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AMEThe
With a Facility for MOS-Everywhere

Our expertise can be yours wherever you are — even faster than be-
fore. We’ve multiplied our production capacity with three new plants
that make nothing but MOS devices. We produce millions of them in
California, Mexico, Idaho and Korea. All of our devices are engineered
to reduce complexity, lower cost and increase reliability for our cus-
tomers — some of our devices even replace mechanical parts. You’ll
see when you visit any one of our plants. Find out for yourself. You
too can be ahead of your competition.

AMERICAN MICRO-SYSTEMS, INC., 3800 HOMESTEAD ROAD,
SANTA CLARA, CALIFORNIA 95051 PHONE: (408) 246-0330

THE LEADING
. MOS COMPANY, g
WITH FACILITIES IN

CALIFORNIA, MEXICO 3.
IDAHO & KOREA -~ o
®
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Got thejitters?
Take our cure foryourtape recordlng headaches.

HP's 3950 Instrumentation Recorder
will take the jitter out of your tape path
and all the hassle out of data rccording
Spees like jitter of 0.3 pis in 0.1 ms3

at 120 1ps, plus a nnnmnl cnve Iom
d(...l) of no more than *250 ns from
100 kHz to 2 MUz, guarantee that what
you're analyzing on the tape is exactly
the same as the data you fed into

the recorder.

On the 3950, all tape transport
components are mounted on a precision-
machined frame. You'll never reed to
shim or have the factory make adjust-

ments. The tape path is a si np'e open
loop. Heads are casy to get at for
cleaming. The monitor, test signal
sclectors and test T O conncctors are all
casily accessible on the front |uncl.
Couple these features with the
capability of rccording POM dcmmcs as
high as 20.000 bits per inch, - choice
of 7or i track 2 MHz «hrcrt rccording
and prices that begin at lcss than
815,000 — and vou've got the best
price performance ratio or the market
And that's not only on the day vour
recorder comes into the lab but for vears

to come — because performance
docsin’t dateriorate. Let your
ncarby HP ficld engineer give
vou the details and a demo

on the recorder that takes the
headache out of instrumentaticn
taping. O write t0 Hewlett-
Packard, Palo Alto, Calif. 91304,
Europe: 1217 Meyrin -Geneva,
Switzerland. a

HEWL.ETTW PACKARD

RECORDING SYSTEMS
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About this issue

isaster always strikes at the

wrong time. For a reporter about
the worst time for any personal ca-
tastrophe is when he has a heavy
schedule of interviews set up. Our
Los Angeles bureau chief, Larry
Curran, was all set to start report-
ing the in-depth story on computer-
aided design that leads off the
Probing the News section (p. 93)
when he broke his ankle. He says it
happened in a “stupid fall” at
home. Crutches were issued, the
cast went on, and so did Curran—
to get the latest word on how the
CAD world is evolving and to ex-
plain countless times that he hadn’t
been skiing when he suffered his
injury.

Curran’s story updates and ex-
pands the special report he did for
Electronics way back in the Oct.
13, 1969, issue. That’s only a little
over a year ago, but a lot has hap-
pened in the field since then. For
onc, Curran reports, contrary to
the “early” days of CAD, far morc

emphasis is placed on the word
“aided.” It turns out that the hu-
man designer is still more skillful
at manipulating circuit elements
than is a computer program. That’s
the feeling of seven out of the eight
leading semiconductor houses us-
ing CAD that were covered by Cur-
ran and by Paul Franson, who filed
the Texas Instruments’ side of the
CAD story from Dallas.

Last month marked the fourth
anniversary of Curran’s move to
Llectronics from Washington-based
Missiles and Rockets magazine,
where he was assistant managing
cditor. This month marks his
eleventh year in business journal-
ism. He is a graduate of Washing-
ton and Jefterson College, Wash-
ington, Pa.

After covering more than 1,000
miles on crutches to get the CAD
story—if you count planes and cars
—Curran says, “It was a nice

change to have women open doors
in deference to my gimpy leg.”
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SOLID TANTALUM CAPACITORS

RIGHT ON THE MONEY

FOR PRINTED WIRING BOARDS
IN INDUSTRIAL, COMMERCIAL,
AND ENTERTAINMENT
ELECTRONICS

e A

Electronics | January 18, 1971

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

ABLE

AFFORDABLE

Sprague Type 196D Dipped Solid-Electrolyte
Tantalex® Capacitors cool the performance/budget
argument. Newly broadened line—now available
in all popular 10% decade values between 0.1 uf
and 330 uF. Voltage range: 4 to 50 vdc. Hard insu-
lating resin coating is highly resistant to moisture and
mechanical damage. Straight or crimped, long or
short leads. Operate to 125C with only V3 voltage
derating. Write for Engineering Bulletin 3545A.

Technical Literature Service
Sprague Electric Company
35 Marshall Street

North Adams, Mass. 01247

SPRAGUE

S THE MARK OF RELIABILITY

45M.0139
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How To Solve Your Power
Supply Problem In 24 Hours

400 A~ to DC
Model W15D
Size 22" x 32" x 3"
Output 15 VDC at 2.5 amps

28 VDC to DC
Model €28D
Size 2% " x 318" x 3%"
Output 28 VDC at 1.8 amps

DC to 400 A~
Mode!l S3D
Size 2%“ x 3" x 4
Output 115 VAC at 30 VA

60 A~ to DC
Model RSS
Size 612" x 4" x 7V2"

Output 5 VDC at 5 amps

Abbott has four new lines of hi-perform-
ance power supply modulcs. Most of the
popular voltages are carried in stock for
shipment within 24 hours from receipt of
order. All types of converters are available
with any output voltage you need from 5
to 3,500 VDC—and DC to 400 1z in-
verters, with either 1 ¢ or 3 ¢ outputs.

400 Hz to DC

Designed especially for 400 Hz input, these
hi-performance converters feature close
regulation (=0.05%), low ripple (0.02%),
automatic short circuit protection, com-
plementary overvoltage  protection and
will meet the eletromagnetic interference
requirements of MIL-STD-161. Popular
sizes are in stock for immediate delivery.

DC to 400 Hz
These small lightweight inverters change
28 VDC to 115 Volts 400 Hertz at operat-
ing temperatures of 100°C at base plate.
Six power ratings between 3 and 120

watts are available as well as frequencies
of 400, 800, 1200 or 1600 Hertz and 115
or 27 wvolts output. Popular sizes are in
stock for immediate delivery.

28 VDC to DC
These hi-performance converters change
28 VDC to any voltage between 5 and
100 V'DC. They feature close regulation
(+0.053%), low peak to peak ripple of
less than 30 millivolts and  clectromag-
netic interference protection to meet the
requircments of MIL-STD-46G1. Popular
voltages are in stock for immediate delivery.

60 Hz to DC
Highly dependable, these convection
cooled power supplics have ontput volt-
ages from 5 to 100 V'DC. They feature
close regulation (+=0.057). low ripple
(0.027), operation at 160°1° ambicent and
minimum size and weight, Popular volt-
ages are in stock for immediate delivery.

Please see pages 930 to 949 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott modules.

Send for our new 68 page FREE catalog.

abbott NIFLTIFITYE

LABORATORIES,

5200 W. Jefferson Blvd./los Angeles 90016
(213) 936-8185 Cable ABTLABS

6 Circle 6 on reader service card

INCORPORATED

1224 Anderson Ave. Fort Lee, N.J. 07024
(201) 224-6900

Readers comment

More on ARTS

To the Editor: Overall, the article,
“Budget shortages stall ARTS 3 im-
plementation” [Nov. 23, 1970, p.
87], correctly reflects our situation,
wherein resource shortages have
kept us from making the progress
that is needed to keep pace with
air traffic growth. However, I be-
lieve that a portion of the article
was based on a misunderstanding
of my discussions with Jim Hard-
castle, or perhaps it stemmed from
information he received from an-
other source.

I stated that ARTS was a great
technical challenge in that it re-
quired display of primary and sec-
ondary data, as well as high-speed
writing of characters during radar
system dead time. T indicated that
this challenge had been met by
Texas Instruments; that it is to
TI’s credit that the production engi-
neering problems have been largely
resolved, with the remaining few
to be concluded shortly, even
though the cost may have been
greater than originally anticipated.
I also indicated that one of the
strengths of the system’s contract
was that Univac and TI pursucd the
problems involved and resolved
them with minimum cffort on the
part of thc FAA—an advantage of
doing business with companies of
their stature.

I also noted an crror in the box
on “The art of ARTS.” I believe
that the display subsystem of the
original ARTS prototype at Atlanta
has been confused with the ARTS
3 production system. The Atlanta
configuration uses the TV scan as
reflected in the article, whereas
the TI subsystem operates in a nor-
mal rho/theta manner with brighter
output and alphanumeric characters
written during radar dead time.

As a matter of overall informa-
tion, we consider the ARTS 3 pro-
duction, installation, and imple-
mentation program to be moving
along satisfactorily.

John C. Mercer

Systems Research and
Development Service

Federal Aviation Administration
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If GR’s “€8% Attomatic RLC Bridge seems to cffar
more than tre tsual bridge, it's no illusion.

First, the 1€33 kand s all k'nds of componen:s by
measuring 3 L, ardd C oser the widest possible rances:
0J.001 m(: to 2 M®), 00CO.1 pF tc 0.2 F, and 00.001
fo 2000 H. Th= dissipation-factor, equivalent ssries
resistance, arxd leakage-current ranges are 0 1o 2,
00.001 mO tc 2000 k€:, znd 2.5 ;A to 25 mA.

Second, th2 1583 g ves you tre extra convenience of
a test fixt_re faur ‘eet from the tridge instead of com-
nactors drectly cn tre bridge's front panzl. Five-
terminal conaections at the fixture preserve the Jesc
0.1% accuracy — accurazy that means you th-ow awey
fewer margira components.

Third, the 1583 off2rs speed and convenience fea-
tures like the 2D-mezsu-2ments-per-second capability

Electronics | January 18, 1971

and the automatic cecimal points and units of meas-
uremert; like the 120-Hz and 1-kHz test frequancies
and the built-ir 0- to 3-V kias (or provisions fcr an ex-
ternal supply Lp to 300 v); or like the useful remote-
programmab’lity and data-output options. Ard don't
overlock ths ESR and leakage-current reacout op-
tions for testing electrcivtics.

You can put a 1683 o-idge-and-a-half in ycur plant
for only $4450* plus just 3302 each for the optons you
need (2xcapt the lezkage-current readout, which is
only $200). You can also get the 1683-P1 test “ixture
for axial-lzaz companents for just $225.

Get all the details on -his ‘eature-packed bridge by
calling the GR office nearest you or by writing fo 300
Baker Ave., Concord, Mass. 01742 or to Postfacy 124,
CH 8034, Zurict, Switzzrlard.

“Prices are 1et FB Concord Mase., US A,

& General Radio

ICSTON 617 646 0550 ACHICAGO 313 332 080U /DALLAS 214 637 2240
LGS ANGELES 713 540 9830~ MEV WOF K (4 ) 212 954.2722 N,J.) 201 343340
SAN FRANCISE0 415 998 8233/ SE£TT_E 206 .07 9190/ WASHINGTON, D C. 301 8812333
TORONTO a6 257 B9s / AMICH {0511 a7 70 20
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Enroll now in the
Magnetics Technology
Center




Magnetics introduces a post-grad center that keeps you
up to date on the state of the art in magnetic materials.
No campus; no fee; texts free. You learn on your own time.

We don't pretend to be scholars
behind ivy-covered walls. We are a
group of inquisitive specialists
with interests in electronics, elec-
trical engineering, physics, metal-
lurgy and related fields. We work
with low and high permeability
magnetics, ferritesand photo-chem-
ically machined metals. Some of us
have spent over 20 years here at
Magnetics developing theories and
putting them to practical use.

Now we'd like to share with you
what we've learned—through a cur-
riculum that no undergraduate
school to our knowledge now of-
fers. (Sure, we have another pur-
pose. We believe that as people
learn what our products can do, the
more these products will be used in
future commercial applications. If
today we give you the kind of in-
formation that will help you do a
better job, it seems reasonable to
assume you may give us an order
someday.)

So we invite you to enroll now in
our newly created Magnetics Tech-
nology Center.It exists as a reposi-
tory of what is known about
magnetic materials. It intends to
spread this knowledge freely—and
broadly. It seeks engineers inter-
ested in learning more about this
field. It welcomes both recent grad-
uates and those who have been in-
volved in design and application
for some time. We intend to gear

our programs to your needs.

As an enrollee in the Magnetics
Technology Center you will re-
ceive without obligation a con-
tinuing flow of printed material.
You may have received some of this
in previous years, but the bulk will
be new material developed espe-
cially for our Center. Among the
items:

1) Magnetics Technology Center
Study Courses on such subjects as:

e Ferrites versus magnetic mate-
rials

¢ Photo-chemically machined parts

e Reducing magnetic circuit size
and response time

e Ferrites in transformer design

e Proper selection of cores for
saturating transformers

2) Magnetics Technology Center
Data Bank Files for designers of
chokes, coils, inductors, filters,
magnetic amplifiers, converter-in-
verter transformers and electronic
transformers

3) Magnetics Technology Center
news, at regular intervals, on ad-
vances in magnetic materials, ap-
plications, etc.

4) Magnetics Technology Center
Annual Bibliography of important
papers and articles on magnetic
science technology

Enroll now. No tuition. No tests.

To enroll, clip this and mail today.
e e T T T T T T T T T T T T T T T T T T A

MAGNETICS, Magnetics Technology Center, Dept. EL-106, Box 391, Butler, Pennsylvania 16001

Please enroll me in the Magnetics Technology Center and

forward all curriculum materials, free of charge, to:

Name. - _ -

Title or Function _ ] _

Specific Subjects You Would Like Us to Include in the Cur-

riculum____ _

Electronics | January 18, 1971

|
|
|
|
|
|
|
|
|
| Field of Interest and/or Product Now Working On.__
|
|
i
|
|
|
|
L

Degree _
Firm Nome_____
Address _
City .

_ curriculum,

NN
MRAGNETICS

w J J |

A DIVISION OF SPANG INDUSTRIES INC.

- State_

No campus. Merely fill out and
mail the coupon.

MAGNETICS, Magnetics Tech-
nology Center, Dept. EL-106, Box
391, Butler, Pennsylvania 16001

How do we qualify to
institute this Center?

+ We developed the 550 Mu Flake
Core, an industry first, that allows
miniaturization without excessive cir-
cuit losses

+ We tightened up industry inductance

tolerances for powder cores. Twelve

years ago the accepted tolerance
was as high as +22%,. We went
to +=8% and others followed

We established ourselves as the only

approved source of bobbin cores for

the Apollo program

+ We patented a one-piece powder
core die to increase production and
help make a more uniform product

+ We developed linear inductance-
temperature characteristics in pow-
der cores

+ We stabilized miniature cores for in-
ductance changes with temperature

+ We developed a guaranteed volt-
age breakdown finish for tape and
bobbin cores, eliminating the need
for taping

*+ We developed our own powder
metallurgy techniques and produc-
ing facilities to gain stricter control
of magnetic core properties

+ We tightened limits or standards on
tape wound cores and set limits on
other cores where no industrial
standards were in place

_ School Year

|

|

|

i

|

]

{
1
]

|
Zip :

Your associates may wish to enroll also. Have them furnish |
the above information on their company letterhead and
send it to us. We need this dota to assist us in selecting your
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If we design them right,
you can forget about us.

Are you thinking about
your integrated circuit sup-
plier more than you want to?

Do you get parts that don’t
even meet their own data
sheet specs? Do you have
parts that stop working when
it gets hot or cold or later?
Do you discover IC logic
anomalies after they’re in
your equipment?

Then you might think
about us:

Our logic designers and
circuit designers and process
guys actually talk to each
other.

We don’t copy products. We
second source functions.
Every product we make
gets redesigned.

Everything we make is
MIL STD 883 because we
want it that way.

And we don’t announce
products that aren’t in stock
at Hamilton/Avnet.

10
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So, if you’re thinking about
your integrated circuit
source more than you want
to, think about us.

Just once.

They’re 259% faster. Add 4
bits in 19ns. Add 16 bits in
31ns. Or do any of sixteen
logic operations in 19ns.

They’re the only ones in
Flat Pak and in silicone
and hermetic DIP. And the
only ones with full mil
temperature range.

Our arithmetic logic unit
(Amb54/74181) and its
companion look-ahead carry
generator (Amb4/74182)
are pin-for-pin replacements
for the SN74181, the
SN74182, and the forthcoming
9341 and 9342.

For more information,
circle Bingo Card 301.

Advanced Micro Devices, Inc.o

Telephone: 800-538-7904 toll free, and ask for Shel Schumaker. In California call 408-732-2400. In Los Angeles, call Steve Zelencik at 213-360-2102.
In the eastern United States, call Steve Marks at 212-343-2220. TWX 910-339-9280. 901 Thompson Place, Sunnyvale, California 94086.

Electronics | January 18, 1971 11



~BlUG-

measurement flexibility

Mainframes
available
with or without
Rugged Bistable

TYPE 3B4 TIME BASE
Storage

TIME/DIV on

The Dual Plug-In Feature of the 560-Series Oscilloscopes al-
lows conventional Y-T or X-Y displays with either single-trace
or multi-trace units. The 564B MOD 121N (pictured above) pro-
vides stored displays at constant brightness independent of sig-
nal repetition rates. Seven-inch rackmounts are available in this
family of valued performers.

561B ... ... ... .. $595 564B MOD 121N ... $1,250

12 Electronics | January 18, 1971



MULTI-TRACE
Compare time related pulse
trains using this DC to 10

MHz, 35-ns risetime plug-in
with deflection factors from
10 mV/div to 10 V/div.

Type 3A6 ........ $550

SAMPLING

Extend your measurement
capabilities to 14 GHz with
25-ps risetime, internal trig-
gering, dual-trace and inter-
changeable heads.

Type 382 ........ $950

TYPE 3A9 poLt

ammvon CAMPLTIER "

Q

o o

¢

vt

@t

g
=

i3

(]

a .
9 2

1091910

/
[ 31 -

DIFFERENTIAL

Make differential measure-
ments from DC to 1 MHz with
10-uV/div deflection factor
and 100,000:1 common-mode
rejection ratio.

Type 3A9 ...... .. $525

TYPE 3L5S IPECTRUM AWALYZER FLUG 1N UNIT
— - e

SPECTRUM ANALYSIS
Analyze the frequency spec-
trum from 50Hz to 1 MHz
with calibrated dispersion
and calibrated deflection fac-
tors.

Type 3L5 ....... $1125

TYPE 2AB60
AMPLIFIER
®
a
- (]
0]
Q

SINGLE-TRACE

Perform single-trace mea-
surements from DC to 1 MHz
at deflection factors from
50 mV to 50V/div with this
low-cost plug-in.

Type 2A60 ....... $140

CARRIER AMPLIFIER

Measure force, acceleration,
strain and displacement in
applications such as stress

analysis, vibration studies
and fatigue tests.
Type 3C66 ....... $495

The Tektronix 560-Series Oscilloscopes have a
complete selection of plug-ins, permitting you to
adapt your measurement capabilities to meet your

changing measurement needs.

More than 25

plug-in units are available covering single chan-

nel, multi-trace, differential,

sampling, spectrum

analysis and other special purpose applications.
Adapting your measurement capability to meet
your changing measurement needs is assured.

Electronics | January 18, 1971

For detailed specifications contact your local
Tektronix Field Engineer or write: Tektronix, Inc.,
P.O. Box 500, Beaverton, Oregon 97005.

These instruments are available through
our new Leasing Plan.

U.S. Sales Prices FOB Beaverton, Oregon

e
&

Tektronix, Inc.

committed to progress in waveform measurement

Circle 13 on reader service card
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SWITCH

INFORMATION

CENTER

AN EASY-TO-READ
» NEWLY EXPANDED
TECHNICAL CATALOG OF

INDUSTRY'S MOST
COMPLETE SELECTION

MINIATURE
ROTARY
SWITCHES

WRITE FOR YOUR FREE COPY

General Sales Office

RCL ELECTRONICS, INC.
700 South 21st Street
Irvington, New Jersey 07111
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Rosso

- |nstrumentation is often used in
research~somectimes for a number
of years—before it finds a placc in
routine diagnostic work in a clinical
laboratory,” Louis Rosso points
out. And like that instrumentation,
Rosso himself is making the switch
from the rescarch to the clinical
laboratory. He’s the first manager
of Beckman Instruments’ Clinical
Instruments division. He comes
over from the head spot at the com-

pany’s Spinco division, which
manufactures medical research
equipment.

Big things arc expected from the
new man and the new division.
Beckman president William Ball-
haus has already tagged clinical in-
struments as the company’s Num-
ber 1 growth arca.

The 31-year-old Rosso sces clin-
ical-chemistry cquipment as the
division’s big seller, with most
growth taking place in automated
gear and in inexpensive benchtop
cquipment that can do single tests
quickly and simply.

Rosso’s  division also  makes
physiological instrumentation. This
market has a lot of promise but,
says Rosso, “is less well defined
and not growing as fast.” As an
example of the problems, Rosso
points to his division’s efforts to
sell doctors on the telephone trans-

mission and computer analysis of
electrocardiograms. “MDs have to
want and accept this kind of thing,”
states Rosso. They don’t as yet.
“We're in a gestation period,” he
points out.

Monitoring equipment is also on
the division’s list of products. How-
cver, the concentration is on the
relatively new field of infant moni-
toring. Asked why Beckman isn’t
moving into the more cstablished
ficld of intensive-care monitoring,
Rosso puts it succinctly: “We look
for areas where we can be one of
the first.”

“T he traditional enginecring divi-
sions are becoming more and more
irrelevant,” believes Paul E. Gray,
38, new dcan of the School of Engi-
neering at MIT, “During the last
two decades engineering has seen
big-goal-oriented national pro-
grams. Now programs are more
local, more diffuse, less mission-
oriented—like transportation, envi-
ronmental, and pollution control
programs. The old disciplines are
not connected in a onc-to-one way
to the new problems.”

With such views it’s not surpris-
ing that Gray was very much
involved in curriculum reform in
his former post as associate provost
and professor of electrical engi-
neering. His main responsibility
was the coordination and develop-
ment of the undergraduate curric-
ulum, especially the treatment of
freshman yecar work as a coherent
whole.

Gray feels that the major change
in cducation in the past few years
has been “the focus on the style of
the cducational encounter rather
than the content.” MIT now has
two school-wide programs which
cmphasize individual research and
an interdisciplinary approach to
problems and enroll about 100
freshmen and sophomores, mainly
in the School of Science. The ques-
tion of how such programs relate
to the training of engincers is not
yet decided, Gray says, but the
School of Engineering is studying
the programs to determine whether
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As the fellow said, it wasn't the cost of the marriage
license that did me in, it was the upkeep. Take heart
friend. At Fluke where we've got a thing about volt-
meters, we think about your return on investment.You
buy a digital multimeter to improve efficiency (it's
faster) and reduce error (it's direct reading).

But, high efficiency and low error rate don’'t mean
much if you're always re-calibrating; they don’t mean
much if the instrument falls easy prey to burn-out; they
don't mean much if “‘portable” isn’t really portable.

We thought about you when we designed the 8110A
Digital Multimeter. And here are the dividends in time
and money.

The Fluke 8110A is guaranteed to remain within
specification without recalibration over a broad tem-
perature range for six months. Six month accuracy
for DC is *0.01%. AC and resistance accuracies are
*0.3% and *0.02%.

FLUKE

R «patent pending.

|999

MOMNIIAY
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" The new DVM
~“WithAull return
on your investment

built-in.

The Fluke 8110A won't fail when you overload it.
Take off the overload and your digital multimeter will
be ready and waiting to make a measurement.

The Fluke 8110A is truly portable—10 Ibs. with bat-
teries. It's reliable. For low power drain and low parts
count, it uses Fluke's remarkable R2?" conversion
technique.

Price of the Model 8110A is $850. The rechargeable
battery option for up to eight hours continuous oper-
ation costs only $100 extra. Other options include
printer output, RF and high voltage probes, switched
AC-DC current shunts and a ruggedized case.

Your nearby Flukeman telis all. If it's more conveni-
ent, contact us directly or circle the bingo number
below.

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.

Phone: (04250) 70130. Telex: 884-50237/1n the U. K., address Fluke International Corp.,
Garnett Close, Watford, WD2 4TT. Phone: Watford, 27769. Telex: 934583.
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A NATIONAL EXCLUSIVE . ..

FULL-POWER
OPERATION TESTED®
850A-1700V
SCRs

*Every NL-C501 SCR is tested at full current and volt-
age ratings under a reactive load to validate the critical
device parameters. No ‘‘cheater’’ circuits are used in
testing. Only National provides this positive assurance
of device performance.

NL-C501 PLUS FACTORS

® Voltage range up to 1700 V.

@ Double diffused construction to assure repeatable performance
@ Shorted emitter for minimum dv /dt of 100 V /4 sec.

@ Disc construction for either reverse polarity or parallel assembly

@ Also available in factory assembled back-to-back heat sink

We welcome requests for detailed data
and application assistance. Contact . . .

NATIONAL ELEGTRONICS, INC.

a varian subsidiary
Geneva, lil. 60134, phone 312-232-4300
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People

they should be made departmental
in nature.

One major area of concern for
Gray is tight resources, “not just
for the School of Engineering but
for universities in general. We must
use resources in the most efficient
and most effective way. I sec some
courses on a school-wide rather
than on a departmental basis.” He
mentions computation, elementary
thermodynamics and fluid mechan-
ics, and some materials courses as
subjects that cut across several
departments.

For example, at MIT “there are
five departments in transportation,
none in a majority position,” says
Gray. “One could conceive of a
division with courses, faculty, and
students from several departments,
The need is clear, but the way to
organize the school is less clear; we
have just begun to discuss those
things.”

Gray admits, “I don’t have a very
good crystal ball” for forecasting
future engineer enrollments, but he
feels the present recession is the
“kind of thing that discourages
students. And many young people
sce engineering as a creator of
problems, such as pollution, and
stop at that point; but one can’t
conceive of a solution that isn’t
technical in nature. I expect that
the need for engineers will in-
crease.”

Hacking out a share of the Euro-

pean electronic components mar-
ket for Westinghouse Electric Corp.
is a major task facing John C.
Marous Jr., new general manager
of the firm’s electronic components
division. He expects increased em-
phasis on international sales will
replace to a considerable extent
sales lost to the depressed aero-
space and defense markets, and
adds, “Our challenge is to develop
a worldwide strategy for the divi-
sion’s growth,”

To this end, Westinghouse has
just established a specialty sales
force in Europe, which will sell
products manufactured by the
firm’s electronic tube division in El-
mira, N.Y., and will have its head-
quarters in Frankfurt, Germany.
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Moreover, Compagnic des Semi-
conducteurs Westinghouse (CDSW),
at LeMans, France, whosce sales
force formerly served only the
French market, has now expanded
it to cover all Europe, with the ex-
ception of a few transistors, all
semiconductors sold by this group
will be manufactured at the French
facility. Finally, Marous says his
firm is presently investigating the
possibility of building a plant in
Europe to manufacture electronic
transformers.

In addition to expanding over-
scas sales, Marous believes West-
inghouse’s semiconductor division
in Youngwood, Pa., will grow sub-
stantially because of two factors:
“We are just beginning to replace
electromechanical  devices  with
solid state,” and the expanding pol-
lution control and transportation in-
dustries offer abundant opportu-
nities for new semiconductor sales
directions.

In fact, the semiconductor divi-
sion, of which Marous was genceral
manager before assuming his new
post, is not suffering as badly as
the semiconductor industry as a
whole, he claims. “We are not in
integrated circuits,” he points out,
“which have been suffering from
reduced volume as well as reduced
prices.”

Marous, who's an avid paddle
tennis player, said a rebound in the
entertainment market would help
the electronic tube division, which
makes television picture tubes. But
he predicts that that number of sets
sold in 1970 will come to less than
half of what was projected several
years ago.

Marous is quick to emphasize
that Westinghouse’s efforts to be-
come a worldwide company do not
mean it is neglecting the U.S, mar-
ket. In support, he points to the
fact that 18 months ago Westing-
house established specialty sales
forces to market the firm’s elec-
tronic components. Formerly. they
were sold by a force handling 13
products.

And after Europe? Marous fore-
casts Westinghouse’s next interna-
tional targets will be Africa and
then the Far East.
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Would you believe they’'ll do the job
for a fraction of SMA prices?

\" . ciry STATE zip
E.F. JOHNSON COMPANY
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In M() S/LSI.
we're one-of'a

MICRO- CIRCUITS CORPORATION



Back in the '60’s, everyone predicted MOS would
come of age by 1970. And it has. Right in our

new one-of-a-kind MOS plant. In fact, it's the best
facility in the world for high-volume manufacturing
custom MOS devices — backed by the financial
stability of The Garrett Corporation.

New designs. New processes. New ideas for an
emerging MOS/LSI technology. You'll find them
all in our 35,000-square-feet of floor space. We
are currently the exclusive second source for
American Micro-systems, Inc., supplying everything
from design to delivery under one roof.

All our fabrication and assembly areas are in
Class 100, laminar flow clean rooms and have
poured electrically conductive floors (the kind you
usually find only in hospitals or ordnance plants).

We use completely deionized water that’s purified
by reverse osmosis. It's 10 times purer than the
water used to make pharmaceuticals. And when
we're finished with it and put it back into the
environment, it's three times purer than ordinary
tap water.

And we have a temperature control system in
critical areas that keeps everything at plus or
minus Y4 °F. And a humidity control system that
keeps everything at plus or minus 2%.

~ Youname it, we have it. Including a new

. one-of-a-kind diffusion furnace that has all the
" controls on the front. . . inside the clean room so
operators don't have to enter unclean areas just
to turn a couple of knobs.

We are establishing a complete and comprehen-
sive set of computer aids for our design
program. One of the benefits resulting from this
effort is total and maximum interaction for

the designer in all phases, including logic
verification, placement and pattern generation.

We have all these things (and a lot more) so we
can deliver a guaranteed product. Everytime.

At the agreed upon price. On the specified date.
2 Whether you're a medium or high-volume
customer. You wouldn't buy from a substandard
MOS house twice, and we know it. So we deliver.

And just for the record: every process and piece of
equipment we have is devoted exclusively to

MOS. Not bipolar and MOS. Our commitment to
MOS is total. (Our new brochure tells the

whole story.)

We're in business. We're in production. We invite
your inquiries and will welcome your visit. Simply
phone (714) 487-3000. Or write Garrett Micro-
Circuits Corporation, 16701 West Bernardo Drive,
San Diego, California 92127.
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HOORAY!
for the

RED

WHITE

(and green and yellow and black)

A new line of

REED
REWAYS r

for low level to '
3 amp applications.

Six colorful new miracles from your Guardian Angel: Color-
coded Reed Relays that are so superior inside that we give them a
colorful outside. RED: General series, sub-miniature in up to 4
poles. WHITE: Economy series open type for high quality, low
price. BLUE & BLACK: Mini sized miracles with terminals that
fit in same pc board spot as 14 terminal dual-in-line. With 1 Form
A, 2 Form A or B contact configurations. GREEN : Standard series,
up to 6 poles. YELLOW : Power series, switch up to 3 amp load
in enclosed package. From Guardian, the most respected supplier
of quality relays and solid state devices.

FREE REED RELAY LITERATURE PACKET. Send For RR-00.

GUARDIAN caLiFornin

GUARDIAN ELECTRIC MANUFACTURING COMPANY OF CALIFORNIA, INC.
5755 CAMILLE AVENUE. CULVER CITY. CALIFORNIA 90230

bV
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Meetings

Calendar

Optics in Microelectronics, Optical
Society of America, Stardust Hotel,
Las Vegas, Jan. 25-26.

Winter Convention on Aerospace and
Electronic Systems (WINCON), IEEE;
Biltmore Hotel, Los Angeles, Feb. 9-11.

International Solid State Circuits
Conference, |IEEE; Sheraton Hotel,
University of Pennsylvania, Feb. 17-19,

International Convention & Exhibition,
IEEE; Coliseum and New York Hilton
Hotel, New York, March 22-25.

European Semiconductor Device
Research Conference, IEEE, DPG
(German physical society), NTG
(German communications society);
Munich, March 30-April 2.

Reliability Physics Symposium, IEEE;
Stardust Hotel, Las Vegas, March
31-April 2.

USNC/URSI IEEE Spring Meeting,
Statler Hilton Hotel, Washington,
April 8-10.

National Telemetering Conference, |EEE;
Washington Hilton Hotel, April 12-15.

International Magnetics Conference
(Intermag), IEEE; Denver Hilton,
Denver, Colo., April 13-16.

Conference & Exposition on Electronics
in Medicine, Electronics/Management
Center, Medical World News, Modern
Hospital, Postgraduate Medicine; Sher-
aton-Boston Hotel and the John B.
Hines Civic Auditorium, April 13-15.

Off-shore Technology Conference, IEEE,
Houston, April 18-21.

International Geoscience Electronics
Symposium, |IEEE; Marriott Twin
Bridges Motor Hotel, Washington,
April 18-23.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, N.J., April 26-28.

Relay Conference, College of
Engineering, Oklahoma State
University Extension, National
Association of Relay Manufacturers;
Stillwater, Okla., April 27-28.

Southwestern IEEE Conference and
Exhibition, Houston, Texas, April 25-
May 2.

International Microwave Symposium,
IEEE; Marriott Twin Bridges Motor
Hotel, Washington, May 16-20.
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Behind this counter are 40 million hours

of reliability data.
Thatso
bestseller.

Only the 5245’s have over 40 million
hours of operating data behind them —
data which is computerized so HP can
keep track of the performance of the 20,000
5245’s now in use around the world. In
addition, they all get torture-tested up to
160° F to make sure they’ll operate under
the most severe conditions.

The 5245’s adapt easily to your
needs. 14 plug-ins go from dc to 18 GHz
and perform a great variety of functions.
You can even order a long-term time-base
stability of <5x107'°— good enough
to use as a precision frequency standard.

That’s why, in the long run, buying
the best all-around counter on the market

nlyone reason it’s the world’s

—the 5245 — will save you money. Down-
time and servicing are minimal. But you
can get parts and service around the world.
No wonder these counters are the only
choice for many leasing companies.

Prove it to yourself. Call your local
HP ficld engineer and find out why
these are the most accurate, flexible and
econcmical counters you can get. Anywhere.

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

HEWLETT hp, PACKARD

ELECTRONIC COUNTERS

02014



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
either 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- e .
facturer to use this method on all g

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.

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 re-

liable. Now we’re waiting to hear

from you. Automatic Electric Company,
Northlake, Ill. 60164.

AUTOMATIC ELECTRIC

sussioiary oF GENERAL TELEPHONE & ELECTRONICS
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THE MOS DRIVER

B A

515 11th Street + Box 1289, Oakland, Calif. 94604  (415) 834-3030

Dear Sir:

| want you boys from E-H Research Laboratories to prove I’m not
just seeing things. Here is my purchase order. | have a____ _
phase problem, so please send me_______ Model G720 MOS
Drivers for only $545 each. | understand | can use your unique
Model G720 as a clock driver or a data driver. And if my problem
is 2 phase, 4 phase, or more, | can purchase several and just stack
them up. | believe the Model G720 MOS Driver from your new
GENERATION 70™ line of low-cost, high-performance instruments
offers an Output of —30 to + 12 Volts and has Remote Current
Injectors with Rep Rates to 10 MHz and Delay and Width to 200 ms.
Apparently other features include no adjustments, non-selected

parts, one-year guarantee and 5-day free trial. I'll believe it when
| see it.
Name Title
Company
Address Telephone
| City State Zip

L——--—-—————-————— %
. Ifyou don’t want to cut up your magazine, just a purchase order

S to E-H or to an E-H Representative will do.
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Laser analyzes
each IC component

Cogar out to replace
360/65 core memory
with MOS modules

Tests may open
phone lines to data

IEEE, NSPE agree
to join forces

Electronlcs | January 18, 1971

Electronics Newsletter

January 18, 1971

Scientists at the MIT Lincoln Laboratory are using a laser for analyzing
the performance of each individual component in an IC. ICs have been
treated like black boxes: their characteristics were measured only at
input and output, often making design, quality control, and fault location
needlessly difficult.

Lincoln Lab’s Robert E. McMahon, group leader and one of the
developers, speculates that the technique not only could speed fault
isolation, but also permit more accurate measurement of carrier lifetime,
resistivity, and surface effects. The work was sponsored by the Air Force.

Now, a helium-neon laser beam 1 or 2 microns wide is scanned raster-
fashion across a chip, changing the current flow between power supply
input and ground. An oscilloscope synchronized to the laser’s x-y scan
pattern displays changing current flow across a power-supply load
resistor in series with the circuit. A readout shows transistors in the on
state as bright areas, and off transistors as black. Isolation regions, resis-
tors, diode junctions, metalization, and bonds all can be observed.

Cogar Corp. is bringing out an MOS replacement for the ferrite-core
memory of IBM’s System 360 model 65. The move could go a long way
toward proving the viability of semiconductors as main memories, in
volume as well as price.

The Cogar unit, introduced in a burst of ads in such business publi-
cations as the Wall Street Journal and Business Week, uses 125-mil-
square n-channel chips of 1,024 bits each. It comes in modules of
262,144 bytes, up to four of which can be connected to a single 360/65.
Thus, Cogar says it can replace the entire main core memory at the same
750-nanosecond cycle time but at a price 20% below IBM’s—$297,000
for Cogar’s versus $386,000 for IBM’s.

An experimental modem developed at MIT Lincoln Laboratory could
allow crowded data communications to be transmitted over phone lines
formerly unusable because of their nonlinear phase, amplitude, and
frequency response. Using vestigial sideband modulation in a narrow
1.6-kilohertz bandwidth—and TTL logic and MOS shift registers to
create an adaptive, 63-tap delay line up to 19.7 milliseconds long—the
modem has achieved transmission rates up to 9,600 bits per second.

Duplexed, over a 36-mile dial-up line between MIT’s main campus
and Lincoln Lab, the modem maintained this bit rate in the face of
3-millisecond delay variations, 13-decibel amplitude variations, 4° phase
jitter, and 13-millisecond low-pass impulse response. This poor line
quality, according to the modem developers, C.W. Neisson and D.K.
Willim, is typical of many voice lines, presently useless for data trans-
mission even at much lower bit rates. Despite the line, error probability
measured only 8.5 x 10 bits.

The IEEE has taken steps to make the recession period more tolerable
for its members. It has halved dues and fees for unemployed engineers,
and has completed an agreement with the National Society of Profes-
sional Engineers, subject to approval by the NSPE, that will allow the

25




Mostek MOS/LSI
to go into calculator

Oven seen as key
to quick production

Addenda

Electronics Newsletter

IEEE to answer its members’ demands for lobbying and other action
without endangering its tax-free status.

Of the two moves, the second is the more important for the long
term. The arrangement is said to confer upon IEEE members what
amounts to nonvoting membership in NSPE. Thus, IEEE views woulc% be
recorded and, it’s hoped, acted upon in response to NSPE lobbying.

There appears to be no end to the U.S.-Japanese deals for calculator
LSI in which the Americans supply the circuits. Mostek Inc. of Carroll-
ton, Texas, has landed a contract to supply MOS/LSI to an unnamefi
Japanese manufacturer. At the same time, it's reported that Japan’s
Nippon Columbia is negotiating a similar deal for Varadyne to supply
MOS/LSI calculator circuits.

In the Mostek arrangement, American Micro-systems Inc. of Santa
Clara, Calif., would be the second source. The device is Mostek’s ion-
implanted MK 4006P 1,024-bit random access dynamic memory. ThO}lgh
AMI is the industry’s largest supplier of MOS ICs, this is its first ion-
implanted device; up to now AMI has supplied conventional high- and
low-threshold MOS. Mostek supplied masks for the circuit, which has
a top cycle time of 650 nanoseconds; AMI developed the process.

A technique sometimes used to cure lumber could enable process control
engineers to speed up production of semiconductors and printed circuits.
It also might aid device performance by tightening geometry control.
Sage Laboratories of Natick, Mass., is experimenting with a low-power
microwave oven for drying the photoresists used on masks, wafers, sub-
strates, and circuit boards, The chief advantage of the technique is
speed—photoresist drying time on an IC mask has been cut from an
average of 20 minutes or more to 0.6 to 2.0 seconds, reducing the possi-
bility of resist contamination.

Independent experimenters at Bell Labs, Sylvania Semiconductor,
Alpha Industries, Crystalonics, as well as resist makers Shipley and
Eastman Kodak, report varied, but favorable, results with the oven.

Quadraphonic broadcasting may take a giant step shortly when the FCC
receives the report on the results of experimental programing over
KIOI-FM, a San Francisco station. The four-channel system used was
developed by Quadricast Systems of San Mateo, Calif. . . . Hughes Air-
craft Co’s MOS division in Newport Beach, Calif., has been added to
the list of semiconductor manufacturers making low-voltage C/MOS
circuits for electronic watches [Electronics, Dec. 21, 1970, p. 83]. The
division is aiming for threshold voltages between 0.5 and 1 volt, using
jon implantation to control the threshold level, and has demonstrated
working circuits at 1 volt. The monolithic chips include an oscillator,
counter and output drivers for a motor. . . . Texas Instruments has con-
firmed that it’s “in the final negotiation state” with Toyota of Japan for
joint development of automotive electronic systems. . . . North American
Rockwell Microelectronics Co. is offering limited quantities of what
it describes as the first commercially available silicon-on-sapphire mem-
ory product. The unit is an array of 5,120 diodes that operates at up
to 20 megahertz.
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(And, as always, Freedom has its price.)

Two years ago, Electronic
Memories announced its entry
into the commercial systems
business. Ah, the sweet taste of
freedom! Freedom from military
specs. Freedom to compete on
an all-out free enterprise basis.
Freedom to supply the major
computer manufacturers with
the world’'s best memory
systems for high speed main
frame applications.

Freedom for a few months.
Then three major customers
gave us more than twenty
million dollars in commercial
systems volume —and effectively
took our little freedom ride
right off the market.

Now, after many months,
these same customers are
starting to produce their own
systems under our non-exclusive
license agreements.

Freedom once more.

But—we are toid by
management—once again this

freedom had better be short lived.

So, here we are. Ready to
sell ourselves back into slavery.
As initial inducement, here are
some systems with almost
immediate availability:

Our Nanomemory 2600 has
600 ns cycle time and 300 ns
access time. Capacity is from 4K
or 8K words by 36 bits to 16K

Electronic Memories 1s a division of Electronic Memories & Magnetics Corporation
12621 Chadron Avenue. Hawthorne. California 90250 ¢ Telephone (213) 644-9881

Electronics | January 18, 1971

words by 18 bits. Our
Nanomemory 3650 has a full
cycle time of 650 ns and an
access time of 350 ns with
maximum modular capacities of
16K x 56, 32K x 40 or 64K x 20.
The Nanomemory 4850 has an
850 ns cycle time and a 350 ns
access time. Its module capacity
ranges from 4K words by 8 bits
to 32K words by 20 bits. Al
systems can be expanded to
larger capacities by
interconnecting modules.

We coulid go on to talk
about the field replacement
benefits that result from our
unique plug-in stacks, our low
power requirements and our
low component count. Or
customized core. Or stacks for
virtually any digital
storage application.

But you may have heard all
that the last time we announced
our freedom. What you haven't
heard are some of our current
delivery capabilities. Quoted
in days rather than months.

Don't wait. Call. Write. Drive
right over. It's Freedom Now.

Who knows about next month.

“«
Em -

Electronic
Memories.
TheHere
and Now
People.
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Gould 4800
meets architects’demanding

requirements for hardcopy alphanumerics
and graphics.

A Boston-based architectural firm, specializing
in institutional projects, has made a high
speed interactive computer system an
integral part of their architectural design
process. And to take full advantage of this
capability, they use a Gould 4800
electrostatic printer to provide hardcopy
alphanumerics and graphics.
The Gould 4800 provides printout for feasibility
studies, area diagrams, alternate plans,
perspectives, detail drawings, specifications
and managerial reports. Where a plotter would
take up to 30 minutes to produce a drawing,
the Gould 4800 delivers one in seconds.
And where a dry-silver photographic
process would produce muddy copies that
can't be traced or used directly, Gould
4800 copy is sharp, clean and fully

acceptable for client presentations.

The computer system, called the
ARK/TWO was developed by Perry,
Dean and Stewart Architects and Planners
and programmed by Design Systems, Inc.
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It includes an Autrotrol digitizer, a DEC PDP
15/20 (16K), 500K Disk, two Computek CRT’s
with a keyboard and tablet. Ultimately, it’s felt
this advanced system will reduce the critical path
in large construction projects by 4 to 6 months.
All kinds of companies are using the

Gould 4800 to meet all kinds of hardcopy
requirements, This smooth, quiet unit
delivers up to 4800 lines per minute on an 8%2"
or 11” format. It has an optional character
generator. Software and interfaces for

major computers are available. And while the
Gould 4800 has relatively few moving parts

and little need for maintenance, there are
service facilities nationwide.

Find out what the Gould 4800 can do for you.
Give us a call. Or write: Graphics Division,
Gould Inc., 3631 Perkins Avenue,

r £) Cleveland, Ohio 44114,

b

. =s GOULD
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(TN
LOW-CORT, SOLID STATE
AC RELAYS

To Turn on:

Jo]
MOTORS SOLENOIDS LIGHTS HEATERS ETC.
Choose from 70 new SPST Solid State Relays o PART NUMBERING (Economy Line)
(CONTROL) outpuT | OUTPUT (LOAO) CURRENT RATING & PART NUMBERS
SERIES 601 FEATURES: et ey 1 AMP 3 AMP 5 AMP 7 AP 10 AMP
: I 140 VAC | 6011001 | 6011002 | 601-1003 | 601-1004 | 601-i005
* Amazingly low cost 310 voe 280 VAC | 6011006 | 6011007 | 601-1008 | 01-1069 | 60i-1010 |
- 6-32 VDC 140 VAC | 6011011 [ 6011012 |  601-1013 | 601-1014 | 601-1015
* 1-10 AMPS at 140 VRMS or 280 V RMS 15-45 VAC 280 VAC 601-1016 601-1017 6011018 | 601-1019 601.1020 |
e Drive directly from TTL logic 2075 VOC __140VAC [ 601-1021 601-1022 601-1023 | 601-1024 | 601-1025
. . . . 60-140 VAC 280 VAC | 601:1026 | 601-1027 | 601-1028 | 6011029 | 601.1030 |
 Total isolation between control and load circuits e T40VAC | 6011031 | 601-1032 | 6011033 | 601-1034 | 6011035 |
. 280 VAC | ®01-1036 | 601.1037 | 601-1038 | 601.1035 [ 601-1040
(4'Te I'mlnal NetWOfk) NOTE: Add “'P" to P/N for printed circuit (pin) mounting only. )
¢ All solid state (NO REEDS) ____ECONOMY LINE PRICE/QUANTITY (Typical)
- . I wAo , QUANTITY .
¢ Zero voltage switching available to minimize RFI Amps @ 140 VAC 1024 100 - 249 1000 - 2499
\ \ 1 $12.20 $8.75 $ 6.65
* Transient protected on input and output 3 13.50 970 735
. 5 15.30 10.60 8.10
¢ PC board or screw terminal mounted g 16.60 1155 880
i0 18.45 12.80 9.75
_ PART NUMBERING (Zero Voltage Turn-On)
INPUT
coatLy AV OUTPUT (LOAD) CURRENT RATING & PART NUMBERS ]
G LIS 1 AMP 3 AMP 5 AMP 7 AMP 10 AMP
3 8V0C 140VAC |  601-1101 | 601-1102 | 601-1103 | 601-1104 | 601-1105 |
280 VAC 601-1106 | 6011107 6011108 6011109 | 601-1110
7.85 vOC 140 VAC | "60i-1111 6011112 | 60I-1113 | 601-1114 | 60I-1115
_ 280 VAC 6011116 601-1117 601-1118 [ 6011119 601-1120
90-280 VAC 140 VAC | 601-1121 601-1122 | 6011123 | 60i-1124 | 601.1125
280 VAC |  601-1126 601-1127 601-1128 | 601.1129 601-1130
ZERO VOLTAGE TURN-ON LINE PRICE/QUANTITY (Typical)
_LoAD o QUANTITY -
Amps @ 140 VAC 10- 24 100 - 249 ) 1000 - 2439
: 1 1 $21.60 $15.00 $11.40
3 22.95 15.94 12.11
5 24.30 16.88 12.83 |
7 25.65 17.81 13355
10 27.45 19.06 14.50

For complete information on quantity prices and delivery, call your nearesvt
Teledyne Relay Distributor — or us.

“n

TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250 ¢ Telephone (213) 679-2205
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MOS technology
squeezes Iits way
into surface acoustics

Packaging piezoresistive
transistors with other
circuitry on a chip costs
less than hybrid devices

Surface wave acoustic devices us-
ing MOS technology rather than
piczoelectric materials have been
developed by Texas Instruments
engineers working with Southern
Methodist University’s Electronics
Sciences Center. The objective is
casicr programing, lower cost, and

full monolithic integration with
drive/ control circuitry.
The devices themselves  are

arrays of long, thin MOS transistors
in parallel on a silicon substrate.
Signals are coupled into the filter
and picked off as required by the
transistors. Great versatility is pro-
vided by the transistors’ gates,
which can be turmned on in various
patterns to form pulse compression
filters, tapped delay lines, program-
able bandpass filters, or decoders
for digitally coded signals, The
same functions can be achieved
with conventional piezoelectric ma-
terials, but it would mean expensive
hybrid rf construction.

The piezoresistivity of MOS tran-
sistors, rather than the piczoclec-
tricity of other surface wave de-
vices, is the key to operation. In
the experimental devices, a wedge
of piezoelectric glass is used to
couple rf signals into the array, but
deposited overlay transducers or
other approaches probably would
be used in production.

In addition to low cost and sim-
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ple processing, the technique per-
mits gate control circuitry to be
integrated on the same chip with
the filter, An MOS static shift reg-
ister could be used to control the
filter, for example, with program-
ing instructions tapped into the
register. This type of assembly
would require no special process-
ing other than the minimal amount
necded for the input transducer.

The MOS surface wave acoustic
filter presents a few disadvantages,
however. It is usable up to 150
megahertz, whereas piezoelectric
filters can be used as high as 1
gigahertz. The MOS filter, unlike its
piczoelectric counterpart, requires
a power supply and has higher in-
sertion loss (technically 50 deci-
bels instead of 30 dB). On the other
hand, it does not generate second-
ary acoustic modes.

The devices were developed by
Lewis T. Claiborne, manager of
the clectronic components branch
of TI’s Advanced Technology Lab-
oratory; Jack W. Mize, associate
professor of electrical enginecring
at sMU, and Edward Staples.

Tl filters wind
up in military work

Lewis T. Claiborne’s group at
Texas Instruments also has de-
veloped surface wave filters using
more conventional piezoelectric
techniques for military projects.
One is a 10.7-megahertz band-
pass filter for a pocket-sized,
downed-pilot locator incorporated
in the PRC-95 field survival radio.
The radio is being developed for

the Navy on a subcontract from
Honeywell. The transponder in the
PRC-95 has a 35-mile range. It de-
livers 20-watt pulses near 1 giga-
hertz when interrogated by the
proper signal from a search planc.
The surface wave filter, which uses
a quartz substrate, was chosen be-
cause its temperature stability is
an order of magnitude better than
carlier filters; it is small and simple
and isn't detuned by strong signals,
a problem that plagued carlier L-C
filters due to limiting diodes.

The filter has a 3-decibel band-
pass of 380 kilohertz and 50-dB
adjacent channel rejection at =1
Milz. Other featurcs of the filter,
which measures about 1.5 cm by
0.8 ¢m, are increased receiver re-
producibility, lower insertion loss,
wider amplitude and phase re-
sponse, and greatly reduced cost.
The recciver has a 75-dB dynamic
range without automatic gain con-
trol. The rescarch group experi-
mented with a similar filter in a
commercially  available  quality
sterco receiver and claims to have
achicved excellent results. TI's
components group is producing a
small quantity of the transponders
for Honeywell and Navy evaluation.

The other project using TI de-
veloped surface wave filters is a
pulse compression or chip filter for
the Rassr developmental phased
array radar. Here again, the much
lower insertion loss, smaller size,
and lower costs spurred the deci-
sion to usc the surface wave filters.

Claiborne says the surface wave
filters are practical over a range of
10 MiIiz to 1 GHz, with bandwidths
of 0.1% to 30%. Insertion loss
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generally is 6 dB to 15 dB, and
amplitude and phase character-
istics can be specified within cer-
tain limits. He feels that they will
find wide use in future production
communications and radar systems.

In both these filters, as well as
other TI devices such as phase-
shift-keying correlators and filters
for other applications, TI has con-
centrated on quartz instead of
piezoelectric materials such as
lithium niobate.

The reason, says Claiborne, is
the desire for rapid development
of practical filters that can be used
in production. Quartz technology is
well developed and Mil Spec ma-
terials are readily available from a
number of suppliers in many sizes
and shapes at low cost. Quartz also
provides less electromechanical
coupling, permitting less inter-
action and more stable character-
istics with impedance changes. It’s
also less likely to generate spurious
vibration modes.

Memories

Semiconductors program

TV color corrector

Semiconductor memories are sup-
posed to revolutionize the com-
puter industry. But, perhaps more
significantly, designers of other
hardware, who never thought of
using any kind of memory at all be-
cause of cost or system complexity,
are finding the semiconductor ver-
sions inviting.

Engineers at the Ampex Corp.’s
Special Products division in Red-
wood City, Calif, for example,
were interested in improving on
CBS Laboratories” 5500 video-tape
color corrector. The system com-
pensates for the color variations
caused by unmatched cameras or
video tape recorders, or the usual
color changes that appear on color
film due to processing variations.
Its advantage, says Bernard P.
Bohunicky, supervisor at the
Special Products division, is that
with it “we could correct on the
air,” which is less tiine-consuming
than correcting before the red-
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green-blue encoding is done. But
he and some Ampex -customers
wanted to correct the signals on
master tapes before they went on
the air, so that the individual sta-
tions would have perfect copies.
The answer—a programer for the
5500—required a memory to do the
job.

The concept for the programer
was fairly straightforward—it would
have some means of keeping track
of what segment of a film or video
tape needed correction and what
the correction should be. This in-
formation would be stored, and the
film or tape would be run through
again, except that this time the
corrections would be read out from
the memory at the proper time for
a perfect master tape. The only
problem, according to Mark Sand-
ers, the logic design engineer on
the project, was what kind of
memory to use.

The choice was an Intel 1101
256-bit, fully decoded, static, ran-
dom access MOS memory. The
memory is split into two parts, one
for the frame counter and one for
the corrections.

“I had five choices,” says Sand-
ers. “I could have used a computer
to do the storing and controlling,

Colorful. Ampex color corrector
uses semiconductor memory to
correct TV master tapes.

“9 O
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but besides the high cost, this
would have meant that the majority
of the system would have been
bought from the outside (the color
corrector itself, which is part of the
system, is made by CBS labora-
tories). Cassettes could have been
used, but again, to put together a
cassette system would have been
expensive.” Core memories were
also ruled out because of price and
because there were no core systems
available that had the proper word/
bit configuration. About the least
expensive memory would have been
a punched paper tape system, “but
the tape becomes long and some-
what unmanageable for the amount
of data that we have to store in the
system.” The first assembly was
delivered earlier this month.

Employment

Jobless form group
to help themselves

In the Boston area, where aero-
space unemployment is nearing the
one-in-five level [Electronics, Oct.
26, 1970, p. 46], a new self-help
organization is being put together
by unemployed scientists and engi-
neers. Called the Economic Action
Group, it’s headed by Gerald Wal-
lach, a former Ttek engineer, and
centered in suburban Newton. The
group’s activities run the gamut
from bulk food purchases in an
effort to stretch unemployment
checks, giving information on the
availability of welfare and Food
Stamps, to—it’s hoped—purchasing
group life insurance and medical
insurance.

Wallach notes that “we’re going
to have to bankroll ourselves,” even
though all potential members are
short on funds. But he appears less
worried about EAG’s financial fu-
turc than about the morale of the
unemployed engineers whom the
group seeks to lelp.

“This has been a very selective
recession,” he says. “Nearly all the
potential members of EAG are mid-
dle-class men who retain a strong
Protestant ethic, and they now feel
like lepers. They are ashamed to
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| Breeding tigers

“After vears of sitting on their tails, the technical organizations are finally
doing something,” comments a Boston-area engineer. The “something”
is a series of three-day workshops for unemployed engineers, sponsored
by the 1e:k and a1aa, that not only will teach them how to handle their
finances while out of work (“Negotiate with your creditors and pay 10%
), but make them expert in job interviews (“Don’t offer |
a resume right off the bat, make them ask for it—this gives you a chance
to get in again”), and personal selling (“Send letters first on a broad-
cast Dasis to the companies that match your likes, then send letters

a month . .

sharply aimed only at those you most would like to work for”).

I The way the program is set up, the attendee should come out fighting.

While the first day is largely devoted to resume writing, how to get bill |
collectors off one’s back, and other general topics, the second two days
sound like a combination of psychiatric encounter group sessions and
salesmen’s pep rallies: “Each class of 150 will break into small groups
with individual leaders, and then tear into each other’s resumes and in-
terview techniques. They'll feel a little battle-scarred after the second day,
but we’re hoping for tigers after the third.”

be on unemployment, ashamed to
be unable to find work, and con-
sequently many of them sit at home
in a funk.” So he’s aiming at getting
the depressed engincers and scien-
tists back on the job at the work-
bench.

“Many of these men once had
pet projects that their jobs pre-
vented them from following up,”
says Wallach. “Now, God knows,
they have the time.” EAG planners
hope to get teams of five to 10 men
working in areas like medical clec-
tronics, pollution monitoring, and
transportation.

Although the group still has to
pass the hat, “we have tentative
promises of space and cquipment
from some of the smaller firms in
the arca,” says Wallach. “They can
afford to harbor our teams with
little risk or overhead, and get high
visibility—and maybe new product
lines if the tecams agree—in ex-
change.”

One thing EAG wants to avoid
is what its head calls “WPA work
for war; we hope to take the initia-
tive in socially gainful areas of
technology.”” And he adds that EAG
tcams will ask for government or
venture capital support only after
they have more or less assured
themselves of continuing work in
viable scctions of technology, “areas
less susceptible to defense cuts and
more useful to society.”
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Displays

H-P chases market
with $10 LED display

Hewlett-Packard Co. is mounting a
major push into the display market
now dominated by gas-discharge
display tubes. The vehicle is 11-P’s
new light-emitting diode numerics
—the 5082-7300 series.

Since they first appeared a few
years ago, LED modules have been
heirs apparent to digital display
tubes. But prices have been high,
and application has been limited to
military and other jobs where rug-
gedness or small size rather than
low price was the prime require-
ment.  Meanwhile display  tubes
worth over $10 million a year con-
tinued to go into instruments and
other high-volume products.

H-P’s 7300 numeric is aimed
right at this market. “We want to
be wherever you sce a Nixie tube,”
says product marketing manager
Rick Kniss. The industry commonly
says “Nixie” when referring to
cold-cathode gas-discharge tubes,
though it’s a Burroughs Corp.
trademark.

In 1,000-unit lots, the 7300 costs
$10 a digit and includes a decoder/
driver on the same chip as the
LEDs. This makes H-P’s device the

least expensive LED display for its
size. Characters arc 0.29-inch high.

While the 7300 still costs about
twice as much as a tube with its
drive circuitry, Kniss feels that $10
is very near the point at which
engincers will trade off price for
the low-power drain, compactness,
and the other LED virtues. Besides,
he says, the prices will be dropping.
Assuming large orders, 7300 could
be selling for as little as $5 within
18 months to two years.

George MacLeod, dircetor of
Monsanto Co.’s Electronic Special
Products group, thinks prices in
the LED industry will fall even
faster. He calls $5 a digit a “reach-
able target” by the end of this year.
Monsanto’s MAN-1 display, which
is roughly the same size as the
7300, sclls now for $11 per digit,
without decoder/driver.

Aaron Kestenbaum, president of
Opcoa of Edison, N.J., says that his
company’s LED displays could pos-
sibly sell for $2 a digit in large
quantitics. They now sell for $8,
without decoder/driver. Unlike H-P
and Monsanto, which make diodes
from gallium arsenide phosphide,
Opcoa uses gallium phosphide, a
material of higher cfficiency but
one that's difficult to handle in pro-
duction [Electronics, Oct. 26, 1970,
p. 42].

As for the 7300, it's a hybrid
circuit, containing a four-by-seven
LED array. On the same substrate
as the diodes are a decoder, a
driver, and a memory. Package size
is 0.55 by 0.39 in.; typical power
drain is 380 milliwatts; typical
supply current is 75 milliamperes.

Also, by making the decoder/
driver an integral part of the nu-
meric, H-P is taking an opposite ap-
proach to that of Monsanto’s MAN-
1, which is just a display. Built-in
decoder/driver makes the numerics
much casier to use, claims H-P’s
Kniss. He points out that it takes
but four binary-coded-decimal in-
puts to drive a 7300 numeric. Mon-
santo’s MacLeod, on the other
hand, says that customers prefer
the freedom of designing their own
drive circuits. To illustrate his
point, he says he knows a company
that has developed a way to
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operate a MAN-1 display without
the standard decoder/driver cir-
cuits. He says the 7300 is a very
good device, but a bit ahead of its
time.

H-P, of course, doesn’t think so.
Kniss estimates the market for a
LED display that can replace tubes
at between $20 million and $25 mil-
lion. To capture this market, says
Kniss, H-P spent over $1 million on
production equipment. The result
is that production of the 7300 is
fully automatic from the time it
comes out of the reactor till the
time its leads are bonded. And
“we’re working on the lead bonding
now,” says Kniss.

Production, he predicts, will
reach “many thousands of pieces
per month” by midsummer. He
adds that instrument houses al-
ready have committed themselves
to using the 7300s in new products.
Presumably, some of those houses
are H-P divisions.

The company that stands to lose
the most if the 7300 is successful is
Burroughs. Its Electronic Com-
ponent division with its Nixies
absorbs about 60% of the market
for gas-discharge tubes. However,
division marketing manager Arthur
Chesser professes to be uncon-
cerned: he doesn’t think that at $10
apiece the 7300 is price competi-
tive. For displays with many digits,
his feelings are much stronger.
“Their price is way out of line,”
he says, pointing to Burroughs’
new Panaplex—a multidigit gas-
discharge display the price of
which, including drive circuitry,
averages out to $3 per digit.

Companies

Viatron continues
hunt for cash

As sorely beset Viatron Computer
Systems sells capital equipment to
raise money, the company’s future
hangs on outcome of two efforts.
Says one former employee: “We
had almost $3 million worth of
MOS production facilities before
closedown. Now theyre on the
block along with everything from
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desks and typewriters to the pic-
tures on the walls.”

As the search for capital goes on,
the company is waiting out several
events that would improve its cash
position, One is final word on its
proposed exchange of new stock for
outstanding debentures. The other
is the start of cash flow from for-
cign sales on System 21 data-entry
consoles. Most former Viatron em-
ployees think that overseas sales
could be the saving of the firm—if
money begins to flow quickly
enough. Viatron stopped paying
interest on outstanding notes in
December—about $500,000 was due
then—and both creditors and bond-
holders could begin legal action as
early as February.

One immediate source of anxiety
will be lifted from the shoulders
of Viatron’s new president, Robert
Dockser, if the debenture holders
take up the company on its offer
of 200 new shares for each $1,000
in debenture principal. Legal ac-
tion from this side would thus be
avoided,

Although the final selling price
of its United Kingdom manufac-
turing operations is said to have
been about $200,000, plus royalties,
Viatron needs more than that. It is
estimated that there are parts left
for only about three months more
production for the income-produc-
ing European and Japanesc mar-
kets. But if Viatron’s suppliers are
as hard-nosed about new orders as
they are about present accounts re-
ceivable, Viatron would have to go
back to the money markets again—
though what it could use as secu-
rity besides future royalties is un-
certain.

The sell-off of equipment began
before Dockser became president,
apparently at the behest of Exeter
International Corp. Exeter lent Via-
tron almost $500,000 late last sum-
mer in exchange for stock and
about $1,000 a week in consulting
fees.

Only Viatron managers know for
sure what’s going on, and they
aren’t talking until the debenture
dust settles. The only word from
them is that November was a
“good” sales month, and January is

expected to be one also. But De-
cember didn’t mark a merry Christ-
mas for Viatron, either in sales or
creditor relations.

Computers

Honeywell introduces
three small models

Honeywell, the only one of the Big
Eight computer manufacturers that
did not announce a major new
product during 1970, has brought
out three small machines. It also
confirmed that considerably larger
computers will be announced be-
fore the end of March [Electronics,
Jan, 4, p. 39].

Honeywell Information Systems
Inc’s new 115/2, 1015, and 2015
computers are additions to the
company’s well established 200
series, which began with the model
200 in 1964 and now comprises 11
machines besides the new models.
The latest three are tied rather
closely to Honeywell’'s model 115,
announced last year; the four make
up a subseries in the 200 line.

The new machines, developed
before the GE merger, contain little
that is technologically unusual;
rather, according to one Honeywell
man, they represent an engineering
fine tuning of an established design.
For example, although the com-
pany is known to have a strong
interest in the development of MOS
memory arrays, they still have the
old standby, ferrite cores, in their
memories.

While the new machines are the
product of a development effort by
Honeywell alone, the company has
also come up with a marketing plan
for the low-cost model 58—which
was announced by GE last year and
is now a Honeywell product.
What’s more, the large-scale ma-
chines that are about to be an-
nounced will be the result of a de-
velopment program at GE launched
well before the merger talks started.

The 115/2 has a basic main
memory of 32,768 characters cy-
cling at 2.25 microseconds, three
standard input/output channels
with automatic interrupt and hard-
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mix, and condition
with the 2600 series

The Tektronix 2600 Modular Instrument Series adapts to your signal e 2601 Mainframe ............ $495
requirements in the research lab and in test and service areas.

e R2601 Rackmount Mainframe . $495
The first modules and mainframes of the 2600 Series generate timing
ramps and precise pulses with continuously variable periods from 10 .s
to 110s set by continuously calibrated controls.

Modules:
e 26G1 Rate/Ramp Generator .. $430

Pulses occur where you want them through use of those calibrated con- ® 26G2 Ramp Generator ...... $300
trols and convenient methods of signal mixing. Pulse amplitudes are e 26G3 Pulse Generator ....... $485
continuously calibrated to 10V or 20 mA. There are separate positive

and negative outputs. e 26A1 Operational Amplifier .. $280

System inputs and outputs are compatible with TTL and DTL and other
devices. Modular operational amplifiers are available to condition signals
to special requirements.

Optional kits and simple modifications adapt the 2600 Series to even more
of your applications and an adapter is available for module use in 7000
Series oscilloscope mainframes. This series is compatible with the 601,
602, and 611 Display Monitors.

the 2600 modular 3
instrument Series s o
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Synchron
motors

help money
make )

In the vending business, a
would-be customer with
dollar bills and no coins
might just as well be flat
broke. Unless there’s a bill
changer around. Like this
one made by Rowe
International.

Feed it a dollar bill and,
presto! Instant alchemy.
That useless paper is
turned into spendable
change.

The acceptance of the
bill provides a signal which
is transformed into mulitiple
puises in a Hansen-actuated
electromechanical pulse
chopper. Impulses are then
sent to a memory unit and
the payoff is actuated. The
major reason why Hansen
motors are specified:
“Dependability.”
Contact your
Hansen man #
and find out
how Hansen
dependability &
can help you.

HANSEN

Manufacturing Company, Inc.
Princeton, Indiana 478570

HANSEN REPRE-
SENTATIVES: CAREY
& ASSOCIATES,
Houston and Dallas,
Texas; R. S. HOPKINS
CO., Sherman Qaks,
Calif., MELCHIOR
ASSOCIATES, INC., San Carlos, Calif.;
THE FROMM CO_, River Forest, Ili.;
JOHN ORR ASSOCIATES Grand
Raplds Mich.; H. C. JOHNSON
AGENCY, INC., Rochester, N.Y.;
WINSLOW ELECTRIC CO., Essex,
Conn., Villanova, Pa., and Teaneck, N.J.
EXPORT DEPARTMENT: 2200
Shames Drive, Westbury, N.Y. 11590
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ware multiply and divide instruc-
tion; it rents typically for $4,073
per month on a five-year contract.
The 1015 has a basic main mem-
ory of 65,536 characters cycling
at 1.6 microseconds, 12 standard
input/output channels, up to eight
of which can operate simulta-
neously with computation, and a
500-nanosecond control memory;
its rent is typically $8,371 per
month on a five-year contract.
The 2015 has a basic main mem-
ory of 98,304 characters cycling
at 1.3 microseconds, 12 standard
input/output channels, all of which
can operate at once, and a 125-
nanosecond control memory, and
it typically rents for $12,791 per
month on a five-year contract,

Lasers

Power waste cut
by double modulation

A great deal of power is required to
modulate lasers at high bit rates
and it often yields more energy
than necessary. Engineers at RCA’s
Advanced Technology Lab in Cam-
den, N.J., have developed a tech-
nique that allows them to extract
from the laser cavity only the en-
ergy they intend to transmit, a tech-
nique they’ve labeled ‘“‘double
modulation.” They are presently
pulsing a neodymium yttrium alu-
minum garnet (NdYAG) laser at 300
megabits per second, and plan to
increase that to 500 megabits, the
maximum rate the laser can with-
stand. With optical multiplexing,
say the RCA researchers, several
laser beams can be combined to
yield gigabit-per-second rates.
Using an order of magnitude
less power than external modula-
tion schemes, double modulation
impresses 100 picosecond pulses
every few nanoseconds on the laser
beam. This is accomplished by
electro-optically modulating a
KDP crystal located inside the cav-
ity. The crystal mode locks the
laser beam and generates the short
pulses so they are in phase with the
mode-locked beam. “The pulses ac-
tually run back and forth inside the

laser,” says Donald Herzog, leader
of the laser group at the Advanced
Technology Lab.

For transmission, the desired
pulses are extracted by a lithium
niobate crystal also inside the cav-
ity. According to Herzog, it’s this
that insures extraction of only the
energy used. The cavity’s response
is on the order of 1 megahertz, al-
lowing the energy to be stored for
as long as 1 microsecond. “Since
there is a modulated pulse for
every pulse out of the cavity,” says
Herzog, “this leads to a natural
binary system.”

Intended for space communica-
tion, the laser with internal modu-
lation requires only a few watts
of input power, rather than the
hundreds of watts needed for ex-
ternal modulation. In the field, the
system will require dynamic gat-
ing, but in the lab, RCA engineers
don’t use any gating—they merely
turn the receiver on at the appro-
priate time to reduce the effects of
background noise. The receiver
features a planar photodiode de-
tector.

Military electronics

Computer, laser eyed
for Army’s main tank

A major upgrading of the Army’s
fleet of 900 MB0A tanks may be in
the cards if tests of a new fire con-
trol computer scheduled to begin
in August pan out. For if the com-
puter—made by Hughes Aircraft
Co., Culver City, Calif.—passes, it
will replace the electromechanical
fire control units in the Army’s
largest tank. And since the hybrid
computer is designed to interface
with the ruby laser rangefinder
developed for another version of the
M-60, Army sources say chances
are good that laser units will re-
place the tank’s optical range-
finders.

Ira Goldberg, program manager
for the fire control system at the
Army’s Frankford Arsenal, says
size and reliability were the major
reasons the Army was looking to
replace the electromechanical M-16
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Bell & Howell &
Recording & How

It's done with oscillographs. We have a bunch, but lst's talk about these two. They can handle
cn-ine or ofi-line test and measurement of any physical hapsening you might have in mind.
Erom pulse flutters during surgery to whether or not you're refining that crude the same way
today as last year.

The one on the bottom is the 5-134. It does everything but talk. It writes to 25,00 Hz. (But with
a'l that speed, it has a data accuracy 0 ='2%.) Anc can fiip into any one of 10 difierent
servo-conirolied speeds.

1's modular, ot course, with special retinements. Like the timer, servo control board and
galve ab plug in. Individual input conrectcrs as standard. An extremely quiet operation.
That type of thing.

Here's a coupls more exclusives. You don't have to write out timing line rates. With us, that's
taken care of automatically. With a timing 1D marked on the edge of the paper. Not only that,
the rate can be manually selected or can be automatically synced with paper speed.

And ir's got a “jog” feature that aliows vou tc move the paper short distances for initial set
up-one hola-down button for on/off.

The smalier box is the 5-135. It weighs in at 35 pounds (a real portable) as compared to

ihe other's 50 pounds. Both boxes share pretry much the same components. it's just that the
5135 nas broader application by more industries across the board becauss it's not quite so
fancy /9 channels versus the 5-134's 18, for instance). Even though it's smalier, it doesn't
skimp on performance it has the larges! range of input powar options of anybody going.
And &ll that at a lot less money. Not bac, huh?

And cne more thing. Just in case you're ouilding a system, we've got a range of other new
goadies to complement these graphs: 1-172 amplifier, 8-114 bridge excitation/signal
conditioner and the 23-111 paper processor.

If anything here piques your curiosity, you can get the full package of specs by writing
Belt & Howel!, Instruments Division, 360 Sierra Madre Villa, Pasadena, Calitcrnia 91109.
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SCIENCE. "SCOPE

When Canada's TELESAT satellite communications system goes irnto operation in mid-1973,
it will inciude two satellites in synchronous orbit and an initial network of 30 to

40 earth stations. Each satellite will provide 12 radio-frequency channels, each of
which can carry one color telsvision signal or up to 480 two-wav telephone conversa-
tions Heavy route stations at Victoria, B.C. and Toronto, Ont. will serve major pop-
ulation centers, while smaller television reception stations will serve isolated com-
munities in Canada's Far North.

TELESAT will be the world's first domestic commercial synchronous satellite system.
Three satellites are bteing built by Hughes and two major Canadian associate contrac=
tors, Northern Electric Co. Ltd. and Spar Aerospace Products Ltd.

Radar for the U.5. Air Force's F-15 single-seater air superiority fighter is a light-
weight, advanced design of high reliability, optimized for one-msn operation. It de-
tects and tracks small, high-speed targets at all altitudes down to treetop level,

and providas the central computer with accurate tracking information for effectively
launching the F-15's missiles or firing its 20-mm. gun. For close-in dogfighting, the
vradar automaticzlly acquires the target on the pilot's head-up display. Hughes was
chosen to develcop the radar by McDonnell Douglas, the F-15 prime contractor.

Amphibious iandings, air and ground beachhead operations, and other tactical situa-
tions will be simulated on a new test bed facility Hughes is developing for the U.S.
Marine Corps. The test system utilizes standard off-the-shelf commercial data pro-
cessing and displey equipment, and is regarded as a more flexible, economical way to
investigat2 and evaluate various subsystems than building complete prototypes of them.
The Marinz Corps will use test results to determine the exten:z of automation required
for electronic command-and-control systems for the mid-70s and beyond.

An airbornme night vision system for the U.S. Army enables helicopter crews to locate
ground targets by starlight. Called INFANT (for Iroquois Night Fighter and Night
Tracker), it concentrates available light through a series of image-intensifier tubes
and a low-lighr-level television system, and presents an image on two cockpit displays
for pilot and co-pilot/gunner. Hughes built the INFANT svstems for installation on
UH-1IM helicopters.

Airborne radar transmitter design engineers are needed now ar Hughes. Must have spec-
ific fire-control-system, doppler, pulse-compression, microwave, and power-supply ex-
perience. Also needed: solid state microwave engineers with experience ranging from
UHF to millimeter frequencies, and in the design and use of related circuits. Both
positions requirz accredited degree, at least 3 years of specific experience, and U.S.
citizenship. Write: Mr. Robert A. Martin, Hughes Aerospace Engineering Divisions,
11940 W. Jefferson Blvd., Culver City, CA 90230. An equel cpportunity M/F employer.

A versatile anti-tank combination was demonstrated recently when the U.S, Army's Chey-

enne helicoptar made the first air launch of a TOW missile with a warhead. The target,
a World War II tank, was destroyed. Additional TOW missiles were fired from both hover
and high-speed flight, including post-launch maneuvering before TOW impact. Built for

the Army by Hughes, TOW is a tube-launched, optically-trackad, wire-controlled missile

designed to destroy tanks, armored vehicles, and field fortifications.

Crealing a new world with elecironics

HLGHES AIRCRAFT COMPANY
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ballistic computer manufactured by
Otis Elevator Co., New York. Re-
liability of the M-16 was degraded
by moisture, Goldberg says. “The
troops out in the field don’t take
very good care of cquipment. They
wash the mud off the tanks with
high-pressure hoses. And moisture
has always been a major problem
with clectromechanical equipment.”

The all-electronic XM-21 Hughes
is developing under a $15 million
contract will get around this prob-
lem by being hermetically scaled
and filled with nitrogen. “It’s also
a much smaller unit,” Goldberg
adds. Higher sophistication is
another plus, says Howard W.
Boehmer, manager of Hughes’
Data Systems divisions. He says
it will enable a tank commander
to markedly increase the first-round
hit capability of the tank’s 105-mm
gun and to make an instant selec-
tion from among the various types
of ammunition used by the tank.
The XM-21 also will have extensive
self-test capabilities. Six of the
largely analog computers are to be
delivered for the August tests,
which should be completed by the
sumer of 1972.

Medical electronics

Implanted power pack

speeds bone healing

First documentation that a small,
steady clectric  current  passed
through a bone fracture accelerates
healing has turned up in a study
sponsored by the Office of Naval
Rescarch. What's more, by devel-
oping a small, skin-implanted
power pack, the ONR project also
resolved the problem of delivering
a constant current to the bone
despite steadily increasing tissue
resistance. Sealed in an acrylic
plastic, the dime-sized package
contains a battery, field effect trans-
istors, and resistors that can com-
pensate for tissue resistance; it can
deliver a steady 0.0l-ampere cur-
rent to the bone, the Navy says.
The study was conducted by
University of Pennsylvania Mcdical
School rescarchers in conjunction
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with the Philadelphia Naval Hospi-
tal under an ONR contract. In ex-
periments with animals, rescarchers
found fractured leg bones subjected
to the current “healed solidly with-
in 18 days” while similar fractures
required a much longer time to
lheal naturally, An ONR official says
it is not possible to pinpoint the
exact advantage over natural heal-
ing rates duc to variations in body
metabolism, caleium  content  of
bones, and severity of fractures.

Current rescarch may lead to
miniaturized power packs im-
planted entirely under the skin in
cases of bone nonunion, a congen-
ital human defect where two ends
of the bone have failed to join. The
condition normally is corrected by
graft surgery. The Philadelphia
researchers also are experimenting
with variations in electrode place-
ment; they now secure the negative
lead directly across the fracture
and position the positive electrode
nearby.

Industrial electronics

Foxboro to make
its own computer

The Foxboro Co., manufacturer of
process  control  instrumentation
and systems, is taking the unusual
step of building, rather than buy-
ing, the digital computer that’s at
the core of its recently announced
process control system, FOX 1.
Priced upwards of $150,000, the
system also provides the operator
with a cathode ray tube console
which displays both alphanumerics
and graphics. This is also fabri-
cated largely by Foxboro.

Generally, the so-called old-line
process control houses like Fox-
horo, as well as companies such as
Lceds and Northrup, have relied on
commercially available digital proc-
€SSOrs.

The company decided to build
its own machine, in the class of a
General Electric 4020, for two
rcasons: it considercd available ma-
chines not reliable enough, and it
wanted to have more control over
the computer technology going into
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We're putting our reputation on
the line every time a Sorensen
power supply goes Into service.

Maybe that’s why we have
such a great reputation.

Sorensen was the first commercial firm to manufacture and
market precision electronic voltage regulators and power supplies.
Today we have the most extensive power supply line available

from stock. Sixteen complete series, hundreds of individual
models. Standard designs for almost any application. Custom
designs for the rest. We have regulated and unregulated dc bench.
rack. and modular supplies. dc high voltage and high power types,
dec systems. DC isolated power supplies. dcfac inverters, de/dc
and acfac converters. AC voltage regulators and line conditioners.

Our new plant is equipped to manufacture to any specification
or standard. Everything is done in one plant, incoming material
inspection to final equipment test. with rigidly controlled quality
checking at each step.

Sorensen means built-in reliability assurance. Write for our
complete catalog, with prices. today, or contact any of the sales
reps listed on the facing page. Raytheon Company, Sorensen
Power Supplies. 676 Island Pond Road, Manchester, N.H. 03103.
Tel: (603) 668-1600.

Sﬂl' cnsen

POWER SUPPLIES
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its systems. Foxboro has relied on
PDP-8 series minicomputers sup-
plied by Digital Equipment Corp.
of Maynard, Mass., in, for example,
its smaller PCP-88 process control
systems. The relationship between
the two companies could appar-
ently be smoother. “Every time
DEC makes a move to a new com-
puter, everyone rolls around over
here, worrying about the effect it
will have on our systems,” admits a
Foxboro executive.

Another greater advantage in
designing its own computer—done
jointly with GTE Sylvania of Need-
ham, Mass.—was the chance it gave
to make tradeoffs between software
and hardware as the design pro-
gressed, says N. Douglas Payne,
manager, computer systems devel-
opment. To aim the system as
much as possible to the needs of
the user, Payne says, the software
design began even before any
attention was paid to hardware.

Instrumentation

Programsina hurry
for automatic testers

Writing programs for computer-
controlled testers can take weeks,
even months. Engineers at the
Vought Aeronautics Co. in Dallas
say they can cut the time to a week
or less. Their secret is Lasar (Logic
Automated Stimulus and Re-
sponse). This software package
analyzes a digital network of al-
most any complexity, and then
turns out the needed test program
and fault isolation routine. In ad-
dition, Lasar can simulate networks
from their schematics, allowing de-
sign errors to be caught before
prototypes are built.

Developed for the Naval Air
Systems Command, Lasar is now
being offered commercially. A de-
signer mails schematics of the de-
vice to be tested, along with a de-
scription of the input format
demanded by his test system, to
Vought, a division of LTV Aero-
space. A week or so later, back come
the programs, ready to run. The
price varies according to the size
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and complexity of the network, but
is in the $1,000-and-up neighbor-
hood.

Time isn’t the only thing saved.
Tunius Thomas, a senior design en-
gineer at Vought and a Lasar de-
veloper, estimates the typical
charge for Lasar’s preparation of a
program to be one-tenth the cost in
man-hours for an engineer.

Lasar is the only package, says
Thomas, that can automatically
handle sequential, as well as com-
binatorial, logic. That is, Lasar can
write programs for circuits with
flip-flops and other devices, whose
output depends not only on the in-
put they’re receiving but also on
the information they’re storing.
“Sequential logic is in 95% of all
networks built,” states Thomas.
Lasar has no trouble with large
networks either; it can write pro-
grams for circuits having up to
4,000 modes, which is equivalent
to 300 flip-flops.

The resolution is high. Lasar-
made programs will detect 95% of
all detectable failures.

The first step in using Lasar is
to model the circuit on punched
cards. This can be done in a few
hours. Lasar itself is made up of
five subprograms—Input, Stimulus
Generation, Simulation, Fault Isola-
tion, and Test Program Generation.
The model cards are processed by
Input, whose main job is to turn the
components in the network to be
tested into their nand-gate equiv-
alents.

Optoelectronics

Radars used
to gang up on hail

Hailstorms, a major agricultural
hazard throughout recorded his-
tory, soon will come under the
scrutiny of a radar now in develop-
ment at the University of Chicago.
The $1-million-plus project is being

" funded by the National Science

Foundation and the Illinois State
Water Survey, and is managed by
the National Center for Atmos-
pheric Research at Boulder, Colo.

The radar will distinguish hail

We're putting our
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on the line, too!
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from rain and snow by reading
hail’s differential radar backscatter
when illuminated by signals of dif-
ferent frequencies. This difference
may be as much as 15 decibels
greater for S band than for X band,
depending on size of the stones.

The radar will actually be a
synchronous system of two radars,
one operating in S band, the other
in X band, along with a signal
processor to normalize and com-
pare their outputs. One is a 3.2-
centimeter radar, the M-33 scav-
enged from the obsolete Nike-Ajax
system, and the other is a modified
AN/FPS-18 with a new, 28-foot par-
abolic dish antenna. The antenna
is being built by Radiation Systems
of McLean, Va., and will have —27
dB first sidelobes at its 10.7-cm
operating wavelength.

The signal processor, being made
by Control Data Corp.’s Rosemont
Laboratories in Pennsylvania, in-
cIndes a digital preprocessor, a digi-
tal doppler analyzer with the equiv-
alent of 300 contiguous filters, and
a velocity resolution of 0.1 meter
per sccond for detection of tur-
bulent regions within a storm cen-
ter, as well as hail-detection cir-
cuitry. To further aid discrimination
between weather patterns, the
processor will take advantage of
rain’s much stronger backscatter at
3 ¢m than at 10 cm. First system
tests are slated for carly summer
at ISWS’ Urbana, Ill,, headquarters,
to be followed later in the year by
more extensive runs at Boulder.

For the record

Shark shocker. A seclf-contained
clectric dart which can paralyze
or kill sharks, depending on their
size and species, has been invented
for the survival kits of naval avi-
ators downed at sea. The dart,
which delivers a 30-volt jolt as it
penetrates the fleshy part of the
shark, consists of a 4-inch, in-
sulated blade attached to a small
casing which houses a battery and
simple clectronic circuitry. As the
blade’s metal tip penetrates the
fish, a switch is thrown which com-
pletes the circuit from tip, through
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shark and sea water, to the second
electrode located at the base of
the casing. Paralysis is instantane-
ous, and the shark sinks to the
hottom.

Concern spurs sales. As a result
of rising concern in Government
over mercury contamination of wa-
terways and seafood, sales of
cquipment for detecting pollution
by the metal “have probably dou-
bled in the past few months,” says
a Westinghouse electric enginecr.
To meet the demand, Westing-
house’s Electronic Tube division at
Elmira, N.Y., has come up with a
modified hollow cathode line source
for use by manufacturers of atomic
absorption spectroscopy systems
that detect the presence of mercury.

The new line source, designated
WL-22847A and priced at about
$115 from stock, “provides superior
stability of operation with low
noise,” says Westinghouse. This
makes it possible “to establish the
presence of mercury down to the
10-1° gram level.”

Late odds. Systems designers say
they were just being “specially cau-
tious” in postponing for at least
a week the opening of legalized
off-track betting in New York City.
It was scheduled for Jan. 11. They
want absolutely no technical prob-
lems to crop up when the betting
begins [Electronics, Jan. 4, p. 79].
Therefore, they got more time to
carry out the final test and de-
bugging phase of their installation
program, says Barry Mindes, vice
president of engineering at the New
York City Off-Track Betting Corp.
The hardware and software them-
selves present “no inherent prob-
lems whatever,” he asserts.

Control. Fisher Controls Co. of
Marshalltown, Iowa, is about to
introduce a digital process control
system called dc® Using an Inter-
data minicomputer, the system
complements an analog system, ac?,
introduced about a year ago.

Intelsat 4 delayed. Launch of the
powerful Intelsat 4 radio relay
satellite has been postponed until

investigators pinpoint the cause of
last November’s loss of an orbiting
observatory. Engincers believe that
explosive bolts used to jettison a
protective nose cone did not oper-
ate normally. Intelsat has a similar
system.

The $18 million communications
satellite, however, can be readied
within 11 days, and NASA officials
hope to schedule the mission before
the Jan. 27 launch date of NATO-B,
another communications satellite,
or the Jan. 31 Apollo 14 moon mis-
sion liftoff.

ATC display. Raytheon has won
a Federal Aviation Administration
contract for up to $463,438 for the
installation and checkout of a com-
puter display channel, plus asso-
ciated radar displays, at FAA’s Na-
tional Aviation Facilities Experi-
mental Center (NAFEC). The cquip-
ment, previously purchased from
Raytheon as part of a $64 million
contract for 16 such systems, will
supply air traffic controllers with
such information as the identity
and altitude of controlled enroute
traffic directly on the face of the
radar scope. The complete auto-
mation system that the FAA is as-
sembling at NAFEC near Atlantic
City, N.J., will develop and improve
automated air traffic control tech-
niques. At its corc are two IBM
computer complexes,

Cooperation. The U.S. and
U.SS.R. arc getting their heads
together in Moscow for discussions
on expanded cooperation in space
rescarch. Heading the six-man U.S.
delegation is George M. Low, act-
ing NASA administrator. Spokes-
man for the Soviets is M.V, Kel-
dysh, president of the Academy of
Sciences of the U.S.S.R. Under dis-
cussion is scientific research by
satellites in such areas as me-
teorology, biology, and medicine.

Another opening. SEMI, the Semi-
conductor Equipment and Mate-
rials Institute, has scheduled its
first show for May 25-27 in San
Mateo, Calif. It will be watched
for its effect on the IEEE and Wes-
con,
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RCA Announces the Industry’s First
Power Transistor Thermal-Cycling Ratings.
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100 A This "“pyramid’’ is a typical example
of RCA’s new thermal-cycling rating
system based upon a developmental
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The Rating “Pyramid”-built with the help
of RCA’'s Controlled Solder Process.

RCA, the industry leader in over-all silicon resources, introduces a totally new
concept in thermal-cycling ratings to hetp you establish and extend equipment life.

Using these new thermal-cycling ratings, you can tell at a glance the life
expectancy of any given RCA power transistor in terms of number of cycles,
power dissipation, and case temperature change. A rating chartis being
developed for each family of RCA power transistors, and will be included

in data sheets as they are completed. RCA's Controlled Solder Process (CSP)
has made possible these ratings — the only such ratings in the industry.

Controlled Solder Process is an RCA development. With it, RCA can
control the effects of thermal stress between the pellet and mounting
base, and thereby extend the number of times a transistor can be cycled
thermally. CSP increases the device thermal-cycling capability

from five to 20 times. The RCA "‘pyramid’’ is the only rating chart yet
devised to help you avoid thermal-fatigue failure in the fieid.

This announcement of thermal-cycling ratings on power transistors is made in the
same spirit as RCA's pioneering disclosure in 1964 on Second Breakdown
capability. The philosophy, simply, is to continue to provide power transistor
users with the best possible tools to achieve the optimum interface

between the capabilities of RCA devices and the needs of their applications.

For more information on RCA's new thermal-cycling ratings, consult
your local RCA Representative or your RCA Distributor or write:
RCA, Commercial Engineering, Section 70A-18/UT 16, Harrison, N.J. 07029.

International: RCA, 2-4 rue du Liévre, 1227 Geneva, Switzerland, or P.0. Box 112, Hong Kong. “c"
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Introducing Type 1601, a 2048-bit monolithic MOS ROM that
Intel will ship within 24 hours after receiving your custom pro-
gramming instructions.
o Only Intel can deliver MOS ROM'’s so quickly because only Intel
: has developed a MOS ROM that's programmed electrically
instead of with a mask.

To get custom ROM'’s fast, you simply transmit to us a teletype-

o writer tape containing your program instructions. We load the
"““"‘-“&" tape in a simple programmer, insert finished 1601’s from stock,
and push a button to enter your program.
When you're ready for large quantites and want to cut costs,
Intel will give you mask-made ROM’s, Type 1301, that are oper-
ationally identical and plug compatible with your 1601’s.
Programming is available at Intel and at many of our distributors
and representatives in the U.S., Europe and Japan. Or you can
do it yourself with an Intel programmer that costs about $5,000.
Intel 1601's and 1301’s are fully decoded, packaged in a 24-lead
DIP and interface directly with DTL/TTL logic. Decoded dynam-
ically, they have an access time of 750 nsecs and power dissipa-
tion of 0.1 mW/bit. With static decoding, access time is 1 ;sec
and dissipation is ¥4 mW/ bit.
Programmed 1601’s cost about 3¢ per bit in small quantities.
Fixed programmed 1301’s cost about 1¢ per bit in quantities
of 1000.
For immediate U.S. delivery of Type 1601 programmed for
EBCDIC to 8/ASCII-8, phone your local Intel distributor, Cramer
Electronics or Hamilton Electro Sales. If your distributor isn’t
stocked, just call us collect at (415) 961-8080 for same-day
shipment,.
In Europe contact Intel at Avenue Louise 216, B 1050 Bruxelles,
Belgium. Phone 492003. In Japan contact Nippon IC, Inc., Park-
side Flat Bldg., No. 4-2-2, Sendagaya, Shibuya Ku, Tokyo 151.
Phone 03-403-4747.
Intel Corporation is in high-volume production at 365 Middlefield
Rd., Mountain View, California 94040.

: e
3 J " ..>-\.
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Treat yourself to an electronic

peripheral package that offers the application
simplicity of punched tape with the
performance and convenience of "snap-in”
magnetic tape cassettes

Philips Professional
Cassette system

The inaugurators of the famous
Compact Cassette system have
pleasure in announcing that a
fully-fledged Professional Cassette
System, based on the original
concepts is now available.

Consisting of a synchronous
bi-directional cassette deck and
Professional Cassette, the system
complies with ECMA standards
for the inter-change of digital
data on tape cassettes.

The Professional Cassette is a
logical development of the
domestic unit and whilst retaining
the same dimensions, features
completely new materials and a
precision of finish to meet the
exacting specifications of
professional use. It includes a
sturdy metal frame to ensure
maximum long term stability and

to eliminate electro-static build-up.

A highly accurate, friction-free
system of tape guides and close
tolerance cassctte positioning
spigots form part of this single
frame.

Two holes at the rear of the
cassette provide for write enable
and, when closed with replaceable
plugs, ensure that recorded data is
guarded against accidental
erasure. A third hole, also at the
rear of the cassette, off-sct from
the cassette centre line, provides
track discrimination.

Reliable read after write and
bi-directional read operation,
is assured by an accurately
tensioned, extra-wide pressure
pad,.which together with full
mu-metal screening guarantees
clean, close tolerance data
handling. The cassette contains
282ft of tape certified for
digital data handling.

The cassette deck has been

designed with all the features
deemed desirable for this
particular type of peripheral
cquipment. It’s available as a
mechanical tape drive, less
electronics, or as a complete
digital recorder with function logic
and read/write electronics.

The unit is standard for single
track bit serial recording at 800
bpi in the P.E. (phase encoding)
mode as per ECMA proposed
standard.

As the recording method (P.E.)

is self-clocking, synchronisation
presents no problems. Skew
effects are climinated with the
single track recording. The unit is
completely electronically
controlled and features a “select”
function, enabling “unit select”
opcration in a system of up to
four decks. Four decks fit snugly
side-by-side in a standard 19" rack.
Cassette loading is reduced to just
a simple matter of putting the
cassette in a slot, the deck auto-
matically takes care of guiding and
positioning.

A signal lamp on the deck front
panel serves to indicate when lit
that a cassette is in position and
the deck has been “selected”.
Percentage of tape used is
indicated by an accurate counter,
also mounted on the front panel.

Functional specification

Where applicable the system has
been designed to mect the ANSI,
ECMA and ISO proposed
standards’ requirements.

The Philips Professional Cassette
for digital application, stores a
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maximum of over five million
bits when recorded at 800 bpi.
The Philips Professional Cassette
Deck for digital applications has
the following specifications:
Speed: 33/, — 7'/, ips (*= 1%)
bi-directional, capstan control.
Short term average bit spacing:
=+ 2% of bitcell time.

Rewind speed:

40 scc. for 282ft of tape.

Start time till short term average
bit spacing: 15 ms.

Stop time till stand still: 20 ms.
Recording mode: single track half
width phase encoding,.

Read after write facility with
0.15 inch distance between read
and write gap.

Data format:

bit serial, character serial, P.E.
recording.

Inter block gap 0.77

Variable record length.

Bit density 800 bpi (1600 fci).
Data transfer rate:

750 characters per sec.
Operating voltage:

24 Vd.c. (= 10%).
Electronics:

DTL/T:L compatible.
Dimensions of the

mechanical deck:

front cover: 4.4 x 5 inches.
depth: 7 inches.

Weight of the mechanical deck:
S Ibs.

Operating conditions:
Temperature range: 40-110° F.
Humidity range:

10 - 90% non condensing.

Delivery starts in 1971.

'm

For further details:

N.V. Philips Gloeilampenfabrieken,
ELA Digital Recording Division,
Eindhoven, The Netherlands.
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Lockheed unlikely
to profit even
onS-3AASW...

.. . possibly
because of
technology

Navy to benefit
most from DDR&E
budget boost

DDR&E's Foster
may be succeeded
by Rechtin
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Washington Newsletter

January 18, 1971

Lockheed Aircraft Corp. is moving rapidly toward a no-profit position
on its $397 million fixed-price incentive development contract for six
prototypes of the Navy’s S-3A anti-submarine warfare plane. The admis-
sion that rising costs could perhaps wipe out Lockheed’s 12% profit
comes from Lockheed Aircraft chairman Daniel Haughton and S-3A
project manager, Capt. Fred Baughman, and confirms a last year’s report
[Electronics, July 6, 1970, p. 33].

The situation had been overlooked in the controversy surrounding the
company’s claims that the Pentagon reimburse it for overrun costs in
other areas: the Air Force’s controversial C-5 supertransport; Navy ship
programs; the propulsion system for the Air Force Short-Range Attack
Missile (SRAM), on which Boeing is prime; and the cancelled Army con-
tract for the AH-56 Cheyenne helicopter. Lockheed has agreed to settle
on Deputy Defense Secretary David Packard’s terms for the SRAM and
Cheyenne programs, but will negotiate the ship settlement and take the
biggest, costliest C-5 program to litigation.

The reason for the rising S-3A costs may be that Lockheed is running
into technological problems with the plane, the most viable of its military
aircraft. For when asked about its technological progress, Lockheed
chairman Haughton replied, “We've met all the milestones to date.”
Then he added, “What I mean is that we've met all the major mile-
stones,” with emphasis on the “major.” He declined further elaboration
on the ground that he did not have S-3A program information at hand.
On such profit as might still be extracted from the program, the Navy’s
Baughman says anything above the $397 million target but under the
130% ceiling will be split 70-30 between the Government and Lockheed,
respectively. On reaching the ceiling, Lockheed’s profit would be nil.

The $800 million increase requested for fiscal 1972 by the Directorate
of Defense Research and Engineering has cleared the Defense Secre-
tary’s office with most of John Foster’s “initiatives” projects intact [Elec-
tronics, Jan. 4, p. 33]. Though they must now survive pruning by the
Office of Management and Budget and the President himself, DDR&E
sources believe the Navy will emerge as a major beneficiary of the
funding increases. The reason: DOD will use Nixon’s doctrine of a “low
profile” for U.S. forces abroad as the rationale for insuring the Navy’s
control of the oceans in the face of a Soviet naval buildup. Without
assured ocean control to guarantee the passage of weapons, the argu-
ment goes, the U.S. has less justification for going to the aid of its allies.
As a consequence, anti-submarine warfare programs, among other Navy
efforts, will get fresh money, say these sources.

Confirmation of Eberhardt Rechtin, 44-year-old chief of the Advanced
Research Projects Agency, in his position as principal deputy to John
Foster in the Directorate of Defense Research and Engineering looks
to be another step in his grooming as Foster’s successor. Foster is
expected to be named to a less controversial policy and administrative
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DOD post—Secretary of the Army has been mentioned—before spring.

In the principal deputy’s role, Rechtin could profoundly influence the
defense establishment. He will have prime responsibility for pushing
Foster's R&D “initiatives” programs, most of which consist of adapta-
tions of existing technology and of advanced development projects
originated in ARPA.

Most visible of Rechtin’s R&D interests are the development of the
weapons potential of high-power lasers, improving surface-to-surface
missile guidance and navigation to reduce targeting error to nearly zero,
upgrading small arms to increase the firepower of foot soldiers, and
making air-cushion vehicles effective in the Arctic.

Another of Rechtin’s favorite areas is “crisis management systems.”
He’s therefore expected to have an impact on programs for consolidating
and then expanding the scattered DOD computerized systems which
direct command, control, communications and intelligence functions.

The airline industry is reeling from the White House Office of Telecom-
munication Policy’s decision to back uhf satellites for transoceanic
communications. The move, which dooms the industry’s five-year devel-
opment of a vhf specification and forces the development of an uhf
specification, came after seven major electronics firms told OTP they
could build ubf sets in time for the launch of a leased satellite over the
Pacific in 1973.

One OTP source notes, however, that TRW, Hughes Aircraft, Philco-
Ford, RCA, GE, Bendix and Collins Radio specified that orders would
have to be placed this year if the sets are to be ready for the pre-opera-
tional satellite’s launch. Airline sources say they will not be able to
place orders that soon because of their pinched finances and the fact
that the Airline Electronics Engineering Committee, which must
approve all airline communications gear, has never been able to develop
a specification in less than a year. The airlines are nevertheless grudg-
ingly supporting the OTP position because “at least we have a decision
now,” one source says. They say that the best chance orders will be
placed this year is if the Air Force’s Military Airlift Command decides
it needs to use the satellite system for its many trans-Pacific flights.

Sen. Mike Gravel, Alaska Democrat, will need high-powered support in
Congress for a bill that requires common carriers to divest themselves of
stock in Communications Satellite Corp. and have no directors on its
board. He faces opposition from the White House Office of Tele-
communications Policy and from the Federal Communications Com-
mission. . . . Rep. John Davis (D.-Ga.), succeeding Emilio Daddario as
chairman of the House subcommittee on science, research and develop-
ment, plans to make a name for himself with a thoroughgoing examina-
tion of the National Bureau of Standards and its role in advancing the
state of technology . . . Patent reform will also be an issue in the 92nd
Congress and the Administration, as the Government re-examines com-
pany patent ownership and licensing manipulation for antitrust violation
. + . Salaries in the computer sciences scored the highest percentage
increase between 1968 and 1970, rising 17% to $16,500 and giving com-
puter scientists the second highest median salary among U.S, scientific
and technical personnel, says the National Science Foundation.
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one trimmey, five resistors,
in one package. That’s TRN.

Our new Trimming Resistive Network will cut
resistor insertion and preparation cost by at least
a 6:1 ratio. In addition it satisfies engineering re-
quirements better than anything on the market.

For instance, the TRN provides cermet TCR per-
formance values of 50 or 100 ppm/°C. The one-
paste, one-step deposition method that we use
allows for uniform, predictable TCR drift within
the range of = 2 ppm/°C of each other for each
resistor in the circuit. In addition, the unit features
a ratio accuracy with respect to the variable re-

Circle 53 on reader service card

sistor available as low as + 1%.

All componentry is housed in a single shell,
which means that ambient temperature for each
resistor in the circuit is the same for all others.
Plus, you get versatility of applications, reliable
long life and dimensions that are perfect for auto-
matic insertion machines.

Like to know more? Write Bill Dunn. He’s at
Amphenol Controls Division, 120 S. Main Street,
Janesville, Wisconsin 53545.

@ AMPHENOL

THE BUNKER-RAMO CORPORATION




COMPARE!

In cost-effectiveness,

RCA 1" Vidicons outperform

1" lead-oxide types!

Tube Type

Resolution (MTF at 400 lines)

Sensitivity at 01 fc
Automatic Sensitivity Control

Gamma Matched to
Picture Tube Characteristics

Cost*

*Optional Distributor Resale Price

Add to this the typical life of 10,000 hours
for a Vidicon at a cost of about 2¢ per hour.
In educational and industrial CCTV, RCA
V dicons offer a combination of perform-
arce, reliability and low cost that lead-oxide
types just can't meet. Take a look at the
chart. Compare. Make your own decision.

For more information on RCA's complete

54

16XQ-IG
30%
100nA
No

No

line of long-life Vidicon tubes, see your local
RCA Representative or your RCA Industrial
Tube Distributor. For additional technical
information, write: RCA, Commercial Engi-
neering, Section 70A-18/Z(8, Harrison, N, J.
07029. International: RCA, 2-4 rue du
Liéevre, 1227 Geneva, Switzerland, or P.O.
Box 112, Hong Konag.

RN
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More signal sourcery from Exact

You've come to expect multiple functions from many kinds of
instruments. Now Exact is introducing a low-cost waveform gen-
erator that will do so many jobs we've decided to call it a
“Multigenerator.”

The new Model 124 Multigenerator, priced at only $595, pro-
duces a variety of usable signals previously attainable only by
employing several instruments, either separately or in tandem.
Start with normal sine, square and triangle waveforms. Then add
plus-and-minus sine, plus-and-minus square, plus and minus
pulse—with both the repetition rate and the pulse width con- Triangle and square waveforms. Sweeping up and down with internal
trolled internaily. You also can generate haversines, gate for triangle.

burst outputs, trigger for single shot, or sweep symmetrically up
and down. The Model 124 will produce offset waveforms and
sin’ pulses without fiddling with DC offset. And you can vary
pulse amplitude without affecting DC offset.

The Model 124 has dual output amplifiers—each with individual
function selection, 80 db attenuation in 10 db steps, two sep-
arate generators, 1000:1 VCF, frequency range from 0.1 Hz to
5 MHz and output voltage of 20 V open circuit (10V into 50 ).
In PULSE, BURST AND SWEEP MODES, the second generator
is used to trigger, gate or sweep the frequency, respectively.
The second generator can be used to modify the main genera-
tor in a number of other ways, opening up almost unlimited
waveform possibilities.

The Model 124 is only 3%2" high, 12%2" wide and 102" deep.
(Small for a waveform generator that will do so much.)

Price $595 ($50 extra for expanded frequency range of .01 Hz
to 5SMHz on main generator.) ®

Waveform
generators
from $295

Gated with sweep, internal triangle Pulse mode—pulse delay controlled
gates and sweeps main generator. by internal triangle generator.

EXACT

electronics. inc.

Box 160

Hillsboro, Oregon 97123
Telephone (503) 648-6661
TWX 910-460-8811

- Single shot—sine wave output using Sine output from amplifier =1,

A subsidiary of pulse mode, start-stop control at  square output from amplifier =2;

Vector Management Corp. 0°. For phase relationship studies.  both amplifiers swept simultaneous-
ly in sweep mode,

56 Circle 56 on reader service card Electronics | January 18, 1971



all fhp motors are alike?

Now that you’re surprised at how different this Howard fhp
motor looks on the outside, let’s talk about output:

When Howard rates a motor 1,20 hp, we're not about to
underpower your system with a 1/25 hp motor. We've always
True Rated our fhp motors this way.

Now engineers and designers are finding that a carelessly
overrated or underrated motor can cause system problems.
And they want no part of either. That's why engineers look
to Howard for True Rated fractional horsepower motors. . ..

Electronics | January 18, 1971

and they get them. Our computer guarantees it. And your
products benefit.

Next t.me you look at the outside of a Howard motor. you
won't find mod painting. You will find that if the label savs
1 /20 hp.wedon’t mean 1 /25 hp. Or 1 15 hp. either.

Get the complete Howard True Rated story. Find out in
detail why it makes no difference that all fhp motors ook
alike. IU's the output that counts. Write or call Howard for
Fractional Horsepower Motor Information Packet E171.

HOWARD

HOWARD INDUSTRIES

MSL INDUSTRIES, INC.’MOTOR GROUP

2420 18th STREET, RACINE, WISCONSIN 53403
414-632-2731  TWX 910-271-2387
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If you're converting synchro/
resolver data to digital format,
you need both speed and accu-
racy to keep pace with today's data
explosion. Only one converter meets
both these requirements without com-
promise. And for under $4K. . . . North
Atlantic's Model 545/100.
The solid-state Model 545/100 converts both
resolver and synchro data with 0.01° accu-
racy and resolution. And continuously digitizes
input angle data at 20,000° per second in the face
of real-life noise, harmonics and quadrature levels.
BCD output is available at the rear connector. Con-
version can be stopped by a data freeze command.
If multiplexed signals are your bag, acquisition
time is less than 30 ms.
Options? Other models offer many options,
including 0.001° resolution with 10 arc-sec-
ond accuracy; data frequencies from 60Hz
to 2.4kHz, binary output, small size.
No matter what your conversion prob-
lem, if you require ultra-fast, ultra-
accurate tracking, contact your
North Atlantic sales engineering
representative today. He'll show
you a better angle.

OUR
ANGLE:
High Speed
Accurate and
Automatic Angle
Position Indicators

WHAT’S
YOUR
ANGLE?

INORTH ATIL.AINTIC
industries, inc.

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803

® cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600

58 Circle 58 on reader service card Electronics | January 18, 1971



Would you helieve a 50 MH:
pulser from E-H for only 53952

A

Here are the facts about GENERATION 70™, a revolulionary
new series of test instruments from E-H Research Labora-
tories, which will offer maximum performance at mimimum
cost to the user.

The first instrument in the Generation 70 Series is E-H
Model G710, a 50 MHz pulse generator for only $395' That
hoils down to $7.90 per MHz! Where else could you get such
high performance at such a price? Other features of the
Model 6710 include dual outputs with amplitudes to 5V into
50 ohms, rise and fall times of 5 ns, duty factor greater than
50%, external triggering and waveform distortion less than

I

Dear Sir:

pulsers for a 5-day free trial.

—J ENERATION

515 11th Street « Box 1289, Oakland, California 94604 « (415) 834-3030
] Here is a purchase order. Please ship me

[7 Sounds interesting. Please have an E-H Representative contact me.
O I'm still not convinced. Pl2ase mail me more information.

5% peak-to-peak. It weighs 7 Ibs. and measures only
312" x 814" x 12 in size.

Like ail other Generation 70 instruments to come, the Model
G710 will also feature no internal adjustments, no special
parts {which means replacement parls are available from
shelves of local distributors), and no recalibration proce-
dures. Add to all this a One-Year Guarantee of Performance,
One-Year Free Service and a price tag of $395. Unbelievahle?
E-H believes their new Generation 70 instruments to be so
supericr that they’re offering you a 5-Day Free Trial. So what
can you lose? Clip out the coupon below or call your E-H
Representative today and order one—or three or four.

us!

r 4°

$395 Mede! G710

Name Title

Company

Address Telephone

City State Zip

Electronics | January 18, 1971
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Resistance networks for A/D and
D/A conversion, digital volt meters
and numerical control systems de-
mand extreme precision. Allen-
Bradley can deliver. Precision that
staris with a patented chromium-
cobalt resistive material vacuum
deposited on a substrate made to
Allen-Bradley specifications. Preci-
sion based on exclusive computer
drawn grids. Precision backed by
extensive design and testing facili-
ties. Precision on a continuing basis
assured by Allen-Bradley's 14 solid
years of experience.

Add the reliability of a single sub-
strate, uniform temperature char-
acteristics, much lower attachment
costs and you see why Allen-

EC70-9A © Allen-Bradley Company 1970
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Bradley thin film networks are the
logical replacement for discrete
precision resistors.

SELECTED SPECIFICATIONS

RESISTANCE 1K ohms to 2 megs, standard
RANGE 25 ohms to 50 megs, special
(Single substrate range -
10,000 t0 1)
TCR LEVELS + 25 ppm/°C
55°C to +125°C =+ 10 ppm/°C
+ 5 ppm/°C

TC_FQ TRA&H‘IE + 5 ppm/°C slangard
to = 1 ppm/°C special

TOLERANCES Absolute to
+ 01% @ +25°C
Matching to

*+ .005% @ +25°C

B -Ene width and‘ spacing to
0001 inch

" Exceeds MILR-10509F
Charactenstic E

RESOLUTION

ENDURANCE

Procedure. MIL-STD-202D

Investigate the superiority of Alien-
Bradley thin film networks. Write:
Marketing Department. Electronics
Division, Allen-Bradley Co., 1201
South Second Street, Milwaukee,
Wisconsin 53204. Export office:
1293 Broad St., Bloomfield, N. J.
07003, U.S.A. In Canada: Allen-
Bradiey Canada Ltd., 135 Dundas
Street, Galt, Ontario. Several stand-
ard networks are avalilable through
your appointed A-B industriai elec-
tronic distributors.
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Holographic mass memory’s promise:
megabits accessible in microseconds

Read/write memory under development combines manganese bismuth
magnetic film and new holographic techniques to offer the potential
of high-speed, high-density storage for less than a cent per bit

By R. D. Lohman, R. S. Mezrich, and W. C. Stewart, RCA Laboratories, Princeton, N.J.

[] The concept of read/write memories storing hun-
dreds of millions of bits with access times of less than
a microsecond sounds like the ideal marriage of core
and disk systems. Such a memory now, in general,
seems to be feasible; but far from being a combina-
tion of these approaches, it uses holographic mass-
storage techniques. It's done without the complex
wiring required in core systems or the slow and cum-
bersome mechanical equipment necessary for access-
ing tape and disk systems. And the optical approach
promises costs less than a cent per bit.

The optical rcad/write memory approach (Fig. 1)
has two basic elements: a large central holographic
memory that contains the system’s total stored in-
formation; and an operating memory that at any
given time contains a small block or page of the
main memory. The central processing unit (CPU),
as in any computer, performs the functions of arith-
metic, control, etc.

The system operates on commands from the CPU,
which orders the operating memory to retrieve a block
of data (called a page) from the central holographic
memory. Although the holographic storage memory’s
capacity is very large (say 10® bits) and relatively slow
(access time of a hundred microseconds), the operat-
ing memory is small (10* bits), but it has submicro-
second access time to any word residing in the page.
Moreover, the operating memory has a read/write
capability; it can read the data stored in the holo-
graphic memory, or write new data into the memory.

On the cover, checking out components of the memory
described in this article, is author Wilber C. Stewart, a
member of the technical team put together by Dr. Jan
Rajchman, staff vice president for information sciences,
at RCA Laboratories to develop his concept for an
optical mass memory. Stewart brought to the team a

] background in thin film memory research, which was
matched by the laser and holography expertise of co-
author Reuben S. Mezrich. Supervising the project was
Robert D. Lohman, a veteran of computer and inte-
grated circuit engineering at RCA, who now heads
information sciences systems research.
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In this setup, pages of data are transferred to
and from the operating memory via an optical path
to the central holographic memory. The rclationship
Hetween the two is similar to that of the core memory
to the disk memory, but with two major differcnces:
the data path is parallel and optical rather than
serial and electronic, and no moving parts are required
to access the optical memory.

Key to making the system realizable is the magnetic
storage medinm, whose ability to store high-density
information that is both permanently imprinted but
casily crasable offers the flexibility that’s essential
to success. The medium in this system is a compound
composed of manganese bismuth—a ferromagnetic
material characterized by a large anisotropy, an easy
axis normal to the film surface, and very large mag-
neto-optic effects. Used in a thin (600-angstrom) film,
this medium offers high-speed, shows no fatigue or
thermal decay, operates at room temperature, and is
independent of the frequency of the light used to
alter it.

Holograms are made on the MnBi film by Curie-
point writing, a process in which light incident on
the film is absorbed, raising the local temperature
over the Curic point. This temperature rise causes
the film, at regions of high light intensity, to become
paramagnetic—very weakly magnetic. After the light
is removed the film cools and returns to the ferro-
magnetic, or strongly magnetic state—but with the
direction of magnetization reversed by those regions
of the film which remain cool. Thus, if the incident
light pattern is that of a spot focused on the film,
then a corresponding spot, with its magnetization
reversed, is written. However, if the incident light is
the interference pattern between an object and refer-
ence beam, then the corresponding magnetization
pattern will be formed and will correspond to the
information to be stored.

Using this material, very high resolution can be
achieved—greater than 2,000 line pairs per millimeter.
In addition, write time is only approximately 20
nanoseconds, while read time is approximately 20 ps.

The read/write operation of the system is illustrated
in Fig. 2. During the write cycle a laser beam first
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HOLOGRAPHIC
MEMORY

OPERATING
MEMORY

CENTRAL
PROCESSING
UNIT

1. Optical route. Holographic memory is coupled to
operating memory which functions as a high-speed access
for the CPU. Blocks of data are transferred to and

from the operating memory via optical paths.

enters a two-dimensional deflector capable of shifting
it to any position on a page. Since there are X rows
and Y columns, the total number of page positions is
X - Y. Each position represents an area on the storage
medium containing one hologram. Thus, each holo-
gram can be located by electrically deflecting the
beam to that position.

With interference between two coherent beams re-
quired to construct a hologram, the deflected beam
next is split into two parts. One, the reference beam,
is sent directly to the selected page location on the
storage medium. The second, the object beam, im-
pinges on a two-dimensional (W-D) array of light
modulators, called a page composer, before it reaches
the samc page location on the storage film. The page
composer impresses the information to be stored on
the beam. In this capacity it acts as a transducer, con-
verting the electrical input data to spatial variations
of intensity or phase of the object light beam.

At the selected page location, the reference and
object beams form an interference pattern to produce
a hologram of the page, finishing up the write cycle.
In addition, since holograms are by nature redundant,
(light from each modulator position in the page com-
poser covers the entire hologram area), the storage
medium need not be free from random imperfections
that would affect the data if it were stored as a
direct image of the page composer. Even if part
of the holograph is lost, the information can still be ac-
curately reproduced.

To read the data, the selected page of the storage
medium is illuminated with a reference beam alone,
producing a real image. At this image plane, an array
of photodetcctors, whose spatial dimensions are the
same as those of the page composer, converts the
information into electrical signals. These signals, in
turn, set the states of flip-flops, one for each photo-
detector cell. This integrated array, with its addressing

2. System. The components of the holographic memory are the laser (energy source), the beam deflector (addressing

mechanism), page composer (data entry)

» storage medium, and detector (data extraction). Each page of data is stored as

a hologram in the storage medium and is read as an image on the photodetector.
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3. Reading and writing. The hololen
an object and a reference beam. The objec
beam bypasses the main lens and combines w
construct the hologram on the storage me

circuitry, comprises the operating memory.

In calculating the memory’s capacity, C, note that
there are X-Y pages of information, each containing
W.D bits. Thus C = X-Y-W.D. However, the number
of discrete, nondefective functioning devices required
is only 2.W.D, since W-D are needed for the page
composer and an additional W-D are used in the
detector. Thus, for typical values of the system’s
parameters, X =Y =W =D = 100; C = 108, and
N — 2 x 10%. In other words, the memory attains a
very large storage capacity (10° bits) with very few
discrete elements 2 x (10%).

A possible configuration for the optical memory
is shown in Fig. 3. Here a laser pulse stream is
collimated into a narrow beam and is directed toward
an electro-optic switch. Since the same beam is used
for both reading and writing, during the read cycle,
the switch rotates the plane of polarization by 90°,
so that during the write cycle the object beam will
be blocked by a suitably oriented polarizer further on.
When writing, the switch is not energized. Next,
a beam-expanding telescope produces a wide col-
limated beam to fill the aperture of the deflector
cells (the number of positions that can be resolved
by the deflector is proportional to the square of the
diameter of this aperture).

The deflection angle is determined by traveling-
acoustic waves introduced into the cells; the deflec-
tion angle is proportional to the frequency of the
wave. After the beam passes through a three-lens
deflector telescope, where its angle is magnified, its
diameter reduced, and its axes aligned, the beam is
directed by plane mirrors to the holographic portion
of the system.

The deflected beam illuminates a small area of an
array of fixed holograms, called a hololens. These
hololenses, containing one hologram for each deflected
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s—an array of fixed holograms, one for each deflected beam—splits laser light into
t beam goes to the page composer, then to storage medium. The reference
ith the object beam, which contains data from the page composer, fo

dium. Data read out by the reference beam, is displayed on the sensor array.

beam position, efficiently divide the incident light
into an object and a reference beam.

When illuminated by the incident beam, the object
beam from the hololens produces a real image of
the light modulator arrangement on the page com-
poser. At the same time, the writing reference beam
passes undiffracted through the hololens. This beam,
in passing the side of the main lens, is reflected once
by a 90° roof mirror which inverts the beam position
through the plane of the drawing, and once more by
a 45° plane mirror. Finally, the undiffracted beam
arrives at normal incidence to the storage medium
exactly where the object beam arrives, thereby pro-
ducing the necessary holographic interference pattern
used to write the particular page selected in the
storage medium.

To read a page of information, only the reference
beam need be directed to the storage medium. Trans-
mitted light diffracted from the storage hologram
forms a real image at the photosensor array. If the
detector array must be identical in size to the page
composer array, the readout beam must pass through
a lens similar to the main lens. However, a real image
of a different size will be formed even without a lens
acting on the readout beam.

A major attraction of an optical storage system is
the very large potential for bit-packing density. For
typical values of wavelength of laser light and lens
f-value, densities of approximately 10° bits per
square centimeter should be feasible. However, if
the storage medium were placed at the center of the
focal plane, a larger area could be obtained and
hence more total storage capacity could be available.
This type of configuration, although more compli-
cated, is feasible and might be selected in an actual
operational system.

To read the hologram, either the Faraday (transmis-

63




Holography and mass storage

A hologram is a recording of the optical wavefronts

| from an illuminated object; subsequent illumination of

the recording reconstruets, by diffraction, an image of

| the original object. To form this image, the wavefronts

| diffracted by a hologram must reproduce not only the

amplitude variations originally present across the plane

of the recording, but more importantly, the relative

phase variations or wavefront curvatures that existed.

The wavefront curvatures, in fact, signify the direction

and distance traversed by the light from the object to

the hologram. Such recordings can be made by expos-

I ing a recording medium to the interference pattern that

results from combining the object waves with angularly
offset reference waves from a collimated light.

A laser is required for achieving the extended inter-

ference fringes of high visibility (contrast). Furthermore,

a high-quality holographic image requires resolution

in the recording medium sufficient to record the finest

sion) or Kerr (reflection) magneto-optic effect is used.
Since these phenomena essentially are phase effects,
the magnetic hologram will behave as any optical
phase hologram: either the real or virtual image of the
original object is reconstructed simply by illuminating
the hologram.

To erase the hologram, an external magnetic field
is applied that’s large enough to saturate the film,
thus removing the holographic magnetization pattern.
Another technique, which allows sclective erasure,
is to lieat an area of the film above the Curie tempera-
ture in the presence of an external magnetic field.
When the film cools it will again be completely
saturated in the proper direction.

The duration of the light pulse must be short,
to preserve the fine detail of the periodic pattern, since
long pulses will cause spreading on the film. Also,
the light intensity must be sufficient to generate
enough heat to reach the Curie temperature of the
film. Typically, pulse durations of 20 ns with peak
intensities of 10 kilowatts of light are required for
an area of 1 mm? Although this system, because of
the hololens, is more efficient than most, a laser output
power of approximately 100 kW is still necessary to
produce this power at the MnBi surface due to losses
in the deflector, page composer, and various optical
components such as lenses, mirrors, etc.

This requirement places severe demands on the
laser. In fact, the characteristics required for this
application are not available from present lasers.
Presently, the only source capable of meeting the
peak power requirement is a Q-switched ruby laser,
but the repetition rate is much too low for any prac-
tical memory system. However, recent developments
indicate that a laser with the required peak power
and pulse rate is feasible. Particularly promising is
the “doubled” YAG laser whose output is in the green
light region (A = 5300A). With information-packing
density varying inversely as the square of the light
wavelength, the doubled YAG is an ideal choice for a
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detail of the original interference pattern, which is ap-
proximately on the order of the wavelength of the light.
Perhaps the principal advantage afforded by hol-
ography in mass storage is the ease of achieving re-
dundant recording with no loss in density, since each
elemental area of the hologram contributes equally to
the entire image and not just to a portion of it. Thus,
small random imperfections or dust particles which
would obliterate entire bits of information in a directly
recorded microimage will merely degrade slightly all
the information bits in a holographic image without
destroying any. This is accomplished by illuminating the
object pattern so that the light from each information
bit falls on all parts of the hologram area during record-
ing. A further advantage is that the image from each
hologram can be made to fall on a single fixed array
of photodetectors without the necessity of moving the
storage medium or providing multiple imaging.

memory using MnBi as the storage medijum.

The selection of techniques for imprinting the de-
flector, page composer, and detector is dictated by
overall system requirements, compatibility between
components, and available technology. For example,
the beam deflector must be capable of directing
the laser beam precisely and reproducibly to be-
tween 10* and 10° positions in microseconds with
high light efficiency. One way to do it is with an
acousto-optic deflector, employing a sound wave in
a liquid or a crystal to diffract the light. Two acousto-
optic cells are needed: one for deflection in the X
direction, and one for Y.

Although it’s also possible to suitably deflect the
light beam using a KDP optoelectric crystal, the
acoustic technique is the simpler of the two because

4. Write waves. The interference pattern caused by the
combination of object and reference beams (part A) creates
temperature variations that duplicate the incident pattern.
With this technique, called Curie-point writing, thermal
variations can be stored as differences in magnetic

domains (part B) in the magnetic MnBi film.

OBJECT BEAM

MAGNESIUM-BISMUTH
STORAGE MEDIUM

¥
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(A) (8)

|
|
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only two active elements instead of 14 elements are
required for a 128 x 128 optoelectric deflector. Further-
more, since the precise frequencies for the acousto-
optic cells are easier to establish than the exact
voltage for the optoelectric cells, acoustic deflection
potentially allows greater repeatability at these higher
contrast levels.

The page composer is, in essence, a display device
that converts electrical data to a spatially modulated
light wave. Since in a hologram the entire image to
be recorded must be recorded at once, the page
composer elements can be one of two types: they

can either accept information serially (a word at a
time) and store it, or each element must be individu-
ally connected to a buffer memory, in which case it
acts only as a light modulator.

If the information is entered in serial form, then
each element of the page composer must be coin-
cidentally addressable. In this case each bit requires
a control wire (totally WD wires). Likewise, if the
elements act as light modulators only, then some
way must be found to make the W-D connections
from the elements themselves to the buffer memory.

The ferroelectric ceramics, such as lead-zirconium-

The optical ROM: first things first

Although further development of key components still
is required before a read/write optical memory becomes
practical, r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>