Electronics

Cutting noise in sampled-data systems: page 70 2”18253'1968
Automatic fault-finder for avionics: page 78 A McGraw-Hill Publication
Special report on IC’s in Japan: page 98

Below: Testing [C's is
getting harder, page 88

/

-

7 A

i

\ -
‘A

/

W
puoset®

LEQR, -
350 Ave
1313 WW0) JISvE
FERITIL IR
20-1L 90u%y 96685N 241




0 O

u 1100 DT FRNR ) A bt

All counters count.
This counter thinks
while it counts.

Qur new 1159 Recipromatic Counter
reduces frequency measurements to a
single step: connecting the unknown
signal to the input terminals. The
counter's built-in computer then takes
over and immediately gives you a six-
digit readout of any input frequency
between 0.6 Hz and 20 MHz. Ranging is
taken care of automatically by the
counter, and decimal point and unit of
measurement are automatically and
clearly displayed. Where speed and the
need to safeguard against human error
are important factors, the foolproof and
automatic operation of the 1159 has
tremendous value.

How does this counter measure fre-
quencies down to 6 Hz with six-figure
resolution in 0.1 second (and to 0.6 Hz
in 1 second)? By means of a built-in,
IC computer that converts a multiple-
period measurement into a frequency
readout. In numerous low-frequency
applications,precisefrequencymeasure-
ments have been made up to now only

by time-consuming and tedious measure-

ments and calculations. The 1159 not
only reduces measurement time to 0.1
second in most cases but it also does
most of your thinking for you.

To accommodate unusual operating
conditions, we have provided some
secondary controls and concealed th
behind a hinged door on the front
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panel. They include the display-time
and signal-conditioning controls, all of
which are programmable.

Since normal operation of the 1159 is
completely automatic, this counter
makes an ideal system component.
External instructions to the counter are
minimal and infrequent as they concern
only secondary functions. BCD output
for six digits of data, decimal point, and
measurement units is provided at

the rear.

By using our 1156-A Decade Scaler
with the 1159 counter, you extend the
upper frequency limit of the 1159 to
100 MHz. A new scaler (1157) to be
available soon will extend the limit to
500 MHz. With either scaler there is no
sacrifice in the counter’s automatic
frequency ranging capability. A rear-
panel switch enables you to multiply
measurement quantities by 1, 10, or 100
to maintain correct decimal location
when a scaler is used.

Price of the 1159 is $2235 in the U.S.A,,
for either the bench or rack model. For
complete information, write General
Radio Company, W. Concord,
Massachusetts 01781, telephone (617)
369-4400. In Europe, write Postfach 124,
CH 8034 Zurich 34, Switzerland.

GENERAL RADIO
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surements with the hp 463A Precision AC
plifier. The hp 463A amplifies your signals
wout introducing trouble-causing errors. It
lesigned to meet the most critical require-
1ts for high-accuracy, wide dynamic range
low distortion.

"he all-solid-state 463A has an ultra-low

ortion <0.019%, an output of 100 Vrms at

, and a gain accuracy better than +=0.001
4B (0.01%) with long-term stability of 100
ppm/year. These features make it valuable not
only in precision measurements and calibra-
tion, but as a general-purpose amplifier up to
100 kHz.

Itisideal toamplify output of the most stable
solid-state oscillators, or to isolate thermo-
couple transfer measurements—and as a pre-
amp for digital and differential voltmeters.

For complete specifications on the hp 463A,

call your hp field engineer. Or, write to Hewlett-
Packard, Palo Alto, California 94304. Europe:
54 Route des Acacias, Geneva. Price: $690.
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This universal counter

makes its mark most anywhere

If you want to make sure you're
getting the ideal counter for your
needs, check out the capabilities
of Hewlett-Packard’s new 5325A
Universal Counter. It's called
“universal” because it does so
many jobs for so many people.

It will make all the measurements
any counter can make without
plug-in accessories—frequency,
time interval, period, multiple
period, ratio and multiple ratio.
It marks trigger points on an
oscilloscope as it measures. And
it does all this with a versatility
and accuracy that are unmatched
at $1200.

Universal counters are most
often used by people who need
one very versatile counter at a
low price; others use them
specifically for measuring time
interval. The HP 5325A was built
for both: It gives you a frequency
range of dc to 12.5 MHz with gate
times from 100 nsto10s and a
time interval range of 100 ns to

108 s. Time base oscillator
stability is excellent: <1 part in
108/ day aging rate, < +2.5 parts

in 108 total change from 0 to 50°C.

It offers remote programming
and BCD outputs. Buffer storage
permits printout while the next
measurement’s in progress.

A fast display-time setting readies
the counter for a new reading
in as little as 100 ps. Further, a
CHECK mode lets you auto-
matically test decade counters,
gates and time base from the
front panel or remotely.

Dual FET input circuits give

1 Mq/30 pF input impedance,
and wide-range trigger controls
set time interval start and stop
points anywhere from 100 mV to
100 V for positive or negative
polarities or slopes. You can
time the interval between events
on a single input signal or
between events on two separate
signals. For oscilloscope observ-
ation of the input waveform

2 Circle 2 on reader service card

trigger points, the 5325A
generates two types of markers
shown above: One marks the
waveform each time it exceeds
the counter trigger level, the other
intensifies the waveform section
actually being measured.

One other thing. Some counters
can give you wrong answers
when the time interval stop signal
unknowingly disappears or its
trigger level is set too high.

The 5325A won’t respond incor-
rectly under such conditions—it
will simply keep counting and
not present a new reading.

Price: $1200.

Now that you know about the

HP 5325A Universal Counter,
you're ready to shop for counters.
Call your HP field engineer for
more information. Or write
Hewlett-Packard, Palo Alto,
California 94304; Europe: 54
Route des Acacias, Geneva.

HEWLETT ﬁ PACKARD

ELECTRONIC COUNTERS

02807
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Cutting noise in data sampling

Straight-line approximation of signal spectrum
helps in designing preprocessing filter
Thaddeus Kobylarz, Stevens Institute

of Technology

Designer's casebook

= Sine waves are squared by a symmetrical
switch

» Differential amplifier governs magnetic brakes
and clutches
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Automatic checkout system designed
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will find faults and switch modes

F.H. Hardie and G.E. Simaitis, International
Business Machines Corp.
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putting a new burden on users
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Readers Comment

Time to reconsider

To the Editor:

In your article “Watch out”
[Feb. 5, p. 209] you state that
“the very best conventional wrist
watches err as much as 4 or 5 sec-
onds a day.” We would like to
point out that although the state-
ment would have been correct a
few years ago, this is not the case
today. We have for several years
been producing a series of wrist-
watches for which we guarantee
maximum variations of 2 seconds a
day in normal wear.

C. Weber
S. A. Girard-Perregaux & Co.
La Chaux-de-Fonds
Switzerland

Error in coding

To the Editor:

Your otherwise excellent article
on the use of error-correcting cod-
ing in the Pioneer D spacecraft
[April 1, p. 36] disappointed us in
two respects.

One was the omission of the
name of Dr. Dale Lumb, of NASA’s
Ames Research Center, to whom
must go the largest share of the
credit for the development of this
system.

The other was the statement that
the convolutional code used is sim-
ilar to that previously advanced by
1BM. In fact, there are two kinds of
coding, block and convolutional;
IBM uses the former, whereas the
latter is a specialty of Codex Cor-
poration.

We are proud to have assisted
Ames Research Center in applying
convolutional coding to the Pioneer
communications system, with the
satisfying results described in your
article.

JM. Cryer Jr.
President
Codex Corp.
Watertown,
Mass.

Wrong number

To the Editor:

One error appears in my article
“Saving money on data transmis-
sion as signals take turns on party

Electronics | May 13, 1968



Add Sprague Series 7400A
to your prints for
Series 74N T'TL circuits.

They’re pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7400N Quad 2-Input NAND USN-7400A.
SN7401N Quad 2-Input NAND (No Collector Load) USN-7401A
SN7402N Quad 2-Input NOR USN-7402A
SN7410N Triple 3-Input NAND USN-7410A
SN7420N Dual 4-Input NAND USN-7420A
SN7430N Single 8-Input NAND USN-7430A
SN7 440N Dual 4-Input NAND Buffer USN-7440A
SN7450N 2-Wide 2-Input Expandable AND-OR-INVERT USN-7450A
SN7451N 2-Wide 2-Input AND-OR-INVERT USN-7451A
SN7453N 4-Wide 2-Input Expandable AND-OR-INVERT USN-7453A
SN7454N 4-Wide 2-Input AND-OR-INVERT USN-7454A
SN7 460N Dual 4-Input Expander USN-7460A
SN7470N D-C Clocked J-K Flip Flop USN-7470A
SN7472N J-K Master Slave Flip Flop USN-7472A
Dual J-K Master Slave Flip Flop:
SN7473N Single chip, pin 11 GND USN-7473A
— Single chip, pin 7 GND USN-74107 A
SN7474N Dual D-Type Edge-Triggered Flip Flop USN-7474A
— Dual AC Clocked J-K Flip Flop USN-7479A

Series 5400, full-temperature-range equivalents in 14 pin flat-packs,
are also available for rapid delivery from Sprague.

Don’t spend another week
without calling Sprague.

For complete technical data on Series 5400 and 7400A
circuits, write to Technical Literature Service, Sprague
Electric Co., 35 Marshall St., North Adams, Mass. 01247

SPRAGUE

THE MARK OF RELIABILITY

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

485713431 Sprague’ and @ are registered tradermarks of the Sprague Electric Co.
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We've got a plan
for speeding up

del

IVvery on

“Hememann
Circuit Breakers.

Read the fine print:

YO Y

AUTHORIZED HEINEMANN STOCKING DISTRIBUTORS
Alabama

Electro-Tech, Inc.
Huntsville
(205) 539-1250

Arizona

Kierulff Electronics, Inc,
Phoenix

(602) 273.7331

California

Wesco Electronics
Los Angeles

(213) 685.9525

Wesco Electronics
Palo Alto
(415) 968-3475

Wesco Electronics
San Diego
(714)279-3471

Colorado

Kierulff Electronics, Inc.
Denver

(303) 825-7033

Connecticut
MarLe Company
Stamford

(203) 348-2645

Grand Light & Supply Co.

New Haven
(203) 777-5781

Florida
McDonald Distributors

of Flerida Inc.
Fort Lauderdale
(305) 563-1255
[Ga- N0l NO)]

HEINEMANN ELECTRIC COMPANY

Industrial Electronics

Associates, Inc.
West Palm Beach
(305) 848-8686

Parts Service Corp,
Winter Park
(305) 647-5343

Georgia
Electro-Tech, Inc,
Hapeville

(404) 758-7205

Kansas

Hall-Mark Electronics
Kansas City

(913) 236-4343

Kentucky

E & H Electric Supply Co,

Louisville
(502) 587.0991

Marine Electric Co., Inc.
Louisville
(502) 587-6511

Louisiana

Poulan’s Electrical Co.
Monroe

(318) 323-7701

Hall-Mark Electronics
New Orleans
(504) 242.7581

Maine

Stanley J. Leen Co., Inc,
Portland

(207) 774-6266
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Maryland
Lee Electric Co.
Baltimore
(301) 752-4080

Pytronic Industries Inc,
Baltimore
(301) 727-5100

Massachusetts
Apparatus Service Co,
Allston

(617) 787-1300

Electrical Supply Corp.
Cambridge
(617) 491-3300

T. F. Cushing, Inc,
Springfield
(413) 788-7341

Mississippi

Ellington Electronic
Supply, Inc,

Jackson

(601) 355-0561

New Jersey

Valley/Hamilton Electro
Sales

Cherry Hill

(609) 662-9337

Federated Purchaser, Inc.
Springfield
(201) 376-8900

New Mexico

Kierulff Electronics, Inc.
Albuquerque

(505) 268-3901

New York

Federal Electronics Inc,
Vestal

(607) 748-8211

North Carolina
Electro-Tech, Inc.
Charlotte

(704) 392-7451

Ohio

Midwest Equipment Co,
Cincinnati

(513) 821-1687

Radio & Electronic Parts
Cleveland
(216) 881-6060

Oklahoma

Hall-Mark Electronics
Tulsa

(918) 835-8458

Oregon

Platt Electric Supply
Portland

(503) 222.9633

Pennsylvania

West Chester Electric
Supply Co.

West Chester

(215) 696-7500

Rhode Island

William Dandreta & Co.
Providence

(401) 861-2800

CHOTHRY

Texas 2

Cummins Supply Co.
Amarillo
(806) 373-5379

G. E. Jones Electric Co.
Amarillo
(806) 372-5505

Warren Electric Co,
Beaumont
(713) 833-94Q5

Hall-Mark Electronics
Dallas
(214) 231-6111

Nelson Electric Supply
Dallas
(214) 741-6341

Hall-Mark Electronics
Houston
(713) 781.0011

Warren Electric Co,
Houston
(713) 225-0971

Messner Electric Supply
Longview
(214) 753-4484

The Perry Shankle Co,
San Antonio
(512) 223-1801

Washington

Kierulff Electronics, Inc,
Seattie

(206) 725-1550

GENOIGE )
Trenton, New Jersey 08602
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line [April 15, p. 119]. There had
been a question as to whether a
“7” or “8” counter should be used
in the receiver, and we arbitrarily
chose the “8” counter.

Actually, either one would be
correct—as long as the number of
the counter corresponds to the
number of flip-flops in the parallel
readout shift register. The reason
is that each pulse position trans-
mitted and stored must be counted.

The article has the unfortunate
combination of an “8” counter with
a seven flip-flop shift register.

James W. Cofer
Georgia Institute of Technology
Atlanta

Headache

To the Editor:

I would like to comment on
“Cameras that wink can produce
3-D tv” by M.G. Maxwell [March
18, p. 32].

Viewing stereoscopic pictures by
means of superimposed images of
different colors through colored
spectacles is not new. It has been
used in magazines and newspapers,
and also in movie short subjects
for many years before the Polaroid
Natural Vision process. A stereo-
scopic picture coded by superim-
posed images of different colors
is known as a color anaglyph. We
could call Maxwell’s proposed sys-
tem a time-multiplexed anaglyph.

Stereoscopicists have been ex-
perimenting with various ana-
glyphic systems for many years.
While the color anaglyph has some
advantages, it also has several dis-
advantages. For although the effect
of stereo will be produced, many
people see the images on an alter-

severe headaches among a large
percentage of viewers, was the rea-
son color anaglyphic motion pic-
tures did not last.

Indeed, this effect was given a
name, “color bombardment,” years
ago. And color bombardment would
be just as disadvantageous to the
television viewer of today as to the
motion picture viewer of yesterday.

Stephen A. Kallis Jr.
Acton
Mass.

Transistor genealogy

To the Editor:

In response to Carl V. Erickson’s
letter [March 18, p. 7] I would like
to recommend to your attention the
March 1965 issue of Analog. In that
issue there is a supposedly factual
article describing patents on a type
of solid state amplifier that were
taken out beginning in 1925 extend-
ing to 1930.

The amplifiers closely resemble
present day npn-junction transis-
tors although made out of alumi-
num and cuprous oxide. The article
does not unequivocally state that
the amplifiers worked, but it might
possibly point to some antecedents
of the present day transistor.

Arthur W, Long
University of California
Berkeley,
Calif.

Ticklish subject

To the Editor:

Re your story on crystal testing
[April 15, p. 50], I hope you never
tickle me with “only 0.1—15 watt.”

0.1-15 = (1/10)—15 = 10% watts!

nating background of flashes of red R.A. Rawson
and green. This background-alter- Berkeley,

nation effect, which can cause Calif.
l,_____._.____._.,r._____.... _____ j
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SOLVE INTEGRATED
CIRCUIT SEALING

PROBLEMS

WITH WILLIAMS NEW
IMPROVED ALLOYS FOR

MICROELECTRONIC DESIGN

80% 6OLD—
‘/ 20% TIN EUTECTIC
MELTING POINT 280°C

88% GOLD—
\/ 12% GERMANIUM EUTECTIC
MELTING POINT 356 °C

WILLIAMS IW32 ALLBY
MELTING POINT 520-550°C

SOLDER PREFORMS MOR SEALING
INTEGRATED CIRCUIT PACKAGES

TOOLING AVAILABLE ON MOST
STANDARD SIZES

410 6 Weeks Oelivary on New Tooling

PARTIAL LIST OF AVAILABLE
ALLOYS & SOLDER FREFORMS

88% Gold 12% Germanium (Eutectic Alloy)
Strip and solder preforms in all sizes
80% Gold 20% Tin (Eutectic 3lloy)
Strip, wire and solder prefors in all sizes
Gold with .1 t0 1.2% Antimory

Wire, strip and solder preforms all sizes
Gold —.05% Min. Phosphorovs

Wire, strip and solder preforins 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 preforins all sizes
Silver —.1% Min. Phosphorous

Wire, strip and solder preforms all sizes
95% Silver 5% Nickel

Wire, strip and solder preforms all sizes
Sitver and up t0.5% Arsenic

Strip and solder preforms all sizes
Special alloys produced on request at
minimum charge.

Precious Metals in 99.9% Pu-2,

99.99% Pure, and 99.999% Fure.

Modern, up-to-date refining of precious
metals and complete spectrographic fa-
crities available

HIGH PURITY METALS

USED ON ALL ALLOYS
WRITE FOR COMPLETE PRECIOUS MKTALS CATALOG
AND SPECIFICATION SHEETS. PHOWE 716.834-7204

OVER 50 YEARS OF PRECIOUS METALS LXPERIENCE

WILLIAMS  geroy
PRECIOUS P>
METALS

2978 MAIN ST. BUFFALO, NEW YORK 14214
Oivision of Williams Gold Refiwng Co., Inc.
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It has been reported that the Maharishi
told Mia, “If the clutter power is
greater than the power reflected by the
target, discrimination is extremely dit-
ficult.” Actually, one of our engincers
said that, but it sounds more like some-
thing the swinging Maharishi might
have during one of his lucid moments.
Rather than ponder the sociological im-
plications of all this, we would like to
tell you that we’re doing some inter-

svstems, of all things. ‘T'his should come
as good news to those of you concerned

with air-to-air, surface-to-air or surface-
to-surface missiles. No longer will you
have to depend on old-fashioned, not
very reliable matched filter techniques
when trying to track targets in a clutter
environment. In fact, now you missile
makers can design types to home in
accurately on low altitude or surface
targets that are normally impossible to
hit because of clutter problems. Isn’t
that nicef So send a missive of your
very own to our Acrospace Center and
they?’ll clutter your desk with literature.

esting things in signal processing to
clutter on missile guidance

TR TR TR TR GG GRS GRS TR
THAT OVERWEIGHT
> LIGHTWEIGHT URC

The casiest way to tell Radio Set AN/URC-67
(automatic) from Radio Set AN/URC-69 (manual)
is to weigh them. 67 weighs about 30 lbs. more than
69. Other than that both units look pretty much
alike and do essentially the same thing. You talk to

people in airplanes that are over 230 miles away and

as high as 35,000 feet. Both radios are multi-channel

(3500) systems, but URC-67 (automatic) offers im-
mediate automatic channel selection to any of 20
4 preset channels. Why this feature requires all of thirty
9 pounds is something you and our engineers might want
‘ to discuss one of these days. But for now, bear constantly

in mind that the units are mostly solid state, compact,
5%  modular and lightweight (if you’ll let us use that term
< 2% for anything that weighs 300 lbs.). They’re also very
\\: reliable and we have plenty of TBF’s to prove it.

& A Although first applications have been tactical, we’d be
=/ happy to sell a few gross to any doves that may read

suppress

this. Write our Chicago Center for some scintillating spec sheets.

Chicago Center Dept. 985
1450 N. Cicero Ave., Chicago,
lllinois 60651, Phone (312) 379-6700

Aerospace Center Dept. 2008
8201 E. McDowell Rd., Scottsdale
Arizona 85252, Phone (602) 947-8011

MOTOROLA

Government Electronics Division
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People

When the Fairchild Camera & In-
strument Corp. shifted jurisdiction
over its microwave group from
the Semiconductor division to
the Instrumentation division last
month, there was much specula-
tion about the group’s future. New
trends were rumored, and some
employees even feared that the
unit was destined for the same end
as Fairchild’s memory products
group, which was sold several
months ago by the Semiconductor
division.

Irwin Solt Jr., manager of the
microwave group, is now allaying
those fears. “To the best of my
knowledge,” he points out, “there’s
nothing very dramatic in the of-
fing.”

New twist. So far as new direc-
tions are concerned, the executive
says his group, which has aimed
in the past to produce solid state
replacements  for thermionic de-
vices, will now be extending its
cfforts into the hybrid microwave
field.

“It’s fashionable, R&D money is
available, and it complements the
operations of other Fairchild
groups we'll be working with,” he
explains.

“We are setting up a complete
semiconductor processing  opera-
tion,” Solt continues, “and we will
be making and developing high-
performance r-f transistors, This
capability in hybrid work,” he adds,
“can be useful in the development
of new and sophisticated instru-
ments.”

Solt indicates that these instru-
ments would use high-speed sam-
pling and logic circuitry, high-fre-
quency amplifiers, and broad-band
video amplifiers.

Expansion. “Whether we’ll get
into other things is still undecided,”
Solt says. “That’s up to the future
planning sessions.” One prediction
he will make: “Over the next three
to four years, we hope to quadruple
our size.” The microwave group
now employs about 150 people,
he noted.

Solt, who has been the manager
of the group since its formation in
December 1964, previously worked
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for the
Protection
of

Solid State
Devices

TRON {fuses are especially designed for the protection of Solid State Devices . . .
such as secmi-conductor rectifiers, SCR’s, thyristors and the like - or wherever
a very fast acting fuse is needed.

They provide extremely fast opening on overload and fault currcnts, with
great limitation of the let-thru current.

If cach diode is protected by @ TRON fuse, the fuse will open very quickly
when the current drawn exceeds the rating of the diode.

Thus when a short-circuit occurs in a diode the fuse opens and takes that
diode out of the circuit. This protects other good diodes in the rectilier which
might otherwise be damaged.

TRON fuscs are available in a wide range of physical dimensions and
in sizes from 14 to 1000 amperes in voltage ratings up to 600.

For full information and time-current characteristic charts,
ask for BUSS Bulletin HLS.
BUSSMANN MFG. DIVISION, rMcGraw-Edison Co., St. Louis, Mo. 63107

SUPPLIED THE ECONOMICAL WAY
. ...THRU DISTRIBUTORS

FOR MODERN ELECTRICAL
PROTECTION.../NS/ST ON
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“You better believe it's strong!”

«.. The New 5000 Series from Vent-Rak. Hidden by attractive slim-line
styling and modular design is a rugged frame of 12-gauge reinforced
steel. The Vent-Rak 5000 Series Electronic Cabinet has exceptionally
sturdy all-steel construction, high versatility and an economical price.

Components are interchangeable, sides are easily removed, and
assembly is simple . . . accomplished with ordinary hand tools. Sepa-
rate frames can be bolted together to form bays in unlimited com-
binations. Add handsome finish, aluminum trim, and choose from
a host of accessories . . . the rugged 5000 Series Cabinet is ideally
suited to almost any type of commercial electronic packaging need.

Available through industrial \ o

distributors, or write: ; ﬂ
VENT-RAK, INC. ENT __

525 South Webster Ave. o T~
Indianapolis, Indiana 46219 e ARK—%
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People

in Fairchild’s labs doing basic re-
search on solid state microwave
components.

To the men who prepare direct-
mail advertisements, the standard
envelope is simply bad form. But
to the Post 4 p—
Office, the doz-
ens of shapes,
sizes, colors,
and address for-
mats and place-
ments are a
headache.

Relieving this
headache is the Beicher
job of Harold P. Belcher. The Post
Office has just appointed him to be
the technical planner responsible
for liaison with the computer and
communications industries. He’ll
work directly under Leo S. Packer,
the assistant postmaster general
who heads the Post Office’s Bureau
of Research and Engineering.

Posthaste. “We have to let in-
dustry know what developments
the Post Office is making,” Belcher
says.

He cites as an example the ad-
dress format of utility bills. Almost
all are handled by computers, yet
there is little uniformity. The en-
velopes carry Zip Codes, but an
automatic reader can’t pick them
out because the address is placed
incorrectly. “It wouldn’t cost the
mailers anything to put the address
in the right location—if they only
knew what our readers could do
before they set up their system,”
says Belcher.

Belcher worked on the first com-
puters at the Pentagon after grad-
uation from Howard University in
1950. He was an assistant commis-
sioner for telecommunications at
the General Services Administra-
tion before joining the Post Office.

Belcher will also be telling in-
dustry of the new hardware needed
to keep pace with automated
handling. This will extend even to
such simple problems as the need
for a device to automatically re-ink
addressing plates so optical
character readers will always get
clearly printed addresses.
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Precise!
(resolves envelope delay to 0.1 1:sec)

Bright digital displays pinpoint relative delay aad indicate carrier
frequency to the nearest 10 -z on Sierra’s solid-state Model
240B Envelope Lelay Test Set. Range of 2CO Hz to 110 kHz
spans both voice {4 kHz) and zroup (60-103 kHz) frequencies.
A three-position switch sets you up for end-to-end, end-to-end
with return reference path, or loop-back operation. Another se-
lects your modulation frequency (25, 83%, and 250 Hz now
standard).

Accurate end-to-end delay measurements without a separate
reference circuit are assured by the stability of Model 340B’s
precision internal master clock. To compensate for slight long-
term frequency drift, a high-resolution, multiturn potentiometer
helps keep the two clock osciilators synchronized.

Each modulation frecuency nas a single delay range: +20,000
psec at 25 Hz, 6000 nsec at 83% Hz, £2000 ;isec at 250 Hz.
The 10V analog outputs for frequency and delay, with internal
electronic scan, allow you to record a delay contour in seconds,
then tune to any number of discrete points for closer analysis.
Optional: A third analog output to recorc levels of received
signals.

Among the numerous other features a Model 340B has to
offer: Built-in transformers for balanced or unbalanced 135-,
600-, and 900-ohm, as well as 75-ohm circuits; built-in 1-MHz
frequency counter with digita readouts accurate to 1 Hz,

Your signal will produce a product bulletin without delay.

Write Sierra/Philco-Ford, 3885 Bohannon Drive, Menlo Park,
California 94025, Or call (415) 322.7222, ext. 328.

. stability guaranteed
by this oven-controlled
master clock oscillator

PHILCO

PHILCO-FORO CORPORATION
Sierra Electronic Operation
Menrlo Park, Calforma « 94025




Our story starts
with a very
superior
polyester film.

Towhichwe
add exceptional
dimensional
stability.

I
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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.

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.

Electronics | May 13, 1968

To bring you
Celanar Film
witha
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 7o wire-
wrap.Want proof? Just mail the coupon.

_______ N

Celanese Plastics Company
Dept. 133-E, P.O. Box 629
Linden, N.J. 07036

Yes, | want all the facts about Celana-
film for electrical applications. And
send me a FREE set of gratings printed
on Celanar. (Laying one on top of tt=
other produces Moiré patterns that
confound the eye.)

Name Title
Company
Address
City. State

N
©

[C

CELANESE

PUASTICS COMPANY

—_————— e e e e e e e

Celane=®
Celanz ®

Celanese Plastics Company Is a division of Cel Corporazon,

L———————_—_——_———_
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DAYS

ACOPIAN WILL SHIP ANY
OF 62000 DIFFERENT
POWER SUPPLIES

| This catalog lists

| 62,000 models of
AC to DC plug-in
power supplies S S

| available for ship- | — -4l
ment in just three - e

I days. Choose the Q e I
exact outputs you
need. Singles or

| duals, regulated

| or unregulated.
Write or phone for

| your free copy.

State Zip

Acopian Corp., Easton, Penna. 18042
Phone: (215) 258-5441
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Meetings

Nothing startling on microwave agenda

If this year’s International Micro-
wave Symposium is any indication,
nothing very startling is going on in
microwave technology. The mect-
ing, in Detroit from May 20 to 22, is
one day shorter than last year’s and
will have one less session. What's
more, the number of technical
papers has dropped to 49 from 61.

Despite the abscnce of any break-
throughs, many papers may indi-
cate what’s ahead for the micro-
wave engineer.

Three of the six sessions at this
year’s mecting will be devoted to
microwave integrated circuits and
other solid state devices.

In an invited paper, M. E. Hines,
a vice president of Microwave As-
sociates Inc., will review advances
in the use of multiple-avalanche,
Gunn, and limited space-charge ac-
cumulation diodes for high-power
generation.

W. J. Evans and G. I. Haddad
of the University of Michigan will
then report on a nonlinear analysis
of avalanche-diode oscillators. The
analysis is designed to determine
the efficiency, power output, and
tunableness of these devices, as

well as their dependence on ex-
ternal circuitry.

Making filters. David K. Adams
and Raymond Y. Ho of the Stan-
ford Rescarch Institute will de-
scribe the use of grounded collector
transistors for making narrow-band
microwave filters. By creating nega-
tive resistance in the circuit. the
authors say they can produce high-
frequency resonators with a high-
Q component in simple circuit con-
figurations.

In another paper in the same ses-
sion, Joseph F. White, Kenneth
Mortenson, Jose Borrego, and Al-
bert Armstrong of the Rensselaer
Polytechnic Institute will discuss
the use of bulk-effect semiconduc-
tor devices instead of junction
diodes for high-power switching
and phase shifting.

Static tests have shown that 150-
kilowatt r-f pulses can be sus-
tained with a temperature rise of
only 50°C. Only 15 kilowatts would
destroy a conventional p-i-n diode
snitable for switching the 2.6- to 4.0-
gigahertz waveguide bandwidth.
For more information write G.l. Haddad,

Department of Electrical Engineering,
University of Michigan, Ann Arbor.

Calendar

Pattern Recognition: the Retina and
the Machine; University of Manitoba,
Winnipeg, Canada, May 15-17.

Meeting of the Society of Automotive
Engineers Committee on Electro-
magnetic Compatibility; Stardust Hotel,
Las Vegas, May 15-17.

Pulp and Paper Industry Technical
Conference, IEEE; Pfister Hotel,
Milwaukee, May 15-17.

Symposium of the Association for
Computing Machinery, National Bureau
of Standards; Gaithersburg, Md.

May 16.

Analysis Instrumentation Symposium,
Instrument Society of America;
Marriott Motor Hotel, Philadelphia,
May 19-22.

Poliution Control Symposium,
Analysis Instrumentation Division of
the Instrument Society of America;

Marriott Motor Hote!, Philadelphia,
May 19-22.

Radio and Electronics Engineering
Convention, Institution of Radio and
Electronics Engineers; Westworth
Hotel, Sydney, Australia, May 19-23.

Region 6 Conference, IEEE; Sheraton
Motor Inn, Portland, Ore., May 20-22.

International Microwave Symposium,
IEEE; Howard Johnson Motor Lodge,
Detroit, May 20-22.

Cement Industry Technical Conference,
IEEE; Chase Park Plaza Hotel, St. Louis,
May 20-24.

Inter-American Conference on
Materials Technology, Convention
Center, San Antonio, Texas, May 20-24.

(Continued on p. 16)
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Now, the low cost differential voltmeter with infinite
input resistance at null to 1100 volts, the new Fluke
891A and 891AR. TVM input resistance is 100 megohms.
Order in half or full rack models. Add battery operation
at any time for $100.

The Fluke 891A and AR are the first
low cost solid state differential vclt-
meters with an 1100 volt reference
which provides infinite input resist-
ance at null. In the TVM model with
100 megohms input resistance, you
can get the advantage of low source
loading just as you can with older

Fluke vacuum tube differzn:ials. T
Differential accuracy of the Fluke
891A is +(0.01% 40.001% of
range 410 uv). Ten percent over-
ranging is featured. Reference regu-
latron is the best on the market.
Reference stability is 15 ppm/hr.
Grounded recorder operation can be

added at any time for $50. Price of
either model is $695. O For complete
details and a demonstration, call
your full service Fluke sales engi-
neer (listed in EEM) or write us
for full information.



NOW . . AUTOMATIC

TEMPERATURE CERTIFICATION

FOR NTERNATIONAL

HIGH ACCURACY CRYSTALS

| o

International High Accuracy Cryssals
(FA-1 type) receive a five-point tem-
perature check at 60°C, 25°C, 0°C,
—10°C and —30°C. The temperzture i
ve frequency test, recorded automatic- icnnics
ally from an electronic readout priiter, RECE
is supplied with each individual crystal.
Ttis sgecial service (at no extra cost|
is your assurance of crystal pe-for-

7F N

INTERNATIONAL

CRYSTAL MFG. CO, INC.
10 NO. LEE = DKLA CITY. OKLA. 73102
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mance at tested tempera-
tures. We furnish - addi-
tional temperature read-
ings on request (nominal
charge). Note: Our cali-
bration service is available
to customers desiring tem-
perature run on other crys-
tal types and oscillators.

Meetings

(Continued from p. 14)

Biomedical Sciences Instrumentation
Symposium, Instrument Society of
America; Pittsburgh, May 21-23.

Society of Information Display
Symposium; Ambassador Hotel, Los
Angeles, May 22-24.

Symposium of the Midwest Section of
the American Vacuum Society,
Riverside Motor Lodge, Gatlinburg,
Tenn., May 23-24.

Symposium on Vehicular
Communications Systems, |EEE;
International Hotel, Los Angeles,
May 23.

Short Courses

Radiation effects in semiconductors
and interaction processes, University
of Michigan, Ann Arbor, May 20-31;
$325 fee.

Computer-aided testing and fault
identification of solid state systems,
University of Wisconsin's College of
Engineering, Madison, May 23-24;
$50 fee.

Dynamic instrumentation, George
Washington University’s School of
Engineering and Applied Science,
Washington, June 3-7; $250 fee.

Call for papers

Region 11l Convention, |EEE; Cocoa
Beach, Fia., Nov. 18:20. June 1 is
deadline for submission of papers to
LaVergne E. Williams, technical papers
chairman, Aerospace Corp., P.O. Box
4007, Patrick Air Force Base, Fla.
32925

Asilomar Conference on Circuits and
Systems, IEEE and Naval Posiyraduate
Schoo! and the University of Santa
Clara; Asilomar Hotel and Conference
Grounds, Pacific Grove, Calif., Oct. 30-
Nov. 1. Sept. 13 is deadline for sub-
mission of abstracts and summaries to
Shu-Gar Chan, Code 52Cd, Department
of Electrical Engineering, Naval Post-
graduate Schoo!, Monterey, Calif.
93940

International Symposium on
Information Theory, IEEE; Nevele
Country Club, Ellenviile, N.Y., Jan.
28-31, 1969. Sept. 15 is deadline for
submission of manuscripts and
abstracts to David Slepian, Bell
Telephone Laboratories, Murray Hill,
N.J. 07971
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NEW! LEESONA KINOMAT BGO-2

The BGO-2 is an exceptionally ver-
satile coil winding machine designed to
increase production, cut costs, and im-
prove profitability. The 12-position tur-
ret, which rotates in either direction,
handles practically any coil on any form
configuration.

OUTSTANDING OPERATION FEATURES INCLUDE:

@ Two or four sirgle coils can be wound at each
station.

® Leads can be brought out of coil at intermediate

points and cut to required length. ® Tangent units can be set up to handle different
® Taps can be applied to windings for mechanical, wire sizes, take-off speeds, spool or wire pack-

electrical or identification purposes. age size including dereeling for bifilar winding.

Get the full facts on how you can profit with the BGO-2 Winder. Write for bulletin today.

BGO-2 SPECIFICATIONS
Wire Size .......... No. 18 to No. 50 AWG Turns Accuracy ...... 0 — 1000 Turns Zero
Winding Length ............... 0 to 2%~ over 1000 4- 1 Turn
Maximum Winding Speed ...... 9000 R.P.M. Power Supply ........ 220415 Volts 50/60
Direction of Winding ......... As Required Cycle 3 Phase
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p-PAC logic module

delivery . . .

Special handling to make sure
you receive them on time
-even when you set

tight schedules.

We recently reduced n-PAC logic module prices up
to 46%. Then we introduced new low-cost 2 MHz
modules to let you save another 509, per average
system cost.

Now . . . when you say so, we'll give you 72-hour
CFS (Certified Fast Shipment). But don’t be
surprised if we respond to your CFS request in
40/48 hours. Bulk shipments and special logic
designs take a little longer . . . but not much. (That's
better turn-around time than you'd be able to to get
even if you owned your own production facility.)

Breadth of Line — Only one supplier is necessary
when you design with u-PACS — a complete line
including interface modules, memory modules,
and analog modules as well as the widest,

most versatile selection of standard digital logic
functions. All necessary mounting hardware, power
supplies, and special wiring and design
accessories are available at minimum

cost. Honeywell maintains a special

n-PAC design and fabrication capability to aid the
systems designer in solving custom problems.

Service — Honeywell maintains world-wide sales
and service offices staffed by highly qualified
applications engineers to provide technical
assistance and design support. u-PACS are fully
documented by comprehensive instruction
manuals, application notes, wiring and assembly
notes, schematic parts lists and logic design aids.

Experience — In the past 14 years, Honeywell

has delivered over a million digital logic modules.
Whether your design requirements involve a
one-time logic interface or volume systems
assembly, you'll find u-PACS the ideal answer to
your hardware problems.

You've been watching us develop the most
extensive, economical, highest quality |/C
modules. Now, don't you think it's time you called
us to talk about your digital logic requirements?
Or, write for our new summary brochure. Honey-
well, Computer Control Division, Old Connecticut
Path, Framingham, Massachusetts 01701.

Honeywell

COMPUTER CONTROL

DIVISION
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This is our first IC TTL.

We made it back in 63.

Since then we've improved it
36l times. And developed 380
different types. SUHL, JKs, arrays.

We're still improving it. And
every improvement is immediately
incorporated into our entire line.

That's what it takes for us to
stay ahead.

Which helps you stay ahead.

SYLVANIA

GENIERAL TELEPHONE & ELECTRONICS Sylvania Electron ic Components, Semiconductor Division, Woburn, Massachusetts 01801
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TYPED SUMMARY SHEETS.
Whenever desired. No interruption
in testing. Give total units tested
per test station, testyields and
binyields.

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

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

22

Which

IC Test System

does all
these things?

DIAGNOSTIC COMPUTER
PROGRAMS automatically check
out system operation.
AUTOMATIC SELF-CHECKING

DATALOG A FORCING FUNCTION, assures accurate data transfer

such as the input threshold
fevel of a flip-flop needed to
produce a specified output.

computer and test instrument.

SEQUENCES can be
programmed, yet

tests can be learned
in two hours.

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

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

between operator, teletypewriter,

VERY COMPLEX TEST

preparation of simple

Ti one

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

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 stopswhena
selected consecutive number of
these occur.

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultaneously
indicating all crosspoint i

"
on
]

forced values, measured limits,
binning decisions—everything
about each test.

/

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-

Circle 22 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.
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Editorial comment

Japan chooses its IC road

Japanese manufacturers of integrated circuits
may reach an important psychological bench-
mark this year. In 1968, if the present trend
continues, for the first time the Japanese will
make more IC’s than they import. Their own IC
production is now about 1.3 million per month
—roughly, 4 million IC’s for the first three months
of 1968. During the same period, about 2.5 mil-
lion IC’s were imported. [For more on Japanese
IC’s, see p. 98.]

For the past several years Japan has done its
homework well, paying careful heed to IC tech-
nology in the United States. Thus prepared,
Japan plans to forge ahead in specialized areas
avoiding many of the pitfalls encountered
months and even years ago by inexperienced
American firms.

Generally, the Japanese plan to concentrate
on IC development where the country’s needs
are greatest—in circuits for consumer equip-
ment and calculators, for example. Japan recog-
nizes that its most judicious course is in convert-
ing custom circuits to “standards” to get volume
up and costs down.

Wisely, Japan will use U.S. IC’s, or adapta-
tions of them, in certain applications—like digital
computers—for which such circuits are already
eminently suited. This won’t prevent Japanese
engineers from developing their own digital
circuits to meet special requirements or from
further refining imported circuits.

Before a new design is launched, the Japanese
carefully study its end application. For example,
the Nippon Telephone & Telegraph Public
Corp. wanted circuits that would operate for 40
ycars in a random, uncontrolled environment. It
opted for a form of diode-transistor logic, reason-
ing that DTL ought to be more reliable than
transistor-transistor logic under hostile condi-
tions. The telephone engineers think that over a
long period of time, high temperatures and de-
terioration of passivation can raise havoc with
TTL, a consideration not likely to carry much
weight in a normal computer enviroment.
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With this careful assessment of alternatives in
advance, the Japanese do not plunge prematurely
into a program. Since the calculator market
could be a big one for Japan, its semiconductor
experts are carefully examining the pros and
cons of both bipolar and MOS circuits. Though
the issue seemed pretty much settled in favor of
MOS, executives of one Japanese company were
willing to continue listening to both sides of the
argument during a recent tour of the United
States.

Along with their cautious approach to de-
cision making, Japanese companies are pressing
hard for new technology. Hayakawa, in partic-
ular, has a reputation for aggressiveness and is
encouraging its suppliers to develop new com-
ponents,

Although Japanese engineers have access to
much IC information from the U.S. and should
not make the mistakes of U.S. semiconductor
makers, the young industry faces difficult times.
Not all Japanese customers are satisfied with the
quality and reliability of MOS IC’s, for example.
And there are unique problems. Japanese tra-
dition inhibits the cross-fertilization of ideas
among companies through the large-scale move-
ment of talent from one to another; when an
engineer joins a company it may well be for
life. Furthermore, the complex system of
bonuses leads to inequities; occasionally an IC
manager may tire of working harder for less
money than his counterpart in a more profitable
division, and ask for a transfer.

Japan has lost its former built-in advantage
over the U.S. in labor costs; they have been
steadily rising to close the once-large gap. The
cost of raw materials and machinery is rising
too. Any advantage that still remains is usually
offset by the royalties that Japan must pay to
U.S. companies under licensing agreements.
Nevertheless, with Japan relying on brains and
hard work to move its IC technology forward,
U.S. manufacturers can anticipate keen compe-
tition in the months ahead.



CDE’s Extended Temperature Range Aluminum Electrolytic
Capacitors with Optimum Reliability and Low Cost.

Featuring the exclusive CDE con-
tinuous cold weld connection of
section to rod...insuring supe-
el rior mechanical and electrical
|| reliability. With far superior ESR

KW to Temperature characteristics.

TYPICAL EFFECTIVE SERIES RESISTANCE (ESR} VS.
TEMPERATURE FOR A 150MFD 25VDC CAPACITOR

And with high ripple current capability, low DC
leakage, Capacitance and DF stability. Low imped-
ance, rugged design for vibration and shock
endurance.

These units are now available for your design considerations.

Miniature Axial Lead Case Sizes: 3 x 3¢ to 3 x 2114¢"”. Ratings: 3 mfd to 100 mfd,

from 3 VDC to 100 VDC. —55 to 4 150° C OPERATION

UHT

Miniature Axial Lead Case Sizes: %, x 1% to % x 2!114¢”. Ratings: 3.3 mfd to 1000 _ "
UHL {4, from 5 VDC to 200 VDC, designed to meet and exceed Mil C-39018/1. (Already 22NON: RIZERCIORERAIONH
stock standards on our Distributor's shelves.)

Large Axial Lead Case Sizes: % x 1% to 17 x 3%"”. Ratings: 10 mfd to 12,000 mfd,
from 5 VDC to 200 VDC, designed to meet and exceed MIL C-39018/3.)
(Also available in —55 to 4-85° C specifications.)

—55 to + 105° C OPERATION

Miniature Axial Lead Case Sizes: % x % to 3 x 1'2”. Ratings: 1 mfd to 600 mfd, from

3 VDC to 150 VDC. (Already stock standards on our Distributor's shelves.) —80 to + 110° C OPERATION

Computor Grade Case Sizes: 1% x 2'& to 3” x 8%". Ratings: 5500 mfd to 300,000 mfd i °
at 5 VDC 240 mfd to 9000 mfd at 150 VDC. 25 1o/ +7Hp" Cl OPERATIGN

For your design considerations, ask for details from / CORNELL_

your local CDE Sales Engineering Office. Or write: C D}E

DUBILIER

50 Paris Street, Newark, N.J.




Boeing considering
multiplexer for SST

Talking together
by the numbers

Computer makers
say LSl research
going off target

Shake-up at Fairchild
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Early next month, Boeing is expected to select a contractor to develop
a multiplexing system that would greatly reduce the supersonic trans-
port’s cabling requirements. In the running are Autonetics, General
Electric, Garrett, and Norden.

If the system is approved, the SST would become the first commercial
aircraft to have a multiplexer. The Concorde, the joint British-French
supersonic entry, has more than 150 miles of cable. The SST’s multi-
plexer would be required to handle about 2,400 signal channels. Boeing,
which has been having serious weight problems with the SST, no doubt
is looking for the multiplexing system to trim excess pounds.

Autonetics is proposing a 256-kilobit-per-second system, including four
multiplexers to handle the 2,400 channels. It would make widespread
use of complex MOS arrays.

Boeing has also gone ahead with two companies—GE and Sperry—on
the SST flight-control system, dropping Bendix.

Philco-Ford engineers have come up with what they say is the first fully
duplexed digital-voice conferencing system. It permits any number of
callers in a conference hookup to speak simultaneously and hear the same
output; previous systems operated on a push-to-talk basis because of
difficulties in combining channel vocoders.

Philco’s system, called digital-conferencing equipment and developed
in-house, has been tested successfully over long distances. Operating on
the standard telephone bandwidth of 3 kilohertz, it can be used with
microwave, cable, or standard telephone lines.

To hear most computers makers tell it, large-scale integration may be
the key to the fourth generation of computers. However, there seems to
be a growing feeling that the semiconductor firms are misdirecting their
R&D efforts.

At the Spring Joint Computer Conference this month, Linder C.
Hobbs, of Hobbs Associates, Corona Del Mar, Calif., indicated that
semiconductor makers should be looking at the peripheral gear instead
of putting all their R&D emphasis on the central processor. “Even if we
gave the central processor away free, it would mean only marginal savings
in terms of total systems cost,” he said. Hobbs feels that the biggest
savings from LSI may well be in memories.

And Webb Comfort, manager of IBM’s advanced system organization
group, says that LSI won’t simplify the computer system. “It takes the
complexity away from the programer and gives it to the engineer.”

One likely result of LSI will be acceleration of the trend toward the
special-purpose computer, or at least a more specialized version of the
general-purpose computer using removable read-only memories.

Richard Hodgson exercised vigorous control as chief executive officer
of Fairchild Camera & Instrument. And he took over the post only last
November. So it came as a considerable surprise—both inside and out-
side the company—when he was suddenly relieved of that control and
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Motorola applies
‘spider bonding’
on IC leads

NASA budget cuts:

4,000 jobs at stake

Addenda

26
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elevated to vice chairman of the board. Hodgson had dealt off the money-
losing DuMont and Davidson divisions, as well as the memory products
department of the Semiconductor division. He had also written off
tremendous amounts of inventory and obsolete equipment, resulting in a
1967 loss of $7,698,736, or $1.80 per share.

But the worst seemed to be over, and Fairchild even showed a per-
share profit at 33 cents in the first quarter of 1968. Then, suddenly,
Hodgson was out and a four-man directorate was in. Of the four, only
group vice president Robert N. Noyce had been active in day-to-day
operations.

Fairchild’s internal announcement said Hodgson, 51, was making way
for a “young management team,” but only Noyce, 40, seems to qualify
on that score. Insiders figure that he is even now being given a trial run
as boss, under the watchful eye of the financial experts. Noyce, who
headed the group that founded what is now the Semiconductor division,
is keeping his headquarters in Mountain View, Calif.—across the country
from the corporate headquarters in Syosset, N.Y.

“Spider bonding” of aluminum leads to IC chips is in pilot production
at Motorola Semiconductor and should be in full production before 1969.

When fully implemented, the lead pattern will be stamped out of a
continuous ribbon of aluminum, and dice will be automatically fed
and aligned with the leads; then the leads will be bonded simultaneously,
yielding a device that resembles a 14-leg spider.

The leads will be automatically trimmed and the chip will be fed to
an ultrasonic bonding or welding station for attachment to the header
strip for plastic dual-in-line packages, which will be the first candidates
for spider bonding.

Congressional cuts in NASA’s fiscal 1969 budget could eliminate as many
as 4,000 jobs at the space agency. This is the price NASA officials say
they will have to pay for a $4 billion budget. Thus far, $339 million—$187
million for Apollo applications and $152 million for administrative opera-
tions—has been trimmed from the agency’s $4.37 billion request.
Although new programs, such as the Mariner satellite scheduled for
Mars missions in 1971 and 1973, have escaped budget paring, they will
feel the manpower squeeze brought on by the administrative trims. Says
one high-ranking NASA official: “We still have the programs, but how
are we going to keep them going if we let the people who run them go?”

Lockheed Electronics will introduce a computer at the Fall Joint Com-
puter Conference that will be comparable to Digital Equipment Corp.’s
PDP-8, which sells for $18,000 and up, has a memory of 4,000 to 32,000
words of 12 bits each, and a cycle time of 1.5 microseconds. . . . General
Radio is about to launch a thin-film and semiconductor operation at its
new Bolton, Mass., plant. The company plans to build custom transistors
and diodes for its instrument lines and to back up vendors with an
in-house second source. . . . Texas Instruments is adding three large-
scale integrated circuits to its catalog line early this summer. The circuits,
metal oxide semiconductor devices, include a dual 50-bit shift register, a
dual 100-bit shift register, and a 256-bit combination read-write memory.
Computer-aided design techniques were used for parts of the array.
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CINCH UNIQUE

| U

BACK PLANE DESIGN

PERMITS UNEQUALLED SYSTEMS FLEXIBILITY

Using the basic connector-plane concept, Cinch engineers have developed
an unusual device for data processing equipment and other high density
automatic wiring applications. This new system substantially reduces the
high labor content of conventional back plane interconnection systems and,
at tke same time, provides increased design flexibility and precise location
of the terminal tips.

® The plane can be bussed irom the PC board side or the terminal side.
® |ndividual contacts, including buss’ng contacts, can be easily replaced.
® Common voltage input can be provided to any position on the plane.
® Cinch designed automatic assembly equipment inserts an entire row of
contacts in a single operation. ® Contact tail positions on a .125" grid are
held to a =.010" radius tolerance when checked on an X-Y coordinate
machine, as shown in the illustration.

HOW IS IT DONE? A new brochure describing this Cinch interconnection
system and the Cinch capabiities available to you is available by writing to
Cinch Manufacturing Company, 1501 Morse Avenue, Elk Grove Village,
Ilinois 60007. C-6812

CINCH

DIVISION O F UMNMITED-CARR

,@ CONSISTING OF CINCH MANUFACTURING COMPANY. CINCH-GRAPHIK, CINCH-MONADNOCK. CINCH NULINE, UCINITE (ELECTRONICS) ANC PLAXIAL CABLE DEPT
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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

- -
@= RS104U -
= 0.1-MEG L Type R trimmers are ruggedly built
y '“' to maintain their settings under
| severe shock and vibration. Contin-
uous resistance change is provided over 25 turns of the adjust
ment screw. Enclosures are dust-tight ard watertight. Long
operational life—accelerated tests produce less than 5% resis-
tance change after 500 compiete cycles (25,000 turns of the
actuator). Rated Y watt at 70°C, and can be applied in tempera-
tures from —55°C to 4-125°C. Available in resistance values from
100 ohms to 2.5 megohms. Write for Technical Bulietin B5205.

NX301M
300-0HM

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

Electronics | May 13, 1968

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

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

i

N

&

Type F trimmers are single turn controls built
to withstand severe environmental conditior:.
They are " in diameter and are rated 1%
watt at 70°C Can be used from —55°C t>
-+120°C. Enclosure is nonntagnetic, corrosion-
resistant, and watertight. Available in resis-
tance values from 100 ohms to 5.0 megohms.
Various tapers can be furnished. Send far
Techneal Bulletin B5201.

TYPE F

Type Y trimmers are economical single-tum
units designed for use where environmental
corditions are not particularly severe. The
low profile construction allows them to fit easily within the com-
monly used 3g" stacking. Options for the Tyge Y include thumt
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 10C ohms to 5.0 meg:
ohms. Please write fcr technical literature.

QUALITY ELECTRONIC COMPONENTS
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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 @3 ELECTRIC

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

gy

erRoNIC
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Eluminum A-c Moor Start Capacitors
123 standard ratirgs. 110 to
330 volts a-c, 21 to 850 .f,
—20 to 35C amb ent temperature
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Measure Noise &

N o W Intermodulation

of Multi-Channel Communication Systems. ..

IR OISR NN NENEENENENNNENNN SN N

with the NEW Solid State NOISE LOADING TEST SET
Model 2090A by MARCONI INSTRUMENTS

e Checks noise power ratio of microwave relay links, tropospheric scatter systems,
multi-channel cable links, video tape systems, system components, etc. « Generates
noise flat to 0.5 db from 12 KHz — 12.388 MHz « Measures noise power ratio directly in
picowatts « Standardizing noise generator built into receiver « Band limiting and slot
filters to 2700 channels for all CCIR, CCITT and DCA recommendations and out-of-
band testing ¢ All solid state « Weighs 25 Ibs. per unit excluding filters

| ) Sl Book on “White Noise Testing Of Multi-Channel Systems”

.0OuT, IN/ Available Upon Request

MARCONI

°
mi INSTRUMENTS

WHITE NOISE
SIMULATING

S TRAFFIC SIGNAL
3
o eI 5 Rl 3 , 3
a S = — Division of English Electric Corporation
FREQUENCY \ SPURIOUS NOISE 111 CEDAR LANE * ENGLEWOOD * NEW JERSEY 07631
MEASURED BY NOISE RECEIVER TELEPHONE: 201-56.7-0607
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Vote ITT for

the largest,
longest,
promptest

Teflon
insulated

cable from
Maine to
California.

When you vote ITT, you're backing a
machine that turns out Teflon insulated
cable instead of political prose. Qur new
TFE extruder, largest in operation, makes
longer lengths and larger gauges—up to
4/0—than any other. Of uniform quzlity, too.
Lengths and sizes of TFE insulated cable
that no one clse can give you. In fact, the
lengths are governed only by reel sizes.

ITT went to great lengths to get this
machine. We think it's worth it because it
helps us to provide uniform wire and cable
in lengths and sizes that reduce your
installation costs. Cast your vote where
it counts.

Let us help solve your TFE insulated cable
problems. ITT Wire and Cable Division,
International Telephone and Telegraph
Corporation, Clinton, Mass., 01510. [n
Europe: ITT Wire and Cable Division, Lister
Road, Basingstoke, Hants, England.

*Dupont Trademark

WIRE AND CABLE TT

Electronics | May 13, 1968
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What’s happening
today in keyboards
is what’s happening at
MICRO SWITCH

Animportant key to future keyboard
design is what’s happening at
MICRO SWITCH.

Already we have successfully
launched Happening No. 1: Intro-
duction of complete wired and en-
coded keyboards ready to interface
with your equipment.

Shown here are two typical key-
boards. Each gives you dry reed
switch input, solid-state-encoding,
and a variety of exclusive options.

And they provide a flexibility that
is unavailable elsewhere. You get a
customized keyboard. Key array,
format, added options, code change
—you select the features required
for your system.

Typical Communications Keyboard
Shown Below: Typical Data Preparation Keyboard

Options include strobe and elec-
trical monitor outputs, bounce gates
and shift. For example, two interlock
options are provided to improve
operator speed and efficiency. An
electrical monitor output triggers a
detector circuit for blocking data or
initiating érror'signals. A unique two-
key rollover option permits typing
at “burst’’ speeds without generating
erroneous codes.

MICRO SWITCH

FREEPORT,ILLINOIS 61032

A DIVISION OF HONEYWELL

But that’s not all. Coming very
soon is Happening No. 2. Through
advanced design concepts, complete
engineering facilities, innovative as-
sembly techniques, and unique qual-
ity assurance procedures, MICRO
SWITCH is preparing to supply your
every keyboard need. This means
new reliability and flexibility in
mass-production quantities with
attractive customized appearance
giving new sales appeal to your
equipment.

Make no decisions on keyboards
until you see what’s happening at
MICRO SWITCH. Call a branch
office or call us at Freeport: phone
815/232-1122.

HONEYWELL INTERNATIONAL ¢ Salesand service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan
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IF YOU GET CONSTANT VOLTAGE

WHEN YOU VARY CURRENT IN
ANY OF OUR ZENER DIODES,
WHAT DO YOU GET WHEN
YOU VARY TEMPERATURE?

MOTOROLA TEMPERATURE-COMPENSATED ZENER REFERENCE DIGOES

Voltage Change
Over Temp. Range

Series AV: (Max)
1N821-29A°¢} 0.096 to 0.005
1N4565-84A 0.099 to 0.002
1N3154.57A¢+ 0.172 to 0.013
1N4775-84A 0.132 to 0.003
1N935-939B¢® 0.184 to 0.003
1N4765-74A 0.141 to 0.003
1N941-45B* 0.239 to 0.004
1N2620-24B 0.191 to 0.003
1N2163-71A 0.115 to 0.004
1N4896-15A 0.198 to 0.010
1N4916-32A 0.298 t0 0.014
1N3580-83B 0.239 to 0.009
1N429** 0.050
1N1735-42A** 0.400 to 0.050
IN1530-30A** 0.014 to 0.007
1N2767-70A 0.316 to 0.079
1N4057-85A 1.550 to 0.038

®Available to MIL-S-19500 and Meg-A-Life Il
®“Available to MIL-S-19500
tPrecision reference availability

ONE OF THESE.

It takes a particular kind of Zener Diode — namely a
temperature-compensated device — to lock in voltage stahility and
equilibrium under any fluctuating temperature conditions you might
encounter. The Motorola oxide-passivated, TN945B reference diode,
for example . . . allowing reference voltage change of less than 12
millivolts from —55° to 150°C and featuring RamRod* construction
for lower operating junction temperatures and safe, sure, lead-to-
die contact.

It and a complete line of TC voltage reference devices for 6.2
to 200 V applications are available from your franchised Motorola
distributor — including top-of-the-line Precision Reference units
capable of voltage deviation of less than 5 ppm/1,000 hours!

We've prepared a special TC reference diode application
package including a brochure and five new Designers Data Sheets*
which discuss important considerations like the three most critical
device selection parameters, results obtained when altering test cur-
rents, and special applications. It permits design of most circuits
entirely from the data presented. Send for it — it's as complete and
accurate as we could make it.

So you'll get the right idea about the kind of devices we
furnish.

*Trademark Motorola Inc.

MOTOROLA

Semiconductor Products Inc.
P. 0. BOX 955, PHOENIX, ARIZONA 85001

~whene the priceless ingredient & cane!
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MD51 ML

It’s the fastest.
It's the most accurate.

The M D51 is a high-level 64 channel onds max. and an accuracy of 0.01%.
multiplexer, a sample and hold ampli- And it sells for under —
fierand a 15-bit A to D converter, all - $10,000. If that doesn't S Dis
in a single chassis. It has a total sample say it all, write for the |
and conversion time of 10 microsec- rest. NN

Santa Monica, California
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Computers

Picture that

Now that computerized character
gencration and typesetting is a
reality, the next logical step is to
produce line drawings and photo-
graphs at the same time. Working
toward this goal, Xerox Corp. re-
searchers have developed an ex-
perimental graphical data processor
that generates alphanumerics, vec-
tors, and dots for half-tone photos.

Edwin J. Smura, a Xerox re-
searcher, described such a system
at the Spring Joint Computer Con-
ference in Atlantic City, N.J., this
month. The system was put to-
gether with standard data process-
ing equipment, including the Sci-
entific Data Systems 930, interface
equipment to get digital informa-
tion to the analog cquipment, and
optics and cathode-ray tubes. The
final product is either a photo-
graphic plate for offset printing or
hard copy produced by Xerography.

The system already has success-

fully produced a complete offset
platc made up of both text and art-
work.

Composition. The processor sees
all graphical data as combinations
of alphanumerics, vectors, or dot
patterns.  The alphanumerics for
the copy arc entered through a
keyboard, punched cards, or paper
or magnetic tape. Characters are
coded in the form of digital infor-
mation on a drum.

This coding is simplified because
only the black portions of a letter
arc digitized. This eliminates re-
dundancy, speeding up the printing
process. Also stored on the drum
arc composition programs that pro-
vide instructions on format and
page makeup, including hyphena-
tion and linc justification.

To generate a page of alphanu-
merics, a composition program is
called from the drum and set up in
a scction of core memory that is
used by the interface. If an “a” is
to be printed, digital information
describing the position of the “a”
is sent to the interface, which con-
verts the digitized “a” into analog

form for the output device.

At the same time, the composi-
tion program determines where the
“a” should be written on the cath-
ode-ray tube, at what speed, and to
what size. A zooming technique is
used so that a font can be produced
in almost any size. This process is
repeated until the whole page is
composed.

Adding art. Linc drawings, such
as circuit diagrams or graphs, are
made with a vector-mode program.
Three factors determine where and
how a line should be drawn: the
two end points and the time it takes
for a constant-velocity beam to scan
between them. This constant-veloc-
ity system was chosen to ensure
uniform exposure of every point on
a line.

The end points are transferred
from drum to core memory while
the computer calculates the veloc-
ity, which is transmitted to the in-
terface and then converted to sig-
nals to drive the recorder. Special
programs insert such constants as
page size and revolution into the
computer to ensure a uniform ap-

It's a Xerox. Graphical data processor produced the photo at the left using a screen size of 200-by-200 dots
per inch, and a four-bit, 16-level intensity code. By printing only the 16th (darkest) intensity level, the center
picture was produced; the photo at the right was made by printing the least significant bit in the four-bit
code. The system also generates alphanumerics, vectors, and dots.

Electronics | May 13, 1968
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pearance. The system can gencrate
lines from 3 to 10,000 inches per
second, and, on a 10-by-10-inch
page, line thickness as small as 2
mils if the vector is specified by a
13-bit word.

To add a photograph on a page,
a full-page opaque gray-level scan-
ner is used to convert the photo into
digital data. With this information,
the graphical processor can size
the picture and reproduce it on the
page with any desired dot density
up to 666 per inch.

Another application, aside from
the printed page, is for printed-cir-
cuit boards. If gecometric shapes are
coded instead of alphanumerics,
the graphical processor can turn
out masks for p-c boards.

Electronics Indéx of Activity
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Package deals

In some respects, buying a com-
puter is like buying a suit with a
vest. Regardless of whether you
want the vest, you're going to pay
for it. With a computer, the buyer
must also take the software as part
of the package. And with the price
of software estimated at half that
of a computer system, the buyer
could probably do far better by
shopping around for his own soft-
ware.

The possibility of bargaining for
software separately was explored
at a pancl session at the Spring
Joint Computer Conference, held
in Atlantic City, N.J., this month.
Most panclists agreed that the prac-
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1966 1967 1968 #
Segment March Feb. March
of Industry 1968 1968 1967
Consumer electronics .104.4 103.2 105.9
Defense electronics 1721 153.9 138.6
Industrial-commercial

electronics 121.5 121.6 120.6
Total Industry 145.8 135.8 127.7

Electronics production rose sharply in March to a record 145.8, 10 index
points above the February level and 18.1 above the March 1967 figure.
Consumer output advanced 1.2 points in the month, while industrial-
commercial production edged down 0.1 point. The largest month-to-
month change occurred in defense electronics, which spurted 18.2 points
from February and 33.5 points from a year earlier.

Indexes chart pace of production volume for total industry and each segment.

The base period, equal to 100, is the average of 1965 monthlg
of the three parts of the industry. Index numbers are expresse

output for each
as a percentage

of the base period. Data is seasonally adjusted.
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tice of selling hardware-software
packages has to stop, but that the
first move must come from either
the largest computer producer, the
International Business Machines
Corp., or the largest computer user,
the Federal Government.

Stop action. During the session,
Herbert J. Grosch, director of the
National Burcau of Standards’ cen-
ter for computer sciences and tech-
nology, said he was proposing to
the General Services Administra-
tion, the purchasing arm of the
Government, that it stop buying
computers that come as part of
package deals. This, he said, should
be done before the introduction of
the fourth generation of computers,
which is expected by 1970.

Grosch, an outspoken critic of
package deals, feels that because a
programer usually has more soft-
ware than he needs, he runs the risk
of using the wrong program. He
says Federal action could quickly
force a trend towards better and
more cfficient software.

When questioned about Grosch’s
proposal, a GSA spokesman said it
hasn’t been received yet.

Companies

Shot in the arm

If you were to rank major semi-
conductor makers by dollar vol-
ume, your list would start with
Texas Instruments, Motorola, and
Fairchild—and end with Philco-
Ford and ITT. Philco’s Microelec-
tronics division has had its prob-
lems with MOS technology and
slipping sales, while the ITT Semi-
conductors division just never
managed to come up with the new
or improved devices that bring
sales leadership.

But now there’s new optimism
at the two companies. And it’s all
based on a whopping three-year
order from the Burroughs Corp.,
an order said to total 37 million
diode-transistor-logic  circuits  di-
vided equally among Philco, ITT,
and Fairchild Semiconductor. Bur-
roughs refuses to talk about the
deal because it’s floating a $50 mil-
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lion bond issue and is forbidden
by law to discuss new business
until the transaction is completed.
But industry sources say the cir-
cuits are 930 series gates packaged
in ceramic dual in-line packages,
and will go into a new accounting
machine called the Q model and
the TC500 line of computers being
sold to British banks.

How much? The price—less than
a dollar a circuit—is said by one
competitor to be a record low for
DTL’s. Typically, a 930 gate in a
ceramic package costs around
$2.50 in lots of 100 to 999.

There is the usual claim by com-
petitors that Philco and ITT were
buying in, but it’s interesting to
note that the ceramic-packaged
devices are Philco’s highest-yield
production item.

Also interesting is Burroughs’
decision to go with three suppliers
when two are ordinarily consid-
ered enough., One reason could be

the size of the order. Another
might be that Burroughs wanted
at least one supplier from the Big
Three as a hedge, a conclusion re-
inforced by the general belief that
Fairchild’s price is a bit higher
than Philco’s and ITT’s.

Optoelectronics

Tracking with pulses

The more power a radar system puts
into a pulse, the better equipped it
is to track targets. Optical radar
systems are no exception.

In the movement toward higher
power, the Raytheon Co.’s Research
division, Waltham, Mass., adopted
CO., lasers as the basis for what
it believes is the world’s largest
and most powerful optical radar
transmitter.

Built with Government money,
Raytheon’s laser system uses a mas-
ter oscillator and three amplifier
stages to produce 10-microsecond
pulses 10,000 times a second, with
average power reaching more than
a kilowatt and individual pulses as
much as 10 kilowatts.

On target. Carbon-dioxide lasers
operating at kilowatt levels have
been around for over a year [Elec-
tronics, Nov. 27, 1967, p. 48], but
the needs of this job created new
problems. First, the new radar is to
be a doppler system that uses the
frequency changes in the returned
signal to measure target velocity.
This means that output frequency
of the giant laser had to be con-
trolled to within a few kilohertz,
since any frequency drift could
cause an error in a target’s meas-
ured velocity.

Second, the laser had to be oper-
ated in the pulsed moede rather
than in the better understood—for

On the right track

When the Philco-Ford Corp. hired John R. Welty away
from Motorola Inc. to take charge of its floundering
Microelectronics division, it was widely assumed that
Welty’s first job would be to put the division in the
black. Since Phileo’s income from bipolar integrated
circuits had been slashed when rca was dropped from
the R-13 program [Electronics, Oct. 2, 1967, p. 39],
and since the division’s problems with mos technology
are well known, Welty’s task looked Herculean.

Now, Philco has received a big boost toward that
goal in the form of a chunk of the order for prL
circuits to go into the Burroughs Corp.’s new Tc-500
computer line. [See related story above.] Still 1967
sales projections for the division were about $25
million while it’s believed that only about half that was
actually taken in; and that Philco-Ford itself was put-
ting on pressure to keep Microelectronics’ losses from
dragging all of Philco into the red for the first time
since Robert O. Fickes took over as president.

What, we worry? But Welty is feeling no pressure
to get the division in the black in a hurry. “The
question of how to turn the division around quickly
may not be too hard to answer—but it may not be rele-
vant, either,” he says. “We must get away from the
quarter-to-quarter way of doing business and look
at the long range.”

Welty says the question to be answered is why
the division hasn’t prospered despite its “very sizable
cadre of technical competence.” But he adds that such
competence is not the only factor in success—“You
must pursue the customers’ goals instead of pursuing
programs because of engineering enthusiasm in your

own company; that can prove to be a will o’ the
wisp.”

Welty points to this as the key to Motorola’s recent
success. “Motorola has seldom led in anything,” he
says. “MECL is the only example that springs to mind.
It was late in zener diodes, silicon transistors, and 1C’s;
yet it now just about owns the first two, and Y firmly
believe that it will become No. 1 in 1¢’s.”

Brick by brick. At Philco, Welty sees as his first
task the rebuilding of the marketing organization, which
was almost completely wiped out by last fall's cost-
cutting maneuvers.

Beyond that, the decisions on the long rebuilding
job have not been made. The Blue Bell, Pa., operation,
where Philco manufacturers bipolar 1¢’s, is sound,
Welty believes. Its Taiwan packing operation is also
operating well. The Blue Bell faculty will soon
complete its introduction of the sunL line of transistor-
transistor logic circuits, Welty says, and will then
put more marketing emphasis on its capabilities as a
source for bipolar circuits.

He is clearly unworried about Philco’s future. He
quotes Lester Hogan, his old boss at Motorola, as
saying that a semiconductor company must spend $10
million to $15 million a year on engineering just to
stay abreast of the technology. “No company could
afford to put more than 10% of sales into this effort,
and so only the $100 million or $150 million company
is in the clear.

“Under those circumstances,” Welty notes, “there
are only four companies—Texas Instruments, Fairchild,
Motorola, and rca—that don’t have to worry about
survival, though there may be others that are profit-
able at any given time,
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CO. lasers, that is—continuous-
wave mode.

Perry ‘A. Miles, Raytheon senior
scientist, ‘solved the first problem
by using a low-power CO: laser as
a master oscillator. Though its out-
put is only about 35 watts c-w, its
frequency is tightly controlled by
piezoelectrically movable mirrors
at the ends of its optical cavity.

Downstream from the master os-
cillator are two laser preamplifier
stages, a modulator, and a large
power amplifier. First comes a 1-
inch-diameter plasma tube, then
another twice as long and 1% inch
in diameter. The output of thesc
two preamp stages is about 200
watts c-w.

A rotating disk with holes in it
forms the chopper modulator. The
pulses then are fed to a 2-inch-
diameter power amplifier tube more
than 163 feet long and folded into
four parallel sections into the next
plasma tube. Sapphire mirrors
coated with gold guide the light
beam around corners.

The other problem he faced was
generating high pulse power. Un-
fortunately, the laws of physics
don’t allow a CO: laser to produce
as much power in repeated pulses
as in c-w operation. This is because
the mixture of CO., helium, and
nitrogen in the plasma tube needs

40

Laser radar.
Raytheon’s
10-kilowatt radar
uses doppler
technique to
measure a
target’s speed.
The system is
probably the
most powerful
optical radar

in the world.
Pulsed CO. laser
generates
10-microsecond
pulses 10,000
times a second.

time to recover from previous
pulses. Miles found that some gas
mixes needed less recovery time
than others and cventually decided
upon a ratio of 1 torr carbon-diox-
ide, 1.5 torr nitrogen, and 4.5 torr
helium.

Advanced technology

Dying light

By turning a knob on a liquid laser,
thereby changing the optical path
length, IBM scientists have tuned
the laser’s pulsed output over a
range of 700 angstroms, centered
at 8,350 angstroms (infrared). The
technique can be applied to vari-
ous liquids and pump sources to
cover the optical frequency spec-
trum all the way from 4,300 to
9,000 angstroms.

The development comes soon
after Bell Telephone Laboratories’
parametric oscillator, which tunes
coherent light over about 1,800
angstroms [Electronics, April 15,
p- 521.

The IBM device doesn’t have
continuous output but is simple
and efficient. During tuning, a pis-
ton changes the volume of liquid

in the cell (lasing tube), making
the end mirrors move. The longer
the lasing area, the lower the out-
put frequency. Peak efficiency, at
short cell length, is 47%, the de-
velopers say.

The liquid used is dimethysul-
foxide (DMSO), the chemical that’s
recently been tested as a local pain
killer. And the dye is 3,3-diethyl-
thiatricarbocyanine.

Budding germanium

If the Gumn cffect hadn’t been dis-
covered, gallium arsenide would
have remained pretty much a lab-
oratory curiosity—expensive, un-
stable, and hard to control. So
while some Gunn effect activity has
been limited to the cantankerous
GaAs, other researchers have been
trying to use a material that’s far
easier to handle and is better un-
derstood—germanium—to generate
nmicrowaves.

A giant step toward germanium
bulk-effect devices has been taken
by J. E. Smith Jr. at the Interna-
tional Business Machines Corp.’s
Yorktown Heights, N.Y., research
center. He has produced micro-
wave oscillations in germanium un-
der stress (along the crystal axis
with 10,000 to 20,000 atmospheres
of pressure) and at room tempera-
ture. They had been previously
produced at temperatures of 120°K
and below.

IBM researchers point out that
n-type germanium will also oscil-
late in the limited space-charge ac-
cumulation mode. And they further
believe that the ecffect may be
found in silicon and lead tellurium
as well.

In the ballpark. Smith reports
that efficiency and power, while
comparable to GaAs levels at low
temperatures, are an order of mag-
nitude lower at room temperature.
Frequency range, however, is com-
parable under both conditions, he
adds.

If 1BM can get the devices into
production, several applications in
communications will open immedi-
ately.

Also, germanium devices could
be used in ultrahigh-speed com-
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Power that’s simply super

Useful outputs up to 500 kW, at fre-
quencies up to 50 MHz...that's the
story of RCA’s A2872A and A2873A,
developmental beam power tubes.
Designed for use in a variety of ap-
plications that includes communica-
tions, particle accelerators, radar
and control, these high-gain units
feature one .simplified, all-internal
liquid cooling system.

Outgrowths of continuing research
by RCA in electronic and mechanical
design, A2872A and A2873A employ
the well-known superior electron
optics of RCA-6806 and -2041. These
designs result in excellent linearity,
a rugged stability, low RF drive voit-
ages, and exceptionally high RF
power output,

Electronics | May 13, 1968

Super Power Tube, A2873A

Only 12” x 18”7, the tubes are de-
signed with a centrally located plate
surrounded by a circular array em-
ploying unitized electron optics. This
coaxial structure permits close spac-
ing, accurate alignment, and efficient
cooling. The electronic circuit design
provides low RF feedbzack and effec-
tive screen-to-cathode RF by-
passing.

Find out more about these RCA
super power tubes for economical
operation, high emission, and long
life. See your RCA Repressentative
about details. For technical data,
write: Commercial Engineering, Sec-
tion E19Q-2, RCA Electronic Compo-
nents and Devices, Harrison, New
Jersey 07029.

RF Power Amplifier
Class C Telegraphy or Class C Telephony

Tentative Maximum

Ratings up to 50 MHz  [A2872A A2873A

DC Plate Voltage 28 25 kv
DC Grid—No. 2 Voltage | 150¢ 1500 v
DC Grid—No. 1 Voltage | —400 | —400 v
DC Piate Current 25 50 A
Plate Dissipation 125 250 kw
Grid—No. 2 Dissipation | 1900 | 3800 w
Grid~No. 1 Dissipation | 1008 | 2000 w
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puters. There, a Gunn-effect source
for microwaves could make turn-on
and turn-off quick enough to pro-
duce a l-cycle pulse [Electronics,
March 4, p. 165]. And germanium,
with its stability, would mean
higher production yields and better
reliability.

Consumer electronics

Slide view

Dull hosts can always alienate
guests and chill a get-together by
turning on the television set or
dragging out their slide projector.
However, a color tv system that
can screen color slides—plus pro-
vide a running commentary through
a built-in tape recorder—may ac-
tually liven parties, at least because
of its novelty.

The cost of the system is high.
The maker, Sylvania Electric Prod-
ucts Inc., has priced its Color Slide
Theater at $995. For that outlay the
buyer gets a 23-inch color tv set,
a cassette recorder, and a slide tray
that can handle both 35-millimeter
and Kodak Instamatic slides.

Entwined. To project the color

slides on the tv screen, Sylvania
engineer Dan Schuster and his col-
leagues have developed a relatively
complex electronic and optical ar-
rangement tied in with the tv’s elec-
tronics. In fact, the user must turn
the television set to a working chan-
nel to synchronize the projected im-
age.

Image projection starts in a Ko-
dak gravity-fed Carousel projector
holding up to 80 slides. The light
source, a cathode-ray tube, projects
the slide image onto a mirror [see
diagram]. Red, green, and blue
segments of the image are then
directed via dichroic mirrors onto
three photomultiplier tubes.

The scanning circuit in the crt
is driven by the tv set’s deflection
system and is locked to the syn-
chronizing pulses from a television
broadcast. Without an incoming
signal, there is both vertical and
horizontal picture instability.

A video processing unit accepts
the red, blue, and green information
from the photomultiplier preampli-
fiers and adjusts gain, performs
matrixing, and makes gamma cor-
rection to derive the standard x, y,
and z signals. The x and z signals
are applied to corresponding color
demodulators while the y signal is
applied to the video driver; all these

are standard circuits in the televi-
sion receiver.

The slides can be changed manu-
ally with a hand-held remote con-
trol unit or by a 60-hertz cuing
tone on the audio tape. The slides
are automatically focused by the
spot scanner, but the viewer can
use the knobs on the tv set to adjust
the brightness and contrast, as well
as color hues.

Integrated electronics

Shrinking SOS

Autonetics doesn’t give up easily.
When it became apparent that the
company’s first silicon-on-sapphire
(s0s) product—a 70-by-96 diode
matrix—wasn’t gaining wide accept-
ance, it sent its engineers back to
the drawing boards. The result is
a 32-by-32 diode matrix that Auto-
netics hopes has the appeal the
original lacked.

Now in pilot production, the new
device is an integrated subsystem—
Autonetics terminology for a large-
scale integrated array that performs
a subsystem function. This one is a
1,024-bit random access read-only
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DON'T THINK IN TERMS OF GATES WHEN YOU
DESIGN ENCODING OR DECODING CIRCUITRY.

THINK DIODE MATRICES.

Now you can encode...decode...or time-share both functions...
inexpensively, efficiently, easily, and without fear of cross-coupling.
Use Radiation dielectrically isolated diode matrix integrated circusitry.
l‘\'!eadily available in dual in-line and TO-84 flatpack configurations

el f . Suppose you need a three-bit binary output encoded
A— into a four-bit binary shift code. Why use five AND gates
;":',:, ;: ' and four OR gates? Simply combine these nine gate
GENERATOR | | . functions into one RM-30 six by eight diode matrix
T— and save both time and money.
X
\_ /
4 . N
— 20— — x —
:j’: :: N Wty use ten logic gate packages to decode from binary
BINARY  — 7 — L x, — oioma to decimal for display read-out? Use only two RM-84
COUNTER :;: :: N LHD eight by five diode matrices. It makes no difference what
L ] L ] weighted binary code you are working with, Radiation
75— — % — diode matrices can be easily customized to match.

— X

-~

\ | oo )
D

CDM:EE,:[,,, : ; : : ; : ACeRe When one logic code must be converted to several other
GENERATOR [ B L codes for processing. think diode matrices! Specify only
T T ¥ four RM-84 diode matrices and form a 16 by 10
1 2 3 matrix array. Six conversions can be performed by
2. | this single bi-directional array . .. replacing
OECIMAL OUTPUT approximately 80 logic elements.

\ 0123456789 J

You never have to think in terms of gates again. Think
Radiation diode matrices!

Radiation stocks a complete line of dielectrically isolated
diode matrices, easily customized to your particular
encode-decode needs. These can be combined with
Radiation interface circuits to provide the most econom-
ical, convenient and reliable diode logic available today.

Contact your nearest Radiation sales office to find out
how inexpensive diode matrix integrated circuitry really
is. You'll be surprised how fast we can deliver, too.

RADIATION

INCORRPORATED

SUBSIDIARY OF HARRIS-INTERTYPE CORPCRATION
MICROELECTRONICS DI/ISION

Sales Offices 600 Old Country Road. Garden City, NY 11530, (516) 747-3730 — 2600 Virginia Avenue, N.W.. Was*ington, D.C
20037.(202) 337-4914 — 6151 W Century Boulevard. Los Angeles. Cahf 90245, (213) 670-5432 — P O. Box 37. Melbcurne, Flonda
32901. (305) 727-5430 — international Sales Marketing Department. P O Box 37 Melbourne. Florida 32901, (305) 727-5430
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memory. The 70-by-96 matrix was
originally developed for the Massa-
chusetts Institute of Technology’s
Project MAC (multiaccess com-
puter). The SOS unit was subse-
quently undercut in the project
MAC application by a cheaper
braided-wire memory [Electronics,
Jan. 8, p. 52].

First in space. Arthur C. Lowell,
assistant director of Autonetics’ re-
search and engineering division,
says the 32-by-32 matrix is the first
S0OS device made expressly for the
commercial market, and is more ap-
plicable to read-only memories than
the MIT array. He believes it will
probably be used first in military
and space computers, where high
speed and radiation resistance, plus
power, weight, and volume savings
arc necessary.

The device has no designation
vet, and will not be completely char-
acterized for about three months,
Lowell says. But this much is
known: it will be rated at 5 volts
so as to be compatible with tran-
sistor-transistor logic, and will have
an access time of 300 nanoseconds
at that level. “If we go to 15 volts
the access time will go down to 100
nscc,” Lowell comments.

Typical power consumption will
be 100 milliwatts, depending on the
voltage, but the device could go to
50 mw for high-speed applications;
it uses =10%, 10,000-ohm resistors
in the access circuitry. Nine of the
arrays, cach measuring 220-by-200
mils, arc put on a l-inch diameter
wafer.

Question mark. “The memory’s
speed puts it in the same ballpark
with other high-speed semiconduc-
tor memories,” notes Lowell. “But
we don’t know yet how much it will
cost because we haven’t processed
enough of them. However, it will be
competitive with other memories.”

The array will probably be mar-
keted in a 40-lead flatpack, possibly
one with a beryllia substrate for in-
creased heat transmissibility over
alumina.

Looking ahead, Lowell sees com-
plementary MOS memories with
power consumption down in the
nanowatt range coming from the
Autonetics SOS line. “Complemen-
tary devices in bulk silicon have
very low power, but SOS looks as
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if it can reduce these by another
one or two orders of magnitude.”

Integrated electronics

Mixer-modulator IC

Texas Instruments has developed
a doubly balanced mixer-modula-
tor in a monolithic integrated-cir-
cuit form that the company’s gov-
ernment products group believes is
the first of its kind.

Usually, such mixers are designed
with diode rings, which require in-
put and output transformers to bal-
ance out the carrier. The TI device
doesn’t need transformers.

The IC mixer design is equivalent
to that of a diode ring modulator.
The nonlincar characteristics of the
diodes and the functions of the
transformers are achieved with two
cross-coupled differential transistor
pairs driven from a third balanced
pair.

Laboratory versions have shown
conversion gains of 8 decibels at
30 megahertz with a 60-ohm collec-
tor load at a 300-millivolt input. The
maximum junction temperature for
the device is set at 150°C.

Small geometry. However, the
small-gcometry transistors used in
monolithic I1C’s make it possible to
design devices that can operate at
150 to 200 Mhz, according to R. E.
Ham, an engincer on the project.
Ham notes that TI's components
group was asked to provide the
smallest-gcometry transistors possi-
ble for the program.

T1 will probably market the new
devices late this year. Ham says
the price will be competitive with
the tags on present diode ring units.

Ham and three other project en-
gineers—C. P. Abbott, S. W. Mar-
shall, and L. D. Wickwar—pre-
sented a paper on the new IC at
last week’s National Aerospace
Electronics Conference.

For the record

Timely. Now that computer time
sharing is commonplace, computer

makers are turning out lower-priced
systems to attract more users. By
altering cxisting hardware, Scienti-
fic Data Systems Inc., for example,
is offering its 940 in a smaller,
cheaper version. Called the 945, the
new system has an 8-million stored
character memory, inputs for 24
simultaneous users, and a rental
price of $15,000. The 940 rents for
$26,000.

Welcome. Meanwhile, the Hew-
lett-Packard Co. has joined the time-
sharing crowd; its HP200A 16-ter-
minal system uses existing hard-
ware—including the HP2116 com-
puter with its 16,384-wordcore
memory. The computer, which in-
terfaces with standard peripherals
through plug-in cards and standard
cabling, is controlled by a modified
ASR-33 teleprinter. It rents for $16,-
000 a month.

Idle hand. The General Services
Administration has a scheme for
cutting data-transmission costs. Un-
der the plan, Government agencies
already using EDP equipment will
specify the number of hours the
machines are idle. The GSA will
then “lease” the gear during the
free time to other agencies in the
area and set up computer centers
for this purpose.

The first center will be estab-
lished in Huntsville, Ala. It will use
cquipment belonging to NASA’s
Marshall Space Flight Center. The
sccond, also using NASA equipment,
will be at the Michoud Rocket Test-
ing facility just outside of New Or-
leans.

Down. General Precision Equip-
ment Corp., which is working on a
proposed merger with the Singer
Co., reports both earnings and sales
down for the first quarter of this
year. Sales were $105.6 million, off
$3 million from the corresponding
period in 1967, while carnings
dropped from $5,067,000 to $5,045,-
000.

Earnings up. Comsat has an-
nounced first quarter ecarnings of
$1.8 million, a jump of $500,000
over the corresponding period last
year.
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R new
¢ o g.| E-H 153
e : ©® -]\ Strobing

~ ~ '\ Voltmeter

now
you
can
make
single
shot
voltage
measurements
on ns
waveforms

Here is a new tool for measuring voltages at precisely located points in

time on nanosecond waveforms. The E-H 153 STROBING VOLTMETER’S
single shot and repetitive capability gives you the ability—for the first time—
to sample, hold and amplify a short time slice (strobe) of input waveform.
1% pulse voltage measurement accuracy is assured from 5ns pulses to

DC by the 153's clean transient response and wide bandwidth. A low noise

of 0.5 mV peak-to-peak combined with a dynamic range of =1 volt further
extends your geasurement capabilities. In addition, BCD or analog strobe time
position programming, in 100 ps increments, provides you with an
instrument equally suited to laboratory and automated testirng. Welcome
to the E-H world of single-shot time-domain measurements . . . complete
technical information on the E-H 153 STROBING VOLTMETER and

its application is available on request.

JL E-H RESEARCH LABORATORIES, INC.

163 Adeline Street * Oakland, California 94607 + (415) 834-3030 + TWX 910-366-7258

In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Co., Ltd,, No, 710, 2.Chome Kugayama Suginami-Ku, Tokyo, Japan
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PLUG-IN TTL
INTEGRATED
CIRCUITS

15 MHz
COUNT RATE

LOOK WHAT e noise

TTLIC'S DID e
FOR ANADEX 130 R
ELECTRONIC COUNTERS!

SENSITIVITY

Anadex already had the 134" front panel height and still has.
Now plug-in TTL IC's high noise im-

munity, remote programming capability
and 15 MHz count rate are added. Anadex counters are not
loaded with non-essentials — the ones you pay
for in competitive counters. Choose the low-cost
optional features you desire. If you're interested

in an electronic counter that has the designed-in

functions you need and a “makes-sense” price
tag, we want to talk to you immediately. Call Ken Mathews,
(213) 873-6620. You can count on him.

ANADEX

INSTRUMENTS, INC

...THE NAME YOU CAN COUNT ON
7833 Haskell Ave., Van Nuys, California 91406 | Phone (213) 873-6620 / TWX 910-495-1762
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if frequency control’s your game...

think CPD

That's Communicaticns Products Division
of Walter Kidde & Co., Inc. The most com-
plete source anywhere for frequency con-
trol devices and crystal products.

The name's new. The products and
capabilities are well known, CPD is really
four companies in one — all involved in
areas of frequency con‘rol. The four have
joined technical and management capa-
bilities to form a team of over 600 people,
a staff of 21 engineers and over 70,000
sq. ft. of floor space.

Who's in CPD?

Ovenaire Inc., of Charlottesville, Va. —
oscillators, crystal ovens and comgonent
ovens. Filtaire Inc., of Charottesviile, Va.
— low frequency quartz crystals anc crys-
tal filters. Croven, Ltd., of Canada — high
frequency quartz crystals. Piezo Tech-
nology Inc., of Orlando, Fla. — IXF®
integrated crystal filters and electronic
test equipment fcr tae communications
industry.

What does CPD mean to you?

One source for all frequency control
needs. And the latest in technology. For
example, Piezo Technology Inc., of CPD,
was the tirst commercial producer of men-
olithic crystal filters for HF-VHF applica-
tion. Standard models of these IXF inte-
grated crystal filters covering the 5- 250
MHz rarge, have been available “off-the-
shelf” for over a year. The small size
monolithic construction, high stability and

economy of our IXF filters
. make them ideal for spec-

trum clean-up applications
in frequency synthesizers,
parametric ug-converters
and many other communi-
cation systems applica-
tions.

If you're involved in frequency control,
make a notz of CPD Unexcelled capa-
bility. Latest technology. Fastest delivery.
Give us a try on your riext project.

For complete details on all
frequency control products call
D, J. Ellis, Vice Pres. Sales
(703) 293-5148

COMMUNICATIONS PRODUCTS DIVISION

OF WALTER KIDDE & COMPANY,INZ.

CROVEN LTD.
Whitby, Ontario Canada

OVENAIRE INC.
Charlo.esvike Va,

FILTAIRE INT;.
Charlottesvil'e Va. Orlando Florida

PIEZO TECHNCLOGY INC.
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Join the Bug-of-the-Month Club

It's exclusive . . .

Tailored just for the lighting bug
engineer who wants the latest
information on miniature lamps at
his fingertips. Detailed technical
data that fills the information gap
on a thousand-and-one industrial
applications.

Best of all, Bug of the Month Club
members are entitled to receive
information on new Jamps just as
soon as they come off the

48 Circle 48 on reader service card

production line. And, just to make
it official, a meml)crs\hip card and
suitable-for-framing certificate are
furnished when vou enroll.

Why the hallvhoo?

Mostlv because Chicago Miniature
has the most complete. highest
quality line on the market,

[t got that way by promptly filling
customer needs just like yours

and we'd like to share our lamp
development and technology on a
continuous basis. That’s what the
Bug of the Month Club is all about

Chicago Miniature Lamp Works

and vou can join by circling the
reader serviee number. Anvone

can join regardless of race, creed,
politieal affiliation or financial status.
And that’s about as exclusive

as vou ean get!

For application assistance, contact
your Chicago Miniature Sales
Representative. For off-
the-shelf delivery, contaet
your local Authorized
Chicago Miniature

Electronic Distributor.

Lighting Bug

Bug-of-thc-Monlh Club

This is to certify that the undersigned is a
member in good standing of The Bug-of-the-
Month Club and is entitled to all rights and

privileges thereof:

7

Chicago Miniature Lamp Works

4433 N. Ravenswood Ave., Chicago, Illinois 60640, (312) 784-1020 (8 8|
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Now those same businesses are flying higher

than ever using Di-Acro Punches and Dies.

| [BERRYS:
SPACE |

. ,‘\‘ Jf't' ; ) &
| s

y pERﬁM
PDLANE PARTS DN

—Apes

Di-Acro Die-less Duplicating got a lot of
metalforming businesses off the ground.

DI-ACRO QUALITY AND PRECISION
SORT OF GROWS ON YOU!

Back when propellers were just about *‘the only way
to fly,” quite a few young companies depended on
the versatility of Di-Acro Die-less Duplicating to stay
in business. They could blank, pierce and form an
entire part — and then be ready to repeat the same
part or change it completely.

This was a successful approach until quantities
grew to require dies for economy and efficiency.
Their experience with Di-Acro precision and quality
naturally turned these companies to Di-Acro Punches
and Dies for piercing.

They were pleased to see concentric centering
points, burr-free tolerances, no-slip fit in an inventory
containing over 500 sizes and shapes. The craftsman-
ship was superb — and better still the results!

Electronics | May 13, 1968

Di-Acro quality punches and dies are available up
to 4 inches in diameter or equivalent in standard
round, square, rectangular and oval shapes. Many
special shapes such as ‘‘electricals” are available at
standard prices. Custom shapes can be made to speci-
fication. We also have adaptors to /it a wide variety
of punch presses. Ask your Di-Acro dealer for our
“Art of Punching” book or write us.

,,>n|-Acno[mm

division of
435 EIGHTH AVENUE
LAKE CITY, MINNESOTA 55041

‘ INDUSTRIES INC ’

Circle 49 on reader service card 49



Series

100 C-

160 Amperes RMS
25 to 1200% PRV

Silicon
Controlled
Rectijiers

*1300 Volt Transient Rating

o i e e e e e et et e B e o B e e o B S e o e B o e e -
: Please send information on:|
[ SYNTRON Name/ Title 0 Series 100 G- Slfcon |
| m” A DIVISION OF Controlled Rectifiers I
1 FMC CORPORATION Company 3 Silicon Rectifiers |
1 Raklil) © 241 Lexington Ave, . " 1
Homer City, Pa. 15748 Street [ Setenium Rectifiers
| |
| Telephone 412—479-8011 . . [ Selenium Surge |
I City/ State Zip Suppressors I
L 68R4 1
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And 15,000 hours says I'm tough

Clifton’s long life synchros have exceeded 15,000 hours
of continuous testing and remained within specification.
Clifton will guarantee a minimum of 5,00C hours for
almost any application and. deperding upon the end
use, may guarantee them much longer.

These synchros retain all the high accuracy or torque
of standard Clifton synchros. In fact, you can order
them right out of the Clifton catalog without forfeiting
a single catalog parameter except friction which is
raised slightly. NO PENALTY in phase shift. impedance

Electronics | May 13, 1968

angle, torque or input power and only a slight increase
in cost over standard synchros. Compare these features
with other long life synchros on the market today.

For further information call your local Clifton Sales
Office or 215 622-1000 or write 5050 State Road,
Drexel Hill, Pa. 19026.

CL!FTQ!\![B

DIYISION OF LITTON iNDUSTRIES

Circle 51 on reader service card



HERE'S THE LATEST INFORMATION
ON THIN-FILM DEPOSITION...

Five CVC PlasmaVac® Low-energy Sputtering Systems — to
handle thin-film applications from laboratory to production line.

Sputtering thin films with a CVC Plasma-
Vac® system lets you deposit almost any
material on almost any surface—with excel-
lent control over film composition, purity,
and thickness. You'll increase efficiency,
quality, and yields over any other thin-film

deposition method. Please write for full de-
tails on any or all of the PlasmaVac systems
described below. Consolidated Vacuum
Corporation, 1775 Mt. Read Blvd., Roch-
ester, N.Y. 14603.

PLASMAVAC 100

PLASMAVAC 200

PLASMAVAC 300

PLASMAVAC 400

PLASMAVAC 501

GENERAL

DC triode sput-
tering. Metals,
.conductors.

RF triode sput-
tering. Conductors,
semi-conductors,
non-conductors.

RF diode sput-
tering.

Production-type
system with DC
Crossfire™ and RF
capability on in-line
basis with air to air
substrate transport.

DC Crossfire™
with rotary work
holder, multiple
targets.

APPLICATIONS

Laboratory and

Ideal with CV-18
vacuum system.

limited production.

Laboratory and
limited production
when used with
PlasmaVac 100.

Sophisticated
research applica-
tions. Reactive
sputtering, sputter
etching, semi-
conductors, dielec-
trics, etc.

Bridges the lab-
oratory/production
interface. Modular
concept so process
can be developed,
then scaled up to
meet production
needs.

Batch-type produc-
tion unit for pilot
plant operation.

Sputtering

PlasmaVac 100

S _# —
Deposit Metals Yes Yes Yes Yes
Deposit Dielectrics No Yes Yes Yes
Deposit
Semiconductors Some Yes Yes Yes
— -
Deposit Cermets No Some Yes Yes
_— - -
Deposit Alloys Yes Yes Yes Yes
Deposit Organics No No Some Some
Water Cooled Target
(for use of thermally No No Yes Yes
sensitive materials)
Water Cooled
Substrate No No Yes Yes
Reactive Sputtering No Some Yes Yes
Bias Sputtering Yes Some No No
Sputter Etching Few Some Yes Yes
tion-t Lo file
Type of Chamber Bell Jar Bell Jar Bell Jar n}:;ggr:r 'g;:ag;g:r metavr gr'\':n:ber
Multiple Target Yes Yes, with No Yes Yes

*Available on special order.

CcvC

A BELL & HOWELL COMPANY

¥ BeLLe HoOwELL
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See us at NEPCON EAST, Booth 824 June 4-6, The Coliseum
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Fairchild’s 7052 DVM is four pounds of grice/
performance efficiency. It's a multimeter that can
also function zs a panel metar. Resclution is TmV

3l_ni it num or 1 Ohm. Accuracy i3 0.1%. Ingut impedance is
2 g e | 1000 Megohms. Ycu also get dual slope integration,
automatic pclarity, floating input and display
unltS/nhM/nmps storage. A tili stand/nandle an¢ current shunts
are available as opt-ons. Complzte specs are at the

a ubilit . 5349 other end of your telaphone. Call (408) 735-5431,
p v. e | collect. Ask icr Del Aquila.

Pyl

S Y
MULTIMETER

Another
FAIRCHI L.E
e ere—————

precison instrument
ace wth
silicon Plcnar*
integ-octed drcuits

® Vi e prtentnt { eres o,

FAIRCHILD INSTRUMENTATION A Divisioa of Fairchld Camera and instrument Corporation 974 East Arques Avense. Sunnyvals, Castiomia 94085 (408) 735-5431 TWx #10-339-9217



GUESS WHICH VOLTMETER
TAKES THE GUESSWORK OUT OF
PEAK-TO-PEAK READINGS?

Only the 3100 Statistical Voltmeter developed by
MICOM...because it eliminates the human errors in
your test work by providing a steady, direct statistical
reading, from either noise-like or periodic voltages.

Unique circuitry in the 3100 assures precise signal
measurements for both meter reading and recorder
outputs—saving you the tedious and subjective in-
terpretation of scope displays. It reads peak-to-peak
statistical limits, between selectable “Percent of
Time” ranges on the front panel, in ten steps from
10% t0 99.7%. Sensitivity ranges from 1 mV to 100 V
peak-to-peak in the frequency bandwidth of 1.0 Hz to
100 kHz.

54 Circle 54 on reader service card

The 3100 is ideally suited for precision work in speci-
fying or measuring power supply PARD (ripple and
noise) from SCRs, corona or other causes. It also
allows separate measurement of repetitive spikes and
average noise. Or, for communications systems work
where peak-to-average ratio measurements of com-
posite signals are critical, the 3100 does the job. And
it fits neatly into random signal analysis, for vibra-
tional, acoustical, medical, control-system and test
equipment analyses.

There's never been an instrument to do what the new
3100 does. Visual errors cost money...and the 3100
saves both your money and your eyes.

Price: $600.

For more information, contact MICOM at 855
Commercial Street, Palo Alto, California 94303. Tel:
(415) 328-2961.

\ M/

MIiCcCOM

A California Corporation

Electronics | May 13, 1968



MINIATURIZATION

Centralab’s capabilities are zeroed-in on
comprehensive miniaturization — from
ceramics to components to microcircuits
and back again. We're on target in every
area. For example, our thin, precision
substrate materials answer a growing
need for technical ceram:cs in a variety
of applications. Our potentiometers, re-
sistors, push button and rotary switches,
capacitors and semiconductors are man-
ufactured with parameters to meet any
requirements. And Centralab leads the
industry in microcircuitry, having pro-
duced more than 459,700,000 microcir-
cuits of 5,000 different designs. For more
information on the Centralab product
that's zeroed-in on your need, write
Centralab Application Engineering today

©)
Amm with Centralab

CENTRALAB PRODUCTS ARE MARKETED THROUGH CENTRALAB INDUSTRIAL DISTRIBUTORS
AND NTERNATIONALLY THROUGH GLOBE-UNION INC. - INTERNATIONAL DIVISION.

| ——— - m—; —
Centralab is Microcircuits

y | X

=)

CENTRALAB ciectronics Dwision « CLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE « MILWAUKEE, WISCONSIN 53201 M6818

Electronics  May 13, 1968 Circle 55 on reader service card
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Ever try to build a filter
that’s never been made before?

We do--all the time!

Maybe we’re gluttons for pumshment but it seems that we're
doing it all the time. Although we’ve de51gned thousands of
special filters, our customers keep coming up with new prob-
lems that require new answers.

Typically, they present us with some general specifications.
We then help them translate these into the specific param-
eters required for their application.

First we study the electrical specs and mechanical configura-
tion. An optimum filter circuit is selected, based on experience.
Calculations are made to determine specific parameters and to
verify feasibility. At this point, we sketch the key dimensions,
considering form factor, weight, ete.

Environmental specs are analyzed. So are qualification test

requirements, to determine need for special test facilities,
equipment, fixtures, etc. Estimates of costs and lead time are
made. And a technical proposal is written.

Upon approval, all factors are reviewed again. A model is
built to prove the design. Final mechanical drawings are cre-
ated, and released for the production run.

Sound like a job you’d like to tackle yourself, in house? Prob-
ably not. After all, Microlab/FXR can do all this better and
at lower cost, because of our wide experience. We make more
filters than anyone in the business. Even filters that have
never been made before!

Gec more information now about Microlab/FXR’s filter line
and filter capability. Write today to Dept. E-67.

MICROLAB/FXR

Livingston, New Jersey 07039

56 Circle 56 on reader service card

Phones: (201) 992-7700; (212) 721-9000
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We call it AccurFrame.
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And it can save you more than 1¢ per contact.

Cur new AccurFrame takes the fuss and bother out of wire-
wrapping. !t's easy, fast and error-fre=. And very simple to use.
ere’'s why. Our HW Series Wire-Wrap* connectors have two

polarized alignment holes in the card insertion side of the block.
These fit over accurately positioned pins on the alignmer.t tool.
There's no chance of a connector being placed wrong-enc-to.

With connectors in perfect position, our frame is placed aver
the assembly; connectors are quickly attached with machine
screws. The frame and connectors lift ¢ff —reacy for automatic
wire-wrapping.

Winchester’s long experience has ir.ade the whole thing so
sure, simple and fast that most users are saving 1¢ per contact
aver other methods. And those penn'es add up.

You'll like our Wire-Wrap connectors, too. They're available in
sizes ranging from 22 to %0 contact positions. Designed for auto-
matic equipment, righ-strip force retention, bifurcated spring
contacts for supericr interfacing. We integral-mold them in
dially! phithalate SDG-F. Contacts are easily removed. Retained
by a 30° twist.

Get all the profiiable facts abcut the Great Frame-Up from
your Disirict Sales Difice. Or from Winchester Electronics, Main
Street & Hillside Avenue, Oakville, Connecticut 06779.

WINCHESTER ELECTRONICS
LITTON INDUSTRIES

*Trademark-Gardner Denver Compzny




Our main claim to fame is the design
and application service we provide
on every mercury relay we sell. [f
we don’t have the relay you need,
we help you develop a new one. And
that’s not all! Adlake has the most
complete line of mercury-wetted
and displacement relays in the busi-
ness. Contact ratings from 100 VA
to 100 amperes. Operating speeds
from 1 millisecond to 150 milli-
seconds. Consistent contact resist-
ance—even under adverse environ-
mental conditions. Time delay relays

from one-half second to 30 minutes,
all of them tamper-proof. Load relays
with an exclusive anti-spinout fea-
ture. Relays equipped with epoxy
coils that are guaranteed for life.
Plus many other special features.
We also have a line of dry reed relays.
So call us. We'll put you in touch
with an engineer who specializes in
the type of relay best suited to your
needs—mercury-wetted, displace-
ment or dry reed. We can help you
solve your circuit design problem
creatively, whatever the application.

SINCE 1857

THE ADAMS & WESTLAKE COMPANY
A suBsiDIARY oF ALLIED PRODUCTS CORPORATION

Elkhart, Indiana, U.S.A. 46514 « (219} 264-1141
TWX 219 522 3102 o TELEX 25-8458 « CABLE ADLAKE

Most mercury relays look

pretty much alike...

Except ours have service
written on them!

58 Circle 58 on reader service card
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Navigation project
may chart course
for national plan

Intelsat conference:

a decision on which
satellite to build . . .

... and a battle
over U. S. role

FCC rushing
phone rulings

Electronlcs | May 13, 1968

Washington Newsletter

May 13, 1968

Without fanfare, the Department of Transoortation has launched a study
project aimed at establishing a national maritime and aviation navigation
plan. The idea is to determine the technologies that can best satisfy the
needs of users, and thus eliminate obsolete systems and prevent greater
proliferation of systems. There are now at least 30 different systems in
use. The study is a joint venture of the Ccast Guard and the FAA and is
scheduled for completion by January 1970.

Satellite navigation systems will be given prime attention. Some parts
of the study will be made by outside firms. The first part most likely will
be to determine requirements for short-range, harbor, and port navigation.
The Coast Guard is particularly interested in finding ways to phase out
obsolete equipment and thus reduce navigational aids operations costs,
which now run about $80 million annually.

Next week’s Intelsat conference in Vienna is expected to decide the fate
of the proposed Intelsat 3.5 communications satellite. Delegates from
member nations will weigh the satellite against the proposed Intelsat 4,
a larger-capacity satellite. The issue: whether to build both satellites or
drop the 3.5 and speed development of the Intelsat 4.

Comsat, majority shareholder and manager of Intelsat, is pushing for
both satellites. It has received 3.5 bids from TRW and Hughes Aircraft—
on a second go-round—and three proposzls for Intelsat 4. But Intelsat’s
foreign shareholders want guarantees that the 3.5 is needed and will be
used before approving the program.,

The Vienna meeting will also produce fireworks from France over the
permanent agreement for the consortium. The U.S,, in a position paper
last year, called for continuing the present arrangements, but with a few
modifications [Electronics, Nov. 13, 1967, p. 179]. France, however, is
demanding that the permanent arrangements provide for less U.S. con-
tracting and a lesser role for Comsat.

France, which is expected to put its demands on the conference table,
doesn’t want Comsat as permanent manager. Support, so far, for the
French position has been labeled by Comsat as “limited.”

The FCC muay rule earlier than expected in two cases that could have
considerable impact on the Bell System and the future of telephone
service. Arguments in the Carterphone and Microwave Communications
Inc. cases were heard in April and rulings could come this month. This
would be extremely fast for the FCC, which usually announces decisions
three to six months after hearings.

The reason: Commissioner Lee Loevinger’s term expires June 30.
Since a new commissioner wouldn’t vote on cases in which he hasn’t
heard arguments, a 3-3 deadlock is possible without Loevinger’s vote.

The Carterphone case involves “foreign attachments” and could pave
the way for computers to be hooked up directly to phone networks with-
out a Bell-supplied interface. Microwave Comniunications seeks a license
to run a microwave link between Chicagc and St. Louis.
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Millimeter waves:
on the right path

Now hear this!
Tests set for digital
voice transmission

NASA steps up
aid to Pentagon

Addendum

60

Washington Newsletter

Millimeter-wave transmission tests by the Defense Communications
Agency are going well—all the agency needs now is a military customer.
First tests over a 20-mile path from Washington into Maryland are com-
ing up with the same basic results as found in an earlier 5-mile test
[Electronics, March 18, p. 151]. “There’s no outstanding difference and
very few problems,” says the agency .

The 20-mile test, between 28 and 40 gigahertz, has included transmis-
sion of 50 million bits of data per second. The agency now plans trans-
missions at the same data rate, on the same path, but over two additional
frequencies: 6 and 35 Ghz. By comparing the signals of both, the agency
hopes attenuation on the 35-Ghz band can be predicted for different
atmospheric conditions.

Sometime this summer, the Defense Communications Agency hopes to
begin evaluating systems for transmitting voice signals digitally. But
because of budget cutbacks, there are no definite plans for awarding pro-
duction contracts for initial equipment, once a design is decided upon.
Although the work isn’t being done for the Mallard program, it could
wind up there. Mallard, a four-nation, integrated tactical trunking and
distribution system, is also planning to use digital communications [Elec-
tronics, Oct. 30, 1967, p. 48].

Radiation Inc. was the first to show a prototype to the agency. The sys-
tem, which cuts out redundant voice data, needs only the standard 3-kilo-
hertz telephone channel, compared with the 12 circuits that would be
required if redundant data wasn’t removed. Agency officials say the
Radiation system provides fair to high quality and is a “good candidate.”

Honeywell currently is working on two other techniques: one using
delta pulse-code modulation and the other using zero-slope detection.
A fourth system, using voice-excitable coding, is being developed by
Philco-Ford for the National Security Agency. Both Honeywell systems
and the Philco-developed equipment are expected to be demonstrated
shortly.

Although the space agency isn’t publicizing its ties with defense projects,
it will be taking a more active role in helping the Pentagon solve specific
technical problems. A high-ranking official at NASA’s Office of Advanced
Research and Technology says aid given the Pentagon previously had
been informal and, for the most part, amounted to little more than send-
ing along studies and reports. But this hadn’t been of much help. The
agency will now transfer functioning breadboard and feasible demon-
stration models to the military—primarily consisting of microelectronics
equipment.

NASA has set up a defense projects support office that will serve as the
focal point for Defense Department inquiries. The new office will operate
within the jurisdiction of the Office of Advanced Research and Tech-
nology’s special projects section.

An effort by NASA booster Olin E. Teague (D., Tex.) to demonstrate in-
dustry support for the space effort has backfired. Teague’s questionnaires
to 750 industry leaders resulted in only 449 replics, of which 37% said
the $5 billion average for the past five years was too much; 47% called
it just right, and 4.6% said it was too little.
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0-20Vdc <1000A

0-150Vdc <70A

-130Vdc «35A

0-300Vdc <35R

0-300Vdc <I8A
0-600Vdc 18R

New Sorensen High Power DCR’s :

The addition of 6 new models now brings the total number of
Sorensen regulated, high power, high efficiency C'CR’s to S4—
the widest product line from the industry’s I2ader in both DC and
AC power supply technology and production.

The DCR Series covers the voltage ranges of 0-20/0-40/0-50/
0-80/0-150/0-300/0-600/ and even up to 60C0 Vdc at power levels
of 400, 800, 1500, 2400, 5000, 10,000 and 20,000 watts. And —
Sorensen’s 25 years experience in design and manufacture makes
it possible to offer these power supplies from stock at prices as
low as 19¢/watt.

The DCR Series offers all of the standard features found in state-
of-the-art power supplies including Voltage/Current Regulation,

for more data on this versatile instrument

Electronics | May 13, 1968

Low Ripple, Remot2 Programming, Remote Sensing, Operating
Temperatures to 71°C and compliance with MIL-1-26600 and
MIL-1-6181D.
FREE! An illustrated data package containing detailed electrical
and mechanical specifications for each DCR power supply and
a new CATALOG featuring 176 different Sorensen regulated DC
and AC power supplies.
Contact your local 3orensen representa-
tive or Raytheon Company, Sorensen
Operation, Richards Avenue, Norwalk,
Connecticut 06856. TWX 710-468-2940
... Call Sorensen: 203-838-6571
Circle 61 on reader service card
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BUT
WHY
BOTHER

There are hundreds of sequential switching applications that can be answered
immediately with a stock rotary stepping switch from Guardian. And that’s much
quicker and cheaper than designing your own multiple circuit.

No other relay manufacturer makes as many different types of stepping switches as
we do. So if you don‘t have our catalog, it's easy to see why you may have had to do
it yourself at times.

The Guardian line puts all these types at your disposal: sequence selecting, automatic
resetting, continuous rotation, circuit selecting, pulse multiplying, counting, slave and
master, automatic homing, add and subtract, and remote homing. They're available
with up to 52 contacts per deck . . . up to 8 undivided circuits. And, they test up to
7% million steps on the life test rack.

So before you resign yourself to doing-it-yourself again, look into the Guardian
Stepping Switch engineer's manual. You'll save lots of time and money. Just ask for
Bulletin F32. Guardian Electric Mfg. Co., 1550 W. Carroll Ave., Chicago, lllinois 60607.

-
%

GUARDIAN.G ELECTRIC
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GUARDIAN/STEPPERS
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f'!fm BETTER QUALITY AND RELIABILITY THROUGH CONTROL

They’re Small and Reliable*

EL-MENCO DM5 — DM10 — DM15 — ONE COAT DIPPED MICA CAPACITORS

STYLE

WORKING
VOLTAGE

CHARACTERISTIC

CAPACITANCE
RANGE

DM5

50VDC

T 1pF thru 400pF

| 27pF thru 400pF
85pF thru 400pF

DMS

DM10

DM15

100vDC

__1pF thru 200pF

| 27pF thru 200pF |
85pF thru 200pF

| 1pF thru 400pF
| 27pF thru 400pF _|
85pF thru 400pF

1pF thru 1500pF |
| 27pF thru 1500pF |
85pF thru 1500pF

DM5

DM10

DM15

300VDC

‘j_ 1pF thru 120pF

| _27pF thru 120pF
85pF thru 120pF

__1pF thru 300pF |
| 27pF thru 300pF
85pF thru 300pF

| 27pF thru 1200pF |

| 1pF thru 1200pF |

85pF thru 1200pF

DM10

DM15

500VDC

| 1pF thru 250pF |

_ 27pF thru 250pF |
85pF thru 250pF

1pF thru 750pF |
27pF thru 750pF |
85pF thru 750pF

Electronics | May 13, 1968

Where space and performance are critical, more and
more manufacturers are finding that EI-Menco minia-
turized dipped mica capacitors are the reliable solu-
tion. The single coat is available in three sizes: 1-CRH,
1-CRT and 1-CE.

The 1-CRH DM “space savers’ easily meet all the
requirements of MIL and EIA specifications, includ-
ing moisture resistance. The 1-CE and 1-CRT units
also meet the requirements of MIL and EIA specifica-
tions, except that they have less moisture protection
because of their thinner coating; these capacitors,
therefore, are ideally suited where potting will be
used. Note: DM10 and DM15 units are still available
in the standard 4-CR size.

Specify ‘‘El-Menco” and be sure . . . the capacitors
with proven reliability. Send for complete data and
information.

*Normally, El-Menco 39 pF capacitors will yield a failure rate of less than
0.001% per thousand hours at a 90% confidence level when operated with

rated voltage and at a temperature of 85°C. Rating for specific applications
depends on style, capacitance value, and operating conditions.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders
Mylar-Paper Dipped * Paper Dipped * Mylar Dipped * Tubular Paper

West Coast Manufacturers contact: COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022

5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS
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MAKE OR BUY ?

CONSIDER THESE

Your design and scheduling problems are simplified
when you specify Intronics compatible function modules.
Proven specifications, stock delivery, and firm prices
help you meet your cost and delivery schedules.
intronics modules feature MIL quality construction and
advanced solid state circuit design. Operation from
+15 Volt supply is standard with =12 Volt optional.

ANSWERS FIRST

Modules are designed for compatible operation mini-
mizing interface problems. No customer furnished feed-
back networks, pots or other adjustments are normatly
required. All units have short-circuit proof outputs. Stan-
dard units operate over a temperature range of —25°C
to +85°C with —55°C to 125°C operation available in
most models.

All models feature true linear four quadrant operation, differential or single ended input opera-
tion, and excellent stability with respect to temperature and supply voltage variation. All types
function in multiply, divide, square, or square root mode by appropriate pin interconnection.

MULTIPLICATION/DIVISION
SQUARING /SQUARE ROOTING

X=Y=0V Input Output . 5
Model Type Accuracy Output Dffset X, Y Inputs XY/10 Output Bandwidth Impedance Impedance Case Size Price 1-9
mM101 General Purpose 0.25% *10 mV max 10V, AC or DC +10V, 5 ma both X, Y inputs  X: 5 meg min 1 ohm max 3" x 2" x .625" $445.00
time division DC to 1000 Hz Y: 75k min
M102 High Accuracy 0.1% *5 mV max =10V, AC or DC *10V, S ma DC to 100 Hz X: 5 meg min 1ohm max 3" x 2" x .625" $495.00
time division Y: 75k min
M201 FET 1.0% *20 mV max *10V, AC or DC *10V, S ma DC to 1 mHz X: 10k min 1 ohm max 3" x 2" x .625" $545.00
wide bandwidth Y: 10k min
M301 Lowcost general 1.0% #+20 mV max =10V, AC or DC *10V, 5 ma DC to 1000 Hz X: 10k min 1 ohm max 3" x 2" x 625" $245.00
purpose, time Y: 10k min
division
Sample Input Input Acquisition Aperture . }
Model Type Command Range Impedance Output Time Time Output Decay Case Size Price 1-9
FS101  0.1% accuracy on: +3.5v to *10V Sample: 500pt +10V,5ma 2 usec for 50 nsec. 0.lv/sec, max with 2.05" x 1,15 $185.00
fast acquisition +7.5v AC or DC + 100 0.1 ohm *10 volt, internal 500 pf capaci- x .625"
non-inverting. off: 0 to +0.5v Hold: 1010 ohm output 0.1% tor, provision for ex-
min impedance accuracy ternal capacitor
IMPEDANCE BUFFERING (Voltage Follower)
Input input Output .
Model Type Accuracy  Linearity Voltage Gain Input/Output Impedance Current Impedance Case Size Price 1-9
FA101 FET, Non Inverting 05% .005% +.0 *=10V, AC or DC, 1011 ohm min 30 pA max 0.1 ohm max 1.12" x 1,12" $78.50
Unity, —.0005 =5 ma out x .625"
FA102  FET, Non Inverting 1% 01% +.0 *10V, AC or DC, 1011 ohm min S0 pA max 0.1 ohm max 1.12” x 1.12" $68.50
Unity, —.001 *5 ma out x .625"
ELECTRONIC SWITCHING (Multiplexing)
Turn-On Turn-0ff Input/Output *on’' Input Voltage . .
Model Type Time Time Offset Error Voltage Impedance Sample Command Drift Case Size Price 1-9
ES101 Fast Diode Gate 300 nsec 50 nsec *2 mvmax =10V, 1 ma output 20 ohms On: +3.5t0 +7.5V 50 uv/°C 1.12"6)(2;.12" $65.50
X 625"
ES102  Diode Gate with 300 nsec 50 nsec +2 mvmax =10V, 5 ma output 106 ohms  Off: 0 to +0.5V 100 uv/°C 2.05" x 1,15" $145.00
FET Output Buffer x .625"
Input Input Conversion . .
Model Type Voltage Impedance Output Time Accuracy Temp. Drift Power Input Case Size Price 1-9
AC101 100 KHz complete 0 to —10.23V 10 K ohms 10 bit serial 10 usec 0.1% or 1 bit 10ppm/°C max +15V, 125 mA 3" x 4" x .625"  $995.00
conversion rate, (0 to +10.23V and parallel (includes —25°C to +85°C —25°C to +85°C +5V, 50 mA
10 bit successive optional) binary, com- settling
approximation, plete pulse time)

with internal clock
and reference

Other solid state function modules available for: precision
voltage / current amplification, linear-log conversion, sin/cos
generation, absolute value, D-A conversion, Binary -BCD con-
version, coordinate rotation and transformation subsystems.
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Contact our applications engineering department to discuss your requirements.

intronics

57 Chapel Street, Newton, Massachusetts 02158
TEL.: 617-332-7350 TWX: 710 - 335 - 6835
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Progress Report

The high thermal conductivity of AlSiMag Beryllia Ce-
ramics is coupled with electrical properties in the same
range as alumina ceramics. Beryllia zeramics have high
dielectric strength and low dielectric constant. Their
high melting point also means high plastic deforma
tion. High thermal conductivity gives superior resistance
to thermal shock. The material is chemically stable and
has high modulus of elasticity.

Advances in processing AlSiMag Beryllia Ceramics con-
tinue to widen their usefulness. In general, AlSiMag
Bervllia Ceramics are now fabricated in the same wide
range as AlSiMag alumina ceramics. This includes small
precision parts, small rods and tubes such as helix rods,
cores for carbon deposited, metal deposited or wire
wound resistors, substrates, base for composite sub
strates, packages and other applications where heat
dissipation is important.

Unusual requirements including improved strength and
controlled dielectric constant can be met in some de-
signs. American lava offers single-source responsibility
on a wide range of processes on AiSiMag Beryllia Ce-
ramics including precision fabrication, grinding, lappi.ng,
mefallizing and plating.

Ouvutline your requirements. Prototypes can be furnished
promptly for your evaluation.

HISTNMHAG

BERYLLIA

(Heat Conductive)

CERAMICS

Bulletim
675
on AlSiMag °
Beryllic
Ceramis
sent o0-
reques- {

CODE IDENT. NO 70371 American Lava Corporation m -

67th
PHONE 615 265 3411, CHATTANOOGA, TENN. 37405 A SUBSICIaRY OF COMPANY YEAR |
For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Compiny in chese cities oF
(see your local telephone directory): Boston: Needham Heights, Massachusetts Chicago: Elmrurst, lllinois ® Dal'as, Texas CERAMIC
Elyria, Ohio ® Laurens, S. C. ® Los Angeles, California ® Metopolitan New York: Ridgeiield N J. e Up-State New York LEADERSHIP
and Canada: Phoenix, New York ® Orange, Conn. ® Philadelpha, Penn. ® Roanoke, Va. ¢ St. Louis: Lee’s Summit, Mo. j
South San Francisco, Calif. ® 3M International: ¢/o American Lava Corp., Chattancoga, Tenn 37405, U.5.A. 615/265-3411,




Actual photographs show the filtering effect of Stackpole ferrite beads
cn critical electronic circuits. Left — without beads, right — with beads.

~

)

|

Stackpole Ceramag® beads solve noise and
filter problems easily and economically

<))

Ceramag® ferrite beads offer
a simple, inexpensive, yet
effective means of obtaining
RF decoupling, shielding, and
parasitic suppression without
sacrificing low frequency
power or signal level.

Unlike conventional RF
chokes, beads are compact,
have no DC losses, and will not
couple to stray capacity and
introduce detuning or spur-
ious oscillations. Ceramag®
beads offer an impedance
which varies from quite low at
low frequencies to quite high
at noise frequencies. Beads
need not be grounded; how-
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D

ever, chassis contact is per-
missible when desired, as
beads possess sufficiently
high resistivity to preclude
grounding.

Installation of Stackpole
beads is easy. Simply slip one
(or several) over appropriate
conductor(s) for the desired
noise suppression or high fre-
quency isolation. Beads are
available in sleeve form in a
range of sizes starting at .025
ID, .060 OD, and .400 long. For
special compact filtering ap-
plications such as cable con-
nectors, beads can be supplied
to tight mechanical tolerances.

Several ferrite grades pro-
vide a variety of attenuation
characteristics. Inductance
tolerance is normally == 30%
as measured on an LC meter.
The performance of a Ceramag®
7D bead as a parasitic suppres-
sor is shown in Figure 1.

Other typical applications
might include: decoupling in
“B" circuitry; noise suppres-
sion; RF isolation in filament
circuits; use in combination
with capacitors to form “L"
networks.

FIGURE 1
T
STACKPOLE CARBON €O
CERAMAG 70 FILTER BEAD
AL B AR vs FREQUENCY
_1 on+0 lls'cxsogz;'a::(,- ous”
| | ONI"PECE OF # 20 BARE COPPER WRE
o
1+ T;.; T[,.J'_ SR
="
f +
! |l| Uil |
L E .7 4'_&\1_;0_
] [N
> IERERL ' .
o )i
00 | l 0] | lsoIH““[m 200

Sample quantities of Ceramag® beads are
available without charge upon request. Send
your requirements to Stackpole Carbon
Company, Electronic Components Division,
St. Marys, Pennsylvania 15857. Phone: 814-
781-8521. TWX: 510-693-4511,

> STACKPOLE

ELECTRONIC COMPONENTS DIVISION
®
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MIL SPEC |
CAPACITOR !
|

TRW

SPACE SAVING
SOLID TANTALUM

CAPACITORS

| TRW

CAPACITOF

| 990 TANTA_UM

MIL spec performance...in half the space!

Type 990 miniature solid tan-
talums typify TRW’'s creative
engineering. They're designad
to fit in half the space. Designed
to give better shock and vibra-
tion resistance. Designed to MIL

Electronics | May 13, 1968

specs. They're desigred to be
the best hermetically sealed
tantalums you can buy. VYalues
from 8.2 to 330 mfd, Sta 35V

Get the TRW tantalum story
on space-savers like the 990,

on standard MIL types and tan-
talum hi rel capability. Contact
TRW Capacitor Division, TRW
INC., Baox 1000, Ogallala, Ne-
braska. Phone ¢(308) 284-3611.
TWX: 910-620-0221.

TRW
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Helipot
rings up the

twelve dollar C.P. pot.

The new Model 3351 conductive plastic
potentiometer is our twelve dollar solution
to your age-old budget problem. It's a new
low price for a non-wirewound precision
potentiometer, and yet performance and
quality have not been sacrificed. This new
model exceis wherever high precision and

long, trouble-free life are needed at mini-

mum cost.
If you like the $12.00 price, then check

these specs. = Essentially infinite resolution.

s Standard resistance range; 1K to 75K
ohms. = Long life.

Circle 68 on reader service card

s Linearity; +0.5%.

= Power rating; 0.75 watts at 70 C. » Resist-
ance tolerance; #10%. = QOperating tem-
perature range; —65°C to +125°C. = Fac-
tory stocked.

Also, Helipot has other all-new non-wire-
wound pots to satisfy most every applica-
tion. Standard servo mount models with
either conductive plastic or cermet resist-
ance elements are available in 7/8” and
1-1/16” diameter. And they are priced un-
der $25.00.

Ask your local Helipot sales representa-
tive for the complete non-wirewound pot
story...now.

Beckman

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA « 92634

INTERNATIONAL SUBSIDIARIES GENEVA; MUNICH; GLENROTHES,
SCOTLAND, TOKYO:; PARIS, CAFETOWN; LONDON; MEXICO CHY
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May 13, 1968 | Highlights of this issue

Technical Articles

Cutting sampling-
induced noise
page 70

Sophisticated
fault-finder for
avionics gear
page 78

IC users face
testing challenge
page 88

A review of
integrated circuits
in Japan

page 98

Sampling of data in a communications system is effectively a
form of modulation, and, as such, can introduce unwanted
noisc. The phenomenon, called aliasing, can be sharply re-
duced using a filter that cuts out the high-frequency compo-
nents before sampling. But designing such a filter isn’t easy;
it requires knowledgc of the power content of sampled signals.
The use of straight line segments to approximate the spectrum
of a worst-case signal can give this knowledge.

Not only docs the Automatic System Self-Test (ASST) detect
a malfunction in the avionics equipment aboard, say, a bomber,
but the technique proposed by IBM will switch the avionics
gear to an alternate mode automatically. The checkout pro-
ceeds by finding a malfunction at the highest possible system-
performance level, then working its way down until it isolates
the fault to a line-replaccable unit.

Advances in integrated-circuit technology
and increased IC production are making
testing more difficult. Most users are attack-
ing the problem by taking shortcuts. Some
make only certain checks, and a few don’t
test at all. And vendors have their own test-
ing problems. One of the most sophisticated
test procedures is that of Sylvania’s semi-
conductor division, which uses the auto-
matic equipment shown on the cover.

Electronics

Your introduction to an integrated circuit that’s made in Japan
may well come with the purchase of a Japanese-built radio,
television set, or tape recorder. Japanese electronics companies
are still concentrating on consumer products, and their most
sophisticated IC’s are designed to fill needs in this arca. Mean-
while, Japan is satisfied to make use of U.S. IC designs for its
computers, But its efforts to overhaul U.S. technology in the
digital ficld may soon begin to pay off, and unique circuitry,
particularly for calculators, may start to appear.

Coming

Electronics | May 13, 1968

Threshold logic

Threshold logic is perhaps only half as costly as conventional
Boolean gates—especially when it’s integrated in large arrays
of threshold gates. An RCA engineer will describe a new cir-
cuit arrangement that makes this possible, and show how it
can be designed into common logic functions.
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Communications

Cutting noise in data sampling

Straight line approximations of a worst-case signal’s spectrum can help

an engineer estimate power distribution and design a preprocessing filter

By Thaddeus Kobylarz

Stevens Institute of Technology, Hoboken, N.J.

Noise caused by sidebands during data sampling
can be reduced by applying a simple method for cal-
culating signal-to-noise power ratio.

By estimating a worst-case signal and breaking
up its waveform into straight line segments, it’s pos-
sible to choose a near optimum sampling frequency
and to design a preprocessing filter that will pro-
vide the signal-to-noise ratio required for a specific
communication system. The filter attenuates the sig-
nal’s higher-frequency components before sampling,
distorting the waveform somewhat, but it more than
makes up for this by reducing “aliasing,” the over-
lapping of sidebands and signals.

The method itself is the result of cfforts to deter-
mine and eliminate one of the major causes of crror
in a telemetry system being developed at Picatinny
Arsenal, N.J,, for transmitting information from ac-
celerometers in artillery shells to control stations.
The telemetry system sampled the output of cach
one and passed on the information derived. Inves-
tigations showed aliasing to be one of the principal
causes of noisc.

Aliasing occurs because sampling is equivalent
to modulation, A train of sampling pulses, S(t),
modulates the continuous signal, c.(t) « S(t), .repre-
senting a function that varies as c.(t) when S(t) = 1.
and is zero when S(t) = zcro.

Since S(t) is a periodic signal, it can be repre-
sented by a Fourier series given by

The author

Thaddeus Kobylarz is an assistant
professor of electrical engineering
at Stevens Institute of Technology.
He holds a Ph.D. from North
Carolina State University and has
also taught at Princeton University.
His experience includes work as a
components designer for the
General Electric Co.
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If ¢ (t) is a sinusoidal signal, then e (t) = Ey cos o
The modulator output is this factor times the Fou-
rier scries.

The trigonometric product (¢os ot) (cos net) rep-
resents suppressed carrier modulation at the carriey
frequency ne,. That is:

where: w,

(coswt) (cosnw,l) = 3§ [cos(nw, —w)l+ cos(nw,+w)t]
Combining this product and the modulator output
equation yicelds the following infinite series:

Tw > sin(nws Tw/2)
eo(t) = -, k| coswt E TR
\ 1 i (nw, Tw/2)

n=1

cos(nw, —w)t+ Z sin(nw, ‘l b 2) cos(nw,,.+w)tj|
(nw, 1
=

Sampling, therefare, results in a superposition of
sinusoidal signals varying at o, o, — o, o + o,
20 — o, 200 + o ... where o, is the sampling fre-
quency and o the sampled frequencey. If o, — o > o,
then a low-pass filter placed after the sampling cir-
cuit can be designed to remove components at and
above o, — w, thereby restoring the original signal.

It a signal is a complex wave with many fre-
guency components, sampling will preserve the
original signal spectrum but create sidebands at
o.. 20, . .. The sidebands are attenuated by the fac-
tor (Tw/T)sin(nw.Tw/2)/(nwTw/2). If, as Shanmon
determined, the sampling frequency is set at a level
double the highest-frequency component of the
sampled signal, an ideal low-pass filter that cuts oft
at /2 and has no phase shift can be used to com-
pletely climinate the sidebands and recover the
original signal.

Unfortunately, complex waves approach zero am-
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plitude asymptotically for high frequencies. It’s
therefore impractical to set the sampling frequency
at twice the sampled frequency. So, because ey(t)
has frequencey components beyond o./2, sidebands
can overlap the original signal, acting as a noise
source.

The first problem of the design engineer is to
determine the amount of noise attributable to alias-
ing in a communications system with a given signal
spectrum and Nyquist frequency. To simplify his
task, he assumes that the system’s recciver has
a low-pass filter that recovers only frequencies be-
tween d-¢ and W./2. Overlapping sidebands in the
same frequency band as the signal will then be the
only cause of noise,

Considering the noise contributed by modulation
only at the fundamental sampling frequency, ., the
overlap exists in the following frequency range with
the following proportionality constant:

ws ws
== < (ws —w) < —
2 ( s ) 2
sin & Ty
Tw 2
Vl‘ ws ’l‘ \“
2

The amplitude spectrum of a signal modulated
at the fundamental sampling frequency is preserved
but is shifted in frequency by an amount cqual to
o, and also attenuated by the factor (Tw/T)sin
(0 Tw/2)/ (0, Tw/2). This means that an attenuated
segment of the original amplitude spectrum folds
over the modulated signal; finding this segment re-
quires solving for the o range of the inequality

3@5
2

Wy

Sw <
2

Overlapping segments and proportionality constants
arc expressed generally as

21172—15(08_(0

o

s{1)

/\

eglt)
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MODULATORp————
eolt) = eg(t)-s(t)

Mixing. Modulator combines sampled wave with sampling
pulses. Output contains sum and difference frequencies.

Tw sin(ne, Tw/2)
T (nws Tw/2)

Assuming that a worst-case signal spectrum can
he estimated its power content must be measured
to determine the signal-to-noise ratio possible with
given system parameters. Only one form of spectral
{function need be considered, fortunately, because
the spectrum of any wave can be broken into seg-
ments. And total power can be found by integrating
cach segment—essentially caleulating the area under
cach segment and adding up these areas. If o(t) has
a continuous amplitude spectrum expressed by
[E(f)], the total energy available from the signal
is given by

[1() |2 df = 2 |1(F) |2 dif

— o

W, =

Since this equation indicates total cnergy, the
average power for a duration Ty is W/ Ty, It ap-
plies both to noise and usable signal. Sampling
doesn’t generate noise in the absence of a signal,
$0 average noise power is expressed by Wy/ Ty, and
the quantity Ty, cancels out when the signal-to-noise
ratio is expressed. For this reason, Ty will be neg-
lected. The factor 2 in the equation will also be
neglected, again because of the cancellation.

It’s uscful to consider amplitude spectra of the
form:

|L(0)| = Af»»  (f = 0)

Aliasing. If signal E.(w) took the broken-line form, there would be a

lEglw)] guard band and no cverlapping. In solid-line form, some power from
first sideband passes through output low-pass filter with cutoff at (w.)/2.
! | Il 1 |
T 1 t T P
ws 3wg/2 2w Swg/2 3w
| Eofwl]

T Em

Tw sin(WgTy/2)
(wgTy/2)
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because on a decibel log frequency-spectrum plot
this is a straight line of slope m and y-intercept
2010g10A.

20 logio| E(f) | = 20 logio A + m logy, f

Thus, neglecting the factors 2 and Ty, the power
can be calculated from this basic power equation

f2 fg
P = |E(f) |2 df = A2fmi10 qf
fl f1
10A2
= (m+10)/10 _ { (m+10)/10 —
m+10 [f2 f, | (i~ —10)

Most amplitude spectra for signals and filters
can be approximated by a family of straight line
scgments on a logarithmic scale. Therefore, m and
A = 10(A4/20) can be determined directly from
the graph for each of the segments, and power can
be computed from the integral equation. The value,
of course, isn’t exact because the straight line seg-
ments only approximate the actual amplitude spec-
trum.

The power equation doesn’t include the case
where the slope is —10 db per decade. This leads
to the form In f, which will be disregarded not only
because it’s very difficult to work with but also,
happily, infrequent.

Because it’s often more convenient to evaluate
power in decibels, the power is often written:

P (db) = 10 log, P
m+10 m+-10
f2 10 __ fl 10 }

= 104+Aa,+10 logse [T—l—lo
where: Aq, = 20 logpo A
Several common variations of the power equation
re:
) * Case 1:
m=0P =A2{,— 1)
Pl(db) = Adb + 10 IOglo (fg o f1)

* Case 2:

m=40, f,=0 P,= A%f,
Py(db) = Aa, + 10 logye (f2)

* Case 3:

m ¥ — 10, 20 loglo|E(f1)| = I{db

(m+10)/10
f2

(m+10)/10 __
Py(db) =10+Kas+10 1ogw;f1 [_@M 1] s

P 10K 3, +10)/10
7 m + 10

m + 10
* Case 4:
m < — 10, fo > «, 20 logw| E(f;)| = Ka
(K, +10)/10
p, = — 1CeTOE
m + 10

f
Py(db) = 10 4+ Kg, + 10 loglo[— - +£ 101|

* Case 5:
m > — 10, f; = 0, 20 logw|E(f2) | = Kab
10(de+10)/10
m+10 °
P; (db) = 10 + Ky, + 10 logye [fo/(m + 10)]

The figure on page 73 shows how power con-
tent is computed in decibels by approximating the
waveform with four line segments. Computing the
power in the first region, P,, requires the application
of case 5.

P, (db)

P5=

10 + 20 + 10 logye [100/(10 + 10)]
37 db

Case 1 applies in the second region:
Py (db) = 20 + 10log (1100 — 100) = 50 db

Cases 3 and 4 are used for the third, P., and fourth,
P, regions, respectively

A Treacherous slope. If the signa! has a long '‘tail"’ beyond w./2, overlaps will
[Egtwl] USABLE occur. The one creating the most aliasing noise comes from the product of
% signal and sampling wave fundamental. Overlaps from higher harmonics
| also affect output.
—— , : AN AN Y i
—wg/2 0 we/2 W we/2 2wg 5wg/2 3wy
; l !
l I l
: lE,((.U)I l [
e I |
OVERLAP |
l n=1
| |
|
l
|
1

\

~wg/2 0
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P. (db) = 10 + 20 + 10 logio
(11000/1100)7* — 1 |{ _
%uool: = 5l = 50 db
11000
10 + 0 + 1010gw[— = 10}
= 37db

If only the total power of the entire waveform has
to be determined, the use of lincar rather than
logarithmic relationships saves some labor. Total
power of the previous example is :

Py = 107,0d0/10 4 QP (db)/10

+101'c((lb)/ll) + lol'd(dl)‘/lo
2.1 X 109, or Pr (db) = 53.2db

Without the straight line approximations, the cal-
culations would require a computer.

If the power computations are used in synthesis,
the preprocessing filter design and sampling fre-
(uency—can be arrived at through trial and error.

The first step is to estimate a worst-case ampli-
tude spectrum—selecting one that has the greatest
percentage of its power beyond /2. Since compo-
nents beyond «./2 cause aliasing, this type signal
has the lowest signal-to-noise ratio.

The figure on this page shows such a worst-
case signal with an f, of 2,200 hertz and a Ty of
45.5 microseconds. Because the usable signal and
the noise are both attenuated by Ty /T = Tyf, after
sampling, this factor can be ignored; the usable
signal power from 0 to f./2 thus is:

P, =107, (a» /104 1QF (d0/10=1.05X 107, or 50.2 db

Modulation at f, contributes the greatest amount
of noise. Therefore, a reasonable lower limit on the
noise power is case 3 where:

Py (db) = 10 + Kg, + 10 IO{,{I()

_fs' (2‘3fs, 2{5)(m+l())/l() — 1
2 m + 10

sin(ws Tw/2)
(ws Tw/2)

Pq (db)

+ 20 IOg'm

10+2()+1010g10l:(110()) (3~ — 1}

—20+10
~ 5in[(2200) (45.5 X 10-%)x]
200080 " 9000) (45.5 X 10-%)7

= 48.5 db

Without a preprocessing filter, the sampling noise
of such a signal would be down less than 1.7 db,
an unacceptable value for any communications sys-
tem. To improve the signal-to-noise ratio, straight
line approximations can he made for various types
of low-pass filters and sampling frequencies. For
instance, a preprocessing filter that is flat to 1,100 hz
and breaks downward at my decibels per decade will
have an effect on the noise that can be determined
by recomputing the third term of the Py (db) ex-
pression with m = m; — 20.

If m¢ — —60 db per decade, the upper-bound sig-
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Under the line. Use of straight lines to approximate
slopes of signal spectrum eases power calculations.

nal-to-noise ratio inercascs to 11.4 db. This is still
inadequate and points to the necessity of a “guard-
band”—a band of frequencies between the first up-
per breakpoint of the filtered signal and £./2. In-
creasing f, to 22 kilohertz produces a guard band
of 8.9 khz. 1f Ty —= 4.55 psec, the unfiltered signal
with this guard band will have an upper-bound
signal-to-noise ratio expressed by:

Pg=10P, (0104 1P, (db)/10 4 1P B0 = 9 (5 % 107
Ps(db) = 53.1 db

3z — 1
Py, (db) =1040410 Iogm|:(11000) (_)32 e 10]

sin [(22000) (4.55 X 10-°) n] |

+20 log;o (22000) (4.55 X 10— = |

=36.4db
Ry (db) = Pg (db) — Px1. (db) = 16.7 db

A low-pass filter with a cutoff at 1.1 khz and a slope
of my = —20 db per decade will increase the upper-
bound ratio to 37.52 db.

If the ratio T/Ty exceeds 2, a lower bound on
the signal-to-noise ratio can be determined by as-
suming that case 4 applies with f; = £,/2. The sig-
nificance of this assumption is that the attenuation
term is the same as that for f. at all modulating fre-
gquencies, The attenuation will therefore be greater
than the assumed amount. The lower-bound ratio of
the filtered signal is:

— 11000
Do == —_ y
Pyv (db) = 10 — 20 + 10 Iog,m’j 50+ 10:|

sin [(27) (22000) (4.55 X 10-9)]

(2m) (22000) (4.55 X 107°)

= 14.02 db

R], (‘(“)) = l)s ((“)) —_ P,\'U ((lb) = 3756 (]b

The lower and upper hounds of 37.52 db and
37.56 db indicate that more exact computations arc
unnecessary. Fortunately, most system specifica-
tions don’t demand more precise ratios. I they do,
however, it becomes necessary to index n in the at-
tenuation factor for the modulating frequencies.
Noise powers are computed for the overlap ranges
and added together.

Generally, though, additional noise froni the over-
laps for n == 2.3 . . . is so small that the computa-
tion of the noise for n = 1 is adequate.

+ 20 IOg’lo
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Circuit design

Designer’s casebook

Sine waves become square,
with a symmetrical switch

By George W. Candel

Autonetics, Anaheim, Calif.

Square-wave signals that demodulate the output
of servocontrol amplifiers must be stable in fre-
quency and high in peak voltage. Fortunately, in
the aircraft and ships where these servocontrols
arc used there is an extremely stable 400-hz line
voltage that can be converted into a square wave.
This is essentially accomplished by paralleling a
transistor’s basc emitter junction with a diode.

The sine wave’s positive portion causes current
flow through R; and forward biases D;. The for-
ward voltage drop across Dy can never be greater
than 0.7 volt, low cnough to prevent breakdown of
the reverse biased basc-emitter junction of Q,.
Since this transistor is not conducting, there is no
current flow through R. and R;. Consequently, the
—18 volts that acts as Q.’s emitter supply appears
at Q.’s basc thercby keeping that transistor biased
into nonconduction.

With Q. off, the positive 18-volt collector supply
pulls cuirent through R, and forward biases Q3

115vRMS

Designer’s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

into conduction. The 18 volts, minus the small
collector emitter drop, appears at emitter of Qs.
This voltage remains at the output for 1.25 milli-
seconds, half the wavelength of the input signal,
and triggers the circuit on the other side of Ds. If
this pulse is used as the positive square wave it
goes out the line that has no diode.

As the input voltage falls to zero, current flow
through R; becomes small enough to take D; out
of conduction. Since carriers do not have to be
swept out by negative swing of the input voltage,
Q, is quickly driven into saturation when the nega-
tive voltage becomes high enough. This places the
collector of Q, at ground and allows forward bias-
ing of the basc-emitter junction of Q. to drive Q.
into saturation.

\Vith this 18 volts at the collector of Q., Qg is
back biased and D. forward biased. The current
that flows through D. develops a negative voltage
across R; that remains at the output for 1.25 milli-
scconds. The negative voltage is coupled through
D, into the circuit that requires a negative pulse or
straight out to complete the negative portion of a
square wave. Although this circuit was designed to
trigger demodulators with ficld-cffect transistor in-
puts it is possible to trigger transistors, SCRs,
SCSs, and vacuum tubes by adjusting R, to match
the circuits output impedance to the different loads
presented by these devices.

Q3
2N3499
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Differential amplifier governs
magnetic brakes and clutches

By Pellervo J. Kaskinen
Finnish Cable Works Ltd., Helsinki

In an assembly plant, an overhead trolley carrying
jet engines and fuselages must be gently stopped
and started at work stations. Jackrabbit starts and
jerky stops can throw these massive loads into
swings that damage machinery and injure workers.
A differential amplifier, added to a conventional uni-
junction transistor in a control circuit, makes brak-
ing and accelerating respond to a single control.
Because this control can’t brake and accclerate
at the same time, the jerks caused by simultancous

ADJUSTABLE POSITIVE
VOLTAGE

application of sceparate brake and power controls
can’t occur.

When the contact in the control switch is moved
to the positive voltage position, transistor Q, in the
differential amplifier is biased into conduction. Cel-
lector current in the conducting transistor flows
through Ry and R.. The potential drop developed
across R. moves base 2 of the UJT from the supply’s
29 volts to a lower voltage. Tow much lower de-
pends on the magnitude of collector current, which
depends on the positive control voltage. As can be
scen by the equation

\'|| = 7/\7121: '}- Vn
where V= UJT trigger voltage

» — intrinsic standoff ratio of UJT; 0.65
in 2N2646

Vi = voltage between base 1 and base 2 of
the UJT
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V1, = voltage between the emitter and base
1 of the UJT

A lower base voltage results in a lower trigger volt-
age for the UJT. If the interbase voltage drops
enocugh and the UJT is triggered, capacitor C. dis-
charges through UJT’s emitter-base junction and the
primary of T;.

The voltage induced in the secondary of T, by
C.’s discharge through the primary, gates a silicon
controlled rectifier, SCR,, into conduction. After C.
completes its discharge, the emitter-base junction
2 returns to a reverse bias and the UJT is shut off.
The SCR, however, remains in conduction until the
half cycle in which it started returns to zero. Dur-
ing the half cycle, Cs charges through R, turns on
the UJT, discharges through the primary coil, and
places pulses at the gate of SCR;. These pulses—
about 10 of them—have no gating effect on the con-
ducting SCR.

While SCR, is conducting, current flows through
the coil in the magnetic clutch. The fields generated
inductively couple the load-bearing clutch plate—
the one with the coil—to the rotating flywheel on an
electric motor’s shaft. The amount of power trans-
mitted from the motor to the gears in the trolley de-
pends on the intensity of the magnetic fields in-
duced in the clutch. If the rectified supply voltage
on the anode of the SCR is gated into the coil at a
point early in cach half cycle, average coil current
is high and the magnetic fields arc strong. Conse-
quently, coupling between the clutch and the fly-
wheel is close; they rotate at the same speed and
most of the motor’s power is transmitted into the
gear system.

A gating late in the half cycle results in low av-
erage coil current and, therefore, the transmission
of only a fractional part of the motor’s power
through the clutch. Since the SCR can be gated on
for any desired conduction angle, the amount of
power coupled through the clutch is continuously
variable from full power to zero.

The conduction angle in the SCR depends on both
the trigger voltage in the UJT and the synchroniza-
tion provided by the 29-volt supply. Every 10 milli-
seconds the rectified voltage drops from 29 volts
to zero, thus making base 2 of the UJT zero. Since
base 1 of the UJT is always at ground potential,
there is now no voltage drop across the bases. This
makes the term Vy;; in the equation zero. Thus, the
above equation becomes

Vl' == Vl)

The voltage on capacitor Cs—regardless of its
value—is now the trigger voltage of the UJT, and
transistor Q, fires. A pulse is induced in the sec-
ondary of T, and SCR; is gated on. No current flows
through the SCR despite the gating, because the an-

ode voltage of the SCR is zero, like the UJT’s supply.

Synchronization, therefore, establishes a fresh
starting point for the circuit every 10 milliseconds.
Indiscriminate triggering of the SCR is prevented;
the first trigger after the zero voltage point is the
onc that gates the SCR on. How soon after synchro-
nization the first pulse appears depends on the col-
lector current in Q,. If the positive control voltage
is high, collector current is high and Vp; in the
uJT is low. Capacitor C., charging through Rs,
doesn’t have to reach a high voltage before it can
trigger the UJT. Consequently, the SCR is gated on
carly in the half cycle and the conduction angle is
large. The total range of positive control voltage is
directly related to the conduction angle in the SCR.
The waveform at the emitter of UJT drops to a low
voltage at points between zero voltages (this isn’t
shown in the diagram).

Moving the control switch to the negative voltage
contact stops conduction in Q,. UJT Q; triggers now
only at the zero-voltage synchronizing point. There
is no conduction through SCR,, and the clutch is
disengaged. The positive voltage present at the
emitter of Q. while Q, was conducting is now re-
moved and replaced by a negative voltage. Tran-
sistor Q. conducts, draws current through R; and
R, triggers Qy, and causes conduction in SCR.. The
sequence of events in this circuit is the same as that
in the clutch-control circuit. The number of pulses
generated in the UJT is directly related to the mag-
nitude of the negative control voltage, and the 29-
volt rectified voltage synchronizes unijunction tran-
sistor, Q..

The magnetic braking action that takes place
when SCR. is in conduction is similar to the cou-
pling that takes place in the clutch. Fields generated
by the conducting coils retard the rotary motion of
the flywheel by inducing eddy currents in it. The
strength of braking is directly rclated to the con-
duction angle in the $CR, which depends on the
magnitude of the negative voltage. Slow braking
is accomplished by gradual reduction of the nega-
tive voltage.

The potentiometer, Ry, should be adjusted to a
value that keeps Q. slightly in conduction when
cither of the control voltages is zero. A pulse gen-
erated by the UJT just before the end of cach half
cycle gates SCR. on for a small conduction angle.
Low average current drawn through the coil results
in a slight braking pressure.

Resistors Ry and Ry and diodes D; and Dy absorb
niost of the high-frequency voltages generated by
switching in the SCR’s. Capacitor C, prevents the
emitters of Q; and Q. from ever being at the same
voltage. Thus these transistors can never conduct
simultancously.

Zener diodes D; and D. must have breakdown
voltages low enough to protect the cmitter-base
diodes of the UJT’s.

_J
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HeNe GAS LASERS

Together with extreme reliability and low cost, ENL Models LS-30 and LS-32 feature:

® Advanced coaxial plasma tube design ® Needs no adjustment, except in the case of

® Compact, lightweight iaser head for easy multimode operation

mounting

Requires no alignment or maintenance

® Simple to operate Excellent output stability, exceptionally long life

® Mechanically rugged design for industrial, Fast delivery from stock

laboratory, and classroom applications

+ 2000-hour
plasma tube

$285

complete with
power supply*
LS-32

$450

complete with
integral
power supply

LS-30

-
‘»—
3

T Quontym Ph,,,“
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“Tripod extra

LASER MODEL LS-30 Extremely compact, low LASER MODEL LS-32 Educational / laboratory

noise CW gas laser with 1% regulated integral
power supply. Portable, easy to operate. Features.
in common with the entire Quantum Physics laser
line, sealed interferometer mounts that require no
adjustment, but have the capability for tuning all
of the Fabry-P%rot interferometer modes. Optical
power at 6328 A, single mode 2.0 mw.

HeNe gas laser of exceptional quality and perform-
ance at minimal cost. A complete laser system (in-
cluding 2% regulated dc power supply; Designed
for ease of operation, mounting, stability, rugg=d-
ness, and long life. Serves as an excellent source
of highly collimated optical radiation at 6328 A.
Output power, single mode 1.5 mw.

Guaranteed operating life, both models, 2000 hours or one year shelf life.
Ask also for information about ENL’s ultra-fast laser and infrared detectors.

Literature available on request.
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Avionics

Height of sophistication
in in-flight monitoring

This approach not only provides for fault detection and mode switching,
but prescribes a method of integrating the test and operational systems

By F.H. Hardie and G.E. Simaitis

Electronics Systems Center, International Business Machines Corp., Owego, N.Y.

Some call it in-flight performance monitoring,
others, airborne automatic checkout. Either way,
it’s as if the airplanc were undergoing a continuous
physical examination by an on-board doctor.
Today’s high-speed, multipurpose combat planes
require just this sort of constant checking of their
complex avionics. Faulty operation of any part of
the system—and a mission may have more than 150
different modes of operation—must be compensated
for or called immediately to the crew’s attention.
All modern combat craft feature some degree of
automatic monitoring capability, cither built in or
retrofitted [Electronics, April 29, p. 81]. But what’s
secn for planes of the future are completely inte-
grated computer-controlled monitoring systems de-
signed into the avionics from the ground up.
Onc such technique is now being developed by
the International Business Machines Corp.’s Elec-

The authors

Fred Hardie, manager of
integrated test systems and
interface engineering at Owego,
has been developing diagnostic
techniques for aerospace systems
and computers at IBM since 1963.
He’'s been with the company for
18 years and is handling

the design and development of
the automatic self-testing system.

Gervydas Simaitis, an electrical
engineer with a master’s degree
from Penn State, was responsible
for the interfacing in the Skybolt
and Hound Dog missile systems.
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for the advanced manned strategic
aircraft since 1965 and is now a
department manager.
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tronics Systems Center. Called Automatic System
Self-Test (ASST), the approach is the most advanced
yet proposed for in-flight and ground checkout.

The first application of many of the ASST tech-
niques may be in the D and E versions of the LTV
Acrospace Corp.’s A-7 attack plane, for which IBM
is the systems intcgrator. IBM will use the test
equipment already built into the avionics supplied
for the aircraft, plus its on-board 4 Pi computer.

Under the ASST concept, monitoring hardware
and softwarc would be designed right along with
the operational clements at cach stage of an avionics
system’s devclopment. Full implementation is at
least five years away, but when it comes, the ASST
system will:

» Evaluate the status of a planc’s avionics while
the craft is in flight, and will permit the pilot to
choose the optimum operating mode for cach sub-
system.

= Have the capability to shift an operation from
a degraded mode to an alternate mode.

= Check out the avionics before a mission, per-
forming the test functions now handled by a ground
maintenance crew.

* Diagnose faults and isolate them to a line-
replaceable unit (LRU) or module.

» Eliminate the need for any vehicles on the
flight linc to service the avionics except, perhaps,
power-supply and air-conditioning vans.

Systems approach

The basic approach here goes several giant steps
beyond those that require a pilot to check his
instruments in flight. Even if he had the time,
the interrelationships in modern avionics are so
complex that the equipment cannot be evaluated on
the basis of its individual elements. A doppler
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radar, for example, carries out its navigation func-
tion in combination with inertial equipment and a
computer; monitoring the three subsystems separ-
atelv won’t ensure the capability of the three to
work together in this one function. ASST takes a
systems approach, checking out complete opera-
tions as well as individual subsystems.

It provides for automatic, computer-controlled
monitoring of dynamic, controlled, and simulated
operational variables. TTowever, since both test and
monitoring circuits are dispersed throughout the
avionics, it isn't possible to point out a single black
box as the ASST box. Test routines are run right
in with the operational programs, and perhaps the
greatest concentration of ASST “cquipment” is ac-
tually found in the memory of the on-hoard digital
computer.

The way to get such a thorough-going monitor-
ing system into an aircraft is to decide right at the
beginning of the design phase that it will be inte-
grated with the avionies, not added after the equip-
ment is already built, The designers must then de-
cide what operations are to be tested and how. And
as changes are made in the avionics subsystems
as the design process moves along, similar changes
must be made in the monitoring and  checkout
scheme.

Guide book

A logical and generally accepted approach has
evolved for the development of modern avionics
systems, After the operational requirements of the
mission are analyzed, equipment  configurations
that will satisfy these requirements are specified,
and, finally, the equipment is designed.

Unfortunatcly, there's no universally accepted ap-
proach to designing an integrated monitoring svs-
tem. ASST does, however, spell out a procedure that
follows along, step by step, with the design of the
avionics.

In the mission-analysis phase, the operational
functions that must be checked are listed. Tests
for these functions are then selected, as are the
svstems needed to carry out the tests. In the final
phase, the specifie test and interface circuitry is
developed.

Though ASST proceeds at the pace of the avionics
development, the system has nothing to do with
design verification. It does diagnose the basic sys-
tem functions; if all the system’s interrelated modes
are operating properly, it assumes that the individ-
ual components are performing as designed, ignor-
ing the highly improbable case of compensating
carrors. In short, ASST isn’t concerned with cireuit
parameters,

Alterations

When ASST senses the degradation or complete
failure of an operational mode, it can switch the
system to the next best, or next most accurate,
mode. The pilot can, of course, also take a hand;
he can choose an alternate mode himself after get-
ting an indication that something is wrong, How-
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ever, it a really hazardous fault should occur—
tailure of the terrain avoidance radar on a low-level
mission, for instance—the system would immedi-
ately and automatically take action.

ASST cvaluates all the operational modes that
can be employed on a certain mission before choos-
ing the order in which they should be substituted
for cach other. Navigation may, for example, be
done with  stellar-inertial-doppler.  steller-inertial,
or doppler-inertial systems. If one is degraded,
ASST will switch to the next most accurate mode.
But it AsST finds that the degraded mode is still
more accurate than the next available one, it will
hold the system in that mode.

Monitoring signals are generated in the system
status  sensors  and - sensor  circuits  dispersed
throughout the LRU's of the avionics system, as
shown on page 0. Also included in the avionics are
special signal simulators that may be needed to
exercise portions of the system, plus any built-in
test cquipment that may already have been de-
signed into a picce of gear.

Data adapter

Signals from the ASST hardware clements are
processed—amplified, conditioned, converted, and
combined with other signals—either in the avionics
or at a special data adapter interfacing between the
ASST circuitry and the on-board computer. The
data adapter also controls the special ASST status
display, and has access to the regular avionics
display in the aireraft. And there’s an auxiliary
unit for storing program controls and diagnostic
routines.

If alternate paths have to be provided for the
monitored signals because, for example, they are
simulated rather than operational. they can come
through scparate ASST connectors on each picce of
equipment.

The simulating units are needed when opera-
tional signals aren’t available, Radars, for exanple,
often have to be checked out when there’s uo target
to return a live signal, The simulator provides the
test signal in such cascs, and the response is com-
pared with precomputed data in the avionics com-
puter to determine functional status, e

Double duty

In general, ASST aims for an cconomy of space
and effort; one stimulus generator may be used
for several picces of equipment, and signals gen-
crated in one part of the avionics may be used to
test another, The test program controls the signal
simulation through the data adapter.

ASST has its own display, and, while operational
data is shown only on the avionices displays, test
data appears on both the avionics and ASST dis-
plays. Certain subsystem status signals—generated
by built-in test equipment, for example—are used
in the operational programs and are monitored and
evaluated by ASST along with the operational and
simulated data. The stored diagnostic routines re-
quired to locate a fault in an LRU arc generally
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80 Electronics | May 13, 1968



called up during ground checkout; faults discov-
ered while the aircraft is in flight need be located
only to the level of an operational mode.

Breaking it up

Perhaps the hardest part of working ASST into
an aircraft system is deciding how to divide, or
partition, the avionics on the basis of function.
This partitioning varies from system to system,
but the result in all cases is a functional tree of
tasks the equipment must perform. And from this
comes a tree of functional test routines.

The routines must be able, of course, to dis-
criminate between faults in the test elements and
those in the equipment being monitoring, The ASST
system is so designed that failures in any of its
hardware won’t affect the performance of the avi-
onics.

In the partitioning process, the avionics is first
divided into sets of primary operational functions
—the tasks that must be performed during a mis-
sion. These tasks, which include navigation, guid-
ance, and weapons delivery, are further broken
down into their component and support functions.
Navigation, for instance, involves measurements of
velocity and bearing.

The partitioning orders these in a systematic
way to develop a tree in which functions branch
into subfunctions, subfunctions into modes, modes
into submodes, and so on until the level is reached
at which faults are to be pinpointed. Theoretically,
this level could go beyond an LRU to a circuit or
even a component. The fault-location programs
would be tremendously complex at these levels,
1owever, and the feeling is that the job should be
left to ground maintenance depots.

Once the designer has drawn up his functional
tree, the tests to be performed at each level must
be determined. In general, tests should be made
at the highest functional level so that the fewest
possible need be performed. Thus. if each of the
primary functions are found within limits, no fur-
ther testing is needed. Lower-echelon operations
are tested only when they can’t be covered at a
higher level, or, more often, when a fault has been
detected in a prime function and its source must
be isolated.

Branching out

In partitioning the avionics, the system (S) is
divided into its basic operational functions (S,),
where

U stands for “union” and S is the symbol for a

system made up of a set of functions. If each
function, S;, is tested and found to be okay, it’s
concluded that the entire avionics must be operat-
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ing properly.

A typical system can be partitioned into the
following primary functions:

Si, Navigation—determines the position of the
aircraft relative to the earth.

S., Guidance—determines how to control the mo-
tion of the aircraft relative to the earth.

S3, Target acquisition—determines the relative
position of a target, fix point, or terrain feature
with respect to the aircraft.

Si, Weapons delivery—triggers a weapon.

Ss, Communications—transmits and receives in-
formation over radio frequencies.

Se, Terrain avoidance—determines the instantan-
eous flight vector that allows the aircraft to fly
safely at low levels.

S;, Defense—detects, identifies, and counters po-
tential threats to the aircraft.

Ss, Reconnaissance—accumulates information on
potential targets for future action.

Se, Damage assessment—accumulates and inter-
prets information on present targets for immediate
or later action.

Si0, Test—The ASST function of in-flight and
ground testing and fault isolation.

Each primary function can, in turn, be partitioned
into subfunctions (Sy):

m
S; = U Sis.

i=1

The table at the top of page 83 presents a matrix
of the first- and second-level partitioning of the typ-
ical avionics system. Each row of the matrix con-
tains the subfunctions of the primary jobs. The in-
terdependence is indicated by the columns. For
example, the attitude of the aircraft, S, 4, is involved
in the navigation function, S;, but it’s also a factor
in target acquisition, S;, weapons delivery, S,
terrain avoidance, Sg, defense, S;. and reconnais-
sance, Sg. ,

Even the identification of the main source of a
subfunction is somewhat arbitrary. Aircraft atti-
tude is here derived in the navigation function be-
cause this information is produced by equipment
that primarily performs navigation. The source
could as well have been target acquisition, though,
because attitude is critically associated with the
stabilization and stecring of the earth-sighting sen-
sors.

Down by six

If each of the primary system functions could
be validated by testing just one critical system
subfunction—shown shaded in the table—no further
testing would be needed. Such a critical subfunc-
tion represents the central output task the primary
function must perform. For example, aircraft po-
sition (S,,;) is the critical system function for
navigation,

Six levels of partitioning have been defined for
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one avionics system IBM is studying, as shown in
the table below.

This arrangement—again, quite arbitrary—pro-
vides a complete functional description of the avi-
onics. The significance of cach level is best ex-
plained by referring to an example such as navi-
gation, part of whose functional tree is developed
further in the table on page 85.

The sccond-level navigation subfunction con-
sidered in this table is the aircraft’s position. Know-
ing position means knowing threc third-level cle-
ments—latitude, longitude, and altitude. To sim-
plify things, only onc of these subfunctions—lati-
tude—is developed further.

On the fourth level, there are 10 parameters that
have to be measured to determine latitude ac-
curately. There is the initial latitude at which the
aireraft began its mission, the incremental latitude
through which the aircraft has moved, and the
present computed latitude. Then there are the val-
ues supplied by various picces of equipment aboard
the aircraft—stellar-fixed latitude, radar-fixed lati-
tude, infrared-fixed latitude, and so on. All of these
are compared, and the value likely to be most ac-
curate is selected by the ASST routines.

The fifth level brings the process down to where
the pilot can finally get an indication that either a
picce of equipment or an operating mode is in
trouble. He may be told, for example, that the
stellar-inertial computer isn’t operating properly
and that the stellar-inertial latitude is therefore
inaccurate. Or that degradation of the air data
computer is causing it to register erroncous values
for the terrain-comparison latitude.

This fifth cchelon is generally the lowest at which
faults are isolated during a mission. The sixth
level, at which a problem is narrowed to a line-
replaceable unit, is important only when the air-
craft has returned to base.

Squeezing in exams

The next step after partitioning is the develop-
ment of testing routines at each level. ASST test
routines and decision logic are sandwiched in
amongst the basic operational routines.

Navigation may be validated by checking two val-
ues for position, one during position fixing and the
other between fix points. During position fixing,
the computer value for the aircraft’s position is

| Stepping down , |

Partition
[ Level | Identification Symbol |
First Primary function Sy
| second | Subfunction Siy
| Third Subfunction element St |
| Fourth Element parameter Siyea |
Fifth Equipment and/or operating Sigktm
_ mode
| Sixth Line-replaceable unit Stk 1,mn [
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compared with the value measured by the fix-tak-
ing equipment. If the difference between these val-
ues doesn’t exceed some predetermined limit, the
functional test routine exits to the navigation rou-
tine. However, if the difference is wide, the test
program branches to a mode test routine, which
performs lower-level tests—outside the navigation
function’s mainstrcam—to determine the reason for
tlie disparity in the S;,; valucs.

In this case, the mode test routine would check
one or more of seven subfunctions. As indicated
in the table on the facing page thesc are:

S;.» —Velocity

S:.2 —Heading

S,.; —Attitude

Si.: —Actual flight vector
S:.s —Relative position

S;.10—Communication

Si1s—Time

The communication subfunction here refers to
the information coming in from various sensors.
The validity of this data is established by simulat-
ing return signals to the gear used to determine
aircraft position with respect to a fix point.
Timing

The system timing, perhaps the most critical sub-
function, would probably be generated by redun-
dant circuitry with built-in sclf-test capabilities.

The exact nature of the individual tests depends
on the configuration of the avionics. A fairly so-
phisticated system will have several sources for
velocity, heading, and attitude measurements, and
the validation of these rcadings will involve com-
parisons of the variables among the sources.

WWhere there are more than two sources for any
variable, it’s relatively casy to identify the one
that’s faulty. If therc are no alternate sources, on
the other hand, the subfunction checkout may have
to be performed at a lower level. On the fifth par-
titioning level, the response to simulated signals
injected into the front end of a suspected piece
of gear could be compared to a reference.

Educated guesses

During the dead-reckoning phases of navigation
between fix points, a measured value for a plane’s
position isn’t available as a reference. The test
routine for this phasc in the system’s operational
flow would therefore involve the figuring of an im-
plicit value for position. The'rate of position change
would be measured and tested against limits either
preset or variable, depending on the specific mis-
sion.

Other test parameters could, however, be used
to validate navigation during dead-reckoning
phases. In one ASST scheme, the scalar value for
distance traveled is computed and compared to
reasonable limits, while headings from at least two
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Functional partitioning
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First two levels. Primary functions of a typical avionics system can be
checked out by monitoring certain critical subfunctions (shown shaded).

alternate sources are tested against predetermined
limits. If these limits aren’t exceeded, the ASST
program passes from the functional test block to
the operational service routine. Here the data
needed for another operational function can be
transferred to that part of the system.

A limit on the time hetween fix-point checks is
programed into the functional test routine to guard

against excessive drift error
periods  of  dead-reckoning

ocecanic flights, for instance.

is exceeded, the navigation

during relatively long
navigation—on trans-
When this time limit
function branches to

ment check, Each additional step depends on the
outcome of the preceding test.

In more detail, ASST’s functional blocks are:

Program storage. Executive and functional rou-
tines are stored in the active core memory of the on-
board digital computer. The diagnostic routines that
can pinpoint a line-replaceable unit as faulty are in
the auxiliary tape storage and can be tramsferred
to the active core memory as required. Constant
and variable data associated with each routine are
stored at the same location as the routine.

Test selection. The cxccutive routines operate

the mode test routine, where heading and velocity
inputs can be checked for accuracy. Lower-level
simulation tests may also he performed to assure
ihat individual picces of equipment are bearing up
under the long trip.

Seven-point program

As shown in the functional data-flow diagram
on page 84, ASST is organized to handle seven sep-
arate finctions: program storage; test selection, ini-
tiation, and control; data evaluation; status display;
and data storage. Each of these functions is con-
trolled cither directly or indirectly by the test pro-
gram, which itsclf divides naturally into three
types of routines. Executive and functional rou-
tines are used in flight, while, as noted carlier,
diagnostic routines are pretty much for ground
maintenance.

These routines, interlaced with the avionics op-
crational routines, are arranged in a logical deci-
sion tree in which the individual tests can be
stepped from a functional level down to an equip-
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on the system level to scleet and sequence the
functional routines, as well as to control the deci-
sion logic that adapts the test procedures to chang-
ing operational conditions. A pilot can intervenc
manually in the normally automatice process of test
selection—gencerally at the executive level.

The selected functional routines in tum select
the individual functional and modal tests. These
routines contain decision logic that determines to
what level the tests have to go. When an error is
detected, the routine automatically branches to a
sct of modal tests to locate the source, And manual
commands during ground checkout call up diagnos-
tic routines to further isolate the fault.

Test initiation. When a specific test is sct, ASST
energizes test control circuitry and selects the ap-
propriate signal channels and control lines. The
test-initiation  block  determines  the  required
switching functions and makes the connections be-
tween the ASST system and the individual avionics
black boxes.

Stimuli and load controls are also provided by
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Data flow

OPERATIONAL STATUS EQUIPMENT STATUS
ENVIRONMENT

TEST INITIATION

TEST INITIALIZE
PROGRAM SELECTION TEST DATA
STORAGE (EXECUTIVE CONTROL STORAGE
PROGRAM) CIRCUITS

SELECT LOAD INITIATE SELECT DISPLAY
CIRCUITS STIMULI SIGNAL STATUS
GENERATOR CHANNELS
TEST CONTROL DATA EVALUATION
CONTRog TIMING EVALUATE SYSTEM
MODE, LRU STATU
SEQUENCING STATUS
\
SELECT
ALTERNATE COMPARE ERRORS
SIGNAL PATHS WITH LIMITS
SELECT
CONDITIONING,
SENSING, _| compute TEST SELECT/ COMPUTE
CONVERSION PARAMETER LIMITS
CIRCUITS
A
bata 1T SELECT/COMPUTE a0 L
SIGNALS WITH
TEST STANDARD REFERENCE

Chain of command. Executive program controls every level of testing, evaluation, storage, and display.
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Partial partition tree for navigation function

Subfunction Subfunction Element Element Parameter Equipment/Mode Parameter
SlllAircraft position 81’1'1 Aircraft latitude Initial latitude ssch

Incremental latitude Computer

Computed latitude Computer

" Stellar-fixed latitude

SIE/Computer

Key

S$SCD—second-station controls and displays
SIE~stellar-inertial equipment
FLR—forward-looking radar
SLR-side-looking radar
TFR—terrain-following radar
RLR—rearward-looking radar

Radar-fixed latitude FLR/€omputer

~ SLR/Computer

TFR/Computer

Rﬁ/Co-mputer

FLIR—forward-looking infrared
VIR—vertical infrared
LLLTV—low light level television
LRF—laser rangefinder

Infrared-fixed latitude FLIR/Computer

VIR/Computer

ADE—air data equipment
RA-—radar altimeter
TERCOM—terrain comparison

TV-fixed latitude LLLTV/LRF/Computer

TBD~to be determined

TERCOM-fixed latitude ADE/RA/Computer

ADE/TBD/Computer

LORAN-fixed latitude LORAN/Computer

S 11,2 Aircraft longitude

S ;r.craf-t altitude
1,3

TACAN-fixed [atitude - TACAN/Computer

this block. It can activate the sighal simulators,
apply special circuit loads, and connect transduc-
ers and measuring circuits to the selected test
points.

Test control. The timing and sequencing of the
tests, as well as data buffering and signal condi-
tioning and conversion, are handled by the control
block. It also runs the process of isolating faults
at all levels.

Data evaluation. Subfunctions performed in this
block include selection of test criteria and compu-
tation. The basic method of evaluating test data
is, as indicated earlier, to compare it with preset
or computed limits. In this process, the system:

* Selects or computes a test parameter.

= Selects or generates a parameter reference.

* Computes the parameter error by comparing

the measured signal with its reference value.

= Selects or generates allowable error limits.

* Compares the computed error with these limits.

s Evaluates the functional status of the subsys-

tem on the basis of this comparison.

The parameter reference used to validate meas-
urements will normally be a predetermined nominal
value—a computed “correct” answer. The refer-
ence in a monitoring test, however, will usually be
a signal from an alternate source or the preceding
value of the monitored signal. Because dynamic
operational signals from the avionics subsystem
arc used in the latter case, the allowable error lim-
its have to be computed as a function of the im-
mediate conditions.

Status display. Here the test results are presented
to the human eye. System, functional, and mode
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status are displayed both in flight and on the
ground.

Data storage. Test and status information can be
stored during the mission for postflight analysis.
Readouts appear on either the system or main-
tenance displays,

It’s estimated that an ASST system integrated
throughout a fairly sophisticated aircraft would
add only a little more than 3.5 cubic feet to the
total volume of the avionics. It will weigh a little
more than 76 pounds and consume about 465 watts
of power. The amount of hardware in the planc
would be increased by less than 5%.

The confidence factor for a complete checkout of
an advanced system in flight or on the ground
would be better than 0.95.

The monitoring system would take up about
three-quarters of the main storage unit and roughly
1/10th of the auxiliary tape store.

About 5.900 words, 32 bits in length, would be
needed in the main store. The auxiliary store might
need as many as 50,000 words, cach also 32 bits
long. A multiplexing unit may also be included in
the ASST system, but whether it would stand alone
or be integrated with other multiplexers in the
avionics system would have to be decided in each
specific case.

The greatest amount of space—2 cubic feet—
would be taken up by hardware for simulating and
monitoring test signals with the avionics. This gear,
made up of such elements as r-f couplers, logic
gates, oscillators, amplifiers, and detectors, will
weigh 30 pounds and dissipate 400 watts over-all,
but will be dispersed throughout the aircraft.
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new products in the last 32 weeks.

Our goal is fifty-two new integrated circuits in fifty-two weeks. To obtain
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More about:

BINARY TO DECIMAL 7-SEGMENT DISPLAY CONVERTER.

Put new products #1 and #16 conrol counter count seauence
together, and you've got the basis -

of a whole new subsystem. Using | o) 1A R ESE

five 9300s and four 9307s, com- 0001
bined with a variety of four other o
Fairchild components (19 pack- 0100
ages in all), you can build a sub- B
system that would normally require ot
60 discrete integrated circuit pack- ‘ 1100

0110

ages. (Each 9300 replaces six IC Toll
packages and each 9307 replaces Um DISPLAY
five IC packages.)

This application demonstrates the excellent interfacing
compatibility of CCSL circuitry. It allows you to combine
the best features of each circuit family: MSI for complex-
ity and economy, DTuL for wire-OR and lower power
applications, and TTuL for speed and line driving.

The 9300 and 9307 are MSI. Like the rest of the family,
they’re designed to work as basic building blocks in any
digital logic system. They work together with a minimum
of interface circuitry.

The new subsystem converts a 12-bit binary humber (in
serial form) to the individual outputs required to drive
four 7-segment numeric displays. These could include
incandescent, electroluminescent, 7-segment neons or
CRT numeric displays.

The conversion takes place in two steps: (1) conversion

of the 12-bit binary number to parallel BCD code and (2)

conversion of the BCD to outputs necessary to drive the
7-segment displays.

The logic diagram and
control counter count
sequence illustrates how
the conversion takes
place. When the START
conversion goes high, the
9300 control counter
transfers from the 1101
state to the 0111 state
(the display outputs, that
is, the 9307 decoders, are
enabled only in the 1101
state, thus they become
disabled and remain so
| during the entire conver-
sion process). In the 0111
state, the four 9300 shift
registers containing the
results of the last conver-
sion are cleared to zeros.
After the 0111 state is
reached, the clock signal
is enabled both to the
binary source and to the

. —

93001.__[] Do

7Y

D —

e

o<

CIRCUIT A

conversion registers until twelve clock pulses have
occurred. After twelve clock pulses, the 1101 state is
again entered, at which time the display decoders are
enabled to display the results of the conversion, and the
clock pulse to the conversion logic and binary source is
disabled. The 9300 control counter shifts to the paraliel
enable mode when the 1101 state is reached, and will
remain there until the START conversion goes high again.

Master
Clock

{

Start
Conversion

I 1 )¢
] | Master 1
| | | Rezet
CIRCUIT || CIRCUIT || CIRCUIT | 1 8lanking |
— A o A | A |
Lamp 1 1
e L L R8I
9307
21 1111
|<— SEVEN-SEGMENT BCD OUTPUT
PARTSLIST 3.............. 9936 DTuL Hex Inverters
5...... 9946 DTuL Quad Two-Input Nands
Uonnaonoononnnan 9009 TTuL Power Driver
U&aacaos 9003 TTuL Triple Three-Input Gate
5...... 9300 MSI Universal Shift Registers

4.. ... 9307 MSI Seven-Segment Decoders

Conversion from the serial binary input to parallel 8421-
BCD occurs in the following way: After each bit is shifted
into the conversion register (most significant bit first), the
numeric contents of every 4-bit register (except the last)
are examined. If a register contains a value of 5 or greater,
the mode of the register is converted to parallel enable.
On the next clock, 3 is added to the present contents of
the register and the results are shifted one place.

For complete specs and other application information,
circle Reader Service Numbers 101 and 116. If you have
an immediate application requirement, call your local
Fairchild distributor now.

7] Fairchild Semiconductor A Division
=Y of Fairchild Camera and Instrument
[ IRCHILD Corporation, 3