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GR
knocks down
the price of
Frequency
Synthesizers!

Across-the-board price changes now offer you the

chance to pick up just the synthesizer you need at the

lowest prices ever!

GR’s fully equipped synthesizers (including 7 pro-

grammable digits and a continuously adjustable decade)

have been reduced by as much as 26%. For instance:

e The 1161 and 1162 Synthesizers, with
respective frequency ranges of 0 to 100 kHz
and 0 to 1 MHz, are now only $4990.

e The 1163, with 30-Hz to 12-MHz range, is
reduced to $5290.

e The 1164 (10-kHz to 70-MHz range) is now
$7195.

If you don’t need fully equipped models, you can
compound the savings by omitting some of the features.
You can save $300 if you have no need for the continuously
adjustable decade. Or you can order your synthesizer

with as few as three digits — subtract $230 for each digit
you leave out.

These are the same synthesizers you wanted before
because of their specifications — now they're even better
because economy has been added to quality! Ever with
the new lower prices you still get a room-temperature
quartz-crystal oscillator with a temperature coefficient
better than 2 X 10"7/°C, 200-us switching time, rms
phase-noise modulation as low as —70 dB, spurious signals
down 60 dB and beyond, and compact size (only 5%
inches high)! It’s a buyer’s market!

If you're looking for performance up to 160 MHz
without an oversized price tag, GR also has the 1165
Synthesizer for only $5900.

Complete pricing information and specifications are
available from the General Radio District Office nearest
you or from our home office at 300 Baker Ave., West
Concord, Mass. 01781. In Europe write Postfach 124,

GENERAL RADIO

CH 8034, Zurich, Switzerland.
Prices apply only in the U.S.A.

ATLANTA 404 6336183 / BOSTON 617 6460550 / CHICAGO 312 992-0800 / CLEVELAND 216 8860150
DALLAS 214 837 2240 / LOS ANGELES 714 540 9830 / NEW YORK (N.Y.) 212964 2722 (N 4 ) 201 943 3140
PHILADELPHIA 215 646-8030 / SAN FRANCISCO 415 948:8233 / SEATTLE 206 7479410/ SYRACUSE 315 454.9323
WASHINGTON, O.C. 301 881 5333/ TORONTO 418 252-3395 / ZURICH (051} 47 70 20
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Need A Scope
That Remembers?

O If you make real-time measurements in the 50 MHz to 100 MHz frequency range, here's

something for you to remember: Only Hewlett-Packard off a storage scope with bandwidth

capabilities in these frequencies. In addition to this exclusive capability, Hewlett-Packard offers a scope that remem-

bers sampling displays and spectrum analysis displays. (] If you want low-frequency, high-sensitivity in a low-cost

your high frequency needs. Choose the low-cost 1200 series for

your low- frequency measurements. [0 For application information on HP scopes that remember, contact your

local HP field engineer.

08075
Or, write to Hewlett-Packard, Palo Alto, California 94304. HEWLETT (hp, PACKARD
Europe: 1217 Meyrin-Geneva, Switzerland.

Prices: HP 141 Mainframe, $1395 or $1500;
HP 181A Mainframe, $1850; HP 1200 Series, $1550 or $1900. OSCILLOSCOPE SYSTEMS
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HPinstrumentation recorders work with hours less downtime.

How much is your time worth?

When you’re putting instrumentation
measurements on tape, the last role you
want to play is maintenance man. And
who can afford all those time-wasting
adjustments? Hewlett-Packard's instru
mentation recorders are so reliable they
require up to five times less routine
maintenance than most machines. Bath
the HP 3950/ 3955 Series Systems far
lab use and the lightweight HP 3960
portable for the field have what it takes
to make you more researcher and

less caretaker.

You won't be plagued by misalign-
ments that cause you slowdowns on
other recorders. Tape transport compo-
nents on all HP machines are mounted
to a single, rugged cast-aluminum frame
that’s precision machined to assure

Circle 2 on reader service card

permanent alignment. So you'll never
have to make shimming or other adjust-
ments in the field. You can use the time
you gain for more rewarding work.
Both the IRIG-compatible
fab models and 50-pound port-
able feature a simple, uncluttered
tape path that lets you clean
head assemblies in just seconds.
Even mounting of tape reels
and tape threading goes
easier and faster with a snap-on
reel hub assembly.
Whether you choose the
interchangeable 7 or 14-track
lab models or the economy 4-
track portable, you'll have
high-performance recorders
that will sharply reduce

your operating costs.
To that, add the initial
low price that comes with HP

lity electronics. If you want
S, ud y
“™ to see what these recorders

\
\‘—""

can do, it’s easy to set up.
Your local HP field engineer
will be happy to demonstrate
the wide uses of these recorders
in the medical, scientific and
industrial fields. Call him.

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

HEWLETT W PACKARD

MAGNETIC RECORDERS

42004
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Instruments: Rentals pick up speed
Manpower: Engineers find recession
hits them at home and in the office
Computers: Design house finds ‘‘one
for all” can apply to custom
memories, too

U.S. Reports

Radar: Travatron opens way to
versatile system

Radar: Beam steering for better
ABM spotter

Packaging: Imbedded wire for
‘printed’’ circuit; parylene hits
the market

Optoelectronics: Document storage
and retrieval

Components: Variable capacitor with
wide range

Avionics: The B-1 plot thickens
Space electronics: Laser triggers
missile batteries

Space electronics: Geographic
Applications Program for ERTS
Computers: Good—and cheap—
tag reader

Government: Austere system for
intelligence data

For the record

Electronics International

West Germany: Absorption cell
stabilizes laser

International: Patent treaty in the
home stretch

Japan: Stereo radio in one box;
emergency laser beacon

Great Britain: Lateral transistors assist
radiation measuring

New Products

In the spotlight
A widening market for MOS:
Industrial monitoring and control
Components review
Laminated bus bar blocks noise
Relay matrix switches 1.5 Ghz
Crt’s beam is pencil-thin
Instruments review
10-volt reference for dvm's
Amplifier has 11 settings
Data handling review
RAM expandable without extra logic
Industrial electronics review
Weighing unit has 0.05% accuracy
Semiconductor review
Monolithic SCR acts like two
C/MQOS circuit uses 1.5-v supply
Position scaler shifts data
Production equipment review
Design aid speeds layout of IC's
New materials

Title R registered U.S. Patent Office; © copyright
1970 by McGraw-Hill Inc. All rights reserved,
including the right to reproduce the contents

of this publication In whole or in part.
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E. Rivera, W.H. Dierking, R. Ranalli, and
B.R. Bourbon,

Autonetics division, North American Rockwell
Corp.

Designer’s casebook

= Zeners cut corners
in MOS gate driver

= Exclusive-OR IC’s serve
for phase-locking tasks

= Dynamic braking emf
signals motor to reverse

lon implantation offers bagful of MOS benefits
Better high-frequency performance is but one
virtue of this new doping process; it also
results in a broad range of low threshold
voltages and makes possible new IC's

John Macdougall and Ken Manchester,
Sprague Electric Co.,

and Robert B. Palmer,

Mostek Corp.
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Readers Comment

Feels left out

To the Editor:

Upon reading your interesting
and informative article about metal
oxide semiconductor calculating
techniques [May 11, p. 104], I was
somewhat dismaycd to observe the
exclusion of the General Instrument
Corp. from the bibliography listing
MOS ROM manufacturers.

I would like to point out that
General Instrument has been a
leading supplier of read-only mem-
ories for all applications for the
past two and a half years. We have
delivered quantities of custom and
standard product ROM’s to do
arithmetic calculations, character
generation, code conversion, and
sequencing functions.

The company’s proprietary metal
thick-film nitride semiconductor
process now allows the manufac-
ture of ROA’s as well as other large-
scale integrated circuits with direct
transistor-transistor logic compati-
bility (no external components re-
quired); in addition, higher am-
bient temperature and reliability
are possible.

Since General Instrument con-
tinues to actively pursue ROM
business, we would be remiss were
your oversight to pass unnoticed.

Stan Schiller
Eastern MOS application manager,
Microelectronics Division
General Instrument Corp.
Hicksville, N.Y.

Background on strapdown

To the Editor:
In your Washington Newsletter
[March 30, p. 81], you refer to the

strapdown guidance being studied
for the space shuttle and mention,
“the only use of strapdown on
manned spacecraft was Hamilton
Standard’s backup system on the
lunar module.”

The backup system for the lunar
module, also known as the abort
guidance system, was designed
and manufactured by TRW Sys-
tems group for the Grumman Aero-
space Corp. It is the first strap-
down system ever to be used in
space and did an exemplary job
helping to return Apollo 13 astro-
nauts safely to earth. Its opera-
tional flexibility with low power
consumption caused it to be fav-
ored over the primary guidance
system for the operational emer-
gency.

The sensor unit, or abort sensor
assembly, of the AGS was indeed
manufactured by the Hamilton
Standard Systems center under
contract to TRW.

D.L. Meginnity
Project manager,
Lunar module abort guidance sys-
tems
TRW Inc.
Redondo Beach, Calif.

Presses for sound

To the Editor:

I was intrigued by your article
on Compressed Multisound [June
8, p. 61]. Why couldn’t this prin-
ciple be used for stereo audio?
Future sets could incorporate the
necessary circuitry. For compati-
bility with existing sets, television
stations could combine the two
channels and broadcast in mono
as they are now doing,

B.F. Johnson
Portland, Ore.
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... like more capacitance in alvminum ’lytics?

- Get SPRAGUE Type 36D
" POWERLYTIC
CAPACITORS

e Large cylindrical electrolytic capacitors for use in digital computer
power supplies, industrial control equipment, energy storage
applications, etc e Low impedance construction e Largest

case (3" dia. x 8 %" high) provides 650,000 uF at 3 volts!

e Can be operated at +85 C o Tapped No. 10-32 terminals simplify
filter bank assembly e Available with or without outer plastic
INFORMATION RETRIEVAL NO. 515 insulating sleeves » Request Engineering Bulletin 3431C

4SC-9153R2

...want high volume efficiency in tubular ‘lytics?

Use SPRAGUE Type 39D

POWERLYTIC"
CAPACITORS

o Provide maximum capacitance in smaller cases
with axial leads e No internal riveted or pressure connections
e Welds at critical anode and cathode terminals ¢ Molded
end covers o Life expectancy of 10 years or more in normal
service o Very low effective series resistance and
INFORMATION RETRIEVAL NO. 516 leakage current o Request Engineering Bulletin 3415

4SC-9154R2

SPRAGUE

For Engineering Bulletins as noted above, write to:
Technical Literature Service, Sprague Electric Co., 35
Marshall Street, North Adams, Massachusetts 01247.

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

‘Sprague’ and ‘' @' are registered trademarks of the Spragua Electric Co.
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~ Reliability is a single-sided frame,
| a ball and a cricket room.
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Our Type 45 rotary stepping switch is made to be forgotten.
We build them to work hard, fast and long without cor-
stant fiddling or adjusting. They’ve got to be able 0 work
in heat or cold, take bumps and grinds and still click-click

along with close-spaced consecutive operations.

the level we start our
assembly with an
open-type, one-piece
frame. Thick and really
flat. Some manufacturers use
two thinner frames. But we found .
that starting with a single thick frame
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 ccmes 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 assemkbly has to be securely fastened to
keep it from wiggling up and down, or every-

thing goesout of whack.So wechoosea big
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 L

a steel 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
b produce. Here, every switch is tested 50
4 times a second for 45,000 operations.
N Then, and only then, are they ready

for delivery to our customers.
»

Now that we’ve explained all the little
things we do to make our Type 45
reliable, put it through your own

tests. Industrial Sales Division,

T Automatic Electric Company,

Northlake, Ill. 60164.

AUTOMATIC ELECTRIC

GENERAL TELEPHONE & ELECTRONICS
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A well calculated plot.

Wang unites digital plotting (x,y) and data printout
with the world’s most powerful computing calculator.

The result 1s a personalized small computing system with unmatched convenience and
capabilities. Combined with a Wang 700 Series calculator, the 702 Plotting Output Writer
can provide fully formatted graphic output including plots. heading. labels. and numeric
notations as well as tabulated data. It eliminates the need for time-consuming correlations
from various printout media and reduces the possibility of error. The calculator offers you

a choice of 120 to 248 data registers for memory. And programs may vary in length
from a few steps to as long as 960 or 1984 steps per block on tape cassettes.
If you're intrigued. we'll give you more information on this fast-moving plot.

= WANG

+4317018447297 +64

+314159265359 =97

: W% e o AT S ST DN AN EDN SDN R3S AN RN AN SCN BRR BRSNS

WANG LABORATORIES. INC.
Dept. 6H1;, 836 North St., Tewksbury, Mass. 01876
Tel. (617)851-7311

[T} Please send more information on the
702/700 Series system
[T] Contact me to arrange a demonstration

NAME/TITLE

ORGANIZATION

ADDRESS

CITY

STATE ZI\P



Rivera Dierking Ranalli Bourbon

Four men got together at Autonetics to write the Syscap program article
that starts on page 74. Bruce R. Bourbon and William H. Dierking are
still with Autonetics. Edward Rivera was at Autonetics hefore moving
to NCR. And Ralph Ranalli, the other Autonetics veteran, now is general
manager of Rohe Scientific Corp. and Shurtronics Corp.

Palmer Macdougall Manchester

Three’s not a crowd when the three are authors of an important article
like the one on ion implantation that starts on page 86. Both John D.
Macdougall and Kenneth E. Manchester are with Sprague Electric Co.,
where they have been active in ion implantation. Bob Palmer is a founder
of Mostek Corp., where he’s manager of R&D.

With a collective 62 years in
computer R&D behind them,
the authors of the associative
memories article that begins
on page 96 are qualified to
write it. All are with Good-
year Aerospace, where J. A.
Rudolph is a manager, L. C.
Fulmer works with associa-
tive processors, and \W. C.
Meilander has contributed
many ideas to associative
memories research.

Fulmer

Meilander

Rudolph

~—Circle 8 on reader service card

19 VOLT

MOS FET
SWITGHES

Problem: You need a MOS
FET switch that will stand
large analog signals and high
overvoltages.

Solution: The new Siliconix
M 119 P-channel MOS FET
with 75 volt source-drain
breakdown.

These circuits show biasing
for =20 Vand O to 440 V
analog signal operation.

+20¥
0 \_J—nv
Vo
| v

111
R
So|—20{ 0 [+20 ‘
’.MVOU i, S i +20V —OFF
ax g
Lomsy (B0 (5% | L s

noay 119

v T
0 |4+20|+440
4 OFF

Vs
VOLTS) |

| 230 [ 125 | %0

Max rgg
(OHMS)

Write direct for further
information and the data sheet
on this newest Siliconix

MOS FET!

Siliconix
iIncorporated

2201 Laurelwood Rd. * Santa Clara,Calif. 95054
(408) 246-8000 Ext. 201 « TWX: 910-338-0227

In Europe: Siliconix Limited. Saunders Way. Skeity. Swansea, Great Britain
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“Noone madea
small, quiet, medium-speed
chain printer for $9500.

So Mohawk did.”

George C. Hohl, OEM Marketing Director, discusses a new product.

10 Electronics | June 22, 1970



“We saw a gap in the printer field.
Either you paid a lot of money to get
a lot of speed and sophistication, or
you could pay a little and get very
little in return. We decided to aim
our printer somewhere in between.

“Chain printers are mechani-
cally simpler, easier to maintain, less
expensive. Their flat face characters
give good print characteristics, too.

“Our design requirements were
rough. We wanted goo lines- per-.
minute with such niceties as easily
changeable fonts, and yet we wanted
to sell it for less than $10K. It had to
be small, and yet we couldn’t lose
accessibility. The design engineers
grumbled, but they made it.

“The changeable font cartridge
1s great—an operator can quickly
switch' the font chain—and
we're offering fonts from 16 to 128
characters.

“We designed a disposable
ribbon cartridge to make ribbon

changes quick and clean. Paper
handling is enclosed to stay clean,
too. And everything that could be
modularized, was modularized.

“We considered noise reduction
vital—anyone who has worked in a
printer room knows why. Well, com-
pared to other printers, you’d hardly
know this one was working.

“We're selling the printer for
$9500 in OEM quantities, and some
varlations cost even less. So you get
a lot of performance in a very little
printer—for very little money.”

Mohawk Data Sciences Corp.

Herkimer, New York

Mg

OEM MARKETING CENTERS: CORPORATE (315) 867-6475; NORTHEAST (617) 891-5870: SOUTHEAST (404) 631-3443; CENTRAL (312) 298-4141; WEST COAST (213) 685-5165.

Electronics | June 22, 1970
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measurement flexibility

TYPE 5648 s70
- RAGE 0sciLLo
e SCOPE witw AT,
5 ERASE  asmune

="

Mainframes
evailable
with or without

i I
Rugced Bistable r_& TYPE 3A6

- DUAL-TRACE - :
Storage AMPLIFIER os T TIME/DIV on

TYPE 3B4 TIME BASE

VOLTS Div

) \.
! ’ ‘)] l. o8
™

a‘-mm

cH2

_;:...

—N

VO LTS Div

[ .

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
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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 3A3

TYPE 3LE SPECTAUM ANALYZER PLUG (% |INIT

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

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

o 8
r . :“—
O - |4 DIFFERENTIAL
. _’~ = Make differential measure-
= 5= - ments from DC to 1 MHz with
O ‘ (0} 10-uV/div  deflection factor
and 100,000:1 common-mode
rejection ratio.
Type 3A9 ... ... .. $525
®
o
5|
e SINGLE-TRACE
< Perform single-trace mea-
surements from DC to 1 MHz
% at deflection factors from

50 mV to 50 V/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.
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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

A Tektronix, Inc.

committed to progress in waveform measurement
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microcircuit a
strip line
— applications . . . and
they're trmmable
in ranges from .1 to
100 pF!
But trimmability is
only one af the plus
advantages of this
new series, they
feature high Q (self-
resonant into X
band), A C’s of
11015 pF, and low
temperature
ccefficients
. (CE=20PPM/°C).
When ycur
application calls for
= | high Q chips, be
- sure to check the
505 series, they do
[ col il el | everything a ckip
S kbl does — plus. Send
today for full details.

L4
L

MANUYFACTURING CORPORATION

400 Rockaway Valley Rgad, Boonton, N.J. 07005
(201) 334-2676 TELEX: 15-6432

Electronic Accuracy Through Mechanical Precision

Who’s Who in electronics

“Right now, we don’t even have
the capital to buy a diffusion
furnace, but we’ve taken a calcu-
lated risk.” That’s a candid assess-
ment of General Digital Corp., a
new MOS/LSI firm in Santa Ana,
Calif., and it was offered by Alvin
B. Phillips, General Digital’s chair-
man and president.

Phillips quit in frustration as
general manager of North Ameri-
can Rockwell’s Autonetics Products
division [Electronics, Jan. 19, p.
33] because he felt his efforts to
put the division’s contract with the
Sharp Corp. for calculator circuits
back on the track were getting
bogged down in the red tape typi-
cal of a large aerospace corpora-
tion.

He incorporated General Digital
on April 23, and now has five vice
presidents and a 3,000-square-foot
facility that he hopes to outgrow
quickly. “We've got a complete
five-year plan that will be triggered
when our financing comes through,”
Phillips says. He can’t say when,
but emphasizes that he’s working
through Wall Street sources. He
adds, “I think our strength is in
the reputation of our team, which
brings high investor confidence,
because were a group of experi-
enced managers in the semicon-
ductor business.”

Come along. Phillips did stints
at Sylvania’s and Motorola’s semi-
conductor operations before mov-
ing to Autonetics. Two of his vice
presidents came with him from
Autonetics: Joseph Baia, 39, Gen-
eral Digital’s vice president for
operations, who was operations
manager, and Henry Rodeen, 43,
vice president for process engineer-
ing, who was manager of manu-
facturing engineering. Baia went
to Autonetics from Sylvania when
Phillips moved; Rodeen was at
Radiation Inc. before joining Auto-
netics.

Richard Sirrine, 51, vice presi-
dent for research and development,
was engineering manager at Gen-
eral Electric’s IC department and
shares the Sylvania patent on
SUHL transistor-transistor logic.
Albert Dall, 44, vice president for
marKeting at General Digital, came
from Transitron, while Lawrence

~—Circle 14 on reader service card

Phillips

Alves, 30, vice president for finance
and administration, was controller
at Sylvania’s Semiconductor divi-
sion.

Phillips initially is looking for
high-volume custom MOS/LSI busi-
ness. He doesn’t feel General Digi-
tal was too late in getting started.
“The size of the market justifies
our position,” he says. “Besides,
companies such as Motorola and
TI are just getting started in MOS,
and a lot of smaller companies are
specializing in memories only. We
want to serve the broad MOS mar-
ket, not just the memory market.

“I believe hybrid LSI soon will
be a powerful way of going, and
we're looking to take on six to 10
chips on a substrate in a customer’s
subsystem requirements,” he as-
serts. Phillips is sold on the MOS .
self-aligning gate and silicon nit-
ride passivation. He thinks silicon-
gate processing is “onc of the
better ways” toward self-alignment,
and says General Digital will make
both low- and high-threshold prod-
ucts because the nitride process
allows both.

Why would a man leave the space
program for the Department of
Transportation? John D. Hodge,
41, new director of transportation
systems concepts at the Transpor-
tation Systems Center, came from
the Manned Space Flight Center
in Houston where he was manager
of the Advanced Missions Program.
He directed planning for lunar ex-
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Band-Pass Filters

PARAMETER RANGE
Center Frequency ................ 10 Khz-75 Mhz
Bandwidth ... .01% 3% of C.F.

Phase Linearity ...........
Transient Overshoat
Shape Factor . .
Differential Phase sShift ...
Group Delay Uniformity ...

R ——

Band-Reject Filters

PARAMETER
Center Frequency
Reject Bandwidth ..
Pass Bandwidth
Shape Factor ...
Notch Rejection ...
Insertion Loss
Ripple .........

RANGE
o O . 10 Khz-35 Mkz
.01% to 5% of C.F.
.p to 100% of C.F.
L A<) B

oS 0.5 @b
.<8.25 db

Whether your signal shaping need is a
sharp rejection notch, a bznd pass or
a single side-band filter — call Danon.
Choose from dozens of co nputer
assisted standard designs including
Butterworth, Chebyshev, Gaussian or
Bessel. Or let Damon create a custom

filter to your specs. Either way, you're sure
of the exact crystal filter you need. A produc-
tion run or a prototype, Damon meets your sched-

ule. Try us. Damon/Electronics Division,
115 Fourth Ave., Needham, Mass 02194.
Phone: (617) 429-0800.

Single Side-Band Filters

PARAMETER
Center Frequency ...
Pass Bandwidth ...._....

RANGE
.10 Khz-35 Mhz
.01% to 2% of C.F.

Carrier Rejection ....... - QR -..>40 db
Shape Factor Carrier Side -.<1.15:1
Shape Factor Side-Band Side .. E<W1$25 )
Insertion Loss weerenersosgzaflilh o .<3db
Ripple - ..<Z1 db

&> pavon
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VIDICON

PLUMBICON®

iMAGE ORTHICON

IMAGE ISOCON

INTEGRATING ORTHICON AND ISOCON

Instrument Grade Television Cameras

MT| provides off-the-shelf instrument grade cameras for the
full range of closed circuit video applications. Utilizing the most
practical advances in image tube technology, our systems are
designed to fill your particular needs. . . . Such as

high sensitivity into the infrared, offered by our

Silicon Target Vidicon . . . or low noise opera-

tion down to very low light levels with our image
Isocon Camera.

MTI's instrument grade cameras
. . Ask us about them.

- y
m l . DIVISION OF KMS INDUSTRIES, INT.

57 Dodge Ave., North Haven, Conn. 06473 Tel 203-239-5341

® REGISTERED CAMERA TUBE TRADEMARK, N.V. PHILLIP'S OF HOLLAND
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Who’s Who in electronics

ploration, the first phases of the
space shuttle, and space station
efforts. He had a job with more
romance than almost any other in
engineering.

“But when Jim Elms (TSC’s Di-
rector) asked me to come, I never
even hesitated,” says Hodge. “TSC
is where the action is; the problems
of intra- and interurban transit and
the efficient linking of all the vari-
ous modes of transportation are
real, present, and pressing.”

Hodge feels a kinship between
the new TSC and the space task
group formed by NASA in 1959 to
map what became the Apollo pro-
gram. He feels the same sense of
new vistas and challenges opening
in transportation systems that he
once felt in the early days of the
space effort.

The areas. If challenge means a
hard job, then Hodge is challenged.
In his new slot he will direct
thinkers investigating far-out topics
such as:

P The needs of air traffic control
for the 1995 time period—and then
use these findings to scale back
down to nearer term: goals.

» The relationships between modes
of transportation. (“It shouldn’t
take you as long to get to the air-
port as to fly to where you're go-
ing.”)

P Auto safety, driver monitoring,
communications, and more effici-
ent roads through car control.

These and other problem areas
will be studied by his group, using
computer simulation and analysis
techniques and the knowledge of
experts in fields not generally as-
sociated with today’s approach to
technology. By way of illustration,
TSC’s director Elms has a report
now on his desk with a title be-
gining “The Ecological Impli-
cations of an Airport in. . .”

As of now, Hodge is 25% of his
department. He inherited only two
men from the old NASA Electronics
Research Center in Cambridge,
Mass., and brought one from
Houston. “I'm looking forward to
a staff of about 30 to 40 people
in the first year—big enough for
ideas to ferment, but small enough
to run easily and have fun. And
we are going to have fun; we are
where the action is.”
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TRY TO
MATCH
THIS

for size and reliability = \ i /

=
you can't! WY

For their size, Type BB resistors pack a tremendous power
dissipating ability. Rated 1/8 watt at 70°C in a 0.0004375
cu. in. volume.

And miniaturization has not reduced reliability. Tests
prove it. They satisfy the highest level—the S level—of the
latest MIL-R-39008 Established Reliability Specifications

in all resistance values. RN

The key is hot molding—the Allen-Bradley way. A-B k) ('\),
developed and built the machines. Only A-B uses them. ,‘/\, l »
They’re fully automatic. Built-in precision control. A high 5

degree of uniformity. Predictable performance from resis- —

tor to resistor—year after year. !

For immediate delivery at factory prices call your Exclusive
authorized A-B industrial electronics distributor. Or write Only A-B Type BB
Marketing Dept., Electronics Division, Allen-Bradley Co., RCROS meets MIL-R-39005
1201 South Second St., Milwaukee, Wis. 53204. Export ER (established reliability)

for 1/8-watt resistors
at the S level.
Shown actual size.

Office: 1293 Broad St., Bloomfield, N.J., U.S.A. 07003. In
Canada: Allen-Bradley Canada Limited.

© Allen-Bradley Company 1969

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

EC69-80




Our engineers
have to do agood job,
because
our salesmen don't.

Now don’t get us wrong. Our
salesmen are great guys and they’ve
made us the world’s largest power
supply company. But when it comes
to our modular power supplies, they
do very little selling. And we don’t
blame them because they would rather
sell $1,000 instruments than $89
modular power supplies.

Yet, people have bought over
25,000 of them (ranging from O to 330
Vdc—to 300 watts). And 65% of
these are repeat orders. Why? Before
you turn the page, may we quickly
give you six hard-nosed reasons:

1. We're the most experienced
in theindustry — 26 years in this
business. 2. When it comes to the acid
test of any power supply —response
time — we out-perform all others:

20 — 35 us. 3. In all critical specifica-
tions, ours surpass all others. (For
instance, our regulation is ==0.005%
for line and load changes, ripple is
300,V rms—3 mV p-p.) 4. Our
supplies require no heat sink in
ambients to 71°C. 5. Our modular
power supplies and accessories are
UL listed. 6. We inventory more
power supplies than most manufac-
turers sell in a year. (And we burnin
every one for 48 hours before we
ship it.)

Those are the same reasons why
the industry has bought over $150
million worth of Sorensen power
supplies.

And those are the same reasons
why you may want to consider
Sorensen the next time you consider
power supplies. For complete informa-
tion on any of our power supplies (or
for our 124-page Power Supply Hand-
book and Catalog) call our Applications
Engineer, Steve Charleston (collect)
at (203) 838-6571, or write to him at
Sorensen, Richards Ave., Norwalk,
Connecticut 06856. Circle 200 on
the inquiry card.

'S'Dl' ensei

POWER SUPPLIES

AN OPERATION OF RAYTHEON CO.






The new HP 3480 A/B Digital Volt-
meter is more than a digital voltmeter.
It's an advance in the state-of-the-art.
It's the omniscient triskelameter that
sees all the values you are measuring.
It's really a measuring instrument that
is ideally suited for bench and systems
applications.

The HP 3480 A/B is the first DVM
capable of making 1000 correct dc or
ohms readings per second. It takes the
3480 less than 1 ms to respond to a full
scale inputanddigitize the inputsignal.

The HP 3480 A/B is the first 4-digit
multifunction DVM having an ac con-
verter that is true rms responding to
eliminate large errors caused by har-
monic distortion or noise and extends
yourmeasurementcapability toinclude

never before has there
been a DVM so ideally suited

for bench and systems use as

the rms value of non-sinusoidal wave
forms. The 3480 A/Bhasa 100mVrange
and covers from 1 Hz to 1 MHz and will
measure ac plus dc.

The HP 3480 A/B DVM is ideal as
a bench instrument. No other instru-
ment — single purpose or multipie
function — equals the 3480 A/B. Top
performance in measuring dc, three-
terminaldcratio, truermsac,ac-plus-dc
in one measurement, and ohms is as-
sured by the accuracy designed into
the instrument.

You get four-digit readout plus 50%
overranging which resuits in greater

the
omniscient

triskelameter

resolution and less range change. The
high dc input resistance {(>10'°Q on
the lower three ranges) reduces the
possibility of loading errors.

True rms ac conversion makes the
3480 A/B immune to large errors
caused by small amounts of harmonic
distortion and expands the range of
precision ac measurements to non-
sinusoidal wave forms.

The wide bandwidth (1 Hz to 1 MHz)
and the capability of making ac-plus-
dc measurements gives the 3480 A/B
a broader range of applications not
available before. And, the high ac and
dc sensitivity (100.00 mV full scale)
reduces the need for preamplification.

=

HEWLETT hp, PACKARD




The HP 3480 A/B DVM is ideal as
a systems instrument. Up to this time,
DVM's have been the slowest part of a
measurement system. Now, the system
doesn't have to wait for the DVM. The
HP 3480 A/B DVM can make up to 1000
dc and ohms readings per second. You
can save automatic test time and in-
crease production—or you can appre-
ciably reduce computer idle time.

The 3480 A/B is fully guarded to im-
prove common-mode rejection. There
is a switchable 3-position input filter to
give you the optimum trade-off between

noise rejection and speed. The 3480
A/B is fully programmable including
range, function and filter position.

With the optional isolated BCD and
isolated remote control you can reduce
errors created by ground loops, im-
prove your common-mode rejection
even more, and make floating measure-
ments into a guarded system.

Modest prices, too! All the capa-
bility packed into the 3480 A/B is not
expensive. Prices range from $1150 for
one range of dc to $3375 for muiti-
function ac, dc, ohms capabilities with
isolated BCD and isolated remote
control.

For the best in bench and systems
DVM's, get theomniscienttriskelameter
—the new HP 3480 A/B DVM. Ask your
local HP field engineer for full particu-
lars, or write to Hewlett-Packard, Palo
Alto, California 94304. Europe: 1217
Meyrin —Geneva, Switzerland.
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APID | SYN

“VANGARD SYSTEM”
STEPPER & DRIVER

COMBINATION

59800

IMMEDIATE DELIVERY
ONE TO A CUSTOMER

STEPPER MODEL 23 H-502A

4 Phase, Bifilar, PM
Step Angle 1.8° step
Resistance/Phase 20 Ohms
Stall Torque 60 o0z in
Running Torque 37 oz in
Bi-directional Response 500 PPS
Rated input 28 vDC
Accuracy; +1%

b

DRIVER MODEL M43010

\&/,
/S

540 Screws
(suppliea)

L ey /JJ

— 4.000 TYP

Input Voltage 28 VDC * 6 VDC
Input puise 4 volts positive
Current capacity 3 amps
Bi-directional switching capacity 10,000 PPS

>

22

STEPPER

DRIVER

[~ FORWARO } INPUT
REVERSE | PULSE

t-~——— GROUND
@1
o2
@2
e |94

.:—r— — NO CONNECTION

- B+ (+22t0 +34V)

WHITE (2)

Vangard system is offered to introduce
the system designer to outstanding qual-
ity & performance of Rapid-Syn steppers.
Computer Devices of Calif. mfr. a com-
plete line of steppers in sizes 8, 11, 15,
18, 20, 23, & 32 and step angles of 1.8°,
15745°& 90°. For complete catalog, write
to Marketing Mgr;

Computer Devices Corp. of California
11925 Burke Street, Santa Fe Springs,

Calif. 30670 - (213) 698-2595 - 723-6593
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Meetings

Over the horizon with EMC

In addition to the topics one might
expect to be covered at a confer-
ence of electromagnetic compati-
bility specialists, those who attend
the 1970 IEEE International Sym-
posium on Electromagnetic Com-
patibility July 14-16 at the Ana-
heim, Calif., Convention Center
will find a number of subjects not
herctofore treated at the sympo-
sium. There’s a good reason for it.
The symposium theme is “The Ex-
panding Science of EMC.”

Besides sessions on EMC stan-
dards, antennas and field-suppres-
sion techniques, emission analysis,
and susceptibility analysis, the pro-
gram includes a session entitled
“Electromagnetic Smog,” with the
purpose of showing how eclectro-
magnetic incompatibility can have
harmful or unusual effects. One pa-
per in the session, by G. Anzio of
NASA’s Lewis Research Center,
presents indigenous noise survey
measurements data.

Two other papers in the same
session are extensions of what has
been traditional thinking about
EMC problems. One by Leo Inglis
of Atomics International compares
Soviet and U.S. reports on the ef-
fects of microwave radiation on
humans, pointing up disagreement
over what levels are harmfdl. An-
other, “Hazardous Electromagnetic
Degradation to Medical Electron-
ics,” is significant in that it, too,
focuses on medical-biological prob-
lems in hospitals, including elec-
trocution of patients through
improper administration of elec-
trocardiograms and the risks asso-
ciated with improper monitoring of
heart pacemakers. The authors are
J.E. Bridges and E.E. Brueschke
of the Illinois Institute of Technol-
ogy Research Institute.

Arcane. A Third paper in that
session has the innocuous title,
“New Horizons in EMC,” but au-
thor Rexford Daniels, president of
Interference Consultants Inc., has
some provocative fare for his lis-
teners, including phenomena—as
yet unexplained—not unlike dous-
ing for water. Daniels will discuss
the use of brass rods to locate tun-

nels in Vietnam,
things.

Two other papers are significant
in that they go beyond topics that
have traditionally been considered
at the symposium—one on under-
sea electromagnetic interference
considerations by authors from the
Genisco Technology Corp. and the
Hughes Aircraft Co., and one en-
titted “EMC in Radio Astronomy”
by James Dolan of the National
Radio Astronomy Observatory.

There is an EMC education work-
shop scheduled to acquaint those
attending with expanding oppor-
tunities for advanced education in
the EMC specialty, and the sympo-
sium committee is having an ex-
perimental program of free consul-
tation by EMC experts.

among other

For further information, write James Senn,
Lectromagnetics Inc., 6056 W. Jefferson
Bivd., Los Angeles, 90016

Calendar

Joint Automatic Control Conference,
IEEE; Georgia Institute of Technology,
Atlanta, June 24-26.

Summer Power Meeting and EHV
Conference, |EEE; Biltmore Hotel, Los
Angeles, July 12-17.

Conference on Dielectric Materials,
Measurements and Applications, IEEE;
University of Lancaster, London,

July 20-24,

Reliability and Maintainability
Conference, Society of Automotive
Engineers, the American Society of
Mechanical Engineers, and the
American [nstitute of Aeronautics and
Astronautics; Sheraton-Cadillac Hotel,
Detroit, July 20-22.

Conference on Nuclear and Space
Radiation Effects, |EEE; University of
California at San Diego, July 21-23.

International Conference and
Exhibition on Water Pollution Research,
IEEE; San Francisco, July 19-21;
Honolulu, Aug. 2-5.

Photovoltaic Specialists Conference,

IEEE; Seattle Center, Washington, Aug.
11-13.

(Continued on p. 24)
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Invisible light

... from the MOD line

If you're using silicon light sensors you
should be exciting them with the FLD100
Gallium Arsenide Infrared Emitting Di-
ode. You can lower your system costs
even if you have been using incan-
descant lamps because of the increased
reliability and low price of $1.50 in
10,000 quantities. When forward biased
the FLD100 emits an intense band of
radiation which peaks at approximately
9000 A. You can’t see the radiation but
its wide pattern can solve your align-
ment problems. Fairchild Microwave and
Optoelectronics Division (MOD) also
makes a complete line of silicon sensors
as single elements or arrays. They work

Electronics | June 22, 1970

best when used with a Gallium Arsenide
source.

For further information on the advan-
tages of invisible light in your systems,
contact your Fairchild MOD represent-
ative. Upon request we'll send you a
genuine 4 color photo of the FLD100
doing its thing, a six page brochure,
lots of other data sheets and a product
profile. All these are astutely written to
help you solve your system design
problems.

The FLD100 is another new development
from Number 1. Keep your eye on num-
ber 1 because more new products are
on the way.

E. K. Infrared color film, £f16 at 2 sec

30% 1 20°-102—.0%° -102-205— 302

RELATIVE INTENSITY

\\edly, 2
NN
.’é?i- 3
ANGULAR POSITION FROM
SOURCE AXIS — DEGREES

FAIRCHILD
s

MICROWAVE AND OPTOELECTRONICS

A OIVISION OF FAIRCHILO CAMERA ANO INSTRUMENT CORPORATION

2513 Charleston Rd., Mt. View, Ca. 94040
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The ideal way to handle
low frequency,
high voltage
capacitor requirements.

These Lapp Capacitors are pre-
cision-built to give years of accu-
rate, trouble-free service. They are
offered in both fixed and variable
models and all are external safe-
ty-gap equipped to protect against
internal flashover.

Skillful Lapp design has made
our capacitors smallin size and low
in cost. High current and high ca-
pacitance applications are also
easily handled. Available with water
cooling for extra high current.

Current ratings are available up
to 400 amps at 1 MHz, capacitance
up to 30,000 picofarads and safety
gap settings to 85 Kv peak. Let us
send you complete information.

Lapp Insulator Division,
INTERPACE Corporation,
LeRoy, N.Y. 14482.

LAP
GAS-FILLED
CAPACITORS

"imERvAcE

CORPORATION
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Meetings

(Continued from p. 22)

International Conference on
Microelectronics, Circuits, and Systems
Theory, |IEEE; University of New South
Wales, Kensington, Sydney, Australia,
Aug. 18-21.

AFMA National Conference, Armed
Forces Management Association;
International Hotel, Los Angeles,
Aug. 20-21.

Western Electronic Show and Convention
(WESCON), IEEE; Biltmore Hotel,
Sports Arena, Los Angeles, Aug. 25-28.

Preparation and Properties of Electronic
and Magnetic Materials for Computers,
The Metallurgical Society, Statler-
Hilton Hotel, New York, Aug. 30-Sept. 2.

Application of Computers to the
Problem of Urban Society, Association
for Computing Machinery; New York
Hilton Hotel, Aug. 31.

Association for Computing Machinery
Conference, New York Hilton Hotel,
Sept. 1-3.

International Electrical and Electronics
Engineering Conference, Korean
Institute of Electrical Engineers, Korea
Institute of Electronics Engineers,
Korea Institute of Science and
Technology, IEEE; Korea Institute of
Science and Technology, Seoul,

Sept. 2-4.

Conference on Microwave and Optical
Generation & Amplification, IEEE;
Amsterdam, the Netherlands, Sept.
7-11.

International Broadcasting Convention,
|EEE; Grosvenor House, Park Lane,
London, Sept. 7-11.

Petroleum & Chemical Industry
Technical Conference, |EEE; Camelot
Inn, Tulsa, Okla., Sept. 14-16.

Annual Technical Symposium, Society
of Photo-optical Instrumentation
Engineers; Anaheim Convention
Center, Calif., Sept. 14-17.

International 1EEE/G-AP Symposium
and Fall USNC/URSI Meeting, Ohio
State University, Columbus, Sept.
14-17.

Conference on Gas Discharges, |EEE;
London, Sept. 15-18.

Intersociety Energy Conversion
Engineering Conference, IEEE;
Frontier Hotel, Las Vegas, Sept. 20-25.

Conference on Engineering in the
Ocean Environment, |EEE; City Marina

(Continued on p. 26)
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Cintra Scientist 909
Language: math Operation: programmable

Price: $3,780 Delivery: now

440 Logue Avenue/Mountain View, California 94040/ (415) 969-9230
Cintra Incorporated —a subsidiary of Physics International Co.
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Ultra-reliable, highest quality Sensi-
tive Relays with mercury wetted
contacts are ideal for critical appli-
cations, such as digital and analog
computers, telecommunication sys-
tems, multiplex, industrial control
equipment and power control de-
vices. New type MWK (center off—
SPST) is ideal for multiple channel
switching.

ELECTRICAL (Type AWCM):

Contact Arrangements :

Form C and D
Insulation Resistance:

1000 Megohms minimum
Current Rating:

Up to 2 amps or 500 VDC
Contact Resistance :

50 milliohms maximum
Life:

1 billion operations
Contact Bounce :

NONE
Contact Rise Time:

10 nano seconds or less
Operating Speed:

To 200 operations/second

PACKAGING (Type AWCM):

 Steel Cover Painted

ﬁ 4

T
4 %% or .09 (as specified)
| e

e [ WO

step |1,

=
) —[

up

( ingle or

Si
No. 1
_{  Winding
14T ok
=" No.2Winding — , *
=.093” When req’d.
I Wiring Diagram

Bottom Vley

Environmental Protection : Hermetically sealed contacts, potted metal case

Shielding : Internal shielding available

Shock and Vibration : Withstands all normal handling/transportation effects

Mounting : Printed Circuit

Advanced manufacturing methods and stringent quality
control procedures assure highest quality. Many types
available directly from stock. Engineering and applications
assistance available. Surprisingly short delivery schedules.

MERCURY
DISPLACEMENT
RELAYS

Time delay and load relays meet the
toughest, most demanding switching

applications. Non-adjustable time delay

relays offer contact forms A and B with
delays up to % hour, current ratings to

15 amps. Load relays switch from 30 to

100 amps with contact forms A and B.

DRY
REED
RELAYS

Miniature, intermediate, and
standard sizes offer A and B
contact forms with from

1 to 4 poles of switching.
Typical life is 20 x 108
operations (rated load) or

500 x 108 operations

(dry circuit).

USE READER-SERVICE NUMBER FOR COMPLETE INFORMATION

THE ADAMS & WESTLAKE comrany

Elkhart, Indiana 46514 = (219) 264-141 * TWX (219) 522-3102 * TELEX 25-8458 °* Cable ADLAKE

\ SUBSIDIARY OF
ALLIED PRODUCTS CORPORATION
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Meetings

(Continued from p. 24)

Auditorium, Panama City, Fla.,
Sept. 21-24.

Conference on Electron Device
Techniques, IEEE; United Engineering
Center Auditorium, New York,

Sept. 23-24.

Fall Broadcast Technical Symposium,
IEEE, Washington Hilton, Sept. 23-26.

Short courses

Industrial Applications of Modern
Magnet Technology, Massachusetts
Institute of Technology; Francis Bitter
Nationa! Magnet Laboratory, June 22-
July 3; $475 fee.

Topographical Approach to Computer
Aided MOS/LSI Design, University of
Southern California; Olin Hall of
Engineering, Room 122, June 29-
July 3; $275 fee.

Computer Systems Analysis, University
of California at Los Angeles,
Engineering and Physical Sciences
Extension, University Extension;
Boelter Hall, July 6-10. $310 fee.

Call for papers

Canadian Symposium on
Communications, |[EEE; Queen
Elizabeth Hotel, Montreal, Nov. 12-13.
July 15 is deadline for submission of
papers to Dr. M.L. Blostein, Electrical
Engineering Dept., McGill University,
Montreal 110, Canada.

Underground Distribution, IEEE; Hotel
Pontchartrain and Cobo Hall, Detroit,
Mich., Sept. 27-30, 1971. Sept. 30

is deadline for submission of abstracts
to the Technical Program Chairman,
B.E. Smith, Virginia Electric and Power
Co., P.O. Box 1194, Richmond, Va.,
23209.

Magnetism and Magnetic Materials,
IEEE, American Institute of Physics,
Hotel Plaza, Miami, Nov. 17-20.
Aug. 4 is deadline for submission of
abstracts to Dr. H.C. Wolfe,
American Institute of Physics,

335 East 45th St., N.Y., N.Y. 10017.

Asilomar Conference on Circuits and
Systems, University of Santa Clara

and the Naval Postgraduate School;
Pacific Grove, Nov. 18-20. Aug. 30 is
deadline for submission of abstracts to
Professor Shu-Park Chan, Department
of Electrical Engineering, University

of Santa Clara, Santa Clara, Calif.
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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
starts 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-

EC70-9 © Allen-Bradley Company 1970

Bradley thin film networks are the
logical replacement for discrete
precision resistors.

SELECTED SPECIFICATIONS

RESISTANCE
RANGE

1K ohms to 2 megs, standard
25 ohms to 50 megs, special
(Single substrate range —
10,000 to 1)

TCR LEVELS
-55°C to +125°C

=+ 25 ppm/°C
=+ 10 ppm/°C
+ 5 ppm/°C

=+ 5 ppm/°C standard
to % 1 ppm/°C special

Absolute to

+ 01% @ +25°C
Matching to

+ .005% @ +25°C

Line width and spacing to
.0001 inch

Exceeds MIL-R-10509F
Characteristic £
Procedure: MIL-STD-

TCR TRACKING

TOLERANCES

RESOLUTION

ENDURANCE

Investigate the superiority of Allen-
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-
Bradley Canada Lid., 135 Dundas
Street, Galt, Ontario. Several stand-
ard networks are available through
your appointed A-B industrial elec-
tronic distributors.

ALLEN-BRADLEY
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Sequential Readout e |
Storage Buffer 3
(utilizes 63 MC7491A’s

for storage)

CHECK THESE 54/74 MSI CIRCUITS

Available Now Coming Soon

MC7441A BCD-To-Decimal Decoder MC7445 BCD-To-Decimal Decoder
Driver Driver
MC7442 BCD-To-Decimal Decoder MC7448 Seven Segment Deccder
MC7443 Excess-3-To-Decimal MC7449F Seven Segment Decoder
Decoder MC7470 Edge Triggered J-£
MC7444 Excess-3-Gray Code-To~ Flip-Flop
Decimal Decoder MC7483 4-Bit Full Adder
MC7446 Seven Segment Decoder MC7494 4-Bit Shift Register
MC7447 Seven Segment Decoder MC7496 5-Bit Shift Register
MC7475 Quad Latch MC74121 One-Shot Multivibrator
MC7480 Gated Full Adder MC74150 16-Bit Data Selector
MC17482 2-Bit Full Adder MC74151 8-Bit Data Selector
MC27482 2-Bit Full Adder w/Excl. MC74192 Decade Up/Down
OR Outputs Counter
MC7490 Decade Counter MC74193 Binary Up/Down
MC7491A 8-Bit Shift Register Counter
MC7492 Divide-By-Twelve
Counter
MC7493 4-Bit Binary Counter
MC7495 4-Bit Universal Shift
Register

28

7-Bit Parallel-
To-Serial Converter
(2 MC7495’s)

REGISTER

Shift a bit, store a bit, improve performance,
reduce package count, increase system flexibility —
familiar terms when you're concerned with data
transmission. Now Motorola offers two versatile
TTL shift registers that provide a variety of storage
capabilities and system configurations. For instance,
apply the MC7491A 8-BIT SHIFT REGISTER as
a shift counter. Any pattern of ones and zeros may
be set into the MC7491A and then shifted to pro-
vide a divide-by-N function. Or, use the MC7491A
to form delay lines, and to act as buffers in computer
systems when interfacing is required between
modules operating at different speeds. The MC7495
4-BIT UNIVERSAL SHIFT REGISTER is cap-
able of both serial and parallel operation. As such,
the MC7495 meets requirements for serial to
parallel and parallel to serial data converters, ring
counters, and parallel arithmetic processors.

The two registers are ideal choices for data

~ whene the priceless inanedient. & cane!
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7-Bit Serial-
(2 MC7495's)

transmission in teletype-computer interface sys-
tems. In these systems, each character on the tele-
type keyboard is expressed in a 7-bit ASCII code
for transmission to the computer. As each teletype
key is depressed the 7-bit code for that character
is presented at the inputs to the storage buffer. The
buffer, utilizing MC7491A’s for storage, accumu-
lates the ASCII coded characters until an end of
transmission signal is received. Next the 7-bit
words are converted to serial by the 7-bit parallel-
to-serial converter which is comprised of two
MC7495’s.

The serial data is applied to the MC1582
DUAL LINE DRIVER and transmitted over a
twisted pair to a MC1584 DUAL LINE RE-
CEIVER. To be interpreted by the computer, the
data is converted to parallel by two MC7495’s in a
serial-to-parallel mode. For computer-modem inter-
facing an RS-232C Line Driver/Receiver pair is

To-Parallel Converter

HERE FOR DATA

substituted for the MC1582 and MC1584 circuits.
Typically these would be the MC1488L QUAD
LINE DRIVER and its companion, the MC1489L
QUAD LINE RECEIVER.

If you are concerned with data transmission
and the application of shift registers, you’ll find our
MTTL Designer’s Note on the MC7491A and 7495
useful. This note describes numerous applications
for the devices including the teletype-computer
interfacing system briefly detailed above. Just write
to us at P. O. Box 20912, Phoenix, Arizona 85036
and ask for MOTOROLA TTL DESIGN KIT #2.
Register now for data and increase the logic design
capability of your system.

MOTOROLA s5400/7400 TTL
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like this canhappen-

it’s agood thing there’s TEFLON.

Wire insulation of TEFLON: You can in-
stall it and forget about it. You can forget sbout
the hazard of Hammabihty,the hazard of embritt|e-
ment or stress cracking under thermal aging, the
hazard of solder-iron damage during installation,
the hazard of heavy smoke emission under elec-
trical overload:s.

You can count on this unbeatable combi-
nation of protective properties. .. and on superb
electrical properties that remain unchanged over
a wide range of temperatures and adverse en-
vironments. You can count on unsurpassed re-
sistance to corrosives and chemicals. In composite
constructions you can get whatever extra resist-

ance to cut-through and abrasion you may need.

Consider insulation of TEFLON for any
e|ectrica|, electronic or aerospace application
that calls for reliability and dependable perform-
ance. Ask your wire and cable supplier about
the type and construction that best meet your
needs. For specific information, write us, mention-
ing the application you have in mind. Address:
Du Pont Company, Room 8745C, Wilmington,
Delaware 19898.

TEFLON
fluorocarbon resins

REG U 5 PAT OFF
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Instructions:
Push button &

and
count to L00O.

That’ll give you some idea of the
wide variety of PB Pushbuttons we
have. The secret is interchangeable
parts. Pushbutton modules. Switch
modules. Facenuts. Colored Buttons.
The combinations literally range in
the thousands.

This variety in our PB, and the
easy-to-assemble Series 6, gives you
the opportunity to customize your
panel design. To make it the way
you want it. To do it economically.

When you need variety
in unlighted pushbuttons, .
choose the one with a cast
of thousands.The MICRO
SWITCH PB or Series 6.

For more information,
callyour MICROSWITCH
Branch Office or
Authorized Distributor,
or write for Catalog 51.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL: Sales and service oftices in all principal cities of the world.
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Navy surprised
by wide bid range
for Omega receiver

Northrop ready
to pare its work

ICin future Fords
needs better idea

New IBM computer?
Hold your breath
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The range of quoted prices in the Navy’s recent procurement for 500-
plus AN/SRN-12 Omega receivers was unexpectedly wide. The bids,
which ranged from a high of $10,975 per set down to $3,615, were as
much a surprise to the Omega Project Office, which had expected a
considerably higher low bid, as they were to Northrop’s Electronics divi-
sion. Northrop, which earlier was reported to have the inside track
[Electronics, March 2, p. 40] bid an off-the-track $5,318 per receiver.

The $3,615 low bid, by General Atronics in Philadelphia, is attributed
to two factors: industry-wide hunger for business, which has sharpened
most appetites and costing pencils, and the fact that the procurement
is a straight production job. The last Omega receiver procurement was
8 two-step unit, requiring both a technical and a cost proposal, and
thereby excluding a simple copying exercise. This time the Navy sent
out sets of prints and invited bidders to examine the insides of an oper-
ational receiver. The result: the Fleet’s needs through 1975 will be met
at about half the anticipated price.

One Navy source estimates that if the proposal had been a directed
Procurement—sole source for reasons of urgent need, for example—the
price per unit might well have topped $12,000,

Northrop Electronics, underbid by several of the 22 firms competing for
the SRN-12 contract, is considering getting out of the shipborne and
commercial Omega receiver market to concentrate on the more sophisti-
cated—and lucrative—airborne Omega systems. Northrop feels that the
ease with which shipborne Omega receivers can be built has attracted
low-technology companies that can underbid bigger ones because they
have little capital invested in the system.

It's back to the drawing board at Motorola’s Semiconductor Products
division in an effort to find a way to cut the cost of the voltage regulator
using thick-film hybrid integrated circuits that the division had been
supplying to the Ford Motor Co. Motorola discovered that a redesigned
version of the regulator that went into some 1969 Thunderbirds and
Lincolns [Electronics, Sept. 15, 1969, p. 71] would cost about $6, instead
of the $1.50 to $2 Ford might have been willing to pay to incorporate the
unit in its complete model line. _

The redesigned version went into some top-of-the-line 1970 Ford
products, but the business is dead now; Motorola hasn’t shipped any
since last fall, and it looks like Ford has abandoned hopes of putting a
solid state regulator into any of its 1971 line. The problem: even though
Motorola was using a flip-chip IC in its design, wire-bonding costs for the
discrete portions remained high.

When IBM finally announces its new computers—probably within a
month—the machines could merely be additional models in the System
360. However, some features indicate that they'll be a whole new series.
The main evidence is the probable appearance of a high-speed buffer
memory, or “cache,” in the larger versions, and the use of an electrically
alterable read-only memory (Earom) that will vary from model to model.
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NCR to use cores
for new Century

Sylvania to offer
memory selling for
tenth of a cent a bit

Autonetics Products
prepares to split

RCA going ahead
with Secant work

Electronics Newsletter

The new machines will be controlled, like the six-year-old 360, by
firmware—microprograms stored in a read-only memory. Data communi-
cations capability also is certain to be available.

Those who believe that the new machines will be new 360’s point to
some of the advanced features of the 360/195 [Electronics, Sept. 1,
1969, p. 39] and to a version of an Earom tried in the 360/25.

NCR apparently is taking no chances on being caught without a memory
for new versions of its Century computer series. Facing inadequate
deliveries from its semiconductor memory suppliers [Electronics, Nov.
24, 1969, p. 33; March 16, p. 34], NCR has turned to cores for at least
one new Century series entry. Core memories also are said to be planned
in follow-up shipments to customers asking for more of the Century 100
and 200 computers that now use a wire rod memory.

Electronic Memories and Magnetics has an NCR order said to be
between $10 million and $12 million—for core memory systems—pre-
sumably for new models and those in production.

While semiconductor memory makers are scratching to reach penny-a-
bit storage prices, the Electronic Systems division of Sylvania is gearing
up to produce a film memory it says will sell for 0.1 cent per bit in pro-
duction quantity. Called Soniscan, the magneto-acoustic system will be
aimed at bulk storage applications, and probably would be sold in eight-
megabit modules. The batch-fabricated system would remain price com-
petitive through the 100-megabit level.

The Autonetics Products division soon will become a separate company,
although it will still be related to the parent Autonetics division of the
North American Rockwell Corp. The Products division manufactures
MOS/LSI arrays; its principal commercial customer to date has been the
Sharp Corp. of Japan, which is buying components for a small calcula-
tor. There also are signs that APD might be negotiating for a big
follow-on to the $30 million contract with Sharp.

Undismayed by a less than encouraging letter from the Air Transport
Association, RCA will continue development work on the Secant anti-
collision system with its own money. The letter, sent after the firm
briefed the airlines last month [Electronics, May 25, p. 56] came from
Frank White, head of ATA’s CAS working group. It stated that ATA
could not encourage RCA to spend any money developing Secant.

Instead, RCA is going ahead to develop flyable Secant prototypes.
In fact, the company is hard at work designing the simplest member
of the Secant family—the proximity warning indicator—at its Van Nuys,
Calif., facility. RCA remains convinced that the ATA-sponsored time-
frequency system is not the answer to midair collisions.

Though ATA is spokesman for the domestic air carriers, its opposition
to Secant is not believed to represent an industry-wide attitude. At a
meeting held earlier this year of the Airlines” Electronic Engineering
Committee, the group voted to restrict the title of a proposed CAS
specification to time-frequency CAS only.
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COMPARE THE WORLD'S

4 BEST DC OP-AMPS
(ONE OF THEM IS OURS)

5.0 T

*ESTIMATED MAX. Vos, NO MAXIMUM SPECIFIED

ALL SPECIFICATIONS ARE MAX/MIN AND ARE SHOWN FOR T, = 25°C

Errors. shown represent the worst case summation of errors due
to “offset voltage and offset current for the circuit shown and
using published max/min

specifications. The zA725 is shown using an assumed max. drift
specification of 1.5zV/°C since no maximum s specified. The
§8S725 and the uA725 are shown nulled. The LM108 and LM108A
are not nullable. The SSS725 is superior to all amplifiers for
values of R1 up to 50KQ.

K3

E e 2 T

E - —55°C << Tp = +125°C .

a R MISMATCH =0%

Zz 40} 3

o o i ERROR

= LM108 MAX REFERRED

o 30 5 TO INPUT

o

o [ -

b ok

S gs5 122"

S

= 0 LM108A MAX. -

w i =

x 1 3 ! 1

<§( 20 40 60 80 100 closed loop gain greater than ten,
Ry (KQ)

Parameter

Offset Voltage

Offset Current

Bias Current

Voltage Gain

CMRR

Offset Adjustment
Provision?

S

Price (100 Quantity)

nA725 specifications from uzA725 data sheet, 8/69.
LM108 specifications from LM108 data sheet, 10/69.
LM108A specifications from LM108A data sheet, 2/70.

OURS COSTS LESS IN QUANTITY TOO.

WHY?
CAUSE THEYRE EASY TO MAKE!

{00 makes it!

Ours

SSS725

0.5mV
75“mA
80nA
108
120dB

yes

$37.50

JAT25 LMIO8 LMIO8A
1.0mV 2.0mV 0.5mV
20nA 0.2nA 0.2nA
—1_066/\__— "—_Q.OnA 2.0nA
[C ;66“_-__ 5x 104 8;_10‘
110dB 85dB 96dB
yes no no
$37.50 $60.00 $150.00

~ \PRECISION
MONOLITHICS

INCORPORATED
1500 SPACE PARK DRIVE. SANTA CLARA, CALIFORNIA 95050
TEL. (408) 246-9222 » TWX 910-338-0528 - CABLE MONO

For further information, call: ALBUQUERQUE (505) 256-1749; ALEXANDR!A (703) 548-7818; ATLANTA (404) 876-2260; BALTIMORE (301) 944-8262;
BURBANK (213) 846-9631; CHERRY HILL (609) 966-4070; COCHITUATE, MASS. (617) 653-8229; DALLAS (214) 348-6660; DAYTON (513) 298-9897;
DENVER (303) 744-2821; FT. LAUDERDALE (305) 564-8000; HOUSTON (713) 782-5406; HUNTSVILLE (205) 539-4411; NEW YORK (212) 343-4630;
ORLANDO (305) 425-5505; PALO ALTO (415) 326-6400; PAOLI (215) 644-3477; SALT LAKE CITY (801) 278-5022; SAN DIEGO (714) 222-1121; TULSA
(918) 939-2848; WILLOUGHBY, OHIO (216) 946-6080; WINSTON-SALEM (919) 725-5384,
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Meet the D

#30-1

Cermet TC typically < 100 ppm...50 ppm available

TRW technology now provides
the first twin offering of dual in-
line potentiometers. A cermet
trimmer has added infinite reso-
lution, resistances of 10 ohms
thru 1 megohm, and extra relia-
bility to the picture. Teamed with
the low cost and tight tolerance
features of the original DIP
wirewound, IRC Metal Glaze

Circle 36 on reader service card

(cermet) completes this first
family.

Utilizing the TRW proved “I/C”
package, both types are shipped
in magazines, ready for com-
pletelyautomaticinspectiontests
and PC-board insertion.

Both cermet and wirewound
DIP's are available from your
TRW Distributor. For technical

details contact IRC Division of
TRW INC., 2801 72nd Street,
North, St. Petersburg, Florida
33733. Phone: (813) 347-2181.
TWX: 810-853-0357

TRW.
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Versatile new radar is no pipe dream

Ikor’s Travatron, attached to high-voltage power supply, is keystone

of a transmitter that may aid in distinguishing warheads from chaff

Stick a short length of pipe on a
high-voltage power supply and
what have you got? The world’s
simplest and possibly most versa-
tile radar transniitter, says Art
Frolich, who heads the techniques
branch of the Rome Air Develop-
ment  Center’s Surveillance and
Control division.

The pipe, of course, is no ordin-
ary one, but a Travatron-a kind
of Hertzian generator recently
patented by Ikor Inc. of Burlington,
Mass. The Travatron has been
helped along by Frolich and Bill
Quinn. Rome’s principal investi-
gaior of Hertzian techniques. Ikor’s
device consists of a series of high-
voltage gap switches in the center
conductor of a rigid, pressurized
coaxial structure, with the last gap
terminating in a dissipative load.
Fed a charge surge through a side
arm, the Travatron generates an
extremely narrow r-f burst at a
frequency determined by the spac-
ing of the gap switches and at a
conversion efficiency from d-c to r-f
on the order of 40%.

Picking. No one says so, but one
potential application is the dis-
crimination of warheads from the
accompanying chaft and a decoy-
filled cloud.

A Hertzian generator differs
most significantly from a conven-
tional radar transmitter in its signal
characteristics. The Hertzian unit’s
pulse is inherently narrow; un
like a phase-coded-and-compressed
pulse it has no troublesome side-
lobes and no velocity/position am-
biguity function. Furthermore, all
its frequency components exist
sinultaneously in sharp and signifi-
cant contrast to the intrapulse fre-
quency swecp typical of signals
coded for subsequent pulse com-
pression. Finally, the transmitted
signal always starts out with the
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same phase; it's pulse-to-pulse
coherent and naturally suited to
pulse-doppler received-signal proc-
essing,.

Since the instantancous band-
width is very wide, the return from
a target will tend to be a com-
posite of the interfcience patterns
formed as various portions of the
target interact with different parts
of the signal spectrum. The result
may well be a target signature
which, while different for each ori-
entation, will nonetheless uniquely
specify the target class.

To the bench. For the moment
this is only conjecture—the severe
Pentagon cutback of R&D funds has
limited the program to a total ex-
penditure of about $300,000 over
the past three years. Much of the
basic work has been done in-house
at minimal cost as RADC engineers
worked within a tightened budget
by leaving their desks for labora-
tory benches.

Experimental work to date in-

0-90kyv
1 MA
POWER SUPPLY

VOLTAGE
DIVIDER

~CHARGING RESISTOR

{
MODULATOR CHAMBER
(PRESSURIZED)

£©)

c

TRIGGER DELAY TRAVATRON

TWT
DEFLECTION
SYSTEM

cludes the radar shown schemati-
cally. Tt operates at 1,300 megaheitz,
generating a 3-megawatt, 10 nano-
second-wide pulse at a pulse repeti-
tion frequency selectable from 100
hertz to 400 hz. Separate coaxially
fed exponential horns arc used for
transmitter and receiver. The re-
ceiver consists simply of a pair of
low-noise, L-band traveling-wave
tubes which, in tandem, providec
60 decibels of gain. The amplified
signal then is fed to a Tektronix
519 which has a twt deflection sys-
tem, a 0.3 nsec rise time, and can
dircctly display L-band signals.

In this experimental system the
prf is determined by the time it
takes the power supply to build up
to arc-over voltage after it has dis-
charged into the driver spark gap.
Ongoing work at RADC seeks to
trigger the gap with a “tickle”
probe driven by a prf pulse gen-
erator and to use the same pulse to
pretrigger a transmit receive tube
to get around the tube’s 30-nsec
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Through the pipe. lkor's Travatron, shown in detail at right, has been
incorporated in radar transmitter developed at the Rome

Air Development Center.
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turn-on time. Then a common
antenna could serve both trans-
mitter and receiver.

Pressure. One problem that
would have to be overcome in any
operational unit is the low average
power due to the small ratio of
pulse width to interpulse period.
However, average power could be
raised by boosting peak power—
Travatrons can be pressurized to
several atmospheres and can thus
handle very high voltages—or by
operating several tubes in parallel.
If such generators are ever used
for strategic defense radars, thou-
sands of Travatron-type tubes will
fill each face of a phased array.
In anticipation of this eventuality
Ikor has done some developmental
work on wideband phase shifters.

Ikor has also developed a new
type of antenna which feeds a re-
flector with an open (two-sided)
horn to achieve an instantaneous
bandwidth of 100%.

Radar

Sorting it out

A prototype radar using a beam-
steering technique that appears to
be significantly better than that of
antiballistic-missile radars has been
tested successfully. Built by the
Hughes Aircraft Co., the radar,
with its hemispherical bugeye an-
tenna, is the first to use real-time
delays—for beam steering and to
compensate a receiver array for
short-pulse, off-boresight recep-
tion.

ADAR, for Advanced Design Ar-
ray Radar, is being funded by the
Air Force’s Rome Air Development
Center; however, it's no doubt
being eyed by the Army’s Ad-
vanced Ballistic Missile Defense
Agency for its potential in target
discrimination,

While details of such systems
are secret, insiders can put to-
gether bits and pieces of informa-
tion and make some strong as-
sumptions.

Compensation. One problem with
such radars as the Perimeter Ac-
quisition Radar (PAR) and Missile
Site Radar (MSR) of the Safeguard
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In the eye. Hughes engineer adjusts energy feeds on the receiving antenna
of Advanced Design Array Radar. Prototype is undergoing

final tests. Funds came from Air Force.

system, is that their compressed
pulse widths must be at least twice
as long as the radar antenna aper-
ture to prevent ruinous dispersion
of signals received from off bore-
sight. In an ordinary uncompen-
sated array, the edge of the array
closer to the target receives the
signal first, while the farther edge
receives the signal last. Unless the
signal is at least long enough to
simultaneously illuminate all ele-
ments of the array, it cannot be
efficiently summed. Instead, the
signal becomes smeared through
several resolution cells, contamin-
ating them while causing a loss in
system sensitivity.

ADAR solves this problem by
steering with real-time delays so
that the whole signal, received
from whatever angle, can be
summed. Furthermore, the hemis-
pherical shape puts most of the
effective aperture broadside to the
beam angle; this minimizes the
required compensating real-time
delays.

Hughes’ radar uses a standard,
phase-steered planar array for

transmission. The bugeye array is
for reception only. The radar is
a small version of the full-scale
array that might be used in an ABM
role. Itappears to operate at S-band
and to cover a 120° cone so that
three arrays could provide full 360°
coverage. The array elements are
scanned much less than 60°, since
the antenna shape itself is used
to accomplish most of the off-bore-
sight pointing by simple activation
of the appropriate array elements.
Fine pointing is then accomplished
by trimming the beam angle
through real-time delays for each
element. These delays are in addi-
tion to those required to compen-
sate for the array’s shape.

Cut down. The experimental ar-
ray is about five feet in diameter
and appears to house several thou-
sand traveling-wave tubes in its
face. The real-time delay system
permits the use of much shorter
pulses: a compressed pulse width
of 10 nanoseconds, equivalent to
a five-foot range resolution, may
be practical even in a full-scale
array.
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Such high range resolution cou-
pled with the array’s ability to form
on the order of 10 independent
receiving beams may make it pos-
sible to divide an incoming ICBM
cloud into resolution cells contain-
ing only a single object each. Given
sufficient parallel signal processing
capability, this would be the first
step in discriminating warheads
from chaff and tankage.

Packaging

Unprinted circuit

When is a printed-circuit board
not a printed-circuit board? When
it'’s a board with wiring that’s not
“printed” on it by any of today’s
metal-etching techniques. Called
Multiwire, a method of preserving
the planar p-c board format for
mounting and linking components
without going through the time-
consuming mask-making, exposure,
and etching steps is being devel-
oped by the Photocircuits Corp.
of Glen Cove, N. Y. Interconnec-

Over and under.
New wiring tech-
nique, called
Multiwire, produces
unprinted “printed”
circuit. No artwork
is required.

WIRE CROSSOVER

INITIAL INLAY

tions are made with polyimide-
insulated magnet wire laid on the
board in any desired interconnect-
ing pattern by a numerical-control
setup.

Since the system requires no
artwork, turnaround time is low
and changes are easily made sim-
ply by changing the software. In
this way, it resembles the wire-
wrapping methods, but it also con-
nects components via the plated-
through hole rather than having
to use special terminals,

More are better. The company
says that although printed circuitry
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may be more economical for large
numbers of hoards with low com-
plexity—up to about five connec-
tion points per square inch (one
dual-in-line package per square
inch, a common component dens-
ity, results in about 15 pins/in?)—
the Multiwire process becomes
more attractive as complexity in-
creases, even for large quantities.
That’s because layouts in the 30
pins/in® range require critical art-
work and the yield on multilayer
boards of such complexity drops.
For example, for 15 pins/in?, the
Multiwire approach would be more
economical for up to 1,000 boards.
The blank board uses any of the
common p-c¢ board base material,
with a layer of thermosetting ad-
hesive about four mils thick cover-
ing it. The adhesive holds the wire.

The wiring head comprises a
feed tube for the wire, a cutter,
and a pressure foot that also acts
as an ultrasonic transducer provid-
ing the initial push to tack the
end of the wire into the adhesive.

After ultrasonic energy does its
job, only a light pressure is main-
tained as the wire is laid into the

r ~30° --4

MOTION — =
WIRE
WIRE DISPENSING  f
STYLUS — ) , Yy
CUTTER

- ADHES IVE

BASE
LAMINATE

adhesive. With 7-mil wire, the
wires can be laid on 25-mil centers;
the head can move in any direction
over the x-y positioning table that
holds the board.

Crossovers are made simply by
crossing over. The wires are in-
sulated; in fact, cross-section pho-
tos show that the magnet wire it-
self will deform while the insulation
maintains its integrity.

After the wire is laid down, holes
are drilled through the board at
the desired points, either directly
through the end of a wire or some-
where along its path. During drill-
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ing, the wires are held down firmly
by a pressure plate so that they
do not wobble as the drill clips
off their ends. A clean hole is
formed, with the wire end match-
ing the rim of the hole. Then the
hole and wire end are plated with
an electroless copper deposition
system.

Multiwire samples are now being
cvaluated by several companies.
The next step, says Photocircuits,
is scheduled to be a custom design
service.

For sale

Union Carbide is finally crystalliz-
ing market plans for parylene, a
class of thermoplastic polymers
that has excited many electronics
packaging men. They see it as a
pinhole-free conformal coating for
components ranging from individ-
ual integrated-circuit chips to com-
plete circuit boards. Maintaining
its properties to 200°C and beyond,
and exhibiting great moisture and
chemical protection, parylene looks
good as a passivation coating for
IC’s that go into plastic packages
[Llectronics, March 16, 1970, p.
50].

Two types are being offered by
Union Carbide—parylene N where
electrical properties such as dielec-
tric constant and breakdown volt-
age are most important, and par-
ylene C where thermal and pro-
tection properties are of paramount
importance.

However, the heralded parylene
AF-4 polymer reported in a 1969
paper in the Journal of Applied
Polymer Science will not be offered
yet, even though potential users
and Union Carbide chemists agree
that AF-4 may be better than
either of the other types when op-
erating in air. The Journal paper
says that AF-4, in which fluorine
is added to hold the hvdrocarbon
bonds that tend to break down at
high temperatures in an oxidizing
atmosphere (air), retains its useful
mechanical and electrical proper-
ties after aging for 3,000 hours at
250°C in air. This performance is
equivalent to what the other types
can do when theyre in an inert
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atmosphere or protected from air
by a coating of material such as
an epoxy or silicone.

Electronics packagers have crit-
icized Union Carbide’s reluctance
to market AF-4, but Union Carbide
says that it hasn’t seen any appli-
cations where the high-temperature
AF-4 would be operated in direct
contact with air—it’s always coated,
they say, with another material for
extra mechanical strength, such as
to protect the wire bonds on an
IC chip. However, there is a trend
in electronics packaging toward
the use of unpackaged chips, with
a simple nonhermetic cover, where
AF-4 could offer better reliability.
And some users may want the op-
tion of using AF-4 without the
extra coating. But if the demand
does develop, Union Carbide says,
it will offer AF-4.

Deals. Three arrangements are
offered by Union Carbide to elec-
tronics users of the N and C poly-
mers. One is a custom-coating
service at the company’s Bound
Brook, N.J., plant for prospective
customer study and evaluation, but
not for incorporation in a marketed
product. The charge here is $340
per run, where as many compo-
nents as will properly fit in any
of the wvarious size deposition
chambers will be coated in the
one run. Another is an experimental
arrangement where  electronics
manufacturers may set up their
own deposition systems, paying
only for the parylene itself at
$250 a pound, but still not offering
the coated products for sale. Fi-
nally, there’s a full-scale comimner-
cial license for manufacturers who
want to sell parylene-coated prod-
ucts. The cost here is a one-time
$10,000 license fee, a running roy-
alty based on use, and again the
cost of the parylene itself.

Considering only the material
and running royalty, the cost of
a typical 0.5-mil coating with a de-
position efficiency of 50% (as a
conservative estimate, only half the
parylene sent through the chamber
actually deposits on the piece) the
cost will run from 1.45 to 2.2 cents
per square inch. To this would
have to be added lubor, equip-
ment, maintenance, and amortiza-
tion of the license fee.
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Optoelectronics

Get it and keep it

There is another entry in the auto-
mated document storage and re-
trieval field, but unlike the Ampex
Videofile—an electronic system—
this one is mainly mechanical, em-
ploying microfilm holders and a
rapid conveyer system. Called the
Varian Adco 626 microfilm storage
and retrieval system, it provides
10-second maximum access from
any number of remote points to a
multimillion-page master file. Vid-
eofile’s maximum is two minutes.
In the Ampex system, a video
camera photographs documents,
and, along with an identifying code,
the image is put on video tape. To
retrieve, the code number is keyed
in, and the document shows up on
a display. The Varian system puts
the document on microfilm. De-
pending upon the quality of the
original material, up to 60 pages
can be put in one microfilm holder.
The document also is retrieved by
keying in a code number and then
viewing the page on display.
According to Wayne D. Anstin,
Varian Adco founder and board
chairman, the system is so flexible
that the single central file can
range in size from 300,000 pages
to hundreds of millions, or even
billions, of pages with the same
10-second maximum speed avail-
able at remote terminals. Total in-
itial investment for a 300,000-page
capacity, Anstin says, is less than
$100,000; typical Videofile price
is $750,000. The system, which
doesn’t require a computer, utilizes
a specially developed film carrier.
Pick a number. The 626, which
also can make hard copies of any
document in a maximum of 10
seconds at a price competitive with
current copy costs, uses any num-
bering system that a company may
be using—insurance policy num-
bers, Social Security numbers, bank
account numbers, and so on. No
special programing knowledge or
coding language is necessary.
The proper filn carrier is selec-
ted by means of a high-speed op-
tical scanrer. Any nuinber of filin
carriers can be picked out by an
index that was notched on its edge

when it was filed. Then the carrier
is placed in a high-speed miniature
belt conveyor, which brings the
microfilm to a high-resolution—
1,225 lines—television camera. At
this point the user can review on
a tv screen all the pages sum-
moned from the master file. Hard
copies can be produced at the
user’s remote terminal.

The carriers are returned to place
in the file in the same manner.
Communication with the optical
scanning device is by simple key-
board. While it doesn’t need a
computer, the system can be tied
to one.

Production will begin this year
with delivery scheduled to begin
in early 1971.

Components
Variations on a theme

ISLAND PATTERN
CONTACT
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ELECTRODE ELECTRODE
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Islands. Sprague uses these
discontinuous conductors to produce
variable capacitor with 1,000

to 1 range.

It has been considered nearly im-
possible to get a variable capacitor
with a wide range into a tiny
space, because conventional manu-
facturing methods require an im-
practically small gap between the
electrodes. Even using a high di-
electric material doesn’t do the
trick. But engineers at the Sprague
Electric Co., using thick-film tech-
niques and multiple ohmic con-
tacts, have built a device that’s
manually variable from 10 pico-
farads to 0.01 microfarad—a range
of 1,000 to 1—into 0.375 cubic inch,

Sprague sees the prime market
for its capacitor in frequency filter
networks. These are best suited
as replacements for the car radio’s
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DESIGN YOUR ICs IN HOURS

Applicon’s DESIGN ASSISTANT, a new computer
aided interactive graphical design system, does
everything but think for the design engineer.

The DESIGN ASSISTANT aids circuit designers
in preparing MSI and LSI circuit layouts for auto-
matic artwork generation. Now, total man-
machine interaction allows maximum creative
output by the designer. The DESIGN ASSISTANT,
a completely packaged saftware/hardware system

provides solutions for two major industry-wide
problems, artwork layout and data preparation.
With the DESIGN ASSISTANT, when the designer
is satisfied with his layout, as viewed on the
flicker-free storage tube, he’s finished. The DE-
SIGN ASSISTANT will then separate out individual
mask levels and automatically produce data to
drive artwork generation equipment. Mask design
costs and turnaround time are dramatically
reduced.

A new

interactive
graphical system
to assist designers
in preparing MSI
and LSI circuit
layouts for
automatic artwork
generation.

The DESIGN ASSISTANT s library feature
makes it application independent.

Other applications include printed circuit board
and parts design. We would be pleased to
discuss your particular application.

gppLICON =4

83 SECOND AVE., BURLINGTON, MASS: 01803
(617) 272-7070
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conventional tone control, where
the listener essentially cuts off the
high frequencies when he turns
up the bass. However, with the
new variable capacitor arrange-
ment, he can reproduce the full
range of frequencies—20 hertz to
100 kilohertz—and still maintain
the desired tone. What he has,
then. is a bass and treble control
in one knob. The car radio circuit
using the new device, savs Sprague,
will do away with at least eight
passive components—resistors and
capacitors. And the new capacitor
is cost competitive with those now
used in such circuits.

Island hopping. Instcad of wid-
ening capacitance range past the
usually obtainable 1 to 10 pf by
using a thinner dielectric, the
Spraguc designers took a different
approach. They rccognized that
they could molecularly bond the
conducting material to both sides
of the diclectric with one conductor
made discontinuous. In this way,
they eliminated the interface gap.
To achieve the discontinuous sur-
face with its tiny islands, they
added 1,600 ohmic contacts to
one side of the dielectric through
screening techniques. These con-
tacts form capacitor islands that
can be contacted in various comi-
binations by a rotating disk con-
trolled by a radio’s tone-control
knob.

Avionics

B-1 makes a wave

The ink was hardly dry on the
contract between North American
Rockwell and the Air Force for
development of the B-1 strategic
bomber before the fur started to
fly. Questions from the press and
charges by Pentagon critics on
Capitol Hill alleged that NAR’s
technological proposal received the
lowest score and that its bid price
was highest. Reports were that
McDonnell Douglas achieved the
best point score by a small margin
over Bocing for technology, but
that Boeing’s lower price put it
ahead in the overall competition.
The Defense Department denied
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the charges, but hedged.

The Pentagon said that NAR “re-
ceived the highest weighted score
of the three proposals and its ne-
gotiated bid was the lowest—some
$1.35 billion compared to $1.45
billion and $1.56 billion for the
other competing contractors.” The
total represents the cost of five
flight test aircraft, one static test
and one fatigue test airframe,
spares and special equipment for
the test program, plus a target fee
of $115 million for the company—
but no avionics. In addition, Gen-
eral Electric’s engines will cost an
estimated $406 million, including
a $30 million target fee.

Squaring off. NAR’s own Auto-
netics division and IBM will pre-
sumably fight it out for the B-1
avionics contract, but it’s difficult
to say whether the Air Force will
get the degrec of sophistication it
would like the B-1 to have because
of the austerity mood of the Con-
gress. It's been widely reported
that modified Mark 2 integrated
avionics will go into the aircraft.
Indecd, there’s considerable doubt
that the bomber will ever make
it to the production stage [Elec-
tronics, June 8, p. 48] but that’s
a hurdle that happy NAR officials
will evaluate later on.

At least one acrospace marketing
man believes that NAR’s Autonetics
division has a good chance to get
the avionics work even though the
parent firin is the prime. But such
an award might create a political
furor that would make the F-111
brouhaha look like a Women’s
Christian Temperance Union pic-
nic. In any event, a Hughes spokes-
man says his firm, tecamed with
IBM, will provide the multimode
radar portion of the avionics; he

Bulgy. Drawing of
the winning B-1
design—by North
American Rockwell
—shows its Coke-
bottle shape.

maintains that the Mark 2 can’t do
all the jobs required for the B-1
without considerable modification.
Meanwhile, questions about
how raw contractor data was
“weighted” and how the bid was
“negotiated” went  begging  as
sources within the Pentagon and
industry continued to contend that
the whole story wasn’t told. The
Pentagon tried to cool speculation
by putting a tight lid on everyone
connected with the program and
by reiterating that the B-1 program
is only a devclopment effort with
a production decision still several
years away. Yet supporters of the
program at the Defense policy level
continue to say that the decision
to have a third nuclear deterrent
against the Soviet Union—in addi-
tion to land- and sea-based inter-
continental missiles—in the form of
a new aircraft is a good one, and
that the plane represents a good
investment for bargaining at the
Vienna arms limitation talks.

Space electronics

Missile magic

A laser system put together in an
Army lab may be the foolproof
means of preventing stray signals
from turning a issile away from
its target. A missile may have to
activate as many as a dozen thermal
batteries for short bursts of elec-
trical power, and also trigger
explosive switching devices, or
squibs. The actuating signals are
distributed within the missile by
wires. But these wires may have
currents induced in them by stray
microwave energy or, in the cvent
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here . . .
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- in laboratories, classrooms,

to d|sp|ays on production lines, hospitals,

computer installations and
many other areas.

TV monitors

The display size is limited only by
the choice of TV monitor or receiver.

The 4501 Scan Converter Unit converts alpha- The units may be located locally or remotely.
numeric and graphic displays written on its Outputs from a TV camera can be mixed with
5-inch CRT to displays on TV receivers and data from the 4501 to produce a picture that
monitors operating on 525 or 625 line stan- is an overlay of the two signal sources. With
dards. The hi-contrast TV displays are ideal overlaying, you can instantly compare data
for individual or group viewing — even under from two different sources.

bright light conditions. Displays may be
viewed as light data on a dark background
or as dark data on a light background, se-
lected from the front panel.

The display device is a Tektronix bistable
storage tube. With storage, displays may
be written once and retained for an hour
without refreshing. Storage is USEFUL for 4501 Scan Converter ..

displaying low-repetition rate events — it's Available through our lease plan.
IDEAL for single events. The 4501 transfers U.S. Sales Price FOB Beaverton, Oregon
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from its CRT to the TV monitors. T I{ I
MULTIPLE DISPLAYS—The 4501 will drive e tronlx’ ”c'
multiple, inexpensive receivers and monitors. committed to technical excellence

The uses for the 4501 are virtually unlimited.
For a demonstration, contact your local Tek-
tronix Field Engineer or write Tektronix, inc.,
P.O. Box 500, Beaverton, Oregon 97005. See
your current Tektronix catalog for specifica-
tions.
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of a nuclear blast, by electromag-
netic pulse radiation. The danger:
premature activation of squibs and
batteries, causing the missile to
miss its target.

That's why scientists at the
Picatinny Arsecnal in Dover, N.J,
are experimenting with beams of
laser encrgy to replace the wires.
While such a laser system would
be too expensive for conventional
missiles, the increased reliability
might be desirable for a missile
carrying an atomic warhead.

Thus far, the laboratory experi-
ments have been encouraging, says
Philip Zirkind, a physicist in Pica-
tinny’s Weapons Vulnerability divi-
sion. He has used a neodymium-
doped glass laser to focus energy
onto the explosive material in an
ordinary squib.

Small can. Such a squib usually
consists of a cylindrical metal con-
tainer less than an inch long in
which there’s a small amount of
explosive and a plunger. An elec-
tric signal explodes a bridge wire
in the squib, detonating the explo-
sive. This, in turn, pushes the
plunger to complete the clectrical
contact in the circuit to be acti-
vated. Such squibs have heen used
for years instead of electromechani-
cal switches. It’s been found that
the switches do not function reli-
ably after missile shelf lives that
can run into years.

In his experiments, Zirkind clim-
inated the bridge wire in the squib,
using instead a transparent glass
window. A laser beam in the
infrared was focused through the
window to detonatc the explosive
material. Much of the work, aided
by the Unidynamics/Phocenix divi-
sion of UMC Industries, studied the
properties of explosive mixtures
that could be ignited by i-r energy,
as well as the characteristics of a
laser operating in a short, confined
space.

Next step, Zirkind says, is to de-
velop a miniature system using a
semiconductor gallium-arsenide or
gallium-phosphide laser. And he
also is interested in using fiber-
optic light pipes to direct the
energy within the missile. Work
should begin in July, with a mili-
tarized system comnpleted in about
nine months, Zirkind says.

Sense of ERTS

In times of prosperity, the Interior
Department could turn up one or
two companies intcrested in per-
forming R&D on a $3-million-a-year
program. Whether it’s a sign of
hard times or, less likely, a display
of industry interest in social sys-
tems, Interior finds no less than
150 organizations who want a part
in its Geographic Applications
Program, research in urban and re-
gional change detection that will
usc a satellite platform.

GAP is aimed at improving land-
use technology, and will get its
data from NASA’s ERTS-A satellite,
due to fly in the spring of 1972
[Electronics, May 25, p. 133]. Until
then, under an Interior project,
high-altitude aircraft carrying re-
mote sensing and monitoring de-
vices will make test flights over
Washington, D.C., Houston, and
San Francisco—the arcas selected
for initial planning and develop-
ment of display techniques and a
remote sensing data base for the
program.

Requests for proposals for R&D
on remote-sensing applications,
data handling and analysis, and
regional change detection systems
for GAP probably will be issued
next month, For fiscal 1971. In-
terior’s Geological Survey received
a total of $3.1 million for the pro-
gram—3$1.5 million for data acquisi-
tion, presentation and interpreta-
tion; and $1.6 million for studies
of applications, costs, and nceds
for remote-sensing data in natural
resources problems.

Ecology. Interior wants to apply
remote-sensing technology to urban
cnvironmental processes such as
surface and ncar-surface energy;
water infiltration, runoff, and bal-
ance; urban vegetation; dispersal
of air and water pollution; and
susceplibility to such hazards as
landslides and the urban-regional
cnergy balance. One innmediate
goal will be to determine the ac-
curacy of thermal sensors in obtain-
ing energy-emission measurements,
and calculating emission differ-
ences between types of terrain,
such as urban and near-urban land
uses. Inforination obtained on ur-
ban climatological factors will be
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Infonet is as close
as the nearest
telephone

A freeway in Los Angeles, a stockyard in Chi-
cago, a boutique on Park Avenue: unlikely spots
for a data processing terminal? Unlikely, yes.
But very possible.

Because if you can get to a telephone, you can
get INFONET computer timesharing service —
whether your problem is in circuit analysis, re-
liability, capital investment evaluation or man-
agement information.

Why use INFONET? Because our product is a
full product — with an interactive BASIC lan-
guage and high speed Remote Job Entry capa-
bility. And there is our customer support —
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to meet all your data processing needs. Standing
behind INFONET is Computer Sciences Corpo-
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computer-based information systems.

COMPUTER SCIENCES CORPORATION
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Whatever your data processing problem, isn’t it
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leader in the field are as close as your nearest
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Give us a ring.
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Computer Sciences Corporation
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650 North Sepulveda Blvd.
El Segundo, California 90245
Phone (213) 678-0311




SCHAUER
/)

/

tolerance

1 WATT ZENERS
ARE A REAL BUY!

ANY voltage from 2.0t0 16.0
at the industry’'s LOWEST
PRICES!

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

THE
HI-RELIABLE!

No fragile nail heads.
Silicon junction aligned be-
tween two, parallel, offset
tantalum heat sinks . . . great
lead tension strength.

All welded and brazed
assembly.

High pressure molded pack-
age.

Gold plated nickel-clad cop-
per leads.

Write or phone for Form 68-4
for complete rating data and
other tolerance prices.

Semiconductor Division

SCHAUER
MANUFACTURING
CORP. 4514 Alpine Avenue

Cincinnati, O. 45242
Ph. (513) 791-3030

46

Circle 46 on reader service card

U.S. Reports

incorporated in a prototype ana-
lysis.

Equipment the department will
investigate includes color-enhance-
ment and additive viewers, film
storage and retrieval units, mag-
netic tape storage and display,
image-combining and  sampling
systems, multispectral data ana-
lyzers, optical correlation systems,
digital data systems, spectral sig-
nature systems, automatic change-
detection viewers, and combina-
tions of these systems. The end
product should be a semiauto-
matic system capable of correlation
and matching, data storage and
retrieval, area measurement, quick
updating,  distinction  between
classes of land use, and display
of urban changes occurring over
different time periods.

Computers

Digitize and conquer

Computers are idiots savant—the
average one is a whiz at math but
with today’s input devices, most
don’t read very well-or at least
very cheaply. And this is a prob-
lem in applications like automated
stockrooms, factories, and libraries.

The basic problem is finding a
low-cost, reliable way to tag the
box, part, book, or person that the
machine would keep track of. Un-
fortunately, many methods are
based on optical character or mark
recognition which can be confused
by shake, vibration, and misaligned
tapes. Often the tape must be
placed a definite distance from the
reader; in a magnetic system, phys-
ical contact is necessary.

Thus, what seems to be nceded
is a scheme with noneritical place-
ment and noncontacting operation.
The Identicon Corp., a new firm
in Waltham, Mass., hopes to have
the answer in a system that reads
digitally coded tags almost without
regard for the tag’s orientation, or
its distance from the reader.

Son of KarTrak. Roy P. Sallen,
president of Identicon, did some
of the original work on Sylvania’s
KarTrak railroad-car identification
system. Despite KarTrak’s success,

Sylvania decided not to move into
other fields with similar systems.
Sallen left Sylvania, taking with
him a license to KarTrak’s basic
patents in exchange for cash and
some equity in his newly organized
company.

But Identiscan hardly resembles
KarTrak. Instead of color-coded
plaques, Identiscan substitutes bar-
coded digital tags small enough
for test tubes, engine parts, em-
ployee identification cards, and
other small items. And reading the
tags is fairly simple—they use var-
iable width reflective tape like the
safety reflectors on bicycles.

An eighth-inch bar on an Identi-
scan tag stands for a binary 1; a
bar half that width indicates a
binary 0. Thus, a pulse-width mod-
ulation scheme is built right into
the tag.

Within the scanner head is an
incandescent lamp, some simple
beam-shaping optics, and a mirror
to bounce the beam onto an eight-
sided reflector rotating at 1,320
rpm. Thus, the beam is scanned
through a fan-shaped area in front
of the reader at 176 times per sec-
ond, too fast for the reader to be
troubled by tag movement.

Avid reader. Any tag within that
45° fan flashes light from its strips
back into the scanner, making tag
positioning easy. The optics in the
reccive part of the scanner help
also as they have a very small
effective aperture allowing a large
depth of field. The result is that
any tag within the 45° scan angle
and from two to four feet from the
scanner will be read.

The returned beam hits the same
cight-sided spinning mirror but is
reflected into a cold-cathode photo-
multiplier tube. The tube’s output
fecds an amplifier-limiter combina-
tion and goes into decode logic as
a train of width-modulated pulses.
The decoder emits a bed train suit-
able for computer input, or for
Teletype or a paper tape punch.

Even if the tag is read upside
down, the pulse train comes out
right; a “start of message” bar at
the top of the label tells the decode
logic whether or not to invert the
pulse train. Also, to prevent mis-
identification, a buffer stores threc
successive readings, all of which
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STAND PAT

With
POSTAGE NO POSTAGE It

WILL BE PAID STAMP NECESSARY
o IF MAILED IN THE
ADDRESSEE UNITED STATES

(PoxfRNs

Every Hand's
A Winner !

ADJUSTMENT POTENTIOMETERS:

BUSINESS REPLY CARD
First Class Permit No. 327, Riverside, California
s . .
Q\\:‘- E INC Ns
-1 -

1200 COLUMBIA AVE,,
RIVERSIDE, CALIF. 92507

Widest selection on market: smallest,

most reliable; complete lines of cer-

met, wirewound and carbon; more
POST,
. 19 [ models on DESC’s QPL than any
WILL BE PAID STAMP NECESSARY
BY IF MAILED IN THE other manufacturer.
ICBRESSEE UNITED STATES

PANEL CONTROLS: A new sensa-
[ —
BUSINESS REPLY CARD [ e —
| LR ——

First Class Permit No. 327, Riverside, California

tion; complete line of single-turn po-

tentiometers with cermet resistance

TR elements for top performance.
Q;._,B@Ns

1200 COLUMBIA AVE,, PRECISION POTENTIOMETERS:
RIVERSIDE, CALIF. 92507 Widest selection of standards in the
industry; outstanding custom capa-

bility; versatile new line of single-

turns — the B-LINETM,
POSTAGE NO POSTAGE
WILL BE PAID STAMP NECESSARY MICROCIRCIUNTS: Thick film hybrid
By IF MAILED IN THE e .
UNITED STATES circuits—R, R-C, ladder and active
ADDRESSEE .
circuits.

BUSINESS REPLY CARD
First Class Permit No. 327, Riverside, California HELAYS: Outstanding line of sub-

miniatures; smallest 2 amp units on
market; 1 amp Trimpack PC models

with lowest profiles in industry.
1200 COLUMBIA AVE.,

RIVERSIDE, CALIF. 92507

LITHO IN U.S.A.




must match before the pulse train
can be transmitted. If they don’t,
a buzzer sounds a reject signal.

Government

Shorter shopping list

Deputy Secretary of Defense David
Packard is an engineer who likes
to keep things as simple as pos-
sible. He’s also a very successful
businessman who wants to reduce
risks, particularly under tight
budgets. That's why the WwMCCS
(Worldwide Military Command
and Control System) that Packard
just approved doesn’t look like the
one that went into his office for re-
view.

Instead of using a minimum of
34 standardized computers and
holding options to buy up to 53
more as originally envisioned, Pack-
ard decided that a minimum of 15
computers (or as many as can be
purchased for $42 million) will be
acquired for use in a more austere
WWMCCS.

Standard. Back in 1966, when
systems studies began, the com-
mand network was planned to pro-
vide quicker information on enemy
concentration and on the forces
available to counteract this threat
at the lowest cost. The Joint Chiefs
of Staff reasoned that installing a
network of standardized compu-
ters using standard software would
improve data interchange while
cutting the expensive software,
training, and maintenance costs
experienced by 55 intelligence ac-
tivities using a mix of 131 compu-
ters. Batching the purchase into
one contract would also reduce
hardware costs, they added.

Many of the original arguments
for the system still may be valid
under the reduced purchase if the
Defense Communications Agency
is successful in keeping down the
cost of developing standard pro-
grams for the new generation of
hardware. But one compromise al-
ready has been made due to shrink-
age—third-generation IBM equip-
ment will be the “second standard”
for 16 centers that have installed
equipment until the decision is

< Circle 48 on reader service card
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made either to retain the equipment
or replace it with standard gears.

One high Defense Department
official says the four computers
that will be used—a duplexed large-
scale processor and medium-scale
processor for batch processing of
intelligence files, a duplexed large-
scale processor with millisecond
access to its files for the actual
force control, and a medium-scale
scientific processor—"“are third-gen-
eration machines well within the
state of the art three or four years
ago.”

The system’s communications
aspects are also well within the
state of the art: programs or data
needed by another computer within
the network will be transmitted
via terminal equipment tied to the
military’s Autodin network. The
ease of data interchange cited by
the joint chiefs will result from
the standard software and format-
ing, and the compatibility of all
equipment used in defense intel-
ligence circles.

Opening. All that’s really novel
about the proposed system, other
than cost and size, is a clause in
the contract that will permit the
Pentagon to buy peripheral equip-
ment wherever it desires after the
15th computer is purchased. One
Pentagon source close to the pro-
gram says independent procure-
ments  of peripheral equipment
were not considered for the first
machines because it might cut into
the savings that are expected to
result from buying so many sys-
tems at once.

A request for quotations is ex-
pected to go out within two
months; the first machine will be
delivered in 12 to 15 months bar-
ring major obstacles. One such
impediment could develop if the
General Accounting Oftice, which
has been asked to look into the
system by the House Appropria-
tions Committee, finds something
amiss in the rationale for the sys-
tem. A report is expected in Sep-
tember.

Another might result if enough
companies decline to bid on the
system because they would rather
compete for the $400 million Air
Force Advanced Logistics System,
which will be opened up early

power
grows
where

Faratron
goes...

All Faratron modules provide the
ultimate in reliability and rugged-
ness Designed especially for 0EM
systams employing the latest
semiconductor devices. The FR ser-
ies Power Supplies are available
in six case sizes. Output voitage
of 3 to 150 VDC available in each
case size.

All units feature remote sensing
and programming, plug in regulator
board, adjustable overload protec-
tion with automatic recovery, and
a unigue self cooling heat sink
especially designed to permit re-
liable operation at 71°C with cur-
rents up to 34.0 amperes.

Addizional specifications include:
line regulation, 0.01% (105-132
VAC) load regulation, 0.0 % (no
load-full load); ripple, 0.5 mv rms
(3 mv peak to peak); temperature
coefficient, 0,02%; and response
time of 20 microseconds.

PRICE RANGE $105.00-$345.00.
For additional information ————
contact . . .

FARATRON CORP.

290 wLodi Street. Hackensack, N. J.
(201) 4a88-°440
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E y D l | : l yWe don’t think you should pay for one

gigahertz more than you need.

So when you buy a TWTA from
Hughes, we give you a choice of more than
four traveling-wave tubes.
, Besides the ten-watt tubes for S, C, X,

and Ku bands, we have a selection that

might fit your needs more exactly. We can

’ guarantee, for example, ten watts of output
‘ power with 30 db of gain between 6.5
and 13.5 GHz.

We’ve got the power supply and the
tubes available from off-the-shelf stock.

: ® We’ve eliminated costly custom design and
manufacturing.
‘ You’re getting a custom unit, but it’s
already been engineered.
You’re also getting tubes with the
longest life in the business. You can expect
’ thousands of hours of trouble-frez service.
. (With similar tubes, we clocked 2%2 million
, failure-free hours in space.)
® We have the weight down to twenty
4 pounds and the size down to 338 x 16% x
13v4 . Perfect for bench or rack mounting
in a lab. You can carry a Hughes 10-watt
TWTA just like you carry a brief case.
So if you’re in the market, call us. We're
the company that gives you a chaice.
Write Electron Dvnamics Division of

Hughes, 3100 West Lomita Blvd., Torrance
California 90509. Or phone (213) 534-2121

P

HUGHES |

T
[ )
MUGHES AIRCRAFT COMPANY
ELECTRON DYNAMICS DIVISION



next year. “After all,” one market-
ing man said, “only one company's
bidding on WwMCCS for sure—
IBM.”

For the record

Pakomp. Honeywell's Data Sys-
tems division in Tampa, Fla,
formed in January. has won its
first contract for information-han-
dling equipment —~the prime market
the division is trying to reach. The
contract, worth $3.5 million, is from
the Pako Corp. of Minneapolis. It
calls for the development of several
prototypes of a systemm to handle
paperwork connected with the au-
tomatic photo-processing equip-
ment that Pako manufactures. At
the system’s center is a Honeywell
H-112 minicomputer coupled to a
halt-million-bit disk memory. All
together. the system, which Honey-
well calls Pakomp, will do such
things as print invoices and bills.
and calculate the retail prices to
be charged for a filn-developing
job.

Dirt management. Pollution con-
trol programs will finally come un-
der one roof with a White House
proposal to create an independent
Environmental Protection Agency
to house major Federal environ-
mental programs [Electronics. Jan.
19, p. 72]. In a proposal similar to
one advanced by Sen. Edmund S.
Muskie (1., Me.) [Electronics, Feb.
2, p. 79], president Nixon proposes
to combine into one superagency,
with a $2 billion annual budget,
water pollution control from the
Interior Department, air pollution
and solid waste management from
the Health, Education and Welfare
Department, pesticide standards
from the Food and Drug Adminis-
tration, and radiation control from
the Atomic Energy Commission.

POM for COM. Courputer out-
put microfilm, or COM, is the hot
new thing in computer peripheral
cquipment these days: but hot or
uot, its cost cools oft a lot of pro-
spective customers. Lo provide its
advantages—voluminous hard copy
that docsu't take volumninous stor-
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age space—-at a much lower price,
Advanced Terminals Inc., of Ma-
ple Glen, Pa., has introduced a
continuous microfilining machine
called the Formscopier. It micro-
films the output of a standard line
printer nearly as fast as a COM
unit and much faster than hand
microfilming. The company calls
it printer output microfilm, or POM.
One big disadvantage: it’s off line.
A human operator must transfer
a pile of fan-folded output from
an on-line printer to the POM ma-
chine. The Formscopier is priced
at $4,800, compared with $50,000
to $400,000 for a COM system.

Microwaves in a can. Avantek
Inc. of Santa Clara, Calif., is about
to unveil a solid statc microwave
amplifier that has seven octaves
of bandwidth (5 megahertz to 500
Mhz) and supplies 15 decibels of
gain. This in itself is interesting,
but what will make the announce-
ment unusual is that the amplifier
is in a TO-8 can. The devices, which
are thin film 1C’s—gold and tanta-
lum on a sapphire substrate em-
ploying proprietary chips—can be
cascaded to provide up to 60 db.

Laser for illiac. The University
of Illinois’ Illiac 4 super-computer
is going to get a trillion-bit laser
mass storage memory. The meni-
ory, built by Precision Instrument
Co. of Palo Alto, Calif., is called
Unicon (for unidensity coherent
light recording) and will be built
under a $1 million contract. Uni-
con, which will have a slower bit-
transfer rate than the computer’s
disks, will be used to store pro-
grams, raw data, information des-
tined for slower peripherals, and
dumped data.

Fat link. To provide wider mi-
crowave satellite downlinks, Lock-
heed Missiles and Space figures
that a laser system with a 1,000-
megahertz bandwidth and a signal-
to-noise ratio of 30 decibels would
need just 100 watts. To show the
feasibility of such a system, Lock-
heed has demonstrated a 450-Mhz
version. It uses an argon laser, but
coming are solid state lasers such
as neodymium-yttrium-aluminum-
garnet.

Are you
thinking Hughes
is big
in electromcs’
_

4

Good thinking.

Because Hughes put a lot of innova-
tive thought into making better gas
and solid state lasers (RS 293), micro-
circuit production equipment (RS
294), high vacuum equipment (RS
295), semi-automatic wire terminat-
ing and hainess laying equipment
(RS 296), N/C positioning tables
and systems (RS 297), and FACT
Flexible Auwomatic Circuit Testers
(RS 298)

HUGHES AIRCRAFT COMPANY
INDUSTRIAL ELECTRONICS GROUP

Circle appropriate Reader Service (RS) number.



The lone ranger.

DATA TECHMNOLOGY

CORPORATION

INTEGRATING OIGITAL MULTIMETER




The stand-alone, do-anything 4-digit box, with
resolution that makes it read like 5. Performance
that won't quit, at a price that hardly gets started.
$695 for the base model...lowest anywhere in the
field. Our model 350 DVM.

You'll like our:standards. 40% over-range, plus

.01% ratio accuracy. BCD output, remote pro-
gramming. And inside the box —dual slope integra-
tion, the most sophisticated conversion technique in
the industry. Gives you 100 dB noise rejection plus
long-term reliability.

Plug-in our options. like auto range, Ohms, ratio

or AC. Try on a pre-amp for 1.V resolution. Fully
loaded, our 350 DVM models still come in far below
the nearest competition, $1570.

Hi rel, low cost. With the tightest warranty in any
range. Matched by a team of Data Technology
specialists, soon conducting seminars in your area,
to give you insight on the newest applications and
shortcuts in measurement today.

Data Technology Corporation, 1050 East Meadow
Circle, Palo Alto, California 94303, (415 321-0551,
TWX 910-373-1186.
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Get choosy about
voltage regulators.



Read right for the LM309 on-card 5V regulator.
A single monolithic IC in a TO-3 or TO-5 package.
It’s blow-out proof, protected by internal thermal
limiting as well as current limiting. Requires no
external components or adjustments.

The LM309 is a simple replacement for the kluge
on the left. The kluge also regulates voltage, after
a fashion — with extra components. A few too many.

‘The unique low-voltage reference designed into
the LM309 permits the circuit to operate at an input
voltage of only 6.5 volts, increasing efficiency and
minimizing the size of the heat sink. The simplicity

of use, the thermal limiting and the low internal
reference voltage combine to advance the state of the

art for voltage regulators.
Output currents are 200mA in the TO-5 and over
1A in the TO-3 configuration. Prices in hundred lots:

TO-5 Industrial $5.50 Limited Military $7.50 Full Military $20.00
TO-3 Industrial 6.50 Limited Military 8.95 Full Military 25.00

To pick up specs and our application note, write
National Semiconductor, 2900 Semiconductor Drive,
Santa Clara, California 95051 (408) 732-5000
TWX: 910-339-9240 Telex: 346-353

National/Linear

Electronics | June 22, 1970
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RADIANIDN
J_I‘L\ | @u w j%
a do-it-yourself

BIPOLAR ROM

512 bits (64 x 8)

65 ns access time

0° to + 75°C, $47.00°*
-55° to + 125°C, $61.50*

* 100 — 999 unit price
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ONE PROM FOR ALL ROMS

(Programmable_Read-Only Memory)

It's made for a complete range of applications:
» Microprogramming
« Combinational Logic
» Sequential Logic
« Code Conversion

...or any application requiring many ROMS of differing patterns.

HERE'S HOW YOU GET IT!

Order the ROM-0512 off the shelf.
Generate the truth table.

Electronically program each PROM, yourself.
4. Plug it in!

HERE'S WHAT YOU GET!

e Custom programmed ROMS

65 ns access time

DTL/TTL compatibility

 Wired “or’’ output

24-lead dual in-line or 24 lead flat pack

...And we haven’t even scratched the surface!

W N

Lexington, Massachusetts (617) 862-1055

Norwalk, Connecticut {203) 853-3646
Frederick, Maryland (301) 662-5400
Daklawn, Illinois (312) 4236010
Dallas, Texas (214) 231-9031

Albuquerque, New Mexico (505) 268-3549
Palo Alto, California (415) 321-2280 RADIATION
Long Beach, California (213) 426-7687 INCORPORATE D

P. 0. Box 37, Melbourne, Florida 32901 (305) 727-5430
SUBSIDIARY OF HARRIS INTERTYPE CORPORATION

EXPORT SALES, DAGE CORPORATION, STAMFORD, CONNECTICUT

MICROELECTRONICS DIVISION

Copyright © 1970 By Radiation, Incorporated
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RCA

Solid-State Data
for Designers

Low-power astable
and monostable oscillators

COS/MOS IC’s offer unique advan-
tages in low-power astable and
monostable oscillator circuits.

A new RCA Application Note
(ICAN-6267) describes how COS/
MOS IC’s in multivibrator circuits:

e offer large time-constants without
the use of large capacitors
e operate at frequencies up to 1 MHz
o provide excellent frequency-stabil-
ity over a broad operating-temper-
ature range (—55°C to +125°C)
e permit simple circuit design—only
two external components required
e consume only 10 nW @ Vpp = 10V,
f = 10 kHz
The schematic diagram (Fig. 1} is
taken from the referenced applica-
tion note and shows a typical astable
multivibrator circuit using a CD4001
COS/MOS Gate. This circuit is im-
plemented through the use of two of
the gates in the COS/MOS IC plus

the external capacitor
and resistor incorporated
to establish timing. Typi-
cal operation of the cir-
cuit is: multivibrator
period approximately 0.6
ms with R,. = 0.4 M@; C,.

- 1000 pF @ Vpp, = 10 V.
The voltage waveform
for the circuit is shown in
Fig. 2.

Application Note ICAN-
6267 provides data on
multivibrator frequency as a function
of temperature and supply-voltage
variations and includes information
on nine circuits for astable and
monostable oscillators built around
COS/MOS [C’s.

See your RCA Representative or
RCA Distributor for price and delivery
information on COS/MOS IC’s.

For a copy of Application Note
ICAN-6267, contact your RCA Sales
Office or circle Reader Service No.
242.

* THIS CIRCUIT CAN ALSO BE IMPLEMENTED WiTH OTHER CDS/MOS
DEVICES SUCH AS THE CDdOOD,.CD‘lDOZ.OR €D4007

FIG.l. ASTABLE MULTIVIBRATOR CIRCUIT DIAGRAM

o [ [ ]
O, N N
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FiG.2. VOLTAGE WAVEFORM
FOR ASTABLE MULTIVIBRATOR

V"(TRANSFER)
VOLTAGE PDINT

Thinking industrial applications?
Think RCA Thyristors

There's good reason why RCA thy-
ristors in stud and press-fit packages
should be foremost in your mind,

where industrial controls or power
switching systems are your concern.
Simply, RCA’s broad line of SCR’s
and triacs provide the winning com-
bination of quality, reliability, per-
formance and availability foramyriad
of key industrial applications. RCA
has the right thyristor for the job—
available now!

When you look closer, you'll find
RCA is a key industrial supplier of
SCR’s and triacs for numerous types
ofindustrial control equipment, motor
controls, computer power supplies,

heating controls, lighting controls,
and power switching systems.

A broad line it is, when you con-
sider, too, the wide selection of cur-
rent ratings available from stock:

SCR’s—10,20,and 35 A

Triacs—10,15,30,and 40 A

Each unit is available in press-fit,
stud, or isolated-stud packages.
Families of RCA SCR’s are rated 25
to 600 volts, and triacs are rated
from 100 to 600 V—depending upon
type and your requirements.

Circle Reader Service No. 243.

300-A power circuit

The RCA developmental TA7628 is a
single-package power circuit con-
taining both the TA7629 driver and
the TA7630 output module—a com-
bination suitable for use as a positive
or negative switch when driven from
IC logic.

The TA7628 may be used as a mo-
tor control (5—10 hp); brushless
commutator assembly (300 A DC), or
a high current relay (300 A).

The TA7629 and TA7630 may each
be purchased separately. The TA7629
provides 40-A switching capability

from IC fogic. The TA7630 affords
higher current switching capability
when suitably driven.

Each of these devices is obtained
from basic array power modules
which may be interconnected in a
variety of ways to form such struc-
tures as:
¢ high current voltage regulators
¢ 4000-W inverters
e 50-A, 3-phase bridges

The basic array module used to
form the TA7629 is the TA7631. It
contains six 7-A and three 1.5-A
n-p-n transistors; three 1.5-A p-n-p
transistors; and 12 thick-film resis-

tors. The basic array module used
to form the TA7630 is the TA7632. It
contains six 50-A transistors and six
50-A rectifiers. All components are
electrically isolated from the case.
The TA7631 and TA7632 may be




purchased in unconnected form. Ac-
cess is provided to the terminals of
each internal device —permitting
complete versatility in developing

circuitry. These interconnections can

readily be manufactured by RCA to

fill your volume requirements.
Circle Reader Service No. 244,

IC Triac control circuit
with built-in protection

An IC Thyristor Trigger, RCA’s CA-
3059, offers the power circuit de-
signer significant advantages:

(a) Switching transients and RFI
are reduced since the IC per-
mits switching to occur only at
zero supply voltage

(b) Built-in protection against sen-

sor failure

In the heater application shown
here, the protection circuit removes
power from the load if the sensor
shorts or opens. To utilize the pro-
tection circuit, connect terminal 13
to terminal 14, as shown, and then:

Set the value of R, and sensor re-

sistance (Ry) between 2 k& and

100 ke. Hold the ratio of Ry to R,

within 0.25 and 4. If the ratio falls

outside these limits,
a resistor must be

added, in series with
Ry the sensor or across
10kwW »
HEATER the sensor, to provide

a resistance ratio

CURRENT
BOOST

L0AD

INHIBIT

100uF |+
[E1 e o

© within this allowable

urz range.
@ For Triacs specifi-
Posrar cally intended to

operate with the
CA3059,checkRCA’s
2.5- to 40-ampere,

—4 100-600 volt series,
A Types 40693 —40734.
HOL © Circle Reader
PROTECTED TRIAC CONTROL CIRCUIT Service No. 245.
.NEGATIVE TEMPERATURE COEFFICIENT
VERSAWATT: VERSAWATT transistors employ

the stereophile’s choice

Many “top-of-the-line” stereo manu-
facturers are studying the RCA
2N5494 silicon transistor—and other
transistors of the VERSAWATT fam-
ily—for use in their high-fidelity
solid-state equipment.

VERSAWATT TYPES FOR AUDIO APPLICATIONS

watts amperes
2N5296 4 1.0
2N5298 .9 1.5
2N5490 16 2.0
2N5492 25 2.5
2N5494 35 3.0

Using the 2N5494 in the output of
a quasi-complimentary symmetry
circuit, one manufacturer finds this
low cost, 3 A n-p-n transistor espe-
cially suited to audio amplifier ap-
plications. It has a low thermal
resistance rating, and its current and
voltage capability contribute to high
performance. An added bonus:

Hometaxial-base construction to pro-
vide freedom from second-break-
down problems.

VERSAWATT transistors are avail-
able in three basic configurations—
straight lead (JEDEC TO-220 AB),
TO-220 AA (direct replacement for
TO-66) and a package with leads
shaped for easy PC board mounting.

Circle Reader Service No. 246.

High power GaAs Lasers for
portable range finding devices

When a helicopter lands in a swirl of
dust, the aircraft’'s safety may de-
pend upon the pilot’s ability to gauge
distance between copterand ground.

A laser altimeter is only one de-
vice in which RCA TA7705 and
TA7787 gallium arsenide (GaAs)
lasers find application. They may be
used in ship-docking instrumenta-
tion, anticollision devices, and many
other portable ranging systems.

Since these GaAs laser diodes
have short pulse duration and fast
rise time ratings, equipment accu-
racy of a few inches is possible over
a measured distance of a few feet to
several hundred feet...allowing vi-
tal range resolution.

The TA7787 is unique! It is the
largest single lasing chip available—
55 mil source dimension. Minimum
radiant power output is 60 watts at
100 PPS. The TA7705 is identical to
the TA7787 except that its output is
40 W min. Drive current for both
types is 250 A (typ); output pulse is
100 ns. Both units radiate at a center
wavelength of 9050 angstroms.

The TA7705 and TA7787 are avail-
able in OP-12 coaxial stud packages.
Why not design them into your port-
able ranging equipment?

Pulsing circuit diagrams for these
lasers are available upon request.

Circle Reader Service No.247.

For price and availability information on
all solid-state devices, see your local
RCA Representative or RCA Distributor.
For specific technical data, write RCA,
Commercial Engineering, Section 70F-22
/UMS5, Harrison, N. J. 07029. In Europe:
RCA International Marketing S.A., 2-4
rue du Liévre, 1227 Geneva, Switzerland.
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Krohn-Hite's Series 4100 Rack-Mounted Solid State Programmable Oscillators are the new
generation of medium-priced, precision general purpose oscillators. They combine the con-
venience of automatic programmed frequency and amplitude selection with the outstanding
performance characteristics of the popular Model 4100 Push-Button Oscillator. Covering the
frequency range of 0.1 Hz to 1 MHz, Series 4100 Programmable Oscillators boast a frequency
calibration accuracy as low as 0.1%.

FREQUENCY »/

Available in four models, Series 4100 Oscillators are designed for either standard manual
operation or automatic programmed frequency or amplitude selection by any one of several
commonly available means, such as computer output, punched cards, punched tape or com-
puter mag tape. Programming format is the standard 1-2-4-8 binary coded decimal system. A
unique feature of the Series 4100 Pragrammable Oscillators is the capability to produce both
sine and square wave outputs with /2 watt of power into 50 ohms with remote or local fre-
quency control. Best of all, Series 4100 provides a degree of frequency stability, low distortion,
and amplitude stability that can’t be matched by competitive units.

The following chart provides a brief rundown of the important operating parameters of the
new generation Series 4100 Solid State Programmable Oscillators. And don't forget the model
4100A non-programmable oscillator is still available at $550. They're all products of the
recognized leader in variable filters who's out to make waves in oscillators, too. For complete
technical information on any of these new Krohn-Hite Oscillators, write THE WAVEMAKERS:
Krohn-Hite Corporation, 580 Massachusetts Avenue, Cambridge, Massachusetts 02139 U.S.A.

Tel: (617) 491.3211  TWX: 710-320-6583

SERIES 4100 SOLID STATE PROGRAMMABLE OSCILLATORS

Approx.

Frequency 0Osc. Freq. Max. Output Square  Prog.  Ship. Wt.

Range Model Acc. % Volts  Impedance  Dist Wave Amplitude Ibs, kgs
0.1 Hz to 1 MHz 4131R " 5| ¥ yes no 30/15
0.1 Hz to 1 MHz 4141R .1 yes yes 30715
1Hztol MHz 4130R .5 yes no 2113
1 Hz to 1 MHz 4140R 15 yes yes 21/13

—CORPOR.ATIOoOR

I_I'l__lc HN-HITE

OSCILLATORS /FILTERS / AC POWER SUPPLIES / AMPLIFIERS



New Nixon office
may curb DOD...

.. . but could give
industry “handle”
on urban market

FAA seeks computer
to predict collisions

NASA aims
for trillion-bit
flyable memory

Washington Newsletter

June 22, 1970

President Nixon’s creation of the cabinet-level Office of Management
and Budget—and his appointment of the tough, liberal-oriented Labor
Secretary George Shultz to head it—has defense budget planners wor-
ried. They’re also concerned about the White House action creating a
Domestic Council to coordinate domestic priorities, much as the National
Security Council matches military programs to policy.

Preliminary estimates are that DOD could lose $5-7 billion in pro-
curement funds over and above economies made by cutting back in
Southeast Asia. With Shultz’s additional authority to periodically check
on every agency’s adherence to spending plans, the Pentagon also sees
a period of demanding justification of programs at their inception, an
even tougher crunch on holding down cost overruns, and a strong eco-
nomic push back to reliance on large strategic weapons, as in the Eisen-
hower era, rather than a broad-based deterrent force.

Electronics industry representatives in the capital tend to share the
pessimism of DOD officials that they will get less money in the year to
come. But they are positive in their feeling that the new Domestic
Council, headed by Nixon adviser John Ehrlichman and including all
cabinet officers except the Secretaries of Defense and State, could do
much toward giving industry a handle on the “urban market.” Health,
Education and Welfare, Interior, and Transportation, for example, “have
a lot of small-money programs in their shops,” says one Washington-
based vice president, “and I'm hoping this new council will pull some
of them together and give them more money.” It will be months before
the council begins coordinating technology, but a White House source
concedes it will operate in that area, perhaps compensating for some of
the defense cuts.

The Federal Aviation Administration plans to ask industry for proposals
on associative processing machines capable of predicting collision courses
for air traffic controllers.

Two firms, say industry sources, have a leg up to the expected com-
petition: Goodyear Aerospace Corp. and Honeywell Inc. Goodyear may
hold the edge because it already has hardware available [see p. 96].
It recently demonstrated a 256-word by 256-bit machine using a plated-
wire memory said to be able to process the equivalent of 40 million
Instructions per second, several times the speed of the fastest supercom-
puters. One of the machine’s strong points is its cost—$1.9 million, against
the $15 to $19 million for a supercomputer with the same prediction
capabilities. Honeywell’s associative processor is still on paper, but it
appears to match the Goodyear machine.

NASA, taking the first step toward its goal of a trillion-bit optical mem-
ory for space use, will award contracts to Radiation Inc. and Honeywell
Inc. The awards, from the Marshall Space Flight Center, will kick off
work aimed at developing a flyable memory the size of a desk. The
trillion-bit capacity will be needed, agency planners believe, aboard a
12-man space station that could be ready by the end of the decade.

<Circle 60 on reader service card 61



Cable vs. satellite:
FCC sets formal
inquiry deadlines

NASA’s Skylab
to relay signals
via Intelsat 4

Addenda

62

Washington Newsletter

Radiation gets the bigger award—about $300,000—for developing a
breadboard of a holographic system able to store between 20 million
bits and 200 million bits. The company plans to build an erasable page
composer using manganese bismuth or lead zirconjum titanate for stor-
ing laser-beam-entered data. A hologram then would be made on planar
thermoplastic for permanent storage. Honeywell is expected to build
an optical rotating-wheel memory with a manganese bismuth coating.

Marshall scientists say the trillon-bit memory program will have to
progress in several evolutionary steps because even a satellite-borne bil-
lion-bit store is just beyond the present state of the art. NASA goals call
for a 10-billion-bit memory in 1976 and one of a trillion bits by 1978.

The Federal Communications Commission’s effort to establish policy on
the controversial issue of cable vs. satellite in international communica-
tions has become a formal inquiry as predicted [Electronics, May 25,
p. 76]. With August 16 and September 21 set as deadlines for industry
comments and replies, respectively, a policy decision is not expected to
come before November at the earliest. The investigation will cover pres-
ent and future use of communications facilities, techniques for increasing
capacity, global communications satellite systems and competition be-
tween media.

At stake in the inquiry is the communications mix of the future. The
White House wants an FCC policy that regards cables and satellites
as complementary rather than competitive, a stance that AT&T is ex-
pected to promote for greater diversification in facilities and routing.
Comsat, on the other hand, wants an assignment of total traffic between
cables, satellites and other overseas facilities.

It looks like Skylab is going to go up without a companion data-relay
satellite, The tight budget bind is forcing NASA to turn, instead, to Intel-
sat 4. Thus, signals from Skylab orbiting workshops and the ground will
be relayed using circuits leased from the Communications Satellite Corp.

Present plans call for leasing only a few channels for Skylab 1, but
for later flights entire transponders will be leased for both voice and
telemetry signals. While the use of a commercial satellite is a trial, “it
could set a precedent for later flights,” says one NASA official.

The FCC is rethinking its 1968 retransmission consent policy, designed
to protect uhf stations from unfair competition by fencing in 25 major
market areas against CATV operation. The best alternative, says FCC
chairman Dean Burch, would be to promote CATV, uhf, and educa-
tional tv, without undermining vhf broadcasters . . . The electronics
industry may be one of tht biggest beneficiaries of “pollution politics™—
the fight between a Republican Administration and Democratic Con-
gress to see which can spend more. The House just approved a three-
year, $775-million air-pollution control program, $200 million for fiscal
1971—nearly double the White House request. Electronics com-
panies can expect a 5% to 10% slice of the pollution pie. . . . The Army’s
Missile Command will say nothing of its “fire and forget antitank system”
despite its request to 22 companies for quotations on conceptual studies.

However, the system is expected to be a single successor to the Tow
and Shillelagh systems.
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The hybrid circuit:

if you don’t like what we make,
we'll make what you like.

We're not proud. That way we’ll have a circuit we
We'vedesigned many different stand- both like.
ard hybrid microelectronic modules in For more information, see your local
what we think is the optimum package representative. Sylvania Electronic
type for each one. Components, Hybrid Microelectronics,
But, if they don’t suit your system, Waltham, Mass. (617) 893-9200, ext.

we'll gladly change the package or the 2400. T
circuit to suit your needs. SYIJ\]J/\R IA

GENERAL TELEPHONE & ELECTRONICS

Our off-the-shelf line spans the spec-
trum from digital to video. It includes
a video amplifier, memory and clock
drivers and translators, gated high-
power drivers and a 30-MHz IF am-
plifier.

All of them are our own design and
if they meet your needs, we are both
ahead of the game.

If they don’t, that’s where our experi-
ence and advanced hybrid techniques
come into play. We can translate your
design into a hybrid microelectronic
module quickly, easily, and economi-
cally, because we don’t have to waste
time getting familiar with the problems.

Show us your system requirements.
We'll come up with the right hybrid cir-
cuit to fill the bill.
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We took Honeywell’s 2206 Visicorder
to Pike’s Peak!

Where do you need to take one? To prove that our incomparable
2206 Visicorder goes anywhere, we connected it to something
just as incomparable...a pair of Hart Javelin skis
instrumented with STATHAM transducers. And skied Pike’s Peak.
Because our oscillograph records up to 12 channels

simultaneously, as well as two event channels, we were able
to record several parameters incurred while skiing
(see actual record below). Which means that no matter how
unusual your oscillograph needs, our 2206 Visicorder can

meet them. Wherever they happen to be.

Use it on a test bench. Mounted in an
automobile. Or boat. Wherever portability’s
important! It's light-tight (with integral
take-up) and records at frequencies from
0 to 13kHz. On 150 watts. Which means you
can use an ordinary vehicle electrical system
or separate batteries as your power source.

And the 2206 Visicorder uses a mercury vapor lamp for true
ultraviolet recording. So, you get high writing speeds — over
40,000 in/sec. Better trace density. And more permanent records,
with no chemical processing necessary. Plus, an optional signal
conditioning amplifier package that fastens right to the Visicorder!

You don’t have to take the 2206 Visicorder to Pike's Peak
to get peak performance. You pick the place. Pick up the 2206 Visicorder.
And see for yourself. :

For more information, call or write LIloyd Moyer, (303) 771-4700, -~
MS 222, Honeywell, Test Instruments Division, P. 0. Box 5227, ' L
Denver, Colorado 80217. -

L

Honeywell %~ =

Honeywell engineers sell solutions

Circle 325 on reader service card Electronics | June 22, 1970



LLINEAR

Last month, we told you why we didn’t make
the “Super” Op Amp. We said that ideal op amps
exist only in textbooks and real applications in
the real world need a family of op amps to meet a
family of requirements. Which got us into a dis-
cussion of our family of fifteen different op amps.

This month, we’ve got another op amp story.
This one hasa Moral:

EDITORIAL

You Can’t Afford to Wait
Until the Price Goes Down

Once upon a time (5 years ago to be exact),
Fairchild designed an Op Amp. It was called the
wA709. It cost $64.00 and people bought them as
fast as we knew how to make them. (Maybe even
faster.) Some people didn’t buy the uA709. They
said the price was too high. And so, they built
their systems the old way.

Then, as time passed, the popularity of the new
wA709 grew and grew. And the price went down
and down. So fast, in fact, that the companies
who first used them were surprised. And happy.
Their systems performed better and were more
profitable than those of their more cautious fel-
lows. Today, these companies are reaping the
benefits of their foresighted decisions of those
pioneer days.

Today, the uA709 sells for $1.90. MORAL?
When you see a new LIC such as the nA725,
rA741 or nA796, think of the lesson of the
uA709. You can’t afford to wait until the price
goes down.



by the time

you find out

we're In
electronics...

New power transistor packages from Ceramics Inter-
natonal assure high strength performance in electronic
circuitry.

and metalworking...

VR/Wesson's new Whisper-Cut™ milling cutters bring

Il be i
a new dimension of smoothness and quietness to o
somethin g New !
°

® Special materials technology is our business. And it takes
us almost everywhere. Into established industries and newly
emerging ones. To the borderline of man's imagination.
Wherever environmental stress is a factor,

Fansteel is important.

Our solutions come in many forms. To name a few:
Precision forgings. Investment castings. Carbide cutting tools.
Special metals. Electrical contacts. Composite structures.

We make more products than you imagine. And we're
ready to put one (or more) to work for you now.

® .
7 SANSTEEL e

Number One Tantalum Place
North Chicago, lllinois 60064
Phone: (312) 689-4900

© 1970, Fansteel iInc.
DIVISIONS: ADVANCED STRUCTURES « ELECTRONIC PRODUCTS * MECH-TRONICS + METALS - VR/WESSON
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Sure. Century’s
oscillographs like to ski,
as well as the next guy’s.

For precsion with maximum portability, you can’t 2eat
Century’s Mcdsl 444 licht beam oscillograph. That's why
we took it water skiing

Shown hezre, i’s riggad to receive DC powzar from the
ski boat, and to record data from strain gages attached to
the right ski.

An exclusive feature of the 444 allows you to reccrd
up to six channels of deta on heat stabilized paper, g /ing
you a truly permanent record under any corditions, even
when the r2cord is beirg analyzec in direct sunlight.

No need telling the other advantages of a light beam
osc llograph. Freguency response of the 444 extends ip

3
i
Actuc! record from
wa er ski rur

Con®s Mode| 444 ascillegraph.

t 280C H2. You can drive it on 12 v. or 28 v. D2, or 115
v. AC.

If you're thinking about taking a rugged, high precision
reco'der to the feld with you. plan on getting yourself a
Century 444, If you don't need all six channe's. or naximum
respons2, we cén save you some bucks. Prices start at
§1295.

At Century, we want to se'l you an oscillograph. and we
tave ar excellent range o’ capabilites in our product
‘family”. When you ask for modifications, we respond
cuickly and with interest. We want to make life easy for
you, anc tough fzr our competitors.

Wiite us for more on the 444 —or a copy ot our new
shor-fcrm catalog on the Century family. Call or write
<im Davis at Century Electronics & Instrumants, nc., P.O.
Eox C, Admiral Station, Tusa. Oklahoma, 74115, phone
€18/835-9951.

Century

Th= Tough Recorder Guys
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1400V,

Delivering now, in quantity.

The Kokomoans' new
DTS 802 and 804 NPN triple
diffused silicon high energy tran-
sistors are here. You can order
them from your Delco Radio
distributors now in sample or
production quantities. They were
specially designed for high volt-
age inductive switching from
rectified 3 phase 220 line, and
magnetic deflection circuits in
large screen color TV receivers.

They’ve been application-
tested from production lots by

+ e —
SQUARE PULSES OF THE
SPECIFIED LENGTH AT A
REPETITION RATE OF 4
PULSES PER SECOND.

il

'r‘l 50 C |
l

Vc[ (vults)

o g (amperes)

SAFE OPERATING CURVES

prospective users with stringent
reliability requirements. They
do the job. And their energy
handling capability is verified by
Delco Pulse Energy Testing.

The high energy relia-
bility of Delco silicon power
transistors has earned them a
reputation for survival in the
toughest switching jobs. It’s a
built-in advantage, vitally im-
portant where circuits are sub-
ject to transients or fault
conditions.

PARAMETER

Now you can simplify the
design of high energy circuits
with reduced size, weight, and
component cost. Convert HV
tube circuits to solid state reli-
ability without the complexity
associated with high current, low
voltage devices. And fewer com-
ponents mean higher reliability.

For prices and delivery or
additional data on Delco’s new
DTS 802 and 804 contact us or
your nearest Delco Radio
distributor.

DTS-802 DTS-804

Collector to emitter voltage (VCEX). .
Collector to emitter voltage (VCgO). .
Sustaining voltage (VCEOQ sus)
Emitter to base voltage (VEBO)
Collector current (Ic) continuous. .

hre, Ic = 3.5A, Vcg = 5V

1200V max.
1000V max.
750V min.
5V max.
SA max.
2.2 min.

1400V max.
1000V max.
800V min.
5V max.
SA max.
2.2 min.

*P.ET.; Ic = 7A, Vcg = 200V,
tp = 300 u sec, duty cycle <4% ..

420 mJ min.

*Pulse Energy Test

0 ors g02—1| 1000
DTS-804

Available in solid copper JEDEC TO-3 package.
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From these Delco Semiconductor distributors.

ALA., BIRMINGHAM e Forbes
Distributing Co., Inc. (205)-251-4104
ARIZ., PHOENIX e Sterling
Electronics, Inc. (602)-258-4531
e Hyer/Cramer Electronics, Inc.
(602)-263-1112
CAL., LOS ANGELES e Kierulff
Electronics, Inc. (213)-685-5511
¢ Radio Products Sales, Inc.
(213)-748-1271
CAL., PALO ALTO e Kierulff
Electronics, Inc. (415)-968-6292
CAL., SAN DIEGO e Milo of
California, Inc. (714)-232-8951
COLO., COLORADO SPRINGS
e L. B. Walker Radio Co.
(303)-636-1661
COLO., DENVER ¢ L. B. Walker
Radio Co. (303)-935-2406
¢ Hyer/Cramer Electronics Inc.
(303)-758-2100
FLA., MIAMI ¢ Mountain
Electronics, Subsidiary of Avnet,
Inc., (305)-634-4556
FLA., WEST PALM BEACH
® Mountain Electronics, Subsidiary
of Avnet, Inc., (305)-833-5701
ILL., ROSEMONT e F-J-R/Midwest,
Inc. (312)-678-8560
ILL., SKOKIE ¢ Merquip Electronics,
Inc. (312)-282-5400
IND., INDIANAPOLIS e Graham
Electronics Supply, Inc.
(317)-634-8486
MD., BALTIMORE e Radio Electric
Service Co, (301)-823-0070
MASS., NEWTON e The Greene
Shaw Co., Inc. (617)-969-8900
MICH., KALAMAZOO e Electronic
Supply Corp. (616)-381-4624
MICH,, ROMULUS (Detroit)
* Harvey Radio Co. (313)-729-5500
MINN., MINNEAPOLIS e Stark
Electronics Supply Co. (612)-332-1325

Electronics | June 22, 1970

MO., KANSAS CITY e Walters
Radio Supply, Inc. (816)-531-7015
MO., NO. KANSAS CITY ¢ ECI
Semiconductors, Inc. (816)-221-2400
MO., ST. LOUIS e Electronic
Components for Industry Co.
(314)-647-5505
N.J., CLIFTON e Eastern Radio
Corporation (201)-471-6600
N.M., ALBUQUERQUE
» Hyer/Cramer Electronics Inc.
(505)-265-5767
o Sterling Electronics Inc.
(505)-247-2486
N.Y., BINGHAMTON e Federal
Electronics, Inc. (607)-748-8211
N.Y., NEW YORK e Harvey Radio
Co., Inc. (212)-582-2590
N.Y.,, WOODBURY, L.I. ¢ Harvey
Radio Company, Inc. (516)-921-8700
OHIO, CINCINNATI e United
Radio, Inc. (513)-761-4030
OHIO, CLEVELAND e The W. M.
Pattison Supply Co., Industrial
Electronics Division (216)-441-3000
OHIO, DAYTON e F-J-R/Ohio, Inc.
(513)-278-9411
OKLA., OKLAHOMA CITY
e Radio, Inc. (405)-235-1551
OKLA., TULSA ¢ Radio,
Inc. (918)-587-9123

MARK OF EXCELLENCE

PENN., PHILADELPHIA e Almo
Electronics, Division of Sterling
Electronics (215)-676-6000
PENN., PITTSBURGH ¢ RPC
Electronics (412)-782-3770
S.C., COLUMBIA e Dixie Radio
Supply Co., Inc. (803)-253-5333
TEXAS, DALLAS e Adleta
Electronics Company (214)-742-8257
TEXAS, FORT WORTH e Adleta
Electronics Co. (817)-336-7446
TEXAS, HOUSTON e Harrison
Equipment Co., Inc. (713)-224-9131
UTAH, SALT LAKE CITY
® Hyer/Cramer Electronics Inc.
(801)-487-3681
VA., RICHMOND e Meridian
Electronics, Inc., a Sterling
Electronics Company (703)-353-6648
WASH., SEATTLE e Kierulff
Electronics, Inc. (206)-763-1550
WASH., TACOMA ¢ C & G
Electronics Co. (206)-272-3181
CANADA, ONT., SCARBOROUGH
¢ Lake Engineering Co., Ltd.
(416)-751-5980

Kokomoan’s Regional
Headquarters. Union, New
Jersey* 07083, Box 1018
Chestnut Statiom, (201)
687-3770 M Santa Monica,
Calif.* 90401, 726 Santa
Monica Blvd., (213) 870-
8807 ® Chicago, Illinois*
60656, 5151 N. Harlem Ave-
nue, (312) 775-5411 @ Kokomo,
Ind. 46901, 700 E. Firmin, (317)
459-2175 Home Office 8 *Office
includes field lab and resident
engineer for application assis-
tance.

THE KOKOMOANS \' ARE IN POWER

DELCO RADIO

'DIVISION OF GENERAL MOTORS
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Our new automatic test equipment tells you
where your electronic system went wrong,
and how to fix it. In plain English.

1
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Each new generation of electronic sys-
tems used to bring along its own mainte-
nance and support problems. Because
each new type of electronic equipment
needed new testing procedures, new
training and some new test equipment.

For the Army, the problem is even
greater. Because its field maintenance
and support equipment has to be mobile.
And it has to be relatively simple to
operate. .
That's where our SCATE® MK V
comes in.

General Dynamics’ Electron-k
Ics division went to work on this ¥
problem: creating a computer-§
controlled automatic test sys- SRas
tem light enough to be mobile, .
simple enough to be operated
without complex training, adapt-
ableenoughtobeusedforall the
. Army electronic systems into
the mid-1980's.

The answer is SCATE MK V, a unique

electronic diagnostic tool.

SCATE MK V talks English.

SCATE MK V talks your language.

The man who operatesit, in the field,
needs no advanced training. If he

can read or write English, he can
be trained to use this equipment
in a matter of weeks, not months.

Once an operator is trained,
he does not have to know how
the unit under test works. SCATE
MKV already does. Its computer
Is programmed for that.

Because the program is in
Englishandonline, the program-
mingcostsandtimeare reduced
by as much as 50% compared

to other automatic test equipment.
SCATE gets things down to size.

SCATE MK V Is about one-third of the
size of any similar existing equipment. It
can be mounted in a portable shelter on
the back of atruck. Or it can be delivered
to the field by helicopter.

Thereasonforthe smallersize of SCATE
MKV is that its computer is used more ex-
tensivelyinthe measurement function as
- ' well as the control func-
tion. This eliminates the
need for special and re-
dundanttestequipment.
One answer for nine
commodity areas.

The Army has identi-
fied a requirement for
computer-controlled
g8 automatic test equip-

& ment (CATE) in nine com-
modityareas: radio com-
munications; wire and
carrier communications; army avionics;
fire control equipment; engineering sur-
veyand map equipment; missile systems;
combat surveillance; laser systems; and
communications security.

SCATE MK V can be programmed to pro-
vide support in any of these materiel
areas.

SCATE MKV is a good example of what
we do best.

At General Dynamics we put technol-
ogy to work solving problems from the
bottom of the sea to outer space...and a
good bit in between.

GENERAL DYNAMICS

Additional technical information is available on SCATE
MKV on request. Write: General Dynamics, Dept. 850,
1 Rockefeller Plaza, New York, N.Y. 10020.
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MUCH. MORE. MOS.
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Laver any combination. Deposit any sequence. Use silican dioxide, silicon nitride and polycrystal-
I'ne silicon o build the most sophisticated MOS circuits. Even silicon gate technologies. No wafer
handling. No removal from the reactor chamber.

The AMN-700 series vaper depositicn systems. The first non-RF powered, high temperature, cold
wall reactors designed to deposit quality dielectric films.

Unparalleled uniformity in film thickness on as many as twenty 2” wafers per station. Variation =5%
wafer-to-wafer within a run. Temperature range: 659° to 950°C. Typical properties of Si;N. films depos-
itzed at 800°C are: stcnh rate (HF) 4-6 X/sec; refractive index 2.0; deposition rate 100-500 X/ minute.

With depositions at 850°C, polycrystalline silican at 0.5 micron thickness exhibits uniformity equal
or better to =10% with excellen: surface characteristics and etchability.

Absolutely no RFIl. That means complete compatibility with diffusion processing and testing
operations. The AMN-700 series. Call ccllect for immediate requirements.

Applied Matlerials Technology, Inc., 2999 San Ysidro Way,
Sanza Clara, California 95051, (408) 738-0600 Telex: 34-6332 -«
63 Route 206, Somerville, N.J. 08876, (201) 722-3300 Telex:
83-3439. In Europe: Advanced Semicorductor Materials, Woking-
ham U.K.; Bilthoven, Netherdands: Munchen, West Germany. In
Japan: Kanematsu-Gosno, Tokyo.

applied
materials
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Two-in-one CAD program
offers flexibility

at low cost

page 74

lon implantation
offers a bagful

of benefits for MOS
page 86

Speed limit is no
barrier with
associative memory
page 96

Solid state controls
head lineup for
new color-tv sets
page 102

For years, circuit designers using computer aids had to go
to large, costly programs to attain a wide variety of analyses,
or accept the limitations of less costly systems. Now Syscap,
a two-part program, offers both d-c¢ and transient analyses
and up 'o 80 times reduction of costs encountered in other
systems.

b g
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Though often regarded as just a method
for improving switching speeds in MOS IC’s,
ion implantation is a much more versatile
technology. In addition to providing easily
controlled low-threshold voltage devices,
ion implantation can be used to form de-
pletion-mode load transistors in IC’s, in-
stead of the conventional enhancement
mode load—with big gains in circuit speed
and simplification of power requirements. The IC shown on
the cover, for example, is a three-stage MOS oscillator with
depletion loads; its 25-Mhz frequency is three times higher
than similar enhancement-load units.

Thanks in large measure to new developments in plated-wire
and semiconductor arrays, associative memories, which store
and address data by content instead of address location
have moved out of the laboratory and toward production.
Among their features are simultancous processing of several
operations, and a reduction in computer time and memory
capacity required for bookkeeping functions.

With economic uncertainty making many buyers a bit re-
luctant, color-tv manufacturers are putting their money on
new solid state controls to bring up the sales charts. Electronic
pushbutton tuning and automatic color correction circuits are
among the features in new color-tv sets. Also slated for in-
troduction are larger (25-inch) screens.

Liquid crystals
shaping up

~<—Circle 72 on reader service card

Coming

A different type of display technique, using the special opto-
electric properties of liquid crystals, might provide the low-
power, rugged, inexpensive replacements for today’s crt, light-
emitting diode, and gas-discharge displays.



Two-in-one design program
offers big-system flexibility
with small-job costs

By E. Rivera, W. H. Dierking, R. Ranalli, and B. R. Bourbon,

Autonetics division, North American Rockwell Corp., Anaheim, Calil.

® Though circuit designers have used digital computers
extensively in their major projects, progress in employ-
ing computer-aided design on a smaller scale has been
slow. Applications for small, inexpensive CAD programs
have been severely restricted, while broader programs
are economical only in the larger design jobs. And long
turn-around times, extensive listings of parts data, and
rigid component-modeling boundaries in CAD programs
also have curbed wider usage.

Now there’s Syscap. Written for use with remote
terminals linked to a CDC 6600 computer, Syscap—system
of circuit analysis programs—is composed of two pro-
grams, Dicap for d-c analysis and Tracap for transient
analysis. With Syscap, the designer can check worst-case
d-c stresses, transient behavior, noise coupling, radia-
tion effects, and the results of catastrophic component
failures, all within his design schedule. And there’s a
bonus inside this versatile package—Syscap offers any-
where from two to 80 times lower computer costs than
other CAD programs.

Savings depend on the amount of time to be simulated,
compared with the smallest time constant in the circuit.
With short time constants, if a long simulation time is
required, many integration steps must be performed.
This is where Syscap excels. Using a Sceptre-Syscap
comparison as an example, a Schmitt-trigger circuit run
through both programs resulted in 759 system seconds

for Sceptre at 33 cents a second, or $250.80, while
Syscap’s run came to 30.8 system seconds, for $10.17.

With Syscap’s internal device-parameter data bank,
initial coding times run from 10 to 30 minutes. For a
simple 15-node circuit, it is possible to code, perform
nominal and worst-case d-¢ analysis, and obtain a tran-
sient analysis in one working day, instead of a man-week
of breadboarding, setup, and testing.

Syscap’s output format is tables and charts of voltages
at each node. Also included are other internal circuit
responses—voltages between nodes, various currents,
and device power dissipations—determined by auxiliary
equations written by the program.

Both Dicap and Tracap write nodal equations for the
networks and solve them with the sparse-matrix tech-
nique: only non-zero terms are stored in the core memory.
This approach permits efficient analysis of networks with
up to 100 circuit nodes. Furthermore, the CDC 6600 per-
mits two circuit simulations to exist simultaneously in
the core memory and turn-around time for each one
is reduced.

The Tracap program simulates the time response of
a circuit to an arbitrary forcing function, which can
be either a normal input signal or a power supply voltage,
or could cover radiation effects. In the latter cases,
Tracap models the primary photocurrents induced in
all p-n junctions as a function of ionizing radiation.

DICAP INPUT DECK  Ja¢————— COMPATIBLE INPUT FORMAT ————»]

TRACAP INPUT DECK

Double pronged. Syscap is made up of
two programs—Dicap for d-c and Tracap
for transient and radiation analyses. Each

I TRACAP I

uses stored semiconductor and passive-
component data to analyze circuits.

| 4

OATA BANK

OICAP OUTPUT

TRACAP OUTPUT

* POWER SUPPLY
SEQUENCING

* SENSITIVITIES
* WORST CASE

CONTROL CARO

—
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In Dicap, six d-c analyses options are offered. Instruc-

tions are shown in parentheses:

) Nominal (NOMINAL)

) One-at-time parameter variation (DCONE)

p Circuit failure simulation (CFS)

) Simulation of power supply turn-on (SOPSTO)
) Sensitivity (SENSIT)

) Worst-case (W/C)

The NOMINAL analysis sets all ciruit parameters to
their typical values and solves the circuit matrix. The
NOMINAL option generally is used to check for input-
data errors and as a quick check of circuit operation.

In the DCONE option individual parameters are varied,;
all others are held at their typical values. The parameter
may be stepped up or down in constant sizes, or up to
19 different parameter values can be used successively.

The CFS option simulates catastrophic failures of cir-
cuit components and depicts their effects on circuit
operation. In this option, transistors can be considered
with opens at both the base-emitter and base-collector
junctions, shorts at the two junctions, or with open and
short and short and open emitter and collector junctions.
Diodes, voltage sources, and resistors can be represented
with both opens and shorts, and nodes can be considered
both as shorted to another node or shorted to the refer-
ence node, ground.

The SOPSTO option simulates all possible worst-case

Where to get Syscap

The Syscap programing system is maintained and sup-
ported by the Autonetics division of the North American
Rockwell Corp. It is available at Control Data Corp.
data centers through Cybernet, a nationwide com-
munications system of data processing facilities con-
sisting of cpc data centers and public and private
remote terminals. If a Syscap user does not have access
to a cpc 6600 data center, he may install in his own
facility a terminal linked to Cybernet through tele-
communication lines. Special arrangements can be
made for many support services: special-purpose
Syscap modifications, additional component models and
component-part parameter data, training classes, and
other consultation services.
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power supply turn-on configurations. It takes all but
two of the possible combinations of zero volts and nom-
inal power supply voltages for all the power supplies
up to seven supplies. It doesn’t consider all voltages
at nominal value or all at zero volts.

The SENSIT function computes the sensitivity of all
circuit voltages with respect to each circuit parameter.
Sensitivity is defined as the ratio of the normalized
change of any output to the normalized change of a
circuit parameter:

oo, AV/VN
Sensitivity = AP/PN
where A V = change in some output, VN = nominal
value of the output, A P = change in the circuit para-
meter, and PN = nominal parameter value.

The parameters are changed one at a time in incre-
ments of 0.1%. Any output-solution sensitivity greater
than 0.05 is recorded for action by the designer.

The W/C option performs a worst-case maximum and
minimum computation for each node and each auxiliary
equation. Here, each parameter with a sensitivity-tol-
erance product (SENTOL) greater than 0.05% is set to its
appropriate maximum or minimum value.

A parameter matching feature in the worst-case anal-
ysis allows the designer to specify parameters that track
each other, such as the betas of two transistors on the
same chip. It’s unrealistic to consider, for example,
worst-case situations where one beta is maximum and
the other is minimum. Also indicated are any semi-
conductor device changes in state under a certain worst-
case condition.

Three summary tables are printed: maximun and mini-
mum node voltages occurring during the analysis, the
same information for each auxiliary equation, and any
overstresses that occur during worst-case analysis.

Syscap’s built-in models of semiconductor components
eliminate many possibilities of user error. The bipolar
transistor model, a modified Ebers-Moll unit, simulates
the cutoff, active, saturated, and inverted regions. In-
cluded are diffusion and depletion capacitances as a
function of operating point; automatic junction break-
down and bulk resistance terms for both junctions; and
transistor gain, variuble with operating point with a
normalized fourth-order polynomial to approximate the
gain function.

Beta normal By is computed as

Bx = By [By (log Inz)* + B2 (log Inz)® + Bs (log Inz)® +
B4 (lOg ID2) + B5]

where Ip, is the emitter junction current (the emitter
terminal current minus surface leakage and alpha-inverse
transistor action current) and By is the peak beta. The
coefficients B; through Bjs are derived from a least-
squares fit of empirical data. Beta inverse B;, which
seldom is specified by the semiconductor manufacturer,
is obtained by applying a ratio to By with a constant
Bg, which is either calculated from the one value of g
that’s sometimes given or estimated from data already
gathered on similar devices. The equation for beta in-
verse is 81 = Bn/Bs.

The diode models cover diffusion and depletion capaci-
tances as functions of operating point, bulk resistance,
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What Syscap can do

» Stress analysis: Dicap provides d-c stresses for
nominal condijtions and worst-case conditions, and
shows overstress caused by changes in power-supply
levels. Tracap simulates component stresses from
transient and duty-cycle operation.

» Functional analysis: Dicap produces the nominal and
worst-case performance for a d-c circuit. Tracap gen-
erates nominal performance and, if the user sets
parameters to their limits on the basis of the Dicap
sensitivity test and his own engineering judgment, will
indicate worst-case dynamic performance.

» Radiation analysis: Tracap determines the effects
of ionizing radiation pulses and performs a neutron-
effects analysis based on the worst-case analysis results.
Degraded semiconductor-device properties due to neu-
tron fluence are included.

» Failure-mode and effects analysis: For fault isola-
tion, a catalog of potential component failures and
related secondary overstresses, and the corresponding
circuit-failure symptons are calculated.

» MOS FET analysis: Tracap analyzes large-scale inte-
grated Mos circuits and shows the effects of variations
in threshold voltage and other process parameters.

Printouts. For the
regulator, Dicap

delivers nominal and

auxiliary voltages,

TaRLE

NUWINAL WOOL SCLTABLS

and surface leakage. Junction breakdown also is modeled;
the zener diode is a special case.

The Tracap model for four-layer devices (junction-
isolated transistors, diodes of integrated circuits, and
silicon-controlled rectifiers) consists of the transistor
model plus a diode model for the substrate or isolation
junction.

The field effect transistor model simulates metal oxide
semiconductor and silicon-on-sapphire p- or n-channel
enhancement mode devices. The FET unit simulates non-
linear output characteristics as a function of gate, drain,
and source voltages. Also included for MOS devices are
the body effect, in which the threshold voltage changes
with variations in the source-to-body voltage. Reactive
components are varied as a function of voltages and
modes of operation.

Although the user has the option of entering MOS FET
model parameters, he may instead put in basic process
data and FET dimensions. The computer will use this
information to set up the model parameters. Junction
FET’s can be modeled by adding an external voltage
source and two diodes to the built-in MOS FET model.

The Tracap FET model simulates operation in the
saturated region with a fixed slope. This saturated region
slope varies as a function of the gate-to-source voltage,
and the slope of the characteristics in the active region
varies as a function of both the gate-to-source and drain-
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4 52 .3

DICAP FREE FORM INPUT DATA

OICAP CONTROL CARO—NOMINAL, ITER=150
SERIES REGULATOR

Q1, NPN (B2, C1, E3) 2N2243A

Q2, NPN, (B4, C2, EG) 2N2243A
Q3, NPN (B3, C1, E5)P, IE 2N3265
Q4A, NPN (B8, €9, E10) 2N3043
Q4B, NPN (B12, C11, E10) 2N3043
DZ1 (A6, CG) IN748

DZ2 (AG, C8) IN748

El (+1, —6)12, +5, -5, RS=.1
E2(+7, -6) ~12, +5, -5, RS=.1
RL(5,6)1,5, +5, -5

CL(G, 5) 10U

R1(1, 2) 1K, +5, —5

R2 (3, G) 56, +5, —5
R3(9, 4) 2K, +5, —5
R4 (4, 6) 2. 1K, +5, ~5
RS (7, 6) 800, +5, ~5
R6 (5, 8) 400, +5, ~5
R7 (5, 9) 750, +5, -5
R8 (5, 11) 750, +5, -5
R9 (10, G) 800, +5, —5

FINIS

Regulator. Syscap, when applied to the
d-c regulator circuit, is entered in the
computer with the list of instructions
shown next to the circuit. The commands
show the device designation, its nodal
connections, its value or its type number,
and the input voltage sources with their
series resistances.

RA1(5,12) 4. 7K, +5, =5
RA2 (12, G) 6K, +5, —5

\

to-source voltages. A variable combination of a current
source and a dynamic resistance are used for d-¢ char-
acteristics.

To illustrate Syscap’s versatility, consider a d-c voltage
regulator design, on page 76. Three types of analysis
will be performed to highlight Dicap’s usefulness: a
nominal analysis, a worst case check, and an analysis
of the reaction of the regulator to extreme conditions
caused by catastrophic failure of components. Then Tra-
cap will be used to check transient and radiation-environ-
ment performance.

The first step using Dicap is to provide a description
of the circuit, with all nodes numbered, and to state,
for each device in the circuit, the purchase tolerances
or end-of-life parameter limits. Note that only minimal
information is needed to describe the type of component,
its position within the circuit, its parameters, and para-
meter limits. Coordinating circuit topology with a data
bank of device parameters minimizes the input-coding
time so all that’s necessary, once the circuit has been
described, is addition of a card to indicate the type
of analysis desired. Creating the Dicap data deck ordi-
narily takes from 10 to 30 minutes.

Since a formal record or document of the results of
a design or analysis generally is required, Dicap’s
printed output formats are designed for direct insertion
into reports. The printed output is divided into two
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sections: the circuit node voltages and the dependent
circuit currents, differential voltages, and power dis-
sipations resulting from the auxiliary equations.

Another output of Dicap’s nominal analysis option
is a description of the state of each semiconductor de-
vice in the circuit. For example, the state shown for the
two zeners, DZ; and DZ,, is breakdown.

All resistors have been assigned 5% tolerance. But
the semiconductor device information stored in the data
bank allows for up to = 500% parameter variations—
transistor current gains, for example, vary from a maxi-
mum of 200 to a minimum of 40. These extremes, com-
bined with resistor variations and unregulated input
voltages, cause the widest possible swings of all circuit
node voltages, power dissipations, and currents.

During the first run of the regulator’s worst-case anal-
ysis, many worst-case condition combinations causc
regulator output voltage to exceed the = 5% tolerance
specification. The results indicate that regulation was
not achieved either because of situations where tran-
sistor Q44 was saturated and transistor Q. was cut off,
or because other combinations forced the differential am-
plifier into a state in which transistor Q4 was cut off
and transistor Qs was saturated. Here, then, tighter
parameter tolerances would be needed to obtain the 5%
worst-case regulation. (Note, however, that this example
is presented only to emphasize Dicap’s usefulness; no
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Failure. The circuit

COMPOSITE GRAPH OF SIMULATED FAILURES ANDRESULTING STRESSES
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Major features of Syscap

Program-written auxiliary equations. Syscap will auto-
matically compute many circuit responses other than
node voltages: transistor currents and power; diode and
resistor current and power; capacitor and inductor volt-
age and current; FET drain current and power; and
voltage and current source current and power.

Simplified data entry. Syscap’s input language can ac-
commodate a variety of formats: a 1-megohm resistance,
for example, can be stated either as 1 MEG, 1. MEG,
1.E4+6, 1000K, 1000000, or 10EO5. Decimal points can
be used but are not necessary and values can be entered
with number suffixes or with standard exponent notation
(EO5). Other suffixes are T=1012, G=10° MEG=10¢,
K=103, M=10-3 U=10-6 N=10-9 P=10-12
Free-form data input cards. Syscap’s structure is such
that groupings are made of related data and an overall
input data order is necessary. But exact column placement
of the data is not required. Information must be coded
in the following order: component name, device type
(if required), nodal connections, auxiliary equation re-
quests, and data specification.

Sparse matrix-solving techniques. Only non-zero matrix
elements are stored and manipulated to reduce core
storage requirements and speed up solutions.
Independent voltage and current sources. Voltage and cur-
rent-controlled current and voltage sources are available.
Current-controlled sources are set by current through a
resistor; voltage-controlled sources are set by the voltage
across any two nodes.

Component parameter data bank. Permanent storage of
model parameter data for transistors, diodes, zener
diodes, and transformer cores is available.

Linear transformer model. An ideal linear transformer
model is available with Tracap.

Capacitor and inductor model. Tracap’s capacitor model
is represented as a capacitance with 10%-megohm shunt
resistance and a series resistance whose value may be
entered by the user. An inductor is an ideal inductor with
a series resistance set by the user.

Nonlinear convergence techniques. A modified Newton-
Raphson iteration technique is used for its rapid con-
vergence, allowing Syscap to compute a minimum num-
ber of matrix solutions. Modeled nonlinearities include the
full range of semiconductor p-n junction voltage-current

functions; bipolar transistor gain as a function of operat-
ing point; and FET dynamic output characteristics.
Diagnostics. Both Tracap and Dicap include diagnostic
messages to help detect input data errors. For certain
errors, the computer will assume a correction and per-
form NOMINAL or INITIAL CONDITIONS simulation.
Tracap restart. If a run is interrupted because it has
exceeded a fixed computer time limit or because a long
simulation is being divided into shorter runs, Tracap
can be restarted without losing results from the first run.
However, a radiation run may not be restarted if ionizing
radiation or its effects still are present in the simulation.
Min/max store feature; Tracap can save the maximum
or minimum value of a node voltage or auxiliary equation
during a particular time period and print it out at the
end of the run, together with the time when max or
min occurred and the user-specified start and end times.
This could be used for the maximum power dissipated in
a transistor and its time of occurrence.

Integrate feature: With Tracap, the user can select
output solutions to be integrated between specified
time limits.

Stress check feature: Tracap can test selected output
solutions for overstress conditions. It can present an
equivalent rectangular pulse whose peak value is equal
to the maximum value of the solution during the over-
stress period and whose area is equal to that under
the actual overstress curve.

User-controlled termination. The user can stop a Tracap
simulation if any output solution satisfies a predeter-
mined criterion.

Increment feature. Though Tracap does not necessarily
generate solutions that are evenly spaced in time, an
increment feature is available to allow the user to obtain
such solutions.

Postprocessing of overstress information. After making
a run, Dicap produces tabular and graphical outputs
of conditions of overstress that occurred during the run.
Automatic device state determination. Dicap and Tracap
examine the terminal bias conditions of active devices and
then, after a NOMINAL Dicap solution or an INITIAL
CONDITIONS Tracap solution, tabulate the device states.
This is done for both transistors and diodes; Tracap also
does it for FET’s.
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Transients. The regulator’s transient
turn-on curve (top) is calculated by
Tracap, which also analyzes radiation
effects, The middle curve shows output
under radiation, the lower curve shows
the voltage at the Qs collector, and the
curve to the right shows the regulator
voltages under linearly varying radiation
dose rates up to 108 rad(Si)/second.
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attempt is made to optimize other properties of a good
design, such as minimum power dissipation and tem-
perature effects.)

To restrict the regulator transistors to the active
state, and to maintain 5% regulation of the output
voltage (node 5), resistors Ra; and R, and resistors
R; and R, are changed from a tolerance of 5% to 1%.
The characteristics of transistors Q4 and Qup are de-
signated as matched, so the parameter-matching feature
option is used. With these changes, the voltage varia-
tion at the output of the regulator is approximately
+2.47% and —0.067%—well within the +=5% regula-
tion requirement.

In this simulation, maximum and minimum values
for each of the 39 regulator output solutions were
obtained using only 42 seconds of computer time.

For a circuit-failure simulation, Dicap, in addition to
being given the CFS instruction on the control card,
must be told which component failures it is to simulate.
Since failure of all components will be requested for
this example, the words “QALL, DALL, FALL, RALL,
STOP,” must be punched on a card and added to the
data deck.

After each component failure is simulated, a com-
plete description of the reaction of the regulator is
assembled and printed out. The type of failure first is
described, then is followed by a list of the overstresses
computed as a result of that failure. Then all the node
voltages are listed, with circuit auxiliary output solu-
tions listed below them. After all failures have been
simulated, a table is printed, as on page 77, summariz-
ing all overstresses and related component failures.

The CFS output chart, on page 78, indicates the
effects on a circuit of simulated component failures. The
chart is designed to graphically depict the component
overstresses related to each failure. The shading of
squares indicates the degree of overstress, beyond
a rated value, to which each part has been subjected.
The chart can be used as a circuit repair guide to
determine which parts to remove in addition to those
which have failed: overstressed parts may still function,
but reliability could be degraded.

Writing of fault-isolation procedures may be expedited
with another of the CFS graphical output charts pro-
vided by Dicap, on page 78. This chart plots voltage
deviation of the output for each induced failure. Note
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NODE 1 AND NODE 3

80

Tracap analyzes an inverter

To indicate how easy it is to use Syscap, Tracap was
applied to the simple inverter circuit shown. Eleven
statements, each listed on a separate input card, were
read to the computer. The first indicates the desired
amount of output printing and plotting:

CALC/PLT = 1, PLT/PRT = 1
Here the caLc/pLT ratio is 1, indicating that every
calculated point will be plotted. Similarly, every plotted
point will be printed, since pLT/PRT = 1. The next
statement sets up the computer to accept data on the
test circuit:

TEST CIRCUIT
The next three statements describe the circuit by identify-
ing the component, stating its placement between num-
bered nodes, and giving its value. Active devices are
described by stating the connections to the nodes and
by giving the device type.

R1 (1, 2) 1K

R2 (3, 4) 330

Q1, NPN (EG, B2, C3) 2N2222
A description of the power supply follows, giving its
positive and negative terminal connections to the nodes,
its value, and its series resistance—0.1 ohm:

El (+4, —G) 7, RS = .1

E|=7v
Rz
333
2N2222
Ez
— i

o ©
7.X10 b oo e
: LEGEND S
NODE | o $
00 -
6.X10 = NODE 3 o
00 o
5.x10 |-
o
4.!'000" o
00 °
3x10 |-
°
L4 v
axe’® .
Q
. . o
100 - $ *
- . -
o
0 * J e
. .
L -
s, A
1 1 1 1 1
) 200001077 400007 6000x10°%"  8000x16%7  1.000x10708

TIME IN SECONDS

The next statement enters information about the input
signal: its nodal connections, its shape, its series resistance,
its two voltage levels, and the duration of time in nano-
seconds for each portion of the pulse—baseline, rise, top,
fall, and end of section of interest:

E2 (41, —G) PULSE, RS = .
10N, 500N, 20N, 1010NSEC
The circuit description is now complete:

FINIS
Then the computer is requested to plot the computed
waveform for node 3 and node 1 on the same graph.

PLOT = NODE 3 + NODE 1
With the next instructions the computer begins to solve
difference equations for the circuit with a time step size
of 10 nsec and continues until 1,000 nsec of simulation
time have been reached:

TIME = 10N, 1000N
The final command asks the computer to calculate initial
conditions with E2 = —1.5 volts, and then use this as
the circuit solution for time = 0.

INITIAL = COMPUTE
The results of the Tracap simulation and analysis are
shown, together with an oscilloscope display of the
actual circuit response.

1, —1.5, 4+2.8, 100N,

o=

I t4 to =100 nsec

t; =10nsec
t4= 500 n sec
ty = 20nsec
tp=1,010 nsec

e
!Illlll“l
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How Syscap pays off . M‘L""*'l“
ower ower
Syscap Features Computer Manhour Extended Same features In
Cost Cost Capability Ecap Circus Sceptre
Engineering-oriented input language X yes yes yes
Free-format data cards X yes yes yes |
Component-parameter data bank X no yes note 1
Sparse matrix solving techniques X X no note 2 no
Sophisticated device models X X no yes note 1
Superior nonlinear convergence techniques X no no no
Program-written auxiliary equations X yes yes yes
Restart capability (Tracap only) X no yes yes
Special user convenience features:
Tracap
integrate function X X no no no
Stress function X X no yes no
Max/min function X no yes no
Output of user-specified intervals X no yes no
Dicap
Extensive post-processing of results X X no NA NA
Special graphical output X no NA NA
Both Tracap and Dicap
Automatic device state determination X no no no

NA — not applicable

nates: 1. Stored model feoture can be used for both device models and component parometer dota.

2. Matrix packing is employed — equivalent to Syscop.

that for failure number 4, Q1 BASE-EMITTER and BASE-
COLLECTOR SHORTED, the voltage at node 5 is a
unique value, not even close to any of the others. This
also occurs for failures 6 and 27, while 9, 22, and 28 all
are quite close to each other in value. These unique
voltage values can be used to isolate failed parts with
simple d-c measurements.

The information on these charts also might help
the designer to locate test points at circuit nodes exhibit-
ing the largest number of unique voltage deviations.
For those failures not exhibiting simple, unique voltage
deviations, the designer can examine the charts and find
unifjue combinations with which to isolate the failures.
If the designer wants to determine transient turn-on
stresses and stability as a function of load changes and
unregulated supply-voltage changes, he can use Tracap.
The control card must be changed in the input data
deck, and several transient solution control cards must
be added.

An important feature of the Tracap transient simula-
tion program is the ability to vary bipolar transistor
gain as a function of operating point. Most other
analysis programs use a constant value of beta for all
operating points. However, a constant beta model
would have changed the simulation results in this
transient simulation of the voltage regulator.

In the transient turn-on characteristics of the regu-
lator on page 79, the importance of a variable beta
may not be obvious. However, if constant betas were
used, the regulated level would have been reached in
approximately 2 to 3 microseconds, rather than in 10
psec as is actually the case. Also, with constant betas,
the peak current and power stresses may have exceeded
stress levels. But, with variable betas, more realistic
simulation of device operation is achieved with the
associated current, and power surges and turn-on time.

Tracap can also predict operation of the regulator
when exposed to ionizing radiation. The regulator was
subjected to three levels of radiation—10%, 107, and 108
rad (Si)/sec—and the response to cach is shown in the
plot on page 79.

In another simulation, radiation was varied con-
tinuously as a function of time, from 10S, to 108 rad
(Si)/sec. This was done to illustrate that radiation test
results may not always be predictable because an allow-
able variation in the expected dose rate may completely
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alter the behavior of the circuit. For example, with a
9-psec ionizing pulse that has an amplitude of 107 rad
(Si)/scc, the circuit apparently regulates to 7 volts
+5%. However, as shown on page 79, Q. is saturated for
the duration of the pulse, and the apparent regulation
is achieved from the primary photocurrent of the series
element Q.

The initial dip in the output voltage curve on page 79,
at about 1 psec, is a result of the characteristics of the
photocurrent generator. A depletion and a diffusion
term are included in the photocurrent model; the diffu-
sion portion is time-dependent. At the end of the radia-
tion pulse (approximately 10 psec), a second dip in
output voltage is observed in the plot; this occurs
because the radiation effects are diminishing, and the
amplifier and ‘nverter need time to recover from their
saturated conditions.

Once the cause of the response is isolated, changes
can be made to correct it. For example, at high levels
of radiation, saturation could cause damage to the power-
supply load. But a transistor that is non-functional except
in the presence of radiation could be added to the circuit,
with collector connected to the base of Qs, base con-
nected to ground, and emitter open. If this device were
the same type as transistor Q,, its photocurrent gen-
eration would cancel the effect of photocurrent genera-
tion in Qg thereby eliminating regulator saturation. @
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Circuit design

Designer’s casebook

Zeners cut corners
in MOS gate driver

By Roland J. Turner

General Atronics, Philadelphia, Pa.

The availability of complementary-channel MOS
sampling-gate circuits, such as RCA’s CD4016D,
earlier designated as the TAS5460, provides the
opportunity to increase the dynamic range of sam-
ple-and-hold circuits. But the drive circuits must
be designed to take full advantage of C/MOS de-
vices and achieve the reduced transients—the fun-
damental purpose of going complementary in this
type circuit. A driver circuit was designed that
achieves maximum transient peaks in the load that
are 46 decibels down from the maximum gating
amplitude, compared with transients as little as
20 db down without the circuit. Furthermore, the
energy in such transients is very low—about 5 x
10—2 volts-second.

In an exponential drive waveform, the sudden

Designer’s casebook is a regular feature in
Electronics. Readers are invited to submit
novel circuit ideas and unusual solutions to
design problems, Descriptions should be
brief. We’ll pay $50 for each item published.

changes of slope at the beginning of the rise and
at the top of the pulse are the major sources of
transients that could be coupled to the load through
the gate-to-load capacitance. The drive waveform
would be better if it had no slope discontinuities
and if it had as low a turn-on and turn-off slope
as possible, while still gating within the desired
time interval.

Zener diodes with series resistance round off the
corners of the drive waveform. In addition, a non-
saturating drive switch prevents direct feedthrough
of the input waveform—a condition that would exist
in a saturating switch driver due to the coupling
from input to output.

The waveform at the collector of the nonsaturat-
ing drive, the 2N2219, switches from 4-15 volts to
—14 volts and drives the zener-diode shaping net-
work to turn off the CD4016D gate. The collector
waveform has sharp corners that are softened by
D; and D: so that a smooth transition is presented
to the gate input. The two diodes also limit the
input swing applied to the CD4016D to about +7
volts and —7 volts (6.2-volt zener plus forward
drop for the 1N914). R, is varied to adjust the
off-going transient, and resistor R, takes care of
the on-going transient.

+
15, 520 i
—15 v —AAA- . 620
4 £ig IN914
.lp.f:[: 04
WR IN914
—— 7 14 —L
010 uf  INTS3A - IN753A
& | 1€ l i c040160 | A% SIGNAL
» v ; IN
12k IN914 10k y 620
O E— —W——0D-O 2N2219 S REEE
10v % =
ik IN914 _ OUTPUT
Ry
10>
10k
Zké HT
£ L.
1 insi4 ) L :__[ =

@DiNSM

=15v

Corner softener. The zener diodes, with their series resistances, will soften the sharp edges
of the drive waveform applied to the complementary MOS switch. This softening reduces the transients
that appear in the output waveform and thus increases the dynamic range of the switch.
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Exclusive-OR IC’s serve
. In the circuit sl , the offset bias i t to
for phase-IOCklng taSkS ma]?e thce ;:efcclrencsel(:t‘::](rl1 theco:tpslft si)g:sﬂ;sg(s)(03 out

of phase—there will be 90° between the midpoints
: of the high part of the waveform. The VCO’s fre-
By George S. Oshiro quency I;gowlc)ver, can be any factor 2V times the
Teledyne Systems, Los Angeles, Calif. reference frequency and must be divided down by
the same factor to develop the output frequency.
Thus the VCO’s frequency can be higher than the

An exclusive-OR circuit can serve as a simple phase reference, making design of the VCO easier.
detector in a phase-locked loop. The circuit is in- With this scheme, the d-¢ component of the
sensitive to noise because the control voltage is exclusive-OR output is independent of the refer-
averaged and noise pulses have low d-c components.  ence’s duty cycle, and thus small changes in the
And it can be used from d-c to about 5 megahertz. reference’s symmetry are ignored if the reference
The inputs to the quad-gate exclusive-OR IC are signal frequency stays constant. Also, narrow noise
the output signal, f,, and the reference signal to pulses on the reference waveform are essentially
which the output is locked. The exclusive-OR cir-  ignored, since they will have only a small d-c
cuit’s output is high (logic 1) when the reference  component. However, because the offset bias is

and output signals are in the same states. fixed, there can be a drift with temperature that
The resulting train of pulses is filtered to extract would be interpreted as an error signal.

its d-c component. The d-c is amplified to set the With two NAND gates added to the circuit, the

frequency of the voltage-controlled oscillator. drift problem can be eliminated because the out-

The d-c level corresponding to the desired fre- puts of the NAND gates will have similar tempera-
quency of the output is nulled out with an offset ture characteristics. In addition, this scheme pro-
bias applied to the amplifier. Thus, when the out- vides an output that is in phase with the input.
put is at the desired frequency, the nominal, center- With this setup, the truth table shows that
frequency voitage is applied to the voltage-con- when the exclusive-OR output is high—a logic 1—
trolled oscillator. If the output tends to increase there is a phasc-error condition. The exclusive-OR
in frequency, the exclusive-OR output increases its  output will be high when the reference and the
duty cycle; its d-c level increases, and this change output signal are different, indicating that they are
in d-c voltage is transmitted to the VCO to decrease out of phase. When the exclusive-OR circuit output
its frequency. Decreases in output frequencies are  is low—logic O—the reference and output are in
counteracted in a similar way. phase and D and E are both low.

TexcLUSIVE-0R oTul |
] goxst REFERENCE

| EXCLUSIVE - OR veo
REFERENCE | 11l ass IDLE FREQ
(A) | = fo X 2N
OFFSET
BIAS
INPUT
FROM
vco . 2N
(8) + 2N COUNTER
_fo
REFERENCE f%,, o
EXCLUSIVE - OR foudd| L_J W
11
- REFERENCE INPUT L0 [l (1 |1
o | 7|ty
PHASE OETECTOR oUTPUT || LI L) LL
+Voe-
TRUTH TABLE 0 Y
clQ[Q(D|E -
(2f5) REFERENCE INPUT
I|1tio/0]1 }PHASE ERROR (UNSYMMETRICAL) IL "'J =
[1{O[1[1]0] J CONDITION + 2N COUNTER PHASE OETECTOR OUTPUT ,_Jlr L “
0{1/0[010] ] \N-PHASE (NU +V,
ololi1lolo }conomon t fo O vi— T

Locking it in. The exclusive-OR circuit compares the signal output with the reference and delivers a
train of pulses whose d-c value sets the frequency of the voltage-controlled oscillator. With two
additional NAND gates, the circuit provides an output in phase with the input.
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Dynamic braking emf
signals motor to reverse

John E. Bjornholt

Motorola Government Electronics, Scottsdale, Ariz.

For years, d-c motors have been braked by placing
a resistance across the motor after power is dis-
connected. But the voltage generated as the motor
slows also can be used as a signal to set up the
motor drive circuit for the next sequence of events.
For example, in a motor-driven antenna, the gen-
erated voltage is used to provide the necessary
switching to reverse the connections to the motor,
thus switching its scan direction,

In the circuit, K; is a latching relay—it has two
coils that need only be pulsed to move the contacts
to the opposite position, where they remain until
the next pulse to the opposite coil. Assume that
coil L; had been pulsed last and the contacts are
as shown. The motor is turning clockwise.

The motor is returned to ground through the
diodes D, and D.. The voltage across these diodes
holds Q, on, which in turn holds both Q. and Qs
off.

\When the antenna reaches its limit, the cw limit

+28v

—_——— e e a

switch is actuated, and the motor loses its 2S-volt
supply line. Inertia continues to turn the motor, but
resistor R, dissipates the inertial energy. The gen-
erated emf also is applied to the base of Q,, hold-
ing it on. When the motor stops, Q, turns off and
Qs turns on—the point A is still connected to the
28-volt supply through the switch.

This cnergizes L, and switches K;, which re-
verses the voltage going to the motor, causing it to
reverse. After K, switches, point A is connected
to ground, Q; turns off, and Q; turns on again
as current flows through the motor and through Ry
(the cw limit switch hasn’t switched yet). Thus,
resistor Rp not only controls the damping of the
motor, but it also limits the starting current to
the motor. However, RR;, does limit the motor’s
starting torque.

As the antenna backs off its full cw position, the
cw limit switch goes back to its former position
and current again flows through D; and D., keep-
ing Q; on. A similar sequence of events occurs
when the motor reaches its cew limit,

Capacitors C, through C; keep the circuit from
falsely actuating the relay during the time the limit
swilches and relay contacts are in the transitional
state, while C; acts as a commutation noise filter
on the motor. The damping resistor’s size depends
on the size of motor, but as a rule of thumb, it may
be set at twice the armature resistance.
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Hitting the brakes. The damping resistor, Rp, dissipates the inertial energy of the motor when power is
disconnected and also develops the signal to turn on Q; as the motor is slowing down. When the motor stops,
Qs turns on and pulses the latching relay to reverse the connections to the motor.
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Zero-In On

3A To 20A Economy
With Rugged, New
Silicon Power
Complements!

The most spec for the least money!

That’s the big story in back of these 20 new 3, 5, 8, 12
and 20 A silicon power transistors . . . spec’d to give you the
option of choosing the exact current-gain level you need for
a variety of industrial designs without having to ‘“‘specialize.”

They handle power up to 200 W . . . and they’re com-
plementary!

That means you can design circuit-simplified audio/servo
amplifiers with no need for output transformers and asso-
ciated labor of installation. And, in dc-coupled pulse genera-
tors, the series can provide both positive and negative pulse
outputs when used as PNP/NPN pairs.

The 2N5867-86, 60-80 V family gives you your choice of
capability vs. price, too because it has gain spec’d at 3
points within each individual current category. The 12 A,
2N5879-82 group, for example, furnishes minimum beta of
35 at 2 A and 5 at 12 A plus a complete gain range of 20-100
at 6 A. Two saturation voltages characteristics (Vg & Vi)
are given at 7 and 12 A, too, providing a broad picture of
high efficiency operation in your design . . . and ensuring more
‘“‘usable power” even up to junction temperatures of 200°C!

Motorola’s exclusive EpiBase* fabrication process fur-
thers inherent economy by furnishing more low-cost ways to
replace germanium types while maintaining long-term reli-
ability and stability in the most demanding applications.

Set your sights on the 2N5867-86 series for relay and
solenoid drivers, inverters, converters, and audio/servo
amplifiers . . . Box 20912, Phoenix, Arizona 85036 — get all
the silicon power you need for the exact price you want to
pay — today!

Rise &

Type lc Po hee Vce(sat) Fall | PRICE, 100-UP
Feaa==———! (Cont) w @ lIc @lc Time |- — i 1
PNP NPN A (min/range) v us PNP NPN

2N5867 | 2N5869 35 @ 0.3A 1@ 2A $1.35 | $1.25
2N5868 | 2N5870 3 8712 | 20-100 @ 1.5A | 2 @ 3A 155 1.60
5@ 3A
2N5871 | 2N5873 35 @ 0.5A 1@ 4A 1.60 1.40
2N5872 | 2N5874 5 100 | 20-100 @ 2.5A | 2 @ SA 1.95 1.75
5 @ 5A
2N5875 | 2N5877 5@ 1A 1 @ 5A 2.45 1.70
2N5876 | 2N5878 8 150 | 20-100 @ 4A 3@ 8A 1.0 2.85 2.00
5@ 8A @
lc (max),
2N5879 | 2N5881 35 @ 2A 1@7A 2 3.70 2.70
2N5880 | 2N5882 12 160 | 20-100 @ 6A 4@ 124 4,20 3.00
5@ 12A
2N5883 | 2N5885 35 @ 3A 1 @ 15A 4,10 3.75
2N5884 | 2N5886 20 200 20@100 @ 10A ! 4 @ 20A 4.50 4.25
5 20A

Trademark of Motorola Inc.

MOTOROLA

Silicon Power Transistors

Circle 85 on reader service card 85



lon implantation offers
a bagful of benefits for MOS

Better high-frequency performance is but one virtue
of this new doping process; it also results in a broad range
of low threshold voltages and makes possible new types of IC devices

By John Macdougall and Ken Manchester, Sprague Electric Co.,

and Robert B. Palmer, mostek Corp., Worcester, Mass.

® Ion implanted MOS devices have been best known
for their improved high-frequency performance over con-
ventional metal oxide semiconductor IC’s. But now device
designers are learning that the ion-implantation process
can produce even bigger performance dividends.

Not only do ion-implants yield consistently repro-
ducible low thresholds, ranging below the standard 4
volts down to a TTL-compatible 1.5 volts, but the process
permits fabrication of previously unrealizable IC’s with
devices such as depletion-mode loads and enhancement-
type drivers on the same chip. This combination provides
logic gates with speed-power products twice those of cir-
cuits with only enhancement-type loads.

What’s more, ion implantation simplifies fabrication
of n-channel IC’s, heretofore rather tricky to make
through diffusion methods, yet valuable because they
are compatible with bipolar circuits. The n-channel al-
lows complementary MOS IC’s to be built that feature
higher speed and lower power dissipation.

All this is possibie because under the ion implantation
process, dopants are introduced into the silicon IC
wafer over a greater range of concentrations and with
more precise control than is possible with diffusion
techniques.

So far, the Mostek Corp., using techniques developed
by the Sprague Electric Co. R&D Laboratories, has used
ion implantation to manufacture—and sell commercially—
several low-threshold IC’s, including a dual 128-bit static
shift register, a dual 256-bit dynamic shift register, and a
2,240-bit column-output character generator. These cir-
cuits operate at speeds comparable to other MOS IC’s, but
because of these ion-implanted channels, the Mostek
devices have lower threshold voltages than are possible
with the three other “low-threshold” MOS fabrication
processes [Electronics, April 13, p. 118]. The threshold
voltage, Vr, of ion-implanted IC’s is L0 to 2.0 volts. The
1-0-0 process yields a threshold voltage of 2.0 to 3.0
volts, whereas silicon gate and silicon nitride techniques
produce 1.5 to 2.5 volts.

Moreover, with ion implantation, it’s possible to choose
the threshold voltage. The threshold distribution can
easily be shifted to any range the circuit designer con-
siders optimum; it is not dictated by the process restric-
tions as it is in the other technologies.

Ton implantation offers still other advantages over
these processes. Consider the 1-0-0 process. A transistor

North Adams, Mass.

fabricated on the 1-0-0 plane of silicon exhibits less
fixed-surface-state charge density per unit area, Q.s, than
a transistor made on 1-1-1 silicon. Thus, all factors being
equal, the 1-0-0 transistors would have a lower Vr as
indicated by the equation

Vi= — 22 (@Qu+ Qo) + ¢'us

where t,, is the thickness of the gate dielectric, K is the
dielectric constant of the gate material, e, is the per-
mittivity of free space, Qg is the charge per unit area
within the surface depletion region at the onset of
strong inversion, and ¢’ys is the effective difference be-
tween the work function of the bulk silicon and that of
the gate metal.

Unfortunately, carrier mobility in a 1-0-0 transistor’s
channel is lower, resulting in slower switching. More
seriously, the field-oxide threshold voltage—the value
at which unwanted transistor action occurs between
metal on the surface of thick portions of the oxide and
the silicon substrate—is low. This means that there
is a greater probability of parasitic turn-on, and
yields therefore tend to drop. The field-oxide threshold
typically is 15 to 20 volis in 1-0-0 transistors, against
at least 30 volts in conventional 1-1-1 transistors and
in silicon nitride, silicon gate, and ion-implanted trans-
istors. On the credit side, the 1-0-0 approach to low

Before and after. Conventional load
device in MOS inverters is an
enhancement-mode transistor (top). lon
implantation permits fabrication of
depletion-mode load transistors (bottom).
For equal power dissipation, the depletion
load switches at least twice as fast as the
enhancement load. In addition, the
depletion load requires only one power
supply, freeing chip area for other
functions and simplifying equipment
design.
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Vr does use standard, well-understood processes.

The silicon nitride approach, which employs a sand-
wich of SizNy and SiOs, reduces Vybecause the dielectric
constant of the Si3N4-SiO. combination is greater than
that of SiO. alone. This decreases Vp about 1.5 volts
below that of the standard process. Moreover, the field-
oxide threshold voltage remains high.

However the nitride process complicates fabrication:
extra steps are required, and the two dielectric materials
may etch at different rates. More seriously, some manu-
facturers have had difficulty because the threshold
voltage of a transistor with a SisN4-SiO» dielectric can
shift, depending on the method used to form the gate
structure. The disadvantage can be overcome, but at the
cost of greater process complexity.

Then there’s the silicon gate process. Here doped
polycrystalline silicon is used as the gate electrode
instead of the usual aluminum, thus reducing the work
function between the two materials in the Vr equation.
The reduction amounts to about 1 volt—more if a SisN,
layer is interposed in the dielectric. The silicon gate
also decreases parasitic capacitance and thus signifi-
cantly speeds up circuit operation.

The principal disadvantages of the silicon-gate process
are that it employs critical deposition and etching steps
that are both more numerous and quite different from
the standard sequence.

Ion implantation can reduce Vr by reducing the charge
per unit area in the equation. This is accomplished by
implanting ions into the MOS transistor’s channel region,
as shown on the following page. Virtually any threshold
voltage below the 4 volts typical of the standard 1-1-1
process can be obtained in this manner. Moreover, IC’s
with ion-implanted channels have the highest ratio of
field-oxide threshold to device threshold of any circuits
available.

The implantation method does not require any addi-
tional deposition, photomasking, or etching steps that
incur yield loss. And the same masks that are used in
the standard MOS process also can be used in the ion-
implanted channel technique; wafers that are to be
fabricated for low-threshold voltage simply are diverted
from the standard process flow after gate oxidation. Then
they’re ion-implanted and are returned to the normal
process flow,

Sprague-Mostek’s ion implantation techniques differ
from those used at Hughes Aircraft Co., another firm
that’s closely identified with implantation. Mostek only
implants the channel region [Electronics, May 25, p.
125], whereas Hughes employs ion implantation in con-
junction with a self-aligning gate structure to form part
of the drain and source regions. Since the gate doesn’t
overlap the source and drain, parasitic capacitance is
reduced and switching speed is substantially improved.

The next step at Mostek will be to manufacture
ion-implanted 1C’s with depletion-load transistors as
well as the usual enhancement-mode driver transistors
on the same chip. This is simply an extension of the
ion-implanted channel process used to achieve low Vr:
the channel of the load transistors on the IC are im-
planted with a slightly higher dosage of ions to make
them operate in the depletion mode instead of the
conventional enhancement mode. As a result, the IC’s
will operate with at least twice the speed of similar
circuits that have enhancement-mode loads.
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Diversion. Processing of
low-threshold ion-
implanted MOS
integrated circuits is
similar to that of
conventional MOS IC’s,
except that the IC
wafer is diverted briefly
from the process flow
for ion implantation in
an accelerator. This
occurs after the gate
oxidation and before
removing the oxide
over the drain and
source for contact
deposition. In the
accelerator, ions
readily pass through
the thin gate oxide into
the silicon, but cannot
penetrate the thick
oxide elsewhere.
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Above the line. For most drain-to-source
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more drain current than either the “idea

lll

linear resistor load or the enhancement

load.

The first depletion-load circuit will be a 4,096-bit
read-only memory that is completely transistor-transistor-
logic compatible—even with the TTL power supply. A
single TTL +5 volt power supply will be all that is
needed to power the depletion-load MOS ROM; no inter-
face components will be needed.

The desirability of using a depletion-mode device
as a load has been recognized, but it was impractical
to make them on the same chip as enhancement-mode
transistors with diffusion techniques. For one thing, a
depletion load calls for very light counterdoping of the
load transistor channel. In fact, the concentration is so
low that the dopant can be absorbed by the gate oxide
at the high temperatures needed for growing the gate
oxide. However, this doesn’t occur under ion implanta-
tion because the gate oxide is grown before counter-
doping; the ions are implanted through the gate oxide.

The main difference in operation between enhance-
ment- and depletion-mode transistors, of course, is that
the former is off at zero voltage on the gate, whereas
the latter is on. The use of the new device greatly im-
proves switching speed.

To understand the improvement, consider a representa-
tive MOS inverter circuit, as shown on page 87. This cir-
cuit, in its standard, commercially available form, invari-
ably incorporates an enhancement-mode transistor as the
load, as well as the driver. Suppose that the driver
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has just turned off. Then the load transistor will turn
on if its gate voltage, Vgg, is greater than the threshold
voltage of the load device, and the voltage at the node
joining the driver and load will rise to a value Vpp (the
drain voltage) minus the threshold voltage. Thus, if Vpp
were 10 volts and Vr were 2 volts, the node voltage
would rise to 8 volts.

Now consider the depletion-load inverter circuit
on page 87, made possible by ion implantation. Because
this device is always on, it’s not necessary to apply a
separate voltage to the gate, which therefore can be
connected to the node. Since the gate-to-source turn-on
voltage remains fixed during the switching transient,
there is always a conduction path through the device,
and the voltage at the node pulls up to V,;, much faster
than it does in the enhancement load circuit. The deple-
tion-load circuit reaches a useful output voltage in about
half the time.

In terms of the time constant of the inverter cir-
cuit’s resistance and capacitance, the enhancement-mode
transistor load takes 18 time constants to switch from
10% to 90% of the output voltage, whereas the depletion
load takes only 1.5 time constants to achieve the same
output level. The depletion load is even faster than a
purely resistive load, which would take 2.2 time con-
stants to achieve this level. In practice, the 90% output
voltage is not required, and the typical speed improve-

First string. String of nine depletion-load
inverters on this test chip has a total
propagation delay of about 200
nanoseconds, about half that of standard
enhancement-load inverters. Large
square areas at bottom are contact pads.
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Short guide to MOS terminology

Enhancement-mode transistors show no channel conductance at zero gate bias. Forward
bias increases the charge carriers in the channel and enhances channel conductance.
Depletion-mode transistors are those that exhibit substantial channel conductance
at zero gate bias. Application of a reverse gate bias depletes the number of charge
carriers in the channel and reduces channel conductance.
lon implantation is a technique for doping a silicon wafer. Ions of the proper dopant,
such as phosphorus or boron, are accelerated to a high energy—40,000 to 300,000
electron-volts—and bombard the silicon wafer target. The ions’ penetration depth in
the silicon is determined by their energy. In those chip areas where ion implantation
isn’t wanted, an aluminum mask or a thick (12,000-angstrom) oxide absorbs the ions.
It’s highly desirable to have enhancement-mode driver transistors and depletion-
mode load transistors in p-channel mos inverters. However, it wasn’t feasible on a
single chip until ion-implantation techniques came along. With precise control of the
amount of dopant in the driver channels, depletion-mode devices now can be fabri-
cated on the same 1c chip as enhancement-mode transistors.

ment is more like a factor of two or three over enhance-
ment loads.

As shown at top of preceding page, the load line for
the depletion load always is above that for a purely
resistive load, which in turn always is higher than the
load line for the enhancement mode. Thus, the depletion
load gets to a given voltage level faster.

Aside from speed, the depletion load has another
very important advantage: it requires only one power-
supply voltage, which can be the +-5-volt TTL supply.
This simplifies system design and also makes for more
efficient utilization of chip area; since a substantial
amount of metalization is omitted, additional area be-
comes available for logic functions. Physically, too,
the depletion load device requires less space than
an equivalent enhancement-mode device: the area of
the depletion load channel is well under half that of the
equivalent enhancement load.

In the future, Mostek plans to exploit ion implantation
in conjunction with some of the other recent develop-
ments in MOS technology such as silicon nitride dielec-
trics, the silicon gate, n-channel circuits, and comple-
mentary circuits. The n-channel IC’s appear particularly
attractive because they are faster than p-channel devices
and have greater functional density. Since the current
carriers in the n-channel MOS transistors are electrons,
and have roughly twice the mobility of holes at normal
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field intensities, the n-channel transistors have about
half the on resistance of corresponding p-channel de-
vices. This decreases the time constant and allows an
n-channel device to turn on in about half the time.

In addition, both n-channel and bipolar devices oper-
ate at positive bias voltages. This similarity of voltage
sign significantly reduces the MOS chip area required
for output buffers to interface directly to TTL.

The advantages of n-channel over p-channel IC’s as
yet haven’t been realized because n-channel devices
fabricated on high-resistivity (10 to 15 ohm-centimeter)
p-type silicon are inevitably, because of the low doping
level, depletion-mode circuits: they’re always on. This
is fine for loads, but not for drivers. And if low-resistiv-
ity (1 ohm-cm or less) material is used to effect enhance-
ment devices, mobility is so low that there is little speed
advantage over p-channel.

However, ion implantation allows use of high-resistiv-
ity substrates to build enhancement-mode devices be-
cause the process can be controlled to give a shallow
surface region in the channel of increased p-type dopant
concentration.

Even these future applications don’t exhaust the
possibilities of the ion implantation process. Mean-
while, the low-threshold and depletion-load IC’s made
possible by this powerful technique provide an immedi-
ately useful introduction. @

On and on. Unlike the enhancement-
mode transistor (right), drain current
versus gate voltage characteristic for the
ion-implanted depletion-mode transistor
load (left) is always in the on region in
the voltage range that normally would
be applied. (The horizontal center line
represents O volts.) The depletion load
behaves exactly like an enhancement
load with a battery in series with the
gate. This equivalent of an integrated
battery both increases speed and
eliminates the gate supply voltage
normally required.

Electronics | June 22, 1970



Electronics
guide

: Major 1970 confe

July

International Electromagnetic
Compatibility Symposium
July 14-16
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Conference on Nuclear &
Space Radiation Effects
July 21-23

University of California
San Diego

August

Conference on Radiation
Effects in Semiconductors
August 24-28

State University of New York,
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Washington, D.C.
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Washington, D.C.
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Washington, D.C.

Fall Joint Computer
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Display Devices
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United Engineering Center
New York City

Vehicular Technology
Conference
December 2-4
Statler-Hilton Hotel
Washington, D.C.

National Electronics
Conference
December 6-9
Conrad Hilton Hotel
Chicago

International Symposium on
Circuit Theory

December 14-16

Sheraton Biltmore Hotel
Atlanta
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What you hear about our
newdry test bath is true.

The tape recorder is operating in
a dry bath of Fluorinert® Brand
Electronic Liquids. Just as your
electronic and microelectronic
units will.

Fluorinert Liquids give you an
accurate method of temperature

testing or testing for gross leaks.

They keep their efficiency over a
wide range of temperatures. They
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do not react with even the most
sensitive of materials. They won’t
deteriorate with use.

And you can ship or use parts
directly out of the test bath with-
out cleaning because Fluorinert
Liquids evaporate, leaving no
residue.

If you've been listening, you
know that Fluorinert Electronic

Liquids are specified for Mil-
Standard 883 and Mil-Standard
750A gross leak tests for microcir-
cuits.

The coupon will bring you
copies of both Mil-Standards and
a lot of good solid information
about test baths. Send it or call
your local 3M man.

3M Company, Chemical Division, 3M Center

St. Paul, Minn. 55101

KAX 6-70

Send me all the details about Fluorinert Brand Electronic Liguids.
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Company

Address

Circle 95 on reader service card 95



With associative memory,
speed limit is no barrier

Advances in plated wire and semiconductor arrays gave the impetus
that moved associative memories out of the lab and toward production,
and thus offering designers the advantages of simultaneous processing of data

By Jack A. Rudolph, Louis C. Fulmer, and Willard C. Meilander

Goodyear Aerospace Corp., Akron, Ohio

® Spurred by new developments in plated wire and
semiconductor arrays, associative memories for com-
puters have left the conceptual stage and moved into
operational hardware. Associative memories—which
store and address data by content rather than specific
address location—must be made of elements that can
process data as well as store it. With the advent of
plated wire and semiconductor arrays, these functions
can now be implemented in a relatively simple and
economical manner.

Associative memories have another valuable charac-
teristic: they will process several operations simul-
taneously, thus alleviating the strain of designing high-
speed systems that are already pushing the limits of
transmission line propagation time.

Addressing by content also reduces the amount of
computer time and memory capacity required to keep
track of constantly changing locations. These nonpro-
ductive housekeeping and bookkeeping chores have
taken up an increasing proportion of time and capacity
as hardware technology has advanced. The advantages
of associative memories are sufficiently important that
they have kept an increasing number of researchers
busy over the last 14 years.!

Furthermore, the development of plated-wire and
semiconductor arrays permits the extension of the asso-
ciative memory concept to associative processors, which
handle matrixed data in much the same way as large
parallel processors, such as the Illiac 4 at the University
of Illinois.

An associative memory in its simplest form contains:
P An array of storage elements, with nondestructive
readout (NDRO) capability.

P A comparand register that specifies the content by
which desired data is recognized.

p Logic circuits that perform the exclusive-OR comparison.
P A match/mismatch register, which is an array of flip-
flops connected to the storage elements through sensing
amplifiers.

A computer doesn’t need an address code to keep
track of words stored in an associative memory. Instead,
the computer specifies the content of the words it needs
—and out come the words, wherever they were stored.

Usually the matching data itself is of little value,
because it’s already available in the comparand. But
a match on all the bits of a comparand may indicate that
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other desired data is available in another memory for
which the associative memory serves as a control or
index; or a match may indicate that some event has oc-
curred that requires responsive action. Or a search may
be made for words a few of whose bits match a cor-
responding few in the comparand. In a pure associative
memory, the few bits used in a search can be any of the
bits in the word, at the programer’s option; the unused
bits are masked. A wvariation is a content-addressed
memory, containing words with both associative and
nonassociative bits; following a search through the
associative portion, a readout of the matching words
yields both associative and nonassociative parts.

For example, an associative or content-addressed
memory could contain the entire payroll record for a
company. One memory word per employee would con-
tain name, job title, wage rate, deductions, personal
data, and so on. From such a memory, in a single cycle,
a computer could call for the payroll records of all
employees who make $17.82 a week; all the records
would be found at once, regardless of how many of them
there were.

To accomplish this, the identifying information—
$17.82 in this case—is placed in the comparand register.
Logic circuits compare each bit of the comparand with
the corresponding bit in all the words of the memory.
One strobe pulse per comparand bit produces output
signals for all matching bits; flip-flops in the match/
mismatch register store these signals.

Therefore, the contents of the match/mismatch regis-
ter at the end of a series of strobe pulses in successive
bit positions indicate which words in memory matched
(or mismatched) the word in the comparand register.
Hence, all words in the memory are simultaneously com-
pared, on a bit by bit basis, with the comparand word,
and the words that respond, if any, are indicated by the
state of the word flip-flops.

Suppose, for example, a small associative memory
containing four words of four bits each is to be searched

This is the 19th installment, and the 41st article,
in Electronics’ continuing series on memory tech-
nology, which began in the Oct. 28, 1968, issue.
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for a match, as shown below. Initially, all four flip-flops
in the match/mismatch register are turned on. The
first strobe pulse compares the first bit position of all
four words with the first bit in the comparand. In three
of the words shown, there is a match in the first position;
this match blocks the strobe’s passage through the
exclusive-OR logic. But since there’s a mismatch in the
first word, the strobe pulse gets through the exclusive-
OR and resets the first flip-flop. This takes only a few
nanoseconds—equal to the strobe pulse’s duration plus
the propagation time through the array.

Immediately after the first comparison a second
strobe pulse tests the second bit positions in all four
words. This pulse also finds a mismatch in the first
word, and the logic would have turned off the first
flip-flop had it not already been off. Furthermore, there
is another nismatch in the fourth word, so that its
flip-flop is now turned off.

At the third strobe pulse, a match is found in the first
and fourth words, but since mismatches were previously
found in these words, their flip-flops remain off. Mean-
while another mismatch is found in the second word, so
its flip-flop turns off too. This leaves only the third-word
flip-flop on. And since the fourth strobe pulse doesn’t
find another mismatch in the third word, the third flip-
flop stays on. Thus, the contents of the match/mismatch
register show that the third word matches the four-bit

Match. In this simplified associative

word originally placed in the comparand register.

The tine required to search the entire memory for
a match or mismatch with the comparand word depends
on the number of bits in the comparand and the rate
at which the bit-by-bit strobe takes place—typically the
rate is 100 to 300 nanoseconds per bit. Search time,
ignoring cable propagation delays, is independent of the
number of words stored in the memory. And it’s this
factor that permits the orders-of-magnitude smaller ex-
ecution time of, for example, file search routines.

However, large memories usually have longer cables
whose lengths vary to a greater degree than those in
small memories; these factors affect search times. To
minimize this problem, a memory is divided into modules
and the cables routed to achieve identical lengths.

Before information can be written into an associative
memory, some indicator is needed to show which loca-
tions in the memory are either empty or contain
unwanted data. One indicator is a bit position in each
word to represent the status of that word. For example,
a 1 could show that the data is still required and a 0
that the location is available for new data. The write
operation is then preceded by a single-bit search to find
an empty location for the word to be written.

Thus, the programer need not know exactly where
or how big the empty spaces are. His data simply dis-
appears into the memory; when he needs it, he calls for
an associative search. Likewise, he can store the data
in any order, because the associative search takes place
on all words simultaneously. Thus, the associative
memory eliminates the time that conventional machines
must spend sorting data for storage and restructuring
dynamically changing data files.

Every associative memory discussed up to this point—
including the content-addressable memory—has been es-
sentially only a single-function memory: that is, it
searches only for those words that exactly inatch the
comparand.

However, adding a few more features produces an
even more useful associative memory design. In the
diagram on the next page, the response store contains the
sense amplifiers and match/mismatch register for all
words in the memory. Additional circuitry, in the
response resolver, scans the states of the flip-flops in
the match ‘mismatch register at the end of a search
operation to produce the desired results. These might
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include a count of the number of matches or mismatches
instead of a mere indication of them. Thus, a program
may not need information about individuals who make
$17.82 a week, but rather how many employees there
are at that rate to determine the cost of increasing
their salary to $22.04 a week. Or, having identified a
word that is to be processed, the response resolver can
control the reading out of the word, either serially
through the response store, or in parallel. Serial readout
is much slower, of course, but, depending on the system
that the associative memory is linked to, it may be suit-
able for a particular application.

Additional features permit still more flexibility. For
example, the mask register permits a search to be per-
formed only on selected bits in the comparand, not the
whole comparand, as mentioned previously. With the
mask register the programer defines which fields or
portions of the comparand he wishes used in the search.
Or a search could locate all words whose numeric value
is greater than the comparand, or less than it. Further-
more, both types of searches could be combined in a
between-limits search if a second comparand register
were used; this would locate all words that are numeri-
cally between two values.

In terms of the previous example, a search for an exact
match of selected bits would be necessary to locate those
employees with a given salary. Likewise, a search for
numeric values greater than the comparand could locate
employees who were taller than 6 feet; a less-than-com-
parand search could locate those who had been working
for the company less than 18 months; and a between-
limits search could learn who among the work force
had more than one year of college but less than four.

Modifying the response store permits the execution
of more complex instructions: for example, “Find all
employees with red hair who make between $20 and $25
a week and have been working here more than 35 years.”

Several associative memories have been built and
tested. A few of these were part of classified projects,
so that a complete list of all associative memories built
to date is not available. But the table on page 100
contains a representative listing.

The largest of these, shown at right, is the 2,048-word
unit developed in 1968 by the Goodyear Aerospace Corp.
for the U.S. Air Force’s Rome Air Development Center.
This ferrite-core unit executes 15 kinds of searches
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on its 50-bit words, and it can perform 31 operations
related to the memory’s interface with RADC’s Control
Data Corp. 1604B computer. The entire instruction set
has been incorporated into the 1604B software.

In associative memories, as in most other memories,
the speed, cost, and maximum word length are affected
by the kind of memory element used. But in associative
memories, the cost is greatly increased by the electronic
circuits connected to each word. This is perhaps the
main reason why these memories aren’t mass produced.

Some experimenters have attempted to build associa-
tive memory elements made of cryotrons and planar
metallic films. However, magnetic ferrite elements—either
simple toroids or multiaperture devices—have proven
most successful in associative memories large enough to
function in a computer system. However, these elements
are limited in speed and dissipate considerable power.

At Goodyear Aerospace, however, both high speed and
low power dissipation have been recently achieved with
a special type of plated-wire array. In conventional types,
current in a “strap” that passes once or twice around a
group of parallel wires generates data-read pulses from
all the wires at once—one bit from each wire. But in the
Goodyear approach, because search operations are per-
formed one bit at a time on corresponding bits in the
memory, the strap carried the strobe signal instead of a
word-readout signal. Thus, the associative plated-wire
array organization is orthogonal to the conventional ar-
ray, as shown on page 100. In this arrangement, succes-
sive bits in a single word are stored along a single wire
rather than in corresponding positions in adjacent wires.

This rearranged organization creates a serious write-
disturb problem—the effect on a particular bit position
when a write operation is repeatedly performed on an
adjacent bit position. Conventional arrays suffer less
from this problem. To write a word in a conventional
array, current is switched into a single strap and into
all the wires—in one direction to write a 1, and in the
opposite direction to write a 0. Stray magnetic fields
from the strap tend to affect bit positions under adjacent
straps, particularly when the write operation is repeated.
In conventional arrays the design of the straps, and of
keepers—a layer of magnetic material on top of the
straps to regulate the magnetic field’s dispersion—effec-
tively eliminate write disturb.

In Goodyear’s associative memory, on the other hand,
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Special functions in practice

Several companies have tinkered with associative memories to perform control
functions in conventional computers. Recently, for example, a small associative
memory of 64 words by 16 bits was incorporated experimentally into an
1BM 360 model 40 computer to regulate the memory space made available
to time sharing users. Another experimental project at 1Mz used a 124-by-64
associative memory for fast code-pattern identification in a performance monitor
and data reduction processor. But closer to practicality is the 64-word associa-
tive memory in the Burroughs computer that serves as a control unit for
the Illiac 4 parallel processor. This memory performs an instruction look-ahead
function,

In commercially available machines, the “cache” memory in 1B3r’s 360 models
85 and 195 has certain associative properties. The Control Data Corp. also
is reportedly using a small associative memory for internal bookkeeping in one
commercial machine; so was the General Electric Co., at least up until its

recently announced merger with Honeywell, Inc.

a write operation involves current in many straps and
in only one wirc. All the straps together present much
stronger stray fields that affect many bits in many
wires; and again, the effect is accentuated when a similar
pattern is rewritten many times using the same straps.
As in conventional arrays, attention to strap and keeper
design has overcome the problem; Goodyear also uses
special wide-tolerance plated wire.

Even though the plated-wire array offers advantages,
this technology for associative memories will eventually
yield to large-scale integrated circuits, even for large
memories. Relatively small semiconductor associative
memories—up to 64 bits—are available today, but they
haven’t yet been incorporated into memory systems of
substantial size. They’ll become practical for large asso-
ciative systems about the same time as they become
practical for large address-oriented memories.

The cost per bit for associative memories is greater
than that for conventional memories. A prototype fer-
rite-core associative memory containing about 100,000
bits can be fabricated for $3 to $5 per bit; in production,
the cost might drop to $1.50 to $2 per bit. Plated-wire
associative meinories, on the other hand, range from
less than $1 per bit in prototypes containing 1 to 10
million bits to 15¢ or less per bit in production by 1972.
But this is still much higher than the price for conven-
tional ferrite-core and plated-wire memories, which now
cost only 5¢ to 10¢ per bit.

The main reason for higher cost is that the associative
memories require logic circuits at each word, whereas
conventional memories need only drivers and amplifiers
for each bit of one word. For example, the big associa-
tive memory built by Goodyear for RADC contains 2,048
words of 50 bits each; the memory requires 2,048 es-
sentially identical logic circuits in its response store.
But a conventional memory of equal size would require
only 50 sets of drivers and amplifiers. Also, an associative
memory’s response store and resolver make the memory
a kind of small computer that can execute a variety
of complex instructions. This capability is intrinsically
more expensive than mere storage.

However, this price differential isn’'t so great if the
total operating system cost is considered. Associative
systems require simpler software and save time when
searching through a file for data of a particular type.

These higher costs, in the past, have limited the appli-
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Big fellow. Largest practical associative
memory built to date is this unit at
RADC, containing 2,048 words of 50
bits each.
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cations of associative memories. But today, plated-wire
technology has already brought the cost down sub-
stantially, and semiconductor technology promises to
bring it down even further—generating new interest in
associative memories and development of new applica-
tions. These generally fall into four classes:

p As a peripheral device, which is connected like tape
drives, magnetic disk units, and so on.

P As a special-function memory, apart from the main
memory—rather like a special scratchpad or accumulator.
P As the main memory of a computer.

P As an associative processor.

Except for a few special cases, an associative memory
connected as a peripheral device would not be cost
effective. Several studies® indicate that input/output sub-
routines take up more time transferring data between the
computer and the memory than do the operations within
the memory itself. The subroutine can’t keep the associa-
tive memory busy. Goodyear’s big 102,400-bit memory
at RADC is connected as a peripheral, but RADC pro-
vided a direct access channel between the two memories
to keep the associative memory from getting bogged
down in the main memory’s subroutine.

As a special-function memory, the associative memory
would be introduced into the design of the computer
as a hard-wired portion of the control system to perform
a single function with great efficiency. For example,

Delivered Associative Memaories (partial listing)

the memory could be part of a processor’s executive
system; or if a program demands more than the avail-
able main-memory space, the associative memory can
handle the swapping of program “pages” between the
main memory and a drum or other bulk-storage unit.
[See also “Special functions in practice.” p. 99.]

As a computer’s main memory, the associative memory
would have to be exceptionally large by today’s stand-
ards. It would also probably be most feasible in content-
addressable form rather than as a pure associative
memory. But, as yet, it’s never been tried—partly because
it would be very expensive, and partly, perhaps, because
of the large present investment in address-oriented sys-
tem software, little of which could be easily transferred
for use in such a system.

Perhaps the most significant use of an associative
memory would be as an associative processor. This
application requires the match/mismatch logic to be
modified to include arithinetic capability at every memory
word. Such a processor would be considerably more
versatile than a conventional computer that executes
one instruction at a time on a single pair of data items.
And for some tasks, it could approach the capability of a
large-scale parallel processor.

The basic associative memory, in such a processor,
performs not only logic search operations, but arithmetic
operations as well. Each word in the modified associa-

Associative
storage Assoclative
Year Customer Contractor device Memory size searches Interface
1963 Dept. of Defense Scope Inc. Multiaperture 1,024 words X 24 bits Exact match 1/0 channel
ferrite device
(transfluxor)
1963 U.S. Air Force, Stanford Linear 1,100 words x 281 bits Exact match Special device
Rome Air Development Center Research Inst. split-C cores
1964 U.S. Navy Goodyear Multiaperture 256 words X 30 bits Exact match; Greater than; 1/0 channel
Bureau of Ships Aerospace f;lr'{li}e) device Less than; Between limits
(MALE
1965 U.S. Air Force, Avionics Philco-Ford Multiaperture 1,024 words % 48 bits Exact match 1/0 channel
Laboratory, Wright-Patterson ferrite device
Air Force Base (Biax)
1968 U.S. Air Force, Goodyear Biased logic 2,048 words X 50 bits Exact match; Greater than; Direct memory
Rome Air Aerospace Ferrite core Less than; Maximum; access to
Development Center (Biloc) Minimum; Next higher; computer
Next lower; Between limits
1970 Air Force Texas MSI-MOS 128 words x 50 bits Exact match Special device
Avionics Lab Instruments (classified)
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Margin. Because an associative processor
can check out the current status of many
radar tracks at once, it can predict the
likelihood of collisions in an area
containing hundreds of aircraft soon
enough to permit action to avoid collision.
A conventional computer, on the other
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tive memory together with the word’s related electronic
circuits—which are somewhat more complex than those
required for the basic associative memory—can be pro-
gramed for specific tasks. The circuits could, for ex-
ample, add the contents of two fields of a word and
store their sum in a third field of the same word. The
addition is executed serially by bit, and would, theref ore,
be much slower than in a conventional computer, which
adds bits in parallel. But the same “add” instruction is
executed in the modified associative memory simultane-
ously on all words in the memory, or on any selected
set of words; therefore, the average add time is inversely
proportional to the number of words in the set.

Since the operation of an associative processor in-
volves more writing than a basic associative memory
would the Goodyear plated-wire design with its high
speed, low power, and resistance to disturbs is partic-
ularly useful in an associative processor.

In one associative processor, built Ly Goodyear for
the U.S. Air Force Material Laboratory, at Wright-Pat-
terson Air Force Base, the time required to add two
12-bit fields is 20 microseconds. This is very slow com-
pared to today’s high-speed conventional computers;
however, this design would be capable of executing the
same command on up to 3,000 words simultaneously. This
yields an eflective add time for the set of as little as 7
nanoseconds per word. Since each word in an associa-
tive processor is both its own data store and arithmetic
unit, it’s economical to have rather long word lengths;
in Goodyear’s design the words are 256 bits long.

Perhaps the associative processor’s first task would
be in a command-and-control data processing system.
Such systems characteristically execute the same com-
puter program identically on every member of a large
set of data; and new data entering at extremely fast
rates continuously replaces the old data. Furthermore,
all the data must be processed in real time. Thus, such
a system inherently takes advantage of the associative
processor’s parallel processing capability and extremely
high execution speed.

A typical example of such a system would be in
multiple target tracking in radar systems; another would
be conflict prediction in aircraft traffic control systems.
Both systems involve large quantities of data in the
form of radar target tracks, which are continously chang-
ing. In an associative processor, all the data concerning
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hand, is hard pressed simply to predict

{
400 0 L.
500 collisions before they actually occur.

a single target track can be stored in one memory word.
The processor handles every track simultaneously by
the same algorithm; thus, in the collision avoidance
problem, it enjoys a speed advantage of 16:1, as shown
above, over the conventional approach, which processes
each track separately and sequentially. In simple target

tracking the advantage over conventional machines may
be as high as 2,000:1. @
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Solid state controls head
new color-tv lineup

Set makers are pinning their hopes on semiconductor devices and controls,
as well as new 25-inch screens, to overcome growing buyer resistance

Electronics’ staff

® Television-set makers this year will be trying to
combat economic uncertainty and increased buyer re-
sistance with a potpourri of useful all-solid state auto-
matic controls. Manufacturers are hoping that such
features as electronic pushbutton tuning, automatic
color correction, and motorless remote-control tuning
will lure cash from tightening purses. And makers feel
balky buyers will be enticed by new, larger (25-inch)
screens.

The vacuum tube hasn’t quite given up the ghost in
tv sets. Tubes in high-voltage circuits still are cheaper—
and power-supply regulation requirements less stringent
—than transistorized units. But solid state devices are
taking over an increasing number of functions in many
sets, particularly in applications where special circuits,
low power, and portability are required.

One example of the trend toward use of solid state
devices is the top-of-the-line RCA 2000 color set, where
11 integrated circuits perform such functions as auto-
matic fine tuning, audio detection and amplification, and
remote-control switching. Most makers to date have
used only one or two IC’s as audio i-f amplifiers. Both
RCA and Motorola are building all-solid state receivers,
and Sylvania will introduce one this summer with a new
type of 25-inch tube.

Sylvania will market a set with a number of firsts for
U.S. manufacturers, including varactor diodes that are
used to make tuning uhf channels as easy as for vhf.
Easier ubf tuning will be an FCC requirement after May
1, 1971. Sylvania uses four i-f stages, against the usual
three in most other sets; the lower gain in varactor-diode
tuners necessitates the additional stage. And the tuner
isn’t mechanically coupled to the tuning knobs, so it
can be located at some more convenient position in the
set other than the front. A FET r-f amplifier is used in
both vhf and uhf tuners because it has better noise
characteristics and cross-modulation products than bi-
polar transistors.

In hybrid sets, where both tubes and transistors are
used, everything but the deflection and high-voltage cir-
cuits have gone the solid state route. The vertical oscil-
lator and the vertical output, the horizontal oscillator,
horizontal output, and the damper are the only tubes
remaining. Although these circuits have been transistor-
ized in the all-solid state sets, they raise the cost by $200
above the hybrid sets.
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The Japanese are still leading the way in all solid
state designs for their small-screen sets. Toshiba, which
appears to be the last holdout for tubes among major
Japanese set makers, says its hybrid designs are more
reliable than the all solid-state receivers. Although it
claims that the horizontal-output vacuum tubes can
withstand picture-tube arcing better than transistors, it
probably will be only a matter of time before Toshiba
joins the all solid-state ranks.

Pushbutton electronic channel selection eventually
may replace the detented tuning knob, but until this
year, only one U.S. manufacturer—RCA—had offered this
feature—and only in the deluxe model 2000. Now, Ad-
miral and Sylvania will offer it in sets coming out this
fall.

Two electronics tuning methods are being used: diodes
that simply switch preset tuned circuits for each chan-
nel, as in RCA’s 2000, and varactor-diode tuners, where
diode capacitances are varied with a d-c voltage to
resonate with fixed inductances in each circuit at the
proper channel frequency. Both Admiral and Sylvania
are going the varactor-diode route.

Admiral’s tuner will cover only the vhf channels, but
Sylvania’s will cover both vhf and uhf with two separate
varactor-diode circuits. It won’t be necessary to switch
bands under the Sylvania setup; an array of buttons
will cover all the vhf and uhf channels.

Varactor tuning. The varactor-diode
tuners (uhf is at the left; vhf is at right)
supplied to Sylvania by the West German
firm Hopt KG are compact and can be
located at the most convenient position
within the set because they are not
mechanically coupled to the channel
select knobs.
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Sylvania buys its tuners from Hopt KG of West Ger-
many and the push-button tuner-switching mechanism
from Saba, General Telephone & Electronics’ West
German subsidiary. Hopt varactor-diode tuners have
been used throughout Europe for several years, which
brought Sylvania to Hopt’s latest version, thus becoming
the first U.S. company to use a European-made tuner.
However, obtaining suitable varactors still is a major
problem. Unless the diodes have high Q’s and uniform
voltage-capacitance characteristics, tuners will suffer
from drift and poor tracking, especially in the uhf tuning
section.

Because of the pushbutton address system, the elec-
tronic tuners cost the set makers about twice as much
as the conventional tuners, and consumers will have to
pay at least $50 more for this convenience. However,
tuner companies predict the price differential will drop
to around $20 in about three years.

The old-fashioned “muscle” that turned potentiometer
shafts in remotely controlled tv sets is being replaced
with a “brain” in the form of MOS FET circuits. These
circuits produce the continuously variable voltages that
previously were derived from motor-driven potentiome-
ters to set up circuits to control color tint and audio
level.

Building on a concept introduced by Motorola in 1968
[Electronics, June 10, 1968] and refined by RCA [Elec-

tronics, May 25, 1970], Sylvania’s new remote system
features motorless control of color, tint, and volume,
but not channel selection and the power on/off func-
tion. Command signals of a different ultrasonic fre-
quency for each function are generated in the hand-held
remote-control unit. Then they’re picked up, amplified,
and energize a neon lamp. As shown on page 104, the
lamp, when off, isolates and thus maintains the charge
on the memory capacitor. The voltage across this capaci-
tor, which will determine the desired amount of color,
tint, or volume, provides the input to the MOS FET
source follower. The MOS FET’s output voltage is con-
tinuously variable from the viewer’s remote-control set
as long as the buttons are depressed.

For example, a remote command to decrease the
amount of color produces an a-c voltage exceeding 100
volts peak at the resonant frequency corresponding to
this command (43.25 kilohertz). The positive peaks are
clipped by a shunt diode. The negative peaks turn on
the neon lamp and then the memory capacitor charges
through the diode connected to the negative supply. A
color-increase command reverses the operation: a simi-
larly high a-c voltage is generated by the 34.25-khz
resonant circuit, the negative peaks are clipped by the
shunt diode, and the positive peaks fire the neon lamp.
The memory capacitor then charges from the positive
supply.

The net charge on the capacitor depends on how
long the viewer depresses the remote pushbutton. This
charge then determines the MOS FET output, which sets
the signal level in the color circuit.

The remote frequencies for the on/off power relay and
the channel selection drive motor also are applied to
similar resonant circuits. A multivibrator drives the
relay-controlled on/off switch, while a silicon-controlled
rectifier applies power to the channel-select drive motor.
A muting circuit attenuates audio when the SCR fires and
steps the drive motor.

Because flesh tones tend to vary with small changes
in scene lighting and transmission, color tv’s must main-
tain good tones. Magnavox devised the first workable
automatic tint circuit [Electronics, August 4, 1969]; now
there are many variations of the total automatic color
circuit,

Hitachi has its own version, called APS (automatic
picture setting). Automatic interlock of color, brightness,




Now, if we only had five heads . . .

A five-screen color television set that also reads out
time and temperature digitally was the big attraction
at rca’s distributor preview in Las Vegas.

Dubbed the Showcase 70, the set has a 25-inch
viewable diagonal color screen plus four 8-inch black-
and-white monitors. Though rca has no immediate
plans to market the set, the company is expected to
integrate its features in production models.

Basically, the set is a five-in-one receiver with five
separate tuners, i-fs and video circuits. The viewer
can watch color screen while keeping track of other
stations over the monitors. Two monitors can be set
to any channel. A third monitor shows the program-
ing on the main color screen in black and white, while
the fourth monitor will, upon command, switch stations
every three seconds to look at what else is offered.

tint, and contrast is controlled by a single pushbutton.
After the viewer sets the combination to his preference,
the automatic interlock maintains the settings.

Another variation is GE’s One-Touch color scheme
that combines automatic fine tuning and tint control
as a single function. Color is determined by the phase
difference between the color signal and the reference
burst. GE provides two phase shifting networks that
allow the viewer to adjust phase relationship to yield
the most realistic flesh tones. A front-panel control is
set to one of three positions. This, in turn, sets up a
phase-lead circuit at 0°, 15°, or 30° for the B-Y signal
and a phase-lag circuit at 0°, 5°, or 10° for the R-Y signal
as shown on page 105.

The subcarrier reference signal for the B-Y and R-Y
demodulators is generated using the transmitted eight
cycles of the color burst with a ringing crystal filter,
rather than the phase-locked oscillator used in other
sets. GE says that the passive crystal filter approach
offers better reliability than phase-locked oscillators be-
cause of the fewer active components needed. And since
the color subcarrier disappears when the burst is re-
moved, a natural color-killing action is obtained that
eliminates the circuits required with the phase-locked
approach. Finally, crystal filters have better phase sta-
bility—the filter can only assume the phase of the input,
while the phase-locked oscillator can be disturbed by
sideband information and noise.

Small screen tv's—16 inches and smaller—are still the
pace-setters in sales. The Japanese makers dominate
this segment of the market, while the American manu-
facturers have been concentrating on larger, brighter
screens.

However, by last year, picture-tube makers had just
about squeezed every lumen of brightness out of the
color crt. They improved the phosphors, designed a
more efficient electron gun, and developed the black-
matrix technique, in which each color dot is surrounded
by black masking to absorb ambient light yielding im-
proved contrast and a brighter picture. [Electronics,
June 23, 1969, p. 52]. So chances are that this year,
the accent will be on bigger—rather than on brighter—
tubes.

Corning Glass, which makes practically all of the
envelopes for domestic picture tubes [Electronics, June
9, 1969, p. 137], is supplying some impetus. Corning
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has developed a 25-inch viewable diagonal envelope with
a 90° deflection angle and square corners, and has been
supplying it to the industry in production quantities
since at least last fall. Several companies, including
Admiral, GE, Sylvania, Philco, and RCA, are said to be
pretty well stocked in this new tube size, even though
dealers have been lukewarm about it because of a large
inventory of 23-inch sets.

This will almost certainly be the year in which Philips,
the big Dutch electronics firm, will introduce its 110°
color tube in a tv set [Electronics, June 9, 1969, p. 137].
The company has not yet revealed its marketing plans
for this potentially thinner set, saying only that although
the set is in an advanced stage of development, it may
not be introduced on the U.S. markets this fall.

But competitors feel certain that a 25-inch viewable
diagonal 110° tube will appear in color sets designed
for European PAL broadcast standards by August or
September. It’s estimated that the 110° tv sets will
sell for an additional $60-$75 on the booming German
color-tv market.

In a recent national membership survey, the product
safety committee on tv fire and smoke of the National
Electronic Association, a group of service dealers and
technicians with headquarters in Indianapolis, Ind., has
concluded that about 4,000 sets catch fire yearly. But
it found no relationship between fire frequency and
any particular brand of sets.

Manufacturers have taken some steps to reduce fire
hazards. Here are some design changes stated for
1971 sets:

) General Electric uses a bimetallic thermal cutout to
turn off the set in the presence of excessive heat that
could cause a fire. The only problem is that it turns
the receiver back on when the set cools sufficiently,
so the overheating condition could recur.

p Flyback transformers, the major culprits in fires, have
been made fire retardant. Both GE and Sylvania are
using a special fire-retarding encapsulant around the
flyback coil, and at least one company, Sylvania, is
now making its own flyback transformer, according to
Don Schuster, Sylvania’s chief engineer, “so that we
can give it a 100% quality check.”

P Solid state high-voltage triplers are now being used
in both hybrid and solid state sets. They replace the
heat-generating horizontal output tube as well as the
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Phase setter. The General Electric
One-Touch color control can be set to one
of three positions, which determines the
amount of phase shift introduced in the

high-voltage rectifier.

Excessive radiation caused by the high-voltage regu-
lator, high-voltage rectifier, and the picture tube itself
also is a growing concern among set makers.

Where solid state voltage multipliers and transistorized
horizontal stages are not used, the manufacturers are
installing special steel shields to reduce X radiation.
GE, for example, uses a barium-loaded neoprene shield
around its high-voltage rectifier tube as well as a steel
barrier for the regulator tube.

The remaining offender, the picture tube itself, isn’t
getting off scot free, either. Corning Glass is reportedly
developing a new glass with a strontium-90 faceplate
that can operate at voltages up to 32.5 kilovolts without
emitting any measurable radiation. The glass used in
present picture tubes must be operated below 28 kv
to stay within the allowable radiation levels—0.05 milli-
roentgen per hour above background radiation measured
two inches from the set.

Meanwhile, some set makers, notably Sylvania, RCA,
and GE also have included a high-voltage hold-down
circuit to keep high voltage from exceeding the safe
level because of improper adjustments. Sylvania, for
example, uses a voltage-dependent resistor to limit high
voltage. The circuit is tied in with the horizontal oscil-
lator to knock the oscillator out of synchronization if
the high voltage exceeds its preset limit. @
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This oscilloscope is alive and well in a bath
of FREON® TF cleaning agent.

That’s compatibility.

If this FREON fluorocarbon
cleaning agent won't damage the
wide variety of materials used
in a sensitive oscilloscope, that's
compatibility. In fact, FREON
cleaning agents are compatible
with most materials of con-
struction used in the electronics
and aerospace industries.

If your product has to be
cleaned thoroughly, safely and
efficiently, there are five more
reasons why you should be
using FREON solvents:

1. Low Boiling Point
(under 120°F). Ideal for low-

106 Circle 195 on reader service card

temperature vapor degreasing.
Cooling time eliminated. No
damage to heat-sensitive parts.
Llow heat passage to work
environment.

2. Complete Wetting and
Penetration. High density com-
bined with low surface tension
lifts soils and floats away
trapped contaminants.

3. Chemically Pure and
Stable. No need for acid
acceptance and scratch tests.
No inhibitors needed. Parts dry
residue-free.

4. Lower Overall Cleaning
Costs. FREON is recoverable
for reuse indefinitely. Power
requirements low in vapor de-
greasing. Fewer production
rejects. Save labor by cleaning
complete assembly instead

of separate parts.

5. Safe. Nonflammable, non-
explosive, low in toxicity.

If you have a cleaning
problem or are looking for an
improved cleaning system,
write today to Du Pont Company,
Room 8826, Wilmington,
Delaware 19898.

FREON

Cleoning Agents

REd.u. 3, PAT.OFC
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OUR ANGLE: Fast and Accurate
Digital-to-Synchro Converters

Isn’t

There
Another
Now you can have both speed and ‘ Angle tO Your ). the units have introduced improved

accuracy in digital conversion. . control and speed to the entire
Without compromise. North Atlan- ConverSlon spectrum of commercial and mili-
Problem?

tic's Series 538 provides a pre- tary applications: automatic test
cision interface between your equipment, production testing,
digital computer or tape pro- numerical control, celestial
grammer and analog servo scene simulation, etc.

system. With 1-minute ac- Priced from $1000 to $4000,
curacy, resolving 14, 15, all units in the series are
or 16 bits. For both completely protected
400Hz synchro and re- against power line tran-
solver outputs at 11.8, sients, power line fre-
26, or 90 Volts, quency changes or
Series 538 accepts an improperly con-
digital input data in nected reference
binary angle form frequency, overload
whenever a 4us pulse and short circuit of
appears on the strobe the output terminals.
line. The strobe design Numerous options avail-
prevents misidentification able for local/remote se-
of noise as a valid word. It lection, special reference
can also be addressed in hard- frequencies, logic levels, etc.
wire applications where sev- For more about these fantastic
eral converters are shared by a multi-function converters, con-
central processor. tact your North Atlantic sales en-
Featuring solid-state design with engineering representative today
precision trigonometric transformers, He'll show you another angle.

®
NORTH ATLAINTIC
industries, inc.
200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600
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For continuous lacing...
*k that CABLE-LACER brake
speeds the work too!

The experienced harness worker can quickly guide the hooked

needle of the Gudebrod Cable-Lacer* across narrow break-out
points between pins to grasp the loop. This is where work is
speeded first. But then, the pressure of four fingers on the
lacing break allows a swift, single pull for firm knot setting—

further speeding the job. No need for wrapping around the fist
—no need for a second pull. It all becomes a naturally fast
procedure. What’s more, the special Gudebrod lacing tape
bobbins are helpful when all-hand tying seems required!
Use Gudebrod Cable-Lacer, Gudebrod’s Bobbins for im-
proved accuracy and time saving.

%*T.M. Union Special Machine Co.

B —
3

Save money & time with

GUDEBRODSYSTEM “C”

For continuous lacing Gudebrod offers a four part system to
reduce your harnessing costs. The Cable-Lacer and Bobbins
are the first two parts. Add to them Gudebrod’s specially
made, case hardened, extra long, wire holding pins and the
Gudebrod Swivel-Tilt Harness Board Mount. The pins make
wire threading easier and sharply reduce the need for re-
dressing. The Gudebrod Mount brings any part of the harness
within easy reach. Gudebrod System ‘““C’’ makes harnessing

\ go faster, cost less. Write for /.|
\ details. (For spot ties, ask
\ about System ““S’’)

e 5

Gudebrad Swivel-Tilt
Harness Board Mounts
available in several sizes

UDEBROD : NS
>/ . e , I
C(/éczsz «waw oy . e 1870—100 Years of Quality—1970

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107
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The MAN 1:

A seven-segment light-emitting all-semiconductor
alphanumeric readout.

Put the attention-demanding red light from electrically
excited GaAsP to work in your digital displays for industry,
computer peripherals, or avionic/marine instrumentation.
Our MAN 1 is shock-resistant and long-lived. Offers styling
advantages because it's flat, parallax-free and visible within
150°. Reads out all numbers plus A, C, E, F, H, }, L, O, P
and U. Available now. Any quantity.

Brightness: 350 foot-Lamberts @ /=20 mA, 3.4V, per
segment.

Pulsed forward current=100mA, 10% duty cycle/per
segment.

Compatibility: directly interfaces with off-the-shelf IC
decoder/drivers.

GaAsLITE Update

Being a quick and thorough survey of what's
available in solid state displays.

°

.

.

® Price: 1,000 quantities, $11.00 (all prices are suggested
\;resale figures).
J

The MAN 2:

An alphanumeric display made up of 36 discrete
LEDs which can form 64 ASCIl characters and a
decimal point.

The 1C-compatible 5 x 7 X-Y array gives you a bright red
(peak emission 6500A), high contrast display suitable for
keyboard verifiers, avionics or computer terminals or other
displays. Since the 36 dots can make 2% bits available, the
MAN 2 can be very useful in film annotation work.

® Per-diode brightness: 300 foot-Lamberts @ le=10 mA,
1.7 volt per diode.

® Pulsed forward current (50 usec 20% duty cycle) 100 mA
® Light turn-on and turn-off 5 ns typical
® New reduced price: 1-9 quantities, $40.00.

GaAsLITEs are in stock world wide.

You know that all of our products are available in the U.S.
through Schweber (516) 334-7474; Semiconductor Special-
ists (312) 279-1000; K-Tronics (213) 685-5888; or Kierulff.
You can get them overseas as easily:

United Kingdom: SEMICONDUCTOR SPECIALISTS, West
Drayton 6415

France: YOUNG ELECTRONIC, 604-10-50

West Germany: Alfred Neye, ENATECHNIK, (04106) 4022

Denmark: SCANSUPPLY, AEGIR 5090

Belgium: TECHMATION, 384078

Netherlands: TECHMATION, 020-173727

Norway: ARTHUR F. ULRICHSEN A/S, 21 6510

Switzerland: OMNI RAY A.G., 051-478200

Italy: SILVERSTAR LTD., 46.96.551

Sweden: GP-INGENJOERSFIRMAN, 08/930280

Japan: NEW METALS AND CHEMICALS LTD. CORP., (201)
6585-7

Australia: HAWKER DE HAVILLAND AUSTRALIA PTY,,

The MAN 3: Il

The world’s first
commercially available
planar monolithic displav.
Low cost, besides!

The MAN 3 is a small (125" high) bright red GaAsP seven-
segment display that gives you extremely good visibility
with high density packing; 16 digits need only 3 inches an
your display. And since the MAN 3 interfaces with our
standard IC drivers and uses as little as 10 mW per seg-
ment, it's simple to design numerical readouts into desk
calculators, truly portable battery-operated instruments,
even timepieces.

® Brightness: 200 foot-Lamberts @ Ir=5 mA, 1.7 volt, per
segment.

® Total cont. forward current: 80 mA.

® Pulsed forward current=50 mA, 10% duty cycle per
segment.

® Price: 1,000 quantities, $7.55.

o olo|o
o [HRE| HEE|REE|
MPC1 MPC2 MPC 3

We've mounted the MAN 3 for you

Our MPC-series are simply the new MAN 3 numerics
carefully soldered to NEMA-grade G-10 copper-clad
glass/epoxy laminate pc boards.

The MPC 1 and MPC 2 boards let you address each seg-
ment of the numeric independently. The MPC 3 holds six
MAN 3's which are multiplexable (X-Y addressable). There
are two major benefits in doing your prototype work with
our MPC units:

1) they're a heck of a lot easier to breadboard and 2) you
can use them for fast turnaround into full production. Send

for complete details. Fast! Price, MPC 2: 1t0 9, $35.80 ea. /‘

Monsanto

For additional technical information write Monsanto
Electronic Special Products, 10131 Bubb Road, Cupertino,

LTD., 93-0221
\Erael: MONSEL /‘

Electronics | June 22, 1970

California 95014. (408) 257-2140.
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DIGITAL FILTERS
ARE here!
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Rockland’s Series 4000 Lineup of
Digital Filters Includes . . .

*SERIES 4100:

Built-in flexibility lets you choose:

e Arbitrary filter characteristics *SERIES 4500:

® Single or multichannel processing

e Recursive structures (poles with or without

zeros) or non-recursive (zeros only)

General purpose digital filters
for laboratory-scale data
analysis, simulation and testing
applications in such areas as
communications, sonar and

Speech synthesizers to
produce natural-sounding
speech in real time for voice
communications systems
including computer voice
response.

geophysics.

*SERIES 4300:

Narrow band-pass/band-reject
filters for applications in
wave/distortion analysis.

*SERIES 4400:

Programmable comb filters
for spectral analysis with
primary applications in data
analysis, vibration testing,
radar.

e One channel at 500 kHz sampling rate or 500
channels at 1 kHz (or anything in between)

*SERIES 4600:

Variable low-pass, high-pass,
band-pass, and band-reject
filters as digital complements
to Rockland's analog filters.

e Optional word lengths in 4 bit increments —
16 or 24 bits standard

*SERIES 4900:

Variable all-pass filters for
phase equalization and
variabie delay approximations.

¢ Interface with computer, paper tape, or
keyboard

¢ |nternal A/D and D/A conversion
PRICES START AT $5,000.

These new digital filters, along
with Rockland’s full line of
analog filters, offer you a
single source for all your signal
processing requirements.

e Programmable characteristics with read-write
memory

e Fixed characteristics with read-only memory
(ROM)

Rockland Systems Corporation
131 Erie Street East,
Blauvelt, New York 10913

For Instant Information Telephone

(914)359-1818

Electronics | June 22, 1970

ROCKI.AND
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‘Reliable,
high-performance

General Electric’s new dual-channel
preamp IC teams up with five power amp IC’s

General Electric has expanded its line of power amplifier 1C’s to five and
introduced a dual-channel stereo preamp to work wnth.them. The new
PA239 preamp contains two identical 68 dB gain amplifiers designed to

feed any of the five power amp IC’s,

GE’s new IC features a high impedance input (typ. ?SOK ohms) and very
low distortion (typ. 0.5%). And the device contains its own power supply
filter to help back up its low noise characteristics.

The PA239 preamp requires only a
few external frequency-shaping com-
ponents, and is ideal for many types
of consumer stereo equipment for
auto, home or portable use.

At the top of GE’s power amplifier line
is the PA246 — the highest power
monolithic amplifier available—pro-
viding 5 watts of continuous audio
output. Other power amp IC’s provide
1, 1.5, 2 and 3.5 watts output (see
chart).

Each of these highly-reliable mono-
lithic IC’s is housed in a rugged,
plastic package and requires much
less space than comparable discrete
components. All operate over a wide
range of supply voltages and load
impedances as well, to give you the
utmost flexibility in design.

For more information about General
Electric integrated circuits, call or
write your GE sales representative or
distributor, or write General Electric
Company, Room C-2, Northern Con-
course Office Bldg., North Syracuse,
N. Y. 13212. In Canada: Canadian
General Electric, 189 Dufferin Street,
Toronto, Ont. Export: Electronic Sales,
IGE Export Division, 159 Madison
Avenue, New York, N. Y. 10016. 22088

SCHEMATIC DIAGRAM
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GE’s monolithic power amp IC’s
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The huntis on!

(Beware of the Grope.)

How to head the hunt away from the Grope.
Draw your prospect a map.

’ v

' That dratted Grope! gellfpeOﬁle wr:n you will
' : . o for them. How you're
aem o preys of pfr?g'; Emergency Service | | — Gicon '
4 who do
- i D r Night
. where to flﬂd what ay < g Be under the proper head-
The Grooe tootornt goes  thay're huntin for | : H i
DR aceR i Y unting 1o BARRY’S HEATING & PLUMBING—| ings so people can find you
winout tre Veliow Pages. —  tyrping their _ —— fast. Maybe you should be
search for you into a jungle hunt! Since ‘:i‘ﬁii_;) 1921 under more than onelhead.
So be prepared. Have your own ~——_ ing. Think about that!
special map in the Yellow Pages, COMMERCIAL, ~Il_ )
so the only one that loses out is INSTITUTIONAL, RESIDENTIAL, ~%,_\V?:gcé?‘l-i‘{ié?‘gmg?selcfgca::r;
the Grope. It's easy, and it's the INSTALLATION & REPAIRS about your qualifications.
best selling map in town. Camplete line af: L
Here's your do-it-yourself speed N s Pumps ~_ Tell people about your spe
lesson on the Yellow Pages Map Y L « Heating Systems__ cial IserVIces repairs,
Drawing course. * Sewage Systems ¢ Pipes and Drains \\ [egiss
rlocal Yellow Pages rep- — — . ~,. :
Callyou g P * References * Estimates ~ List the products you carry.
resentative today and place * Ample * Delayed \w\
T .
yourEEp Vg N Yelow Parking PaymentPlans [~ Tell how easy il is to deal
phane with you . . . credit, parking,
The Yellow Pages [678-0743 | hours, delvery.
77 Lacust Lane. (Between Main and—__|_ Wy Give telephone number and
Central, ane mile fram RR. Statian). —— address, and if you're hard
to locate, directions.
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From ultraviolet to infrared, ENL makes it.

PHOTODETECTCRS

Silicon: Spectral response irom UV to near
IR. Flanar diifused photovoltaic detectors
(low noise, high D*) and photodiades (high
voltage, fast response) available. Typical
responsivites of .5 a/w, C* 10* cm Hz'?
watt~, NEP 10" watt, risetimes tc 2 ns.
low capacitance. Detectcrs can be optimized
to enhance response in either the near UV
cr at 1.06u

Germanium: Spectral resporse .75y to 2,
typical responsvities of 1.0 a/w, D* 5x 10~
cm Hz'? W' NEP 1.2 x 192 watt, 40 ns
risetime . phoovoltaic ar photoconductive
mode, 300“K operation.

Indium Arsenide: Spectral response 1.2 to
4p, D* 8 x 10" cm Hz* W', NEP 5 x 10 ¢
watt, 1us riset'me. 300°K operatfion.

Inc¢ium Antimoride: Spectral response .85u
to 7.54,D" 1 x10°cmHz “W ', HEP 5x 10 *
watt, 1us risetime. PEM 300°K gperation.

NUCLEAR DETECTORS

High resolution, thin window, surface passi-
vated, diffused junction nuclear detectors
available. Custom designs awvailable with in-
tegrated ENL uitra low roise charge sensi-
tive amplifiers.

ENL custom fabricalion includes multi-ele-
ment arrays, digital and analog devices and
multi-region detectors.

CETECTOR-OP AMP COMBINATIONS
Spectral response near UV to near IR, Peak
sansitivity 2 x 10* v/w. Bandwidth greater
than 10 MHz, TO-5 can.

SILICON PHOTCTRANSISTORS

A wide variety of npn planar, high gain, fast
response, highly reliable phototransistors
for industrial anc commercial optoelectronic
aoplications.

LIGHT EMITTING DIODES

Green (GaP), Red {GaAs®) and near IR
(GaAs) emitters featuring long life, reliabil-
ity, high efficiency and ultra-fast turn-on
times.

INJECTION LASERS AND

INJECTION LASER SYSTEMS

CGaAs injection lasers and laser systems fea-
turing 0 to 10 watts adjustable output, nano-
second risetime. Compact, ighiweight pack-
age.

OPTICALLY COUPLEL ISOLATOR

Current transfer ratio greater than 1.0, 10°Q
1so ation resistance, 60 cB operating range.
Convenient single ended TO-18 package.

HeNe (6328A) LASERS

1-10 mW output power (TEMy). Rugged,
stable, no alignments required. One year
warranty, 5000 hour average operating life.
Available with telescopes, AC/DC power
supplies. tripods. Ideal for use in calibration,
alignment, and holography.

OPTICAL FILTER SETS

High transmission, narrow bandwidth laser
line isolation, with high rejection outside
pass band. Visible, near IR, and neutral den-
sity sets available.

ELECTRO-NUCLEAR
LABORATORIES, INC.

Subsidiary of Infrared Industries, Inc.

115 Independence Drive, Menlo Park,
California 94025 ¢ Phone (415) 322-8451



¢] just ran this Ruggednova minicomputer
through severe environment tests of high
altitude, explosive atmosphere, sand, dust,
=, salt spray, RFI/EMI,
. =552 to +952, I5Gs of
3 shock, 10Gs of
vibration and it’s
still performing
beautifully...’

For a painless Ruggecnova

demonstration nn m
“ call or write:
CORPDODZFATION
— 10300 N. Tantau Ave. Cupzntino,
4 ' Calif. 95014. 408 /2576440

TWX €10-338-0247
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You've probably known Kearfott for our digital computer
capability in navigation, guidance and control. But we're also
the leading designer and producer of analog-to-digital and
digital-to-analog converters. So you'll probably want to con-
vert your thinking.

In fact, you'll find Kearfott converters in the P3C, A7D/E
and F-111. We're in navigation and control computers. Weap-
ons delivery. Missile guidance and control. Data annotation
and data processing. As well as flight management.

Kearfott converters include all solid-state electronic A/D

Per-glt‘lgder.

(ac, synchro, or resolver to digital), D/A (digital to ac, synchro
or resolver), single channel or multi-channel—from individual
conversion cards to complete conversion or digital systems.
There are too many to adequately describe here, but
you'll find them all detailed in the 24-page catalog beiow.
It's yours for the asking. Send for it today and it may convert
yourfthinking abosut con\éertersl.
Kearfott Division, Singer-Genera s G
Precision, Inc., 1150 McBride l N E R
Avenue, Little Falls, N.J. 07424, KEARFOTT DIVISION




when will MOS read/write

memory be less expensive

than core?

right now!

With AMS’s 1024-word by 1-bit random access memory

Quantity

1-24

25-99

{ 100-499
500-999
1K to 9.99K

- 10K and up

PRICES FEATURES
Price ¢/Bit = Monolithic, fully decoded
10
ez ® 400 ns access time
82 8
53 5.0 ® 800 ns cycle time
37 3.6 = 50uW/bit dissipation
24 2.3
19 1.84

AMS 1K1

For complete information, contact your nearest AMS Representative or write the factory

ANy

Texas, Oklahoma, Nevada Norvell Associates, Inc., 10210 Monroe Drive, P.O.
Box 20279, Dallas, Texas 75220. Tel: 214-357-6451

Norvell Associates, 6440 Hillcroft Avenue, Houston, Texas 77036. Tel: 713-
774-2568

Minnesota, Wisconsin, lowa Special Electronic Sales, 8053 Bloomington
Freeway, Suite 121, Bloomington, Minn. 55420, Tel: 612-884-4317

New England States Victor Associates, 12 Mercer Rd., Natick, Mass. 01760.
Tel: 617-655-4143

Metropolitan New York/New Jersey Central Associates, 44 N, Dean Street,
Englewood, New Jersey 07631, Tel: 201-568-0808

Central Associates, 11 Commercial Street, Plainview, Long Island, N.Y. 11803.
Tel: 516-433-0808

Southeast (Florida, Georgia, Alabama) Atlantic Components Corporation,
1331 Harbor Lake Drive, Largo, Fla. 33540. Tel: 813-584-8257

116 Circle 116 on reader service card

ADVANCED MEMORY SYSTEMS, INC., 1276 HAMMERWOOD AVENUE
SUNNYVALE, CALIFORNIA 94086 .

TELEPHONE 408-734-4330

Rockies (Colorado, Utah, Arizona, New Mexico, Wyoming, Idaho, Montana,
North Dakota, South Dakota, Kansas, Nebraska) Elcom Electronic Compo-
nents Sales, Inc., 209 San Pablo, S.E., Albuquerque, New Mexico 87108. Tel:
505-256-3663

Elcom Electronic Components Sales, Inc., 4783 S. Quebec, Denver, Colo.
80222 Tel.: 303-771-6200

Elcom Electronic Components Sales, Inc., 445 East Second South, Salt Lake
City, Utah 84115. Tel: 801-355-5327

Elcom Electronic Components Sales, Inc., P.O. Box 27348, Tempe, Arizona
85281. Tel: 602-967-8809

Eastern Sales Office Advanced Memory Systems, Inc., P.O. Box 493, Ran-
dolph, Mass, 02368. Tel: 617-828-2181

Western Sales Office Advanced Memory Systems, Inc., 1276 Hammerwood
Ave., Sunnyvale, California 94086. Tel: 408-734-4330
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Smooth Application Sailing
With GE'’s Fleet of 150-Grid Relays
Hzre s Why. . -; -

Eéns_v to Evaluate and Select — Physical and operating ' E
characteristics o zll five 150-grid relays a-e very similar. If you .
are “amiliar with o-e, you k=aw them all.

Wide Application Capability — For your electronic circuit needs
.. 2-pole, 4-pole, latching, sensitive, AND-logic. Also,

a wi3le choice of coil tatings, mounting forms, and headers to

metcn your exact requirements. —

Top Quality and Reliability — The GE 150-grid relays have
be=n proven in a creat many severe equipment applicatior
tre past 4 years. These inzlwde :he Apollo space
vehizle and other major aeraspecs programs.

Quantity Discounts — Apply to the total numbero
150-grid relays purchasec of all types.

v

Sail through your wo-k load #'th this time-saving,
mcney-saving, problem-selving GE 150-grid sealed
relav fleet. Call your nearest GE Electronic
Comr ponents Sales cftice or distribuzor, or write
Section 792-46, Genzral Electric Co.,
Schenectady, New Yark 12305.

gensitive
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YT19 system cabinet, holds all the
equipment shown (except teletype-
writer) with room to spare.

CD51 controller-digitizer with program-
mable gain, controls 1024 channels, 10ns
aperture time.

TE33 teletypewriter with paper tape
reader and punch. (Includes controlier.)

CF16 minicomputer with a
4K x 16-bit memory (expand-
able to 24K) and four different
1/0 modes. (Includes software.)

Optionally
available:
MR50 high-
level multi-
plexer and
associated
channels
(approxi-
mately $2400
extra), if you
want to mix
high and low
level signals. Also
10,120r 15-bitDto A
converters for closed
loop systems, and a
variety of other off-
the-shelf instru-
ments and op- : \ "
tions to solve : : Ty * ! =
virtually any : ' - e

data acquisi-
tion problem.

id

a4,
22 40 0 22 RO, —

BALARA % £
RS AR LR TR ™

L S

PE20 periphera! con-
troller for CD51/DM40
combination. ____

DM40 lo nv-level d fferential

—————— / rnultiplexer accepts up to
128 input signatl tionall
OPS50 multiplexer switch card contains / expaln(?:bpségtoafog%p) 'i?m ?h‘e'
8 switches with screw terminals. Each range £2.5mV to =10V full
DM40 accommodates up to 16 such scale. at a rate up to 20kHz, and
fyap:gss.alssvcv)ig:vhaﬁg{)?: with other terminatl with a CMR of 120db at DC.
OPS59 power supply for up to eight DM40s. / All instruments and inierfaces will

be cabinet mounted and function- |
a'ly testec tcgether prior to

de'ivery. If you're in a hurry, call =
(213) €79-4511, ext. 3658 or 3391, ¢ SequndoCatioms

The last reason you should buy our data acquisition
system is the price: $21,600.
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Instrument rentals pick up speed

Though market is tiny, variety of available instruments is growing;
recession and tighter budgets spark appeal of rental arrangements

By Owen Doyle

Electronics’ staff

As a business, it’s barely making
a ripple. What’s more, many engi-
neers haven’t even heard of it
much less used it. But renting in-
struments for short periods—say a
few months—is catching on with
more and more engineers who find
it difficult, if not impossible, to
obtain money to buy equipment
during this period of tight budgets.
Growth factors are the increasing
availability of instruments for rent
and the declining cost of renting.

If the instrument rental business
does catch on the way the rental
firms think it will, some big
changes are in the wind in instru-
ment design and sales. One factor
fueling sales of some instruments
is short product life. More and
more users may decide to rent
gear because of rapid obsolescence:
digital voltmeters, for example, be-
come obsolete after only about two
years now, admit makers.

The president of one instrument
rental firm, Edward Herman of
Rental Electronics Inc., actually
feels instruments as we know them
will soon disappear. In their place,
he predicts, will be a “scientific
terminal” that will perform all test
functions. Users, he says, will buy
the terminal mainframe and then
rent plug-ins for specific jobs.

Another rental-inspired change
may be the emergence of an im-
portant and respectalile used-in-
strument market,

Instrument makers are beginning
to take the rental business seri-
ously. Most are studying rentals,
and several are quietly making
some of their wares available for
rent,

The instrument rental pitch is
simple and alluring: why throw

~<—Circle 118 on reader service card
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away a lot of cash buying some-
thing that’s needed for only a few
weeks or months; it’s cheaper to
rent it. And almost any instrument
can be rented, it’s claimed. That’s
not quite so, but the rental firms
certainly have come a long way
from the early 1960’s, when the
only instruments rented were Tek-
tronix oscilloscopes and some Hew-
lett-Packard meters and signal
sources. Now, not only are more
types of instruments available for
rent, but they come from most of
the makers. The rental houses still
are sticking with “middle-of-the-
road” general-purpose types, such
as amplifiers, counters, filters,
scopes, power supplies, and test
chambers. It’s difficult to rent and
make money on infrequently used
instruments, they maintain.
Business at the rental houses is

good and promises to get better.
Continental Leasing Corp., for ex-
ample, has seen its rental income
soar from $87,500 in 1965 to more
than $2 million last year. However,
it’s still a small business compared
to the giant instrument sales mar-
ket. It's doubtful that total instru-
ment rentals reached $8 million
worth of business in 1969, a negligi-
ble figure compared with the $1
billion worth of instruments sold.

Returns. Customers find rentals
appealing for a variety of reasons.
Some engineers, particularly those
with many defense contracts, need
instruments for short projects.
“Say you’ve got a little job where
you have to make swept-fre-
quency measurements,” says Craig
Goetsch, manager of the test equip-
ment center at New Jersey’s Lock-
heed Electronics Co. “And the in-
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... rents for instruments are coming down,
and instrument makers are watching ...

strument costs $4,000, and the total
price of the job is $4,000. You can’t
get a return on equity that way, so
the only thing you can do is rent
it for a week or a month or so.”

Others, such as division man-
agers, rent much-nceded equip-
ment while they go through the red
tape of justifying a purchase to top
management.

Pack Rat. Others who are taking
an interest are property adminis-
trators, whose status, says Rental
Electronics’ Herman, is being up-
graded. The new administrator,
he points out, is somebody who’ll
take a critical look at the practice
of buying an instrument, using it
once, and then sticking it on the
shelf. Carl Harshbarger, Rentronix’
general manager, agrees that the
emerging importance of financial
people will help his business. Every
engineer, observes Harshbarger,
has a “pack rat instinct to own
everything he uses.”

Right now, the test-instrument
business is dominated by five com-
panies, each with an inventory
worth between $1 million and $5
million. Continental and Rental
Electronics, the largest firms, do
business all over the country; Elec-
tro Rents concentrates on the West
Coast; Rentronix and Scientific
Leasing Services Corp. are active
in the East.

One complaint leveled at rental
houses is that items in their cata-
logs may not be on their shelves
for immediate delivery. The com-
panies are reluctant to either buy
a specific instrument at all or buy
large quantitics unless they’re cer-
tain of getting their money back
on it. As a result, a customer may
find that all of the particular in-
struments he wants are out on rent.
And some houses put everything
they can think of in their catalog,
and then wait until they get an
order for a specific instrument
before they buy it.

Conservatism. This conservatism
gives rise to another complaint:
rental houses only stock instru-
ments the customers already have.
Rarely used gear, such as tape
decks and certain high-accuracy
meters, don’t appear in the cata-
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logs. “The Dbiggest complaint
against the rental companies,” says
Lockheed’s Goetsch, “is that they
don’t like to handle this stuff. If
youre in the electronics business,
you have a Tektronix scope, you
have a generator, and you have the
basic tools. You're looking to rent
the one-of-a-kind things that you
can’t justify buying.”

James Kistner, director of ma-
terials for Itek Corp., cchoes this
complaint. “There’s not as great
a variety available as we would
like,” he says. “Custom and semi-
custom instruments are hard to
rent; it’s better to rent from the
makers in this case.”

However, when what he wants
is available, Kistner has nothing
but praise for the instrument
houses. “We find rental service
generally excellent,” he says. “We
get good terms, instruments are
available, and service is good.”

Not everyone is as satisfied with
rates as Kistner. Typically, the
rental rate is 10% of an instru-
ment’s price for a one-month
rental period down to about 6%
for six months.

But prices are on the way down.
Electro Rents recently slashed rates
on some of its catalog items; the
popular H-P 5245L counter slid
from $250 a month to $200. And
Rentronix has just announced
across-the-board cuts ranging up
to 30% for six-month rentals.

Rental houses get high marks
for the quality of the gear they
rent. Colby Kelly, purchasing agent
at General Radio Co., reports that
rented instruments arrive in good
condition, an observation that
seems to be general.

No junk. An important and am-
bitious outgrowth of renting, re-
sale, is under way at Equipment
Marketing Co. (Emco), an arm of
Rental Electronics. Emco and other
used-instrument houses say their
biggest obstacle is overcoming a
war-surplus image problem. “Any-
body who’s ever had dealings with
used-equipment people has always
had to handle junk,” says Lou
Sabetty, Emco’s electronic man-
ager. “When we sell something,
we expect to sell it in a plastic

bag, completely refurbished and
reconditioned, and with a 30-day
guarantec. The fellow won’t have
to dig through a pile of scrap to
find what he’'d like.”

But rental companies may be
hard pressed to hold onto their
present markets. Instrument mak-
ers, though largely noncommittal,
are intcrested in the business.

Most makers offer a rental deal
if a customer asks for it. “We
don’t promote it,” says Thomas
Odderstall, Monsanto Electronic
Instruments’ manager of market-
ing. “But as a convenience to the
customer we certainly will.”” Some
firms admit to a more active inter-
est. For example, feasibility studies
are under way at Systron-Donner
Corp., while Telonic Industries
Inc. recently started a rental pro-
gram. In March Beckman Instru-
ments Inc. announced that any in-
strument in the division’s line was
available for rent at rates that
run to about 7% of price per month.
Beckman is in the rental business,
says Charles Dill, manager of
electronic systems, “because of the
rapid expansion of the rental busi-
ness and of the dominance in it of
some other companies’ equipment.”

But the two shocs the rental
companies keep waiting to hear
drop belong to H-P and Tek. A Con-
tinental official claims that H-P will
move into the rental business when
the volume reaches $25 million.
And Herman says that H-P is
“test marketing a rental package”.
However, Alfred Oliverio, H-P’s
electronics group marketing man-
ager, denies any such interest.
“It’s not a trial thing at all,” he
says. “What it boils down to is
that we’re willing to accommodate
a customer under some conditions.
We haven’t really gotten involved
in any rental activity at all.”

As for Tek, there’s speculation
that the Oregon firm is thinking
of using its new 7000 series of
scopes in a buy-the-mainframe and
rent-the-plug-in’s  program. How-
ever, Frank Elardo, Tek’s assistant
U.S. marketing manager, says his
company will sell only “fully oper-
able products.” But he doesn’t rule
out renting: “a manufacturer could
certainly do as good or a better
job than rental companies in serv-
ing customers’ rental needs. We are
constantly assessing these needs,
but have no plans as yet.”

Circle 121 on reader service card—>



What would you ask for in a complete
Photomicrographic

and Photomacrographic Lab?

6. You’d make sure
everything was built
into a sturdy and
compact stand. And
“everything” means
"everything”: filters, ASA
selector for speeds from

1. The first thing youd
ask for would be an easiy
operated 4x5 camera
system. You'd want t ©
be completely automatc
—exposure, film counting,
frame-imprinting,evary-
thing—so tnat all vou
have to do tc take a pic-
ture is focus and puch 2
button. You might neec,
too, a fully automatiz
35mm camera thet’s
easily and rapidly irstes-
changeable. You'd def-
nitely want utmost stzbi-
ity —the kind that he
Zeiss Ultrapkot [, with
its sliding mirror systerm
(rather than bulky bel-
lows) and its strong sheck
mounting, gives you
You'd want to use Pola-
roid® and have a progc-
tion head available, a~d
for metallographic wcrk
special disks for grair
size determinations. You
might also nead a Micro
Hardness Tester anc &
movie camera. S0 yoJ'c
make sure there was pro-

2. You'd insist on the
highest quality optics—in
other words, Zeiss optics.
And you'd want them to
be completely inter-
changeable with those on
any other Zeiss micro-
scope you may have or
plan to add. So you'd
have available to you the
world's widest line of
Planapochromats, Plzn-
achromats, Plan-Neoflu-
ars, Neofluars, Uitraf'u-
ars, Achromats, Epi-p ans,
and Pol objectives for
transmitted and reflected
light—not to mentior tne
unequaled Luminars and
Epi-Luminars for photo-
macrography.You'd want,
in short, capability for
4 x5 and 35mm photcg-
raphy at continuous mag-
nifications from 2.5X to
the limits of light micrcs-
copy, through the finest
flat-field optics ever made.

ision for all ,
2.5 to B,000, exposure | vision forall these

readout window, push-
button for exposure,
photo-multiplier, beam
splitter (so that the light
can be directed 100% to
the camera, or 100% to
the eyerieces, or % to the
eyepieces and % to the

4 x 5 camera, or 100%
to the 35mm camera
with its own focusing
eyepiece.)

5. You'd want a specially
designed instrument
table, with ample work-
ing space, drawers with
fittings fcr all accesso-
ries, and a built-in power
supply.

"Ih‘»

You'd ask for Ultraphot lIl.

(Jamin — Lebedeff) —in both reflected and
transmitted light — photomicrography and photo-
macrography—the Ultraphot Il is the supreme

That's what Zeiss calls it, and it does everything
but develop the film. And, if you use Polaroid®
film, it does that too. For all light-microscope tech-
niques—brightfield, darkfield, fluorescence, polar-
ization, phase contrast, Nomarski interference

contrast and quantitative interference microscapy

instrument. Write Carl Zeiss, Inc., 444 Fifth Ave-
nue, New York, New York 10018.
Nationwide Service

3. You'd require a choice
of light sources—CS1,
Mercury, Xenon, Quartz
lodide, and Tungsten.
And you'd find it very
convenient that the Ultra-
phot holds three at the
same time so you can
switch from one to the
other, or combine Mer-
cury and Tungsten for
phase-fluorescence, all by
a simple flip of a lever.

4. You'd expect it to be a
simple matter to ex-
change stages so that
you can switch from re-
flected to transmitted
light, or vice-versa, in a
matter of seconds. You'd
want the same easy ex-
changeability, too, of eye-
pieces and condensers.

THE GREAT NAME IN OPTICS

WEST GERMANY

ATLANTA, BOSTON, CHICAGO, COLUMBUS, DENVER, HOUSTON, KANSAS CITY, LOS ANGELES, PHILADELPHIA, SAN FRANCISCO, SEATTLE, WASHINGTON, D.C.




Manpower

Engineers find recession
hits them where it hurts

Some EE’s, facing demotions and cuts in salary, travel, and entertainment

are reappraising their own financial status; many put off major purchases

Pushing steadily upward through
the ranks of laborers and blue-
collar workers, the heavy hand of
recession is reaching toward elec-
tronics engineers, too. And to many
the squeeze is becoming severe.
The less fortunate are out looking
for new jobs, while some engineers
have been demoted to technician-
type positions. Others have suffered
pay cuts or were promised raises
that weren’t delivered.

Even those who weren’t laid off
or demoted haven’t escaped the
recession unscathed. Poor busi-
ness conditions have entailed
smaller entertainment budgets and
embargoes on trips to technical
conferences. At the office, they’re
having to put up with longer work-
ing hours and smaller clerical
staffs.

At home, many engineers have
gone through an agonizing financial
reappraisal. The new car will have
to wait, and so will the stereo rig.
Wives have been told to shop at
budget markets. Some EE’s, caught
flat-footed by a layoff, have had to
float personal loans to tide them
over,

The people most affected, of
course, have been clerks, techni-
cians, and junior engineers. But
even senior people haven’t been
spared. One ranking engineer who
put in 20 years with Sperry Gyro-
scope was bounced and had to
take a job in the Camden, N.J.,
area, some 90 miles away. “I visit
my family in Long Island on week-
ends,” he relates. “During the week
I live out of a furnished room.

“Companies make grave mis-
takes when they try to save on the
salaries of their senior engineers,”
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he says. “We can churn out two
or three times the work of the
juniors, and with today’s starting
salaries as high as they are, the
differential isn’t that great. My old
company is probably losing more
money than it’s saving.”

An East Coast radar engineer
who was shifted from his job when
a contract expired notes: “I've got
16 years of design experience and
I'm doing a job that they could
train a chimpanzee to do.” His new
responsibilities amount to keeping
track of all valuable equipment in
the plant.

A West Coast avionics engi-
neer—one of the lucky ones—stayed
with the company during a 50%
cut in staff and held the same job.
“But I had to take a 10% pay cut,
which brought me back to the
salary I was making four years
ago. With prices the way they are,
that really hurt,” he asserts.

According to a New England
semiconductor engineer, “Quite a
few people here have been getting
less money, but some take the op-
tion of getting laid off with sev-
erance pay instead of being down-
graded in pay and status to a level

Prodigal son

equipment.

ment or maintenance.

The worsening business climate also has adversely affected foreign engi-
neers who came to the U.S. for better opportunities. Yet, while these
brain-drainers aren’t exactly stampeding back home—partly because they
can’t always get foreign companies to pay travel and removal expenses—
some have returned, and others are thinking about it.

A case in point is Roger Hallett, a 30-year-old engineer who went back
to Britain last September. Hallett spent three years in the U.S. with Bell
Aerosystems Co. in Buffalo, N.Y., where he designed low-frequency cir-
cuits for use in accelerometers for the space program. Ie now works
for Iford Ltd., a film and photographic materials company. There,
Hallett designs low-frequency circuits for use in film production control

“My wife and I always intended to return to England, but the cutback
in spending on space brought us back rather sooner than we’d intended,”
says Hallett. “My job with Bell just fizzled out through lack of orders,”
Hallett relates. “I was offered temporary work on defense equipment
but I couldn’t get enthusiastic about it and I would have been made
redundant eventually, anyway. American companies are ruthless when
it comes to redundancy. If I could have gotten acceptable circuit design
work somewhere else, say in California, we would have stayed, but
there was very little on offer. I would have taken circuit design work in
any field, but I didn’t want to move into some other activity, say develop-

“We didn’t have to suffer any reduction of living standards while we
were in America due to inflation, though we came back before it got
really bad. We saw the recession coming, realizing that Americans
would cut back on space spending once they reached the moon.”

Electronics | June 22, 1970



Thebeauty of this connector...

it saves you a pretty penny.

Sure, Amphenol’s new Excellite audio/electronic
connector is beautiful. It’s strong and light weight,
too. Made from the same tough, molded ABS plas-
tic usedin pro football helmets and golf club heads.
The lustrous nickel plating enhances the look and
value of your product.

But where it really sparkles is on the money it
saves you. First off, it cost less to buy. The savings
from new, lower cost materials is passed on to you.
Secondly, it saves you time in termination. Excellite
cable connectors come completely assembled, not
as a bag of parts. Your production people aren’t

Circle 123 on reader service card

burdened with assembly or bothered with parts that
don’t fit or are missing. We do all that.

The Excellite line provides a full complement of
distinctive 3, 4 and 5 contact connectors that are
completely interchangeable and intermateable with
all latch-lock type audio connectors.

For complete information on Excellite audio/
electronic connectors, send for your free copy of
Catalog EX-1. Amphenol Industrial Division, The
Bunker-Ramo Corporation, 1830 South 54th Ave-
nue, Chicago, lllinois 60650.

@ AMPHENOL

THE BUNKER-RAMO CORPORATION
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With output voltages from 1 to 1000 KV, and current outputs from 1.3 ma to 50 amps.

tics, accelerators, lasers, high power radars, high voltage

rectification assemblies, tanks. etc. — designed and manufactured under our roof.
t — including varnish impregnating system, automatic lamination
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Send for brand new, 24-page catalog: ‘‘High Voltage DC Power Supplies and

cutters, and oil processing system.
m Custom design units for wide variety of applications — electrosta

component testing, and more.

HIPOTRONICS

High Voltage D
m The very latest and best in manufacturing equipmen

m All componenis — transformers, capacitors,

Now from Hipotronics:
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where more problems are likely to
occur. This is especially true of
long-term people.”

He figures some people will live
on their unemployment insurance
for a while, but says others have
nothing to fall back on. He knows
of some laid-off people who had
no money in the bank, and others
who had all their liquid resources
tied up in declining stocks. Two
men had to take out bank loans
just before they were laid off in
order to tide themselves over.

Hardest hit is the military side
of the business. George Rounsa-
ville, manager of military products
applications at the Stewart-\Warner
Electronics division in Chicago,
says, “Regular raises aren’t com-
ing about. What would have been
a year’s wage increase will be
stretched out to cover as much
as 15 to 17 months now.”

One middle-management engi-
neer at a small Washington com-
pany notes that business adminis-
trators are more vulnerable than
engincers in his organization, ex-
cepting those with highly special-
ized backgrounds. And according
to one personnel placement man-
ager, a number of engineers with
such specialities as radar and so-
nar, for example are still walking
the strects. “As some of the work
changed, they just weren’t able to
fit in.” he explains.

According to one East Coast
semiconductor engineer, the reces-
sion has triggered engineers into
finding jobs in other fields. “They
generally go into more consumer-
oriented businesses, such as in-
surance. Maybe they’ve been think-
ing of it for years but they needed
a catalyst—like sceing their career
plans torpedoed or stretched out.”

Home economics. Many engi-
neers at other companies have had
to tighten their belts at home. One
Southern avionics engineer com-
plains, “We have five kids and
aren’t buying much of anything ex-
cept the necessities these days. My
salary just isn’t keeping up with
inflation. We usually rent a trailer
cach summer and go off on a vaca-
tion. This year we’re not going any-
where.”

An East Coast engineer says his
family decided to buy carpeting
instead of air conditioning this year
because “we felt we’d be getting
better value for our money.” Nick

Kovell, a communications engincer
for Westinghouse Air Brake Co,,
says his family postponed buying
a stereo and is going to fewer
movies.

Others with high living stand-
ards also have had to compromise.
Notes one West Coast executive,
“My wife and I sit down and ask
ourselves whether we can meet the
bills, and I make a pretty good
income even for the aerospace in-
dustry. But we recently gave up
our country club membership be-
cause we couldn’t pay new assess-
ments and higher membership
fees.” He now drives a three-year-
old compact to work, and his wife
manages with an aging six-cylinder
station wagon.

A young Ph.D. who does avionics
systems enginecring in Atlanta re-
ports, “The recession’s impact is
coming mostly in my psychological
outlook. I feel a nervousness and
a sense of uncertainty about the
future. I've thought about looking
around, but like a lot of other engi-
neers I want to stay in the same
city. I'd like to teach, but the
schools around here are completely
staffed—and so are the companies.
I hear the data-processing firms in
this area that use instructors are
flooded with applications from en-
gineers who want to teach.”

Aggravating the problem are
overtime cancellations by some
companies. A Boeing engincer
claims, “Overtime authorizations—
even on the supersonic transport
work, which we’re pushing hard—
require an act of God.” Most engi-
neers don’t try to raise additional
cash by moonlighting. According
to a West Coast aerospace engi-
neer, “The jobs are alrcady being
done by guys who were laid off.
Besides, we haven’t the time now
that we operate with smaller
staffs.”

And not only is it tough for those
who leave, but it’s not easy for those
who stay. One digital systems de-
sign specialist at Airborne Instru-
ments Laboratories in Deer Park,
N. Y. says the heaviest burden falls
on the senior people who stay on.
“Before, I handled just one proj-
ect,” he notes. “Then a few months
ago I was consulting on projects
at four different locations within
the company.” Because he’s spread
thinner, he can’t follow up on his
designs as much as he’d like to,
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Need high stability and low noise
in trimming your circuitry?

The CTS Answer Man offers two
new Cermet Rectilinear Trimmers

e T

CTS Series 190 and 195 trimmers give you what you need: high
stability and low noise. Settability is unusually easy —better than 1-.025%.
Noise is very low—on the average, +0.5% . Moreover, there’s
maximum stability in resistance after setting—no matter how severe
the environment. Choice of 3 terminal configurations in each series.
Price? Delivery? Highly satisfactory.

The CTS Answer Man is your man at CTS. He’s more than a salesman—
he’ll quarterback your product requirement through the multi-resources of CTS.
At his fingertips: broad production facilities, the latest technologies,
plus 10 years of Cermet product experience. You can bet he’ll come up with an answer
every bit as good as our trimmers.

Trimmers. Potentiometers. Selector switches. Crystal products. Thick-film hybrid circuits. Cermet
resistor modules. Loudspeakers. CTS makes them all in 10 U.S. and 8 foreign plants. And the
CTS Answer Man stands ready to fit them to your application. To learn more, write:

CTS corporarion

Trimmers shown actual slze [/khaff, Indiana



Man does not live by mainframe alone.

Some computer makers give you a mainframe. Period. tape and card readers and punches. Data acquisition
Honeywell 316 and 516 computers come with and control interfaces. Displays. Plenty more, too.

everything from soup to nuts. Like one of the broadest Want to build your own subsystems? There are more
lines of peripherals and subsystems. than 400 compatible Honeywell logic modules to

These include: Seven-track and nine-track magnetic choose from. Memory systems, too.
tape units with vacuum capstans and hardware error Software? More than 500 field-proven programs.
correction. Moving head disc stores, including a dual
spindle model (performs read or write operations on
one spindle while the other is in the seek mode) and a
high-capacity model (14.4 million bytes). Buffered line
printers with speeds up to 950 lines per minute. Paper

Get more information about the Series 16 family of
real-time, on-line computers and options. Write for
the 316/516 literature kit. But whatever you do, consider

the alternative: Honeywell, Computer Control Division,
Framingham, Mass. 01701.

The Other Computer Company:
Honeywell

HONEYWELL INTERNATIONAL—Sales and Service offices in all principal cities of the world. Manufacturing in Australia, Canada, Fintand, France, Germany, Japan, Mexico, Netherlands, Spain, Taiwan, U.K. and U.S.A.




For laid off engineers: a bad trip

Getting the word that you're surplus and your job is being wiped out
is bad news, no matter how nice your hoss is about it. For some engineers,
it can be a unique experience. A physicist got the ax twice from his
company; a logic designer perhaps received too much advance waming,
and Long Island areospace engineers don’t even get a chance to catch
their breath.

The physicist has been laid off twice in six months by his firm—a
Southern California aerospace laboratory. The first time, he was told by
his boss to take a month off with no pay until funds could be found
to continue the electric propulsion research he was working on. e was
rehired, but the new money turned out to be less than the lab expected,
so the physicist was laid off again after four months of work. After a
month “on the beach,” he was rehired when a secretary in his depart-
ment was let go. Ier annual salary covered his pay for another three
months. But once this money runs out, the physicist expects to be
furloughed for a third time.

The logic designer, working in the New York area, is certain about
the future of his job—his company plans to close the doors at the end
of its fiscal year. A program manager with 16 years of experience, the
designer doesn’t know what to do. I1e’s paying off a big mortgage and
unemployment insurance would not even cover his county taxes and
car payments. Ile hesitates to start looking for a new job, knowing
just how scarce jobs are.

For some engineers, the way they are being laid off can be an un-
fortunate and traumatic experience. Listen to an engineer tell how it’s
being done at a Long Island aerospace firm: “Your supervisor calls you
into his office and he tells you that you’re surplus. Then, along with
a guard, he escorts you to your desk and tells you to carry what you
can out the door. They’ll send you the rest. That’s the way it is, short

and sweet.”

he explains. “I have to delegate
more of the responsibility for build-
ing and trouble-shooting systems.”

Even the number of telephones
has been cut back at some com-
panies, and engincers relate com-
plaints of frequent busy signals.
One Seattle communications engi-
neer claims someone unsuccess-
fully tried to get him by phone
for two days.

The squecze also affects pur-
chases of new materials and equip-
ment. George Glenfield, an engi-
neer at Varian’s Bomac division
says, “All capital equipment ex-
penses are being looked at hard,
and need additional approval to
make sure they’re really necessary
and not redundant.”

Donald Herling, manager of the
antenna laboratory at the Halli-
crafters Co. in Chicago, admits that
it's tougher to buy equipment, but
claims, “If you really need it, the
company will get it. The main im-
pact of budget cutbacks has been
to kill lower-priority projects.”

Fringe benefits also have suf-
fered; most companies have slashed
their entertainment budgets. One
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West Coast aerospace engineer
says, “I usually have a preliminary
chat with customers first to deter-
mine if I should ask them to dinner.
And then I don’t take them out but
instead invite them home for cock-
tails and dinner.”

Entertainment may suffer some-
what, but tuition aid programs re-
main intact at most companies. A
West Coast acrospace engineer
notes that at his company, “not
many engineers attempt to get ad-
vanced degrees. Older engineers
don’t have the time, and you
don’t see many younger engineers
around any more,” he says.

One company, the Digital Equip-
ment Corp., located in the Boston
area, actually has liberalized its
tuition plan by removing its $450
ceiling. And a New England semi-
conductor manufacturing firm will
pay tuition even for an engineer
who has been laid off, provided
he contracted for the course while
he was employed. However, at
least one company, a Southern
avionics firm, now requires engi-
neers who attend classes either on
or off company premises to make
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up all time lost from their jobs.

Perhaps the most visible cut-
backs have been in travel. A man-
ager at a Southern avionics firm
complains, “I’ve had to stop attend-
ing almost all of the conventions
and technical meetings I made in
the past. In fact I missed the IEEE
convention. I understand it only
had about 40,000 attendees, instead
of the usual 60,000 or so.”

An East Coast semiconductor
manufacturer allows a few engi-
ncers to attend meetings, but ex-
pects them to brief those who stay
behind. In the Boston area, an
IEEE spokesman says the shows
and the lecture series are feeling
the pinch. Some manufacturers are
canceling booth space because of
poor attendance.

Varo Inc. in Texas has suspended
its policy of getting all professional
people to attend at least one
important meeting a year. At
Varian’s Bomac division, engincers
now travel tourist instead of first
class. And on the West Coast, one
manager of military and space sys-
tems takes a hard-nosed approach:
“I insist that an engineer going on
a week-long trip leave on Sunday
morning so that he arrives at the
customer’s office Monday morning.
And he doesn’t start for home until
after 5:30 p.m. on Friday.”

The same manager says the drop
in attendance at meetings does
have a bright side. “I now tend
to go for a specific paper or ses-
sion, so I've been forced to be
more selective.”

One result of the recession has
been to make engineers more po-
litically aware. Bomac’s George
Glenfield reports, “There’s serious
concern among our engineers over
what direction this country is tak-
ing. Action by the Federal Govern-
ment to stop inflation is not ap-
parent. Engineers are finding out
that fiscal policies are directly re-
lated to their jobs.”

Reporting for this article was done
by Ralph Selph in Los Angeles, Gail
Farrell in Boston, Marilyn Howey
in San Francisco, Ray Connolly in
Washington, Mike Payne in London,
Ray Bloomberg in Seattle, Bob Lee
in Chicago, Marv Reid in Dallas, Fran
Ridgeway in Atlanta and Steve Low-
man in Pittsburgh. Additional report-
ing came from New York editors. Bill [
Bucci put the report together. [
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Computers

Design house finds ‘one for all’
can apply to custom memories, too

One plan offers a memory maker lower costs if other manufacturers
can use its design; a price and performance guarantee comes with it

By Lawrence Curran

Electronics’ staff

Memory design houses tradition-
ally stand jealous guard over cus-
tomers’ proprietary rights. But the
alert management of Technology
Marketing Inc. discovered that
many companies don’t object if
their custom-designed memories
are manufactured and used by
others. In the process, TMI found
a way to reduce costs for some
customers and also turn a profit for
itself.

The young Santa Ana, Calif,
firm offers customers two options:
the usual exclusive design contract
and a lower-priced version. Under
the latter arrangement, other com-
panies can manufacture essentially
the same memory developed for
someone else. These licensees don’t
pay development costs, but instead
give TMI a license transfer fee.

Started little more than a year
ago by Robert Lowry and George
Wells, T™MI probably is unique in
the industry because of its guaran-
tee, which it feels rivals Sears
Roebuck’s. TMI promises “satisfac-
tion with the job” and assures cus-
tomers that they can manufacture
the specified memory in their own
facilities at the quantity prices
agreed upon. The company says
it will foot the bill for excess
development and manufacturing
costs.

Lowry and Wells, either of
whom acts as company president
on any given day depending on
the nature of the negotiation, only
found out in the last few weeks
that their customers don’t always
care whether or not they have ex-
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clusive ownership of the memory
systems TMI designed for them.
Lowry believes that TMI’s policy
of licensing the same design to

more than one company will ac-
count for the major portion of fu-
ture business.

He feels most customers, usually

Young oldtimers

Even though he’s only 36, George Wells, the technical half of the
Lowry-Wells team that heads Technology Marketing Inc., goes back
to the early days of core memories. He was a circuit designer in RCA’s
computer group from 1958 to late 1961. In that year, he visited and
worked with engineers at Telemeter Magnetics Inc., in Culver City,
Calif., on designing a formidable memory project for which the firm
was subcontractor to rca. This was a 1.5-microsecond unit, and the
30-mil-diameter cores—and all the associated tooling and stringing
techniques—had to be developed for it. At the time, 50-mil cores were
the smallest in general use.

One of the now-prominent “names” then affiliated with Telemeter
Magnetics was Trude Taylor, who left in the summer of 1961 to create
Electronic Memories Inc., now Electronic Memories and Magnetics Corp.

Because Telemeter Magnetics was one of the first commercial core-
memory companies in the United States. and because Wells recognized
its potential, he was receptive when officials of the Southern California
firm asked him to come to work for them. He started there in January
1962, just after the company was sold to Ampex Corp., and became its
Computer Products division. Wells kept in touch with Taylor, however,
later joining Electronic Memories to handle core memory systems.

He resigned from the post in 1968, and Lowry, then associated with
System Design Associates, lured Wells to his company, which later
spawned Microdata Corp. and its minicomputer-manufacturing sub-
sidiary, MicroSystems Inc. sDA was a consulting company, and Wells
developed the group’s memory system design business, including the
memory for MicroSystems” Micro 800 minicomputer.

Lowry says the computer’s memory was ready before the rest of the
machine, and spa officials felt the memory could be sold. But this would
have conflicted with spa’s charter as a consulting house. The memory
consulting activity was set off separately, and Wells and Lowry eventually
parted amicably with spa-Microdata to form T™r1. They got a running
start in the memory design business with a $250,000 backlog from spa.

Lowry’s path shows fewer turns than Wells’s. Now 42, he was the
first salesman on Decision Control Inc.’s payroll back in June 1963. The
firm was sold to Varian Associates, becoming Varian Data Machines in
June 1967. Lowry was director of International Marketing when he left
to join spa in January 1968. He and Wells started Tax in March 1969.
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computer manufacturers, will agree
to let their designs be used else-
where because they don’t want to
scll memories. Since they save
money by manufacturing their own
memories in house, they don’t ob-
ject to TMI selling the same design
two, three, or four times over. In
such cases, all TMI has to do is to
design different custom interface
hardware.

Under the licensing arrangement,
TMI covers development costs, then
charges each customer a manu-
facturing license-transfer fee to
partially offset the considerable
documentation that accompanies
TMI-designed memory prototypes.
The license-transfer fee will range
from $10,000 to $20,000. Lowry
says. Then each customer pays TMI
a royalty on every system it builds.
This will be set up on a sliding
scale—possibly $200 for each of the
first 100 memories built, $175 for
each of the next 100, and so on
until a fixed limit is reached.

The recent switch to the license-
royalty arrangement could kick
TMI's sales upward. But it won’t
affect the number of totally new
designs TMI will undertake, about
12 to 20 a year. Four months is
the average cycle time for a cus-
tom design, and TMI can handle
about five at a time, with three
in final checkout simultaneously.

No production. TMI has no inten-
tion of manufacturing any memor-
ies itself. “What puzzles manv cus-
tomers,” Lowry says, “is that we
turn them off quickly when they
ask us to manufacture their mem-
ories.” The price quotes on a job
are so thorough that customers
often assume TMI is seeking the
production contract as well as the
design contract.

Lowry feels therc’s good reason
not to be a manufacturer, particu-
larly of standard memory systems.
First, computer memories have
graduated from the days of small
quantity orders to the point where
orders for thousands aren’t unusual
and TMI doesn’t ever want to do
more than $1 million a year in
memory design sales; it wants to
be selective enough to maintain
quality design, its stock in trade.
Lowry says. “The black art is gone
from memory design,” he asserts.
“It takes experienced people, but
it’s now a science.”

Exclusive customer ownership
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arrangements will account for the
bulk of TMI’s projected 1970 sales
of $660,000 since the licensing roy-
alty arrangement is so new.

No extras. If TMI exceeds
its estimated development costs in
its price quote, there’s no extra
charge to the customer, and if it
costs the customer more than TMI
has estimated to manufacture the
memory in quantity, TMI will make
up the difference. To date, most
jobs have come in 6% to 8% below
TMI's estimate. “This is because
94% of the manufacturing costs
derive from materials whose prices
are known” Lowry reports.

“We felt the industry was ready
for a company that would assume
full responsibility for what it does,”
Lowry asserts. “We guarantee cli-
ent satisfaction. There are no qual-
ifications, and we have to make
it right if he’s not satisfied. This
philosophy dictates selectivity.”

Since most customers anticipate
volume production, TMI’s designs
must use readily available parts to
insure simplicity of manufacturing
and good reliability. The firm in-
sists that there must be at least
two sources for components in its
designs, and it takes an active role
in negotiations for such major items
as core stacks to prevent cost over-
runs. TMI advises customers not
to string the cores themselves but
to let the core supplier do it, and
provide the circuit boards and de-
code diodes. Thus, Lowry says,
TMI customers can get custom
stacks as completely tested as-
semblies that can be bought from
multiple sources. TMI also favors
completely pluggable core stacks
without the backplane wiring that
makes for additional labor charges
and possible error.

The package TMI offers includes
not only the design specifications
and prototype models but all the
documentation needed for the cus-
tomer to turn the job over im-
mediately to his manufacturing fa-
cility. T™MI will use the customer’s
symbology, drafting standards and
numbering release system on the
customer’s own title block vellums,
if desired. T™I also will document
the core stacks using, say, the
Ampex, Electronic Memories and
Magnetics, or Ferroxcube symbol-
ogy and numbering release system,
including their suppliers’ testing
procedures. Then TMI’s customer

The design of this lamp makes it ideal
for all audio-related applications
where freedom from noise is desirable.
There are no anchors, a principal
source of noise. The lamp has no
soldered connections and no sol-
dered-on base. The clip-type mounting
bracket is inexpensive and provides a
low silhouette that conserves space.
Can be supplied in 6 v. and 12 v
types. Write for catalog A-21. Tung-
Sol Division, Wagner Electric Corpo-
ration, 630 W. Mt. Pleasant Avenue,
Livingston, N.J. 07039; TwX:. 710-
994-4865, Phone: (201) 992-1100;
(212) 732-5426

TUNG-SOL

BASELESS
CARTRIDGE
LAMP

TUNG-SOL—WHERE BIG THINGS
ARE DONE WITH SMALL LAMPS

® Trademark TUNG-SOL Reg. U.S. Pat. Off.
and Marcas Registradas
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Trump card.

Don't get caught in penny-ante card games. FLAT-
STORE wins the OEM pot at $425 for a 1K x 8 core
memory. In the same game, win a 4K x 8 for $790,
quantity 1000. 0 FLAT-STORE is a complete coinci-
dent-current IC core memory system on one plug-in
card, designed for system expandability. It includes data
register, single rail address, timing and control, sense
amplifiers, inhibit drivers, decoder drivers and core
stack, all on one 8.3"x 13.5"x 1.25" circuit board. If you
want 16 or 18 bits,simply use two cards.Its DTL/TTL
compatible and has DTL buffered I/O -and you deal
yourself in for overall cost reduction with a memory
that requires only two power supplies, + 5V and -12V.0
Stack the deck in your favor with high speed random /
sequential storage and retrieval : ;
at low, low prices by specify-
ing FLAT-STORE. Call
714:835-5466 or write
Standard Logic, Inc.

1630 South Lyon Street
Santa Ana, California
92705

*Attention OEM user: 1K x 8 MOSRAM, $350.
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FIGHT
THEM ALL...

Heart Attack

Stroke

High Blood Pressure
Rheumatic Fever

GIVE .. "% HEART FUND®

132

can turn the prints over to any of
a number of stack makers for im-
mediate production. There’s no
production-delay wait for drawings
to be converted to another format.

ECL, too. While most of TMI's
designs have been core memories,
Wells has designed a system for
Standard Computer Corp. in Santa
Ana, Calif., that employs emitter-
coupled logic. This is a 2V2-dimen-
sion, 10-million-bit memory used
in Standard’s own IC-7000 com-
puter and sold separately by the
firm for use with IBM’s System 360,
models 65, 67, and 75. Using 20-mil
cores, the unit has a full cycle time
of 700 nanoseconds; with 18-mil
cores, the cycle time is cut to 500
nsec.

“We were looking for TMI to put
us into the memory business and
they did it,” says Standard’s David
Keefer, vice president for research
and development.

Wells cites these TMI goals: in
a three-wire, 3-d system with vol-
ume production, “we’re looking at
an 800-nsec cycle time”; in a 2%2-d
system, Wells says, 500-nsec speeds
are easy to attain with cores or
semiconductors, and future cores
will increase that speed.

“In a three-wire, 3-d system,”
Wells says, “the cost of the mem-
ory is the same whether the cycle
time is 900 nsec or 2 microsec-
onds, but the power supply cost
is greater for the faster memory.
Also, speeds of 900 nsec dictate
moving air for cooling, a cost and
noise item. Most manufacturers
will trade speed for lower cost.”

TMI has designed memories for
several minicomputers, including
the 1-usec, 400-word-by-18-bit sys-
tem for Raytheon Computer’s
model 704; a 16-psec, 1,000-or
4,000-word by eight-bit system for
Monitor Data Systems’ new model
708 machine; and a 4,000-word by
16-bit memory for the Ruggednova,
the military version of the Nova,
made by a Data General Corp.
licensee. TMI also designed a
2-psec, 2,000-word by 18-bit mem-
ory for a large industrial data base
system made by Data Pathing Inc.,
Sunnyvale, Calif., and is designing
the memory for Omnicomp Com-
puter Corp.’s new Omnus-1 mini-
computer. Omnicomp also is in
Santa Ana, Calif.,, and expects to
introduce the machine later this
year.
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10 microvolt sensitivity
with a lot of numbers.

MILLIVOLTS

o
L)
%;‘.
‘(

(o X of

40,000 to be precise.

Our latest bi-polar Model 1294 packs
more numbers than any other into in-
dustry's smallest package! And it reads
them with a sensitivity of 70 microvolts!
The 1294 is a true bi-polar 4% -digit
instrument with a display capability of
19999 and out-of-range indication. Its
state-of-the-art electronics utilizes T’L
logic and unique time-sharing circuitry
that cuts power consumption to less
than six watts. BCD output is optional.

Input impedance is high: 10 meg-

*U.S. Pat. #3,051,939
**Registered trademark, Burroughs Corp.

ohms on thé 100 millivolt range. Read-
ing rate is 5 per second. Response
time is well under one second. Accu-
racy is .05% of reading, =1 digit.
Housed in the same 7 sq. in. front-
panel-mountable case as our five other
DPM's, the 1294 offers all the features
that have distinguished this line . . .
Weston’s patented dual slope* integra-
tion, plug-in Nixie** tvbes, repairable
(non-potted) circuit Loards, and ten
standard voltage and current ranges.

If you're sensitive about your num-
bers, Weston Model 1294 provides the
ultimate at a reasonable price. See how
the 1294 complements industry’s
broadest DPM line. Write for details
from the DPM originators.

WESTON INSTRUMENTS DIVISION,
Weston Instruments, Inc., Newark, N.J.
07114

a Schlumberger comnany

WESTON



Discover happiness with no or-
ganic impurities. Remove un-
wanted oxygen. Scale the heights
of ohms resistance. Even cure the
common cation.

Take one Barnstead cartridge
demineralizer whenever symp-
toms occur. For quality demineral-
ized water try our standard model.
Or the mixed-bed cartridge for
high purity and top electrical re-
sistance. Three other types remove
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The cure for
the common cation
-0or whatever
ails your watey.

- —

oxygen, cations, and organic
impurities.

The ideal dosage for general
industrial use is our Size 10
Suprcartridge®. It speeds water
through at flow rates to 1500 gph.
Select from three special holders
for pressures up to 100 psi.

Expect a long-term cure from all
our cartridges. When it's time for a
new one, we'll reactivate it for you.
For hazardous wastes the cartridge

becomes a simple throw-away
package.

We know what's good for your
water. House calls and literature on
request. Barnstead Company, 225
Rivermoor Street, Boston, Massa-
chusetts 02132. (617) 327-1600.

A BARNSTEAD
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A widening market for MOS:
Industrial monitoring and control

Data communications system is built around two MOS/LSI chips
which allow measurement, analysis, and routing of 16 discrete functions

By Stephen Wm. Fields

Electronics’ Staff

The dream of almost every engi-
neer is to find some gap in a mar-
ket and then develop a device or
system to plug it. That’s been the
scenario for George Larse. Late
last year, George Larse and the
others who have since formed the
Larse Corp. did a market research
study on digital data communica-
tions systems and learned that the
need for remote monitoring and
control equipment for industrial
applications was growing at a
tremendous rate. They maintain
that existing equipment for this
market does not make use of the
latest technology—MOS/LSI [Elec-
tronics, June 8, p. 14]. Thus the
Larse Corp. was formed with the
goal of manufacturing digital sys-
tems employing MOS/LSI for the
industrial market, which Larse be-
lieves will reach $100 million in
1971.

In the industrial automation mar-
ket, Larse includes process control
systems, industrial telemetry and
remote control, computer based
automation systems, trafic and
transportation control, and plant
operation data systems. His ap-
proach was to design two MOS
circuits to be the basic building
blocks for a systems family. The
two circuits are a multiplexer-
encoder-transmitter, called SEN and
a  receiver-decoder-demultiplexer
designated REDE. Each mono-
lithic chip measures about 125 mils
square and performs the functions
of about 1,500 discrete transistors.

Although the monolithic chips
are the heart of the system—they
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are systems themselves—Larse says
they will not be sold as separate
devices. “We are not in the semi-
conductor business, nor are we in
the systems business; we are sup-
plying system building blocks,” he
maintains.

Thus, a basic digital data trans-
mission system includes a SEN and
a REDE. The SEN allows measure-
ment of 16 discrete functions (on/
off, open/close, high/low, ectc.).
The SEN also can arrange this in-
formation to be transmitted serially
in binary form over a communica-
tions link to a remote REDE unit.
The REDE unit analyzes each of
the 16 function messages to guar-
antee reception of data without
errors. Then it routes each func-
tion bit to its proper output line.
In a typical application, a discrete

function may be a switch that is
normally open (binary zero) and
which would close to indicate an
alarm condition in some industrial
process.

A time-division multiplexer in
the SEN samples each input circuit
in sequence at a programable rate,
producing a serial train of bin-
ary-coded digital pulses which then
are transmitted over a single
communications channel. Prior to
transmission of each data word,
which comprise the 16 discrete
functions, a code generator on the
SEN chip inserts sync bits into the
data stream so that the REDE
unit can properly sort out the data
bits and feed them to the correct
channel.

The complete coding system is
based on an original code devel-

ENCODER
16 s |
DISCRETE = ——JDIGITAL - CODE L . MODULATORS
INPUT I Z ZJMULTIPLEXER GENERATOR (3 TYPES)

> PCM/FSK TONES
—=PCM/AM TONE

FUNCTIONS +—&-PCM/KEYED.D-C
DECODER COMM. LINK
(PHONE LINE,
16 B o | INPUT D-C SINGLE
DISCRETE / 3—3 OUTPUT  «d REGISTER DEMODULATORS WIRE LOOP ETC)
QUTPUT  =—=R REGISTER {MESSAGE (3 TYPES
FUNCTIONS VALIDATION)

!

BIT/WORD/FRAME
SYNC DETECTOR

Complex and compact. The complete encoder and the complete decoder
are each contained on a single metal-oxide-semiconductor chip.
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is what you'd expect
of BALLANTINE

After all. .. over the past
three decades we’ve
developed the

Systems Compatible
AC DVM with 10 MHz
Response

o
4
"

True RMS Voltmeter
with 20 MHz Response

Sensitive Wideband
True RMS Voltmeter

Sensitive Ultra-Low
Frequency Voltmeter

@t
@t
@t

and during 1970
we will introduce

@ more @t‘s

Watch for them!

In the meantime, request
a copy of our latest catalog.

Sensitive
AC Voltmeter

AC Voltmeter Utilizing
Logarithmic Indicating
Meter

Contact us at:

The Singer Company
Ballantine Operation
Boonton, N.J. 07005

201-334-1432

SINGER

INSTRUMENTATION
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FRAME SYNC PULSE
END-OF-WORD \
SYNC PULSE

F15 F16 C St SZ

L'_ |

(CLOCK 8IT

F2

F3F4 C

hlikiakinalin

— — WORD OR FRAME LENGTH——I

FISFI6 C S1 S2 1F2¢C

Expandable. Encoders can be connected in order to increase monitoring
capacity. Function bits F1 and F2 are employed as parity bits.

oped by Larse engineers. Here
each pair of consecutive function
bits is preceded by a clock bit
represented by a binary zero, and
is followed by a binary-1 clock bit.
Following the 16th function bit are
three consecutive binary Is in-
serted by the code generator. These
represent a trailing clock bit, an
end-of-word sync bit, and a frame
sync bit. The latter is employed
when more than one encoder is
used and thus a frame may con-
tain two or more 16-bit words.

In the Larse code, a data word
is defined as the 16 function bits
plus the sync bits that result from
one scan of the input circuits.
A data frame is defined as the
complete serial group of words that
results from one scan of all input
functions. Where a single encoder
or SEN is employed, the data frame
contains only one data word.

After the coding, the data is
modulated and sent out on the
communications channel. Three
types of pulse-code-modulated out-
put signals are available. The first
is a frequency-shift-keyed audio
tone (PCM/FSK) for two-level NRZ
transmission on voice-grade tele-
phone lines. The second is an
amplitude-modulated audio tone,
also for two-level NRZ transmission
on voice-grade telephone lines,
usually in a frequency-division
multiplexed arrangement of several
encoders sharing a common circuit
or in a voice-plus-data operation
mode. Finally, there’s a direct-cur-
rent-keyed signal for transmission
on telegraph lines or d-c single-
wire loops.

The encoder PCM systems are di-
rectly compatible with radio trans-
mission, particularly in a quiescent
operation mode where the encoder
only transmits for one second for
a change-of-state or an alarm con-
dition. Larse points out that “since
momentary or low-duty cycle radio
transmission does not require FCC

licensing, this mode will be pre-
ferred for many remote locations.”

At the receiving end, each data
word is temporarily stored in an
input register while the decoder
(REDE) performs several validity
tests. One is a parity check and
another is a double scan compari-
son. Both are selectable features
when the chips are ordered since
they require special data formats.
After the data is validated, it is
shifted to the output register and
out to the external display, data
logger, or computer processing sys-
tem.

Larse says that the system’s big
advantage is the flexibility that’s
built into the MOS/LSI chips. For
example, a variety of system and
communication modes may be
implemented with different SEN
and REDE arrangements such as
simplex, half-duplex and full-du-
plex systems. In a simplex system
one or more encoders transmit to
one or more decoders in one di-
rection only. For half-duplex oper-
ation each terminal (remote or cen-
tral station) contains both an
encoder and a decoder, allowing
transmission in either direction but
not at the same time. And full
duplex allows simultaneous, two-
way transmission.

Because of the many input and
output options, the units can inter-
face with anything from TTL cir-
cuits to relay logic. And their small
size—each unit measures 3 by 6%
by % inch—allows incorporation
into existing equipment racks. In
fact, the complete SEN unit takes
up much less space than a Bell
System modem.

Prices for both SEN and REDE
units range from $450 to $600 each
depending on options. Delivery
will be off-the-shelf by the middle
of July.

Larse Corp., 1070 East Meadow Circle,
Palo Alto, Calif. 94303 [338]
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THIS USED TO BE WILLIMANTIC, CONN. NOW TS CALLED REXOPOLIS, BUCK.
THE CITY BRAND-REX WIRE AND CABLE HELPED BUILD. ITS BECOME THE MOST
ADVANCED IN THE UNIVERSE, LARGELY BECAUSE THE ENGINEERS WHO
DESIGNED IT WERE SMART ENOUGH TO SPECIFY BRAND-REX WIRE AND CABLE.

TS PAID OFF BY ALLOWING THEM ,

ATTENTION, EARTHFOLKS .. .
BE THE FIRST ON YOUR PLANET TO GET
THE FANTASTIC NEW BRAND-REX
ALL PRODUCTS BROCHURE. JUST MAIL
THIS COUPON TO:
BRAND-REX PIVISION

AMERICAN ENKA CORPORATION
WILLIMANTIC,CONN, 06226.0OR

PHONE (203)423-7771.

ROARIN' ROCKETS, DR, HUER!
BRAND-REX REALLY IS wAY
AHEAD IN WIRE AND CABLE
FOR TELEPHONE AND COMMUNICATIONS;
COMPUTER AND PERIPHERAL EQUIPMENT;
APPLIANCES; INDUSTRIAL, UTILITY,

AEROSPACE AND MILITARY APPLICATIONS,
EVEN DIELECTRIC MATERIALS AND
TUBING AND SLEEVING.

BRAND-REX, WAY AHEAD °

IN WIRE AND CABLE
NAME TITLE
COMPANY
ADDRESS -
CITY. ZIP. PLANET.
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Tecnetics Report No. 3

A breakthrough:
the industry’s first
practical hybrid
microelectronic
converters.

They're available now. A new series of 3 watt hybrid micro-
electronic DC-DC converters for on-card mounting in military
and industrial point-of-load applications

These unique converters are supplied in metal, hermetically-
sealed, cold-welded packages designed to meet requirements
of MIL-STD-883 for hermeticity, shock, vibration, and other en-
vironmental conditions

Specifications
Input voltage: 20 Vdec nominal operating ¢ 32 Vdc absolute
maximum

180 ma typ. at full load « 100 ma typ. at half
load

Output power: 3 watts maximum

Efficiency: 80% typ. full load (3 watts)

Reflected ripple: 360 ma

Isolation: 300 vdc

Single outputs All popular outputs available from 5 to 300
Volts; or can be supplied to your exact out-
put voltage requirements

+12, =15, =18, =25 Volts

Input current

Dual outputs:
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APPLICATIONS
Post-Regulated Converter
Typical specs:

Line Regulation (24 to
28 Vdc ; A\Vd;: HC 1180 | 7‘ VR 1050 |5 Vdc :{250 mA 32) 0020/0 ° Load
- ~—L_}—~ - - Regulation (Y2 to full):
0.01% ¢ Ripple (p-p)

0.1%

Post-Reguiated Dual Converter

r o Typical specs:
- vR 1150 115 vec at 50 ma | ine Regulation (24 to
28 vdc = 4 vdc F ¥ 32): 0.05% + Load
— -] Regulation (Y2 to full):

[ vR 21 svacasoma 0.01% * Ripple (p-p):
1 0.6%
Pre-Regulated Converter
2+A D 7’ { HC 130°
i f —

Typical specs:
Line Regulation (24 to 32): 0.02% < Load Regulation (Y2 to full)
3.0% * Ripple (p-p): 0.1%

These converters are the latest in Tecnetics’ series of cold weld
hybrid power conditioning components. Regulators are also
available off-the-shelf—and other modules on the way include
inverters, reference amplifiers, drivers, filters, and more.

For more information on these and other TEC power condi-
tioning products, call us collect at 303-442-3837, or see EEM
pp. 2120-2125, the inside cover of EBG, or write Tecnetics,
Inc. (formerly Transformer-Electronics Co.), P. O. Box 910
Boulder, Colorado 80302. TWX 910-940-3246.

e tecnetics inc.

The innovators in power conditioning
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New components
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Laminated bus bar eliminates noise

Thin-film dielectrics and epoxy encapsulation added to flat
copper conductors produce a rugged connection system

High capacitance and rigidity are
the most desirable properties in
laminated bus bars. The high ca-
pacitance is needed, in the power
section of computers, for example,
because it eliminates the noise,
crosstalk, and spurious pulses that
are produced by heavy currents
moving through dense wiring. Ri-
gidity is important because the
length of copper conductors tends

to make the bars flexible and easily
breakable,

In most laminated bars, however,
thick dielectric films—5 to 8 mils—
are used to separatc the copper
conductors. These have proved in-
adequate because the flexible cop-
per, laminated into a sandwich
cight to 10 layers thick with nine
dielectrics, causes the films on the
outer edges to break. Moreover,

thick films provide low capacitance.

By using a thin-film dielectric
and epoxy encapsulation, AMP Inc.
has provided both high capacitance
and rigidity in its power distribu-
tion system called Capitron. AMP
says the system also solves two
other problems common to thick-
film methods: vibration and de-
gradation. The rigid structural
member takes care of the vibration

Crystal-controlled clock oscillator
model C0-231 provides a stable
output to drive TTL or DTL logic.
The oscillator operates from 5 v
d-¢, and provides a stability of
+0.0025% over 0-70°C for any
frequency between 4 khz and 25
Mhz. The oscillator is designed
for p-c board mounting and meas-
ures 1.5 x 1.5 x 0.5 in. Vectron
Laboratories Inc., 121 Water St.,
Norwalk, Conn. 08854 [341]

=
[

Thick film chip resistors offer
wide design flexibility in hybrid
circuit use. Available in four
sizes from 0.050 x 0.050 in. to
0.050 x 0.150 in., they offer a
standard resistance range from
100 ohms to 500 kilohms. Toler-
ances range from *20% down
to *1%. Temperature coefficient
is ~200 ppm er the range —53°
to +150°C. Dale Electronics Inc.,
Box 609, Columbus, Neb, [3451]
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A wide variety of standardized
plug-in metal housings of alumi-
num and steel are suitable for
shielding electronic circuits. Engi-
neered and designed to exact spe-
cifications, these economically
priced housings are prefabricated,
compact and easy to assemble. A
catalog is offered describing serv-
ices available. Keystone Elec-
tronics Corp., 49 Bleecker St.,
N.Y. 10012 [342]

Miniature cradle relays in the
Hi-Mag series require 45% less
coil power than units of com-
parable size and ratings, yet they
provide a minimum of 15 grams
of contact pressure. With only
30 mw per pole, input power loads
as high as 150 w are switched
reliably for millions of opera-
tions. Contact configuratio=: are
up to 8 form C. Allied Control
Co., Plantsville, Conn. [346]

Ten-turn, turns counting dial
mode! H-510 is designed for use
with  precision  potentiometers.
Readability is that of a 11§ in.
dial in % less panel space. The
unit is for direct mounting on
Ya in, and Vs in. shafts, No spe-
cial panel holes are required, and
backlash is eliminated. Price is
$3.99 in 1,000-lot quantities.
Bourns Inc., 1200 Columbia Ave.,
Riverside, Calif. [343]

Thermistor pellets sealed in glass
diode type enclosures are for
large volume applications such as
temperature compensation of wire-
wound relays, motors and genera-
tors including servo and synchro
resolvers. Units come in standard
resistances (at 25°C) of 2, 5, 10,
20, 50, 100, 200 and 500 kil~
ohms, and 1 megohm. Fenwal
Electronics In:., 63 Fountain S$t.,
Framingham, Mass. 01701 [347]

Air dielectric trimmer capacitors
are variable from 0.4 to 6 pf.
The MVM-006, for panel mount-
ing, measures % in. long and has
a turret terminal. The MVM-
006W, for p-c board use, is &t
in. long. Temperature coefficient
of capacitance for both is 0 %50
ppm/°C measured at 1 Mhz from
—55° to +125°C. JFD Electron-
ics Corp., 15th Ave. at 62nd St.,
Brooklyn, N.Y. [344]

Momentary and pull-to-override
interlock switch designated model
E69-30A is of molded nylon for
snap-in panel mounting. It has
been engineered for use as a
drawer, door, appliance and tv
interlock switch. It is available in
spdt or spst, either normally open
or normally closed. Cherry Elec-
trical Products Corp., 1650 Old
Deerfield Rd., Highland Park, IlI.
60035 [348]
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New from Ledex!
Long stroke,
straight pull solenoids

SIZE 7
V4" OIA, =

SIZE 128
114" DIA, x 2.1/4

Now when you need long stroke linear motion you can look
to Ledex, the same people who have for years been engi-
neering and producing one of the broadest lines of rotary
and short stroke straight pull solenoids on the market today.

This new line of straight pull solenoids comes in four
basic sizes, with a force range of % to 20 pounds and a
stroke range up to % inch.

You get Ledex long term dependability, too. A resilient
pad has been built in to cushion impact and eliminate
repeated pounding of the pole faces. The electroless nickel
plated solenoid plungers move in a brass sleeve bushing to
assure low friction, positive alignment and long wear.

Eight standard models (two in each size) are available
off the shelf so you can do your prototyping in a hurry. But
if none of these fit your requirements exactly, we’re ready
to custom design a solution for your actuating problem.
As a matter of fact, Ledex is prob- =
ably best known for its engineering |
know-how and its willingness to
work with you to meet unusual ap-
plication requirements. [+

Write today for your copy of \\ ’

]

Bulletin C-1100 containing detailed
specifications of the new line of
Ledex straight pull solenoids. R J

Specialists in remote actuation

LEDEX DIVISION, LEDEX INC.
123 Webster Street, Dayton, Ohio 45401 phone (513) 224-9891
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Distributor. Bus bar combines low
capacitance, structural ruggedness.

—usually a problem during ship-
ping and handling of the computer
—and the epoxy minimizes the deg-
radation of materials from en-
vironmental contamination.

The Capitron can be used as a
chassis structural member and as
a mounting point for connectors.
Almost any common type of ter-
mination system can be used with
the laminated bus bars. The de-
vices can be designed to accommo-
date almost any space requirement.
The largest laminar bus made by
AMP is horseshoe-shaped, meas-
ures 50 inches on the side and 12
inches across the top, and has 16
layers, one of which can carry as
much as 300 amps.

Cuts volume. When used as a
structural member, the bus helps
reduce volume and weight. In one
airborne communications system,
the company says, volume was re-
duced by 30% compared to a sys-
tem with conventional bus bars.

The thickness varies with the
number of layers. A large bus
with 16 active layers, 17 dielectric
layers, including the encapsulant
and the structural member runs
about % inch. Most buses have
four or five active layers. With in-
terleaving, the capacitance runs
anywhere from 360 picofarads per
square inch to 1000 pf/inch2. The
insulation resistance is greater than
200 megohms when measured at
500 volts after 240 hours at 65°C
and 95% relative humidity.

This technology can be used to
design laminated bus bars that can
handle voltages as high as 50 kilo-
volts if required. Most applications
run from 500 to 1,200 volts d-c.

Prices depend on size. A five-
layer bar, 19 by 2 inches by -
inch, sells for about $10.

AMP Inc., Harrisburg, Pa., 17105 [349]
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LAND OF THE BLABBERMOUTHS. &

Blab blab blab. The communications flow in the U.S.
is turning into a gusher. Can technology keep up? Martin Marietta
communications people are studying unusual new digital
techniques to expand the volume of conventional circuits. We're also
conducting transmission experiments in the millimeter
wave region. It could give some much-needed tongue room in the
crowded electromagnetic blab spectrum,
Martin Marietta Aerospace Group. Headquarters:
Friendship International Airport, Maryland.

MARTIN MARIETTA
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Why knock yourself out when your customer keeps
scoring your performance at zero? It makes sense at
Sage Electronics, especially when that score is an-
other Zero Defects citation, as evidenced by the ex-
amples above,

We are specialists in MINIATURE POWER RESISTOR
products. Accordingly SAGE pursues active programs
second to none in respect to:

1. Zero Defects

2. High Reliability

3. MIL spec production and test

4. High volume commercial production

Look us over, first by exploring SAGE
Catalog R-66. Phone or write for a copy.
SAGE ELECTRONICS CORP., Box 3926, Roch- n@ -
ester, N. Y. 14610. Tel.: (716) 586-8010.

Precision Power Resistors

ELECTRONICS

SUBSIDIARY OF GULTON INDUSTRIES, INC.
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New components

Relay matrix
switches 1.5 Ghz

Device uses a compensated
stripline structure for
higher-frequency operation

Reed relays often are used where
low insertion losses are required
and switching speed is not essen-
tial. Until now frequency range
had been limited to less than 60
megahertz. But Integral Data De-
vices Inc. decided to apply r-f tech-
niques to reed relays in an effort
to extend their usefulness well into
the r-f spectrum.

Using a compensated stripline
structure, Integral Data Devices
has built a 5-by-5 matrix of reed
relays that’s able to switch fre-
quencies as high as 1.5 Ghz.

“At these frequencies,” says
Alfred Vulcan, president, “the de-
vices can be used in r-f communi-
cation systems, closed-circuit and
cable television, digitally controlled
receivers, and other equipment
that now has conventional relay
switches.”

Vulcan says his firm is investigat-
ing the use of reed-relay switching
matrices in monitoring hospital
patients’ physiological functions.
Data such as heart rate and blood
pressure can be fed into a central
station, There, a doctor can push
buttons on the keyboard switching
matrix, transmitting information
about patients to recording devices.

The company says that the
switching matrix will simplify many
communication systems which still
use patch panels where wires must
be moved around manually. The
switching matrix can be either
computer controlled or manually
operated.

Specifications

Configuration SP4T
Frequency d-c to 1.5 Ghz
Insertion loss 0.5 db max
Isolation 60 db typlcal
Vswr 1.5:1

Power handling 10 watts cw
Switching speed 1 millisecond

Integral Data Devices Inc., 35 Orville
Drive, Bohemia, N.Y, 11716 [351]
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AC

motor speed control systems
for Howard fhp motors
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Now, a practical alternative fo DC shunt motors--
without brush mainlenunce and interference

Realistically- priced ac motor speed control complicated systems. The cost? About the
systems . . . computer-matched to a wide same as DC-type controls. (But think of all
range of Howard fhp motors. Solid-state the brush maintenance and expense with
controls, with built-in tachometer. With a DC-type fhp motors!)

closed-loop feedback network that provides . . . oo ©
speed reference to give additional power as Get all the facts in the just-published “‘tell-all
needed. Full starting and maximum torques Bulletin No. 6 16.01. New, from Howard.

are available. At any speed setting. /—y I IOWA R D
Sine Master ac motor speed control systems P — HOWARD NOUSTRIES

give the reliability, safety and convenience A DIVISION OF MSL INDUSTRIES, INC.

found until now only in more costly, IVISS{IM 2420 18th STREET, RACINE, WISCONSIN 53403
414.632-2731 TWX 910-271-2387
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NATIONAL ELECTRO-MECHANICAL SYSTEMS,

Box B, 32 Broad Avenue, Binghamton, New York 13904 e Phone: 607 723-9561
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For automated
manufacturlng

you heed

!

DNC150

Because...

we supply a complete system operable by:

1. Computer Control
2. Manual Control
3. Paper Tape

4. Magnetic Tape

The NEMS DNC1500 is actually a
specially designed mini-computer. It is
especially valuable when used with
computer control, because it frees the
main computer for other duties during
repetitive operations. X-Y positioning of
production equipment for insertion
, operations, drilling, milling, plotting, etc.
is performed under the digital control of the mini-computer.

The DNC1500 slews heavy loads at speeds of up to 600 inches per
minute. We guarantee accuracy at full speed! Standard resolution of
the DNC1500 is 500 micro-inches, assured by the use of 8 BCD
digits. Optional resolutions of 100 or 10 micro-inches are available.

For complete information on the NEMS DNC1500, contact:
C. G. Chapel, Product Manager

NSy
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New components

Crt’s beam
is pencil-thin

Helix collimates
electron flow to enhance
brightness and writing speed

Beam divergence, electron speed
variations, and space-charge re-
pulsion are among the factors that
limit resolution of electron beams
in most cathode-ray tubes. But a
new electron-gun structural design,
using a resistive helix, collimates
the beam so that its diameter is
limited only by the space-charge
repulsion of the electrons within
it. This feature, says Rank Elec-
tronic Tubes, can significantly im-
prove displays—it can provide
higher brightness levels at cur-
rent writing speeds, require lower
screen voltages for specified bright-
nesses, or produce higher speeds
with current brightness levels.

A new tube, designated the
Monocon by Rank, includes the
advanced design and produces al-
most perfectly collimated beams
with uniform current densities.
The company says that line widths
as small as 12 microns can be
achieved and beam diameters mod-
ulated over a range of 20:1.

The electron gun comprises a
baffle, grid, two electrodes, and
the accelerating helix. The angle
of the beam emerging from the
second electrode can be controlled
by the potential difference between
the two electrodes. The beam then
is collimated by the fields gener-
ated in the accelerating helix. The
result: the beam’s diameter at the
point of deflection is almost the
same as the spot diameter on the
phosphor screen.

For a range of line widths ex-
tending from 10 mils at an anode
potential of 900 volts to 90 mils
at a 1,200-volt anode potential,
only slight variations in the line
widths occur for screen currents
of 0 to 1,000 microamperes.

Rank Precision Industries, Inc., 260
North Route 303, West Nyack, N. Y.
10994 [350]
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Most engineers know ADC
Products builds custom ferro-
resonant transformers for
constant-voltage power supplies.

But do you know... ADC Products also builds “Blue-Chip”
transformers for P.C. applications, special filters

and chokes, tape head and solenoid coils,

plus complete power supply assemblies?

ADC Products has hundreds of stock, off-the-shelf components for
computer applications. But we also design special transformers—
custom designs for your particular problem—with the help of our
computer. For example, if you need a special ferro-resonant trans-
former for a constant voltage power supply, we have a special
computer program that can help our design team analyze youw
parameters and establish the optimum design. The background of
19,897 other designs helped us establish the program—and if we
need to, we have any of these prior designs at our fingertips.

Our computer is an important part of our design team ... How
about using ADC Products for real-time reliability in your compute
system? Write today for complete information.

4900 West 78th Street, Minneapolis, Minnesota 55435
'(612) 929-7881
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New instruments

Ten-volt reference zeroes in on zener jobs

One-inch-square device can be the d-c reference in digital converters;

it's accurate to 0.005%—no if's, and’s, or stability corrections

Mitchell Cotter thinks he has some-
thing that can help digital-volt-
meter makers. In fact, anyone who
needs a small, stable, and highly
accurate voltage source can reap
the benefits. An engineering con-
sultant, Cotter played a part in
designing Certavolt, a 10-volt ref-
erence intended as a replacement
for zener-diode units. It’s being
made by Computer Diode Corp.

Certavolt has an over-all accuracy
of 0.005% —with emphasis on “over-
all.” There’s no separate specifica-
tion for aging or changing tempera-
tures or anything else. The Certavolt
output voltage strays by no more
than 500 microvolts between 15°C
and 55°C, for up to a year, for input
changes of up to 5% of the speci-
fied 28 volts d-c, and for any output
between 0 and 10 milliamps.

Encapsulated in a 1-inch-square,
Ys-inch-high package, the device
has only four terminals—two each
for input and output. It consumes
600 milliwatts, and its maximum
noise figure is 10 microvolts rms
or 100 pvolts peak-to-peak.

Certavolt’s first role will be as
a reference in dvm’s and other
analog-to-digital devices. “Most a-d
equipment is capable of much

Universal a-c bridge measures re-
sistance, inductance, capacitance

Tv Sweep Chanalyst WR-514A has
the combined features of a tv X-Y recorder model

Self-contained,

battery-operated
2745 uses

Test fixture TFO050 permits com-
plete monitoring of all of the

and winding ratio of transformers,
etc. Internal frequency is 1 khz.
The unit is only 5 x 7% x 3
inches, and weighs 24 Ibs. It is
powered by an inexpensive 9-volt
battery. The bridge is suited for
production testing and laboratory
use. Price is $60. C. H. Mitchell
Co., 18531 Ventura Bivd., Tar-
zana, Calif. [3611]

Digital multimeter mode! 1000A
operates from —20° to +120°F.
1t features 10 readings/sec, 700-
msec step response; conformal
coating for reliable operation in
humid environments. Unit has five
d-c voltage ranges (=200 mv to
=1 kv), and six resistance ranges
(200 ochms to 20 megohms). Price
is $295. ElectroNumerics Corp.,
2961 Corvin Dr.,, Santa Clara,
Calif. [3651

146

sweep generator, marker genera-
tor, marker adder, and special
“ChromAlign” system for color
bandpass alignment. It provides
r-f, i-f, and video output sweep
signals for alignment of vhf
tuners, i-f amplifiers, video ampli-
fiers, and color bandpass ampli-
fiers. RCA Electronic Components,
Harrison, N.J. 07029 [3621

Tracking generator/counter model
8443A works with the model
8552A/855B spectrum analyzer,
making possible swept frequency
measurements, and fast, accu-
rate spot frequency measurements
from 100 khz to 110 Mhz. Dy-

namic measurement range s
greater than 120 db. Price of the
8443A is $3,500. Hewlett-Pack-
ard Co., 1501 Page Mill Rd,
Palo Alto, Calif. [366]

eight D cells for 75 hours or
more of continuous operation.
Transistorized circuitry has iow
current drain and high input im-
pedance. The 2745 has *1%
accuracy and a response time of
0.5 sec for a full scale change on
the Y axis, 0.7 sec on the X axis.
Simpson Electric Co.,, W. Kinzie
St., Chicago. [3631]

Reed relay test set RRT-101 will
rapidly test single—or up to six-
pole relays for excessive contact
resistance under precisely con-
trolled dry circuit conditions. Re-
lays are actuated at rates up to
200 per second and each contact
set is monitored by a sensitive
detector channel for excessive
contact voltage drop. Price is
$3,100. Optimized Devices Inc.,
Pleasantville, N.Y. [3671

characteristics of punched tape
and magnetic tape readers. Dis-
plays and controls are provided so
that transient error conditions
may be readily detected. The
basic unit is priced at $2,000
with adapters extra cost options;
delivery, 3 to 4 weeks. Chalco
Engineering Corp., 15126 S.
Broadway, Gardena, Calif. [364]

Digital integrating microvoltmeter
DS-100 uses automatic zeroing
to halt drift due to time and
temperature. Sensitivity of the
unit is 1 uv even at speeds of
20 readings per sec. Noise is re-
duced by at least 120 db through
the differential  input/output
guarding techniques. Prices range
from $920 to about $1,500.

Doric Scientific Corp., 7601 Con-
voy Ct., San Diego, Calif. [3681

Circle 147 on reader service card —»



o
=
G
—

The new
GE Lowmount*:
high-intensity lighting
for 10 to 20 foot
Mmountings.

Now put the economies and conveniences of
high-intensity-discharge light sources to work at
10- to 20-foot mounting heights.
The Lowmount delivers comfortable, cool and
even illumination. How? With a new refractor
design that spreads out lamp beam and heat and
lowers brightness. Arc tube is completely hidden
from any viewing angle. Sealed charcoal-filtered
optical assembly keeps airborne dirt and grime
away from reflector and tamp. Unit
accommodates 400-watt ballasts for mercury,
metal halide, and Lucalox® lamps and is rated
at 40 Centigrade ambients.
It's ideal for textile, electronic, food processing.
and other industrial applications.
See your GE representative for the facts
on the new Lowmount luminaire. Or write:
Lighting Systems Department,
Hendersonville, North Carolina 28739.

*Trademark of General Etectric Company 460-56
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What's the
difierence?

\

Some typical squirrel cage photemultipliers.
All simitar in shape. But the one in the fore-
ground, the new EMI Type 9781B, is differ-
ent. Take a look at these typical performance
figures:
@ Photocathode sensitivity...55¢A/L
@ Overall gain at 1000V...2 x 107
@ Overall voltage at gain of 10° ..650V
@ Dark current at gain of 10¢. 1.2nA

The 97818, a 9 stage tube with UV trans-
mitting glass envelope, is designed for use
with .ow level UV and visible radiation in
spectrometer and similar applications. The
B11R (B11-88) base means the 9781B will
replace other tubes of this design to improve
system performance.

Fos details of the complete EMI P.M. tube
range contact:

GENCOM DIVISION
vatian/EMI

80 EXPRESS STREET, PLAINVIEW N.Y. 11803
TELEPHONE: (516) 433-5900
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greater accuracy than the voltage
reference allows,” says Cotter. “The
dual-slope integrator can have ex-
ceptionally great accuracy. Even
the ladder networks arc capable
of tremendous ratio accuracy. In
fact, Analog Devices and scveral
others have brought out 16-bit con-
verters, but the reference is usually
left out of the picture [Electronics,
March 16, p. 141]. It’s 16-bit ac-
curacy alright, but it’s not available
as a working voltage accuracy.”

Several dvm makers have looked
at Certavolt, and Cotter says that
one already has decided to switch
from a zener-diode reference.

Dvm’s aren’t the only place Cert-
avolt can be put to work. “It’s really
a power supply,” says Cotter, “in
the sense that it will provide this
accuracy for up to 10 milliamps
of output current in the basic unit,
Other Certavolts are available that
will provide 25 ma, still with this
0.005% accuracy. So you can power
fairly high-speed, high-current lad-
der networks or even high-spced
integrators directly with the unit.”

The price is $93 in small quan-
tities, and between $50 and $60
in volume. “We think this is
very competitive,” says Cotter,
“when you consider the prices of
aged, high-precision temperature-
compensated zeners like the 1N940
and 939. They run $20 to $30 for
the zener alone.”

Cotter feels that nothing short
of a standard cell can match Certa-
volt for stability. “They’ve been
making zeners here at Computer
Diode for the past five years, so
there’s considerable experience in
precision-zener manufacturing,” he
says. “The stability of a zener is not
that good.”

Cotter won’t explain how Certa-
volt works, but he does say it has
“a new type of semiconductor dc-
vice” that’s not an avalanche device
in the usual sense,

Aside from this component,
Certavolt has “a very accurate
transfer amplifier and a potentio-
metric ratio,” says Cotter. The po-
tentiometer is a thick-film device,
accurate to within 0.0001%.

All the circuitry is discrete, but
Computer Diode vice president
Gary Simonyan says the device can
be made as a hybrid circuit, and
predicts a flatpack Certavolt.

Computer Diode Corp., Pollitt Drive
South, Fair Lawn, N.J. 07410 [369]

New instruments

Amplifier has
11 settings

BCD commands are needed
to select the gain;
bandwidth goes to 30 khz

Here’s an amplifier that any engi-
neer can love, but only a com-
puter can control. Neff Instrument
Corp.’s 125 has 11 separate gains,
but no front-pancl switch for
sclecting any of them. Instead,
the unit’s gain changes in response
to four-bit binary-coded-decimal
commands from a computer or
other digital system at transistor-
transistor logic levels.

The 125 is available with one of
two sets of gains, The standard
range is 0, 1, 2, 5, 10, 20, 50, 100,
200, 500, and 1,000; the other col-
lection runs in binary steps from
1 to 1,024,

The amplifier is commanded in
one of two modes. In “direct set,”
the amplifier has the selected gain
as long as one command is applied;
when the command is removed,
gain drops to 0. In the other mode,
a strobe signal comes in with the
four-bit command, and the ampli-
fier stays at the selected gain until
it receives another strobe signal.
The strobe can be a pulse as short
as 2 microseconds,

Regardless of mode, the 125’s
output settles to within 0.1% of
its final value within 100 psec of
a gain change, The amplifier takes
up to 20 volts of differential input
or 50 volts of common-mode; if
the input is overloaded, the ampli-
fier recovers within 500 usec.

The 125’s bandwidth is d-c to 30
kilohertz. At d-¢, common-mode
rejection ratio is 140 decibels; it’s
never worse than 120 db.

On its front panel, which is 7
inches high, the 125 has two zero
controls, one for the input and the
other for the output. The 125 is
two inches wide and 18 inches
deep. Its price is $1,200.

Neff Instrument Corp.,, 1088 East
Hamilton Rd., Duarte, Calif. 91010
[370]
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$S5-212 SYNCHROSCOPE

the logica

1/2 OF OEVICE SHOWN

solution

The E-H Research Laboratories, Inc., Amer-
ica’s leading designer and manufacturer of
pulse generators and other measurement
instruments, has teamed up with the lwatsu
Electric Company, Ltd., Japan’s foremost
manufacturer of oscilloscopes. Together
they make an ideal team to solve any of your
logic problems.

For example, the E-H 137 pulser is an ideal
stimulus source offering a source imped-
ance of 50 ohms, fast, ultra-clean, adjustable
leading and trailing edge ramps, all the out-
put levels you need for TTL and ECL logic
and 100 MHz pulse repetition frequency.

Team this up with the Iwatsu 212 oscillo-
scope and you've got a team that’ll perform
to your utmost satisfaction for years to
come. The lwatsu 212 is the ideal wide-band
scope featuring bandwidth in excess of 200
MHz, with sweep speeds and writing rate to
match. One MQ input impedance matches
directly with the impedance level of circuit-
ry under test. This is the only 200 MHz band-
width oscilloscope featuring 1ns-/cm and
delayed sweep in one instrument. Big,
bright 6x10 cm display is another feature.

These are only two instruments from a broad
line of E-H and lwatsu instrumentation
exclusively available from E-H. So what-
ever your logic problems are, contact an
E-H representative today for the most logi-
cal solution.

ﬂl {E‘Hj E-H RESEARCH LABORATORIES, INC.
— =

v

515 Eleventh Street - Box 1289, Oakland, California 94604 + Phone: (415) 834-3030 + TWX 910-366-7258

In-Europe: E-H Research Laboratories (Ned) N.V.,, Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Ilwatsu Electric Company, Ltd., 7-41, 1-Chome Kugayama Suginami-Ku, Tokyo 167, Japan
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At .0008" Dia. ... there is no second source

The tungsten carbide capillary tip and its complete family
of accessories for thermal compression nailhead bonding
was created and introduced by Tempress in 1963. . . . Only
from this pioneering source can you purchase the entire
system, designed from the beginning to give maximum
efficiency: tungsten carbide capillary tip, heated shank
and power supply that provides constant capillary
temperature from 0° to 350°C, testing pyrometer
for the tungsten carbide tip, capillary unplugging
fixture and punches, and flame-off torch with sap-

150 Circle 150 on reader service card

phire orifice insert. Tempress also created and supplied
the tungsten carbide ultrasonic bonding tool and pioneered
its technology. . . . When you purchase Tempress miniature
assembly tools and production equipment, you tap the ulti-
mate source of high precision...the Tempress Standard of
Excellence. In fields demanding high precision,such as semi-

conductor manufacturing, there is no second source.

TENMPRESS

Tempress Industries, Inc., 980 University Ave., Los Gatos, Calif. 95030
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Data handling

Memory expandable without adding logic

MOS random-access unit designed for small computers;
timing technique helps to eliminate crosstalk

When a computer maker began
looking for a metal-oxide-semicon-
ductor random-access memory to
use in a small machine, the com-
pany specified low average power
dissipation, no crosstalk, and the
ability to select one of 16 parallel
RAM’s without adding external
logic. The manufacturer settled on
Solitron Devices’” new UC 6550, a
600-nanosccond access, 64-word-

Data communications

by-four-bit random-access memory.

The RAM is word-organized, and
has four chip-select lines that per-
mit expansion to 1,024 by n Dbits
without external decoding. The
four chip-enable lines allow the
user to employ simpler logic, for
example, in addressing one of 16
RAM’s in a program cycle because
no external selection logic is re-
quired. The RAM is enabled only

when all four enable inputs are
low. When any or all of the inputs
are high, all outputs are off, and no
information can be written into
the memory. All the inputs and out-
puts are bipolar-compatible.
Single-phase dynamic operation
simplifies timing requirements—the
customer must provide only a
single clock. Unlike many dvnamic
memories, the UC 6550 doesn’t

L —

terminal/
printer PDM6633 is an auto-
matic-send-receive data terminal
with a photoelectric paper tape
reader and solenoid array per-
forator. It has an impact printer
with 132 print positions and prints
64 ASC11 characters. Unit meas-
ures 22 x 23%2 x 534 in. and
weighs only 45 Ibs. Peripheral
Data Machines Inc., E. Chestnut
St., Santa Ana, Calif. [381]
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Analog data distributor MADD1-
06 accepts digital information
and channel address data from a
computer, converts it into analog
form and distributes it to se-
lected output holding amplifiers.
The unit contains a 12-bit d-a
converter, a high-current driving
amplifier, and up to 64 analog
output sample-and-hold amplifiers.
Raytheon Computer, S. Fairview
St., Santa Ana, Calif. [385]
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Two-piece built-in acoustic coup- Dual

ler TM-102 can be installed on
most model 33 Teletype printers
in less than 10 minutes, using
just a screwdriver. The coupler
electronics is housed in a remote
box which mounts on the back
of the 33. This eliminates inter-
ference (crosstalk) between the
Teletype and coupler circuitry.
Novation Inc., 18664 Topham St.,
Tarzana, Calif. 91356 [382]

Desktop  electronic  calculator
model 1412 is a 14-digit ma-
chine with a single memory sys-
tem. The single memory provides
the operator with the capability
of accumulating a series of num-
bers or storing numbers for fu-
ture calculations, as is required
in many business applications.
Unit weighs 9.7 Ibs. Price is
$875. Dictaphone Corp., 120 Old
Post Road, Rye, N.Y. [386]

image keyboard data re-
corder model 2101 offers advan-
tages over punched or magnetic
tape in many applications. The
data is printed on durable, easy-
to-read white paper tape, each
character containing both the
machine code and the correspond-
ing human readable letter, nu-
meral or symbol. Interface Mech-
anisms Inc., 232nd St. S.w.
Mountlake Terrace, Wash. [3831]

Electronic

printing  calculator
P-252 can extract square roots
instantly and contains a second
story or memory register to fa-
cilitate computations invelving
complex accumulations. It can
print digits and symbols at a
rate of 90 characters per sec by
means of mosaic dots. Philips
Business Systems Inc., subsidiary
of North American Philips Corp.,
100 E. 42nd St., New York [3871

Table-top device combines the
functions of computer magnetic
tape testing, cleaning and pre-
cision rewinding. The TMS-70 (for
Tape Management System) s
designed primarily for users of
small and medium-sized tape-
oriented computer systems. It
cleans and tests a 2,400-ft reel
of magnetic tape in less than five
minutes. Kybe Corp., Calvary St.
Waitham, Mass. [384]

'Hlﬂ:\m
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terminal

Electronic hard copy
model 911 produces page copies
of computer graphics in seconds,
either on or off line. It is easy
to use, featuring pushbutton oper-
ation, dry copy, continuous line
plots, alphanumeric printing in
any size or angular orientation.
Approximate price, on-line, is
$22,000; off-line, $32,000. Elec-
tronic Associates Inc., West Long
Branch, N.J. 07740 [388]

151



-
el i)
AR
"

AEwaw

When the

chips are down

REDCOR has delivered, or has on order,
more computer-controlled MOS test
systems than all other manufacturers
combined. In fact, nearly 80% of all MOS
LSI/MSI devices produced in the
upcoming years will be REDCOR-tested.
Surprising, perhaps, but true. Why this
vote of confidence from so many industrial
giants? One reason is that we design and
build, using state-of-the-art techniques, all
the system components, including the
computers. And we provide the systems
engineering, the software, and the field
service . . . a “one source, one
responsibility” commitment. MOS testing
may not be your application, but whatever
your systems requirement, let a REDCOR
Systems Pro solve it for you.

[i] REDCOR CORPORATION
[g Telephone: (213) 348-5892
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need a refresh cycle to preserve the
memory’s contents as long as the
clock continues running at a speed
as low as 50 kilohertz. Power dis-
sipation is 500 milliwatts for a
100% duty cycle, but is less than
that when several are connected, as
is normally the case. According to
Solitron, the 600-nsec typical access
time is degraded only 100 nsec
with 16 RAM’s in parallel.

The problem of crosstalk en-
countered when going from one
address to another, has been
eliminated, Solitron claims. Be-
cause the clock is off for at least
300 nsec, even at the highest clock
rate, the user is always sure that
one address is completely cut off be-
fore another becomes effective. This
eliminates the need for tight speci-
fications on rise-and-fall times of
the address, and avoids separation
problems between two addresses.
Most RAM’s depend on dynamic
factors to prevent crosstalk, and
specify 10-nsec rise-and-fall time
for the address.

The operating temperature range
is —55°C to +125°C. Maximum
operating temperature for most
RAM’s, with the exception of small
bipolar memories, is 85°C.

Solitron’s RAM, can operate with
+5, —5 and —15 volts available
from conventional system power
supplies.

When used with a bipolar-to-
MOS-to bipolar system, the high-
level input is —2.25 volts minimum
and +0.6 volts maximum low
level. For an all-MOS system, the
input is —5 volts low level and
—1.5 volts maximum high level.
Output is +0.4 volt maximum low
level and +3.5 volts minimum
high level with a bipolar MOS sys-
tem; —10.0 volts minimum low
level, and —1.5 volts maximum
high level for an all-MOS system.
Capacitance is 5 picofarads for the
inputs, 100 pf for the clock input,
and, 5 pf for the output.

The circuit is available in either
30-pin flatpack or 24-pin dual in-
line packages, and sells for $70 in
quantities of 1,000. A commercial-
grade version, the UC 7550, with an
operating temperature range from
—25°C to +70°C, also will be
available, but hasn’t yet been
priced.

Solitron Devices Inc., 8808 Balboa Ave.,
San Diego, Calif 92123 [389]
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Big or little, one channel or two, FM or AM, square,
triangular, sine or swept, the new family of Datapulse
function generators makes better waves. What's more,
we've put a couple of new ideas to work in the design
so that you get more \\UUMfor your $$$.

The little beauty on top, the Datapulse Model 401, sells
for only $395 and gives you a dial accuracy of one per-
cent (that’s about twice as good as the competition).
Frequency is 0.02 Hz to 2 MHz, and sine distortion
is only 0.25
percentinthe
audio range.
Square-wave
rise time is a

Datapulse
is making
waves.

fast 40 nanoseconds. To handle low levels, we give you
80 db dynamic amplitude range.

You can field calibrate the 401 with a screwdriver, and we
give you a calibrated 1V p-p square wave out for scope
work. A switchable 40 db attenuator and your choice of
50 or 600 ohms output impedence further simplifies your
life. You get 1000:1 voltage control, too.

The other unit, the one with all the buttons, bells and
whistles, is the elegant and sophisticated Model 410. it
takes up where the 401 leaves off.

Frequency is 0.0002 Hz to 2 MHz. Dial accuracy is 1%.
Uniquely among function generators, the 410 allows you
to both AM and FM outputs for an extra dimension in
wave generation. A built-in triggerable sweep generator
gives complete flexibility using either or both of the

independently controllable 40V p-p output channels
to generate sine, square, triangle, sawtooth, and

To arrange a demonstration or obtain more data,
contact your local S-D man. Or address Datapulse
Division, Systron-Donner Corporation, 10150 W.
Jefferson Blvd., Culver City, California 90230. Phone
(213) 836-6100.

DATAPULSE
DIVISION

SYSTRON @ DONNER

Circle 153 on reader service card
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The CMC 901 with plug-ins that do it all!

For some applications, the abacus has been state-of-the-
art for 5000 years, but if you want to count directly to
200 MHz or heterodyne to 3 GHz. .. or if you want to re-
solve time intervals to 10 nanoseconds...and if you're
looking for input sensitivity values to 350 microvolts—
there's only one state-of-the-art universal counter-timer
for you—the CMC Model 901. This counter, complete
with its family of plug-ins, does it all.

It not only counts to 200 MHz directly, but it also scales
signals. measures time interval, period, and multiple
period average. It provides frequency and multiple fre-
quency ratios as well as total count; and, as an optional
extra, it can be operated by remote control. No wonder
our 901 customers are saying, “this is the last word in
counting!” But it’s also where counting’s going; be-
cause, with its plug-in capability, there’s no limit to the
future direction that the 901 can take. Here’s a counter
that will remain state-of-the-art for years to come.

Can you afford to pass it by in favor of a poorer per-
former at a higher price when the 901 is available now,
right off the shelf, for only $24757 Just $3300 buys both
the Model 901 and the 1.3-GHz Model 931; and for less
than $3600 you can have the 901 with the 3-GHz Model
935. Or if you’re looking for microvolt sensitivity, for
less than $2850 you can have the 901 with the 933 Video
Amplifier that gives you 30-times gain,

For the full facts, and how to arrange for a free demon-
stration, circle the reader service card.

COMPUTER MEASUREMENTS COMPANY

CIMIC

A DIVISION OF NEWELL tNDUSTRIES

12970 Bradley / San Fernando, Caiif. 91342 / (213) 367-2161 / TWX 910-496-1487



Industrial electronics

Weighing system features 0.05% accuracy

Transducer-indicator designed for large loads also can gauge

othér parameters; offers digital readout and bed output signal

When you’re weighing bulk mate-
rials in the hundred-thousand-
pound range, an error of 0.5% could
mean hundreds of pounds of give-
aways or overpayments. That’s
why engineers at BLH Electronics
Inc. expect to find a strong market
in the general process industries
for their weighing system incor-
porating the model 8000 trans-
ducer-indicator. With a maximum

error of 0.05%, the weighing sys-
tem reportedly is the most accurate
available for measuring large loads.
In an installation at the Vancouver,
B.C,, distillery of Hiram Walker &
Sons Ltd., for example, the system
will be able to measure the con-
tents of a 200,000-pound distillate
tank within 100 pounds.

The heart of the unit is the
model 8000 transducer indicator,

which, in addition to measuring
weight, can be used to gauge dy-
namic force, flow, pressure, torque,
stress, strain, or temperature with
similar accuracy. In the Hiram
Walker installation, the 8000 will
be employed in conjunction with
three load cells on each distillate
tank. The 8000 will accept the sum
of the three load-cell outputs, am-
plify it, and convert it to a digital

Scr servo amplifiers are for d-c
motor application. The complete
line includes amplifiers for mo-
tors ranging from 0.5 h-p through
5 h-p. Six-phase circuitry sup-
plies an output approaching pure
direct current to the d-c motor.
Bandwidth is 30 hz. The worst
case form factor on the d-¢ is
less than 1.1. International Rec-
tifier, 3115 W. Warner Ave.
Santa Ana, Calif. 92704 [401]

Parts feeding control system con-
sists of a solid state control
module, smaller than an ordinary
desk phone; two proximity or
photo-eye sensors that detect
parts without touching; and a
relay to start or stop the machine.
The module is totally encapsulated
against dirt, dust, grease, oil,
moisture, shock and vibration.
PECO Corp., 450 Landess Ave,,
Milpitas, Calif. 95035 [405]

|

i

Fiber-optics illuminator provides
cool intense light for difficult
areas. A special heat absorbing
filter cools the light from the
quartz iodide lamp before it en-
ters the bundle. The device is
suited for such industrial applica-
tions as electronic circuit as-
sembly, spot welding and soldering
of precision electronic compo-
nents. Bausch & Lomb, 635 St.
Paul St., Rochester, N.Y. [402]
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Wideband wattmeter, d-¢ to
3,500 hz, features four quadrant,
0.25% multiplication of complex
signals such as scr waveforms
with or without d-c component.
Voltage inputs are =*1,000 v.
Current range is to =£25,000
amps. Uses include analog multi-
plication or measurement of power
to critical loads and electrochem-
ical processes. Halmar Electronics
Inc., Columbus, Ohio [4061]

~<—Circle 154 on reader service card
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Prewired rotary solenocid assem-
blies are for business machine
applications. Units can perform
a number of functions from sim-
ple counting to complete pro-
graming of a machine. For ex-
ample, in an office copier one of
the units could fully control turn
on and turn off of various lights,
heaters, etc. 0ak Mfg. Co., a di-
vision of Qak Electro/Netics
Corp., Crystal Lake, 1ll. [403]

Solid state control system series

700 is designed for industrial
applications. It features: high
immunity to electrical noise; abil-
ity to accept line-level inputs and
deliver high-power outputs; use
of “English” logic functions to
facilitate system design, opera-
tion, and maintenance; and the
use of integrated circuits for
all logic functions. Tenor Co.,
Box 2766, Milwaukee [4071]

Multiple-axis numerical control
system model 128 is operable by
manual, punch tape, magnetic
tape, or computer control. The
system is specially suited for ex-
tremely accurate positioning of
such things as test heads or
tables requiring rapid, precise
movement. Maximum speed is 600
ipm when slewing a load of 150
Ibs. NEMS Inc., 32 Broad Ave.
Binghamton, N.Y. [404]

Ampere hour meter EMAM129 of-
fers wide-range accuracy, excel-
lent long-term stability, and au-
tomatic output control functions.
Designed for critical control of
battery charging and discharging
in lab and testing applications,
it is also suited to automatic
control of production battery con-
ditioning. Accuracy is £1%. Gul-
ton Industries, 13041 Cerise Ave.,
Hawthorne, Calif. [4081]
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.. . component shifts
made self-cancelling . . .

readout and binary-coded decimal
output signal via integrated circuits
mounted on plug-in circuit boards.

The instrument essentially is a
solid-state digital voltmeter, em-
ploymg the dual-slope integrating
measuring technique for stability
and accuracy. In the first step
of dual-slope integration, the un-
known input from the preamplifier
is fed through an operational am-
plifier to an integrating capacitor.
The integrator output is an increas-
ing voltage with a slope propor-
tional to the input. The integrating
period extends over 10,000 con-
secutive pulses from a clock oscil-
lator. In the second integration
step, the integrator input is
switched to an internal reference
current which drives the integrator
output back to zero. The slope of
the decreasing voltage, and hence
the time to return to zero, is di-
rectly proportional to the unknown
input. The time is measured by
counting pulses from the clock
oscillator.

The system’s accuracy stems
from using the same integrating
components and clock oscillator in
both steps; any shifts in values of
components caused by temperature
changes or aging therefore are self-
cancelling. Accuracy of the model
8000, exclusive of the transducers,
is 0.02% of reading ==1 count.
Measuring speed (sample rate) is
three readings per second, but can
be externally adjusted down to one
reading in two seconds. Display
is by seven glow-discharge tubes.
Another major contribution to sys-
tem accuracy comes from the lin-
carization circuitry, which compen-
sates for variations among the
several sensors. This linearization
feature is optional, as are provi-
sions for dummy zero, digital scal-
ing, and active filtering.

The model 8000 will accept in-
puts from as many as eight 350-
ohm strain-gage bridges or four
120-ohm bridges with cable lengths
up to 1,000 feet. Dimensions of the
instrument are 5% by 8% by
19 5/16 inches. The price, exclusive
of options, is $1,375.

BLH Electronics inc., Waltham, Mass.
02154 [409]
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Get your free C103 SCR
from your authorized
GE semiconductor distributor

ALABAMA
Birmingh

Forbes Dlsmhutlng Co. (205) 251-4104
Huntsvilie
Electronic Wholesalers, Inc. (205) 534-2461

ARIZONA
Phoenix

Hamilton Electro of Arizona (602) 272-2601
Kierulff Eiectronics, inc. (602) 273-7331

ARKANSAS
Little Rock
Cariton-Bates Co. (501) FR 5-5375

CALIFORNIA
Culver City

Hamﬂton Electro Sales (213) 870-3301

El Mon

G. S. Marsllall Company (203) 686-0141
Los Angeles

Kierulff Eleclronlcs, Inc. {213) OV 5-5511
Mountain View

Elmar Electronics (415) 961-3611
Hamilton Electro Sales (415) 961-7000
Oakland

8rill Electronics (415) TE 4-5888

Palo Aito

KlerulH Electromcs Inc. {415) 968-6292
Riversi

Electronlc Supply (213) 683-8110

San Die, :
Hamlltun Eleclro Sales (714) 279-2421
Kierultf Electronics, Inc. (714) 278-2112
G. S. Marshalj Company (714) 278-6350
Western Radio & TV Supply (714) BE 9-0361

COLORADO

Denver

Efectronic Parts Co. (303) 266-3755
Hamiiton Electro Sales (303) 443-8551
L. B. Waiker Radio Co. (303) WE 5-2401

CONNECTICUT
North H:

Cramer EIECHOHIES, Inc. (203) 239-5641
Norwalk

Arrow Electronics (203) 838-4851
waterbury

Bond Radio Electronics, Inc. (203) 753-1184

DELAWARE
Wilmington
Almo Industrial Electronics (302) OL 6-9467

FLORIDA
Ft. Lauderdale

Cramer Flonda Electronics (305) 566-7511
Holly:

Schweher Electronics (305) 927-0511

Miam!

Electronic Wholesalers, Inc. (305) 696-1620
Orlando

Electronic Wholesalers, Inc. (305) 841-1550
Hammond Electronics (305) 241-6601

GEORGIA
Atlanta
Jackson Electronlcs Co. (404) 355-2223

ILLINOIS
Addison
Hammon Electro Sales {312) 543-8500

Electromc Oistributors, Inc. (312, AV 3-4800
Newark Electronics corp {312) 638-4411
Semicondugtor Specialists, Inc. (312) 279-1000

INDIANA
Evansvill

Ohio Valley Sound (81z; ha 5-6173
Indianapolis

Graham Electronics, Inc. (317) ME 4-8486
Semiconductor Specialists Inc. (317) 243-8271

10WA
Cedar Rapids
Oeeco, Inc. (319) EM 5-7551

KANSAS
Wichita
Interstate Electromcs Supply Corp.
(316) AM 4-6318
KENTUCKY
Louisville

P. !. Burks Co. (502) 583-2871

LOUISIANA
Lafay

ette
Ralph's of Lafayette (318) 234-4507
New Drieans
EPCOR (504) 486-7441
Sterling Electronlcs, Inc. {504) JA 2-8726

GENERAL

MAINE
Portland
Holmes Distributors, Inc. (207) 774-5901

MARYLAND
Baltimore

Kann-Ellert Electronics, Inc. (301) TU 9-4242
Hanover

Hamlton Electro Sales (301) 796-5000
Rockviile

Cramer, Washington, Inc. (301) 424-2700
Schweber Electronics (301) 427-4977

Salisb!

Aimo Induslnal Electronics (301) P1 2.1393

MASSACHUSETTS
Dedham

Gerber Electronics (617) 329-2400
Newton Centre

Cramer Electronics, Inc. (617) WO 9-7700
spnngheld

T.F. Cusnmg, Inc. (413) 788-7341

Walth;

Schweher Electronics (617) 891-8484

MICHIGAN
Oetroit
Radio Specialties Co. {313) 491-1012
Grand Rapids
Newark. Induslnal Electronics
(616) 452-1

Redford
Semiconductor Specialists, Inc. (313) 255-0300

MINNESOTA
Edina
Lew Bonn Company (612) 941-2770
Minneapaolis
Semiconductor Speclahsls, inc.
(612) 866-343.

Gopner Electronlcs Co. (612) 645-0241

MISSISSIPPI
lackson
Ellington Radio, Inc. {601) FL 3-7877

MISSOURI
Kansas City
Radio Lab. Inc ’816) HA 1-0171
North Kansas Ci
EC1 Semlconduclors Inc. (816) HA 1-8400
University City
Olive Industrial Eiectronics (314) VO 3-4051

NEBRASKA
Lincoln
Scott Electronic Supply Corp. (402) 434-8308
Omaha
Radio Equipment Co. (402) 341.7700

NEW JERSEY
Camden
General Radio Supply Co., Inc.
(609) 964-8560
Cedar Gro

Hamilton Electro Sales (201) 239-0800
Cherry Hill

Hamllton Elenro Sales (609) 662-9337

Mt. Eph

Almo Indusmal Electronics (609) 933-3800
Pennsauke

Cramer. Penn, Inc. (609) 662-5061

Totowa

Arrow Electronics, Inc. (201) 256-7331

NEW MEXICO
Albuguerque

Kierulft Electronics, Inc. (505) 268-3901
Sterling Electronics, Inc. (505) 247-2486

NEW YORK
Cheektowa,

ga
Standard Electronn.s, Inc. (716) 685-4330
East Syracuse
Cramer Electronics, Inc. (315) 437-6671
Endicott
Standard Electromcs, Inc. (607) 754-3102
Farmingdale, L.
Arrow Electronlcs, Inc. (516) MY 4-6800
Hauppauge
Cramer Electronics (516) 231-5600
Rochester
Cramer Rochester, Inc. (716) 275-0300
Rochester Radio Supply Co. (716) 454-7800
Rome
Rome Electronics, Inc. (315) FF 7-5400
Syracuse
Hamllmn Electro Sales (315) 437-2641
westoury, L. I
Scnweher Eleclromcs (516) EO 4-7474
Yorkviile
Valley Industnal Eleclronlcs, Inc.

(315) RE 6-339.

NORTH CAROLINA
Charlatte

Dixie Radio Supply Co. (704) 377-5413
Raleigh
Southeastern Radio Supply Co., Inc.
(919) 828-2311
winston-Salem
Electronic Wiolesalers, Inc. (919) 7258711

OHIO

Sun Radln Co., Inc. (216) 4342171
Cincinnati
Hugnes-Peters, Inc. (513) 351-2000
Cleveland
Pioneer-Standard Electronics, inc.

{216) 432-0010
Columbus
Electronics Marketing Corp. (614) 299-4161
Hughes-Peters, Inc. (614) AX 4-5351
Dayton
Srepco Electronics, Inc. (513) BA 4-3871
Toledo
Warren Radio Co. (419) CH 8-3364

OKLAROMA
Oklahoma Cit

Tnce wnolesale Electronics (405) JA 4-4415
OII Camtol Electronics Corp. {918) TE 6-2541

Portland OREGON
Hamilton Electro Sales (503) 255-8550

PENNSYLVANIA
Philadelphia
Almo Electronics Corp. (215) OR 6-6000
Pittshurgh
R.P.C. Ele( tronics (412) 782-3770
Semiconductor Specialists, Inc.
(412) 781-8120

York
Rosen Electronics Co. (717) 843-3875

RHODE ISLAND
Providenc
W. H. Edwams Co. (401) 781-8000

SOUTH CAROLINA
Columbia
Dixie Radio Supply Co., Inc. {803) 253-5333

TENNESSEE
Chattanooga

Harpe Electronic Distributors, Inc.
(615) 267 2381

Ramo Elecmc Supply Co. (615) 247-8111
Memphis

Blutf City Oistributing Co. (901) 276-4501
Nashville

Electra Distributing Co. (615) AL 5-8444

TEXAS
Arlington
Arco Eleclromcs {817) CR 7-2231
Dailas

Hamilton Electro Sales (214) ME 8-0900
Sterling Electronics (214) 357-9131
Wholesale Eiectronic Supply (214) TA 4-3001
El Paso

McNicol, Inc. (915) LO 6-2936

Midland Specialty Co. (915) 533.9555
Houston

Hamilton Electro of Houston (713) 526-4661
Sterling Electronics (713) 623-6600

UTAH
Salt Lake
Kimball Electromcs (801) 328-2075

VIRGINIA
Charlottesville

virgima Radio Supply Co. (703) 296-4184
Richmond

Meridian Electronics, Inc. (703) 353-6648
Roanoke

Peoples Radio & TV Suppiy Co. (703) 342-8933

WASHINGTON
Seattle

Almac Stroum Electronics (206) 763-2300
Hamilton Electro Sales (206) MA 4.5 30
Kierulff Electronics, tnc. (20 6; RO 3.
Washington Electronics, Inc. (206) MU 2 3931
Tacoma

C&G Electronics Co. (206) BR 2-3185

WEST VIRGINIA
Charleston
Chemcity Electronics (304) 342-8151

Milwaukee WISCONSIN

Electronic Expeditors, Inc. (414) 374-6666
West Allis
Marsh Radio Supply Co. (414) 545-6500

ELECTRIC

221-25

Circle 156 on reader service card




GENERAL ELECTRIC
wants to GIVE you
an SCR

BECAUSE WE KNOW YOU'LL BE BACK FOR MORE

We’'re so confident that our C103 will meet your low
current SCR needs that we'd like to give you one so you can
try itin your circuit. Just fill out the coupon below and we'll
send you, free, a new 800 ma SCR.
This new C103 features the same pellet structure as the
performance-proven C106 (4-amp SCR).
Epoxy-encapsulated in the TO-18 plastic package, GE’s C103
is available in peak reverse voltage ratings from 30 to 200 volts.
The C103 combines high surge capability (8 amps) with a low forward
blocking current (1uA) and offers a very sensitive gate (200uA).
The C103 low-cost low current SCR is so versatile that it can
replace more than 200 existing SCR’s
and is easily interchangeable in both
package and electrical characteristics.
And because it’s rugged, it's ideal for
use in industrial and military as well as
consumer applications such as motor
controls, indicator drivers, off-the-line
regulators for appliance and electronic
equipment, light, heat and proximity detection,
temperature and pressure control, counting or
switching and as gate amplifiers for larger devices.
GE’s C103 is now available from distributors’ stock
or in volume from the factory.
To get your sample C103 SCR, fill out the coupon
below and present it (or mail it) to your authorized
General Electric distributor.
For more information, write General Electric C103 RATINGS
Company, Section 220-89, 1 River Road, Peak reverse voltage aolislnax
Schenectady, N. Y. 12305. In Canada: Canadian L Gl e G Q;’O” amp. max
General Electric, 189 Dufferin Street, Toronto, Ont. oo e conent et
Export: Electronic Sales, IGE Export Division Poak revesse and off-state current 1.0 4 amp. max
159 Madison Avenue, New York, N. Y. 100186.

FREE SCR SAMPLE
Present (or mail) this coupon to your authorized GE distributor
(see listing on opposite page).

Attn: Industrial Sales Mgr. Please furnish 1 C103 SCR.

Rating: ] 30V 60V 100V 200V
GENERAL @D ELECTRIC | ..

Firm: _ Position: —

Street ) _

City. _ S State_ Zip.

i i Distributor Name -
ice card
A Offer expires July 31, 1970 A
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MOS TECHNOLOGY, INC

TSt il BT Tl

Specialists. Strictly MOS. Not a branch or division of anything.* A staff whose keynote is wide experience
and a broad, in-depth knowledge of the new technology. A built-to-our-specifications plant that includes
computer-aided design and test techniques, environment- and dust-controlled facilities, complete photo-
mask operations, a separate environmental and failure analysis laboratory . . . all with the most modern
equipment and instruments available. MOS—new people, new plant, new product and JUST ONE OBJEC-
TIVE: TO SUPPLY YOU WITH THE MOST TECHNICALLY COMPETENT AND HIGHEST QUALITY CUSTOM
AND STANDARD MOS ARRAYS ATTAINABLE for use in:

¥ COMPUTER TERMINALS % ENTERTAINMENT SYSTEMS ¥ ELECTRON!IC CALCULATORS

¥ COMPUTER PRINTERS “ MEDICAL ELECTRONICS " HOME APPLIANCE CONTROLS
* COMPUTER DISPLAYS " INDUSTRIAL CONTROLS % COMMUNICATIONS SYSTEMS
“ COMPUTER MEMORIES * ELECTRONIC INSTRUMENTS “ INSTRUMENTATION SYSTEMS

L=
*but a proud affiliate of Allen-Bradley Co. I..’ T E C H N O L O G Y, I N C |

VALLEY FORGE INDUSTRIAL PARK, VALLEY FORGE, PENNA. 19481 215-666-7950

WESTERN REGION—MTr. Jack Turk, Western Regional Sales Director, MOS Tech- Charlotte, North Carolina 28211 + 704-366-6678 « Falk-Baker Associates,
nology Inc., 2172 Dupont Drive (Patio Building), Newport Beach, California 92660 382 Frankiyn Avenue, Nutley, New Jersey 07110 < 201-661-2430 « Atlantic
+ 714-833-1600 ¢ REPRESENTATIVES—Galaxie Sales International, 1930 Wil- Component Corporation, 1331 Harbor Lake Drive, Largo, Florida 33540 « 813-
shire Blvd,, Los Angeles, California 90057 + 213-483-0910 + J. A. Tudor & 584-8257  C.H. Newson & Assaciates, Inc., 711 Bethlehem Pike, Philadelphia,
Associates, Inc,, 2605 Western Avenue, Seattle, Washington 90121 - 206-682- Penna. 19118  215-248-3377 « CENTRAL REGION—Mr. Al Mattel, Central
7444 < Checkmate Sales, 4785 South Quebec Street, Denver, Colorado 80222 Regional Sales Director, 10400 West Higgins Road, Suite 631, Rosemont, I1linois
« 303-771-4920 « Toward Engineering Associates, Inc., 2823 North 48th Street, 60018 - 312-298 203'5 R REPRESENTATWES—'NOW I As's iates P' 0. Box
Suite #5, Phoenix, Arizona 85018 ¢ 602-955-3193 ¢ EASTERN REGION—Mr. 2 2 L, s
i R < Di i 20279, Dallas, Texas 75220 + 214-357-6451 < John Grey Associates, 3957
Bill Whitehead, Eastern Regional Sales Director, 88 Sunnyside Blvd., Room 307, A e
Plainview, New York 11803 + 516-628-2703 + REPRESENTATIVES—Michael Demley Street, Apt. 206, Schiller Park, lilinois 60176 - = 312-671-3258
scott Co., Inc., 20 Walnut Street, Wellesley Hills, Mass, 02181 + 617-235-0102 Hastings Incorporated, 249 Winding Way, Dayton, Ohio 45429 + 513-771-8239
» Ossman Component Sales Corp., 39 Saginaw Drive, Rochester, New York 14623 » Special Electronic Sales, 8053 Bloomington Freeway, Bloomington, Minnesota
s 716-422-3290 ¢ Bob Jackson Manufacturers Representative, P, 0. Box 17484, 55420 ¢ 612-884-4317
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New semiconductors

High-frequency SCR acts like two-in-one

Smaller unit is triggered first and then it turns on larger one;
low gate currents on monolithic device accomplish high-speed switching

A high surge of current during
turn-on can shorten the life of a
silicon controlled rectifier and may
even causc it to fail. Initially, only
a small portion of the silicon wafer
conducts. Large currents may burn
a hole through the device, before
the current has had a chance to
spread throughout the silicon
wafer.

Engineers at Westinghouse de-

vised a technique to help combat
this problem. The new unit, desig-
nated the T507, is a monolithic
device, but functionally it is an
SCR within an SCR. The smaller
SCR is turned on first, and it, in
turn, switches the larger one. This
enables the device to be triggered
with small gate currents—typically
less than 150 milliamperes—and to
sustain large current surges with-

out damage. The maximum anode-
current risetime, di/dt, at 110 am-
peres forward rms current is 800 °
amperes per microsccond. High
di/dt's usually demand large gate
currents.

The advantage of the smaller
gate current drive shows up in fast
turn-on and turn-off times—typi-
cally 3.5 usec and 30 usec, respec-
tively. The device handles fre-

Dual monolithic transistor type
IT124 employs dielectric-isolation
techniques which suit it for both
radiation-hardened and industrial
applications. Betas of greater than
1,500 at 1 pa are guaranteed.
Other features include a capaci-
tance of 0.8 pf, base emitter
matching of 2 mv, and current
offset of 0.5 na. Intersil Inc.,
10900 N. Tantau Ave., Cupertino,
Calif. 95014 [4361]

1

Broad range (5 to 500 kw), high-
voltage, controlled avalanche sili-
con rectifier stacks are available
in a variety of configurations. The
stacks, which have a cylindrical
construction, cover the range 1
amp to 10 amps, and up to 100
kv. They can be operated either
by convection cooling or im-
mersed in oil. Mullard Inc., 100
Finn Court, Farmingdale, L.I.
N.Y. 11735 [4401]
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The SQ1212A-SQ1232A series of
tuning diodes offer uhf/vhf de-
signers a miniature size for com-
pact high-frequency packaging.
Capacitance values start at 1.2
pf with a Q of 1500 measured at
-4 v and at 50 Mhz. These di-
odes are rated for 30 v break-
down. Price (100-999) is $8.60
each; delivery, 2 weeks. MSI
Electronics Inc., 34-32 57th St.,
Woodside, N.Y. 11377 [437]

Five dual line driver/receivers
MC1580L-1584L, handle driving/
receiving chores in both saturating
(MRTL, MDTL, and MTTL) and
nonsaturating (MECL) logic sys-
tems plus the interfacing between
different levels in a system. Units
feature high input and/or output
impedances in the 5 to 12 kil-
ohms range at 10 Mhz. Motorola
Semiconductor  Products  Inc.,
Phoenix 85036 [4411]

Computer system interface IC
designated SN75451P provides
two independent channels for use
as dual lamp or relay drivers
high-speed logic buffers, power
drivers, MOS drivers, and mem-
ory drivers. Collector current is
400 ma, and collector-emitter
voltage is 30 v. Price (100-999)
is 97 cents each. Texas Instru-
ments Inc., P.0. Box 5012, M/S
308, Dallas 75222 [438]

Four-bit bimary full adder DM-

7283 uses internal carry look-
ahead circuitry that cuts ripple
time to 12 nsec. Unit is the
equivalent of about 30 gates. It
accepts four A and four B in-
puts plus the carry input, and
has four sum outputs plus the
carry output. It can also be used
as a dual single-bit full adder.
National  Semiconductor Corp
Santa Clara, Calif. [442]

Monolithic, digital IC's are de-
signed to perform efficiently in
extremely high noise environment,
Designated as SG393, SG394, and
SG395, the devices are high
threshold logic circuits designed
to perform NAND gating func-
tions. Units are offered in a her-
metically sealed, metal-lid, 14-
lead, dual-in-line package. Syl-
vania Electric  Products Inc.,
Woburn, Mass. [439]

v
—

Hybrid IC voltage regulator DVR-
100 is announced. The output
voltage is internally adjusted to
12 v *5% or *19%,; load cur-
rents up to 100 ma with adjust-
able internal over-current pro-
tection. With a minimum of ex-
ternal components, output voltages
of 12 to 40 v and load currents
up to 3 amps can be obtained.
Dickson Electronics Corp., Box
1390, Scottsdale, Ariz. [443]

159



A Micro

MPLE

It's the smart thing to do.

Micro Compet QT-8B is the world’s smallest electronic calculator.

And it operates on three power sources — AC, built-in battery, or
any 12V car battery — so you can use it anywhere.

And since it uses ELSIs {(Extra Large Scale Integrations), it measures
a small 5-5/16" wide, 9-11/16" deep, and 2-13/16" high. Weighs a
tight 3.63 Ibs. Yet it does ordinary and complicated calculations
up to 8 digits. Take a look at the Micro Compet QT-8B soon.

It can make life a lot easier for you.

SHAIRP

SHARP CORPORATION Osaka. Japan

*Operates on built-in
rechargeabie batteries
with a removable
charger or AC current,
A car battery is also
available with an
optional adaptor,

oM{CRO COMPET
QT-8B

SHARP

U.S. Subsidiary:
SHARP ELECTRONICS CORP. 178 Commerce Road Carlstadt, New Jersey
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Dynamic gate. The anode-current
risetime is 800 amps per usec, but
rapid spreading velocity across the
wafer keeps the device cool.

quencies up to 10 kilohertz for half
sine-wave operation and up to 7
khz for rectangular-wave operation.
And the device’s low forward volt-
age drop of 4.5 volts assures that
it runs cool.

The 600-volt device has a dv/dt,
or rate of forward-voltage rise, of
200 volts/usec, and can attain for-
ward- and reverse-blocking volt-
ages of 1,200 volts.

Company spokesmen say that
they have been using a center-firing
approach rather than the more
common method of turning the de-
vice on at its edge first. As a result,
the drive current saturates the cen-
ter of the gate and spreads from
the center to the edge of the wafer.
This type of saturation, the com-
pany feels, is faster than firing the
device from the edge and having
the current spread across the en-
tire surface of the wafer.

Widest use. The device should
find its greatest use in high-fre-
quency applications requiring fast
turn-on and turn-off, says Stanley
Hunt, sales manager. In addition
to such uses as induction heating,
standby power supplies, a-c¢ motor
controls, high-frequency lighting,
pulse modulators, and cyclocon-
verters, Hunt sees important uses
of the SCR in computer power sup-
plies, where battery-operated sup-
plies must be switched in immedi-
ately if a fault occurs.

The T507 is available in either
a flex-lead or a flag-lead package.
Price is $43.50 for quantities of 10
to 99. Delivery of the devices takes
two weeks.

Westinghouse Electric Corp., Semicon-
ductor Division, P.O. Box 868, Pitts-
burgh, Pa, 15230 [444]
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225-400 MHz...5dB gain... 24V.

TRW introduces a new state-of-
the-art line of broadband high
power UHF transistors. The
JO2001 transistor incorporates
hybrid circuit techniques inside
the packaged device to reduce
the reactive part of the input
impedance to nearly zero (hence
j-zero). The devices give ex-
tremely broadband and reliable
performance from simple and
consistent matching circuits.
Fxceptionally low input Q's

Electronics | June 22, 1970

allow octave band widths from
fixed tuned circuits without
costly individual circuit trimming
for simplicity and ease of
manufacture.

The JO2001 provides a mini-
mum of 40 watts with 5.0 dB gain
across the 225-400 MHz band
from a 24 volt source. Minimum
efficiency is 50%.

Twoor more of the devices can
be paralleled simply for higher
power levels. Delivery is immedi-

8-67

ate in production quantities.
Order from factory or any TRW
distributor.

For complete information and
applications assistance, contact
TRW Semiconductor Division,
14520 Aviation Blvd., Lawndale,
California 90260. Phone (213)
679-4561. TWX 910-325-6206.

TRW
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| 500 nanoseconds

| CcOsts.

What Memory-System Maker Is

Speeding Up the Cycle Time —
But Holding Down the Price?

Toko. Of course!

Beef up your tech-
nology with Toko's §

Memory System
without raising your

Now rolling off
the production line,
Toko’s HS500R Mem-
ory System offers
the following key
features:

New semiconductors

C/MOS circuit
uses 1.5-v supply

14-stage, ripple-carry
binary counter has
dissipation of only 4uw

Threshold voltages below one volt
have been achieved in comple-
mentary metal oxide semiconduc-
tor circuits, enabling them to oper-
ate from a single 1.5-volt cell. And
the lower supply voltage means

* Access time of 250ns. -

* Memory capacity of 4K words by

18 bits expandable to 16K words by 18

bits, rearrangeable to multiples of 36 and 72 bits.

* Compact, space-saving advantages—measuring 10" x 19" X
13-1/3".

‘ Toko's advanced electronic technology also enables it to provide com-

puter components, such as memory stacks. Contact Toko today for details.

[o‘ # TOKO, INC.

even lower power dissipations
compared to the C/MOS circuits
‘ using 6- to 15-volt supplies.

The lower supply and threshold
voltages resulted from an ultra-
clean oxide developed by RCA’s
Solid State division. The p-channel
threshold was reduced by the oxide
technology and the n-channel thres-
hold was cut by combining the
technology with adjustment of the
p well’s sheet resistance.

Using the new technology, RCA
has built a 14-stage, ripple-carry
binary counter. The smaller bat-
tery size and lower power dissipa-
tions, the company says, make the
medium-scale integrated counter,
designated TA5938, suitable for
consumer applications such as bat-
tery-powered watches and clocks.

Using a single-cell supply at a
frequency of 50 kilohertz, the de-
vice typically dissipates 4 micro-
watts. Quiescent dissipation at the
same supply voltage is rated at
25 nanowatts. Noise immunity
rating is 45% of the supply voltage
over the full operating temperature
range.

The unit consists of a pulse-
input shaping circuit, a reset line
driver circuit, and 14 ripple-carry
binary counter stages. Buffer out-
puts are externally available from
stages 1, and 4 through 14. The
counter is reset to its all zero states
by a high level on the reset inverter
input line. Each counter stage is
a static master-slave flip-flop. The
counter is advanced one count on
the negative-going transition of
each input pulse.

Each counter’s output stage is

HS500R

Head Office: 1-17, 2-chome, Higashi-Yukigaya Ohta-ku, Tokyq, Japan !
[ Y TOKO N.Y., INC. 350 Fifth Avenue, New York, New York 10001 Tel: 212-565-3767 |
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BREADBOARD |
DESIGNER

The ElLite 2 is stingy with your money - with your time
When it comes to advanced circuit design

This dynamic lab in a box will enable you to design, layout, test
and construct (and re-use) all IC and discrete components circuitry
(LIS, MSI, MOS) WITHOUT SOLDERING, SPECIAL TOOLS, PLUGS
OR PATCH CORDS.

PLUS THESE BUILT-IN FEATURES:
Wide range function genera- @ All breadboard interconnec-
tor — sine, square, triangle tions with solid # 22 guage
Wide range pulse generator— hook up wire
bi-polar outputs e Desk top convenience:
3 monitored power supplies 6 inches high, 17%2 inches
— floating, stable, short wide, 12 inches deep.
circuit proof e ORDER ONE TODAY

2d di I —_
! alafcisp ayjlamps Write or call for complele

high input impedance
=+ turn-on thresholds specitications catalog

- L I ]
sspAYIYTEY ’
=8 ' + -
—_— 4

COMPLETE

EL Instruments
Incorporated

61 First Street
Derby, Conn. 06418

Phone:
203/735-8774
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Here’s a quick plug
for micro-systems.

The A-MP Chevron Shaped Connector plugs in, plugs out and interchanges
to give you connection flexibility in your most mini-micro applications.

This connector has contacts on straight centers of .050”. Or staggered centers
of .J25". Because of their special design, the contacts are
very tolerant of misalignment and very redundant in their connection.

The receptacle contacts have an outside diameter of .030”. Inside there
are two spiral springs that redundantly grasp every pin.

The connector housings are dimensionally identical for both pin and

receptacle contacts. (A foresight for versatility’s sake.) They are available with
cortoured edges that correspond to the staggered pattern of the contacts.

Which means you can fit the housings together and maintain even contact spacings.

For application versatility, the connectors can be mounted for either
perpendicular or parallel card mating in addition to the standard in-line
card-to-card applications. There's also a version for ribbon cable that opens
many cable-to-card or cable-to-cable possibilities, or for transmission -cable to
match 75 ohm impedance.

That's our plug for micro-systems. But it's not all you'll need to know about it.
Formore information on the A-MP Chevron Connector write:

Industrial Division,

AMP Incorporated, Harrisburg, Pa. 17105.

ANMP

INCORPORATED

ACTUAL SIZE




Jhere

dJs a
Difference
Jn Quartz
Crystals

47K

. Space age communication
equipment demands a crystal
that meets all standards of
technical advancement. Crystals
that were acceptable some
years ago do not meet present
day specifications. As a general
rule, your crystal must be
selected from the best quartz . . .
(no throw off cuts). Tight
tolerances demand selected
angles of cut. The x-ray is
important In making this
selection. The crystal should be
preaged with stress cycling. It
should be checked for frequency
change vs temperature change.
It must be checked for optimum
spurious response. It should be
calibrated to frequency with the
correct oscillator. International
Crystals are manufactured to
meet today’s high accuracy
requirements. That’'s why we
guarantee all International
crystals against defective
materials and workmanship for
an unlimited time when used in
equipment for which they were
specifically made.

100
(—5 Odtpul

5600

WRITE FOR CATALOG

INTERNATIONAL

N

CRYSTAL MFG. CQO, INC,
10 NO. LEE ® OKLA. CITY, OKLA. 73102
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. . . aimed at timing jobs
in consumer field . . .

available on the chip and can be
brought out to provide several
divider options. And circuit func-
tions can be added or eliminated to
meet specific requirements.

The unit is available in a lower-
powered version, designated the
TA5939. The lower power consump-
tion is achieved by eliminating the
reset function and Dbecause it
utilizes only one output, from the
14th stage. In addition, the 5939
contains an extra terminal that
gives it an optional drive capabil-
ity from a crystal oscillator.

Both types come in ceramic dual
in-line and flat packages, and in
chip form.

The company sees broad appli-
cations in digital equipment where
very low power dissipations are
required and where operation
from low-voltage battery sources
is a must. These applications in-
clude battery-powered watches and
clocks, fuse timers, timing and
time delay, frequency division, and
counting.

One much-talked-about con-
sumer application of these low-
power integrated circuits has been
for timing in wrist watches. The
frequency of a crystal oscillator is
divided down by the multi-stage
binary counter so that one pulse is
generated at the counter’s output
for every second of time. The com-
plex mechanism of gears in the
electromechanical watches is thus
eliminated. And the single-cell bat-
tery contributes to the size and
weight reduction of the watch.

According to Frank Rohr, man-
ager of market planning, the low
power dissipation of the C/MOS
units make them suitable also for
use in cardiac pacemakers.

The devices are available in
sample quantities and are priced
at $35.

Specifications at 25°C and Vop=1.5v

Operating power dissipation at

frequency of 50 khz 4 uw
Quiescent power dissipation 25 nw
Maximum “0'" output voltage 0.01 v
Noise immunity (all Inputs) 0.45 Voov
Mintmum “1” output voltage Von—0.01 v
Output drlve capability —0.1 ma
Input pulse frequency (typical) 100 khz
Rise and fall times 15 usec

RCA Solid State Division, Harrison, N.J.
07029 [475]
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Testpac® Automatic Tester:

ADAPTABLE
because it's

COMPATIBLE

(It will test your products automatically.)

This is Testpac—the only automatic tester that can with excessive setup or checkout time, lack of accuracy
offer compalibility with almost any manufacturer's and consistency, or difficulty in adjusting test
instruments and information sources. Testpac is apparatus to new or redesigned products, you should
probably compatible with the instruments you commonly investigate Testpac. It matches any other automatic

use to stimulate, measure, analyze, and calibrate tester in versatility and accuracy—and will save you miore.
the devices you test. Testpac is easy to program, Zehntel will be happy to provide a presentation and
simple to operate, and can be used with or without detailed specifications on a Testpac for your instruments
a computer. If your testing operations are troubled and test requirements. Call us.

B -

1450 Sixth Street, Berkeley, Calif. 94710 (415) 527-5440

An affiliate of Electronic Memorlies & Magnetics Corporation
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Westinghouse epi
base power transistors
save you a driver stage

or cut driver
transistor cost.

Bargain driver.

How do we do it? Through an
exceptional combination of

frequency, power and gain
capabitity. Our devices give
you maximum turnoff time
(t s +f) of 1.15 microseconds
or less, with high gain, partic-
ularly at high currents—up to
75 amps. Hard solder con-
struction minimizes possi-
bility of thermal fatigue.
Hermetically sealed in popu-

lar TO cases, these devices
are manufactured by military
processing to maximum reli-
ability. Broad SOAs too.
Other hard facts: total
switching time of .95 to 1.75
microseconds maximum, cur-
rents 2-75 amps, voltage 40-
375 volts, power 35-260 watts.
So drive a bargain: contact
Westinghouse Semiconductor
Div., Youngwood, Pa. 15697.

You can be sure...if it's Westinghouse




Westinghouse Industrial
Semiconductor Distributors

Alabama
ACK Radio
Birmingham 205 322-0588
Electronic Wholesalers, Inc.
Huntsville 205 539-5722
Arizona
Hamilton Eiectro of Arizona
Phoenix 602 272-2601
Kierulff Electronics Corp.
Phoenix 602 273-7331
California
Newark Electronics
Inglewood 213 674-8440

Hamilton Electro Sales

Los Angeles 213 870-7171
K-Tronics

Los Angeles 213 685-5888
Elmar Electronics, Inc.

Mountain View 415 961-3611
Hamilton Electro Sales—North

Mountain View 415 961-7000
Hamilton Electro of San Diego

San Diego 714 279-2421
Colorado
Electronic Parts Co.
Denver 303 266-3755
Hamilton Denver
Denver 303 934-5508

Connecticut
Cramer Electronics, Inc.
North Haven 203 239-5641
Florida
Cramer Electronics, Inc.
Fort Lauderdale 305 566-7511
Electronic Wholesalers

Hollywood 305 923-8181
Electronic Wholesalers, Inc.
Orlando 305 841-1550
Georgia
Specialty Distributing
Atlanta 404 873-2521
llinois

Semiconductor Specialists, Inc.

Chicago 312 279-1000
Avnet of Chicago

Schiller Park 312 678-6310

Indiana

FortWayne Electronics Supply, Inc.

Fort Wayne 210 742-4346
Ra-Dis-Co.

Indianapolis 317 637-5571
Radio Distributing Co.

South Bend 210 287-2911

Maryland
Pyttronic Inc.

Baltimore 301 727-5100
Hamilton Electro Sales

Hanover 301 796-5000
Cramer Electronics, Inc.

Rockville 301 424-2700

Massachusetts

Cramer Electronics, Inc.

Newton Centre 617 969-7700
Schweber Electronics

Waltham

Michigan
Semiconductor Specialists, Inc.

617 891-8484

Detroit 313 255-0300
Minnesota

Semiconductor Specialists, Inc.
Minneapolis 612 866-3434

Stark Electronic Supply
Minneapolis 612 332-1325
Missouri

ECI Semiconductors, Inc.
Kansas City 816 221-2400

Circle 167 on reader service card

Electronic Components for
Industry Co.
St. Louis 314 647-5505
Hali-Mark Electronics Corp.
St. Louis 314 521-3800

New Jersey
General Radio Supply Co., Inc.

Camden 609 964-8560
Angus, Inc.
Moorestown 609 235-1900

Sterling Electronics, Inc.
Perth Amboy 201-HI 2-8000

New Mexico
Kierulff Electronics Corp.
Albuquerque 505 247-1055

New York
Stack Industrial Electronics

Binghamton 607 723-6326
Summit Distributors

Buffalo 716 884-3450
Cramer/Eastern

East Syracuse 315 437-6671

Schweber Electronics

Long Island 516 334-7474
Milgray Etectronics, Inc.

New York 212 989-1600

Ohio
Sheridan Sales

Cincinnati 513 761-5432
Sheridan Sales

Cleveland 216 524-8120
Hughes-Peters, Inc.

Columbus 614 294-5351
Mentronics, Inc.

Mentor 216 946-3058

Oklahoma

Hall-Mark Electronics Corp.
Tulsa 918 835-8458

Pennsylvania
Cameradio Company
Pittsburgh

South Carolina
Sawyer Electronics Corp.
Greenville 803 235-0438

Texas
Hall-Mark Electronics Corp.

Dallas 214 231-6111
Midland Specialty Co.

El Paso 912 533-9555
Hall-Mark Electronics Corp.

Houston 713 781-6100
Lenert Company

412 391-4000

Houston 713 225-1465
The Altair Co.

Richardson 214 231-5166

Washington

Hamilton Electro Sales of the
Pacific Northwest

Seattle 206 624-5930
West Virginia

Charteston Electrical Supply
Company
Charleston 304 346-0321
Wisconsin

Taylor Electric Company
Mequon 414 241-4321

Canadian Westinghouse
Hamilton, Ontario 416 528-8811

Westinghouse

Electric International
London, SW. 1 Whitehall 2704
New York 212 692-3322
1 Curfew Yard—Thames Street

Windsor, Berkshire 63-39-2/4

Westinghouse
Semiconductor Division
Youngwood, Pennsylvania 15697

New s