Electronic Design:

FOR ENGINEERS AND ENGINEERING MANAGERS

The minicomputer, a new tool
for the engineer, will see rapidly
widening application in the 70s.
But to the designer it can mean
problems. He must learn about
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its capabilities and its limitations,
specify it from a host of similar
products, program and use it.
For the first article of a series
on using the mini, see p. 48.




Introducing: “The Portables” from HP

Shown: 1701A delayed-sweep version

They make your budget seem bigger.

HP’'s new dual-channel, portable
scopes make slim budgets look fatter.
At only $1850, our delayed-sweep
model, the 1701A, weighs in at $200
less than the competition, which adds
up to a 10% savings for you. (Our non-
delayed-sweep model, the 1700A, is
even lower—$1680.)

The 1701A weighs less in pounds,
too—24 as compared to 28 —which
makes it easy to carry around in the
field. But the 1701A is no “‘light-
weight” in its performance. It gives
you all the necessary capabilities for
digital field service work.

Its 10 ns/div sweep time and <10 ns
rise time (35 MHz) let you measure T2L
pulse timing and propagation delay.

And its simple-to-use delayed sweep
allows expansion of complex wave-
forms, for easy observation on the
large 6 x 10 cm screen.

Another advantage is the 1701A’s
low power requirement. This HP
breakthrough eliminates the need for
fans (or even vent-holes), which
means that dust and moisture are
kept out of the circuits. It also assures
extreme reliability, as all components
are operating at less than 20% of rated
capability. And, this low power re-
quirement allows battery operation
in the field —a capability you get with
no other scope in this class. (Internal
battery pack, $200 extra.)

For further information on “The
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Portables’’ —HP’s new 1700 Series
scopes—contact your local HP field
engineer. Or write Hewlett-Packard,
Palo Alto, California 94304. In Europe:
1217 Meyrin-Geneva, Switzerland.
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Scopes are changing.
Are you?
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Monolithic Memories bipolar
1024 bit field programmable ROM

Introducing the in-
dustry’s first 1024 bit bipolar —
programmable Read Only Memory.
Because you program it in your own facil-
ity, you save expensive masking charges
and time delays for new bit patterns. With
programming time cut to minutes, you won’
be sitting there with an idle system waiting
six weeks or more for parts. And, think how
happy your customer will be if you replace
a ROM in the field in minutes.

MMI field-programmable ROM’s are
easy to program. A low 20mA applied to
the proper leads, using any test equipment,

and your ROM is programmed. If you don’t

have test equipment, we’ll sell you a port-
able field-programmer at nominal cost that
can be plugged into any common electrical
outlet. Or, have your MMI distributor
program them for you the same day.
Sooner or later you’ll need that

programmed ROM in production quantities.

That’s where our MM6200 ROM comes in.
Only M M1 offers pin for pin com-
patibility and interchangeability between
our 1024 programmable ROM (MM6300)
and a 1024 bit mask-programmable ROM
(MM6200) . Both are bipolar; both organ-
ized as 256 words by 4 bits, have an access

time of 50 nsec and low power
& dissipation of 0.35 mW /bit.
& Both have full address de-
& coding on the chip,
. are directly DTL/
. TTL compatible
b, and have open
. collector

for easy memory
expansion. And they

come in a standard 16 pin
ceramic dual in line package.

The pr(;grammable ROM, MM6300, is avail-
able from stock at below 7¢ a bit in 100

unit quantity. The MM6200, with a four
week turn around time, is priced at less than
2¢ a bit in 100 lots. Pick a winner, call,

TWX, telex or write today.

Visit us at SJCC Booths 2643, 2644 and 2645.

Monolithic Memories

Monolithic Memories, Inc., 1165 East Arques Avenue, Sunnyvale, Ca 94086
(408) 739-3535 TWX: 910-339-9229 Telex: 356-301
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That’s our Molex Mini-
f Connector. It’s doing big
; f things. Like saving assem-
¢ bly steps. And time. And
“"money. Getting wiring in
place with greater production
lefficiency and operational integ-
irity than you might think possi-
'ble. Our business is creating these
mini-devices to meet your system
requirements. We take it seriously.
And have the facilities, design capa-
® bilities, know-how and everything it takes to
produce economical connections . . . fast!

If you would like a free sample of our Mini-
Connector, please write. If you would
like a sample of performance, you
can make connections by
calling (312) 969-4550

molex = Yo

MOLEX PRODUCTS COMPANY
Downers Grove, lil. 60615




VOL. 19 NO.

g APRIL 15, 1971

Electronic Desl

FOR ENGINEERS AND ENGINEERING MANAGERS

NEWS
21 News Scope

25 For pain and other suffering, new ‘fast relief’ is provided
by electronic implants in the human body.

30 $12 Army vibration transmitter may end up on industrial duty.

32  With the price right, complementary MOS integrated circuits
are headed for new industrial and consumer applications.

35 New magnetic-oxide coating boosts tape output and clarity.
39 Technology Abroad
43  Washington Report

TECHNOLOGY
he Minicompute d the Engineer. A C DE c al series
)

68 Take a look inside the TTL IC. If you understand its internal operation, you can
take advantage of its capabilities and avoid misapplication.

74 Linearize almost anything with multipliers. Generate a power-series
approximation of the function needed to cancel out the nonlinearity.

78  What size company should you work for? Robert Noyce, a small-company
president with large-company experience, might help you decide.

82 Ideas for Design

PRODUCTS

91 Instrumentation: A new 80-MHz generator achieves +10-Hz stabilities.
92 Instrumentation: Ac/dc 32-MHz LED palm-size counter costs only $475.
102 Microwaves & Lasers: Low-cost optical scanner provides digital outputs.

96 ICs & Semiconductors 108 Data Processing
98 Modules & Subassemblies 110 Packaging & Materials
104 Components 124 Product Index
Departments
47 Editorial: The employment contract—a better way to work
7 Letters 116 New Literature
13 Designer's Calendar 119 Bulletin Board
112 Evaluation Samples 122 Advertisers’ Index
112 Design Aids 124 Information Retrieval Card

114 Application Notes
Cover: Photo by Steve Grohe, courtesy of Data General Corp.

ELECTRONIC DESIGN is publlshed biweekly by Hayden Publishing Company, Inc., 850 Third Avenue, New York,
N.Y. 10022. James S. Mulholland, Jr., President. Printed at Brown Printing Co., inc. Waseca, Minn. Controlled
circulation postage paid at Waseca Minn., and New York, N.Y. Copyright © 1971 Hayden Publlshmg Company,
Inc. 82,501 copies this issue.

< INFORMATION RETRIEVAL NUMBER 3 3



ks
=
-~ SN
£ g
R
7 5
Q@ ==
— )
Tk
g S
n S
- B —
-
£
= 2
(1~

el




Our Type 45 rotary stepping switch is made to be forgotten
We build them to work hard, fast and long without con
stant fiddling or adjusting. They’ve got to be able to work
in heat or cold, take bumps and grinds and still chck-chck

along with close-spaced consecutive operations.

We start out
really flat T
keep everything
the level we start ot
assembly with a
open-type, one-pie
frame. Thick and really
flat. Some manufacturers
two thinner frames. But we fo
that starting with a single thick fram, ~
eliminates problems of matching the switch parts.
Everything stays in line. And a single-sided frame
takes a lot less room—the switch is only as wide
as need be.

A lube job that lasts a lifetime The entire
wiper assembly rotates on a large -diameter stain-
less steel shaft around a full-length hub bearing.
We lubricate this bearing and seal it during assem-
bly. So throw away the oil can.

Then we supply a pinch that’s just right Each
pair of wipers is tension-adjusted during assembly.
As they click around the bank levels on a flat
plane, we want each pair to pinch the contact just
the right amount. Too hard a pinch and the con-
tacts will wear out quickly. Too soft a pinch will
cause a poor connection. We teach our wipers to
pinch just right.

Then comes our big
wheel The entire
wiper assembly is
turned by the ratchet
wheel. It’s big and it’s
strong and it has 52 flat
case-hardened teeth. Why
flat teeth? So when they mesh
with the teeth on the ratchet
wheel they mesh tight. No banging,
wiggling, or scraping. And as the teeth
wear, they just mesh deeper in the grooves.

Ball bearing anchor for good measure The
armature assembly has to be securely fastened to
keep it from wiggling up and down, or every-

thing goesout of whack. So we chooseabig
stainless steel pin and secure it with
wide bearings to the armature
yoke. To make sure this pin
never slips out of the
yoke, we drill a hole in ;
both ends. Then we force v
asteel ball bearing into

these holes. This expands the

walls of the pin into and against the walls of the
armature and the whole assembly is anchored for
life. We’re the only ones that do it this way. So
we’re the only ones that offer a lifetime fit.

Then into our cricket room Every single AE
stepping switch goes to the run-in test room. Or,

as we call it, the cricket room, because of the
chirping noise all the switches we’re testing

produce. Here, every switch is tested 50
y times a second for 45,000 operations.
Then, and only then, are they ready
for delivery to our customers.

: ]

x

X

Now that we’ve explained all the little

things we do to make our Type 45

. reliable, put it through your own

tests. GTE Automatic Electric,

+.  Industrial Sales Division, North-
" lake, Illinois 60164.

AUTOMATIC ELECTRIC
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a KEITHLEY INSTRUMENTS

NEW WAY
TO GET A HANDLE ON
CONSTANT CURRENT
... 0.1 AMPERE
TO 1 NANOAMPERE

Now you can keep tight rein on low
level currents for materials research,
semiconductor testing and for other
areas in science and industry where
a reliable current source is needed.
The Keithley 225 delivers from 0.1
A to 100 nA full scale with 0.02%
resolution on most ranges. It keeps
them on target with 0.02% stability
and low 0.01% rms noise. Variably
selectable compliance voltages from
10 to 100 volts and 0.005% load
regulation wrap-up this neat source
for really constant currents.

Consider convenience features

like bipolar output, the ability to
float 500 volts off ground, an output
filter to deal with inductive loads.
And, protection from overloads
with automatic recovery. Now—can
you afford to pass up such capability
when it’s yours for only $6457

For technical literature and dem-
onstration, contact your Keithley
Sales Engineer. Or, Keithley Instru-
ments, Inc., 28775 Aurora Road,
Cleveland, Ohio 44139. Telephone:
(216) 248-0400. In Europe: 14 Ave.
Villardin, 1009 Pully, Suisse. Prices
slightly higher outside the U.S.A.

K EIL'TDTHI.EY
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letters

How safe is a satellite
solar-power system?

Sir:

Mr. Riezenman’s description, in
the Nov. 8, 1970, issue (ED 23, p.
43) of Dr. Glaser’s proposal for a
satellite system to supply solar-
derived electric power to the earth
via microwave links was read with
interest in our laboratories. Our
concern for the effects of long-term
microwave exposure to humans
leads us to examine the proposal
from a different viewpoint.

The article states that the power
density would be about 10 mV/
cm? “in the beam” at the surface
of the earth. This beam would
cover an area of six square miles.
Nothing is stated concerning the
power density outside this area.
Anyone planning to implement such
a system must consider the follow-
ing aspects:

® Over what area of the earth
will there be an exposure of 1
mW /em? or greater? And 0.1 mW/
cm? or more?

m To what power densities would
operating personnel be exposed?

® To what other microwave ex-
posures would people occupying the
fringe of the beam be exposed?

m What is the permissible level
of continuous exposure to an un-
controlled human population?

m What effects will a continuous
exposure of any level have upon an
ecological system?

s Will air traffic (because of in-
creased altitude) have to be direct-
ed around this area?

Roger H. Schneider
Mays L. Swicord
Radiation Measurements and
Calibration Branch
Division of Electronic Products
Bureau of Radiological Health
(HEW)
Rockville, Md.

Dr. Glaser’s reply:

The remarks of Mr. Schneider
and Mr. Swicord focus on a few of
the problems that must be solved
before a satellite solar-power sys-
tem becomes a reality.

With regard to microwave radia-
tion, we are presently unsure of
the degree of hazard it represents.
The exposure limits being consider-
ed range all the way from 10
mW/ecm? now permissible in the
United States to 1/1000th of that
value as proposed by the Soviet
Union. Until a consensus is reached
no definite conclusion can be
reached.

Regarding the microwave beam
itself, 99.8% of the energy can be
arranged to fall within the receiv-
ing area on earth. Because the
beam can be formed to obey a
Gaussian distribution, exposure
outside these limits will be sub-
stantially below 10 mW /cmz2,

Operating personnel in the sat-
ellite would not be exposed to any
microwave radiation. If repairs
had to be undertaken in the re-
ceiving area, the personnel could
work under a microwave shield
that would screen out the radiation
to permissible industrial limits.

Although it is unlikely that an
airplane flying through the beam
would suffer any consequences be-
cause of the low power density
within the beam, air traffic could
be arranged to avoid areas where
the beam would be directed.

Interference with communica-
tion in the 10-cm wavelength range
could occur if the line-of-sight
communication equipment operat-
ing in this wavelength should be
pointed toward the radiating an-
tenna. As this antenna will be very
accurately positioned, it should be
possible to arrange the equipment
to avoid interference.

Peter E. Glaser

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine’s editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 850 Third Ave., New York, N.Y. 10022. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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The
“no maintenance”

PUNCHED TAPE
READER

No edge guides

No capstans, pinch
rolls or brakes

No lenses
No lubrication
No adjustments

You may have to
replace this bulb
after 25,000 hours.

New DECITEK Punched Tape Readers
give greater accuracy, freedom from
maintenance and longer tape life.
With 20% to 30% fewer parts than
units of comparable performance,
they start, stop and hold tape ac-
curately through a stepping motor/
dual sprocket bi-directional drive.
Tests at 300 cps for more than a
quarter-million cycles showed insig-
nificant sprocket hole wear.

DECITEK Readers interchangeably
read 5, 6, 7 or 8-level paper, paper-
polyester or metallized polyester
tapes at 60 to 600 cps. Fiber optic
elements illuminated by a single,
easily replaced bulb eliminate cross-
talk and partial or bit failure. Photo-
transistor sensing delivers high
signal-to-noise ratio outputs. Input-
outputs are TTL or DTL compatible.
For technical brochure, write
DECITEK, 16 Sagamore Rd.,
Worcester, Mass. 01605. Call (617)
757-4577.

IDIBGITICIBIK

A DIVISION OF JAMESBURY CORP.
INFORMATION RETRIEVAL NUMBER 6



Why call SIGMA
for reed relays?

The acquisition of General Reed now
gives us some unusual capabilities in
the realm of reed relays. By manufac-
turing our own reed switches, we
totally control the characteristics of
this most important essential of any
reed relay.

Form C Switch
Actual size

In fact, we have total control over
the entire relay manufacturing process,
starting with the selection of vacuum-
melt nickel/ iron wire used to form the
reeds, all the way through 37 subse-
quent steps. This includes our ability
to change performance characteristics
by varying contact plating materials as
well as pickup and dropout levels.
Such complete control gives you
considerably more assurance that the
final product will meet your special
requirements.

In seven years of making many
million reed switches, we’ve learned
from experience how to achieve desired
performance. This can be particularly
useful when you need a non-standard

type. For example, consider our spec.
no. 63024: Form C; 250 =50 usec
operate and release times; thermal
drift less than 6 uv max.; electrostatic
shielding for microamp signal levels.
In the realm of specials like this, we
consider ourselves experts.

Where a standard reed relay will do
the job, we offer five series: up to 4
Form C and 6 Form A ... 42 QPL
types qualified to MIL-R-5757/29 ...
ultra-miniature and dual in-line types
(DIP) for IC compatibility. Sigma
Distributors across the country are
stocked.

Noble Metal . Drawn
Contact Plating Coils X Metal
\ Switch Capsule Case

Silicone
Compound
Cushioning

Flexible
Nickel
Ribbons

Molded
Plastic

Terminal Base

Pins

For application help, quotations on
specials and technical bulletins, con-
tact General Reed Division, 170 Pearl
St., Braintree, Mass. 02185 /

Tel. (617) 843-5000.

SIGMA

GENERAL REED DIVISION

INFORMATION RETRIEVAL NUMBER 7

Series 191
Dual in-line (DIP)
for IC compatibility

Series 192
12 models,
3 case sizes

Series 193
10 models,
3 case sizes

Series 194
Qualify to
MIL-R-5757/29

Series 195
Miniature:
1 Form A Case Size
.280” x .330” x .750”
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Look at Acopian’s new mini-module dc power supplies

Look at their size. Single output
models (there are duals, too) are as
small as 2.32” x 1.82” x 1.00”. And
they can all be soldered directly into
printed circuit boards.

Look at their performance. Load
and line regulation is 0.02 to 0.1%
depending on the model selected.
Ripple is only 0.5 mv RMS. And
Acopian’s long experience in power
supply technology assures high re-
liability.

Look at the choice of outputs.
There are 58 different single output
modules ranging from 1 to 28 volts,
40 ma to 500 ma. Duals are avail-
able in 406 different combinations

of voltages. And these are true dual
power supplies, with like or different
outputs in each section that are elec-
trically independent of each other.
Perfect for powering operational am-
plifiers. Or for unbalanced loads.

Acopian mini-module power supplies

Singles Duals
Output Voltages (vdc): 1to28 1to28
Output Currents (ma): 40 to 500 W0t0250
Line and Load Regulation: .02 to 0.1% depending on model
Ripple: 0.5 mv RMS
Ambient Temperature
(without derating) 0 to 55°C

Polarity: outputs floating and isolated

Look at their price. Single output
models start at $39, duals at $58.

For a look at all the facts, write
or call Acopian Corp., Easton, Pa.
18042. And just like Acopian’s other
82,000 power supplies, every mini-
module is shipped with a tag that
looks like this . . .

THIS Powep SUPPLY
SHIPPED wyppgm o

JAYS,

IS

’Vc‘op/isw



Connector Problem?
Call Our Fly Guy.

Guy Palmaquist. When you need any special help or advice on connectors, get in touch
with Guy. He's flown hundreds of thousands of miles working with people just like you

to solve their connector problems. At a real competitive price
In back of Guy is a Continental team of design, manufactur-
ing and molding specialists who can give you exactly the con-
nector you require. So next time a connector bugs you — call
our Mr. Palmquist. He's your kind of guy

See EEM and VSMF Directories for Distributor or Sales Representative Nearest You

CONTINENTAL CONNECTORS

Continental Connector Corporation / Woodside, New York 11377 / 212-899-4422

INFORMATION RETRIEVAL NUMBER 9
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BRAND

CERAMICS

cover the broad spectrum of

RELIABLE
ELECTRONIC PACKAGING

Leadership in this field is well established
with the major electronics firms. Head to
head conferences and prompt production
of prototypes have often proved to be
the best stepping stones to progress.

\—

N
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CODE IDENT. NO. 70371

PHONE 615/265-3411 «

American Lava Corporation

CHATTANOOGA, TENNESSEE 37405, USA. A SUBSIDIARY OF
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COMPOSITE PACKAGES. All ceramic, standard and cus-
tom made. Includes hybrid, light emitting diode, MOS,
high power transistor (both stud mounted and flange
mounted), and high density leadless packages.

COMPOSITE SUBSTRATES. Custom made. All ceramic con-
struction. Maximum circuit density and high reliability are
attained by vertical stacking of planes. Single source re-
sponsibility on multi-layer components for multi-chip at-
tachment.

BLACK CERAMICS. Widely used to protect light-sensitive
semiconductors. American Lava offers a wide variety of
custom made ceramic components in alumina and other
materials. Bases and lids available with glass and gold.

RING FRAMES AND BASES. Pioneer in alumina ceramics
of this type and construction. Many open designs may
save you time and expense.

CHIP SUB-MOUNTS. Custom made in metallized alumina.
Many open designs available for diode and transistor
applications.

70th
YEAR

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities
(see your local telephone directory): Boston: Needham Heights, Mass. * Chagrin Falls, O. * Chicago: Elmhurst, Ill. * Dallas,
Tex. ¢ Indianapolis, Ind. * Laurens, S. C. * Los Angeles, Calif. * Metropolitan New York: West Caldwell, N. J. * Up-State New
York and Canada: Phoenix, N. Y. * Orange, Conn. * Philadelphia, Penn. * St. Louis: Lee’s St t, Mo. * Salem, Va. * S. San
Francisco, Calif. * Tempe, Ariz. * International: c/o American Lava Corporation, Chattanooga, Tenn. 37405, U.S.A., TELEX 558432

0F
CERAMIC
| LEADERSHIP
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Count your savings.

- TR B i SO

ASTRO /3 4 ® Our MIL-C-81511
tri-service con-
nector, the Astro/348®, saves you 15¢ a hole be-
cause you get 20% more circuit contacts per
square inch. For example, on our #23-22 high-den-
sity connector we have 155 circuit contacts in-
stead of the usual 128.
So, with the Astro/348 connector you can
engineer circuit cost reduction while demanding

aerospace construction.

For computers, for television cameras and for
portable communications; solid-state modular
electronics are perfect applications for the low-
voltage Astro/348. We know you can add more.

Ask an Amphenol sales engineer or distributor
to show you the complete family of Astro/348 con-
nectors, or write Amphenol Connector Division,
2801 S. 25th Avenue, Broadview, lllinois 60153.

O la
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[
May 10-12

Electronic Components Confer-
ence (Washington, D. C.) Spon-
sors: IEEE, EIA. R. D. Allan,
EIA, 2001 Eye St., Washington,
D. C. 20006.

CIRCLE NO. 409

May 16-20
International Microwave Sympo-
sium (Washington, D. C.) Spon-
sor: IEEE. R. V. Garver, Harry
Diamond Labs., Conn. Ave. and
Van Ness St., Washington, D. C.
20438.

CIRCLE NO. 410

May 17-19

Aerospace Electronics Conference
(NAECON), (Dayton, Ohio) Spon-
sor: IEEE. Dayton Office, IEEE,
124 E. Monument Ave., Dayton,
Ohio 45402.

CIRCLE NO. 411

May 17-20
Spring Joint Computer Confer-
ence (Atlantic City, N. J.) Spon-
sors: IEEE, AFIPS. AFIPS Head-
quarters, 210 Summit Ave., Mont-
vale, N. J. 07645.

CIRCLE NO. 412

June 2-4

Conference on Laser Engineering
& Applications (Washington,
D. C.) Sponsors: IEEE et al. D. E.
Caddes, Sylvania Elee. Systems,
Electro-Optics Div., Mountain
View, Calif. 94040.

CIRCLE NO. 413
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~ FROIM POWER/MATE

A NEW SERIES OF POWER SUPPLIES

FOR INTEGRATED CIRCUITS

ICX SERIES FROM
POWER/MATE CORP.
POWER SUPPLIES

FOR INTEGRATED CIRCUITS

WITH LIBERAL OEM DISCOUNTS

THE ICX SERIES GIVES YOU MAXIMUM ECONOMY
WITH MAXIMUM RELIABILITY

Using an open chassis construction for economy and IC
regulators, the ICX SERIES has been designed especially for
integrated circuit applications.

Highly flexible ... with optional features allow the user to
purchase only those requirements needed for his particular
application. Ideal for OEM needs.

Each power supply has built in overvoltage protection —
and is completely short circuit and overload proof.

* INTEGRATED CIRCUIT REGULATOR

|cx * BUILT-IN OVERVOLTAGE SEND FOR
CROWBAR PROTECTION FREE CATALOG
SERIES | e o giving specs
FEATURE * ADJUSTABLE VOLTAGE RANGES and prices

REMOTE OR LOCAL SENSING o s
REMOTELY PROGRAMMABLE

+0.1% LINE AND LOAD REGULATION ch
115 VOLT 47-420 CPS AC INPUT

TWO MOUNTING SURFACES

TOP QUALITY COMPONENTS

ALL SILICON SEMI-CONDUCTORS
FIVE-YEAR WARRANTY
SAME-DAY-SHIPMENT

* OF * ¥ * ¥ *

oy °

PiMIIC -
POWER/MATE CORP.

514 S. RIVER STREET, HACKENSACK, N. J. 07601
Phone (201) 343-6294 / TWX 710-990-5023

INFORMATION RETRIEVAL NUMBER 12
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If you only
se)e, this

Conventional scope display of 5 MHz
signal appears undistorted —

Conventional scope display barely
shows 10 kHz AM of 30 MHz carrier —>

Conventional scope display merely
shows “fuzzy” sine wave —>

You're missing the wealth of
information you need for complete
signal analysis.

There’s only one lab tool that fully
characterizes oscillators, mixers, mod-
ulators, amplifiers, filters and systems,
both in design and test stages. This
tool is an HP spectrum analyzer, the
oscilloscope that operates in the
frequency domain.

One of the analyzers covers 1 kHz
to 110 MHz, another goes from 500

14

kHz to 1250 MHz, and a third unit
covers 10 MHz to 18 GHz (extend-
able to 40 GHz). Because frequency
response is flat, each provides absolute
amplitude calibration — and you can
read out in dBm or volts (down to

< —120 dBm or 0.1 uV). The >70
dB distortion-free dynamic range
permits you to measure signals with
very wide amplitude differences. You
can sweep as wide as 2 GHz, then
reduce the scan to zoom in for a closeup
of any portion down to 0.001% of the
initial sweep. Selectable bandwidths

04102A
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but spectrum analyzer shows sidebands
40 dB down; i.e., 2% AM

look what
you're missing.

but spectrum analyzer display
shows 2nd harmonic 50dB down and
3rd at —40 dB.

but spectrum analyzer identifies
parasitic oscillations.

provide resolution as high as 10 Hz at
RF, 100 Hz at microwave frequencies.
So why struggle with half the picture
when evaluating signal characteristics?
With one of these RF sections:
8553B (1 kHz-110 MHz), $2200
8554L (500 kHz-1250 MHz), $3500
8555A (10 MHz-18 GHz), $5975
plus either of these IF sections:
8552B (highest resolution), $2850
8552A $2150
and a 141T Display Section:
with variable persistence CRT, $1800
— you’ll be all set for fast, accurate and
thorough signal analysis.

For complete information on this
universal measurement tool — or a
demonstration — contact your HP field
engineer. Or write to Hewlett-Packard,
Palo Alto, California 94304; Europe:
1217 Meyrin-Geneva, Switzerland.
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3M’s Flat Cable and Connectors...
your systems approach to circuitry.

Speed and dependability are yours for your circuitry
system assemblies. 3M's “Scotchflex" Flat Cable
and Connector Systems provide fast simultaneous
circuitry transitions.

“Scotchflex' Flat Cable and Connector Systems
win on every count ¢ No stripping or soldering * Re-
duce wiring errors  Permit easy trouble-shooting

Provide predictable electrical characteristics e
Speed production. ¢ Transitions available for printed
circuit board, dual in-line plug, WWP and PCB edge
card. For complete information, write: Dept. EAH-1,
3M Company, 3M Center, St. Paul, Minn.
3cummv




Family po

Take a good look at one of America’s first
families—the Mallory family of aluminum elec-
trolytic capacitors. And youw’ll see quality, experi-
ence and dependability.

THE FP. “Pop” has been around quite
awhile and is still going strong. It’s got a twist
mount, solder lug terminals, —30 to -85°C tem-
perature range, 80 to 60,000 mfd capacitances
and voltages from 3 to 475 VDC.

THE TC. “Mom’s” got temperature
ranges of —40 to +85°C, —30 to +85°C and
—20 to +65°C; capacitances of 5 to 3,000 mfd;
and voltages from 50 to 500 VDC.

THE TCW has axial leads and all-welded
construction. It operates from —40 to +85°C, in
capacitances from 2 to 20,000 mfd and voltages
from 3 to 450 VDC.

rait.

THE TT is a miniature axial lead capacitor
with beautiful performance from —40 to -+85°C.
The TT goes from 1 to 4600 mfd, in voltages
from 3 to 150 VDC.

THE MTA has axial leads and all-welded
construction—in a good-looking molded plastic
case. It operates in a range from —30 to +85°C,
with 3 to 4500 mfd capacitances and voltages
from 3 to 100 VDC.

THE MTYV is the latest addition to our
aluminum electrolytic, molded-plastic-case family.
It’s all-welded, with a single-ended vertical mount.
And has an operating range of —30 to +85°C,
capacitances from 5 to 1400 mfd and voltages
from 3 to 100 VDC.

Take the time to meet a great family. Write
for our Family Portrait Bulletin. Or see your
authorized Mallory distributor.

MALLORY CAPACITOR COMPANY

a division of P. R. MALLORY & CO. INC.
3029 E. Washington St., Indianapolis, Indiana 462086; Telephone: 317-636-5353

Electrical and electronic components ¢ sequence timers ¢ metallurgical products  batteries
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Plus news from Texas Instruments about

The fast-growing Schottky TTL family

Penny-a-bit bipolar ROM

Economy-plus MOS shift registers

MOS in plastic

Largest MOS/LSI ROM available

Linear ICs for MODEMs

Programmable diode matrices

Lowest-cost VLEDs

Economy power transistors

Higher-dissipation SILECT®transistors




Digital design:
the thrust is ECL, TTL and MOS.

TI has the capability—across the board.

Digital design devours ideas
very nearly as fast as men can
express them. And its frontiers
are extended daily. From
switching speeds of well under
one-millionth of a second to
complexities of more than
300,000 transistors per square
inch—that’s today’s designer’s
choice. But broad (and sometimes bewildering) as it
is, your choice now focuses on three major technolo-
gies. The thrust clearly is ECL, TTL and MOS...and
T1is at the forefront of all three.

You may not know that TI sells more ECL than
anyone else. We do. TI’s been producing ECL since
1964. Most circuits have been custom designed, but a
big standard line of 28 functions is also available. We
have experience in all speed ranges, with delays as
low as 0.7 ns currently being achieved. And industry’s
most advanced standard line is coming soon—with
single power supply operation, temperature compen-
sation, and low sensitivity to power supply variations.
These features will simplify all very-high-speed sys-
tem applications, from the smallest to the largest.

TI's development of TTL has paced the industry.
Currently, there are more than 200 different func-
tions from which to choose —83 of them MSI. A con-
stant high rate of development assures continued
flexibility for this most versatile of all digital logics.
Standard MSI functions were doubled during 1970
and already have increased 40% this year. TTL’s

MOS/LSI Memories

Standard TTL Memories

widespread boundaries are be-
ing pushed still farther withnew
low-power functions and with
the TI-patented Schottky-
clamped TTL line. It’s now pos-
sible to build a system with de-
vices as fast as 1.5 ns/gate and
those with dissipations as low
as 1 mW/gate —using the same,
perfectly compatible logic form.

MOS/LSI may be a bit younger than ECL and
TTL, but TI has brought it to maturity fast. More
than 40 standard functions are available. Six differ-
ent MOS/LSI processes are now in production and a
complete custom capability includes one of the most
extensive computer-aided-design facilities in the in-
dustry. Complexity continues to soar. A newly an-
nounced 4096-bit read-only memory puts more than
5,000 transistors on a single chip of silicon. And new
plastic packaging has reduced costs up to 25%.

This competent leadership in the thrust technolo-
gies—combined with such strengths as a complete
facility for computer-designed controlled-impedance
multilayer PC boards—provides a unique ability to
help you solve your problems. But it’s more than
broadest digital product scope and technology...it’s
also the largest and most cost-efficient volume pro-
duction in the industry. TI has always been commit-
ted to leadership, and the large dollars-and-men
commitments necessary to maintain this leadership
will continue to be made.

Standard TTL Logic

ECL DIGITAL INTEGRATED CIRCUIT

PRODUCT SPECTRUM

Very Large Computers Computers

Instrumentation

Terminals Calculators




3ns at 20mW Schottky TTL
Fastest and fastest-growing T TL family.

Applying the unbeatable speed/power combination
of TI's Schottky-clamped TTL family to your designs
is getting easier and simpler. And at a cost below
equivalent ECL families.

In little less than a year, this revolutionary thrust
in TTL technology has grown to a choice of 18 func-
tions and gained unprecedented acceptance.

Big SSI choice

Your 1971 choice includes: two quad 2-input NAND
gates, a hex inverter, two triple 3-input AND gates,
a triple 3-input NAND gate, two dual 4-input NAND
gates, two 4-wide 4-2-3-2-input AND-OR-INVERT
gates, a dual 4-input NAND buffer, a dual 4-input
50-ohm line driver/NAND buffer, a dual D-type
flip-flop and three dual J-K flip-flops.

Even faster MSI functions

Two Schottky/MSI data selectors/multiplexers are
the first MSI additions to this fast TTL family. Both
are quadruple 2-line-to-1-line devices. The
SN54S/74S157 features a true output and a data-to-
output speed of 5.5 ns through three logic levels. The
SN54S/74S158 has inverted output and a correspond-
ing speed of 4 ns through two logic levels.

More MSI coming soon

Schottky growth continues with the 1971 expansion
of the MSI portion of the line. Among 12 functions
on the way is an MSI arithmetic logic unit, SN74S181.
Consisting of 75 gates, it will perform 16-bit addition
in 20 ns, making it about twice as fast as the industry’s
standard, TT’s SN74181.

Speed...and full DTL/TTL compatibility
TI’s Schottky-clamped circuits are faster than any
other TTL family. Internal storage time is eliminated
by the Schottky-diode clamping of all saturating
transistors, while shallower diffusions and smaller
device geometries reduce internal capacitance.

These circuits have all the traditional advantages
of TTL, and more. For example, they are directly
compatible with nearly all saturated digital devices
including TTL MSI/LSI as well as most DTL circuits.
Switching times are virtually insensitive to power
supply and temperature variations. And very low
output impedances suppress line ringing.

TI Schottky TTL circuits are available 5
in plastic and ceramic DIP and ceramic flat ﬁ
pack. For data sheets on the 18 benefit-
packed Schottky TTL circuits, circle 271.



choice—by far—at TI.

MOS/LSI
Largest, most economical
read-only memory.

Organized either as 512 words of 8
bits or as 1024 words of 4 bits, TI’s
new 4096-bit static ROM is one of
the largest such MOS/LSI functions
to date—and the most economical.
The TMS 4400 is priced at less than
0.4¢ per bit in ceramic DIP, and even
less in plastic. It is TTL compatible.

Memory organization and output
buffer configuration may be pro-
grammed to customer specs. Three
chip-select lines and single-ended
buffers permit wire-ORing for large
memory systems. Access time is well
under one microsecond. For data
sheet, circle 275 on the Reader
Service Card.

Interface circuits
MODEM line driver
and receiver meet EIA
RS-232C spec —cold!

Using TI’s new SN75150 dual line
driver and new SN75154 quad line
receiver permits MODEMs to re-
ceive and transmit with a minimum
of IC packages, eliminates heat
build-up problems. Both devices
meet all EIA RS-232C requirements
completely.

Available in TI’s exclusive 8-pin
plastic DIP, the SN75150 dissipates
200-300 mW, about half as much as
similar ICs. The 16-pin SN75154 has
a dual power supply for operation
from +12 or +5 volts. For data
sheets on both, circle 276 on the
Reader Service Card.

Diode matrices
New programmable
logic diode matrices.

Ten new mono-

lithic diode ma-

trices — program-

mable by selec-

tively opening

3 the fusible link

in series with each diode—offer up

to 48 diodes in flat pack or C-DIP.

The ten come in two series: TIDM1
(10 nsec) and TIDM2 (25 nsec).

TI will perform programming at
no extra cost, and the new matrices
can be used as read-only memories,
alphanumeric character generators,
frequency generators and as en-
coders/decoders. Circle 277 on Ser-
vice Card for data sheets.




Digital ICs: you’ll find your broades:i

ECL

New TTL IC design book

Written by TI's IC applications staff and pub-
lished by MecGraw-Hill, Designing with TTL
Integrated Circuits is 384
pages of valuable applica-
tions information. Send
$18.50 (check or money or-
der only) to Texas Instru-
ments Incorporated, P.O.
Box 5012, M.S. 84, Dallas,

Texas 75222.

TTL/LSI

New, custom-programmed
1024-bit TTL read-only
memory costs a penny a bit.

For the first time, you can buy a
custom-programmed TTL/LSI bi-
polar memory for as little as a penny
a bit. It’s TI’s new SN54/74187 1024-
bit random access memory —and you
can get delivery 3 to 4 weeks after
TI receives your custom pattern
codes.

Typical access time of 40 ns makes
the new ROM ideal for high-speed
computer memories. Organized as
256 words by 4-bits, the memory
is addressed in straight eight-bit
binary with full on-chip decoding.
Circle 272 on Reader Service Card
for details.

MOS/LSI
New shift registers more
economical than ever.

Economy is always a major benefit
of MOS/LSI shift registers. Now, TI
introduces three that are even more
economical for use in calculators
and terminals. They need no inter-
face circuits or expensive clock
drivers. TMS 3112 is a 6 x 32-bit
static SR; TMS 3114 is a dual 128-bit
device, and TMS 3409 is a quad 80-bit
register.

Three other newly announced TI
SRs provide long bit lengths for de-
lay line applications. TMS 3412 is a
4 x 256-bit SR; TMS 3413 is a dual
512-bit circuit, and TMS 3414 is a
single 1024-bit register. For data
sheets, circle 273.

Standard TTL

MOS/LSI
Now in time-tested,
low-cost plastic.

All standard

MOS/LSI de-

vices sup-

plied in ce-

ramic DIP

arenow avail-
able in plastic, too—at typically 25%
lower cost. Even shift registers
normally in TO-100 packages are
now available in plastic.

And reliability is excellent. More
than 2.4-million device hours of
MOS/LSI life testing have been
completed on 16-, 18-, 24-, 28-, and
40-pin plastic packages. Circle 274
on the Reader Service Card for
reliability bulletin.




New economy semiconductors
expand your broad choice at TI.

Optoelectronics

Lowest-cost VLED:
TI’s new 35¢ TIL209.

A new, highly-automated produc-
tion line has made possible TI’s
breakthrough prices on visible
light emitting diodes. The new
VLED, TIL209, costs only 35¢ in
quantities of 25,000 and 49¢ in
small quantities of 100 to 4,999.

The TIL209 comes in a molded
red filled plastic package, with an
integral dome-shaped lens, 125
mils in diameter and 200 mils high.
An epoxy filler in the VLED lens
diffuses the emitted light creating
a uniform light source throughout
the dome structure.

The TIL209 features a radiated
power output of 15 microwatts
when forward biased at 20 milli-
amperes.

Because of its low cost, the
TIL209 is ideal for use in home
appliances, stereos and cameras;
and as indicator lights in com-
puter systems, data-processing
equipment and communications
systems. For your copy of TI's new
optoelectronics brochure, includ-
ing the full TI OPTO line of sen-
sors, sources and coupled devices,
circle 278 on the Reader Service
Card.

Power transistors

TI reduces price,
improves performance,
doubles choice.

TI has turned on the power in
plastic power transistors. Here’s
how:

Assembly time has been cut from
8 days to 4 hours to end delays and
shortages. TI power transistors
are there when you need them.

With industry-leading availabil-
ity came industry-leading prices —
down by an average of 20%. Plus,
your ratings choice was doubled
to 41 voltage/current combina-
tions. Up to 100V and 25A, NPN
and PNP complementary pairs,
TO-3 and TO-66. Now industry’s
broadest line.

There’s also a new high-perfor-
mance plastic package. By far the
most reliable you can buy, the new
package design features an exclu-
sive glass-passivated chip for low-
er leakage and better stability.

Also, all-soldered contacts boost
resistance to thermal shock and
vibration; solder-clad, copper leads
facilitate solderability; nickel-
plated copper heat sink improves
thermal conductivity; pinned and
soldered collector lead eliminates
intermittent collector lead prob-
lems; plastic cap and epoxy fill
solidly lock all elements inside the
package.

High volume production, low
prices, improved reliability, and
broad choice: a whole new pack-
age of value

power transistors built into TI’s
new plastic
Z15 %) et
e T power transis-
y tor line.

Circle 279 on
Reader Service
Card for Bro-
chure CB-124.

Small-signal transistors

Metal-can dissipation at
low-cost plastic prices.

The highest power dissipation
available in a plastic package —up
to 800 mW —is yours with TI’s
SILECT®transistor line. You don’t

pay any more for this; in fact, you
actually pay less. The reason is
TT’s lower-cost, lead-wire construc-
tion method as opposed to the
conventional stamped lead frame.

And these transistors have been
approved in practically all known
sockets requiring power dissipa-
tion greater than 400 mW.

Your choice includes an NPN
general purpose audio amplifier
delivering three watts Class B
power, TIS92, as well as a PNP
version, TIS93. TIS92M and TIS
93M are a complementary pair ca-
pable of three watts audio power.
For video output stages, AFC am-
plifiers and Burst Amplifiers, there
are the TIS100 and TIS101. Com-
pleting the line are the A5T5058
and A5T5059 high-voltage devices
designed for operational ampli-

fiers, high-voltage in- o
verters and voltage Z]
regulators. For more de-

tails, circle 280.

TEXAS INSTRUMENTS

INCORPORATED



Here's a switch:
A bright new idea

that costs you

50% Ies.

Actually, it's three
switches: our new
ULTRA-GLOW® illumi-
nated (1) pushbuttons, (2)
rocker and (3) slide switches. All
brilliant new products manufactured
by UID Electronics Corp., offering
significant advantages over competition.

Not the least of which is the fact that
ULTRA-GLOW products cost you up to 50% less
than any others on the market.

Which means that now, for the first time,
illuminated switches make cost and profit sense
to companies other than just million-dollar
computer manufacturers.

Now, your next question has to be, “How
can UID give me a top-quality switch-and-light
package—including the only illuminated push-
button line whose basic switch is UL listed at
6 amps at 125v AC — for up to 50% less
than competition?”

Well, the answer is that UID’s high capacity,
automated production and assembly techniques
reduce unit costs to a minimum.

Not only that, UID does it with 4 week
delivery, for companies in every conceivable in-
dustry, from toys to ultra-sophisticated computer
manufacturers.

In all, UID pro-
duces over 500,000
different variations of pushbutton,

rocker and slide switches, and
backs them all with technical service
as close to you,as your telephone.

We could give you great long lists of all

the other ULTRA-GLOW advantages. But we'd
rather you send for and study our spec sheets
depicting all three new ULTRA-GLOW switches.

UID Electronics Corp., Attn: Dept, ED
4105 Pembroke Road, Hollywood, Florida 33021
Phone: 305/981-1211 « TWX 510-954-9810

I've seen the light!
Please tell me more about your bright new ULTRA-GLOW
illuminated []push [Jrocker []slide []snap-in switches.

Name

Tigleee -~ - Company.

Address — =
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Made to be used everywhere
...and priced so they can be

TRIGATE

PULSE
TRANSFORMERS

. .. your lowest-cost answer
to SCR triggering!

@ Type 11Z TRIGATE Pulse Transformers are well
qualified for industrial use, yet fully affordable for mass-
produced commercial equipment. They can be used to
both cut costs and improve SCR triggering in numerous
applications such as: appliances, lighting controls, in-
dustrial controls, air conditioning and heating controls.

Unique features include:

1. Balanced pulse characteristics and energy
transfer from primary to secondary and
tertiary windings.

2. Minimum saturation effect to allow opera-
tion where increased pulse widths are re-
quired.

3. Fast pulse rise time and increased current
capability to prevent SCR di/dt failure.

4. Increased energy transfer efficiency.

Operating temperature range, —10 C to +105 C. 2- and
3-winding designs for half- and full-wave applications.
Turns ratios, 1:1, 1:1:1, 2:1, 2:1:1, 5:1. Available for
use with line voltages up to 240 VAC or 550 VAC.
Inductances to 1 mH at 550V, 5 mH at 240V.

For complete technical data, request Engineering
Bulletin 40,003A. Write to: Sprague Electric Co., 347
Marshall St., North Adams, Mass. 01247

s S PRAGUE

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS THE MARK OF RELIABILITY

SPRAGUE
1nzn

¥

%

This breakdown-diode/transformer triggering circuit is a
typical application for Type 11212 Trigate Pulse Transformers.

%

E

1

@G

oL T

This unijunction-transistor/transformer triggering circuit is a
typical application for Type 11213 Trigate Pulse Transformers.

4ssc-9185

*Sprague’ and ' @' are regi of the §; Electric Co.
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The use of the minicomputer is
expanding at a rate nothing short
of phenomenal. Mini suppliers are
joyfully predicting an increase in
worldwide systems sales and serv-
ice to nearly $1.6-billion in 1975—
an annual growth rate of nearly
509% a year from the $150-million
of 1969.

The mini will be used in process-
control and automation, data com-
munications, medicine, education
and traffic control, and it will be
indispensible in scientific calcula-
tion, analytical instrumentation and
business data-processing. The total
of minicomputers shipped in 1969
was 30% of all computers shipped
that year, and this figure is expect-
ed to grow to 90% by 1975.

Page 48
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Continuously tunable over the
frequency range of 50 kHz to 80
MHz in seven bands, a new rf sig-
nal generator uses a patented digi-
tal frequency lock circuit known as
“Signalok” to achieve ultra-high
stabilities of *+10 Hz. :

The model 925 generator, which
is composed of a standard rf oscil-
lator, a frequency counter and a
synchronizer, provides high-stabili-
ty signals by locking in the funda-
mental rf oscillator’s output to the
crystal time base of its built-in
electronic counter. An external
standard can also be used.

Page 91
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THE ISSUE
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The increasing use of electronic
implants in the human body has
begun to offer opportunities for
engineers talented in designing pre-
cise tools for surgeons and physi-
ologists.

While much of the work in im-
plants is still performed at medi-
cal schools and government medical
centers, some companies are provid-
ing doctors with this type of equip-
ment. Avery Laboratories, Inc., of
Farmingdale, N. Y., and Medtron-
ics Inc., Minneapolis, have develop-
ed standards for implantable elec-
tronic prosthetiecs that have
stemmed from continued associa-

tion with leading research
clinicians.
Page 25
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PANEL
DISPLAY

now it's possible

We've done the hard work— by making the first commercially
available panel display subsystem for use in your application. Burroughs
new SELF-SCAN panel display subsystem provides 256-character
alphanumeric panel display capabilities and all necessary electronics —
drivers, memory, timing and character generation — in a compact module.

And because SELF-SCAN panel display technology reduces electronics
by 90% and cuts display thickness to less than 1% inch, you get
unprecedented flexibility and cost advantages for display applications.

The easily-read characters used in this unit are formed of dots on .040”
centers, with eight 32-character rows in a 5 x 7 dot matrix format.
Application versatility is designed-in with options including visual cursor,
tab controls and expanded memory capability. The 256-character unit
shown is available for off-the-shelf delivery; 64- and 128-character
subsystems available soon. Units with only display and driver electronics
are also available. Write or call for additional information:

Burroughs Corporation, Electronic Components Division, Box 1226,
Plainfield, N. J. 07061 (201) 757-3400.

(Size 55 x 11 x 1.4)

256-Character SELF-SCAN™ Panel Display Subsystems Burroughs _°
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Soviet reports advance
in nuclear electricity

A system that converts nuclear
energy directly into electricity, by-
passing the laborious step of heat-
ing steam to drive a turbine gener-
ator, has been announced by the
Soviet Union.

Tass, the official Soviet press
agency, says in a statement that
“comprehensive tests” have been
completed on a thermionic convert-
er with an electrical capacity of
“several kilowatts.”

Although details are insufficient
to make a thorough appraisal, the
Atomic Energy Commission says
the Soviet development is at least
“an important technical step.”

In the United States thermionic
power systems have been under de-
velopment for some time, mainly
for deep-space probes. A $2-million
contract from the Atomic Energy
Commission for such a system is
now in effect with the Gulf General
Atomic Co. in San Diego. Specifi-
cations call for a system that will
generate electricity in the 100-to-
300-kilowatt range over a one-to-
five-year period.

Other thermionic systems are un-
der development by the General
Electric Co. Laboratories at Valle-
citos, Calif., and at the General
Atomic Div. of General Dynamics
Corp in San Diego.

One problem in developing ther-
mionic space power systems has
been in finding' nuclear materials
capable of withstanding tempera-
tures on the order of 1400 to
1900° C.

Other methods for direct conver-
sion under development in the
United States include the magneto-
hydrodynamic (MHD) technique,
in which an electrical conducting
fluid is driven through a magnetic
field ; the thermoelectric method, in
which the conversion is achieved
by semiconductors, such as silicon
and germanium alloys; and the use
of electrochemical fuel cells that
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can be regenerated by heat,

No system has been devéloped in
the U. S. to date that will convert
“several kilowatts,” as the Soviet
Union reports.

3 advanced satellites
to study atmosphere

NASA has ordered three scien-
tific satellites to study the atmos-
phere, and they will incorporate
two highly advanced features for
unmanned craft: They will descend
to as low as 75 nautical miles above
the earth without being pulled
down to earth, and the spin rate of
each satellite will be controlled by
an on-board special-purpose com-
puter.

When the low orbit begins to
decay, a hydrazine propulsion sys-
tem will be turned on in the craft,
and it will be able to boost it to
an apogee of 2500 miles. The on-
board computer will command an
electrically driven motor to control
the satellite’s spin rate. The rate
at apogee will be 150 rpm; at peri-
gee the computer will be program-
med to slow the spin to from 0.5 to
10 rpm, to permit equipment
aboard to conduct experiments at
this altitude.

Called Atmosphere Explorers, the
three satellites will be built by
RCA’s Astro-Electronics Div. in
Princeton, N. J., for the Goddard
Space Flight Center, Greenbelt,
Md., under a $12-million contract.
The purpose of the missions is to
acquire data in the thermosphere,
where most of the sun’s ultraviolet
radiation is absorbed— a phenome-
non that generates the energy ac-
tions and chemical processes that
determine the composition of the
upper atmosphere. The only infor-
mation on this region to date has
come from sounding rockets and
smaller satellites:

The experiments, which Goddard
will order from suppliers and give
to RCA, will include an electron
temperature probe, photometers
and mass spectrometers. The in-
struments will gather data on such
subjects as neutral particle and
ion compositions, electron, ion and
neutral gas temperatures; thermal
electrons and photo-electrons; ex-
treme ultraviolet radiation and air
glow.

The satellites will be cylindrical,
weigh 1000 pounds and be 54 inches
in diameter and 36 inches high.
They will be powered by solar cells
mounted on the sides and top—pad-
dles won’t be used because aerody-
namic drag is a consideration at
the low altitudes at which the craft
will fly. Their effective life is to be
one year.

Telemetry will be transmitted at
2250 MHz, using pecm/pm modula-
tion. It will be sent either real time
or recorded and then transmitted
when the satellite is passing over
a ground station. An extra vhf
transmitter (136 MHz) will also be
used for real-time, down-link trans-
mission. Uplink command signals
will use 148 MHz.

At least one satellite will be put
into polar orbit from the Western
Test Range at Vandenburg Air
Force Base, and one into an equa-
torial orbit from Cape Kennedy.

New group explores
cure for unemployment

In an effort to deal with the
related problems of engineering
unemployment and what it calls
“misguided national priorities,” a
new organization called the Com-
mittee for Social Responsibility in
Engineering held a conference
concurrent with the IEEE con-
vention in New York.

Speakers included Rep. Edward
I. Koch of New York City, Prof.
Seymour Melman of Columbia
University, Prof. Samuel Mason
of the Massachusetts Institute of
Technology, and the chairman of
Ralph Nader’s Clearinghouse for
Professional Responsibility, Peter
Petkas. Almost all of the speakers
cited excessive dependence on
military work as the cause of the
current engineering crisis. In-
creased nonmilitary spending was
suggested as the cure. As both
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Congressman Koch and Professor
Melman pointed out, this does not
mean they are advocating an end
to military work, but rather a
better balance between military
and civilian projects.

A Hofstra University professor,
John Ullman, while agreeing
wholeheartedly with this position,
was not at all optimistic about
achieving the desired balance.

“Nothing is being done,” he as-
serted. “All sorts of bills are be-
ing dropped into all sorts of hop-
pers, but no results are forth-
coming.”

Ullmann, who is both an econo-
mist and an engineer, speculated
that what he called the ‘“Arab
Refugee Approach” — Kkeeping
people in misery for political
mileage — was being practiced
on the nation’s engineers by the
Pentagon.

“Unemployed engineers,” he ex-
plained, “may be a force in favor
of increased defense spending.”

The solution, according to Ull-
mann and many of the other
speakers at the conference, is for
engineers to take an active role
in deciding where they should ap-
ply their skills. Unfortunately, he
pointed out, “engineers tend to be
very passive.” Thus, getting them
to come to help themselves was
not regarded as an easy task.

Laser cuts men’s suits
—and cost' too, by 25%

An automatic laser fabric cutter
has been developed by Hughes Air-
craft Co., of Culver City, Calif., for
Genesco, Inc., of Nashville. Accord-
ing to Franklyn M. Jarman, chair-
man of Genesco, “This is the first
major advance in the apparel in-
dustry since the sewing machine.”
The company expects the machines
to save it as much as 25% in pro-
ducing men’s suits.

Fabric rolls off a bolt onto a con-
veyor, which pulls the fabric into
position under the laser cutting
head. A two-axis linear motor, de-
veloped by Xynetics, Inc., of Ca-
noga Park, Calif., drives the cut-
ting head over the fabric at an
average speed of 20 inches per
second, in accordance with the pat-
tern. Instructions to the head are
given by a Hewlett-Packard HP-
2116B minicomputer. This is an 8-
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K, 1.6 usec machine.

A fixed laser, developed by co-
herent Radiation Laboratories of
Palo Alto, Calif., produces a 250-
W beam of infrared energy. This is
directed through an optical system
to the moving head and then down
onto the fabric. It produces a spot
two thousandths of an inch in
diameter, which does not burn the
fabric away but sublimates it.

Two suits a minute can be cut
by the machine. The development
cost to Genesco was $1.3-million.
Three of the machines will be in-
stalled in Fredericksburg, Va., at
the L. Greif & Bros. subsidiary of
Genesco.

GaAs off-shelf wafers
offered for first time

Gallium arsenide substrate mate-
rial for light-emitting diodes has
been in short supply because of
large user demands and a shortage
in production facilities. But the
Bell & Howell Electronic Instru-
ments Group, Pasadena, Calif.,
has just made available, for the
first time, standard GaAs wafers
from stock, with no turn-around
time.

John Nickerson, marketing man-
ager for Bell & Howell, explains
that the company has increased its
production facilities to handle large
user demands and to eliminate long
turn-around times.

“Formerly users have had to wait
four to six weeks for small orders,”
he says. “Now they can get these
orders off-the-shelf with no wait-
ing.”

Nickerson, who attributes the
shortage of GaAs materials in part
to non-uniform wafer specifica-
tions, adds: “We have developed a
set of optimum mechanical and
electrical GaAs wafer specifications
and have standardized their pro-
duction for faster deliveries.”

AF to push studies
in avionics program

Requests for proposals are ex-
pected to be invited soon on two
avionics study contracts in an
Air Force program that could re-
sult in a multimillion market.

The program would create an
integrated avionics system for

militaty aircraft that would re-
ceive, through a single terminal,
communications, navigation and
identification information. This
information would be transmitted
from a network of satellites and
ground facilities, all in the same
frequency band, using compatible
modulation techniques (see “Air
Force Plans Integrated Avionics
Network,” ED 18, Sept. 1, 1968,
p. 30). The Air Force Systems
Command’s Electronic Systems
Div., will head up the program.

One of the two study contracts
will be to determine the cost of
the equipment and to highlight
the most promising areas for po-
tential cost reductions. The other
contract is for an analysis of the
projected message traffic, to de-
termine the structure of the mes-
sage flow and the characteristics
and modes used for command and
control of aircraft.

The frequency band and modu-
lation techniques will be sug-
gested by industry. The Air
Force wants to steer clear of
pushing any favorite bands or
modulation techniques, in the
hope that an improved system will
result.

‘Explosive’ growth seen
for hospital systems

“Health care will explode in the
70s to $200-billion by 1980, from
$70-billion last year and $27-billion
10 years ago. Hospital information
systems sales will grow 17% an-
nually during the next 10 years.”
So says Frost & Sullivan, Inc., the
New York City research organzi-
zation. It has just published a
study, “The Hospital Information
Systems Market,” with prospects
for hardware and software analyz-
ed and forecast through 1980. In
1970, the study found, 90% of all
installed systems were used for
bookkeeping only. In the next
decade, the findings continued,
these systems will be expanded to
include pharmacy control, patient
monitoring, medical history, labo-
ratory reporting, diagnosis, teach-
ing, menu control and meal dis-
tribution. For information on
obtaining the survey, contact Jo-
seph Levy, Industrial Studies Div.,
Frost & Sullivan, 106 Fulton St.,
New York City 10038.
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cermet corps:

The Allen-Bradley 15

versatile standard packages
containing R/C circuitry

designed to your needs.

The need: compact R/C net-
works in DIP’s for terminator
applications in new generation
computer designs. To meet the
circuit board space crunch,
Allen-Bradley combines resis-
tors and capacitors in a package
compatible with automatic in-
sertion equipment. These cer-
met networks save space and
attachment costs. Packaged in
dual in-line molded packs that
lock out the environment and

Actual Size

EC71-4 © Allen-Bradley 1971

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

SELECTED SPECIFICATIONS
TOLERANCES Absolute to = 5%
TRACKING Excellent

RESISTANCE
RANGE

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

CAPACITANCE  To 60,000 pF per cm?

RANGE

TCR As low as =100 ppm/°C

CALIBRATION
LEAD SPACING

Abrasive or laser
100 mil standard

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

Investigate the advantages of
Allen-Bradley cermet R/C net-
works. For information write:
Marketing Department, Elec-
tronics Division, Allen-Bradley
Co., 1201 South Second Street,
Milwaukee, Wisconsin 53204.
Export office: 1293 Broad St.,
Bloomfield, N. J. 07003 U.S.A.
In Canada: Allen-Bradley Cana-
da Ltd., 135 Dundas Street,
Galt, Ontario.
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LC./D.LP/M.S.L/LS.L/PC.-For sockets with initials
MAKE CINCH YOUR INITIAL CHOICE

For standard or custom multiple contact sockets, Cinch has—
or will design —a high reliability device for your application.

P.C. sockets, with only .130” profile, use a  DIP sockets, for 14, 16 or 24 pin DIPs with
new, unique miniature terminal, with wip-  pins as short as .100; in a variety of insula-
ing contacts, for 0.016"-0.019” diameter tions and platings are available as standard
pins. Socket configurations, up to 100 con-  units. Cinch industrial distributors stock
tacts, for MSI, LSI, DIP or read-out tube use  many styles for immediate delivery.

can be produced. C-7132

Tl

additional information on these and other

Cinch multiple contact, miniature sockets,

write to Cinch Manufacturing Company, 1501 Morse Avenue,
Elk Grove Village, Illinois 60007.
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NEWS

For pain and other suffering,
new ‘fast relief’ is electronic

The increasing use of electronic
implants in the human body has
begun to offer opportunities for

engineers talented in designing
precise tools for surgeons and
physiologists.

While much of the work in im-
plants 15 = still
performed at
medical schools
and government
medical centers,
some companies
are providing
doctors with
this type of
equipment.
'"Avery Laborato-
ries; Ine., of
Farming-
dale, N. Y., and
Medtronics, Inc.,
Minneapo-
lis have develop-
ed standards for
1 mop anigl-
able electronic
prosthetics that
have stemmed
from continued
association with
leading research

clinicians. [

Inrecent
months surgeons
have become
more confident
in the use of
these devices,
and the number
of operations in
volving electron-
ic implants—whaile not large in
comparison with all operations—
has increased greatly. While the
types of devices are basically the
same, the applications include:

m Suppressing intractable pain
that cannot be eased by drugs,
operations or other forms of
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medical therapy.

®m Inducing respiration in pa-
tients suffering from hypoventila-
tion—a decrease in the muscular
action of the lungs.

m Stimulating the bladder func-
tion in paraplegic patients to elimi-

e T

By stimulating the supraorbital branch of the trigeminal nerve, surgeons can
alleviate severe facial pain. The receiver is above the eye, and the electrodes
can be seen in the area of the forehead.

nate colostomy bags and catheters
from the stomach and urinary
tract.

m Alleviating paralysis caused
by strokes, spinal-cord or head in-
juries and possibly permitting pa-
tients to walk.

m Facilitating hearing with a

tiny receiver that could last a life-
time without being removed from
the patient’s head.

m Pacing the heart.

In each of these cases, batteries
are not implanted in the patient.
The devices operate by using an rf
transformer or
transmitter to
couple energy
through the in-
tact body wall to
the transform-
er’'s secondary
coil, or to a re-
ceiver that is
implanted along
with the elec-
trodes, which
stimulate spe-
cific body areas.
Thus the im-
planted part of
the equipment is
designed to op-
erate for the
life of the pa-
tient without
being replaced.
This also per-
mits complete
control of the
rate, amplitude
and duration of
the stimulus.
'Also, for those
patients who
display signs of
recovery, the
stimulus can be
completely turn-
ed off.

But the materials problems are
still not solved. At the Solid-State
Circuits Conference last February,
Robert Huber, director of the Solid
State Electronics Laboratory at
General Instrument, Salt Lake
City, said that a material that is
absolutely inert when placed inside
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Experimental neuro-stimulator con-
sists of a transmitter with a coiled
loop antenna. The antenna is placed
over an implanted receiver.

the body had not been found. Ac-
cording to Huber, even Silastic—an
epoxy-like covering—while a rela-
tively good material for insulating
implanted devices, is permeable to
water and salt in the body.

The most common immediate
problem with implants is the break-
age of electrode wires. According to
Dr. C. E. Anagnostopoulos and Dr.
William W. L. Glenn, cardiovascu-
lar surgeons at the Yale Universi-
ty School of Medicine, “No un-
breakable electrode wire has yet
been developed for a bipolar system
of stimulation.” The factors that de-
termine the ability of electrodes to
resist breakage, they say, include
the kind of metal used, the shape
of the electrode, the type of wave-
form and the technique of placing
the electrode in the body.

Electrical energy blocks pain

Although a number of theories
have been formulated about the
nature of pain, most pain-suppres-
sion techniques are based on em-
pirical findings: They work.

In 1965, Dr. Ronald Melzack,
professor of physiological psy-
chology at MecGill University in
Montreal, and Dr. Patrick D. Wall,
professor of psychology at Oxford
University in England, set forth a
new theory. Their “Gate Control
Theory” of pain indicated that elec-
trical energy could be used to per-
form a nerve-blocking function.

Roger Avery, then a consulting
engineer, developed the electronics
for the first neuro-stimulator for
this application. The electronics
consisted of a radio transmitter
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Electrophrenic respiration equipment includes a battery-run transmitter (A)
which transmits signals through the antenna (B) to an implanted receiver (C)
connected by subcutaneous wires to implanted electrodes (D) surrounding
the phrenic nerve.

with a voltage and frequency con-
trol, an implantable receiver and
platinum electrodes embedded in
Silastic.

Dr. William H. Sweet, a neuro-
surgeon at Massachusetts General
Hospital in Boston performed the
first operation based on the “Gate
Control Theory” of pain. The elec-
tronics implanted by Dr. Sweet in
1965 are still functioning, accord-
ing to Karl Hallgren, marketing
manager for Avery Laboratories.
Hallgren says that the number of
neuro-stimulators supplied by
Avery in the last six years totals
about 300, and that 150 such units
have been sold in the last 12
months.

A critical factor in the design
of the neuro-stimulator was in
making the electrodes conform to
the shape of the nerve. Avery ac-
complished this by reducing the
size of the platinum electrode con-
tacts to 1.5 x 1.75 mm. These were
placed on Silastic pads 1-mm thick
and 1 cm square.

Two Silastic pads, each with four
platinum disks, are placed so that
stimulation can be applied trans-
versely across the nerve. This de-
sign varies, depending on the nerve
to be stimulated. Each of the lead-
wires is made of vacuum-deposit-
ed stainless steel filaments insulat-
ed with Silastic. They connect the
electrodes to an rf receiver button,
which is buried in the subcutaneous
tissue adjacent to the nerve. “To
fit the nerves more precisely,” says
Dr. James P. Wepsic, neurosur-
geon at Massachusetts General
Hospital, “the interelectrode dis-
tance has been varied 1, 2, 3, 4, 5, 7

and 10 mm.” The rf receiver button
is made of high-temperature com-
ponents, which allow the entire as-
sembly to be steam-autoclaved.

Patient controls transmitter

The radio transmitter operates
at a carrier frequency of 2 MHz
and puts out a bi-phasic square
wave. Pulse width can be varied
from 50 to 300 us and the voltage
from 0 to 42 V. Pulse rate goes
from 10 to 500 pulses per minute.

The patient can adjust both the
pulse rate and the voltage. During
stimulation, the transmitter’s an-
tenna is held or taped over the
receiver button. This system is very
similar to one being supplied by
Medtronics.

While most of the operations in
which neuro-stimulators are im-
planted are for pain in the leg or
back, pain in the facial area has
also been relieved with this tech-
nique.

In certain patients the breath-
ing function can become so sup-
pressed as to cause severe compli-
cations, such an enlarged heart.
This condition is referred to as
‘““hypoventilation’’ and may be
caused by central-nervous-system
disorders, emphysema or bulbar
polio. In such cases, iron lungs or
respirators are used to assist
respiration.

But more than 25 years ago it
was found that an electric current
applied to the phrenic nerve in the
neck could stimulate the motor
function involved in breathing.

The technique of electrophrenic
respiration was advanced in the
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ONESHOT
POWER PULSER
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ostS you less...
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and its gl}eady designed to save you time.

This unique thick film hybrid circuit delivers a high power output
pulse (up to 10 amps, 60 Volts) for a precisely-timed interval
(500usec. to 50msec.) initiated by the positive edge from a DTL,
RTL, or TTL gate. It's optimized for pulse driving inductive loads
in industrial applications such as print hammers, solenoids,
servos and stepper motors. The Power Pulser is a complete,
ready-to-use circuitin an 8 lead TO-3 package that will cost
you less than building the complete function with discrete
components. And, because a complete circuit can be treated as
a single component, you can save P.C. board space, assembly
costs and testing time. It’s extremely versatile too. The load

may be placed in the collector or emitter circuits of the output
Darlington and driven from either plus or minus supply voitages.
For optimum economy, the Unitrode PIC400 Series Power Pulser
is stocked as a standard product. The built-in timing resistor is
laser trimmed to user’s requirements with a timing tolerance

of 5% over a temperature range of 0°C to 125°C.

It's obviously a case in which being indiscrete has its
advantages.

For fast action, call Sales Engineering collect at (617) 926-0404
Unitrode Corporation,
Dept 4B, 580 Pleasant St., Watertown, Mass. 02172

‘ Application Notes and complete specs on request.

s U NI TRO D E quality takes the worry out of paying less.



Stimulation of the sciatic nerve can ease pain. X-ray shows shrapnel embedded
in the body. The patient, a war victim, suffered phantom limb pain. Even
though his leg had been amputated, the residual nerves transmitted pain
signals to the brain. This was stopped by a neuro-stimulator, whose electrodes
can be seen at the left of the body’'s midline. The four crimps for the elec-
trodes are shown toward the top left of the X-ray. 2

mid-1960s when Dr. Glenn of the
Yale School of Medicine and his
associates used inductive coupling
to eliminate the need for wires
passing through the body wall to an
external power supply.

After experiments with dog