago J. Presper Eckert, then a graduate
student at the University of Pennsylvania’s Moore School
of Electrical Engineering, completed the world’s first digi-
tal computer. It was called the Eniac, an acronym for elec-
tronic numerical integrator and calculator. Directed by
faculty adviser John W. Mauchly, the project had been un-
der way for two or three years. The two men later went
into business as the Eckert-Mauchly Computer Corp., pro-
| duced the Binac computer for the U.S. Census Bureau, |
and were acquired by Remington Rand—itself later to be-
come part of the Sperry Rand Corp.

Today Eckert, now 52, is vice president and technical
adviser to the president of the Univac division of Sperry
Rand. He stays away from radical predictions about com-
puter technology, preferring to point out the correctness of |
his earlier prophecies.

For example, alluding to the IEEE Computer Conference
in 1968, where he and two other computer pioneers, Brian
W. Pollard of RCA and Max Palevsky of Scientific Data
Systems (now part of Xerox Corp.), formed a panel to as-
sess the outlook for large-scale integration in computers,
he says, “In 1968 I said Lst would move slowly. | was right.
Today it’s working nicely in small machines, and large ma- |
chines using it will evolve slowly. Its problem in large ma-
chines is that they require speed, and speed in ICs requires
designs that are hard to produce with high yield, and
therefore don’t lend themselves to LsL.”

He’s not down on ICs as such. “If we were 10 build the
Univac | today using ICs instead of vacuum tubes, we
could do it with maybe 700 1cs—compared with the mod-
ern large computer, which uses perhaps 40,000, he says.
The Univac 1 was the first machine produced after
Remington Rand acquired his original firm.

Eckert doesn’t think much of today’s standard represen-
tation of data. “I believe the 8-bit byte is inefficient,” he
says. “because it has too many bits. It’s replacing the older
6-bit binary-coded decimal representation because, as a
power of two, it’s easier to handle in shifting and conver-
sion operations. The 8-bit code has a short-term advan-
tage, but over the long term the extra two bits will take up
space in the memory as long as we have our alphabet.”

Standard computer programing languages don't fare
much better in his opinion. “It would be nice to standard-
ize,” he says, “but the only standard so far is 1BM’s PL-1,
and it hasn’t worked too well. It tries to be too many things
for too many people. Specialized languages work better to-
day.” Eckert thinks that not enough is known yet about
languages to permit a good standard to be established
without stifling innovation. Nor does he expect the neces-
sary knowledge will be acquired in 10 years. “Maybe in 20
years,” he says, hopefully.

He and Mauchly parted company in 1950, when
Mauchly started his own consulting firm in preference to
. working for Remington Rand. But Mauchly’s firm was it-

self acquired just this past summer by the Dynatrend
Corp., of Springhouse, Pa.

——————— ——— e

of other equipment. Since the identical machine goes to
several customers, the programing of the read-only
memory is inexpensive. Even if a particular OEM cus-
tomer requests a specific instruction set, and therefore a
custom read-only memory, Varian can provide it at rea-
sonable cost—but this doesn’t happen often.

For this reason, Orris thinks, reloadable control stores
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don’t have much of a future in Varian’s kind of ma-
chine. Customers don’t particularly need them, and
generally they are volatile and require reloading every
morning—which means the addition of a card reader or
other input device to the system.

Hobbs doesn’t think much of reloadable control
stores either. He cites another minicomputer manufac-
turer, who uses a standard data pattern in braided read-
only memories (small transformer arrays) in his ma-
chines. Though he retains the capability to wire up cus-
tom braids, very few of his customers request it, Hobbs
says, concluding that if they don’t need the special wir-
ing, they don’t need the reloadability.

But Hobbs and Orris to the contrary, there are excel-
lent reasons for using reloadable control memories.
Alan Clemmetsen of Arcturus Electronics points out
that, with read-only memories, the microprogramed in-
struction set must be predetermined at the factory, but
in a reloadable memory this capability can be left for
the user to establish statically in his own location, or
even made to change dynamically by programing.

Rex Rice of Fairchild sees the use of reloadable con-
trol memories “exploding” when their cost is low
enough—no more than twice the cost of read-only
memories. “But it’s a chicken-and-egg proposition,”
says Rice. “The cost won’t drop until people start using
them in quantity, and people won’t use them until the
cost drops.” Nevertheless he sees them in general use
before 1980.

Gordon Moore is sure that users will demand such a
memory more and more vociferously. He feels that they
won’t change the pattern often, but that when they do
want to change the pattern, they’ll want to very badly.
“There's a fantastic need for this,” he says, “and all
kinds of crazy ideas—blowing fuses and the like—that
don’t fill the bill at all.”

Reloadable memory takeover. Laszlo Rakoczi of Stan-
dard Computer Corp. thinks that the reloadable control
store has such large advantages for system checkout and
maintenance that it will eventually take over in all firm-
ware-controlled equipment. “It helps locate flaws
quickly,” says Rakoczi, “and that’s important in system
test, the largest single item in manufacturing cost.” Add
to this its ability to make engineering changes, partic-
ularly in large systems, without extensive rewiring, and
his feeling for its inevitability is easily understandable.
He points to its use in 1BM’s System 360 models 85 and
195, in the System 370 models 135 and 145, in the giant
3330 disk drive’s controller and in the integrated adapt-
ers for 1BM’s smaller 2319 disk drive and communi-
cation system.

Rakoczi points out that the reloadable control store
will also give System 370 a much longer life than even
the 360 had. One of IBM’s objectives in introducing the
360 in 1964 was to stop having to introduce new systems
for new applications every year or two. It figures that it
would be easier to design new models within the basic
360 framework than from the ground up, and that the
approach would be good for at least 10 years. In the
event, System 360 lasted little more than six years, and
has been almost completely supplanted by the 370, even
though the step from 360 to 370, taken in June, 1970, is
much less of a venture than the step from pre-360 to
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360 in April, 1964. No 360s are in new production now
except the model 195 (the recently announced model 22
is built with a collection of parts cannibalized from
other systems returned by purchasers of 370s).

By 1976, the 370 will be as old as the 360 was when
the 370 was announced. Should 1BM then choose to
make an advance that earlier on might have neces-
sitated a new line, it will need only to issue new control
routines and maybe a bigger control memory, and it
will be in business.

Software in the ’70s

So many loose strands are left dangling round the edges
of the typical software project that programing really
needs to be transformed into a full blown discipline like
engineering.

“Every person today who develops any expertise in
programing has built it up from ground zero,” says
Thomas Kurtz, director of the Kiewit Computation
Center at Dartmouth College. “There’s no correlation
between techniques used by programers in different
places; what it amounts to is that all software work is
done by trainees.” The answer, Kurtz thinks, is to estab-
lish software as an engineering discipline derived from
a set of basic principles. Then, when a new software sys-
tem is required, it can be built up without running into
the major difficulties that 1BM, for example, encountered
when it tried to generate software for System 360.

Douglas T. Ross, president of Softech Inc., has been
plugging the software engineering concept for some
years, from a slightly different point of view. He uses
engineering techniques to develop hundreds of com-
puter languages for special applications, so that the
computer user who programs for his application in one
of these languages need not be a computer expert. The
engineering reduces the problem to its essentials, sub-
jects it to an orderly set of bounds, and eventually re-
places the specific with the general.

Ross claims that the enormous advances in hardware
over the past years are due, not to miniaturization in it-
self, but the fact that miniaturization has permitted a
graduation from basic principles to larger functions
along with the changeover from diodes and transistors
to flip-flops to registers. But though this functionality
has improved the economy and reliability of hardware,
the basic principles always must be borne in mind.

Software is subject to similar constraints. It can be
made to accomplish great things if it is reduced to its es-
sentials and then functionalized. But at the same time,
its fine points must be understood and kept in mind for
use when they become important. Too many of the es-
sentials and fine points in software are not well enough
understood, Ross thinks.

Need to systematize. Just as engineers thrash around
in mathematics, the language that represents the under-
lying physical reality, so programers need a language
that represents the basic components of software. A
software engineering language would implement both
the multiple-use components and their specific uses, just
as in mathematics the operation represented by the plus
sign can be used at various levels.

However, Ross feels that an important element is still
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missing, the technology to make software engineering
real. The engineer can translate his design into wires
and transistors that he can pick up and handle; but in
software he needs something that he can use naturally
to aid his thinking, and can also be loaded directly into
the computer and compiled into a working program.

Once this has been achieved, the next thing is a way
to make these tools portable between different ma-
chines. If the engineering approach is applied in enough
depth, an understanding will be obtained of what is ma-
chine-limited and what is problem-limited.

Unlike industry, universities can afford research ef-
forts that are not product-oriented, and can work legi-
timately on the problem of establishing a software disci-
pline parallel to existing hardware disciplines.

Sad end of Sofix. In fact, a start was made in a pro-
gram called Sofix that was under way at the NAsA Elec-
tronics Research Center, in Cambridge, Mass. Sofix was
set up as a result of the Apollo project, the software for
which took 6,000 man-years to write. and was an at-
tempt to make the corresponding task for future mis-
sions easier by investigating the fundamental theory of
software. It was going into its second year when it was
terminated as part of the general closing of ERC. Frank
Sullivan of NASA couldn’t say how much more work
there was in Sofix had the project survived, but he does
feel that at least 10 years of work would be required
substantially to reduce software costs.

One distinct possibility that appears for the 1970s is
the large-scale incorporation of software functions in
hardware. This now appears possible because hardware,
unlike software, has been dropping fantastically in cost
and is now less than half the cost of a computer system.

Gerhard Hollander, the Fullerton, Calif., consultant,
points out a number of ways of carrying out the substi-
tution. The most direct, and the least appealing, is just
to build special-purpose computers. Another possibility
is to pile on the microprograming, to the point where
the computer is nearly special-purpose. But this is un-
likely to be cost-effective and also exacts a time penalty.

A third alternative is to build a computer around a
series of very large macro-instructions, and give the
computer the capability to decide which macro is best
able to achieve the results requested by the programer.
Using macros is a labor-saving trick well known to
programers. In hardware, it has a lot of potential, but
would work economically only on very large machines,
and could only be developed by a very large company.

Related to the idea of hardware macros is the idea of
small special-purpose boxes, each of which would con-
tain a specific complete routine, and which could be
connected into a network. One box, for example, could
contain a sine routine, another a sort routine, and so on.
The basic computer then would only supervise the oper-
ation of these boxes, and would itself need only a very
small memory for a supervisory program. But this is a
notion of which John Pinkerton of ICL is very wary.
“The bulk of effort in any problem is in the logical
thinking through of it,” he says, “and when this is im-
perfectly done you run into difficulties—whether you try
to solve it in hardware or in software.”

There have been several major efforts to date to put
software functions into hardware. At the last two Spring
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- Two views from the top company

!As the company with the largest percentage of the com-
{ puter business—in fact, according to some yardsticks. the
company with the largest percentage in its line in any in-
dustry—IBM necessarily must be careful about its public
statements, Any predictions it makes about the computer
industry are likely to happen almost automatically, be-
cause of a bandwagon effect.
| Nevertheless. two IBM executives were able to confirm
| the trends that other observers see in the industry, and 0
add a few comments of their own.
' For example. when asked how many circuits could
| ultimately crowd into a semiconductor chip, Emanuel R.
Piore. vice president and chief scientist. says, “Any
| prophecy is self-serving: it depends on resources, not on |
first principles. Density has been increasing by a factor of
| two every 18 months for some time, and that rate will
| probably continue for the time being. But the industry will
‘be up against first principles by some time in the '80s,
when there’ll be circuits that work with a few quanta of
energy. and it will be hard to push density further.”

“At the same time.” adds John E. Bertram, director of
|engineering, programing, and technology, “these elec- |
tronic circuits will be getting less and less expensive, to the
lpoinl that by the end of the decade rotating machines
| such as fixed-head disks and drums—may have been com-
pletely replaced.”

[ The exccutives agree that networks and distributed data
| bases will appear in increasing numbers over the next few
years, and that the machines at the nodes of the network
can be of any size. “Computer networks appear to offer
[many advantages.” says Piore. “If your own machine is
saturated. you may want to have access to another com-
| puter through a network —or may need access to other data
| bases. In any event the network depends on the uses to be
made of it. 1t could interconnect primarily large machines
or a mixture of different-sized machines.” Thus, he dis-
counts the prospects of minicomputer networks as such.
Bertram says semiconductor memories have hurdled
their worst technological barriers. “Reliability was a prob-
lem until recently, but it’s been solved.” he says. “And cost
isn’t a problem either. 1BM leases 2-microsecond core
memories at $12 a month per kilobyte in the 370/155 and
165. Compare this with the semiconductor memory in the
370/145. which is more than four times as fast, contains
some logic in the first module along with the storage cells,
| and leases at about $19 a month per kilobyte. Conceivably
| a machine at the performance level of a model 155 or 165
with an all-semiconductor main memory could be avail-
able in three to five years.”

“Improvements in programer productivity during the
next ten years will be influenced by two trends in soft-
ware.” Piore believes. “These are the increasing cost in
programing, and the increasing complexity of applications.
There are a great many possibilities for improving pro-
gramer productivity: getting hardware to pick up more of
the traditional software functions is one of them but not
the only one, by any means.™

Joint Computer Conferences, Harut Barsamian of the
National Cash Register Co. described the design of a
hardware-firmware sort processor and the evaluation of
tradeoffs in such a design. This week, too, a paper is
being presented by Anthony Hassitt, J.W. Lageschulte,
and L.E. Lyon, of 1BM’s Palo Alto Scientific Center, at
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the joint IEEE-ACM Workshop on Microprograming in
Santa Cruz, Calif., describing how a new microcode for
the 1BM System 360 model 25 was written to make the
machine run directly on the APL programing language.

Another attempt, which came a cropper when the
company encountered financial difficulties, was Astro-
data’s sorter [Electronics, July 19, p. 30]. This machine
was designed to accept up to 2.5 million bytes of data
from a processor, sort it, and return it to the processor in
about a minute. By so doing, it could reduce the execu-
tion time of many programs by as much as a half.

But the most ambitious effort thus far is the center of
an on-going research program, and will surely have a
strong impact on design by 1980. It’s the Symbol com-
puter, built at Fairchild Camera and Instrument Corp.’s
Systems Technology division by Rex Rice, and pur-
chased by lowa State University with National Science
Foundation money.

Starting afresh. Symbol has a high-level programing
language built right into it, and can compile up to
70,000 statements per minute, as compared to the 5,000
or so statements per minute of conventional software
compilers. It also contains a time-shared operating sys-
tem in hardware. It’s such a new machine that lowa
State’s first task, under the guidance of Robert M. Stew-
art, chairman of the department of computer science,
and Roy J. Zingg, associate professor of electrical engi-
neering and computer science, is to find out just what it
can do, and in what ways it’s better or worse than a con-
ventional computer. “I feel like a little boy in a candy
store with a $10 bill,” says Stewart.

The new language for the Symbol computer, also
called Symbol, is described as “artifact-free.” In this
context, an artifact is a statement defining the location
and amount of storage needed for some aspect of a pro-
gram or its data; the artifact itself contributes nothing
to the statement of the problem or to its solution. As a
result, when Symbol’s user refers to data, he won’t pre-
viously have had to define where that data is. The ad-
dress of the data is fixed only at the time of execution—
not at the time of compilation, as with most languages.

Stewart doesn’t know what this will mean to the
user—that’s one of the things his research project will
have to find out. But it might, for example, reduce the
number of rules one must know to write a program for
the machine, and so make the computer easier to use.

A program written to be executed on the Symbol
computer is translated from its source code into what is
commonly known as “Polish notation.” This is the des-
ignation most computer people give to a method of
writing algebraic statements originated by a Polish lo-
gician, J. Lukasiewicz. This notation arranges the vari-
ables and mathematical symbols in such a way as to
eliminate parentheses, by the simple expedient of hav-
ing each mathematical operation refer, not to the two
numbers that it stands between, but to the two numbers
preceding it—or in the case of some operations, such as
sign changing, to only the last preceding number. Thus
the same statement can be expressed three ways:
= [n English: X is the sum of two numbers; the first of
these is the quotient of A divided by the sum of B and
C, and the second is the product of D multiplied by the
difference of E and F.
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® In conventional Fortran notation:

X = A/(B+C) + D*E-F)
® In Polish notation:

BC + A/DEF -+ * + X =

Polish notation is much easier for a computer to
handle, because during the reading of an expression, it
can perform every mathematical operation as it encoun-
ters the sign for it, without backing up to see what went
before or waiting to see what comes next.

In the Symbol computer, however, the time saved in
this way has to be traded off against the fact that the
variables are undefined, and have to be defined as they
are located. This takes time, and some critics have said
it takes too much time, because occasionally the trans-
lation has to take place over and over—all data is kept
in source-language form and translated only when it is
needed. Just how much time it takes, and whether that
time would justify storing frequently used data in bi-
nary form rather than in source-language form, is one
of the questions Stewart’s research program will try to
answer.

System supervision also takes hardware form in the
Symbol computer, being implemented in one of six sep-
arate processing modules. The supervisor starts up the
other processors when the program load requires it,
handles queues of instructions waiting for various ma-
chine resources, and generally performs all the func-
tions usually assigned to software supervisors. Because
it’s all in hardware, it requires only 8,000 bytes in the
computer’s memory, as compared to about 30 times that
much in a typical 1BM system 360 model 65 installation.
This feature relieves the user of the expense of main-
taining a software operating system, but the magnitude
of this expense remains to be more precisely deter-
mined, along with how well the hardware supervisor
works and what modifications should be made.

Terminal-oriented. The Symbol computer is time-
sharing and terminal-oriented. Initially, Stewart plans
to have three terminals connected to it, and the capacity
of 32 may be used eventually. Important research can
be carried out here, because those terminals can be of
different kinds, with different levels of local processing
capability.

Even interactive graphics may be carried out with
Symbol. lowa State has several graphic terminals in the
University’s computation center (from which the Sym-
bol is carefully kept disconnected), and these could be
experimentally switched over to Symbol.

Like many computers of recent design, Symbol is
built around a bus. This means that expansion of the
system would be very simple—new boards carrying ex-
tra functions could just be plugged into the bus.

One of the basic design objectives in Symbol was to
minimize software. To this end its design is uncon-
strained by any conventional approaches, by compati-
bility or hardware constraints. Compilation, memory
management, and peripheral equipment management
are all handled in hardware.

This machine’s impact on computers in the *70s is
foreshadowed by the acceptance today of a number of
components developed directly as part of the Symbol
project. Notable examples are the familiar dual-in-line
package, and Fairchild’s Complementary Transistor
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Micrologic (CTuL) circuit family. Also developed for
Symbol, but then not used in it, were a 256-bit bipolar
random-access memory chip and a memory system
built around it, which wound up in the Illiac 4 super-
computer, and is being offered by Fairchild as a com-
mercial product. Meanwhile, Symbol had to settle for a
core memory. for reasons related to Fairchild’s decision
not to enter the computer market as such.

There’s widespread interest outside Iowa State Uni-
versity in the Symbol computer. Utah’s Barton, for ex-
ample, says, “Rex Rice has done a rather heroic thing. I
very much admire him for it.” But the outlook isn’t all
sweetness and light. Even when Stewart and his col-
leagues have learned how to make the best use of the
concept, further research into applications is necessary,
and that will take money.

Doubts. Besides, the project may be a few years too
late, suggests Intel's Gordon Moore. Moore, who was
Rice’s superior at Fairchild before he left for Intel, says,
“The idea would have been a lot more important if it
had come along before so many people had invested so
much in software.” He’s got a point—replacing soft-
ware-based computer systems, if it happens, will be a
long and difficult job. And Barton, in spite of his ad-
miration, realizes that “many potential users [of a ma-
chine like Symbol] would object to the freezing of a par-
ticular language into hardware.”

What else is likely to happen in software? Ruth Davis
of the National Bureau of Standards predicts the avail-
ability of what she calls “procurable software.” For a
price fixed in advance, the customer gets not only the
conventional software package plus all documentation,
but also all maintenance and updating of the package
for a period of years. Eventually this could lead to a
package of software that, more or less incidentally, in-
cludes the hardware—you buy the software and the
service, and you get the means to execute the software
as part of the package.

The tendency to substitute hardware for software will
retard this trend, Davis believes. But the fact remains
that the trend toward procurable software is underway
now, while hardware substitution, as in the Symbol
computer, is just getting started. Procurable software is
aided by the coming growth in the use of minicom-
puters and of data communication, the combination of
which will take over the great bulk of conventional
computing activity by 1975.

In programing languages. there’s a need for a new
high-level language, asserts Nick Mazzarese, vice-presi-
dent for small computers at Digital Equipment Corp.
“Just in the past few years. the cost of hardware is down
by a factor of about four to one,” he says, “but the cost
of programing is going up—we’re not getting the neces-
sary improvement in our tools.” These improvements
have been forthcoming for large commercial machines
in the shape of Cobol compilers, report program gener-
ators, and the like. But small machines haven’t bene-
fited from such advances. and their growing popularity
will compel the development of such a language.

12. Teaching aide. Educators are finding more uses for computers,

a trend that minicomputers will encourage Here a student does his
homework on a Digital Equipment Corp. minicomputer.
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High-level languages tend to be inefficient in their
use of hardware, Mazzarese admits, but with the cost of
hardware coming down, the user can afford to trade it
off for lower programing costs. “Sooner or later the cost
of hardware will be almost trivial,” says Mazzarese, un-
knowingly agreeing with Davis.

But any new language is automatically constrained
by the requirement that it be compatible with its prede-

11. Laser recording. In Unicon trillion-bit memory, laser beam s di-
rected at recording medium by mirror mounted on carriage that
slides back and fcrth across the medium. Fine control is obtained by
tilting the mirro- with a galvanometer mechanism




cessors. This is part of the push behind software engi-
neering—starting from a core of basic principles. it
would permit the development of a language with the
desired features without having to retain compatibility.
The Symbol language, of course, has done this very
thing in a different way: since it was developed for a
specific new machine that differs from all others in sig-
nificant ways, it was not constrained by compatibility.
and therefore achieves capabilities not previously avail-
able.

Fernando Corbato, of MIT’s Computation Center.
feels strongly that technical laymen, who would. of
course, include the readers of Electronics, should all
learr. some kind of programing language for two rea-
sons: first, because English and other spoken languages
for the most part tend to be imprecise. a programing
language serves as a conceptual framework in which to
express an action, or a means for achieving action—an
algorithm: and second. to serve as a lingua franca in
which to communicate technical information to other
people. (Imagine a future issue of Electronics written in
pL-1). These two reasons themselves will lead to the de-
velopment of more permissive languages. with fewer
rigid rules. In these languages a programer can make a
statement and the machine can assume what he means,
or in tough cases in which it can’t make an assumption,
it will ask him what he means. Corbato won’t hazard a
guess as to when this might happen, but he points out
that languages today are evolving from a series of
simple imperatives toward a series of more complex
declaratives, When the computer can tolerate ambi-
guities, such as minor misspellings, in a program made
up of a series of declaratives, a great deal of additional
power will be available to the computer user.

“Integrated emulation.” A prominent characteristic of
the 18M System 370 is its ability to run programs written
for older 18M systems. and even to mix these programs
with others in 360 and 370 code in a multiprograming
environment. IBM calls this “integrated emulation.” to
distinguish it from ordinary emulation, a characteristic
added to the 360 shortly after its introduction to enable
it to run older programs. Because effectively integrated
emulation offers a way to make a machine look like a
different machine, this development at IBM and related
developments at other companies have great signifi-
cance for the 1970s.

So far 18BM’s integrated emulation applies only to its
own second-generation computers. But there’s no rea-
son, other than IBM's own rather hoity-toity attitude
towards competition, why the concept couldn’t apply
across the board—so that, for example, an 18M 370
model 165 could be made to emulate a Burroughs 6500
or a Univac 1110.

An cquivalent design is already offered by Standard
Computer Corp. in its 1€-7000. This is a micro-
programed machine in which the microprogram. rather
than being entombed in a read-only memory or even
ensconced in a reloadable control store, is implemented
in what Laszlo Rakoczi, vice president, calls an “inner
computer” through which the computer as a whole can
be given any desired instruction set, and with which
therefore the computer can be made to act like any
other computer. Standard Computer has designed a
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freestanding version of this inner computer. and Ra-
koczi has described it in a paper scheduled to be
presented later this month at the Advanced Summer In-
stitute on Microprograming, St. Raphael, on the French
Riviera. Standard may later offer the computer com-
mercially, together with its services in beefing up exist-
ing computer systems,

Cars and computers

Unquestionably the computer will become a more and
more important part of every individual’s daily life and
every company’s ordinary routine. It may even attain
the level of importance that the automobile has reached
since World War 2. Today the automobile is a necessary
attribute of living. People put up with automobile-gen-
erated smog, traffic jams, and communities dichoto-
mized by superhighways, because they are unwilling to
part with the mobility and the convenience.

The computer hasn’t reached that point—although
the characteristics of some software are quite analogous
to those of smog. But if present trends continue, by 1980
we'll depend on computers in much the same way we
depend on cars today. In some areas, such as banking,
we already do. “Banks couldn’t begin to handle the
volume that they do nowadays if it weren’t for comput-
ers.” says an official of a large New York bank. “And
this volume is in the form of many new and different
kinds of services that would simply be impossible if we
didn’t have computers to handle all the figures.”

Not everyone views the pervasiveness of computer
use as a healthy situation—"I regard the prospect of de-
pendency on computers as a terrible probability,” says
MIT's Licklider. *If we don’t take steps to protect our-
selves, and soon, we’ll find ourselves dependent on com-
puters; we'll find we don’t want the dependency, but we
won't be able to go back, any more than we know today
how to get rid of the unpleasant aspects of an automo-
bile-based society.”
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13. Means of exit. Getting the answer out of the computer requires
a continuously growing proportion of the investment that goes into
computer hardware. These devices, for use on Data General Corp.'s
Nova line, include a printer, a paper-tape reader, and a card reader.
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. Iftoo many chips aren’t
in shape to ship orassemble,
maybe you need a solvent
that cleans residue-free.

You need FREON.

Your yields couid be suffering because
of improper cleaning during the manu-
facture of semiconductor and [.C. devices.
Residue interferes with yield and reliability.

In a FREON cleaning system,
components emerge thoroughly clean, dry
and residue-free because the final step is a
rinse of freshly distilled, filtered FREOQN.

FREON cleaning agents remove
silicon dust, lapping compound, residual
plating salts, water, electronic grade
alcohols, ionic contaminants and all types of
handling and packaging soils.

They are used in a variety of opera-
tions: surface preparation before masking to
improve resist adhesion...pre-diffusion

FREON is Du Pont's registered trademark for its fluorocarbon
cleaning agents.
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cleaning...before plating and deposition to
assure good adhesion...before lead bonding
to assure proper bonding attachment...
pre-seal cleaning prior to packaging. There
are more.

FREON cleaning agents require no
inhibitors and are reclaimed through
continuous distillation. They are non-
flammable, nonexplosive and have a low
order of toxicity. Special safety equipment
is not needed.

Your next step to increased yield is
to write for more information about FREON
cleaning agents and properly designed

vapor-phase cleaning systems. Du Pont
Company, Room 22449A, Wilmington, Del. 19898.

QUPONT FREON

cleaning agents
Circle 85 on reader service card 85



[Designer’s casebook

Fast-discharge sawtooth
simplifies capacitance meter

by R.W. Johnson
R W Johnson Co.. Huntington Beach, Calit.

A direct-reading capacitance meter, accurate to 2%, em-
ploys a low-cost unijunction transistor to obtain a refer-
ence sawtooth voltage. The circuit measures a pulse du-
ration proportional to the capacitance value to be
determined. An average-reading meter is used to indi-
cate capacitance directly on a linear scale. Measurement
accuracy depends on meter movement and circuit cali-
bration.

The relaxation oscillator portion of the circuit does
not require a high-quality, expensive transistor to sup-

ply a reference voltage. A low-cost unijunction can be
used. because high-current transistor Q, quickly dis-
charges the oscillator’s timing capacitor. dropping emit-
ter voltage below its valley voltage and permitting a
low-value timing resistor to be used. Since the second
base (base 2) of the transistor is returned to a zener-
regulated voltage that is lower than the charging volt-
age, the effects of leakage currents arc minimized. Tim-
ing components are selected with the range switch. S,.

The relaxation oscillator generates a sawtooth control
voltage that discharges the unknown capacitor. C.. once
each cycle. To establish a reference voltage. the oscilla-
tor’s output is applied to a Schmitt trigger formed by Q.
and Q. through emitter-follower Q.

Capacitor C, charges as the oscillator’s timing capaci-
tor charges from the regulated supply. When the volt-
age across C, reaches the firing point of a second
Schmitt trigger formed by Q, and Q.. the trigger turns
on. enabling the NAND gate formed by Q. and Q.. The

Meter measures capacitance to 2%. Reference sawtooth generated by unijunction transistor refaxation osciltator and Q.-Q, Schmitt trigger
controls voltage across unknown capacitance C.. Another Schmitt trigger (Q.-Q.) fires when voltage across C, reaches its threshold. enabl-
ing Q.-Q. NAND gate. Pulse duration of gate output is linearly proportional to C,. Average-reading linear-scale meter shows capacitance.
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gate output pulse, taken from the common collectors of

Q. and Q.. has a duration linearly preportional to the
unknown capacitance.

Applying this pulse to an averaging meter through
emitter-follower Q, allows the unknown capacitance to
be read from a linear scale. Capacitor C, discharges the
instant the unijunction transistor fires, because high-
current transistor Q,, conducts and remains saturated
until the reference Schmitt trigger turns on again.

Even the true capacitance of leaky capacitors can be
measured. The only condition under which the meter
will give a false reading is when capacitor leakage resist-
ance is less than 10 times the charging resistance. Since
all the charging resistors have low values, most capaci-
tors, including electrolytics, can be measured accurately.

Transistor Q,, performs as a pulse shaper and inver-
ter so that Q,, can properly discharge C,. Emitter fol-
lower Q,, drives the Q,-Q, Schmitt trigger and prevents

Resistance switching cuts
tone oscillator jitter

by Barry M. Kaufman
Compath Co., Redwood City, Calif

If the bit rate is high enough for the bit period to ap-
proach or even become less than the tone signal period,
20% to 40% jitter distortion can be encountered when
asynchronous digital data is transmitted with fre-
quency-shift-keyed modems. A frequency-shift tone os-
cillator that delivers a phase-continuous, constant-
amplitude signal significantly reduces this error.

The tone oscillator holds jitter distortion to less than
5% at a data rate of 1.800 bits per second. The circuit
employs a state-variable active bandpass filter that
changes its frequency when resistance is switched.

(=

overloading C,. Ten of the 13 transistors required for
the circuit are housed in two integrated circuit pack-
ages—RCA’s type CA3046 five-transistor arrays (shown
in white with package pin numbers).

The capacitance meter has five full-scale decade set-
tings, from 0.001 microfarad through 10pF. The smallest
capacitance that can be accurately measured is about
100 picofarads because of stray capacitance as well as
sawtooth rise and retrace times. Only precision resistors
should be used for range switching. Resistor R, is
trimmed to C,/10 C, kilohms so that capacitors with a
tolerance of 10% or 20% can be used.

The circuit is calibrated by using a known capaci-
tance within the overall measurement range. Position 6
of the range switch places a 5% 0.005-uF polystyrene ca-
pacitor in the measurement loop. The 10-kilohm poten-
tiometer then can be adjusted until the meter shows an
exact half-scale (0.5-milliampere) reading.

Since switching resistance does not cause phase
jumps, phase changes occur only at the incoming data
signal transitions. The oscillator resonates at the filter
frequency. generating a sine wave whose amplitude is
limited by an anti-parallel diode pair.

Many conventional tone oscillators use an LC tank
circuit as the resonating element so that a reactance
must be switched to change the oscillator frequency. Jit-
ter distortion can become significant because switching
stored reactance energy not only generates phase jumps
but also modulates signal amplitude. Furthermore,
other oscillators frequently contain a square-wave mul-
tivibrator whose zero crossings seldom coincide with the
zero crossings of the incoming asynchronous data.

The state-variable active bandpass filter in the low-
jitter tone oscillator is formed by inverting amplifier A,
and integrators A, and A, With positive feedback
through resistors R, and R.. the circuit oscillates at the
filter frequency. which can be fine-tuned with R..

Because of its high Q, the active filter generates a

Switched resistance. Frequency-shift oscillator containing active

T a 1 bandpass filter generates 1,200-hertz tone when Q, and Q, are oft.
2 . a
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stable sine wave with less than 1% harmonic distortion.
Signal amplitude is limited by diodes D, and D.. The
output MOSFET is a tone gate that can be controlled by
an associated modem’s request-to-send circuit.

The oscillator supplies two tones, 1,200 and 2,200
hertz, which are compatible with the popular Bell type
202 modem. When the data voltage is -8 volts,
MOSFETs Q, and Q. are cut off and the 1,200-Hz tone is
generated. If the voltage is changed to +8 V. Q, and Q.

Doubling the divisor
yields odd-order counter

by Charles Gordon and Thomas Chau
General Dynamics, Electric Boat division, Groton, Conn

A simple concept makes it possible to achieve an often-
difficult result—an odd-order counter that will deliver
an output pulse train with a symmetrical duty cycle, as
long as the input is a symmetric square wave. Usually,
digital logic frequency dividers that have an odd divisor
produce an unsymmetrical square wave.

The frequency divider shown first doubles input sig-
nal frequency (f) and then divides the resulting pulse
train by twice the desired divisor (D). The output fre-
guency (f,) becomes:

f, = 2f/2D = f;/D

If a divide-by-seven counter must be built. the only
components required are two-thirds of a hex inverter

conduct, shunting resistor R, across R, and resistor R,
across R.; the output is the 2,200-Hz tone.

Tone amplitude remains constant because the time
constants of both integrators are changed equally. The
rate at which the phase shifts is the only tone signal
parameter affected by the incoming digital binary data.
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package, a dual NAND gate, and an eight-bit parallel-
in/serial-out shift register. The register and one of the
inverters divide the doubled input pulse train by a fac-
tor of 14.

Three inverters and two NAND gates form the fre-
quency doubler. The propagation delay of the logic ele-
ments themselves enables G, to contribute a pulse at
each positive transition of the input, while G. contrib-
utes one at each negative transition. Since the outputs
of the two gates are wire-ORed, the frequency of the in-
put is doubled.

This 2f, pulse train becomes the clock input for the
shift register: it produces a single pulse for every eight
clock pulses or one pulse for every seven of the input.
The shift register must be reset initially.

If a divide-by-five counter is desired, the doubler sec-
tion remains the same, but the output of the inverter-
register section must be taken from the register's Q, ter-
minal to divide the clock pulse by 10. To extend the
divider scheme, additional shift registers must be used.

The propagation delays associated with the logic
packages are not shown in the timing diagram.

Frequency divider. Odd-order symmetric counter can be implemented by doubling input frequency and then dividing by twice the desired
divisor. Because of inverter propagation delays, G, is enabled at every positive input transition, G, at every negative transition, thus doubling

input frequency. inverter and register then divide doubled pulse train

by 14 to realize divide-by-seven counter shown.
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MORE
POWER

TO THE
MILITARY

®,

)

400MHyz, 28 volt RF device with 50 watts power out,
12 db gain and ar input Q. of less than 2. The new
XB50-28. Incredibly rugged.

The best 28-volt device previously available has 50
watts out at 5 db gain, with an input Q. of 5.

The XB50-28 is a monolithic chip, hermetically sealed
in CTC’s new (patents pending) Microstrip Package.
This new package, a standard %" stud c¢orfiguration,
reduces package-associated parasitics by a full order of
magnitude.

Because of their mornelithic construction and higher
gain and power, you'll use far fewer XB50-28’s in any
given system. For example, in a IKW system, 34 XB50-

B50-28)

28’s will do the work of 60 of the best 28-volt devices
previously available.

Like al! CTC RF devices, the XB50-28 is built with
integral ballasting resistors. They are capable of oper-
ating into infinite VSWR at rated output power and
supply voltage.

In OEM quantities, the XB50-28 costs $70.00. Delivery
is within 2 weeks ARO.

More power to the military; for TACANS, power
generation equipment anc other uses requiring 28 volts.

Contact: Commurications Transistor Corporation,
an affiliate of Varian Associates, 301 Industrial Way,
San Carlos, California 94070 (415) 591-8921.

Communications Transistor Corporation
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You can depend on today'’s

rf power transistors

Designers no longer face unrealistic power claims, unrealiable
multichips, and stringent circuit parameters; present devices give
up to 150 W of dependable rf power and they’re steadily getting better

by Joseph H. Johnson and Michael J. Mallinger, Communications Transistor Corp., San Carlos, Calif.

[J After a decade of hard work, semiconductor manu-
facturers finally are producing dependable rf power
transistors. Now an rf circuit designer can obtain 50
watts of continuous power at 400 megahertz without
having to accept compromises in other device pa-
rameters—ruggedness, efficiency, power gain and power
slump--that finally make the overall design unac-
ceptable.

A look back to 1968 shows just what this improve-
ment means to the engineer. In 1968 the best choice to
achieve 50 w at 400 Mhz was the 2N5178 transistor, a
multichip device costing $230, which could deliver the
power, but only in a very carefully tuned circuit. If the
transistor was mistuned or mismatched slightly, failure
was rapid and the loss total. Today, single-chip devices
at one-fourth the price can provide the power and with-
stand the mismatch.

There are many more comparisons that show the rap-
id strides made in recent years. Among them:

5
g
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POWER INPUT

1. Games specmen play. Two points on the power curve are pos-
sible when specifying power output. A transistor specified at point B,
although showing very high power levels, is operating at saturation
and will be unreliable. Power at point A, linear portion of power
curve, will offer useful, reliable operation.

90

s Rf power transistors were vulnerable to large voltage
standing wave ratios; today’s transistors can withstand
infinite VSWR.

s Outputs of several watts at microwave frequencies
had been obtainable only with unrealiable muitichip
transistor designs; now single-chip transistors can sup-
ply tens of watts of stable, reliable microwave power.

s [t was once fairly common for parameters (power
gain, efficiency, power slump) to vary by as much as
30%; with present transistors, tolerances can be held
within much narrower borders.

8 Unsuitable packages having high lead inductance
and subject to rapid degradation have been replaced
with low-lead-inductance, hermetic rf power packages.

One of the most important factors contributing to the
improvement is a growing sense of realism on the part
of semiconductor manufacturers. With greater experi-
ence with their products, suppliers can offer more accu-
rate specifications; the designer no longer is confronted
with advertisements claiming 100 w of continuous rf
power—with a 75-w power dissipation rating written in
fine print.

What can the rf circuit designer realistically expect
from his transistor supplier? A review of the state of the
art in electrical performance, chip design, and pack-
aging will clarify what is available and where design
compromises may be necessary.

Electrical performance. The most poorly defined
parameter in rf power transistors is power output capa-
bility. Clearly, output should be specified at a level that
is useful for reliable circuit design. Useful rf° power
available from a circuit is limited by a device’s dissipa-
tion capability and its ruggedness. A circuit should
never be designed using the transistor at the absolute
maximum saturated power output, as it had been so of-
ten.

The power specmanship game shows up in the simple
curve of Fig. 1, depicting the power-out vs power-in for
a typical device. Two general points labeled A and B on
the curve are available in defining power output. A de-
vice specified in region A, the unsaturated portion of
the curve, can be expected to provide steady, reliable
operation because it’s operating at low power dissipa-
tion and low temperature. A device specified in region
B, although boasting higher power, is in hard saturation
and will have excessive power slump (20% to 30%) over
the operating temperature range.

Electronics/September 13, 1971



=
5
=
3
Qo
&
=
8
g

100
FREQUENCY (MHZ)

2. Available. Commercially available transistors have power-times-
frequency characteristics that range from 70 W to about 20 W cw in
he rf range. Shown is typical useful power availab.e

The relation between rf power output and power dis-
sipation can be quantified: at no time should an rf
power transistor be specified with a cw power output ex-
ceeding 50% of the dissipation rating. Indeed. with con-
tinuous operation at high heat-sink temperatures and
an occasional mismatched load, a dissipation greater
than two times the power rating may be required to
keep junction temperature below a safe 200°C.

The VSWR rating is another factor in specifying power
levels. A device must be able to withstand an infinite
VSWR at the rated output power and supply voltage.
Load mismatch and related component degradation
over long periods of time can introduce VSWR that’s suf-
ficiently high to destroy a marginal product.

The output range of commercially available transis-
tors specified at power rating consistent with reliable
operation and infinite VSWR is shown in Fig. 2. At col-
lector voltages (V..) of from 12.5 to 28 volts, the power
output curve remains constant at 70 W cw up to a fre-
quency of 175 MHz, where the transistor’s power gain

FFFICIENCY (%)
POWER GAIN (DB}

[
100 20

FREQUENCY (MHZ)

470 MHZ

POWER OUTPUT (W)

declines gradually to about 20 w at 1 GHz.

The state-of-the-art transistor featuring high power
output and ruggedness also can run at high efficiency,
as can be seen from Fig. 3(a), which displays collector
efficiency as a function of frequency for typical devices.
Efficiency is more closely related to circuit design than
transistor design. First a transistor is chosen with suf-
ficient gain, then the necessary gain/efficiency tradeoffs
are made in the circuit. Key device parameter require-
ments are: high gain-bandwidth product f, low collec-
tor capacitance C, low dc 8, high power gain, and low
rf saturation voltage. With these parameters optimized,
Fig. 3(b) shows typical power-gain vs power-output
from available devices.

Chip design and processing. For a long time, a con-
sensus settled on a chip size of 50 x 100 mils as the limit
for a fine-geometry rf power transistor. This limit no
longer applies, as illustrated by the two transistors
shown in Fig. 4(a) and 4(b). Die sizes are 65 x 190 mils
and 135 x 266 mils, and the emitter (stripe) widths are
only 4 microns and 7.5 microns, respectively.

The transistor chip in Fig. 4(a) is large (12,450 mil*
die size) than any rf power transistor available prior to
1971. The emitter edge is 10,000 mils, giving the device
a current-handling capability of 20 A at 12 v or 10 A at
28 v. Moreover, a power dissipation rating of 180 w is
achieved without straining the device, indicating that
extremely rugged transistors with power outputs in ex-
cess of 70 w are possible. Emitter width, at 4 microns, is
the same as that commonly used on 1-GHz transistors;
with proper diffusions, an f; in excess of 2 GHz can
readily be obtained.

Impressive as this device is, the chip shown in Fig.
4(b), the largest rf power transistor chip ever manufac-
tured, is bigger by about three times. With an emitter
periphery of 21,000 mils, the device has a current-carry-
ing capacity of 60 A peak collector current. The 36,000
mil* area permits power dissipation exceeding 350 w.
And because of the fine geometry used, the device can
yield powers of over 150 W in the 2-to-200-MHz range.

As recently as 1969, only multichip designs could
have achieved this level of performance; today, the
yield on these single chips is better than a respectable
35%. The single-chip route is certainly the most reliable
way to achieve power levels as high as 70 w. In fact,
single-chip transistors are available today to meet all
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3. Efticient. High efficiency is no stranger to today's rf power transistors, as seen from this curve. Over the rf band efficiencies high as 70%
to 80% are available from transistors that can withstand infinite VSWR. Key parameters are low C., low dc f8, and low rf saturation voltage.
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4. Giant. The largest transistor chip of pre- 1971 vintage (top) has a
die size of 12,450 mil- Bigger still, the chip shown in bottom is three
times the size of the largest and represents best processing to ddte
The 36,000 mil* area permits 60-A peak current, giving 150 W of
useful power In the 2-to-200-MHz range.

the power levels shown in Figs. 2-3.

The key to making rugged, high-power, single-chip
devices is elimination of hot spot formations that create
metal-silicon dissolution and degrade reliability. The
best method of climinating hot spots is to use some
form of emitter ballasting. Several emitter-ballasting
techniques are available. Figure 5(a) shows an external
silicon bar resistor approach: external small discrete sili
con bar resistors are strapped in series with the emitter.
This technique somewhat relieves hot spot formation by
limiting power output, but the eftect of this approach is
small because each rcsnslor is ticd to a large number of
emitter sites.

Another approach replaces the silicon bar resistor

with long. narrow. meandering aluminum  stripes.
shown in 5(b). dircctly on the chip. This method elimi-
nates the external chip resistor, but causes other disas-
ters. When the resistors are large enough to do any
good. the current density in the aluminum becomes so
high that the aluminum migrates. Few manufacturers
are still using this technique.

Migratuon of the meandering aluminum-stripe re-
sistor can be sloppxd by using dlfYUSLd silicon emitter
resistors as shown in Fig. D((.) But these do not com-
pletely solve the problun because the diffused resistors,
with a negative temperature coctlicient similar o that
of the silicon chip itself, function poorly at high tem-
peratures. The result 1s devices with very meager ther-
mal stability. marginal ruggedness. and many hot spots.

The solution to emitter ballasting 1s to place a thin
film nichrome resistor in series with cach individual
emitter site, as shown in Fig. 5(d).

The nichrome resistor can provide the correct emitter
ballasting value in series with each emitter site. It's
stable over wide thermal and VSWR excursions, and of-
fers an additional bonus of power distribution over very
large arcas, resulting in uniform temperatures across the
chip. Although requiring more stringent process control
than the other methods, proper design will provide a
temperature gradient of less than 10 C across very large
chips.

Reliability. The biggest problem in the rf power tran-
sistor business has always been how to produce devices
that look alike from week to week, month to month, lot
to lot. Now, thanks to improved equipment and process
control. products can be manufactured with variations
typically less than 10% in the important parameters—
power gain. hyy, fy, and collector-to-base feedback ca-
pacitance, ¢, .

High frequency. power, and power gain demand ex-
tremely narrow emitter widths. To define the very nar-
row emitters, it was necessary to climinate any oxide cut
for the metal contact over the emitter and wash the
oxide away from the emitter arca (commonly referred

EMITTER BOND

WIRES \ /‘
=

| TRANSISTOR

BAR
RESISTOR

(a) (b)

ALUMINUM
EMITTER  DIFFUSED
(c) RESISTOR (d}

L -

5. Heavy ballast. External silicon-bar resistor ballasting (a) put in series with emitters somewhat relieves hot spot formation but has only a
small effect because each resistor is tied to several emitters. In (b), meandering aluminum stripes are laid down directly on the chip. Another
method (c) uses silicon emitter resistors in piace of the aluminurn; but both of these are largely unsatistactory. Placing a thin film nichrome
resistor in series with each individual emitter site (d) appears to be the best available solution to the knotty baliasting problem

92

Electronics/September 13, 1971



4.5 MILS
- -

5.5 MILS
— — ——
| = —
—
—
—— e
= =
~_ 5= =g L=
T RASH 5 MIL
6 MILS 1 <—s>

6. Washed up. Old method of washing away oxide on em‘tiers was
difficult to control in fine-gecmetry devices and led to unreliabie tran-
sistors. New technology has been developed that gives clean emit-
ters—shown in this typical aevice, a 400-MHz, 3-W, 28-V transistor.

to as the “washed emitter” process). This process was
extremely difficult to control and reproduce, and re-
sulted in unreliable products due to a high percentage
of emitter/base shorts.

Recently developed masking technology now enables
the semiconductor manufacturer to very accurately cut
open the oxide for the emitter metal contact. This pro-
vides a well-controlled and reproducible product that is
free of emitter-base short failures. Figure 6 shows an
emitter arrangement of a typical device—a 400-MHz, 3-
W, 28-V transistor.

The package. RF power transistor packages have been
unsatisfactory for many reasons: the molded-plastic
package was unable to pass thermal cycling and long-
term high-humidity tests; soft copper studs would de-
form prior to reaching an acceptable torque level: pack-
ages such as TO-60, TO-39, and narrow-lead striplines
had extremely high common-lead inductances; the
early ceramic sealed stripline packages were hermetic
when manufactured, but leaked when the leads were
flexed.

To overcome these deficiencies, packages have been
developed that utilize total ceramic/metal high-tem-
perature braze or ceramic/ceramic sealing. These have
good electrical characteristics, are mechanically rugged,
and have leak rates below 107 atmosphere per cubic
centimeter per second. Stud torque capability has been
doubled with special alloys.

An important package design consideration is overall
thermal resistance of the transistor when mounted on a
heat sink at normal operating powsr levels, Usually,
thermal resistance specified in manufacturers’ data
sheets is only from junction to case. not junction to heat
sink. That's why many circuit designers assume thermal
resistance from case to heat sink is negligible.

This, of course, is untrue; it can be seen from Fig. 7,
which gives typical values of case-to-heat sink thermal
resistance for various packages. These values must be
added to the manufacturer’s stated thermal resistance in
order to calculate overall thermal resistance. Further-

Electronics/September 13, 1971

INDUCTANCE OF AVAILABLE STRIPLINE PACKAGES

TO-39|TO-60 | HF-19 |1/4 STUD|3/8" STUD|1/2” STUD

more, thermal resistance of the flange package varies
with surface flatness, often changing during the life of
the device because of a mismatch in the expansion
coefficients of the stock package and the heat sink. Be-
sides, the thermal resistance typically provided by the
manufacturer is measured at low dc power levels, often
leading to gross inaccuracies under rf conditions where
hot spots are present. The only way to make an accurate
measurement is via the infrared scanning technique.
This method makes it possible to directly read the ac-
tual junction temperature and heat sink temperature
during an operation by making a map of the thermal re-
sistance.

What's ahead for rf power transistors? During the
next few years, great progress will be made in rf devices.
For example, large stripline packages that provide ex-
tremely low lead inductances, as shown in the table, will
make high gains possible. Power frequency products are
continually increasing due to improved materials and
manufacturing techniques. Reliability and long-term
life tests indicate 500,000 hours (mean time between
failure) of useful life can now be expected. 0O
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1/2" FLAT

3/8" FLAT

1/2" STUD

PACKAGE TYPE

3/8” STUD

1/4” STUD

0 0.2 04 0.6 08
fcns THERMAL RESISTANCE
(CASE TO HEAT SINK) ("C/W)

7. Getting hot. Since thermal resistance is specified by most manu-
facturers from junction to case and not from junction to heat sink,
these values must be added to get overall thermal resistance.

93



L3

The FRUJITSU quality for sale in
Power relays

Type 134 Power relays

® | ow-cost general-purpose relays
with see- through enclosures.

® Lift-off spring drive for more
positive action in transfer or

® High breakdown voltage ---

AC 1500 volts.

® Available are 8-pin and 11-pin

sockets and retaining fixtures for

twin-contact relay operation. accurate mounting.

® Two-row spring arrangement _ ® Contact material --- silver, with

eliminates short between adjacent gold overlay for twin contact.
contacts. Usable also in three-phase applications.

] N\
- £ |
Type 491-series Control relays il F ! ]
® High sensitivity and high reliability ---suitable % oof | ® Two basic choices --- current holding
. .. . . « | . .
for high-repetition duties in electronics, \& type and bistable self-latching type.
communications and control y ' ® Many contact-form combinations
apparatus. ~ ‘ . for permitting selection to precisely meet
® Silver-palladium contacts, with gold A’ % each relay need.
overlay for movable contact. % ® Flexible mounting --- available
® Compact --- only 34 mm tall with plug-in, PCB mounting or
when mounted, weighing ‘ solder-connection terminals.
55 grams (relay) and 7 grams ¥
(socket).
N ” . - ]
Nominal Initial Break-
Contact q Pick- [o] 1 Release i
Product Contact form :’a':i‘:\; vol::le c:‘":: ':i‘:: :‘,':: 1:;:1‘:.::3 v::’:; Shock Life :
RELAYS ]
| AT 115V, 8A |
Type 134-D relays 2- or 3-transfer {single DC 6 ~ 100V
for DC applications | :.::::: twin cantac) 4;t1~209 ‘Ii(x)\msy N 23 ms 150 MS2max.  AC 1500V :?‘f“':' 105~2 x 106
[ AE 115V, 5A m ' - [
Type 134-A relays {twin con AC 6 ~ 200V
for AC apphcations 1act) l
|
RELAYS Type 491-series
N0.493D relays 6C (EBM) (stanmdardi; I
N0.494D rvlays 6C {BM); or AC 500V |
for current holding 4C (EBM) + 2D {(EMB) 34~195 o 10G for
apphications | DC 48V,0.5A DC6 ~ 100V = mA 20~5 ms s5ms 250 Mf2max. DC 750V 11 mx 7~ 40milhon |
No0.493L relays for1
N0.494L retays | 6C (EBM) minute
tor bistable, |
laiching apphcations .l
L L

® Figures given refer to ranges cf values for respective relay series.
® Size: 51mm (enclosure length) x 35.6mm x 35.6mm - Type 134 relays
34mm (enclosure length) x 29mm x 22.5mm --- Type 491-series relays

(® FUJITSU LIMITED

Communications and Slectronics
Marunouchi, Tokyo, Japan

MAIN PROBUCTS O Telephone Exchange Equipl QO Garrier ion Equip O Radio Ce ication €qui 0 Space Electronics Systems O Auto Radios & Car Stereos (TEN) O Electronic
Computers & Peripheral Equipment (FACOM) O Telegraph & Data 2. ion Equip ical Control Equipment (FANUC) O Remote Conteol & Telemetering Equip O Electronic Comp ]
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LET’S START AT THE

BEGINNING. WITH TELH

STACKPOLE DID.

SINCE 1947, STAC

HAS BEEN A LEADI

SUPPLIER OF CRTY

CORES TO THE TEL
INDUSTRY. FIR“'

At the core of yoke téchnology

Stackpole Ceramag®Ferrite Yoke
Cores for CRT Displays

Let's start at the beginning. With
television. Stackpole did.

Since 1947, Stackpole has been
a leading supplier of CRT yoke

cores to the television industry.
First, black and white. Now color.
This makes us the oldest ferrite
yoke core manufacturer in the
u.S.

Now this knowledge and experi-
ence have been applied 1o the
precision components necessary
for CRT information displays.
Whole rings. Quarter segments.
Stator yokes.

What you get is a greater choice.
First, tooling. Many configura-
tions are already available. If not,
Stackpole can develop precision
tooling for you. Secondly, a fam-
ily of ferrite materials permits
greater flexibility in design,
tighter control over results.

Stackpole also offers machining
facilities for grinding to close
tolerances.

TYPICAL CERAMAG® MATERIALS FOR
INFORMATION DISPLAY YOKES

B 11 12 24
Initial Permeability 450 125 35 2500
Saturation Flux Density 2690 2550 2400 4500
Residual Flux Density 1650 1420 750 1700
048 28 4.7 025
160 385 450 205

Coercive Force
Curie Temperature

We've been around cathode ray
tubes for a long time. Why not
take advantage of the technology
that can be yours at Stackpole.
We may have the answer you've
been looking for, or know how to
get it. Simply contact: Stackpole
Carbon Company, Electronic
Components Division, St. Marys,
Pa. 15857. Phone: 814-834-1521.
TWX: 510-693-4511.

- STACKPOLE

ELECTRONIC COMPONENTS DIVISION

Circle 230 onreader service card



Garrett has a new
family of minimum

weight, highly

flexible MOS/LSI
general purpose

computers —the
“ADAPT” series.

98

Circle 231 on reader service card

The first application of the “ADAPT"” G. P. Computer
concept has been the air inlet control system for the
Navy's F-14. It meets all the requirements of
MIL-E-5400, Class 2 and is in quantity production.

Some of its obvious advantages are the direct result
of MOS/LSI technology. Models in the “ADAPT"”
series weigh as little as 8 pounds, measure 44" x
7" x 8", and run on 20 watts of MIL-STD-704
power. At low cost. With high reliability. No cooling
is required.

Even more remarkable is the flexibility of the
“ADAPT" series, achieved through

* microprogramming
¢ bus orientation
e the “bit-slice” building block concept.

The basic building
blocks consist of six custom

'.?: MOS/LSI devices, used repetitively

to tailor a task-oriented processor for your
application with a minimum of non-recurring cost.

Garrett has a family of MOS/LSI general purpose
computers; and you can learn more about them with
a phone call or letter.

Contact: Sales Manager, Garrett AiResearch
Electronic Systems, 2525 West 190th Street,
Torrance, California 90509

AiResearch Manufacturing Co.
one of The Signal Companies [§
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Varian launches
the software
revolution

VORTEX: a real-time operating system built to match and
enhance the speed capabilities of the 620f. Hands down, it is
the most powerful minicomputer package you can buy. The
620t is the minicomputer definition of "fast"; not just memory
cycle time, but in total speed, the combination of memory
cycle time, address modes and instruction set. And VORTEX
takes 1t from there.

I's a perfect balance of foreground and background,
realtime and batch. A rich implementation of a real-time
system with a major enhancement of file management system
and program preparation in background. Overlay capabili-
ties provide background and foreground program with vir-
tual memories in excess of 32,000 words. And VORTEX
incorporates every salient feature of MOS, our powerful
Master Operating System.

VORTEX partitioning of core and disc memories pro-
vides a floating baiance between foreground and background
according to need. Even in i*s minimum configuration, the
620f/VORTEX system is tremendously powerful and has
strcng competitive advantages over much more expensive
computers; systems such as IBM 1800, CDC 1700 and XDS
Sigma 3. In minicomputers, no one else even comes close.

Look into VORTEX. It is the most important development
in minicomputer operating systems since programs moved out
of hard wiring. Our literature packet will show you how and
why. Send for it. And stay ahecd of the revolution. Varian
Data Machines, 2722 Michelson Drive, Irvine, California
92664. (714) 833-2400.
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Look to Hitachi for
large capacity semiconductors.

If large capacity is what you’re looking for,
large capacity is what you get in Hitachi semiconductors.
Rectifying diodes available up tc 800 amp.

Thyristors up to 1,000 amp.

To perform beautifully in any conceivabie role.
For more information, write in care of nearest address.

Large Capacity Thyristors (press pack) TRIAC's for consumer eiectronics

fype | “Bo/VRM
Series \'

CAO1 2,000-2,500 1,000 17,000
ccoz 800-1,300 800 15,000

CHO3 1,800-2,500 | 400 8,000

CHO3V 800-1,300 4Co 8,000

HITACHI

et Tj Housing
mA DC|(°C'max
d Slies
M-332
Plastic

A TO-66
FTO6|100-400' 6 50 100 | Metal
FSO3 v Stud base

Flatb
FSD4 200-400| 10 M etal

TO-66
Metal
Stud base
IFlat base
Metal
Fast tuin off
type FQO1 Stud base

-400 :
| 50 301 s 200 20 Flat base

| FQO2 livetal

FU12/100-4G0 30 110

General use
FSO6
FRO1|
T T,200-4C0, 16
FRO2

Heac Office Section XH.E: 6.2, 2 .} e, Otemach yoda Fu, To<yo 100 Diissetdort Office: 4000 Dusseldorf, Grar
Adolt Stra .se 37,We.' Germary Tel. 10845 London Off-ce: 2nd Floor, 11/12 Finsburg Squure, London E * Tel. 588 3275
Hitachi America, Ltd.: New York: 437 Macison Avenue, New York, N.Y. 10022 Tel. 212 758 5420 San Francisco: 100
Cahiformia Street, an Francise ahf.34111 Tel. 415 981 7871 Los Angeles: One Wilsnire Building. 621 South Grand
Avernuve. Los Angeles. Calif 90D17 Te!l. 213 624-0891

Nissei Sangyo GmbH 1Deutschland): Dusseldorf, Asn Wehrhahn 41, West Germany Tel. 36 0903 Nissel Sangyo Co., Ltd.,
Taipne Office: Narking Bidg . No. 165, Se:. 2, Nanking East Rd., Taipei 104 Tel. 570704
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OUR ANGLE: four frequency
phase angle voltmeters

CAN YOU THINK OF A BETTER
ANGLE TO AVOID OBSOLESCENCE ?

North Atlantic’s 214 FOUR-FREQUENCY PHASE
ANGLE VOLTMETER introduces a new flexikility in
AC voltage measurements. 't enables direct reading
of null balance, total voltage, fundamental voltage,
in-phase voltage, quadrature voltage, and phase
angle.

It's also pre-wired to handle four operating frequen-
cies from 30Hz 0 20kHz, which means extended
longevity and broader application. Even if you only
need one freguency, there are three extra spots to
add other freauencies later. Frequency changes can
be made rapidly and conveniently in the field with
plug-in modules. The 214 can be completely recal-
ibrated at the installation site by a single rear-panel
adjustment.

Harmonic rejection and high signal overload design
of the unit screens out conventional distortion and
errors in measurement and calibration. The all solid-
state Model 214 offers full accuracy over + 59,
bandwidtn, 1° phase measurement, adjustable meter
scaling for go/no-go testing, and 300 nV full-scale
sensitivity. Priced from $1215.00.

Options? Other models offer 0.25° phase accuracy,
lower-cost single frequency operation, broadband
phase-sensitive performance from 10Hz to 100kHz.

Whether your AC measurements are large or small,
contact your North Atlantic sales engineering rep-
resentative today He'll show you a new angle to
your AC voltage measurements.

INORTH ATLAINTIC

industries, inc.

200 TERMINAL CR'VE, PLAINVIEW, NEW YORK 11803
cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600
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900-Miz

with 1-Gigahertz Direct Access

The mew Tektronix 7904 Oscilloscope is power
packed. With 7A19 Amplifier plug-in it offers

a phenomenal rezl-time bandwidth of 580 MHz
at 10 mV/div. And the ultra-high CRT bandwidth
makes petsible direct access offering 1-GHz
bancwidth at a deflection factor of 5 V/div.

The rew 7B92 Dual Time Base is in a class of
its own. It thas sweep rates to 0.5 ns/diw,
thggering to 600 MHz and a display mod2 that
allows you to view the intensified delaying
sween and delayed sweep simultaneously.

| samas . e e . e e e e~
1

7904
OSCILLOSCOPE

(O
CAUBRATOR

Now you know why the amazing 7904 was the center of attraction at the 1971 IEEE Show.

§

Instrument prices: 7904 Oscilloscope $2900,
7892 Dual Time Base $1420, 7A19 Amplifier
$500. For more information call your nearby
field engineer or write: Tektronix, inc., P.O.
Box 500, Beaverton, Oregon 97005.

U.S. Sales Prices FOB Beaverton, Cregon
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s1s of technology

Coal miners dig electronics

Tough health and safety laws and need for great productivity are spurring
plans for remote-control gear, electronic detectors, communications systems

by Larry Armstrong, Washington bureau

Most people picture the coal miner
as covered with dust, working long
hours with noisy equipment, suffer-
ing from the dreaded “black lung”
disease, and menaced by the roof
falls and explosions that still take
many lives each year. But a growing
number of electronics firms foresee
him as a technician sitting behind a
computer-like console and oper-
ating machinery that utilizes ad-
vanced electronics techniques.

In fact, the portrait of tomorrow’s
miner is anything but grim. With
strong help from electronics, the
miner will orchestrate cutting and
loading equipment far from the
mining area—the first 25 or 30 feet
from the mine’s working face where
roof, face, and rib falls account for
more than 60% of all fatalities. He
will watch operations with a low-
light-level TV camera. With sophis-
ticated electronic sensors he will
monitor the buildup of methane,
which, at 5% concentrations, com-
bines with oxygen to spark and fuel
mine explosions; he will watch for
the 1- to 5-micron respirable coal
dust particles that cause black lung
disease in as many as 40% of all coal
miners; and he will listen for telltale
patterns in rock stress noises to
predict rockfalls.

Though companies aren’t specu-
lating about the potential size of the
coal-mining market for electronics,
they’ve two strong reasons for being
optimistic. The first is passage of the
Federal Coal Mine Health and
Safety Act of 1969, which provides
for the development and enforce-
ment of tough Government stan-
dards, requiring extensive monitor-
ing and also communications
equipment, and allocates research
funds at the Federal level for that
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purpose. The other is the boom in
coal mining to meet the nation’s
steadily increasing power needs.
Coal output this year is expected to
rise to 620 million tons, close to the
peak 670 million tons in 1947, and
may hit | billion tons by 1980.

Until recently coal mine operators
hadn’t spent money on researching
new techniques for health and
safety measures. Hence the Govern-
ment action. But the companies
have been spending a lot on auto-
mating mines to increase productiv-
ity. Take for example Continental
Oil Co., Ponca City, Okla., which
ranks as the country’s largest coal
producer through its subsidiary,
Consolidation Coal Co. “New min-
ing systems are the number-one
concern among management-level
people at Consol right now,” says
Gordon R. Haworth, mining re-
search supervisor. Consol’s research
efforts are directed toward a system
that it would like to have oper-
ational in five to 10 years.

Byproduct. “Originally, our goal
was strictly increased productivity
with safety as a byproduct,”
Haworth admits. “But as we got into
it, the new system turned out to be
inherently more safe. The haulage
method was safer, and the coal-cut-
ting technique reduced respirable
dust generation.™ But it’s increased
productivity that will make these
new, expensive mining systems fea-
sible. “With increasing underground
productivity, and because of the cost
of rehabilitating strip mine areas,”
Haworth says, “we’ll soon be able to
compete with strip mines.”

Danger signal. Electronic devices like this
infrared detector are improving safety in
mines by helping spot hazardous conditions.
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Consol started its work in early
1968, but the big impetus for coal
industry research into new, auto-
mated, remote mining techniques
was provided when public outrage
over incidents like the November
1968 mine explosion that killed 78
miners in Farmington, W.Va., cul-
minated in unanimous congres-
sional passage of the Federal Coal
Mine Health and Safety Act of
1969. To accompany those stringent
regulations, Congress dramatically
stepped up funding research—it
jumped from almost nothing in fis-
cal 1969 to nearly $30 million this
year. Robert L. Marovelli, mining
research health and safety chief at
the U.S. Burcau of Mines, expects
health and safety research funds to
level off at that $30 million for coal
mining but estimates that such ex-
penditures for metal and nonmetal
mining will grow to nearly $10 mil-
lion from the current $2.9 million;
another official says they may reach
$30 million.

Investment. The new regulations
insure that the “mining industry is
going to have to spend dollars.”
concedes James J. Scott, the bu-
reau’s assistant director for mining
research. But there’s growing evi-
dence that the industry may spend
more than the legislated minimum.
Electronic monitoring of rock stress
noise in an ldaho silver mine
recently protected workers from an
imminent rockburst—a violent out-
burst of flying rock fragments. Now
operators of seven or eight mines in
Idaho’s Coeur d’Alene district have
indicated they would be willing to
install the bureau-developed,
$35,000 system. It consists of an ar-
ray of seven geophones feeding an
underground desk-top computer, a
Hewlett-Packard 9100. The oper-
ators also want to accumulate the
information at a surface station to
monitor all area mines and predict
regional tectonic conditions.

Besides sensors, automation, and
remote control, Bureau of Mines of-
ficials foresee miner-to-miner com-
munications as another prime target
for improvement. *Communications
sophisticated enough that an indi-
vidual would be in constant contact
with fellow miners and his super-
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Rescue and survival. Westinghouse electromagnetic communications surface equipment
helps locate trapped miners who contact it through a belt-worn low-frequency transmitter.

visor would have a dramatic impact
on health and safety problems.”
Scott says.

The first tentative steps toward
this were taken by Westinghouse
Georesearch Laboratory, Boulder,
Colo., as part of a $3.4 million Bu-
reau of Mines contract for a coal
mine rescue and survival system.
Demonstrated to depths of 800 feet
in a two-week simulated mine disas-
ter near Gary, W. Va., earlier this
year, the Westinghouse system relies
on belt-worn receivers powered by
the miner's lamp battery. Although
Westinghouse hasn’t decided
whether it will make the $30-$35
unit commercially, the bureau opti-
mistically has ordered a second set
of the surface emergency communi-
cations equipment for further test-
ing in deeper mines.

Lowdown. Westinghouse over-
comes severe through-the-earth at-
tenuation problems by using signals
in the very-low-frequency range of
200 to 3,000 hertz for surface-to-
miner voice communications. The
miners can get in touch directly with
the surface communications van via
a beacon transmitter stored in a por-
table underground survival shelter.
If trapped miners cannot get to the
underground shelter and its trans-
mitter, they can pound on roof tim-
bers or rock walls—and an array of
implanted geophones connected to
the communications van will deter-
mine their position.

The second step in the bureau’s
communications plan—continuous,
nonemergency voice communi-
cations between any two surface sta-
tions and 10 underground units—
has been contracted to Mine Safety
Applicances Co., Pittsburgh, Pa. To
be installed in the bureau’s research
mine at Bruceton, Pa., the surveil-

lance and communications system
will include state-of-the-art sensors
in each station to monitor methane,
carbon monoxide, smoke, tempera-
ture, hydrogen, and ventilation, and
to display those parameters in the
surface center.

“We'll use electronics to make
mining inherently safe by removing
the miner from the hazards,” Scott
says. His deputy, Joseph J. Yancik,
adds, “We'll take state of the art and
make it state of the practice.”

Charged to develop and test an
inherently safe mining system under
a new $5.9 million award is FMC
Corp’s. Advanced Products division,
San Jose, Calif. The FMC proposal
includes several alternatives that
could be developed for such a sys-
tem, including shielding the mine
worker with protective enclosures or
self-advancing roof supports, pro-
viding remote control or long-reach
equipment, and using warning de-
vices and instrumentation to alert
miners of imminent danger.

In a related award of almost $1
million, Bendix Research Labora-
tories, Southfield, Mich., will de-
velop remote-control devices and
sensors to keep continuous mining
machines correctly aligned in the
coal seam. “We're looking at possi-
bilities such as lasers to provide a
known reference line,” says Louis C.
Paine, manager of remote-control
mining work. Bendix is using elec-
trical and acoustical techniques to
characterize the differences between
coal and the host rock—to measure
the thickness of coal left on the tloor
and roof while the machine is oper-
ating. However, admits Paine, “We
have quite a long route to go to du-
plicate the complex interplay of
senses™ used by a coal miner.

Bendix also is developing a guid-
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Now—rubber that won’t burn.

Here's news about an important break-through for de-
signers of products in which consumer protection or
industrial safety are of utmost importance: Depending
upon part size and performance requiremerts, Stalwart
now offers rubber parts that either wil! not support com-
bustion at all or wiil self-extinguish in as little as two
seconds after the source of the fire has been removed.
This snuff-out rate is many times superior to other so-
called fire-retardant elastomers. Stalwart fire-retardant
custom rubber parts not only meet, but far exceed the

fire resistance standards established by industry and
underwriter groups. No, we do not use Formula X or
other miracle ingredienfs. This unique capability is
born of more than twenty years experience in laboratory
and field research, with performance-proven resuits. Oyr
customers simply specify the design and operating con-
ditiors, plus the level of fire resistance required. We
select the elastomer, then compound for fire retardancy
with no sacrifice of performance. Write today for the
new Stalwart Rubber Selector and technical bulletins.

SR

Suasidiary of

BLASIUS

INDUSTRIES. INC

Stalwart Rubber Company 160 Northfield Road, Bedford, Ohio 44146
Dependable deliveries of quality rubber parts from 3 automated plants.
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ance system and obstacle detectors
tfor shuttle cars, which miners have
to operate almost blindly in low-
ceiling areas. “This is the first step
toward remote operation of shut-
tes.” Paine says. “We'll probably
use optical ranging techniques de-
tecting either painted lines on the
ceiling or on the mine’s own vertical
surfaces.” The bureau expects to
award within two months an esti-
mated $120.000 tor developing low-
light-level TV techniques, for a dem-
onstration of a TV guidance system
for shuttle cars in the bureau’s
Bruceton mine.

Other Bureau of Mines contracts,
10 be awarded later this year, will be
scattered to a wide range of com-
panies in an attempt to broaden the
buse of company involvement in
coal mine health and satety. says a
burcau official. These contracts in-
clude money for:
= Pulsed and continuous wave
acoustic holography to obtain opti-
cal images of fracture zones. open-
ings in rock. density contracts, and
rock inclustons up to 10 teet beyond
the mining face.
= A monitor to instantaneously de-
tect. measure, and warn of injurious
concentrations of carbon monoxide.
carbon dioxide and nitrogen oxides,
as well as fow oxygen levels,

s lmproved gas-pressure  gradient
instrumentation in fractured mate-
rial such as coal.

» A rapid. inexpensive gamma-ray
spectrometry method to determine
trace elements in respirable mine
dust.

s A study of pulsed laser photo-
graphy to locate bad rock, such as
faulty roofs, in mines. The bureau
also is preparing REPs for develop-
ing infrared and sonic techniques
for detecting and monitoring  bad
rock.

Annual source. In addition, the
Detense  Department’s  Advanced
Research Projects Agency provides
the burcau with some $3 million a
year for work in rapid tunneling and

new excavation methods. Typical of

the awards is a $240,000 contract to
Westinghouse missile launching and
handling department.  Sunnyvale,
Calit., tor a 36-kilowatt electron-
beam gun for cutting rock. The bu-
reau also is looking for laser and
sonic rock-cutting methods. accord-
ing to Scott. ]
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Packaging & Production

Edge-mounts get
big user’s blessing

Calculator maker finds package provides better servicing,

less damage than DIPs; organ firm is switching over, too

by Stephen E. Scrupski, Packaging & Production Editor

Praised by some as one of the few
innovations in semiconductor pack-
aging last year. the edge-mount LSI
pack also was strongly criticized by
others at the same time. The scoffers
felt that wires could short to the
chip during bonding. and they were
reluctant to use a package that in-
troduced yet another connector in-
tertace |Electronics, Oct. 12, 1970. p.
48). They also predicted that the
gold plating on the edge pads and

connector contacts would wear oft if

the package were plugged in and
unplugged several times.

But these skeptics might want to
take another look. None of these
drawbacks has materialized at SCM-
Marchant Group. Oakland. Calif..
first large-scale user of the package.
The firm includes two or three of the
packages in each Marchant 1 por-
table calculator. and although it still
hasn’t swung over completely to the
edge-mount —somewhat less  than
halt of 1ts 15 calculator models use
it Marchant has glowing reports
about reduced package damage and
faster service time. Mcanwhile, an-
other large potential user. Ham-
mond Organ Co.. Chicago. 11, is
about to introduce an electronic or-
gan that will contain six edge-
mounts.

Other companies haven't com-
mitted themselves, though they are
looking hard at edge-mounts. Semi-
conductor manufacturers may not
provide much impetus because of-
fering edge-mounts would split their
production runs, thus reducing the
savings possible with volume pur-
chases of a single package type. And
plenty of users remain committed to
soldering 1¢s onto printed  circuit
boards to avoid any extra contact

| interface.

The edge-mount consists of a ce-
ramic substrate with metalized con-
ductor patterns connecting the chip
bonding area to gold-plated pads
along the edge. These are inserted
in a mating connector mounted on a
printed circuit board.

On the Marchant [, which sells
for $495. either two or three edge-
mount-packaged devices are used.
depending on which of the two cir-
cuit suppliers. American Micro-sys-
tems Inc. Santa Clara. Calif.. or
Texas Instruments Inc.. Dallas, is
providing the devices for that par-
ticular production run.

Changeover. Little redesign of the
calculator circuitry was required in
the changeover tfrom dual in-line to
edge-mount. The biggest difference
in the packaging was the greater
height required by the edge-mounts
compared with  the  low-profile
mounting of DIPs. In Marchant’s
case the height could be tolerated.
but for close spacing of printed cir-
cuit boards. the edge-mount user
would have to use a right-angle con-
nector that projects the edge-mount
out parallel to the board surface to
Final touch. LS! devices in edge-mounts are
inserted in mating edge connector.

"L - \q - e N |
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PERFORMANCE LEADER
QUALITY LEADER
RELIABILITY LEADER
DELIVERY LEADER

...all this at competitive prices

v L
PRGN MR
1103

Vi

= WA

VIFTIO32RA

For off-the-shelf delivery, call us collect at:

415-493-0848 312-894-7660
Paleo Alto, California Schaumburg, Illinois
714-637-2330 514-875-2814
Orange, California Montreal, Quebec
201-964-3131 613-828-9191
Union, New Jersey Ottawa, Ontario
617-762-8298 416-366-7721
Norwood, Massachusetts Toronto, Ontario

international

|-microsystems

MICROSYSTEMS INTERNATIONAL LIMITED, BOX 3529 STATION C, OTTAWA, CANADA
MONTREAL, OTTAWA, TORONTO, BRUSSELS, STUTTGART, LONDON, PALO ALTO, UNION
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reduce the total profile of the cir-
cuitry.

“In our experience. damage to a
certain percentage of 40-pin dual in-
line packages is inevitable.” says a
Marchant spokesman. and it’s this
damage that’s turning in one of the
biggest arguments for edge-mounts.
Marchant reports that with edge-
mounts. the money that was repre-
sented by damage was reduced from
30% of the device cost to a negli-
gible amount. Thus, it a device
costs, say. $13. a whopping $4.50
more would have to be spent to ac-
count for losses caused when some-
one inadvertently ruined the circuit
with static electricity by touching a
lead or because the teads were not
attached strongly enough. With the
edge-mount. these extra costs would
drop to about six cents a device.

Pluggable. As tor the extra con-
tact interface objection, a Marchant
spokesman says, "We can’t imagine
anything but pluggable packages for
expensive large-scale devices in our
type of product, especially since our
experienee shows edge-mount cir-
cuits stay in their connectors as
seeurely as if they had been sol-
dered.” Marchant reports that the
easy pluggability of the edge-
mounts has cut field service time by
about two-thirds and adds that rug-
ged handling of the caleulator in the
ficld hasn’t caused any problems
with the contacts. In any cvent,
Muarchant had already made the
switch o pluggable DIPs in earlier
calcutators because they facilitated
servicing. Unsoldering a 40-pin dual
in-line package almost always de-

stroyed the circuit, the Marchant
spokesman says.

However. there stll is strong in-
dustry sentiment against any plug-
in package. Typical of engineers
comniitted to soldering LSt devices
in the boards is Dino Sirakides. vice
president of engineering  for  the
Monroe division of Litton Indus-
tries. Orange. NJ. who suys: “We
just don’t like mechanical connece-
tions.” Sirahides adds that Monroe
instead is looking to plastic-pach-
aged LS devices for cost savings.

The value of pluggable vs sol-
dered-in packages, says Agclor F.
Petric. manager of standardization.
components engineering. at Ham-
mond Orgun. “depends on whether
you want to replace boards or indi-
vidual 1€ After the compuny’s
new clectronic organ is out in the
ficld. he says. he will wait for service
reports on how the edge-mounts
have affected service operations be-
fore he makes a decision on future
use of the package. "We do think
the edge-mounts will be a little bet-
ter than soldered 1Cs.” he notes.

Short stop. Accidental shorting
problems with edge-mounts have
been sotved. says James Barnett,
AMI’s packaging development man-
ager. In edge-mount packages the
plane of the chip is higher than that
of the wiring pads. With ultrasonic
bonding. the wire usually exits the
back of the bonding head at a shal-
low angle. so that the wire could ac-
cidentally touch the chip. shorting it
out (the chip edge is unavoidably
exposed because the scribing oper-
ation breaks the coating and ex-
poses bure silicon). Barnett says AMI
has modified an ultrasonic bonder
so that the wire rises vertically off

Turn of the screw. SCM-Marchant assembler bolts edge-rnount connector to pc board for
greater rigidity. The boards shown use two edge-mounts; other versions use three

-." : A%
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the chip. forming a loop of consis-
tent height as taken over to make
contact to the bonding pad. Barnett
also points out that thermocompres-
sion bonding can be used.

As for the criticism that cdge-
mounts won't wear well. one con-
neetor manufacturer—Texas Instru-
ments Metallurgical Materials divi-
sion. Attleboro. Mass.—is making a
connector that has a gold stripe clad
to the contact spring. This configu-
ration. says Ray Larsen. T1 project
manager. raises contact lite from the
30 or so insertion cycles of carlier
connectors to well over 100 cycles.

Incoming inspection and assem-
bly vperations have benetited from
the relative case with which the
edge-mounts can be handled com-
pared with the DIPs. according to
Marchant. Although Mos  devices
now are well protected against inad-
vertent static  electricity  blowouts
caused by a person touching one of
the feads. it stiltis a danger—and it's
difficult to pick up a DIP without
touching the leads. The edge-
mount. however, has exposed con-
ductors along onc edge and offers
plenty of arca for handling. Lead
breakage also has always been a
problem with Dips. but of course,
the edge-mounts have no leads.

Quotes. Cost is another factor
working in  favor of cdge-
mount/connector  combinations.
Coors Porcelain Co.. Golden, Colo..
supplies the packages to device pro-
ducers and is quoting prices of 55
cents each in volume. while one
edge connector manutacturer, T1 is
quoting 45 cents cach. Amp Inc.
Harrisburg. Pa. and Winchester
Electronies division of Litton Indus-
tries. Oakvitle. Conn.. are other con-
nector suppliers. Forty-lead ceramic
pluggable DIPs are selling for about
9 cents and the sockets for about 60
cents.

Coors says that with about a 50%
yield during circuit production. the
ceramic  package cost thus s
doubled betore workable-packaged
devices leave  the  semiconductor
plant. resulting in $1.80 for the dual
in-lines against $1.10 for the edge-
mounts. The connectors aren’t
yielded. of course. so the total for
cach approach is about $2.40 for the
pip/socket combination and $1.55
for the edge-mount/connector com-

bination. 0
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Xerox
Oscillographic
Papers:
3] B C

Before Coplers

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 Specialist 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

Electronics/September 13, 1971 Circle 109 on reader service card 109



Probing the news

Consumer electronics

Engineering, meet consumerism

High-powered consumer affairs groups at TV firms are opening a link between

buyer and engineer by processing reliability, safety, and service data

by Géra/d M. Walker, Consumer Editor

Swimming with the tide of con-
sumerism, television manufacturers
have been busily reorganizing their
customer-relations departments,
frequently at the highest corporate
levels. But while these consumer af-
fairs departments ostensibly provide
a sympathetic ear for irate buyers
and help in bridging the often wide
gap with service operations, they are
starting to perform a more valuable
but less publicized function: open-
ing a pipeline between the con-
sumer and the engineer.

Officials at such consumer-sector
giants as Philco-Ford, RCA, Moto-
rola, and General Electric are con-
vinced that involvement with con-
sumerism is good business, and are
providing top management support.
“Consumerism has a certain
amount of fadism connected with it,
but it will certainly not go away,”
says Herbert T. Brunn, vice presi-
dent of consumer affairs for RCA
Corp., New York, and a 30-year vet-
eran with the firm.

But the companies’ embrace of
consumerism has another side, too.
Plagued by the increased costs of
warranty work [Electronics, June 7,
p. 105], the companies are using
their consumer-affairs departments
as advisers to engineering oper-
ations. Though they do not yet ini-
tiate engineering changes them-
selves, the consumer units, thanks to
their increasing influence at corpo-
rate headquarters, now have a good
deal of power behind their bats
when they pass on data regarding
reliability, serviceability, and safety.
And although it’s too early to credit
the consumer affairs men with ac-
tual changes, engineers at some
firms already are beginning to sing
their praises.
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For example, at RCa Consumer
Products division, Indianapolis,
Ind., chief engineer Marvin H.
Glauberman is highly pleased with
at least one concrete plan instituted
by the consumer affairs department.
The program is a formal, statistical
reliability analysis of components
instituted to head off failures that
might crop up in the production
stage before the chassis bench
model is built. This approach is
common at aerospace and computer
companies.

“Engineers were inclined to com-
plain that the producton run was
over before they could make

changes. but once we started this
analytical approach and began
catching just 50% of the problem
components, it was worth the ef-
fort,” says Glauberman. A former

plant-level consumer affairs man-
ager before moving to head engi-
neering, he quips, “Now I'm in a po-
sition to practice what I preached.”
At Motorola Inc.’s Consumer
Products division, Chicago, the
backbone in Motorola’s consumer
affairs organization is provided by
Garth J. Heisig, who has spent 20 of
his 25 years with the firm in engi-
neering. Heisig has spearheaded a
plan to telephone set owners soon
after purchase to find out about
buyer satisfaction rather than sit
back and await complaints. With
these early warnings, Heisig uses his
engineering familiarity to communi-
cate design and maintenance sug-
gestions to manufacturing based on
what he has discovered in the field.
“Consumerism is a new tool for en-
gineering.” he contends. “If an engi-
neer can spend $1 to save 32 in re-
pairs during the warranty period,
he’s made a contribution.
Philco-Ford Corp., Philadelphia,
was the first to set up a formal con-
sumer affairs organization and
chose to make it a line operation
headed by vice president Armin E.
Allen, a 3S5-year Philco man with
both engineering and management
experience. To put clout into Allen’s
efforts, Philco-Ford took a leaf from
the auto industry’s book by putting
him on the high-powered warranty
and quality-control committee.
Through this committee the oper-
ating vice president, executive vice
president, and president review all
complaints from customers and the
action that was taken by the com-
pany’s service organization.
Relations between consumer af-
Ombudsman. VPs like RCA's Brunn help
consumers get message to engineering.

Electronics/September 13, 1971



a. PROGRAMMABLE POWER SUPPLIES
The programmable power supply module is composed of up to nine precision program-
mable power supply units. These units supply the power and functional references for
the device under test during functional and parametric testing.

Table 3 is the detailed limits of the individual supplies.

Vie, Vin® Vi, Vot Vir, Vin Ve, Veey Vas
Range Volts 30 30 30 50 +25
D.C. Current Amps 120, +30 +12, .10 *.050 +.300 ~.300
Slew Rate into 60 .f SV/ms + 200, sec. /V. 2004 sec./V. 2004 sec./V.
Resolution 10mV omv  20mv _ 20mv
Accuracy 10mv+.1%  10mv+.1%  20mV+.1%  20mV+.1%
*These are adj to te for Driver Otfsets.

tOptional current measurement on Vee and Vir avaitable.

b. PROGRAMMABLE CLOCK GENERATOR

The digitally programmable clock module is composed of six independent strobe
sources and a delay function. All six strobes are derived from a common oscillator and
therefore have the same basic rate. Each strobe, however, can have its leading and
trailing edge independently programmed from one another and from other strobe
edges.

Number of clocks 6 -
Basic rate (maximum) 6.7 megahertz

¢. MD-183 DC FUNCTIONAL TESTER/DC PARAMETER TESTER
The DC tester is composed of a data memory, a logic section, a control panel, a cas-
sette tape unit, automatic parameter tester and programmable power supplies.

The data memory holds ail data necessary for a complete device test. This data is
composed of setup data groups for each system module.

Zero Overhead Testing—Sequential testing, binning and logging are automatic once
they have been set up. The data may cause a logging counter to be incremented on
either a pass or fail criterion. Any one of several counters may be used with a particu-
lar test. The sequencing of tests on a particular device is continuous and stops only on
a bin command. Each test may have a bin command associated with it whereupon a
device may be binned on either a pass, fail or unconditional criterion. Binning classi-
fies the device and makes the tester ready for the next device to be tested.

Test Sequences 64 Logging Counters 64 Binning Counters 16
*APT and PPS specs.

d. MO -100 STANDARD PROOUCT TESTER (ROMS, RAMS, SR).

Purpose of the MD-100

The power of the MD-100 comes from the fact that it does not use fixed test routines
as the last generation of memory exercisers did for core memories, nor does it use
burst mode testing from a buffer memory as do some of the more recent general pur-
pose test systems. The MD-100 test routines are programmable, and they run at real
time speeds. The system is a special purpose multiprocessor which is micropro-
grammed. It has an instruction set designed for efficient testing of memories. It is fast,
with instruction fetch and execute times of 200ns allowing up to 5SMHz test rates.

Basic rate resalution 10ns
Pulse position resolution 1ns

Macrooara

e. AUTOMATIC PARAMETER TESTER

The automatic parameter tester is a self contained unit that is capable of runnlng a
full complement of parameter tests. Typical tests such as stress, leakage, continuity,
threshold, etc. can be set up in a microprogrammed form for either a single pin or a
multiple pin test. Measurements are made to an accuracy of .2% full scale

L A. Voltage Scales:

Scale 100V 10v

Nom.Maximem 410235 410235

Nom. Minimum - w0 10240 -

Resoiu‘tioT B ——.05% of fuil scate T -
B. Current Scales:

Scale 100ma 10ma 1Ima 100.a 10.a lua

Nom. Maximum 103.2ma  1032ma_ 1032ma__ 1024,2 102442 102842

Nom. Minimum‘"’ 800,13 BO,Aa 8)13 lua .El,‘a - _IOna

Resolution .05% of full scale )

el A. Voltage Scales:

Scale 100V 10v v

Nom. Maximum  +1024V 10240 Loy

Nom. Minimum T 023 10.235v 103

?olenm:e ) T = D= h *l%ofFS

ResolutioT - 5% of full scale -

Input Impedance o Greater than 100 megohms - o

Overload Protection _+ 150V on any scale j )
B. Current Scales:

Scale 100ma 10ma lma 100u2 10ua lua

Nom. Maximum  +1024ma  +10.24ma  +1024ma  +1024ua +10.24ua +1.024u2

Nom. Minimum  —10235ma_10.235ma  10235ma — 102.35.a —10235xa —10235.a

Tolerance = = = = = =

Resolunon 05% of luTscal_e_ - B

Input Impedmce Iess than 2 chms
Overload Prolectlon +400ma on any scale conhnuous. +1. 2 A short term

2 Absolute Values

Macrodata Company Test systems Division
20440 Corisco Street - Chatsworth, Calif. 91311 (213) 882-8880

MACRODATA SLASHES
DC TESTING COSTS

with®The St
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fairs and engineering are less formal =
at Philco-Ford, however. “Con-
sumer affairs.” says Byron L. Gara-
foulis, chief engineer-video engi- |
neering for the Audio-Video
division, “is a bridge between engi-
neering, the Government, and the
consumer. It fills the gap better than
at any other time.”

Part of this gap-filling is to guide |
engineering on safety regulations by
wading through Government speci-
fications and translating them into
engineering terms. Consumer affairs
also helps engincering by preparing
radiation safety reports required by
the Government.

As for specific engineering im-
pact, Garafoulis points out that con-
sumer afTairs reviewed the design of
a new chassis being readied for the
next model year with an eye toward
making service easier. It was de-
signed more as a second check than
to suggest changes, he notes. ‘

*Qur product is the most compli-
cated in the consumer’s house. And
to make a TV set perform satisfac-
torily takes a lot more effort than in |
the past. A color set is by nature dif-
ficult to service and operate, so to

simplify both is in the realm of con- |

sumer affairs,” he says.

Second look. General Electric Co.
also agrees that another look at de-
signs is a good idea, even if the con-
tribution made by consumer affairs
is hard to pinpoint. Consequently,
last spring engineer Eugene A. An-
thony. GE’s head of product service.
began sitting in on design-stage
planning to review the serviceability
of sets before production in an ef-
fort to curb repair costs.

Though consumer affairs man-
agers are bullish on the worth of

their efforts, not every TV manager |

is convinced. GTE Sylvania, Batavia,
N. Y., for example. looked at the
idea and rejected a consumer affairs
department on the ground that it
does not do anything that wasn’t al-
ready being handled in the service
organization.

The vice president of engineering
for another major Tv producer
scoffs, “These guys are riding the
consumerism wave, but aside from
helping with Government red tape.
they’re not doing anything for the
industry that a good engineering de-

partment hasn’t been doing all |

along.”
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Pierce: what’s ahead
in communications

Before ‘retiring’ to Caltech, Bell Labs’ executive

director of research/communications takes a look ahead

by William Bucci, Associate Editor

Like other professions, clectronics
engineering has its prophets and its
clder statemen, but few are as arti-
culate. informed. and qualified to
assess the future of technology as
John R. Pierce. From a green
Ph.D., who joined Bell Telephone
Laboratories 35 years ago to work
on vacuum tubes, Pierce has be-
come an acknowledged spokesman
for the communications industry.
and has helped shape such vital de-
velopments as communications sat-
ellites and digital systems. This
month, the 61-year-old executive di-
rector of the Labs’ Research-Com-
munications Sciences division re-
tires to start a new career as
professor of engineering at his alma
mater, the California Institute of
Technology. But clearly he is still
concerned with the critical issues
now facing communications tech-
nology.

Interviewed late last month in his
modest Murray Hill. N.J.. office be-
fore his return West. Picree spoke of
the developments he believes will
have a significant impact on clec-
tronic communications in the com-
ing years. He foresees the wide-
spread use of domestic satellites for
broadband transmission: both
short- and long-distance laser comn-
munications over glass fibers: and
the exploitation of the country’s
communications networks to bring
new services to homes and offices.

What makes his forecasts impor-
tant is that Pierce is no blue-sky
dreamer but has a reputation for
hard-headed practicality. “It’s got to
be useful, 1t's got to work. and it’s
got to work right,” he maintains.
“That was perhaps the hardest les-
son I had to learn in engineering.”

He talks unusually fluently, with

the same precision he demands in
engineering. Yet his rigorous ap-
proach to both language and engi-
neering hasn’t hampered his imagi-
nation and prevented him from
seeing possibilities that others have
frequently overlooked. A science fic-
tion writer from his undergraduate
days, Picrce was one of the first to
explore the possibility of satellite
communications in a 1952 science
fiction magazine. But it was the
practical engineer who three years
later published a definitive. techni-
cal analysis of satellite communi-
cations in the American Rocket
Society's journal. Jet Propulsion.

Vision. It was Pierce. too, who re-
alized that the traveling-wave tube
invented by Rudolph Kompfner.
now at Bell Laboratories. might
have far broader applications than
as just a sensitive amplifier in radar
detection. He saw the TWT as a po-
tential broadband amplifier of mi-
crowave frequencies, and spent
years working closely with Kompf-
ner to develop the present. highly
reliable device so essential to com-
munications satellites. “I look on the
golden age when Rudi Komptner
and 1 were working on traveling
wave tubes . . . oh gosh . . . 1 sup-
pose it's 20 years ago. Things were
unfolding, and we were completely
immersed.” Pierce reminisces with a
characteristic enthusiasm.

And it was Pierce who helped
make successful the carly experi-
ments with Echo. the world’s first
practical. passive communications
satellite. and Telstar. the first active
satellite.

Domestic satellites, he thinks, will
eventually become a major factor in
communications because “they
could give an unprecedented
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With pressurized ink writing,the price

isn’t the only thing that’s right.

The Brush 500 XY Recorder has a pressurized
ink system And that iakes the pressure off you.
Stops clogging, skipping, and priming. Because
the pen always writes instantly. So even after
months of storage, traces are clear, crisp, smudge-
proof and uniform. Even at the 500's 40 inches-
per-second writing speed. And one disposable
plastic ink cartridge holds enough ink for a year's
normal use.

And our exclusive Metrisite* non-contact servo-
loop feedback system enforces pen positioning at
99.85% linearity.

The Metrisite also solves some other sticky prob-
lems. Like noise, slide wire troubles, dirty pots, wear,
cleaning and maintenance. Things you've had to
contend with in potentiometric feedback systems.

Built-in preamps have sensitivity range from
100u V/div. to 1.0V/div. As well as balanced, float-
ing, and guarded inputs.

So take a look at the Brush 500 XY Recorder. The
price may be low. Butthe accuracy isn’t. Write Brush
Division, Gould Inc.,3631 Perkins Avenue, Cleveland,
Ohio 44114. Or Rue Van Boeckel 38, Brussels 1140
Belgium.

BRUSH INSTRUMENTS
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Our tamily of linear |C FET op
amps is definitely not going to
market as just another low

priced substitute for something-
or-other. Instead they're going as
highest performance, in many
¢ases unique, circuits. Some of
them are so good they're replac-
ing some of our discrete modules.
Other 1C's simply can’t compete.
L.ook at the A1)-506: Internally
compensated: max 1, 10pA:

max V _(internally laser-

Pl teffyou.
we'e really out to get the mo
(even our own).

trimmed) ImV: guaranteed V,,,
dnft 25uV/°C: min gain S0K:
typical slew rate SV/usec.

And the AD-516: Single capaci-
tor externally compensated: slew
rate to 20V/usec: settling time
3usec to 0.1%: SMHz gain
bandwidth: (with feed-forward
compensation: slew rate to
S0V/usec. gain bandwidth to
30MH2z): max I, 20pA: max V
(intermally kser-trimmed) ImV.

There are seven FET op amps in
the basic family, all high per-
formance, all functionally com-
plete with little or no need for

Circle 114 on reader service card

IiNg-
cdules

outboard components. all manu-
factured and tested under our
complete control using the most
advanced techniques and equip-
ment. Same is true of our other
new 1C’s: multipliers, converters,
instrumentation amplifiers, and
dual transistors.

Get our 20-page facilities bro-
chure and detailed catalog of
products. free for the asking.
Analog Devices, Inc.. Norwood,
Muss. 02062 (617) 329-4700.

ANALOG
DEVICES



Four dual
transistors
withexcellent
matching
characteristics,
high current gain,
and high voltage
breakdown.

We got to making linear 1.C.
dual NPN transistors because
we couldn’t find good enough
ones to put in our circait mod-
ules. Now we're ready to share.

The AD-813 has outstanding
input characteristics: 0.5mV
max. Vs differential, 2.5,V/°C
max. Vs drift. The AD-812 has
an extremely high and linear
gain of 400 minimur at 10,.A
to 350 minimum at 5mA. The
AD-811 has all around excel-
lent input and gain perfor-
mance and a m:nimum BV
of 45V. And the AD-810 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.
Anaiog Devices, Inc.,
Norwood, Mass. 02062

ANALOG
DEVICES
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amount of broadband transmission.
and the cost would be independent
of distance. And the way things are
going. | believe it will be cheap.™ he
notes. “If you could resolve all the
regulatory and managerial prob-
lems and get something launched.
vou could have broadband domestic
satellite communications within five
years. But the problems won’t be re-
solved that fast and also. when large
amounts of money in large enter-
prises are involved. commitments
aren’t made that way.”

Digital. Pierce advocates using a
broadband system. such as pulse
code modulation. which is resistant
to interference. “Then you can have
lots of satellites maybe only 1
apart. You can use the frequencies
| many more times, and more than
make up for the broader band-
width.”

Looking back on Bell's earlier

championship of low-altitude satcl-
lites. he admits, 1 underestimated
the rate of progress in the space art.
I didn’t realize it would be possible
to make large. complicated, and re-
liable things so soon. On the other
hand. communications satellites in
the carly days did suffer trom over-
ambition.” he recalls. citing such
programs as the Advent communi-
cations satellite. which was can-
celled. “Advent never got built, and
if it had. it couldn’t have been
| launched. My original thought in
pushing for low-altitude satellites
| like Echo and Telstar was that we
could do it as an experiment that
would demonstrate capability.™

For Pierce. then as now. the only
valid approach was to go “step by
step.” But meanwhile Hughes Air-
craft Co. came up with a syvnchro-
nous satellite. 1 have the greatest
respcct for Harold Rosen of
Hughes.” comments Pierce. “He de-
vised an extremely ingenious. light.
small. cut-to-the-bone satellite.
which could be launched into syn-
chronous orbit by existing vehicles.
And that was a big breakthrough.
But he. too. went step by step—he
just thought of a good step.™

Turning to another important
step. Corning Glass Works® devel-
opment of glass tibers with less than
20 decibels attenuation per kilome-

ter. [Electronics. July 5. p. 46]. Pierce
comments. “This means you can
send signals over such fibers for dis-
tances of up to a mile or two before
repcating. The fibers are one of the
biggest breakthroughs in communi-
cations over short distance—not that
they aren’t adaptable to long dis-
tances, but right now so many of our
communications problems are in the
cities where you need cheap. short-
haul systems.”™ He is quick to point
out the problems yet to be solved.
“We've got 1o get the life longer on
semiconductor lasers. There are
problems of making the fibers re-
producibly and of finding ways of
handling them and splicing them.
for instance. But if’ we solve some of
these and really get those 20-dB

e { 0 Jr e
Spokesman, John Pierce looks ahead to
significant communications developments.

losses per kilometer. we'll get useful
communications even with an inco-
herent source. And just think how
many of those fibers vou can pull
through a cable duct.”

Picrce is solidly behind the plan
to usc pulse code modulation as the
form of transmission in such laser
systems. In fact. he is strongly parti-
san about using pem switching sys-
tems in addition to tranmission sys-
tems. “Some ycars ago we did an
experiment in my division on a digi-
tal switching system called Essex.
Essex didn’t win out as the first elee-
tronic switching svstem. and 1 was
disappointed at the time. But it may
have been a case of the right idea
oo soon—mavbe it should have
waited for the advent of large-scale
integration.”

Now that 18I has come along.
Pierce states. 1 belicve digital
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PCM Data Transmission is easy!
Retrieving it is the real task...
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The Task Master
of PCM Data Retrieval

Whether your interests are in data
communications, telemetry or any PCM data
network application . .. Data-Control Systems
is supplying sophisticated standalone PCM
hardware and computerized PCM ground
stations.
Data-Control PCM Systems feature:
[0 10 MBS Synchronization Capability
(1 10 MBS Bit Error Rate Measurements
[0 Computeror Card Programmable
[] Hardware Preprocessor or Computer
Periphera!l
Design
0 On-the-shelf
Software

AT
»
Iy
235ve

.

FREE—rcM primer illustrates basic
technology and areas of application . ..
to get your FREE copy, simply circle
the reader service number.

||M
R AR

DATA'CONTROL SYSTEMS, INC.

Commerce Drive, Darbury, Connecticut 06810
Tel. (203) 743-9241 W TWX: 710-456-0376

Circle 116 on reader service card

__Perirlg_ ihe news

switching is right for the analog type
[voice] signals. as well as for primar-
ily digital signals, because ICs
handle binary signals most reliably
and effectively. And as the control
portions of electronic switching sys-
tems get cheaper because of LSl if
you stick with analog switching, the
cost of the switching nctwork will
get proportionately larger. The only
way out I personally sce is to get the
signals into some form in which
they can be effectively switched ei-
ther by IC-type crosspoints or by
time-division methods.”

Just as he sees the need for digital
switching systems for cffective han-
dling of telephone and other com-
munications, Pierce cites the neced
for “some means of display that is a
lot cheaper. more reliable and at-
tractive than the teletypewriter, if
use of communications facilities is
going to extend into ihe home.” He
believes that offering such services
as the electronic transfer of funds
and credit card verification in the
home depends more on terminal
equipment than on rearranging the
internal structure of the existing Bell
System network.

Out of Sight? Commenting on an-
other type of extended communi-
cation, Bell's Picturephone. Pierce
states. “Whether this is the day
when Picturephone will succeed in a
big way or not, I don’t know. It may
been have tried too soon for success.
Its coming depends both on the ter-
minals and on transmission and
switching being cheap enough, and
that’s a very tricky thing—to tell
when the user has enough money
and the technology has made things
cheap enough so something is really
going to go.”

Pierce’s ability to combine vision
with practicality will be invaluable
to him as an educator. With typical
clarity, he has already defined his
goal as a teacher. “Engincering stu-
dents are learning an awful lot more
than they used to learn. and they do
have a strong sense of doing some-
thing worthwhile and relevant,” he
says, “but an Imporlanl job facing
us right now is to help them link
lhmgs that are powerful. as indeed
science and technology are, with
real problems.™ O
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RAYTHEOI

SEMICONDUCTO
OUR 64-BITRAM

Scme peoplz claim their tipolar 64 bt
RAM will work over the antire MIL tem-
perature range. Othars keeo silent. We
guarantee our RR5100 will operats
within spacs irom —55°C to 125-C
ambient.

The RE510J and its commercial
version, the RR5102, are available in
dual-in-lines, flat paks, and Raytheon
Semicond Jzter's own beam leac config-
uration. Of course both of these 64-bit
RAM's are compatiole with our RAY Il

WONTQUIT.
EVENATI25C.

Ard don't forget our ctlier memery

ur able RL80 se d-bit scratch

Ouwr stom 256-bit RAM doesr’t know

cyele times and a ‘WO% power Gis

GUARANTEED.

new revolutionary V-ATE bipolar
proeess

Con’tget burned on yo.r present proj
ects. Get immediate delivery on our 16-
bit ard 64-bit memories from our local
sales office or your rearest franchised
rRaytheon Semiconductor distributor.
And calf us d-rect for custom memories.

Raytheon Semiconductor, 350 Ellis
Street, Mountain View, Calitornia, 94040.

415/968-9211.
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In these days
of brownouts,
blackouts
and poop-outs-
every motor
and transformer

needs a little
failure insurance.
Its called

NOMEX* nylon,
to be specific. ™t
A high-temperature G
(UL-rated at 220°C.) insulation >
that is self-extinguishing, ®
won’t melt, has great resistance to s if you write to: Du Pont
most chemicals and moisture, and isNg=* Campany, Room CRB 3156, Wilmington,
exceptionally tough and flexible. It has Delaware 19898. Do it today, a little failure
many other advantages, too. insurance can go a long way.

. Du Pont registered trademark

its corona-resistant
counterpart. We'll tell
you all about them and
send you some samples,

Circle 118 on reader service card Circle 119 on reader service card =»



TYPE 547 OS5CILLOSCOPE
SEmAL -9 @-

r\ TIME BASE A
TRIGGERING LEVEL 2 )

"

PUVIME BASE(B)
- TRIGGRRING
osl 0P GO

TRGGEMNG LEVEL
_y

S &
H ,.r
s

J

P
=

OHIAY TH

ami/C on DIIAT T

This $180 camera gives you a picture
15 seconds after you pull the trigger.

The CR-9 is a ncw camera specifically designed for oscilioscope
trace recording. It costs only $179.95.#

And it weighs less than 24 ounces (700 grams). So, unlike
permanently-mounted caneras, it can easily be used with more
than one oscilloscope in your lab.

The Polaroid CR-9 Oscilloscope Camera is designed te take
any one of 8 interchangeable, light-tight hcods. These fit
almost all oscilloscopes with 6 x 8, 6x 10, and 8 x 10 cin
graticules. (You specify the hood you need when vou buy the
camera; additional ones cost a little extra.)

You don’t need to focus, because the hood holds the camera
at exactly the right distance from the CRT display. The camera
gives vou a picture that's virtually distortion-free. All you have to do
is slip in an 8-e\p()sme pack ot Polaroid 3000-speed, self-developing
’ film, und you’re ready to shoot.

The CR-9 is a real pro})lem solver for scientists and engineers. Because one picture is worth a thousand waves.
For additional information write: Polaroid Corporation, Dept. 35-218. 549 Technology Square, Cambridge, Mass. 02139. (In Canada:
350 Carlingview Drive, Rexdale, Ontario.)

The new Polaroid CR-9 Oscilloscope Camera



These basic
98% of all R
try one.

Clairex has more experience supplying more high-quality
photocells for mors applications than anyone. Let us show
you how we can perform for you. Call (914) 664-6602 or
write Clairex® 560 South Third Avenue, Mount Vernon,
New York 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION
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This new UV Sensor
will simplify
your UV measurements...

and savea
few bucks besK

Simple, small package for UV detection.
Blind to visible light. Available in TOS -
can with sapphire window or a glass -
window. Call (914) 664-6602 or write
Clairex®560 South Third Avenue, Mount
Vernon, New York 10550.

CLAIREX ELECTRONI

A DIVISION OF €LAIREX CORPORATION A
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N
Photocells 26¢ 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 da:a, call (914) 664-6602 or write Clairex®,
560 South Third Avenue, Mount Vernon, New York 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CCRPORATION
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Now...phototransistors
from Clairex!

right
performance
...right

price /

DESIGN PURCHASING
FEATURES ADVANTAGES
High current at low Competitive pricing

illumination Fast, stock delivery

Hermetically sealed

Fast switching

High breakdown
voltages

j b S

For full data about our growing Phototransisior Product
Line, call (914) 664-6602 or write Clairex®, 560 South Third
Avenue, Mount Vernon, N.Y. 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION

Quality controlled
Established vendor
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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 C omponent Products
Dept., 4545 W. Augusta [rremme==
Blvd., Chicago, I1I. 60651

@ MOTOROLA =] RN
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a thought about you...

Do minicomputer failures make
you fume? Are disgruntled
customers raising your blood
pressure? OEM users, take
heart! Cincinnati Milacron

has a soothing solution for

you — the CIP/2100 general
purpose minicomputer.

We can’t say that a CIP/2100
never fails, but it is built for
reliability. For instance, it’s
rugged enough to take a
temperature variation of 0° -
50°C. And it’s simple enough
that we can teach you to

maintain or program it in only mlnlcomputers

one weel! € CINCINNAT
MILACRON

Tell us your application. We'll
show you how the CIP/2100

Machine Tools

can help you keep your cool — " ——

and your customers. Chemicals
Plastics
Plastics Processing Machinery
Abrasives

Cincinnati area {513) 494-5444 ® Chicago area {312) 439-5726 ® Los Angeles area (213) 582-8361 @ Detroit area (313) 557-2700 ® New York area (201) 687-4500
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Heath/Schlumberger?

That’s right ... Heath/Schlumberger. A new name in design-quality,
factory assembled and calibrated instruments.

The ‘“Heath” part of our name comes from being a division of
that well known manufacturer of kits. But we don’t make kits. In fact,
Heath/Schlumberger is an entirely separate operation.

The “Schlumberger” (pronounced Shlum-bear-zhay) part of our
name comes from being a member of that world-wide corporation
devoted to measurements of many kinds. Schlumberger is one of the
leading European manufacturers of electronic instrumentation.

With that background, you can see why we are producing state-
of-the-art, ready-to-use, instrumentation ... comparable to some of
the best in performance . . . but with better performance/price ratios.

So when you are ready to buy electronic instruments, check the
growing Heath/Schlumberger line.

We're the group to watch.

To order or receive additional information, write Dept. 520-28.

Heath/Schlumberger
Scientific Instruments
Benton Harbor,
Michigan 49022

Schlumberger

A. SM-104A 80 MHz counter. BCD output. 1 MHz TCXO with 1 ppm/yr. stability. $500.

B. EU-2058B solid-state strip chart recorder. 23 speeds, 30 in/min. to 0.2 in/hr.; 18 calibrated
ranges, 1 mV to 500 V full scale. 0.5 sec. pen response. 0.1% tracking accuracy and linearity.
Completely programmable. $675.

C. EU-70A solid-state dual trace scope. DC-15 MHz. Complete dual trace capability. Triggered
sweep. 18 calibrated time bases. X-Y capability. $595.

D. SM-105A 80 MHz counter. Same as SM-104A above but without BCD output and uses a
1 MHz crystal with =10 ppm/yr. stability. $350.

E. EU-81A function generator. Sine, square and triangle wave output. 0.1 Hz to 1 MHz. Linear
dial. External voltage control. $245. EK-308
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AMI means custom MOS

American Micro-systems, Inc. is the leader
in custom MOS/LSI product design and
development by filling the need for
expanding applications of MOS devices.

Today’s leaders in the computer, calcu-
lator, aerospace, musical instrument, and
household appliance industries, along
with many other fields, are customers

of AMI. Whether your application needs
areinthe commercial/industrial, consumer,
or military/government areas, our experi-
enced engineers are standing ready to

work with you. AMI will help you recognize,
analyze, and design the particular custom
circuits that will give you the most reliable,
compatible, and low cost answers to
your specific needs....

Be aleader, jointoday, AMI wants you.

For the full story, call or write today to
American Micro-systems, Inc.,

3800 Homestead Road, Santa Clara,
California 95051 (408) 246-0330

custom MOS means AMI
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New products

Multiplier
circuit is
monolithic

by Stephen Wm. Fields, San Francisco bureau manager

TTL/MSI 2-by-4 device
allows direct multiplication

in minicomputers, simpilifies
Fourier transform analyzers

When a semiconductor company
that’s known as a second-source
house starts to get into proprietary
products, these items usually are im-
proved models of earlier versions—
faster memories or lower-noise op
amps, for example. But at Ad-
vanced Micro Devices Inc.. Sunny-
vale, Calif., they do things a little
differently. As one of its first
proprietary products, the company
has developed the first commercially
available monolithic digital multi-
plier circuit.

The new circuit, called the
Am2505, is a TTL/MSI 2-by-4 mul-
tiplier that can be employed as an
element in an iterative array to per-
form 2’s-complement multiplication
at relatively high speeds compared
to other methods but without using
large amounts of hardware. An
eight-bit number multiplied by an
eight-bit number employing eight
devices requires only 135 nanosec-
onds. Clive Ghest, product man-
ager for the Am2505, says the new
circuit allows direct hardware multi-
plication in minicomputers, and also
simplifies design of special-purpose
processors such as fast-Fourier
transform analyzers.

“Multiplication of a multibit
number is nothing more than a set
of single-bit multiplications and a
series of parallel additions,” says
Ghest. But it’s often a time-consum-
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ing process. For example, during
multiplication the various additions

take considerable time because of

the carry-bit propagating through
the system. “This carry time can be
reduced,” Ghest points out, “by not
allowing the carriers to propagate at
the same level but rather to add
them at the next level. This is fast,
but it takes a lot of additional hard-
ware.” Semiconductor read-only
memories also have been employed
in high-speed multiplication cir-
cuits, but these require custom
masks and an iterative type of struc-
ture is not possible.

The Am2505 uses an algorithm
for 2's-complement multiplication
that’s a modification of Booth’s al-
gorithm. That procedure requires an
account of the previous operation;

the last multiplier bit of the
previous operation is used for this
purpose. The equation of the multi-
plieris S = XY + K where S is the
result, X is a four-bit number, Y is a
two-bit number, and K is the partial
product of the calculation up to that
point. In order to be able to mul-
tiply larger numbers, say an eight-
bit by an eight-bit, “You have to be
able to add partial products,” says
Ghest. “so that the devices can be
connected together in a chain.™ This
is the K function.

Inputs. Actually there are 5 X in-
puts and 3 Y inputs for each 4-by-2
chip: one of each is for the result of
the previous operation. There are
also the four K inputs, a carry-in
and a carry-out, a polarity input,
and the six output lines (the result

All on a chip. Digital multiplier circuit can be used as an element in an iterative array to per-

form 2's-complement multiplication wherever high-speed operation is required.
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g ...
indianapolis

Get closeto a
good thing in Indianapolis,
the middle of America’s
economic heartland. Be
within hours of most of the
nation’s major suppliers
and markets and minutes
from our own highly diversified industrial and
commercial facilities. Over 100 available site locations
give your company access to an outstanding
transportation system that includes . . .

B 7 Interstate Highways

Complete City-circling Interstate

Inner-city Interstate Loop Under Construction

18 U.S. and State Highways

More than 100 Major Truck Lines

5 Major Rail Carriers

Inner-City Rail Belt—100 Miles of Inner-city Track
Air Facilities For Major Passenger and Cargo Jets

Get close to 81 of the top 100 U.S. markets today. For
information on Indianapolis, for assistance on sites and
buildings and for computerized site selection data, write
John Hardy, Area Development Director, Dept. 735 or
call 317-635-6868 collect.

Indianapolis Power & Light Company

25 Monument Circle « Indianapolis Indiana 46204
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of multiplying a four-bit number by
a two-bit number is a six-bit num-
ber). The polarity input is not for
the sign of the answer, but rather for
selecting the type of logic that is to
be used. If the polarity pin is left un-
connected. the chip is set for active
low or negative logic: if it is
grounded, the chip is set for active
high or positive logic.

The Am2505 multiplier can be
connected in an iterative array in a
number of ways, either by itself or
in conjunction with other MSI ele-
ments. The most straightforward
(but not the one which gives the
smallest delay) is to stack multi-
pliers in rows, each row being the
same length as the multiplicand and
staggered from the previous row by
two-bit positions. The least-signifi-
cant two sum bits of each of the
rows gives the least significant part
of the result, and the remainder of
the last row the most significant part
of the product. Since multiplication
i1s no more than a series of condi-
tional additions, it makes no differ-
ence to the answer where in the ar-
ray each addition takes place.

This means that multipliers can
be moved in the array as long as the
relative weight is not altered. Says
Ghest, “The only things to be care-
ful of are that the carry-in at the
first multiplier in each row must be
conditional on the appropriate mul-
tiplier digit. that these carries must
be kept with the appropriate multi-
plier. and that the most-significant
part of the array at each row carries
the sign information and S, must be
inserted into the appropriate K, in-
put so as to effectively repeat the
sign digit across the complete prod-
uct length.”

Ghest says that minicomputers
and calculators are not the only
places the 2505 can be used. An-
other application is in sonar or ra-
dar analysis employing Fourier
analysis.

The Am2505 is priced at $26 each
in quantities of 100 for the commer-
cial-grade device in a 24-pin silicone
dual in-line package. Delivery of the
multipliers will begin toward the
end of this month.

Advanced Micro Devices Inc., 901 Thomp-
son Place, Sunnyvale, Calif. 94086 [338]
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The most
versatile multicolor CRT’s
on display

Special multicolor screens with different color renditions provided
by changing voltages make these up-to-the-minute CRT's especially
useful in the latest display applications. Air traffic control systems, electronic test
equipment, computer displays and many other applications are possible for these tubes.
You can get any of our CRT's (from 4.5 to 25" diagonaly with bicolor or multicolor
display screens, a monocolor screen with different persistence phosphor layers,
or multicolor screens with variable persistence phosphor layers.

You’ll also specially appreciate the high brightness and picture contrast. And you’ll like
the high resolution, a major feature with THOMSON-CSF cathode ray tubes.
Moreover, vour circuit ergineer will have the benefit of the low voltage
swing required to switch from one color to the other.

For complete information on these and all the tubes in our wide CRT line,
circle the Reader Service Card or contact us direct.

A

<@
THOMSON-CSF

THOMSON-CSF Electron Tubes. Inc./50 Rockefeller Plaza/New York, N.Y. $0020/(212) 489-0400

France—THOMSON-CSF Groupement Tubes Electroniques/8, rue Chasseloup-Laubat/75/PARIS 16éme Tel : 566 70 04
Germany—THOMSON~CSF Elektronenrokren GmbH /Am Leonhardsbrunn 10/6 FRANKFURT/Main/Tel : 0611-70 2099
1taly—THOMSON-CSF Tubi Elettronici SRL/Viale degli Ammiragli 69/ ROMA /Tel: 6380143
Sweden—THOMSON-CSF Eiektronrér AB /Box 27080/S 10251 STOCKHOLM 27/Tel : 08/22 58 00
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Brand-Rex offers you
plug-to-plug compatability
with any computer system
in the universe.

For over 20 years, Brand-Rex has been supplying the major computer companies and
peripheral equipment manufacturers with wire and cable...in thousands of
configurations other suppliers might call “custom”. And we come up with nearly
3,000 new or redesigned versions every year, too, so we're more likely to
have already made the wire and cable you need to be compatible.
Most peripheral installations today are wired with
Brand-Rex products. Because we’ve got more UL approvals for computer
wire and cable than anyone else in the universe.
Plus skilled design engineers, wide experience in processing a broad
range of plastics, and complete facilities to create and
produce new constructions fast. Want to see what plug-to-plug
compatibility really means? Send for the Brand-Rex business
machine wire and cable brochure. Write to Buck Rogers, Brand-Rex
Company, Willimantic, Conn. 06226. Or call (203) 423-7771.

BRAND-REX, WAY AHEAD IN WIRE AND CABLE

WHY SHOP AROUND
FOR WIRE AND CABLE
FOR YOUR PERIPHERALS 2
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New produéts

Semiconductors
Chip decodes,
drives LEDs

TTL monolithic unit is
mounted on same substrate

as seven-segment display

In industrial test equipment, space
limitations often are severe. That is
one of the applications that design
engineers at Texas Instruments Inc.
had in mind when they combined
the widely used MAN-1 light-emit-

ting diode display with a monolithic
decade counter-latch-driver. The
unified display takes up little more
space than a single dual in-line
package. Available in two versions,
the TIXL 306 (left-hand decimal)
and TIXL 307 (right decimal), the
display is the first of its type on the
market (Hewlett-Packard intro-
duced a hybrid latch-decoder-driver
with an LED display last year).

The TIXL 306/7 uses a ceramic
substrate to mount the hybrid. 0.27-
inch-high, seven-segment display.
Also on the substrate is a TTL
monolithic chip, which TI sells sepa-
rately as the SN74143. The substrate
is molded with clear plastic. The 16-
pin package is in the DIP configura-
tion, though it’s 0.40 in. wide in-
stead of 0.30 in.

With all the interface connections
accommodated, the user doesn’t
have to provide the constant-current
source, required in many schemes
using LEDs. Dave Davies, product
marketing engineer, points out that
aside from a few specs on bright-
ness, the data sheet is much like any
TTL/MSI part.
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The TIXL 306/7 includes blank-
ing, BCD output from the latch, and
a decimal point independent of ev-
erything in the package except
blanking. Its made for the commer-
cial temperature range, 0 to 70 C.
and requires 175 milliamperes at 5
volts for maximum brilliance. Typi-
cal brightness at full illumination is
450 foot-lamberts.

Texas Instruments Inc., P.O. Box 5012, Dal-
las, Texas 75222 (411]

~ Semiconductor briefs

Photochips. PA arrays, in a line of
cadmium sulfide and cadmium
sulfo-selenide photodetectors. fea-
ture multicell configurations for
multichannel monitoring appli-
cations. They are available with as
few as two detectors or as configura-
tions of up to 20 cells. Price is $3.50
in quantities of 500. Allen-Bradley
Co., 1201 S. Second St., Milwaukee,
Wis. 53204 [413]

Plastic packages. A pin-type with
either tin- or gold-plated pins has
standard 14- or 16-lead configura-
tion for either substrates or pc board
mounting. Price is 16 cents each in
large quantities. Another is a DIP

with standard IC-type lead frame
and can be handled by automatic
staking equipment. It is priced at 13
cents. U.S. Electronic Services
Corp., Holgar Industrial Park, Clif-
ton Heights, Pa. 19018 [414]

Linear iC. Model 540 circuit can
drive complementary output tran-
sistors in audio power amplifiers,
positive and negative voltage-regu-
lator solenoids, relays, controlled
current sources, and ultrasonic
equipment. It has a standby current
of typically 13 ma, and provides

Circle

NEW
HEAT
SENSORS

IR
OPTICS

Informative technical literature
available on request.

The Harshaw
Chemical Co.

Division of Kewanee Ou Co
Crystal & Electronic Products Dept.
6801 Cochran Rd., Solon, Qhio 44139

(216) 248-7400
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The International Microdek Model 310 provides a survey
meter for measuring energy leakage from microwave ovens.
The meter uses a small probe antenna with a detector to
pick up leakage energy. The Microdek 310 is ideal for those
who use and service microwave ovens. The unit is correlated
for leakage from small hole areas as well as wide and narrow
sliots. The meter reads in two ranges, (a) normal: 10 mw/cm?
with useful range 1 mw to 23 mw, (b) 3 mw/cm? with useful
range of .4 mw to 6 mw. No batteries are required.

Model 310 . . . $75.00 f.o.b. Oklahoma City.

INTERNATIONAL

\NY " "

CRYSTAL MFG. CO, INC.
10 NO LEE ® OKLA CITY OKLA 73102

NCWI

MICRODEK
POWER
LEAKAGE
METER

FOR
MICROWAVE
OVENS

WRITE FOR CATALOG.

Manufacturers of electronic products
for industry and the home.
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high output drive current of more
than 120 mA. The IC drives any type
of load including resistive, induc-
tive, capacitive or a combination.
Price ranges from $2 to $3.40 for
quantities of 100 to 999. Signetics
Corp., 811 E. Arques Ave.. Sunny-
vale, Calif. 94086 [415]

Silicon-controlled rectifiers. Series
IR140 and 1R14] are designed for
use in radar puise modulators, ul-
trasonic cleaning cquipment, and
high-frequency inverters and con-
verters. They operate up to 20 kiz,
and are available with dc forward
blocking voitage ratings of 50 to 400
v. Forward current ratings are 35 A
rms and 22 A average. Price for the
IR 140F (50 v) is $6.70 in 100 to 999
lots; and for the IR140D (400 V),
$19.15 in the same quantities. Inter-
national Rectifier Corp., El Se-
gundo, Calif. 90245 [416]

Transistors. Three series of program-
able unijunction transistors. the
2N6119-2N6120 and UI3T3-U13T4
for low-cost industrial applications,

and the 2N6137-2N6138 for mili-
tary requirements are hermetically
sealed in TO-18 packages. Appli-
cations include timing. pulse and
sensing circuits, SCR triggers. and re-
laxation oscillators. Price for the
UI3T3 is as low as 53 cents in 1,000
lots. Unitrode Corp., 580 Pleasant
St., Watertown, Mass. 02172 [417]

Dual power driver. Type MCH 2890
translates DTL or TTL logic voltage
levels to high power outputs, and
loads can be either resistive or in-
ductive. Applications include ham-
mer drivers, paper tape punches. re-
lay drivers, stepping motors. and
lamp drivers requiring digitally con-
trolled high-current pulses. The in-
terface is provided in a single pack-
age, replacing an 1C and two
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TRW presents

the small,

precision,

economical,

self-insulated

tantalum

capacitor...

that laughs at shock and environment

Spacesavings of up to 409 A
one-p.ece dense 2poxy resin
case which is self-insulated and
provides complete environmen-
tal pretection. High shock and
vibration resistance due to the
elimination of all voids. Precision
dimenrsionea fcr high-density
packag.ng. Great flexibility in
mounting pos-tions and lead
optons, ard ideal for automatic
insertion.

These are just a few of the

Electronics /September 13, 1971

advantages offered by the TRW
Type 935 iantalum capacitor. In
addition. they are remarkably
inexpensive, due to the high
speea molding techniques used
in their production.

The versatile 935 is available
from 8 through 50 volts. and from
0047 to 56 mfd. It is designed to
operate from —~55°C to +85°C
at full rating. and up to +125°C
with Y5 derating.

For complete information and

technical data. contact TRW
Capacitor Division. Box 1000.
Ogallala. Nebraska. Phone: {308)
284-3611.TWX: 910-620-0321.

TRW
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Oscillators |/ Filters / AC Power Sources /| DC Power Supplies / Amplifiers

132

Best way
to get rid of
unwanted
signals

K-H multifunction filter.

Model 3202 all solid state filter with two independent
channels gives you continuously adjustable high-pass,
low-pass, bandpass or band reject functions over a 20
Hz to 2 MHz frequency range; provides the flexibility
essential for complex frequency or time domain mea-
surements.

Check these exclusive features. See for yourself why
the Krohn-Hite Model 3202 is such an exceptional value
at $795.

FUNCTIONS: Low-pass — direct coupled with low drift.
High-pass — upper 3 db at 10 MHz. Bandpass —
continuously variable. Band rejection — variable
broad band or sharp null.

TWO RESPONSE CHARACTERISTICS: (1) Fourth-order
Butterworth or (2) simple R-C (transient free).

ZERO-db INSERTION LOSS: All-silicon amplifiers pro-
vide unity gain passband response. 24 db per octave
slopes per channe! extend to at least 80 db.

90-db DYNAMIC RANGE: Low hum and noise (100
micro-volts) eliminate costly preamplifiers.

There's more. Write for complete data. Contact your
Krohn-Hite Representative for an eye-opening demon-
stration.

OVERSEAS SALES OFFICES: BELGIUM, C. N. Rood s. a.; DENMARK, SC

Metric A/S; FRANCE, Antares; GERMANY, Nucletron Vertriebs-GMBH;

HOLLAND, C. N. Rood n. v.; ITALY, Dott. Ing. Mario Vianello; SWEDEN,

Teleinstrument; {SRAEL, R.D.T. Elect. Eng. Ltd.; JAPAN, Shoshin Shoji
Kaisha, Ltd.;

L/ L poHn-HITE
m_l CORRFPORATION

580 Massachusetts Ave., Cambridge, Mass. 02139, U.S.A.
Phone: (617) 491-3211 TWX: 710-320-6583
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Darlington transistors. Price is $7.95
for 100 lots. Motorola Semicon-
ductor Products Inc., P.O. Box
20924, Phoenix, Arizona [418]

Monolithic voltage regulators. Type
UL-2723 consists of a temperature-
compensated reference amplifier, an
error amplifier, power transistor,
and current-limiting circuitry on
one chip. Units feature low standby
current drain, high ripple rejection,
high current capability. and low
temperature drift. Sprague Electric
Co., 35 Marshall St., North Adams,
Mass. 01247 [419]

FET follower. Model FA501 permits
high-accuracy buffering of fast
pulse, video. and rf signals without
distortion. Output current, which is
100 mA, allows a 50-ohm coax to be

driven directly from it. Rise time is 5
ns, and the FET input provides for a
minimum of loading of the signal
source. Price is $175. Intronics Inc.,
Chapel St., Newton, Mass. [412]

Rf transistor. The 400-MHz, 28-volt
model XB-50-28 offers 50-w power
out, 12-dB gain and an input Q of
less than 2. The unit is single-chip,
hermetically sealed in a microstrip
package, and a 1-kw system can be
built with 34 of the devices. Price is
$90. Communications Transistor
Corp., 301 Industrial Way, San Car-
los, Calif. 94070 [420]
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DUAL-INLINE-PACKAGED REED RELAYS

Magnecraft is proud to announce its new DIP (dual-
inline-package) line of 8-pin reed relays. These new
relays are designed not only to be compatible with
the standard packaging developed for integrated cir-
cuits, but to offer Magnecraft quality at a low cost.
This unique design gives further savings by offering
the user the optimum in automated inserticn and
other economical installation techniques associated
with prirted circuit applications.

These fantastic new epoxy molded reed relays are
ideal for use in circuits where high density packaging
is essential. The 5VDC IC compatible versions of

“See you at |.S.A., Booth 658",

these relays will operate directly from TTL or DTL
circuits.

Other stardard coil voliages are available from stock
in 8, 12, and 24VDC as well as contact configurations
in1form A, 2 form A, 1 form B, and 1 form C. Most
versions are also offered with a choice of an internal
clamp’'ng diode.

Write for further details,

Magnecraft ELECTRIC COMPANY

H AL
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What’s dll this noise
about noise?

Philps 30-series

high noise-immunity

logic modluies solve

noise problems

instantly,

rightonthe cicut
esion.

PHILIPS

134

How to eliminate the effects of self-
induced and externally generatec a.c
and d.c.noise inlcgic circuits... there's
a subject to keep earnest circuit de-
signers debating ‘nto the night.

But it's time to call time, gentlemen.
All this noise about noise is just valu-
able energy gaing to waste.
Philips'new 20-seres high noise-immu-
nity logic modu.es orovide an instant
solution, not only to problems caused
by so-called d.c.noise,but to the more
troublesome spuricus a.c. pulses that
can cause a legic system to go a
illogical.

f ick is i hi ' -
tionship between noise-immun'ty and
speed-of-system response. Witn a 30-
series module you simply add, where
necessary, a slow-down capacitor in
the circuit... selected, of course, to fit
the situation... and thare's no more
noise problem laft to talk about!
Don't leave yet. The 30-series includes
not only logic elements, but timers,
power amplifiers, lemp/relay drivers,
interface modulas, p.c. boards, con-
nectors, mounting racks... everything
you need to build a complete system.

Circle 134 on reader sarvice card

Mocules come in 16 and 20 pin dual-
in-line packages ready to insert. Philips
provides full application support...
we'lleven design a prototype foryou.
Not that we want to take all the noise
out of life... just the part that costs you
needless time and money. After all,
there are still plenty of other things to
argu= about...

Order your copy of "Noise
behaviour of the 30-series”.

N.V. Philips’ Gloeilampenfabrieken
Electroric Components and

rials Division

AMPEREX E'ectronic Corporation,
0 Duffy e, HICKS

o civision of Philips Electronics
+A L\ nA }

+

TORCNTO 17 - Ontorio H

PHILIPS

LN
&

electronic components
and materials
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~ New products

Instruments

Panel meters
keep cool

Digital units for small
equipment cabinets rise
only 8°C during operation

Now that their prices have dropped
to around $100 to $125, digital
panel meters have been getting into
more and more pieces of equip-
ment. But most users still have one
problem—heat. Most meters have a

[ 3999 8
Graviessm=TT

heat rise of from 15 to 20 C in the
first five minutes of operation, creat-
ing drift and reliability problems
when installed in a small cabinet.
But a new series of DPMs has only a
cool § C temperature rise.

Called the 300 series, the new
units are the entry of Electro-Nu-
merics Corp., Santa Clara, Calif,,
into the small bPM market. Accord-
ing to Don Willett, marketing man-
ager at Electro-Numerics, about
two-thirds of all DPMs go into scien-
tific analytical instruments where
the manufacturers don’t want to
spend time designing their own dis-
play systems or in cooling the units
that they have. “so there is a defi-
nite need for a cool DPM.”

The 300 series meters are the
same size as previously available
units. Included are the 301, a 2'2-di-
git unit employing Nixie tubes; the
371, a 2%-digit meter using Numi-
trons; the 300, 3'2-digits with Nix-
ies; the 370, 3% digits with Numit-
rons, and the 302 which reads up to
3999 and employs Nixies. Prices
range from $118 to $235 in quan-
tities of 10.

All of the meters use a passive-in-
tegration, dual-slope, analog-to-
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digital conversion technique that,
says Willett, “provides long-term
stability and noise rejection. The
ambient temperature would have to
increase by more than 20° C before
you would see one digit change,”
Willett asserts, “and the full-scale
temperature coefficient is 30 parts
per million.” An efficient power-
supply design is the key factor in
cool operation, Willett says.

All of the units have TTL-level
BCD outputs. The Nixie meters re-
quire 4.5 watts, the Numitron units
need 7 w. The meters are available
from stock.

Electro-Numerics Corp., 2961 Corvin Drive,
Santa Clara. Calit. 95051 [351]

Low-priced multimeter
resolves 4% digits

Big sales orders started rolling in al-
most immediately after Weston In-
struments Inc. introduced a 3'2-digit
multimeter in the fall of 1969. Bank-
ing on similar success, the Newark-
based firm is challenging the high-
resolution companies such as John
Fluke Manufacturing Co. with a
4%-digit multimeter, the model
1242.

The high-impact, shock-resistant
case remains the same size as its 3%2-
digit predecessor, and the 1242 can
be bench- or rack-mounted to be
useful in the lab as well as in the
field. All input circuits are overload-
protected by resistor-diode net-
works, fuses, or both. Fuses are re-
placeable from outside the case, and
a fuse-removal tool is provided at
the end of each locking knob.

The bipolar instrument features
25 ranges for measuring dc and ac
voltage and current, and resistance.
It has a single-range selector, light-
touch function switches, and re-
cessed controls that can be operated
with one hand. The 1242 sells for
$595. with an optional leather case
and battery pack available for field
applications.

Another version, the model 1243,
offers the same features as the 1242
but also has an isolated 8421 BCD
output in parallel form, compatible
with transistor-transistor logic. In
addition to input data, polarity,

Here's the whole Sorensen
line. Models, specs, and
prices in a single short-
form catalog.

You’'ll find the broadest
line available from stock.
More models, more versa-
tility, more economy. Over
150 types are described
—dc bench, rack. and
modular supplies: dc high
voltage and high power
units; ac voltage regula-
tors. We have them all.

For your free catalog,
send to Raytheon Com-
pany, Sorensen Power
Supplies, 676 Island Pond

i Rd., Manchester, New
Hampshire 03103. Tele-
phone 603-668-1600.

- corensen

POWER SUPPLIES
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Kinomat  New products
culture that counts

overrange, and decimal-point infor-
mation, the functions and ranges set
up for the range switch also are
available as a binary code. Price of
the 1243 is $695.

Weston Instruments Inc., 614 Frelinghuysen
Ave., Newark, N.J. 07114 [352]

Instrument briefs

Curve tracers. Model SCTIN plug-in
unit is used in the company’s 5100
series oscilloscope systems for dis-
playing characteristic curves of
small-signal semiconductor devices
to power levels up to 0.5 watt. A
variable collector/drain sweep pro-

el
e 9
abc.

ﬂ automatic
machines

for electronic |
and electromechanical components = (i a2k jonaee of

step-generator produces up to 10

TAARLLY

es fo ding and precise g0 e most diffe calibrated current or voltage steps.
pes of ele 0 apping, spotwelding and soldering Price 1s $350. Tektronix Inc., P.O.
or contact leads, lacquering and grinding machine Box 500, Beaverton, Ore. 97005
0 prod on o esito aing g, spot and aso [353]
. 24 d - O Drod O O U apDd D l |
oe g ma : ation sta g machines, rotating Ratiometer. Model 854 displays ra-
ables for pre assemboly processes., taping device tios of 19.99 for two dc inputs which
- 0 ¢ prod on of compone may be derived from sources such

as pressure, temperature, optical, or
other transducers providing from

Please send us, without any engagement for us, technical information concerning

your machinetor:

ADDRESSTO: - . _—

A 8 1 X 1 B 1

el
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~ Honeywell
minicomputers are
domg whatcomes
naturally,
Insupermarkets, 4
inairports,in hospitals, ZE
even on off-shore o1l rigs. @

In supermarkets. they're helping cut checkout
time and they’re controtling complete inventories.

In airline systems, they’re toncentrating
data and saving on telephone line costs.

In hospitals. they're offering on-line,
real-time access to both in-hospital com-
munications systems and remote data
facilities.

On ofi=shore oil rigs, they're keeping
free-floating ships directly over the dritt.

They’re doing hundreds of helptul
things, from space capsule simulation to
graphic data conversion. Because being
helptul just comes naturally to a Honeywell
minicomputer.

For more information, write for our
Control Applications Kit. Honeywell
Information Systems. MS 261, 200 Smith
Street. Waltham. Massachusetis 02154,

The Other Computer Company:
Honeywell

. amgl o



14TH JAPAN BLECTRIC MEASURING
INSTRUMENT ~ AUTOMATICN EXHIBTION

14th Japan Electric Measuring

I
i

nstrument - Automation Exhib-
tion to Open!!

Foreign buvers visiting the 14th

J

ment-automation

b

e

OUTLINE OF THE EXHIBITION
1.

apan Electric Measuring Instru-
Exhibition will
e welcome by the sponsors and
xhibitors.

Title: 14th Japan Electric
Measuring Instrument-Automa-
tion Exhibition .

. Sponsored by: Japan Electric
Measuring Instrument Manufac-
turers’ Association

Term: 22 Monday 26 Friday
November 1971 for 5days
Tokyo International
Trade Center, Harumi, Tokyo
. Exhibits: Electric Measuring
Instruments and Automation

. Place:

systems

. Exhibitors:  Approximately 80
l.eading Japanese Manufactures
of Electric Measuring Instru-
ments

14th Japan Electric Measuring
Instrument-Automatian Exhibi-
tion 22 26 November. 1971,
T okyo
Please cut off this invitat-
ion and bring it to the Ex-
hibition or send it to the
by 30th

Nov, and for exhibitors list.

following address,

NAME:
FIRM:
ADDRESS:

138

@

JAPAN ELECTRIC MEASURING INSTRUMENTS
M ANUFACTURERS™ ASSOCIATION

) _Nev_v_produgts

0.1 to 3.0 volts. The ratio is fur-
nished six times per second, with
each calculation independent of the
previous one. Price is $875. MsI
Electronics Inc., 34-32 57th St.,
Woodside, N.Y. 11377 [354]

Counter/timers. Universal units,
model 1420 with 100-MHz frequency
counting capability and model 1460
with 500-MHz capability, offer com-
puter interface, remote programing,
and BCD outputs. Other features in-
clude input signal conditioning of
both A and B input channels with

L] »
» -

r

50-mv rms automatic sensitivity for
zero crossing measurements, and
10-mv rms sensitivity by manual or
remote control. Price is $1,095 for
the 1420 and $1.595 for the 1460.
Eldorado Electrodata Corp., 601
Chalomar Rd., Concord, Calif.
94520 [355]

Thermometer. Model DigiTec series
590 thermocouple device features
LED displays. guarded input, and
isolated system functions. Models

are available for standard tempera-
ture coeflicients in either farenheit
or centigrade. High conformities are
attained by using 32 segments of
digital linearization programed by
read-only memories. Other features
include self-check ice-point calibra-
tion. Price is $825. United Systems
Corp.. 918 Woodley Rd., Dayton,
Ohio 45403 [357]

Nuclear instrument module. Three-
wide unit model 715 has simulta-
neous preset time and count capa-

Circle 138 on reader service card

~ TACTICAL RADAR

'TOTAL ELECTRONIC
SYSTEMS CAPABILITY.
SPECIALISTS IN
TIME/FREQUENCY,
RADAR AND

DATA SYSTEMS
OFFERING RAPID

|
|

|

GROWTH.

?T:"?mvw::? ™
| SIERRA

B

RESEARCH CORPORATION
an equal opportunity employer

P.O. BOX 222, BUFFALO, N.V. 14225
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The one you've talked about ard waited for just
came onstage. The Eye modestly presents the new
EPI Cassette Transport. Totally unique. Extremely
low-priced.

Our transport is as simple as it is revolutionary.

Retracting idler arms draw tape out of the cassette
and against a “flying” write/read head—eliminating
skew, flutter and wow.

Utilizing Phase recording techniques, the EPI
cassette unit features a storage capacity of 2.4
million bits.

Add to this a block modification capability with
its truly remarkable price tag, and you may well be
already writing your letter of inquiry.

Do. Our first coup was the EPI-118 mini-com-
puter with 18-bit capacity and a cycle time of 900
nanoseconds. We brought it in for $5,900.

Now, an EPI cassette unit solves all the familiar
problems common to other cassette drives. At last,
you can write-read-verify. And modify. With abso-
lute fidelity.

The Eye just winked again.

It's happened. A tape cassette

drive that writes, reads, verifies
and modifies.
All in favor say Eye.

1® & 2@
X »

: e 3
LI LT

EPL—118 My

ELECTRONIC PROCESSORS, INCORPORATED

A Subsidiary of the Samsonite Corporation
5050 So. Federal Bivd. ¢ Englowood, Colorado 80110 ¢ 303/798-9305 « TWX 910-935-0874

Electronics/September 13, 1971
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P1-6200 PORTABLE ANALOG
LABORATORY/RESEARCH RECORDER
Up to 8 channeis of FM/Direct plug-in
rec/repro modules on commercial 4"
tape, bandwidths to 10 KHz FM and

100 KHz Direct. Switchable electronics
for 3 speeds on 1:10:100 time base
allows 16 hours of silent recording,
repiayed within 10 minutes. Powered
by AC or batteries. Has voice module,
built-in test/calibration, fail-safe
pushbuttons, remote control, FM
squelch output (pen-drive plotter
protection), optional IRIG speeds.
Widely used in labs and hospitals. Has
simple interface to industrial
transducers; tape-loop adapter for
transient analysis and tault detection

CIRCLE NO. 96

DIGITAL OR ANALOG...
SUZY CAN'T DECIDE

(do you blame her?)

Pi-1387 HIGH-ENVIRONMENT,
LOW-POWER INCREMENTAL
RECORDER

This rugged portable unit writes
{BM-compatible tapes in NRZI format
on 7” reels powered by 12-v battery.
Used in oceanographic studies,
vehicular performance datalogging,
meteorology, earthquake monitoring
and expiosion testing. Standard
features include TTL compatibility and
seif-contained shock mounts. Under
1 watt standby power. Weighs 18 Ibs.

CIRCLE NO. 97

Pi-5100 LONG-TERM IRIG RECORDER
Up to 20 days of continuous data
recording with jow-power drain on 12-v
battery. FM and D'rect on 7 or 14
channels with 2 edge tracks at speeds
of 15/16 to 3/64 ips. Data can be
reduced at higher ips on standard

IRIG machines. Operates up to 15,000°
altitude n weathe:proof, tight-weight
aluminum case.

Use in monitoring air and water
poilution, noise atatement and strain
gauge measurements, mining and

drilling operations, seismic studies, etc.

CIRCLE NO. 98

P1-1217/19
DIGITAL TAPE SYSTEMS
Variety of IBM-compatible continuous
and incremental recorders in 7 or 9
channels, packing densities to 1600
cp: at standard speeds to 45 ips with
spacials to 112 ips. Choice of read or
write only, read/write, or read-after-
write electronics plug into a rugged,
serviceable and completely documented
system. Buffer memory provides
asynchronous data transfers to
synchronous tape drives, and zero data
loss in dual memory version. Moduiar
features find system usage in turn-key
operations with computer peripherals;
high-speed inputs to EDP equipment;
high-speed outputs for electrostatic
printers, tape-to-card and COM
stations; and data acquisition systems.

CIRCLE NO. 99

“l really can't. I'll let you choose after you've seen the really
terrific lines that Pl offers — all the way from portable field units to
laboratory instrumentation and off-line data processing.

“Just call or write me (ask for Suzy) and I'll introduce you to Bill, our
analog products manager. Or I'll let you visit with Hap — he’s big on digital
and will advise you on plug-compatible systems for minicomputers.”

PRECISION
INSTRUMENT

3170 Porter Drive, Palo Alto, California 94304 m Phone (415) 493-2222 ® TWX No. 910-373-1752



New products

bility, and separate preset selection
in both counters. Counter A can be
used as a 20-MHz scaler while
counter B can be used as either a 20-
MHz scaler or timer. Discriminator

unv-c
.

way
ovar (ou-u!/v ~en

715

I

g
Q

levels are front-panel adjustable,
and gating and reset functions are
independent. Ortec Inc., 7224 Mid-
land Rd.. Oak Ridge. Tenn. 37830
[356]

Capacitance meter. Model 101 cov-
ers the range of 2 picofarads to 0.1
microfarad. and uses 1C op amps,
FET circuits, and printed circuit
switches. Accuracy is limited only
by the meter movement. It can be
switched through eight scale ranges
until a direct reading is obtained.

and the low-voltage operation is de-
sirable for measurements on
monolithic chips. Price is $94.50
Lateur Engineering Co., 950 Termi-
nal Way, San Carlos. Calif. 94070
[358]

Electronics/September 13, 1971
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Communications
Men Think ¥ 89 _

The Canadian Broadcasting Corporation uses aperiodic

loop antenna above ... and that's b'g and small.

Big .. at Britannia Heights, near the nation’s Capital at
Ottawa, Canadians listen to the world.

Small ... CBC listens on the aperiodic loop antenna which
is only 50 meters in diameter in Rosette array.

Big ... Its omn -directional, point-to-point, broad band,
long and short range receive capability is big
enough to replace vast rhombic or log-periodic
antenna farms.

That's wry, whenever communicztions men think big and

small, Hermes Electronics Ltd. supplies the aperiodic loop

antenna to government agencies and military forces around
the world.

Roof mountable, fast set up. smail spaces, big jobs, or just

below ground leve it snows a fot at Canada's Britannia

Heights.

ASK US Suite 315

. .. 2020 F Street N.W.
Hermes Electronics Limited  Wasrinaton
Telephone 202 296-2978
TWX 710-822-1106

Circle 141 onreader service card 141



The First
Complete

NEW ::

Operational Amplifiers

OPERATIONAL
AMPLIFIERS

Design and Applications

Prepared by Burr-Brown
Research Corporation

At last —an expert, over-all guide to
operational amplifiers based solidly
on accepted electronics theory and
actual electronics practice. It covers:
test circuits and methods + amplifier
design techniques - specific circuit
applications + basic theory and defi-
nitions!

Edited by Gene E. Tobey, Product Mar-
keting Engineer; Jerald G. Graeme,
Manager Monolithic Engineering,
Burr-Brown Research — pioneers and
leaders in the op amp field — and
Lawrence P. Huelsman, Consulting
Engineer and Professor, University of
Arizona.

You can retire that file of manufacturers’
bulletins — now all the information is avail-
able in one single source so you can answer
recurring questions —how to select an oper-
ational amplifier « how to test it « how to
find error sources —and also broaden con-
siderably your range of design skills.

Part 1 covers circuit design techniques used
inside operational amplifiers and generally,
also, in linear integrated circuits: input-
stage: intermediate-stage, and output-stage
design; noise, dc stability; frequency com-
pensation, chopper stabilization; varactor
diode bridge amplifier, etc.

Part 2 reviews circuit operation principles,
analyzes error factors and gives a great
many applications — linear and nonlinear cir-
cuity, multiplier/dividers, A/D conversion
techniques, active filters, signal generation,
modulation, de-modulation, etc.

The appendixes cover basic theory, defini-
tions, and test terms. 474 pp. $15.00.

Order your Free Examination Copy today!

McGraw-Hill Book Company

330 W. 42nd St., New York, N.Y. 10036

Send me OPERATIONAL AMPLIFIERS (649170)
for 10 days on approval. At the end of that
time | will either remit $15.00 plus tax,
postage, and handling, or return the book
without obligation.

This offer valid only in U.S. and subject to
acceptance by McGraw-Hill.

New products

Packaging and production

1-micron IC
lines resolved

Mask alignment-printing
equipment offers projection
ratios of 2:1, 4:1, and 10:1

Projection printing of integrated cir-
cuits is an attractive alternative to
contact printing because it avoids
damage to the mask masters [Elec-
tronics, Aug. 31, 1970, p. 90], but
resolution of the optics has limited

line widths to about 3 microns—not
good enough for makers of micro-
wave and large-scale integrated cir-
cuits.

New projection aligners from
Kasper Instruments Inc. reduce the
image still further in the projection
process and can achieve line widths
of 1 micron. Machines are available
with projection ratios of 1:1, 2:1,
4:1, or 10:1, with resolution ranging
from 3 microns (1:1) to 1 micron
(10:1). This lets the circuit designer
employ larger geometries on the
mask, say 10 microns, which can be
reduced to 1 micron. To print the
mask across the whole wafer (when
it is reduced, it no longer fills the
wafer), it is stepped and repeated.
The recommended number of steps
is one for the 2:1 unit, nine for the
4:1, and 25 for the 10:1 system.

Another advantage of the new
projection aligners is that even
masks with minor “printable” de-
fects, such as pinholes, can be used.
The smaller projected images vir-
tually eliminate the mask defects,
due to the 2X or 4X or 10X reduc-
tion provided by the system. Each of

Name |
Address
City
State Zip (
23-€913 (
142 Circle 142 on reader service card

the four systems uses standard mask
sizes, and since they print out of
contact, there is no damage to the
masks in the aligning or printing op-
eration.

The systems feature prealignment
accuracies of 1/10,000 inch. Align-
ment accuracies up to "2.5X 10 in.
are easy to achieve, because the de-
vice geometry is magnified by the
ratio of the projection lens for easier
and much more accurate visual
alignment. During alignment, the
mask and wafer image are in the
same plane, and the operator can
get an ultrafine focus of the image
on the wafer surface before printing.
An automatic focusing system on
the wafer compensates for wafer
thickness and taper variations. The
system handles all types of substrate
materials of any thickness, shape. or
size up to 3 inches, and will even
handle chips.

The fully integrated design in-
cludes special matched optics cor-
rected for the two wavelengths used
in semiconductor manufacturing:
5,460 angstroms (the green light
needed for viewing and focusing)
and 4,358 angstroms (ultraviolet for
the exposure light). There is even a
lamp alignment system that allows
the operator to align the light path
through the system before begin-
ning the printing operation. An ul-
traviolet light integrator that senses
photon flow from the light source to
the surface for very precise exposure
is standard in the systems and in-
sures repeatable exposures from
batch to batch. An operational tele-
vision alignment attachment is also
available.

The cost of the systems ranges
from $45,000 for the 1:1 system to
$60,000 for the 2:1, 4:1, or 10:1 unit.
Delivery time is 60 days after
receipt of order.

Kasper Instruments Inc., 500 Ellis St
tain View, Calif. 94040 [391]

Moun-

Production briefs

Wave soldering system. Model BB-8
is designed for pallet/palletless op-
eration, and offers oil intermix capa-
bility. Wave height is variable to "2
in. The system also features ex-
ternally mounted pot heaters, a

Circle 143 onreader service card—»
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CUSTOM METALLIZED CERAMICS

You save time and have better control of quality from this full service
source. American Lava offers the industry’s widest choice of ceramics.
These include high strength white aluminas with controlled surface
finish, pit-free black alumina for light sensitive devices or contrasting

"‘K% backgrounds and beryllia ceramics for maximum heat dissipation.
) ) American Llava offers you all popular metallization and plating
,“b, a6 processes including precision pottern generation and photoetching.

Close coordination on prototypes will help you develop your designs.

CODE 1DENT. NO. 70371 H -
American Lava Corporation
CHATTANOOGA, TENN. 37405, « PHONE 615/265-3411 « TELEX 558432 A SUBSIDIARY OF COMPANY

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities
(see your local telephone directory): Boston: Needham Heights, Mass. * Chagrin Falls, Ohio + Chicago: Eimhurst, lllinois
Dallas, Texas * Indianapolis, Ind. * Llaurens, S.'C. * Llos Angeles, Calif. * Metropolitan New York: West Caldwell, N. J.
Up-State New York and Canada: Phoenix, N. Y. * Orange, Conn. « Philadelphia, Penn. * St. Paul, Minn. » Salem, Va. * 5. San
Francisco, Calif. » Tempe, Ariz. * International: ¢/o American Lava Corporation, Chattanooga, Tenn. 37405, U.S.A., TELEX 558432

World Radio History

| 70tk
Y I AR
0F

CERAMIC
LEADERSHIP |




We’'re setting new
printing counter

records. And

keeping them.

New Tape Rewind Printer with

Remote Capability.

Count on General Controls to come up with
a flexible new printing counter with features
like: integral or remotely located tape re-
wind mechanism; shock and vibration proof
to mil standards without adverse mechan-
ism functioning; 10,000 line printing capa-

bility; and constant paper takeup. Add to

this a design flex-
ibility to meet any
requirement, in
any number of
decades, and you
see that General
Controls has
come up with a
winner for your
application. For full
information write
Product Manager,
ITT General Con-
trols, 801 Allen Ave.,
Glendale, Calif. 91201. '®

GENERAL CONTROLS ITT

|
|

Circle 186 onreader service card

Push now—save later

Grayhill push button
switches are designed so
they cost less to USE.
They’re engineered to
be more reliable, durable
—rugged enough to last
under a full gamut of
rough operating condi-
tions. (Up to 1,000,000
cycles for 1 amp. butt
contact switches.)
Cheapness can be very
expensive—if it’s con-
nected with critical cir-
cuitry. That's why a long

144

list of users prefer real
switch economy by speci-
fying Grayhill.

Like to know more?
Write or phone for our
latest general engineer-
ing catalog. Grayhill,
Inc., 523 Hillgrove Ave.,
La Grange, IIl. 60525,
(312) 354-1040.

Grayhill

pioneers in mniniaturization

Circle 144 on reader service card

NEW! First comprehensive guide
to every aspect of TTL devices
and their practical applications

1w Ill'lllllf‘:-::ll'litlll \{n{ 1

Designing
with TTL
: [ntegrated |
i Ciragts '
4e rropared brne,
oo

'ﬂl._._-,...-

—

Lnanin S
e

DESIGNING WITH TTL
INTEGRATED CIRCUITS

Prepared by the IC Applications Staff
of Texas Instruments Incorporated

Edited by Robert L. Morris and John R. Miller

This thoroughly comprehensive and practical volume—
the first to explore the entire family of TTL integrated
circuits—is a complete source book on the newest, most
versatile, reliable, and economical innovation in systems
technology. It covers not only design philosophy, eco-
nomics, basic descriptions, and electrical performance
of TTL devices; but many practical applications of the
circuits in digital systems,

It will save you time and work by providing many com-
pleted designs easily converted to your particular needs
...reduce costs by suggesting the most cost-effective
integrated circuits to use in your system.. .. help your de-
cision making by reviewing all modern logic types and
giving you a comparison of the characteristics of sub-
series within the TTL series.

The first book devoted exclusively to the transistor-
transistor logical family of integrated circuits, this
volume will prove invaluable to electronics engineers,
computer designers, and systems analysts and to non-
engineer managers who want information on the best
uses of TTL devices.

384 pages, 380 illustrations, $18.50

®© 0000060000 0000000 0009000000000
: MAIL COUPON TODAY .
A McGraw-Hill Book Company °
o 330 West 42nd Street, New York, N. Y. 10036 .
e Send me Texas Instruments’ DESIGNING WITH TTL INTE- °
A GRATED CIRCUITS (637458) for 10 days' examination. At the °
- end of that time | will remit $18.50 plus tax, postage, and han- A
. dling charges. If | decide not to keep the book | will return it in A
s the carton provided within 10 days. (Remit in full with coupon,

o plus tax, and McGraw-Hill pays all delivery costs.) :
e Name o
® Address :
[ ] [ ]
e City State Zip °
[ [ ]
® [ ]

Otfer good in U.S. and Canada only. 23.6-7
© 0000000 060000000000600000000
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New products

solder drain valve, and a pvC foam
fluxer that withstands corrosive
fluxes. The solder pump is located
below the wave top, permitting

-
S .

unobstructed access to the wave
from any direction. Price ranges
from $2.150 to $3,495. Gale Systems
Inc., Dale St., Andover, Mass. [393]

Lead-forming machine. Leadmaster
model H107 processes leads of all
axial components from those with
measurements of 0.010 in. lead
diameter, 0.060 in. body diameter,
and 0.125 in. body length, to those
measuring 0.048 in. lead diameter,

. Teflon*gives you Va
capacity to save (
a lot of money!

0.500 in. body diameter, and body
lengths of over 2 in. It can form l
leads into a wide variety of shapes,
and speeds range up to 14,000 parts |
per hour. Heller Industries Inc., 18
Microlab Rd.. Livingston. N.J.
07038 [394]

Lead bending and cutting unit. | —— "~ T T T T T T T T T T T T T T T T T T T T T T T T T TS
Semi-automatic machine, model
4000, permits IC users to customize
standard components for pc board
applications. It takes any flatpack,
DIP, TO, transistor, or axial compo-
nent and bends and cuts it so that ]
each lead configuration is identical |
and burr-free. Operating speed is
1,000 components per hour. Price is ‘

(\Tf) E.F.JOHNSON COMPANY
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If you seal, press, cul,
weld, braze, form, inspecl...
AND ASSEMBLE...we can
build a machine to do it
faster, hetter, at lower cost!

We've been designing and manufacturing auto-
matic “process and assembly” equipment for
the electronics industry for over 40 years, To-
day, thousands of Kahle machines are in use
throughout the United States and in over 30
countries around the world. They produce re-
sistors, capacitors, diodes, lamp components
and assemblies, encapsulated giass assemblies,
and a wide range of diversified electronic com-
ponents and assemblies.

Our unique experience enables us to arrive at
design solutions, produce operating equipment
more quickly and less expensively. You de-
scribe your process and we'll build you a
machine. Call 201 — 867-6500 or write for our
free Capabilities Brochure. Kahle Engineering,
3322 Hudson Ave., Union City, N. J. 07087.

No. 4175 Automatic Diode Assembly Machine
(Also resistors and capacitors)

Circle 188 on reader service card

PLUG AccessumEs

FOR HIGH DENSITY PACKAGING PANELS
Greater flexibility in
prototyping and packaging

-

S et

@ Adaptor Plugs ...
For interposing discrete \
components or module building.
Single and double pattern combi-
nations, 14, 16, 18, 24, 32, 36 and
40 pins in three pin styles.

@ Interfacing Plugs — For input-output
connections, interconnecting and testing.
Contact patterns accept |C adaptor plugs or
interfacing plugs — Direct interchangeability.

I C PACKAGING PANELS

AUGAT..

146 Circle 146 onreader setvice card

Request Catalog 266
and Data Sheet 266

TEL: 617-222-2202
30 PERRY AVE., ATTLEBORO, MASS. 02703

New products

$700. Dies range from $225 to $350
for standard models. Fancort Indus-
tries Inc., 150 Broadway, Suite 915,
New York, N.Y. 10038 [395]

Counter/feeder. Control console
counts up to 100 lots of small parts
per minute and. using a silicon
photovoltaic sensor, can register up
to 2,000 impulses per second. Called
the Computron, it permits adjust-
ment of vertical bounce and hori-
zontal stroke of the vibratory bowl

feeder for infinitely variable speed
rates, or adaptation to special prob-
lems such as untangling parts. It
also controls cycle rotation through
fast, slow, full, and dump. Compu-
tron Div., Tessler Industries Inc..
4815 Lexington Ave., Cleveland,
Ohio 44103 [398]

Color coder. Models KTE-6 and
KWE-7 mark wire and tubing with
numbers, letters, words, or combina-
tions at any desired intervals, pro-
viding both functional and nu-

merical identification. The model 6
is hand operated, and the 7 auto-
matically accomplishes 11,000
markings per hour. Only one color
wire is needed for all circuits, reduc-
ing the cost. Quick, accurate assem-
bly into the wire harness and con-
nection to correct terminals are
provided. Kingsley Wire-Marking
Machines, 850 Cahuenga Blvd.,
Hollywood. Calif. 90038 [399]
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AT 120 Hz
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75 MFD/30 VOLT DC CAPACITORS

T~
N

TIME IN THOUSANDS OF HOURS

¢}

Our new TCG capacitor
has curves

you cant resist.

The curves tell at a glance the tyvpical
life story of one of our new TCG aluminum
electrolytic capacitors. But there's more to a
TCG than life curves. There are 45 case sizes,
with safety vent protection where required;
capacitances from 2 to 22,000 mfd; voltages
from 3 to 450 VDC; and a —40 to 4-85°C
temperature range.

Add to these a high C/V in a small
package. Plus outstanding electrical and phys-
ical characteristics. And you've got our new
TCG. Find ont more by writing for Bulletin
4-307. Eighteen pages of data . . . and some
curves that will open yvour eves. Popular
ratings available from authorized Mallory
distributors.

MALLORY CAPACITOR COMPANY

a division of P. R. MALL.ORY & CO. INC.
Box 372, Indianapo!is, Indiana 48206; Telephone: 317-636-53563

Electrical and electronic components « sequence timers » metallurgical products » batteries
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Here are seven super-useful examples:

Dual 50-bit (Three-State) 2509
Dus! 100-bit (Three-State) 2510
Dual 200-bit (Three-State) 2511
Hex 32-bit 2518

Hex 40-bit 2519

Dual 128-bit 2521

Dual 132-bit 9529

Heres what makes them tick:

1.Single TTL level clock (Oto +5v).
9. Clock rate DC to 3 MHz.
3. Recirculating legic path on chip.

4. TTL compatible inputs; drive direct from TTL.

5. TTL compatible outputs; drive TTL directly.
6. Static operation.

7.Silicone DIP packages.

8. Lowest cost system implementation.

9. Availability; off-the-shelf. Now.

The mor
usaole s
shift reg

148 Circle 148 on reader service card

And heres how you get them all together.

All the user-oriented benefits: the remarkable
adaptability, application-ease and versatility.
Together in the static shift registers from
Signetics Silicon Gate MOS series. Call your
nearest Signetics salesman, rep or distributor
for the new MOS handbook, price list

and samples.

Silnotics

811 E. Arques Avenue
Sunnyvale, California 94086
(408)739-7700

tatic
Ister.

Signetics makes it in MOS.

“A Subsidiary of Corning Glass Works"”

Electronics /September 13, 1971



Total capability. Price competitive.
Available for fast delivery. Just ask
your nearest Signetics distributor.

AL FC ENIA
Burbank: Compar Corp. (213)
843-1772 « Burlingame: Compar
Corp. (415)347-5411 « Culver City:
Hamilton Electro Sales (213) 870-
7171 » El Monte: G.S. Marshall (213)
686-1500 » Los Angeles: KT/ Wesco
Electronics (213) 685-9595 -«
Mountain View: Hamilton/ Avnet
Electronics (415) 961-7000 - Palo
Alto: Wesco Electronics (415) 968-
3475 « San Diego: G. S. Marshall
(714)278-6350 « San Diego: Kierulft
Elfc‘trqnics (714)278-2112

Downsview: Cesco Electronics, Ltd.
(416) 638-5250 « Montreal: Cesco
Electronics, Ltd. (514) 735-5511 -
Ottawa: Cesco Electronics, Ltd. (613)
729-5118 « Quebec: Cesco
Electron)igs, Ltd. (418) 524-3518

Denver: ‘Hamilton Avnet Electronics
(303) 4338551

Hollywood: Hamilton Avnet

Electronics(305)925-5401 « Orlando:

Hammond Electronics (305) 241-6601
N

Elmhurst: Semiconductor Specialists,
Inc. (312) 279-1000 - Schiller Park:
Hamilton/ Avnet Electronics (312)
678-6310
MARYLANI
Hanover: Hamilton/ AvnetElectronics
(301) 796-5000 + Rockville: Pioneer
Washington Electronics, Inc. (301)
497-3300
MA .= ACHU I
Burlington: Hamilton/Avnet
Electronics (617) 272-3060 -
Needham Heights: Kierulff /Schley
(617) 449:3600

A AN

Detroit: Hamilton/Avnet Electronics
(313) 538-1000 + Detroit: Semi-
conductor Specialists, Inc. (313)
9255-0300

MINN A

Minnespolis: Semiconductor
ipecialists, Inc. (612) 854-8841

Hazelwood: Hamilton/Avnet
Electronics (3143 731-1144
NCETHERN NEW (EFE

Cedar Grove: Hamilton/Avnet
Electronics (201) 239-0800
! RN NEWwW Y AN

> \ ANIA

Cherry Hill: Hamilton, Avnet
Electronics (609) 662-9337 « Cherry
Hill: Milgray-Delaware Valley
(609) 424-1300 - Philadelphia (215)
908-2000

NEW YORK

BuHalo: Summit Distributors, Inc.
(716) 884-3450 « Hauppauge:
Semiconductor Concepts, Inc. (516)
273-1234 « Woodbury: Harvey
Radio (516) 921- 8700 « New York:
Terminal-Hudson Electronics (212)
243-5200

Cleveland: Pioneer Standard
Electronics (216) 587-3600 «
Kettering: Arrow Electronics (513)
9(53—/\91 76

Dallas: Hamilton, Avnet Electronics
(214) 638-2850 - Dallas: Solid State
Electronics Company (214) 352-2601
» Houston: Hamilton/ Avnet
Electronics (713) 596-4661
WASHIN N

Seattle: Hamilton *Avnet Electronics
(206) 624-5930
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New products

Data handling

Sintered heads
increase speed

Hot-pressing process also
promises higher density
for disk, drum, tape storage

With 1BM’s 3330 high-speed. 800-
megabyte disk memory going oper-
ational, and with 1BM already prom-
ising a tenfold improvement in the
3330’s specifications [Elecironics,
Aug. 16, p. 38], the pressure is
mounting both on computer main-
frame and independent peripheral
makers to meet or beat this competi-
tion.

One of the keys to their success
will be the record-reproduce heads
available for disk, drum, and tape
memories. And the accent is going
to be on frequency response, high
initial permeability, and smooth-
ness. The year-old Labtek Inc. ex-
pects the hot-sintered ferrite head to
be the answer. Labtek claims to be
one of the few firms making the
cores for such items in the United
States; hot-sintered cores have been
a Japanese near-monopoly. Now
Labtek has samples of its new mate-
rials at upwards of 50 firms, and
some of the heads that result could
operate at 20 to 30 megahertz with
ease, according to Leo A. Brissette,
president. And he promises better
performance to come. Brissette says
that Labtek’s process, using pres-
sures of 10,000 Ib/in.* and tempera-
tures of 2,200 to 2,400° F, results in
head core material that’s about as
homogeneous as single crystals, and
perhaps denser than some. The ma-
terial takes a very fine polish—typi-
cal smoothness of 0.01 micron is rel-
atively easy to obtain—without
chipping near the head gap as crys-
tals do.

This chipping can make fre-
quency response an uncertain fac-
tor, especially when dealing with
gap widths on the order of 100 mi-
crons. And variability in gap width
caused by jagged edges can lower

yield of assembled heads. When
nine such cores are needed in a
single head, as in some IBM-com-
patible systems, the advantage of
smooth gaps becomes important.

And because the glass-filled gaps
in Labtek’s cores are more finely de-
fined, claims Brissette, he can spe-
cify their performance more tightly.

The same smoothness that makes
for a finer gap also extends the life
of these cores relative to other types.
At the same magnification, Labtek’s
heads appear a dull grey, while or-
dinary sintered ferrites appear pock-
marked. In one potential appli-
cation—a point-of-sale machine
recording transactions on magnetic
tape—the user specified heads good
for at least 3 million passes, and
wanted 6 million. Conventional
metal-laminated heads gave up at
the 50,000-pass mark; conventional
sintered heads got to 500.000. When
last seen, Labtek’s heads were past
the mitlion mark and still going.

Permeability is high, but varies
with the ferrite material the user de-
sires. Brissette indicates that the hot-
press technique tends to increase
initial permeability almost regard-
less of the type of ferrite powder
poured into the press, and so claims
lower residual noise in his cores
than for cores of the same material
made using standard sintering. This
will mean less-ambiguous pulses
coming from the head, and could be
traded off against a playback ampli-
fier design for reduced cost or, per-
haps with standard playback and
record amplifiers, designers could go
for added speed instead.

Brissette says cores could sell for
about $1 each in quantities of
100,000 or so; in 10,000-unit lots,
the price would be about $1.50.
Sample quantities are being deliv-
ered approximately at cost.

Labtek Inc., P.O. Box 103, Middleton, Mass
01949 [361]

Core memory expansion. MOD 40 +
add-on is for 1BM 360/40 systems
and will expand the processors from
32,000 to 512,000 bytes. The memo-
ries may be leased or purchased,
and maintenance is available.
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Our new low-cost linearizing
digital readout will divide and conquer
your sensor’s wildest curves.

+20 ! b |

+10 4 } | [

204 N
304

40 4

50 4~ | ‘ t
1 l

100 200 300 400

Digilin’s linearizing readout breaks up
your non-linear sensor information into
ten straight-line segments that approxi-
mate the most capricious curve with all
the accuracy you need for just about any
transducer.

And our exclusive piecewise linear ap-
proximator works so well with our stand-
ard A/D conversion technique that you
get the 3V2-digit linearizing readout com-
plete in one small panel meter package in

d i
DIGITAL g
Circle 189 on reader service card

the grabber

Our plunger action Mini-Test Clip o~

is designed specitically for reaching
into densely packaged miniaturized
circuitry to make rapid, reliable tests.

- Gold plated copper contact hook makes positive
connection, and won't damage lead wires.

- Specially designed tip slides down over square

Wire-Wrap®pins for solid contact.

« Integrally molded wire assures greater reliability
and eliminates time-consuming assembly.

» Molded nylon probe provides complete insulation

to point of connection.

» Four models offer widest selection of connecting

19 2.8

° CENTIGRADE

—\_
your choice of engineering units with
BCD output for as low as $195 in OEM
quantities.

(Which means that now transducer
manufacturers can expand their product
line with an accurate digital readout and
keep prices sharply competitive.)

Be first in your marketplace with Digilin
linearizing digital readout. Call Stan
Ericsson today. Digilin, Inc., 1007 Air Way,
Glendale, Calif. 91201. (213) 240-1200.

1000

INSTRUMENTS

plugs. Write for complete information and prices.

|+
Q u!%‘

POMONA ELECTRONICS

1500 E. Ninth St., Pomona, Calif. 91766 - Telephone: (714) 623-3463

a1 Gargner Denver C
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New products
Fabri-Tek Inc.. 5901 South Country

Rd., 18, Minneapolis. Minn. 55436
[363]

Digital data logger. Digitrend 210
scans, conditions, mcasures, dis-
plays, and digitally records multiple
low-level dc signals from thermo-
couples. transmitters, and other mil-
livolt transducers. Reference junc-

tions, solid state FET scanning,
automatic zero drift correction, and
digital linearization are built in. Ac-
curacy is '0.01%. Price is $2,000.
Doric Scientific Corp., 7601 Convoy
Ct., San Diego, Calif. 92111 [364]

Graphic plotter. Model 511 system
is especially suited for time-share
plotting of computer generated data
for scientific and business appli-
cations. Production rate of hard-
copy plots is at 2% strokes per sec-
ond and strokes can be as long as
three inches, consisting of a contin-
uous straight line or an interval be-

tween two plotted points. Other fea-
tures include servo controlled X\Y
axes, eight-level asCll input codes
selectable at rates of 10 or 30 char-
acters per second, and compatibility
with DTL/TTL voltage levels. Gould
Inc., Brush Div., 3631 Perkins Ave.,
Cleveland, Ohio 44114 [365]

Display terminal. Aimed at the Tele-

type replacement market. the Tel-
Term 33 handles up to 80 characters
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Howard has just

cut the cost of atr...

...by as much as 28%

The new 105 CFM Howard 8010 fan moves 59, more
air than the competitive fan you are now using. Yet
the cost is as much as 289 less.

The 8010 fan face or rear mounts on the same 4V4”
centers as your present fan, It’s 258” deep, has a U/L
listed motor that’s lubricated for lif2 and the die cast
venturi block provides its own heat sink.

If your design can handle a lit:le extra depth, you can
cut the cost of air by up to 28% . Which adds up to big,
important dollar savings right now.

Electrenics/September * 3, 1971

The 8010 is only one of the cost-cutting fans from Howard.
There’s a new 20-page catalog that describes scores of
fan and blower units for every air moving application.

SEND FOR NEW CATALOG TODAY
Ask for Stock Fan & Blower Catalog E97

HOWARD

INDUSTRIES DIVISION

MSL INDUSTRIES, INC.

242018th STREET, RACINE, WISCONSIN 53403
414-632 2731 TWX 910-271-2387
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i Zero In On Your
i Compuiter Needs Today

— With Toko’'s Splitsecond
Memory System

Now heading your way—a brand new breed
of memory system hot on the computer
market. It's Toko's high-speed, woven
plated-wire memory system, HS 150.
a|afalafals Dual-designed to operate on the non-
destructive readout mode, it can be used
partly for random access, read-write
memory and partly for read-only memory.
o General Specifications:
® Memory Capacity 16K Byte

(2K words of 72 bits)
® Read Access Time 125 nanosecond
® Read Cycle Time 150 nanosecond
® Write Cycle Time 300 nanosecond

: Toko's advanced electronics technology
/ has developed other top-quality computer
components, such as memory stacks pulse
transformers and delay lines.

[.‘ . For further information, just call or write

TOKO, INC.

[ Y Head Office: 1-17, 2-chome, Higashi-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 Toko, Inc. Los Angeles Liaison Office
1830 West Olympic Blvd,, Los Angeles, 90006 Ca!. U.S.A. Tel: 380-0417
Disseldor! Toko, Inc. Europe Liaison Office
4 Disseldorf, Kolner Strafe 246, Disseldorf, W. Germany Tel: 78-7064

o e e e 4 e e ——
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HEAT REACTIVE VINYL
ZIPPERTUBING®
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TYPE HRV

Trya best
really new skin-
y > tight
Rosin-Core . ok

) t cabl
Solder...on us! of cables
bundles

We are so positive that our new

AE 21 Nochar (TM) is superior, that
we are asking you to be our guest
and try a sample . . . free!

in minutes!

HRV is made
from materiat
that shrinks when

heat is applied.
(Also available to

meet military
specifications.)

AE 21 NOCHARIIS . ..

e Absolutely non-corrosive
Totally inactive below soldering
temperature
Resistant to charring & burning
The unique behavior of AE 21
NOCHAR is most advantageous
when used in conjunction with
alloys that have higher melting
points.

Conforms to all military
specifications

Write for literature, prices and your

free sample today.

for full information

on specialized,
high-performance
jacketing, contact

@ sowsooen | "ZIPPERTUBING.,

PRODUCTS, INC.

25 Amsterdam Avenue 13000 S. BROADWAY, LOS ANGELES, CALIF 90061 TN
Newark, New Jersey 07105 Los Angeles Phone: (213) 321-3301 |
TIMORE * BOSTON ¢ CHICAGO « CLEVELAND
p|ONEERS IN SOLDER pRODUCTS g:tLIAS . NEEIVORK » ORLANDO + PHOENIX
SAN FRANCISCO . WEST GERMANY
152 Circle 152 on reader service card Circle 191 on reader service card
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on a line and 27 lines of data. It can
blink information on a screen and
has a numeric pad in addition to the
standard keyboard. Baud rate is

\

1

 J

standard at 600 with optional trans-
mission rates of up to 9,600 baud.
Price is $2.750 and leasing cost is
$110 a month. Delta Data Systems
Corp., Woodhaven Industrial Park,
Corwells Heights, Pa. 19020 [366]

Data recorders. A 96-column data
entry unit designated the model

| 9601 is compatible with I1BM Sys-

tem/3. Features are automatic
blank card feeding during veri-
fication. plus and minus right justifi-
cation, individual column backspac-
ing, and fast card feed and punch
times. The model 9610 offers all of
the same features as the 9601 and,
in addition, the ability to print on
the card during keypunching and
verification. Price of the 9601 is
$5.500, and $120 a month for one-
year and $110 per month for two-
year rental. Price of the 9610 is
$7.400 and $150 and $135 per
month for one- and two-year rental
respectively. Decision Data Corp.,
300 Jacksonville Rd.. Warminster,
Pa. 18974 [367]

Data collection system. Model 7-70
is designed to receive information
from the company’s computers via
phone lines or hard wire, and to
record the received information on
% in. tape on 9 tracks at 800 charac-
ters per inch. There are provisions
for variable record lengths. all in
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Bottom preloading means better backplanes
from Cannon.

NORYL, for maximum safety. Polarizing keys have deeper
and withstand the most rugged abuse, and can’t be jarred loose.
Whatever your space and configuration requirements, we can
deliver backplane assemblies using connectors of practicalty
any length from our basic building block sizes. Connectors

When you buy ITT Cannon backplane assemblies you get more
dependability, versatility and safety because of the exclusive bot-
tom preload design of our single-beam contact plate connectors.

In most backplane conneciors the cortacts are ‘““hocoked”
behind small shoulders of the insulator. Nct so with
Cannon ECS series connectors. Tne whole main body
of the insulztor acts as the bearing surface against
the contact’s full width.

That means better backplane assemblies ~
because contacts cannot becoms d slodged caus-
ing loss of oreload, contacts cannot short against
one arother. and printed circuit boards, wnen being
inserted, cannot crush contacts.

And there's more insulator material and better

PRELOAD ﬂ
AT BASIE
material between the contacts, UL approved

OF
CONTAE T

slots

cen be as close as .250” on center with contacts
= 125" x .125", or connectors on .300” centers with
= contacts on .100” x .100”. The base plite may be
‘?-,/ used as commorn ground, or laminated voltage
/// planes can be added and connected to specified pins.
Set yourse!f up for the best backplanes available
cusToM by contacting ITT Cannon Electric, International
CONFIGURATION  Telephone and Telegraph Corporation, 666 East
e Dyer Road, Santa Ana, California 92702. (714)
557-4790.

cannon I'T'T
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TANTALUM
CAPACITORS?

DICKSON OFFERS MORE!

As a specialist in solid tantalum
capacitors, Dickson offers more
types . . . more package sizes . . .
more lead configurations than you
expect. From Mil-C-39003 hi-re!l
units to low-cost, commercial and
industrial devices, Dickson offers
more than 4000 standard tanta-
lums — not counting the range of
tolerance levels available in every
series. The selection includes
dipped epoxy,
molded epoxy,
epoxy end-filled, her-
metically sealed
metal, and ultra-
miniature types.

At Dickson, one of
the industry's most
modern facilities is
devoted exclusively
to the design and
production of solid
tantalums. This

“Where Quality
Makes The
Difference’

“The Specialists'’

specialization naturally leads to
more quality in every device pro-
duced — not just in hi-rel units.
And, more technical support to cus-
tomers. Whatsmore, computerized
production-inventory contro and a
nationwide network of 30 stocking
distributors helps us make sure we
have more of the units you need . . .
when you need them. All the more
reason why you should rely on the
solid tantalum spe-
cialists at Dickson.

NEW 6-PAGE SHORT
FORM CATALOG

For your copy of a
new short form cata-
log containing details
on the more popular
Dickson Solid Tant-
atum Capacitors, call
your Dickson Engi-
neering Representa-
tive or Dickson.

DICKSON

ELECTRONICS CORPORATION

PHONE (602) 947-2231 TwX 910:950:1292 TELEX 667-406
P.O. BOX 1390 @ SCOTTSDALE, ARIZONA 85252

154 Circle 154 on reader service card
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IBM format. A minicomputer is at
the heart of the system, and the unit
will send accumulated data out on
command to another 7-70 or a com-
puter. Tapes may also be taken to
data processing centers for direct
readout. Single-reel capacity is
about 1,728,000 characters. Price is
$9.990 and rental is $315 per month.
Novar Corp., 2370 Charleston Rd.,
Mountain View, Calif. 94040 [372]

ROM programers. Fusible-link units
are for field programable semicon-
ductor memories manufactured by
Motorola, Signetics, and Monolithic
Memories. All units operate in man-
ual and automatic modes, and veri-

fication circuitry is included. Price is
from $1.390 to $1.470 depending on
the type of ROM to be programed.
Spectrum Dynamics Inc.. 2300 E.
Oakland Park Blvd., Ft. Lauder-
dale, Fla. 33306 [370]

Graphic terminal. A self-contained
interface to the company’s series
2000 digital plotters allows plug-in
compatible operation from TTY or
CRT terminals to produce hard-copy
graphic plots. A data protocol hard-

wired into the plotter allows it to
bring its own software into the ter-
minal. Price ranges from $2,650 to
$8,500. Valtec Corp., 17751 Sky
Park Circle, Irvine, Calif. [369]
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Output Limit Indicator Light,
Variable Width Pulse,
Sweep Width Control,
Frequency Analog Output,
Manual Trigger, etc.

)

vea J TRIG MAN A FREGQ ANALOG
10V - BYN TRiIG , our
SPAN A\l v - 0.8y

More features

for*495 than
any other

lunction Generator

FREQUENCY MODE WAVEFORM

+ 100x8 3

) 1
ZERO R
\ ;

@

[CC
INTERSTATE
ELECTRONICS

A Subsidiary 0f A-T-O Inc.

Dept. 7000, Box 3117
Anaheim, Calif. 92803
(714) 772-2811,

TWX 714-776-0280
Telex Nos.

655443, 655419
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The new 34 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 — theyre all there and more. Sce 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!

Circle 155 onreader service card

F34 FUNCTION GENERATOR

1M CONT

x 100K TRIG

« 10K GATE

1K BURST

x 100 CONT sSwpP

x 10 TRIG SWP
OFFSET SWEEFP TIME AMPLITUDE (into 50n)
PULL ON [OUTPUT LEVEL]

10.s 10Vpp
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Excellon

EXCELLON INDUSTRIES
23915 GARNIER/ TORRANCE., CALIFORNIA 90505

Phone: (213) 325-8000
Telex' 674562 — Cable EXCELLON Torrance

Up to 200 hits/minute...

Up to 6 stacks of p.c. boards at a time...
Up to 20" x 24" board size...
Up to 12 different drill sizes/setup.

...The QUADRAMATIC MARK Il

is up to it!

TOOLING UP for p.c. board drilling need
not rely on your skill with a crystal ball. It's
true that there is nc predicting just what
your circuit designers will need next year . ..
even next week...bu: you can anticipate

a need for fast drilling of clean holes by the
thousands or millions. @ That's where the
QUADRAMATIC MARK Il comes in. It's a
numerically controlled, granite framed, very
accurate, very fast p.c. drilling machine

that can simultaneously drill 0.0135” to
0.250” holes in four stacks of 20” X 12.45"
circuit boards...or three stacks 20” X 16.60”
...or two stacks 20” X 24”. And with the
optional Excellon automatic drill changer, the

Where variety is the problem, versatility is the answer

MARK Il can drill up to twelve different hole
sizes per spindle with the same setup; or it
can exchange dull drills for sharp ones
automatically; or both! m With four boards/
stack, and four stacks, a $5/hour operator
can deliver up to 330 holes for one penny of
labor cost! That includes multiple hole sizes.
And that means versatility plus economy. ..
which is what the QUADRAMATIC
MARK Il is all about. m Get the
rest of the facts from this
brochure from Excellon,

the recognized s
f\

o
B3

leader in p.c.
drilling.

Ay

N

ENGLAND o Excellon International ® Arkwright 18, Astmoor Industrnial Estate, Runcorn « Cheshtre, England

>

* Phone: Runcorn 66545 = Telex. 627496 @ FRANCE/BELGIUM e Electro-Outil ® 31, Rue du Gouverneur-
General-Eboue  Issy-Les-Moulineaux (Seine) * Pans, France ¢ Phone: 736-16-50 * Telex: 25045 @ SCANDINAVIA

e Edvard Schneidler AB ¢ Malmskilinadsgatan 54 « Stockholm 3, Sweden « Phone: 23 24 20 * Telex: 17434
B THE NETHERLANDS ¢ Excellon Europa N.V. e Vithuizerdijk 158. Vijthuizen = Netherlands ¢
Phcne: 02508-456 * Telex. 41478 @ GERMANY /AUSTRIA ¢ Excellon Europa GmbH e 6368 Bad Vilbel b.

| Frankfurt » Alte Strasse 37 = Deutschland ¢ Phone: 06193-85794 = Telex- 416101 @ ITALY @ Franco & Puccio
® Via Mauro Macchi, 70-20124 Milano, ltaly * Phone: 2042245 @ SPAIN e Antonio Casas, S.A. ® Carretera Sta
Cruz de Calafel Km 10 Apartado de Correos (P.O. Box) No. 16 » San Baudilio de Llobregat « Barcelona, Spain

* Phone: 2910262 B ISRAEL ® Talviton Electronics Ltd. ® P.O. Box 3282 = Tel Aviv, Israel = Phone: 444572
Cable Address: TALVITKO @ AUSTRALASIA © Tungsten Carbide Tooling Pty Ltd. ® 3 Expo Court

* Mount Waverley, Victoria 3149, Austraha  Phone: 544-9700 @ FAR EAST e Nippon S.T. Johnson

Sales Co. Ltd. ® No. 3-5, Uchikanda-3 Chome Chiyoda-Ku * Tokyo, Japan * Phone: Tokyo (252) 1251-65 «

Telex: 02223367 ® Yuan Kong Enterprises Ltd. ® P.O. Box 22687 « Taipei. Taiwan « Phone: 338833 @
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The China Engineers, Ltd. ® Alexandra House Rm. 250 * Hong Kong * Phone: 230181 = Telex: HX-3297
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) N_ew Qroducts

Components

MOS memory
driver is fast

Monolithic circuit for RAMs
swings 20 Vinto 1,000 pF

in less than 25 nanoseconds
Fast MOS random access memories
and long shift registers are causing
some problems for systems design-
ers—no fast clock drivers and TTL-
10-MOS converters are suited to
them, so the designers can’t take full
advantage of their speed. Under the
high capacitive loading, (500 to
1,200 picofarads) and the over-20-
volt swing that memories such as
the 1103 operate with, the drivers
have been limited to 50 to 75
nanoseconds. But National Semi-
conductor Corp. has developed a
monolithic circuit that is fast
enough for the application. Called
the MH0026 clock driver, the device
can swing 20 v into 1,000 pF over
the complete temperature range in
under 25 nanoseconds maximum.
And this 25 nanoseconds is guaran-
teed even with a 10-v supply.

According to Mike Scott, product
marketing manager at National, “to
swing 20 v into 1,000 pF is not easy.
Monolithic 1Cs that have been built
to do this have had two faults—ei-
ther they are slow or if they try to
operate at high speed they burn
up.” This is even true with discrete
circuits, he says, because “after all,
they have to put out 1.5 amperes in
only a few nanoseconds.” This belts
the aluminum interconnect, and the
devices cease to exist.

Scott says that with present driver
circuits the speed is limited because
of the size of the output transistor.
As it becomes larger to handle more
power for the high capacitive load,
its collector-to-base capacitance also
gets larger and this slows the device
down.

National solved the speed-power
problem by designing the circuit so
that rise time is controlled by a
smaller-geometry transistor and not

Electronics/September 13, 1971

the power device. “This way.” says
Scott, “we get both speed and
power.” He says that the MH0026
was designed to drive the fastest
MOS RAMS and shift registers; and it
drives the precharge line as well as
the clocks and address lines. Scott
says that “it’s for anyone who wants
to go faster than |1 megahertz, or an
access time of under 500 nano-
seconds.”

Each MHO0026 contains two driver
circuits and is available in a TO-5,
TO-8, or an 8-pin silicone miniDIP
package. In the miniDIP, the
MH0026 sells for $5.95 in quantities
of 100. Delivery is from stock.
National Semiconductor Corp.. 2900 Semi-
conductor Drive., Santa Clara, Calif., 95051
[341]

Shuttle-tuned capacitor
uses Teflon dielectric

Teflon has been getting increasing
attention from components manu-
facturers because it has good insu-
lating properties and gives very low
friction in such applications as trim-
mer capacitors [Electronics, June 7,
p. 113]. The latest component to use
Teflon as a dielectric is a subminia-
ture variable capacitor made by
Voltronics Corp.; it's intended for
microelectronic  microwave appli-

cations. The Teflon is fused to a
movable, stainless-steel shuttle that
slides into or out of a contact clasp
to change capacitance. Adjustment
is performed with an insulated ver-
nier compass or tweezers. Positive
stops assure stable operation during
either vibration or shock of over
40 g.

The solder-mounted unit, which
measures 0.2 by 0.08 by 0.04 in., of-
fers a capcitance range of less than
0.1 picofarad to more than 2.5 pF.
Contact resistance is only 0.005
ohm, while dc voltage rating is 100
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we'll send you
a big check.

Handy & Harman has been
refining its own scrap for a
century. We know how to extract
the last pennyweight of value.
We have the equipment and the
techniques to produce maximum
value. Interested? We have some
literature that tells the whole
story, from finding the scrap to
getting the check. Use the
coupon.

Please send your booklet about
precious metal scrap.

Name

Title

Company

Address —

City___ I

State - Zip

HANDY & HARMAN H{Eﬂ

850 Third Avenue, Dept EL16,
New York. N.Y 10022
157
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AMERICAN MADE

Tolerance

SCHAUER

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 Iheads

Write for complete
rating data and other
tolerance prices.

Buy the kit-
. Save
- a lot

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 $24§Q

Semiconductor Division

SCHAUER

Manufacturing Corp.
4514 Alpine Ave. Cincinnati, Ohio 15242

\ Tetephone: 513/791-3030 /
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New products
volts. Q factor is over 1,000 at 250
megahertz and exceeds 100 at 2
gigahertz.  Operating temperature
can range from -55 to +125 C;
temperature coeflicient is 100 100
ppm/ C.

The model CP2 trimmer is aimed
at applications through the 5-GHz
range. Primary uses for the variable
capacitor include microstrip circuits,
oscillators, receiver phase arrays, X-
band transmitters, and microwave
power amplificrs.

Voltronics Corp., West Street, Hanover, N.J.
07936 (342]

Component briefs
Preset switch. Johnson-coded 2-in.-
diameter rotary device is for use
with ¢/MOS divide-by-N integrated
circuit counters. Applications are in
frequency synthesizer communi-
cation systems and program counter
controls. Switch is available in a
one-pole or two-pole version: the

r:w)

f
'

latter eliminates the need for isola-
tion or pull-up resistors between the
voltage supply and counter. The
series 50 switch comes with either
solder-lug or pc terminals. Price is
as low as $4.92 in 100-picce quan-
tities. Grayhill Inc., 561 Hillgrove
Ave., La Grange, I11. 60525 [343]

Capacitors. Type 7271 offers low-
loss ceramic dielectrics and is suited
for fine tuning of miniature crystal
oscillators from kHz to GHz fre-

' The Material
| of Unlimited Uses...

INSTANT
DIP-A-MOLE

In seconds, you can make perfect
molds, like this one, for potting
any encapsulation, and make
them economically, with low-
melting CERRO® Alloys. justdip
the master in molten alioy. A thin
coating of alloy clings to the
pattern. Withdraw the pattern,
and you have a perfect high
fidelity mold. When the encapsu-
lating plastic cures, simply
remove the CERRO Alloy. Use it
over and over again, almost
without limit.

This particular alloy—
CERROTRU®—does not shrink,
slips easily from the pattern
without parting or contaminating
compounds or coatings. Because
of its low melting point, it is safe
and easy to handle.

You can reproduce suck urusual
details as positioning lugs for
transformer cases, as shown
above, without the use of cores,
inserts or secondary operations.

Instant molding is just one of the
many uses for CERRO A.loys. To
find out more, contact Cerro
Copper & Brass Co., Alloy Dept.,
Bellefonte, Pa. 16823.

Telephone (814) 355-4712.

In Europe, contact Mining &
Chemical Products Ltd., Alperton,
Wembley, Middlesex, England.

CERRO.
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The mini-maxi machine.
Kearfott SKC-2000
irborne Digital Computer.

Floating point arithmetic
eliminates scaling
problems and permits
use of Fortran IV
compiler.

True modularity. Machine
architecture and
mechanical design permit
virtually unlimited
addition of CPU and
memory modules.

Here’s a general purpose, high per-
formance digital computer based on
a single data and control bus, and
an interconnecting series of mod-
ules. Modules that can be combined
to form a simplex central computer,
a multi-computer or a multi-proces-
sor—simply, quickly, efficiently.

But there's more. Through the
use of asynchronous module opera-
tion, a complete spectrum of input/
output capabilities is made possible.
Because the SKC-2000 modules can
be mixed and matched, and even
replaced as new technological ad-
vancements are made.

Electronics/September 13, 1971

Existing, working
hardware designed

to accommodate
tomorrow's technology,
today.

Large machine archi-
tecture used in compact
airborne digital computer
is readily expandable.

Unique mechanical
design provides for
adequate cooling of
MSi/LSI devices used.

We can provide you with a whole

family of compatible modules for Typical Characteristics (CPU)

" ~ Number Systems Binary, floating point
our SKC-2000. And one of our ex and two's complement
perts can help you put together a tixed point

I : i . Data words, 24 bit mantissa,
wnnnlpg combination, from a mmf Floating Point 8 bit exponents
machine all the way up to a maxi- Data words, 32 bits including
machine. Fixed Point sign

. . Instruction 16 bits short,
For more information, and a de- Words 32 b:(s longr
tailed new brochure, write The Singer Instructions 99 total long & short
Company, Kearfott Division, 1150 Address Modes Direct, indirect,

. . relative, immediate
McBride Ave., Little Falls, N.J. 07424, Average Execu- Add-2.125x sec

Or call (201) 256-4000. tion Times For  multiply>5.875x sec
1.9u sec Divide -5.875u sec

memory (LSI)
Memory words 131,072
directly

addressable
AEROSPACE & MARINE SYSTEMS
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MORE PERFORMANCE
IN STANDARD
BRIDGE PACKAGES

The packages are standard
size. It’s the current ratings
and forward surge ratings
that are larger. They give
you added performance
reliability—and at no addi-
tional cost!

i
“SoL |
B-10 series

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

e
= CTAC AC
UNG*SOL

B-20 series

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

Z

SILICON POWER RECTIFIEQ
Tung-Sol makes a complete

line of high reliability silicon

power rectifiers in the DO-4,

5,8,9 and 21 configurations.

WRITE FOR TECHNICAL INFORMATION
SPECIFY BRIDGES, OR POWER RECTIFIERS

SILICON PRODUCTS SECTIDN
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

Trademark TUNG-SOL Reg. U. S. Pat. Off. and

Marcas Registradas

_Ne;vAp[cgducts -

quencies. The variable device is de-
signed for printed circuit mounting
or welding to strip-lines, and has a
solderless assembly. Price is from
$1.50 to $7 ecach. Johanson Manu-
facturing Corp.. 400 Rockaway Val-
ley Rd., Boonton, N.J. 07005 [344]

Thermal relay. Miniature device,
model 180, features fully guarded
contacts. less than one microvolt
thermal offset voltage, and under
0.01 picofarad direct capacitance
from contacts to coil, for microvolt
level switching. Integral magnetic

shielding provides close packing,
and one billion operations in dry
circuits are possible. Price is $8.50 in
I to 9 quantities. Multitech Auto-
mation Products, 583 Monterey Pass
Rd.. Monterey Park. Calif., 91754
[345]

Transformers. Eighty types of in-
dustrial devices are included in a
series called I-DI-T and I-DI-T. Power
ratings go to 0.05 w and typical fre-
quency responses are + dB, 300 Hz
to 20 kHz (1-DO-T) and +3 dB, 400
Hz to 20 kHz (1-DI-T). Maximum op-

=
&

erating temperature is 85°C. Rugged
mechanical design makes them
suited to all assembly methods. Ap-
plications include isolation match-
ing, and push-pull driving in
modem and instrument circuits.
United Transformer Company Div.,
TRW Inc., 150 Varick St., New York,
N.Y. 10013 [348]
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Have you
discovered

olant fife
around
Rochester?

We’ve got 8 million square feet of it.
Industrial plants, small shops, ware-
houses. Ready for your company to
put to work now. Here, in a fertile,
dynamic 9-county area of Western
New York. You want pictures of actual
properties? Specs? Descriptions? Or,
if you’d rather build than buy, do you
need preliminary information on site
selection? If so, call collect or write

to Bob Hall, Director of Area Develop-
ment, Rochester Gas & Electric,

89 East Ave., Rochester, New York
14604 (Telephone: 716-546-2700).
Nobody knows more about this area
than we do. And because we make
money selling energy to industry,
we're cager to share our knowledge
with you.

Xerox made it here.
How about you?

N — —JLR\ "‘\{/‘ //}
f 3 X 3 :
= / N ﬂ —

o e (emtnds B )

\\ ROCHESTER GAS AND ELECTRIC

\ AE —

fonans

: :\“\?&t\ﬁ{ ol
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Programmable
1-ns Digital
Delay Generator

The Berkeley Nuclecnics’ Model 7040 is a new breed of
time delay generator:

H Itis programmable.

M It may be triggered internally or externally up to a
5-MHz rep rate.

B Itis adjustable in delay from 1 ns - 999.99¢€ usin 1 ns
increments.

W Itis accurate to 100 ps.

B And its price is $2950.

Whenever 1ighly precise time delays are required, the Model 7040 will do
the job. It is ideally suited for *he following applications: calibration of time
in‘erval counters, time-to-amplitude converters and oscilloscope sweeps;
radar range simulation. cable ‘ault location and delay line testing. The
Model 7040’'s programmable feature gives you an important new buiiding
block for autoratic test systems and production testing of IC's.

Berkeley Nuclsonics has been develop.rg 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 Mode! 7040 is a
product of the company’s contiruing 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:

N\BNC

Berkeley Nucleonics Corporation
1198 Tenth Street - Berkeley. California 94710 - Phone: (415) 527-1121
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the only printed
circuit Relay

that plugs into

your PC board
without SOCKETS

or SOLDERING

E@wunﬂ{t@@{t

T

MAGNETIC kow-avexing RELAYS

The only relay designed to make
full use of printed circuit technology.
Unlike others adapted with terminal
pins or sockets for solder mounting,
Printact plugs directly into your mod-
ule. Precious metal plated PC pads
mate with shorting bar contacts or the
pivoting armature, which is the single
moving part. Held by a permanent
magnet, it eliminates return springs,
pigtails, electrical and mechanical
connections—assuring reliability for
millions of cycles.

Inherent Custom Features include:
Low Thermal EMF, Low Contact
Bounce, Impedance Matching, 45-60
db Isolation, Bifurcated Contacts, and
Encapsulated Coil—all at low cost!

Send for Test Sample and PC Board
Preparation Aids to simplify design
and production of your module.

For action write or call 212—EX 2-4800.

brecolone

PRINTACT RELAY DIVISION
P.O. Box 1430E

LONG ISLAND CITY, N.Y. 11101

New Products/MatenaIs

Adhesive coating has single-compo-
nent, alumina-ceramic base, and is
for use in insulation of components
at temperatures of up to 3,200 F.
Called Cerama-Dip 538. it is avail-
able in paste form with a liquid
thinner to produce thixotropic con-
sistency for brushing on or dipping.
After air drying for one hour, and a
bakeout at 180 F for 3 to 4 hours,
the coating hardens into a dense ce-
ramic surface. Price is $40 for a one-
quart kit each of paste and thinner
and $140 for a kit with a gallon of
each. Aremco Products Inc., P.O.
Box 145, Brarcliff Manor, N.Y.
10510 [481]

Heat-resistant epoxy casting system,
Tra-Cast 3354, pots and encapsu-
lates transformers, integrated cir-
cuits, and other components for
high-temperature  applications. It
has low viscosity, long pot life at
room temperatures, and moderate
exotherm. Tra-Con Inc., Resin Sys-
tems Div., 55 North St.. Medford,
Mass. 02155 [482]

Epoxy silver solder, type 326, in soft
paste form, cures at room tempera-
ture and can be used with a hypo-
dermic needle, squeeze tube,
spatula, or automatic dispensing
machine. The two-component mate-
rial has a pot life of 3 to 4 hours,
Price for a 2-oz evaluation kit is $15.
Dynaloy Inc., 7 Great Meadow
Lane, Hanover, N.J. 07936 [483]

Spray coating Cramolin PC Spray,
acts as a protective coating for
printed circuits, and prevents oxida-
tion during storage periods. Not a
permanent coating, the material is
suited for short runs and also acts as
a neutral soldering flux agent. Caig
Laboratories Inc., 455A Union Ave.,
P.O. Box 788, Westbury, N.Y. [484]
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- %
3 AMP

sensitive
gate

TRIAC’s

3mA, 4mA
5mA, 10mA
& 25mA (IgT)
All quadrant
gating

50 to 600 V (Vprowm)

For motor heating
cooling and lighting
controls and special
applications

IMMEDIATE
DELIVERY

IN PASSIVATED CHIPS OR
STANDARD PACKAGES

Write for catalog on
complete Triac & SCR line

‘@5
_ﬂ, J

HUTSON INDUSTRIES

2019 W, VALLEY VIEW LANE
DALLAS, TEXAS 75234 (214) 241-3511
TWX 910-860-5537

Distributed by:

BODELLE COMPANY, Chicago,
312/468-1016 m NEWARK ElECTRONICS
CORP., Inglewood, Cal. 213/678-0441
THOR ELECTRONICS, Elizabeth, N.J.
201/354-2420

European Representative:

10 Rue F. D'Orbay, Draveil 91 France
Tel: Paris 921-7640 « TELEX 21-311

Ilm
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/e MOTOR
STARTERS.

Use them anywhere—-even
on drive motors of peripheral
computer equipmem. That's

RF! levels sO low they cant
atfect low level l0gic
circuits. And you geta lot
more——hundreds of miltions
of operations; arcless,
pounceless switching,

vibration moisture. For thp

line voltage. Write Hamlin
E\ectronics, inc.,

Lake Mills, Wis. 53551
Or call (41 4) 648—2361‘

A“I-l“

ELECTRONICS, INC.

Circl
e 241 on reader service card

YOU PAY FOR HAMLIN

RELIABILITY.

JUST ONCE.

switch. Hamlin reduces
the chance of failure to
almost zero with rhodium
| contacts. assembly in
white rooms, the industry’'s
z most eftective nermetic

/ of times the price of the

inspection——features that
will make you glad you
specified Hamlin even

watt-—and et Hamlin
reliability in every one.
And you pay for it onty
once. Write Hamlin, InC..
Lake Mills, Wis. 53551

| Or call 414/648-2361.

A“l-l“

\NCORPORATED

Circle
242 on reader service card
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Or stop it, cool it,

shock and vibratio

Circle
163 onreader service card

WANT TO START SOMETHING?

warm it, speed it up, slow it
it? golid-state controliers give you

ma'\menance on these and a thousand other switching and
controtting jobs.
controliers, no o

controliers. Al resist dust, dirt, moisture,
n. Ali keep functioning for millions of
nhout maintenance pecause there are no
10 wear of requireé rep\acemem. For more
amlin Electronics, inc., Lake Mills,
53551. Of call (414) 648-2361.

163
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So you won’t have to pay later..

The design looks perfect. . . but
then, somewhere something
goes wrong. A defective part,
an improper assembly, or
maybe it was the installation

in the field. It's impossible

to avoid all imperfections.

As experts in the field of
reconstituted mica capacitors,
our experience shows that the
greatest single cause for
capacitor failure is a short in
the dielectric material.
Consequently, we precisely
inspect and grade all of our
dielectric material before
production. Because of our
meticulous quality control,
Custom Mica Capacitors are
absolutely the finest quality
capacitors of their kind avail-
able on the market today.

We pay now so you won't have
to pay later.

Another major reason why
you should join our client list
of Who's Who in high voltage
electronics. Write for our
Facility Folder and Product
Sheets, or call today for our
rapid reaction quote to your
specific requirements.

CEM, epoxy moided

‘ : USTOM
The QC Fanatics

CUSTOM ELECTRONICS, Inc.
Browne St., Oneonta, N. Y. 13820
PH: 607-432-3880 TWX 510-241-8292

New books

The Successful Engineer-Manager,
A Practical Guide to Management
Skills for Engineers and Scientists,
edited by Robert C. Haavind -and
Richard L. Turmail, Hayden Book
Co.. 166 pp., $8.95

This collection of articles covers six
phases of managing: career, deci-
sions, people, projects, finances, and
communications. The articles are
fitled with practical advice, offering
in one-two-three, how-to-do-it fash-
ion information that can sometimes
be more important than individual
or even corporate performance. For
example, the tips on politics and at-
titudes suggest that knowing *“the
rules of the game” is vital to “get-
ting to the top.” The sections on
evaluating people and projects, and
managing finances are aids to un-
tangling administrative problems.

Recently Published

Electronics in Industry, George M.
Chute & Robert D. Chute,
McGraw-Hill Book Co., 619 pp.,
$13.95

Russian-English  Dictionary  of

Electrotechnology and Applied Sci-
ences, compiled by Paul Macura,
Wiley-Interscience, 707 pp., $32.50

Analytical Techniques in the
Theory of Guided Waves, R. Mittra
and S. W. Lee, Macmillan, 302 pp.,
$10.95

Managing the EDP Function, Arnold
E. Ditri, John C. Shaw, and William
Atkins, McGraw-Hill Book Co., 228
pp.. $14.95

Computer Analysis of Circuits,
David J. Comer, International Text-
book Co., 356 pp., $12.95

Fundamentals of Statistical Quality
Control, Samson, Hart, Rubin, Ad-
dison Wesley Publishing Co., 144
pp-. $5.95

Essentials of Electronics, Gershon J.
Wheeler and Arley L. Tripp, Pren-
tice-Hall, 436 pp., $17.35

Power Diode and Thyristor Circuits,
Rex M. Davis, Cambridge Univer-
sity Press, 265 pp., $12.50
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et
Ultra-Low Thermal
- emi Reed Refays!

e Unique new method (pat. pend.) virtually
eliminates thermal offsets, permits use of
almost any type reed switch ... Hg wet, dry,
high voltage.

e Remarkably independent of ambient temperature,
environment.

o Many contact forms, pin configurations
availabte.

o Units also available at less than 500 nanovolts
per switch, or less than 1uV differentially

| between switches.

e Greater than 10" ohms isolation resistance.
e Rugged molded package. Moderate price.

Write for Complete New Catalog MR-6.1

COTO-COIL. COMPANY, INC.
61 Pavilion Avenue, Providence, R. |. 02905
Tel: (401) 941-3355
Circle 195 onreader service card

MICO

NEW FEATURES FOR
HANDLING PANELS UP
TO 23 x 25 INCHES

FOR LONG AND
MULTI-LINE WORK

NO. 885

AMERICAN
MADE

| « A time-saver for large plate work.

« Engraver letters 1/32” to3” high using standard masters.

« Seven pantograph ratios—from 1:5:1 to 6:1.

« Choice of 3 ball-bearing spindle assemblies Yor ¥
3/16” or taper-shank cutters.

« HSS, Cobalt and Solid Carbide Cutters.

« Single and multi-line copy carrlers for holding
blanks %" to 3'2” high.

« Accommodates Mico standard accessories.

| Send for bulletins and prices

MICO INSTRUMENT CO.

77 Trowbridge St. Cambridge, Mass. 02138
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® ELIMINATES TRADE-OFFS

OF SIZE, SPEED,

W E N OR ECONOMY!

For users that wish to purchase a fully enclosed memory
system with integral power supply — this is the simple
answer. In a small package any capacity from 4K x 18 up
to 16K x 18 with power supply in just 514" of panel height.
The complete system utilizes four (4) memory modules,
one (1) memory controller, a card cage enclosure and
power supply. By use of the byte control, systems can be
operated as 8K x 9 up to 32K x 9. Users will never again
be limited by memory capacity — this system can be ex-
panded at any time by simply inserting additional ecom F*®
modules up to a maximum of four (4) memory modules.
For users with requirements exceeding 16K, the Mini-
Mass™ is your solution. 3k

Write or call the Memory People for Technical Bulletin

78-1003.

sk 750 NANOSECOND FULL CYCLE TIME
325 NANCSECOND ACCESS TIME

STANDARD/ [MEMORIES

Il NCORPORATED
A Subsidiary of Applied Magnetics Corporation

15130 Ventura Boulevard
Sherman Oaks, California 91403
(213) 788-3010 TWX 910-495-1738
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SWITCHES THAT SAVE YOU SPACE - EFFORT - TIME - MONEY

PUSHBUTTON
SWITCHES

Miniature add/suntract
units (left below) retrofit
most minithurmbwheel
switch panel openings.
Decades mount or "-in.
centers. Standatd 10-posi-
tion, 8- & 12-position on
special order. Decimal, bi-
nary, and binary wit~ com-
plement outputs. Series
PSB (at right in cut) binary
and decimal rctary push-
button switches are 10 &
12-position uniis; require
but one inch panel space
per module. All ©DI push-
button switches are fully
sealed against hostile en-
vironments impervious to
dust and liquids

———

. 7
o b

THUMBWHEEL SWITCHES

CDI turns off hostile en-
vironment, turns on total
protection—sealing both
switching area and panel.
Positive, long, trouble-free
service operation is char-
acteristic. PS Series (cer-
ter in cut above) is avail-
able in digital and binary,
meets MIL-S-22710. E.E.
stylebezels have no screws
visible when mounted.

Electronics/September 13, 1971

New Series TSM (at ex-
treme right in cut above)
mounts on Y-inch centers
and retrofits most panel
openings for miniature
thumbwheel switches. [t
can be furnished with deci-
ma!, binary, and binary
with complement outputs,
or specified code readout
characters, is available
with extended PC boards
for additional component
mountings; also features
easily-read characters,
positive detent, 10- & 12-
position capability

ROTARY SWITCHES

Cut maintenance require-
ments to seconds—where
it might otherwise take
days. No unsoldering, no

disassembly, no wire re- Snap-in,
moval! RS series in lengths snap-out
up to 36 wafers; manual, modules
solenoid, or motor opera- in seconds

tion; up to 32-positions;
sizes 2", 3", or 4" square
Change programs, configu-
rations, circuits quickly
These units meet MIL-S-
22710. Tabet Pat. 2,841, -
660 and others

RS SERIES

CHICAGO DYNAMIC INDUSTRIES, Inc.

Precision Products Division

1725 Diversey Blvd., Chicago, Ill. 60614 e

phone (312)543-4600
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SEARGHLIGHT SECTION

e CLASSIFIED ADVERTISING e BUSINESS QPPORTUNITIES
e USED OR SURPLUS EQUIPMENT

RADAR SYSTEMS GROUND AND AIRBORNE. AUTOMATIC
TRACKING ANTENNA SYSTEMS. NIKE AJAX. NIKE HER-
CULES. M-33. MSQ-TA. MPS-19. MPS.9. SCR 584, TPS-1D
TPS-28. FAA-ASR-2. AIRBORNE SYSTEMS. APN-84, APN-102.
APS-20. APS-27. APS-45. DPN-19. DIGITAL COMPUTERS.
IBM 650. IBM 704

RADIO RESEARCH INSTRUMENT CO.

3 QUINCY ST., NORWALK, CONN, 06850 (203) 853-2600

LARGEST INVENTORY OF RADAR AND
MICROWAVE EQUIPMENT IN THE WORLD,

CIRCLE 969 ON READER SERVICE CARD

L

EMPLOYMENT
OPPORTUNITIES

HOW MANY

MILLIONAIRES

ARE THERE IN THE
UNITED STATES?

. and how many NEW mil-
lionairel?<l joind'aheu:nnks every &
ear? How di ey acquire
{heir 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 o%pgrtunity that is nothing
short of a gold mine. y? Because, as an asso-
ciate of the organization providing the oppor-
tunity, you help others to succeed.

For your free copy of ‘‘New Roads to Wealth and
lOpporhmlty,” one, wire, or write immediate-
y to:

ELEK. INTERNATIONAL
Box 22125« Denver, Colorado 80222 .(303) 757-5500

CIRCLE 966 ON READER SERVICE CARD

'--------------q
| [l FREE CATALOG
[] I |HARD-TO-FIND PRECISION TOOLS hé:
. . Lists more than 1700 items——pliers, : A
tweezers, wire strippers, vacuum systems,
l MARK ETI N G l relay tools, optical equipment, tool kits
and cases, Also includes four pages of
[ ] ] useful "Tool Tips" to aid in tool selection.
' MANAGER !
I |
] Televiso Electronics of Arlington Heights, |
Iltinois, a Division of Domain Industries,
I Inc. is seeking a Sales Marketing Man- I w
I ager to conduct its national sales and l
marketing programs. Our products con- /
l sist of industrial electronic control sys- l for
tems for the O.E.M. market. picking
| Qualifications include prior marketing ex- | up 7 r
[ Perience in Industrial Electronics plus a | ;"a',""s'“"
technical degree.
I Interested applicants should submit com- [ Jy PHILIP FISHMAN COMPANY
I plete resume to: I 7 CAMERON ST. WELLESLEY. MASSACHUSETTS
9 \ ARD
] DOMAIN INDUSTRIES, INC- I CIRCLE 968 ON READER SERVICE C
i _ JACK R. KILBY i Remember To Use
I New Richmond, Wisconsin 54017 1 ZIP CODES in
] An Equal Opportunity Employer l The Mail
h--------------‘
Your Used, Surplus and Rebuilt Equipment
Advertising here in the
will impress key buyers . . .
Buyers regularly turn to these pages for their used equipment needs. . . .
You can reach these buyers quickly and economically with your advertising
in this ‘‘meeting place” of used equipment buyers and sellers.
FOR RATES, PLEASE WRITE:
Electronics
A McGraw-Hill Publication
Classified Advertising Dept., P. O. Box 12, New York 10036
166

New literature

Distortion analyzer. Communi-
cations Technology Inc., a division
of Computest Corp., 1900 York Rd.,
Timonium, Md. 21093. A six-page
brochure describes types of distor-
tion in high-speed data transmission
and how it is displayed on the
screen of the company’s model DTS-
531. Circle 421 on reader service
card.

Microprograming. Microdata Corp.,
644 E. Young St.. Santa Ana, Calif.
92705. has published a 352-page
handbook detailing how to micro-
program, why it is effective, and
when it is most appropriate.

Circuit protection devices. Airpax
Electronics. P.O. Box 8488, Fort
Lauderdale, Fla. 33310. A 20-page
journal for engineers who select cir-
cuit protection devices gives design
parameters for a varicty of appli-
cations. [422]

Terminal blocks. Curtis Develop-
ment & Manufacturing Co., 3250 N.
33rd St., Milwaukee, Wis. 53216,
has available a 24-page terminal
block selector guide, designated
Catalog 57!. Included are illustra-
tions, specifications, dimensional
drawings. and prices. [423]

Semiconductors. General Instru-
ment Corp.. 600 W. John St..
Hicksville. N.Y. 11802. Silicon recti-
fiers, silicon bridge assemblices,
MOS/FETs, silicon diodes, high-volt-
age assemblies, germanium diodes
and transistors are described in a
24-page brochure. [424]

Spectrum analyzers. Federal Scien-
tific Corp., a subsidiary of Elgin Na-
tional Industries Inc.. 615 W, 131st
St., New York, N.Y. 10027, has pub-
lished a six-page bulletin discussing
the company’s line of spectrum
analyzers and the options available
with cach instrument. [425]

Multiplex package. Lynch Commu-
nications Systems, 695 Bryant St..
San Francisco, Calif. 94107. The
model B910B portable microwave
multiplex package for cmergency
and temporary communications is
described in a bulletin. [426]
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if you design with ic’s
Cambion has the “works”
for your work

If your digital system is a packaging puzzie, CAMBION can
provide the solution.

We have the high density sockets, wire-wrappable Cambi-
Cards®, PC logic cards, general purpose and discrete
component cards for your functional requirements.

And to complete the picture: card files, power planes, card
connectors and extenders, plus a complete numerically
controlled Wire-Wrap* service.

Result: Tightly integrated packaging systems. The "“works”
fo~ your work.

For details, call us or write for the latest word on IC acces-
sories and wire-wrapping. Cambr.dge Thermionic Corpcration,
445E Concord Avenue, Cambridge, Mass. 02138.

Phone: (617) 491-5400. In Los Angeles, 8703 La Tijera
Boulevard 90045. Phone: (213) 776-8472.

*Reqistered Tride Mark Gardner-Denver Co,

Standardize on

CamBIiON

The Guaranteed Electronic Components

Circle 197 on reader service card

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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Here at last,
here at last,
my God,

it’s here at last!

It’s a digital multipoint recorder.
It replaces all those analog things.
It measures TC, RTD, MV. It conditions.
It scans. It digitizes. It linearizes.
It logs. It starts by itself.
It's called Digitrend. It costs $2195.

It has an option for expanding.

It has an option for skipping.

It has an option for mixing functions.
It has an option for alarming.

It has an option for checking itself.

It’s talked about in a 32-page catalog.

It can be had by calling Al Frowiss collect at
(714) 277-8421. Or by scribbling a note to Doric
Scientific Corporation, 7601 Convoy Court, San
Diego, California 92111.

Doric Scientific

Anarmadillo among the sheep.
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Display can function
as a memory, too

Liquid crystals may
find new applications

International Newsletter

September 13, 1971

Researchers at the University of St. Andrews in Scotland who developed
zinc selenide light-emitting diodes [Electronics, Electronics Interna-
tional, June 7] now say that the devices also can function as memories.
Two-terminal memory devices can be made from the Schottky barrier
diodes by adding an insulating layer between the ZnSe and the gold
layers. The devices have two distinctly separate conductivity states in
forward bias, typically either 7 milliamperes or 70 microamperes at
1.5 volts. Raising the high-current state to, say, 10 mA switches the device
to the low state; a reverse-bias pulse of about 10 V puts it back to the
high state. Switching time is about 100 nanoseconds. While there’s no
visible light at low conductivity, there is a noticeable yellow-orange
emission in high conductivity from about 7 mA up. Thus, the store can
be read visibly as well as electrically, but more important, the research-
ers believe, is the prospect of building a working display element with a
reliable built-in memory.

Engineers at the Electrotechnical Laboratory of Japans Ministry of
International Trade and Industry have uncovered an effect that could
make liquid crystals potentially low-cost sources of photodetectors and
computer input devices. The researchers have found that nematic liquid
crystals used for displays generate a photovoltaic voltage when illumi-
nated that’s independent of the cell size and materials used. Open-circuit
output voltage is proportional to illumination to at least 500 lux, and
typically runs to about 500 millivolts at that illumination level.

The researchers have applied to have their work included as part of
the Japanese government’s large-scale project for developing an informa-
tion-processing system for the ’80s (see Electronics International). There,
alphanumeric or graphic information for effecting man-to-machine com-
munications could be written into a liquid crystal matrix with a light
pen—in effect, it would be a low-cost version of Nippon Electric’s
Holotablet [Electronics, Electronics International, July 19].

Laser communications Experimenters at France’s Centre National d’Etudes de Telecommunica-

experiment dropped
by French group

Japanese firms pick
Germany as target
for European drive

tions have dropped work on laser transmissions conducted at the Lanion
facility in Brittany. The reason: the results would have been of little
use in urban areas, where the soot, dust and noxious gas conditions
aren’t at all like the salt-air ambience in Brittany. Also, officials of
the French telephone network feel they can cover the nation’s trans-
mission needs through 1980 by adding high-capacity millimeter wave-
guides to the current cable and microwave links. The Lanion people
now are shifting to fiber optics for short transmissions and possibly
for intracomputer links.

To offset potentially heavy losses in U.S. consumer markets in the wake
of the 10% import surcharge, Japanese electronics companies are sharply
stepping up their sales drives in Europe, and have apparently picked
West Germany as the prime target. Evidence surfaced at the recent
Berlin radio and television exhibition, where Japanese consumer elec-

Electronics | September 13, 1971



Japanese set to lay
world’s biggest
submarine cable...

... as Sweden plans
highest-capacity
telephone cables

Calculator prices
set to drop again
in Japan

International Newsletter

tronics makers showed up in unprecedented numbers.

Spearheading the drive is Sony, which will introduce a new video
cassette system in Europe late next year. Designed for playback of pro-
grams on either color or black-and-white sets, the system is intended
primarily as an educational aid; initial price will be about $1.300. The
%4-inch cassettes with 60 minutes worth of programs will sell for $30.
Another product Sony is banking on is a 12-inch portable TV set using
a Trinitron tube. Already being marketed in limited quantities in Eng-
land, France, and Switzerland, the set is likely to hit the German market
early next year. No prices have been set yet, but industry observers
believe it will sell for less than $400 in Germany. Sony started activities
in West Germany less than a year ago and expects 1971 sales in that
country to reach $7 million.

Nippon Telegraph and Telephone Public Corp. this month expects to
lay a submarine cable whose 2,700-telephone-channel capacity reportedly
is the highest in the world. It is expected to be put into operation by
the end of the year. Transmission bandwidth is 36 megahertz and
repeaters are spaced approximately 2.6 kilometers apart. Total length
is 31 kilometers across the inland sea between the islands of Honshu
and Shikoku. It parallels a 4-gigahertz microwave route that has four
systems of 960 of channels each. In addition to meeting new capacity
demands, NT&T is laying the cable to obtain increased reliability by
having parallel wire and wireless routes, so that communications would
not be cut off in case of a disaster.

Meanwhile, what’s said to be the world’s highest-capacity cable-based
telephone transmission system soon will be put into operation in Sweden.
The system, jointly conceived by West Germany’s Siemens AG and
Swedish telecommunications authorities, has a capacity of 10,800 voice
channels per coaxial pair and uses Siemens-made 60-megahertz broad-
band amplifiers along the link. These amplifiers, installed underground
at intervals of about one mile, are remotely controlled via the cables’
inner conductors.

The stage is set for another round of price cuts in electronic calculators,
starting with Casio Computer Co. Ltd., which started production of an
eight-digit, no-memory calculator that industry sources estimate could
sell in Japan for as little as $120. The calculator is built around a single-
package IC array developed by Hitachi Ltd. Functionally, this array
is very similar to the single-chip calculator IC built by Texas Instruments,
but two chips are used in Hitachi’s single package rather than the one
chip in TI's. Hitachi engineers say that the two-chip design gives them
much higher yield and also enables them to build circuits on a smaller
total area of silicon. They use multilayer wiring to interconnect the two
chips in the ceramic package.

Meanwhile, Hitachi and TI are said to be talking with almost every
calculator company in the business to sell such arrays for eight-digit
no-memory calculators. Price quoted for TI arrays is $12 to $15 in Japan,
depending on quantity. Hitachi will not reveal its prices but says they are
competitive,
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Signiicant developments in technology and business

Japanese launch
$97 million study
for ’80s computers

8-year project focuses on
pattern information, parallel
data processing, associative
memories, adaptive approach

The Japanese government plans to
invest more than $97 million in an
eight-year project that it hopes will
prepare its computer manufacturers
for the information processing sys-
tems of the 1980s. That'’s the word
from the Electrotechnical Labora-
tory of the Ministry of International
Trade and Industry, which will
coordinate basic rescarch of its own
and industry R&D to develop a sys-
tem capable of rapidly processing
large amounts of pattern informa-
tion. Parallel processing functions
and associative memories, together
with adaptive capabilities, will be
extensively used in the system.

This new project differs funda-
mentally in several ways from the
large-scale computer project rapidly
nearing completion [Electronics.
May 24, p. 42]. The earlier project’s
goals were defined in terms of ma-
chine capability in handling num-
bers—primarily cycle time in na-
noseconds and mainframe memory
capacity in bytes. The new project,
however, is specified mainly in func-
tional capability of input devices to
handle pattern information.

There are several reasons for the
new project. Officials believe it
makes little sense to keep building
bigger and faster computers while
still requiring key-punching of in-
formation to get it into the comput-
ers. An equally important reason is
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that 1BM has completed develop-
ment of its 3.5 series and is develop-
ing pattern recognition information
processing systems for the "80s.

The basic goals of the new project
include direct acceptance of pattern
information inputs, including writ-
ten characters, graphical informa-
tion, shapes of objects, and voice in-
formation. New data techniques,
including parallel processing and as-
sociation, will be used to the great-
est extent possible.

Concrete goals include the recog-
nition of 2,000 separate printed
characters, including Chinese sym-
bols, as well as about 100 hand-writ-
ten characters. For graphical pro-
cessing, the computer must be able
to distinguish shade of darkness,
color, grain, or texture. and should
also be able to process abstract pat-
terns. Object recognition includes
the ability to distinguish a multifa-
ceted object placed in a somewhat
complex background, and to recog-
nize simple curved objects. For
voice recognition, the goal is the
ability to distinguish 200 different
spoken sounds when separated from
adjacent phrases by a pause. An-
other goal is to recognize the config-
uration and meaning of simple sen-
1ences.

Basic studies. The first phase of
the project, from fiscal 1971 through
1974, includes most of the basic re-
search. It involves development of
information-processing methods for
the new functions, including recog-
nition of characters, graphics, ob-
jects. and speech, as well as gener-
ating new processing methods for
parallel processing and associative
processing. Other tasks include de-

velopment of methods of processing
natural speech and of basic com-
mon software. Some system simula-
tion also will be performed. Esti-
mated budget for this phase is $14
million.

The second phase. extending
from fiscal 1973 through 1976, will
include simulation. design. and fab-
rication of individual recognition
devices for characters, graphics, ob-
jects. and speech. Also. the entire
system will be simulated and a
hardware model built. Budget for
this phase is about $28 million.

The final phase of the project will
extend from 1974 through 1978. It
includes design, fabrication, and
testing of the overall prototype sys-
tem, and evaluation in detail. Esti-
mated budget is $56 million.

For development of pattern-infor-
mation processing, a large-scale sys-
tem, to be called Epics-1, will be as-
sembled around a commercial-type
computer. For the first year of the
project, preliminary research con-
tracts have been given to 10 Japa-
nese manufacturers.

Digiplex stuffs more
data into submarine cables

Because of the high cost of inter-
national communications circuits,
work on increasing their informa-
tion-carrying capacity and channel
efficiency goes on unceasingly at the
research and development labora-
tory of Kokusai Denshin Denwa
Co., Japan’s overscas cable and
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communications system.

About five years ago, the labora-
tory completed development of a
system it calls “rectiplex,” which can
transmit up to 108 50-baud teletype
signals on a single voice-grade, sub-
marine-cable telephone channel
[Electronics, Dec. 12, 1966, pp. 51
and 154]. This rate is almost five
times the transmission capacity of
22 Teletype signals usually trans-
mitted by frequency-division multi-
plex on the same voice-grade chan-
nel.

Two systems of this type were
built by Fujitsu Ltd. and went into
service in 1968 between Tokyo and
San Francisco. But high rectiplex
terminal costs meant further R&D
was necessary. Even before the com-
mercial rectiplex systems were in-
stalled, work had started at KDD on
a newer system, “digiplex,” which
has less expensive and smaller ter-
minal equipment but can transmit
almost twice as many Teletype sig-
nals as rectiplex.

Transpacific field tests of the digi-
plex communications system are
scheduled for 1973.

Both rectiplex and digiplex use
multiple phase modulation of mui-
tiple carriers in the voice band, with
amplitude modulation imposed in
digiplex to give added capacity. In
rectiplex, analog circuits used for
modulation and demodulation of
each of its 18 carriers make for both
high cost and bulky equipment.
Each carrier requires one modulator
and four demodulator circuits.

The digiplex system uses time-
shared digital circuits to achieve a
twofold improvement in the cost-
performance ratio. The digiplex
digital circuits also fit into two
equipment bays rather than the
nine bays needed for the rectiplex
equipment.

What’s more, standard digital in-
tegrated circuits can be used, and
fabrication can be done almost com-
pletely by production personnel
with almost no adjustment by engi-
neers.

Where rectiplex uses a separate
modulator for each tone and four
demodulators for each tone, Digi-
plex uses a single common time-
shared modulator and a single com-

mon time-shared demodulator for
all 26 tones.

Rectiplex modulates incoming in-
formation onto 18 carrier fre-
quencies transmitted in the 3-
kilohertz bandwidth of the subma-
rine-cable voice circuit. Two sepa-
rate forms of multiplexing modulate
each of 18 carriers with six indepen-
dent Teletype signals to transmit a
total of 108 teletype signals.

First the signals are brought to-
gether in pairs by a time-division
multiplex circuit that also synchro-
nizes the signals. The incoming sig-
nals arrive on 50-baud lines and the
multiplexer interweaves two al-
ternately into one %6-baud signal. It
is able to squeeze them in by dis-
carding a rather unimportant part
of the information. The original sig-
nal requires 7.5 time units. It has a
start element and five information
elements of one-unit time length
and a stop element of 1% units. In
the 90-baud signal, the final %2 unit
of the stop element is discarded by
the system.

Three 96-baud signals are phase
modulated onto a single carrier.
Since three independent binary sig-
nals can have eight different combi-
nations of values, eight-phase mod-
ulation is used. Differential phase
modulation—in which phase refer-
ence is the phase of the preceding
element transmitted, rather than an
absolute phase—is used to ensure
rapid system recovery in case of dis-
turbance.

By contrast, in digiplex, the two
incoming 50-baud data signals are
squeezed into one signal of 82 2/7
baud after multiplexing by com-
pletely eliminating the stop ele-
ments from the transmitted signal.
This, and tighter carrier spacing,
permits 26 carriers within the 3-kHz
band, rather than the 18 used in rec-
tiplex.

To transmit even more informa-
tion, a fourth signal is amplitude
modulated onto each carrier. This
compound modulation scheme is
superior to the more obvious
method of using 16-phase modu-
lation, because the same error rate
can be obtained with a signal-to-
noise ratio that is lower by 2.7 deci-
bels.

International

Networking dominates
data processing congress

There’s a growing awareness on the
part of international computer ex-
perts that the key to more efficient
use of computer resources lies in na-
tionwide data communications net-
works. That trend was strongly in
evidence at the fourth International
Federation for Information Process-
ing Congress held in Ljubljana, Yu-
goslavia, last month. Although the
consensus was that such systems
aren’t just around the corner, there
was widespread agreement that the
concept is inevitable.

The conference provided a forum
for information about new ap-
proaches to systems applications
and new concepts in terminal devel-
opment and hardware designs. The
West Germans told of a highly re-
liable computer-based data-switch-
ing network: the British described a
simple data entry device that prom-
ises to broaden computer use con-
siderably, and an American team
revealed new ideas on voice input
facilities.

As part of West Germany’s na-
tional effort in computer-controlied
data transmission networks, Sie-
mens AG developed its electronic
data switching system, which was
described at the meeting. A pro-
totype system, recently tested on an
experimental link connected to
equipment at post office research
labs at Darmstadt, will be hooked
into the public network by 1972 or
1973 for further trials. A second
prototype is set for delivery to the
post office by the end of this year.

The key components in the EDS
are memories and problem-oriented
processing units specifically de-
signed for switching functions. Con-
sisting of up to 16 memory banks,
each with a capacity of 64 kilobytes,
the memory units store data and
programs, handle requests from
processing units, and keep tabs on
them. Trunk and subscriber lines
are connected to the system via ter-
minal equipment that uses asynch-
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ronous time-division multiplex tech-
niques for low and medium bit
rates, and space-division multiplex
for high bit rates.

Also discussed at the Ljubljana
meeting were advances in computer
terminal design. In their quest for a
simple, low-cost data input system
usable by the general public, re-
searchers at Britain’s National Phys-
ical Laboratory have developed a
graphical input table for entering
data into a computer. Called CHIT
for cheap input tablet—the device
can be used with any writing stylus
that doesn’t need mechanical or
electrical connections.

Basically, the CHIT system consists
of a flexible membrane installed
above a solid surface. Both mem-
brane and surface have a uniform
resistivity so that the potential al-
ternately applied across opposite
edges of either produces a linear
voltage gradient. Under stylus pres-
sure the membrane is deformed so
that contact is made at a specific
point with the lower surface. If the
polarization of this surface is from
right to left across its length, the
membrane takes on a potential cor-

responding to the horizontal posi-,

tion of the stylus. Likewise. when
the membrane is polarized from
bottom to top across its length, the
surface potential indicates vertical
stylus position.

From the U.S., progress with
voice input systems was detailed in
a paper by specialists from 1BM’s
T.J. Watson Research Center. 1BM is
working on a voice input system for
digital computers that uses only a
modest amount of special-purpose
hardware. It’s a variation on the fil-
ter bank approach, which calls for
substantial amounts of special
speech-processing hardware, and
the microphone converter scheme
which needs a significant amount of
computer resources.

Designed for computer graphs
applications, the 1BM system uses a
discrete word recognizer with a 33-
word vocabulary. The immediate
goal is to investigate the possibility
of replacing the program function
keyboard of the 1BM 2250 display
unit with such a voice-control facil-

ity.
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Emitter profile. Cathode provides a narrow and uniform electron energy spread

Great Britain

GaAsP emitter helps to cut
tube beam-discharge lag

The lag problem that afflicts all low-
light-level camera tubes is usually
attacked from the target end, on the
assumption that the cathode is a fix-
ture. But two Britons have made
some progress towards a cathode
they believe will lessen beam-dis-
charge lag.

The fundamental drawback of the
conventional thermonic cathode is
the exponential distribution of
energy in its beam: the high end of
its energy spread contains very few
electrons. At low light levels, the
charge on the target is so small that
only the highest-energy electrons
can get through the retarding field
to discharge it, and because there
are so few of them, often the dis-
charge is not completed, and lag oc-
curs. Peter Deasley of English Elec-
tric Valve Co. Ltd. and Ken
Faulkner of General Electric Co.’s
Hirst Research Center argue that if
the energy spread is narrower and
more uniform—thus with a sharp
cutoff at the top end—more elec-
trons of the right energy level will
be available to discharge any target
charge level—lag will be reduced.
Supported by the Ministry of De-

fense (Navy), they've built a gal-
lium-arsenide-phosphide emitter
that partly meets this requirement,
though its energy spread doesn’t yet
have the factor-of-two improvement
over thermionic cathodes that they
are looking for.

The new cathode was described
this week by Deasley at a sym-
posium on photoelectronic imaging
devices at London’s Imperial Col-
lege. The electrons are injected
across a forward biased p-n junction
near the surface of the device. A p
region not more than | micron deep
is formed in the surface on n-type
GaAsP. If the p region is deeper
than that, the electrons crossing the
Junction will recombine before they
reach the surface, and there will be
no emissions. In the p region the
electrons quickly come into equili-
brium close to the bottom of the
conduction band. They have a nor-
mal thermal electron energy distri-
bution that is very narrow, not more
than a few tens of milli-electron
volts.

By putting a very thin layer of ce-
sium-oxygen on the region’s surface,
the researchers bring the energy
level at the surface below the bot-
tom of the conduction band so that
the electrons reaching the surface
have enough energy to escape.
Hence electron emission is over a
narrow energy spread.

Deasley says he preferred GaAsp
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to silicon because he needed a band
gap wide enough to make uniform,
stable emission possible, even
though he also needed to fabricate a
high-quality, shallow junction which
would have been easier with silicon.
In fact, Faulkner found that 120
minutes of zinc diffusion at 700°C
by the closed tube process produced
a good junction about a half-micron
deep. The cathode is about 20 mils
in diameter and is electrolumines-
cent. Light distribution is uniform,
indicating that injection across the
junction is also uniform, and sug-
gesting that electron emission at the
surface is uniform as well.

Deasley reports that the 20-mil-
diameter device gives an emission
current density equal to about 1
milliampere per square centimeter,
with an efficiency of about 0.01%,
and that emission falls off sharply
for about 10 minutes, after which
some devices have been stable for
more than 100 hours. He believes
these figures can be improved by at
least an order of magnitude. Energy
spread is reduced by about 30% less
than that of a thermionic cathode,
which he regards as encouraging.

Simple dc technique checks
MOS unit's impurity profile

Users of semiconductors ordinarily
think only in terms of p and n re-
gions, but makers of the devices
have to go a step further and deter-
mine how the p and n dopants are
distributed—what the impurity pro-
files look like. At least two instru-
ments—one American, one British—
have been produced for gauging the
uniformity of the profile in bulk ma-
terial. But Mullard’s Research Lab-
oratories has devised a nondestruc-
tive method of gauging it in the
device. It measures in absolute
terms the profile in the substrate re-
gion under an MOS transistor gate.
The Mullard researcher, John
Shannon, says his method of MOS
profiling is a simple dc technique
that will be useful for checking the
performance of any transistor in a
completed 1C chip without harming
it, and for design research. He was

scheduled to describe the method
this week at the Solid State Devices
Conference at Lancaster University.

Like other methods, the tech-
nique depends on producing a ca-
pacitance-voltage curve for the
space-charge region under the gate.
The impurity profile is calculated
from this curve with the aid of equa-
tions similar to those used in defin-
ing an abrupt, asymmetrical p-n
junction. To obtain the capacitance-
voltage curve, a small potential—
about 10 millivolts—is applied at
room temperature between source
and drain so that a small current
flows. Then the substrate bias is
changed by a small amount, and the
change in gate voltage necessary to
keep the source-drain current con-
stant is measured.

When this constant change level
has been reached for a given sub-
strate bias, the ratio of the change in
gate voltage to the change in sub-
strate voltage multiplied by the
oxide capacitance gives the space-
charge capacitance, which is inver-
sely proportional to the depth of the
space-charge region. The oxide ca-
pacitance is a constant that is de-
pendent on the oxide thickness.

The reciprocal of the square of
the space-charge capacitance,
plotted against voltage, provides
one point on the capacitance volt-
age curve. A full curve needs at least
a dozen points. At any given depth,
indicated by the capacitance value,
the doping concentration will be
proportional to the slope of the
curve.

France

GaAs diode matrix handles
graphics like radar display

The cathode ray tube, though
presently the favorite device for dis-
playing waveforms or showing im-
ages remotely, has its drawbacks:
it's relatively fragile, it needs high
operating voltages, and it’s bulky.
None of these drawbacks is charac-
teristic of matrix screen displays;
but they have their own short-
comings, notably low light levels,

relatively poor definition and —if
you want to show changing wave-
forms—complicated and costly drive
circuits. The last shortcoming
shouldn’t exist for too long. A trio of
French researchers has developed a
matrix display that can handle
waveforms and other changing
graphics like radar presentations.

At the moment, the technique is
limited to matrices with relatively
few elements. “We're working with
Sintra on a 32-by-32 radar display,”
says Marcel Vogelsberger, who’s in
charge of the research laboratories
of L’Equipement et la Construction
Electrique. Assisting Vogelsberger
on the display are Grilles Batailler,
the director of the luminescence lab-
oratory at the University of Poitiers,
and Rene Tran of ECE.

The three have checked out their
theory on a seven-row-by-15-col-
umn gallium arsenide array. The
trick, of course, is to switch on the
right element at the right time. In
other words, each element in the
matrix has a time associated with it
because of the scan, so the ampli-
tude of the waveform being dis-
played must be converted into an
equivalent time. To do this, Vogels-
berger and his co-workers use a
seven-step voltage ramp—actually, a
digital-to-analog converter—that
converts the output of a clock-con-
trolled binary counter into discrete
voltage levels, stepping up a level
each time the counter pulses.

The input signal and ramp volt-
age are compared in an amplifier.
When they match, there’s an output
to a monostable multivibrator. This
switches on a constant-current gen-
erator that powers the matrix for the
duration of one step of the ramp.

Along with the d-a converter, the
binary counter controls the switch-
ing of the scan along the rows
through a decoder and an interface.
The scan for the columns, too, is
tied to the same binary counter. Ev-
ery eighth pulse for the row decoder
pulses a second binary counter that
controls the switching from column
to column. Since all three signals—
amplitude ramp, row switch, and
column switch—are synchronized,
the right matrix elements go on at
the right times.
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Pfizer Research advances
the science of sound
and image recording.

Paris: Alain Oftergeld

Geneva:
1

The phenotnenon of magnetism, which occurs naturally & 4
in some minerals, was known to the Greeks six -
centuries before Christ. Yet it remains perhaps the gw‘"
least understood of all forces.

For example, how can a thin caating of special iron oxides —
on ary of many base materials —reproduce with high fidelity
’ almost the entire range of sound and visual communications?

Pfizer probably knows as much about this inystery as anyone, since we've
pioneered in magnetic recording for over 20 vears. Not in making tapes, drums,
and discs except for test purposes . . . but rather in the iron oxides they require.
Oxides possessing exceptional performance characteristics.

Pfizer has learned a lot about the subject, and is continuing to learn more,
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and reprodaced in scale of 4.3:1 reduc-
tion. High purity grades of synthetic
Goethite are among the major sources of
Pfizer’s wide range of oxides for magnetic
recording purposes.
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NEW PRODUCT INFORMATION

LSI IMAGE SENSING

The RETICON RL-64 is one of a family of seli-
scanning linear arrays. Designed for OCR, OPR.
facsimile and industrial control applications. FEA-
TURES: 64 photodiodes on 2 mil cenlers ® On-
chip scanning for serial video output ® On-chip
driver for TTL compatibility ® On-chip video
preamplifier ® Charge storage mode for high
sensitivity ® Scan rates from 1 KHz to 10 MHz
® Standard DIP package with sealed glass win-
dow. For immediate delivery contact:

RETICON "

365 MIDDLEFIELD ROAD
MOUNTAIN VIEW, CALIFORNI'A 94040
(415) 964-6800

Circle 198 on reader service card

The Compleat MOS
Memory System Line.
Built-in Power Supplies
and Memory Testers.
Configurations to

32K by 18 and 16K by 36.

Send for our 8 page brochure

SIGNAL GALAXIES;,INC.

A Subsiciary of the Sicnal Companies Inc.

6955 Hayvenhurst Avenue
Van Nuys, California 91406
Tekphone (213) 988-1570

The Compleat Memory Makers
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Go ahead,
dream
your impossible dream....

Stopped by the need for a permanent magnet better than any
that now exists? Maybe Hitachi Metals can heip. At our
magnetic and electronic materials research center and other
laboratories, our experts are hard at work making magnets do
more things than anyone thought possible. Developing new
magnetic materiais such as rare-earth cobalt, and finding new
uses for magnets. No one knows what they’ll come up with
next. But it just might be the answer to your impossible dream.

Devotion to improvement, added to integrated production
backed by years of experience, is behind the quatity of Hitachi
magnets. Quality that means cast magnets designed and fin-
ished to close talerances. Featuring high coercive force; big
energy product; magnetic field uniformity and stability. And
cast in any shape —no matter how intricate.

Here are some typical examples.

. = .
| Residual Coercive | Ener 2y
Type Inguction force Product (BXxH}
| (Br) gauss | (Hc) oersteds max. x 10-€
| S— i | 4 {
HI-MAG (ALNICO-5-7) | 13,000-14,500 700- 800 68 8 2
YCM-8B (ALNICO-8) 8 800- 9 600 1,380-1,550 48-55
YCM-80 (ALNICO-8 7, 500- 8 300 1,700-1,850 55-6.5
|VCM 8E (ALNICO-8) | 7,500 8, 1500 2,000-2,150 55 70 i
lVCM 98(ALNICO 9) ] 10, 000-11 000 | 1,350-1, 9.0-11.0

i - 1

For full details about Hitachi magnets, write

HITACHI

Hitachi Metals, Ltd.
Head Office: Chivoda Bldg , Marunouchi, Tokyo, Japan

Hitachi Metals America, Ltd.

New York Head Office} Magnet Materials Sect, 437 Madison Ave .
New York NY 10022 U SA Tel 212-758-5255
Chicago: 2200E, Devon Ave . Des Plaines, Ill. 60018. U.S A
Tel (312) 299-0031
Detroit: Suite 375 24300 Sou(hheld Road. Southfield. Michigan 48075
U.S.A Tel (313) 557-7142
Los Angeles: Suite 870 1901 Ave of the Stars,
Los Angeles, Calif., 30067 U S.A Tel. (213) 553-6649
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Howa' u 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

computer for a

variety of analysis =~ § @ g o
functions. It can b A
also be controlled Q Q

by the computer. - # G Q
The 321 now is being

used for such diverse operations as automatic
instrument calibration via computer, cancer
celianalysis 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. )

COLORADO VIDEOQ,
INCORPORATED

P.O. Box 928, Boulder, Colorado 80302. Phone (303) 444-3972
Video Data Acquisition « Processing « Display « Transmission
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How much
free time
do you have
available for
reading?

Add up the number of magazines that
come across your desk.

Multiply them by an average reading time
—minutes to scan, an hour or more to dig in.

Most people canonly spend six hours cach
week on all sources of occupational information.

So how do vou fill vour pre tessional needs
and still keep vour rcadms_{ within reason?

1caf through this issuc again.

Notice how much of its editorial is
designed to keep vou aware if trends, show
you how new tcchn()l()gies‘ arc being applied,
and give you information on new pre ducts.

If you wanttokeep y oursclf up to date and
cut downon your rc.ldmg time, do the same
thing with every issucof I lectronics.

When vou make Flectronics vour regular
habit, vou Il find vou have only occasional
need for other electronics magazines.

More information, in less rcaqu time, 1s
one reason it pavs vou to have vourown
subscription to Flectronics.

Electronics.

Its all vou need to read.
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RIE EMI Filters

WORLD'S BROADEST LINE OF MINIATURE CERAMIC FILTERS
AND FILTER SYSTEMS

FIH ST_ in subminiature ERIE's stature as undisputed world leader in subminiature
X . high performance Ceramic EM| Filters has been earned by
design capability

our abuitity to apply 35 years of sophisticated ceramic and
. H ! ,
FI H ST_ in total in-holise related technology to developing supemor EMI Filters Virtually
ducti bili all other presently known ceramic EMI filters are a copy of an
production capability Eniz design Yet no firm has been able to equal Erie’s combined
FI R ST_ in Quality and in-house filter capability apd proprietary ceramic technology
d | Production Today these nuniature filters  do their thing 1n noise
Volume Production pollution control, ehminat:ng extraneous noises and emissions

from ar waves
F H I_ to develop a complete ; — .
I S P P There's an application for reliable Ene filters mn your

line of subminiature ., mynications. aerospace. aircraft and industnal equipments
EMI Fiiters We'l: be happy to help sclve the problem

Write for our new EMY Fiiter brochure
ERIE TECHNOLOGICAL PRODUCTS
Ene. Pennsylvaria 16512

e i

¥ N
5 £
ng JE | ' ~i

L %
¥ \ ‘6‘
ER'E TECHNOLOGICAL PRODUCTS, INC. - Erie, Pennsylvania 16512
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Now 3 zero-voltage switches
to trigger your thyristors

Here's new flexibility and economy for
your zero-crossing Thyristor trigger
application—3 RCA zero-voltage
switches give you the exact combina-
tion of price and performance your
application demands.

RCA Zero-Voltage Switches offer:

® Thyristor triggering at zero-volt-
age crossing for minimum RF! in 50,
60, and 400 Hz applications.

® Self-contained dc power supply

FULL-FEATURE PERFORMANCE

PLUS ECONOMY

CA3059 in 14-LEAD DIP
Built-in protection,

—40°C to +85°C operation
$1.95 (1000-UNIT LEVEL)

NEW ECONOMY TYPE
CA3079 in 14-LEAD DIP
—40°C to +B5°C operation
$.99 (1000-UNIT LEVEL)

TTTTT??

NEW FOR FULL MILITARY
TEMPERATURE RANGE
CA3058 in 14-LEAD DIP
Premium performance,
—55°C to +125°C operation
$3.50 (1000-UNIT LEVEL)

with provision for supply of dc bias
current to external components.

® Built-in protection against sensor
failure (in CA3058 and CA3059).

® External provision for zero-cur-
rent switching with inductive loads.
Provision for adding hysteresis or pro-
portional control.

® RecommendedforusewithRCA's
2.5-40amp., 100-600 volt series triacs,
types 40693-40734. These RCA triacs

are rated for operation with the
CA3058, CA3059 and CA3079.

For further information see your local
RCA Representative or RCA Distribu-
tor. For technical data bulletin file Nos.
406 and 490 and Application Notes
ICAN-6158 and ICAN-6268, write:
RCA, Commercial Englneenng Sec.
70113/CA64 Harrison, N.J. 07029. In-
ternational: RCA, Sunbury -on-Thames,
UK., or P.O. Box 112, Hong Kong, or
Ste. Anne de BeIIevue 810 Quebec.

CURRENT

LIMITER

EXTERNAL
INHIBIT

SUPPLY

-

|
I
I
I
|
|
]
I
|
I
|
|
|
|

s

° NEGATIVE TEMPERATURE COEFFICIENT
AI1C=INTERNAL CONNECTION ON CA3079

Features

® 24V, 120V, 2 3/230V, 277V at 50

60, or 400 Hz operation .
e Differential Input

® Low Balance Input Current (max.)-uA
® Built-in Protection Circuit (Fail-Safe)
for opened or shorted sensor

(Term. 14) .
Sensor Range (Rx)-k2
DC Mode (Term. 12)

External trigger & inhibit (Terms.

6&1).

Circle 902 on reader service card

Solid
State

CA3058 CA3079

V Vv
V Vv
1 2

Vv
2 to 100






