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Removing noise from low-level signals: page 80 i“l'{) : 1968

Higher power from avalanche diodes: page 96 4 vccraw Hill Publication
Low-cost video recording: page 110 A o

from semiconductor crystals, page 104
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Tackle your signal-source problems with this line

No one calls the signals exactly the way
you do; and different applications
require different features in signal
source. That's why we offer you a whole
line of sync-able RC oscillators — so
you can match your signal source to
your needs.

If you are measuring distortion, low-
level noise, or transient response, a
low-distortion test signal is your primary
concern; the Type 1309 oscillator is for
you. Total harmonic distortion is
specified at < 0.05%, and it is typically
much lower. The 1309 also offers sine-
and square-wave outputs, a calibrated
attenuator, and a 10 Hz-t0-100 kHz
frequency range . .. all for $325.

Wide range is the big feature of the
1310. This oscillator spans a frequency
range of 2 Hz to 2 MHz in six decade
ranges. Its flat output (> 20 V open
circuit) makes it ideal for frequency-
response measurements, and its
excellent resolution and stability permit
its use for measurement of narrow-band
devices. Price . .. $325.

With high-output power, the 1311 is
tailor-made for use as a bridge oscillator
or for driving low-impedance devices
like acoustic transducers. it has a
1-watt, transformer-coupled output at

11 fixed frequencies from 50 Hz to

10 kHz, with a A f control for =29
adjustment. Price . . . $260.

Production applications require easy
settability and good repeatability. The
1312 decade oscillator fits on both
counts. This oscillator has in-line
readout with automatically positioned
decimal point and unit of measurement.
Thus the frequency is easy to set . . .
virtually imipossible to misread . . .
precisely reset. It has a 10 Hz-10-1MHz
frequency range with > 20-V open-
circuit output . . . all for $4156.

Other production-line testing requires
that devices such as amplifiers and
loudspeakers be response- and
distortion-tested quickly and without
being overdriven. The 1313 oscillator
is ideal for this use. Its 10 Hz-to-50kHz
frequency range is covered on one dial,
so you don't have to switch ranges.
This means fast testing, no transients,
and unambiguous dial, and no range
switch to replace periodically because
of constant use. Price . .. $325.

All these osciliators are equipped with
the GR-developed sync jack to lock

the instrument to an external source

or to provide a triggering signal for
counters, scopes, or other devices. All
provide high, flat output and an unusual
combination of performance, reliability,
and economy that make each oscillator
ideally suited for particular applications.
So you call the play: choose the
features you need in a signal source.
Then choose the GR oscillator with
those features.

For more information, call your nearest
GR office, or write General Radio,

W. Concord, Mass. 01781: Telephone
(617) 369-4400. In Europe, Postfach 124,
CHB8034, Zurich 34, Switzerland.

Prices anply only in U.S.A.

GENERAL RADIO

Circle 900 on reader service card



140A Plug-in Oscilloscope

141A Variable Persistence Oscilloscope
185 CHN Analyzer

310A. 312A Wave Analyzers

313A Tracking Oscillator

340B Noise Figure Meters

400E AC-to-DC Converter

400EL High-Accuracy AC Voltmeter

5275A Time interval Counter*

5280A Reversible Counter*

5400A Nuclear Multichannel Analyze
5552A Spectrum Scanner
5751B Research Gas Ch
8051A Loudness
7561A, 756
8405
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410C Electronic Volimeter

411A RF Millivoltmeter

412A Voltmeter. Ammeter. Ohmmeter
4158, 415E. 416B Standing Wave Ratio Met
419A DC Null Voltmeter

428B Clip-on DC Milliammeter

431C Microwave Power Meter

500B Frequency Meter

562A Digital Recorder

581A D/A Converter

675A Sweeping Signal Generator

775. 776 Automatic Preparative Gas Chromatogra
780-7 Patient Monitor

8551B/851B Spectrum Analyzer

1416A Swept Frequency Oscilloscope Indicator
1782A Oscilloscope Display Scanner

2010A, 2012A Data Acguisition Systems™

2116A, 2115A, 2114A Computers*

2801A Quartz Thermometer

3300A Function Generator

3400A BRMS Voltmeter

3406Af; adband Sampling Voltmeter

w0 fhese-are some of
3439A 4_OA p‘u -in Digital Voltmeters™
346”‘&“%& > instruments that

3481A ms reampiifier

RN o qvmnrecwder outputs

5214L Preset Counter* A converte

Wouldn'’t a
graphic recorder make
your job easier?

It probably would. Because Hewlett-Packard X-Y and strip-chart re-
corders connect to a wide variety of pracision measuring instruments to
give you a permanent graphic display 2f your measurements. Plots and
graphs let you analyze your results more thoroughly, give you permanent
records for later reference and allow you to make comparison studies
of several measurements.

You might be surprised how many measurements can be recorded by a
simple connection to your instrument.

To find out how a graphic recorder can improve the information value of
your measurements, call your local HP field engineer or write Hewlett-
Packard, Palo Alto, Calif. 94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT |h‘p-‘, PACKARD

GRAPHIC RECORDERS

Eiectronics | July 8, 1968 Circle 1 on reader service card 1



CHANUEL A&

32068 FUNCTION QENERATOR

RANGE
\‘/ W P o
p. b P
K

.
i .
o oan
AN
s

N AR
s
I~ ., ' - AWPLTUOE
.{.
' s 3
°, NG :-

wheh e i

outeyr

D

@ 33044 SWEEP/OFFSET PLUG-IN
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OFFSET SOUARE
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to Your
3300A Function
Generator

Get One Source for Any Waveform to 100 kHz

Linear sweep in decade steps overa 0.01 Hz to 100 kHz
—sine, square and triangular waveforms—variable dc
offset for each function including sawtooth—from one
source, the hp 3304A Sweep/Offset Plug-in and the
3300A Function Generator.

Manual Sweep: start frequency and sweep width are
individually adjustable over at least one decade for
easy location of sweep range. Swept frequencies and
the sawtooth are simultaneously available for display
on oscilloscope or recorder.

Programmable Sweep:External sweeping or pro-
gramming over a decade of frequency is possible with
0 to — 10 V with the basic function generator.

DC Offset: Use the dc offset with any waveform— =16
Vdc range with a =1 V vernier control. Makes hard-to-
get driving functions readily available.

The 3300A/3304A combines to give swept and CW
sine (<1% distortion), square (<250 ns rise time),

2 Circle 2 on reader service card

triangular (<19% linearity) waveforms, and sawtooth
waveforms (with <5% flyback time).

Two fully-floating non-interacting outputs with sepa-
rate amplitude controls provide up to 35 V p-p.

Price: hp 3300A Function Generator, $625.00; hp
3304A Sweep/Offset Plug-in, $250.00. For full specifi-
cations, contact your nearest hp field engineer. Or, write
to Hewlett-Packard, Palo Alto, California 94304. Eu-
rope: 54 Route des Acacias, Geneva.

097/15

HEWLETT hp PACKARD
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I. Design

Taking noise out of weak signals
Synchronous method of cleaning up microvoit
or nanovolt transmissions with a lock-in
voltmeter is free of zero-drift and zero

error problems

Richard Brower, Brower Laboratories Inc.

Designer's casebook

= Voltage comparator is made with op amps
and logic gates

= Diodes in a multivibrator lessen
frequency variations

= Transistor and zener protect series regulator

Fabrication advances boost potential

of avalanche diodes

Improved methods of heat-sinking and new
techniques for creating abrupt junctions
make the devices strong contenders for
microwave power sources

Harry L. Stover, Texas Instruments
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Advanced 104 Storing light and current in crystals
technology Ability to absorb energy and release it
when tapped makes some lithium- and sodium-
doped semiconductors potentially useful as
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Readers Comment

Reverberations

To the Editor:

In my 40 years of work in the sci-
entific field there has never been
such a vitriolic denunciation of
our work as in the article “Signal
gains for electronic music,” [April
29, p. 95].

I talked to Professor Milton
Babbitt of Princeton University
with regard to the paragraph in
the article that concerns the RCA
Electronic Music Synthesizer. He
was very much distressed. Profes-
sor Babbitt has given many public
concerts of his work produced on
the RCA synthesizer. I know of at
least two instances where he re-
ceived very fine reviews in the New
York Times. In addition, Professor
Babbitt was honored with the New
York Music Critics Circle Citation
in 1964. Others have also received
acclaim for their work on this in-
strument.

On May 14, Professor Vladimir
Ussachevsky, chairman of the com-
mittee on direction of the Columbia
Princeton Electronic Music Center,
wrote me: “Your RCA synthesizer
remains our constantly used tool
and center of attraction at the Elec-
tronic Music Center. We have
spent hundreds of hours demon-
strating it to students from all over
the United States, as well as count-
less persons from abroad, and I
am sure that our visitors have
carried away the correct impression
of the RCA synthesizer.” In view of
this I am at a loss to know why
you call this development a white
elephant.

It was around 1955, during the
period that Professors Babbitt and
Ussachevsky were producing elec-
tronic music, that RCA invited them
to work on the RCA synthesizer.
They were so intrigued that the
Columbia Princeton Electronic
Music Center was started in New
York City, and the synthesizer
moved there.

As for the statement in the article
that the synthesizer is on perma-
nent loan, that too is incorrect. The
lease is on a yearly renewable
basis.

Since RCA is engaged in the re-
production of sound, we carry out

Electronics | July 8, 1968



Here’s a new digital IC
from Sprague. The 54/74107A.

It's a single-chip
replacement for the
5473/7473 dual JK

m-s flip-flop.

" In DIP it has pin 7 GND,

just like the rest of the Series 54/74 family.

\
it

\’L
,,,"//,/, <

T For existing designs,
it's also offered in the “old”

pinning in either DIP or flat pack.

Choose O to +70 or -55 to +125C
temperature range. Choose “old”

or new compatible pinning.
Choose Sprague for all Series 54/74.

SPECIFICATIONS
Dual JK m-s Flip-Flop

DIP DIP TO-88
PIN7GND | PIN11GND | PIN 11 GND
0to +70C USN-74107A | USN-7473A | USN-7473J
—-55t04+125C| USS-54107A | USS-5473A | USS-5473J
Clock freq. 15 MHz 15 MHz 15 MHz
50 mw/ff 50 mW/ff 50 mw/ff

Pdiss
Fan Out

10

10

|10

To request samples, call your Sprague representative.
For further information, write to Technical Literature
Service, 35 Marshall St., North Adams, Mass. 01247.

SPRAGUE WORCESTER . . . the world’s finest microcircuit facility.

¢¢¢¢¢¢¢¢

s pn n G u E®
THE MARK OF RELIABILITY
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Introducing
the Heinemann JA /Q"electronics protector:

Nanosecond transient/overvoltage response

Muillisecond overcurrent trip time

Delicate semiconductors arc vulnerable to a trio of
electrical hazards: transients, overvoltages, and over-
currents. Only a device which responds to all three can
offer adequate protection to solid-state equipment.

Heinemann now offers vou such protection, in a sin-
gle package: the JA/Q electronics protector.

With a JA/Q protector in your cquipment, a danger-
ous transient doesn’t stand a chance. The JA/Q will
sense it instantly, close an internal solid-state switch, and
shunt it to ground. Line voltage passes back through
the nominal supply value typically within 500 nano-
seconds. \Vith the switch closed, the protector trips,
removing the equipment from the line in as little as
5 milliseconds.

Overvoltages are handled in the same manner. In fact,
the JA/Q is insensitive to rise times: any voltage over
the firing point of the protector will trigger it.

For overcurrents, the JA/Q provides protection com-
parable to a non-time-delay magnetic circuit breaker.

6 Circle 6 on reader service card

It is guaranteed to trip at 125% of rating. At 200%
of rating, it will trip within 20 milliscconds; above 3009,
trip time drops to 5 milliscconds. For delayed protection
of blowers, starters, and other associated equipment, JA
circuit breaker poles with time delays and special func-
tion internal circuits can be added to the standard fast-
response JA/Q pole.

Any solid-state equipment can benefit from the addi-
tion of JA/Q protection. Designers presently using
Serics JA circuit breakers can now give their equipment
triple protection by switching to JA/Q’s. No changes
in mounting, and only one additional lead—a reference—
are required.

To learn more about the JA/Q electronics protector,
write for Bulletin 3370. Heinemann Electric Company,
2600 Brunswick Pike, Trenton, N.J. 08602.

4094 S
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both pure and applied research
in the ficld of sound reproduction.
The reason we developed the syn-
thesizer was to learn more about
the sound that we reproduced.

After we developed the synthe-
sizer, Mr. Belar and I decided to
test the fidelity of performance of
the instrument. To do this we an-
alvzed excerpts from disk records
of two piano selections, namely.
“Polonaise” and “Clair de Lune”
and a violin selection, “Old Re-
frain.” The piano selections were
played by Tturbi, Rubenstein and
Horowitz. The violin selection was
played by Kreisler. We synthesized
the analysis. We then assembled
on tape seven original and seven
synthesized sclections. We played
these for musicians, scientists, and
laymen. They could not tell which
was the real and synthesized. This
demonstration  showed that the
synthesizer was inherently capable
of producing great music.

We demonstrated the RCA syn-
thesizer to numerous scientific so-
cicties including the National Acad-
emy of Sciences, of which T am
a member. We received nothing but
conipliments on the development.
The scientific fraternity has ree-
ognized the RCA Electronice Music
Synthesizer as  an  outstanding
pioncering  development  in the
field of electronic music.

In the entire article T find that
the snide, derogatory and irre-
sponsible remarks, wholly lacking
in  accuracy and sensationally
phrased, are all directed towards
the RCA Electronic Music Synthe-
sizer. Nowhere clse in the article
is there any denunciation—only
in the section devoted to RCA. 1
am at a loss to know why vou
singled out our development for

o — e ————— —— ———

H SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
l label to insure prompt service whenever you

this undisciplined attack.
Harry F. Olson
Vice president
RCA Laboratories
Princeton, N.J.

* James Scawright, technical ad-
visor to the Columbia Princeton
Electronic Music Laboratories, told
Electronics  that the RCA  Elec-
tronic Music Synthesizer was orig-
inally built as a commercial propo-
sition. Electronices did not intend
to indicate that it had not been
used successfully to compose con-
temporary nusic. When Seawright
said the sound was “too tinny,”
he was referring to a harpsichord
selection on the machine.

Color them wrong

To the Editor:

In our article, “Isolation prob-
lems get an airing,” [April 29,
p. 731 the two drawings at the bot-
tom of page 77 are in error.

The drawing on the left, of a
chip and wire structure, is com-
pletely irrelevant. The drawing on
the lower right should look exactly
like the photograph at the top of
page 77. The one shown in the
article is of an carlier mask set that
is no longer being used.

Hal Clausen
Roger B. Rusert
Fairchild Semiconductor
Mountain View, Calif.

Readers' letters should be addressed:
To the Editor,

Electronics,

330 West 42nd Street, New York,

N.Y. 10036

CHANGE OF ADDRESS

write us about your subscription. i ATTACH !'f you are moving, Please let us know
] l.ABEl. five weeks before changing your address. I
| Mail to: Fulfillment Manager ‘ Place magazine address label here, print I
Electronics HERE your new address below.
| P.0. Box 430 —j |
| Hightstown, N.J. 08520 1 M\ o — |
H
l To subscribe mail this form with your payment
| and check [J new subscription [ renew my { name I
' present subscription I
l Subscription rates: qualified subscribers in the | aqdress I
US.: 1 year $8; two years, $12; three years, |
$16. Non-qualified: 1 year $25. Subscription | I
' rates for foreign countries available on request. -
city state zip code l
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WHY SETTLE FOR LESS?

GET TOP
PERFORMANCE

WITH
DELTA'S FABULOUS

MARK - TEN

$4495 CAPACITIVE
sugs o DISCHARGE
IGNITION SYSTEM

You read about the Mark Ten in the April
issue of Popular Mechanics!

| Now discover why even Detroit has finally
come around. In 4 years of proven per-
| formance and reliability, the Mark Ten
has set new records of ignition benefits.
No wiring. And works on literally any
type of gasoline engine. Buy the original,
the genuine, the real McCoy — Mark Ten.
From Delta. The true electronic solution
to a major problem of engine operation.

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

i A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage Increase (saves gas)

LITERATURE SENT BY RETURN MAIL
BETTER YET — ORDER TODAY!

[ e e |

|
. DELTA PRODUCTS, ..
||| P.0. Box 1147 £ + Grand Junction, Colo. 81501
|I Enclosed is $ . Ship prepaid.
Please send: O Ship C.0.D.
[l 7 Mark Tens (Delta Kit) @ $29.95
' (12 Volt Positive or Negative Ground uniy)
I [] Mark Tens (Assembled) @ $44.95
[ 6 Volt: Negative Ground only.
| vt speiy R R
Car Year. Make ——
I Name____ R R .
I Aaddress . e
| City/State __Zip
L -
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Need a
custom fork
oscillator

V «(in an | 1-gram package)
A

<

fast?

For process control? Or for test
or ground support equipment?
Or for a signaling system?

call Varo.

? okl
| onia $ALS

This lead-mounted, 11-gram
package is not only compact

(76" x /8" X Y16"), it’s a lot more
rugged than larger fork oscilla-
tors. Frequency range is 2KHz
to 40KHz. Performance: .05%
from —20 degrees C. to + 70
degrees C. If we can’t adapt this
package to meet your specs, we'll
build you one that does.

Varo answers
fast.

Because our business is oscilla-
tors. Not oscillators and ovens
and crystals and etc. But os-
cillators, period. Tell us what you
need. We'll tell you how and
when. Like we’ve done for Gen-
eral Precision, Westinghouse,
Sandia, Litton, Raytheon, and
others. Try us for speed.

Varo's WESCON address is
Booth 445 in Hollywood Park

VARO

TIME & FREQUENCY PRODUCTS
402 GUTIERREZ STREET

SANTA BARBARA, CALIF,
TELEPHONE (805) 963-2055

TWX 805-4497200

Circle 8 on reader service card

Who's who in this issue

The problems of separating low-
level signals from a noise voltage
isn’t a new one for Richard Brower.
He has been living with it for more
than 15 years. He received an MSEE
degree from Northeastern Uni-
versity in 1955, and in 1961 founded
Brower Laboratories Inc., a com-
pany producing instruments for
the electro-optical field.

One of the firm’s new products
is similar to the instrument de-
scribed in the article on page 80.
Richard Brower is a strong pro-
ponent of the synchronous method
of picking out a low-level signal.
He notes, though, that most en-
gineers aren’t familiar with the
technique, and that those that are
often don’t know how to use it to
the fullest advantage. He has de-
veloped many practical guide-
lines to follow.

Brower

To our subscribers

If your copy of Electronics arrived late, we apologize.
Pressmen at the upstate New York plant that prints Elec-
tronics magazine—as well as Business Week, Time, Aviation
Week and other major publications—walked out last week
and we had to scurry to find another printing plant, with
free press time, large enough to handle this 230-page issue
on an emergency basis.

The index of activity, which customarily appears in the
first issue of each month, was a victim of the strike. It will
run in the issue of July 22.

Despite this—and a host of other tribulations—we con-
sider ourselves lucky to have kept reasonably close to our
issue date. Many subscribers will get their copies on time
thanks to a handful of editors who rushed off to a Wisconsin

printing plant to put the book together.

Gordon Jones

Publisher

What started out as a small in-
house study of cadmium-sulfide
and zinc-sulfide single crystals at
the Air Force’s aerospace research
laboratories has grown into a large
program financed partially by out-
side contracts. Cole W. Litton was
in the program when researchers
discovered tap effects in these crys-
tals and he has since spent most of

his time studying the electrical and
optical propertics of CdS. Litton,
coauthor of the article on tap crys-
tals on page 104, began working
in optics as a research assistant
at the University of Tennessee’s
physical optics laboratory. He took
his B.S. and M.S. at the university,
and is now on a leave of absence
in England working on his Ph.D.
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at the University of Reading. y

Yoon Soo Park joined the pro- Here s u
gram about the time that work
began on ZnO tap crystals. Before
coming to the lab he was a physi-

cist at the D.H. Baldwin Co., where d. t

he worked on cadmium-selenide new Irec -
film type photoconductors. A na-
tive of Korea, he holds a B.S. from

Seoul National University, an M.S. e

from the University of Alberta in reu Ing
Canada, and a Ph.D. from the Uni-

versity of Cincinnati. Park is now

investigating the mechanism that

riggers tap luminescence. broud runge
capacitance MODEL 24}
$ 00

meter 197.

This new instrument covers the range from
300 pF to 10,000 wF. An easy-to-read scale
on a large 4” meter gives you readings to

i

Litton
==3% accuracy.

Since getting a Ph.D. in plasma Impressed voltage is only 1 volt a-c, thus
physics, Harry L. Stover has been low voltage electrolytic capacitors may be
concerned with the interactions

between electron microwaves and safely measured.

semiconductors. The author of the
piece on avalanche diodes on page

96 was trained in physics, mathe- Solid-state circuitry provides drift-free mea-

matics, and German at Southern surements without warm-up, makes the

Methodist University, where he re- ) } .

ceived his B.A. and B.S. He also 2W1 small and lightweight. Only 6” high x

holds an M.S. and doctorate from s ’ Y : :

Stanford University. 8Y,” wide x 5” deep, it fits neatly into in-
Stover has been a physicist at spection stations!

the Bell Telephone Laboratories,

where his work included the in- . . -
jection locking of such high-fre- Put this versatile capacitance meter to

quency devices as tunncl diodes, work at incoming inspection, on the pro-
; avalanche diodes

and lasers. duction line, in the lab, or out in the field.

Since 1966, he
has been section
manager of the
exploratory  mi-
crowave device

a?gu )apgzlctr}tézns For complete technical data, write for @
grour xas Engineering Bulletin 90,020 to the

Instruments g .

’ Technical Literature Service, Sprague

Electric Co.,, 35 Marshall Street, THE MARK OF RELIABILITY
North Adams, Mass. 01247.

45Ce8133

Stover
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Fairchild has introduced 40
new products in the last 40 weeks.

Our goal is fifty-two new integrated circuits in fifty-two weeks. To
obtain the Reader Service number for any product announcement
ad, simply add 100 to the new product number. For example, New
Product No. 3 is Reader Service No. 103.
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d301
(NE-OF-TEN
DECODER

Up/down decoded decade counter.

Combine New Products #1 and 4, and you have the
basis of an up/down counter with decoded outputs for
process control. If only the decoded outputs are used,
you don't need a weighted up/down counter. A shift
counter will do the job.

The 9300 universal register can be used to form a decade
shift counter counting through a sequence of 10 stable
states. A logic '*1"" or 0" is injected into the first stage
of the register at each clock pulse and the previous con-
tents shift one place. After 10 clock pulses, the shift
counter has passed through all 10 stable states in a
loop. On the next clock pulse, it arrives back at the
starting state. A shift register can be made to count in
this sequence by decoding the states through which it
passes and by using the decoder outputs as a minterm
generator to effectively force a logic 1" at the input
of the shift register when the state sequence demands.
The following biock diagram shows a circuit of this type
which requires only four devices.

A e ———

B Yz 9004

uF DowN ‘JT' — 1 - 1 f [-I_‘—ﬁ l

—1—3 r, P Po P1 Pz Py | '
= 129004 cr w00t
KMR_ 0o 01 02 03
ctock

1
do M A2 A "Ao A A A |

9301 1 10 DECOOER 9301t 10 OECODER
0123456789

0123456789

Ly

(-

Parts list:

1 — 9300 Universal Register |

2 - 9301 One-of-Ten Decoders |
1 — 9004 Dual 4-input Gate {75

| [—

6789
UTPUTS

ow

Consider the up count sequence below with the desired
input for the next state included:

In states 0000, 1000, 1100 and 0011 a logic *'1"" must be
forced into the first stage of the shift register on the
next clock pulse. This may be accomplished by using
two 9301 one-of-ten decoders to decode all the sixteen
possible minterms from four variables, then sum the
appropriate minterms by a 4-input active low input OR

gate and let the OR gate drive the JK inputs connected
together on the 9300 shift register. Each 9301 decoder
acts as a Y8 decoder with the most significant A, input
acting as an enable input. The first three outputs of the
shift register go to the first three inputs of the decoders
and the first decoder has Q; from the shift register as
the A; input and the other decoder the Q; thereby pro-
ducing a one-of-sixteen decoder. The outputs of the
two decoders are so arranged as to give the decoded
outputs in sequence which can then be used to select
or drive external circuitry.

( COUNT SEQUENCE ]
uP DOWN

f - - P | _L A —V' {
Q@ Q Q Q[INPUT|Q Q Q Q |INPUT
o 0 0 ol 1 o o o 1l o

i 0 0 0| 1 o o 1 of o0
1T 1 0 o0 1 o 1 0 0 1

1 1 1 0/ 0 |1 0 o0 1 1

o 1 1 1/ 0 |0 o 1 1 1

0 o 1 1| 1 |0 1 1 1| 0

1 0 o 1/ 0o [1 1 1 0o ©

o 1 0o o o |1 1 0o o o |
0 0 1 of| o |1 0 0o of o
(o o 0o 1] o [0 o 0 o0 1 |

The synchronous parallel enable facility can be em-
ployed to make the shift register effectively shift to the
left rather than the right by connecting the three most
significant shift register outputs to the corresponding
lower stage parallel inputs and operating the 9300 in
the parallei enable mode. The same shift count sequence
can now be used. Appropriate minterms are summed by
an additional active low input OR gate which drives the
shift left counter, making it pass through the same 10
stable states as before, but in the opposite direction. By
this means, the shift counter performs as an up/dcwn
decoded decade counter with the parallel enable/shift
input as a count up/count down control. Since cnly
the desired minterms are summed and logic “‘0s" are
inserted into the first stage of the register rather than
at specific states, no lock-up sequence can occur.

To obtain specifications and other applications informa-
tion, simply circle Reader Service numbers 101 and
104. If you have an immediate requirement, call your
local Fairchild distributor now.

i1 “=ga=————=——=C1| FfaiFrchild Semiconduct%r A Division

F= of Fairchild Camera and Instrument
F IRCHILD Corporation 313 Fairchild Drive,
Mountain View, California 94040

SEMICONQOQUCTOR (415) 962-5011 TWX: 910-379-6435
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VSWR
Measurement

VSWR (Reflection Coeffi-
cient) can be measured
over bandwidths as wide
as 2500:1 with Texscan
Reflection Coefficient
Bridge Kits. Speed of
measurement and ac-
curacy make these in-
struments important tools
for both the production
line and the laboratory

Bridge Kits

contain: 1 Reflection
Coefficient Bridge, 2
Standard Loads and 3
Standard Mismatches

KRCB-3 ...
.5 MHz to 1 GHz

KRCB-4 . ..
.5 MHz to 2.5 GHz

TEXSCAN
CORPORATION
2446 N. Shadeland Avenue
Indianapolis, Indjana 46219
Telephone (317) 357-8781
TWX: 870 - 341 - 3184

Circle 14 on reader service card

Who’s who in Electronics

It's no accident that
the Amperex Elec-
tronic Corp. built its
new  clectro-optical
facility next door to
its semiconductor
plant in Slatersville,
RI. Norman Neu-
mann, newly ap-
pointed vice presi-
dent and general man-
ager of the Semicon-
ductor and Micro-
circuit division, says
he will be working
very closely with the
Electro-Optical  divi-
sion. Kenneth Spitzer,
the new general man-
ager of that division,
says they’ll work to-
ward using photodi-
odes to replace the
photoconductive layer
in a television pickup
tube. Spitzer, 38 years
old, who helped organize the Elec-
tro-Optical division in 1959, says
500,000 to 1,000,000 discrete silicon
diodes would be needed for cach
tube.

The Electro-Optical division, he
says, also plans to diversify its

Neumann

Spitzer

product line from pickup devices
and X-ray image intensifiers into
low-light-level amplifiers, infrared
detectors, channel multipliers, and
various hybrids of the Plumbicon
tube.

The division expects to double its
work force to 300 by 1970. A key
aim of these expansion plans is the
application of solid state devices to
clectro-optical technology, and this
is where Neumann and the Semi-
conductor division come in. Neu-
mann, 42, a former vice president
and general manager of the General
Instrument Corp.’s Semiconductor
and Components division, says onc
of his reasons for coming to Am-
perex was the chance to apply his
knowledge of solid state technology
lo clectro-optics.

Neumann says his division will
enter new arcas of the semiconduc-
tor business. He won’t say which,
but strongly hints at the possibility
of metal oxide semiconductor de-
velopment,

For more than a decade the Phillips
Petroleum Corp. has been devel-
oping its own process control
techniques and building its own
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New Machlett
tetrode...

for single tube
design at

high power levels

NL-8785

@D

MASE TN VS.A Vapor-cooled ML-8785 (or ML-8786,
water-cooled) is particularly suitable
for these applications:

.- P High Power Communications

Class C Telegraphy...to
350 kW

Linear RF Power Amplification

Class AB—Suppressed Carrier Service
to 260 kW PEP

Pulse Modulation or Amplitication

- 40 kV DC Plate Voltage
= 50 kv Peak Plate Voltage
500 a Pulse Cathode Current
1000 us Pulse Duration
= .01 Duty
Pulse Power to 15 Mw

e

Write today for details on these
versatile “single-tube-design” tetrodes.
The Machlett Laboratories, Inc.,

1063 Hope Street,

Stamford, Conn. 06907,

I

THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY O F RAY THEON COMPANY
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The company that
developed the industry’s
first precision

R & D lab etcher

now gives you a choice.

Until recently, you couldn’t buy a precision etcher designed specially for
experimental and laboratory etching of small PC boards, ceramic chips, and
thick film masks.

Then Western Technology introduced the Dynamil VRP 50. Compact, port-
able and only $995, yet containing all the design features of our well-known
Dynamil VRP production series. Rugged all-PVC and Titanium construction
— automatic resetting timer — 500-watt Titanium heater — dual spray mani-
folds — and our exclusive VRP etching mechanism that ensures consistent
1 mil fine/1 mil space etching.

Now we've added the Dynamil VRP 70. Same size as the 50, but fully in-
strumented for closely controlled etching. Included are a Baumé monitor and
hydrometer for constant Baumé readings — solid-state proportional tempera-
ture controller and Titanium cooling coil for regulating etchant temperature
to =1 F —and a control valve for variable nozzle pressure. Price — $2,995.

When it comes to lab etchers — or large capacity precision production
models — Western Technology's Dynamil VRP Series is the logical place to
turn.

For all the facts, write for a brochure.

220 WEST CENTRAL AVENUE "'SANTA ANA, CALIF. 92707
(T14) 5466186 (213 625-1065

IWESTERN TECHNOLOGY INC.

16 Circle 16 on reader service card

Who's who in Electronics

electronic instrumentation. Now,
Phillips has formed a subsidiary,
Applied Automation Inc., to sell its
process control-systems—even to its
competitors. The man who helped
convince Phillips to take this plunge
is Thomas C. Wherry, who formerly
directed the parent company’s de-
velopment efforts in process and
computer control. Not unexpect-
edly, he has been named manager
of research and development for
the subsidiary, which is in Bartles-
ville, Okla.

Wherry believes that Applied
Automation’s strength lies in sys-
tems development and applications
—talent which large and small proc-
ess control firms find scarce. The
company’s over-all strategy, he
says, is to study a customer’s con-
trol problems and then specify,
build, and install the appropriate
system.

Based on his experience with sev-
eral computer-control projects for
Phillips, Wherry anticipates some
major changes from current prac-
tices in the control field. For ex-
ample, he suggests there may be
more emphasis on hardware and
less on software.

On the chip. “Present-day com-
puters are too hard to program, so
we may be taking a different ap-
proach by designing integrated cir-
cuits that have the control equa-
tions (algorithms) built onto
printed-circuit cards. Soon, we
may be doing the same thing with
large-scale integrated circuits,” he
explains.

This means that when Applied
Automation starts writing systems
specifications and builds or buys
computers to these specs, many of
the functions now done in the main
frame may be accomplished in the
input-output equipment.

Wherry’s not stretching the tech-
nology when he talks about such
new computer systems. The group
he headed at Phillips has already
installed one—a direct-digital-con-
trol system for Phillips’ Sweeny,
Texas, refinery. Its output cards,
designed and made by Phillips, in-
clude digital-to-analog conversion
and the control algorithm.
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Charlie Straightarrow was dazzled digitally.
Don’t let it happen tc you!

Charlie Stra‘ghtarrow is a good enginceer.
He's been at it for about ten years now
Like a lot of ns. Charlie’s bought his share
of scopes. counters, voltmeters and other
assorted test and measurement equipment
during that time.

And also tike a lot of us. Charlie has
heen impressad with the digital instrumen-
tation he's wcen on the market lately. (So
are we. especially since we make the only
true RMS digital voltmeters. But back to
our story.) In fact, for awhile this winter
Charlic was dazzied digitallv. Fvervthing
he bought had 1o be digital. Recently.
Churliec was looking for a digital S
scope when, quite by accident. he
stumbled across our little pamphlet
Differential or digital, the unvarnist ed
truth about precision voltmeters.

Charlie got perspective after that Char-
lic found cut that the most accurate digi-
tal voltmeier on the market todar costs
upwards of $4.000. He also found several
Fluke differential voltmeters with twice
the accuracy of the hest
digital and ien times the
resolution for far less
moncy. 1 owest price
units are less than $1.000.
Highest. orly $1.535 and
that inclules AC capabil-
ity as wel'. Or, put another
wayv. Is analog dead?

So as Charlie reasonably de-
cided, the problem of choosing ¢
voltmeter comes down to applicaton.
A Fluke differential such as otr 895A
should be your choice in laboratory appli
cations where the ultimate in frecision

measurament witnout ambizuily is re-
quired. Accuracy of the Model 895A s
25 parts per million. The best digital s
always linited by :ts parts per nullion ac
curacy and plus or minus 1 d git Resolu
tion of the Model #8953 is | ppm compared
to 10 ppm for the best digital

1t's ir systems applications that the digi-
tal voltmeter offers the most pronvise. If
vour problem involves making a great
number of measurements usig relazively
untrain2d personnel and if accuracy de
mands are modest. then the digital volt-
meter i€ usuelly the best answer. But if
vou 12ed azcuracies better then 2ven
10C ppm. ther the dollar-perforn
ance bias s in favor of tae
difteremtial voltmeter.

It vou would like to stop “digical daz-
zlz " 100, wriie for the same pamphlet
Chiarlie read. We'll even send one to digital
design engineers. Please address Frank
Pzep for vour — =
free copy

tP.S. our
rzadout is
digital, too!)

The Fluke
Model 895A
solid state
di‘ferential
voltmeter is
but ’ vened
onc of more than 150 precision
volimeters. calibrators, power
supplics. and frequency and time 1n-
+ -uments. Components for Fluke instru-
rents are tested and checked out in one of
the best standands ‘abs any-

where (the only lub more
complete is operated by
the NBS). Fluke instru-
ments are guaranteed to
work in your environ-
ment. Or pui another
way, if the Fluke in-
strument doesn’t work
there. vou can't live there.

FLUKE

Fluke. Box 7428, Scattle. Washingion 98133, Phone: 1206) 774-2Z11. FWX: (91() 449-2850. In Ewropc. address
Fluke International Corporation. P.O. Box 5053 Ladeboerstraat 27. Tilburg. Holland. Telex: 344-50237

See us at WESCON Booths #2301, 2302, 2303

In U.K. address Fluke Intermational Corporation, P.O. Box 102. Watford Herts. England.



MAGNETICS

‘“turn on”
moving forces

Oldest electronic force—and the newest medium for
generating it. Hard ferrite permanent magnets are the
hot thing in DC motors for hot cars. There are 15 to 18
such motors now, from necessities like windshield wipers
to luxuries like power antennas. And there’s more coming.
Forward-looking manufacturers are now experimenting with

hard ferrite starters and alternators. And, of course, forward-
looking manufacturers look at Arnold for high-quality magnetic
materials, design, technology, components. Magnetic cores. Powder
cores. Laminations. Permanent magnets. You ask. We’ll supply.
The best in magnetic materials.
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ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS

The Arnold Engineering Company, Main Office: Marengo, Iil.
Branch Offices and Representatives in Principal Cities

Electronics | July 8, 1968

In the average family car you'll find hard ferrite permanent
magnets in windshield wiper motors e power windows ®
heater ¢ defroster e rear window defogger ® power seats
e power antenna ¢ air conditioner. Arnox | magnets collect
metal chips in the transmission and differential. An Arnold
Alnico magnet for loudspeakers helps the radio sound off.

Write for your free guide to the only complete line of magnetic materials.
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PASSIVE & ACTIVE

Miniature Discrete Devices — Planar Sol-
dered Construction — Conformal Coat

C CE P C ATER STABILITY
1 under all operating conditions, particularly high
temperatures. CTS cermet is a patented resistive
material available only from CTS.

2 Exclusive CTS cermet provides
excellent temperature coefficient at high sheet
resistance (ohms per square).

3 ATTACHMENT TECHNIQUES. Six methods of
attaching active devices are available: chip and
wire; flip chip; LID attachment; beam lead; welded
or soldered planar construction and hole through.
These techniques allow unrestricted use of all semi-
conductor device types.

20

Leadless Inverted Devices —
Soldered Construction —
Plastic Pack

Uncased Monolithic Chips —
Thermal Bond Construction —
Hermetic Flat Pack

4 PACKAGING. Packaging includes hermetic seal
using TO5; TO8; and flat packs up to 14" square.
Conformal coat, plastic shell and transfer molding
are also available.

5 PASSIVE CIRCUITS. CTS can also provide you

with passive modules for applications where
active devices are mounted externally or where you
may prefer to attach the active devices to the passive
module.

6 Manufactured by
CTS MICROELECTRONICS, INC.

BOX 1278, LAFAYETTE, INDIANA 47902
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CIRCUITS

Uncased Chips — Thermal
Bond Construction — Plastic

Pack
g ~ Standard Discrete Devices — Hole
@ P e A Through Soldered Construction — Con-
) (e B\ formal Coat
=\ - r {QL‘Y 1.4/_\
@\ N ,;;;’“\‘@;\
Uncased Chips — Thermal Bond ) P BA ,i/g)
Construction — Hermetic TO8 75 '“\1 N .8 .

Pack L s
) ?y

Note exceptionally high stability and excellent TC

Chip (die) attach 380°C for 15 min. 0.5% AR
Short term temp stability 500°C for 60 min. 1.0% A R

Max hot spot temp (without solder) 200°C

Load life 10,000 hrs. @ 125°C 1% A R Founded 1896

TC —55°C to 125°C (10¢ to 1 meg) +100ppm/°C CTS

TC —55°C to 125°C (1 meg to 10 meg) +250ppm/°C

Moisture resistance 0.5% AR C O R P O RAT l O N
rullfoad temp 125 Circuits To Specirications
Solder dip «250°C for 15 sec. 0.5% A R
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YOu MEAN I sSHoulp BUY GENERAL ELECTRIC

PANEL METERS AND METER RELAYS
NOT JUST BECAUSE THEY'RE GENERAL ELECTRIC -

NOT JUST BECAUSE THEY'RE THE FULLEST LINE IN

THE INDUSTRY, BUT BECAUSE THEY'RE BACKED BY A
SALES AND SERVICE ARMY READY TO HELP ME
AT A MOMENT's NOTICE 2

) 4
0 \\\\\\\\\\\\\\l\!l‘HI////// /////-/8 ) .I
N\ \ /

D-C MILLIAMPERES

General Electric’'s Sales and Service Army—the largest
in the industry—offers you the fullest line of quality
panel meters. And that same Sales and Service Army is
at your command, ready to bring you the finest, most com-
prehensive back-up available — whenever you need it.
Remember, quality instruments and the in-depth ability
to back them up are yours every time you specify and
buy panel meters from General Electric. Contact your GE
Electronic Components Sales Office or your dependable
General Electric panel meter distributor. 592-33

GENERAL @B ELECTRIC

YOUVE GOT
THE GENERAL IDEA




YOU CAN BUY
M GENERAL
~\ ELECTRIC

w PANELMETERS

Meetings

Wescon agenda covers a wide range

The 32 technical sessions directly
associated with this year’s Western
Electronic Show and Convention
(Wescon) encompass topics ranging
from law enforcement to pattern
recognition, but those that crop up
most often are integrated circuits
and communications. Surprisingly,
however, large-scale  integration
isn’t included in any of the three
sessions devoted to integrated clec-
tronics.

Wescon will be held Aug. 20 to
23 in Los Angeles. Two special
symposiums are also planned—the
usual one on circuit packaging,
Aug. 19 and 20, and an applications-
oriented  program on  designing
with hybrid circuits, Aug. 21 and
22. The latter will include papers
on both thin- and thick-film hybrids
and a session on microwave micro-
clectronics.

New directions. Microwave tech-
nology will also receive attention
at two sessions during the techni-
cal program. There will be four
papers on microwave 1Cs and four
on microwave solid state receivers.
In the former, Arthur Solomon of
Sylvania Electric Products Inc. will
discuss integrated microwave com-
ponents and subsystems  using
heam-lead devices, and a paper by
Meyer Gilden of Microwave Asso-
ciates Inc. will treat avalanche and
Gunn oscillators. The other 1c ses-

sions will cover new directions in
lincar devices and include four pa-
pers on 1C testing as scen by the i
manufacturer, tester manufacturer,
industrial user, and military user.

Three sessions are devoted ex-
clusively to communications, and
one is the program’s only pancl dis-
cussion. The panel will explore the
impact of new technology on data
communications. A session entitled
“New developments in digital com-
munications” features four papers—
two cach by representatives of the
Hughes Aircraft Co. and of the
Autonetics division of the North
American Rockwell Corp. A paper
by D.M. Motley and G.K. Mec-
Auliffe of Autonetics will cover the
firm’s new adaptive data equalized
modem. P.N. Winters of Hughes
will explain - quadrature  signal
processing techniques, and is also
teamed with J. E. Toffler tor a pa-
per on a Hughes data modem. An-
other Motley and McAuliffe paper
is devoted to equalization for data
transmissions.

The final session on communica-
tions is entitled “The application
of state variable and optimal con-
trol techniques to communication
systems.”

For more information write Robert Ashby,
Autonetics division, North American Rockwell
Corp.. 3370 E. Miraloma Ave., Anaheim, Calil.
92803

Calendar

Nuclear and Spa‘ce Radiation Effects,
IEEE; Missoula, Mont., July 15-18.

Design Automation Workshop, IEEE;
Washington, July 15-18.

Reliability and Maintainability
Conference, American Institute of
Aeronautics and Astronautics; Jack Tar
Hotel, San Francisco, July 15-18.

international Federation for Medical and
Biological Engineering Conference,
IEEE; Palmer House, Chicago,

July 22-25.

Symposium on Electromagnetic Com-

patibility, IEEE; Benjamin Franklin
Hotel, Seattle, July 23-25.

<Circle 22 on reader service card

Conference on Pattern Recognition,

. Institute of Electrical Engineers,

National Physical Laboratory;
Teddington, Middlesex, England,
July 29-31.

Research Conference on Instrumenta-
tion Science, Instrument Society of
America; Quinnipiac College, Hamden,
Conn., July 29-Aug. 2.

Conference on Electron Microprobe
Analysis and Meeting of the Electron
Probe Analysis Society of America,
Pick-Congress Hotel, Chicago,

July 31-Aug. 2.

(Continued on p. 24)

ALABAMA

Birmingham

Electronic Supphies, tnc

Forbes Distributing Co.

Huntsville

Cramer Huntsville

Edgerly Instrument Labs. Inc.

Electro-Tech. tnc.

ARIZONA

Phoenix

Hamikton Electro of Aricona

Metescraft, Inc.

ARKANSAS

Little Rock

Carlton Bates Co.

CALIFORNIA

Culver City

Narmh_n lectro Satex

Emeryvi

General Flectric Supp y Co.

Glendale

1SD Engincering

Los Angeles

General Elecmc Suw‘y Co.

Metermaster,

M. View

M.:mmon Electro Sales

Palo

K-emm [Ieclromcs

Redwaod

Fortune [|ecuomcs

Sacrament

s.;cvamcnlo Elec. Supply Co.

San Oiego

Kievulit Electronics

Hamilton Elect. of San Diego

COLORADO

Denver

Electronic Parts Co

L 8. Walker Radio Co.

counzcncur

Ham

Cvamcr Llccuwcs Inc.
Harttors

Gener: al Electric Supoly Co
DISTRICT OF COLUMBIA
Washington

Cramer; Washinglon
Siberne Radio & Electronics
FLORIDA

Ft Lauderdale

Cramer Flonda Electronics
Jacksonville

General Electric Supply Co.
Orfan

Eleclvo-‘.‘cch. Inc.

Wes| Palm Beach
Mountam Electromes
GEDRGIA

an

Electronic Supply Co.

General Clecinc Squ‘y Co.
Jackson Efectromic Supply Co.
August;

o Electric Supply Co.
Hapeville

Electea-Tech, Inc
ILLINDIS

Chicago

Alned Radio

1 G ﬁowman &Ca

Peori

Hendncks Clec Ce.
Schiller Park

Pace E‘ccvromcs Supphes
Springfiat

Bruce Elzctromcs Inc.
INDIANA

Evansville

Otio Valley Sound. Inc.
Fort Wi

Fort Wayne Electranic Supply Co.
Indianapalis

General Electric Supply Co.
Graham Electromics.
Peerless Elec. Supply Co.
10WA

Cedar Rapid

Mupp Elmnc Mc:ors, Inc.
towa City

Hupp Electric Mctors, inc.
KANSAS

Ramo Supply Co
KENTUCKY
Louisyille
P. 1. Burks Co.
General Electnc Supply Co.
LOUISIANA
Baton Rouge
Sterling Electrorics
Lafayette
Ralphs of Lafayette
New Orlsans
Argo Marine Supply
New Orleans Electric
Supply, Inc.
Sterling Electromics, Inc
MARYLANO
Baitimore
Cramer/Baltimcre
Edgerly Instrument Laboratories
MASSACHUSETTS
Boston
General Electric Supply Co.
Gerber Radvo Supply Co.
Cambridge
E-T Instruments & Controfs. Inc.
Lawrence
Alco Electromics
Needham
Instruments. Inc.
ewton

Cramer Electronics, Inc.
Springfield

T F. Cushing, Inc.

MICHIGAN

Detrait

Gmera! Electec Supply Co.
Ferndal

Ram Meler Inc.

Kalamazoo

Warren Radio Co.

Muskegon

Fitzpatrick Electric Supply Co.
Southfield

S. Sterhing Co

MINNESOTA

Minneapolis

Elecllomc Center, Inc.
Lew-Bon

MISSISSIPPI

Jackson

Elington Electromc Supply, Inc.
MISSOURI

Jophn

Norman Elec Supply Co. Inc.
Kansas City

General [lec( lc Supply Co.
Radig Labs, }

University Ci ty

Olive Industnal Electronics, Inc.

NEBRASKA
Lincoln
Scolt Electronic Suppsly Corp

Scnnmder El?c & Equipment Co.
NEW JERSEY

Roselle

E-T tastiuments & Controls, Inc.
Scotch Plains

TRF Electronics

NEW MEXICO

Albuquerque

Electromic Parts Co., Inc
Sterling Electronics. Iac

NEW YORK

Eimhurst

Cramer ESCO

Elmsford

Melvitte Radio Corp.

Glens Falls

Glons Falis Electric Supply Co.
Great Neck

A&M Instrument

Latham

Latham Electric Supgly Corp.
Liverpool

WEL Inc,

New York City

E-T Instruments & Controls, Inc.
Hudson Electric Sales Co.
Power {nstrument Contol Sup.
Syracuse

Mather, Evans and Diehl, Inc.
NORTH CARDLINA

Charlotte

Ghae Rodio Supply Co., Inc.
Greensboro

General Electric Supply Co.
Soulheaslem Radio Supply
Ralei

Soulheaslem Radio Supply Co.

Allnﬂ

Sun Radio
Cincinnati
General Electric Supply Co.
Uniled Radio, inc.
Cleveland
Chnistie Laboratories, Inc.
General Electric Supply Co.

Proneer Standard Electronics, tnc.

Columbus
Buckeye Electronic Distr, Inc.

ayton

Pioneer Standard; Srepco
Toledo

Hilleband Electric Supply
Warren Radio Co

Warren

REM Electronics Supply Co.
OKLAHOMA

Oklahoma City

John H. Cole Co.
PENNSYLVANIA
Allentown

A A Peters. Inc.
Harrisburg

Radio D tributing Co.

Philadeiphia

Almo Industnal/ Electronics, tac.
General Electric Supply Co.
Sunshine Screnlific inst.
Pittsburgh

Edgerly Ingirument Labs, Inc.
Genera) Electric Supply Co.

Rnsen Electronics
RHODE ISLAND
Providence
W. H. Edwards Co.

SOUTH CAROLINA
Charleston
Wholesale Radio Supply
Columbia
Dixte Radio Supply Co., Inc.
Greenville
Dixie Radio Supply Co., inc.
TKNNKSSKE
Chattan
Electric Mmor Sales and

upphe:
Harpe Electronic Orstibutors
Knexville
Chemcity Electeonics
General El;-cmc Supply Co.
Memphi
TieeTe Mech. Comp. Devices
Lavender Radio & TV

we w n-smbu(mg Co.
Nashvi
[Iec"a Dlslnbuxmg Co.
TEXAS
Arfington
Arco Bela Electromcs,
Beaum
Sterhng Elccm:mcs fnc.
Carpus Christi
Electrome Equ-p. & Engrg. Co.
Dallas
Contact Electrenics
Graybar Electnic Co.
El Paso
McNicol, Inc.
Houston
Busacker Eleczronic Equip. Co.
General Electric Supply Co.
UTAH
Salt Lake City
S. R. Ross, Inc.
VIRGINIA
Norfolk
Can [leclvc'm:s Inc
Richm
Mendlln Elecironics, Inc.
Roanoke
Peoples Radio &

TV Supply Co.. Inc.
WASHINGTON
Aberdeen
C&G Electronrcs
Seattle
Hamulton Electro Corp.
Instrument Laboratory, Inc.
Kierult! Elect-omics
Spokane
Ind tnstrument Supply Co.
WEST VIRGINIA
Bluefield
Meyers Elect-onics, 1nc.
Charleston
Chemcity Electromics
Mountain Electronics Co.
Mountain National Corp.
Huntington
Electronic Supply Co.
Mountain Efectronics Co.
WISCONSIN
Appleton
General Elednc Supply Co.
Green
Becmsler Electric Co.
West Allis
Marsh Radic Supply Co.

23



24

99% Fewer Cavities
With Cinch-Graphik

o

10X MICROPHOTOS OF MULTILAYER THRU-HOLE CROSS-SECTIONS

Cinch-Graphik’s advanced multilayer production tech-
niques eliminate voids in thru-hole plating and intra-layer
lamination. This is why Cinch-Graphik circuits have
greater electrical reliability (complete interface bond
between plated thru-hole and individual circuit layers),
better final assembly quality (good component contact)
and increased physical integrity (no delamination under
wave soldering). For a brighter smile, use Cinch-Graphik
multilayer circuitry. Write for our illustrated brochure.

CINCH-GRAPHIK

DIVISION OF

MEMBER

UNITED-CARR

200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744 . Phone (213) ED 3-1201. Sales
offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany.

Meetings

(Continued from p. 23)

International Computer Exhibition,
International Federation for Information
Processing; Edinburgh, Scotland,

Aug. 5-10.

Joint Automatic Control Conference,
IEEE; University of Colorado, Boulder,
Aug. 6-8.

Guidance, Control and Flight Dynamics
Conference, American Institute of
Aeronautics and Astronautics,
Huntington Sheraton Hotel,

Pasadena, Calif., Aug. 12-14.

Intersociety Energy Conversion
Engineering Conference, IEEE;
University of Colorado, Boulder,
Aug. 14-16.

International Electronic Circuit
Packaging Symposium, IEEE; Statler
Hilton Hotel, Los Angeles, Aug. 19-20.

Symposium for Service to the Nation
Through Photo-Optical Instrumentation,
Society of Photo-Optical
Instrumentation Engineers;
Washington, Aug. 19-23,

Western Electronic Show and
Convention, IEEE; Biltmore Hotel and
Sports Arena, Los Angeles, Aug. 20-23.

National Electronics Convention,
Institute of Electronic and Radio
Engineers and the New Zealand
Electronics Institute, Auckland,
New Zealand, Aug. 20-23.

Conference on Systems Dynamics and
Automatic Control in Basic Industries,
institution of Engineers; Science House,
Sydney, Australia, Aug. 26-30.

Astrodynamics Specialist Conference,
American Institute of Aeronautics and
Astronautics; Jackson Lake Lodge,
Jackson, Wyo., Sept. 3-5.

Conference on Solid State Devices,
Institute of Physics and the Physical
Society, Institution of Electrical
Engineers, |EEE; Institution of
Electronic and Radio Engineers;
University of Manchester, England,
Sept. 3-6.

Symposium on Automatic Control

in Space, International Federation of
Automatic Control; Vienna, Austria,
Sept. 4-8.

Electrical insulation Conference, IEEE;
Sherator Boston Hotel and War
Memorial Auditorium, Boston,

Sept. 8-12.

Antennas & Propagation Symposium,
IEEE; Northeastern University, Boston,
Sept. 9-11.

International Broadcasting Convention,

IEEE, Institution of Electrical Engineers,
(Continued on p. 26)
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T GNAL GENERATOR « MODE. 470A-20374
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Just by looking at
Sierra’s new 50-200 MHz
High-Power Signal Generator

On the front panel above, for example, a two--ange wattmeter
that keeps you posted on r-f power output. Right next to it, a
meter that monitors grid ard cathode current. Abcve right, see
where Sierra has placed the final output tube. You can change it
in 30 seconds. In some other high-power signal generators, that
tube’s out-of-sight and takes hours to chanze.

Sierra’s new Model 470A-200 delivers 50 mw to more than
50 W in a continuously tunable 50-200 VHz range, more than
enough power to comply with field-strength requirements of cur-
rently effective EMI specifications. It inco-porates automatic no-
load, underload circuitry. It s capable of C\V, scuare wave (inter-
nal or external), or pulse-modulated outputs. A monitor output
jack provides power samples 35 dB down from the main output,
corresponding to frequency counter input requ.rements. All-
solid-state (save for the final output tube), it measures only 10"
x 63" x 18%2", weighs but 45 Ibs.

Model 470A-200's the rewest in Sierra’s five-instrument line
of r-f signal generators, spanning a spectrum c¢f 50 to 2500
MHz. Now, train your eyes on the product b-ochure, available
from Sierra/Philco-Ford, 3885 Bohanncn Drive, Menlo Park,
California 94025.

DANGER £ DESCONNETY POWES

- IEFORE REMOVING

HIGH F TUBE ACLESS COVIM
VOLTAGE ¢

oz [

SHRAA HLECIAONC DIV

{ PHILCO

6-174A SB

...you can see
the advantages!

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, Calforrma « 94025

Circle 25 on reader service card



....How’s Your Memory?

If you're not getting what you paid for,
give us a call next time you have to
order one. Chances are, you won’t pay
as much and you won’t have to make
any adjustments to get it to turn on.

DC-20

DATACRAFT MEMORY PRODUCTS

MODEL | SPEED (FULL CYCLE) MAX. CAPACITY
DC-20 | 600 NANOSECONDS | 8K X 25

DC-30 1 MICROSECOND 1K X 32, 2KX 24, 4K X 18
DC-31 | 900 NANOSECONDS |[512X 16, 1KX8

DC-32 | 1.5 MICROSECONDS | 8K X 26

DC-33 1 MICROSECOND 1K X 8

DC-51 4 MICROSECONDS | 256 X18, 512X 9

DC-53 2 MICROSECONDS | 1K X 10

OUR MOST IMPORTANT PRODUCT IS YOUR SATISFACTION.
CALL OR WRITE US TODAY ABOUT YOUR REQUIREMENT.

»ﬂ DATACRAFT

Y1/ CORPORATION

776 N.E. 40th Court -«

P.O.Box 23550 + Ft. lauderdale, Fla. 33307 + Phone (305) 565-944]
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Meetings

(Continued from p. 24)

Institution of Electronics & Radio
Engineers, Royal Television Society,
and the Society of Motion Picture &
Television Engineers, London,

Sept. 9-13.

Congress of the International Council
of the Aeronautical Sciences,
American Institute of Aeronautics and
Astronautics; Munich, West Germany,
Sept. 9-13.

Electronic and Aerospace Systems
Conference, IEEE; Sheraton Park Hotel,
Washington, Sept. 9-11.

Petroleum and Chemical Industry
Technical Conference, |IEEE; Marriott
Motor Hotel, Dallas, Sept. 9-11.

Electrical and Aerospace Systems
Convention, IEEE; Sheraton Park Hotel,
Washington, Sept. 9-11.

Short Courses

Modern theory of communications,
Ohio University's Department of
Electrical Engineering, Columbus,
July 15-26; $275 fee.

Semiconductors in protective relaying
circuits, Texas A&M University's
Department of Electrical Engineering,
College Station, July 22-Aug. 2; $75
for members of the Electric Power
Institute and $150 for others.

Automation in electronic test
equipment, New York University's
School of Engineering and Science,
N.Y., Aug. 26-30; $245 fee.

Call for papers

Relay Conference, National Association
of Relay Manufacturers and the School
of Electrical Engineering; Oklahoma
State University, April 22-23, 1969.
Aug. 15 is deadline for submission of
abstracts to D.D. Lingelbach, Oklahoma
State University, Stillwater 74074

Spring Joint Computer Conference,
American Federation of Information
Processing Society; War Memorial, Bos-
ton, May 14-16, 1969. Oct. 7 is dead-
line for submission of papers and ab-
stracts to T.H. Bonn, Honeywell EDP,
200 Smith St., Waltham, Mass. 02154

Power Industry Computer Application
Conference, |IEEE; Brown Palace Hotel,
Denver, May 18-21, 1969. Nov. 15 is
deadline for submission of abstracts to
W.D. Trudgen, General Electric Co.,
2255 W. Desert Cove Rd., P.O. Box
2918, Phoenix, Ariz. 85002
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New, more versatile scribing

Changes have been made in the new Model “C.”” Tempress
Automatic Scribing Machine, but only wherz they matter
. to increase operating flexibility and to incorporate im-
proved components where they will contribute to the 2ffi-
ciency, dependability, or longevity ot the machine. Fo'low
the same set-up procedures, press ‘‘actuate,”” and you are
scribing any rectangular or triangular pattern from .001"
to .32¢9”, with incremental sesolution to .001", Hew
versatile? Choose a model to scribe either _'2" or
2" wafers, decimal or metric indexing, extended
range, 50 or 60 cycle ope-ation, without aifecting

L
.

identical operation

price. The only option for which you pay extra is a binocular
optica' system. Third generation of the machine that
brought low-cost, automatic scribing to the semiconductor
industry, the new Model “C’" meets the Tempress Standard
of Excallence, vour assuranc2 of precision wrer you pur-
chase any member of the growing family of Tempress
rin ature assembly tools and production machines,

TEMPRESS

566 San Xavier Ave r 94086
Circle 27 on reader service card
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Design engineers’ favorite

Series A. Fully sealed high Series DD. Shell takes two Series D in-
reliability connector. Ma- serts, providing up to 156 contact posi-

chined pins and sockets, tions. Cavity identification front and rear.
reliable gold over nickel Quick center fastener. Same contacts and
plate. Precision crimped. operating characteristics as Series D con-
": Available in 50 and 100 nectors. Optiona]ac.
= contact versions with.100" cessories
£+ center spacing. include
s straight or |8
e 90° shields |
N and cable
= clamps.
'-7
Series M.
Least compli-

Ol catedofall, these
®_ pinand socketconnec-
B tors consist of a phenolic or
Be diallyl phthalate block and snap-in con-
M lacts. They accept a number of contact

» types, including subminiature COAXICON*
En coax contacts. Available with pin hoods,
s cable clamps, polarizing pins. From 14 to
: 104 positions per connector. Meets MIL-
C-8384.

Series WW. Shells incorporate two Series W
Inserts back-to-back, provide up to 90 con-
tact positions. Center fastener. Three pol-
arizing posts prevent mismating. Same
insert materials and contacts as used
in Series W connectors. Accepts coaxial
contacts.

TERMI-BLOK* terminal

junction modules. Revolutionary sealed

modular commoning system for flexible wiring in

: airframe, aerospace, and ground support equipment.

o Vibration-proof modules. Triple-sealed. Positive contact

— /. retention. Three module sizes accept wire sizes 24 thru
/ 12 AWG. Up to 400°F continuous operating temperature.

/ Any module removable without electrically or mechanically
d

/3

isturbing other modules. High density, weight-saving feed-to
3 and feed-thru bussing and splicing.

*Trademark of AMP Incorporated
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ARINC type. Fully environmental rack and
panel connector with crimp, snap-in, front-
extractible contacts. Intermateable with
present ARINC connectors. Dual-spring
socketcontactassures consistently reliable
performance under vibration and overload con-
ditions. Silicone sealed front and rear. Hard dielec-
tric clip and contact retainer. Contacts crimped, inserted
and extracted with MS tooling. Automated tooling available.
For any plane that flies.

Series G.
Versatile
modular
connector. Var-
lous module styles ac-
cept several types and
sizes of pins and sockets.
Snap one, two, or three mod-
ule inserts into the die-cast
8 aluminum housing. Snap in de-
pendable crimp type contacts. High-
speed assembly tooling assures lowest
installed costs. Mix power contacts and
coaxial circuits. For 32 thru 8 AWG
wire sizes.

Series D. Rec-
tangular pin-and-
socket connector
with glass-filled
diallyl phthalate

inserts in alumi-
num shells. Accepts

five types of solderless
snap-incontactsinvarioussizes
from 10 thru 20, including subminiature coax con-
tacts. Gold over nickel plating on contacts. Raised
cavity identification. All parts made of non-magnetic
materials. Maximum operating temperature 4 150°C,
minimum -65°C. Meets MIL-C-21617 specifications.
Available with up to 78 contact positions

Series W. High reliability aircraft and military
connector. Polarized shell of die-cast aluminum.
Diallyl phthalate inserts provide excellent me-
chanical and electrical properties. Crimped pin
and socket contacts of various types and sizes
20 thru 16 snap into housings from rear, are easily
removed. Cantilever contact in each socket provides con-
stant contact pressure. AMP's automatic crimping machines
permit application rates of more than 2,000 contacts per hour.

One of a family P i
of automatic and ,
semi-automatic
machines for
high-speed
application
of contacts.

..all from AM P

Electronics | July 8, 1968

Pin and socket/coax mix. All A-MP
pin and socket connectors with
size 16 pins and sockets will accept
the subminiature COAXICON coax
contact. The Series M, G, and W
connectors also accept larger coax and
twin coax contacts. COAXICON contacts are
applied with a single stroke, fit most types of
miniature RG/U and shielded cable. As many as
156 coaxial and pin or socket contacts may be
mixed in any pattern. For more information, write
AMP Incorporated, Harrisburg, Pa. 17105.

Circle 29 on reader service card 29



Which

IC Test System
does

DIAGNOSTIC COMPUTER

PROGRAMS automatically check

out system operation.

AUTOMATIC SELF-CHECKING
assures accurate data transfer
between operator, teletypewrite|
computer and test instrument.

DATALOG AFORCING FUNCTION,
such as the input threshold

level of a flip-flop needed to
produce a specified output.

SEQUENCES can be
programmed, yet
preparation of simple
tests can be learned
in two hours.

TYPED SUMMARY SHEETS.
Whenever desired. No interruption
in testing. Give total units tested
per test station, test yields and
binyields.

DIRECT ENGLISH data logging
type-out, showing job name, serial
number, test number, decimal
point and units.

ABSOLUTE SOURCE CONTROL.
Sources can be turned ON or OFF and
changed invalue in any sequence
with variable delays from 100 psec. to
as long as you please.

DATALOG at any test station—without
slowing down classification tests
at any other station.

MULTIPLEXING. Several jobs
simultaneously. Any assigned, at
any time, to any test station.

these th

VERY COMPLEX TEST

all
ngs?

FAST TESTING. 1.5 msec per test.
if crosspoint is changed, 5 msec.
10 msec on the lowest current scales.

T,
! TEN-YEAR GUARANTEE for
all instrument plug-in circuitry

GROWING LIBRARY (it's almost all plug-in).

of improved software
packages to insure
against obsolescence,

NO ADJUSTMENT OR CALIBRATION
POINTS. (Eternal vigilance is the price
you pay for a single adjustment.)

OPEN AND SHORTED CONNECTIONS
and OSCILLATIONS are automatically
detected. System stops whena
selected consecutive number of
these occur.

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultaneously
indicating all cr int tions,
forced values, measured limits,
binning decisions—everything

about each test.

L

MINIMIZED REPETITIVE INSTRUCTIONS
for the operator through data libraries,
variable word length programming,

and autopinning.

PROGRAMMABLE CURRENT LIMITS
for each source at each test.

(complete for only $65,000)

This is our J259 computer-operated
Automatic Circuit Test System. It
includes a general-purpose digital
computer, teletypewriter, test instru-
ment (comprising modular elements:
24 x 8 crosspoint matrix, four volt-

30 Circle 30 on reader service card

age sources, measurement system,
and test deck), complete software
package, and courses in IC testing,
system operation, and maintenance.
TERADYNE, 183 Essex St., Boston,
Mass. 02111 Phone (617) 426-6560.

Electronics | July 8, 1968



=

Electronics | July 8, 1968

Editorial comment

Getting your money’s worth

A dollar’s value for each dollar spent is the goal
of the conscientious designer. In the case of the
designer for the military and for most industrial
markets, that value is measured in functional
performance in preference to esteem or trade-in
value. The latter can be important for the con-
sumer market,

More than 20 years ago the General Electric
Co. developed the technique of value analysis—
“a specific set of techniques, a body of knowl-
edge, and a group of learned skills”—aimed
toward eliminating costs which do not contrib-
ute to performance, quality, life, or appearance.
The military helped value analysis gain accept-
ance, particularly over the past 10 years, by
writing its requirements into procurement con-
tracts.

Value analysis, by common definition, is ap-
plied after the fact; that is, one takes a look at
an existing product to sec if parts can be elim-
inated or combined, or whether it can be modi-
fied to use standard parts, or whether it can be
changed to take advantage of automation, It’s a
rare product that cannot be improved through
redesign; yet fewer redesigns might be neces-
sary if value analysis were applied earlier in the
original design cvele. When this is done, the
technique is called value engineering. Some de-
signers put down value engineering, They say
“this is what should have been done in the first
place.”

Donald Herzog, formerly an engineer and
product planner in the acrospace and electronics
industry and now a consultant, emphasizes that
the objective of value engineering is to look at
the function, then design and manufacture the
product to perform its function at the lowest
possible cost.

Electronics | July 8, 1968

The Defense Department includes these ele-
ments as part of value engineering:

* Select the product (not all are worth ap-
plying value engineering)

» Define the function

» Develop alternate ways of implementing the
function

» Analyze the costs of the alternatives

» Verify that the alternative chosen will not
degrade performance

It is the Defense Department’s intention to
share with its contractors any savings that ac-
crue from using value engineering, Sometimes
the incentives are no more than a carrot on a
stick and occasionally the contractor makes
even less than he would have without value en-
gineering. To forestall this unwanted result, in-
structions have been written to augment basic
DOD procurement documents.

Designers who have heen indoctrinated in the
concepts of value engineering may be tempted
to apply it too soon. Herzog warns that to maxi-
mize savings, value engineering ought to be ap-
plied as carly as possible in the life cycle of a
product, vet premature use could mean ecffort
wasted on a product that does not meet even
preliminary design goals. Furthermore, it is
often casier to evaluate a product for value en-
gineering ifsit exists in physical form. The up-
shot is that value engincering is usually best ap-
plied somewhere between preliminary design
and production.

The benefits of value engineering can be
handsome. For the Government or other cus-
tomer it can mean lower cost. For the contrac-
tor it can mean higher profits, and his successful
application of value engineering weighs in his
favor in getting follow-on or new business.
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Diamond Bracelet by J. E. Caldwell Co., Philadeiphia—$17,000

Siverline Synchros by CLIFTON

The Top of the Line—that's Silverline!

There simply are no production line synchros as good
available.

0 5" accuracy; 3’ units available. Guaranteed, in quan-
tity, through design rather than on a ''pick and
choose" or yield basis.

[0 Outstanding repeatability. Once the error curve has
been obtained it holds that origi-
nal pattern.

32 Circle 32 on reader service card

CLIFTON

0 Temperature stability and extend- pivisioN OF LITTON INDUSTRIES

ed range. EZ shifts are fimited to 3" over a standard
temperature range of —55°C to 150°C (instead of
125°C). Units available for ambients up to 232°C.

[OJ Lower Null Voitages. On Silverline 26 volt CX's,
CT's and CD’s max total nulls are 20mv.

You expect Clifton to be a little bit better. When you
specify Silverline, you're getting the best.

Call your Local Clifton Sales Office,
[B or telephone 215 622-1000 for
prompt service.
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Amelco to change
marketing stance

Honeywell readies
industrial computer

Lower cost PDP-8

Discretionary LSI
getsajob

Electronics | July 8, 1968

Electronics Newsletter

July 8, 1968

Long known as a specialty house, Teledyne’s Amelco Semiconductor
division is changing its marketing practices and will try to get some
of the big production orders that have been the bread and butter of
Teledyne’s Continental Device Corp. Instead of concentrating on the
introduction of proprietary devices, Amelco will second-source large
IC makers.

The change in direction reflects the influence of James P. Hynes, a
former Continental vice president who succeeded Joseph S. O’Flaherty,
vice president of both Continental and Amelco, when O’Flaherty retired
early this year. Continental specializes in fast production of diodes and
transistors.

Amelco will continue to supply Teledyne with circuits for the Inte-
grated Helicopter Avionics System and will try to maintain its strong
position in field effect transistors. But it has sharply cut back those mar-
keting efforts that stressed the advanced nature of its products. Amelco
has its own brand of TTL, but it is also making the Texas Instruments
low-power series 54/74, and it will second-source Fairchild on the 9040
line of low-power TTL’s for military and space markets.

Honeywell is developing a new computer for the industrial market, but
officials at the company’s Computer Control division in Framingham,
Mass., won’t confirm this. Dubbed the X-9 in its present experimental
version, the computer will be called the DDP-316 when it’s released for
production. The 316 will be structurally similar to Honeywell’s 516, but
will have a longer cycle time: 5 microseconds. A prospective user of the
316, an applications engineer, says he has been promised the computer
“next month” since February, but it probably won’t be on the market
until next year.

The target price for the 316, with 4,000 words of core memory, is
$10,000. Similar computers sell for less. However, the applications engi-
neer—who uses and likes the 516 but doesn’t need its speed—expects to
offset any higher price by being able to use his $70,000 516 software
package on the 316 without modification.

By eliminating “frills” from its economy computer, the PDP-8I, Digital
Equipment has designed an even lower-priced model, the PDP-8L. At
$8,500, the PDP-8L will be the least expensive 12-bit general-purpose
computer available. The L model is slightly slower, offers less input-
output flexibility, and has fewer computing functions in the hard-wired
form than the I model, which sells for about $12,800. Deliveries of the
L model are due to begin in October.

For the first time, a full-slice LSI circuit using discretionary wiring has
been delivered and put to work. Ten of these 700-bit transistor-transistor-
logic shift registers are being used by Texas Instruments in the signal-
processing section of a moving-target indicator. Flight tests of the system
are under way now; TI is competing with several firms for a military
contract for the system.

The arrays, developed by TI, have about 3,000 transistors on a 1%-
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FCC to regulate
phone companies’
CATV leasebacks

Fairchild starts
selling silicon

8,800-watt laser

Award due for giant
pulse-power machine
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inch-diameter wafer and can operate from d-c to 10 megahertz. Com-
petitive MOS designs, say TI officials, can operate over part of that range,
but not over all of it.

The TI arrays are the same as those used in the general-purpose air-
borne computer it'’s developing for the Air Force [Electronics, June 24,
p. 47]. An even faster array—operating up to 15 Mhz—is being developed
at TL It includes three kinds of TTL circuits—clocks, registers, and out-
put buffering devices.

CATYV operators see a victory in the FCC’s decision last month requiring
phone companies to obtain commission approval before getting involved
in cable-tv leasebacks. In a leaseback, the phone company sets up the
system and leases it to the operator. Operators have told of facing
protracted delays or unsatisfactory offers in talks with phone firms, and
the FCC in effect bought these complaints by stating that phone com-
panies have been able to “preclude or substantially delay” CATV.

The operators feel that bringing the telephone CATV efforts under
FCC control-which also implies price regulation—will mean they’ll
be able to appeal to the agency if a phone company proves too difficult
to deal with.

Fairchild Semiconductor has started to supply silicon ingots and wafers
—thus nearly doubling in one stroke the silicon available to semicon-
ductor makers. A doubling of silicon inventories during a switchover
to 2-inch wafers, plus the company’s virtual departure from the power
transistor business (which accounted for most of its epitaxial wafer
production), has left its huge wafer-making, slicing, and polishing
facility perking along at a mere third of capacity for the past six months.
But William H. Welling, headquarters marketing manager, says Fair-
child isn’t merely selling its excess capacity; it’s in the business for good.

Raytheon continues to lead the field with high-powered carbon-dioxide
lasers. Scientists at its Research division in Waltham, Mass., have gen-
erated 8,800 watts, continuous wave, with a 40-foot design. The laser,
made up of 15 plasma tubes, has an effective lasing length of 600 feet.
Efficiency of the system is 15%.

A $2.5 million contract to develop the world’s most powerful pulsed-
power generator for the Defense Atomic Support Agency (DSA) will
soon be announced by Physics International Inc. of San Leandro, Calif.

The contract follows a one-year feasibility study by the company of
DASA’s Aurora simulation facility, which will be built in Washington.
Physics International will supply equipment to generate 3 to 4 mega-
joules in less than 1 microsecond. The pulses must be reproducible
40,000 to 50,000 times, and the pulsed power will be the equivalent of
a billion watts.

The project’s manager, Frank Ford, explains that the earlier designs
were used to simulate temperatures and pressures generated by nuclear
explosions, producing power an order of magnitude greater than the
output of any previous machine. The contract is nonclassified; many of
the earlier pulsepower machines were made for classified projects.

Electronics | July 8, 1968



TTL

Trends

from Texas Instruments
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Linking soldier to satellite . . .
that's the job for these seventeen
low-power TTL integrated circuits

from Texas Instruments. They help
form the “intelligence center'’ for

an Alert Receiver Terminal — part
of an advanced new communica-
tions system being developed by
Collins Radio Company for the
Tri-Service TacSatCom (Tactical
Satellite Communications) pro-
gram. Prototype receiver terminals
are being built for the U. S. Army
under a Tri-Service contract
administered by the U. S.

Air Force’s Electronic Systems

Division. Collins engineers use 54L

circuits in achieving a portable and

lightweight receiver capable of
unscrambling messages from a
satellite 22,000 miles away.
Weighing only 12.8 pounds (with
battery) and just 8” by 11” by 2"
in size, the Alert Terminal is
designed for battlefield use. It is
made to go where the soldier goes
— detecting, decoding and verify-
ing satellite-relayed digital
messages — to get the
“word"” out . . . fast!




Low-power TTL
unscrambles satellite

messages




Objective: Demonstrate that a
man-carried satellite receiver can
effectively get the “word” out—to
widely dispersed soldiers —fast!
Approach: Book-size digital re-
ceivers are being developed to de-
tect and display coded messages
dispatched from distant ground
stations and relayed by satellite.
Prototype models are now being
built by Collins for the Tri-Service
system. Each receiver uses 17
Series 54L low-power TTL inte-
grated circuits from Texas Instru-
ments. Included are: Six SN54L71
R-S master-slave flip-flops, four
SN54L00 quadruple 2-input NAND
gates, six SNH4L20 dual 4-in-
put NAND gates, and one
SN54L.30 8-input
NAND gate.

Keeping the equipment small

and portable, while still meeting
the rigid performance and relia-
bility levels specified, presented
extremely tough design problems.
A high performance level is es-
sential in decoding and displaying
messages weakened by 44,000 miles
of space travel. Series 54L circuits
provide positive triggering with
low-signal currents under severe
conditions of humidity, dust, shock
and vibration —at temperatures as
low as minus 40°C.

Another requirement is to make
the receiver—plus batteries—
small enough to be carried by one
man. The low power drain of Series
541, only one-tenth that of stan-
dard TTL, helps keep down bat-
tery requirements while small size
and low package count helps hold
overall receiver size to only &" x
11" x 2". With battery, the equip-
ment weighs only 12.8 pounds.

While the Alert Terminal can be
carried and set up by one man, it
can also be incorporated into any
of three larger and more versatile
systems Collins is building for Tac-
SatCom. These units can transmit
and receive voice and teletype as
well as coded messages. All sys-
tems operate in the UHF band of
225 t0 400 MHz and are engineered
to meet the same critical perfor-
mance and reliability standards.

Based on acceptance by the De-
partment of Defense, TacSatCom
—including the Alert Receiver
Terminal and other sophisticated
system components —can be opera-
tional by the early '70’s. The com-
plete system will make possible
voice and teletype communication
to hundreds of mobile receivers
without the formal procedures, in-
terference and waiting periods
confronting present satellite com-
munication users.

The task of helping link soldier
to satellite is a tough, new job for
integrated circuits. It's the sort of
job that requires outstanding reli-
ability...along with an optimum
balance of signal power and .ow
temperature operating capability.
In short, it’s the kind of job made
to order for Series 54L/741. TTL
integrated circuits from Texas
Instruments.

New plastic package, two
new complex-function circuits,
expand low-power TTL line

TI now offers its Series 54L/74L
low-power TTL integrated circuits
in dual-in-line plastic packages...
with bonus results. The line’s low
drive requirements and low power
dissipation are now coupled with
the low first cost and reduced han-
dling costs of the plastic package.
This is in addition to the popular
long-lead hermetic flat pack (avail-
able in either the Mech-Pak™ or
Barnes carrier) as shown above.
TI's low-power series is also more
versatile than ever, thanks to two
new complex-function circuits.
These include a dual J-K master-
slave flip-flop (SN54L78/741.78) and
an eight-bit shift register (SN54L-
91/741.91). Together they now bring
the extra reliability and lower
cost-per-function of complex-fune-
tion ICs to military and industrial
low-power applications.
For data sheets on the entire
family of low-power TTL, write on
your company letter-

head to Texas Instru- o
ments Incorporated, Z]
P. 0. Box 5621, MS 980, (

Dallas, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED



Dual 50-bit

static shift register highlights
eight new MOS ICs
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This is a photomicrograph of the longest static shift register available in a production

device today. It's TI's new dual 50-bit MOS IC..

.one of eight new computer-designed

circuits. Companions include three other dual SRs (32, 25 and 16 bit), a six-channel
analog switch, an audio amplifier, a dual full adder, and a dual 3-input NOR gate.

For your moderate speed digital
applications, TI’s new MOS inte-
grated circuits can offer significant
savings. For example, cost-per-bit
for these MOS static shift registers
is only about one-fourth that of
bipolar registers.

All four new MOS static regis-

ters operate over the full d-¢ to 1
MHz spectrum (3 MHz under mod-
erate loading). Unlike dynamic re-
gisters with a minimum clock rate,
these static MOS circuits can store
information for relatively long pe-
riods. They also possess high noise
immunity, because of high input

impedance, typically 10 megohms.

The dual 50-bit static register
features very low power drain of
only 1.6 mW per bit. Furthermore,
longer static MOS registers and
specially tailored units can be read-
ily provided...thanks to TI’s com-
puter-aided design which makes
custom derivitives possible in
economical and timely quantities.

Six-channel analog switch
To permit switching of lower-level
signals without excessive attenua-
tion, the TMS 1A 6009 AA features
low “on” resistance (150 ohms).

It is recommended for analog
and time-division multiplexing,
and chopping circuits.

Audio amplifier

Small size and modest cost make
the TMS 7A 7000 LA ideal for many
industrial and consumer applica-
tions. It is an R-C coupled audio
amplifier with a gain of 45 dB over
the frequency range of 10 Hz to 50
kHz. Output voltage swing (8 volts
peak-to-peak) is obtainable with a
single —20 to —30 volt power supply.

Dual full adder and
dual NOR gate
High input impedance, buffered
outputs and high noise immunity
are characteristics of the TMS 1A
1700 AA dual full adder and TMS
ILA 1702 dual 3-input NOR gate.
For data sheets on any or all
these new MOS ICs, write on your
letterhead to Texas In-
struments Incorpora-
ted, P. O. Box 5621,
MS 980, Dallas, Texas
75222.
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Torrington

makes a few colorful claims

N

==

for its blower line.

We've painted these Torrirgton blowers to illustrate some points.
Torringion makes aboLt as many different types of blowers as there
are colers in the spectrum. Backward and forward curved, single or
dual centrifugal units, tLbe axials, vane axials, single or multi-staged
turbine-driven units, Crossflo’s” and you-name-it-we’tl-make-it units.

We’ll not only produce any type you require ( many standard in our
line), but we'll maxe them in an almost endless range of sizes to meet
your application needs. Between Torringtor's vast productive
capabilities at home and abrozd and the technological know-how

of its engineers, no prcbhlem’s too big or too small.

Like a more detai ed account of what moderr blowers can do for you?
Send for our 24-page raprint from a major industrial publication.
Profusely illustrated with charts, drawings and photographs, it shows
and describes every tyge of blower made.,

Write tcday, to The Torrington Manufacturing Company,
Torrington, Connecticut.

TORRINGTON MANUFACTURING COMPANY

United States: Torrirgton,Connecticut: VanNuys,California, Rochester.Indiana Canada: Oakville Ortaric England: Swindon.Wilts Bz2Igium: Nivelles Australia: Sydney
25F. 8.6
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TYPE YH

TYPE YS

TYPE YR

TYPE YC TYPE YN

best in ‘set” ability...best in‘hold” ability

This family of Allen-Bradley trimmers features a
solid resistance track made by A-B’s exclusive hot-
molding technique. This solid resistance element
assures smooth adjustment at all times. It ap-
proaches infinite resolution—there are never any
of the abrupt changes in resistance which intro-
duce transients as is characteristic of wirewound
controls.

When Allen-Bradley hot-molded trimmers are
once set, they will remain stable during severe

T RS104U o
Zo01-uc @
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Type R trimmers are ruggedly built
to maintain their settings undar
severe shock and vibration. Contin-
uous resistance change is provided over 25 turns of the adjust-
ment screw. Enclosures are dust-tight and watertight. Long
operational life—accelerated tests produce less than 5% resis-
tance change after 500 complete cycles (25,000 turns of the
actuator). Rated % watt at 70°C, and can bz applied in tempera-
tures from —55°C to 4 125°C. Available in resistance values frcm
100 ohms to 2.5 megohms. Write for Technicat Bulletin B52C5.

z NLIGIM
00-Onv

Type N trimmers are similar to tne
Type R units, and provide substan-
tial economies where environmen-
tal conditions are not excessively severe. The 25-turn adjustment
screw permits pracise settings. The operational life is the same
as the Type R. The enclosure is dust-tight and immersion-proof.
The rating is 15 watt at 50°C and can operate in ambient tem-
peratures from —55°C to 4100°C. Available in resistance values
from 100 ohms to 2.5 megohms. Pleas2 write for Technical
Bulletin B5206.

Electronics | July 8, 1968

mechanical shock and vibration. In addition, A-B
trimmers have low distributed capacitance and
are essentially noninductive, permitting their use
at high frequencies where wirewound units are
totally useless.

For complete specifications on these high perfor-
mance trimmers, please write: Allen-Bradley Co.,
110 W. Greentield Ave., Milwaukee, Wis. 53204.
In Canada: Allen-Bradley Canada Ltd. Export
Office: 630 Third Ave., N.Y.,N.Y.,U.S.A. 10017.

Type F trimmers are single turn controls built
to withstand severe environmental condition.
They are Y%" in diameter and are rated 4
watt at 70°C. Can be used from —55°C to
+120°C. Enclosure is nonmagnetic, corrosion-
resistant, and watertight. Available in resis-
tance values from 100 ohms to 5.0 megohms.
Various tapers can be furnished. Send for
Technical Bulletin B5201.

Type Y trimmers are economical single-turn
units designed for use where environmental
conditions are not particularly severe. The
low profile construction allows them to fit easily within the com-
monly used 3" stacking. Options for the Type Y include thumb
wheel and mount for horizontal installation. Type Y is also made
with snap-in mount for panel mounting, as shown in drawing.
Rated !4 watt at 70°C. Resistances from 100 ohms to 5.0 meg-
ohms. Please write for technical literature.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

Circle 41 on reader service card
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Pushbuttons?
Why not go where
you have the whole
spectrum to choose from!

With panel design continually increasing in sophistica-
tion, pushbutton specifications are becoming more and
more exacting. Whatever the case—whether your needs
call for the simple or the complex—your best bet is to
call MICRO SWITCH. The reason is plain. No one can
match our pushbutton line in breadth of selection.
What’s more, your MICRO SWITCH Distributor
can offer you literally thousands of pushbutton varieties
right off the shelf. For example, he stocks hundreds of
interchangeable operator and switch modules that com-
bine into thousands of different assemblies—allowing

you to economically customize your panel with un-
limited design freedom.

Special problems? MICRO SWITCH also puts the
broadest field engineering service at your beck and call.
These pushbutton specialists, backed up by the largest
manufacturing and design facilities in the industry, can
come up with the right solutions fast.

Just a sampling from our spectrum of pushbuttons is
shown at left and described below. For more details,
call a Branch Office or an Authorized Distributor
(Yellow Pages, **Switches, Electric™). Ask for Catalog 51.

1. Unlighted Pushbutton Switches. Bush-
ing or bracket mounted. Available in 1-,
2-, 3- or 4-pole double-throw circuitry,
momentary or alternate action. Black, red
and green buttons in various diameters.
Scaled designs available. Wide range of
electrical power-handling capabilities.

2. Series 2C200 Modular Lighted Push-
button Switches. Rectangular display
lighted by projected or transmitted 4-
lamp color. Can be relamped without
tools. 1, 2, 3 and 4 section split-display
screens. Maintained, momentary or
magnetic hold-in operation. Switch
modules with silver or gold contacts,
multiple circuits and broad choice of
contact arrangements and electrical
capacities. Also reed switch module.

3. PT Heavy-duty and CMC Pilot-duty
Industrial Manual Controls. Oiltight
pushbuttons, selectors and indicators
with the modern square look. Lighted or
unlighted. Large easy-reading legends.
Multi-circuit control with up to 32 cir-
cuits per unit.

4. KB Switch/Display Matrix. New key-
board building block concept consisting
of pushbuttons and pushbars (lighted
and unlighted), switches, indicators, me-
chanical interlock units, and modular
hardware for mounting and wiring. En-

tire KB matrix can be bench assem-
bled. Switches can be pre-wired and
plugged in like a radio tube. Milliamp-
rated “‘encoding’’ switch produces a
coded output for data entry, exclusive
of separate circuit packages. “‘Power”
switch with 5§ amp. 115 vac rating has
lighted display option.

5. S0PB Bushing Mounted Pushbutton
Switches. One-lamp indication. Choice
of button sizes, shape and colors. Long-
and short-stroke and turn-to-hold mo-
mentary action; one- and two-level alter-
nate-action. 1-4 pole double-throw and
two-circuit double-break contact
arrangement.

6. DM Pushbutton Switches: Attractive,
rugged snap-in panel mount. SPDT or

N W—

DPDT circuitry. Three snap-on button
styles, 154" to 1” diameter, red or black.
Also !,," diameter integral momentary-
action and push-pull alternate action
buttons. Rating: 10 amps, 125 or 250
vac; Y3 hp, 125 or 250 vac.

7.302PB Miniature Pushbutton Switches.
One- or two-scction two-lamp display.
Momentary and alternate-action oper-
ation of two SPDT switches. Spacing
barriers and panel seals available.

8. Series 2N Modular Lighted Push-
button Switches. Relampable without
tools, these switches feature spring-lock
mounting. Molded color housings, in
gray, white or black, can be supplied
with terminals for two or four lamps.
Modularity provides a number of cir-
cuit, operation and display possibilities
paralleling the 2C200 options. Spacing
barriers and hold-in coil modules are
available.

9. Scries 2M Round Display Modular
Lighted Pushbutton Switches. Colored
guard rings encircle display screen, pre-
vent accidental operation, code control
function. Broad choice of circuitry
through switch modules used with Series
2N. Many choices of transmitted and
projected display colors. Panel mount in
145" to 5" thick panels.

MICRO SWITCH

FREEPORT,ILLINOIS 61032

A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL » Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kinguom, Canada, Netherlands, Germany, Japan,

Circle 43 on reader service card
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TRIMMERS

S 5. 450: infinite ' resolution.
RJ 12 size. 509 thru 1 meg. Y2 watt
@ 70°C. +10% tolerance. *+20%
available for low-cost needs. Choice
of two PC pin arrangements:

2. SERIES 400. Wirewound RT-12 C2L
or RT-12 C2P’size, Also with stag-
gered RT-11 pins for direct Teplace=
megt while saving space.,1 watt @
70°C. +5%: tolerénce 10092 to 100K.

3. SERIES 650. |nf|n|te resolution. in
-, BJ*11 ssize. +5%. tolerance. «+250-
pPm/°C over range of 100(2 to 20K.
1 wat @.70°C.

* 4 SERIES 600 ‘Wirewound RT-11 has

MIL quality at industrial prices. Mois-
ture-sealad ceonstruction. 1 watt @

* 70°C+ +5% tolerance. 109 .to 100K.

-

1. SERIES 150. Infinite resolution
companions to wirewound types.
Many configurations. 3 watt @
70°C. +5, 10, 20% tolerances.
1009 to 1 meg.

2. SERIES 100. Largest %2 round
selection. Well sealed for MIL or
industrial use. Positive stops.
Longer winding for better resolu-
tion and closer settings. 1 watt
@ 50°C. +5% tol. 1092 to 50K.

3. NEW LOW-COST SERIES 550

" and 500. Most economical 2 watt
+ trimmers for commercial and in-

dustrial use. Infinite resolution
Series 550 has excellent high-fre-
quency characteristics. +30% tol-
erance. 1002 to 1 meg. Wirewound
Series 500 has best resolution at
lowest cost. +10% tolerance. 109
to 50K. Vertical mounts available.

ting variations and adjustments.




only IRC offers all

popular styles

1. %6” CUBETRIM® Mini-
ature units provide signifi-
cant space cavings for all
PC board applications. Infi-
nite resolution Series 350:
0.3 watt @ 70°C. +10 and
20% tolerances. 500 thru
500K. Wirewound Series
300: 0.6 watt @ 60°C. +5%
tolerance. 502 to 20K. Both
series available with top or
side adjust.

NOW...

=
>

NEW %" MIL TRIMMERS

Infinite resolution or wirewound "ypes

The simplified desigr of ttese new IRC 3" MIL units provides
precsion, stability, and eccnomy in a small, board-hugging
package.

A proven clutch assembly assures positive drive of the wiper
at all times. These trimme-s have molded-in pins, and are sealed
to resist moisture. Dielectric strength is a full 1,000V A.C.

METAL GLAZE TYPE 720 offers essentially infinite resolution
over the full resistance range from 1000 to 1 megohm. The glass-
hard, thick-film resistanca element defies cetastrophic failure.
MIL-R-22097 performanze. Rugged epoxy casz.

WIREWOUND SERIES 700 in RT-24 size exceeds all MIL-
R-27208 requirements. Silver brazed terminations guarartee
0.25% minimum resistance setting and freedom from cata-
strophic termination failures. Precious metal wiper. Heat-resis-
tant diallyl phthalate case.

CAPSULE SPEZIFICATIONS

METAL GLAZE WIREWOUND
TYPE 750 TYPE 700
POWER: ¥ watt @ 70°C 1 watt @ 70°C
TOLERANCES: +10, 20% +5%
RESISTANCE: 1002 to 1 meg. 109 to 50K
TEM>. COEF.: +250ppm/>C max. ' +50ppm/°C max.
i+25°C to +125°C)

TEM=>. RANGE: —65°C to +125°C —65°C to +175°C

Both types are immediztely available and at prices that are Icwer
than you would expect. Write for data on these new 3" trimmers.
Or ask for our new poientiometer catalog.

DIVISION OF TRW INC.
401 N. Broad 35t., Philadelphia, Pa. 19108
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STANDARD/ MINIATURE
PATCH PANELS

JACKS PARALLEL TWINAXIAL

NETWORKS TRIAXIAL
CABLE

COAXIAL
TWINAXIAL
TRIAXIAL
CONNECTORS

PATCHCORDS

PARALLEL
NETWORKS

LOOPING PLUGS

There are probably a thousand different ways to set up
a reliable patching system......which way is the best?

The answer lies between you and Trompeter, the company that specializes in patching and switch-
ing. Trompeter has a new colorful 28 page catalog that covers everything from
panels, standard and miniature, to hundreds of coaxial, twinaxial, and triaxial
patching components. What’s more, it has a unique technical discussion on
“Noise Pickup in Cable Systems” that will help you design the system best for
you. If then, you still have a problem, ask the people at Trompeter, they've
been involved with the design of just about every patching system made.

New T-7 Catalog

A TROMPETER ELECTRONICS, INC.

8936 Comanche Avenue.O Chatsworth, California 91311 O Telephone (213) 882-1020
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Is your carbon comp
resistor supplier
ho-hum about

your business?

You'll like the way we document our

interest. We're one of the few manufacturers
who will furnish you with written data to prove
how our resistors meet the requirements of MIL-R-39008.
We’ve also insured that our documentation is fallibility-free,
by developing the world’s only on-line computerized
resistor quality control system. Is the reliability of

your present military, aerospace, or industrial resistors
something you have to take on faith?

Get in touch with us. We can prove what we say,

and we also have bright flexible ideas that will

keep pace with your requirements. So....

Call the passive innovators
f([ at Airco Speer.
{ (~‘ |
’\"I,, "’k

/AI RCU SPBB[‘ ElBL’TFUﬂIC [;UIHPUHBHTS include Speer resistors, Jeffers JC precision resistors, Jeffers JXP precision

resistors and networks, Jeffers inductors and capacitors and PEC variable resistors and trimmer potentiometers.
St. Marys, Pa. 15857 . Bradford, Pa. 16701 - DuBois, Pa. 15801 . Toronto 15, Ontario.



Specity T1 709 op amps
in low-cost plastic packages

now...from Kierulft

It’s easy to see why our big stocks
of TI 709 IC operational amplifiers
are your best choice to fill the boom-
ing demand. Why? Because only TI
gives you complete package versa-
tility, economy and performance.
TI features a dual in-line plastic
package priced lower than ever
before...along with standard flat-
pack and TO-5 type configurations.
This opens up hundreds of new ap-
plications in both industrial and
military equipment markets.

Want performance? Our TI 709s
provide high gain, high common
mode rejection, high output volt-
age swing, and low offset. You’ll
find these devices perfect for in-
strumentation, process control,
computation, and communications.

Want variety? Then consider our
TI 702s (high-gain, wide band), 710s
(differential inputs and low output
impedance) or 711s. Op amps, you
know, are the closest thing yet to
truly universal circuits.

Check the convenient Linear IC
Interchangeability Chart below.
You’ll find TI circuits are spec-for-
spec and pin-for-pin replacements
of competitive types. And...we
have exclusive low-cost package
advantages in many areas!

Make it easy on yourself. In-
clude TI 709 op amps on the requi-
sition you use to order TTL ICs.

Starting with TI’s leadership
line of TTL integrated circuits,we
offer prompt shipment from com-
plete stocks to fill all your IC needs.
So call today...or circle Reader
Service Number 290 and we'll send
you a data sheet for the device
type you’re interested in. This will
help you fill the empty spaces in
your procurement schedules—fast.

i€

KIERU

A SUBSIDIARY OF DUCOMMUN INCORPORATED

LINEAR IC INTERCHANGEABILITY CHART
OPERATIONAL AMPLIFIERS
Texas Instruments Package Temp. Range FSCt Motorola Raytheon t
SN52 702AL T0-99 -55Cto125C U5B770231X
SN52 702AF Flat Pack -55Ct0125C U3H770231X
SN52 702AN Plastic Dip®
SN52 702L T0-99 MC1712G RM 702
SN52 702F Flat Pack MC1712F
SN52 702N Plastic Dip
SN52 702BL T0-99
SN52 702BF Flat Pack U3H7702313
SN52 702BN Plastic Dip
SN72702L T0-99 0Cto 70C U5B771239X MC1712CG RC 709
SN72702F Flat Pack U3H771238X MC1712CF
SN72 702N Plastic Dip MC1712CP
SN52 709 AL T0-99 -55Cto125C UsB7709311
SN52 709AF Flat Pack U3T7709311
SN52 708AN Plastic Dip
SN52 709L T0-99 U5B770931X MC1708G RM 709
SN52 709F Flat Pack U3T770831X MC1708F
SN52 709N Plastic Dip
SN52 709BL T0-99
SN52 709BF Flat Pack U3T7709313
SN52 709BN Plastic Dip
SN72 709L T0-99 0Cto 70C U5B770939X MC1708CG RC 709
SN72 709F Flat Pack U3T770939X MC1708CF
SN72 709N Piastic Dip UBE7709393 MC1709CP
COMPARATORS
SN52 710L T0-99 -55Cto125C Us5B8771031X MC1710G RM 710
SNS52 710F Flat Pack U3H771031X MC1710F
SN52 710N Plastic Dip
SN52 710BL T0-99
SN52 710BF Flat Pack U3H7710313
SN52 710BN Plastic Dip
SN72710L T0-99 0Cto 70C us5B8771039X MC1710CG RC 710
SN72 710F Flat Pack | U3H771039X MC1710CF
SN72 710N Plastic Dip UBE7710393 MC1710CP
DUAL COMPARATORS
SN52711L T0-100 -55 Cto 125°C USF771131X MC1711G RM 711
SN52 711F Flat Pack U3T771131X
SN52 711N Plastic Dip
SN72711L T0-100 0Cto 70C USF771139X
SN72711F Flat Pack U3T771138X
SN72 711N Plastic Dip
{Based on latest available public information *Dual-In-Line
ALBUQUERQUE
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6405 Acoma Road, S.E.
Albuquerque, New Mexico 87108
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Advanced technology

GaAs on sapphire

Even  though silicon-on-sapphire
devices are still too new to bhe
widely used, the Autonetics team
that pioncered $OS is developing
microwave devices using gallium
arsenide as the semiconductor ma-
terial on such insulating substrates
as sapphire, spinel (magnesium
aluminate), and beryllium oxide.
The group, hecaded by Ralph
Ruth, has produced Schottkyv-bar-
rier mixer diodes and tunnel diodes
using GaAs on sapphire. Ruth is
group scientist in the physical
sciences department of Autonetics’
rescarch and engineering division.
He's also one of the prime movers,
along with Harold Manasevit, a
member of the technical stalf, be-
hind a new chemical vapor-deposi-
tion process that's fundamental
to the diode work. This process
is designed for large-area epitaxial
growth of single-crystal semicon-

Au
MICROSTRIPLINE

OHMIC CONTACT

/ (nGaAs INTO
BARRIER — / \n+GaAs

CONTACT =

_ OHMIC CONTACT
SINTERER THROUGH

[

H nGoAs : H

L----1 " ntGoAs

SAPPHIRE SUBSTRATE

GROUND PLANE —
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ductor materials—such as GaAs—
on both semiconductor substrates
and the single-crystal spinel and
beryllium-oxide  insulating  sub-
strates.

So far, no semiconductor devices
have been produced on spinel or
bervllium oxide substrates, but the
Schottkyv-barrier mixer diode is ex-
pected to operate at 10 gigahertz
and have a reverse breakdown volt-
age of about 6 volts at 10 micro-
amperes. Marcian Roth, who is
heading the mixer-diode develop-
ment, says the device has been
characterized only for its d-c fea-
tures so far, although microwave
evaluation is under way. He thinks
the microwave  measurements
should confirm the d-c character-
istics.

“We’ll have a Schottky-barrier
mixer diode with an operating fre-
quency of 10 Ghz,” Roth main-
tains, “and we don’t know of any-
onc clse who has done this with
GaAs on sapphire. The fact that
we've made good devices with
these materials is significant in it-

ON SAPPHIRE

~nGoAs
ON ntGoAs

T—BARRIER CONTACT
SULPHUR-DOPED TIN—

ALLOYED REGION B
(UNDER STRIPLINE)

MICROSTRIPLINES < 2

METAL
PLANE

GROUND

self.” Roth believes the most sig-
nificant facet of the developnient is
that the mixer diode arrays are
monolithic and compatible with
monolithic microwave I1C’s,

In a hybrid approach, Roch ex-
plains, a microstrip would le put
down first, then the active d2vices
would be put down on it. Fabrica-
tion of the monolithic mixer diode
array is compatible with evapora-
tion and photo-lithographic tech-
niques used in the planar process.
Basically, a GaAs island is formed
by etching to the substrate. A metal
semiconductor Schottky barrier is
formed, along with an ohmic con-
tact. The next step is to evaporate
the appropriate metal microstrip
lines onto the sapphire substrate
and over the mixer diodes’ ohmic
and barrier contacts.

Electron mobility. Manasevit
says there are variations in the
temperatures at which GaAs is de-
posited on all three insulator sub-
strates, but these are proprietary.
Roth notes that GaAs has grea‘er
clectron mobility than silicon and

OHMIC CONTACT {Zn)
(UNDER ST{?IPL!NE)

DEGENERATE
GALLIUM
ARSENIDE

SUBSTRATE. SAPPHIFE
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that this points to mixer-diode cut-
off frequencies in GaAs greater
than in SOS devices (100 Ghz
against about 50 Ghz).

The tunnel-diode effort is headed
by Richard Palmquist, who says
the main advantage over the usual
hybrid fabrication techniques is
similar to that of the mixer diode—
the devices can be made in
monolithic microwave stripline ar-
rays. In addition, peak-to-valley
current ratios as great as 20:1 and
typically 10:1 are possible for the
first time in GaAs on sapphire.
Also, the process produces vertical
junctions instead of the more fra-
gile horizontal junctions associ-
ated with hybrid microstripline
tunnel diodes.

Vertical junctions are formed
when the metal “dot” alloys sul-
phur-doped tin through to the
GaAs-sapphire interface in a cylin-
drical fashion. As a result tunnel-
ing takes place around the circum-
ference of this cylindrical junction,
not just at the base as in horizontal-
junction tunnel diodes.

In both the mixer-diode and tun-
nel-diode work, Autonetics officials
say, the monolithic approach leads

to better reproducibility. Higher
packing density should also be pos-
sible because of the electrical isola-
tion of individual devices on an
insulating substrate, which should
minimize stray capacitances.

New materials. Ruth believes
that the GaAs-on-sapphire work at
Autonetics—a division of the North
American Rockwell Corp.—is more
advanced than the firm’s SOS cffort
was after the same amount of de-
velopment work, and that the so-
phistication is attributable to the
new vapor-deposition process. The
process involves the reaction in a
hvdrogen atmosphere between a
C oup III organometalic com-
pound (trimethylgallium or triethyl-
gallium) and a hydride from Group
V—arsine, phosphine, or arsine-
phosphine mixtures, depending on
the semiconductor compound de-
sired Roth says that the company-
sponsored work represents the first
practica’ use of this new class of
reaction ..

Its advantages over other chem-
ical  vapor-deposition  epitaxial
GaAs growth processes are that it
requires only one temperature zone,
compared with two carefully con-

-

Ring up a computer. Engineers at Bell Telephone Laboratories in an
in-house experiment, linked an unmodified commercial computer to this
Picturephone so their device could be used as a desk terminal to display
data on such things as inventories and news, stock, and weather. Bell
plans additional tests; no marketing plans have been made.
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trolled zones for established meth-
ods: the atmosphere is probably
free of etchants, minimizing out-
doping and other kinds of substrate
contamination; the technique can
be used for simultancous epitaxial
growth on both semiconductor and
insulator substrates; doped or un-
doped growth is accomplished at
lower temperatures (600° to 825°C)
than those used in other kinds of
reactions, and the process is sim-
ple, flexible, and compatible with
methods now used to grow epi-
taxial lavers of elemental semicon-
ductors.

Autonetics chose sapphire sub-
strates initially, mainly because of
the division’s SOS experience, but
officials in the physical sciences de-
partment believe beryllium oxide
has even greater potential. Its ther-
mal conductivity at room temper-
ature is seven times that of sap-
phire, promising devices with more
power than those with sapphire
substrates.

Spincl’s chief attraction is that
its cubic crystal structure is better
matched to the structure of GaAs
and silicon semiconductor materials
than are sapphire or beryllium ox-
ide. Ruth says this should contrib-
ute to a lower defect density in the
semiconductor layer.

Companies

Parent and child

A man who had dinner with Robert
N. Noyce a couple of months ago
came away from that meeting, he
recalls, with the distinet impres-
sion “that Noyce was making up
his mind whether or not to grab
for the big brass ring.” The big
brass ring is the presidency of the
Fairchild Camera & Instrument
Corp. Noyce was then sharing the
duties of that office with Sherman
N. Fairchild and two of his finan-
cial advisers after Fairchild had
ousted two previous chief execu-
tives in five months.

Almost everyone who knew
Noyce said that he wouldn’t want
the top job because he was too
nice; he wouldn’t want to be the
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kind of head-knocker that a corpo-
ration president has to be. On the
other hand, they felt that he might
take the job anyway, to influence
further the growth of Fairchild
Semiconductor, whose chief foun-
der he was and whose fortunes
had been so bound up in his own.

Problem solved. Noyce appar-
ently decided that the corporate
position wasn’t worth the sacrifice,
and in any case the corporation
was skeptical of his business ex-
perience; Fairchild was making in-
formal feelers for a new chief ex-
ccutive, and in June reportedly
made at least one formal offer,
which was declined.

If Noyce was not to be presi-
dent, his role in the corporation
and in the division was cloudy. At
a directors’ meeting late  last
month, Noyce solved his problem
by resigning from both operations
~thus leaving the parent company
without any operating executive
for the moment. Simultancously,
Gordon E. Moore, a cofounder of
Fairchild Semiconductor and now
its rescarch and development
chief, announced that he, too, was
leaving. Moore had decided to quit
two wecks previously, but col-
leagues at  Semiconductor had
been trving to persuade him to
change his mind with the argu-
ment that Noyce, as heir presump-
tive to the presidency, wonld pro-
tect Moore from the attentions of
corporate headquarters.

Double challenge. Whoever the
new president of Fairchild is, he
will have to shape a new position
for Fairchild Semiconductor both
within the parent corporation and
in the semiconductor industry.

Fairchild Semiconductor  was
founded by cight scientists, and
has maintained a reputation as a
technological leader. The technol-
ogy has produced profits—to such
an extent that the logistics of pro-
duction and activitics at the New
York Stock Exchange are now
more important to the division than
the future of gallium arsenide. The
departure of Noyce spotlights
what has been a reality for some
time:  technology,  Fairchild’s
strength, is a tool of the corpora-
tion, not a goal in itself.

Except for the fact that its role
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Shock cart.

Stanford University's
School of Medicine
has developed a
mobile console that
monitors persons in
shock. The system,
being built by
Honeywell's Test
Instruments division,
Denver, simultane-
ously takes electro-
cardiograms and :
measures blood flow, |
intravascular blood
pressure, and other
parameters associ-
ated with shock. The
cart also has a
retractable mounting
arm for positioning
the transducers near
the patient, a multi-
channel oscillograph
for immediate and
permanent recording
of the physiological
information,

has been entirely benevolent, the
Semiconductor division has been
like the camel in the tent for Fair-
child Camera & Instrument.
Founded in 1957 by Noyce, Moore,
and six other refugees from Shock-
ley Laboratories Inc., the semicon-
ductor division has been profitable
almost from the start. And last
year its sales accounted for well
over half of Fairchild’s total rev-
enue of $209 million. (Insiders say
that “well over half” is a corporate
cuphemism for about two-thirds.)

Morcover, only three of Fair-
child’s eight divisions were profit-
able last year, and the pressure on
the Semiconductor division to pro-
duce profits for the rest of the cor-
poration has been a source of con-
tinuing tension between the unit’s
Mountain View, Calif., headquar-
ters and the corporate offices in
Syosset, N.Y. Fairchild Semicon-
ductor’s target is pretax carnings
totaling 20% of sales.

Resistance. But with prices of
lincar integrated circuits falling
rapidly, fierce competition in digi-
tal circuits, and a buyers’ market
in discrete components, the divi-
sion tends to resist corporate pres-
sure. This pressure manifests it-
sclf as a strecam of questions from

the corporate level about day-to-
day operations, such as why a cer-
tain R&D program is being carried
out, or why a given section has a
particular number of employees.
The corporation has never tried to
cut down on research and develop-
ment, but it has tried to get out-
siders to pay for it. The division
has traditionally shied away from
Government-sponsored R&D,
though, and has successfully re-
sisted the pressure from above.

Richard Hodgson, who took over
as president of Fairchild last No-
vember when it was already ap-
parent that the corporation was
heading for a bad year, did what
he could to relieve the pressure by
dealing  off the money-losing
Davidson division and the memory
products and oscilloscope opera-
tions, and writing off tremendous
amounts of inventory and obsolete
cquipment. But Hodgson appar-
ently moved too fast for board
members Walter Burke, Sherman
Fairchild’s financial adviser, and
Joseph B. Wharton, an investment
counselor, who were worried by
Fairchild’s erratic performance on
the stock market. Hodgson was
clevated to vice chairman of the
board in April.
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In contrast to IHodgson’s per-
formance, Noyce’s two-month stint
as a director (with Fairchild,
Burke, and Wharton looking over
his shoulder), has been a quiet one.

There are still reports that
Fairchild will sell off the unprofit-
able Space and Defense Systems
division, but no steps have been
taken yct. One other possibility is
that Fairchild will recognize the
importance of the Semiconductor
division by splitting the corpora-
tion into two scparate entities, one
comprising the Semiconductor and
Instrumentation divisions and the
other the rest of the firm,

Too big. That would give what
many consider the proper impor-
tance to the Semiconductor divi-
sion. But with Noyce gone, Syosset
is clearly in control.

Of the eight Semiconductor
founders, only one, Julius Blank,
is now active in the corporation
(though another, Victor Grinich, is
on leave of absence). All are
wealthy, but, in a way, the foun-
ders have been engulfed by
success. They have bccome in-
volved in big business without
realizing it. Moore now wants to
start afresh with his own company,
though at present his plans aren’t
far advanced. Noyce, too, said on
resigning that he would like to

establish an association with a
small company trying to develop
some new product or technology.
It seems that no one wanted to
become really big. “As recently as
a couple of years ago,” said one
friend after the resignation was
announced, “you might call
Noyce’s home and they’d tell you,
‘Bob’s gone over to the lab,” be-
cause that’s how they felt about
Fairchild Semiconductor.”

Consumer electronics

Some push tubes. ..

Despite the trend to replace all
television tubes with semiconduc-
tors, at least two electronics com-
panies are bucking the tide. The
tube divisions of RCA and Gen-
cral Electric are trying to stave
off the day of tubeless tv by de-
veloping better and better tubes
and novel ways to use them.
RCA, for example, is offering a
family of nine-pin miniature tubes
that can be used in a vertical de-
flection circuit to enable adjust-
ment of the picture height control
with little or no interaction be-
tween the height and linearity con-

Tube tv. General Electric is trying to ccnvince television makers to design color

receivers with its Compactron tubes.
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trols. The tube is a member of the
new 6JQ6 family.

Model set. GE’s tube division in
Owensboro, Ky., has gone farther
by designing a color tv set. It’s
being shown to tv set makers as
an example of how to build a 10-
inch color set to sell for under
$150. The GE design, called 8+1
(for eight multifunction Compac-
tron tubes plus one Compactron
high-voltage rectifier tube) uses
the nine tubes at a total tube cost
of under $8. The 841 is a follow-
on to last year’s highly touted,
though markedly unsuccessful,
441, which was intended for
black-and-white sets,

In the 8+41 design the signal
channel uses a double pentode
Compactron that provides two
stages of i-f amplification and a
pentode video amplifier that shares
its envelope with the chroma am-
plifier. The i-f circuit is of the con-
ventional variety and includes
traps for the 41.25- and 47.25-
megahertz signals.

The audio and sync are picked
off from the second i-f stage, then
amplified in one of two triode sec-
tions of the Compactron, which
provides automatic gain control
keying and horizontal feedback.
This signal amplifier feeds the age
keyer, audio detector, and sync
clipper circuits. The color burst
is gated to the 3.58-Mhz color sub-
carrier by the horizontal retrace
pulse. The color signal is demodu-
lated by a low-level diode demod-
ulator and matrixed in the color
difference amplifiers.

However, the deflection circuits
represent the most important de-
velopment of the 841 color set.
For example, the horizontal deflec-
tion circuit, which develops the
18,000 volts for the picture tube.
is of the self-oscillating type, and
is synchronized by the incoming
horizontal sync pulses. Therefore,
no afc circuit is provided. This is
essentially the same circuit that CE
had used in the abandoned 4+41.

Yoke driver. The vertical deflec-
tion circuit is being used for the
first time. Its principal advantage
is that it can drive the deflection
yoke directly without the use of
a matching transformer. To sim-
plify convergence, the 841 uses
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a picture tube that has in-line guns.

Some corners had to be cut to
keep the price of the 8+1 down.
One concession was the use of hot
chassis construction with a 600-
milliampere heater string, a de-
sign generally found in low-price
sets.

. . . others go solid

Meanwhile, component producers
are still pushing for tubeless tv
sets.

First Amperex introduced its
A705 high-voltage horizontal out-
put transistor [Electronics, Oct.
16, 1967, p. 46]; then Varo entered
the race with the first solid state
high-voltage rectifier [Elcctronics,
March 4, p. 42], just when Am-
perex’ solid state rectifier project
ran into difficulties and had to be
shelved, at least temporarily. Now
Delco Radio is ready to take on
Amperex with its new DTS-0713E
transistor for the horizontal-deflec-
tion circuit for color sets, and the
DRS-112 damper diode.

Across the ocean, ITT’s European
subsidiary, Standard Elektrik Lo-
renz AG of Germany, is trying to
hop aboard with a line of high-
voltage selenium rectifiers that in-
clude a miniature cartridge type
that can be used in a multiplier
arrangement  to  achieve the re-
quired high-voltage rating for
color sets.

Motorola is alrecady using the
Varo device in its 1969 color line.
However, the sales leader in the
color tv market, RCA, is holding
back. Its latest designs are all
solid state except for the high-volt-
age rectifier. Explains Wayne W.
Evans of RCA’s color-tv engineer-
ing stafl: “We have sampled a
number of devices, but we’ve found
tubes to be more reliable than the
devices that we have experimented
with so far.,”

Varo’s Jan Collmer counters
with: “It’s more a matter of cco-
nomics than reliability—tubes are
still cheaper. We have devices that
are rated at 45,000 volts, peak in-
verse voltage, and that is clearly
better than any kind of tube can
take.”
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IC'sintv’s

Despite all the ballyhoo, integrated
circuits have made very little head-
way in television sets, IC’s are be-
ing used only in the audio section
and automatic fine-tuning circuits
of some top-of-the-line color sets.
The only reason set makers ad-
vance for this slow pace is that
IC’s still cost more than discrete

Solid state. ITT's selenium high-
voltage rectifier . . .

components. But with IC prices
gencrally going down as volume
picks up, most set makers at last
month’s IEEE Spring Conference
on Broadcast and Television Re-
ceivers in Chicago conceded that
they will be using I1C’s extensively

... stacked to provide wide variety of
voltages.

—and soon.

At least four microcircuit pro-
ducers—Sprague Electric, Motorola,
General Instrument, and Fair-
child Semiconductor—have devel-
oped IC chroma demodulators for
color sets. And General Instrument
says it will soon be offering mono-
lithic circuits for all the color-
processing functions: chroma burst
separation, color killing, color
matrix, and color sync.

Recover color. Sprague’s devices,
ULX-2114K, uses two balanced
quadrature detectors that operate
simultancously to recover the blue
and red information from the 3.58-
megahertz chroma subcarrier.

Motorola’s circuit, the XC1325P,
uses differential amplifiers instead.
The reference signal is applied dif-
ferentially between base terminals
of the two amplifier pairs, while
the signal to be demodulated is
applied through current amplifiers.

The Fairchild circuit, pAT37E,
uses a quadrature amplifier ar-
rangement somewhat similar to the
Motorola circuit. In this setup, the
B—Y and R—Y color-difference
voltages are developed across col-
lector loads and added to the col-
lector currents to produce the G—Y
signal.

Manufacturing

Cool stripper

At least one semiconductor manu-
facturer, the Signetics Corp., is
using radio-frequency-induced
plasmas instead of acids to remove
photoresist from silicon wafers.
And the technique can also be
used in the laying down of silicon-
dioxide and silicon-nitride passiva-
tion layers, doing the job at rela-

tively low temperatures and
thereby greatly  simplifying  the
process.

Steve Irving, a materials scien-
tist at Signetics, is credited with
the first application of electrode-
less, r-f-induced atomic oxygen
plasma—low-temperature ashing—
to the semiconductor field. Asked
to find some way of removing
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Etch it. R-f-induced plasma, rather than acids, removes photoresist from silicon
wafers in new Signetics operation.

photoresist, the highly toxic chro-
mic and sulphuric acid mixtures
sometimes left on wafers, Irving
found that he could do away with
the acids entirely.

College memories. “Photoresist
material,” he explains, “is nothing
but organic material, and I had
remembered from college that
when we were looking at trace ele-
ments in diseased human tissue,
we had had the same problem of
removing the organics without
volatilizing  the elements we
wanted to look at.” If low-temper-
ature, r-f-induced oxygen plasmas
could handle this job, he reasoned,
why couldn’t they volatilize or-
ganic materials without altering
the crystal structure of nonpoly-
mers on a wafer?

Experiments performed by Sig-
netics a year ago showed that low-
temperaturc ashing could com-
pletely strip photoresist material
without degrading the wafer in any
way. Although the company won’t
say what percentage of its produc-
tion volume this technique is now
being applied to, spokesmen have
indicated that the use of strong ox-
idizing agents is on the way out.

Supplier. And according to Rich-
ard L. Bersin, president of the
newly foried International Plasma
Corp. in Hayward, Calif., the same
technology can be used in the
process of laying down the five to
six passivating layers required for
complex semiconductor wafers.

Equipment being built by Inter-
national Plasma will strip 100 wa-
fers covered by 5,000 angstroms of
polymer photoresist in less than
five minutes. In the process, a 5-
torr plasma is initiated in onc or
more chambers by applying an r-f
voltage to externally mounted elec-
trodes. Highly reactive atomic and
ionic oxygen created in the plasma
decomposes and removes the pho-
toresist compound by forming vola-
tile reaction products that are im-
mediately pumped away. The
operation is gencrally performed
at around 100°C in an atmospherc
of 20% atomic oxygen.

With the same equipment, but
at 500°C, a plasma of either atomic
oxygen or atomic nitrogen will lay
down a passivating layer, the
thickness of which is a function
of time of exposure, pressure, gas
flow rate, and r-f power.

Independent steps. Because it’s
performed at a temperature about
half that nceded for conventional
thermal oxidation, this operation
doesn’t gencrate the diffusion of
silicon dopants typical of oxida-
tion. And because there’s no need
to make allowances for these dop-
ants, each layer of passivation can
be applied independently of the
others.

The equipment, due to be mar-
keted by International Plasma next
month, will operate at 13.5 mega-
hertz at up to 1,000 watts. The
machines, which will sell, accord-

ing to Bersin, for under $10,000,
contain only four plug-in circuit
boards and 12 test terminals; a
common voltmeter set to the 10-
volt range can be used to test all
voltages. Bersin notes that repairs
can be made simply by correlating
an incorrect voltage with a defec-
tive circuit and then replacing that
circuit.

Commercial electronics

Fare price

The simplest system of all was a
hands-down winner of the auto-
matic fare-collection contract let by
the San Francisco Bay Area Rapid
Transit District (BART) late last
month. IBM, a surprise entry, was
so far under the competition with
its bid of $4.9 million that there
was really no contest at all.

The IBM system, which will
automatically deduct fares from
a magnetically coded card, uses
no external computer, only a mem-
ory and logic system inside the
ticket reader.

Three types of systems were
tested by BART. The FMC Corp.
and Control Data, which jointly
developed a system using a huge
central computer, didn’t even
bother to bid. The Advanced Data
Systems division of Litton Indus-
tries, whose system used a com-
puter in each BART station, though
not in each gate, entered a bid of
about $20 million. General Electric,
whose system is also simple, was
still far above 1BM at about $9 mil-
lion.

Open-door policy. The district
had expected to spend $6.8 million
to $9.8 million for the system. It
was so delighted at the 1BM price
that it picked the most expensive
option, one calling for a normally
open gate (instead of one that
closes after each passenger goes
through), plus two years of main-
tenance. The open gates, which
will close if any passenger doesn’t
pay his fare, permit greater traffic
loads in peak hours.

The system, developed in 1BM’s
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POWER WITHOUT PERIL
for Analog Equipment

New Philbrick/Nexus current booster and voltage regulator
modules fully protect op amp circuits against overloading
Whether your analog circuits require high load power, high
stability or a high degree of regulation, Philbrick/Nexus power
products have exactly what you need. Philbrick/Nexus helps
you shrink op amp circuits by supplying compact, fully
encapsulated, completely overload protected booster ampli-
fiers and voltage regulators.

Model 2001 Current Booster provides =500 mA at =10 volts
with wide frequency response. A slewing rate of 10 volts/usec.
offers full output response to 80 KHz. Voltage gain approaches
unity with current gain greater than 40,000 times. Phase shift
is less than 10° at 10 mHz.

Model 2101 Dual Voltage Regulator delivers =100 mA at

*15 volts. Accepts input range from 19 to 40 volts. Unit offers
high regulation (.01%). Low ripple and noise. Operates over a
range of —55°C to +85°C at 50 ppm.

A dual output regulated power supply, Model NPS-300 is also
available from Philbrick/Nexus. It features separate positive
and negative outpu's with individual adjustments to any output
between 12 and 18 volts at any load between zero and 300 mA
each. Model NPS-300 is short circuit proof. Price: $135.

Call your Philbrick/Nexus sales representative for complete
specifications, prices and applications assistance. Or write,
Philbrick/Nexus Research,22 Allied Drive at Route 128,
Dedham, Massachu setts 02026.

Philbrick/Nexus invites technical employment inquiries

. PHILBRICK/NEXUS RESEARCH

A TELEDYNE COMPANY
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Los Gatos, Calif., advanced de-
velopment facility, will be made by
the Federal Systems division in
the same Huntsville, Ala., plant
where Apollo-Saturn launch vehicle
instrumentation is built. IBM will
deliver 236 gates, 96 ticket-read-
ing machines, 47 add-farc ma-
chines—for persons whose mag-
netic cards don’t have enough left
on them for the full fare—119
money changers, and 44 special
ticket readers for station agents,
to detect faults in magnetic cod-
ing.
Like the other systems, IBM’s
requires a passenger to insert his
ticket into a reader on entering
the station and again on reaching
his destination. The second reader
automatically deducts the fare, and
prints out a notification of the
amount remaining on the card.
IBM’s way of doing this, which re-
portedly capitalizes on cxisting
components in IBM computers, has
inplications for airline quick-
ticketing systems.

The district also awarded a $1-
629,000 contract to the WDL di-
vision of Philco-Ford Corp. for
yard control and communications

systems. Philco beat out six other
bidders, including Western Elec-
tric, contractor for the main train
control and communications sys-
tem.

Philco will build a command and
control system that will take care
of the trains when they aren’t in
service. Sensors will read serial
numbers as cars enter the yard,
and the central console will direct
them to repair shops, storage areas,
and washing facilities. The bid was
another bargain; the district had
estimated the cost at $2.9 million.

Military electronics

Plastic’s progress

Plastic-encapsulated integrated cir-
cuits have been around for several
years but have yet to receive the
blessings of the Pentagon or NASA.
Now the Government has indicated
its willingness to give plastics a
hard look and has set up an organi-
zation to test them.

in Washington.

On display. The A.B. Dick Co. has long been known for its duplicating
and copying machines. But now, as a result of spin-off from its
electrostatic high-speed label-printing equipment, the firm has entered
the electronic data-display field with this unit, the Videograph Series
900. It can present up to 512 characters in 16 rows directly from a
keyboard or a computer. This installation is at Penn Central Station

60

Late last month representatives
of the Army, Air Force, Navy, and
NASA met in Washington and
established three groups that will
make or break the devices for
Government service. They are a
working group for test methods
and procedures, a unit on research
and development, and a manage-
ment policy group.

Sticky problems. The test meth-
ods group will examine the most
critical aspects of the acceptance
problem. It plans to tackle such
issues as perfecting test and eval-
uation procedures; determining
differences between plastic and
hermetically sealed devices; set-
ting up standards for temperaturce
and humidity tests; and consider-
ing changes to be made in pub-
lished standards and testing
publications (such as military
standard 750 and 883) and the costs
and tradeoffs involved in screening
plastic devices.

The group will be struggling
with two sticky problems that came
up at a May triservice-NASA meet-
ing on plastic IC’s [Electronics,
May 27, p. 25]. It was determined
at that meeting that there is no con-
sensus among users, potential
users, and manufacturers on the
reliability of plastic semiconduc-
tor devices.

It was also agreed that there
has been no good determination of
the costs of screening, Some dele-
gates even brought up the pos-
sibility that plastics might cost
more than metal cans because of
the extensive screening that may
be necessary before they can go
into military and space systems.

Government

That's a switch

An economist testifying before the
Senate antitrust subcommittee has
challenged the very premisc of the
panel’s investigation of defense
contracting practices. The Sen-
ators, exploring charges that the
Pentagon wastes public funds by
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low price teg. Actually, the E-H 128 thinks, acts and
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often ignoring competitive bid-
ding, heard Frederic M. Scherer
of the University of Michigan as-
sert that there’s already too much
rivalry for orders and that the situ-
ation is squandering both money
and engineering talent.

Scherer, a specialist in military
spending, stressed that price can-
not be the sole criterion in defense
contracting. “What often counts
more—and properly so—is technical
performance, operational  relia-
bility, and speed of delivery.” he
declared.

Short list. About half the $40
hillion spent each year on the mili-
tary procurement is awarded non-
competitively. And almost half the
Pentagon’s prime contracts go to
just 25 companies.

But Scherer would like to see the
competition further limited. He
told the subcommittec that wheth-
er the emphasis is on technical
competence or price, contractors
now enter “onc competition after
another until enough successes
have been scored to ensure a full
order book.” This activity, he con-
tinued, “is a voracious consumer
of the contractors’ creative talent.
The best scientists and engincers
in industry . . . spend a large part
of their time working on proposals
and relatively little on the actual
implementation of contracts won.”

Scherer noted that the Govern-
went has a difficult time choosing
among technical proposals be-
cause of the uncertainties that blur
the figure of any advanced weapon
and because contractors tend to
view any task through “rose-
colored glasses.” Consequently, it
has moved away from making
jndgments solely on the basis of
specific designs and is putting in-
creasing emphasis on companies’
total technical and managerial cap-
abilities, widening the competition.

This trend has led, according to
Scherer, to a “hoarding of talent
and facilitics by defense contrac-
tors that probably represents a
waste of billions of dollars an-
nually.” The Government, he con-
tended, “gains little, and in all
probability cncourages the waste
of valuable resources, when it in-
vites more than three to five care-

fully chosen companies to submit
technical proposals for a new pro-
gram.”

Confrontation. The Senators
were further told that “implicit
and explicit pressure from Con-
gress to present at least the ap-
pearance of vigorous and impar-
tial competition contributes to ex-
cessively  widespread  dissemina-
tion of invitations to bid.” The
Pentagon has to indulge in this
“window dressing” and wade
through a great deal of “talent-
wasting brochuremanship” by con-
tractors for the sake of appear-
ances, Scherer said.

The cconomist suggested that
the Pentagon put more emphasis
on past performance in choosing
contractors. He said the Defense
Department is moving in this di-
rection, “although not very vigor-
ously.”

Scherer proved to be less san-
guine than the Pentagon about the
benefits of incentive contracts. He
conceded that they spur some
added efficiency, “but profits un-
der incentive contracts depend not
only upon skill in cost reduction,
but also upon skill in bargaining
for the initial cost targets and for
making changes in the targets as
design modifications are author-
ized in midstream.”

Scherer concluded his testimony
on a note of irony. He suggested
to the panel that waste and in-
efficiency in the awarding of mili-
tary and space contracts might not
be so bad after all. About the only
“unambiguous braking force” on
the rising economic burden of arm-
aments, he said, is the high cost
of weapons; higher efficiency and
lower costs in weapons develop-
ment could thus lead to bigger
arms inventories and a heavier
over-all financial burden in the
long run.

On the other hand

At just about the same time that
Senate hearings opened on military
procurement policies, the Pentagon
was making an award that showed
how competition can cut prices.
The contract went to the Elec-

trospace Corp. of Glen Cove, N.Y..
and covered a $2,260,476 first in-
crement of a $19,261,841 four-year
purchase of AN/PRC-77 manpack
radio transceivers and RT-841
transmitters. Electrospace, which
was identified in the brief Penta-
gon contract announcement as “a
small business firm,” submitted
the lowest of 21 bids for the orders.

Quick whistle, The radios were
developed by RCA in 1966 at a cost
to the Defense Department of
$694,000. The Army then awarded
RCA two production contracts. The
first, in 1966, stipulated a unit price
on the sets of $1,222. In the sec-
ond contract, let last year, the
price was $937. Sen. Peter
Dominick (R., Colo.) got wind of
the affair and blew the whistle in
May [Electronics, May 27, p. 73].
He noted that though the initial
contract included $54,834 to pay
for manufacturing drawings, the
Army had justified the award of
the second order to RCA on the
basis of “urgency of delivery and
lack of manufacturing drawings.”

As a result of Dominick’s in-
vestigating, the Army did an about-
face and put the radios up for
bidding. Electrospace’s proposal
came to about $480 per unit; RCA’s
bid, at about $610 a unit, was
about the tenth lowest even though
the company has had previous pro-
duction experience.

Dominick estimates that the Pen-
tagon will save as much as $15
million because it went to com-
petitive bidding instead of continu-
ing to award the contract noncom-
petitively to RCA.

Management

Life or death

A year ago, when Charles S. Rock-
well took over as vice president and
gencral manager of ailing Sperry
Gyroscope, his orders were simple:
cure it or kill it. Now Rockwell,
after laying off 450 production
workers, believes the prognosis is
encouraging,.

Rockwell has used two kinds of
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Looking for Fast, High Yolume
AC and DC Calibration Capability?

Whenever and wherever you need
precision, high volume calibration
capability for your calibration labora-
tory, production line, maintenance
testing shop — Hewlett-Packard has
an instrument that specifically meets
your requirements.

Two of these instruments—design-
ed specifically to meet high accuracy
and high volume calibration needs—
are the hp 740B for DC and the hp
745A for AC. With either instrument,
you press a button, turna dial and you
have an instant voltage reference!

High Resolution DC Calibration.
The hp 740B DC Standard/Differen-
tial Voltmeter delivers output voltage
to 1000 V with six digit resolution in
discrete steps of 1 ppm of range. Ac-
curacy of =(0.0029% of setting
(—j}-0.0004% of range) extends over 30

ays.

As a differential voltmeter, the
740B measures voltage to 1000 vdc
with an input resistance of > 101¢Q,
independent of null condition. Ac-
curacy is =(0.005% of reading
+0.00049%, of range +1uV).

The 740B is also a precisior dc
amplifier and high impedance volt-
meter, and can be used to drive a
recorder.

Fast, Accurate AC Calibration—Cut
your ac calibration time in half with
the state-of-the-art hp 7454 AC Cali-
brator—an excellent choice for gro-

duction line calibration and maine-
nance testing.

The 745A has a calibrated output
voltage with =0.02% accuracy. Italso
has a six-digit readout, pushbutton
ranging and a continuously adjust-
ablefrequency from 10Hzto 110 kHz.

Eliminate tedious error calcula-
tions with the exclusive 745A direct
reading percent error scale.

Get full specifications on these and
other calibration instruments from
your hp field engineer. Or, write to
Hewlett-Packard, Palo Alto, Califor-
nia 94304. Europe: 54 Route des
Acacias, Geneva. Price, 740B, $2350;
745A, $4500.
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“Bulldog”

Marshall spends
another
disappointing day
with Super-Mercury.

Marshall? He's the crankiest of the
Twelve Cranks on Pleasant Avenue. One
of the extra-picky grumps at Trygon
Power Supplies who feels good all over
only when he can pick something off our
production line and shriek, ‘‘Hey! This
isno % #&@# good!”

So far, he's had problems with our
Super-Mercury series. Because there
haven't been any problems.

The Super-Mercury is a brand new com-
petitively priced series, the new genera-
ticn of the industry-accepted, field-proven
Trygon Mercury Series: fully program-
mable wide-range power supplies, power
and value packed, offering precision Con-
stant Voltage/ Constant Current operation.
Precision performance (with up to 2000
watts output), in ranges up to 160 volts
and up to 100 amps. .005% regulation
and 0.015% stability are standard
(.005% stability optional) as is MIL Spec,
RFifree performance. Total ripple and
noise less than Imv rms and 10MV P-P (to
10MHz). Master-slave tracking, auto-load
shere paralleling and remote sensing and
programming are also standard with

|

Trygon's patented tracking overvoltage |

protection available.

Marshall and his friends check the
dozens of Super-Merciry features that
make this series a Super-buy for you.
Now it's your turn to check on them.
Order a Super-Mercury as a starter.
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Trygon Power Supplies ;; |
111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575
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radical surgery. First, he has shied
away from risky contracts, reduc-
ing business but increasing profit
margins. Second, he has “consoli-
dated facilities” by the layoffs and
by closing sections of the huge
plant at Lake Success on Long Is-
land, N.Y. The latest layoff, for
example, will leave only half of the
building’s 2.4 million square feet
in use.

Still breathing. All this has led to
persistent reports that the plant is
being phased out. Sperry spokes-
men are equally persistent in their
denials. “That,” says one, “is just
what we're trying to avoid.”

Work is going on at Lake Suc-
cess on five projects—modernization
of the Terrier missile’s fire-control
system, the prototype of an ad-
vanced destroyer sonar system, the
guidance unit for the Spartan mis-
sile (part of the Sentinel antimissile
system), inertial navigators for at-
tack submarines and aircraft car-
riers, and clectronically scanned
phased-array radars.

Communications

Bridging the gap

The second phase of the Defense
Satellitc Communications System
(DSCS-2), which has just gotten a
formal Pentagon go-ahead, will
blur the boundary between the
long-haul strategic relay craft the
program will produce and the ex-
perimental tactical communications
satellite being built by Hughes
Aircraft for the threc services.
The missions differ, of course,
and the Tacsat will transmit at ul-
trahigh as well as super-high fre-
quencies, but otherwisc the craft
will be markedly similar. Both will
employ narrow-beam stecrable an-
tennas. The DSCS-2 will also have
the carth-coverage antennas car-
ried by satellites in the first-phase
system, but it will work with
smaller ground terminals—stations
similar in size to thosc spccified
for Tacsat. Like Tacsat, the station-
keeping DSCS-2’s will be placed
in stationary orbit; the first-phase
satellites drift in a near-syn-

chronous orbit about 21,000 miles
out.

One design? The Defense Com-
munications Agency (DCA), spon-
sor of the DSCS program, is alrcady
planning for a third-phase system
that would be operational around
1975. Bound to be more tech-
nologically advanced than its pre-
decessors, the DSCS-3 might well
combine tactical and strategic roles
in one large satellitc.

Phasc onc of the program was
completed June 13, when ecight of
the 100-pound DSCS-1 craft, built
by Philco-Ford, were successfully
launched. There are now 25 opera-
tional satellites in the system.

DCA expects to issuc a request
for phase-two proposals sometime
this summer, with launches cx-
pected to begin in late 1970 or
1971. Comparable in size to the
giant Intelsat 4 craft to be built for
Comsat [Electronics, Junc 24, p.
139], the higher-powered satellites
will be launched two at a time by
Titan 3C vehicles. Four satellites
will make up the operational sys-
tem—one over the Atlantic, one
over the Indian Ocean, and two
over the Pacific.

Each will be able to relay the
cquivalent of more than a thousand
voice channels. In contrast, the
smaller phase-one satellites have
a capacity of 12 tactical voice chan-
nels working with the 40-foot AN/
MSC-46  transportable  ground
terminals and eight teletype chan-
nels  with  the 18-foot-diameter
AN/TSC-54 terminals.

Boosters have already been pur-
chased for the phase-two effort,
and the fiscal 1969 budget is said to
include an estimated $60 million
to get DSCS-2 rolling. Besides relay-
ing voice broadcasts for the world-
wide Military Command and Con-
trol System, the National Emer-
gency Airborne Command Post,
and for ship-to-shore communica-
tors, the system will provide a
500-kilobit-per-second digital data
channel. Employing multiple fre-
quency-shift keying modems from
Philco-Ford, a similar data chan-
nel is now being used by DCA to
transmit high-quality photographs
from Saigon to Washington via the
initial DSCS system.

Groundwork. A big chunk of
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DESIGNERS SAY

THE NEW SURMETIC 40

ZENER DIODE

HANDLES 175 W SURGES'

AND 5 W DC.

P.A's Say It's Cheap.

Better-than-metal cheap! In fact, the rugged, reliable and reasonably-
priced 1N5333-88 plastic Surmetic* 40 series replaces more than 300
twice-as-costly, metal stud zener diodes and does everything these units
will do for only $1.85, 100-up . . . yet its surge capability is up to four
times greater than the Mil spec for metal 10-watt units!

With leads clipped to */s-inch and held to 75°C, it will easily handle
5 watts Pp — 40% greater than other lead mount units under similar
conditions and is the only device of its kind to conform to the proposed
JEDEC method of rating a diode according to lead length/temperature.

Unique oxide-passivated junctions, 3.3- to 200-volt application capa-
bility, low leakage and complete mounting freedom (you don’t have to
compromise on special clips or terminals for heat sinking) complete the

picture.

Send for complete data to P.O. Box 20912, Phoenix, Arizona 85036,
or contact your franchised Motorola distributor.

~ whene the priceless ingrediont & cane!
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the phase-two money will go to
build second-generation ground
terminals and to upgrade existing
stations. The new system will use
morc than twice as many ground
stations than are currently opera-
tional, The work will proceed in
three stages, the first of which will
involve some modifications of
existing terminals for 1971 opera-
tion. In the second stage beginning
in late 1971, thesc tcrminals will be
overhauled to increase bandwidth
and channel capacity. The final
stage is expected to start in 1973
and include a change in basic
modulation and multiple-access
techniques from frequency division
to time division.

New fixed earth terminals also
will be added during the first two
stages to replace the transportable
terminals now being used in the
U.S.

Hughes is now designing sevcral
second-phase ground terminals,
including a 40-foot fixed-site unit.
The company, which had trouble
in the early stages of the initial
phase with its MSC-46 terminal’s
antenna feed horn, has now devel-
oped a horn that combines differ-
ent signals in a multimode pattern
to achieve better over-all aperture
cfliciency. Hughes has already built
a 10-foot dish with the multimode
feed horn and expects to get an
efficiency of 70%, compared with
the 45% to 50% initial aperture
efficiency of the MSC-46. This level
has since been raised to about 60%
with the addition of Radiation
Inc’s Dialguide feed. Hughes™ 3-
foot-diameter shipboard antenna,
the AN/SSC-3, also has an effi-
ciency of about 60%.

Companies expected to bid for
ground terminals may include Col-
lins Radio and RCA, as well as
Philco-Ford, Hughes, and Radia-
tion.

The Navy has been having reli-
ability problems with the ship-
board SSC-3. “Most of our troubles
have becn mechanical,” a Hughes
engineer says, involving such
things as air conditioning. The
shipboard environment, he com-
ments, hasn’t always been what the
Navy specifications stated.

The SSC-3 is only a passenger on
the ship at present, being housed

in a hut, But Hughes is now work-
ing to integrate the satellite an-
tenna right into the design of the
ship. The Navy will include this
intcgration feature in its request
for proposals for an upgraded
SSC-3 to be used with the phase-
two DSCS program.

For the record

Back to school. Two workshops
will be held this summer to ac-
quaint college and university
teachers with recent advances in
d-c measurement. One will be
July 22 to 26 at the Argonne Na-
tional Laboratory, Chicago, and
the other Aug. 5 to 9 at the Uni-
versity of California, Irvine. Both
will concentrate on modern ratio
devices.

Dial a book. The days when one
can browse through library book-
stacks may be numbered. An auto-
mated book-retrieval system that
could double libraries’ storage
capacity has been developed by
the library bureau of the Sperry
Rand Corp. Called the ABC-801,
the prototype uses optical and me-
chanical identification systems. A
borrower selects a book from the
library’s card catalog and gives
the volume’s number to an opera-
tor. The book is delivered by an
automatic “picker.”

Down the drain. Now that the
Victor Comptometer Corp. and
Philco-Ford’s Microelectronics di-
vision have confirmed that they’ve
dropped their joint calculator ven-
ture, the calculator itself seems
headed for oblivion. Philco says it
has absolutely no plans for the Vic-
tor 3900, the MOS machine it built
for Victor. And Victor will be mar-
keting thc Wanderer line of elec-
tronic calculators built by the Heinz
Nixdorf Laboratory for Elec-
tronics in Germany. Victor owns
the rights to the 3900, but it hasn’t
announced any plans to exercise
them,
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Despite temperature excursions, or any other environmental
extremes, every single CORNING® Glass Capacitor will give
vou the same exact capacitance behavior as every other one.
So every single one of the capacitors in the timing,
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will be performing identically five years from now.
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Corning, N.Y. 14830

CORNING

ELECTRONICS



GE's 1-amp D28D
transistor—try

this one for low-cost
control circuits

This  reliable  l-amp
mediur-power transistor

offers 2conomy for con-
sumer and industrial ap-

plications. Including:
audio output circuits,
solenoid and small

motor controls, switch-
ing, hizh-power transis-
tor drivers and other sys-
tems.

i
ACTUAL SIZE
D28D

W

Price? In the 30-cent
range. And, it's NPN,
planar, epitaxial, passi-
vated in the proved low-
cost GE C106 power tab
package

GE's D28D is capable
of 4 watts power dissipa-
tion at 70C case; l-amp
continucus and 1.5-amp
peak collector current
. . . voltage selections
from 30 to 75Vceo.

It features excellent
linearity, low saturation
voltage and fast switch-
ing withk an 85mHz F,
typical. Class B audio
output can go to 10
watts. Lzads are form-
able to TO-5 configura-
tion. Interested? Circle
Number 231.

Fused Quartz,

Fused Silica meet
the unusual in
application problems

Highest purity General
Electric Fused Quartz is
being applied in crystal
pulling, zone refining,
semiconductor diffusion
and research labware.
Many new and varied

electronic applications
are continuously being
developed.

General Electric Type

Fused
Quartz
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Transmittance Curve—151
Fused Silica for 1cm
thickness*

151 Fused Silica, for crit-
ical optical jobs, is a
schlieren grade material
offering highest ultra-
violet transmission.

It's the newest and
highest quality optical
material within GE's nu-
merous grades.

Type 151 is ideal for
use in laser optics, ab-
sorption cells, specto-
photometer optical ele-
ments and schlieren
photography.

For technical data and
application assistance,
Circle Number 232.

* Excluding surface reflection
losses

Here's reliable
indication, monitoring
and control—at

low cost
Proved design of GE
meter relays is better
three ways:

e New contactless
control action — solid-
state, light sensitive

switch means exception-
al control simplicity, re-
liability.

e “Piggyback” control
module — plug-in design

0:C MILEAMPERES

472" HORIZON LINE®
meter relay

assures time-saving in-
stallation.

e Choice of styles —
easy-reading BIG LOOK®
or low-profile HORIZON
LINE® meter relays.

Variety of GE meter
relay functions includes
energizing an alarm;
close differential relay-
ing; controlling tempera-
ture, power, speed and
frequency.

Applications are vir-
tually unlimited — from
critical monitoring in
hospital intensive-care
units to deep-well drill-
ing control.

GE meter relays cost
less than any other com-
parable instruments . . .
makes GE your best
meter relay bargain.

New publication has
ratings, dimensions, or-
dering and pricing data
on all GE meter relays
and other panel instru-
ments. For free copy,
Circie Number 233.

New reduced-cost
thermistors

for temperature
sensing uses

New Economy Package
1H-Series units are ideal
for volume printed cir-
cuit board application.

These new GE thermis-
tors cover a specific re-
sistance range from 18K
ohms to 56K ohms. They
operate at temperatures
to 275C.

Dimensions are 0.150”

long, 0.070" diameter;
1.125" gold-plated Dumet
leads may be welded or
soldered . . . ideal for
PCB's.

TYPICAL CHARACTERISTICS
—1H Thermistors

[Resistance R,oc | |
Ratio; R 129.85
s | |

Dissipation !TJiHiw_qtt_s[ 2

Constant (§); °C

Thermal Time Con- 8]
stant (7); (sec.) o

Maximum Operating | 275 |
EmEra_ture; (°c) |

The units offer new
opportunities in appli-
ance, heating system,
motor, fan and textile
controls.

Authorized distributors
now have Economy Pack-
age 1H-Series thermis-
tors with resistance tol-
erance of +10%. Other
tolerances available are:
+5%; +=20%; and +=30%.

Prices drop when units
are bought in OEM
quantities. Order your
copy of price and data
sheets. Circle Number
234.

LE2Y componewT capss

GE cooling fan
assemblies meet
reliability demands
of computers

GE cooling fan assem-
blies offer many years
continuous duty, without
maintenance.

The fans feature all-
angle operation and effi-
cient air flow.

Twosizes are available.

Small 90 and 100 CFM
blowers have GE KSB33-
Frame Unitized® motors.

500 CFM
unit

100 CFM
unit

These units fit openings
less than 434" square.
Near perfect bearing
bores, accurate shaft-
bearing alignment and
special metered oil bear-

ings provide hydrody-
namic oil film lubrica-
tion eliminates
metal-to-metal contact

at operating speeds.

GE's larger fan assem-
bly, the 500 CFM, mounts
on a 9.7" diameter bolt
circle through holes in
its anodized aluminum
venturi face. A sturdy
grill serves as motor
support.

Long life of the 500
CFM is enhanced by its
GE KSP1l-Frame unit-

bearing shaded-pole
motor.
Many variations in

specifications are avail-
able for both sizes of
GE fan assemblies. Cir-
cle Number 235.



Application flexibility
combines with

low cost in this
4-ampere SCR

General Electric's time-
proved C106 planar, pas-
sivated SCR is ideal for
gas ignitions, motor con-
trol, sequential light sys-
tems, malfunction sen-
sing, appliance control
and other uses.

C106 price is low: in
the 35-cent range. And,
it's always a reliable

c108 ~
we
performer.

Now the RMS rating
has been extended to 4
amps; peak current in-
creased to 75 amps and
surge current to 20 amps
—at no increase in cost!
It takes only 200.A/0.8V
max signal to control 4
amperes or a current
gain of 20,0C0.

Several lead configu-
rations allow mounting
versatility. Voltage rat-
ings are available to
300V . . . scon to 400 V.
Circle Number 236.

Want versatility?
Check these
new snap-acting
limit switches

Small. Durable. Precise.
With  maximum flexi-
bility! These limit
switches are built to a
designer's needs.

The CR.15JA is rated
to 600 volts a-c; 6 am-
peres break. Contacts are

SPDT. Size is only 17
high x %" wide x 134"
long. Terminals are

CR115JA

screw tyose or push on.
A variety of operators is
available.

Applications include
electrical interlocks,
pilot signals, computers,
vending machines, light
material handling sys-
tems and industrial de-
vices.

The CR115JB is GE's
smallest limit switch,
only %" high x %;," wide
x 134" lcng.

It's rated to 600 volts
a-c; 3 amperes break.
Contact form is SPDT.
Terminals are screw or
combination push-on
solder. A variety of oper-
ators is available.

Applications include
electrical circuit inter-
locking, small appli-
ances, business ma-
chines, process and
packaging machinery.
Circle Number 237 for
details.

How about this
for reed switch
contact stability!

il
Vv

w1l o omtmatond’

Excellent contact resist-
ance stability is just one
teature of the new GE
DR138 Form C (single-

pole, double-throw) reed
switch.

Contact rating is 5
watts (50V at 100 mA)
d-c resistive. Expectad
life: 20 million ope-a-
tions (tested at full load,
50 volts d-c, 0.1 amp, 20

opns/sec). Initial con-
tact resistance limit: 100
milliohms.

The new DRI138 reed
switch is suited for reed-
relay and communica-
tion jobs in commerc:al,
industrial, or military
markets. For all the

facts, Circle Numberz38.

New 4-pole
latching model
joins 150-grid
sealed-relay family

Introducing the smallest
4-pole latching relay on
the market: GE's Type
3SBM.

This new sealed relay
is only 0.32" high, 0.31”
wide, ard 061" long.

Don’t let the small-
ness fool you. This re-
ay's big on performance.
Its contact rating is 2

ACTUAL SIZE

amps. And, it meets or
exceeds MIL SPEC en-
vironmental and electri-
cal requirements.

Radiation  hardening
and all-welded construc-
tion enhance reliability
of the Type 3SBM.

Like other GE 150-grid
relays, the 4-pole latch-
ing form may be selected
with a variety of options.
You have a choice of
coil ratings for a wide
range of system voitages,
plus popular mounting
forms and header types.

For the full story,
Circle Number 239.

New data modems
let you meet

almost ary digital
communications need

General Electric offers a
complete linz2 of digital
data modems.

It's the new DigiNet
Series, capadle of han-
dling you- digital data
requirements at speeds
from 60 bits to 250,000
bits per second.

Twenty-two  separate
models are available.

Desk-top Cabinet

You can spacify them in
EIA stardard rack
mounts, stylish desk-top
cabinets or even CCITT
Standard “shallow-
depth” racxs.

DigiNet units feature
high MTBF and excep-
tionally wide environ-
mental <pecifications.

GE DigiNet modems
and standard plug-in
modules can be easily
integrazed into  your
equipment and systems.
Find out how. Circle
Number 240.

FOR THE NEW IDEAS IN ELECTRONICS, look to General Electric
—your best single source for electronic components.

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL ELECTRIC

285-40
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5things you should

3. Applications:

Fairchild MOS FETs are excellent amplifiers.
They're also the closest thing to an ideal switch.
They’ve got high input impedance, zero offset volt-
age, wide dynamic range, low cross modulation, and
good noise figure. They're perfect for analog amd
digital switches, high speed solid-state choppers and
amplifiers from DC through UHF frequencies.

Electronics | July 8, 1968



1.Gate protection:

MOS FETs used to be so sensitive, they'd burn
out in your hand. Fairchild has solved the problem
with Gate Protection. It's provided by our unigue
integrated diffused resistor Zener diode. The resistor,
in series with the gate capacitance, provides an RC
time constant. Any transient static charge appliec to
the gate is delayed until Zener breakdown. The
charge is then shunted through the Zener to ground.

2. Stability:

Some MOS devices have unstable thresholds. That
usually means there are many free positive ions in
the oxide. Fairchild’'s patented Planar II* process
reduces the number of ions and keeps them under
control. Under worst case bias conditions, the aver-
age Fairchild MOS FET will experience less than a
six percent threshold change over 1000 hours of
operation. That's better stability than any bipolar
device made. Even ours.

NN

*Planar is a patented Fairchild process.|

know about mos fets:

A.The price:

When MOS FETs first came out, they cost about
five times as much as bipolars. Now, they dor't. In
fact, you can't afford not to use them.

¥
\ g
il i e bdic s I R P .
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5.The kit:

To prove our specs are in the right place, we've
prepared a sample kit to help you get involved with
MOS FETs. It's worth $160.10. You can tuy it from
any Fairchild distributor for $39.95. You can also get
a bundle of applications information. Free. Just circle
the Reader Service Number below.

Fairchild Semiconductor A Division of Fairchild Camera and
Instrument Corporation, 313 Fairchild mE ————
Drive, Mountain View, California 94040 FAIRCHIL D
(415) 962-5011 TWX: 910-379-6435 Hnuneusumenst

DOLLAR

QUANTITY DEVICE AFPLICATION VALUE
2 FT701 Dual Differential Amptifier $ 20.00
2 aNt147 Series/Shunt Chopper 18.00
2 3N148 Dual Analog Switch 30.00
2 FT703 High Gain Amplifier 18.00
2 3N149 L.ow On-Impedance Switct 12.00
2 3N150 Large Signal Switch 24.00
4 FT704 Small Signa! Amplifier 18.00
2 3N145 Low Capacity Switch 810
2 3N146 Small S gnal Switch 12.00
$160.10

Circle 71 on reader service card 71
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8" diameter flexible HELIAX® coaxial cable

lower
attenuation...

8" Air dielectric HELIAX coax extends the advantages of

flexible cable to very low attenuation or very high power
applications that formerly required rigid transmission line.

Corrugated inner and outer copper conductors accommodate

thermal expansion without the need for sliding contacts. End
connectors mate with 6%"” EIA flanges and lock inner and outer
conductors together to eliminate differential expansion.

The continuous, connector free cable assures freedom from
the VSWR “'spikes’’ associated with the periodic innerconnectors
of rigid line in a long feeder. Cable assemblies can easily be elec-
trically tested on the reel to assureyour exact system performance.
For complete details write Andrew Corporation, 10500 West 153rd
Street, Orland Park, illinois 60462.

HJ 10-50 HELIAX COAXIAL CABLE

higher
power

At 30 MHz At 600 MHz
Attenuation .027 dB/100 ft .15 dB/100 ft
Average Power 300 kW 58 kW
Other Power For SSB, 200 kW PEP with TV transmitter power ratings,
Ratings antenna VSWR of 3:1 223 kW at Channel 4 and 70 kW
2 Megawatts Peak at Channel 35
- ——— — |
4 -7 .
e .
1 - ' ‘ -,
1 \’ \,
b
?‘l
» 1
et e
| HELIAX | o ‘
FLEXIBLE t

} AR QIELECTRIC CABLE

o s 7
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Some at NASA rap
apathetic attitude
to parts failure. ..

.. . but the agency
sets crash program
to improve bearings

New law bugs firms
making snoop gear

Phone firms to stall
foreign attachments
despite FCC ruling

Electronics | July 8, 1968

Washington Newsletter

July 8, 1968

Some NASA officials are openly critical of both industry and the agency
itself for not moving to solve the many parts reliability problems that
have been plaguing the space program. What’s bothering them are such
things as solders that crack, electrical connectors that don’t connect, and
tape recorders that conk out.

A number of concerned officials are calling for immediate action. But
one experienced NASA manager says “it’s pretty obvious that the agency’s
Office of Advanced Research and Technology is the one that should be
carrying the ball.”” This official cites the apathy with which connector
problems are met. ‘We've been struggling with faulty and unreliable
connectors for years. NASA knows it and the manufacturers know it, but
neither will do a damn thing to correct the problem.”

One example of the present attitude: a memo out of NASA head-
quarters in March stated that a meeting with industry on parts reliability
was to be held as soon as possible [Electronics, April 1, p. 45]. The meet-
ing has yet to take place.

There is one parts reliability problem, though, that will get some atten-
tion at NASA. A crash program to improve bearings will be conducted
by Marshall Space Flight Center.

Problems with ball bearings have become increasingly severe in the
Apollo program’s gyros and accelerometers. Unless something is done,
the guidance and control system may present a hazard in future manned
space flights. “I hate to admit it,” says one official involved in testing the
gear, “but the performance of some instruments has been downright
lousy and all because of ball bearings.”

The Justice Department is getting worried inquiries from manufacturers
of “bugging” equipment concerning the section of the recently enacted
“safe streets” bill that forbids the sale of eavesdropping devices to any
but government agencies. Businessmen are wondering, among other
things, how they can sell or advertise such devices, and whether the
rule applies to transactions already in progress when the law was signed
June 19. These questions will probably have to be settled in court—or
by an amendment—since the law provided for no grace period.

All Justice Department spokesmen will say is that this section of the
law is “open to interpretation.” They advise inquiring businessmen to
find a good lawyer.

The law may eventually benefit the manufacturers. It’s sure to open
a larger “official” market since local law-enforcement agencies are being
given broader eavesdropping rights than they had before.

Although the FCC has ruled that “foreign attachments” can be tied
directly into telephone-company equipment, there remains the question
of when the first such tie-ins will be made. The commission’s decision
on an application by the Carter Electronics Corp. of Dallas on behalf
of its Carterphone device was not entirely unexpected [Electronics, June
10, p. 80], though it does overturn the traditional telephone-company
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Lack of funds may
slow Navy missile

North Electric
borrows from past
to win Army award

Addenda

74
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Washington Newsletter'

ban on such attachments.

Since the FCC did not establish any performance standards to insure
that the attachments won’t degrade phone systems’ technical quality—
leaving this to the phone companies themselves—there is no telling when
the attachments will make their bow. The phone companies are expected
to seek court injunctions against the attachments until standards are
established, or to appeal the FCC ruling itself. Either move will delay
any implementing of the decision.

The advanced surface missile system (ASMS) that’s slated to replace
the Talos and Standard missiles aboard 100 Navy ships during the 1970’s
is still proceeding on schedule. It made it through the Senate and is now
awaiting House approval. But there’s a good chance that the Pentagon’s
financial problems will force a stretchout of the program. “Right now,
no one can say what will happen to the program,” says one Defense
official. “It’s too early in the fiscal ballgame.”

The multipurpose phased-array radar system has been modified some-
what to take advantage of technology developed for the Army’s Sam-D,
which is also facing a stretchout. The Navy expects to receive contract
definition proposals in August from North American Rockwell, RCA,
General Dynamics, Westinghouse, Boeing, and Sperry Rand. It wants
to award definition-phase contracts by October and hopes to begin
development early next year.

The North Electric Co. of Galion, Ohio, has gained a preeminent posi-
tion in the electronic-switching portion of the military communications
market by winning a contract for the Army’s tactical automatic switching
system. Chosen for the first operational test of the system is the Seventh
Army in West Germany. North won with a bid of $4,115,000.

The Army’s new equipment will be similar to the Air Force’s 407L tacti-
cal air control system, which uses electronic switching centers made
by North [Electronics, May 27, p. 74]. The company was, until two years
ago, a subsidiary of the Swedish telecommunications firm, LM Ericsson;
its system is based on early Swedish developments in the field.

Rumors are flying around Washington as the August deadline approaches
for the report of the President’s task force on telecommunications. One
rumor making the rounds has the task force urging that all ultrahigh-
frequency television stations be taken off the air and put on cable. This
action would clear the valuable 470-to-890-megahertz band, which could
then be used, so the story goes, primarily for land mobile radio. But
even if such a change was urged, insiders say it's unlikely it would be
accepted . . . If cutbacks in nonessential military spending postpone
follow-on orders for the Combat Service Support System (CS3) that IBM
is building for the Army [Electronics, June 24, p. 145], the company
could lose as much as $100 million worth of business. This summer, IBM
will deliver the last of the five CS3’s specified in the initial order. Each
$2 million system with its 360/40 computer enables field commanders
to keep tabs on troops, equipment, and spare parts. The Army holds
options on 44 additional systems. After indications that the Defense De-
partment wouldn’t permit the service to exercise them, the Army rounded
up top officials last month for a demonstration of the CS3.
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REGULATION

The QRC solves the
size / power ! regula-
tion problem by combin-
ing all silicon, low-voltage
series regulator circuitry with
high-speed transistor switching
techniques.

Sorensen High Performance QRC Series:

The QRC Series covers a wide target area without performaice
trade offs. Standard features include excellent regulation for
voltage and current, fast response time {=<25usec.), and sur-
prisingly small size for power outputs to 1200 watts at amb ent
temperatures to 71 °C.

Some laboratory power sources offer high power levels, but
are bulky and, by today’'s standards, are unregulated. Others
offer excellent regulation specifications, but are inefficient and,
if high-power levels are desired, become large heat sirks.
Sorensen QRC's are high efficiency, compact power sources
which have excellent performance characteristics with prices

starting at $325. Seven models are available from stock, cover-
ing the range of 0-40Vdc at currents to 30 amperes.

Additional features resulting from the utilization of sophisti-
cated reguiation techniques include low ripple (=1mV r.m.s.);
output voltage ard current resolutions of 0.01% and 0.05%,
respectively; ramote programming in bcth the voltage and cur-
rent modes; remote-sensing and a sclid state automatic-

crossover indicator.

Contact your local Sorensen representa-
tive or: Raytheon Company, Sorensen
Operation, Richards Avenue, Norwalk,
Connecticu: 08855, TWX 710-468-294C.

for mcre data on this versatile instrument . . . C(l“ Sorensen: 203-838-6571

Circle 75 on reader service card 75



Today
one company is being
called the
“production house
of the industry”
by
engineers who specify
integrated circuits.
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The name
is getting around.

MOTOROLA SEMICONDUCTOR PRODUCTS INC.
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New complementary
negative output series lets
Helipot fill all your dc voltage
regulator requirements —
positive and negative.

12 Outstanding features on the negative:

C psi l

=+:0,05% regulation - :
short circuit proof models - _05‘ ive i Negative

. . Voltage §
el SIFe—O.S sq',,m' Range Fixed Adjustable Fixed Adjustable
low profile—-0.170 Qutput Output Qutput Output
= upto 5 amps load current - S

fully sealed ‘
3to 9volts Series 805 Model 806 Series 855 Model 856

-3 1021 volts output range { |

fixed and adjustable 9to 21 volts Series 801 Model 802 Series 851 Model 852

hybrid cermet construction .

_55°C to +125°C 21 to 32 volts Series 803 Mode! 804

up to 60 db ripple attenuation - _I

mil spec tested . .

self-contained models, require Reader Service No. 505 Reader Service No. 506

no external components _ ]
The price (1 to 9 quantity): Positive or negative, Helipot
= $30.00-fixed output models fills your complete voltage

$35.00 —adjustable output models regulator requirements.

(delivery frora fzctory stock)

Shown here is Model 851 Negative out-
put DC Voltage Regulator —one of
Helipot's four negative, hybrid cermet
thick film units with outputs from -3
to —21 volts. Also available are 6 posi-
tive models with outputs from +3 to
+ 32 volts.

For complete information on our
unique Negative and Positive regu-
lators, simply circle the appro-
priate number on the reader
service card—or contact
your local Helipot Sales
Representative.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA « 92634

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES,
SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY
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July 8, 1968 | Highlights of this issue

Technical Articles

Lock-in voltmeters
remove noise
page 80

Avalanche-diode
outputs go up
page 96

Crystals store
light and current
page 104

A synchronous technique using a lock-in voltmeter removes
noisc from a low-level signal. The voltmeter locks on to a
synchronous signal and rejects the noise, which is nonsyn-
chronous. This method is free from the zero-drift and zero-
crror problems that plague a-c and d-c techniques.

Techniques for improving heat dissipation and fabricating
abrupt junctions have made avalanche diodes strong con-
tenders for a place as microwave power sources. One recent
development is an ultrasonic scrubbing method that makes
it easier to flip-chip the diode. Another is a method of grow-
ing double cpitaxial layers on a substrate to sharpen the
demarcation at the junction and thus increase efficiency
at low currents,

Electronics Though a way of exciting luminescence in
e : certain crystals by mechanical tapping was
discovered back in 1960, the causes and
physical models have been explained only
recently, It’s now been shown that when
class II-VI compound semiconductors are
doped with sodium and stimulated opti-
cally, their conductivity rises sharply and
remains high. If theyre then tapped, they
give off light. Doped with lithium and stimulated thermally,
the crystals also emit light when tapped. Applications for the
large single crystals now being built include use as infrared
detectors, image intensifiers, computer memories, and diode
lasers.

Coming

Electronics | July 8, 1968

Micro-Minac

A navigational computer that uses digital techniques to take
over analog functions is an cxact size, pin-for-pin replacement

for analog units.
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Design theory

Taking noise out of weak signals

The synchronous method of cleaning up microvolt or nanovolt transmissions
with a lock-in voltmeter is free of zero-drift and zero-error problems

By Richard Brower

Brower Laboratories Inc., Westboro, Mass.

Noise voltages are present in all kinds of electronics
systems and since they are in millivolts, they over-
power weak microvolt or nanovolt signals. That
means the engineer trying to pick a low signal out
of the noise runs into trouble.

For example, the designer of a microwave an-
tenna may measure false loads produced by inter-
fering signals. The biomedic may miss the faint
wiggle of an electrocardiogram and misinterpret a
heart condition, and a photo-optic engineer might
see light when he shouldn’t.

A technique, still too new to be widely used, com-
bined with a lock-in voltmeter that is itself only a
year old, eliminates the problem. Unwanted noise
is rejected and only the weak signal remains.

Such a synchronous system locks in on the repe-
titive signal, rejecting noise and interfering fre-
quencies. The lock-in voltmeter is equivalent to a
narrowband tuned a-c voltmeter, but it has a very
high Q that conventional tuning methods can’t get.
Moreover, tuning and frequency-instability prob-
lems that plague conventional high-Q tuned circuits
cease to exist. The sync method is also free from
problems of zero drift and zero error, which are
among the major drawbacks of a-¢ and d-c methods
[see “Comparing previous methods,” p. 82].

Outlining the problem

In any application, one type of noisc usually dom-
inates the others. This primary source of noise may
be any one of the following: random fluctuations of
energy in the true signal; the signal detector; faulty
connections (particularly the leads from detector to
amplifier) or ground loops; the amplifier; mechani-
cal vibration; magnetic or electrostatic pickup from
the power line, nearby radio transmitters or oscilla-
tors; or switching transients from relays, motors,
and other components in the system.

Before an engineer can understand how a lock-in
voltmeter is able to extract a low-level signal from

such noise voltages, it is helpful for him to under-
stand how noise is produced and what its cffects
are on an clectrical system. As an example, consider
a photometric system—comprising a source, detec-
tor, amplifier and recorder—used to measure a spec-
trum produced by the radiation source. To obtain
the maximum resolving power of the system, the
optical spectroscopist would often like to narrow
his slits, but narrower slits mean fewer photons and
less signal. Reduction of noise levels in this case
may give an improvement in the quality of spectro-
scopic data.

Thus, aside from the optical and physical prob-
lems, the experimenter must also be able to solve
difficult clectrical problems if his measurements are
to be meaningful. Each type of radiation detector
will have a different impedance, intrinsic noise, and
operating environment, and for optimum results
cach detector requires matched-impedance input
circuitry. Also, the electrical signal is so weak that
great care must be taken in designing the link be-
tween detector and amplifier.

The basic requirements for accurate measure-
ments can be summarized as:

» Reduce zero drift and gain errors to a negligible
point.

» Minimize system noise to that of the detector
and the source.

= Check the performance of the whole system
frequently.

The basic approach

In a synchronous system, a lock-in voltmeter is
substituted for the amplifier and a chopper blade is
inserted between the source and thermocouple de-
tector.

When the chopper blade is rotated at a constant
speed, the thermocouple detector produces a fluctu-
ating voltage at the signal input. This is because
light gets through the chopper blade only during

Electronics | July 8, 1968



LOCK-IN VOLTMETER (SIMPLIFIED DIAGRAM)

c CHART
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Synchronous system. Lock-in voltmeter, in coior, replaces amplifier in basic sync system; chopper blade is
rotated at a constant speed between the source and detector. At input A, detector produces a square-wave voltage,
with amplitiude proportional to radiant energy, superimposed on d-c and noise voltages.

cvery half-rotation; the system is automatically re-
zeroed once per cycle. The signal consists of a
squarc wave—whose amplitude is proportional to
the radiant energy—superimposed on a continuous
background of d-c and noise.

In the lock-in voltmeter, the d-c part of the signal
is rejected, while the noise and square-wave com-
ponent are amplified and fed into a transformer
that supplies push-pull signals to the relay contacts.
The breaker points and cam are adjusted to syn-
chronize the relay drive voltage with the push-pull
signals from the transformer. The positive half-
cycles of the push-pull signals are mixed by the re-
lay to produce a full-wave rectified output, with the
noise superimposed on it. Random noise fluctua-
tions, however, average out over successive half-
cycles of the relay and thus don’t produce a d-c out-
put. To get rid of any remaining noise, the d-c
signal is filtered by an RC network before being ap-
plied to the output terminals of the voltmeter.

Thus, when the synchronous system is used to
make the output measurement the results are sig-
nificantly better. For example, in an ideal case, there
is complete freedom from zero error and greatly
improved measurement accuracy. This is because
the system measures only the instantaneous differ-
ence in the signal level between the light and dark
cycles of the chopper blade. Thus, the system is
automatically rezeroed once per cycle.

Designing the system

One of the main considerations in building the
system is designing the voltmeter so it doesn’t gen-
crate its own noise. This requires designing the de-
tector in such a way that its characteristics will
match those of the voltmeter.

Any detector may be represented by a signal
generator with an internal series resistance, R. In a
thermocouple, R may be as low as 2 ohms or as high
as 1,000 ohms. In a photomultiplier tube, the series
resistance R is theoretically infinite, because the
photomultiplier is a constant-current device, and a
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Photometric system. Four basic components
in any photometric system are a source,
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signal level at its input is much smaller than
the noise voltage.
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Comparing previous methods

Before the advent of synchronous technique, an
engineer faced with the task of removing a low-level
signal from one mixed with noise had only a d-c
or a-c system to choose from—both have limitations.
The d-c system has zero error and zero drift; the
a-c system cannot be built with high Q’s, and even
if it could, would not be frequency-stable.

In a straight d-c measurement of the energy radi-
ated by a source, an engineer might use a ther-
mocouple or thermopile as a detector, because these
exhibit a constant sensitivity regardless of wave-
length. The thermocouple is connected to a high
quality d-c microvoltmeter, and all necessary pre-
cautions are taken to prevent zero drift and errors
due to contact potentials. An output-chart recording
for such a system would indicate the thermocouple
voltage when the source is switched on and off.

Even with the source off, a varying d-c error is
produced due to the ambient temperature of the
thermocouple junction. The true signal measure-
ment is the difference between the ambient signal
level and the total signal, and thus a d-c offset
voltage must be subtracted from the signal voltage
to correct for the zero error. As the engineer at-
tempts to measure weaker signals, he finds that
they are eventually lost in the fluctuating d-c zero
level. The same conditions exist for photomultiplier
tubes that produce an output current under dark
conditions.

Since there is no correlation between the ambient
temperature and the zero offset voltage used to buck
out the error, most measurements with d-c systems
are plagued with zero drift problems.

A-c system. If a conventional a-c voltmeter is
used in place of the d-¢c voltmeter to detect the
chopped detector signal, it will also reject the d-c
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D-c output. Even though the source is off, plot of the
d-c output indicates an error voltage due to the
ambient temperature of the thermocouple junction.

background signal. However, it will not give similar
rejection of fluctuating noise components even if it
is tuned to the chopper frequency with the same
equivalent bandwidth as the lock-in voltmeter. This
is because the a-c voltmeter produces a d-c output
as the input noise level is increased, whereas the
lock-in voltmeter does not produce a d-c output as
the result of noise. It produces increased noise on
the output; the average level remains the same.
The tuned a-c voltmeter, however, will rectify
a portion of the noise to cause a shift of its output
d-c level. This results in a serious measurement error.

NO NOISE NOISY INPUT

|

v
OUTPUT ERROR
ZERO
LEVEL i

A-C VOLTMETER

EFFECT OF NOISE

Shiftless. With the lock-in voltmeter in the system, no shift in output d-c level occurs.
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shunt load resistor then establishes the source im-
pedance. To determine the amplifier requirements
for these radically different devices, it is helpful to
cxamine the characteristics of a typical amplifier—a
vacuum-tube amplifier stage or a field-cffect tran-
sistor with its input shorted to ground.

For this circuit, Eqy fluctuates around an average
zero level. If the noisc voltage E,, is mecasured with
an a-c voltmeter and divided by the gain of the am-
plifier, the equivalent input noise voltage is obtained
under short-circuit conditions.

Because this noise voltage varies as a function
of both frequency and bandwidth, it’s customary to
tune the a-c voltmeter to a l-hertz bandwidth and

plot the amplifier noise as a function of frequency.
The noise amplitude increases at low frequencies
because of flicker noise; such increases are charac-
teristic of virtually all amplifier stages.

A pure resistance produces a Johnson noise volt-
age that can be calculated from the relationship:

Noise voltage =

VK X temperature X bandwidth X resistance
where K is related to the Boltzmann constant.
Because both temperature and bandwidth are usu-
ally constant, the noisc voltage can be converted
into equivalent noise resistance. This resistance,
Ry, is plotted at the bottom of page 83.
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This value of Ry appears as a resistor in series
with the amplifier input, and should be as low as
possible to hold down noise.

The matching formula

The big advantage in expressing an amplifier’s
performance in terms of its equivalent noise re-
sistance is that this allows rapid evaluation of the
system’s performance. Mating the equivalent dia-
grams of the detector and the amplifier shows that
if Ry equals the detector impedance, Rg, half the
noise is due to the amplifier and half to the detector.
The noise is defined as the square root of the sum
of the squares. In this case, the noise is 1.4 times
worse than that obtained with the best amplifier. If
Ry is a third of the source resistance, the total noise
produced by the amplifier is only 1/9 that of the
detector.

In any application, therefore, the proper matching
conditions can be quickly determined by simply
comparing the detector resistance with Ry. For best
results, the detector should have at least three times
the noise resistance of the amplifier.

Many detectors, including thermocouples, pro-
duce only Johnson noise, and the amplitude of the
noise is proportional to the resistance of the de-
tector. Lead sulphide cells and most other semi-
conductors generate additional noise because of the
bias current that passes through them. Photomulti-
plier tubes are usually operated with enough anode
voltage to produce a high current gain in the tube.
Thus, the output shot noise of the photomultiplier
is much larger than the Johnson noisc of the load
resistor.

Nevertheless, the most dependable and easily
checked matching condition is achieved when the
input amplifier design is limited only by the Johnson
noise of the detector.

For every application, a chart showing cquivalent
noise resistance versus frequency should be ob-
tained for the input amplifier. If this isn’t available,
the equivalent noise resistance should be measured.

If the detector impedance is in the megohm range,
however, another problem arises. Many amplifiers
produce a minute leakage current in the detector’s
resistance. YWhen this resistance is made very large,
the current can produce a noise voltage across the
input that exceeds the Johnson noise—and the sys-
tem then isn’t detector-noise-limited as it should be.
The only remedy is to substitute an input amplifier
that has exceptionally low leakage current. When
an amplifier with both low voltage noise and low
current noise is used, minimum noisec is obtained
with the greatest range of detector impedances.

Transforming the situation

When the detector impedance is lower than Ry,
an input impedancce transformer is required. If this
transformer is properly selected, it can result in a
system that is detector-noise-limited even with im-
pedances as low as 1 ohm.

The following are important points:

= Step-up turns ratio of the transformer should be
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Mating circuits. If Rx and Rs are equal, half the noise
will be due to the detector and half to the amplifier.
However, the detector resistance should be three times
the value of Ry to make the detector noise-limited.

‘Equivalent noise R
Detector Z

= Primary input impedance must be large enough
to prevent loading of the detector at the lowest op-
erating frequency. Because this input impedance is
determined by the inductive reactance rather than
the d-c resistance, the following rule applies:

8EC _ 9

Primary inductance (henrys) =
Detector impedance (ohms)

Frequency (hz)

= D-c resistance of the windings should be kept
as low as possible, because it appears as a resist-
ance in series with the amplifier or detector. This
will cause increased Johnson noise and must be
minimized by choice of the proper transformer. In
any case, the resistance of the transformer primary
winding should be less than a third of the detector
Z. The secondary resistance should be less than a
third of Ry.

= Secondary stray capacitance must be low
enough to prevent loading of the detector at the
highest operating frequency. This usually isn’t spec-
ified, and it’s hard to measure. This loading condi-
tion can be avoided by operating the transformer
only up to its self-resonant frequency.

= Multiple magnetic-alloy shielding on the trans-
former should be used to prevent power-line hum
pickup. If possible, the transformer should also have
hum-bucking construction.

= Core material and size must be chosen to pre-
vent saturation and nonlinearity on the largest sig-
nal level expected.

» The entire transformer should be vacuum-im-
pregnated with epoxy and potted to prevent micro-
phonics.

EQUIVALENT
NOISE R
DETECTOR Z

¥

Neri Nsec

1

Impedance matching. If the detector impedance is lower
than the amplifier noise resistance, a transformer is
required to increase the detector impedance.

The transformer should be tuned to the fre-
quency of operation. This is done by connecting an
audio oscillator to the primary through a series
resistance 50 times larger than the detector im-
pedance. Then tune for peak amplitude while mon-
itoring the secondary with a scope.

Semiconductors limit noise

Lead sulphide cells and many of the other semi-
conductor devices used in the system operate by
varying their resistance in proportion to the level
of incident radiant energy. Therefore, they are bi-
ased with a d-c current so an a-c signal voltage is
produced when the radiant energy is chopped. Be-
cause the d-¢ voltage is connected through a resis-
tor and capacitor directly to the high-gain amplifier
input, an extremely quiet power supply must be
used. Because noise levels as low as 1 pv to 10 pv
can’t be achieved with conventional solid state sup-

SWITCH
R oj_—'sms
LOAD - BATTERY
|
—fF
COUPLING AMPLIFIER
CAPACITOR INPUT
DETECTOR o
i

Semiconductor bias. Battery enables an engineer to
vary the resistance of a semiconductor in proportion
to the level of incident radiant energy. The battery
also makes it possible to produce an a-c signal voltage
when the radiant energy is chopped.

plies and because little current is required, batteries
are preferred. They should be relatively new to
guarantee a low noise level.

To help prevent stray noise pickup and ground-
loop errors, the leads must be kept short, and the
battery must be grounded to the same point as the
detector and amplifier. The load resistor should be
a high-quality metal-film type for low noise, and
the coupling capacitor should be a low-leakage
type, hermetically sealed in a metal can for low
microphonics.

Photomultiplier precautions

Photomultiplier detectors are current amplifiers
whose gain is controlled by the high voltage across
the dynode network. (A dynode is an electrode
whose function is secondary emission of electrons.)
Because the photomultiplier’s output current re-
mains constant regardless of the load resistor used,
the signal voltage increases in direct proportion to
the load resistance.

However, the Johnson noise voltage of the load
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resistor increases only in proportion to the square
root of the load resistance. Therefore, for a small
signal current, the signal-to-noise ratio will be im-
proved 10 times if the load resistance is increased
100 times.

The expensive 10- to 15-dynode tubes, however,
have very high current gain, and amplify their
cathode shot noise to the point where it’s much
larger than the Johnson noise of the load resistor.
With these tubes, any value of load resistance 10
times larger than Ry will result in a system that is
ideal—or limited by photomultiplier shot noise.

In the more inexpensive photomultiplier tubes, or
in tubes with certain cathode surfaces, the high
voltages on the dynode network must be kept rela-
tively low to prevent additional noise due to ion
bombardment of the structure. This limits the cur-

rent gain ahead of the load resistor. The largest
possible load resistance—10 to 100 megohms—must
be used with these tubes.

With very large load resistors, the input amplifier
must have extremely low current noise. It must also
have very low input capacity to prevent shunting of
the load resistor at higher frequencies. Usually, a
cable with a driven shield or a buffer amplifier must
be used so the system’s gain will be determined by
the precision load resistor rather than stray input
capacity. For example, at a chopping frequency
of 30 hz with a 50-megohm load resistor, only 10-
picofarad shunt capacity is permissible for a 10%
loss of gain.

Eliminating ground-ioop errors

In almost any low-level detection system, exces-
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Isolation. By grounding and shielding all the inputs and isolating the main chassis output circuit, ground-loop

currents are prevented.
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Waveform comparison. Fundamental sine-wave component of a square wave is larger than the square wave.

sive noise and errors are most likely to be intro-
duced at the detector or preamplifier. Differential
input amplifiers have been used extensively in an
effort to eliminate these problems, but they are only
partially successful.

In one scheme, a 1-uv signal source is grounded
and connected to the differential input amplifier
by means of a shielded pair cable. The chassis of
the amplifier is also grounded, and any potential
difference between the two grounds causes a cur-
rent flow in the shielded cable between detector and
preamplifier. This produces an error voltage, which
is usually in the millivolt range.

If only 1 mv is assumed for the error voltage, the
amplifier must have at least 1000:1 common-mode
rejection to give less than full-scale error on the
1-pv range. It must have 100,000:1 or 100-db rejec-
tion to guarantee 1% measurement accuracy. This
is virtually impossible to maintain with a differen-
tial balance control. Furthermore, the system now
has the noise level increased because two identical
input amplifiers are required instead of one.

Stray capacity problems

If the signal source is disconnected from ground
to eliminate these ground-loop problems, stray ca-
pacities result that introduce unbalanced error volt-

__OPTICAL BEAM
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SIGNAL OUTPUT

____CHOPPER

BLADE
Signal changer. Inserting a thermocouple in a system
whose optical beam is larger than the chopper aperture
results in a trapezoidal signal.

fe—— ONE CYCLE ——»

NG

Charging signal. Shunting a high-resistance signal by
stray capacitance produces an exponential waveform.

ages into the two amplifier inputs. Therefore, the
common-mode rejection is a function of frequency,
and only very low-frequency error voltages can be
minimized with this technique.

If the circulating ground loop is broken by dis-
connecting the amplifier from ground, the results
are even less successful, since the main power trans-
former has a large interwiring capacity to the power
line—and the power line is always grounded. Fur-
thermore, connection of an external data recorder,
oscilloscope, or trigger in-out cables again causes
ground-loop currents to flow.

Common-mode problems can be circumvented by
grounding and isolating the main chassis output
circuits. Differential input amplifiers can’t maintain
adequate common-mode rejection with nanovolt
signals. In addition, a high-gain single-ended input
amplifier is necded at the signal source to amplify
the weak signal.

The circulating ground currents in this type of
scheme flow through a separate ground bus rather
than the signal-ground wires. This arrangement
gives three main advantages:

= The differential preamplifier is no longer neces-
sary, enabling a reduction of the input noise level.

= Common-mode error signals in the ground bus
can be rejected by a factor of more than 1,000,000
times—without requiring a balance adjustment.

= All Jeads of the oscilloscope and data recorder
are referred to the system ground rather than the
output ground of the lock-in voltmeter. Thus, any
connection can be made without affecting measure-
ment of the signal.

Calibrating the system

When making measurements of low microvolt or
nanovolt signals with a lock-in voltmeter, many
sources of error are possible, such as an adjacent
synchronous magnetic field, improper grounding
techniques, and strong r-f interference. Unfortu-
nately, these errors are often difficult to detect, since
the signal levels are well below the range of most
laboratory oscilloscopes or other test equipment.

The best method of evaluating system perform-
ance and accuracy is to substitute a known signal
at the input terminals for the true signal. Because
errors become increasingly pronounced in the more
sensitive ranges, the calibration signal must be
applied on all ranges of the instrument.

If the calibration square-wave source is grounded
to the main chassis of the instrument, the calibra-
tion procedure isn’t likely to be reliable at very low
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signal levels. This is because the synchronous volt-
age difference between the signal input and main
chassis grounds is an appreciable part of the cali-
brator voltage. For example, it is easily possible to
obtain an crror of 10 v or more across the face of
an instrument from one connector to another.

The error can’t be detected by connecting the
preamplifier input to the calibrator output and then
switching the calibrator off, because the calibrator
may produce the ground-error current. This shows
up as a percentage error, not a zero drift. If an in-
strument must be calibrated under these conditions,
the preamplifier should be disconnected from the
signal source and all grounds, then connected
through a short cable to the calibration source.

If a remote preamplifier is used, the problem is
even more severe. In such a case one must use a
separate calibration source that isn’t grounded any-
where except at the preamplifier input terminals.

e - I B

HIGH FREQUENCY CYCLE

| S—
|

~LOW FREQUENCY CYCLE -

Recovery. A lock-in voltmeter can recover either a
high or low frequency, but indicates only half of the
true energy.

This arrangement avoids errors by preventing the
calibration ground currents from flowing in the sig-
nal ground leads.

The synchronous rectifier-output filter combina-
tion of the lock-in voltmeter recovers only the fun-
damental component of the signal and, to a lesser
extent, the odd harmonics. This is truc regardless of
the signal waveform, especially because a tuned
signal amplifier is usually put in the instrument to
help reduce the system bandwidth.

The energy of the fundamental component isn’t
the same for different waveforms even if they have
the same peak-to-peak amplitude. Therefore, it is
necessary to take this factor into consideration in
calibrating a system’s sensitivity, The least error is
obtained when the calibration and signal wave-
forms are similar.

Choosing a waveform

Signal waveforms from photodetectors are fre-
quently square or trapezoidal waves, because it’s
easier to turn the radiant energy source completely
off and on than to provide linear modulation. To
calibrate a photometric instrument, therefore, a
peak-to-peak square wave is much better than an
rms sine wave.
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Averaging. The instrument averages the energy
of the signal regardless of its shape.

Because the fundamental sine-wave component
of a square wave is larger than the square wave it-
self, the signal waveform is very important in cases
of absolute energy measurement with a calibrated
thermocouple. The thermocouple is illuminated with
radiant energy that’s cut off and turned on sharply,
und its output is calibrated against an accurate
square-wave voltage. If the thermocouple is used
in a system whose optical beam is bigger than the
chopper aperture, a trapezoidal signal waveform re-
sults. It has a different fundamental component than
a square wave with the same peak-to-peak ampli-
tude, and this difference causes a serious measure-
ment error, on the low side.

When a signal detector is used to recover a fre-
quency higher than its response time permits, or
when a high resistance signal source is shunted by
stray or cable capacity, the signal waveform at the
bottom of page 86 results. A loss of energy again
occurs, and the detector sensitivity has been
changed. Thus, it must be calibrated under these
conditions if it’s to be used to measure radiant
energy in absolute units.

The on-off duty cycle of the signal also deter-
mines its cnergy content at the fundamental fre-
quency to which the instrument is tuned. A square
wave provides maximum signal strength for a given
amplitude, but the instrument averages the energy
in any repetitive signal.

As the squarc-wave duty cycle to the area be-
comes unsymmetrical, the signal energy declines in
direct proportion. It’s important, therefore, to pro-
vide a stable duty cycle in the generator that pro-
duces the signal waveform, or otherwise the jitter in
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Noise threshold. Typical value of Johnson noise is
plotted for a given detector as a function of detector
impedance. The choice of operating frequency is arbi-
trary, as long as the system has a 1-hertz bandwidth.
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Calculating the effects of random noise

The following four-step procedure
can be used to analyze the effects
of random noise on a synchronous
system:

Step 1. Connect a square-wave
oscillator with exactly 1-volt peak-
to-peak amplitude to both the sig-
nal and sync inputs of a lock-in volt-
meter. The controls for frequency,
phase, and gain must be adjusted
on the lock-in voltmeter so the
center-zero meter deflects full-scale
in the positive direction—with the
meter calibrated to indicate 1 volt.
Examination of the Fourier series
for the 1-volt peak-to-peak square-
wave input shows that the funda-
mental sine-wave component is
1.27 volts peak-to-peak. Therefore:
1.27-volt peak-to-peak sine-wave
input —1-volt output.

Step 2. Disconnect the sync in-
put and switch the lock-in volt-
meter reference channel to its own
internal oscillator. The meter now
swings back and forth slowly from
positive to negative full-scale. This
is because of loss of synchroniza-
tion and a resultant beating be-
tween the internal and external os-
cillators. Under this condition, the
internal oscillator of the voltmeter
establishes the signal frequency,
and the external oscillator be-
comes a steady-state noise gener-
ator—since any frequency not syn-
chronous with the signal is
considered to be noise. Therefore:

1.27-volt peak-to-peak steady-
state noise = ==1l-volt or 2-volt
peak-to-peak output. This artificial
steady-state noise doesn’t produce
a steady meter reading on a lock-in
voltmeter.

Step 3. Since true noise has
random variations, it produces ad-
ditional fluctuations of the meter

over a period of time. The ampli-
tude distribution of Gaussian noise
is such that for 99% of the time,
the true rms value is 1/5 of the
maximum  peak-to-peak  value.
Therefore, if the steady-state noise
is replaced by a random-noise gen-
erator, then 1.27v p-p
5
=0.26v rms random noise
=2v maximum p-p output

Step 4. Therefore, for a system
calibrated in terms of a square
wave peak-to-peak, the true rms
input noise is 1/8 of the measured
peak-to-peak output noise level.

If the instrument is calibrated
in rms values instead, an addi-
tional correction factor of 0.45
mms, sine-wave, to l-volt peak-to-
peak square wave, must be ap-
plied. Therefore, for a system cali-
brated in terms of a sine-wave
rms, the true rms input noise is
9/7 of the measured peak-to-peak
output noise level

Bandwidth. With the voltmeter
slowly drifting from full-scale posi-
tive to full-scale negative as in
step 2, the engineer selects a single
section output filter with a 1-
second RC time constant. Chang-
ing the frequency of the external
oscillator very slightly in either
direction causes the meter beating
to become more rapid and the am-
plitude to decline. The effect may
be plotted for a 10-hertz center
frequency as shown on page 89.
The conventional curve of a tuned
amplifier is produced; the system
bandwidth may be measured as
the frequency difference between
70.7% points. In this case, the
difference is =+=0.16 hz or 0.32
total bandwidth.

The half-power bandwidth that

was just derived, however, isn’t
the same as the true noise band-
width, which is represented by the
total area under the curve. This
is, by definition, 1.57 times the
bandwidth of the conventional
curve. A l-second, single-section,
RC time constant produces an
equivalent noise bandwidth of 0.5
hz, so:

S . . 1
Equivalent noise bandwidth =5RC

Risetime. Reconnect the square-
wave oscillator to the sync input
of the voltmeter, and adjust the
controls for full-scale meter de-
flection, as in step 1. Alternately
short-circuit the signal input and
then reconnect it to the oscillator.
The d-c output may now be plot-
ted during the signal off-on con-
ditions, see bottom right-hand
drawing on page 89.

A single l-second RC filter,
curve A, gives a 10% to 90% rise
time of two seconds. Substituting
a double 0.7-second RC filter,
curve B, gives the same 10% to
90% rise time, but has the ad-
vantage of reaching the 99% point
faster than the single filter. A sec-
ond advantage of the double filter
is its improved reduction of high-
frequency noise in the output.

From these values, the follow-
ing approximations may be made:

Single-section filter
10 to 909, rise time =2.2RC
Noise bandwidth ==
Double-section filter
10 to 909, rise time=~3.4RC

- . !
Noise bandwidth Mo

pulse width produces noise and error in the output.
Choosing a preamp

When the background noise becomes 100 times
or more greater than the signal, a preamplifier with
extreme linearity and overload capability must be
used so the highly amplified noise peaks can be
averaged without introducing errors caused by driv-
ing the amplifier into its nonlinear region.

For other applications, the signal may be a milli-
volt or more obscured by noise. Here, the high-gain
preamplifier is advantageous because the tuned
main signal amplifiers can now accept the noisy
signal directly—with the least noise overload.

Usually, the preamplifier has a much wider band-
width than the tuned signal amplifiers in the main
instrument. It is possible, therefore, to overload the
preamplifier on thumps or high-frequency spikes.
This can drive it into a nonlinear region without any
visual indication from the meter, oscilloscope moni-
tor jacks, or overload light of the main instrument,
because these all monitor the signal waveform only
after it has passed through the tuned amplifiers, and
the distortion is no longer obvious. To prevent this
error, the preamplifier bandwidth must be restricted
as much as possible around the signal frequency,
and the preamplifier output level should always be
mionitored on an oscilloscope.
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this case, the measured bandwidth is 0.32 hz, so the
noise is 0.5 hz.

D-C OUTPUT

Rise-time measurement. Rise time of the d-c output
response is the time it takes the curve to go from

10% to 90% of its maximum value, Rise time is the same
for both filters, but the double-filter section reaches

the 999% point faster than the single-filter section.
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OUTPUT NOISE
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(B) DOUBLE 0.7 SECOND FILTER
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Equivalent noise bandwidth gz
1
10 to 909, rise time e
Regardless of the output filter
used,

Tuned amp. The voltmeter usu-
ally has a tuned signal amplifier,
and this provides an additional re-
duction in the bandwidth of the

instrument and increases the rise-
time. Therefore, the measured
values of rise time and bandwidth
won’t agree with the theoretical
values derived from the filter RC
time constants unless the tuned
amplifier has a relatively low Q
or the filter time constant is
longer than the frequency of oper-

ation. For a typical system in
which signal amplifier Q = 15

20
requencey (hz)

Rise timegsee) é]"x

The over-all system bandwidth
can always be determined by
measuring the actual rise time and
applying the rise-time formula.

The dominant noise source can usually be identi-
fied by examining the output of the relatively wide-
band preamplifier on an oscilloscope. To make sure
that the lock-in voltmeter works properly, one
should block the radiation of the detector and check
for an accurate zero level. In particular, the phasing
controls should be rotated to verify that they don’t
affect the output level without an input signal.

The number of on-off signal cycles that may be
averaged over a period of time has a direct effect
on noise reduction. As a result, a compromise must
always be reached between the amount of noise that
can be tolerated and the time available to make the
measurement. For certain applications, a high-speed
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response is the main requirement, and this limita-

tion established the minimum signal-to-noise ratio.
In either case:

K

Output noise = ————

Rise time
Thus, the response time must be increased 100
times to improve the signal-to-noise ratio 10 times.

A quick check

Because the minimum noise level can never be
less than the Johnson noise of the detector, system
performance can be checked quickly by measuring
the actual input noise level and comparing this with
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Example. Designer plots a 3-kilohm noise resistance and
reads the value of noise voltage obtained where this line
intersects 1 hertz. In this example, the value is 60 nano-
volts. Then he checks the peak-to-peak value of the out-
put chart to be sure that the value doesn’t exceed 60
nanovolts.

the theoretical value for the detector Johnson noise.

The plot of Johnson noise, in nanovolts, that may
be expected from a given detector at room tempera-
ture appears at the bottom of page 87. It doesn’t
matter what operating frequency is chosen, pro-
vided that the system always has a 1-hertz band-
width. Thus, a 100-ohm detector, for example, will
give approximately 1.3 nv rms noise in an ideal
system.

However, measurement of the actual system noise
level is more difficult than it appears, because most
instruments aren’t calibrated in noise bandwidth.
This parameter must usually be determined for the
system to be tested, and the input noise will appear
as random fluctuations of the output. These fluctua-
tions can be related to the Johnson-noise plot only if
the correct conversion factor is known.

If the effects of random noise on a lock-in system
are analyzed, however, a simple technique may be
devised for determining both the system bandwidth

and a measurement of the noise level in terms of its
peak-to-peak rather than rms value. This procedure
is described on page 88.

The equivalent noise bandwidth may be meas-
ured in any system regardless of the type of tuned
signal amplifiers or output RC filter used. This is
done by keying a full scale signal on and off to de-
termine the time required for 10% to 90% rise time
to occur.

Determining noise bandwidth

Once a chart is developed for the system band-
width in terms of peak-to-peak values, the following
four-step procedure can be used to determine the
minimum noise voltage:

Step 1. Switch the system gain to low sensitivity
to reduce the noise level. Alternately remove and
reapply a strong signal to measure the over-all sys-
tem 10% to 90% rise time. If possible, select an RC
time constant to give a one-second rise time, since
this results in a one-cycle bandwidth—the standard
specification for most detectors, amplifiers, or com-
ponents.

Step 2. Block the signal to the detector and in-
crease the system gain until the peak-to-peak noise
level can be measured over a period of about one
minute. Use progressively longer measurement
times with rise times of less than a second.

Step 3. Check the system sensitivity to calibrate
the output noise level in terms of noise voltage
(peak-to-peak) at the detector.

Step 4. Plot the insertion of the measured noise
voltage and bandwidth on the appropriate chart to
obtain the value of equivalent noise resistance at
the input for comparison with the actual detector
impedance.

lllustrating the point

The ease of this procedure can be demonstrated
by the following example: the instrument is consid-
ered to be noise-free and the input load is a 3-
kilohm resistor. Using the peak-to-peak voltage
curve, the designer enters the load and reads the
noise voltage where the load line intersects the
1-hz line; in this case, the reading is 60 nanovolts.
Then he checks the output plot to make sure that
the peak-to-peak voltage doesn’t exceed 60 nv.

If the detector is cooler than room temperature,
it will have considerably less Johnson noise for a
given impedance. The correction factor is:

equivalent noise resistance —
detector temperature (°K)

297°K o
Thus, if the detector were 3,000 ohms at a tempera-

ture of 4°K, its equivalent noise resistance would
decline to:

(3,000) =
297°K
The measured noise voltage, therefore, should be
reduced from the original 60 nv to about 8 nv peak-
to-peak.

detector impedance X

— 40 ohms
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Circuit design

Designer’s casebook

Voltage comparator is made
with op amps and logic gates

By Walter Ellermeyer

U.S. Navy Electronics Laboratory, San Diego

A comparator for a voltmeter’s automatic ranging
circuits can be made with readily available logic
circuits and operational amplifiers instead of the
usual transistors and diodes. Using gates and op
amps makes the comparator much casier to wire
together. A feedback circuit to make the op amp a
switch is also simple to assemble.

The two voltage limits of such a “high-go-low”
comparator are independently adjustable. When an
input voltage is applied to the circuit, one output
will indicate whether the input is above the upper
limit, another will indicate whether the input is
between the limits, and a third will indicate
whether it is below the lower limit.

The limits may be both positive, both negative,
or onc positive and the other negative. Because

the outputs are unipolar, high-speed relays and
logic circuitry can be used.

If the input is 5.1 volts and the wiper of po-
tentiometer R, is set at the middle of its range,
a positive 0.05 volt will appear at the negative
input of op amp 0. Because the op amp is in an in-
verting configuration, its output is a negative
voltage. This negative voltage must attain a mag-
nitude of 10 to cause avalanche in the zener, thus
holding the negative input at zero volts. The —10
volts are also coupled out to a relay to turn on the
high-voltage meter. Another inversion takes place
in inverter I, and a zero voltage is presented to the
AND gate.

The same process takes place in the lower half
of the circuit. The zero voltage from the output
of the inverter keeps the relay in the low-voltage
meter circuit inactive, and the AND gate’s zero-
voltage output keeps the relay in the intermediate-
voltage meter inoperative.

When the input falls below 5 volts, the wiper of
R; has a negative voltage that makes 0, generate
a positive output voltage. However, this output
never gets above 0.8 volt, because zener D; be-
comes forward-biased at this point, and current is

™ \ Dy
l‘
\_/ IN758

P

HIGH VOLTAGE
METER SCALE

0

+ .~ ANALOG
DEVICES
106

AND GATE

INTERMEDIATE
VOLTAGE
METER SCALE

MV
M

GDL1

\_/ INT58

LOW VOLTAGE
METER SCALE

ANALOG
DEVICES
106

\ -

Electronics | July 8, 1968

91



drawn through it. This holds the negative input
of the op amp down to a voltage close to zero—
the desired condition when an op amp is used for
switching. Obviously, the 0.8 volt at the output
of 0; can’t energize the relay in the high-voltage
meter circuit.

The 0.8 volt is inverted in thc AND/OR gate
I, and so —10 volts are presented to an input of
the AND gate. The output of 0. has placed —10
volts at the gate’s other input. These two inputs
make the output of the AND gate —10 volts, and
the relay in the intermediate-voltage meter system
is energized. After inversion by I, the —10 volts
at the output of 0, becomes zero volts, thus pre-
venting the relay in the low-voltage meter system
from being energized.

There is a —10 volts at the output of 0s, be-
cause a positive voltage at the input is inverted
in the op amp.

An input voltage that’s more negative than the
—35 volt supply makes the output of both op amps
zero. This keeps the high-voltage meter circuit out
of operation, places two different voltages — —10
volts and zero volts — at the input of the AND gate,
and makes inverter I. generate a zero output volt-
age. The two different inputs to the AND gate
result in a zero output voltage and an inoperative
intermediate-voltage meter circuit.

Resistors R; and Ry provide hysteresis to the
op amp to prevent any noise from triggering the
circuit when the input voltage is close to either
the supply voltages.

Transistor and zener
protect series regulator

By Bob Phillips

Motorola Semiconductor Products, Phoenix, Ariz.

Before it blows the fuse in a power supply, a short
in the load circuit usually has enough time to
destroy the supply’s regulating transistor. This can
be avoided, though, by adding a responsive pro-

21 TO 28 VOLTS INPUT

tection circuit to the regulator. Not only will this
circuit prevent destruction of the regulator, but
it will automatically return the regulator and the
power supply to normal operation when the short
is removed.

A short circuit in the output causes all the
supply voltage to appear across zener D,, the
decibel R, and the emitter-base junction of Q..
Since the input supply voltage is greater than the
zener breakdown voltage of Dy, the diode draws
reverse current and supplies base drive to Q.. As
Q- approaches saturation, it robs Q, of base drive
and cuts that series pass transistor off.

QUTPUT

Q
2N4921

A

-]_ 0.00{

2 T rf

AV

2N3903
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Capacitor C;, which was charged up to the out-
put voltage before the short appeared then aids in
turning Q. on by discharging through the tran-
sistor’s base. Although C; discharges to a very low
voltage when the regulator is in a short-circuited
mode, Q. remains in saturation because of Dy¢’s
zener current.

The series pass portion of the circuit is conven-
tional in operation and is designed so that its pre-
sents an output impedance of 200 milliohms to the
load when supplying 50 milliamperes.

When the short is removed, the voltage across
the output begins to rise due to the current that
flows through R; and the saturated Q.. Since the
base of Q. is held to a low voltage by C; and the
emitter voltage is rising, the Vgpg of Q: drops,
causing this transistor to begin to turn off. Since
the current through R; is essentially constant and
the current through transistor Q. has decreased,
some current is shunted into the base of Q,, caus-

ing this transistor to begin to turn on.

As transistor Q; supplies current to the load,
the voltage across the output increases even more.
This action cventually causes the reverse biasing
of Q,, turning it off completely.

With Q. off, normal control current is supplied
to the base of Q; and the circuit resumes normal
or "ration. Diode D. prevents the emitter-base junc-
tion of Q. from breaking over when the short across
the output is removed.

Capacitor C. enhances the a-c stability of Q.
but may not be necessary in all circuits.

The response of the protection circuit is limited
by the storage and fall time of Q;. For the devices
and load conditions shown, it operates in approx-
imately 1 microsecond.

When the power supply is operating into its
nominal load—36 ohms—the protection circuit is
biased off and in no way affects the regulation. The
zener D is a high resistance and Q. is cut-off.

Diodes in a multivibrator
lesson frequency variations

By James Teixeira

Sylvania Electronic Systems, Waltham, Mass.

The astable multivibrator is an excellent source of
square waves—it’s inexpensive to build and can be
casily designed for operation over a wide frequency
range. Unfortunately, because its frequency is sen-
sitive to changes in temperature, it can’t be used in
applications where marked environmental changes
are encountered. Compensating diodes added to the
multivibrator, however, will nullify those transistor
changes that cause frequency shifts. These diodes
costs much less than the LC oscillators and clipping
circuits usually used as frequency sources where
marked temperature changes are encountered.
Half of the multivibrator’s period—the width of
one of the square waves—is related to the transistor

and supply voltages by
_ 1 VC + YB _7Xbe 7_7Vc¢ sat
t = RC ln|: i J

where t — half the multivibrator’s period of oscil-
lation

R = 30.9-kilohm base resistor
C = 0.01-microfarad coupling capacitor
Ve = transistor collector voltage
Vg = transistor base voltage
Vie = base-to-emitter voltage across the transis-

tor
Veesary = collector-to-emitter saturation voltage of
the transistor

This equation is valid only if the transistors have
high gain and low reverse leakage current. Because
the transistors aren’t operated at their upper limit
of gain, temperature changes won’t affect the gain.
And because the leakage current is so low, any
changes induced in it by temperature will be infini-
tesimal. These two temperature-sensitive parame-
ters can therefore be disregarded when the multi-
vibrator is subjected to temperature variations. The
use of metal-film resistors and mica capacitors—
components whose values don’t change with tem-
perature—keeps the values of R and C constant.

Differentiating the equation with respect to tem-
perature and then writing it in differential form re-
sults in the following

VB — Vbe
dt = RC ~ i [ E—
[ \TC + Vll - Vbe - Vce(uat) J

[(VB - Vbe) (dVC + d\vB - d\frbe - che(sM.)
_(VC + VB - Vbc - Vce(aat))(dVP - dVbe)]

A squared term in the denominator has been re-
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moved; because the numerator is eventually set
equal to zero.

Because the difference between Vg and Vg is the
negligible forward drop of the diodes D; and D»
and because Vi, and Vi.(a:) are smaller than Vg,
the first bracket in the above equation

B VB — Vbe -
VC + VB - Vbe e Vce(nt)

can be rewritten as

Vs 1

2Vg ~ 2
By eliminating all the Vi, and Ve(at) terms and

making all V¢ terms equal to Vg, the second bracket
in the equation becomes

[Ve(dVe 4+ dVs — dVie — dVee(sary)
— 2Vs(dVs — dVbe)]

After multiplication and transposition, it takes the
form

[VBch + VBdVB - Vdebe - VBche(sat)
— 2VgdVyg + 2VpdVy

When like terms in this bracket are subtracted and

the bracket is then recombined with the first, the
differential equation becomes

dt = ,_R_‘1.291_ dVe — dVe + dVee — dVee(anty

Replacing dt with zero mathematically expresses
what happens when the multivibrator’s frequency
doesn’t change. All the terms that indicate the
change in supply voltages are moved to the left of
the equals sign, and those that indicate transistor
voltage changes are kept on the right. This equa-
tion

dVB —_ ch = dVbe - dvce(slt)

shows which voltages compensate for temperature
changes in the multivibrator.

In a transistor, dVy. is usually —2mv/°C and
dVeeaty 0.2 mv. This total change of —2.2mv/°C in
the voltages on the right-hand side of the equation
doesn’t affect circuit operation because there is a
3mv/°C change in the supply voltages on the left
side. Because of the way the diodes are placed in
the circuit, dVy is 1Imv/°C and dVg is 2mv/°C,
giving the total of 3mv/°C. Over the temperature
range from —10° to 90°C, a 1l-megahertz multivi-
brator will have a frequency shift of only 10 hertz.

Of course a highly stable power supply should
be used with the compensated multivibrator,

l-HBV

%2.7!{
<

N\ 0.01pf

Al
N 0.01uf

1

2N4124

2N4124
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1f all tha Information contained In our
Siiicone Packags Qualification Report were
printed in type this size, It would more than
fill this page. wWe have enough reliability data
to convince anyone that our sillcone-pack IC's
quality for full military use. |If you write to us,
we'll send you all the facts in nice, readable
type. Signetics Corporation, 811 E, Arques Ave.,
Sunnyvale, Calif, 94086. A subsidiary of Corn-
ing Glass Works.
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Solid state

Fabrication advances boost
potential of avalanche diodes

Improved methods of heat sinking and new techniques for creating
abrupt junctions make the devices strong contenders for applications
as power sources in the microwave range and broadband noise generators

By Harry L. Stover

Texas Instruments Incorporated, Dallas

Design techniques that allow avalanche diodes to
dissipate heat faster are boosting the devices’
power levels and suiting them to some new micro-
wave applications. However, the technology has a
long way to go and only few companies have suc-
cessfully applied these methods.

Avalanche diodes are operating at power den-
sities of 10® watts per square centimeter, a figure
unprecedented in semiconductor device history, A
typical diode must dissipate tens of watts of heat to
perform well at such levels.

It’s not surprising then that the most important
advance in the field has been the flip chip, a design
in which the junction side of the diode is bonded
to a metal heat sink. This configuration permits heat
generated at the junction to flow directly to the
sink instead of through the thick semiconductor
substrate.

With the employment of this and other tech-
niques, including several for the paralleling of
diodes and the control of diffusion profiles, ava-
lanche devices can now generate up to 4.7 watts
of continuous-wave power at 13 gigahertz with
6% to 8% efficiency. Noise performance has also
improved because as current increases, avalanche
noise decreases.

To date, germanium diodes have delivered the
best noise performance—28 decibels at 6 Ghz, for
example, when used in a reflection amplifier. Sili-
con diodes are about 10 db noisier, though this dis-
advantage is offset by the fact that silicon is a better
heat conductor and is easier to reproduce. The
noise performance of gallium-arsenide diodes is
expected to be at least as good as that of ger-
manium, but experimental data is too sparse as yet

96

for meaningful comparisons to be made.

The linewidth of avalanche-diode oscillators has
been narrowed and noise sidebands close to the
carrier have been suppressed by injection locking
the devices to a quiet source, such as a crystal-con-
trolled oscillator-multiplier chain. Flip chipping
also improves linewidth because it lowers the
diode’s thermal resistance, cutting down on low-fre-
quency noise. This kind of noise causes the most
trouble in amplifiers and oscillators because it
modulates the negative resistance and susceptance,
introducing frequency-modulated noise into the
microwave output signal.

Potential low-noise applications for avalanche
diodes include use in linear negative-resistance
reflection amplifiers, as local oscillators, and—when
injection locked—in frequency- and phase-modula-
tion amplifiers. On the other side of the coin, these
diodes should also find widespread use as second-
ary noise standards. Not only are they smaller and
more reliable than gas discharge tubes, but when
operated at low currents they put out more noise
over a broader band of microwave frequencies.

Although avalanche diodes are designed to per-
form at a particular frequency, they can be oper-
ated over very wide ranges. A diode designed for
X band, for instance, can operate from C to Ku

band.
Vital region

Very little improvement has been made in the
original avalanche diode, a four-layer device called
the Read diode. Potentially the best of the breed,
it unfortunately is also the most difficult to fab-
ricate. Most of the progress has been made with a
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Flip chip. Bonding the junction side of avalanche ciode to heat sink has given biggest boost to performance.

three-layer mesa design, the pnnt diode.

The operation of both these structures is similar
in that they develop a negative resistance caused by
a 907 phase lag between the electrie field and the
avalanche-generated current and a 907 phase shift
between the voltage and external current. The tran-
sit time of carriers across the drift region canses
the latter phase shift [see “Time to start an ava-
lanche™, p. 98]

Primary design  parameters for a three-layer
diode are thickness and doping of the n— region
and size of the cross-sectional area of the junction.

The n region’s thickness determines the mid-
band oscillation frequency. Thickness should be
such that carriers travel across it in half a cycle.
The region’s doping is the major factor in the de-
vice’s efficiency and should be of a level sufficient
to causc full depletion near avalanche breakdown.

Diode power, thermal capacity, and impedance
depend on the size of the junction area. The larger
the arca, the greater the power and the lower the
impedance. However, the ability to dissipate heat
doesn’t increase with the junction arca but rather
with the junction diameter, provided the diode is
designed for minimal thermal spreading resistance.
That is, heat must be dissipated radially as well
as straight down. 1t’s therefore preferable to mount
several small diodes far apart rather than placing
a single large diode on a heat sink.

These rule-of-thumb considerations in regard to
doping and thickness hinge on having abrupt p 'n
and n- n’ interfaces and a uniform n region, con-
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ditions rarely found in actual diodes because of the
nature of the fabrication processes used.

Most common is the diffusion approach in which
the n— epitaxial laver is doped with boron to form
the p o region. During the time the diode is held at
the required high temperature for the boron diffu-
sion, impurities in the nt substrate can diffuse into
the epitaxial n— laver. This moves the n-n* inter-
face away from the physical substrate-epitaxial in-
terface, thereby shortening the n— region and creat-
ing a nonuniform distribution of impurities in this
region.

The resulting uneven or incomplete  depletion
hurts dicde cfficiency. Also, the distribution of the
electric field in this kind of n= region puts a higher
voltage across the diode than would the field dis-
tribution in a region with an abrupt demarcation.

Specialized diffusion techniques have been de-
veloped to reduce these effects, but silicon diffused
diodes nevertheless rarely approach the ideal. How-
ever, they've been around longer than other types
and still offer the highest powers and cfficiencies.

Sowing and growing

In attempting to solve the out-diffusion problen,
K.S. Ying and RV, Bowers, rescarchers at the
Hughes Aircraft Corp., have abandoned the conven-
tional fabrication process and have instead formed
p - n n- silicon diodes by implanting boron ions in
an n— epitaxial layer. This method, along with an-
nealing, creates an abrupt pn— junction because
the temperatures required aren’t high enough to
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cause impurities to diffuse out of the substrate.

Provided high-temperature fabrication steps— oxi-
dation, for example—aren’t taken afterwards, the
n—n" interface should be a sharp one. Because ion
implantation is still a relatively new technique, the
performance of diodes fabricated in this manner
comes close to—but still hasn’t reached—that of the
best diffused avalanche devices.

The latest fabrication method, developed by H.M.
Leady, the author, and E.A. Trantham of Texas
Instruments, avoids the out-diffusion problem by
growing n— and p* epitaxial layers separately on a
Lighly polished n* substrate at lower temperatures
over a much shorter period of time. The ability to

precisely centrol cpitaxial doping and thickness is
an important advantage; doping profile measure-
ments indicate very abrupt doping interfaces.
Diodes fabricated by this double epitaxial proc-
ess thus consist of physically separate n and p lay-
ers, and this raised the possibility of crystal imper-
fections introduced during deposition. It was also
feared that the p and n layers might etch differently
during the fabrication of the mesa structure. Any
defective area would break down before the rest
of the junction, producing a nonuniform avalanche.
To determine whether this was so, researchers
compared the noise-versus-current performance of a
double epitaxial diode to that of a low-frequency

Time to start an avalanche

Basic to the performance of ava-
lanche diodes is the negative re-
sistance developed by phase shifts
introduced by the avalanche-proc-
ess and by carrier transit time.

These diodes are reversed bi-
ased with a d-c voltage into junc-
tion breakdown. Once oscillations
begin, the resonant circuit super-
imposes an a-c voltage across the
diode. The electric field at the p-n
junction is nominally in phase with
the voltage across the diode except
at very high currents,

When the field exceeds a thresh-
old value, valence electrons are
knocked into the conduction band,
producing hole-electron pairs. Elec-
trons and pairs then collide with
surrounding  atoms,  generating
more electron pairs by impact ioni-
zation. The d-c component of the
electric field causes electrons and
holes to drift in opposite direc-
tions, resulting in a net avalanche
current.

Time lag. As the a-c component
of the field changes, the avalanche-

generated current lags behind be-
cause it takes time for the ioniza-
tion rate to increase and decrease.
It’s been shown in the case of
small signals that the rate of
change of the avalanche-generated
current is proportional to the a-¢
field, that is, di/dt is proportional
to Ea... Thus, the buildup of ava-
lanche-generated current resem-
bles the buildup of current through
an inductor under an a-c voltage;
the current lags the voltage 90°.

While the avalanche-generated
carriers travel across the drift re-
gion, current flows in the resonant
circuit. This external current peaks
at the same time the peak number
of carriers are halfway across the
drift region, The length of the drift
region is chosen so that the total
carrier transit across it takes half
a cycle. The peak external cur-
rent then occurs a quarter of a
cycle, or 90°, after the peak in-
jected current.

Half circle. The net phase shift
between applied voltage and ex-

ternal current is thus 180°, the
sum of the 90° phase lags caused
by avalanche buildup and transit
time.

In the four-layer Read diode,
avalanche is confined to a thin
region, whereas it may occur across
a large part of the n-region in a
three-layer structure. Doping of
the n-region in either type of di-
ode should be light enough so that
full depletion occurs before ava-
lanche breakdown. Otherwise, effi-
cieney suffers because:

= Over part of a cycle, the elec-
tric field in the undepleted region
drops below the value required for
the carriers’ saturation-limited ve-
locity. This can cause a decrease
in carrier phase coherence.

» The undepleted region acts as
a nonlinear parasitic series re-
sistance.

= The diode capacitances will
vary with voltage and can cause
a-¢ power to be wasted in para-
metrically generated sidebands and
harmonics.
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noise diode developed previously by a Texas In-
struments physicist, R.H. Haitz. Using a guard ring
—an auxiliary clectrode that shapes the electric field
across the junction to guarantee uniform breakdown
--Haitz achieved a uniform decrease of noise as cur-
rent drops. The tests indicate that the double epi-
taxial diode has a very uniform avalanche break-
down.

Just as rugged mechanically and thermally as the
diffused devices, double-epitaxial diodes aren’t sig-
nificantly affected by the ultrasonic bonding em-
ployed in TUs flip-chip process or by any other
fabrication and mounting step. Prototype double-
epitaxial diodes have delivered up to 700 milliwatts
of ¢-w power at X band with 7% efficiency—figures
that compare favorably with the performance values
for diffused diodes of similar dimensions. And
powers should increase with enlarged junctions and
fabrication refinements.

A further advantage of these diodes is that they
turn on with high efficiency—about 5% when run
50 mw or so above the oscillation threshold. As
more d-c¢ current is applied, efficiency climbs slowly
to 7%. Diffused diodes, on the other hand, are gen-
crally very inefficient when run at low powers.

This behavior of the double epitaxial device at
low power apparently reflects the full depletion of
the n— region at low currents because of the abrupt
n—nt interface. Conversely, diffused diodes prob-
ably don’t fully deplete at low input-power levels
because doping isn’t uniform near their n—n* inter-
face; their undepleted region becomes smaller
at higher powers, though, and efficiency therefore
improves.

It should be noted that out-diffusion is a problem
with silicon diodes because even the slowest dopant
used with this material, antimony, moves rapidly
out of the substrate at the high fabrication tempera-
tures required. The gallium used as a dopant in
germanium diodes, on the other hand, hardly dif-
fuses out of the substrate at all during fabrication.

Beating the heat

It was engineers at Bell Labs who first success-
fully tackled the heat problem during diode opera-
tion by applying the flip-chip design. Their mcthod
—thermocompression bonding—involves joining the
junction side of the diode under heat and high pres-
sure to a gold-plated copper slug. Many other com-
panies haven’t had success with this technique be-
cause bonding at too high a temperature causes the
silicon and gold to alloy together. And lowering the
bonding temperature necessitates raising the pres-
sure, thereby risking physical damage to the diode.

Texas Instruments has taken a different approach
to flip chipping. Their modified form of thermocom-
pression bonding can be done at somewhat lower
temperatures and considerably lower pressures. The
TI technique involves the use of ultrasonic scrub-
bing; the gold contact on the silicon and the gold
plated heat sink are rubbed together so that their
surfaces “wet” cach other—that is, make close
molecular contact,
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Flip-chip silicon diodes dissipate about threc
times as much heat as do noninverted diodes. On
the other hand, germanium and gallium-arsenide
diodes dissipate up to 10 times as much heat when
inverted because they’re both relatively poor con-
ductors to begin with. Therefore, flip chipping tends
to remove silicon’s heat advantage. While this is
yet another plus for germanium, silicon continues
to dominate the avalanche-diode field because its
technology is more advanced.

Other methods of improving heat dissipation in-
clude bonding to diamond or silicon-carbide heat
sinks and the paralleling of several diodes. The
problem with paralleling is that it’s difficult to get
identical bonds and to match clectrical character-
istics. The general practice now is to bond a num-
ber of diodes to a sink, draw current through each,
and then scratch off the ones that don’t perform.

Deciding which of the diodes to retain is itself a
major problem. Until recently, measuring a diode’s
therinal resistance was a complicated procedure and
usually meant burning out the device. But TI has
developed an accurate and simple technique that’s
based on the fact that thermal resistance just about
disappears at high frequencies because of the ava-
lanche mechanism.

At low frequencies, the diode’s net series resist-
ance consists of the thermal resistance and such
other terms as the contact and space charge re-
sistance. Therefore, subtracting the high-frequency
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series resistance from the low-frequency series re-
sistance gives the thermal resistance in ohms. The
big advantage here is that this method can be used
t3 measure the resistance of diodes in circuits with-
out destroying them.

As new techniques continue to be developed,
knowledge of the avalanche transit-time mechan-
ism is increasing. A recent study showed that the
temperature-dependent current-density distribution
in avalanche diodes becomes time dependent dur-
ing pulsed operation. The pulses can become dis-
torted because the oscillation frequency depends on
current density. And since thermal time constants
are typically tenths of microseconds, they can cause
an appreciable delay between the bias pulse and
the output r-f pulse.

Some experimenters have even reported an initial
and a delayed mode during pulsed operation. At
first, an annular region near the diode’s edge con-
ducts most of the current. But the rise in tempcra-
ture due to conduction causes less current to flow in
this region and more current to flow in the cooler
center area. And this shift affects r-f output, fre-
quency, cfficiency, and noise behavior,

Score card

Today’s avalanche diodes offer microwave power
in a range from milliwatts to watts, efficiencies as
high as 15%, and very large power-impedance prod-
ucts.

TI has obtained 5 to 10 watts of peak pulsc power
at frequencies from 6 Ghz to 15 Ghz from silicon
ptn—n™ diodes with diameters of 4 to 5 mils. Effi-
ciencies are generally less than 6%, however. C.A.
Burrus and L.S. Bowman of Bell Labs have re-
ported the pulsed operation of silicon diodes over
the millimeter range up to 340 Ghz; typical figures
were 15 mw at 100 Ghz and 1 mw at 300 Ghz.

Others have claimed higher power levels, but
from diodes much larger in area and having, therc-
fore, very low power-impedance products. More-
over, their results indicate that large areas of their
diodes acted as parasitic shunt capacitances and re-
sistances and didn’t contribute to the r-f power
output.

The highest ¢-w powers so far have been reported
by T. Misawa and C.B. Swan of Bell Labs, who
used a 4-mil silicon ptn—n* diode to produce 1.5
watts at 12 to 14 Ghz with efficiencies of 6% to 7%.
Cooling this diode and circuit in liquid nitrogen
boosted power output to 2.7 watts and efficiency
to 10.2%.

Swan recently mounted a silicon diode on a gold-
coated diamond chip to achieve 2.7 watts c-w power
at 13 Ghz at room temperaturc. He has also paral-
leled five diodes to obtain 2.8 watts c-w at from 13
to 14 Ghz, and has gotten 4.7 watts ¢-w at 13 Ghz
from two paralleled diodes on a diamond chip.

Because of gallium arsenide’s higher carrier mo-
bility, the material is potentially more cfficient than
cither silicon or germanium. But material and fabri-
cation problems have generally resulted in uneven
and noisy breakdown, poor thermal conductivity,

and low efficiency. As far as the state of this art
goces, S.G. Liu of RCA has achieved 1 to 2 watts peak
pulse power in Ku band with an efficiency of about
5%.

D.1R. Melick of Cornell has reported 0.38 watts of
pulsed power at 6.8 Ghz and an efficiency of 7.8%
with GaAs diodes, and 1.3 watts with 3.6% effi-
ciency.

The integration of avalanche-diode oscillators in
microstrip circuits at TI has produced 0.7 watts of
peak pulse power at 9 Ghz. But efficiencies to date
have been only about 1% because of the difficulty
of tuning these experimental circuits for maximum
power.

Other TI experiments on ¢-w Gunn diodes inte-
grated on ferrite substrates show that impedances
can be matched for maximum output by magnetic
tuning. And efforts are under way to develop beryl-
lia IC substrates for improved heat sinking.

Another road to avalanche

Several researchers have postulated a negative
resistance from avalanche diodes at frequencies well
below those required for the avalanche transit-time
mode of operation. In an analysis of large-signal
oscillations, Bernd Hoefllinger of Siemens suggested
a feedback mechanism in which the space charge
distorts the clectric field at high current densities.
The net result, he said, would be a low-frequency
negative resistance. J.B. Gunn had advanced a simi-
lar theory back in 1956. And others, such as Bell
Labs’ Misawa predicted the same effects,

Hoefllinger reported oscillations from p*nn—n+
silicon diodes at frequencies where the transit angle,
o7, is much narrower than ». At frequencies from
100 megahertz to 2 Ghz, power and efficiencies were
very low. Hoefflinger’s theory is consistent with
TUs report of low-transit-angle oscillations from
p*tn—n* diodes; power levels ranged from 1 to 6
watts at from 2 to 6 Ghz, and cfficiencies were near
1%. And TI recently got c-w powers of 150 to 150
1w in a low-transit-angle mode at ultrahigh fre-
quencies; efficiency was about 7%.

However, the theory doesn’t account for the spec-
tacular results reported by H.J. Prager, K.K. Chang,
and S. Weisbrod of RCA, who claimed low-transit-
angle oscillations of several hundred watts at fre-
quencies below 1 Ghz with cfficiencies from 25%
to 60% from silicon p+tn—n+ diodes. No one to datc
has duplicated these results.

When cfficiency is that high it becomes a parame-
ter itself, ruling out many otherwise feasible ex-
planations of these results. A 60% level implies
Class C operation, a condition in which external
current flows over only a small portion of the cycle.
But this, in turn, implies that the time delay causing
the negative resistance cannot be due to the transit
time of carriers travelling at saturation velocity
across the depletion region, because external cur-
rent flows continuously during such travel. Any ex-
planation of these results would have to allow for
cfficiencies even higher than 60% bhecause circuit
and contact losses would have to be accounted for.

Circle 242 on reader service card—> =



|
|

apapel
}_l:‘ " |

Teasips
fﬁl‘u

— s
Ko |
i isyy

.—»-
oo

5
-h«é‘w'ls
[y
LTTERLIN

Qs

P

“n
Foosvyanta s Vpantanaiy|
-

LYYV
,-.ATJO‘iQQ |

'.T)__'A!"ﬁ' ' *llﬂ] ' dtil\’

(L COYYYPILCT T Or) Ce

pRLETTTY
iili &
Laagas

G
AfSdn

. -4‘,.1‘01..0‘
’ .
(40T

e
e

E

L

I

- 3

4

bdnnoonnnnnowo [*]
R anores e?’(ii’ﬁ
[ I =

???3#?3???“°
. |

-

HISTEHEES
COMPOSITE
SUBSTRATES

AlSiBase Composite Substrates have demonstrated their
ability to pack so much dependability and performance
in so little space that our engineers have been asked for
many new features in custom designs. We are continuing
our work on many of these requests.

Some requests have been met. Here are a few examples
of progress.

On most designs, AlSiMag 772 alumina ceramic with sur-
face finish of 8 microinches (CLA) or better, can be used
to provide a top surface suitable for thin film deposition.
Via holes can be flush with the top surface. A standard
array of via holes can be designed to allow a number of
different circuits off the same basic composite structure.

Ground and voltage planes can be placed at any level
and connections from other levels made to these planes
wherever desired. Connections also may be made be-
tween signa!l planes located above and below ground
or voltage planes by means of insulated passages
through these planes.

Any number of planes can be stacked on one side or on
both sides of the base substrate with interconnections
made through the substrate.

CODE IDENT. NO. 70371

PHONE 615 265-3411, CHATTANOOGA, TENN. 37405

For service, contact American Lava representatives in Offices of Minnesota Mining and Mamufacturing Company in these cifies
(see your local telephone directory): Boston: Needham Heights, Massachusetts
Elyria, Ohio ® Laurens, S. C. ® Los Angeles, California ® Metropolitan New York: Ridgefield, N. J. ® Up-State New York
and Canada: Phoenix, New York e Orange, Conn. ® Philadelphia, Penn.
South San Francisco, Calif. ® 3M International: ¢/o American Lava Corp., Chattanooga, lenn. 37405, US.A., 615/265-3411.

A SUBSIDIARY OF

® Roanoke, Va. ® St. Louis: Lee’s Summit, Mo.

v s dedId

AlSiBase Tomposite Substrates permit the designer to
stack electricallv conductive patterns by planes. sepa-
rated and insulated by layers of AlSiMag alumina ce-
ramic. All intarnal circuitry is thus hermetically secled.
Zonductive in-erconnections join the metal planes wher-
aver designed.

Sreater device concentration in the same surface area is
>btainec >ecause conductors can cross over anc Junder
2ach other without destroying the electrical integrity.
Since the interconnections are encased in the ceramic
"hey are secure agains- unintentional shorts. Shorter
=lectrica paths result in faster switching and lower elec-
irical resis'ance. Congested pattern areas may otter be
relieved by routing a peortion of the conductors to an-
other plena.

A summary sheet on AlSiBase Composite Substra-es is
regularly reviced to keep pace with advances in tech-
nique. [t gives design criteria, design paramete-s and
suggests ¢ p-2ferred method for d-awing and dimen-
sioning inquiries on AlSiBase Composite Substrctes. A
copy of tte tewest sheets on Composite Substrates is
available on request. Plzase use your business letter-

lead.

American Lava Corporation m —

67th

COMPANY YEAR

0F
CERAMIC
LEADEESHIP

® Chicago: Elmhurst, Illinois ® Dallas, Texas




General Electric has 1844

application-designed solutions

General Electric’s application-designed capac-
itors are made to solve your problems. Whether
you need aluminum, tantalum, or film units, GE
has the right answer.

Circuit design problems? Many General Elec-
tric capacitors are designed by computer to
optimize their electrical and mechanical char-
acteristics. You get the highest capacitance
in the least volume with electrical properties
consistent to your own circuit designs. For
example, if you know your installed capaci-
tance requirements in a new power supply,
our computers can quickly tell you the best
capacitor combination and its electrical char-
acteristics in your circuit.

Product application problems? General Elec-
tric has experienced capacitor application en-

GENERAL‘ @B ELECTRIC

40 VDC SURGE
188674\

5200 UF 30 VDC

o
=
&
<

Aluminum High-performance
Computer-grade Capacitors

236 standard ratings. 5 to 450 volts,

75 to 480,000 nf, —40
to 85C ambient temperature

gineers in Electronic Components Sales Offices
throughout the country. These technical spe-
cialists -are ready to help you select the capac-
itors you need and to provide specialized
information about them.

Ordering or delivery problems? Your local
Electronic Components Sales Office will be
glad to furnish you price and delivery data for
General Electric capacitors. We also have
stocking distributors who can meet many of
your immediate requirements for limited quan-
tities of standard units.

You supply the capacitor problems. General
Electric can supply 1844 application-designed
solutions. Contact your local sales office, fran-
chised distributor or Capacitor Department,
Irmo, South Carolina 29063. 430-32

N |IIEA3"
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Advanced technology

Storing light and current in crystals

Ability to absorb energy and release it when tapped makes

some lithium- and sodium-doped semiconductors potentially useful

as infrared detectors, optical memories, and other optoelectronic devices

By Yoon S. Park and Cole W. Litton

Aerospace Research Laboratories, Wright-Patterson Air Force Base, Ohio

Heating or illuminating certain types of crystals
gives startling results and may, as a technique, pro-
vide the basis for a new family of devices. Certain
group II-VI semiconductor compounds doped with
lithium store cnergy when heated, releasing it as a
light pulse when they’re mechanically tapped. These
same materials doped with sodium and stimulated
optically not only flash when tapped but also when
exposed to infrared light. Further, their electrical
conductivity jumps appreciably after stimulation,
and when they’re electroded, they show negative
resistance related directly to the intensity and dura-
tion of stimulation.

Although these so-called “tap effects” were first
observed several years ago by Donald C. Reynolds
and Douglas M. Warshauer of the aerospace re-
search laboratories at Wright-Patterson Air Force
Base, it’s only recently that the causes have been
pinpointed. It’s been established that the sodium
and lithium impurities are responsible for the light-
storage capability, high conductivity, and control-
lable negative resistance. And it’s now possible to
grow large single crystals of sufficient quality to be
used in experimental devices.

Of immediate intcrest is a design for an infrared
detector that promises much higher efficiencies than
can be achieved with conventional photoconducting
devices. As the tap-crystal device is envisioned, a
mosaic of sodium-doped crystals would first be
stimulated by ultraviolet or blue light. Then, in its
storage state, the mosaic would “look” at the re-
flected infrared signal from a target and typically
give off a visible photon for every 10* infrared pho-
tons. Because cach visible photon potentially can
generate 106 electrons in a light-amplifying system,
gains of 10° from infrared to the visible are antic-
ipated. The amplified image could then bc seen
on a television screen.

104

Other potential applications of tap crystals in-
clude lasers that theoretically could cover the entire
range from infrared to ultraviolet, computer mem-
ories, tuned oscillators, negative-resistance ampli-
fiers, and optical exposure meters.

The range of applications depends in part on the
number of different group II-VI compounds, doped
with group I impuritics, that can be successfully
grown. There’s good reason to bhelieve that any
crystal in these classes will show tap cffects. To
date, though, cadmium sulfide, cadmium sclenide,
zinc sulfide, and zinc oxide, doped either with
sodium or lithium, are the only tap crystals that
have been grown.

They’re produced by a vapor-phase technique;
the compound and dopant are mixed together in a
sintered powder, sublimed, and then condensed in
an oxygen-free atmosphere at temperatures ranging
from 900° to 1,500°C. CdS powder containing 0.1
to 0.01% lithium hydroxide or sodium hydroxide
produces crystals that are 100 to 500 parts per mil-
lion lithium or sodium.

Flashing lights

For maximum ecffectiveness, tap crystals must
be cooled to a temperature of at least 77°K. Experi-
ments show that sodium-doped CdS crystals flashed
green and the ZnO crystal blue-green when ex-
posed to infrared radiation or tapped in a direction
parcllel to the c axis, the crystal’s hexagonal axis
of symmetry. But when tapped perpendicular to
this axis, the crystals flashed weakly or not at all.
The sodium-doped crystals flashed up to several
hundred times—once for each tap—before their
stored energy was depleted.

The emitted light radiates in streamers from the
point of impact along the direction of the ¢ axis.
As with ultraviolet emission in photo luminescent
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Infrared trigger. Lithium-doped ZnS crystal flashes blue as hot soldering gun bathes it with infrared light.

materials, the light’s clectrie vector is polarized per-
pendicular to the ¢ axis. Both types of luminescence
arc often called “edge emission” because light is
emitted in the wavelength region corresponding to
the forbidden gap cenergy (the absorption edge)
of the crystal.

Lithium-doped crystals behave somewhat differ-
cntly. Exposure to optical radiation doesn’t cause
them to store energy. But they do store energy if
they’re heated to about 200°K and then cooled to
77°K. Tapping must be done in the dark because
ambient light quenches emission. The gentlest tap-
ping, somectimes only the rattling due to heating the
crystal, is enough to induce ecmission. Lithium-
doped crystals flash very uniformly in all directions
but a few taps exhaust their stored energy.

Because  lithium-doped CdS  crystals are also
photoluminescent, it’s possible to compare the
¢pectra resulting from ultraviolet and tap excitation,
Photographs that were taken with 10,000 ASA
speed film through a fast spectrograph with a dis-
persion of 11 A per willimeter pointed up similari-
ties and differences.

As the chart on the next page shows, both spectra
peak at the same wavelengths beginning at 5,129 A.

Side effect

In discharging cnergy, the excited electron drops
to the ground state, and gives off a photon. As it
drops, it interacts with the crystal lattice (which is
always in vibration) and gives up some of its energy
to it, encrgy that is then relcased by the crystal in
the form of phonons (quanta of thermal cnergy).
The peaks thus correspond to optical transitions
where no phonons are emitted, and to transitions
al progressively higher frequencies when inercas-
ing numbers of phonons are released.

Tapping causes optical transitions to take place
throughout the bulk of the crystal, whereas ultra-
violet radiation involves only the cryvstal’s surface,
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Apparently, the tap bulk effect accounts for the
strong and very narrow (about 40 A wide) peak at
4900 A; the ultraviolet spectra shows almost no
cunergy at that wavelength, The intensity and sharp-
ness of this peak has raised hopes that a CdS diode
laser may cventually be developed to operate at
4,900 A.

The pulse from a lithium-doped tap crystal has
a long tail and sharp peak with a rise time of 108
scconds, a characteristic that could be useful n
application involving high-speed impact photog-
raphy.

Normal CdS or ZnO crystals grown from pure
materials have resistivitics of a few ohm-centi-
meters. Doping with lithium or sodium raises the
resistivity to about 10* ohm-centimeters, and the
crystals become photoconducting. Electrical con-
ductivity drops still further when the sodium- or
lithium-doped crystals are cooled in the dark to
about 10-'" mhos per centimeter. Ilowever, stim-
ulating the sodium-doped crystals with light in-
creases their conductivity to levels as high as 10—#
mhos per centimeter.

What is particularly useful is that the raised con-
ductivity in the sodium-doped crystal remains high
when the stimulating light is removed--as if elec-
trons were stored in the conduction band. There-
fore, these tap crystals are also called “storage
crystals.” Their high conductivity isn’t affected by
tapping because as soon as they emit light, they
reabsorh part of it, Lithium-doped crystals, on the
other hand, don’t show the storage property.

Cold storage

The stronger the light stimulation, the faster the
tap crystal reaches maximum conductivity, These
crystals carry the highest currents—and emit the
strongest light pulses—at 77°K. The current in CdS
crystals slowly decays as temperature rises, and
drops rapidly at 200°K. In ZnO, the sudden drop
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Tap colors. Spectra from mechanically-excited CdS tap crystal (color) and ultraviolet-excited crystal are similar.
Most striking difference is the sharp peak at 4,900 angstroms in the mechanically-excited spectrum.

starts at 167 K althongh current jumps momentarily
at four discrete temperatures—126°, 1857, 206°, and
235°K.

The ammount of optical stimulation, as noted be-
fore, also determines the negative resistance char-
acteristic of the sodium-doped crystals. Even though
negative resistance has been found in some normal
CdS crystals, this direct dependence of threshold
voltage (Vi) and minimum voltage (V,,) on stimula-

INTENSITY —»

TIME (20 nsec/div)

Quick flash. Pulse emitted by lithium-doped CdS
crystal has sharp rise time and can be used in such
applications as high-speed ballistics photography.
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tion is unique to these semiconductor compounds.

When the sodium-doped crystal is electroded with
an indium cathode and silver anode, the voltage
increases with current until a point is reached at
which the indium clectrode injects electrons and
the silver electrode injects holes, thereby causing
the voltage to drop very sharply into the negative-
resistance region as current increases. The absorp-
tion of the stimulating radiation by hole traps ap-
parently increases their lifetime, thereby widening
the negative-resistance region of the crystal. When
a tap crystal was connected to a tank circuit, stim-
ulated, and biased near the threshold voltage, for
instance, it was possible to get stable oscillation
at frequencies ranging from 60 hertz to a few kilo-
hertz by tuning the tank circuit.

Although not enough work has been done with
tap-crystal oscillators to compare them with, say,
gallinm arsenide bulk-effect devices, the ability to
change oscillating frequencies by varving the level
of alkali-metal doping is promising.

Holes and traps

Explaining the light-storage effect requires the
postulation of electron and hole traps—discrete en-
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ergy levels within the “forbidden” region of the
crystal. Stimulating a CdS crystal with a wave-
length of the bandgap light produces hole-clectron
pairs; clectrons in the valence band are sent up to
a trap 0.14 eclectron-volts below the conduction
band, leaving behind holes in a trap 0.75 ev above
the valence band. Stimulating the same crystal with
light of 6900 A excites clectrons in the hole trap
(which is also an electron trap in the dark) leaving
behind trapped holes.

Encrgy remains stored until tapping or infrared
excitation frees a trapped hole, allowing it to re-
combine with a trapped electron. Thus, the trapped
holes act as the storage medium in the crystal.

In lithium-doped crystals there might be traps
near enough above the storage level to pick up elec-
trons stimulated out of storage as the crystal is being
cooled. Mechanical excitation frees the trapped
holes, which then combine with the electrons.

This explanation may be a bit oversimplified but
it does describe experimental observations.

Since the optical bandgap in CdS is 2.50 ev
(5000 A) and the threshold for optical stimulation
in CdS is 6,900 A, the hole trap level is therefore
about 0.75 ¢v above the valence band. And 0.75 ev
corresponds to infrared light of 1.65 microns, ex-
plaining why CdS crystals emit when exposed to
this wavclength.

The optical stimulation threshold in ZnO occurs
at 3,680 A. The hold trap is thus about 0.065 ev
above the valence band, corresponding to infrared
light of 19 microns wavelength. Detectors can be
built, therefore, to respond to infrared radiation of
various wavelengths,

Mechanics of release

The details of hole release in tap crystals still
aren’t clearly understood. It seems, though, that the
pyroclectrie nature of lithium-doped CdS crystals
plays an important part. Cooling the crystal gen-
crates an electric polarization; the cadmium side
hecomes positively charged and the sulfide side
negatively, producing an clectric field of about 10°
volts per centimeter. Moving a conductor slowly
toward one of the faces causes the crystal to spark,
demonstrating the existence of the field. Tapping
the crystal affects the field, which in turn frees the
trapped holes.

The trapped holes in the sodium-doped crystals
are released cither by the strain wave set up by the
tap or a short-lived piczoelectric potential gener-
ated by the strain wave moving through the crystal
as a dipole ficld. Experiments are now being con-
ducted to clarify these theories.

Relating the release mechanism to the current
storage property of sodium-doped crystals also re-
quires further study. B.A. Kulp, K.A. Gale, and
R.G. Schulze of the acrospace labs at Wright-
Patterson recently completed a detailed study of
the high conductivity in stimulated tap crystals.
Their experiments showed that carrier mobility in
these crystals is anisotropic and is on the order
of 1 to 10 em*/volt-second parallel to the ¢ axis at
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Threshold. Plot of electrical conductivity in sodium-
doped CdS tap crystal against reciprocal temperature
shows a gradual decay of current as temperature
rises until a sudden drop point is reached.
Temperature range covers 115° to 300°.
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Current curve. In sodium-doped ZnO tap crystals that
have been thermally stimulated electrical conductivity
increases, remaining high at low temperatures. But
current drops sharply at about 167°K and picks up
briefly at 176°, 185°, 206° and 2,350°K. Curve

starts at 77°K and extends to room temperature.
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Negative resistance. Oscillograph of the current
voltage characteristic of a sodium-doped CdS crystal

at 4.2°K shows negative resistance. Values of V. and
Vw are, respectively, 145 v (I=7ma and 75 v (1=29ma).
Tap crystals are unique because their negative
resistance depends on the intensity and duration of
stimulation.

low temperatures and from 10 to 30 times that
perpendicular to the axis.

Carrier mobility in undoped CdS crystals doesn’t
vary in relation to direction and is very low at low
temperatures. The findings indicate that electrons
taking part in luminescence and conduction are in
an impurity band rather than the conduction band.

On to the drawing board

To investigate the practical applications of tap
effects, engineers have built a simple energy stor-
age device consisting of a sodium-doped crystal in
a container cooled by liquid nitrogen. After stim-
ulation by ultraviolet light, the crystal is tapped on
its side by a metal lever moved either mechanically
or electromagnetically. As the crystal flashes, a
photomultiplier senses the emission.

An elcctromechanical transducer—a piezoelectric
crystal, for example—might also be used to tap the
crystal, Lithium-doped crystals could be stimulated

LIQUID NITROGEN

COPPER BLOCK
SUPPORT

CRYSTAL
VACUUM
GLASS DEWAR

TAPPER -

UV-LAMP PHOTOMULTIPLIER

DETECTOR

Storage device. This simple arrangement could form
basis of memories, image intensifiers, or light meters.

7 CONDUCTION BAND
v e g
o — g —'————— ——ELECTRON
€ TRAPPING
014ev LEVEL
~1.75eV
———————————OL 3~ — — — S ——-HOLE
TRAPPING
05 e LEVEL

) weie)))
Energy model. Wavy arrows represent radiative

transitions, solid arrows those of stimulating energy
in this representation of tap storage mechanism.

thermally either by direct heating or by subjecting
them to infrared energy of a very long wavelength.

Besides serving as an infrared detector, a mosaic
of CdS tap crystals could also act as a frequency
multiplier, taking in light at 6,900 A, for instance,
and converting to light of 5,200 A. To vary the fre-
quency of the emitted light, one would change
dopants or select different crystals from the group
II-VI family.

The potentially wide range of available colors
has, of course, heightened interest in lasing diodes.
But no one has been able to get these crystals in
the form of diodes to generate coherent light. The
major task now is to develop electrical contacts
that can pass large amounts of current.

In yet another application, the sharp rise time
of the crystals’ emitted pulse could trigger a cam-
era that might, say, photograph a bullet on impact.
Shock waves generated by the speeding projectile
would provide the necessary tap.
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If you're tired of fighting tinker toy
equipment, look into Sloan’s radical approach

to thin film production. You get:

270 accessibility—waist high  automatic valving
sequences top and bottom access to collar
integrated deposition control ~ dual bell-jar
capabilities plus horizontal or vertical positioning

resistance and EB sources completely fixtured.

Write for data on our new vacuum system.

SLOAN INSTRUMENTS CORPORATION  P.O. BOX 4608, SANTA BARBARA, CA 93103 PH. (805) 963-4431
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Another new line of instruments
from Lambda..

The

high performance
LR Series Power Supplies

0-20, 0-40, 0-120, 0-250 VDC

Up to 1.8 amps

Regulation: 0.0005% plus 100 uVv

Ripple: 35 uV rms

AC Input: 105-132 VAC, 47-440 Hz
(Ratings based on 55-65 Hz)

With Remote Programing:
Accuracy-0.01%+1mV
Stability—0.001%+100uV for

8 hours
Temp. Coeff.—0.001% plus
10uV/°C

Constant current/constant

voltage by automatic crossover

For rack or bench use

Guaranteed five years

Prices start at $285

ce
LR-612-FM 0-20VvDC 1.8A 1.6A 1.3A 1.1A $285
LR-613-FM 0-40 VDC 1.0A 0.5A 0.75A | 0.6A 285
LR-615-FM 0-120 VDC | 0.33A | 0.29A | 0.25A | 0.21A 285
LR-616-FM 0-250 VvDC | 0.1A 0.09A | 0.08A | 0.07A 325

1 Current rating applies over entire voltage range. Ratings based on 55-65 Hz operation.
2 Prices are for metered models. LR Series models are not available without meters.

Price $60.00

OVERVOLTAGE PROTECTION Adj. Volit.
For Use With Mode! Range Price
LR-612.FM (0-20VDC) LH-OV-4 3.24V $35
LR-613-FM (0-40VDC) LH-OV-5 347V $35
Rack Rack Adapter Blank
Adapter LRA-2 Front Panels
LRA-1 5%” Height.  Model LBP-10
” Hei Price $35.00 (Vs rack size)
§a” Height Price $5.00
x 16'2” Depth s BP-2
(For use with ¥ . ?f/‘:dr:::k siz'e)o
chassis slides) ‘_-" Price $10.00

CHASSIS SLIDES: To order LRA-1 with chassis slides order LRA-1-CS, and add $50.00 to price.




OR choose from these other Lambda power supplies

LPD

'-v.ﬁ"‘, :

Regulation: (line or load) 0.01%+1mV

LP-LPD Series
A-C Input: 105-132 VAC, 47-440 Hz

Ripple: 500 .,V rms, 1.5mV p. to p.

Regulation: (line or load) 0.015% or 1 mV
Ripple: LH models —250 ,V rms,
1mVp.top.

LH

0

LH, LK

LH-LK Series

LK models —500 .V rms

LK 5%" (7 model also)

AC Input:

LH models —105-135 VAC, 47-480 Hz

LK models —105-132 VAC, 47-63 Hz
(LK7" package available in
188-238 V and 205-265 V only)

Size 5%+ x 8% x 10%"

2 Rack » LPD Series

Size 5% " x 4% x 10"

T Voltage Range 1
Per output/ I MAX AMPS AT AMBIENT OF: «!
Outputs in Per output Outputs in parallel Pricer3y
series

— S US and
Model: 1) r voc 3cC ac 50 C _L 60 C Canada
LPD-421-FM I 0.-20/0-40 1.7A/3.4A 1.5A 3.0 1.3A/2.6A 09A 1.84 $325
LPD-422-FM 0-*40/0-80 1.0A/2.0A 0 85A/1.74 0.7A/1.4A 0554/1. |l 260
U‘D 423 fM 0‘60[0 120 0.7A 144 06A/1.2A | 0 5A 1.0 0 4A D.ll 325
lPD-dZd-fM (}‘ 120/0 240 0 3BA/0.76A| O 321-\ -D.Sll | 0.26A 0.52A | 0 20A/0.404 325

- - R I tihanban S

LPD-425-FM l 0- "250/0 soo 0 134/0.26A 0.12‘\,’0.2‘!1 0114/0.228 | 0 19A/0.20A 350

a Rack « LP Series,

Size 54" x 19" x 16'2"

Full Rack * LK Series

Mogert|  Voltage _c—t_ini:m nfmc?ﬁuam
ange 30°C a0°C 50°C | 60°C
LP.410 | 010 VDC | 02A | 018A | 0-1.6A | 0-14A | $129
LP411 (020 VDC | 0-1.2A | 0.1.1A | 010A | 0084 | 119
LP.412 040 VDC | 0-070A| 0.0.65A| 0.0.60A| 0-0.50A| 114
LP413 [060 VOC | 0045A| 0:041A[ 0:0.37A| 0.0.33A| 129
LP414 |0120vDC | 0.0.20A| 0.018A | 0.0.16A | 0.0.12A| 149
[LR415 | 0.250 vDC | 0-80mA | 0.72mA | 0-65mA | 0.60mA| 164 |
Size 5Y.." x 4%, x 154" /g Rack = LH Series
R \?."n.:.' | CURRENT RANGE ?_T AMBIENT OF: ‘l price:
30°¢C : soc [ e0c [ 7
[LH-1184 | 0-10vDC | 0-40A | 0-35A |0-29A [ 0-2 3a ' 3180 |
tH-12vA| 0-20vDC | 0-2.44 [0-22a | 0184 |o0-1.5a | 170
LH-124A | 0-40VDC o-17.3A 0-11a |0-09a o-o.n—Jf_n'o B
[LH-127a | 0-60vDC | 0-09A ' 0-07A | 0-06A | 0-05A | 185
[(H-130A| 0-120vDC | 0-050A | 0-040A | 0-035A | 0-025A| 240
Size 5Y.." x 8% x 15%" 12 Rack * LH Series
Modsi v;.,,n,:: i %UOD:ZENT R;:)N:: AT :s(::r:‘r_of 'j prices
e [ nec ||
LH-119A( 0-10vDC | 0- 9.0A| O- &OAl 0- 69A | 0-58A 32894
[LH-122A| 0-20vDC | 0- S7A| 0- 47A | 0- 40A 0-33A| 260
@A_Jj_gvoc__ 0-370A o-_z_'n o- 23A4_0-_1_9_A+ 269:
[tH-128a| 0-60vDC | 0- 24A[ 0- 21A | O~ 18A] 01 SAT N
LtH-131A[ 0-120vOC | 0- 1.2A | 0- 09A | 0- 08A 0-06A[ 320 |
Size 5%, x 8% x 15%” 14 Rack » LK Series
[ T RANGE AT AMBIENT or‘l
Model? v:u"n.:: Cl:::ZEN :o—j—'::GE ] S T” Price?
- qu_L o-20v0C | o- 8OA| O 7°AL 0- 61A] 04 9A | $330 |
LK-341A | 0-20VOC | 0-135A| 0-110A o-1o.o£b)-7.n 85
[Lx-302A | 0-36vDC L°'-_5‘“_‘L SOA | 0- 4.5A | 0-37A 33{
(K-343A| 0-36vDC | O- 90A| 0- 85A| 0- 76A| 0-61A| 395
k-34an | 0-60vDC | 0~ 40A | 0- 35A | o= 30a | 0-25A| 340 |
[tx-345A | 0-60vDC | 0- 6.0A| O 524 ro- 4.5A | 04.0A | 395

Moselr | Voltage | CURRENT RANGE AT AMBIENT OF: prices
ode — — — — rice
| Range [ 4oc | soc [ eoc [ 71c
LK-350 | 0-20vDC | 0-35A T o31A | 0-264 0-20A | $675
[ Lk351 | 0-36vDC | 0-25A | 0-23A | 0-20A 0-15A | 640
i W< - i
Lk-352 | 0-60vDC | 0-15A | 0-14A | 0-12.5a | 0-10a | 650
Size 7" x 19" x 184 Full Rack » LK Series
CURRENT RANGE AT AMBIENT OF: |
Model? ] v;:'n.‘: I‘ I— Price
& | 40c | so°c so’c_T 71°C
LK-360-FM l 0-20VDC | 0-66A | O0-53A | 0-t0A | 0-40A | $995
G i e 4 A
K361 FM | 0-36vDC | 0-48A | 0-43A | 0-36A 0-30A | 950
1 7
LK-362- 62 FM | 0-60vDC [0-25a | 0-24a [ 0-224 | o0-19a | 995

Overvoltage Protection

Overvcltage protection up to 70VDC is available
as a plug-in accessory with all LR, LP and LPD models

and for LH and LK models with Suffix “"A".
For models with| Specify this Adj. Yolt
this VDC OV Accessory Range Price
0-10, 0-20 LH-OV-4 3-24v $35
0-36, 0-40 LH-OV-5 3-47VDC 35
0-60 LH-OV-6 3-70vDC 35

Overvoltage protection up to 70 VDC as a built-in

option for full rack LK models. To order, add suffix
(—O0V) and add $90.00 to price of models LK-350—352;
add $120.00 for models LK-360-FM-—-362-FM.

NOTES:

out notice.

Melville, L. I.,

1 Current rating applies over entire range. Ratings
based on 57-63 Hz operation.

2 Prices are for non-metered models. For metered
models, add suffix *'-FM’’ and add $10 to price
for LP, $30 for LH ard LK.

3 Available metered only.

4 For chassis slides for full-rack models, add suffix
*.CS’ and add $60 to price for 5%~
$100 for 77 LK models.

5 All subrack models in this ad fit rack adapters
described on previous page.

Ali specifications and prices subject to change with-

Write, wire, or call to order direct, for information,
or for new Lambda Power Instruments catalog.
LAMBDA Electronics Corp., 515 Broad Hollow Road,
New York 11746, TEL. 516-694-4200,
TWX 510-221-1897.

LK models,

AL AMBDA
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What’s
Hewlett-Packard

doing in the
volume components
usiness?

Lowering the price of
Hot Carrier Diodes to...

Because we found a new way to build
them: combining the superior perform-
ance of a hot carrier diode with the best
features of PN junction diodes, elimi-
nating the cat whisker of earlier de-
signs, and using low-cost assembly
techniques. The result is the HP 2800
Hot Carrier Diode with silicon tempera-
ture capabilities and turn-on equal to
germanium. You get 100 picosecond
switching speeds, 70 volt breakdown,
low turn-on voltage at 410 mV at 1 mA,
and operating/storage temperature of
—65°C to 200°C. Ideal for RF and
digital applications, or for mixing,
detecting and sampling. Prices: 1000-
4999, 55¢; 100-999, 75¢; 1-99, 99¢. Get
the specs from your local HP field engi-
neer, or write Hewlett-Packard, Palo
Alto, Calif. 94304; Europe: 54 Route des
Acacias, Geneva.

HEWLETT HT PACKARD

SOLID STATE DEVICES 01809

Circle 302 on reader service card



Our drum
beater

Static Memory of 32 Words-8 bits each

[ :
;Y PR l )
a! | 32-BIT REGISTER — -

| —
—_ + 4 32-BIT REGISTER —l—
|
\ ——
— '— — 32-BIT REGISTER D S
£ — Y
-
gt | — z 32-BIT AEGISTER < —
DATA 3 : — S PP E—
INPUT — [—~— - 32-8IT REGISTER >—‘-— -
2 — - R
= 32-BIT REGISTER — 1
C — 32-BIT REGISTER S —
1 32-BIT REGISTER ::7
\ ] ‘ | /
LOAD/RECIRCULATE
COMMAND SINGLE PHASE CLOCK
B T . 1
MM 505 | DUAL 32-bit static register 4 pieces at $30.00 each | $120.00
MM 582 | DUAL digital multiplex switch ‘ 4 pieces at § 8.00°each | $ 32.00 l
!
| I I 8 pieces TOTAL | $152.00 |

*100 to 999 price

A drum memory as reliable as this would cost at
least $563.91. Our kit delivers now for $152.00.
For more on this, write National Semiconductor
Corporation, 2975 San Ysidro Way, Santa Clara,
California 95051. Or call (408) 245-4320.

National Semiconductor

Circte 245 on reader service card
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Introduces

the smallest
o0mw, 2-amp
relay on the

market

Tiny, powerful

and turned on with the touch of a feather .

This extra-small, 2-pole, 2-amp relay needs only the slight-

est tickle to operate—50 milliwatts. With this impulse, it -

performs standard high-leve!l output switching from low-level,
microelectronic input.

Sizewise, it's only 0.32" high, 0.31" wide, and 0.61" long.
And, it meets or exceeds all MIL-Spec environmental and
electrical requirements of relays many times larger.

Because of its low operate power and size, this relay is
ideally suited for microelectronic applications. Its low profile
lets you stack many more circuit boards in the same space.

Like all General Electric 150-grid relays, this new 50mw
type is available with a number of options to suit your individ-
ual application. You have a choice of coil ratings for a wide
range of system voltages, a choice of popular mounting
forms and header types.

If this new relay tickles your fancy, contact your General
Electric Electronic Components Sales Engineer. Or, write
for Bulletin GEA-8589, Section 792-43, General Electric Com-
pany, Schenectady, New York 12305.

GENERAL ELECTRIC

SPECIALTY CONTROL DEPARTMENT, WAYNESBORO, VIRGINIA

General Electric

¥
#

e

\

158 Cedoupy
EOIL OMMg § g9
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The LM-105 | (Shunt) Switching) (Linear) (Current) | Regulator

sesesscceseT——— »

Our new LM-105 is not only a switching regulator, linear
series regulator, shunt regulator, or current regulator, but you
can even use it as a temperature controller. It plugs into the
[LM-100 socket for powering a few 1C’s at low current levels,
or current can be boosted up to 10 amps with external power
transistors.

The 105 features 0.19% regulation, which is 10 times better
than the LM-100, as well as 19 temperature stability. Input
voltage has been increased to 50V, and output voltage is
adjustable from 4.5V to 40V.

We’ve got a wealth of voltage regulator application infor-
mation on the full temp LM-105 (and its —25°C to +85°C
companion, the LM-205) as well as the LM-100. 100-999
prices are $40 for the LM-105, $24 for the LM-205, and $30
for the LM-100. For your free wealth of information, write
National Semiconductor Corporation, 2975 San Ysidro Way,
Santa Clara, California 95051. (408) 245-4320.

National Semiconductor
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for versatile

research, development, and training

NEW HEATH MODULAR

delivery begins in September for any requirement—

Heath ‘‘805’" Series Digital Instruments begin at $940

The First Truly Universal Digital Instruments,
The 805 Series Perform All These Functions:
e Frequency Meter, 12.5 MHz guaranteed

e Events Counter

e Integrating Digital Voltmeter (optional feature
EU-805A includes all functions; EU-805D does
not have DVM function)

e Ratio Meter

e Time Interval Meter

e Period Meter

e Voltage Integrator

The 805 Features :

e 6 digit readout plus over-range

e 0.05% Accuracy As DVM

e Accuracy of +1 Count in all frequency. time

interval, and period modes

Count mode has electronic start & stop as well

as manual

Time Base Stability better than one part in 10°

(15° to 565°C.)

TTL Integrated Circuitry

e Compatibility with Heath 801 Digital System Mod-
ules for education and instrument development

e Versatile circuit cards can be used to make many
instruments

Input Comparator Features :

e Two Independent Input Comparators

e Automatic Mode Triggering

e Rear Panel Comparator Outputs

e Switch Selection for AC or DC Coupling or
Signal Disconnect

———— ——— —— o e e e it s | [

HEATH COMPANY, Dept. 580-04
Benton Harbor, Michigan 49022
O Please Send Free EU-805 series Spec. Sheet

e Four Levels of Input Attenuation

e includes Provisions for Independent use of Input
Comparator B

e Input Comparator B may be controlled at rear
panel to provide Main Time Base Input

Readout Features:

Front Panel Display Memory Switch

Front Panel Accumulate Switch

L]

e Extended-Range Vanable Display Time

e Rear Panel Input for External Time Standard

e Rear Panel Access to Clock/Scaler provides
Standard Time Intervals in Decades from 1
microsecond to 10 Seconds. or Continuous 1
microsecond

e Voltage to Frequency Output available at Rear
Panel when operating in any mode

Events Counter Features:

e Either Manual or Electronic Gating for Start & Stop

e Events may be scaled in Decade Steps to 10°
... 6 digit display permits count to 10" without
over ranging

e Input Pulse Resolution better than 50 Nano-
seconds.

Frequency Meter Features .

. er('e’?uency Measuring Capability better than 12.5

z

e Two-Channel input for Frequency Comparison or
A /B Ratio Measurements

e Resolution at Max. Gate Time 0.1 Hz +1 Count

e Time Bases, 1, 10, 100 microseconds; 1, 10, 100
milliseconds; 1 & 10 seconds

= HEATEL |

Digital Voltmeter Features :

e High Accuracy Integrating Type

e 5gigohms (5 x 10") Input Impedance on separate
1 v. Range (10 microvolt resolution)

e 1,10, 100 & 1000 Volt Ranges — 10 megohm
input impedance

e Selectable Gating/Integrating Times ... 0.1, 1,
10 Seconds

e Automatic Polarity indication

e 10% Over Range Capability

Time Interval Meter

e Either Manual or Electronic Gating for Start
and Stop

e Switch Selection for minimum. Time Resolution;
1,10, 100 microseconds; 1, 10, 100 milliseconds;
1 & 10 seconds

e Resolution +1 Count

Period Meter Features

e Either Manual or Electronic Gating for Start & Stop

e Switch Selection for minimum Period Resolution :
1,10, 100 microseconds; 1, 10, 100 milliseconds;
1 & 10 seconds

e Resolution +1 Count

e Two-Channel Input for Period Comparisons or
A /B Ratio Measurements

Ready For September Delivery :

Assembled EU-805D, as above less DVM func-

tion, (EU-805-12 may be added later if desired at

$340). ..ttt i e $940

Assembled EU-805A, Universal Digital Instru-

ment with DVM . .. . .. $1250

FREE SPECIFICATION SHEETS

O Please Send Free EU-801 System Modules Spec. Sheet

O Please Send Free Circuit Card Spec. Sheet
Name

EU-805A/D UD} Spec.

EU-801A MDS Spec. Sheat

Sheet contains plet:
details, photos, prices and

plete details
of each module, explana-

Clrcult Card Spec. Shest
contains complete details
and specs. on each circuit

Company__ S E— ~ — — — explanations of all functions  tions of ali circuit cards and  plus card prices.
Address_ _ N _ S SR - and controls. prices.
City B State__ S A | J—

| _ _ __ (prices & specifications subject to change without notice) __ __ EK-250_
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another Heath 'Malmstad®-Enke design

DIGITAL & ANALOG SYSTEMS

Hm AT WENARY

cowE® MODLLS

[ 2 4
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Systems, Instruments, Modules, or Circuit Cards

Heath "'801’ Series Digital Analog System Modules at $435

A Unicue Design-lt-Yourself Approach To

Digital "Analog Instrumentation. The 301 Has

Everything You Need To Iavestigate Digital

Circuitity, Design Your Own New Circuits,

Or "Customize’ For Specitic Functions As

A Discrete Digital Instrument

Generai Features

e Factory Assembled Digitat Pcwer Module, Binary
Inforn-ation Module, Digital Tinung Module. anc
Plug-In Circuit Cards — each available separately,

if ceswed

e Umque System of Circuit “Breadboarding’ for
expenmentation fast, eisy solderless con
ne«tions

Integrated Circuits

TTL Integrated Circuit Logic

Integral Time Base

Birary Readout (optional digital readout avail
able lazer)

e Integrzl Power Supphes

e Accepts Circuit Cards from Heath 805 Universal
Drgital instrument

Now You Can Ilnvestigate
e Counter Circuits

e Scalinc Circuits

e Gating Circuits

e DVM Circuits

e Adders & Subtracters

e Integrators
e Digital-Analog interface
e Special Circuits of your own design

Custom-Design Your Own

Counters

Frequency Meters

Digital Voit Merers

Precision Timers

Frequency Standards

Operational Amphifier Systems

Digital-Analog Interfaces

And Hundreds of other Digital & Ana'og In
struments

Recommended System iltas-

trated) Includes:

EU-801-11 Digital Power Module

Supplies all voltages necessary to operate tne sys
tem. distnbuted try 6 pin connector. (*5 15,
~170 v.) Power 1lso avalable on front panel at
octal socket. at top of circuit cards, and et banuna
plugs. $75

EU-801-12 Binary Information Moduls

10 neon lamps and dniver circuits; lamps hight with
apphcation of logc 1. 8 SPDT switches and 2
SPODT spring returi switches for binary informat on
mputs. Connectiors for switches and lamps avail
able at top of circuit cards. $50.

(EU-801A as

EU-801-13 Digital Tinring Module

Contains function generitor and three controls for
use with monostable and womparator circuits. Gen
erator r1ange, 0.1 Hz to 1) kHz, vanable in 5 decade
steps. External capacicr position for other fre
quencizs to 100 kHz. Qutputs: complementary
square wave, complementary pulse, and ramp. $60.

EU-801A Circuit Cards

Included are four Nand gate cards, two dual J-K
fhp flops. one dual morostable multivibrator, Jne
relay card (contains 7 relays), one comparator/
voltage to frequency convcrter card, one dual in/ine
tC patch card, two mulnple connector/blank PC
cards, one operational amphfier card with 1200
megohm input. Individual cards available, piices
range from $10 to $40. (Ncte: many cards from the
EU-805A U.D.l. can be used.

EU-800-RC Three-Module Cabinet

Holds any three modules; has elevating suppor! to
allow unit to be ulted buck for access to frort
panel controls or forwaro when “patching’’ circuit
cards. $20

Ready For September Dzlivery:

Assembled EU-801A System (as descnbed
above) . : ..$435
(prices of individual modules total $468 f pur
cnased separately).

Unique, tlexible, extendable This new Heath/Malmstadt Enke Modular System
provides the first instrumentation package with the maans to achieve virtualy everything
you wish  digital & analog circuitry. To investigate existing digital circuitry, just plug
in the components required to design your own special digital circuitry. just plug in
the components required if you wish to design your own digital or analog-digital
instrument, again 1it’s just a matter of plugging in the components it’s ail here in this
new system. Factory assembled circuit cards p ug into the chassis. Each card has a special
connector toard on top which features solderless connectors to accept ordinary hookup
wire and component leads for fast assembly of special circuits (several hundred patch
wires ar2 inzluded). Integrated circuits using TTL logic provide state-of-the-ait electronics.
This systeny 1s also open-ended . other modules and circuit cards will be available as
technology changes so the system can be expanded to more and more applications.
Information — Apphcation Manual is included
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Recording transducer output with the new, ultra-sensitive Honeywell 560. Fully portable, it converts to rack mounting with ease.

This new Honeywell 560 is recording
at I10pv/inch--10 times the sensitivity

of any other X-Y recorder!

Our design philosophy on X-Y recorders boils down to this:
first, you make one that doesn’t break down. Then you give it
state of the art electronics.

So, we borrowed the best mechanical concepts we developed a
while back in our 550 recorder and incorporated them in the new
560. We used the same rugged, die-cast aluminum bezel and base,
as well as the tough molded back cover that seals out dust and
dirt, even when the recorder is rack-mounted. For smooth, quiet
operation, we used the same precision-ground stainless steel car-
riage axis rods, ravel-free braided stainless steel drive cable, and
snap-fit pen with non-clogging polished sapphire tip.

We topped off the mechanics with a sealed follow-up system,
a maintenance-free fan vacuum system, and a standby position for
easy paper loading. The result is an instrument built to last a long,
long time. We know this because we subjected the 550 to more
than 4.8 million cycles of constant operation before we designed
the new 560. Its reliability exceeded our wildest expectations!

118 Circle 249 on reader service card

Now for the electronic sophistication: the 560 has ranges
from 10uv to 50v perinch, permitting you to record just about any
parameter you'll encounter without the need for additional signal
conditioning equipment. It features accuracy of =0.15%. and its
time base is accurate to =1% of full scale. Frequency response is
DC to 5Hz; input impedance is two megohms on all ranges. with
provision for potentiometric operation of the nine most sensitive
ranges. A solid-state chopper and all silicon solid-state circuitry
mean high performance over a wide ambient temperature range.
The years-ahead 560 X-Y recorder is another example of how
Honeywell’s broad line, backed by local sales and service, can
provide the precise solution to your instrumentation problems.
For full details on the new 560, call your local Honeywell Sales
Engineer, or write: Honeywell, Test Instruments Division, P.O.

Box 5227, Denver, Colo. 80217. Honeywell
Honeywell engineers sell solutions

Circle 250 on reader service card —>



What is small,

has stripes,
and shrinks boards?

New CORNING’
C3 Resistor.

L

R T

16 transistors 16 transistors
8 capacitors 8 capacitors
52 C3 resistors 52 RLO7 resistors
Actual size Actual size

Now ou can get 1/8 watt in a clean lead length of .150” and
diameter of .066” maximum. That means a 35% reduction
in board size for these eight Schmitt trigger circuits. Plus
the proven stability of glass tin oxide film construction.

Put more circuit in the same space.
Or put the same circuit on a smaller beoard.

For specs and samples, write to Corning Glass Works,
Electronic Products Division, Corning, N.Y. 14830.

CORNING

ELECTRONICS



NEW EG&G PICOAMMETERS

A full line of low-level current measurement instruments

All EG&G Picoammeters include features
others only talk about. Like the unique
combination of precise accuracy and rap-
id, accurate calibration capability without
resorting to calibration charts or resistor
measurement. And, the all solid-state de-
sign, including a low level MOS FET input

EG&G Picoammeter to meet your needs
and your budget. That's because EG&G
offers the most complete line of low level
current measurement instruments avail-
able. From high precision units or auto-
matic ranging units, both complete with
digital readout, to general purpose, man-

stage. What's more . . . you'll find an ually-operated bench top models.

HERE ARE THE SPECIFICS ON FOUR
OF THE MOST POPULAR
EG&G PICOAMMETERS.

Model ME-1035, Precision Picoammeter — for Stan-
dards or Calibration labs. Current measuring range of
10 % amps to 10 2 amps with 1015 amps resolution.
All solid state design with MOS FET input, tempera-
ture controlled feedback resistors for added stability,
. pushbutton range control, adjustable summing point

v voltage and current offset monitor, pushbutton con-
= trols for rapid internal calibration requiring no external
standards or sources. Digital readout. Price: $3,945.00

Model ME-930, Digital Picoammeter — for general lab
work and automatic digital systems. Current measur-
ing range of 1071! amps through 1072 amps full scale
in 10 decade steps. A full digital picoammeter with
automatic range changing capability and automatic
polarity selection. All solid-state design with MOS FET
input, remote function control and optional printer
drive, digital readout of level and range. Price: $3,575.00

Model ME-920, Automatic Range Changing Picoam-
meter— for general laboratory use and production line
testing. Current measuring range of 107! amps through
1072 amps in 10 decade steps. An automatic ranging
picoammeter with remote function capabilities. All
solid-state design, with MOS FET input and automatic
polarity indication. Price: $2,435.00

Model ME-705, General Purpose Picoammeter — for
general laboratory use. Current measuring range of
3x 1013 amps through 102 amps in 22 steps (11 de-
cades with X3 meter multiplier). A general purpose,
manually operated bench-top picoammeter. All solid-
state design, with MOS FET input stage. Price: $560.00

For more complete details on the more complete line
of EG&G Picoammeters, contact your local EG&G
Products Division representative. Or, write EG&G Inc.,
Laboratory Products Division, P.O. Box 755, Goleta,
California 93017.

EG:G

LABORATORY PRODUCTS DIVISION
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"Daddy told me,
‘Order all of your
power supplies from
Acopian, my boy.
They'll ship any of
62,000

different kinds

in just

3 days!’”




The new Sony/Tektronix Type 323
Portable Oscilloscope weighs 7 lIbs,
is 41/4 inches high, 81/2 inches
wide and 10 5/8 inches deep. It oper-
ates from self-contained batteries for
up to 8 hours. With this compact,
lightweight instrument, a user may
move from one remote application to
another without concern for power
connections. The Type 323 is es-
pecially attractive for maintenance
of remote communications equip-
ment, mobile communications equip-
ment, aircraft instrumentation, marine
instrumentation, production control
equipment, etc. Batteries are re-
chargeable overnight (16 hours) by
simply plugging the instrument into
an AC outlet. The built-in charger
will provide a fresh power source
for use the next day. The Type 323
may also be powered from DC, 6V
to 16V, up to 4.5 watts, and 90 to
136 VAC or 180 to 272 VAC, 48 to
440 Hz, up to 14 watts.

This solid-state portable oscillo-
scope also provides performance!
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& New

Sony/Tektronix,

portable oscilloscope
makes the going
easler!

TYPE 323 OSCILLOSCOPE

w I
viar galm ‘ *OSEON .

EERRNTEXTRONIE roxvo. Jaran

Bandwidth is 4 MHz at 10 mV/div de-
flection factor. For low signal level
applications, 1 mV/div at 2.75 MHz
is provided. Sweep rates are 1s/div
to 5 .s/div, extending to 0.5 us/div
with the X10 magnifier. A single con-
trol knob permits automatic or manu-
al level sweep triggering, positive
or negative slope. With no input the
automatic trigger mode provides a
bright baseline reference at ali
sweep rates. A 6 X 10 (1/4-inch div)
internal  non-illuminated graticule
permits parallax free measurements.

The Type 323 is designed for severe
environments. Performance specifi-

cations are maintained within an op-
erating temperature range of —15° C
to +55° C. It also passes shock, vi-
bration and humidity tests which
simulate environments ‘‘portable” in-
struments are likely to encounter.

Your Tektronix Field Engineer will
demonstrate the performance of the
Type 323 in your application at your
convenience. Please call him or
write: Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon 97005.

Type 323 Portable Oscilloscope
(including batteries)

U.S. Sales Price FOB Beaverton, Oregon

Tektronix, Inc.

committed to progress in waveform measurement
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Probing the News

Computers

Federal libraries cast a long shadow

Electronic systems being pioneered by Government institutions to cope
with an information flood may lead to nationwide communications networks

By Paul A. Dickson

Washington regional editor

Washington wags have long
claimed that the principal product
of the nation’s capital is paper.
Only those civil servants already
buried under mountains of reports,
periodicals, and publications of all
sorts would deny that this is an
overstatement, but the fact remains
that Federal agencies do place a
tremendous importance on printed
material.

Keeping track of all this paper
has always been difficult, but now,
in an age when information is pro-
liferating at an alarming rate, the
job has hecome monumental, And
the institutions charged with the
task—the Library of Congress, the
National Library of Medicine, the

National Archives, the National
Agricultural  Library, and the
Smithsonian Institution—are turn-

ing to clectronics to cope with the
flow and to provide access to stored
information.

The trend to electronics is re-
cent, but, as with the generation
of printed matter, the pace is step-
ping up. New projects and systems
are being announced regularly. And
changes in the practices of the
national repositories are  causing
corresponding shifts in the general
ficld of the library arts. Local li-
braries are heginning to do parallel
work on their own.

New role. Paul R. Reimers, di-
rector of the information services
office of the Library of Congress,
predicts that over the next few
vears there will be massive devel-
opment in the field of automated
libraries, meaning a sizable new

Electronics | July 8, 1968

market for computers and other
clectronic hardware. He notes that
librarians are already adding terms
like “network,” “regional center,”
and “automated data relay” to their

working vocabularies. “A  basic
change is taking place,” Reimers
declares. “Automation is trans-

forming the library from a store-
house to a communications center.”

Reimers believes that the major
advances being made by the Fed-

cral libraries will be followed on
the local level, and that the Wash-
ington programs should therefore
be viewed as harbingers of a wide-
spread changeover. He cites a mect-
ing held last year by the Library
of Congress for computer manu-
facturers. Library officials told the
industry what they were planning
in the way of services, and manu-
facturers are now working on soft-
ware to implement such services

Versatile. The Library of Congress’ machine readable catalog format
can be used to produce such jtems as the book catalog seen at left,
catalog cards, and worksheets with searching slips seen at the right.
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A single pair of wires, or o
leased telephone line, can
carry the oudia signals for
a complete control system.

é]\ YAVAVAVAVAYAVAY/ [lil

For inaccessible areos or
maobile installatians, a
radio transmitter ond re-

REMOTE
CONTROL &%t
SWITCHING WITH
AUDIO SIGNALS

mooeL rr2o [0 [T \;'
contactless resonant
reed encoder/decoder

.395x .620 x 1.100

An audio tone can be generated by an
electronic oscillator or resonant reed en-
coder circuit, then transmitted by wire
or radio. The tone activates a resonant
reed relay to perform a control function.

Bramco reeds permit over 100 selective
control frequencies within the 67 to 3000
Hz. spectrum. This is assured by: (1) the
narrow response band-width of about
1% for decoders and (2) the high ac-
curacy of Bramco reed encoders (1/10
of 1% of design frequency).

A big advantage of reeds in control
switching is that they are ideally suited
for simultaneous and sequential coded
tone systems. The actual number of con-
trol functions possible in such a system
is virtually unlimited. For example, over
3300 individual control functions are pos-
sible with only 16 frequencies coded se-
quentially in groups of three.

Compared to other types of tone filters,
resonant reeds are small and inexpen-
sive. They give more control functions
per spectrum, per size, per dollar.

If you work with controls that select,
command, regulate, or indicate, you
should know how it can be done with
audio signals. We custom design and
stock a broad line of encoder/decoder
components and modules. Bramco also
custom designs LC filters from 0 to 200
KHz.

For literature write Bramco Controls
Division, Ledex Inc., College and South
Streets, Piqua, Ohio, or call 513-773-8271.

BRAMCO CONTROLS DIVISION

LEDEX INC.
College and South Streets, Piqua, Ohio 45356
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throughout the country.
Medical pioneers

The National Library of Medi-
cine, a unit of the National Insti-
tutes of Health, has pioneered li-
brary-based  information-retrieval
systems. In 1964, the library be-
gan operating a computer-based
system called Medlars (for medi-
cal literature analysis retrieval sys-
tem). Medlars has had a strong
impact on the library sciences—and
on clectronics as well—for it’s the
first system to employ a high-speed
celectronic phototypesctter.

The library is continually ex-
panding Medlars. Earlier this year,
for example, the main library in
Bethesda, Md., was clectronically
linked through 1BM 1050 equipment
to two remote information centers
at the University of Colorado in
Boulder and Harvard University in
Cambridge, Mass. And last month,
the library announced the award
of a $2 million contract to the
Computer Sciences Corp. of Los
Angeles for a threc-year program
to upgrade and expand the system.
In addition, the library plans to tic
an IBM 360/50 computer into the
new version of the system.

In handling its basic task of pro-
viding fast access to the medical
and Dbiological literature of the

world, Medlars currently performs
thrce major functions:

» It compiles and prints the In-
dex Medicus, a monthly listing of
medical references from journals
throughout the world. An average
issue contains references to about
14,000 new articles.

= It draws up bibliographies for
doctors upon demand. In other
words, when presented with a com-
plex medical question, the system
will produce a list of citations re-
garding the subject from the
world’s literature.

» Jt turns out recurrent bibliog-
raphies for medical specialists. A
monthly is produced on rheuma-
tism, for instance, and a quarterly
index is prepared on artificial kid-
neys.

In addition, Medlars is cranking
out an increasing number of card
lists and catalogs of medical litera-
ture from its base of some 750,000
references.

The expanded system, to be
called Medlars 2, will be, claims
Computer Sciences, “the most so-
phisticated total management sys-
tem yet developed for third-genera-
tion computers.” Officials at the
library arc a bit more modest in
their assessment, maintaining only
that Medlars 2 will be the most ad-
vanced library-based computer sys-

Congressional records. Tape drives are integral part of computer center at
Library of Congress, which is working on machine readable catalog format.
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Getting the word. The National Library of Medicine, which pioneered
library-based data retrieval systems built around computers was also
the first to use phototypesetting equipment like that shown above.

tem in actual operation.

On-line library. The library’s
project officer for Medlars 2, Bar-
hara Sternick, explains that the new
svstem will be implemented in two
steps. By the middle of next year,
the system’s special medical sub-
ject headings vocabularly will be
expanded to include new terms and
some “dictionary” words; this last
will permit addressing in - terms
close to conversational English. An-
other first-level project will be to
adapt the system to print out 150-
word abstracts of medical articles.

In the second stage, which will
be completed in 1970, the system
will go to on-line operation. Re-
mote cathode-ray-tube displays will
be used for reviewing material, and
on-line indexing, cataloging, and
corrections will be done by key-
board operators. Scarches for ma-
terial will be conducted on-line,
and the system will “remember”
all queries to speed retrieval the
second time around.

Modules containing data on the
rapidly expanding fields of drugs
and chemicals, and the system will
vet the capability to produce
graphic images—chemical structure
diagrams, for example.

The complete Medlars 2 will con-
trol the flow from the moment a
work is ordered, through the nor-
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mal library functions of indexing
and cataloging. to its appearance
as a reference in a library publica-
tion or as the object of a special
scarch. The system will be busy;
library officials predict that Med-
lars 2 will contain more than 2
million items of information by
1972, and will process more than
26,000 bibliographics a vear.
Offspring. In asscssing the effect
of Medlars on clectronic libraries
generally, Scott Adams, deputy di-
rector of the National Library of
\Medicine, observes that “NMedlars
computer tapes are already being
used in medical libraries in Sweden
and Britain,” and that Japan, Can-
ada, Australia, France, and Ger-
many have expressed an interest
in acquiring the tapes. Also, the
World Tlcalth Organization of the
United Nations is having two of its
technicians  trained in  Medlars
techniques. Adams further states
that  Medlars  development  has
helped foster such computer-based
systems as the National Parkin-
son’s Disease Information Center
at Columbia University, the Brain
Rescarch Information Center at the
University  of California at Los
Angeles, the Sensory Perception
Information Center at Johns Hop-
kins  University and the Visual
Perception Information Systemn at

.
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if we haven't
made it...
nobody has
asked for it

We make not only a wide variety of
standard cable constructions, in-
cluding all the standard RG/U Coax-
ial cables, but also a tremendous
number of special constructions to
customers’ specifications. These
special Flexlead cables are precisely
engineered to meet the exacting re-
quirements of high and low tempera-
tures, corrosive atmospheres,
repeated flexure, abrasion, excessive
corona, weathering, and many other
severe conditions. Whatever your re-
quirements, Markel will make a cable
to meet them. In fact, the chances
are good that we've already made
one like it . . . and that could save
you both time and money! Your let-
terhead request will bring a copy of
our complete Flexlead catalog.

MARKEL

SINCE 1922

L. FRANK MARKEL & SONS, INC.
Norristown, Pa. 19404 . Phone: 215/272-8960

INSULATING TUBINGS AND SLEEVINGS
HIGH TEMPERATURE WIRE AND CABLE
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You've got it made
with Cambion”
Logic Assemblies

Difficult digital application? Noisy environ-
ment? Need high speed or a large variety of
functions? Ask for CAMBION DTL, TTL or
HTL logic assemblies. CAMBION gives you
more functions per card and all cards

are compatible.

Choose from over 200 assemblies with high
package densities and 70-pin input/output
capability. That's twice the number of

any competitor, and CAMBION assures you
the lowest cost per function. The complete
line includes power supplies, card files,
drawers . . . available off the shelf, in

the widest variety.

For more information on CAMBION's IC
assemblies, contact: Cambridge Thermionic
Corporation, Digital Products Division, 447
Concord Avenue, Cambridge, Massachusetts
02138. Phone: (617) 491-5400.

®aes..u.5. pat. OFF.

CAMBRIDGE THERMIONIC CORPORATION
ChAMBION

Standardize on CAMBION . . .
21,541 guaranteed electronic components
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.. .the National Library of Medicine
is studying networking concepts. ..

Harvard University.

Adams notes that the research
and development arm of the Na-
tional Library of Medicine is study-
ing networking concepts with an
eve to establishing a national net-
work of computer-based operations.
The staff, he says, is looking into
automated problem  solving and
such advanced concepts as remote
browsing and high-resolution vis-
ual transmissions.

Leading the way

Of the several automation pro-
jects now being conducted by the
Library of Congress, the onc that
will have the most immediate im-
pact on libraries throughout the
U.S. is called Marc, for machine
readable catalog. The program was
launched in 1966 when 16 libraries
around the country were sent mag-
netic tapes of the English-language
monographs reccived by the Li-
brary of Congress. After making
some format changes, the library
recently  announced  that  Mare
tapes will be available to any li-
brary that wants them starting this
fall. Reimers expects about 100 li-
braries to subscribe initially.

The modified tapes, produced by
an IBM 360/30 computer, will he
sent cach wecek to participating li-
braries. During the pilot operation.
Marce tapes, together with other
simple  software, were used  to
produce such items as catalog
cards, specialized listings and bi-
bliographies, labels for book cards.
card pockets and spines, and new
catalogs. The Washington State
library  produced catalogs for
smaller public library systems in
the state and Yale University’s Hi-
brary used the tapes to alert fa-
culty members to new titles in
their fields.

Reimers notes that Mare cata-
loging is now being applied not
only to books and such, but also to
maps in the library’s collection,
and similar handling is slated for
the library’s  comprehensive  col-
lections of recorded  folk music
and photographs, as well as the
624,000 periodicals in the library's
collection. The Smithsonian  will
use Marc for similar applications.
And Reimers says the British and

Canadians are considering  the
Mare format for comparable pro-
grams, Eventually, he says, Marc
will be used by computer-equipped
regional libraries to serve smaller
local branches.

United front. Last month, the
National Library of Medicine and
the National Agriculture Library.
along with the Library of Con-
gress, announced the adoption of
the standardized Mare communi-
cations format.

Under another Library of Con-
gress  program, the Hamilton
Standard division of the United
Aircraft Corp. has just completed
a study of ways to automate the
library’s central bibliographic fa-
cility. After the study has been
evaluated, system  specifications
may be drawn up and a request for
hardware proposals issued. The
library, though short of funds.
hopes to have the system installed
and debugged by 1970. Reimers
contends that massive automation
schemes such as this one are now
feasible because of new terminal
devices and  the  large memory
capacity of third-generation data

Anarchy in the archives

Because of the trend to the whole-
sale use of computers, serious in-
formation retrieval problems are
cropping up at the National Ar-
chives and other record-keeping
institutions. The fact that more
and more data on matters of scien-
tific and historical importance is
kept on magnetic tape is at the
root of such difficulties.

Tape. says one specialist, is not
a  stable  archival medium. Tt
must constantly be rewound and
cleaned, and it doesn’t Jast as long
as paper. An even more  serious
drawback involves tape compati-
bilitv. The National Archives, for
example, is getting tapes from all
kinds of computers in a variety of
formats. "What happens in 1985
when a researcher wants data on
the 1960 census, and the only
available msar 1401 is in the Smith-
sonian’s compnter collection,” asks
an official. Because of such prob-
lems. u new Federal task foree is
checking tape-conversion schemes.

Electronics | July 8, 1968



wmmwwmmwmmm%ﬁ“ﬂgmmwmm%m;mg

peos

A FET

FOR UHF
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The 2N5397 has guaranteed 450 MHz performance

P

i
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¢

... Power gan 15 dB mm...NF 3.5 dB max.

2N5397

Neutralized Ccmmon Source Amplifier

High g, — 6000 ymho min — and low C_, — 1.2
pF max — combine to give taese results in a neu-
tralized common source amplifier. But if you're
against neutralizer twiddling then design a com-
mon gate circuit. With the 2N5397 it’ll be uncon-
ditionally stable up to 800 MHz and, at 450 MHz,
still have 13 dB power gain with NF less than
4 dB. Used either way — CS or CG — the FET's
“square law” character reduces inter- and cross-

FET TESTER

For BV — Ves—Io — grs — less (to
less than 100 pA). Write for specs.
$1200 Main Chassis . . . $ 963.00
SI201 ET Test Module . 1,335.00

O Yoo

Common Gate Amplifier
Unconditionally Stable to 800 MHz

mod products ... better than any other active
device.

We also make other RF FETs...2N3823;
2N4220-24; 2N4416. . . some industrial types and
a power FET or two. We've crammed all this
data plus more detailed specs on these two CS
and CG drcuits into an “RF FET Data Packet”
. .. write for it.

Siliconix incorporated

1740 W. Evelyn Ave. ® Sunnyvale, CA 94086
Phone (408) 245-1000 ® TWX:910-339-9216
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... the Library of Congress keeps tabs
on automation programs inits field. . .

processing cquipment.

Among other projects at the Li-
brary of Congress is a study of
the use of punched cards as “call
slips” in the library’s manuscript
division. The cards would aid in
locating manuscripts, kcep track
of them by computer, and compile
statistics on the rclative use of
different sources.

Also, the library has just selected
RCA from among seven bidders to
build a system that will automatic-
ally produce the almost universally
used Library of Congress catalog
cards (some 75 million arc sold by
the library cach year). The contract
will probably call for a spectra
70/45 computer and a Videocomp
crt-driven phototypesetter.

Finally, optical scanning and
sorting equipment, supplied by
Radiation Equipment Inc., will be
installed at the library this summer
to read, sort, and record orders for
catalog cards.

Paper chase

The National Archives and Re-

cords Service is another library of
sorts that’s looking to electronics
for help. Well it might; the service
has the formidable task of keep-
ing track of the records of the
U.S. Government. Besides the Na-
tional Archives, with its 900,000
cubic feet of historical records in
the Capitol, the organization is
responsible for 14 regional record
centers plus the various Presiden-
tial librarics containing the papers
of Franklin D. Roosevelt, Harry S,
Truman, and Dwight D. Eisen-
hower.

At present, the National Archives
is working with ninc institutions
that collect personal papers or
maintain archives. The venture,
dubbed Spindex (for sclective per-
muting index), centers on a com-
puter program for indexing manu-
scripts and papers. Frank G. Burke
an information-retrieval specialist
at the National Archives, explains
that Spindex will permit informa-
tion to be examined in every con-
ceivable manner, as the program
lists all the key words in the de-

Departed past. Automation’s nothing new for the Library of Congress.
When it opened for business in 1897, there were a number of ingenious
systems to get books around the building in jig time. The apparatus
shown above was called the ‘‘Capitol Carrier.”” Until earlier this year,

it served faithfully, shuttling books between the library proper and
Congress. But the Capitol Carrier—one of the first setups to which

the term automation was applied—is finally making way for progress.
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scription of a document.

If all the institutions that store
historical documents use Spindex
—and the indication is that most
will—they will have access, through
the computers, to each other’s col-
lections. The Smithsonian will use
Spindex to catalog its scientific
manuscripts and the Library of
Congress is planning to go along
with all its manuscripts, as are
various historical societies, mu-
seums, and universities.

Burke, like others in this field, is
talking about a nctwork: “Our re-
gional record centers are tied in
with 10 General Services Adminis-
tration data centers, centers that
could be used to question a cen-
tral data bank about the location of
a certain document.” He envisions
a time when a professor in Cali-
fornia will interrogate a Washing-
ton data bank through a GSA center
about a historical document that
will be located for him in Arizona.
And he sees no reason why such
a central bank could not be hooked
up with university computer sys-
tems to provide a nationwide re-
search facility.

Keeping tabs. The Library of
Congress maintains a file on auto-
mation programs in the library
ficld. This file, which answers to
the acronym Locate (for Library
of Congress automation techniques
exchange), is used to keep libraries
abreast of developments and to
keep those working on new systems
informed about what their colle-
agues have tried, are working on,
or are planning.

Locate now contains reports,
manuals, flow charts, and other
documents on several hundred sys-
tems around the world, but Reim-
ers warns that the file may not be
an accurate barometer of activity
since many current projects may
not have yct been reported. How-
ever, he believes Locate will grow
rapidly over the next few years
because the library is now seeking
out information on necw systems
instead of waiting for it to come
in over the transom. Also, of
course, there should be many more
launched in the near future.

Reimers isn’t planning to let
documentation fall behind, cither.
He plans to convert Locate’s cita-
tions, index terms, and abstracts to
a machine-readable form for fast
access.
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Integrated electronics

Semiconductor firms’ captive lines
capture defense contractors’ fancy

Increasingly stiff reliability requirements induce military systems suppliers

to establish their own production enclaves on the premises of components makers

By Peter Vogel

San Francisco regional editor

For the past two months, in scques-
tered areas at the Semiconductor
division of the Fairchild Camera &
Instrument Corp. and at Texas In-
struments Incorporated, two tran-
sistor assembly lines have been op-
crating under the direct supervision
of the Sandia Corp. Sandia owns
the equipment, and the semicon-
ductor makers supply the labor.
This sort of arrangement is be-
coming less and less uncommon in
the freewheeling semiconductor in-
dustry. However, the relationship
of such operations to such touchy
subjects  as  radiation  hardening
and missile reliability makes buyer
and seller alike somewhat leery of
detailed discussion.

The function of the two new
lines, says a Sandia source, will
be the application of new or im-
proved assebly techniques to pre-
vent repetition of circuit failures.
He adds that these cfforts will be
supported by separate research and
development  work  in - assembly
techniques.

Division of labor. Although all
R&D will be done at Sandia’s Albu-
querque, N, headquarters, the
assembly work will be done on ei-
ther the Fairchild or TI line. These
companies  will also supply the
dice. The cost of the Fairchild line,
says a Fairchild official, is a one-
time item that includes the work
space and bonding and packaging
cquipment plus all required test-
ing gear. Beyond the initial invest-
ment, Sandia is charged on a time-
plus-materials basis; Fairchild gets
a guaranteed minimum fee.

Under a contract of finite dura-
tion, Fairchild is responsible for
maintenance costs on equipment,
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and it pays the wages of the assem-
bly personnel. Sandia  stipulates
that cmployvees on its facility work
there exclusively and that they be
of high caliber and “highly moti-
vated.”

Six transistor chips, especially
designed by Sandia for radiation
resistance, are being manufactured
and assembled under close controls
by Fairchild and 1T on the Sandia
lines, The devices are to be used
in  Atomic  Encrgy  Commission
projects and on other high-reliabil-
ity programs underwritten by the
Government.

The lines give Sandia exceed.
ingly accurate wafer-to-package

quality control. Sandia keeps com-
prehensive records on cach chip
throughout assembly to allow eval-
uation of procedures and correla-
tion with circuit reliability.
Sandia calls  such operations
“captive assembly lines.”” The prod-
ucts from them are exclusively the
compamy’s and any process devel-
opments and patents also bhelong
to Sandia. Fairchild and TT may not
sell Sandia circuits to other bhuyers
as the Autoneties division of the
North American Rockwell Corp.
could when it set up carlier “con-
trolled Tines™ in its own plant and
clsewhere for production of high-
reliability components for the Min-

Women's work. Captive, or controlled, semiconductor assembly lines
like this one op2rated by Texas Instruments for Autonetics needs
in Minuteman program are increasingly common in the field.
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Couch 2X 1/7-size relays
meet MIL-R-5757D/19 in
1/25th of a cubic inch

The new, third generation Couch 2X
relays solve switching problems where
space and weight are critical. Thor-
oughly field-proven in electronic and
space applications. Relays are de-
livered fully tested. Additional screen-
ing tests available at your option.

22X 1X
(oPDT) (SPDT)

Size 0.2"x0.4"x0.5” same
Weight 0.1 ox. max. same
Contacts 0.5amp@30VDC same
Coil

Operating

Power 100 mw 150 mw 70 mw 100 mw
Coil

Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 20 G to 2000 Hz same
Shock 75 G, 11 Ms same

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.

RUGCED ROTARY RELAYS | '..ﬂ/ DOynamically and Statically Balanced

COUCH ORDNANCE INC.

3 Arlington St., North Quincy, Mass. 02171
Area Code 617 CYpress 8-4147
A subsidiary of S. H. COUCH COMPANY, INC.
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... radiation tolerance is still tied
to tight controls on assembly line.. ..

man 1 and 2 projects.
New Directions

Sandia’s reasons for setting up
the two lines have implications for
the entire semiconductor field and
may herald significant changes in
the industry’s response to demands
for high-reliability devices. The
Navy, for example, may soon re-
quest captive lines for hardware for
the fleet ballistic missile program.
And the Space and Information
Systems division of the Raytheon
Co., which is building the guidance
computer for the Navy’s Poseidon
missiles, will use captive lines to
assemble a special NAND gate, a
7-K flip-flop, and dual four-input
line receiver. Other captive lines
to be purchased by Raytheon will
turn out more than 20 kinds of in-
tegrated circuits and transistors.
The Lockheed Missiles and Space
Corp., the prime contractor for
Poseidon, is reliably reported to be
soliciting bids from four companies
on captive lines for dielectrically
isolated circuits.

In an cffort to get in on Ray-
theon’s business for bipolar dielec-
trically isolated devices, Fairchild,
T1, the Philco-Ford Corp.’s Micro-
electronics division, Motorola, Inc.,
and Radiation Inc. are competing
to set up one or more captive lines.
Fairchild is supplying one of the
circuits from a regular line.

Big time. Chaz Haba, Fairchild’s
director of aerospace and defense
marketing, says the company may
set up as many as six to 10 lines in
the next vear or so. Fairchild has a
whole room, now empty except for
the Sandia line, set aside for such
operations. Haba predicts that
some hybrid work will also be done
on captive lines, adding that any-
onc who wants high-reliability de-
vices will go to captive lines from
here on out. He points to the ever-
increasing proportion of the mili-
tary budget going into missiles,
where a “reliability and damn the
cost” attitude prevails, as an indi-
cation of captive lines” potential.

Missile components, with their
one-shot nature, are prime targets
for captive lines, especially with
the tightening in Government re-

liability specs. But circuits that will
operate in space in the Van Allen
radiation belts, in an environment
contaminated by a nuclear explo-
sion, or near a nuclear reactor or
source of isotope radiation, must
also be hardencd. David Myers,
radiation cffects program manager
at Fairchild, says that only recently
did state-of-the-art work in semi-
conductors permit exact specifica-
tions to be written for reliability
in the little-known arca of fast-neu-
tron irradiation. Post-irradiation
specs, he says, have, until recently,
been subject to negotiation and
were done on a “best-effort” basis.
Currently, he adds, Government
policy has hardencd to the point
where radiation tolerance isn’t con-
sidered open to negotiation.

Circuit-design advances in the
past nine-months, says Myers, have
shown that certain variables can
be controlled at the wafer stage
to cnhance radiation tolerance.
Ttems: voltage reqnirements must
be minimized; dielectric isolation
must be used to control spontane-
ous generation of photocurrents;
and supply currents must be lim-
ited by using thin-film resistors in
collector legs. But even when the
circuit designer has done his best,
radiation tolerance and reliability
are still closely tied to tight con-
trols on the assembly line.

Buyers and sellers

The captive assembly line idea.
which stresses these strict controls,
is thus becoming widely accepted
among both buyers and sellers of
semiconductors. The user gets as-
surance of high reliability; the
vendor gets a guaranteed customer
for devices with high unit costs.

RCA hasn’t done any captive-line
work, but Frank Rohr, manager of
marketing administration at the
Electronic Components  division,
says, “If someone came to us about
setting up a captive line we
wouldn’t necessarily say no. You
get a certain amount of guaranteed
business without any of the respon-
sibilitv for recliability.” In Dallas,
TI is running the line for Sandia
along with operations that supply
“bits and picces” of Lockheed’s
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semiconductor requirements  for
Poscidon and Autonetics’ Minute-
man needs. The TI lines differ from
others in being strictly assembly
areas. The front-end work and dif-
fusions are done in a laminar-flow
clean room that serves as a sort of
central clearinghouse for all circuits
produced by the company. Propos-
als for captive lines from anyone
working on high-reliability pro-
grams, says a TI official, would be
welcome,

In southern California, Jack Hir-
shon, division manager of Hughes
Semiconductor, says his company
would be interested in selling cap-
tive lines if the volumes were high
cenough. Hughes has apparently
had scveral attractive offers; it’s
considering at least two proposals
to set up captive lines. Hirshon
warns that the customer must be
willing to pay the “substantial”
costs involved in setting up a linc.
Radiation Inec. is also negotiating
to build a captive line for missile
components, but won’t comment,
because, according to a company
spokesman, “the question is too
loaded politically.”

Costs plus. That spokesman was
probably thinking of costs and prof-
its. The costs for a customer who
wants highly reliable devices from
a captive line are, on the evidence,
astronomical. But circuits intended
for extremely critical functions have
always come high, One Fairchild
official estimates that of every 10.-
000 circuits purchased by the AEC
and comparable agencies, only 500
ever pass final acceptance testing
and specification. An official in the

Fan. Raytheon's C. N. Dewey iines
the concept of captive assembly lines.
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Navy’s Special Projects Office,
which administers the Polaris and
Poseidon programs, says: “Costs
will probably he only marginally
greater because of the greater con-
trol and checking in the captive-
line process.”

But cost estimates by 1C manu-
facturers aren’t quite so comfort-
ing. Glenn Penisten, manager of
business development at TI's Com-
ponents group, says it’s axiomatic
that a special line can’t operate as
efficiently as a conventional produc-
tion setup. He adds, however, that
the additional costs may be worth-
while because of the reliability
gains built into systems with de-
vices made on captive lines.

What’s more, programs for which
captive-line production will he used
are generally not cost-conscious
propositions. Reliability is the sin-
gle hest consideration.  Probably
because of the costs, the profits,
and the “polities” involved, no sup-
plier or contractor is willing to com-
ment in depth on agreements for
setting up lines. The semiconductor
houses bidding on the Ravtheon
captive lines even refuse to spell
out such details as whether they
plan to lease or sell assembly
cquipment to the contractor. How-
ever, Chaunccy N. Dewey, man-
ager of fleet ballistic missile pro-
grams at Raythcon, has given some
indication of what he expects from
captive-line vendors soliciting work
on Raytheon’s Poscidon require-
ments.

Stressing  that  Sandia  captive
lines usually build products of
Sandia design, Dewey says, “Ray-
theon tends to think of the captive
line more in terms of workmanship
and/or quality assurance than as a
device for creating our brainchild-
ren.”

Get-together. Raythcon, he says,
called in vendors last December,
told them what was wanted, and
asked for proposals and comments.
The key to the captive-line idea,
Dewey told the vendors, is the
need for large numbers of parts
over long periods of time. These
factors, he said, make it possible to
set up equipment, train personnel,
and  maintain  the skill  levels
needed. In addition, Dewey wants
a separate plant area where Ray-
thcon will receive clectronically
and visually presorted dice, and be
able to assemble, test, and sort

Bulova can
supply
the

crystal
you need

to match your specs!

Many years of supplying crystal control
units for the most advanced military and
space programs enable Bulova to offer

a full line encompassing virtually the
entire frequency spectrum—2 ke to 125
Mc for oscillator and filter applications.
We can supply every type of packaging
—including koldweld and glass sealed.
Our military crystals meet latest
MIL-C-3098D specifications. All
reasons why you should make Buiova
your single source of supply.

HIGH PRECISION GLASS SEALED
CRYSTALS 1 Mc to 125Mec. Available in
vacuum sealed, glass enclosures of the
HC-26/U and HC-27/ U type.
Example: Precision SSB Crystals
Frequency: 1 Mc to 5 Mc
T | Holder; HC-27/U
Tolerance: #.0025%
~ from —55°C to +90°C, or
| to specification
Aging: 3 x 10°® per week
ﬂ ﬁ after one week stabilization
at 75°C

KOLDWELD SEALED CRYSTALS—low
aging, high reliability, 1 Mc to 125 Mc.
Now available in TO-5, HC-6/U

and HC-18/U type cans sealed by the
koldweld process to eliminate effects of
heat and to reduce contamination.
Example: TO-5

Frequency: 15 Mc to 125 Mc
Tolerance: =.0025% from

—55°C to +105°C, or to

specification

Aging: 1 x 107 per week

after one week stabilization

at 75°C

Write or call for specifications on
Bulova’s completz line of crystals.
Address: Dept. E-17.

BuLova

FREQUENCY

CONTROL PRODUCTS
ELECTRONICS DIVISION

OF BULOVA WATCH COMPANY, INC.

61.20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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ECCOMAX HI-Q
LOW-LOSS
DIELECTRICS

18 low loss systems are described in new
folder and chart. Casting resins, impregnants,
coatings, adhesives, rod & sheet — some
foams — some Hi K — all with dissipation
factors below 0.001. For RF, UHF, VHF and
microwaves — capacitors, coils, efc.

Circle 516 on reader service card

PLASTICS / CERAMICS
for ELECTRONICS

CONDENSED CATALOG

New folder describes product lines—casting
resins, adhesives, foams, sheet stock, coatings,
silicones, microwave absorbers, anechoic cham-
bers, shielding materials, etc. Post card in-
cluded for obtaining more details,

Circle 517 on reader service card

ECCOAMP

ELECTRICALLY CONDUCTIVE
ADHESIVES & COATINGS

pecoamp
'uc\‘\“‘“
canﬂ“"-‘“‘k
dhesives
u coatings

New four page folder describes materials
from 0.0001 to 100 ohm-cm. Adhesive pastes
fo replace hot solder, thin liquids, silver lac-
quer in aeroso! spray, lossy coatings, etc.

Circle 518 on reader service card

Emerson & Cuming, Inc.
CANTON, MASS.
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium

132

again. But Dewey hasn’t closed the
door on starting with the unscribed
wafer; nor has he decided whether
burn-in, sealing, and testing should
be done on the captive line.

The way it looks now, he says,
the semiconductor manufacturer
will supply equipment, space, and
people, and write off overhead in
the usual way. There could also he
a buy-back clause in case a vendor
had acquired an expensive piece of
cquipment for the contractor’s line
and couldn’t use it because of pro-
gram cancellation.

From its cxperience on the
Apollo guidance and navigation
computer, says Dewey, Raytheon
found that most failures were re-
lated to assembly defects: poor
bonds between chip and case, poor
wire-chip bonds, poor wire-post
bonds, scratches, and related diffi-
culties. Components for the Apollo
computer, which were made on a
Philco-Ford captive line, also
showed that tight material speci-
fications and stringent visual in-
spection on the production line
were necessary to achieve high re-
liability. Because of this experience
and a check of Sandia’s program
with Fairchild and TI. Raytheon
decided to go with the captive-line
idea for Poseidon components.

The success of the captive-line
approach to high-reliability assem-
bly, says Dewey, will be proven by
the narrow distribution of clectrical
characteristics in devices from the
lines. There may be, he concludes,
a dramatic increase in system re-
liability because of the captive line
concept.

Nobody’s perfect

What does this all mean for the
semiconductor industry? Although
most captive-line managers are
talking about 100% reliability or
failure rates in fractions of 1%, it
seems perfectly obvious that there
will always be a small number of
circuit failures. But, as methods of
reducing failure rates become more
effective, says Fairchild’s Myers, it
can be reasonably expected that
the general level of reliability in all
circuit applications will be pushed
upward. And where only critical
missile components are now get-
ting the captive-line treatment, it
may soon be that important ground
and avionics systems will be candi-
dates for the kid-glove approach.

Myers believes that if the captive
lines prove their worth in reliabil-
ity enhancement, more and more
circuits will be produced in this
way.

Raytheon’s emphasis on captive

lines will have certain  other
industrywide implications. Says
Dewey: “Under the old rules,

vendors might have supplied one
or two out of perhaps 25 to 30
semiconductors for a specific proj-
ect. Now, one firm will tend to sup-
ply most or all of the IC’s or dis-
crete components.” But, Dewey is
quick to stress, captive-line pro-
duction of Poseidon computer cir-
cuits won’t mean the end of second
sourcing either as a method of en-
suring circuit delivery or as a
means of cutting cost through com-
petition.

Captive lines, he thinks, will be
concentrated in houses with the
broadest product lines. He men-
tions Fairchild, TI, and Motorola—
but doesn’t include Raytheon’s
own semiconductor operation—in
the list of houses that could get a
share of the captive-line business.
Raytheon Semiconductor’s line
doesn’t include the chips that
would be put into such a line. Says
a Raytheon Semiconductor official:
“We would have had to buy the
chips to put into the captive line
for Radiation Inc.; we would have
lost money.”

In the cold. Raytheon Semicon-
ductor’s virtual exclusion from the
captive-line business could indicate
what small- and medium-sized
firms will experience under the
“new rules” established by Ray-
theon’s Space and Information
Systems division. Not only will the
smaller companies lose the oppor-
tunity to participate in the captive-
line contracts, but they’ll also be
denicd the experience that the
larger companies will get from this
form of subsidized research on as-
sembly techniques.

An official with the Polaris-
Poseidon office says: “Where therc
is sufficient advantage for us to call
for a captive line, we will.” That
advantage, naturally, will be ob-
tained most easily from companies
that have had experience working
with strict assembly techniques
and that have had access to know-
how derived from radiation-hard-
ening research sponsored on cap-
tive lines.
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A417-the lightweight recorder that fits under the seat

If you have to fly to where the data
is, take the 417: the one recorder
you carry aboard and keep with
you. right under the seat. No time
lost in packing, shipping, and un-
packing. No chance of damage
from mishandling.

Only 6” x 14” x 15", the rugged
417 weighs just 28 pounds — 50
pounds less than any comparable
recorder. Works in any position,
under roughest vibration condi-
tions, for dependable data gather-
ing in plants, labs, on and under
the seas, or out in the wilds.

Maintenance-free mechanism has
exclusive low-mass differential cap-
stan drive for precision operation.

Lockheed Electromics Company. A Division of Lockheed Airc

“

LOCKHEED

0.0 ©6 © ® © ®e@ |

;

Phaselock servo for precise speed
confrol, with accuracy matching
large rack machines. Recoras on 7
channels, IRIG compatible. Runs
on 110/220v AC/CC or internal
battery. Power consumption as law
as 10w. Frequency response: 100
kc direct, 12 kc FM.

Priced as low as $7,000.

Send for our catalog containing full
detzils on the 417, one of a family
of precision data recorders for land,
ocean, air and space applications.
Write: Boyd McKnight, Dept.
ED-7-A, Lockheed Electronics Com-
pany, Edison, New Jersey 08817.

Have questions on data recording?
Call us at (201) 757-1600.

ft Corporation



Report from

BELL Microbridges
UL Y for electrons

Part of an experimental test pattern. This pattern, with 13,700 microbridge cross-
overs on a silicon substrate, has been fabricated without a short circuit. Each of the
crossovers is less than 1/16 in. long. The combination of air and solid insulation can
withstand 200 volts.

5 MICRONS

SILICON BEING CONTACT
SUBSTRATE CROSSED

Cutaway view showing formation of the new microstructure: First, layers of titanium
and platinum are deposited over the substrate to form both the conductors to be
crossed and the bottom contacts. A layer of zirconium is then put down. Next copper,
a spacer for formation of the crossover, is evaporated overall. Windows are etched
through the copper so the crossover can reach the lower-level contact. The crossover is
then applied in position by gold-plating the copper spacer; the spacer is then etched
away. The zirconium layer is oxidized to act as protective insulation. Any pinholes pres-
ent do not become short circuits.
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As integrated circuits become more
complex,designersare faced with some-
thing akin to the old puzzle: “without
crossing any lines or lifting your pencil
fromthe paper, connectso-and-so-many
points.” In a puzzle, it's just for fun,
but with circuits it has been a design
requirement.

Until now, most conductors have been
crossedinvirtuallythe sameplane, sepa-
rated only by extremely thin insulators.
Such crossovers are undesirable be-
cause of the danger of leakage through
pinhole imperfections in the insulator.
As integration technology evolves, hun-
dreds of crossovers may be needed on a
single substrate. A short in any one
means rejection of the entire substrate.
For such integrated circuits to compete
economically, the integrity and manu-
facturing yield of crossovers must ap-
proach perfection.

Obviously, the designer would like to
“lift his pencil'. . . make the crossing
conductor rise above the one beneath it.

Recently, Martin P. Lepselter of Bell
Telephone Laboratories has done just
that. He has invented a process for mak-
ing ‘microbridges". .. integrated-circuit
leads which cross others through the
air, without touching (photo, left).

This new technique solves the insula-
tion problem; because of the air gap,
pinholes in the insulator do not cause
leakage. It also reduces capacitance
between the conductors. Finally, by
separating the various materials, it elimi-
nates stresses due to unequal thermal
expansion.

Thekeytothetechnique(drawing, left)
is a layer of a material like copper that
can be selectively etched away, leaving
anairgap betweenthe conductors. Thus
the combination of air gap and insulat-
ing layer provides a degree of insulation
protection not previously available. In-
sulated circuits with microbridge cross-
overs will be used in a wide variety of
communications equipment in the Bell
System.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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Manpower

Recruiters flock to Negro colleges

Black schools produce relatively few EE’s, and many problems remain,
but tokenism seems to be on the way out as grads are hired on merit

By Robert Skole

Washingtor bureau manager

Five years ago, rccruiters sceking
the engincering graduates of pre-
dominantly Negro universities were
about as numecrous as black faces
at an IEEE meeting. Today, the
status quo still prevails at tech-
nical get-togethers, but the cam-
puses were overrun this spring.

The rush to hire black engincer-
ing graduates is, in most cases,
prompted by Federal equal-em-
ployment  regulations  covering
Government contracting,

But some companies began to
hire blacks vears ago and gave
them real opportunities for ad-
vancement. Many others  waited
and made only token efforts. And
even today, some firms only go
through the motions of recruiting
black engineers or take on a few
as showpicces.

Because so many recruiters are
besieging the Negro universitics,
competing hard for engineering
graduates, the placement directors
at these institutions are saying:
“Well be keeping out those com-
panies that haven’t been sincere
and working harder with those that
have given our graduates the best
opportunities.”

Bench marks. The situation is
still fluid, not only because of the
dynamics of the civil-rights move-
ment but also as a result of am-
bivalent attitudes on the part of
both blacks and whites. However,
certain patterns are clearly dis-
cernible:

* Smaller companies without ex-
tensive recruiting programs face
tough going even when they sin-
cerely want Negro engineers.

= Although Negro universities are
turning out relatively few clectri-
cal engincers— about 100 from the
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dozen schools offering such  de-
grees—there will be a big increase
in future yecars, making these
schools far more attractive from
a quantity standpoint. Meanwhile,
moves arce being made to upgrade
curriculum quality.

sSome recruiters and personnel
managers are so far out of touch
with Negro students that they will
find it tough to catch up with efforts
made by more understanding
officials.
Roundup

Electronics firms are increasing
their cfforts to recruit at Negro
universities at a rate far greater
than most other industries. “T wish

we had five times as many cngi-
neers graduating this year,” says
W.1. Morris, placement director of
A&T  College, Greensboro, N.C.
“In the last six years we've cer-
tainly had a 1,000% improvement
in the number of recruiters com-
ing here.”

A&T had a dozen EE grads in a
senior class of 425 this year; over-
all, only 60 were science majors.
“For so many years, opportunities
in engincering were not open to
us,” says Morris. “But prospects
are brighter today. Each of our en-
gineering graduates had three to
six job offers.”

The dramatic growth in the

New start

know 1BA1 is sincere.

Most engineering graduates of Negro universities head for the North-
cast or West Coast, but one in Howard University’s class of 68 pre-
ferred going south—to his hometown, Atlanta.

Thomas Jones had five job offers from top electronics and aerospace
firms. “But T accepted an offer from Lockheed-Georgia,” he says. “Tve
worked two summers as a draftsman there. T know the company and 1
think Atlanta is the only place to go. Tt’s fust-growing and has an affluent
Negro community. Most of the attitudes are pretty liberal”

Jones savs he tried to encourage a classmate from Virginia to take a
job in Atlanta. “ITe told me, ‘U'm from Virginia and Atlanta’s too far
south,” ”” Jones savs. “T couldn’t convince him it might be better to live
there than in some northern cities.”

More than money. Jones is frank in discussing the problems a Negro
engineer faces. “It’s alwavs a big problem to figure out if a company
wants vou because vou're you or because vou're black,” he says. “But
if vou watch to see who the companies are after on campus, you can tell.
1 often wonder what it would be like to get a job if T weren’t a Negro.
But this makes vou determined to do the job better.”

Jones savs that he’ll be working in aircraft stress analysis to start
with. Eventually, he wants to work his way into control systems and
computer controls. Jones notes that a lot of his classmates were attracted
by the “glamowr” of mxr and its work with computers, and he says they

As for money, Jones was offered from $730 to $800 a month—about
average for new EE’s. Jones says, however that job opportunity and
housing are even more vital to black graduates than salary.
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New ¥ Miniature Motorized Pro-
grammable Stepattenuators come
with values as high as 129 dB in
1 and 10 dB steps. These 50 ohm
¢ series 96, 97 and 98 Stepat-
tenuators come in a choice of 8
standard RF connector options
(coaxial or waveguide); 5 standard
frequency ranges; 17 standard in-
sertion loss ranges; and single,
double or triple drum assemblies
internally connected in series with
low reflection adapters to minimize
mismatch errors.

They feature O switching life ex-
ceeding 1,000,000 steps O excel-
lent repeatability D high stability
under wide range of environmental
conditions O low leakage O low
VSWR O and low minimum inser-
tion loss. In addition, they are mo-
torized and easily programmable.

Switching time is typically 2 sec-
onds. Repeatability exceeds +.01
dB/drum up to 10 GHz. Maximum
VSWR for all ¥ series 96 units is
held to less than 1.50 and to 18
GHz and to below 1.15 for lower
frequencies.

The ease with which these models
are programmable makes them
especially useful in systems
employing automatically controlled
levels. These stepattenuators can
be switched more than one million
times without deterioration and
without in-between maintenance.

Designers and
Manufacturers of Precision
5 Microwave Equipment

WEINSCHEL
ENGINEERING

Gaithersburg, Md. 20760 /

Tel: (301) 948-3434
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number of recruiters seeking black
graduates is apparent in data from
Southern University, Baton Rouge,
La. In 1960, 15 recruiters went to
the school; 12 were after teachers
and three were from Federal
agencies. This year, there were 556
recruiters on campus only 55 of
whom were seeking teachers.

“About 50% of the recruiters
were looking for engineers, and a
large part of these were after
EE’s,” says James McKay, place-
ment director for Southern U. The
school graduated 24 EE’s this year,
and cach averaged ecight job offers.

Bigger rosters. This is now more
or less typical of Negro universitics.
Also typical is an increase in engi-
neering enrollment. In 1967, South-
ern’s enginecring department—
which graduated 40 this year—had
a total enrollment of 450; the 1968
figure was 570. Thus, in a few
years, the number of graduates will
double.

Because of the intense compe-
tition for the relatively few grad-
nates, many companies don’t fecl
the effort is worth it. And some
companies will say—privately, of
course—that they don’t think the
scholastic standards at Negro in-
stitutions are high enough for them
to go to the trouble of recruiting
there.

In general, the approach to re-
cruiting at Negro universities is
the same as at white schools. How-
ever, few firms have tried to tailor
their programs. For example, when
they were new to this whole thing,
some companies thought it would
be a good idea to send Negro
recruiters to Negro schools. This
didn’t work well, especially when
the reerniter was obviously not a
professional. Students resented the
companies’ patronizing attitudes.

However, some firms today send
an integrated team to Negro uni-
versities—a white professional per-
sonnel man accompanied by a
Negro engineer or scientist. The
white recruiter will talk to the
prospect about the job and the
company, and then leave the Negro
alone with the student “to tell it
like it is.” Most Negro college
placement directors have serious
doubts about the cffectiveness of
this approach.

“One of the biggest problems
facing companies that want to hire
our students,” says Southern U’s

McKay, “is the quality of the re-
cruiter—they often can’t identify
with the students.”

Placement directors agree that
students can easily identify an “in-
sincere” recruiter, and they’re get-
ting ready to lower the boom. “It’s
going to be very necessary to
screen the companies and recruit-
ers in the future,” says McKay.
“We know the recruiters who come
just for show.”

Shortcomings

A major problem facing most
Negro universities is the lack of
facilities for recruiters and ade-
quate job-counseling and place-
ment services. And even though it
is understandable that no Negro
college administration a few years
ago would have believed there
would be an urgent need for such
facilitics, there are still recruiters
who can’t figure it out. A per-
sonnel director with a large West
Coast aerospace firm, who insists
on remaining anonymous, grum-
bles: “Interviewing rooms are
about as big as my desk and the
furniture must have been left over
from the Civil War.”

Because of a lack of facilities,
most Negro schools have good
reason to screen companies and
concentrate only on those with a
history of “sincerity.” Officials say
Negro universities will no longer
be “used” by companies that
simply go through the motions.
“I'm convinced some companies
arc not sincere,” says Walter G.
Hawkins, placement director at
Howard University, Washington,
D.C. “This is particularly true of
insurance and banking. But there
arc some in engineering, and they
can least afford the luxury of preju-
dice.”

Paeans. IBM receives high praise
on Negro campuses. Hawkins says
that although he and his staff try
to be impartial, the track record
of IBM and some other companies
is so good that they naturally do
all they can to help these firms.
IBM, for example, interviewed more
Howard students than any other
company this year: 60 graduating
seniors. It made 15 job offers, and
cight students accepted. On the
other hand, some lesser-known
companies that don’t have a repu-
tation on Negro college campuses
have trouble even getting students
to interview.
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For evample, Ampex got only
two applicants from IToward this
year, the first time it recruited at
the school. “We were terribly dis-
appointed,” says Arthur O. Stoc-
fen, the eompany’s recruiting chief.
Figuring the averages, however,
Ampex did very well. Howard had
100 engincering  graduates  this
vear, 30 of them EE’s, But 400 com-
panies were after engineering talent
at the school.

Some companies know  very

little about desires of Negro
gradnates. While most engincer-
ing graduates want to work in the
Northeast or on the West Coast.
where housing is generally less
of a problem, Stoefen, for one, says
he feels that the students at
Howard didn’t want to move to
the coast. And Richard G. Henne-
muth, viee president for industrial
relations at the Raytheon Co.,
Lexington, Mass., says: “We have
considered recruiting at Tuskegee

Ben Berry's way

there aren’t many.”

differentlv.”

says.

One Negro electronics engineer who has “made it” as a respected pro-
fessional in his specialty savs the goal of others like him is entry into
corporate policy-making positions in the nation’s acrospace industry.

Ben Berry, a graduate of the University of Southern California who
came from the ghettoes of Los Angeles to become a department stafl
engincer with the Electronic Systems division of Trw Systems in
Redondo Beach, Calif., says Negroes are now being promoted to a cer-
tain poiit—=but no higher. “When 1 first came to work in the industry
a decad> ago people used to stop and stare at us,” Berry says. “Now
we're aceepted, but not as completely as we might like. Initially, Negro
engineers were very close to each other—it was like a club—because the
whites vere ostracizing us. We banded together almost for protection.”

Negrees are now readily accepted at nearly all levels within the
industry. “But at upper-cchelon positions, the competition for advance-
ment is stiff, and it’s difficult for Negroes to move into top management,”
Berry says. “Certainly it’s harder for a black scientist or engineer to
move beyond a certain level,” he continues. “You can count the number
of black managers in Los Angeles on vour fingers. I know them all, and

Hope. But Berry is far from being disillusioned about the fatc of
talented Negroes in industry. “Things have definitely moved ahead for
the black professional,” he says. “The situation is really improved in
respect to the smaller electronic outfits, They used to be the ones who
positively wouldn’t hire Negro engineers. It got to a point that blacks
wouldn’t even bother responding to their ads. Because of contractural
requirements set up by the Government, thesc firms are dying to get
some blacks on the pay-roll, but the black man isn’t interested. These
companics have developed bad reputations among Negro professionals
and it’s going to take a lot to prove they’ve had a change of heart.”

Limits. At present, Berry says he and other Negroes don’t feel they
are comdletely accepted by some of their white colleagues. “For
example, we find that at mectings what we say is often not regarded
with much concern,” he notes. “We’d like to think it’s a case of our not
being forzeful enough in presenting our views, but deep down we know

“The Negro professional walks in two different worlds. At work it’s
the white man’s world. At home, it’s the world of the ghetto,” Berry

The Tiww engineer has formed an organization called Society of
Scientists and Engineers of America. Composed mainly of black profes-
sionals, it works with ghetto youngsters to show them there is a way out
of the slums. “This summer we're conducting a series of workshops and
lectures at Negro high schools in the Los Angeles area to try and get
these kids to realize the opportunities open to them,” Berry says. “We
tell them the same cross-section of intelligence exists in the ghetto as
in other areas of the city. But high school is really too late. For kids to
be motivated, you have to reach them carly, before they become so dis-
gusted with society they fecl there’s nothing in it for them.”

—Burton Bell
Los Angeles regional editor
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General Electric
Fused Quartz
Meets The
Electronics
Industry’s
Challenge

With:

B HIGH TEMPERATURE STRENGTH

& PURITY
B THERMAL SHOCK RESISTANCE

Here's an example of General Electric’s fused
quartz at work for the Computer Control
Division of Honeywell Inc., Framingham,
Mass. This diffusion tube manufactured from
GE Type 204 quartz tubing contains a “car-
rier sled” loaded with photographically
processed silicon discs, allowing them to be
chemically treated inside a high temrperature
(1200°C) furnace. Ultimately, the discs be-
come monolithic integrated circuits for com-
puters, with each pinhead-size circuit the
equivalent of 20 to 60 discrete components.
Why does Honeywell use GE fused quartz
tubing? Because of its noncontaminating
purity, high temperature strength and ex-
cellent thermal shock resistance. And as
Honeywell continues to benefit from the ex-
ceptional properties of GE quartz, researchers
everywhere are discovering more and more
excitingly new and purposeful applications
for this extraordinary quartz. Are you?

WORLDWIDE SERVICE. For sales and application
assistance, contact your nearest regional office

CALIFORNIA, Los Angeles . . .. ...213 723.2541
ILLINOIS, Chicago ...... .312 282.7905
MASSACHUSETTS, Boston 617 332-6200
NEW JERSEY. Newark ..201 824-5200
OH!0, Cleveland .216 266-4001
CANADA. Toronto 416 537-4481

Write for illustrated technical literature teday.

LAMP GLASS DEPARTMENT

GENERAL @D ELECTRIC

24400 Highland Road
Richmond Heights, Chio 44143

Manufacturers of Lucatox® Ceramic
Electronic Glassware— Fused Quartz Products
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PROBLEMS SOLVED

WITH WILLIAMS’ IMPROVED
ALLOYS FOR

MICROELECTRONIC DESIGN.

Y 80% 6oLD—
20% TIN EUTECTIC
MELTING PDINT 280 C

Y 88% GOLD —
12% GERMANIUM EUTECTIC

MELTING POINT 356 C

* SOLDER PREFORMS FOR SEALING
INTEGRATED CIRCUIT PACKAGES

* TOOLIVG AVAILABLE ON MOST
STANDARD SIZES

4 to 6 Waeks Delivary on New Tooling

PARTIAL LIST OF AVAILABLE
ALLOYS & SOLDER PREFGRMS

88% Gold 12% Germanium [Eutectic Alloy)
Strip and solder preforms in all sizes
80% Gold 20% Tin (Eutectic Alloy)
Strip, wire and solder preforms in al! sizes
Gold with .1 to 1.2% Antimony

Wire, strip and solder preforms all sizes
Gold —.05% Min. Phosphorous

Wire, strip and solder preforms all sizes
95% Gold 5% Nickel

Wire, strip and solder preforms all sizes
Gold and up to .5% Arsenic

Strip and solder preforms all sizes
Silver with .1 to 1.2% Antimony

Wire, strip and solder preforms all sizes
Silver —.1% Min. Phosphorous

Wire, strip and solder preforms all sizes
95% Silver 5% Nickel

Wire, strip and solder preforms all sizes
Silver and up to .5% Arsenic

Strip and solder preforms all sizes
Special alloys produced on request at
minimum charge

Precious Metals in 99.9% Pure
99.99% Pure, and 99.999% Pure

Modern, up-to-date refimung of precious
metals and complete spectrographic fa
crities avarahle

HIGH PURITY METALS
USEO ON ALL ALLOYS
WRITE FOR COMPLETE PRECIOUS METALS CATALOG
ANO SPECIFICATION SHEETS. PHONE 716-834-7204

OVER 50 YEARS OF PRECIOUS METALS EXPERIENCE

WILLIAMS
PRECIOUS 4.
METALS

2978 MAIN ST. BUFFALO, NEW YORK 14214
Oivision of Williams Gold Refining Co., Inc.
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Institute in Alabama, but our ex-
perience has been that neither
blacks nor whites like to come
this far north. Generally, we find
about 30% of our new engincers in
the New England arca, though we
recruit throughout the country.”
Pro and con
Companies arc taking different
approaches in working with Negro
universities and students. Some,
like Hewlett-Packard, donate lab-
oratory cquipment to colleges.
Others with years of experience
working with Negro cducators and
placement directors—for example,
IBM—arrange luncheon mcetings to
get faculties to pass the word that
the company is scriously looking
for a broad rangce of graduates.
But some companies appear to
have taken a hard-nosed attitude
and rescarched themsclves right
out of this market. TRW Systems,
Redondo Beach, Calif., formed a
tcam of scientists, cngineers, and
personnel specialists to visit Negro
universities to get a “feel” for the
schools. “We intended to add them
to our campus recruiting schedule,”
explains James Lacy of the place-
ment staff. “But we rejected the
idea because their graduates were
not, in our view, equipped to han-
dle the technical tasks required of
them here.” Many companies say
the same thing, but don’t want
to be identified, even though most
Negro administrators agree that
their schools are indeed deficient
in curriculum and equipment.
Disadvantaged. The Negro grad-
uate of a predominantly white
school is as capable as a white
graduate, stresses Robert Thomson,
dircctor of manpower planning at
the Bendix Corp. “But at the pre-
dominantly Negro school,” he says,
“the student is at more of a dis-
advantage. Herc the engineering
program may have bcen in cxist-
ence only five years. MIT probably
wasn’t all that good after only five
vears. Where the engincering cur-
riculum is very new it takes longer
to get top-quality grads. In the
past three years, however, we have
seen a narrowing of the gap.”
Some companies have set up
programs to compensate for edu-
cational shortcomings of graduates
of Negro schools. The Western De-
velopment Laboratories division of
the Philco-Ford Corp., for example,
will sometimes bring a graduate of

a Negro university who doesn’t
measure up to the average grad
and give him supplemental job
training and support to continue
his cducation.

Other companies, for example
the one whose recruiter complained
about the Civil War furniture, flatly
write off the scholastic compe-
tence of most Negro universities.
“The graduates can read and write
and that’'s about all,” says the
company’s top employment officer.
“Spending money to recruit Negro
enginecring graduates from pre-
dominantly Negro colleges in the
south is like throwing money down
a rat hole.”

Old story. This kind of attitude
is familiar to Negro educators and
students. “I have a feeling that
company representatives are often
laboring under a stereotype,” says
Fred Scott, placement director of
Hampton Institute, Hampton, Va.

Most educators, administrators,
and students realize that many
companies will hire a few blacks
for show. “But I don’t think the
clectronics industry is as guilty in
this regard as others,” says Scott.

Uneasy dialogue. One of the
major problems remains communi-
cations between the recruiters and
prospects. Most recruiters say that
students at Negro universities
aren’t as well prepared for inter-
views as their white counterparts.
Officials and faculty members at
Negro schools respond that this
comes of companies’ precipitate
rush to hire blacks; the move is so
new that the schools haven’t had a
chance to organize for it.

Phillip M. Oliver, industrial re-
lations dircctor for Philco-Ford’s
Western Development Lab, says:
“At any college, where we find a
black engincer, we hire him. I
regularly visit a half-dozen Negro
colleges. Their real problem is get-
ting men to appear for an inter-
view and to condition them for
competition in the white world.
They want this competition—but
they aren’t trained to accept it.

“They arc almost like foreigners
in their own country in that re-
spect. Take, say, an cngineer from
Indonesia; he might want very
much to win a job and get ahead,
but he wouldn’t know exactly how
to go about it. Some of the Negro
graduates are in the same position,
like fish out of water.”
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HERE’'S HOW...

THE ELECTRONIC INDUSTRY IS USING
THESE FAMOUS ULANO FILMS IN
ULTRAMINIATURE MASK TECHNOLOGY

AND COMPLEX PRINTED CIRCUITRY

Cat a piece of the desired film
large enough to cover area to be
masked. Tape it down firmly at
the top with dull-slde up.

With sharp blade, out-
line the areas to be
masked. Do not cut
through the backing
sheet. The Ulano
Swivel Knife does the
jab quickly, easily.

from the backing sheet.

RUBYLITH"
AMBERLITH™

| HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS

ULANO RUBYLITH...a revolutionary knife cut red
film is laminated to a stable transparent plastic
backing sheet. The red film is “light safe” so that
when contacted to a sensitized emulsion and ex-
posed to a suitable light source, light passes through
the cut-out portions only . . . not through the red
film. ® The polyester backing is absolutely stable
..insures perfect register, M Special effects such
as crayon tones, paste ups, benday sheets, and
opaquing are easily combined with versatile ULANQ
RUBYLITH.

ULANO AMBERLITH . . . a companion to Rubylith
serves as a color separation medium used as the
master on camera copy board %o secure negatives or

ositives.
P A wide variety of Ulano films—

in rolls and sheets—is readily available

Using the tip of the blade, lift up a .0075—RUBYLITH75DR* .005—RUBYLITH5 DRt
corner of the film thus separatmg it

* Available in sheefs only, cuf fo your specifications

Now carefully peel off the film as

outlined lzaving a completed mask, o
positive or negative, that corresponds &
exactly to the desired pattern.

tAvailable in rolls and sheets

Pesigued
FOR YOUR PARTICULAR NEEDS

Ulano offers the most versatile line of hand-cut
masking films, including:

.005—AMBERLITH 5 DAt

Where exact register assures a critical importance,
you will find these new, thick, polyester based films
the positive answer,

h\
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E .—: w--"“’ '.R‘-",:.‘: ll"
aﬁ “\\ WAL o B2

A

WRITE TODAY
on your letterhead for free
special sample kit 1748

"Ulano’~'Rubylith’’-" Amberlith’’ are registered trade marks of the Ulano Companies.

610 DEAN STREET, BROOKLYN, N.Y, 11238

ulané
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In Europe: ULANO A.G., Untere, Heslibachstrasse No. 22, Kusnacht, Zurich, Switzerland
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Do you want
to 2o LSI now?

If you really want LSI now, grab
the next plane to Mountain View.
(It lands in San Francisco.) It’s the
quickest, least expensive way to get

LSI into your system. TWM
Plan to bring along your blueprints. '
And be ready to answer a lot of
questions. We’ll need to know what

you have in mind for sub-systems, But, you’ll only be able to build half
functions and specs. And, don’t be a system with standard building
surprised when we ask ‘“why”’ a blocks. To finish the job, you’ll
couple of times. It’s all part of need interface devices to tie the whole
Fairchild’s systems approach to thing together. And, here’s where
complex circuitry. Fairchild can really save you time
We’ll take your requirements and and money. We don’t have to custom
match them against our family of design each LSI interface circuit.
fundamental building blocks. We’ve We use Micromatrix™-a unique

got LSIs (and MSIs) that work in cellular array that’s completed when
any digital logic system. The most we add your specific interconnection
advanced circuitry on the market. pattern. Your specs customize the
Offspring of computer-aided design entire array for your system.

and double-layer metal technology. Of course, there’s a lot more to the
And, they’re all so versatile, we can story. But, you ought to hear it in
probably give you a counter that person. Just call your Fairchild

has a dozen other applications in salesman. He knows the flight

your system. schedule to San Francisco.
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Or do you want
to think about it?

We’ve got an LSI design kit. It’s
based on our new 4500 Bipolar
Micromatrix Array — the first device
in a highly versatile LSI family.
The 4500 is an eight-cell array that
can be customized for virtually any
function. All it needs is your inter-
connection pattern. You can
determine the pattern by designing
your own Micromatrix array
with our kit. You can buy a
kit from your Fairchild
distributor for
about $100. And, in a

couple of months, we’ll see you

in Mountain View. ey
FAIRCHILD
T T e

SEMICONOQUCTOR o

FAIRCHILD SEMIZONDUCTOR A Division of Fairchild Camera and instrument Corporation 313 Fairchild Drive. Mountain View, California 94040, (415) 962-5011 TWX: 91C-379-6435

Electronics | July 8, 1968 Circle 141 on reader service card 141



Our story starts
with a very
superior
polyester film.

142

To whichwe
add exceptional
dimensional
stability.

T

PR LTI,

T e,
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The best dimensional stability of any
polyester film. An independent testing lab,
DeBell & Richardson, Inc., tested calibrated
lengths of Celanar and other polyester
films at temperatures from 73F to 120F

for over 24 hours. When measured, other
films showed up to 77 % greater thermal
expansion than Celanar film.
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And greater
strength.

Celanar is the strongest balanced biaxially
oriented plastic film commercially available.

o i

(L

To bring you
Celanar Film
with a
combination
of properties

| unsurpassed for
electrical uses.

Celanar polyester film offers a balance of
electrical, mechanical, thermal and chemical
properties that make it your best choice for
applications from flexible circuits to wire-
wrap.Want proof? Just mail the coupon.

And insulation

resistance.

An outstanding property of Celanar
film is its high insulation resistance over
a wide range of temperatures. Celanar
has superior electrical properties,
including excellent dielectric strength,
dielectric constant and dissipation
factor. Good reasons why Celanar is
widely used as an insulating material
in electrical insulation applications.
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Celanese Plastics Company
Dept. 133-G, P.O. Box 629
Linden, N. J. 07036

Yes, | want all the facts about Celanar
film for electrical applicatons. And
send me a FREE set of gratings printed
on Celanar. (Laying one cn top of the
other produces Moiré patrerns that
confound the eye.)

— — — — — — — — — — — — — — — — —

F—___——_——_—_——___ﬂ

Name Title

Company.

Address

City State Zip
CELANESE
PLASTICS COMPANY

Celanese®
Celana
Ci Plastics Company Is a di of C: pronh'on.-l
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If you need magnet wire
to meet almost any
application requirement, here’s
the first place to look.

It’s the GCC Guide to Magnet Wire.

It indicates which insulation to use if you need
magnet wire to withstand heat or abrasion; with special
winding characteristics, electrical properties, high mois-
ture resistance, or immunity to solvents, oils, or freon
refrigerants.

This Guide also tells you that you can get them
from GCC.We’ll be happy to send you a copy.Write to
General Cable Corporation, Section 700-04,730 Third Ave-
nue, New York, New York 10017. For detailed information
on specific applications, call your local GCC salesman.

GCC



Is it possible to get a really good
2, computer for less than $10K?
'/ How about $9,950 and some
~ odd change?

" That's what the new Hewlett-Packard
* 2114A will be pegged at. But it'll heave to
¢ 44 justlike its big brothers. Throwing _...

~around big 16-bit words. Storing 4000 @%&
(or 8000) of them at a time in memory. Fetching them out \_/ —
of memory in two microseconds. It'll tie in I/O devices with Q{;‘/
standard plug-ins and use the same set of programming
languages —FORTRAN, ALGOL and Conversational BASIC. It may
be the littlest computer in the HP family. .. but even at that it more
than holds its own against its big brothers.

That's right. The HP 2114A offers the most desirabie
price/performance ratio of any computer on the
market. And it won’t take up much room, either, not
even on your desk. One compact package 12V " tall
houses both processor and power supply.

Yet the economy model is fully compatible with all
the 21156/2116 software and 1/0 interfaces. The main
frame accepts either 4K or 8K memory, has eight R
1/0 plug-in slots and operates within a wide tempera-
ture range. Low-cost options include parity error
check and power-fail protection.

If you think this powerful little computer is right for
you, get more information from your local HP field
engineer. Or write Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des Acacias, Geneva,

HEWLETT hp; PACKARD

DIGITAL COMPUTERS

06810
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New Products

Integrated electronics

TTL makers switch their sales pitch

Texas Instruments, Sylvania, and their followers contend on pin configurations
and encepsulation techniques, but every semiconductor house emphasizes complexity

By Eric Aiken

Probing the news editor

has

>

“Transistor-transistor logic
reached a real flowering stage,
says Walt Weyler, marketing man-
ager for TTL at Texas Instruments.
“What’s morec, its success is based
on economic as well as technical
considerations.” Toward the end
of last mor:th, TI put through price
cuts of 40% on low-power TTL
lines in plastic packages. At the
same time, prices of comparable
devices in flatpacks were reduced
by 25%.

The company was not simply
indulging itself in a self-fulfilling
prophecy. Friends and foes in the
semiconductor field share Weyler’s
optimism so a marketing struggle
seems inevitable.

Twosome. At this point, the
principals ‘n the contest are Syl-
vania with its two lines of SUHL
(for Sylvama Universal High-Level
Logic) and TI with its 54/74 series
of circuits. Lesser lights are align-
ing themselves with one or both
of the top two as second sources,
while concerns like Motorola, Sig-
netics, and Fairchild Semiconduc-
tor push proprietary entries.

The already large dollar sales
of TTL are expanding at a heady
pacc. For cxample, first-quarter
volume was around $17 million.
“With a flat projection for the rest
of the year, this would suggest an
annual volume of around $70 mil-
lion,” says 'TI's Weyler. “But we're
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not dealing with a flat pattern.
Growth is going to be strong and
dramatic from here on out.”

Quickstep

Joseph Nola, product planning
specialist at Sylvania’s Semicon-
ductor division, agrees: “We were
predicting that TTL would over-
take diode-transistor logic some
time in 1970 or 1971. But it now
appears the crossover will occur
next year.”

“From June to December in
1967, TTL grew from 15% to 26%
of the market. And who was ship-
ping SUHL then?” asks Bill Berg,
marketing manager at Signetics, in
a rhetorical reference to Sylvania’s
delivery problems. “\What gives
SUHL more thrust this year is that
Motorola has it.”

Flushed with success, inte-
grated-circuit makers have even
begun to change their sales pitch.
Where once they talked lightning-
fast switching speeds, noise im-
munity, high fanout, and low
power requirements, marketing
men now  extol the widespread
availability and complexity of their
devices—perhaps because they can
now produce acceptable assem-
blies in commercial quantitics.

Gaining experience

TTL circuits require small geom-
etries, thin lines, and shallow dif-

fusions—all of which can lead to
production woes. With experience,
however, IC makers have over-
come most, if not all, of their diffi-
culties. “Our yields are as much as
four times greater than a year
ago,” reports Sylvania’s Nola.
“We’re  climbing  right up the
learning curve with output.”

At Raytheon Semiconductor,
which has invested $500,000 in a
separate TTL facility with a rated

Big ante. Raytheon regards TTL outlook
rosy enough to have invested $500,000
in a facility to second-source SUHL.
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B With alittle square hole atone end and o
round one at the other, our HW Series
Wire-Wrap* connectors are positioned quickly
and perfectly. Every time. Theresultis a higher
rate of Wire-Wrap production. Especially with
our new AccurFrame Packaging.
e But the hole is only a part. Winchester
Wire-Wrap connectors have a configuration
designed for automatic equipment, high strip
force retention, bifurcated spring contacts
for superior interfacing. They're available in
sizes ranging from 22 to 50 contact positions.
Standard contact spacing in two sizes:
.125 center to center with .250 between rows;
and .100 center to center with .200between rows.
Contacts are easﬂy removed. Retained by a
90° twist. Molding is diallyl phthalate SDG-F.
Contacts plated to MIL-G-45204 Type II.
B HW connectors are the heart of AccurFrame,
asimple and reliable packaging technlque
that capitalizes on Winchester's long experience
in precision molded connectors. No new
fabrication methods are required. Frame
positioning is simplified with no tolerance
buildup. Allat alow average cost per contact.
That, pardon the pun, isthe hole thing.
Except that HW connectors

are available from your distributor.
' Or Winchester Electronics, Main St.
& Hillside Avenue, Oakville,

| o Connecticut 06779.
hole thing.

WINCHESTER ELECTRONICS
LITTON INDUSTRIES

-pinipininininin
4/ LTJULLLn.

S\

| MUY

*Trademark—Gardner Denver Company



Alignment holes in HW Series con-
nectors are polarized for fast, sure
alignment.

With the conneciors in position, «
wiring frame is added.

Connectors are aitached with mea-
chine screws and the frame s
ready for au omatic wire-wrappindg.

. j
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you go the hard way or not at all
with TTL, says Raytheon Semiconductor . . .

capacity of 1.5 million dice a
month, Paul Sullivan, the market-
ing director recalls that his  com-
pany learned the hard way. “When
we set out to make SUHL circuits,
we decided to make it as casy on
ourselves as possible,” he says.
“We relaxed photoengraving toler-
ances and the like, but found we
were getting rotten yiclds and mar-
ginal performance. We finally came
to the conclusion that the low road
was a dead end. Sylvania’s right:
You go the hard way or not at all.”
Raythcon now reports  having
achieved wafer yields as high as
37% on production runs.

End of an era

Don Winstead, product market-
ing manager at Signctics, feels that
TTL delivery is no longer a sig-
nificant problem. He notes that
companies are redesigning their
circuits to increasc yiclds rather
than resorting to tighter process
controls. By way of cxample, he
says, the input threshold of a TTL
gate depends on the values of the
phase-splitter resistors. These re-
sistor tolerances have been ad-
justed to raise the threshold to af-
ford higher noise immunity. The
relation to yield is that the device
will no longer trigger on a mar-
ginal pulse.

A savvy West Coast source, fa-
miliar with the ins and outs of TTL
manufacturing and marketing, says
Sylvania solved its early photo-
resist and diffusion problems by
going to very fine tolerances. “Sce-
ond sources have a tougher time
making TTL,” he says. “And plas-
tics still present some sticky re-
liability problems that 11 scems to
have solved. In the main, such
difficulties arc caused by wire de-
formation during transfer mold-
ing. The temperatures required in
this process can causce thermal
wire bond strains, ripping them
away from the pads.”

Some observers, including a
source at RCA, which is about to
introduce some versions of the
514/74 series, say that TI picked up
a reputation for inferior work at
the outsct of the TTL rivalry be-
cause of its desire to get the broad-

est line on the market as fast as
possible. But Thomas Thorkelson,
a product planning manager at Na-
tional  Semiconductor and  an
alunmus of 11, disputes the con-
tention that tolerances for the 34/
74 series are looser than for SUIIL.
“Tolerances are not the issue any-
way,” he says. “And speed is by
no means the principal  selling
point for TTL. The industrial mar-
ket wants noise immunity and low
cost. The totem-pole output (low
impedance) is TTL’s most impor-
tant feature.”

Pinned down

There’s also a good bit of con-
tention within the semiconductor
field over the best pin-connection
arrangement. “Where DTL was a
pretty  standardized  proposition
with regard to pin configurations,
the present situation is something
of a mish-mash,” says a knowl-
edgeable observer. At the mo-
ment, TI is promoting the old DTL
930 pinout for dual in-line pack-
ages in its 54/74 series; Sylvania
is sticking with its original SUHL
configuration.

Both have their adherents. A
marketing man at RCA, which is
going the TI route puts matters
this way: “Customers like the pin-
out arrangement better because

Jobs in industry. Texas Instruments is
promoting TTL for such industrial
applications as food sorters.
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(We do all the work...
you get high yield,

low cost, guaranteed
performance.

i

]

i

8

MINIATURE CABLE ASSEMBLIES

As producers of an in-depth line of mini-
ature connectors and semi-rigid miniature
coaxial cable, we can make a pretty
strong case for ourselves as a source for
miniature coaxial assemblies shipped
complete with mounted connectors.

Specify any flexible, braided cable or,
request our own semi-rigid coax, in sizes
from .070 to .350 inches in impedances of
50 and 75 ohms. Specify crimp-type mini-
ature connectors or patented Emlock®
compression metal-to-metal fit, in
matched impedances. We will cut cable
to precise mechanical and electrical

lengths, bend semi-rigid cable to indi-
vidual requirements, mount selected con-
nectors, test to your established param-
eters and guarantee performance. All
this, at a price lower than your cost if
you were to buy your own coax and con-
nectors and do the job yourself. How?
Our assembly speed is faster, our yield is
greater.

Can we tell you more? Write for full
details today: Phelps Dodge Electronic
Products Corporation, 60 Dodge Avenue,
North Haven, Connecticut 06473

PHELPS DODGE oo &
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... TI's pinning method
minimizes wiring . . .

the power supply and ground are
on the corners of the flatpack in-
stcad of in the middle as with
SUHL. Sylvania’s method does pro-
vide a safety factor sincc there’s
no danger of burn-out should the
deviee be installed backwards. But
the 1T method offers another ad-
vantage—similar input and output
functions on both sides of the
package, thereby minimizing and,
in some cases, eliminating cross-
over wiring.”

The TI pinout configuration per-
mitted the company to go after
sockets once occupied by DTL de-
viees. But while conceding that
the pinning on such TTL assem-
blies is indeed compatible, Syl-
vania’s Nola says it’s impossible
in some cases to drop in devices
on a onc-for-one basis as TI claims.
He cites applications where out-
puts are tied together as an cx-
ample because, unlike TTL, DTL
has no active pull-up network. But
such eriticism doesn’t worry TI un-
duly. “From the standpoint of
board layout, our pinning config-
uration offers logic designers the
highest degree of access,” says
Weyler.

Because of its experience in
molded transistors and sizable
production capacity, TI was able
to flood the market with plastic-
encapsulated devices in its 54/74
series, opening up a number of
hitherto untapped markets in the
industrial sector. For example, it
sold a Midwest manufacturer of
dollar-bill acceptors on the merits
of replacing a transistorized am-
plifier, with drift problems, with a
decade  counter.  And  Ampex’s
Mandrel subsidiary which makes
food-sorting machinery that must
operate in extremely hostile en-
vironments is now using a depend-
able shift register in place of a
capacitive  brush-charge arrange-
ment with cathode-ray tube that
was breakdown prone. TI is in-
ventorving large quantities of as-
semblies to be able to assure de-
liveries direet or through distrib-
utors within a couple of weceks.

Reaction. Sylvania, Transitron,
and a number of others, arc
racing to make up for lost time.
“Sylvania and Transitron devices
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Packaging Sales, The Dow Chemical C vany, Midland, M ckigan 48640.

Try this on your fragile parts.

Pelaspan-Pac” loose fill packing. It weighs 3 to € times less
than maost other dunnage. It won't zbsorb water. It cuts ship-
ping losses. Because it's highly shaock-resistant, and it inter-
locks tc prevent settling. It cuts cleanup, too. Because it's
clean, nondust.ng and noncorrosive. Write for details.

<>
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LOWER BIAS CURRENTS
LOWER OFFSETS
LOWER THERMAL RATES

NOW!

in Bell & Howell’s Expanding Line
of Advanced Hybrid OP AMPS!

Compact, low silhouette

(067 x 06" x0.25) - No matter which of these high quality

units you select from Bell & Howell's
_-growing line of precision linear circuits,
- you'll get performance you'd expect
only from larger, high price devices...
and a combination of specifications

no other op amps can offer.

(ACTUAL SIZE)

Type 20-008 (FET input Op Amp)
Type 20-007 (general purpose Op Amp.
Same size)

You don’t have to worry about:
o Offset Trimming
e Compensation
o Short Circuits
o Wrong Connections
with either the Bipolar or the FET Amplifier.

TYPE TYPE TYPE
BIPOLAR 20-007-A 20-007-B 20-007-C
voltage offset (max.) 200 uV 500 uV 1mVv
voltage offset vs. temp. (max.) 5 uV/°C 5 uVv/°C 10 uV/°C
common mode rejection 100 dB 100 dB 100 dB
open loop gain (at 10 kHz) 2,000 2,000 2,000
output current (min.) 5 mA 5 mA 5 mA
PRICE (in quantities of 10-99, any mix) $25 $20 $15

TYPE TYPE

FET-INPUT 20-008-A 20-008-B
voltage offset (max.) 1mv 2mv
voltage offset vs. temp. (max.) 25 uV/°C 75 uV/°C
input bias current {(max.) 10 pA 25 pA
common mode rejection 76 dB 76 dB
open loop gain (at 10 kHz) 2,000 2,000
output current (min.) 5 mA 5 mA
PRICE (in quantities of 10-99, any mix) $33 $28

Write or phone for complete technical information on Bell & Howell op amps. Ask for
a Bell & Howell sales engineer to call on you to discuss your particular application,
and get advance information on how we employ new and proved concepts in hybrid
microcircuit technology to bring you a growing family of precision linear circuits.

CONTROL PRODUCTS DIvISION

3 BeleHoweL

Control Products Division, Consolidated Electrodynamics Corporation,
a Bell & Howell Company, 706 Bostwick Ave., Bridgeport, Conn. 06605.
Telephone: (203) 368-6751. Ask for Mr. lan Isdale.
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seem to be winning the battle of
hermetically sealed ceramic-en-
capsulated IC’s, says R. Edward
Shaut, marketing manager for dig-
ital IC’s at Transitron. “But TI was
first out with a plastic package and
that shaped the market. We hopc
to bc in the market with plastic-
packaged SUHL by autumn.” Syl-
vania’s plastic offerings are due in
two months. But, for the record,
Nola professes to be unconvinced
about reliability. “We may restrict
plastics to certain applications to
keep our customers out of trouble,”
he says. Working both sides of the
street, Sylvania is trying to cut
prices of its SUHL in ceramic pack-
ages. This way, the company’s
marketing men reason, they could
offer cqual performance at low cost
in what is probably a more reliable
package, effectively blunting the
thrust of TI's plastics.

Off the beaten track

Not all houses are pushing
“pure” TTL in the Sylvania-TI
mold. Signetics, for example, of-
fers an 8000 series it calls De-
signer’s Choice Logic, a TTL line
that’s can- and pin-compatible with
DTL. At Fairchild Semiconductor,
Ben Anixter, IC marketing man-
ager, says the company is not
really pushing TTL. “We’re inter-
ested in something else—medium-
scale integration—because we fig-
ure that’s the way the wind is
blowing in systems work. We fig-
ure TTL and DTL will be inci-
dental.”

Cost plus. Anixter believes 60%
to 80% of a system can now be
built with MSI. “This is where the
real cost advantage will be,” he
says. “If you design with DTL or
TTL, you're using last year’s meth-
ods, and you won’t be competitive
on cost, size, maintainability, or
repairability.” So the rallying cry
at Fairchild is “Systems not sock-
ets.” But Anixter concedes Fair-
child’s 9000 TTL series is on shaky
ground. “There’ll be a gap in our
penetration of the TTL market, but
not digital outlets,” he says.

Jack Jordan, manager of digital
IC marketing at Motorola’s Semi-
conductor Products division, says
his company is planning to add a
number of complex new functions
to its own TTL line. The company,
a notable advocate of volume, al-
ready second-sources SUHL, and
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Throw away your insulation handbook.
All you need is Nomex:

Nomex* nylon paper is the one in-
sulation you can use for just about
every application. It won’t melt or sup-
port combustion—it's UL-rated at
220°C. and it complies with MIL-I-
24204. Durable “Nomex” paper won't
crack when creased or bent and does
not flake. It can be easily slit. or
punched for close tolerance and can
be used in automated operations.
~Du Port registered trademark.

Electronics | July 8, 1968

“Nomex" is compatible witt all major
resins, varnishes ard enamels. It is
relatively unaffected by moisture, and
there ar=no shelf-life problems.

“Nomex” is available in a wide va-
riety of fabricated forms designed to
fit any application. So look 1o cne ma-
terial —“Nomex” —for all ycur insula-
tion needs.

To get more infcrmation. write:

Du Pont Company, Nomex Marketing,
Foom J-6, Wilmington, Delaware
19838, In Canada, write Du Port of
Canada Ltd. In Europe, Du Pont de
Memours int., S.4,, 81, Route da 'Aire,
Geneva, Switzerland.

GUPOND NOMEX'

G U s BATOF

Circle 153 on ~eader service card

153



This Is our new
CD-95 Series
Regulated

DC DC Converter.

It's the best
in its field.

consider:

84 fully isolated models —2.8 to 1000 VDC, up to 270 watts;

e Efficiency —60 to 809%,;

e Wide input range —21 to 30 VDC (15 to 21 VDC possible with
derating);

e 2:1 adjustable output voltage;

® Regulation: Line +(0.05% + 5 mV), Load +(0.10% + 10 mV);

® Peak to peak ripple less than 0.5% + 50 mV;

e Designed to meet MIL environments with EMi provisions per
MIL-1-6181-D, operating range —55°C to +95°C.

Best of all . . , the price range is $125 to $495, and a sizeable

discount schedule reduces this further in quantity!

Write or phone for full information. Incidentally, there is an AC-DC
companion line we also want to tell you about.

@ TECHNIPOWER

A BENMRUS Subsidiary

Benrus Center, Route 7, Ridgefield, Connecticut 06877
Telephone 203-438-0333
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... TTL makers are anxious
to exploit complexity . . .

is looking into the possibilities of
making devices in the 54/74 series.
Its own MTTL 3 offerings have pin
configurations “that permit cus-
tomers the privilege of inter-
changeability with 930 DTL.” Ac-
tive pulldown is a distinguishing
feature of Motorola’s line which
also uses input diodes to short out
the ringing that plagued earlier
versions of TTL.

On the drawing boards

Just about everyone in the busi-
ness is anxious to cash in on the
complexity ploy. Jordan of Motor-
ola notes that while TTL was once
sold largely on the basis of speed,
the availability of more complex
functions like binary counters,
shift registers, decoders, 16-bit
scratchpad memories, and 8-bit
parity trees is now the most im-
portant element in the field’s
growth. “TI emphasized complex-
ity early in the game,” he says.
“And this probably accounts for
the gain it’s made on Sylvania.”

Meanwhile Motorola plans to
pad its line with an 8-bit parity
tree, a dual 4-bit parity tree, a dual
2-input 4-output gated decoder, a
quad flip-flop shift register, and
quad flip-flop counters.

Penny wise. TI's Weyler believes
that complexity affords economies
of production as well as greater
reliability. “By replacing six to
eight IC packages, you save six
times 14 soldered pin connections,”
he says. “Any time you can do that
yon're ahead of the game on as-
sembly costs and built-in reliabil-
ity.” Upcoming from TI are coders
that accept 4-line to 10-line in-
puts, and decode them into deci-
mal formats. In addition, the com-
pany is working on more complex
counters,

National also is moving toward
more complex circuits and is about
to introduce an MSI circuit, the
DM7520/DM8520, a Modulo-N  di-
vider with more than 50 gates.
This device will divide by any
number from 2 through 15. By cas-
cading the circuits, it is possible
to divide by very large numbers.

Signetics is beginning to develop
more complex TTL devices. In 60
days, it will announce the 8260

Circle 155 on reader service card—>



Why MIL-C-81511A
is the best
subminiature
you can buy.

Araphensl Astro ‘348 to this spec provides:
e One-piece molded contact retention system—a design
of revolusionary simplicity. ® Ease of handling. If the
Jr ce of miniaturization is smaller and smaller contacts,
the MIL-C-S151 1A design makes it as easy as possible
for the vser *o handle them. Insertion ‘removal
procedures are easier than with standard sizes. ® Contacts
with a trne #22 gauge wire fit to accommodate & wire
sealing runge of .030- to .054-in.  Contact dielectric
separation of 021 inches on .085-in centers, equivalent
to existing miniatures with .130-in centers. ® Dumage-
proof making. Pins are recessed bevond reach of shells.
Closed entry hard socket inserts, probe-proof socket
contacts. ® Grounding springs that mate prior to
electrica’ engagement. Shielding for EMI protection.
The MIL-C-S151 1A family is growing; addizional
contact sizes and insert arrangements are on the way.
Askar Amphenol sales engineer or distributor to show
vou the complete Astro 348 familv. Or write Amphenol
Connector Div.. 2501 S. 25th Ave., Broadview, 11I. 63153.

GO AMPHENOL

Spzcify Amg-henol electronic components . . . produced in Canada
England. France, Japan, Mexico, United States, West Germany.




Dependable Hermetic Seals
For Highly Critical Specs...

& (E-I produces for aero-spacel)
L BN )

XTREMELY
|Gt DIELECTRIC
STRENGTH

-Must Have Continuous Quality
Control-Pracedures Like This...

(E-I has the strictest!)

Specify E-lI Glass-to-Metal Seals
for Sophisticated Applications:

Quality Control at E-I begins with the raw material and follows through
to the finished product. The picture above depicts one phase of this pro-
gram — X-Ray Spectrographic Analysis. The Spectrograph provides a
quantitative chemical analysis of the metals, alloys and glasses which
are utilized in the manufacture of Electrical Industries’ glass-to-metal
seals. Continued surveillance of the chemical constituents of materials
is just the beginning of the E-I quality control program that assures our
customers of the highest quality hermetic seals each and every time.

If you require standard or custom seals or sealing of your own com-
ponents, check with E-I. Our engineers will gladly make recommenda-
tions. Illustrated technical literature is available — call or write today.

« Sealed Terminals and Multiple Headers » Transistor and Diode Bases  Compression-type Threaded End Seals
 Plug-in Connectors « Vibrator Plug-in Connectors » High Voltage Glass-bonded Ceramic Seals
« Hermetically-sealed Relay Headers » Special Application Custom Seals « Custom Sealing to Specifications

A Division of Philips Electronics and Pharmaceutical Industries Carp.

Murray Hill, N.J. 07974 — Tel. (201) 464-3200
patented in U.S.A., No. 3,035,372; in Canada, No. 523,390; in United Kingdom, 734,583; other patents pending.

E, Electrical Industries
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four-bit adder, which will have 57
gates on an 80-by-100-mil chip.
This circuit will come in a 24-pin
silicone DIP as well as a flatpack;
and it will use much of the gating
to achicve full anticipation carry.
Most adders, Winstead says, must
ripple through the whole chain at
a cost of X times the propagation
delay of any given segment (about
10 nanoseconds each) to carry. The
§260 senscs a carry as it appears,
and gates it ahead to the next bit
in parallel with the add output.
Each bit thus becomes more com-
plex. It’s possible to cascade as
many of these adders as necded to
make up a word; thus 16 packages
wonld be needed for a 64-bit word.
In such a case, 64-hit words could
be added in 56 nanoseconds.

Transitron is working on a 64-
bit monolithic memory chip duc
carly in 1969. The device bears a
family resemblence to the 16-bit
scratchpad memory developed for
HoneywelP’s  big computers but
will come in two models—one with
internal decoding and one with ex-
ternal  decoding. This assembly
will probably be marketed in a 22-
pin flatpack of DIP,

Also in development are adders
to second-source Sylvania lines.
There is also a gated full adder on
tap at Transitron which would be
compatible with TI's 7400 line.
Both sorts of devices, says the
company, would be at least twice
as fast as their Sylvania or TI
counterparts.

Before ycar’s end, Sylvania plans
to add to both SUIIL 1 and 2 lines.
One of the new I1C’s will be a dual
D-type flip-flop which Nola says
is a useful building block for ma-
chines organized along the lines
of data transfer registers. This IC
is expected during the third quar-
ter of 1968.

There will be many additions to
Sylvania’s line of functional arrays
—comparator IC’s, an 8-bit parity
gencrator, a 4-bit fast shift register,
binary and decade counters, pro-
gramable dividers, and the like.
Late this ycar or early next Syl-
vania will bring out an up-down
counter IC.

“Our philosophy was to round
out SUHL and afterward to em-
phasize complex functions,” Nola
says. “But during 1969, we’ll be
looking toward improvements in
the TTL format itself.”
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A NEW FUNCTIONAL
APPROACH TO
MACHINE AND PROCESS

CONTROL!

Struthers-Dunn has analyzed control opera-
tions by function . . . and reduced them to a

family of versatile, solid-state plug-in printed
circuit cards like this.

This is the new Struthers-Dunn simplified, money
saving approach to the design and use of solid-
state control circuitry . . . for both new equipment
and machines already in use.

Just tell us your control problems. We will supply
a combination of functional cards to meet any
need . . . contro! of timing, counting, comparing,
load handling, storage and handling of information,
and others.

Cards can be combined three ways. One, with
magnetic tape cartridges in a card-file enclosure,
such as our TP-1000, for changeable program cy-
cles. Two, in a card-file enclosure without mag-
netic tape control with a fixed program for single-
cycle or repetitive operaticns. Three, as building
block sub-assemblies, ready for installation in your
own enclosure.

We match cards to your control needs . . .
and package them in this compact enclosure
with optional magnetic tape programming.
Your control costs and headaches are over!

YOU GET THESE ADVANTAGES

Simplified design technique. No need to be a com-
puter expert. No need to send engineers to special
schools. No complicated control circuits.

Easy programming. Magnetic tape with infinitely
expandable capacity. Cartridge load. If program
changes, just change cartridge.

Easy hook-up. Simple screwdriver connection
from TP-1000 to your equipment.

Money-saving maintenance. All solid-state cir-
cuitry. Long life. Plug-in cards for fast replace-
ment. Troubleshooter indicator lights quickly iden-
tify load circuit faults due to coil failures, etc. All
load circuit cards have ‘“fail-safe” feature.

A sales plus. A competitive edge for equipment
manufacturers.

Total design service, too. We can provide com-
plete, unbiased service in design and manufacture
of control systems for many machines or pro-
cesses. We offer solid state, reed, plug-in and
conventional machine tool relay controls accord-
ing to needs of the application rather than a single
approach or catalog.

Full details in Bulletin 10010. Send for it today! See how far ahead you can be with the Control People!

1114 State Street, Bettendorf,
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STRUTHERS=-DUNN, INC.
SYSTEMS DIVISION

lowa 52722 / Telephone: 319-359-0318
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THE QUIET DNE

frtroducing 12 ser es 38). 2 watt
potentiometzr that is four times

as noise free, twice as linear,
has many t'mes the cycle life of
he Allen-Bradley series J and is
stilf priced competitively.
The Quiet Ore is Temp-Matured ™
. a breakthrough process of
orecisely timed, heat maturing
created by Clarostat. 1t makes the
entire assembled potentiometer
homogeneous and strainfree
throughout. It exceeds
the requirements of
Mil-R-94C style RV4.
Write Dept. 101.
Dover, N.H. 03820.
it's cuietly revolutionary.

CLAROSTAT




New Components Review

Subminiature case style C reed
relay is designed for high speed
switching applications. It fea-
tures axial leads and is available
as an unshielded model in Form
A and C. Reed package is her-
metically sealed, gas filled. Con-
tact rating of Form A is 500
ma and Form C withstands cur-
rents up to 100 ma. Aztec Elec-
tronics Inc., 163 Liberty Ave.,
Anaheim, Calif. 92801, [341]

laminate  Micarta
65M27  eliminates “measling’’
(shown at right in photo) in the
normal manufacture of printed
circuits. It meets requirements cf
Mil-P-13949. It is translucent
light green and ranges in thick-
nesses from 1/32 to VYa ir. The
laminate is available in standard
sheet sizes with copper on 1 or
both sides. Westinghouse Electric
Corp., Hampton, S.C. [345]

Copper-clad

conncctors

cavle
called AMP-UNYT use an insul-

Flexivle  nat

ation-piercing crimp to make
physical and electrical contact
with the cable. Designed for use
with cables meeting NAS729
(0.063 in. wide conductors on
0.100 in. centers), these con-
nectors are available in cable-to-
cable, cable-to-wire, and cable-
to-board configurations. AMP
Inc., Harrisburg, Pa. [342]

Printed-circuit toroids that are
transfer molded of high tem-
perature epoxy resin allow op-
eration at ambient temperatures
of —55° to -+130°C. They have
nickel-alloy leads spaced to
match 0.1 in. circuit board grids.
Leads may be mounted by sold-
ering or welding. More than 100
values are available, from 0.05
mh to 3 k. Collins Radio Co.,
Newport Beach, Calif. [346]

Viiniatute  reea relay KA 3013
was designed to have max. coil

resistance  providing  minimum
contact thermal electronotive
force and minimum operating

power. Contacts can switch dry
circuit loads to 10 watts and 0.5
amp; withstard 2,000 hz vibra-
tion and 150 g shock. Tem-
perature rangz is 55° to 85°C.
Elec-Trol Inc., Box 304, North-
ridge, Calif. [343]

Miniature, hybrid, cermet thick-
film ladder switch model 841 is
designed for use in digital to an-
alog conversion systems. It offers
4 switching sections, each using
2 bipolar transistors. Rise and
fall time is typically 200 nsec,
and load range is 0 to 5 ma.
Operat'ng temperature range is
—55° to -+125°C. Beckman In-
struments Inc., 2500 Harbor
Blvd., Fullerton, Calif. [347]

Quick-connect terminals for use
in high-volume assembly opera-
tions are now available on the
type HL wirewound incustriai re-
sistors. The terminals can be ob-
tained on round core resistots
with core diameters from 5/16
in. through 11% in. They are also
available on flat core styles. Dale
Electronics Inc., a subsidiary of
The Lionel Corp., P.O. Box 488,
Columbus, Neb. 68601. [344]

g T

Dual-in-line 1C sockets are avail-
able in the W series for hard wir-
ing and the S series for solder
type terminations. All types ac-
cept any dip with round, square,
rectangular, hollow or solid leads
with a cross section of 0.008
in. to 0.023 in. and 0.090 in.
minimum lead length. Body ma-
ter'al meets MIL-M-14F. Robin-
son-Nugent Inc., New Albany, Ind.
47150. [348]

New components

Solid state thyratron challenges tubes

Billed as a pin-for-pin replacement for mercury devices,
it lasts 50 times longer and draws only 100 ma

Until a suitable triggering circuit
for silicon controlled rectifiers was
developed, mercury  vacuum-tube
thyratrons resisted replacement by
solid state devices. Now, however,
engineers at Radiatronics Ine. say
they’ve licked the triggering prob-
lem and built a solid state thyratron

~<—Circle 158 on reader service card

that plugs right into the old mer-
cury-tube sockets.

Fredrick Hanby, the project man-
ager, says the device uses an ar-
rangement of SCR’s and  diodes
mounted on a printed-circuit board
with the unique triggering circuit,
for which a patent is being sought.

Rookie and vet. Solid state thyratron,
top, is designed to duplicate mercury
tube physically and electrically.
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4.5V, 20 MIL LAMPS
GIVE TUNG-SOL READOUTS
LOW POWER DRAIN,
MINIMUM HEAT,
MAXIMUM RELIABILITY

 S———

The new T-3/4 lamps used in Tung-Sol readouts, both
digital and alphanumeric, provide important per-
formance advantages without loss of effective
brilliance. The low-power factor is especially advan-
tageous where energy-source weight must be mini-
mized—such as in aircraft and space vehicles.
Tung-Sol digital and alphanumeric readouts have
excellent off-on contrast and a 150° viewing angle.
They are designed to be intermixed. Write for bro-
chure T-431, which contains 12 pages of detailed
information. Tung-Sol Division, Wagner Electric Cor-
poration, One Summer Avenue, Newark, N.J. 07104.

-

TUNG-SOL

OPTIMUM CONTRAST
DIGITAL AND ALPHANUMERIC

READOUTS

®REG. T.M. WAGNER ELECTRIC CORPORATION
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...there’s no r-f emission
from solid state unit. ..

According to Hanby, the trouble
designers faced in building an SCR
pin-for-pin replacement was taking
the thyratron grid voltage and con-
verting it to a signal that would
trigger SCR’s.

The Radiatronics unit is mounted
in the same kind of plastic base as
mercury thyratrons and it is en-
cased in a tube made of blue ano-
dized-aluminum.

Thyratrons  have found their
greatest use as sources of variable
output voltages in power supplies.
Hanby says the two principal ad-
vantages of the solid state design
are increased reliability and rug-
gedness. “We guarantee a minimum
of 10,000 hours mean-time between
failures, whereas you would be
lucky to get 200 hours from mercury
thyratrons. Also, our unit is shock-
proof and can withstand all types
of hostile environments.” Hanby
also says the solid state unit doesn’t
produce radio-frequency emissions.

Radar role. Over a range from
d-c to 300 hertz, the thyratron has
a maximum peak inverse voltage of
2.400 volts and a maximum forward
surge current of 50 amps.

The device draws 100 milliam-
peres, compared with about 7 am-
peres for conventional thyratrons,
and it gencrates little heat. After
using more than 40 of the units in
power supplies for its AN/MPQ-T2
bhomb-scoring central radars in tests
this year, the Air Force is ordering
1,000 more at $39 cach for use in
radar power supplies (including
the AN/TSQ-81 and AN/MSQ-35).
Civilian prices haven’t been estab-
lished yet.

“Mercury thyratrons go for about
$13,” says Hanby. “However, with
a guarantecd lifetime 30 to 50 times
longer than that of these devices,
plus increases in operating cffici-
ency, the service felt the added
costs were not out of line.”

Five thyratron types can be re-
placed by Radiatronics devices. Ra-
diatronics  SS 2207 replaces the
393A, 6901, 7410, and 395; the SS
2212 replaces the 3C23, VE 967,
714 and 7021; the SS 2213 replaces
the 394; the SS 2214 replaces the
627, and the sS 2215 replaces the
629 and RCA 885.

Radiatronics Inc., 18842 Teller Ave.,
Irvine, Calif. 92664 [349]
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Two new tachometers
with hardlyaripple

By adding a printed armature tachometer fo a printed
armature servo motor, PM/ has created two unique
designs that provide low ripple velocity feedback.

PRINTED
TACHOMETER
\ ARMATURE

panres /'

INTEGRAL TACHOMETER — Adds a superior tach-

ometer to standard printed motors with no increase
in motor size. Tach features include low ripple (5%
peak-to-peak at 100 rpm; below 2% over 1000 rpm),
excellent linearity and elimination of mechanical
coupling and torsional resonance problems. The
printed tachometer armature typically has the equiv-
alent of over 100 commutator bars raising the fre-
quency of output ripple far beyond that attainable
with conventional tachometers. Ideal for wide
speed range velocity servos.

PRINTED / N AT PRINTED

MOTOR } TACHOWETER
mmunv\ A
A

LOW INERTIA TACHOMETER - Designed for high

performance incrementing servos where low ripple,
low inertia and minimum torsional resonance are
necessary. Built as an integral part of the rear shaft
extension of any standard PMI motor, this tachom-
eter has a lower ripple output than any comparable
tach available today...1.5% peak-to-peak at 50
rpm. Inertia added by the tachometer is only .0006
oz.-in.-sec.z. Couplings and mounting hardware are
eliminated by this design and accidental damage to
the tach is minimized by housing it in a rugged 4"
aluminum casting.

Mail this coupon — for ro T _}
al ] >

information and fitera- || PRINTED MOTORS, INC. .

ture on these exciting || 33 Sea Cliff Avenue, Glen Cove, N. Y. 11542 i

new tachometer devel- || |

opments. I Dear Sirs: Please send me information on your new printed armature tachometers. I

: O Integral Tachometer [J Low Inertia Tachometer I

| |

| Name TITLE |

= I l

PRINTED | comPANY. :

MOTORS, INC. I |

GLEN COVE, NEW YORK 11542 | ADDRESS |

i |

Engineering.S Maméfacturing | |

proTociRcuiTe corporation |1 CITY STATE/ZIP |

GLEN COVE, NEW YORK | |

L e e e e e 4
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brand new
1 pages of
helpful

@nl-Acno[l\

437 EIGHTH AVENUE
LAKE CITY, MINNESOTA 55041

Circle 162 on reader service card

punching
information

® Six basic punching concepls
® Turret punch presses
® Stylus operated turret
punch presses
® OBI punch presses
® Single station punch presses
® New horn punch presses
® Adjustable punch and die sets
® All shapes and sizes of
punches and dies
® Template layout machines
Complete information! Illustra-
tions, descriptions, specifications
and prices. Ask your distributor for
the new 44-page Di-Acro punching
catalog or write us.

d|VISlon Of INDUSTRIES |NC

New components

Regulator has
.005% control

Thick-film hybrid IC
delivers up to 10 watts,
has 80-db ripple rejection

Voltage-regulator makers arc in for
tough competition from Varadyne
Inc. This small California firm has
developed a regulator that holds a
voltage to within 0.005% of a de-
sired level, a figure the company
calls 10 times better than that of-
fered by competitive units.

Each of these Varadyne devices,
given the family name of Series J,
is a thick-film hybrid integrated cir-
cuit mounted on an inch-long alu-
mina substrate. The ripple rejection

is 80 decibels at 10 kilohertz, and
the device can be used from 10
hertz to 600 khz. Pcak deliverable
power is 10 watts normally, and 24
watts if the regulator is coupled to
a 36°C heat sink. The active cle-
ment in the device is a Motorola op-
crational amplifier.

Three models, covering ranges of
3 to 8 volts, 9 to 21 volts, and 21 to
32 volts, arc available with cither
a fixed or variable output.

Charles Tobias, Varadyne presi-
dent, lists ripple rejection, percent
regulation, and deliverable power
as the factors to consider when
evaluating regulators, “We beat the
competitors on all three counts,” he
says. “And we’re just as competitive
in price.” In quantities from one to
ninc the regulator costs $32.50.

Varadyne Inc., 1805 Colorado Blvd.,
Santa Monica, Calif. 90404 [350]
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now you see it now you don’t

THE PANEL INSTRUMENT WITH BUILT-IN FLEXIBILITY

TWO NEW SIZES' New Triplett G-Series Panel Instrumens offer a modern design

that features & graater degree of flexibility and interckangeability.

51/2” and T 1/2” (Miniature) q Two tvpes of mounting are available—conventional flush

type or behind-the-panel with a bezel for modern picture window

NOW IN HVE POPULAR SIZES:
1%" (Miniature); 2%"; 3%";
4" & S

|

appearance. 2 The insert shield or the front of the meter

can be cusiom painted or printed to meet customer’s requirements.
3 Triplatt’s famous self-shielded Ber-Ring magret, with
one-piece die-cast frame, in all DC and DC suspention type
instrumer-.ts.

In five pcpular sizes: 5% DC and AC; 42" DC and AC; 3%’

DC and AC; 2%" DC and AC; 12" (corventional flush

mounting only) DC and AC rectifier type.
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New Sperry X band BWO0O offers
dramatic size/weight savings

Now you can specify the advantages of metal-
ceramic BWOQO's into your own system or equipment;
the size and weight penalties connected with glass
tubes need no longer be paid.

Sperry's newest BWO is designated SBX-2980.
It comesina 1.5 x 1.6 x 6 inch package, and it weighs
only 1.7 Ibs., including its focusing magnet. The tube
is voltage tunable across the 8.0 to 12.0 GHz range,

STPERRY

ELECTRONIC TUBE DIVISION
GAINESVILLE, FLORIDA

164 Circle 164 on reader service card

and it typically delivers 22 to 80 mW of output.
Sperry’s minimum output spec is 15 mW. This BWO
is fully qualified to airborne environmental specs.
SBX 2980 is now in volume production. Because
of that you can expect fastest delivery and unusually
attractive prices. For more details or quotation, con-
tact your Cain & Co. representative or write Sperry
Electronic Tube Division, Gainesville, Florida, today.
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New Instruments Review

OMELE K e

Variable delay pulse generators
series 2306 feature bipolar out-
puts to 50 v, and less than 1
nsec rise and fall time. Repetition
rates for all models are variable
by front panel control from 1 hz
to 1 Mhz, or may be externally
triggered to 1 Mhz. Overshoot
and undershoot is less than 5%
for amplitudes over 2 v. Gralex
Industries Inc., 28 Di Tomas Ct.,
Copiague, N.Y. [361]

Lightweight  vibration  monitor
model VM-10M can be used with
any piezoelectric accelerometer
with sensitivities from 1 mv/g to
100 mv/g. Features include high
input impedance of 1,000 meg-
ohms, 6 full-scale acceleration
ranges of 1, 3, 10, 30, 100 and
300 g, and a constant 10 mv/g
output. Price is $395. Agac-Der-
ritron Inc., P.0. Box 358, Alex-
andria, Va, 22313, [365]

High level d-¢ output (*1.5 v)
linear accelerometer model 100
has an output accurately propor-
tional to the sensed acceleration
vector with ranges of =1 g to
*259 g. Power input is 6 ffv d-c.
The  self-contained  transducer
measures 1 in. square by 1Vs in.
high, and weighs approximately 3
oz. Price is $345. Setra Inc., 12
Huron  Drive, Natick, Mass.
01760. [362]

Dual-range pressure transducers
series 200M feature a linearity of
better than 1% of full scale. The
primary range is the highest pres-
sure range to be measured (0.05
to *5 psi); the secondary range
is obtained by an internal ampli-
fier and can be as much as 10
times lower, or typically 0.005
psi full scale. Lion Research Corp.,
60 Bridge St., Newton, Mass.
[366]

Go/no-go noise limit tester 60-
2300 can be used to inspect pre-
cision or trimmer, wirewound or
film potentiometers. The unit
contains a constant current
source to energize the wiper and
a high input impedance adjust-
able limit detector to muonitcr
wiper voitage. A panel light in-
dicates when a preset limit is ex-
ceeded.  Solatron  Enterprises
Venice, Calif. [363]

General purpose  oscilloscope
model 101 is suited for applica-
tions on CATV sites, remote com-
municatiors sites, flight lines,
ship-board and field use. It com-
bines 50 mv/cm sensitivity and
d-¢ to 20 Mhz bandwidth. The
unit measures 9 x 8%z x 15 in.
and weighs 17 Ibs. Price is $665;
delivery, from stock. Texscan
Technical Products Corp., Indian-
apolis. [367]

Modulation meter model 409 pro-
vides wide carrier ranges—a-m:
3 to 1,200 Mhz; f-m: 3 to 1,500
Mhz—and measures percentages
of amplitude modulation in 3
ranges, and f-m deviation up to
*600 khz in 6 ranges. A-m meas-
urement accuracy is better than
*39, to 5 khz; f-m, better than
*5% to 50 khz. Winslow Tele-
Tronics Inc., 1005 First Ave.,
Asbury Park, N.J. 07712. [364]

Sine/scuare wave, true rms dif-
ferential wattmeter mode’ 4201
offers high resolution and sta-
bility designed to continuously
monitor and record gyro power.
Power range is 0 to 12 w. direct
digital reading with 100 pw reso-
lution. Accuracy (2.5 to 12 w) is
2% of reading for 1 to 0.5 pf
loads. Price is $1,995. NH Re-
search Inc., 1510 S. Lyon St
Santa Ana, Calif. 92705 [368]

New instruments

From Britain, a low-cost averager

Analog system uses 350-picosecond gating circuit to extract

repetitive signals from noise, 1,000 times more intense.

Finding a signal buried in noisc
isn’t a difficult task. When the noise
is random and the signal repetitous,
the noise will drop out when the
complete input is integrated for a
period that’s several hundred times
longer than the signal’s width. This
averaging technique is so success-

Electronics | July 8, 1968

ful that engineers are no longer in-
timidated by high noise-to-signal
ratios.

The popular signal averagers,
like Nuclear Data’s Enhancetron,
are digital. But their prices start at
about $5,000. Now a British firm,
Aim Electronics Ltd., has built an

analog averager that will sell in the
U.S. for $3,075.

Called the System 7.3, Aim’s av-
crager can dig out a signal that’s
buried in noisc 1,000 times its am-
plitude, as long as the signal re-
peats and its width is less than 1
second. The 7.3’s response is linear
for inputs from d-c to 1 gigahertz,
after which it gradually drops. At 3
Ghz, the response is off by no more
than 3 decibels.

The 7.3 has a gating circuit that
opens for 350 picoseconds each
time a signal is received. A trigger,
which can be cither internal or ex-
ternal, alerts the 7.3 cach time a
signal is transmitted. The gating
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Computer Performance;

Calculator Price.

WANG 380

640 Program Steps

24 Storage Registers

LOGeX! ex! X2! \/-Z ;E! +! T X! _:'
Performs Subroutines, Loops,
Branches, Makes Decisions.

$3795.

No special programming language needed. The
Wang 380 learns programs directly from keyboard
operations and stores them on plug-in magnetic tape
cartridges.
You can tailor system capability to your exact needs
with compatible accessories including:
Output Writer, CRT Display, additional Data Storage,
Teletype, Trig Pack, and On-line Interface.

There is nothing comparable, anywhere.

&=WANG

LABORATORIES, INC.

Dept. 7H, 836 North St., Tewksbury, Massachusetts 01876 ¢ Tel. 617 851-7311

(201) 241-0250

(214) 361-4351
(215) 642-4321

(216) 333-6611
(301) 588-3711
(301) 821-8212
(303) 364-7361
(304) 344.9431
(305) 564-3785
(305) 841-3691
(312) 889-2254

Call today for immediate trial:

(313) 278-4744
(314) 727-0256
(317) 631-0909
(403) 266-1804
(404) 457-6441
(405) 842.7882
(412) 366-1906
(415) 454-4140

(416) 364-0327

(518) 463-8877
(602) 265-8747

(604) 685-2835
(612) 881-5324
(613) 224-4554
(614) 488-9753
(615) 588-5731
(617) 851-7311
(702) 322-4692
(703) 877-5535

(703) 931.7878

(901) 272.7488
(916) 489-7326
(919) 288-1695

166 Circle 166 on reader service card

Average performer. The 7.3, shown at
left, continually integrates repetitive
signal to eliminate randem noise.

circuit examines a 350-pscc seg-
ment of the input and the amplitude
of this gated portion is stored in a
capacitive memory. Each time a
signal is reccived, the opening of
the 350-psec window comes a little
bit later than it did on the previous
cyvele.  Eventually, the window
moves down the entire waveform
and then the process repeats. The
amplitudes are averaged in either
an internal integrator that has a
0.025-hertz bandwidth or an exter-
nal integrator. The averager’s out-
put can be fed to an oscilloscope,
a voltmeter, a storage scope, or an
A=y recorder.  Aim recommends
using a recorder in order to take
advantage of the 7.37s linearity.

Aim offers, as an option, an ana-
log-to-digital converter for users
requiring a digital output. But this
adds $1,200 to the price of the basic
system.

Research tool. Ainv’s first custom-
ers will most likely be medical re-
scarchers. Their attempts to meas-
ure specific physiological signals
are always hindered by the pres-
cnce of high-level signals from
other parts of the body. The 7.3,
like other averagers, is already be-
ing used in neurological studies on
animals.

In a typical experiment, an elec-
trode is placed in a specific spot in
the brain and another is placed
clsewhere in the nervous system. A
stimulating pulse is applied through
the first clectrode and the second
clectrode detects the response and
fecds it to the averager. The stimu-
lus also acts as the trigger, and is
continually applied until the noise
is averaged out.

The 7.3 can also be used to de-
tect chemical and nuclear reaction
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in 1—1000 MHz work

Voltage tells only half the story

“All'"" means phase, the key to every RF
measurement. Especially the tough ones
like open-loop gain of feedtack ampli-
fiers, electrical lengths, res<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>