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infrodudng, .
a New Design Specdtruamm of
Low Profile Relays.

Engineering excellence, a tradition at Magnecraft,
is reflected in our new printed circuit relays.
Three low cost classes are available in stock
with performance specifications including
absolute reliability, long mechanical life,
and a wide choice of contact configurations
and switching capabilities.

Packaging flexibility includes, a

truly low profile dust proof design,

with a minimum height above

the P.C. board, and a vertically

mounted space saving
version. The relays
feature industry
standard .1 inch

grid spacing for ter-

~ minals, and high
* density center to center
board spacing. Contact
arrangements include SPDT,
DPDT, 4PDT, and 6PDT
rated from 1 to 8 amps. Bifur-
cated contacts are optional on cer-
tain configurations.

These compact relays are particularly
suited for communication systems, data pro-
cessing equipment, automatic control systems,
process control, automotive and consumer

electronics.

_
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*Family of Relays

Free!?

LOW PROFILE
RELAY BROCHURE

Find Magnecraft Relays in EEM and the Gold Bwook
Specifications, photos, and line drawings are included
in Magnecraft’s latest 4 page bulletin, number 750,

M “ i
A 36 page stock relay catalog will accompany the agflﬁﬁﬂﬁf’t ELECTRIC COMPARMNY

bulletin for all your relay applications. 5575 NORTH LYNCH AVENUE » CHICAGO. ILLINOIS 60630 » 312 + 282.5500 » TWX-810.221 5221
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And that’s 24 mcd at only 10 mA 5082 -

for our brightest red lamp.

At 20 mA you can get over 48 mcd 5082 -

NARROW BEAM

WIDE BEAM

of light output.

HP’ new high efficiency material makes these new bright LED’s possible.
With our brightest yellow you get 16 mcd at 10 mA. Our brightest green offers 16 mcd at 20 mA.
Three colors, two beam angles, and two luminous intensity categories are available
in the popular T 1-3/4 package. Twelve new LED, one just right for your application.
All are available for immediate delivery, just $0.89"ach or $1.15"each
at the 100 piece level, depending on brightness category.
Contact Hall-Mark, Schweber, Wilshire or the Wyle Distribution Group

(Liberty/Elmar) for immediate delivery. Or, write us for more details. They offer
you new ways to apply solid-state technology

in your products.

01502 *Domestic USA Prices Only.
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Sales and service from 172 offices in 65 countries.
1501 Page Mill Road. Palo Alto, California 94304
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Measurement used to be
an exercise in frustration.

Stretch...Check...Read,---Stretch...Check...Read.
The good old days —with traditional measurements —
looking first at the point of measurement and then the
multimeter. Wherever it was.

No more. Today readout is at the point of
measurement. Line-of-sight — 3'2-digits —readout and
probe tip in line with the test point. You no longer
have to reach and read. Hewlett-Packard’s 970A digital
multimeter —a totally self-contained unit offering
autozero, autopolarity and autoranging through five ranges.
Accuracy in ACV/DCV/Ohms measurements with
automatic decimal placement on a LED display that
can be inverted for reading ease.

HP’s 970A —an exercise in convenience —not in
frustration. On the job measurements —fast and easy, no
need to stretch your mind or your body. See how simple
measurements can be with the 970A —an exercise in ease.

Please forward HP’s 970A digital multimeter and

accessories as checked below. I understand that I may

return the equipment for full credit after 15 days.

0 HP 970A multimeter with rechargeable battery and
charger priced at $310.*

[0 Current Shunt/Bench Cradle at $47.*

[0 RF Accessory at $85.%

Check one payment option:

O Bill my company for the equipment selected plus
state and local taxes applicable.

[J Bill my credit card for the equipment selected plus
state and local taxes applicable.
Charge to: [J American Express [J] Master Charge

[J BankAmericard
My complete card number is:
Expiration date: __
(Master Charge only) The four digit bank number that
appears just above my name on the Master Charge
card is:

0 Cash payment: Enclosed is a check or money order
for the equipment ordered plus applicable state
and local taxes.

Name

Company
Address
Telephone Area Code _

City State Zip

Hewlett-Packard

P.O. Box 301

Loveland, Colorado 80537
Attention: B. J. Tawater

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
P.0. Box 301, Loveland, Colorado 80537 09s/46

Attention: B. J. Tawater *Domestic USA Prices only.

2 Circle 2 on reader service card Electronics/January 23, 1975



4

<+

29

55

59

73

109

Electronics

The International Magazine of Electronics Technology

Electronics Review

SOLID STATE: First |2L processor outpaces n-MOS units, 29
BUSINESS: Air freight rates hit offshore |C assemblers, 30
MILITARY: Lightweight fighter avionics may top $1.6 billion, 30
PACKAGING & PRODUCTION: Thin-clad p-c board gets protection, 31
Cooling shell serves to superheat materials, 32 '
CONSUMER: Calculators abound at Consumer Electronics Show, 32
INDEX OF ACTIVITY: 34

COMPONENTS: C-MOS chip holds 10-bit a-d converter, 37
COMMERCIAL: Funds transfer gets new cash control system, 37
NEWS BRIEFS: 38

SOLID STATE: Nonvolatile memory uses bismuth titanate, 38

Electronics International

WEST GERMANY: Bavarians use phone net for pollution monitor, 55
FRANCE: Navy develops digital shipboard-loop system, 55
AROUND THE WORLD: 56

Probing the News

MEMORIES: Floppy disks start showing strength, 59
COMMERCIAL ELECTRONICS: POS marking stirs indecision, 62
SOLID STATE: Does SOS need help? 66

COMPANIES: IBM strengthens European organization, 68
EDUCATION: Kit offers instant insights, 70

Technical Articles

COMPONENTS: Burn-in: the gain is well worth the price, 73
Monolithic converter augments ac-measurement capabilities, 79
DESIGNER'S CASEBOOK: D-a converter controls active filter, 86
Twin oscillators form intruder detector, 87

Frequency divider plus op amp approximates sine wave, 89 -
CIRCUIT DESIGN: Part 1, microprocessors use standard logic, 90
Sinusoidal clock overcomes network performance bugs, 96
ENGINEER'S NOTEBOOK: Inductor simplifies memory driver, 100
Power-supply transients kept under control, 101

Using a frequency counter to measure capacitance, 103

New Products

IN THE SPOTLIGHT: |/0 card cuts cost of peripheral links, 109
Microprocessor-controlled printer uses character wheel, 113
COMPONENTS: Line of DIP switches is expanded, 117
SEMICONDUCTORS: One-chip financial calculator cuts parts count, 123
INSTRUMENTS: True-rms panel meter has four ranges, 127
SUBASSEMBLIES: LED matrix is readable at 50 feet, 130

Departments

Publishers letter, 4
Readers comment, 6
People, 14

Meetings, 20

Electronics newsletter, 25
News update, 42
Washington newsletter, 49
Washington commentary, 50
International newsletter, 55
Engineer's newsletter, 104
New literature, 133

Electronics /January 23, 1975

Vol. 48, No. 2 * January 23, 1975

Highlights

The cover: Component burn-in pays off, 73

Using failure models, the systems builder
can calculate for himself what component
burn-in can save him in over-all costs. Sev-
eral manufacturers also testify that in-house
burn-in these days is both economical and
informative. Cover is by Art Director Fred
Sklenar.

POS price-tag standard slow to win support, 62
Though an optical-character reader font
(OCR-A) has been adopted as standard for
point-of-sale equipment, retailers are in no
hurry to accept it, and equipment manufac-
turers will probably begin conforming to it
only gradually.

Standard logic ylelds custom microprocessors, 90
A microprocessor built with high-speed
standard logic is faster and more flexible
than MOS chips and has a smaller device
count than random-logic designs. Part 1 of
this two-part article describes the three
basic elements of such a processor.

Sine-wave clock maximizes network bit rate, 96

A high-speed synchronous digital network
will transmit data faster if it uses a sinusoidal
clock signal for timing instead of the usual,
distortion-prone square-wave signal.

And In the next issue . . .

Integrated injection logic breaks into micro-

processors . . . a calculator on a substrate
. designing circuits that minimize explo-

sion hazards.
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Publisher’s letter

ur cover article this issue

presents the case for component
burn-in. That technique, which was
essential for space and military pro-
grams, now is showing its economic
usefulness in less demanding appli-
cations (see p. 73).

The whole approach is based on
the established concept that an elec-
tronic device will most likely fail
early in its life if it is going to fail at
all. The devices that survive the in-
fant-mortality stage when subjected
to accelerated aging show heart-
eningly low and steady failure rates.
The result: a final system that ex-
hibits a high degree of reliability
and a more predictable lifespan.

The economic fall-out of a high
reliability product is legion. The re-
duced cost for field repairs is an ob-
vious economic benefit. It’s harder,
of course, to put a value on other
benefits, including such important
intangibles as buyer confidence in a
brand name and the resultant will-
ingness to go out and repurchase
that brand.

Every systems designer has to

come to grips with a host of design
tradeoffs as a product works its way
to market, and component burn-in
more and more is making economic
sense in the juggling of those trade-
offs. So turn to page 73 for a de-
tailed discussion of the benefits,
methods, and dollars-and-cents pay-
offs that are the story of component
burn-in.

he start of another year finds

us at one of our traditional an-
nual chores—the preparation of the
index of articles published last year.
As in the past, a copy of the index
will be mailed to any reader who
requests it. All you have to do is
circle number 475 on the reader ser-
vice card, which you’ll find inside
the back cover.
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communications.

N.Y. 10020

We’'re looking for a communications editor

There's an exciting and rewarding career awaiting the person who can fill
this new opening on the New York editorial staff of Electronics. The suc-
cessful candidate will travel extensively, interview the people who are de-
veloping new concepts in communications systems, and write and edit
technical articles and news stories on the rapidly expanding technology of

Candidates should have at least a BSEE and substantial experience in
design of digital and analog communications equipment. Some knowledge
of microwave techniques is desirable.

If you're interested, send your résumé with salary requirements to: The
Executive Editor, ELECTRONICS, 1221 Avenue of the Americas, New York,

January 23, 1975 Volume 48, Number 2
94,180 copies of this issue printed

Published every other Thursday by McGraw-Hill, Inc. Founder
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$60.00 per year, including air freight. Limited quota of subscriptions
available at higher-than-basic rate for persons outside of field served,
as follows: U.S. and possessions and Canada, $25.00 one year; all
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your source for
digitally programmed
d-c power supplies

This, for example, is a typical digitally-controlled voltage
stabilizer, comprising a standard Kepco plug-in power
supply with the new Kepco SN Digital Interface.

The combination produces 0—100 volts,
0—-200 mA with 12-bits resolution. The
power supply is a Model PCX 100—0.2MAT
programmed by an SN—12 Digital Interface
Card mounted on a slide adapter and fitted
to a dual-slot bench style enclosure.

There are hundreds of similar Kepco Power Supplies, ranging from 0—6V @ 90 A to a model that
can produce -5000V @ 5 mA. Because they’re rated as operationally programmable, these
models can be combined with one of the five Kepco SN Digital Interfaces to produce a custom
digital voltage or current source, tailored to your needs.

The SN Digital Interface Card accepts your data input on
parallel lines, strobed for noise immunity, and stores the
data in a buffer register. For isolation, the program is
transferred across optical couplers so that your digital
signal and the power supply it controls can be up to
1000V apart.The five SN Cards offer a choice of BCD or
complementary binary programming.

The analog output from the SN Card is in the form of a 0—1V/0—10V range selected signal* that
is linearly amplified by the companion power supply to produce the desired output. In the illus-
trated combination of SN—12 and a Kepco Model PCX 100—0.2MAT, the power supply func-
tions as a fixed gain-of-ten power amplifier to produce a digitally-controlled output, 0—100V
with 12-bits (0.024%) resolution. The range selector on the SN allows the full resolution to be
spread over the lowest 10% of the output: 0—10V d-c.

SN CARDS AVAILABLE

MODEL [ RESOLUTION | LINEARITY
SN—-2 2 BCD +0.2%
SN—-3 3BCD +0.05%
SN—8 8-bit +0.2%
SN—10[ 10-bit +0.05%
SN—-12| 12-bit +0.01%

For complete specifications, write Dept. EW—14 K E p l : D 5

Electronics/January 23, 1975

*The SN Card also produces £10V & 5V outputs to control bipolar
power supplies and 0.5V, 1.0V outputs to control current stabilizers.

These SN Cards are fully self-contained digital programmers,
featuring an on-card line operated power supply. Kepco offers a
variety of housings and accessories to accommodate them to
various programmable power supplies. As many as eight cards can
be accommodated in a standard 5%’ x 19" panel.

KEPCO, INC. « 131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 « (212) 461-7000
TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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How to Design Your

Power Supply for $72

You get the complete schematic diagram,
and parts list with operating and installa-
tion instructions when you spend $72 for
an Abbott Model “RN” power supply.
Two years in development, this model
represents the latest state of the art in
power module design. It features close
regulation (0.1%), low ripple (0.02%),
automatic short circuit and complimentary
overvoltage protection and continuous
operation in a 160°F ambient.

Abbott Engineers followed specific design
criteria in engineering these modules.
First, the electrical design was carefully
engineered to insure that all components
operate well within their limits, under
“worst case” operating conditions. Second,
the thermal design, including case con-
struction, was carefully made to insure
that the maximum temperature limits of
all components are never exceeded. Then
the size and weight of these modules
were controlled to a minimum, without
sacrificing reliability. Finally these units
were thoroughly tested to make certain
that all design and performance specifica-
tions were met.

So, you can build your own power supply
using our schematic diagram if you want
to—but we think we can build it more

reliably and for less cost, simply because
we have been doing it for ten years. Put
our power supply in your system first
and try it. Examine its performance. We
think you will be pleasantly surprised at
the quality, adherence to specifications,
and the reliability you find in the Abbott
Model “RN”.

Any output voltage from 5 to 100 volts
DC with current from 0.15 to 20 amperes
is available. Many of the popular voltages
are carried in stock for immediate delivery.
Please call us for attractive O.E.M. dis-
count prices.

Abbott also manufactures 3,000 other
models of power supplies with output
voltages from 5.0 to 740 volts DC and
with output currents from 2 milliamperes
to 20 amperes. They are all listed with
prices in the new Abbott catalog with
various inputs:

60 A to DC

400 A to DC
28 VDC to DC

28 VDC to 400 A
12-38 VDC to 60 S

Please see pages 307-317 Volume 1 of your 1974-75 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 853-860 Volume 3 of your 1974-75 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

LABORATORIES,
zeneral offices

5200 W. Jefferson Blvd./Los Angeles 90016

(213) 936-8185 Telex: 69-1398

6 Circle 6 onreader service card

INCORPORATED
eastern office

1224 Anderson Ave./Fort Lee, N.J. 07024

(201) 224-6900 Telex: 13-5332

Readers comment

Stirring a hornets’ nest?

To the Editor: I am writing, as I
hope others will, to let you know
that I found the cover of the Dec.
12, 1974, issue of Electronics offen-
sive. I believe it is your responsi-
bility to encourage women to be
part of your readership, not to use
them as sex objects.
Alison Stone Ament
Falmouth, Mass.

To the Editor: Electronics passes
through my hands, as it does with
other secretaries, on its way to our
respective bosses. Please note that I
object vehemently to your Dec. 12
cover, on professional and personal
grounds. That type of cover, and
your type of publication, are cer-
tainly incongruous. The watches
could have been just as effectively
displayed, or even more so, in a
handsome case or on plain black
velvet. In this time of female activ-
ism, why do you deliberately stir up
a hornets’ nest?

Incidentally, my employer, Sey-
mour Hochman, president of this
company, concurs with these senti-
ments. Irene T. Remer

S & S Associates, Inc.
King of Prussia, Pa.

To the Editor: Unless she is in-
tended to be one of the “wares,” I
see no reason for the woman to be
present at all. If you were doing a
feature article on medical electron-
ics, would you show a naked man
with five defibrillators draped down
his chest? Her presence is sexist at
worst, or inane at best. You’ve done
many excellent covers. I hope this
one is an aberration that will not be
repeated. N. D. Wittels

Cambridge, Mass.

To the Editor: Nudes on the cover
of Electronics—that’s the last straw!
Robert H. Light
Palo Alto, Calif.
m Editor’s note: Ann Dalton, who
posed for the cover, is an experienced
free-lance artist. She has done a
number of our covers, most recently
the inflated-balloon cover for our
Western European markets issue
(Dec. 26, 1974). Readers may be in-

Electronics/January 23, 1975
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Series 05 Lighted Switch.
Treat yourself to ultra reli-
able switching in a low cost,
momentary EPB See what
pennies will buy with minia-
ture Series 05 LPB switch
priced near $.60 in quantities.
Wide LPB application. Plus
desugned for “"Function en-
able” switching modes on
computer/peripheral equlp-
ment. With Series 05, you
tactile feel upon contact ¢ o-
sure, together with long (030")
contact wipe which assures
reliable switching closures
over an extended life. Plus the
integral design—mounting
legs and housing are unitized
—eliminates extra hardware
and minimizes installation
time. And the single pole LPB
accepts the new, low cost T-1%
wedge base lamp Also avail-
able in LED, neon lamp or an

unlighted PB

h Y switch version.
25wy How sweet it is.
| See for yourself.

For information

and complete

specs, write:
# LICON, Division
lllinois Tool Works Inc,,
6615 W. Irving Park Road
Chicago, Illinois 60634. Phone
(312) 282-4040, TWX 910-
221-0275.

i LICON

The Innovatnve Electronics Group of ITW
LICON » « PAKTRON

© Wlinois Tool Works Inc. 1974




Sprague Delivers!

YOU DONT
HAVE TO TAKE
SUBSTITUTE.

THE|CAPACITOR:

Sprague’s Type 192P Pacer®...
The Dependable Low-Cost
Miniature Polyester Film Capacitor.

THE DELIVERY CYCLE:

Large Production Quantities
4 — 8 Weeks ARO on All Popular

Ratings. Off-the-Shelf Delivery from

your Sprague Industrial Distributor.

THE CATCH:

None.
Sprague Delivers Film Capacitors.

Call your nearest Sprague district office or
sales representative for complete information.

45P= 4142

SPRAGUE

THE MARK OF RELIABILITY

Sprague Electric Company,
North Adams, Mass. 01247
Tel. 413/664-4411 .

e

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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Readers comment

terested in seeing an uncropped ver-
sion of the cover set-up and in hear-
ing her view.

“When asked to pose for the cover,
I was pleased and flattered, and in no
way felt exploited. I'm sorry some
readers were disturbed by the cover,
but our intent, as artists, was to pro-
duce something different, something
eyecatching in symbolizing the ar-
ticle’s subject matter.”

Playing with dimensions

To the Editor: I especially enjoyed
The Engineer’s notebook article by
Kai Lanz [Electronics, Sept. 19,
1974, p. 126] because it brought to
mind my own experience in the
early 1960s. At the time, I was doing
research at the University of To-
ronto, conducting a study of the cir-
cuits exhibiting a negative resist-
ance.

The two-dimensional N- or S-
shaped plots of the circuits turned
out to be very complex Lissajous
figures when periodically excited to
oscillate. In trying to overcome this,
I introduced a simulated third axis,
which did create a 3-D perspective.
Later I added a fourth dimension,
time, by a grid modulation of the
CRT with a clock frequency.

With these changes, I had much
less trouble with the design of many
useful devices. But the 3-D effect
was not taken seriously by associ-
ates. Apparently it was too psyche-
delic then. J. Opalinski

Toronto, Ont.

1974 index is coming

The index of articles published in
Electronics in 1974 will be available
shortly. For a copy, circle 340 on the
reader service card.

Electronics/January 23, 1975



Avoid that
drawn-out feeling.

Bl o sl o B B o o

NN 107

Shortcuts with Kodagraph mate-
rials can save hours of drafting
time, job after job. 1. Revising a
drawing? Don'’t retrace the whole
drawing. Make a second original
on Kodagraph wash-off film. Wet-
erase unwanted details. Then
draw in the revision. 2. Need to
repeat the same design element
a number of times? Don’t draw it
over and over again. Draw it once.
Then make as many Kodagraph
film or paper copies as you need.
3. Restoring an old drawing?
Don't redraw. You'll strengthen
lines and drop out stains by making
photographic reproductions on
Kodagraph film. For more infor-
mation on photoreproduction tech-
niques, write Eastman Kodak
Company, Business Systems
Markets Division, DP5631,
Rochester, N.Y. 14650.

Kodak products
for engineering data systems

=
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Sixteen
eventeen

Sixteen kinds of 1K static RAM’s.
The incredible 2102’s. Every one is
a miracle on a chip.

And now one more miracle: $4.95 each.

Plastic, commercial temperature range, .
1000-piece quantity. Off the shelf now
from Hamilton/Avnet, Cramer and
Schweber.

Brought to you by Advanced Micro
Devices, the people who took the best
of the 2102’s and made them better.



¢
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If you'’re paying more than $4.95 for

- any part on this chart, stop.

Call Advanced Micro Devices.

Sixteen 1K Static RAM's Under *5.

Part number Power Access time Price
@5.0V @25°C
2102 300mwW 1000ns $4.95
21021 300mW 500ns $4.95
2102-2 300mwW 650ns $4.95
8102 300mwW 1300ns $4.95
8102-2 300mwW 850ns $4.95
4102 300mwW 1000ns $4.95
7552 300mwW 1000ns $4.95
7552-1 300mwW 500ns $4.95
7552-2 300mwW 650ns $4.95
2602 225mW 1000ns $4.95
2602-1 225mW 500ns $4.95
2602-2 225mW 650ns $4.95
9102 225mW 650ns $4.95
9102A 225mW 500ns $4.95
91L02 140mW 650ns $4.95
91L02A 140mW 500ns $4.95

Advanced Micro Devices 21

Corporate offices are at 901 Thompson Place, Sunnyvale, California 94086. Telephone (408) 732-2400 or toll
free from outside California (800) 538-7904/Southern California office: Beverly Hills (213) 278-9700/
Mid-America: Oak Brook, Illinois (312) 323-9600/Edina, Minnesota (612) 835-4445/Eastern United States: Roslyn
Heights, New York (516) 484-4990/E. Syracuse, New York (315) 437-7546/Baltimore, Maryland (301) 744-8233/
Lexington, Massachusetts (617) 861-0606/Britain: Advanced Micro Devices, Telephone Maidstone 52004/West
Germany: Advanced Micro Devices, Munich, Telephone (089) 53 95 88. Southern Europe: Advanced Micro De-

ices, S.A., Neuilly, France, Telephone: 747-4194. Distributed nationally by Hamilton/Avnet, Cramer and Schweber
Electronics.
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This
completely automatic
18 GHz microwave counter

costs $6,200

HP Model 5340A

Automatic transfer oscillator technology. e

Frequency measurement range from e
10 Hz to 18 GHz.

Sensitivity —25 to —35 dBm. e

Nixie® tube display. e
Floating decimal and unit annunciator. e

8 digit display resolution. e

Remote programming, BCD output, and e
rear inputs optional for systems capability.

Maximum reading rate approximately e
100/second.

Electronics/January 23, 1975
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This
completely automatic

18 GHz microwave counter
costs $3.995

EiB sutongr e —
e L RV —

——

New EIP Model 331

e The Model 331’'s Autohet™ technology
allows measurement of signals with FM
rates to 10 MHz and FM deviation to 200
MHz, something which phase-lock loop
limitations of an automatic transfer oscil-
lator preclude. Using the Model 331, you
can easily test high-density communica-
tions links and vital EW/ECM circuits
without removing them from service.

e Frequency measurement range from
825 MHz to 18 GHz.

e Sensitivity —15 to —20 dBm. Extension
to —20 to —25 dBm is a $250 option.

e Bright, non-flickering LED display.

e Sectionalized display eliminates need for
decimal positioning.

e 7 digit display resolution.

e Remote programming, BCD output, and
rear inputs optional for systems capability.

e Maximum reading rate approximately
900/second.

It'll only take us 5 minutes to prove you can get as much
microwave measurement capability out of our $3,995 EIP
Model 331 counter as you can get out of a $6,200 Hew-
lett-Packard counter. Call Rick Bush collect at (408) 244-
7975 for a demonstration. And if higher resolution, wider
frequency range, and more sensitivity are worth an extra
$2,000 to you, we make a $6,200 Automatic Frequency
Counter, too. Except ours only costs $5,675.

Electronics/January 23, 1975

EiP

EIP, Inc.

3230 Scott Boulevard
Santa Clara, CA 95050
Telephone (408) 244-7975
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From RCL.,
The World's

Largest
Manufacturer
0f
Precision/Power

Wire-Wound

Resistors

ENGINEERING
HANDBOOK,
1975
EDITION

A Military style cross-reference chart
A Heat distribution curves
A Special T.C.’s
A Typical circuitry
A Resistance temperature characteristics
A Networks - (DIPs)
A Established reliability resistors
A Low cost commercial styles
A Computer and fast rise time applications
A Vitreous enamel resistors
...and much more

Call our hotline for prompt
service and delivery.

(201) 374-3311

AMF
RCL Electronics

General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111
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Hoppe hopes to expand
to commercial markets

A time-honored approach to growth
in a sluggish economy is to ferret
out more markets to serve, and
that’s what Paul P. Hoppe Jr. is
doing. One of his first tasks as mar-
keting vice president for Amphenol
Industrial division will be to launch
a low-cost commercial connector,
aimed at the appliance, consumer,
and automotive markets.

While he doesn’t intend to sacri-
fice his company’s hold on the tele-
phone and computer markets—*“and
we’ve just scratched the surface in
these two fast-growing areas”—the
new rectangular connector will be
Amphenol’s first significant product
for the commercial market. “We’ve
been serving this market with some
old standbys—tube and relay
sockets, and printed-circuit connec-
tors—but there’s been no concerted
effort to get into the commercial
market until now,” he says.

Actually, Hoppe is quite familiar
with the new connector. In his ear-
lier job as vice president for engi-
neering at the Chicago-based divi-
sion of Bunker-Ramo Corp., Hoppe
shepherded the connector through
its development phases. It’s a ver-
sion of Yhe widely used Molex com-
mercial connector, able to mate
with, and -interchangeable with,
many competitive styles. But it
sports improvements, he claims. It’s
molded of a flame-retardant plastic,
for example, and features both
front- and rear-release capability.

Hoppe came to his present post
entirely through the engineering
ranks at Amphenol. He figures his
technical background will stand him
in good stead with customers. “As I
talk to a customer, I have a pretty
good idea what he’s looking for,” he
says. “More importantly, I know
Amphenol’s capabilities and know
what we can do to help.”

After a stint as project engineer
for Underwriters Laboratories in
Chicago, Hoppe joined Amphenol
in 1953 as a technical writer. He
held various engineering posts be-
fore being named engineering vice

Expanslon. Amphenol's Hoppe is looking to
new connector markets.

president in 1967. Underlining his
strong technical bent is a recent ap-
pointment to the executive com-
mittee of the U.S. national com-
mittee of the International
Electrotechnical Commission.
Marketing departments are tradi-
tionally responsible for profit and
loss, but Hoppe points out that,
even in his engineering roles, he’s
had his eye on the bottom line.
“When I had engineering responsi-
bility, I never felt in charge of a sci-
entific organization, but of a func-
tion that was part of a business,” he
says. “And the overriding influence,
as far as I’'m concerned, is the over-
all business, and not the specific or-
ganizations that make it up.”

Floppy disks are
on Massaro's mind

Floppy disks haven’t lived up to
their early market expectations, but
recent data-processing product in-
troductions suggest the momentum
is building (see related story, p. 59).
One company betting heavily on the
future of floppy disks is two-year-
old Shugart Associates of Sunny-
vale, Calif. And one man betting on
Shugart’s future is Donald J. Mas-
saro, its young new president.

“We started out with the idea of
building a number of OEM data-pro-
cessing products,” he says. “But
when the [business] slowdown
started coming, we realized we were
stretching ourselves too thin. So we
consolidated operations, put every-
thing else on the shelf, and are con-
centrating on floppy disk systems.”

“Floppies” will prosper, he says,
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© "Wirtual storage helped us

- handle increasing production

* while maintaining high
- standards of customer service.

Few developments so greatly enhance the usefulness of the computer as does virtual
storage. By increasing the effective or “virtual” capability of the IBM System/370 to manage

information, virtual storage opens the way to a wide range of user benefits.

Here one company reports on its experience with a virtual storage system.

Motorola’s Thomas Koch demonstrates communications
equipment at Schaumburg, Ill. division headquarters.

At Motorola, “it’s the key
to our worldwide data system?’

“We strive to maintain a tight de-
livery schedule for our customized com-
munications systems—worldwide. Our
two Model 158s with virtual storage are
the key to a worldwide data system that
helps make such quick deliveries possible’

So says Thomas Koch, manager of
international manufacturing operations
of the Communications Division of Motor-
ola at Schaumburg, Illinois. Plants in the
United States and abroad now share a
common data base for order entry, pur-
chasing and material control, with the
application running under virtual storage
at Motorola’s Chicago computing center.

*  As a result, manufacturing operations are closely adjusted to product demand, production
can be scheduled with closer tolerances and shipment dates made with assurance.

“Growthisafact oflifeat Motorola, says Koch. “We wanted to be able to handle constantly

. Increasing production while maintaining our high standards of customer service. Virtual stor-

age has been of immense help in enabling us to achieve this”

For furtherinformation, call your local IBM Data Processing Division office. Or write IBM

Corp., Dept. 83F-E, 1133 Westchester Avenue, White Plains, N.Y.10604.
Computers help get things done. IBM®

Electronics/Januarv 23 1975
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Self healing
polypropylene
capacitors
with the
lowest losses
for high
current duties

B Pulse Rise
Time 750 V/us

M R. M. S. Current
Rating 10 A max.

B Power Factor
approx. 3x10 at 16 kHz

The unique capacitor
designed for thyristor
deflection circuits in colour
television sets. Proven in
leading TV models and

in solid state equipment.

Write for our new catalogue!

WILHELM

WESTERMANN

Spezialvertrieb

elektronischer Bauelemente

D-68 Mannheim - Fed. Rep. of Germany
Augusta-Anlage 56 - P.O. Box 2345
Tel.: (06 21) 408012
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People

because they’re better than the com-
petition: cassette, cartridge-tape sys-
tems, and key punches. They are, he
says, more than 40 times faster than
cassettes or cartridges and with er-
ror rates 10,000 times lower, will
find their greatest use as low-cost,
direct-access storage devices with
terminals that use the disk mainly
for stand-alone applications.

“Our projections for this market
show that floppy disk sales will grow
from about $20 million in 1975 to
more than $90 million in 1980,” he
says. “In terms of units, the market
will grow from 51,000 next year to
about 276,000 in 1980.”

Dropout. Massaro describes him-
self as a “graduate school dropout,,
(he was working on a Ph.D. in me-
chanical engineering seven years
ago) who “sort of fell into the com-
puter business” and found that he
liked it. In the interim, the hard
driving and technically knowledge-
able Massaro has come far and fast.

After a year and a half at IBM he
moved to Memorex to work on disk
drives. Within six months he was
engineering manager of his tech-
nology group and in another six
months, director of engineering for
Memorex’s 3670 disk drive pro-
gram. He remained for three years
until 1973 when he started up Shu-
gart Associates with nine other ex-

- Memorex employees. Beginning as

manager of manufacturing, he soon
became vice president and, two
months ago, president.

The 3l-year-old executive con-
cedes much of the business will be
dominated by IBM and its floppy
disk system, but he predicts IBM’s
market share will drop from 43%
next year to about 23% in 1980. And
as IBM’s market umbrella shrinks, he
anticipates Shugart will be there
ready to spread its own.

“We were one of the first on the
market with an IBM-compatible
floppy system—the SR 900,” he says.
“That’s given us an edge we don’t
want to lose, and we’re going to do
our best to see that we don’t.”

From anticipated sales of $4 to $5
million in 1975, Massaro expects
Shugart to grow sixfold to $25 to
$30 million in sales by 1980.
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- RF switching
1o 500 MHz
in a TO-5 package

RF circuit and packaging engineers
are discovering that Teledyne TO-5
relays make excellent subminiature
rf switches for frequency ranges
up through UHF. Their reasons
are: inherently low inter-contact
capacitance and low loss contact
circuit geometry. Typical rf per-
formance: Isolation — 45db at

100 MHZ, 35db at 500 MHZ;
Insertion Loss — 0.2db at 100 MHZ, 0.4db at 500 MHZ.

And Teledyne Relays offer the widest possible selection:
MIL relays in SPDT & DPDT standard, sensitive, and
maglatch types, all available with internal diodes;
commercial models in DPDT standard and sensitive types,
also available with internal diodes. All Teledyne TO-5
relays feature hermetic sealing, gold plated contacts,

and all welded construction for high reliability.

ForTransmit/receive switching in hand-held transceivers
' or any low power remote band switching application,
: Teledyne TO-5 relays are an excellent choice. No other
t relay offers this combination of rf performance, low
coil power dissipation, and small package size.
And they’re in stock at your local Teledyne Relays
distributor. Call your nearest Teledyne Relays office
for location of your local representative or distributor.

« ‘9™ TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545

Burgstrasse 6-8, 62 Wiesbaden, West Germany Heathrow House, Bath Road, Cranford, Hounslow, Middlesex, U.K.™
Telephone: 06121-30231/2 Telex: 04-186851 (Trel-D) Telephone: 01-8972501 Telex: 935008
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Put acomplete
our system for less
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Cash in on the demand
for economical intelligent
products with Intel's inex-
pensive new 4040 CPU, 4201 -
integrated system clock,

4308 high density, low cost

@ program memory and three

. W new [/O components. Faster -
and more versatile than any -
other MOS 4-bit micropro-

@

B80S

4040 CPU
4201 CLOCK GENERATOR
4308 1Kx8 ROM & 1/0

GOOD FOR TRAFFIC CONTROLLERS, DIAGNOSTIC
INSTRUMENTS VENDING MACHINES, PROCESS
CONTROLLERS, LARGE SYSTEM PREPROCESSORS, ETC.

cessor unit, the 4040 can
totally automate a smaller sys-
tem or large portions of a big

system. Yet an MCS-40 micro-.
computer system with CPU, clock, memory and I/O costs as little as $29.95.

Many equipment manufacturers are replacing hardwired logic and bulky elec-
tromechanical assemblies with MCS-40 systems. Most moderate speed control logic
built with TTL can be replaced. The savings certificates show only a few 4040 applica-
cations. MCS-40 devices can be used with our 4004 central processor unit, too. The
4004, in production since June 1971, can lower system costs even more.

: With either CPU, -
8| you'll save develop-
8| ment time, lower
| component count |
| and reduce assembly
| costs. You'll save
8| cven more as micro-
8| computer costs de-
Daa Collectors with. | Cline while other
Disribued Inteligence || SyStem costs rise.
i b | And you'll gain -
s, Rewmourd, M| valuable insurance
conmipan B4 against product
oo e B38| obsolescence. Any
| designis easy to
e e N program and update *
with Intel's total development support, assemblers and Intellec 4/MOD 40 development
systems. Our training centers will even teach you how to use Intel microcomputers.

<

4201 CLOCK
GENERATOR
4002 RAM
4003 SHIFT
REGISTER
4308 1Kx8
ROM & 1/O

A

e e A e e e < e P i - |
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microcomputer in

than*30.

In high
volume for just
| $29.95, you can
| buy an MCS-40
| system with the
| 4040 CPU, 4308
| 1Kx8 ROM with
| four independent
[/O ports, and
4201 system clock
generator. The
| 4040 itself has 60
[l instructions,

& 7level subroutine
nesting, 24 index registers, interrupt processing, memory and 1ndex register bank
switching, single-step operation and a low power standby mode.

A few dollars more buys extra computation flexibility. Use our 4289 interface,
for example, to attach standard memory or I/O devices. And, at only $99.95 in
» quantity of one, the system | :
. with the 4702 erasable
PROM is ideal for proto-
types and low volume
production.
> At these prices, you
can even use several
microcomputers in large
systems. Knowledgeable
{ designers are putting 4040
. intelligence into new pro-
ducts at less cost than
simple-minded electro-
? mechanical parts and . e
single-minded logic cards. Write for details on the MCS-40 family and the industry's
. most extensive software support. Or call any Intel office for an appointment with our
applications engineers.
Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051 (408) 246-7501.

|nte| Microcomputers. First from the beginning.
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CABLE-BILITY
WOVEN'S FLAT GOT IT!

Ribbon Cable
IC Interconnects
Custom Harnesses

A total source for flat intercon-
nect systems, Woven Electronics
offers unlimited design capabilities
combining signal/power transmission
with specialized functions. Indepen-
dently insulated conductors give
tighter transmission control, more
protection, allow easy lead exposure.

Specify sizes, color coding,
insulations, custom break-outs without
restrictions of other cable forms.

Cable and ability. Get the best of
both from one source.

WOUEN ELECTRONILS

P.O. Box 189 Mauldin, South Carolina 29622
. 803/963-5131
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Meetings

Computer Architecture, 1IEEE, Uni-
versity of Houston, Houston, Texas,
Jan. 20-22.

Reliability and Maintainability Sym-
posium, IEEE et al., Sheraton Park
Hotel, Washington, D.C., Jan.
28-30.

Physics of Compound Semicon-
ductor Interfaces, University of Cal-
ifornia, Los Angeles, Feb. 4-6.

Wincon—Aerospace & Electronic
Systems Winter Convention, IEEE,
Aerospace & Electronics Systems
Society, Americana Hotel, Los An-
geles, Calif., Feb. 5-7.

Nepcon 75 West and International
Microelectronics Exhibition, Indus-
trial Scientific Conference Manage-
ment Inc. (Chicago, Ill.), Anaheim
Convention Center, Anaheim,
Calif,, Feb. 11-13.

 cAD/CAM IIL Computer-Aided De-

sign and Computer-Aided Manufac-
turing, Society of Manufacturing
Engineers, Hyatt Regency O’Hare
Hotel, Chicago, Ill., Feb. 11-13.

International Solid State Circuits
Conference, 1EEE, Marriott Hotel,
Philadelphia, Pa., Feb. 12-14.

Compcon Spring—Computer Confer-
ence, IEEE, Jack Tar Hotel, San
Francisco, Calif., Feb. 25-27.

Industrial Applications of Micro-
processors, IEEE, Sheraton Hotel,
Philadelphia, Pa., March 11-12.

Reliability Physics Symposium,
IEEE, MGM Grand Hotel, Las Vegas,
Nev., April 1-3.

Southeastcon ’75, IEEE, Sheraton
Center, Charlotte, N.C., April 6-9.

Intercon—IEEE International Con-
vention, Coliseum and Americana
Hotel, New York, N.Y., April 8-10.

Electronics Production and Test
Equipment Exposition, U.S. Depart-
ment of Commerce, Stockholm,
April 7-11; London, April 15-18.
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- Heres a dependable, quick-delivery source
for Zero Defect

3 High Voltage
; Silicon Rectifiers

MEETS STRINGENT ENVIRONMENTAL REQUIREMENTS.

% ® HIGH TRANSIENT VOLTAGE RATINGS.

EXTREMELY LOW LEAKAGE.

* WORKING VOLTAGE RANGE...200V. THROUGH 50kV.

If you're looking for on- time delivery of miniature and microminiature

our zero defect rectifiers since these units were first desugned for high reha bilit
night vision, lunar and aerospace applications. Their small size makes ERI

rectifiers ideal for thick film substrates, miniature power supplies, airborne
displays, CRT displays, color TV, microwave ovens and other industrial an
commercial applications where small size, reliability and superior perfori
are critical. All ERIE High Voltage Silicon Rectifiers feature conservativ
ratings, fast recovery time, fast turn-on time, wide operating tempera
high transient voltage ratings, low reverse leakage and unsurpassed
ERIE also offers double sealed, miniature Full Wave Bridge Recti
- perfect for P.C. use, with ratings up to 1000 volts per leg. So think
igh Voltage Silicon Rectifiers. Write TODAY for our new 24-pa
~ High Voltage Components and Devices.




SIEMENS

Where

J

Must Endure

In today’s competitive and fast-changing electronic world,
the word “‘quality” is frequently used. At Siemens,

quality is more than just a word. It’s a tradition. One
that’s been synonomous with the Siemens contribution to
technological progress for more than one hundred years.

To maintain this leadership, Siemens invests over two
million dollars each working day on research and
development, improving today’s products and planning
tomorrow’s. This has helped Siemens pioneer in such
components as metallized film capacitors, integrated
circuits, surge-voltage protectors, relays and switches,
semiconductors and ferrites.

To broaden its product line and strengthen its production,
Siemens has acquired Dickson Electronics Corporation—
a long respected name in zener diodes, tantalum
capacitors and hybrid circuits—and combined it with its
existing components division into the new Siemens
Components Group. The result is local availability of

over 50,000 different component configurations, all with
the highest performance characteristics to serve
industry’s needs.

Whatever your industry, if your quality must endure,
select components whose quality endures. Siemens.

To learn more about Siemens, write for our comprehensive
new brochure “Siemens in the United States.”

Siemens Corporation
186 Wood Avenue South, Iselin, N.J. 08830
(201) 494-1000
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The world of Siemens Components.

Circle 23 on reader service card




The RTO1 and RT02 interactive
terminals go where the work is. To the
warehouse, the textile mill, the stockroom,
wherever there’s data that could be logged
in a central computer.

And the people that do the work can log
the data. Non-computer people can enter
part numbers, vat levels, logged time, and
other information on our easy-to-use key-
boards. RT02 terminals will even prompt
the inexperienced operator, spelling
out on the display what information is
needed next.

The RTO1 displays up to 12 digits of
data on a numeric Nixie™display. For
non-numeric response, it has program-
mable status indicators. The 16-key pad
will output 30 ASCII characters.

Remote terminals

atdown-to-earth prices.
Involume from the Components Group.

more. A 64-character gas-discharge alpha-
numeric readout that displays up to 32
characters at once. 16-key or 58-key input.
Interactive display prompting.

Both terminals have simple displays
and few moving parts for built-in
reliability and ease of maintenance. Both
are ASCII-compatible, so you can
interface them to any computer with a
Teletype™ port. EIA modem interface
is also standard.

Our remote terminals are available in
volume from the Components Group.
And volume buying will get you some very
down-to-earth prices, starting at less
than $600.

So pick up the phone and dial
800-225-9480. Toll-free from 8:30 AM to

AN MIRET Ar b

chusetts residents, please dial
(617) 481-7400, extension 6612.)

We’re the Components Group of Digital
Equipment Corporation, One Iron Way,
Marlborough, Massachusetts 01752.

In Canada: Digital Equipment of Canada
Limited, P.O. Box 11500, Ottawa, Ontario,
K2HB8KS. (613) 592-5111, extension 127.

In Europe: 81 Route de I’Aire,

1211 Geneva 26. Telephone: 42 79 50.
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Gas shortage
may force RCA
to close plant

Intel builds 16-k
CCD memory .

. .and 4-k RAM
with 80-ns
access time

4-k Famos PROM
due from National

Rockwell starts
unit to develop
SOS for military

Japanese splice
optic cable
in the field

<Clircle 24 on reader cervice ~ard

Electronics newsletter

The RCA Electronic Components group’s color-TV picture-tube plant in
Scranton, Pa., hit by a 58% reduction in natural gas by Pennsylvania
Gas & Water Co., may have to close and furlough its 1,300 employees.
RCA has installed fuel-oil facilities to heat the plant, but needs natural
gas to operate the special furnaces that seal components into the tubes.

Look for mid-February introduction of a 16,384-bit charge-coupled-
device memory from Intel Corp. of Santa Clara, Calif. Designated the
2416, the 64-by-256 serial memory device has been placed in a stan-
dard 18-pin dual in-line package and is scheduled to be on distributor
shelves in sample quantities by the second week of February. The 2416’s
primary function will be as a low-cost semiconductor replacement for
drum and disk memories.

Intel Corp. has built a 4,096-bit random-access memory with an access
time of 80 nanoseconds—three times faster than the fastest 4-k parts
now on the market and matching the speed of the 7001-type 1,024-bit
RAMs. Aimed at buffer, cache, and scratchpad memories, the device is
fully compatible with emitter-coupled logic.

Using a silicon-gate p-channel process with the floating-gate avalanche
MOS, or Famos, technology, National Semiconductor is now supplying
a 4,096-bit programable read-only memory. Previously offered only in a
2,048-bit format by Intel Corp., which developed Famos, the denser
part has a 512-word-by-8-bit organization.

According to Bruce Moore, product marketing manager for the de-
vice, typical access time is 750 nanoseconds, and programing can be
done in only about 30 seconds. Operating from +5 and -12-volt power
supplies, the 4-k PROM, which has tri-state outputs for easy expansion
and is TTL-compatible, typically draws 28 milliamperes while oper-
ating. And it has a power-down mode specified at only 4 milliwatts.

Rockwell International has established a new organization to develop
silicon-on-sapphire and other advanced devices for military uses. The
new group reflects earlier announcements of increased emphasis on
military applications by SOS pioneer Rockwell, which has stopped most
commercial work, including that on an SOS microprocessor for General
Automation (see p. 66). Rockwell does claim substantial progress in
SOS processing, principally through innovations in masking operations.
Though reporting to the commercially oriented Microelectronic De-
vice division, the Special Device division under Robert L. Doty will
concentrate on military applications where the radiation hardiness, low
standby power, and high noise immunity of SOS can offset costs.

Japanese researchers have demonstrated a technique for splicing fiber-
optic cables outside the lab. The inability to make such splices in the
field with low loss is one of the obstacles, along with development of
light sources and connectors, to wide implementation of optical com-
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System writes

mask pattern

on photoresist

Report says
planes can do
work of ERTS

IEEE brief
accepted by court
in BART firing

Addenda

Electronics newsletter

munications systems. The researchers, from the Furukawa Electric Co.
of Tokyo, say they can splice and couple cables with an average loss of
0.29 decibel and minimum crosstalk. Bell Labs has developed a splice-
and-couple technique, still in the lab, that loses 0.1 dB, about equal to
the best results of the Furukawa method.

Electromask Inc. of Woodland Hills, Calif., is developing a pattern
generator suitable for exposing master hard-surface photomasks for 1C
production. The system, to be delivered in early summer to TRW Sys-
tems for advanced LSI work, can write directly on the photoresist used
to make chrome or iron-oxide photomasks. Current pattern generators
write on photosensitive emulsion with xenon flash tubes, but photore-
sist requires a much longer exposure time and selected light
wavelengths. Electromask uses a mercury-vapor lamp with shutter.
The master hard-surface mask is better, particularly for complex de-
vices occupying large areas, since it provides fewer defects. And any de-
fects can be removed with a laser zapper made by Electromask; emul-
sion masks cannot be corrected. The TRW system also includes two
image repeaters, one of five times for conventional contact printing,
and one of two times for projection printing. Similar systems for less
complex ICs will be for sale to other systems houses for about $300,000.

Suppliers of satellites and related electronics for the Earth Resources
Technology Satellite will suffer another heavy blow when a new Fed-
eral study receives congressional attention. Specially instrumented
high-altitude aircraft could provide more benefits than ERTS, according
to a recently completed $1.5 million Government-funded study.

An airplane-based system could save $514 million in land-use and
mineral-resource planning, compared to an estimated high of $475 mil-
lion in resources located by a series of satellites in continuous oper-
ation. The study, by Earth Satellite Corp., Washington, D.C., is ex-
pected to provide additional ammunition in the White House campaign
to dissuade congressional advocates from funding future ERTS projects.

The Superior Court of the State of California has accepted a nine-page
brief filed by the IEEE as a friend of the court that is highly favorable to
three engineers dismissed by the San Francisco Bay Area Rapid Transit
District, ostensibly for taking complaints about safety hazards outside
the normal chain of command. The statement advises Judge George
W. Phillips Jr., who is hearing the case starting Feb. 3, that in the IEEE
code of ethics, as well as codes for other engineering societies, it’s the
engineer’s obligation to call safety hazards to the attention of the client.

Texas Instruments, emphasizing its commitment to microprocessors,
will present a microprocessor design course on early morning commer-
cial TV in 17 cities. The one- week course, to start in March, will run a
half hour daily. . . . John W. Barnum is trying for the top job at the Fed-
eral Aviation Administration after the current administrator, Alexander
Butterfield, resigns under pressure this spring. Barnum is now deputy
secretary of the Department of Transportation, the FAA’s parent.
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Get all four basic types
of fixed resistors from Panasonic.

1. Hot molded carbon composition fixed resistors
from Panasonic have an extremely high degree of
resistance value stability. They are all uniform

so you can design with dependability. Solidly
built with superb appearance, Panasonic hot
molded carbon composition resists cracking, gives
you reliable performance. They are extremely small
and light to give you design flexibility. Especially
in digital circuitry where good pulse characteristics
are necessary.

2. Carbon film resistors have proven stability. The
carbon film is formed on the surface of high-grade
ceramic cores. These resistors are all grooved and
painted according to value. They have long product
life and low noise level. Their superior coating
provides excellent insulation and protection from
humidity.

3. Precision type metal film resistors have a very
wide range of operating temperatures. From —55°C
to+ 150°C. Panasonic’s precision type metal film
resistors operate within reliable resistance toler-
ances, from =1.0% to +5.0%. Panasonic’s newly
developed epoxy resin coating gives them excellent
resistance to humidity.

4. Flame-proof metal oxide film resistors are made
with superior metal oxide film.This film is formed
on heat proof, non-alkaline ceramic materials to
provide flame-proof insulation. These Panasonic
resistors deliver high frequency performance with
little current noise. Very stable, they have a maxi-
mum operating temperature of 70°C.

All are readily available. All at a reasonable
price. All made with the kind of quality that
delivers high performance. It's what you expect
from Panasonic. For more information on
Panasonic fixed resistors, fill out this coupon.
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Matsushita Electric Corp. of America, E5
Industrial Division, 200 Park Avenue, N.Y., N.Y. 10017

Attn: Roger White

[ Please send fixed resistor literature.
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presents

“THE THINKER

i

We call our DF-100 FLOPPY DISC STORAGE
SYSTEM “THE THINKER” because it has its own
microprocessor.

THE THINKER allows you to emulate any device
under the control of the operating system without a
custom made 1/0 driver.

OEM's; your interfacing problems are solved! THE
THINKER permits you to implement the emulation
of cassettes, punched cards and paper tapes without
burdening software development.

THINK of your SAVINGS in software support!

mini maximizer systems

IBM COMPAT I BLE,
INITIAL PROGRAM LOAD (IPL).
INDEPENDENT DRIVE OPERATION.

DIRECT MEMORY ACCESS (DMA).

PROGRAMMED 1/0.

Slow access systems are obsoleted by THE
THINKER's random access capabilities.

By implementing your own command set, THE
THINKER allows you to optimize disc transfers for
your applications.

THE THINKER gives you 16 bidirectional data lines
for data transfers.

Core to disc block transfers are accomplished easily
by DIVA's THINKER.

m DIVA, Inc. 607 Industrial Way West / Eatontown, N. J. 07724 Phone: 201 - 544-9000 / TWX 710 - 722-6645
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Significant developments in technology and business

First I2L processor
in four-bit design
surpasses n-MOS

Texas Instruments sampling
parallel device aimed at

low-end minis; performance
bridges n-channel—TTL gap

A bipolar microprocessor built with
integrated injection logic is being
made available by Texas Instru-
ments in sample quantities. Aiming
at the low-end minicomputer mar-
ket [Electronics, Nov. 14, 1973, p.
29], T1 has put all the circuitry for a
full 4-bit-slice microprogramable
parallel processor into a single-chip,
40-pin package that surpasses the
performance of existing metal-oxide
semiconductor products.

The new device, the model SBP
0400, is directly expandable into
any 4-bit multiple system. Its per-
formance falls between 8-bit
n-channel MOS microprocessors and
2-bit-slice Schottky transistor-tran-
sistor-logic processors. Thus, appli-
cations for the 0400 range between
relatively small controllers and the
high performance and high speed of
minicomputer-based multicontroller
and process-control systems.

It’s suited for such middle-range
jobs by virtue of an execution time
that’s up to five times faster than
can be attained with n-channel de-
vices. And although it is slower than
Schottky systems, the I’L processor
with its equivalent of more than
1,450 gates is twice as complex as
the Schottky device. What is more,
it operates at one-tenth the power
and at significantly lower cost.

Design. TI designers used a non-
isolated form of injection logic in
this first microprocessor design, as
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Expandable. Texas Instruments’' SBPO400 can be built into a fully microprogramable n-bit
microcomputer using a control ROM, sequencer, |/0 interface circuits and memory.

opposed to the isolated I’L struc-
tures used in linear and watch cir-
cuits. The nonisolated design elimi-
nates the need for active pn-
isolation regions that consume valu-
able chip area, which in turn per-
mits high functional density. Per-
haps most important, TI’s
nonisolated I2L process offers a low-
power bipolar process suitable for
LsI designs. Typical propagation
times of 110 and 530 nanoseconds at
power dissipations of only 128 milli-
watts are possible with the 0400.
With this bipolar processor, TI is
aiming not only at the low-end
minicomputer market, but at stand-
alone controller applications as well.
The fully-microprogramable and
expandable design of the 0400
makes it ideal for emulating many
of today’s 16-bit minicomputers
with a system requiring fewer than
20 packages, excluding memory. Be-
sides four 0400 chips, all that’s

needed for the processing section is
four control read-only-memory
packages, a sequencer, two interrupt
packages, seven input/output cir-
cuits, and three clock drivers. By
comparison, standard hard-wired
designs require well over 100 stan-
dard transistor-transistor-logic pack-
ages. And most important, the new
LSI design will require no new soft-
ware investment.

Flexible. Primary among the
0400’s architectural features are:
® Full parallel access available to
control, data, and address 1/0.
® Symmetrical arithmetic/logic unit
with 16 operations, implemented
with full-carry look-ahead.
® General register file of 8-words,
including program counter with in-
crementer.
® Two 4-bit working registers for
both single- and double-length op-
erations.
® Scale-shifting multiplexers with
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end conditions handled on the chip
itself.

® On-chip control transformation,
generated by a factory-programable
logic array.

The programable logic array
(PLA) for program control replaces
the usual ROM program. The PLA,
with its large 170 capability makes
available a standard repertoire of no
fewer than 512 one-clock oper-
ations. Unlike processor elements
containing fixed-instruction sets, a
user has available virtually any in-
struction set he needs. This means a
single device type can be applied to
a wide range of applications, from
microcontrollers to multiprocessor
systems. O

Business

Air freight rates
hit IC producers

Already faced with severe threats to
their profitability, semiconductor
makers were dealt another blow last
week when the Civil Aeronautics
Board approved increases in air-
freight rates ranging as high as 60%
between U. S. and north/central Pa-
cific production sites. The rates, pro-
posed by the International Air
Transport Association (IATA), which
represents most major airlines, will
become effective Feb. 13.

Several semiconductor firms had
tried for months—either through
Wema, an electronics industries
trade association, or indepen-
dently—to get the CAB to disapprove
IATA’s proposed rate boost, arguing
at length that any increases at this
time would increase some manufac-
turers’ trans-Pacific shipping costs
by $1 million or more annually.

But in its order, the CAB says that
it has “carefully considered the
shippers’ contention that the rate in-
creases on electronic parts would be
unduly sharp, could not be ab-
sorbed by the shippers or passed on
to the ultimate customer, and will
result in potential losses of traffic to
IATA carriers. We cannot find, how-

30

ever, that these assertions warrant
disapproval of the agreement.” In
response, a spokesman for Simat,
Helliesen & Eichner Inc., a New
York City transportation consultant
hired by Wema last year to help
fight the rate hike, stated: “All this
means to me is that the board didn’t
believe anything the (semicon-
ductor) industry told them.”

The CAB says that presently effec-
tive electronic parts shipping rates
are “clearly insufficient even to en-
able the carrier to break even” on its
U.S. to north/central Pacific traffic.
Semiconductor shippers, however,
disagree with this position, stating
that the air carriers have yet to fully
justify the proposed increases over
the routes.

Rejection. While apparently go-
ing along with IATA’s contention
that such increases were cost-justi-
fied, the CAB nevertheless turned
down a separate proposed general
increase of 8% in cargo rates to the
same Pacific area for all commodi-
ties—including everything from elec-
tronics to fruits and vegetables.

Not surprisingly, industry sources
reacted sharply to the board’s order.
Charles B. Kovac, vice president
and general manager of Rockwell
International Corp.’s Micro-
electronic Device division, Ana-
heim, Calif., says he is “disap-
pointed” by the board’s decision.
“In today’s competitive world envi-
ronment, the last thing American
semiconductor manufacturers need
is a freight-rate increase.”

Cooperation proposed. Eben S.
Tisdale, Wema’s vice-president for
government affairs, in Washington
to discuss responses to the CAB deci-
sion with the association’s attorneys,
says several semiconductor houses
are already discussing the estab-
lishment of cooperative charter
flights to such production points as
Malaysia to avoid the new higher
rates.

National Semiconductor Corp., in
fact, through Wema, had told the
CAB that it is exploring greater use
of non-IATA carriers and of air char-
ters, as well as leasing or buying a
company aircraft to ship its prod-
ucts. National also said it already

ships some 35% of its parts by sea,
adding that as air-freight rates in-
crease, the balance edges in favor of
sea cargo.

Alternatives for semiconductor
firms, says Tisdale, include petition-
ing the CAB for reconsideration and
filing a complaint with the U.S.
Court of Appeals. “But since the
board voted unanimously against
us, it probably wouldn’t be terribly
productive to go back to them,” he

says. O

Military

F-16 avionics seen
topping $1.6 billion

When the Air Force picked the
General Dynamics Corp. F-16 as
the winner in its lightweight tactical
fighter competition, it launched an
avionics market estimated at $1.67
billion over the next decade. The
General Dynamics single-engine en-
try won last week following a com-
petitive fly-off and technical eval-
uation against Northrop Corp.’s
twin-engined YF-17.

The Air Force order for an initial
650 F-16s could go to 1,000 during
the next 10 years. And the Navy is
in the market for 800 lightweight
fighters. Its decision will come in
several weeks. Also included in the
market are projected orders for 350
lightweight fighters from a consor-
tium of four European NATO na-
tions, and hundreds of others from
“third-world” countries of the
Middle East and Asia. In sum, as
many as 3,000 lightweight fighters
may be ordered over the next 10
years, according to Air Force Secre-
tary John L. McLucas.

While the Air Force decision has
handed General Dynamics an
enormous piece of the pie, competi-
tion for overseas orders remains.
Also being considered are the YF-
17, the F-1 M-53 Mirage, made by
France’s Dassault, and, a much less
likely candidate, the Viggen, pro-
duced by Saab of Sweden. The
NATO group, comprised of Bel-
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Flying high. The 750-pound avionics package aboard each General Dynamics F-16 light-

weight tactical fighter for the Air Force may cost roughly $750,000

gium, Denmark, Norway, and the
Netherlands, should make a choice
within three months.

McLucas has Pentagon support to
persuade the Navy to pick the F-16.
In that case, few European nations
are expected to choose the YF-17.

In winning the Air Force award,
General Dynamics’ Convair divi-
sion, Fort Worth, Texas, will receive
a $417.9 million fixed-price contract
for 15 engineering development
models of its single-seat fighter.
United Aircraft’s Pratt & Whitney
division, East Hartford, Conn., will
get $55.5 million to produce the
planes’ F-100 engines. This pow-
erplant is the same as that used in
the Air Force F-15, being built by
McDonnell Douglas, and was a key
factor in the lightweight fighter
choice, says McLucas.

So was the F-16’s performance,
and the Air Force’s projection that it
would cost less to develop a produc-
tion model than the YF-17.
McLucas says the price per plane
will be $6.7 million for the 650
planes, including some $548 million
for research and development. Not
counting R&D, cost per plane will
be $4.6 million. For the Northrop
YF-17, total cost would be $7.7 mil-
lion per plane, with production costs
accounting for “about $5 million
per aircraft,” he says.

Avionics. By making General Dy-
namics its choice, the Air Force ex-
pressed confidence in digital “fly-
by-wire” technology and will make
the F-16 the first U.S. production
fighter to have electronic flight con-
trols instead of electromechanical
cable systems.

Excluding weapons systems, the
F-16’s nine-part avionics package
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will run to “about 750 pounds and
costs roughly §$1,000-per-pound,”
according to an Air Force official. In-
cluded will be a UHF/VHF radar, to
be chosen late this summer follow-
ing tests of competitive models
being developed by Westinghouse
Electric Corp., Baltimore, Md., and
Hughes Aircraft Co., Culver City,
Calif.

Nearly 150 of the other subsys-
tems for the Air Force version will
also be subcontracted. The key elec-
tronics packages and their potential
suppliers include:

m Central air-data computer:
Sperry Rand Flight Systems divi-
sion

m Fire-control computer: Litton
Systems Inc., General Motors’
Delco Electronics division, or IBM.

® Inertial navigation set: Litton In-
dustries, Delco, or Singer-Kearfott

® Tacan system: Collins Radio or
General Dynamics

® Countermeasures pod and con-
trols: Westinghouse Electric Corp.

m Head-up and radar electro-optic
displays: Kaiser Aerospace & Elec-
tronics or Marconi Elliott of Britain

® Radar threat warning system:
Applied Technology or Dalmo Vic-
tor

® [FFcontrol: Hazeltine Corp. [

Packaging & Production

Thin-clad board gets
extra protection

A Swedish company has found a
new way for preventing the undesir-
able undercutting that occurs when

lines are chemically etched on
printed-circuit boards. Lines as nar-
row as 10 micrometers are possible,
says the manufacturer, Perstorp AB.

Perstorp offers printed-circuit-
board laminates to which an ultra-
thin—5-micrometer—layer of copper
is attached. This fragile layer is first
fastened to an aluminum foil for ex-
tra strength, and the combination is
attached to the circuit-board lamin-
ate. Then, once the aluminum foil
is stripped off, the circuit pattern is
created and the user plates up the
conductor pattern to the height
desired.

Marketed under the trade name
of Utece, the laminate should find
military and commercial appli-
cations where fine line widths are
needed for high packing density.

Easy handling. The normal thick-
ness of copper on printed-circuit
boards is 35 pm, although thick-
nesses of down to 18 pm are avail-
able. But the thinner copper creates
handling problems that affect both
the laminator and the user. Perstorp
solved this by first electrolytically
plating the 5-um thick copper onto
aluminum foil. The foil serves first
as a temporary carrier and later as a
protector. The copper-aluminum
layers are then bonded to a high-
grade epoxy glass laminate, with the
aluminum layer on the outside of
the board.

The coated board is shipped to
the user who drills and processes it
conventionally. Perstorp says that a
major processing advantage for the
user is that the normal drilling burrs
that occur are confined to the alumi-
num layer. This means that users
can eliminate the standard mechan-
ical deburring. The aluminum is re-
moved by dipping the board into a
caustic soda solution. Perstorp also
offers a peel-off type.

Goeran Friberg, Perstorp techni-
cal sales manager, points out that
the circuit pattern on a standard
5-by-10-inch circuit board with nor-
mal line width and spacing of 0.015
inch covers 25% of the board. How-
ever, the ultra-thin copper-clad lam-
inate will easily yield line widths
and spacings down to 0.01 in., and
the circuit pattern will cover 40% of
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the board, Friberg says. He also
claims that his board reduces the
manufacturing rejection rate for 10-
mil line widths to about 5%, com-
pared to the usual 10% to 15%.

Moreover, with higher density on
the boards, designers may be able to
avoid using multi-layer designs, he
continues. Another advantage he
cites is that with thinner copper, the
uniformity of copper in the holes
and on conductors is improved.
Etching time is also reduced, and so
are the risks for breakdown of the
chemical photoresists.

The ultra-thin clad material is not
cheaper than normal boards. The
price in Sweden is about 30% above
conventional boards with plating on
both sides. However, Friberg says
that reduced rejections, elimination
of deburring, cutting down on et-
chant and reclaiming costs—plus im-
proved packaging possibilities—will
more than make up for this cost. [J
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Furnace. Water jacket on melt forms con-
tainer in which molten material can reach
exceptionally high temperatures.

Cooling shell
superheats materials

“It’s like a volcano in the labora-
tory,” says Joseph F. Wenckus, pres-
ident of Arthur D. Little Inc.’s new
division, Intermat Corp. He’s refer-
ring to an induction furnace devel-
oped in the Soviet Union but being
introduced in this country early this
year by Intermat, which achieves
exceptionally high temperatures by,
paradoxically, cooling the exterior
of the molten material. The cooled
material forms a shell or “skull”
that supports the rest of the melt
and keeps it out of contact with the
surrounding container.

For the semiconductor industry,
the furnace will produce purer ma-
terials than have been possible in
the past. For example, contamina-
tion that occurs in conventional
Czochralski-type crystal-pulling fur-
naces because the melt contacts the
supporting crucible walls is elimi-
nated. Moreover, the melt tempera-
ture is no longer limited by the char-
acteristics of the crucible.
Temperatures as high as 2,800° C
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have been obtained, considerably
above the 2,000° C limit of conven-
tional induction-heating furnaces,
Wenckus points out.

The periodic table of the chemical
elements is big, “and this new tool
allows a big chunk of it to be ex-
plored,” says Wenckus. “It allows us
to melt materials that have never
been melted before.” And the high
temperature can be achieved in
cheaper crucibles—a skull crucible
costs $15,000 compared to $90,000
for an iridium crucible.

Potential. Wenckus says it is al-
most impossible to tell what new
materials and applications might re-
sult from skull melting, but he has
some ideas. It might be possible, he
conjectures, to produce new types of
single-crystal ferrites, grown in oxy-
gen under pressure of 10 to 100
atmospheres. And the furnace could
be used to work with oxides of tho-
rium and beryllium that melt above
2,000° C. This gives the potential,
Wenckus points out, to make sub-
strates with improved thermal con-
ductivity and dielectric properties.
Also, refractory glasses and ceram-
ics might take different forms, once
exposed to the high temperatures of
the new furnace, Wenckus says.

Intermat’s skull crucible is a cage
of vertical copper tubes and a cop-

per baseplate 4 inches high and 2 7
in. in diameter, through which cold
water circulates. A quartz tube
around the crucible holds in the ma-
terial to be melted. Induction heat-
ing is supplied by a radio-frequency
coil wrapped around the quartz. An
rf power supply with a 50-kilowatt
output at frequencies of 3 to 8
megahertz is used. A feedback sys-
tem monitors the rf current to con-
trol precisely the balance of heat
loss and heat generation.

Development. Originally devel-
oped at the P.N. Lebedev Physical
Institute in Moscow, the skull-melt-
ing technique is being used by the
Soviets to grow new crystals for la-
ser applications and crystals for gem
and jewelry applications. It has also
been used to grow crystals of zirco-
nium up to 6 inches long; in the
U.S. using conventional techniques
zirconium is produced in chips only
a few millimeters on a side, accord-
ing to Wenckus.

Intermat was recently formed to
increase the effort to sell the high-
pressure induction furnaces that Ar-
thur D. Little had been selling since
1962. Sales are about $1 million
yearly and the skull furnace is the
company’s first new product. Also
coming early in the year will be a
system to automatically control
crystal diameters and a high-pres-
sure reactor for polycrystalline gal-
lium phosphide. O

Consumer electronics

Calculators abound
at Chicago show

“I’m walking around hoping I won’t
be surprised,” said Charles E.
Sporck, president of National Semi-
conductor Corp., Santa Clara,
Calif.,, as he surveyed exhibits of
calculators at the Consumer Elec-
tronics Show in Chicago. “So far, I
haven’t been.”

Indeed, there were few surprises
at the early-January show. Faced
with what appears to be a seasonal
business, most major calculator sup-
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Now, Datanetics guarantees every DC-50 Series Key Switch for
as long as your customers own your equipment! If a DC-50 Series
Key Switch fails to function properly, we'll replace it - regardless
of the number of closures it has performed.
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pliers seemed content to flesh out
their lines with new low-end and ad-
vanced models. Novus, National
Semiconductor’s consumer-products
division, in fact, brought 14 new cal-
culators to Chicago. They ranged in
price from $14.95 to $169.95 for a
slide-rule model. And Rockwell In-
ternational Corp. nearly doubled its
line with five new entries. Texas In-
struments and Litronix Inc. filled
one of the few vacant spots in the
so-called ‘“‘dedicated” calculator
market, formally introducing new
statistical models.

The new models, wide-ranging in
both price and features and backed
by national-advertising programs,
prompted considerable discussion
concerning the survivability of the
lesser-endowed suppliers, the non-
vertically-integrated companies that
don’t make their own components.

“Inevitably,” says H. Donald Nel-
son, marketing vice president of
Rockwell’s Microelectronic Product
division, “the companies that have
the right combination of marketing
expertise, manufacturing, and R&D
capability, as well as cash on hand,

Electronics Index of Activity
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B8 Industrial-commercial electronics
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Bl Defenseelectronics
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Oct. '74*

164.5 166.2 152.9
133.6 138.4 153.6
113.0 118.7 95.4
131.8 136.2 122.4

Nov. '73

In November, the total industry index nosedived, dropping 3.2% to its
lowest point since November 1973. Largest decline was in the defense
sector which fell 4.8%, but this index remained 18.4% above last year's
level. The consumer sector fell for the third straight month. Its 3.5% de-
cline left it 13% below last year's level. The industrial-commercial sector
declined 1% below October's level, still up 7.6% from a year ago.

Indexes chart pace of production volume for total industry and each segment. The base period,
equal to 100, is the average of 1965 monthly output for each of the three parts of the industry
Index numbers are expressed as a percentage of the base period. Data is seasonally adjusted.

*Revised
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will cause the marginal companies
to seek a more profitable use of their
talents.” Nelson was recently named
chairman of the Electronic Indus-
tries Association’s Consumer Elec-
tronics group’s Calculator division.

Gene Landrum, Novus general
manager, put it more succinctly: “If
we don’t make at least 70% of the
content, we don’t play. I want an
unfair advantage.”

Nelson foresees a ‘“‘profound
shakeup and settling out in the cal-
culator business” in 1975. “For
those who survive,” he says, “there
will be two choices. They can be
light on their feet and feed off the
present market, or stay in the fore-
front with new technologies to im-
prove the product and also develop
new markets for those tech-
nologies.”

But suppliers like General Instru-
ment Corp. and Casio Inc. indicated
they could generate interest among
assemblers and dealers alike with a
little innovation in products.

Modules. GI's Microelectronics di-
vision in Hicksville, N.Y., which al-
ready supplies 37 calculator chips to
major calculator assemblers, offered
four modules, each containing the
electronics required to produce a
calculator. The new modules in-
clude an MOS LSI chip, light-emit-
ting-diode display, driver chip, and,
when necessary, passive compo-
nents. Presumably, the assembler
needs to worry about only the 9-volt
battery, keyboard, and case.

Peter A. Lesser, the GI division’s
marketing vice president and gen-
eral manager for calculator prod-
ucts, says that, initially, GI will mar-
ket modules with four functions and
percent, four functions with
memory, five functions plus
memory, and a slide-rule calculator.
Lesser adds that it is too early to dis-
close prices, but claims the cost-ef-
fectiveness of the finished modules
will strengthen the nonvertical sup-
plier’s competitive position against
the semiconductor firms in the cal-
culator market.

Casio, meanwhile, introduced a
new hand-held calculator with an
impact printer and 8-digit display.
The heart of this unit, which has a
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the first stable, plug-in, VHF UHF modules

Stability — staying power under extreme con-
ditions. Temperature. Drive. Voltage. Source and
load mismatch. Now Motorola announces the
broadest line of stable, rugged RF modules for
plug-in between 146 to 174 and 400 to 512 MHz.

All the technology that’s made us first in
discrete RF makes us first in modules: Computer-
designed geometry for maximized efficiency, gain
and repeatability...MOS caps...deposited thin
film resistors for improved reliability over
Nichrome chip resistors...“CQ" devices for
enhanced bandwidth and input impedance.

And they're complete. They reduce design
and production to a new level of ease. One pur-
chase, one inspection, one qualification, one piece
part, one inventory, one plug-in. No field tuning.
» Reduced service inventory.

Two years of concentrated environ-
mental testing including 9 million, no-failure,
ON-OFF device-cycles and 10-day,

30-day and 5,000-hour MIL/DIN humidity tests
indicate reliability. An extra measure of
conservative rating ensures it.

146-174
146-174

101-1 | 400-440 7.5
MHW401-2 | 440-470 7.5
| MHW709-1 | 400-440 125
'MHW709-2 | 440-470 12,5
| MHW709-3 | 470-512 12.5

400-440 12,5

MHW710-1
MHW710-2 | 440-470
470_512 , 3.0 1 ‘ .

Send for data sheets and Enginee'ring Bul-
letins EB-8, EB-18 and EB-23. Design in stability
for yourself...Box 20912,
Phoenix, AZ 85036.

from Motorola, the le‘producer.
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FREE! FAST FACT-FINDER!

New KEMET® Capacitors
Condensed Catalog.

We've packed a lot of information on Solid
Tantalum, Monolithic Ceramic and Precision
Thin-Film Capacitors into the new 1974 KEMET
Capacitors Condensed Catalog.

And we've included a handy tabbed index that
lets you find the right capacitor fast.

Just flip to the section covering the generall
category you need, and you'll find condensed
tables and neat performance curves to guide
your selection.

Save time with the all-new, totally revised KEMET
Capacitors Condensed Catalog. Rush coupon
for your free copy!

If coupon is missing, just send your request
to KEMET Catalog, Union Carbide Components
Dept., Box 5928, Greenville, SC 29606.

KEMET is a registered trademark of Union Carbide Corporation
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l UNION
. CARBIDE

=

COMPON

ENTS DEPARTMENT

B PO Box 5928, Greenville, SC 29606

l | need KEMET® Capacitors data in a huny.
l Please rush me your new Condensed Catalog.

Name

l Title

l Company
l Address

l City

State Zip
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As expected,

TV-set makers expect slight sales drop

few television-receiver manufacturers exhibited at the
semiannual Chicago Show. But with what passes for optimism in that indus-
try these days, TV-set manufacturers who did attend predicted 1975 sales
to dealers will be level with or only slightly below the 1974 figures. Fore-
casts for 1975 ranged from 7.5 million to 8 million color sets and from 5.6
million to 6 million black-and-white units.

“All manufacturers are afflicted by a lack of profitability on the manufac-
turing level,” says J. Dan Dougherty, executive vice president of Zenith
Sales Co. ‘'The net result will be an all-out effort to improve technology, but
only that which will yield lower costs and higher reliability."

That spells gloom for such big-ticket electronics as digital tuning. ‘‘Major
innovations and major product moves are not in sight this year,”’ adds Rob-
ert McCarthy, vice president for video products at GTE Sylvania, which now
also sells the Philco label. ‘““We just can’t afford radical changes and new
technologies in a year where the goal has got to be sales volume.”

suggested retail price of $129.95, is a
pulse-generator circuit that controls
a spoked print wheel. The wheel is
inked continuously by a cartridge as
a reel of %-inch paper tape with a
capacity of 14,000 characters passes
between the print wheel and impact
hammer. The flip of a switch makes
the choice of printing in algebraic
logic all entries or only intermediate
and final answers. O

Components

C-MOS chip is
10-bit a-d converter

Analog-to-digital converters deliv-
ering 10-bit accuracy have here-
tofore been multi-chip devices, but
Analog Devices Inc., of Norwood,
Mass., has unveiled the industry’s
first 10-bit monolithic a-d converter.
And it’s a complementary metal-
oxide-semiconductor device, mean-
ing low power consumption.

The model AD7570L is available
in evaluation quantities and is
priced at $69, at least $20 less than
competitive 10-bit hybrid units. Pro-
duction quantities should be avail-
able in about 20 weeks. By that
time, the unit will also be fully spec-
ified for worst-case ratings and typi-
cal dynamic performance.

The AD7570L is a successive-
approximation converter. It offers a

Electronics/January 23, 1975

typical total conversion time of 20
microseconds when run at a clock
rate of 0.6 megahertz. However, this
initial specification is conservative,
notes George Krautner, assistant
marketing manager at the Santa
Clara, Calif. facility where the con-
verter is being produced. Krautner
says it is likely that conversion time
can be cut to 13 ps for a 1-MHz
clock.

Blocks. Essentially, the chip can
be thought of as three major func-
tional blocks: one is a 10-bit mul-
tiplying digital-to-analog converter,
which includes its own on-chip thin-
film resistor network; the second
block is the successive-approxima-
tion logic; and the third is a three-
state logic output designed for easy
interfacing with a microprocessor.

The AD7570L also includes its
own internal clock. To operate, the
converter requires only an external

comparator, a *10-volt dc reference
source, and a 15-v dc supply. If
transistor-transistor-logic compati-
bility is desired for input and output,
a 5-v logic supply is needed, too.

Quiescent power consumption is
20 milliwatts, and the maximum
gain temperature coefficient is 10
parts per million of full scale per de-
gree celsius, over the range of 0°C to
75°C. Both parallel and serial data
output lines are provided.

The silicon-nitride-passivated
chip is housed in a 28-pin ceramic
dual in-line package. An eight-bit
version, the model AD7570]J, is also
available, and except for resolution
it offers the same features and per-
formance as the 10-bit unit. The cost
of the eight-bit device is $52 in
quantities of 1 to 49. O

Commercial electronics

Funds transfer gets
new cash control

In these days of tight money and
high interest rates to borrowers,
companies are not only trying to
speed deposit of invoice payments,
but can now obtain daily informa-
tion of the amount of cash sitting in
their bank accounts.

This computer service is being
offered nationwide by National
Data Corp., Atlanta, which has pre-
viously set up credit authorization,
credit card billing, and deposit re-
porting systems. The new Cash

Monolith. Ten-bit a-d converter from Analog Devices puts three separate functions on a
single C-MOS chip. Evaluation quantities of the part cost $69.

SUCCESSIVE

APPROXIMATION
LOGIC
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Control System, as it is called, gath-
ers information at the end of each
day on cash balances and account
activity at multiple bank locations
in the U.S. and Canada. It also pro-
vides subscribers with immediate
access to that information—even-
tually by way of a cathode-ray tube
terminal at each subscriber’s desk.
Set to go into trial operation in
March, the service will be available
nationally in April, and the CRT ter-
minals will be offered in May. In ef-
fect, users get a daily bank state-
ment, but with all accounts on one
document. Other reports provided
by the Cash Control program in-
clude one that identifies current bal-
ances by location and recommends
the sums that should be transferred
to achieve optimum use of cash; a
transfer report that summarizes the
funds transferred to and from each
bank account; and a service costs
comparison report that pinpoints
services performed by the banks. []

Solid state

Nonvolatile memory
relies on bismuth

With bismuth titanate substituted
for the more common nitride gate
insulator, a nonvolatile MOS
memory being developed in Japan
promises operation at lower voltages
and currents than other nonvolatile
devices. The basic feasibility of us-
ing such a ferroelectric insulator has
been established in prototype tran-
sistors at the Central Research Lab-
oratory of Nippon Electric Co., and
the effort is now turning to fabrica-
ting integrated circuits.

Tests indicate that the number of
on-off cycles is unlimited. No
change in characteristics was noted
after more than 105 power cycles,
and the polarized state of the gate
film proved to be quite stable. There
is a slight decay of the on conduc-
tance initially, but no change of the
off current. The write and erase cur-
rents are essentially equal to the
gate-capacitance charging current;

38

News briefs

Solarex develops 1-ampere solar cell

Solarex Corp. of Rockville, Md., says it has produced a 3-inch-diameter so-
lar cell disk capable of producing more than one ampere of current per cell.
The cell, according to Solarex, is about 10 times as powerful as the individ-
ual solar cells used on most satellites.

System/32 from IBM combines new components
IBM's recently announced System/32, a small computer aimed at industrial
and commercial applications below the level of the company’s System/3
computers, combines several relatively new components, although each of
them has previously appeared in an IBM product. The components include:
m A semiconductor random-access memory, using 2-kilobit n-type metal-
oxide-semiconductor chips to provide 16,000 bytes of storage.
® A magnetic disk storing 5 million bytes that uses a newly designed pivot-
ing-type data-access head, rather than the common radial-motion head.
This results in less head movement and higher mechanical reliability.
® A small cathode-ray-tube display for operator instructions and inquiries
that can show six lines of 40 characters each from a 64-character set.
m |BM'’s floppy disk for data entry.

All circuits, including the semiconductor memory, fit on 24 circuit boards.
The system rents for $770 to $1,000 per month on a three-year lease or
sells for $33,000 to $40,000, depending on the program.

Sanders Associates files antitrust suit against IBM

Sanders Associates Inc. of Nashua, N. H., has filed its delayed antitrust
complaint against IBM Corp., seeking relief and damages in excess of $255
million, for losses that include the $19.1 million in red ink recorded by Sand-
ers in fiscal 1974 [Electronics, Sept. 19, 1974, p. 38]. Sanders, which said
in September that it was planning to file its suit within 30 days, delayed its
filing to study the Justice Department’s suit against IBM. Sanders states that
IBM *‘exploits its control over compatability to exclude competition from in-
dependent display-terminal manufacturers.”

Litton predicts 25% boost in microwave-oven market in 1975

Industry sales of home microwave ovens this year will increase 25% over
1974, exceeding 900,000 units, predicts William W. George, president of
Litton Industries’ Microwave Cooking Products subsidiary. This represents
a retail market of $360 million, says George. ‘‘Last year's sales were up
65% over 1973, in sharp contrast to other major cooking appliance sales,
which were down about 15% from 1973 levels.”

U.S. Army to procure Roland missile

In what amounts to one of the largest procurement programs involving a
non-American weapons system, the U.S. Department of Defense has
picked the German/French-developed Roland anti-aircraft missile system
for the U.S. Army. An initial $108 million has been appropriated to get pro-
duction under way at Boeing Aerospace Co., which will supply the vehicle
and some electronics, and Hughes Aircraft Co., which will build the missile
and radar.

Roland, a development by West Germany's Messerschmitt-Boelkow-
Blohm GmbH and France's Aérospatiale, is a mobile weapons system de-
signed for defense against low-flying planes. First tests and deliveries are
scheduled for 1977.

Texas Instruments and Honeywell cut more workers

After ending 1974 with 66,000 employees, down from a mid-year 78,000,
Texas Instruments said early this month it would lay off an additional 9,000
in the first quarter of 1975. Lower incoming order rates was the reason
cited. And Honeywell Information Systems plans to cut back about 4%, or
800 people, in the next six months.
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COMPLETE

DIGITAL LOGIC INPUTS —
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(Simplified Schematic for

ANALOG GROUND

mono DAC-O2 Shown)

A complete 10-Bit plus Sign D/A Converter on a single
chip! No need to add complex external precision voltage
references or output operational amplifiers . . . it's all
there, tested and ready to go . . . and, every device is
100% tested for monotonicity at 0°, 25° and 70°C and
receives a 72 hour high-temperature powered burn-in
to insure the ultimate in quality and reliability. The
monoDAC-02’s flexible Sign/Magnitude coding allows
use in both unipolar and bipolar applications and the

logic inputs are compatible with TTL and CMOS levels

. external reference capability further broadens ap-
plication versatility. The monoDAC-02 provides fast 1.5
usec settling, low 225mW power consumption and puts
it all together in a compact 18-pin DIP . . . and the best
part of the story is monoDAC-02’s new, lower prices . . .
they’re waiting for you at your Precision Monolithics
stocking distributor . . . call him today!

~ monoDAC-02CCU1
noDAC-02BCU1

10-bits - sign
io-bits -+ sign
10-bits + sign
10-bits | sign

NPRECISION
MONOLITHICS

INCORPORATED

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050
TEL. (408) 246-9225 * TWX 910-338-0528 ¢ CABLE MONO
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AUTHORIZED DISTRIBUTORS:

NEW YORK METROPOLITAN AREA Harvey Radio, Woodbury, N.Y.: (516) 921-8700 « NEW ENGLAND AREA Gerber
Electronics, Dedham, Mass.: (617) 329-2400 « UPSTATE NEW YORK Harvey Federal Electronics, Binghamton,
N.Y.: (607) 748-8211 » NORTHEAST Newark Electronics, Woburn, Mass.: (617) 935-8350  BALTIMORE-WASH-
INGTON Whitney Distributors, Baltimore, Md.: (301) 944-8080 « PENNSYLVANIA Hallmark Electronics, Huntingdon
Valley, Pa.: (215) 355-7300  Pioneer/Pittsburgh: (412) 391-4846 « MICHIGAN RS Electronics, Detroit, Mich.: (313)
491-1000 » SOUTHEAST Kirkman Electronics, Winston-Salem, N.C.: (919) 724-0541 « EAST CENTRAL Pioneer/
Cleveland, Cleveland, Ohio: (216) 587-3600 « Pioneer/Dayton, Dayton, Ohio: (513) 236-9900 » CENTRAL Hallmark
Electronics, Elk Grove Village, Ill.: (312) 437-8800 ¢ Minneapolis, Minn.: (612) 884-9056 ¢ St. Louis, Mo.:
(314) 521-3800 » TEXAS-OKLAHOMA Sterling Electronics, Houston, Texas: (713) 627-9800  Dallas, Texas: (214)
357-9131 » SOUTHWEST Sterling Electronics, Albuquerque, N.M.: (505) 345-6601 « Phoenix, Ariz.: (602) 258-4531
* WEST Westates Electronics Corp., Chatsworth, Calif.: (213) 341-4411 « Sunnyvale, Calif.: (408) 733-8383 «
Intermark Electronics, Sunnyvale, Calif.: (408) 738-1111 « Denver, Colo.: (303) 936-8284 = Salt Lake City, Utah:
(801) 486-3411 » San Diego, Calif.: (714) 279-5200 » Santa Ana, Calif.: (714) 540-1322 * Almac-Stroum, Seattle,
Wash.: (206) 763-2300 « Portland, Ore.: (503) 292-3534 « CANADA Intek Electronics, Vancouver, B.C.: (604) 324-6831.
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RENT-EM
FROMGE

When the economy is soft, renting occasional-use
equipment saves capital dollars. Quickerental
Instruments has the world’s largest inventory
of test equipment...Kaye systems, recorders,

scopes, counters (over 5,000 different instruments)

from the top manufacturers. Maintenance and
storage costs are virtually eliminated, and we ship
the same day. Consider an economical alternative.
Renting is timely...and the time is now.
We'll send you a FREE Rental Catalog.
Call collect, 518-372-9900.

(Quick-rentar’
instruments

*Trademark General Electric

GENERAL &3 ELECTRIC
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extrapolation of decay at room tem-
perature shows almost unlimited re-
tention of memory.

Fabrication. Even though they
operate differently, the configura-
tion of the new transistors resembles
that of nonvolatile metal-nitride-
oxide semiconductor transistors.

The substrate is 1/0/0-type sili-
con with a resistivity of 10 ohm-cen-
timeters. The silicon-dioxide layer
directly over the channel is a ther-
mally grown oxide layer about 150
nanometers thick. Between this ox-
ide layer and the gate is the layer of
bismuth titanate, 1 micrometer
thick. Source and drain metalization
of experimental devices is platinum,
but successive layers of titanium,
platinum, and gold are used for the
gate. However, aluminum metal-
ization should also be satisfactory.

The thin silicon-dioxide layer
over the channel is necessary for
proper operation of the device. The
bismuth-titanate layer is deposited
over the entire substrate from a ce-
ramic target by radio-frequency
diode sputtering in a soft-vacuum
argon atmosphere at about 6 na-
nometers per minute. It is masked
and etched to the desired pattern.
After heat treatment in an oxygen
atmosphere for 30 minutes at a tem-
perature typically about 700°C, the
bismuth titanate shows its typical
monoclinic polycrystal structure.
This temperature is low enough not
to damage the semiconductor.

Specifications. The small-signal
dielectric constant of the bismuth
titanate is about 90 when measured
at 1 megahertz and room tempera-
ture. Resistivity is 7 X 1012 ohms.

The switching time, which de-
pends on applied voltage, varies
from 300 milliseconds with an ap-
plied voltage of -15 Vv to 500 na-
noseconds at -35 V.

Because off current can be kept to
extremely small values, the on-to-
off ratio is adequate, even at low
current levels. Thus, drain current
needs only be sufficient to give de-
sired access speed, which is the same
as other p-channel MOS transistors
of similar geometry. Operating
speeds of n-channel devices should
be even higher. O
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LFE is the world’s largest
manufacturer of meter-relays. We
can provide the meter-relay best
suited for your requirements.

AVAILABLE Available nationwide
from our distributors and mod
centers. If they can’t handle your
special requirement, we'll build it
from scratch in 2 to 8 weeks—faster
than any other manufacturer.

VERSATILE API meter-relays are
available in over 1,400,000
combinations of ranges, output
modes, setpoints, and contact
configerations. We've got the only
magnetic meter-relays with a failsafe
memory needing no external power.
We've got the only all solid-state
meter-relay line, immune to
vibration and with no lamp to burn
out. API meter-relays can be used

Y nauthegek

with your control drcuitry, with our
control modules, or as Compack
controllers with built in control
dircuitry.

FUNCTIONAL API meter-relays
come in sizes from 2" to 10", with
durable acrylic or tough phenolic
cases and molded-in mounting studs
that don’t wiggle away when they
shouldn’t. Separate setpoint knobs
and vernier drive provide the
simplest, most precise setability
available.

RELIABLE A reputation for quality
and reliability is earned by
performance, not salesmanship. API
is synonymous with reliability. We
maintain the most stringent quality
standards in the industry.
ECONOMICAL Marginal designs
aren’t cheap when they fail—and a

process, line or system goes down.
API meter-relays perform when you
need them most, at surprisingly
competitive prices.

SUPPORTED After the sale, we
have direct factory-trained field
engineers to furnish applications
support across the U.S. and in
Canada. A nationwide service
network provides instant help —if
you need it.

For full details call or write LFE
Corporation, Process Control
Division, 1601 Trapelo Road
Waltham, Massachusetts 02154
Telephone 617-890-2000.

\ ~, Process Control Division

CORPORATION
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We left
something
out of our

circuit card
tester.

$50,000

worth of
unnecessary
Ccosts.

Until now, if you wanted to buy a
truly versatile, stored pattern circuit card
tester, you had to fork out $60,000 or
more, just for hardware. Then, you still had
to purchase executive programs and other
initial software (another $20,000), not to
mention the ongoing costs to keep the
programs up-to-date.

Technology Marketing has changed
all that with the Series 2000 Automatic
Circuit Card Tester. Its price is a modest
$28,500. And this includes test oriented
firmware that supports operation and pro-
gramming through front-panel controls.
So the system’s appetite for software is
greatly reduced.

Not a single, useful feature has been
sacrificed for all these economies. You get
GO-NO-GO capability. Automatic fault
isolation down to individual ICs and nodes.
Loop and recycle of any test. Self test and
systems diagnostics. 16K of memory storage
and recording. Conditional branching (such
as Jump-On-Error). Editing functions (such
as Copy, Insert, Delete, Bit Revisions, etc.).
And lots more.

There are no programming lan-
guages required, so the Series 2000 can be
operated by technically unskilled operators.
And if you already have someone else’s
computerized system, our tester can double
your throughput with minimal conversion
expense of existing programs.

Why not write today for our free
new booklet “Economics of Automatic
Circuit Card Testing” Technology Marketing
Incorporated, 3170 Red Hill Avenue, Costa
Mesa, CA 92626, 714/979-1100.
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News update

Design engineers’ show A good many design engineers
to be repeated by EIA and component makers appar-
ently liked the first Design Engineers’ Electronic Components
Show, because the Electronic Industries Association plans to put
on a second one this year. Held in Washington in conjunction with
the Electronic Components Conference, the show was conceived
by the EIA as a means of getting the engineers and manufacturers
together [Jan. 10, 1974, p. 40]. The 1975 version will take place
May 12 to 14 at the capital’s Statler-Hilton, and 25 of the 30 com-
panies that exhibited last year have signed up again. Tyler Nourse,
EIA Parts division staff vice president, says of the new show,
“We’ve got to consider it successful in terms of exhibitors’ expec-
tations, at least, since so many of them expressed a desire to

come back."’
Collins developing mine The U.S. Bureau of Mines appears
communications system finally to be closing in on a deci-

sion concerning the frequency that would be best for wireless un-
derground-communications systems. After years of debate, the
bureau last year decided there was ‘“‘something wrong with every
major means, from vhf to uhf” and asked industry for new ideas
[Jan. 10, 1974, p. 53]. The result was a $150,000 development
contract to the Collins Radio division of Rockwell International for
a two-way wireless voice system and other smaller contracts for
cable systems. They're all being tested now in a Kentucky mine,
say Bureau of Mines officials. The market for such equipment, re-
gardless of which is selected, could be a lucrative one, since there
are 5,000 coal mines in this country alone, and 2,000 of them are

underground.
Bus-fleet operators Operators of bus lines are going to
to get tabulating system find out how pervasive electronics

can be as the result of $300,000 in contracts awarded by the Ur-
ban Mass Transportation Administration. The contracts went to
the Mitre Corp. and five subcontractors for a breadboard auto-
matic tabulator of passengers, revenue and maintenance. The on-
board system is supposed to help operators plan their fleet sched-
ules [Jan. 10, 1974, p. 53]. Delivery of the design model is ex-
pected in June, with a decision on prototype production due by
the end of the year.

Data goof causes ship A Swedish supertanker ran agr-
to go aground ound off Denmark last year, and
therein lies a story. The incident—unreported until recently—only
resulted in damage to the bottom plates of the tanker Sea Swift.
But Swedish authorities believe it may be the first merchant marine
accident resulting from computer error—though the error was the
result of faulty data fed into the vessel's navigation computer. The
mishap, of course, has not deterred Swedish shipbuilders from
turning their tankers into veritable floating electronics installations.
A new class of 15 supertankers building at the Kockums shipyard
is an example: the Sea Saint, first of the class, has around $1 mil-
lion worth of electronic gear aboard. This ranges from two sepa-
rate computers to a radio and television entertainment system for
the crew of 35. On the Sea Saint, one Norwegian-made Kong-
sberg SM-4 computer system controls loading and load control,
and another handles the machine room plus navigation and pilot-
ing [Electronics International, Dec. 12, 1974]. —Howard Wolff

Intended to bring Electronics readers up to date on news stories of the past months.
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Systems Analysts!

W

L 4

Your experience and education
represent an important personal investment

--what have you done with it so far?

“Got a job’ isn’t quite the full answer, is it? You're you.
And there’s more to life than just “a job”—or there
should be!

What could you expect if you joined us? A quality of
life that means the difference between “a job” and
a way of living.

Something very exciting is happening at NCR. We've
gone a long way beyond the manufacture of the world’s
best business equipment. We now design and manu-
facture complete electronic systems of many kinds.
For business. For industry. For government. And the
response has been massive.

As a result, we have an urgent need for experienced
programmers and analysts of all kinds, up to and
including the most advanced levels, for challenging
assignments in finance, manufacturing control, mar-
keting, and engineering systems.

Because we are a large company, we offer a total
career growth-potential that is as big as we are. And
because we are organized in relatively small product-
oriented divisions, your abilities and contributions are

highly visible from the time you join us, with prompt
recognition of superior performance.

We have plants and offices all over the U.S. Whether
you work for us in one of these, or at our corporate
headquarters in Dayton, Ohio, you’ll find yourself look-
ing forward to coming to work in the morning.

Complete involvement . . . continuing career develop-
ment . . . an environment of individual responsibility
that encourages new ideas and rewards initiative —
these are the dividends we offer on the personal
investment you've already made on your education
and career to date.

You owe it to yourself to check out the shape of this
opportunity. Send your resume to:

Ms. Marjorie L. Jones

NCR Worldwide Headquarters, Dept. E -1-23
Corporate Executive &

Professional Recruitment

Dayton, Ohio 45479

An Equal Opportunity Employer M/ F
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Thinkof yourself
as aheart specialist

The system is your patient and its power supply is
your responsibility. For a long, happy system life,
prescribe Sorensen STM modular switchers.

Compared to equivalent series-pass power
supplies, STMs are twice as efficient, less than half
the size, and price competitive. Yet they offer all of
the inherent advantages of series-pass.

We've got a catalog that describes all
40 models, from 3.0 to 56 Vdc. It even has a prescrip-
tion form ready to fill out. Simply circle the inquiry
number. Sorensen Company, a unit of Raytheon,
6761Island Pond Road, Manchester, N.H. 03103.
(603) 668-4500.

Sﬂl’ ensen

'POWER SUPPLIES
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Seven cermet trimmers that

How?
e Through design
versatility
e Fast delivery
» Excellent quality

Necessary Decisions:

1. Single vs. multiturn
2. Sealed vs. not sealed
3. Size
4. Resistance
5. Pin spacing
6. All-important,
PRICE
Take a close look
before you select
your next trimmer.
Call your local
Beckman Helipot
distributor for free
evaluation samples.

To get his phone

number,or immediate

technical literature,
call toll-free
(800) 437-4677.

HELIPOT DIVISION

46

Single-turn
Model 91

e High quality —low
price

¢ Unique brush contact

e Excellent setability

¢ 100% inspected

e Protective dust cover

e Top or side adjust

¢ Screwdriver or hand
adjust

e Standoffs prevent
rotor binding and
permit board washing

¢ Small 3" dia. size

¢ 12 pin configurations

* Wide resistance
range: 10€) to2 meg()

Price: $0.42"

Model 72
e Sealed for board
washing

e Available in VALOX

420-SEO housing
* Top or side adjust
¢ Brush contact
e Excellent setability
* Only 2 ohms of end
resistance
* 3" square
¢ 100% inspected
e 8 pin configurations
¢ 19 resistance values

Price: $0.54"

P

Model 82

* Lowest profile
trimmer in industry

e 14" dia. by 0.150" max.
height

» Sealed for board
washing

¢ Flame-retardant
design

e 82P —top adjust

e 82PA —side adjust

¢ 100% inspected

¢ Brush contact
provides excellent
setability

¢ A cermet benefit that
wirewound can’t
approach: resistance
range 100} to 1 meg()

Price: $1.12"
/

x\% @W
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- handle 95% of your applications.

+

Multiturn
Model 64

e Miniature, sealed
trimmer

e 22 turns of
adjustment

¢ Operates with 0.25
watt at 85°C
derating to zero watts
at 150°C

¢ 100% inspected

* 18 resistance values:
1002 to 1 meg ()

* Y4" square size is
excellent for P.C.
board packaging

* Uses Beckman’s
unique brush contact
design

* Adjustability —
voltage ratio within
0.01%

Price: $4.20"

*1,000-piece price

Electronics/January 23, 1975

Model 66

¢ Low-cost, multiturn
with benefits of more
costly trimmers

e Sealed for board
washing

¢ 20 turns for
adjustment accuracy

e Compact 3" square
housing

* Brush contact

* 3 pin styles for
efficient space
utilization

 Broad resistance
range: 10Q) to 2 meg()

¢ Operates with %2 watt
at 25°C

* 100% inspected

Price: $2.70

Model 89

* Our lowest cost
multiturn

e Sealed for board
washing

* 3" rectangular
trimmer just 0.250”
high

* Needs no O-ring
because of our unique
ultrasonic sealing
technique

* Only 2 ohms of end
resistance

e 15 turns for accurate
and quick adjustment

¢ 3 pin styles for
mounting versatility

e Panel mount available

* 100 ppm/°C tempco

¢ 19 resistance values
available

* 100% inspected

Price: $1.05" :

Model 78

e Military performance
at industrial prices
e 1%" rectangular only
0.195" wide
e Sealed
e 3 terminal styles:
Flex leads
Printed circuit pins
Solder lugs
¢ Panel mount available
¢ Power rating 0.75
watt at 70°C
* 100% inspected
e 22 turns of
adjustment
e Resistance range: 10Q)
to 2meg()
* 100 ppm/°C tempco
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Your algebra. Our algebraic language.

No translation necessary.

Your engineering or scientific problems are

hard enough without having to translate the
equation into a machine language before you get
results. With Hewlett-Packard’s 9820A/9821A

you don’t have to —they already speak your language.

HP’s algebraic calculators not only work the
way you do, they’re powerful enough to handle
most of the problems you're likely to encounter.
Powerful enough, for example, to solve 16
simultaneous equations and to nest subroutines
up to 30 deep.

These calculators have other features you’ll like.
Expressions like 3 +V/5 can be entered in
response to a programmed request for data. Neither
a second calculator nor pencil and paper are
needed. Complete syntax checking to prevent
errors during programming. A keyboard whose
functions you define. Expandable memory for
program or data storage. These calculators also
accommodate input and output peripherals that
treat your data in any format you choose.

It all adds up to computer-like capability.

But it comes at a calculator price. Algebraic
language systems lease for as little as $300*
per month.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
PO Box 301. Loveland, Colorado 80537

*Domestic U.S.A. Price only. Leases, where available, includes service contract.

HP CALCULATORS SOLVE YOUR PROBLEMS, YOUR WAY.

So if you want to put an end to the language
barrier, just call your local HP sales office. Ask
them to show you a system that can solve your
problems your way. Or send in the coupon
for complete details.

oY

Tell me more about Hewlett-Packard’s algebraic calculators \
with your free brochure.

[J Information only. [0 Calculator demonstration.

I plan to use the calculator for:

Name___

Company

Address

City State
Zip Phone

HP Calc. Ing. P.O. Box 301, Loveland, Colorado 80537 816H/
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Slowdown seen
') in U.S.-Soviet
electronics trade

DOD has $30 million for
fiber optic systems;
Bell Labs interested

s Fleetsatcom
antenna to cost
and weigh more

Washington newsletter

The Soviet Union’s mid-January cancellation of its 1972 trade agree-
ment with the U.S. is likely to bring the slowly expanding electronics
export market to the USSR and its East European satellite nations to a
standstill, say Government trade experts. Particularly affected, accord-
ing to Commerce Department sources, will be large technology ex-
change agreements like “the proposal to build a turnkey semiconductor
production plant in Poland, for example.” While Poland and the So-
viets are still anxious to obtain this technology, officials note that the
U.S. bureaucracy is unlikely to look favorably on such export-license
applications, even though denial of these applications for purely politi-
cal reasons is unlawful. Companies with Soviet trade agreements com-
pleted but awaiting implementation—like IBM, ITT, Control Data, Singer
and others—were uncertain about the future of those agreements imme-
diately after the Russian cancellation since the preambles of their
agreements all cite the 1972 agreement between governments.

Up to $30 million could be approved this year for the development by
the Defense Department of fiber optic data-bus and voice communi-
cation systems, say DOD officials who have formed a tri-service com-
mittee to coordinate and oversee fiber optic R&D programs in the
Army, Navy, and Air Force. And Bell Telephone Laboratories Inc.,
Holmdel, N.J., has informed DOD researchers that it wants in on the
DOD action. Approximately $4-5 million will be spent on optic research,
DOD officials say, but “five to six times as much” is available for sys-
tems applications if the services can justify it on economic and techni-
cal grounds.

The Navy plans to use fiber optics for fire control, communications
and navigation systems wiring on its advanced surface-effect ship, an
air-cushion vehicle, while the Air Force last July awarded a $1.6 million
contract to IBM’s Federal Systems division, Gaithersburg, Md., for a
fiber-optic-wired navigation and weapons-control system aboard an A-7
jet fighter. Army projects include a field cable for communications be-
tween command posts and front lines [ Electronics, Jan. 9, p. 29].

Problems with the uhf receiver antenna being developed for the Fleet-
satcom model communications satellite by TRW Systems group, Re-
dondo Beach, Calif., have not only boosted contract cost 86% to an esti-
mated $65 million, but have also increased antenna weight and delayed
delivery about a year, Pentagon officials confirm. TRW reports that an
additional $7 million will be sought later this year to cover increased
costs of redesigning the receiver antenna to reduce interference with
the system’s transmission antenna, a reflector 16 feet in diameter.

The receiver antenna, a 1.6-ft-long helical design, will be enlarged to
a 14-ft-long helix with a 15-in. diameter. In addition, the transmitters
will be rewired and redundant components added to guarantee system
reliability. The changes will raise the satellite’s weight by about 350
pounds to 4,000 1b. The slippage of the development model’s delivery
to the USAF Space and Missile Systems Organization is also expected to
delay the proposed launch of the four production satellites that have still
to be ordered.
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Washington commentary

Avionics: after the F-16, what?

Years have come and gone since John Foster,
then Director of Defense Research and Engi-
neering, warned an audience of aerospace and
military electronics contractors that the Penta-
gon no longer could support seven military air-
frame manufacturers. There was just not
enough business, he said. Foster’s warning now
seems likely to become reality within the next
year. Following the Air Force selection of Gen-
eral Dynamics Corp.’s YF-16 entry for the role
of lightweight fighter (see p. 30), virtually no
major military aircraft buys have been sched-
uled, though there are some advanced tech-
nology ideas on the drawing boards exploring
new aerodynamic shapes.

Thus it is expected that among the seven ma-
jor U.S. airframe builders cited by Foster—
Grumman Aerospace, Fairchild Industries,
Lockheed, LTV Aerospace, McDonnell
Douglas, Northrop, and Rockwell—a shakeout
will develop within the next year or two that
will see at least a couple of these companies
fold or be absorbed by their stronger competi-
tors, just as McDonnell picked up the sputter-
ing Douglas Aircraft Co. several years back.

Avionics’ brighter side

The future is not so grim for the much larger
community of military avionics suppliers, how-
ever, even though the F-16’s avionics potential
at the program’s start seems small-no more
than 750 pounds per plane at $1,000 a pound,
says one Air Force program officer. Excluding
weapons system electronics, that figure is not
much more than 16% of the F-16’s unit produc-
tion target price of $4.6 million. This is small
potatoes compared to the halcyon days of the
’60s when black box avionics accounted in
some cases for as much as 40% of the pricetag.

Nevertheless, the Air Force’s estimate of a
3,000-plane market for lightweight fighters
within the U.S., NATO, and “third world” coun-
tries such as Iran over the course of a decade
means this could become the biggest avionics
market in aviation history. Already it is consid-
ered one of the most viable.

But what do designers of avionics equipment
have to look forward to after the F-16? A great
deal, even though much of the new business
will represent retrofits for existing aircraft.
Then there is the smaller potential of the mar-
ket for the military remotely piloted vehicle—
where interest is strong from both the Army
and the Air Force but which are not urgently
needed in peacetime.

For avionics makers unwilling to wait for the
age of the RPV, therefore, the best market lies in
uprating radars, electronic countermeasures,
and communications and navigations packages
for retrofitting both Air Force and Navy planes.
Those services guesstimate that their combined
budgets for such projects this year will be in ex-
cess of a billion dollars. Add to this the elec-
tronics subsystems peculiar to airborne and
ground-air weapons systems, and the dollar to-
tal “probably could be doubled,” estimates one
Pentagon budget specialist.

The radar example

Consider, for example, the strong military in-
terest in multimode airborne radars—an area in
which much work has been done already by
such developers as Emerson Electric Co., and
where work is continuing to go forward at such
places as Westinghouse Electric and Hughes
Aircraft. The contention of the Air Force
Avionics Laboratory’s advanced avionics flight
test program is that the electronically scanned
multimode phased array has come of age.

Flight tests of Emerson’s RARF system—for
radome, antenna and rf circuitry—aboard an
RB-47 over the past four and a half years have
been carried out without a single malfunction.
That record of 5,000 hours of operation has suf-
ficiently impressed the Air Force that it is push-
ing hard on the Westinghouse follow-on pro-
gram—the Electronically Agile Radar System
called EARS—for use aboard the Rockwell B-1
bomber [Electronics, Oct. 17, 1974, p. 171]. The
RARF phased array is being considered for
retrofit in the F-111, replacing the functions of
three separate radars for attack, Doppler navi-
gation, and terrain following and avoidance,
with a single multimode system.

Generating substantial improvements in
equipment originally designed by someone else
is not as exciting to many engineers as design-
ing their own packages from the start. Never-
theless, the Defense Department finds the re-
sulting increases in cost-effectiveness one of the
few ways they have to cope with soaring system
costs. Redesign and equipment improvement
programs are therefore assuming steadily in-
creasing importance in the minds of the Penta-
gon’s planners. And in an era when new air-
craft programs are becoming rare, programs to
retrofit existing aircraft with better avionics
may prove the economic salvation of an impor-
tant segment of the electronics industries.

—Ray Connolly

Elartranice /7 laniiarvy 22 1Q7C



kae |

“The principal quality of any synthesizer is spectral purity.” microwaves, Nov. 72, . 54

Purity is just one good reason
for choosing S-1) synthesizers.

Another is economy. Systron-Donner programmable synthesizers not 10 10 10 R 108 AL A
only provide the purest signals attainable today but cost substantially less
than comparable systems.

That’s because Systron-Donner’'s approach eliminates the need for
costly frequency multipliers. S-D uses octave band signal sources—1-2,
2-4, 4-8 and 8-12.4 GHz. See the difference this makes:

(dB BELOW CARRIER)
gt
8 8

The old way

Frequency is multiplied,
and so is noise.

- e =
SPECIFIED FLYOR

|
I~
3

—130

TYPICAL SINGLE SIDEBAND PHASE NOISE IN Hz BANDWIDTH

OUTPUT
MW BANDS OFFSET FROM CARRIER (Hz) MODEL 1603

Specifications Model 1603

The S-D way Leveled output +13 dBm *0.5 dB

No multipliers.

Frequency accuracy as good as reference
No noise multiplied. 2 ! d @

oscillator
LOUTRUT Frequency resolution 10 KHz standard,
BANDS 1 Hz optional

Frequency stability (internal oscillator)
3 x 107 per 24 hours

Phase noise —85 dB at 1 KHz from carrier
in a 1 Hz bandwidth

So, in one grand stroke, S-D’s design reduces unwanted noise prob-  Spurs —70 dBm minimum
lems, slashes systems costs, and significantly telescopes system size by
eliminating multipliers. (S-D’s panel is 7" high.)

S-D offers a full range of synthesizers tailored to your needs. .. from
multi-channel satellite communications systems to manual or automated
bench testing.

Features include: AM and FM capability, leveled outputs, fast switch-
ing, continuous sweep and stepping capability, choice of high stability
oscillators, 1 Hz resolution, attenuator—the whole works.

S-D’s national sales and service organization backs this product line.
Contact your Scientific Devices office or S-D at 10 Systron Drive, Con-
cord, CA 94518. Phone (415) 682-6161. For immediate details call our
Quick Reaction Line (415) 682-6471 collect. Europe: Munich, W. Germany;

Leamington Spa, U.K.; Paris (Port Marly) France. Australia: Systron- J
Donner, Melbourne.

Comparison of phase-locked systems providing Fg to 4 GHz.

Harmonics —20 dBm minimum

SYSTRON @ DONNER

Albuquerque, (505) 268-6729; Baltimore, (301) 788-6611; Boston, (617) 894-5637; Burlington, NC (919) 228-6279; Chicago, (312) 297-5240; Cleveland, (216) 261-2000; Denver, (303)
573-9466; Dayton, (513) 298-9904; Dallas, (214) 231-8106; Detroit, (313) 363-2282; Ft. Lauderdale, (305) 721-4260; Hamden CT (203) 248-9361; Huntsville, AL (205) 536-1969; Houston,
(713) 623-4250; Indianapolis, (317) 783-2111; Kansas City, KS (913) 631-3818; Los Angeles, (213) 641-4800; Minneapolis, (612) 544-1616; New York City area (201) 871-3916;
Norfolk, (703) 499-8133; Orlando, (305) 424-7932; Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonio, (512) 694-6251; San
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 842-2535;Syracuse, (315) 457-7420; Washington, DC area (703) 451-6500.
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Electronics international

Significant developments in technology and business

Bavarian system uses phone network
to send pollution-monitoring data

Eight measuring stations are being
added by the West German state of
Bavaria to its automatic pollution-
monitoring network. In the first
stage of construction, completed last
year, 14 computerized measuring
stations were connected to the data-
processing and control center in
Munich. When all stages are com-
pleted, the $5 million network will
have about 80 measuring stations.

Digital data, transmitted through
the public switched telephone net-
work, uses hardware and interfaces
of the international Camac (com-
puter-aided measurement and con-
trol) system. Camac modules con-
vert analog signals from the
instruments to digital form and help
transfer the data to the central com-
puter. Camac hardware and soft-
ware interfaces, available from sev-
eral suppliers, control the modems
and provide computer interfacing.

In selecting the network configu-
ration, the paramount objective was
low operating costs, says Josef
Landbrecht, who is in charge of
data-processing operations. There-
fore, instead of using fixed data-
transmission lines—for which West
Germany’s post office charges stiff
rental fees—designers decided to use
the public telephone network, which
rents for less, but has good trans-
mission qualities. Also, because of
the large area to be monitored and
the multitude of measurements, an
automatic on-line measurement sys-
tem was selected.

Heading the Bavarian state-gov-
ernment project is Dornier System
GmbH. The data-processing equip-
ment comes from Digital Equip-
ment Corp., West Germany’s Rohde
und Schwarz is integrating the sys-
tem, and the instrumentation is sup-
plied by a number of firms.

Measurements. Measurements
cover such pollutants as sulphur
dioxide, carbon monoxide, hydro-
carbons, hydrogen sulphide, and

dust, as well as meteorological fac-
tors, such as wind direction and ve-
locity, air temperature, humidity, at-
mospheric pressure, precipitation,
and solar radiation. Suitable mea-
suring instruments are still being
sought for nitrogen oxide, ozone,
and hydrogen fluoride. More instru-
ments will probably be added to
check for radioactivity, noise, and
water purity, and help in biomete-
orology research.

Instead of transmitting contin-
uously, the measured data and other
information are stored at the satel-
lite stations until automatically re-
quested by the control center in
Munich. At each station, a DEC
PDP-11/10 minicomputer with
8,192 16-bit words of memory han-
dles data-acquisition, preprocessing,
and storage during the intervals
between data requests. It also per-
forms such tasks as control, calibra-
tion, and check-out of the instru-
ments, as well as housekeeping
chores.

A PDP-11/45 controls the system
from the central station in Munich
through an RSX-11D operating sys-
tem. Polling is controlled from there
by automatic switching equipment.
Modems, designed for transmission
at 1,200 bits per second and fitted
with automatic answering sets, allow
the measuring stations to send data
in digital form to the center and to
receive control commands from it.

Cycles. Data is requested from
the stations every eight hours if air
quality is good. If conditions dete-
riorate, the cycle is automatically
shortened by software control, or
manually by the operator.

All of the 14 stations now in oper-
ation are self-sufficient, but later,
additional stations located within
the same local exchange network
will be interconnected to economize
on minicomputers and modems.
Then, one minicomputer-equipped
measuring station in each area will

act as a central substation and ac-
cept measurement data from sta-
tions connected to it.

Locations of the measuring sta-
tions are based on a grid system
drawn across Bavaria. Each station,
of modular construction, is con-
tained in an insulated double-
walled aluminum housing and takes
up an area of two and a half square
meters. Topped by a 23-foot mete-
orological mast, it contains the sen-
sor system, two 19-inch racks for the
instruments, and another rack for
the data-processing equipment. []

France

Navy to build
digital ship loop

Boatswain’s mates still whistle com-
mands in the world’s navies, but
telephones and intercoms carry the
bulk of communications aboard
ship. That means a mass of cables to
communicate from stem to stern
and from hull to conning tower.

A trunk line looping around the
ship obviously would have many
advantages—the saving in cable
alone would be enormous. And dig-
ital systems avoid the bulky and
complicated filters needed for fre-
quency-multiplexed analog systems.

Now the French navy plans to
move up a notch in sophistication.
Together with the Philips-group
company, Télécommunications Ra-
dioélectriques & Téléphoniques, it is
developing a digital time-multi-
plexed system designed to handle
800 “subscribers.”

TRT already has built two models
of the system and is helping the
French navy draw up the specifica-
tions for a sea-going prototype. “It
should be ready for trials by 1978 or

so,” surmises Guy David, head of
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special digital systems for TRT. As a
rough guess, David puts the cost of
a full-fledged system for a corvette
at $450,000 to $650,000.

Loop. The system, known as SLI—
the acronym for syst¢me de liaisons
intérieures par transmissions digit-
ales—hooks shipboard subscribers
indirectly into a coaxial-cable loop
that transmits delta-modulated sig-
nals at 11 megabits per second. Ini-
tial SLI systems will distribute only
audio signals, “slow” signals like
teletypewriter code, displays, and
remote fire-surveillance informa-
tion. Eventually, David foresees
faster SLI systems that would carry
data among weapons, navigation,
and ship-control systems.

The system is related to others
now under development. Last year,
the U.S. Navy awarded a contract
to the Autonetics group of Rockwell
International for an advanced de-
velopment model of a shipboard
system that uses digital multiplexing
techniques. And, in the United
Kingdom, Ferranti Ltd. has readied
a digital multiplex system to link ra-
dar and navigation-system elements
[Electronics, Electronics Inter-
national, July 25, 1974].

Indirect. In SLI, the loop" wurks
under control of a master station
that injects a frame code with 320
data channels into the loop. Termi-
nals aren’t hooked in directly, but
rather through a maximum of 50 in-
terface/junction units. Each junc-
tion unit handles a maximum of 16
terminals, demultiplexing signals
addressed to them and multiplexing
signals originated by them onto the
loop. (The data-transmission rate is
32 kilobits per second). In addition,
the junction units act like repeaters
in a long-distance digital network
and regenerate each frame. All this
adds up to a slight delay when the
frame returns to the master station
after circling the loop; a digital de-
lay line in the master station takes
care of synchronization.

Doubling. TRT has built redun-
dancy into the system as a safeguard
against outages. There are two
loops, one serving as a backup, and
two master stations. Each frame in-
cludes check codes, and when a
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Around the World

Nixdorf's small computer has disk store

The 8870 data-processing system, which West Germany’s Nixdorf Com-
puter AG plans to market in April, is aimed at the small-computer market
now dominated by IBM Corp.’s System/3. The 8870, first of the new Nix-
dorf 88 family—larger and smaller units will be forthcoming—has a 12-
megabyte disk file, which can accept or display data in parallel with pro-
cessing operations.

Cycle time of the microprogramed central-processing unit is 1.1 micro-
seconds. Capacity of the central core store is 40 kilobytes. Each byte con-
tains 8 data bits and a parity bit. In its maximum configuration, the 8870 can
handle four data-entry stations, each with a keyboard and cathode-ray-tube
display that reads out 12 80-character lines. A variety of peripherals is
available for the system, which has communications capability.

On a five-year contract, rental for the minimum configuration with one
data-entry station will be about $1,600 a month, and for the maximum con-
figuration, it will be $3,700 a month. Selling prices range from $63,000 to
$139,000. Klaus Luft, in charge of sales, predicts that the 8870, which cost
nearly $5 million to develop, will win nearly half of the small-computer mar-
ket in Germany, with sales of 500 systems during 1975 and about 1,000 a
year after that. Most future series 88 machines will contain the Nixdorf-de-
signed NCF1 microprocessor.

British display terminal fits in briefcase

A new terminal, packaged in a briefcase with a plasma display, has editing
capabilities and can be operated through any telephone. The 20-pound ter-
minal, called Synapse, was developed by Modular Technology in Oxhey,
near Watford, England. The all-weather terminal is priced from $1,400 to
$4,800, depending on options, which include a battery-powered model.
The terminal can be operated either as a portable teletypewriter or com-
puter terminal, but it won’t operate as a line printer. The standard unit con-
tains Fairchild complementary-MOS logic circuitry, General Instrument
Corp. n-channel MOS random-access page and scratchpad memories, a
C.P. Clare teletypewriter keyboard, and a Burroughs 256-character fold-up
plasma display, which provides eight lines of 32 characters each.

German equipment boosts standards accuracy

An inexpensive frequency controller, developed by the Munich firm Efratom
Elektronik GmbH, compares the output of atomic or quartz frequency stan-
dards with the signals radiated by so-called standard-frequency trans-
mitters and automatically adjusts the standards to the transmitted fre-
quencies. After phase-comparison, the Efratom EFR generates counting
pulses, which are converted to analog dc voltages that electronically adjust
atomic and quartz frequency standards. For about a quarter the price of a
cesium frequency standard, Efratom claims, the EFR and a quartz standard
can provide long-term stability at least as good as that of the cesium stan-
dard. A typical rubidium frequency standard sells for around $3,700, Efra-
tom says, and the EFR for about $2,700.

junction unit doesn’t repeat its code
for two frames in a row, the system
logic reroutes traffic through the
standby loop. For extra security, im-
portant stations like the bridge and
the combat-operations center are
tied into the system through two
junction units.

TRT designed the system around
standard TTL packages for high-
speed circuits and complementary-

MOs packages for low-speed circuits.
And the hardware has been kept as
modular as possible. “Rewiring” is
mainly a matter of plugging
printed-circuit boards in and out.
Although the system is designed
principally to handle voice commu-
nications with telephone quality,
services that require higher digital-
data rates can be accommodated—
within reason. m|



The ¥159
Pulse Generator

Monochip design did it!

First we created the Monochip. An
inexpensive way to turn a PC board into a
monolithic IC in 3 weeks —and for less than
$2,000.

“It's a fantastic way to reduce instru-
ment costs,” we told others.

Then one day our chairman said, “If
it’s so good, why don't we follow our own
advice.”

So we did.

The $159 Pulse Generator is a general-
purpose square-wave generator with varia-
ble duty cycle. It’s the first in a new line of
low-cost instrumentation from Interdesign.
All the major circuitry is on one low-cost
Monochip.

RANGE -2

v
19-200 o\ FREQUENE

120,
Lo

Undoubtedly there are some people
reading this who will say, “There must be
acatch. If it’s only $159, it can’t be that good.”

No catch. Not only does Monochip tech-
nology reduce costs, but it has created a gem
of a pulse generator that’s far more rugged
and reliable than most.

In fact, we're so sure you'll like our $159
Pulse Generator that we'll let you use it for
15 days with a no-questions-asked money-
back guarantee.

And if that doesn’t convince you...then
you're not really in the market for a pulse
generator.

We have some provocative literature
that’s yours for the asking. Send in the cou-
pon, or write Interdesign, 1255 Reamwood
Ave., Sunnyvale, CA 94086. (408) 734-8666.

P
W

to 100% of penod - v

tion HEM Trigger mput and output “ Output sinks 50 mA _source
85% of the circuitry is contained in a single Monochip W

netal case.

{1 Send me your fact-filled, 10-page brochure on the $159 Pulse Generato (Int ﬂesx ~

[J Send me a pulse generator. I'd like to try one for 15 days. I understand that I may shrp the p
generator back to you within 15 days and you will return my c:heck or cancel my P/

] My check for $159 is enclosed
[J My purchase order is enclosed

[l No P.O. enclosed but P.O. number is ? ]
Name Position ; ;:=
Company .
Address City .
State Zip .

Mail to Interdesign,
1255 Reamwood Ave., Sunnyvale, Calif. 94086

Interdesign. |
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Europeans weigh
sales offers for
fighter aircraft

Univac enters
Spanish computer
partnership race

Crunch compels
Japanese layoffs
and salary cuts

Flectronice 7/ l1aniiarv 22 1975

International newsletter

The choice between an American or European lightweight fighter to re-
place the aging F-104 Starfighter of four NATO countries—Belgium,
Holland, Denmark, and Norway—could well come during March. The -
four-country buying consortium in Brussels has heard the United
States, France, and Sweden present their final offers of replacement
fighters. The steering committee is now expected to prepare a final re-
port for ministers of the four countries by the end of January.

Offers of the selling countries are good until March 31, although they
could be extended beyond that date. So far, it appears the French F-1
Mirage and the General Dynamics YF-16 are the main contenders. The
YF-16 has been adopted by the U.S. Air Force after a fly-off with the
Northrop YF-17 (see p. 30). Brussels sources rule out the Swedish Vig-
gen because of high costs and low salability to third countries. Consor-
tium members are reported to be divided—the Belgians favor the French
Mirage, and the others, the U.S. contender. Although the Mirage has
been priced at more than $6 million, it is probably lower than the YF-
16, a new-generation aircraft.

Sperry Rand’s Univac division has entered the competition against
Japanese and German manufacturers to set up a computer-develop-
ment venture for the Spanish government. The U.S. company sub-
mitted the proposal directly to the president of Spain’s Institute Na-
tional de Industria, Jose Maria Guerra Zunzunegui. Univac’s offer will
be weighed against a previous Fujitsu Ltd. proposal and an improved
Nixdorf Computer AG entry. As a result, official sources say that a de-
cision is not expected soon, even though it means further slippage of the
project. Last month, Fujitsu signed an agreement in principle with the
former INI administration, but a political shuffle has upset that, sources
say, and the agreement has been held up pending a review.

INI is seeking outside help in developing the capability to build me-
dium-size computers—and it wants the partnership as a springboard for
exports. However, the agency is leaving the other segments of the
growing Spanish market to the companies that already dominate
them—IBM Corp. in large computers and Spain’s Telesincro in small
computers.

Japan’s electronics and electrical industries will lose about a million
working days during January “vacations.” However, many, if not most,
employees will receive high percentages of their pay. Hitachi, the larg-
est employer, with 81,000 in these two industries, is planning about
100,000 days of mostly paid vacations at about 20 of its 31 plants. How-
ever, there are order backlogs for computers and heavy electrical
equipment. Hitachi has also cut the pay and bonuses of about 4,000
management personnel 5% to 15% through September. Salaries of 3,000
section heads will be cut by 5%, 1,000 department heads by 7%, and 54
top executives by 15%. Sony and its subsidiaries will give about half of
its 16,000 employees in Japan five extra days of vacation during the first
three months of 1975 at 90% of their salaries. Although Sony is giving
its employees time off to cut one to two months’ worth of supplies from
inventories that have stretched to six months worldwide, layoffs are not
planned in the magnetic-tape manufacturing plant.

re
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Oscillator fails
in Franco-German
Symphonie comsat

Japan suffers
first decline
in VTR sales

British scholars
urged to shift
research thrust

Solartron launches
digital voltmeters
in European market

International newsletter

The Franco-German communications satellite Symphonie, spaceborne
since Dec. 19 and undergoing tests since Jan. 13, is having its first trou-
bles. One of two oscillators, built mainly by France’s Thomson-CSF,
has broken down despite thousands of hours of ground-testing on nine
similar units. Thomson-CSF technicians are running new laboratory
tests in a bid to get the unit back in operation. Meantime, a back-up on-
board oscillator is handling the sound and video signals, said to be of
first quality.

After several months of exhaustive tests and experiments, the Sym-
phonie link is to transmit demonstration programs on German and
French television channels. Later in the five-year program, the satellite
will start linking up with far-flung ground stations in Canada, Africa,
and the West Indies.

Symphonie was launched into its position just under the belly of Af-
rica by a U.S. Thor-Delta rocket, but launch of another French satel-
lite, a smaller vehicle named Starlette, has been set back by more
trouble with France’s own Diamant BP-4 launcher.

Sales of video-tape recorders in Japan are expected to decline for the
first time in 1974. The Electronic Industries Association of Japan says
that production during the first 10 months was 106,145, or 90.8% of the
output for the same period a year ago. The primary reason appears to
be the large fall in exports, especially to the U.S., which accounts for
90% or more of the export market. U.S. imports during the first nine
months of 1974 were 23,680 units, a 63% decrease from the 1973 level,
Japanese sources say. One cause is poor business conditions in the U.S.

Too much telecommunications research is being performed by British
universities on propagation and transmission at the expense of detailed
systems studies, concludes a special panel of the Science Research
Council. In recommending that the SRC begin a progressive re-empha-
sis of funding policies toward more interdisciplinary research, the
panel suggests such systems studies as new methods of multiplexing,
speech behavior, communications in developing.countries, the merits
of cable television, topographical analysis, synthesis of communi-
cations networks, and computer control of switched networks. Re-
search grants from SRC telecommunications total about $735,000 of its
1974 budget of $3.1 million for electrical and systems engineering.

The European competition for the digital voltmeter market is going to
heat up if Solarton Ltd. of Schlumberger International has its way.
Aiming at John Fluke Manufacturing Co. and Hewlett-Packard Co. of
the U.S., the company is introducing on Feb. 1 two new bench-type
DVMs built with p-channel MOS LSI circuitry.Price of the 5%:-digit 7050
will be about $1,100 and the 4'2-digit 7140, about $800, less than compa-
rable models by Fluke, the company claims. Both models measure dc
and ac voltages, resistance, and current. They also provide floating in-
put and excellent interference rejection. The company now claims 70%
of the UK market and hopes to increase its 25% slice on the continent.
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First, the Fabulous 43...

Then, the Super 70...
And no
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~ The 63's are available from the factory and 75 distributor outlets. For free
samples, all you have to do is ask. ‘

Spectrol

SPECTROL ELECTRONICS GROUP

UNITED STATES Spectrol Electronics Corporation 17070 E. Gale Avenue, City of Industry, Calif. 91745, U.S.A. » (213) 964-6565 * TWX (910) 584-1314
UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, England * Swindon 21351 » TELEX: 44692
ITALY SP Elettronica spa Vvia Carlo Pisacane 7, 20016 Pero (Milan) Italy * 35 30 241 « TELEX: 36091



Most of these

knowbodies will
choose Slep-Male.

It takes a real knowbody to buy our
Step-Mate tape reader. Those who
don’t know about Step-Mate usually
buy that other company’s device.

But of those who know about theirs
and ours, and who give us a fair shot,
three out of four choose ours: Step-
Mate.

It's not our charm that does the
trick. It’s our product and our price.

Take the product. Step-Mate is a
direct descendant of the first step-
ping motor drive tape reader ever
built, which was ours, back in 1958.

58 Circle 58 on reader service card

Step-Mate reads 150 characters per
second, interfaces easily with other
equipment (24 volts), and is almost
excessively reliable.

Step-Mate incorporates such costly
features as a stepping motor, LEDs
instead of lamp bulbs, phototransis-
tor read sensors, full tape width
barrel sprocket, and a self-cleaning
readhead.

But it isn’t costly. Only $360.

At this point you’re practically a
knowbody. Don’t stop now, give us
a call. And a chance.

EECO

FOR READERS

1441 East Chestnut Avenue, Santa Ana, California 92701

Phone 714/835-6000
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Probing the news

Analysis of technology and business developments

Memories

Floppy disks spin into systems

Two years after their first use by IBM as data-entry devices,

they're in new System/32 and three DEC mini-based units

by Paul Franson, Los Angeles bureau manager

After drifting for four years, the
floppy-disk memory finally seems to

be making its mark. International

Business Machines Corp. developed

the medium, and its use in IBM’s

new small System/32 computer (see
p. 38) blesses the floppy disk for
mass storage. Other major firms are
also jumping on the bandwagon;
floppy disks are used in the Bur-
roughs Corp. recently announced
S1000 document encoder/sorter,
and Digital Equipment Corp. has
announced three minicomputer-
based systems that use floppy disks.

All this activity should make the
disk-drive makers healthy and
happy. Unfortunately, most are still
waiting for substantial orders for
their systems.

John Ring, president of Orbis
Systems Inc., Costa Mesa, Calif.
laments, “The contracts are just
dragging out. The product is being
evaluated to death—it will be better
proven than any product in his-
tory.” Charles A. Dickinson, general
manager of Control Data Corp.’s
Hawthorne, Calif., Memory Prod-
ucts division, agrees. He comments
that general use of the floppy disk is
spreading much more slowly than
most manufacturers had antici-
pated. His firm, like most, is running
behind initial forecasts, and he
doesn’t foresee big sales in 1975.

Donald E. Taylor, disk-product
manager at Pertec Corp., Chats-
worth, Calif., says volume orders are
still six to nine months in the future.
Dickinson says that the industry
shipped about 17,000 units in 1974
for about $6.5 million, and “we
think we’re competing for about
40,000 units—$15.5 million to $16
million—in 1975.”
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When 1BM developed floppy disks
in 1970, they were intended for
loading programs into the big 3330
disk drive. Then IBM two years ago
set the standard for floppy disks in
data-entry systems with its model
3740. Of the floppy-disk systems
shipped in 1974 by other makers,
only 6,000 or 7,000 were compatible
with that 3740 standard, “but we
feel the non-IBM-compatible market
is destined to dry up,” says Dickin-
son.

Innovex Inc. in Bedford, Mass.,
which brought out its first system at
about the same time IBM did in
1970, feels the mix will be half 1BM-
compatible, but rising. For example,
only 5,000 noncompatible systems
are expected to be shipped this
year—most of them by Memorex
Corp. of Sunnyvale, Calif. By 1980,
however, Dickinson predicts that
the world market will take 50,000 to

In and out. Top picture shows floppy disk
or diskette, being inserted in IBM's new
small computer, System/32. System above
is from Pertec, which feels that volume
orders for floppy disk memories are still
six to nine months away.
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300,000 units per year, worth a total
of about $75 million.

The drives now sell for $600 to
$750 in single quantity, but large
quantity prices drop to $400 or less.
These figures should be halved
when producers begin true volume
production. The floppy-disk control-
lers, however, can cost as much or
more. This situation should change
in mid-1975 when such manufac-
turers as Motorola Semiconductor
and Rockwell Microelectronics in-
troduce single-chip semiconductor
formatters designed for use with the
floppy disks.

Capabilities. The floppy disk,
which is also easy to store and mail,
is convenient for individual, self-
contained data bases, like hospital
patient records, says Victor Poor,
R&D vice president at Datapoint
Corp., San Antonio, Texas.

The main disadvantage of floppy
disks is that they are more limited in
capacity than other recording
media, but in most of the prospec-
tive small-scale applications, this
isn’t a serious problem. However,
the life expectancy of the head and
disk is a greater objection, because
the head is actually in contact with
the disk as it spins. Pertec dis-
engages it during standby and other
firms reduce head pressure.

At any rate, manufacturers are
using various techniques to increase

life. Likewise, a number of manu-
facturers such as Control Data
Corp., Hawthorne, Calif., and Per-
tec Corp., Los Angeles, are going to
longer-life ceramic-ferrite heads.
Even with a conventional head, they
are claiming life at 10,000 hours and
more. Joel H. Levine, marketing
manager at California Computer
Products Inc., Anaheim, Calif., says,
“We promise 10,000, but we’re get-
ting 30,000.”

Marketers. Memorex has prob-
ably delivered the most drives, and
its spinoff, Shugart Associates, ap-
pears to be the leader in the faster-
growing IBM-compatible market.
Shugart claims to have delivered
5,000 units, more than half of them
IBM-compatible, and shipments are
now 700 a month. President Donald
Massaro says the company is sup-
plying Datapoint, Sperry Univac,
Four-Phase Systems of Cupertino,
Calif., three divisions of Litton In-
dustries; Modular Computer Corp.
of Fort Lauderdale, Fla.,, RCA
Corp.; Storage Technology Corp. of
Boulder, Colo., Prime Computer
Corp. of Framingham, Mass., Com-
pugraphics of Boston, Docutel Corp.
of Dallas, and National Semicon-
ductor Corp. of Santa Clara, Calif.
for use in the microcomputer-pro-
graming aids it sells to users.

In second place behind Shugart is
probably Calcomp, and marketing
manager Levine claims to be ship-
ping 300 to 400 drives per month.
Calcomp, which is supplying Com-

What'’s a floppy disk?

The floppy disk—variously called diskette, flexible disk, or minidisk by those
who think “floppy’’ sounds frivolous or worse—is in effect, a large, round
piece of magnetic tape. It is an oxide-coated Mylar disk, looking much like a
flexible 45-revolution-per-minute phonograph record. It's 7.8 inches in
diameter, and 0.005 in. thick, with a 1.5-in. hole in the center. The disk is
contained in a flexible plastic envelope 8 in. square and 1/16 in. thick. It's
coated on the inside with a soft material that permits easy rotation of the
disk inside the envelope at 360-rpm. A slot in the envelope provides access
for the read-write head to the disk surface.

A single floppy disk holds about 3.1 million unformatted bits—roughly
250,000 bytes in the standard format. The data is recorded on 77 tracks at
a maximum density of 3,200 bits per inch on the inside track, and track
density is 48 per inch. Transfer rate is 250 kilohertz. Any point of the disk
can be randomly accessed in less than a second, a compelling advantage
over any tape format, including cassettes, reels, or cartridges. Although
early disks were not uniform in format, virtually all manufacturers are now
concentrating on the standard IBM adopted for its 3740 data-entry system.
Dual-density, hard-sectoring, and other upgrading techniques are waiting
in the wings for noncompatible systems.
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puter Automation Inc. of Irvine,
Calif.,, and Diva Inc., Eatontown,
N.J.,, is believed to be one of DEC’s
suppliers. Other suppliers are Orbis
Systems Inc., a spinoff from Cal-
comp when its disk group was called
Century Data Systems. Orbis, in
Costa Mesa, Calif.,, has ties with
Britain’s Data Recording Instru-
ments Co., and Japan’s Yaskawa
Electric. Orbis also sells to Remex of
Santa Ana, Calif., on an OEM basis,
and has a contract for 4,000 units.

Control Data supplies NCR Corp.,
and Pertec is aggressively marketing
its minimum-cost, minimum-size
unit and has received a contract
from Advanced Electronics Design
Inc., Sunnyvale, and a few smaller
orders.

Applications. The major use of
floppy disks—thanks to IBM—is in
data-entry systems, but intelligent
terminals and remote-batch appli-
cations are not far behind. However,
by 1980, predicts Venture Develop-
ment Corp., a Wellesley, Mass., re-
search firm, terminals will account
for 23% of the total; data-entry and
point-of-sale systems, 15% each;
and peripherals for small computer
systems 13%. Fewer will be used
with programable calculators and in
word-processing, control, and test
systems, in addition to the original
use as a program loader.

Manufacturers agree that both
the sluggish economy and lack of
acceptance by users have held back
the flexible disks. For example, DEC,
the largest minicomputer manufac-
turer, waited for a product that lives
up to its expectations. Now, Robert
W. Puffer, vice president of hard-
ware development, says that during
the past year, DEC has changed its
attitude and is convinced that the
floppy disk will be important as a
data-entry device.

Another peripherals firm,
Datapoint Corp., emphasizes a ma-
jor advantage—the compatibility
forced on the industry by IBM’s de
facto standard. Datapoint’s Poor
says: “It’s intrinsically an inter-
change medium, and we’d adopt al-
ternate technologies only if IBM ac-
cepted them first. Any other
alternative would be like coming
out with punched cards with
triangular holes—you’d never be
able to sell them.” O
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What's new in MOS...

RCA announces

the 70011 memory
in volume.

What is the company who created CMOS
doing in NMOS memories? Putting all of its
knowledge in “P” and “N"”" MOS technologies
and its experience in high volume manufacture to
work to become an important new source to you.

You told us that although there is already a
long list of memory makers you could use
another major supplier. One from whom you
could expect a steady flow of product in volume.
For as long as you need it. Without having to stop
to worry about quality problems.

When we decided to enter the field and make
memories an important part of the broad RCA
semiconductor line,we chose the 70011 1024-Bit
RAM as our starting point. Less than six months
after that decision we can accept orders for
qguantities as high as you can use. And by the
time you need 4K memorieswe expect to be ready
to make the same high volume-high quality offer.

In speed, cycle time, TTL compatibility, pack-
age, and every other way the RCA MW7001ID is

interchangeable with any industry standard
70011. So when the need is there, RCA is ready.
We're anxious to set up a program to help you
evaluate our product and our production
capability.

If you prefer to check out the MW7001ID on
your own, you can purchase evaluation quantities
through your RCA Solid State distributor. If you
really have no immediate need for a new high
quality source for the 70011, watch for the NMOS
announcements forthcoming from RCA. When it
comes to memories,we’re planning to be able to
help you in more ways than one.

Write: RCA Solid State. Box 3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada,;
Sunbury-on-Thames, U.K.; FujiBldg.,Tokyo, Japan.

RCA. The first house in CMOS moves into memories.
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Commercial electronics

POS marking stirs indecision

Since picking OCR-A as merchandise-tag format, retailers

have caught point-of-sale equipment makers on horns of dilemma

There’s a new standard marking sys-
tem for merchandise tags in retail
stores, but point-of-sale hardware
manufacturers are finding that their
customers have mixed reactions
about using it. The result is a contin-
uation—for now at least—of the
splintered market: POS systems that
can operate with the new standard
OCR-A system, magnetic-stripe en-
coding, optical color bars, or no
ticket-reading wand at all.

The National Retail Merchants
Association adopted the standard
for machine-readable systems last
fall and is now strongly urging
members to comply, but acceptance
has been slow. Part of the reason is
that it took something like four
years to decide on the standard, and
some retailers chose other marking
types in the meantime.

Another problem is that full ac-
ceptance of the standard also de-
pends on suppliers marking goods
at the source. To date, only about
200 of the thousands of suppliers to
department stores, specialty shops,
clothing stores, and
the like have begun
putting OCR-A (for
optical-character-
reader font A) tickets
on their merchandise
before shipping.

Finally, there are
still some important
details left for the
NRMA standards com-
mittees to wrap up.
The most important is
to establish a function
code and format to in-
terface with the Uni-
versal Product Code
for symbols adopted
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by Gerald M. Walker, Associate Editor

by the supermarkets. This would
permit a common marking program
for the many products now sold in
both grocery chains and retail
stores. It could mean machine-read-
able tags in optical format for vir-
tually all goods sold to consumers.
And that, in turn, could force credit
cards, currently using magnetic
stripe, to be converted to OCR as
well.

Struggle ahead. These possi-
bilities are still a long way off, and
they will not take place without a
struggle that will involve the many
links in the merchandising and
credit-purchasing chain. In fact,
some of the strain in promulgating
the OCR-A standard showed at the
recent NRMA convention in New
York. There, leaders of the stan-
dards task forces brought their in-
spirational show into town and
made telling points about the ben-
efits of the format that they helped
design (See “Why OCR for retail-
ers?”’ p. 65).

Retailers express a range of re-

: N\
Light touch. Wand from Recognition Equipment Inc. includes features from
company's systems manufactured for banks and the postal service.

sponses, well summarized by one
vice president of operations who re-
marks, “As you know, department-
store managers like to do things
their own way, so don’t expect 100%
cooperation.”

Caught in the middle, the POS-
hardware producers have taken
various positions. NCR Corp., which
has its own two-color bar-code
marking system, also has an OCR-A
hand-held wand scanner available.
Should the tide turn toward the new
standard, NCR can retrofit the wand
to its 280 POS terminals with a
simple field change of one read-
only-memory circuit.

Singer Business Machines divi-
sion has also displayed an OCR-A
wand, but has stated for some time
that it can supply any scanner re-
-quired. A buffer board installed in
the terminals makes it possible to
hook up either OCR or magnetic
wands without a retrofit alteration.

Independence. 1BM Corp., on the
other hand, is sticking to a state-
ment released last October concern-
ing OCR. At that time,
IBM said, in effect,
that the new standard
is nice, but the com-
pany will continue to
supply its own mag-
netic ticket-encoding
unit and magnetic
wand reader with the
model 3650 Retail
Stores System ‘‘to
serve the varied re-
quirements of our cus-
tomers.” Further,
Unitote/Regitel, a
combination owned
by General Instru-
ment Corp., has a
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A surprise ofter rrom

Trya package of

We've put together an assortment of 20
different devices that cover most of the things
you want to do with op amps. With this package
at your elbow you will be able to reduce your
idea-to-breadboard time from days, or even
weeks, to minutes.

Here are some of the reasons we think it
will be useful to you:

First, it contains the CA3130, our new device
that combines MOS/FET, bipolar and CMOS on
the same chip and gives you a lot of performance
for a low price.

Second, you will have a number of RCA
versions of industry standard types that will let
you evaluate and compare them with what you
are now using.

Third, you can get first-hand experience with
some of the new devices that could soon become
industry standards— they’re the types we've
developed over the past 12 months to help you
design for improved performance and lower cost.

In addition to general-purpose, precision and
high current types you will get wideband and
operational transconductance amplifiers, as
well as RCA micropower programmable op amps.
And we'’ve wrapped up this neat little package
with both a data book and applications manual.

For specific information about the Op Amp
Selector, contact your local RCA Solid State
distributor or write RCA Solid State, Box 3200,
Somerville, N.J. 08876. Phone (201) 722-3200,

Ext. 3142. :
RECA &

State

A full house in Linear ICs.




/ FOR INNOVATIONS IN LOW-COST TEST EQUIPMENT, THINK HP \

A professional 80 MHz counter for $249.

The HP 5381A counter covers 10 Hz to 80 MHz
with the highest performance available for the
money: Sharp seven-digit LED readout. High
stability internal time base. 25 mV sensitivity.
Three-position input attenuator. External oscillator
input. Ratio measurement capability. Extremely
rugged dust-free case.

Ideal for applications such as production line
testing, service and calibration, frequency moni-
toring, education and training.

Or go all the way to
225 MHz for just $450. =)

The HP 5382A counter has all the features of the
5381A over an expanded frequency range of 10 Hz
to 225 MHz. Plus an eight digit display and op-
tional temperature compensated crystal

oscillator ($100)*.

As you might expect from HP, both counters =
come with the same warranty and service back-up

as our costliest test equipment. And both meet HEWLETT l—ﬁﬁ' PACKARD

IEC safety specs.

For complete information call O nearby Sales and service from 172 offices in 65 countries.

HP fleld engineer. OI‘. write. 1501 Page Mill Road, Palo Alto, California 94304
&2406 *Domestic USA prices only /

Circle 64 on reader service card

BN PRE-PUNCHED, PERFORATED, EXPERIMENTER
or PROTOTYPE Boards.

VARIETY OF MATERIALS G*
GLASS EPOXY .‘0
PAPER PHENOLIC ‘\6
COPPER CLAD N\
PAPER EPOXY

CHOICE OF THICKNESS
1/32,3/64,1/16, 3/32

WE CAN

ALSO FABRICATE
AND ASSEMBLE :
TO YOUR SPECIFICATION.

Whatever you call them...We make them!!!

SELECTION OF
TERMINALS & HARDWARE

ASSORTED PATTERNS

Pattern Centers Hole Dia.
\ A" .265 x .265 .093

B .187 x .187 .062
E™ .250 x .250 .100
G .200 x .200 .062
G .100 x .200 .062
H .375 x .375 120
4 .100 x .100 .042
Send for new catalog.

KEYSTONE

S ELECTRONICS CORPORATION
43 BLEECKER STREET- NEW YORK, N.Y. 10012 « (212" 475-4600
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wand of its own that has a light-
emitting-diode array to read round
holes in the tags. The firm is not yet
showing an OCR wand. Sweda Inter-
national, originally a backer of
magnetic wands, is now set to pro-
vide either type, though it’s not
demonstrating a wand.

TRW Data Systems, which has
taken over the future development
and marketing of a POS system orig-
inally developed by and for the May
Co. department store chain, is
studying the situation. W. Bruce
Walker, director of new-product de-
velopment for TRW’s Transaction
Data Systems, who is credited with
the original design, says the May
stores approach to the Mark 2000
terminals excluded a wand reader.
The preference from the beginning
was for key-entry of tag data. Now,
says Walker, TRW may want to de-
sign and build its own OCR wand or
else buy one from an OEM supplier.

The two OEM suppliers that stand
to benefit immediately from a
switch to OCR-wand readers are
Recognition Equipment Inc., Dal-
las, and Data Source Corp., El Se-
gundo, Calif. Data Source, a subsid-
iary of Hercules Inc., has entered
the data-capture market with a
credit-authorization terminal ca-
pable of reading embossed num-
bers, magnetic stripe, and OCR-A

through a hand-held wand. The
wand uses a fiber-optic reader with
speed quoted at 0.5 to 15 inches per
second at a tilt up to 10° in any di-
rection from the surface. This wand
is available for POS terminals.

Microprocessor used. Recognition
Equipment has been marketing OCR
reading equipment since 1963.
Much of the same technology used
in making machines for banks and
the postal service has gone into the
company’s wand, such as an ampli-
tude correlator that uses MOS and
the analysis-recognition and con-
text-editing functions by means of
an MOS miCroprocessor.

The read head contains two low-
voltage lamps to illuminate the
characters and a lens to transmit the
image to an MOS LSI self-scanned
12-by-38-element imaging array. A
hybrid amplifier then transmits the
sensor’s analog output to a process-
ing module.

Recognition Equipment has
signed agreements to supply both
NCR and Singer. But, Gary F. Hall,
OCR Wand division manager, sur-
mises that other competitors will
probably begin moving into the
OCR-wand field as demand in-
creases. ‘‘POS-systems companies
may want to design their own
wands,” he remarks, “but it’s not as
easy as it seems. We’re depending
on our experience and previous in-
vestments in product development
to stay in the lead.” O

Why OCR for retailers?

Sir*cuit
csign
i L.
Wt yould

YOU flale
its first

Since announcing the OCR-A merchandise identification standard, mem-
bers of the NRMA's Systems Specification Working Committee have toured
the country to promote the idea among influential retailers. As for the ad-
vantages of OCR, Hans Rubner, chairman of the merchandise identification
task force and program manager, corporate systems, for Montgomery Ward
& Co., lists reasonable ticket size, no need for dual encoding (alphanumeric
and another code on the same ticket), low-cost ticket-marking at any loca-
tion, readily available marking equipment, easy alterability of tickets at the
store, and compatibility with the grocery industry’s Universal Product Code.

In listing the advantages of having suppliers mark OCR tags, Norman
Weiser, chairman of source mark task force and vice president of John Shil-
lito Co., reveals results of an experiment at his stores. With 100% source-
marking of some 7,000 units the store realized a 51% savings in labor—
equal to about $213,000. In addition, many vendors are already source-
marking products, but not in machine-readable format; therefore, a
changeover means a lot lower investment for manufacturers to provide the
OCR tickets.

Both the Toy Manufacturers Association and the American Textile Manu-
facturers Institute have made initial inquiries about cooperating with OCR
source marking, Weiser reports.
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Adam..
of course

Adam is indeed a new generation of
circuit design and breadboarding equip-
ment. Its modular concept allows many
engineers to use the same mainframe
and instrument modules concurrently.
The recent addition of the resistance
substitution, connector, digital indica-
tor, and universal instrument modules,
along with the function/pulse generator,

socket, signal source, and readout
modules, give you an unbeatable
package.

Write for a copy of our new brochure.

ELi

E&L INSTRUMENTS, INC.

61 First St., Derby, Conn. 06418
Phone (203) 735-8774
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Probing the news

Solid state

How much will SOS help?

High-volume producers of semiconductors are beginning to close gap
in performance between sapphire and bulk-silicon devices

by Howard Wolff, Associate Editor

Time is running out on the chances
of silicon on sapphire to become the
next high-volume technology for
digital circuits. Once considered the
thin-film technique that would sup-
plant bulk silicon, SOS may have to
be content in a niche reserved for
special applications such as military
systems and in-house process con-
trol. '

In recent months, a number of
volume metal-oxide-semiconductor
manufacturers—all of them using n-
channel processes—have down-
graded SOS as a way to turn out dig-
ital circuits in volume. The reason:
they have found ways to improve
the performance of bulk-silicon de-
vices.

These houses, among them Texas
Instruments, Motorola Semicon-
ductor, Fairchild Semiconductor,
and Intel, have narrowed the per-
formance gap between devices of
bulk silicon and those of sOs
enough to make the extra cost of
sos devices less worthwhile. And
they have done the job with stan-
dard materials and processes like
ion-implantation (to build depletion
modes) and silicon-gate (to build
small circuits). SOS devices now cost
three to five times more than bulk-
silicon devices, a figure that could
be pushed down by volume produc-
tion, but no volume producer is
planning a general line of sOs de-
vices at this time.

Still, there is a good deal of inter-
est in SOS among complementary-
MOS houses such as RCA, Inselek
Corp., and Solid State Scientific Inc.
That’s because the biggest advan-
tage of SOS is that it enhances the
performance of C-MOSs. Although
the biggest factor in favor of C-MOS
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is that it consumes little power, it is
also slow and requires relatively
large real estate. But C-MOS on sap-
phire is faster and smaller than
plain C-MOS, meaning that sapphire
turns C-MOS into an LSI technology.
However, the recent decision by
Rockwell International Corp.’s Mi-
croelectronic Device division to
drop most of its commercial SOS
work [Electronics, Dec. 26, 1974,
p- 23] tends to bolster the opinion in
some quarters that n-channel MOS
on sapphire isn’t the way to go.
Advocate. But Joseph R. Burns,
president of Inselek Corp. in Prince-
ton, N.J., says he feels that the cus-
tomer for Rockwell’s sos—General
Automation Inc. in Anaheim,
Calif.—promoted SOS devices too
heavily and too

jointly develop SOs products and
second-source each other, will pick
up where Rockwell left off, says
Burns. The company now has 35
standard products for sale in both
memory and high-speed devices—all
pin-to-pin compatible with RCA’s
4000 series.

And RCA is forging ahead. Henry
Miiller, director of MOS and
memory products at the Solid State
division in Somerville, N.J., says,
“sos pays off when you have high
gate-to-pin ratios.” Miiller foresees
applications in arithmetic units, par-
ity networks, multipliers, counters,
programable logic arrays, and
memories. He says RCA plans to in-
troduce a series of self-aligning
MOS-on-sapphire circuits in produc-

soon. General
Automation,
which now has
no supplier for
the n-channel
MiCTrOprocessor
that was to serve
as the single-
chip central pro-
cessor in its LSI-
12 microcom-
puter, “had a
tremendous PR
campaign go-
ing,” says Burns,
““it was com-
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tion quantities during the second
half of the year. Beyond 1975, RCA
is looking at SOS versions of preset-
table binary-coded decimal up-
down counters, a presettable binary
up-down counter, and a crosspoint
switch.

Another East Coast firm, Solid
State Scientific of Montgomeryville,
Pa., “is not going across the board
with the 4000 series as Inselek seems
to be doing,” says Walter Kalin,
C-MOS marketing manager. “We’re
selecting those SOS products that
primarily offer speed as an advan-
tage over conventional MOS.”

Also, says Kalin, “We think SOs
has an appeal in the very large cir-
cuits, but you don’t start out big and
work down in this business. We’re
trying to develop a process that
doesn’t have a cost penalty built
into it.” Kalin says he believes that
a 10% to 20% add-on cost margin
for sos is commercially acceptable
for the advantages it brings to the
product. “We feel that for a $9 RAM
to go to $10 in an sOS version would
be acceptable.”

Moving west, the optimism drops
away. Texas Instruments does not
believe that SOS is a strong candi-
date now to replace bipolar or MOS.
However, TI concedes that the tech-
nology may find some special
niches—military uses, for example,
in hardened circuits. Though con-
ceding that SOS has a favorable
speed-power product, high perform-
ance, and bipolar-compatiblity, TI
believes that’s only true when the
equipment isn’t run all the time at
maximum speed, a unique require-
ment most often found in military
circuits.

Intel waits. Intel, in Santa Clara,
Calif., doesn’t have any sOS-product
plans now, which indicates “in a
way that we don’t believe it is a vi-
able production technology at this
point in time,” says Leslie Vadasz,
director of engineering. One factor
governing whether or not it ever will
be, says Vadasz, is “how fast n-
channel MOS improves in perform-
ance by the time SOS has reached
the point on the learning curve
where it is producibly cost-effective
and competitive. It also depends on
how much improvement can be
made in the SOs performance
specs.”
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But SOS has several desirable fea-
tures for the designer, he says.
Higher density circuits with higher
performance and excellent isolation
characteristics may be designed.

“All you have to do is etch away
silicon where you don’t want it, or
use oxide isolation. In addition, it
has very low parasitic capacitances,”
says Vadasz.

One possible application when
SOS cost comes down, adds Vadasz,
is in watch circuits. “The power-
speed tradeoffs are better for sos
than for C-MOS, resulting in better
high-frequency, low-power circuits.
But, frankly, none of these advan-
tages are enough to offset the pro-
hibitive costs of sOs technology
right now.”

Jerry Larkin, National Semicon-
ductor’s memory-product marketing
manager, points out: “The recession
certainly hasn’t helped so0s. The
kinds of things which get cut back in
times like these are those programs
which address the farther-out 10%
of the market, rather than the main-
stream. And SOS certainly isn’t in
the mainstream.”

Amid the talk of finding a special
place for SoOs, at least one company
has found that place—Hewlett-Pack-
ard Co. of Palo Alto, Calif. H-P de-
cided it had special needs that could
be filled best by SOs devices, so it
made what Larry Lopp, integrated-
circuit lab manager at the Computer
Systems group, terms some “rather
large commitments.” The result is
that H-P now has facilities “in the
development mode” dedicated to
C-MOS on sapphire.

His company’s needs are different
from those of semiconductor
makers, points out Lopp. “We see
Sos as the technology to provide us
with the kind of capacity we need in
our equipment,” particularly com-
puters. Lopp lists three major ad-
vantages of SOS:
® [t is fast; propagation delay is 1 to
4 nanoseconds.

m [t requires so little power that in
standby the drain is “essentially
zero.” This, as even those who are
cool to the technology agree, is an
important advantage in very large-
scale integration.

® Processing, says Lopp, is “very
similar” to that of silicon without
many production problems. O
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Free sample/design kit s
light on how Silikrone® lamp
filters put you ahead with more
accurate color selection and
extended life for miniature incan-
descent or automotive lamps.
Colorfast and pliant even after
10,000 hours at —160°F to 500°F,
these interchangeable, reusable
silicon rubber boots can't crack,
melt or fade like painted bulbs
or plastic caps . . . add 5-6%
longer lamp life, too. For your free
design kit, contact: APM-Hexseal,
44 Honeck St., Englewood,
N.]J. 07631; (201) 569-5700
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Probing the news

Companies

IBM beefs up staff in Europe

Personnel are shifted from New York to new Paris organization

to eliminate layer of management, placate governments

by Michael Johnson, McGraw-Hill World News

As International Business Machines
Corp. prepares to fend off the U.S.
Justice Department’s antitrust suit
next month, the computer giant is
already moving cautiously toward
breaking up its foreign operations
into more autonomous parts.

About 160 1BM professionals have
been quietly moved from the New
York area to Paris since the sum-
mer, and another 250 are being
shifted from posts around the world
to join them in the new regional
headquarters, IBM World Trade Eu-
rope/Middle East/Africa, called
EMA by the company. A smaller
parallel company is responsible for
Canada, Latin America, and the Far
East, but 1BM Corp. will continue to
handle the U.S. market.

The new Paris-based EMA group,
headed by chairman and chief
executive officer Jacques Maison-
rouge, was created on paper last
April, but only now is it becoming
fully operational. Not surprisingly,
top executives, fresh from New
York, enthusiastically back the
move toward greater independence
for international operations.

Frank Cummiskey, president of
the EMA superstructure, says one of
the biggest gains is the elimination
of the “Tinker-to-Evers-to-Chance
style of doing business with head-
quarters.” In effect, the new system
eliminates one layer of manage-
ment, IBM World Trade Corp. in
New York.

Timing. But outside observers are
intrigued by the timing of the de-
centralization. IBM’s domination of
computer markets is under fire, not
only in the United States, but in Eu-
rope, too—at the Common Market
Commission in Brussels. In addi-
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tion, European governments are
growing more and more feisty about
seeing locally implanted multina-
tionals in all industries obey faceless
masters in New York City, Los An-
geles, or Armonk, N.Y.

IBM’s decision to shift major cen-
ters of gravity to Paris may help
calm some of those fears. Certainly,
the local governments are pleased to
see an operation based in Europe
also exert control over Middle East
and African personnel, marketing
strategy, and product-line manage-
ment. Indeed, even one full-time
IBM-watcher at a major European
competitor grudgingly acknowl-
edges, “They’ve greatly improved
their local standing.”

To be sure, IBM is not spinning off
its international activities entirely.
The European market alone is a
major money-maker, accounting for
35% of consolidated sales. And to
make sure the worldwide operations
remain cohesive, product develop-
ment will remain tightly centralized
in the U.S. Moreover, all major de-
cisions will still have to pass through
the board of directors in Armonk.

The advantages come in expedit-
ing problems that traditionally have
required four levels of approval, of-
ten accompanied by weeks of ago-
nizing analysis at each level.

Streamlining. “We’ve managed to
deal with size,” says Cummiskey.
“We have eliminated that [New
York] headquarters step that in
some cases was duplicative.” But
more important, Cummiskey con-
siders the shift “further recognition
that Europe makes a significant con-
tribution to the profit of the corpo-
ration.”

In organizational terms, the new

New chief. Frank Cummiskey heads IBM
World Trade Europe/Middle East/Africa.

system has reduced 1BM World
Trade Corp. to a holding company
and merged its decision-making
power with that of the old IBM-Eu-
rope organization, which now acts
on behalf of EMA as the super-
structure for the national subsidi-
aries and branches. Also, the result-
ing transfer of personnel to Paris is
putting some international com-
puter types in direct touch with their
market for the first time.

The payoff comes quickly. “We
get a lot closer look, in real time, at
what the product problems and suc-
cesses are,” says Malcolm Robinson,
head of product-line management
in Paris.

“There are significant differences
in the kinds of computation and in-
formation-processing between Eu-
rope and the United States. The
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way we tailor our equipment is im-
portant, and we’ve been doing it re-
motely from New York until now,”
he says.

Labor. Perhaps the most rapidly
changing factor for the new EMA
system to cope with is European la-
bor relations. Trends unknown in
the United States—such as the
strong worker voice in management,
protection against inflation and
unemployment, and the welfare-ori-
ented history of European labor—
had gone down hard with IBM’s aus-
tere personnel experts.

“I’'m constantly amazed at what
I'm learning about the French,”
says newly arrived Norman Had-
dad, director of compensation and
benefits at the Paris headquarters.
“Being here, you get a much better
feel for employees’ thought pro-
cesses. For one thing, their outlook
on compensation is completely dif-
ferent.” Haddad, who formerly did
about the same job in New York,
notes that Europeans feel they have
a right to maintain their purchasing
power and a “right to a piece of the
action.”

In the previous organization, IBM
had been at pains to adapt quickly
to local subsidiary demands that
clashed with the corporation’s
tough-minded personnel philoso-
phy. “Now I interface directly with
the countries,” Haddad says. “Sit-
ting in New York, no matter how
many reviews you read, you can’t
fully understand.”

Specifically, the company has en-
hanced its ability to deal with sud-
den personnel requirements, which
sometimes can be “completely for-
eign to the American environment,”
he says. Maisonrouge now has the
power to grant final approval to any
benefit plan that does not represent
a precedent; the old chain of com-
mand would have required transat-
lantic negotiation between Paris and
World Trade Corp.—after the pro-
posal had cleared personnel analysts
at IBM-Europe in Paris.

For Cummiskey and Maison-
rouge, the transfer of power to Paris
has an additional practical payoff.
Last year, each made about 15
flights from Paris to New York for
meetings at headquarters. This year,
they hope to cut that travel bill in
half. O
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Kill bad ICs.On sight.
And get off easy.

$945 Model 1234 Linear IC Tester

A maltunctioning IC hid- Send for the full infor-
ing out on your circuit mation on these solid-state,
board is bad news. It costs self-contained, ten-pound
time and money to find and troubleshooters. And ask
replace it. about our

Kill it first. With free trial
one or both of our plan.
compact, inex-
pensive IC test-
ers. Before it
hides out in
your circuit.

The 1248 Digi-
tal IC Tester for
TTL, DTL, and CMOS
logic families performs
a functional test, making
2% inspections in from 2
to 5 seconds. The digital
test code identifies the

$550 Model 1248
disasters. Dlgltal IC TeSter
The 1234 Linear IC

Tester makes the six most Electro Scientific Industries
important op amp measure- 13900 N.W.

ments, allowing you not Science Park Drive

only to identify the clunk- Portland, Oregon
ers butto sort by parametric  97229.

test performance. The dig- Telephone: e
ital readout displays their (503) 646-4141. ELECTRO

condition. SCENTIARC

For more information on model 1234 circle 69 on reader service card. AQ




Probing the news

Education

Kit offers instant insights

Developed by Virginia Tech and breadboard maker, equipment allows
students to work with LED display and ICs the first day.

A relatively simple and inexpensive
system that leapfrogs some of the
traditional methods of teaching
electronics has been developed by a
university in Virginia with hardware
built by a Connecticut breadboard
maker.

The system, developed at Virginia
Polytechnic Institute and State Uni-
versity, Blacksburg, is built by E&L
Instruments Inc. of Derby, Conn.
With it, students can gain first-hand
experience with ICs and seven-seg-
ment displays at the very start of the
course.

The one-year course was devel-
oped, oddly enough, by members of
the chemical and chemical engi-
neering faculties at Virginia Tech,
Peter R. Rony and David G. Lar-
sen. They explain their involvement
by pointing out that electronics has
become a vital component of both
disciplines.

Their idea was to eliminate the
protracted and often dull traditional
JApproach and bring their students
faceto-face with ICs and seven-seg-
ment displays on the first day. They
say that digital electronics is much
easier to understand than analog
electronics, and that the seven-seg-
ment display is an effective teaching
tool, which, much like the more tra-
ditional oscilloscope, enables the
student to grasp key concepts.

Says Larsen, “We encourage a
student to use manufacturers’ speci-
fications for the various IC devices,
making him self-sufficient right at
the start in creating digital circuits.
Later on, he may return to the fun-
damentals of electronics—such as
transistor and diode theory—and
build a strong base.”

The heart of the $247.70-bread-
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Putting it all together. Student at Virginia Tech works with hardware designed to give him in-
stant feeling for work with ICs, light-emitting-diode displays, other digital circuitry.

board system is E&L’s SK-10 socket.
It mounts 840 spring contacts with
an expected life of 10,000 wire in-
serts apiece. A student simply plugs
ICs directly into the sockets and in-
terconnects them point to point by
pushing wires into contacts.

Novel parts of the system are the
outboards. These are preassembled
modules with prepackaged func-
tions, such as logic switches, light-
emitting-diode displays that include
a 7447 decoder-driver, and a clock
whose frequency range can be ad-
justed from 30 kilohertz to 1 mega-
hertz. Plugged in along the periph-
ery of the socket, these outboards
give the student the feel for the sub-
system concept.

Two textbooks accompany the
course, which is aimed at the stu-
dent with little or no knowledge of
electronics. A third text, due in May
with accompanying hardware, will
cover microcomputers, while a

fourth, probably coming in May
also, covers interfacing and data
transmission. These will expand the
course to two years.

More sales. Since Virginia Tech
and E&L got together, community
colleges and some manufacturers
like IBM have become customers.

E&L was preceded in the educa-
tional field by Hewlett-Packard
Co.’s 5035T Logic Lab, a more com-
plex arrangement that sells for $695
with a logic probe, logic pulser, and
logic clip, plus a LED display, main-
frame, and breadboard. The H-P
mainframe and breadboard are for
sale separately for $345. It also con-
tains prestripped wires and solder-
less connectors, and handles every-
thing from basic gates to random-
access and read-only memories.
H-P’s Bruce Hanson, product man-
ager, says most sales are to industry,
but that Yale and Ohio State Uni-
versities are using the 5035T. O
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HD/CMOS achieves LSI
circuit densities unmatched

by any other CMOS process.
HD/CMOSII is even better.

Our High-Density CMOS process for custom Large-Scale
Integration was an innovative development that made CMOS ideal
for use in dedicated LSI subsystems. Since its introduction over
two years ago, HD/CMOS has been used in volume production for a
wide variety of applications in the fields of electronic timekeeping,
portable instrumentation, medical and consumer electronics.

Continuing refinement of this unique processing technology has
resulted in a major new breakthrough. We call it HD/CMOS II. It
gives you even greater circuit densities, lower power operation, and
faster switching speeds. In fact, it’s presently providing the highest
density of circuit integration yet attained for random logic designs.

HD/CMOS may be ideal for improving your product. If so, it can
produce exciting and profitable rewards in the marketplace.

Applying the advanced technologies of LSI to customer products is
our sole business. We can help you answer questions about
cost/quantity tradeoffs, long-term profitability of the host product,
and choosing the right processes to optimize performance and
reliability.

If you’re considering LSI, consider Micro Power. We sell more than
circuits. We sell solutions.

Contact us for complete details:

MICRO POWER

3100 Alfred Street

Santa Clara, CA 95050
Telephone (408) 247-5350
TWX 910-338-0154

SYSTEMS

MPS/Japan

21 Mori Bldg., 2-2-5 Roppongi
Minato-ku, Tokyo, Japan
Telephone 586-0471
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iIf you can look
at one more

logic tester-..

We’re worth another look. Put
aside all preconceived notions of
what an automatic tester should
-be, and let us show you Trendar,
testers so unique that users large
and small say they're in a class by
themselves.
That’s a big claim. Here’s why. They
turn out more perfectly tested and
diagnosed boards per hour than
any other commercial tester. This
saves you a bundle. They require
three to five times less pro-
gramming time. This saves you a
bundle. They can be delivered with
kickoff programs, so your
personnel are trained and turning
outtested productin 48 hours. This
saves you another bundle. And if
you've looked at other testers, you
- recognize that only Trendar
delivers this kind of performance.
. For moderate volume testing the
» Trendar 1010A has the lowest
_purchase price of any true pro-
" duction test station anywhere. Plus
the same economics provided by
its big brother, the 2000A.

we’ll show you
how to save
a bundie.

TRENDAR

a subsidiary of John Fluke Mfg. Co.,

FLUKE

Inc.

Any way you figure, we’re the best
buy. In a comparison of the
Trendar 2000A with a typical
software system, where 1000
boards per month of 25 types are to
be tested, it can be conclusively
demonstrated that over a third of a
million dollars can be saved over
the three year life of a program.
That’s a bundle in anybody’s
language.

When compared with other auto-
matic testers, Trendar is a better
investment—not only in terms of
capital investment and pro-
gramming costs, but through
higher speed diagnostics. When
compared with dedicated test
fixtures, there’s no contest. One
user reports that over twenty
technicians and expensive test
fixtures would be needed to equal’
one operator and his Trendar 2000.

Over 3,500,000 boards tell the tale.
Perfectly tested and fault isolated
onthe world’s most cost productive
testers. Priced from $6,500 to
$28,900. We make big claims.
Make us prove them. Call us.

Logic testers so sophisticated
they don’t need a computer

500 Clyde Avenue, Mountain View, California 94043—415/965-0350
TWX 910-379-6573. Europe, Fluke (Nederland) B.V., P.O. Box 5053,
Tilburg, Netherlands, Tel. 013-673973. Telex 52273. U K., Fluke
International Corp., Garnett Close, Watford, WD2 4TT, Tel. Watford
(0923) 33066, Telex 934583
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Technical articles

The case for component burn-in:
the gain is well worth the price

Besides significantly increasing systems reliability, component burn-in
can give substantial cost savings to the systems builder, as it
greatly reduces the need for reworking and field repair

by J. Albert Loranger Jl’., Loranger Manufacturing Corp., Warren, Pa.

O An electronic device will most likely fail in the early
hours of its life, if it is going to fail at all. That’s the
basis for the concept of burn-in, which can be used to
precondition all types of components, particularly semi-
conductors, whether commercial or military grade. Yet,
even in today’s sophisticated world of electronics, com-
ponent burn-in is not universally practiced, nor is it ne-
cessarily done in any standard way.

Burn-in, in effect, accelerates the aging of a device.
The component is baked at an elevated temperature for
so many hours, generally with an appropriate dc power-
supply voltage applied. Component failure rate is most
severe during the infancy of a device, as shown in
Fig. 1. The failure rate then levels off throughout the
device’s normal life and again increases when the de-
vice becomes old.

With burn-in, components are aged beyond their in-
fant-mortality-life stage. The devices that survive burn-
in, therefore, should have very low and steady failure
rates, making the system using them highly reliable.

Needless to say, burn-in is only as good as the electri-
cal testing done afterwards. Such testing must be thor-
ough and meaningful if burn-in is to be effective. Also,
the conditions under which burn-in is run must ap-
proximate the operating mode of the system that is
being built.
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1. Component life. Failure rate is highest during the early life of a
device. With burn-in, components are deliberately aged, or matured,
so that most time-related ‘“‘infant’” mortalities can be weeded out.
The failure rate levels off through a device's normal operating life
and then increases again when the device grows old.
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Although burn-in adds to the price of a component, it
can pay off in the long run by saving the component’s
user quite a bit of money in other cost areas. Measur-
able cost savings come from a significant reduction in
reworking and field repair. Then there are intangible
factors, such as a good company reputation and satis-
fied customers, which cannot be measured in terms of
dollars.

Component burn-in can be done in-house, with the
systems builder buying and running his own burn-in
equipment, or he can pay an outside testing facility to
do it. A third alternative is to pay a premium to the
component supplier for a burn-in test. It’s up to the sys-
tems builder to decide which approach, if any, best suits
his needs.

The measurable cost advantages of burn-in can be il-
lustrated by developing a generalized systems model.
Such a model will enable the systems builder to deter-
mine for himself whether or not component burn-in is
worthwhile for him.

Figure 2 shows how an electronic device accumulates
failures as a function of time. The total number of fail-
ures depends on a base failure rate, the quality control

REJECTS

DEVICE PACKAGE
EFFECT

QUALITY LEVEL
FROM VENDOR

w
w
o
5
=
<
.
w
=
-
<
-
=1
=
=
(3]

|

|

|

|

b

BASE FAILURE RATE |
|

168 HOURS
BURN-IN TIME AT 125°C

2. Failures add up. Components are subject to a number of failure
modes. For a given population, these failure modes cause cumula-
tive device rejects. Burn-in can catch at least 95% of the weak de-
vices before they become part of an assembly and are hard to find.
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at the manufacturing level, the complexity of the de-
vice, the environment in which the device is used, and
how the device is packaged. Other parameters, such as
variations in processing and the temperature of the en-
vironmerit, also influence the aggregate failure rate.

Therefore, the following cost analysis will consider
both an appreciable-failure model and a minimal-fail-
ure model to cover the full range of possible circum-
stances. Table 1 shows the general approximations that
can be made for these two models. In each case, the hy-
pothetical system being considered is regarded to be a
single-purpose unit, such as a single circuit board, a
single computer, or a single missile.

For M systems, the rework cost is:

rework cost = (probable number of systems
requiring rework) X (M systems)
X (cost per incident)

For 1,000 systems using the minimal-failure model:

rework cost = 39.3% X 1,000 X 87.50
rework cost = $2,947.50 for 1,000 systems built

For 1,000 systems using the appreciable-failure model:

rework cost = 63.2% X 1,000 X $30
rework cost = $18,960 for 1,000 systems built

The cost of field repair can be determined in a similar
manner. Of course, this expense is paid by the systems
builder if the systems are leased. Even if the customer
owns the systems, the cost of field repair is passed back
to the systems builder eventually in free service calls or
in lost orders.

For M systems, field repair will cost:

field-repair cost = (probable number of systems
requiring repair) X (M systems)
X (cost per incident)

For 1,000 systems (minimal-failure model):

field-repair cost = 39.3% X 1,000 X $50
field-repair cost = 819,650 for 1,000 systems built

For 1,000 systems (appreciable-failure model):

field-repair cost = 63.2% X 1,000 X 384
field-repair cost = 853,088 for 1,000 systems built

Now, suppose these systems are built with burned-in
devices. For M systems, the total testing cost becomes:

testing cost = [(burn-in cost per device)
+ (parameter testing cost per device)]
X (M systems)
X (number of devices per system)

For both the minimal-failure model and the appre-
ciable-failure model:

testing cost = [($0.05) + (30.01)] X 1,000 X 100
testing cost = $6,000 for 1,000 systems built

When burn-in is done, significant cost savings can be
realized for both systems. In either case:

cost savings = (rework cost) + (field-repair cost)
— (testing cost)
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For the minimal-failure model:

cost savings = $2,947.50 + $19,650 - $6,000
cost savings = $16,597.50 for 1,000 systems built

For the appreciable-failure model:

cost savings = 818,960 + $53,088 - 36,000
cost savings = $66,048 for 1,000 systems built

Obviously, then, proper testing for time-related failures
can result in significant savings.

Moreover, this analysis completely ignores the cost of
defective devices themselves. Normally, defective units
can be returned to the vendor. Or the effect of their cost
can be canceled out in the calculation by first adding it
to the rework and field-repair costs in the initial compu-
tations and then later deducting it from the testing
costs.

The expense of incoming inspection has also been ne-
glected. Acceptance testing is intended to discover as
many weak devices as soon as possible, before the cost
of parameter testing becomes prohibitively large. Burn-
in offers a way to catch the most probable failures after
incoming inspection, but before further work is added.
Furthermore, after burn-in, inexpensive test equipment
can still be economically utilized.

Designers will often compensate for time-related fail-
ures by including redundant or compensating networks

TABLE 1: GENERALIZED SYSTEMS MODELS ~

Minimal- Appreciable-
Model parameters failure failure
model model
Device type axial- dual-in-line
lead ICs
capacitors
Incoming acceptance quality - =
level from vendor (time zero) Lpenticr SR e I
Time-related failures
(discovery of weak devices 1% per lot 2% per lot
through burn-in)
Number of device types
included in each system i 1498
In-plant trouble-shooting $7.50 per $30.00 per
and repaid cost per system incident incident
Field trouble-shooting and $50 per $84.00 per
repaid cost per system incident incident
Statistical determination
of in-plant rework probability
per system basez_i on time-zero 39.3% 63.2%
acceptance quality levels with
100 devices per system
(based on Poisson distribution)
Burn-in cost per device less than less than
(see Table 2) 5 cents 5 cents
per device per device
Parameter testing cost per 1 cent per 1 cent per
device after burn-in device device
Statistically determined proba-
bilities of field repair due to 39.3% 63.2%
time-related failures Sy ESES
(based on Poisson distribution)
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TABLE 2: MODEL* FOR IN-HOUSE BURN-IN COSTS

Total watts = (voltage) X (amperage per device) X (number of devices)
Total watts = (5 V) X (0.065 A) X (10,000 devices)
P Total watts = 3,250 W
ower
Supplies Needed: five 650-W supplies ($1,095 each) plus one backup supply
Total cost =6 X $1,095 = $6,570
Oven size is determined by the number of devices to be accommodated,
the volume of heat to be handled, and the desired burn-in temperature.
Ovens Needed: one 24-cubic-foot oven with burn-in blower modifications
B Grand Total
FIXED Total cost = $4,000
EQUIPMENT 32,5(7)8
COSTS Cost of custom-made aluminum pc-board rack = $1,500 5'800
Racks, Cost of 85 high-temperature connectors = $1,275 LSQS
Connectors, $33,465
Wiring Cost of wiring from power supplies to connectors = $2,225
Total cost = $1,500 + $1,275 + $2,225 = $5,000
Cost of 85 double-sided boards (7 in. by 18 in. by 1/16 in.)
having plated-through holes = $2,975
gg&‘;‘;;f’s' Cost of 10,000 burn-in sockets = $12,400
e Cost of wave-soldering = $2,520
Total cost = $2,975 + $12,400 + $2,520 = $17,895
Device power = (total supply power) + (supply efficiency)
Device power = (6 X 650 W) + 50% = 7.8 kW
P ) Oven power = (maximum oven power rating) X (estimated utility)
C°We' . Oven power = (9,800 W) X 50% = 4.9 kW
onsumption
Total maximum cost = [(device power) + (oven power)]
X (cost per kilowatt-hour) X (hours per year)
Total maximum cost = (7.8 kW + 4.9 kW) X $0.025 X 8,760 h
Total maximum cost =$2,781 per year
Loading cost = [(number of positions to be loaded) rand Total
+ (loading rate)] X (labor rate per hour) $2.781
VARIABLE X (number of batches per year) 4940
OPERATING Loading cost = (10,000 + 1,500) X $3.00 X 52 batches 9'880
COSTS Loading cost = $1,040 per year —_—
$17,601
Direct Unloading cost = [(number of positions to be unloaded) per year
U'aboe + (unloading rate)] X (labor rate per hour)
X (number of batches per year)
Unloading cost = (10,000 + 2,000) X $3.00 X 52 batches
Unloading cost = $780 per year
Cost of direct supervision by technician = $3,120 per year
Total cost = $1,040 + $780 + $3,120 = $4,940 per year
Indirect Cost = (direct labor cost) X (overhead ratio)
Labor Total cost = $4,940 X 2.0 = $9,880 per year
Cost = [(total equipment cost) + (number of years amortized)]
Capital + (number of devices per year) Grand Total
TOTAL Equipment Cost = (833,465 + 5 years) + (520,000 devices per year)
BURN-IN Total cost = $0.0129 per device $0.0129
COSTS
PER _0.0338
DEVICE Variable Cost = (total variable cost per year) + (number of devices per year) $0.046_7
Operating Cost = $17,601 + (520,000 devices per year) per device
Costs Total cost = $0.0338 per device per year
*Single device is 14-lead dual-in-line package. Equipment burns in (per MIL-STD-883) 10,000 devices
at a time. Equipment operates 52 weeks a year. Hand tools are used to load and unload devices.
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Setting up. Technician loads component board into burn-in oven at
facilities of RCA Solid State Division in Somerville, N.J.
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to bypass the weaknesses of components. But this far-
too-common practice really ignores the basic problem
and tries to catch the horse after he is out of the barn.

Many companies will expend a great deal of effort to
weed out time-zero defects—components that are dead
on arrival—while they neglect time-related failures, as-
suming such failures to be the customer’s problem.
These companies should ask themselves how many
times an individual will continue to buy a brand of ap-
pliance or automobile if he has experienced major
problems with it. Field repair, therefore, is a major cost
area that cannot be ignored—and that will reflect back
into sales sooner or later.

Additionally, many companies will argue that burn-
in should be done at the completed assembly level. Al-
though this approach has value, it does complicate the
final assembly checkout with electronic component fail-
ures. A final assembly-testing program should only do
what the name implies—check out mechanical-assembly
quality, which should be mainly a visual check for me-
chanical defects. Testing the electronics at this point is
expensive and time-consuming because the assembly
operation has already added significant cost to the com-
ponents.

The generalized model calculations presented here
assume that 100% of the faulty devices are removed
from the population by the burn-in and by final compo-
nent testing. In reality, about 5% of the rejects are not
found because of human error and the necessarily prac-
tical time limit that must be imposed on burn-in. How-
ever, this 95% success figure represents an improvement
of two orders of magnitude over no testing at all.

Additional dramatic increases in systems reliability
can be achieved by raising the burn-in temperature,
and/or driving the parts in a dynamic mode, and/or in-
creasing the power to the devices. However, all of these
approaches have some drawbacks, and the user should
gain burn-in experience before he attempts to imple-
ment any one of them. First, he should aim at finding at
least 95% of those dead-on-arrival and time-related
weak devices by following the burn-in procedures con-
tained in MIL-STD-883. He can then refine his process
further, but at some later time.

How should burn-in be done?

As previously mentioned, there are three ways to im-
plement a burn-in program, and each approach has cer-
tain advantages and disadvantages.

Components can be bought from the supplier already
burned-in. This is the usual approach when a company
is new to the burn-in concept. There is a lot to be said
for the argument that the component supplier knows
the most about his own products and therefore should
be better prepared to screen them.

What is not generally considered, however, is that the
components house regards orders requiring burn-in as
special items, requiring special scheduling and han-
dling. Also, components suppliers cannot be expected to
know as much about systems applications as the sys-
tems builder does.

An independent testing house can do the component
burn-in for the systems builder. But, this approach is
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somewhat questionable because the testing house will
be using universal equipment intended to suit a variety
of customers, rather than a specific customer. The uni-
versality of the equipment makes it nearly impossible to
give a true simulation of a particular system’s operating
environment. Schedules can falter, too, since equipment
utilization and volume are the primary considerations
for the testing house.

In-house component burn-in is often the best way. It
can be much less expensive, for one thing, because the
systems builder will not be paying part of the profit and
overhead charges of the component supplier or the in-
dependent testing house.

Additionally, delivery of burned-in parts to the pro-
duction floor is quicker because the burn-in schedule is
under the control of the systems builder. Also, the com-
ponent vendor can ship directly from his production
lines, increasing the stock from which he can choose.

The burn-in equipment itself can be tailored to pro-
vide optimum product-life expectancy and volume. The
dedication of equipment normally will improve final
device reliability, since the burn-in test can be patterned
after a specific system’s operating mode. What’s more,
capital expenditures are applied to company growth.
Burn-in will improve production yields and, therefore, a
company’s profitability. The purchase of burn-in equip-
ment, then, can be regarded as capital expenditure for
increased productivity. -

There is also better control over the accelerated-aging
data. The actual failure data is assurance that the test
was performed, as required, to specification. In fact, this
data can be reported back to the component vendors,
helping them to pinpoint batch-to-batch variations and
better serve their customers. In addition, failure data
enables a company to evaluate alternative suppliers, so
that several sources can be qualified, and a company’s
delivery position further enhanced.

With in-house burn-in, there is far less chance of in-
formation leaks to competitors. What’s more, cost im-
provements resulting from multiple-source quali-
fications, device redesign, and improved manufacturing
control would be less accessible.

The in-house route has another, often overlooked, ad-
vantage. Failure analysis can be an effective tool in
training engineering talent and developing company ex-
pertise. If a vendor or testing house is doing the burn-in,
chances are that a systems house will not learn of the
problems that are encountered with the various compo-
nents. Consequently, improvement of that company’s
product rarely follows. Expertise normally results from
analyzing mistakes and searching for a better way.
When a systems builder learns about the component

* problems within his own organization, he will be able to

develop a higher level of skill.

The systems builder necessarily knows his own appli-
cation best. The man who designs the system chooses
semiconductors, resistors, capacitors, and the like, with
one idea in mind: to perform a specific task.

On the other hand, the component designer is trying
to develop a device that fits many applications and in-
creases his company’s profit through increased volume.
As a result, there are always device parameters that
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may be superfluous to the systems engineer’s require-
ments. Often, testing for these parameters may cause re-
jects that might be acceptable on a deviation basis since
they do not really affect the system. Independent testing
houses or component manufacturers simply may not be
familiar enough with the application to evaluate fully
the needs of the systems company. Furthermore, the
systems builder may not get the feedback he needs to
alter his future designs.

At one time, burn-in was regarded as a highly com-
plex and mysterious procedure. The mystery has long
since been stripped away, and the supposed complexity
has proven to be false. If a company can design a com-
plex system function, such as a missile or a computer,
then that company can certainly lay out wiring from
power supplies to connectors to sockets mounted on
printed-circuit boards.

Moreover, company technicians are normally avail-
able to turn on power supplies and direct the produc-
tion help in the loading and unloading of sockets. There
is no real mystery to the art of burn-in. Engineering tal-
ent is required only to analyze the results of the burn-in.

How much does burn-in cost?

The cost of doing in-house burn-in will, of course,
vary from application to application. To give a reason-
able indication of the dollars involved, a hypothetical
systems model is given in Table 2.

Here, each device is assumed to be a 14-lead dual-in-
line package. The in-house burn-in equipment is oper-
ated for 52 weeks a year. The equipment can accom-
modate 10,000 devices at the same time. Each device is
burned-in for 168 hours at 125°C with reverse bias ap-
plied, following the requirements of MIL-STD-883.

The analysis shows the cost of in-house burn-in to be
less than a nickel per device for this example. Certainly,
5 cents a device is a small premium to pay compared to
the substantial cost savings and other benefits that can
be realized from component burn-in. O

Although manufacturers may disagree about how burn-in
should be done—in-house or otherwise—and what is the
optimum burn-in environment for effective screening,
many believe that some kind of device preconditioning is
absolutely necessary and that, on the final balance sheet,
burn-in saves money. Here are several testimonials from
experienced systems builders who make their case for
component burn-in. —Editor

Needless to say, component reliability is essential in
military applications. Component reliability is crucial
for long-term space missions, communications satellites,
and other applications where repair is impossible and
there are obviously limits to the degree of redundancy
that is practical. Moreover, catastrophic failures of elec-
tronic devices cannot be tolerated in a weapons envi-
ronment.

Because of the nature of existing semiconductor man-
ufacturing processes, a single manufacturing run will
produce a wide variation in quality, performance, and
operating-temperature capability. While over-all yield
may be satisfactory, the yield to any single demanding
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specification will be low. Therefore, reliable high-per-
formance parts will be more expensive because they
must be identified through additional testing. For the
foreseeable future it will be necessary, through screen-
ing and some forms of process control, to distinguish
between those parts that will last for millions of hours
and those that will fail in a few hours.

In many of our systems, we have been able to attrib-
ute as many as 30% to 50% of the failures to overstress,
especially when the parts have not been exposed to
burn-in screening. These findings tend to make us be-
lieve the parts that failed, although stressed beyond
their capacity, may not actually have been stressed be-
yond their specification limits and were merely victims
of time. This is why, in the military specification system
for microcircuits, we insist on 100% screening of all sig-
nificant device parameters and strongly favor the part
quality level for which burn-in adds full-rated stress, as
well as stress beyond time-zero.

Joseph B. Brauer, Chief, Solid State Applications
Rome Air Development Center, Griffiss AFB, N.Y.

Since we manufacture signal equipment for rapid-tran-
sit and train systems, our end products must be abso-
lutely safe, as well as having maximum reliability.
Therefore, several years ago, we instituted a burn-in
program that not only proved to be highly effective, but
also saved us a great deal of money within a very short

period of time.
The table shown here illustrates some of our findings

FAILURES FOUND THROUGH BURN-INN

. Population Percentage of

Component Device type distribution failures
signal 80% 4.0%

Diodes zener 15% 1.5%
reference 5% 2.6%
small-signal 75%

Transistors 1.5%
power | 25%
digital 80%

ICs 2.6%
linear 20%
metal-film,

Resistors wirewound, 100% 0.65%
and carbon
non-electrolytic 65%

Capacitors = 2.7%
electrolytic 35%

Average failure rate for all above devices: 2.8%

Range of batch-to-batch and vendor-to-vendor variations: %% to 20%

on defective components. With burn-in, we detect an
average of 2.8% defective devices in a given batch.
However, this average does not reflect the wide vari-
ation in the number of bad devices that can occur from
batch to batch and vendor to vendor. Our experience
indicates that anywhere from 0.5% to 20% of a compo-
nent population can be rejects.

Herbert Schwartz, Manager of Reliability Engineering
General Railway Signal Co., Rochester, N.Y.

To us, the real advantage of burned-in integrated cir-
cuits is the outstanding reliability they give our logic
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boards in the field. Some of our boards contain as many
as 262 ICs. Before we initiated our burn-in program, we
were experiencing considerable production test times
and unreasonable board fallout in the field because of
IC failures.

Now, however, most of the ICs we use are precondi-
tioned through burn-in, and the number of boards fail-
ing in the field has been reduced by at least 50%. Also,
more boards are passing their initial electrical test. Be-
cause of this, we are realizing a cost saving in board
testing that more than offsets the expense of our burn-in
operation. We are now shipping higher-quality boards
at lower overall production cost.

Jack H. Holland, Manager Test Engineering
Inforex Inc., Burlington, Mass.

We’ve found that component burn-in is essential in or-
der to ship integrated circuits to such low-cost high-vol-
ume markets as the automotive industry. We use burn-
in as a production screen, in addition to a long-term
reliability burn-in on an audit basis, for our own p-M0OS
devices.

Although the purchase of equipment for 100% pro-
duction burn-in represents a substantial capital invest-
ment, we feel that burn-in is still very cost-effective
when the warranty expense of repairing or replacing
our products is considered. In reality, not only can
burn-in reduce manufacturing costs, but the favorable
impact that a reliable product has on a customer can
also result in more business and lead to higher profits in
the future.

Robert Reichenbach, Quality Control Manager
Essex International Inc., Pittsburgh, Pa.

The primary objectives of any reliability program are to
provide cost savings to the manufacturer and improve
his customer relationships. Such a program must begin
in the manufacturing process to produce more reliable
devices that, in turn, generate significant cost savings in
troubleshooting and field-repair costs.

Since we not only manufacture and test our systems,
but also service them in the field mostly on fixed-price
maintenance contracts, the economic trade-offs regard-
ing component burn-in become obvious. Many of our
printed-circuit assemblies contain upwards of 120 inte-
grated devices. Statistics indicate that with only 1% to
2% of this population defective, an average of 70% to
90% of our pc assemblies would fail their initial test be-
cause of defective ICs alone.

As a result, we burn-in 100% of the ICs we use, re-
gardless of their source. This burn-in involves tempera-
ture cycling, followed by baking with power applied,
and finally complete dc testing. Furthermore, we do ad-
ditional assembly burn-in to detect any parametric defi-
ciency specifically related to the application in which
the system will be used.

We are continually studying and re-evaluating the
cost and effects of burn-in. To date, we have found that
it would be unwise to eliminate burn-in with the present
state of device technology.

Ronald A. Follett, Quality Assurance Director
Incoterm Corp., Northborough, Mass.
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Monolithic converter augments
ac-measurement capabilities

A low-cost thermoelement with inherent linearity, repeatibility,
and sensitivity can act as an rms converter from dc to 100 MHz,
regulate rms voltage, and measure rms power and amplifier gain

by William E. Ott, Burr-Brown Research Corp., Tucson, Ariz.

0 Such devices as thermocouples and thermopiles have
usually been used for high-accuracy wideband ac mea-
surements, wideband rms-to-dc conversion, and rms-
power measurements. However, these instruments are
priced from $800 to $1,000, and their typical response
time is 1 second or longer. Although recent computing
rms-to-dc converters priced at $100 have true rms re-
sponse and fast settling time, their bandwidth is typi-
cally only 20 to 40 kilohertz.

By circuit integration, researchers have developed a
single-chip thermal converter priced at $25 that pro-
vides a large bandwidth, settles in less than a second,
and outperforms conventional thermal devices. In addi-
tion to performing the normal functions, the BB 4131
can regulate wideband rms voltage and provide preci-
sion measurements of amplifier gain.

The BB 4131 combines a pair of bipolar npn transis-
tors and a pair of diffused resistors on a monolithic chip.
A view of one half of the converter is shown in Fig. 1.
The transistor senses the change in the chip’s tempera-
ture that results from the power dissipated by the re-
sistor. The inherent linearity, repeatibility, sensitivity,
and low thermal mass of the monolithic thermoelement
provide accuracy within 0.05% over a 30-dB dynamic
range and accuracy within 2% for the high-frequency
limit of 100 megahertz.

Analyzing the circuit

An electrical equivalent circuit of the thermoelement

(Fig. 2a) includes the resistor isolation and substrate

junctions, Djs, and Dsun, respectively. To describe the
static and dynamic behavior of the thermoelement, it is
convenient to model it with thermoelectrical analogs. A
lumped thermoelectrical model is shown in Fig. 2(b),
where the heat flow has been replaced by a current
source, Ei2/Ry, temperature by voltage, heat capacity
by capacitance y, and thermal resistance by electrical
resistance 6. The isolation diodes, Diso, have been re-
placed by their capacitance, Ciso.

The Ebers-Moll relationship shows that the tempera-
ture coefficient of a transistor’s base-emitter voltage for
constant emitter current is:

dVe/dT =[(Vigo - Veo)/ To] - (3k/q)[1 +In(T/T,)]

I =constant

where Vg, = Ve at Igo and T, Vg = band-gap volt-
age at 0 kelvin = 1.11 v, q = charge on electron =
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1 ev, k = Boltzmann’s constant = 8.62(10)-5ev/K, and
T = temperature in kelvin.

The junction temperature coefficient, found to be
about -2.0 mv/°C, has a nonlinearity of less than 2% for
temperatures between 0°C and 100°C. Temperature de-
pendence of the junction has been modeled by an am-
plifier with gain M in Fig. 2(b).

If the capacitances of resistor-isolation junctions, Ciso,
are neglected, the equation for the thermoelement in
the frequency domain can be written as

Vie(s)=Vve+ (MO/Ry)(1/1 + sy0)Ei%(s)

where Vgg is the ambient base-emitter voltage with zero
input signal. To facilitate analysis, it is convenient to de-
fine a thermal gain, A, and a thermal time constant 7r:

Ax(s)=Aro/ (1 +s11)
Aro=M0/Ry,
TT=‘)10

1. IC thermoelement. This fast-response monolithic thermal ele-
ment is composed of a silicon chip containing an npn transistor and
a diffused resistor. Changes in the transistor's base-emitter-junction
voltage correspond to temperature changes in the chip resulting
from heat generated by the power dissipation of the resistor.
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2. Circuit equivalents. An exact electrical equivalent of the mono-
lithic thermoelement is shown in (a). A more practical circuit is the
lumped thermoelectric model (b).

The thermoelement transfer function now can be sim-
plified to:

Vhe(s) = VBe+ (Aro/1 +STT)E12(S)

The dc thermal gain Aryo is slightly nonlinear because
of the small nonlinearity of the junction-temperature
coefficient M, as discussed above, and also because of
the temperature coefficient of the heater resistance and
the thermal resistance. This nonlinearity has little effect
on the dynamic behavior of the thermoelement; how-
ever it can produce some errors in the dc response. Typ-
ical characteristics of a monolithic thermoelement can
be found in Table 1.

Building an rms-to-dc converter

A rms-to-dc converter can be built of a pair of ther-
moelements in a single package, as shown in Fig. 3.
Power dissipated in the heater resistor Rn1 by the input
signal E; heats the input thermoelement, producing a
change in the base-emitter voltage of Qi. This generates

TYPICAL CHARACTERISTICS
OF A MONOLITHIC THERMOELEMENT
PARAMETER TYPICAL VALUE

Heater resistance, Ry 115 Q2
Effective thermal resistance, 0 575°C/W
Junction-temperature coefficient, M 2mvVv/°C

dc thermal gain, Ato 10 mV/V?
Effective thermal capacitance, v 113 uW-s/°C
Thermal time constant, 7+ 65 ms
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an error voltage, which is amplified by Qi, Qz, and op-
erational amplifier A;. The amplified error voltage, ap-
plied to Ry, heats the output thermoelement and tends
to bring the circuit into equilibrium. When the circuit is
in equilibrium, Eorms = Eirms.

For high-frequency input signals, the thermal time
constant of the input thermoelement acts to average the
input power, so that E, is a dc voltage. For slowly vary-
ing input signals, the temperature of Q; will track the
instantaneous value of E;2, and E, would tend to follow
Ei. Negative ac feedback from the output provided by
amplifier Az, Cr, and Rr forces the output to be a dc
voltage for very low frequency inputs.

Capacitors C; and C; are included to provide phase-
compensation for the composite operational amplifier
formed by Q1, Qz, Rc1, Roz, and Aj. For the circuit val-
ues shown, there is sufficient phase margin to prevent
100% ac feedback (Rr = 0, A2 = 1) from producing os-
cillations. So long as C; and Cz do not become large
enough to reduce the open-loop gain to unity before
about 10 kHz, they do not effect the closed-loop re-
sponse, other than to provide phase margin.

Since feedback is thermal, a negative output at the E,
terminal would produce the same feedback signal as
positive output, and feedback would be positive for the
circuit in Fig. 3, which would drive the circuit into satu-
ration. Diode D; in the output limits the output to posi-
tive signals.

Calculating the transfer function

From the thermoelement equation, it can be shown
that the midband and dc-transfer function for the rms
converter in Fig. 3 is

E;=[(A101Eirms®> + VBE1 - VBE2)/AT02]V?

where Eirms is the rms value of the input, and Aro1,
VBE1, Aroz, and Vpgz are the dc thermal gain and am-
bient base-emitter voltage of the input thermoelement
and output thermoelement, respectively.

This expression shows that two error sources exist at
midband frequencies. Mismatch in the thermal gains
produces a gain error that can be compensated by a
scale-factor adjustment in the dc-measuring circuit that
is applied to the output. Ambient mismatch in the base-
emitter voltages of the sense transistors Q: and Q2 pro-
duces a nonlinearity in the rms-to-dc conversion. The
error caused by offset voltage between the sense transis-
tors can be nulled by suitable adjustment of the poten-
tiometer Rj.

Output stability as a function of drift in thermal gain,
and offset voltage can be derived from the midband and
dc equations. Over an input-signal range from 0.1 V rms
to 3.0 V rms, the thermal converter typically provides an
output stability in relation to temperature and time of
(50Eirms + 50/Eirms) #V/°C and (150Eirms + 100/
Eirms) pV/month, when E;.,s is in volts. The nonlin-
earity over the same input range is typically reduced
t0 £0.025% of full scale by adjusting Ry with Eirms = 0.1
v rms. The residual nonlinearity of +0.025% is caused
by mismatch between the nonlinearity of the dc thermal
gains Aro; and Aroz.

As mentioned previously, negative ac feedback can
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provide accurate rms-to-dc conversion for input signals
with frequencies even much lower than the thermal
time constant. Low-frequency performance of the rms
converter shown in Fig. 3 may be nonlinear because the
thermal feedback is governed by the square law. For
this reason, if a reduced low-frequency cutoff is re-
quired and fast response time is desired, nonlinear ac
feedback should be employed.

Determining ac feedback

Two modes of ac feedback are relevant—linear, for
circuit simplicity, and square law, for optimum per-
formance. The ac feedback voltage for these two modes
is:

Er1 = AoFE,, linear A»
Exs = pEJ? square law A2

where p is the gain of the square-law amplifier.
These feedback voltages produce effective filter time
constants of:

Tp1=RCrA2/2A102E,, linear Ao
Jrs= ReCrp/Aro2, square law A2

For optimum settling time, feedback resistor Rr
should have a value that produces a zero in the re-
sponse of the ac-feedback network at the thermal time
constant of the thermoelement:

RF =(’TT2/CF) = RB

If the input is a dc level that steps from an initial
value Ei; to a final value Ei, settling time Ts for small
settling error 7 is approximately:

[ReCrAzlnl/(2m)]/2Aro2E 02, linear As
Ts = [RgCrplnl/(2m)])/ Aoz, square law A2

n is settling error expressed as a fraction of its ideal
value. For instance, when Ts is measured to 1%, 1 is
equal to 0.01.

These expressions for settling time not only assume
small settling error 7, but also that the filter time con-
stant is larger than the mismatch between thermal time
constants 771 and Tre

In Fig. 4(a), responses for both a +20-dB and a -20-
dB input step are shown for both linear and square-law
ac feedback. For linear ac feedback, A; was made a
short (A2 = 1), and for square-law ac feedback
p = 0.25. These ac feedback gains provide similar settl-
ing times for 2.0-v final values, and, as will be shown,
they also provide the same output ripple for 2.0-v rms
inputs.

As stated earlier, the step response for linear-ac
feedback is asymmetrical, and the settling time is
roughly inversely proportional to the output’s final
value. The square-law ac feedback provides roughly a
symmetrical step response, and settling time is indepen-
dent at the output’s final value.

The thermal time constant of the thermoelements
may impose a lower limit on the settling time. Because
of the low thermal mass and repeatability of the mo-
nolithic thermal element, the thermal time constants
typically limit the output to requiring only about 500
milliseconds to settle within 0.1% of step for a 20-dB
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3. Conversion. An rms-to-dc converter is formed by two monolithic
thermoelements and an op amp in this closed-loop configuration. A
feedback loop (Ag, C¢, and R¢) maintains a dc output at vif.
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4. Step response. Type of feedback used in the rms-to-dc converter
(8) affects output-step response (a) and ripple (b).
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5. Rms regulation. Two identical thermal converters compare rms
values of the output voltage to a dc reference. Resulting error volt-
age controls gain of a multiplier for adjusting output voltage.

step input and square-law ac feedback. For optimum
settling time, the value of Rr should be adjusted for
each thermal converter.

With a sinusoidal input having a frequency greater
than the inverse of the effective filter time constant, the
rms value of the ripple at the output is

Eripple=2"?Ar02EodcEirms/8TfReCrA2, linear A,
Eripple= 21/2AT02Eirms/167TfRBCFP; square law A2

where fis the frequency of the input in hertz.
Since Eorms = Eirms and:

Eorms = (Eoac® + Eripple?)'/?
for small error, the low-frequency cutoff fy, is:

Jr=Aro2Eoi(K:)V?/8mReCrAz, linear Az
fL =AT02(Kr)'1/2/167TRBCFp, square law A2

where K is the error. For example, 1% ripple error: K,
= 0L

In Fig. 4(b), the rms value of the output ripple is
plotted against the rms value of the input for an input
frequency of 20 Hz and the circuit values shown in Fig.
3. The feedback-amplifier gain was unity for linear ac
feedback and 0.25E,? for square-law ac feedback. As
expected, the output ripple with linear ac feedback is
proportional to the square of the rms value of the input,
whereas, it is linearly proportional to the rms value of
the input with square-law ac feedback. The square-law
ac feedback, therefore, provides a low-frequency cutoff
that is independent of the signal level.
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6. Power measurement. With this circuit, rms power can be mea-
sured within 2% accuracy at frequencies to 100 MHz. Power deliv-
ered to a 50-ohm load is converted to a dc voltage.

Primary high frequency limitations of the rms-to-dc
converter in Fig. 3 are the distributed capacitance on
the input-heater resistor and capacitive coupling of
high-frequency signals into the dc circuitry. Since the
total distributed capacitance on the heater resistor is
only 6 pF (Ciso = 3 pF in the model shown in Fig. 2b),
the -3-dB input frequency would be about 1 GHz for a
50-ohm source impedance.

A more significant problem is isolating the sensitive
dc circuit from the high-frequency input, since even a
very small high-frequency swing in the dc circuit can
saturate the input stage of A;. For this reason, the
ground sides of the base resistors Rg should be con-
nected together and then grounded on a single bus to
prevent ground loops.

Also, high-frequency bypass capacitors of about 1 na-
nofarad should be grounded to the resistor-isolation ter-
minal, and the collectors, bases, and emitters of the
sense transistors should be used to prevent high-fre-
quency swings in the dc circuit. With these bypass ca-
pacitors and careful base-circuit wiring in the sense
transistors, the thermal converter provides a +0.02%
bandwidth deviation at 5 MHz and a *2% deviation
bandwidth at 100 MHz in this particular circuit con-
figuration.

Applications

In addition to rms-to-dc conversion, the monolithic
thermal converter can be used in several other ac-mea-
surement and control applications, including wideband
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7. Thermal protection. This thermal-responding input-protection
circuit passes high-crest-factor inputs, while limiting the rms value of
the inputs by opening a protective relay driven by A;.

rms-voltage regulation. A circuit for rms voltage regu-
lation and precision measuring of amplifier gain is
shown in Fig. 5.

In this application, a thermal converter compares the
signal output to a dc reference and generates a feedback
signal that controls the gain of a wideband multiplier.
Capacitors C; and C; provide loop-phase compensation
and set the low-frequency cutoff for regulation. The
value of these capacitors is a function of the scaling am-
plifier’s gain, frequency response, and the low-fre-
quency cutoff required.

Outputs of an amplifier or signal generator’s rms
power can be easily measured to very high frequencies
with a thermal converter. The circuit in Fig. 6 converts
power delivered to a specified load to a dc-output volt-
age. This circuit is scaled for 50-ohm input impedance.
By adjusting R; for zero output with zero input, and R;
for an output of 9 vV dc with 3 Vv dc input, accuracies
within +2% at 100 MHz are possible.

Measuring amplifier gain

Accurate measurement of amplifier gain requires
true-rms measurement, particularly if the input voltage
is not a pure sine wave. A true-rms response is neces-
sary, since phase shift of the input harmonics by the fi-
nite bandwidth of the amplifier under test can cause sig-
nificant errors in average responding measurements.
For instance, only 1% third harmonic in a signal can
produce as much as 0.33% error, depending on the
phase shift, in an average responding measurement.
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The thermal converter, on the other hand, responds to

“the total signal, independently of the relative phase of

its components.

A precise wideband gain-measuring circuit can be
built around a thermal converter and suitable circuitry.
In this circuit, the input to the amplifier under test is
also applied to one half of a thermal converter, and the
output of the amplifier is applied to the other half of the
thermal converter through an appropriate attenuator.
The differential output of the two converters are then
amplified by in a differential amplifier, and produce an
output E, related to the difference between the input
and the attenuated amplifier output.

Two sources of error exist in this measurement, a mis-
match in ambient base-emitter voltages and a mismatch
of the thermal gains of the converters. The difference in
base-emitter voltages can be nulled out at zero input
and the thermal mismatch can be compensated for in’
the attenuator.

If the gain error § in the amplifier under test is small,
the calibrated output simplifies to

E, = (2A101)(R1+ R2)(8Virms)/R1

where § = (a V, - Vi) and it has a value that is less
than 1.

The upper frequency limit on the gain measuring cir-
cuit is primarily that of the attenuator at the output of
the amplifier. Again capacitive coupling of high-fre-
quency swing into the dc portion of the circuit can pro-
duce errors similar to those discussed for the rms to dc
converter.

All thermal converters require some form of input
protection. Application of an excessive rms voltage can
easily damage the converter’s input heater resistor. The
monolithic thermal converter requires input voltage to
be limited according to the expression

Maximum Vinput = (125°C - T3)/6)Y?(Vims)

If only sine waves and other low-crest-factor signals
are to be measured, a simple diode clamp in parallel
with the input may be sufficient input protection. How-
ever, if signals with high crest factors are to be mea-
sured, the input protection should be capable of limit-
ing the rms value of the input signal while allowing low-
duty-cycle signals with peak values much greater than
their rms value to be measured.

The thermal-responding input-protection circuit of
Fig. 7 prevents input signals with excessive rms value
from being applied to a thermal converter. With an am-
bient temperature of 25°C and zero input voltage, Ry
should be adjusted for a voltage Vy, which is 200 mv
more positive than Vg. This allows input signals to be
applied to the thermal converter if the thermoelements
are at a temperature below 125°C. For any combination
of ambient temperature and input signal that causes the
thermoelement temperature to exceed about 125°C, the
protection amplifier’s output will go to its negative satu-
ration level, opening the contact of the input-protection
relay. Resistor Rz provides positive feedback for latch-
ing the protection amplifier so that the felay contacts re-
main open until the input-protection-reset switch is
opened. O
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Rockwell Parallel Processing Systems (PPS) are
more than CPU-ROM-RAM microprocessors.
They’re full-fledged microcomputers—with 12 LSI
I/0O controller options that not only shake hands
with your peripherals, but introduce a lot of
advantages in the process.

Example: With so many LSI 1/Os to perform
the complex but absolutely necessary functions of
interfacing with or controlling peripherals, you need
fewer circuits. And that saves you design time. Lets
you use fewer parts per system. Lowers your design
costs. And your production costs.

What’s more, we’'ve system-designed our LSI
I/0 controllers. They’re intelligent controllers. You
use the CPU to solve problems, not service
peripherals. Result: easy software generation. And
you can add or change 1/Os to expand or modify

your system without redoing the total system
software.

You can use PPS LSI 1/0Os with keyboards . . .
displays . . . printers of many types . . . switching
networks . . . semiconductor or magnetic memories
. . . telephone transmission with a one-chip LSI
MODEM-UART . . . asynchronous, serial or
parallel data transmission. And if we haven’t
provided for your particular 1/0, we’ll design it for
your volume application.

The overall PPS payoff: microcomputers that
are versatile, powerful . . . and thrifty.

Our 4-bit microcomputers (PPS-4) accept 8-bit
instructions and compute so fast (they add two
8-digit numbers in 240 usec.) that they’re cost
effective for many tasks you’'d think required 8-bit
systems.

Shake hands with the handshaking

(12 LSI I/Os are ready to shake

ABCDEFGH12345678

LSI 1/O

BULK MEMORY
(CORE/TTL)
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Availability? We're producing PPS-4 circuits
in volume. (More than 225,000 PPS-4 micro-
computer circuit sets have been delivered.) Design
aids? Everything you need is waiting for your call—
wherever you are in the world.

System compatible with our PPS-4 are our new
8-bit microcomputer circuits. (All PPS-4 1/Os are
directly applicable.) PPS-8 software is complete.
You can begin now defining your PPS-8 microcom-
puter, using our assembler-simulator design aids
to take advantage of its 90 instructions.

Because we offer so many microcomputer
options, we've streamlined our get-acquainted
procedure. We now have a new brochure that tells
you in minutes the data sheets you want for your
application. To get your copy, phone
(714) 632-3729, or TWX or TELEX (910) 591-1179,

or write: Ron F. Voigt, PPS Marketing Services,
Microelectronic Device Division,

Rockwell International,

P.O Box 3669, Anaheim, CA 92803.

Or circle the Reader Service Number below.

Ask now for a private PPS demonstration
during National Computer Conference, Anaheim; or
Paris Components Show, France; or Hannover Fair,
Germany, or Tokyo Business Equipment Show, Japan.

’l Rockwell International

.where science gets down to business

experts: our PPS Microcomputers.

hands with your peripherals.)
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Designer’s casebook

Digital-to-analog converter
controls active filter

by Jerry Whitmore,
Analog Devices, Santa Clara, Calif.

A monolithic digital-to-analog converter can be the
control element of an active filter. Shown in Fig. 1is a
circuit that generates a low-pass, single pole that can be
moved over a dynamic frequency range of 2°:1, where n
is the resolution in bits of the d-a converter. If, for ex-
ample, a converter with 10-bit resolution is used in this
circuit, dynamic range is 1,024:1.

An equivalent simplified version of Fig. 1 is shown in
Fig. 2(a), where R4 and Rj take on the values shown.
Riaader 1S the characteristic resistance of the R-2R lad-
der of the d-a converter and the coefficients A assume a
value of 1 for an on bit, and zero for an off bit. Note
that R4 in parallel with R3 equals Riagder-

The circuit, consisting of R4, C, and the amplifier, can
be treated as a gain block as shown in Fig. 2(b). At fre-
quencies above the open-loop corner, the response of
the gain block is A(w) = Vout/ V2 or about 1/wR4C. Its
unity gain bandwidth is Fggw = 0.159/R4C.

Frequency response of a closed-loop amplifier is Fzqg
= Bfggw where B is the amplifier feedback attenuation
ratio. Using the unity gain bandwidth of the gain block
and the system B results in the filter closed loop fre-
quency response equations shown in Fig. 2(b). O

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published.
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1. 1,024:1. An active low-pass filter such as this, built around an op-
erational amplifier, passive components, and a 10-bit digital-to-
analog converter, has a dynamic-frequency range of 1,024:1.
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2. Equivalent circuits. The d-a of (1) can be replaced by the circuit
within the dashed lines (a). A further simplification (b) lumps R4, C
and the op amp into a gain block.
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Twin oscillators form
intruder detector

by Joshua Premack
Honeywell Inc., North Hopkins, Minn.

A system that can detect an intruder approaching an
ungrounded metal object, such as a steel desk or a
parked vehicle, is one job for a highly sensitive capaci-
tive sensor. When scaled to operating frequencies high
enough to give adequate bandwidth, the circuit is also
suitable for many other applications, such as a capaci-
tive microphone, capacitive seismic sensor, or an indica-
tor of the eccentricity of the path of a rotating object.
The circuit is based on the behavior of a pair of mu-
tually synchronized oscillators. One oscillator is used as
a reference, and the other is connected by a tap on its
tank-circuit inductor to the object being protected. By
this auto-transformer action, the loading effect on the
oscillator, caused by the resistive component of the ob-
ject, is reduced to an acceptable value. The protected
object’s capacitance is connected to an effective circuit
capacitance of 2 X 106pF. A sensitivity of a few pico-
farads is available with a good signal-to-noise ratio.
Bandwidth for a 33-kilohertz carrier is + 25 hertz at 3
decibels down. If one of the oscillators, both of which
have a small fixed coupling between their tuned cir-

cuits, is tuned to approach the frequency of the other,
their combined output produces beats that indicate
their frequency separation.

As tuning is continued in the same direction, the beat
frequency decreases until the coupling pulls the oscilla-
tors into synchronism, whereupon the beats stop
abruptly instead of decreasing smoothly to zero. At this
adjustment, the oscillators are at the same frequency
but are 90° apart in phase. As tuning is continued, the
phase angle varies through 0° to 90° in the opposite di-
rection. Then, with further tuning, the beats reappear.

If the coupling between the oscillators is reduced, the
beat-free tuning interval narrows, but the *90° phase
shift always occurs between the onset and cessation of
beats. This interval may be made very narrow by using
very little coupling—provided that the oscillators are
kept from drifting in frequency. Drift compensation is
achieved with feedback by converting phase difference
to an error voltage in a slow-feedback system, so that an
interval of 5 to 6 pF on a base value of 8,000 is quite sat-
isfactory.

In the intrusion-detection system, the two essentially
identical oscillators have resistive coupling between the
collector and base, which theoretically should keep the
oscillators 180° out of phase when synchronized. The
oscillators are actually designed to operate only 150° to
160° out of phase. Their outputs are summed at the
junction of the two 330-kilohm resistors.

If the oscillators were exactly 180° out of phase, the
voltage at the junction would be zero. The non-zero

g5 0.[1[1 uF » ALTERNATIVE OUTPUT
" 330k0 AMPLIFIER AND AVERAGER
%f ~< 8000 pF +15V ’
2N5962
QUTPUT
—>
2N5210
110kQ 2N5962 I
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X Vv 2N5210 2N5210
1.54 MQ S
27 uF 1 A
x T~
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43Q §56 ek 1100 sz% GAIN SET ma 2 ke
+75v  REFERENCE
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|8 Intrusion detector. Two loosely coupled injection-locked oscillators,
s SENSING OSCILLATOR W g , N
plus a phase detector, dc amplifier, and drift-control circuitry, form a
highly sensitive capacitive intrusion detector.
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new way to look at

Right now is the time to look at
graphics in a way you've never looked
before.

Because graphics has come of
age. And Digital feels you're about to
see a tremendous increase in the use
of graphic systems. In science,
research, medicine, business and
industry.

We've been making graphic sys-
tems almost as long as we’ve been
making computers. And today, we
may have the broadest range of com-
puterized graphic systems available.

In our GT Series alone, we offer
three multi-purpose graphic systems.

The GT40 includes a PDP 11/10
processor, 8K words of memory, key-
board, and 12" screen with light pen.
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Extensive peripheral and application
software is also available.

For expanded needs, the GT42
offers a 17" screen with light pen and
communications interface.

And the powerful GT44 system
provides a high performance PDP
11/40 processor with 16K words of
memory, 17" screen with light pen,

and our own DECwriter for hard copy.

Besides graphics, you can use
these systems for virtually any com-
puter application. And they're backed
by an extensive array of peripherals
and software. Plus Digital’s world-
wide service organization.

And should you already be a
PDP-11 user, a graphic add-on may
give you a totally new perspective
on meeting your needs.

raphics.

So if you're looking into graph-
ics, be sure to see us. Write Graphics
Group, Digital Equipment Corpora-
tion, Marlboro, Mass. 01752. Or call
(617) 481-9511, Ext. 6936. European
headquarters: 81 route de I’Aire,
1211 Geneva 26. Tel: 42 79 50.
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voltage at this point is the quiescent value, which in-
creases as the capacitance in the sensing oscillator
changes. This voltage is usable as an output of the cir-
cuit, especially when a wide dynamic range is wanted.

A two-stage dc amplifier provides an output and also
charges a large capacitor—220 microfarads—through a
3.9-megohm resistor. This voltage changes very slowly
in response to sudden changes in the capacitance of the
sensing oscillator. This output also supplies part of the
base bias for the reference oscillator, which compen-
sates for any tendency of the oscillator to drift.

Before tuning the oscillators to synchronism and to
the desired phase position, the time constant of the av-
eraging circuit is shortened from 858 seconds to 0.594
second by closing the switch across the 3.9-megohm re-
sistor. The tuning of the sensing oscillator is varied until
the tuning meter dips suddenly, indicating that the os-
cillators are synchronized. When the meter reads zero,
and after allowing several seconds to charge averaging
capacitor C fully, the switch S is opened and the sensor

is operational. This operation is easily automated.

When used as an intrusion detector, the circuit may
be attached to ungrounded metal objects that have lossy
(30% to 125% dissipation factors) capacitance, ranging
from 500 to 15,000 picofarads. Overload-recovery time
of the system from transients is in milliseconds, and that
of desired signals is in the seconds range. The use of two
injection-locked oscillators as a sensor is covered by pat-
ents 3,222,664 and 3,293,631.

No exotic measures were taken in the manufacture of
these sensors, but care should be exercised to ensure
good oscillator stability and tracking. Rapid tempera-
ture fluctuations should not be imposed on oscillator
components, nor should large temperature differentials
exist between the two oscillator assemblies. Careful at-
tention should be given to confining the coupling be-
tween the oscillators to the desired path. Stray inductive
coupling, common power-supply impedance, and pos-
sible paths where oscillator outputs are fed to the detec-
tor should be controlled. =l

Frequency divider plus
Op amp approximates sine wave

by John Taylor,
NOAA, Boulder, Colo.

A group of digital and analog integrated circuits can be
combined to create an audio tone from a digital pulse
train. Ordinarily a single flip-flop can convert pulses
into a symmetrical square wave. But for many appli-
cations, it is desirable to produce a closer approxima-
tion to a sine wave.

This can be done with the circuit shown here. The fre-

quency divider accepts a square wave at a frequency of

3f, and produces a square wave at the required output
frequency f. Use of an exclusive-OR gate at the clock in-
put of the first flip-flop results in two advantages over a
more conventional divide-by-3 circuit: (1) the output is
symmetric, and (2) the input (3f) is 180° out of phase
with the third harmonic of the output ().

This phase relation is such that if f and 3f are
summed together in the 741 op amp (with weighting
factors of %3 and 1 respectively), the third harmonic of
square wave f is canceled. This produces a stepped
waveform which is a much better approximation to a
sine wave at frequency f than a square wave. If a zero
average sine value is desired, a dc offset can also be in-
cluded in the summation. If an approximate sine wave
is not good enough, the output of the op amp can be fil-
tered by a simple low-pass filter, since the lowest har-
monic to be rejected is five times the fundamental. [

g I T
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7486 %1474
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%1474
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Pulse to audio. An exclusive OR, two-stage frequency divider and op amp are used to sum the third harmonic and fundamental of a square
wave, producing a stepped approximation to a sine wave that is easily filtered.
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Designing microprocessors with
standard-logic devices, Part 1

Application-oriented processors that utilize standard-logic
families like ECL or Schottky TTL are an economical alternative to
random-logic designs and perform better than MOS microprocessors

by Robert Jaeger, Signetics Corp., Sunnyvale, Caiif. *

0J MOs microprocessors are growing in popularity
mainly because digital systems designed around them
require relatively few integrated circuits. They do have
drawbacks, however. They are slower and less flexible
than random-logic TTL systems, and they are not widely
second-sourced.

But there is a third design route available to meet cer-
tain system requirements: the small, applications-ori-
ented processor built with standard high-speed logic de-
vices, either ECL 10K or Schottky. These “standard-
logic processors” perform about as well as random-logic
TTL designs and use logic families available from four
or five major sources. Although they require more ICs
than metal-oxide-semiconductor microprocessors, they
can replace random-logic TTL designs that need five to
10 times as many devices. By designing his own proces-
sor, an engineer can minimize system costs by including
only as much capability as he needs, and can provide
special features that would be unavailable in an off-the-
shelf MOS device.

Part 1 of this two-part article will outline the require-
ments for the three basic processor elements—the regis-
ter/arithmetic/logic unit, the control memory, and the
input/output circuitry. Part 2 will discuss how proper
selection of the microinstruction format can minimize
control-memory size; it will also cover memory branch-
ing and outline some designs for standard-logic proces-
SOTS.

Processors

A processor, whether in a large computer or in a
hand-held programable calculator, differs from ran-
dom-logic designs in two important respects. First, the
processor performs a sequence of logic or arithmetic op-
erations. By contrast, in a typical random-logic design,
several operations, such as data manipulation or system
input and output control, can take place concurrently.
One of the requirements in a random-logic design, in
fact, is to ensure that these concurrent operations do not
interfere with each other. Second, a processor can mod-
ify its sequence of operations on the basis of the results
of previous operations.

It is worth repeating that a processor is not a com-
puter—although it can be designed to function as the
central processing unit (CPU) in a computer system. In
*Now with MS| Data Corp., Santa Ana, Calif.
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this application, the processor interfaces with the main
memory and controls data transfer into and out of the
system. A CPU, then, is a processor with special features
and capabilities.

Functions of ICs

Each IC function in a system can be classified as ei-
ther arithmetic/logic, control, or interfacing. In an aver-
age system containing 100 to 300 devices, about 35% are
used in arithmetic/logic functions, 40% for control, and
25% for interfacing. Depending on the particular prod-
uct and design approach, this breakdown will vary
somewhat—but seldom more than 10% in a system with
more than 100 ICs. A processor design can incorporate
all the arithmetic/logic and control functions in one
small subsystem. In addition, the use of bussing tech-
niques can reduce the number of internal interfacing
functions needed. Because of this, whether a processor
requires one, two or 20 devices matters far less than the
question of whether a processor can be used instead of
random logic while still maintaining the necessary sys-
tem performance level.

A system with 100 to 300 ICs will use various types of
devices to implement the arithmetic/logic, control and
interfacing functions. Table I shows a breakdown of
these devices into five classifications and the percentage
of each used in a typical system. These numbers are
representative of many different designs and types of
products.

A basic processor, shown in Fig. 1, has three sections.
The register/arithmetic/logic unit, or RALU, performs
all the logical and arithmetic functions on system data
and replaces the buffer registers, counters and shift reg-
isters used in a random-logic design. The RALU is con-
trolled by the control memory, which provides it with
instructions  specifying different operations. The

TABLE 1:
DEVICE USAGE IN TYPICAL RANDOM-L.OGIC DESIGNS

30%
10%
35%
15%
10%

Counters, shift registers, latches
Decoders and multiplexers
Gates and flip-flops

Interface

Miscellaneous
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1. Baslc processor. Replacing large numbers of registers, counters
gates, flip-flops, decoders and multiplexers, are three basic compo-
nents comprising a processor: the register/arithmetic/logic unit
(RALU), the control memory, and the associated interface logic.

memory also receives “feedback” signals from the
RALU, indicating the results of a current or previous
RALU operation, and is capable of modifying its se-
quence of instructions on the basis of these signals. The

control memory replaces gates, flip-flops, decoders, and
multiplexers used in random-logic designs. The control
memory also steers data into or out of the RALU
through the interfacing logic.

Figure 2a shows a RALU design that uses only four
devices to perform the same function as 16 individual
registers, counters or shift registers. Although this and
the other examples shown here use ECL 10K devices,
the concepts and techniques apply equally well to any
standard-logic family. ECL 10K does, however, have
several advantages in this type of application. It is the
fastest standard-logic family and obtains a higher level
of performance from a system of a given size. The open
emitter outputs minimize the need for multiplexers by
allowing wire “ORing” of outputs. The ability to termi-
nate critical path signal lines with their characteristic
impedances eliminates ringing and overshoot and per-
mits system speed to approach that of the logic devices
more closely. Finally, ECL 10K is designed to operate at
high speeds without an increase in operating power, in
contrast with Schottky TTL, where power dissipation in-
creases rapidly above 20 megahertz.

The combination of a small random-access memory,
arithmetic/logic unit (ALU), shift register, and latch
shown in Fig. 2a provides an extremely versatile basic

Y
4-BIT ARITHMETIC
16 X 4-BIT LOGIC UNIT RATIH
RANDOM-ACCESS (10181) Y
MEMORY 16 X 4-BIT
(10145) y RAM
ALU
4-BIT b
o
10133) REGISTER
( (10141) SHIFT
(a) (b)
A
I I LATCH
[ | ALU FOUR-TYPE 10140,
FOUR-TYPE 10151 10142, OR 10148 ALU
64 x 1-BIT 64 x 1-BIT RAMS
RAMS WITH
OUTPUT LATCHES T ?
QUAD/MUX/
LATCH SHIFT
SHIFT (10173)
r [
(c) (d)

2. Varlations on a theme. Four versions of the basic RALU configuration, are implemented with 10K emitter-coupled-logic devices, although
other standard logic families could be used. A four-device configuration like (a) can replace 16 individual registers and counters.
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Are high-speed, standard-logic processors only a way of
providing higher-performance microcomputers? Or are
they also cost-competitive with random-logic TTL de-
signs? In the table shown, the total costs for random-logic
TTL designs using 100, 200, and 300 devices are com-
pared with the total costs for three different sizes of pro-
cessor using TTL read-only memories, programable
ROMSs, and ECL 10K logic devices. The IC costs were
calculated from prices for comparable device quantities.

This shows that, as a substitute for random-logic TTL
designs with more than 165 ICs, even a complex 8-bit
ECL processor is less expensive. Processor designs us-
ing Schottky TTL will be about 30% cheaper than the ECL
versions, bringing the crossover point still lower.

The table also shows that the total cost of a random-
logic design is highly insensitive to reductions in the price
of the ICs. A 10% drop in IC prices results in only a 2.5%
drop in total system cost and can easily be wiped out by a
small increase in overhead costs. The processor designs,
by contrast, use expensive devices which make up al-
most all of the total system costs. Not only are these de-
vices dropping in price at rates twice that of TTL, but any
IC price reductions translate almost entirely into over-all
cost reductions.

It is not strictly true that smaller systems have the same
overhead cost per IC as larger systems since this figure
tends to get larger as IC count decreases. However, even

Processors vs random logic: a cost comparison

if the figure should double to $2.40 per device, the effect
on the total system cost for the processor is to add only
$20 to $40, and the effect on its crossover point with a
random-logic system is negligible.

Other benefits of processors, which can contribute to
cost reductions throughout the life of a product, include
shorter design times, common logic for different product
models, fewer part types, higher reliability, ease of field
modification, special features for custom requirements,
and longer product life without redesigns.

Overhead
cost**

Total
cost

COST COMPARISON 1C

cost*
Random-logic TTL
100 ICs $ 40

200 ICs 80
300 ICs 120

Simple 4-bit ECL processor
13 ICs, plus
8,192-bit memory

Simple 8-bit ECL processor
18 ICs, plus
8,192-bit memory

Complex 8-bit ECL processor

25 ICs, plus
16,384-bit memory

$120
240
360

$160
320
480

$125 $ 20 $145

$160 $ 26 $186

$225 $ 40 $265

* Assumes average selling price of 7400 TTL logic at $0.40.

** Average is $1.20 per IC, and includes cost of connectors, wiring, pc boards
and board checkout, cabinets, fans, IC test and assembly, and power supply.

building block for a system. Any of the memory loca-
tions may be treated as a 4-bit counter and incremented
or decremented by passing the word from the memory
through the ALU and back into the memory. Transfer-
ring a word through the shifter is enough to perform a
shift-left or shift-right operation. A word may also be
moved from one location in the memory to another.
(Actually, the 16-by-4-bit memory replaces more than
16 individual counters or registers, since the on-chip ad-
dress decoding replaces a 4-to-16 decoder and the mul-
tiplexed outputs replace four 16-to-1 multiplexers.)

It might be expected that accessing a word from the
RAM, passing it through the latch and ALU, and writing
it back into the RAM would take longer than simply in-
crementing a counter. However, the whole operation

3. Togetherness. Adding *‘shift linking’* and “‘carry linking'’ features
to the basic RALU enables it to handle words of any width by oper-
ating on their segments in sequence, but at lower operating speed.
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takes a maximum of only 45 nanoseconds, allowing the
memory to be accessed and a word incremented or
decremented at a 22-MHz rate. This is comparable to
the maximum counting frequency of a 74163 TTL
counter, which is specified at 25 MHz. While the basic
four-device RALU can replace 16 individual registers
and counters, merely adding another RAM in parallel
and “ORing” the outputs provides a five-device RALU
that replaces 32 individual devices.

In addition to incrementing, decrementing, and shift-
ing, the RALU may be used to perform many other oper-
ations on words stored in the memory. If one RAM word
is loaded into the latch and another into the shifter, the
ALU can perform a total of 16 logic and 16 arithmetic
functions on the words taken from the memory. The
ALU’s performance of these functions eliminates the
need for specialized MsI devices in the design.

Figure 2 also shows some possible variations in the
basic RALU, each of which has features which may be
valuable in a particular application. Of particular inter-
est is the design that uses RAMs containing their own
output latches. This eliminates the need for a separate
latch in the RALU.

Shift linking and carry linking

In those cases where data formats are wider than 4
bits, the basic RALU may be expanded to accommodate
them in either of two ways. The simpler and more
straightforward is to widen the data path by adding
more of each device to form an 8-, 12-, or 16-bit design.
Each additional 4 bits of data path requires four addi-
tional devices. The other alternative is to include a pro-
vision in the 4-bit RALU for multiple word operations;
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4. Complex way. Building a multiplier using a random logic design with 7400 series TTL (a) can be costly in terms of number of device pack-
ages. Flowchart for the 12-by-12-bit multiplier, in which sequence is performed at each bit position, is shown in (b).
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& ' FLIP-FLOP BUS ALL ZEROS
2 NO
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N .
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N3 3
= [ SHIFT Pg RIGHT, INSERTO___|
8 L
CARRY LINK
P, FLIP-FLOP | sHiFT P, RIGH;’, INSERT LINK |
Ps ALU FLIP-FLOP [ SHIFT P4 RIGHT, INSERT LINK |
Y
Pa \ | SHIFT P; RIGHT, INSERT LINK |
_ ¥
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Pg - FLIP-FLOP R —
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SPATE ‘ [ SHIFT M, RIGHT, INSERT LINK |
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AN | Is
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(a) (%)

5. Simple way. Multiplier, equivalent to that of Fig. 4 and implemented with a 4-bit RALU design, operates at a reduced speed—but halves the
part count. For larger numbers, the reduction is even greater. Sequence of operation is shown in (b).

Elanteamblas 2 larmiiams D9 1078 nn



READ/WRITE
o— Ci o—
M o—
RAM So 0— ALU
Ao o— Syo—]
Ay o0— s
Ay 0— 20
Az 0— 330—
ADDRESS ] [
LATCH

ENABLE ° l LATCH I I SHIFT I 22‘
0

6. Control. Any size of RALU requires a minimum number of 14 con-
trol inputs, as shown in this diagram.

that is, to enable it to operate 4 bits at a time on data
more than 4 bits wide.

Figure 3 shows a 4-bit RALU with two link flip-flops
added. One stores the bit output from a shift operation,
and the other stores the carry output from an arithmetic
operation, so that the results from one operation can be
linked to the next. With this technique, a 12-bit word,
stored in three 4-bit memory locations, can be incre-
mented or decremented. Although the operation takes
three times as long as the same function performed with
a 12-bit RALU, it requires far less logic. Linking can be
used in a sequence of operations to operate on a num-
ber of any size up to the entire bit capacity of the
memory.

More complexity

Using a sequence of simple operations, a RALU can
perform more complex logical or arithmetic functions.
Figure 4a shows the design of a 12-by-12-bit multiplier
implemented with a random-logic design. The flow-
chart describing the operation is shown in Fig. 4b. If the
least significant bit (LSB) of the multiplier is a logical 1,
the 12-bit multiplicand is added to the most significant
12 bits of the partial product, and the multiplier and
partial product are shifted right one bit. If the LSB is 0,
no addition takes place, but the multiplier and partial
product are still shifted one position to the right. This
operation is performed at each bit position in the multi-

lier.
5 Figure 5a shows a 4-bit RALU with carry linking and
shift linking that can perform the same function. It also
tests the least significant bit of the ALU output and tests
for an all Os condition.

Figure 5b lists the sequence of operations required to
perform the multiply operation. In this example, a
RALU using seven devices can perform the same func-
tion as a specialized random-logic design that requires
16 devices. The RALU, of course, operates much more
slowly but, where high speed is not important, this per-
mits halving of the parts count. For multiplying num-
bers longer than 12 bits, the reduction becomes even
larger. In addition, because the RALU memory locations
are not committed to specific system functions, the same
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location could be used for other purposes, such as con-
verting the binary product to BCD digits.

It was stated earlier that about 40% of the devices in a
typical digital system are needed for the control and
timing functions. Control memories, in the form of
high-speed read-only memories and programable ROMs,
can provide the same functions with many fewer de-
vices, and, because the RALU provides the system data
functions, this greatly simplifies the control-logic re-
quirements.

Control memories

The purpose of the control memory in a processor de-
sign is manifold: to supply the RALU with signals that
select a source and destination for data, and control the
functions of the ALU and shifter; to control the input or
output of data between the RALU and interfacing logic;
and to send a sequence of signals to the RALU that will
determine which system function the RALU is to per-
form. Basically, then, the control memory provides the
RALU with individual control signals, and sequences the
RALU operations to enable it to perform a system-level
function like a multiply operation.

Figure 6 shows the 14 control inputs to the basic 4-bit
RALU. These inputs specify a memory address, memory
read or write operation, ALU function, and shift oper-
ation. Significantly, the number of RALU control inputs
is independent of the RALU data width—that is, an 8-,
12-, or 16-bit RALU would each require the same 14 con-
trol inputs. However, as features are added, such as
linking, bus testing and extra latches and shifter inputs,
the number of control inputs increases.

Figure 7 shows a simple control memory consisting of
a ROM/PROM array and two 4-bit counters that provide
an 8-bit array address. The width of the array is deter-
mined by the number of control signals that must be
supplied to the RALU and the number of bits used in
presetting the array counters. Each word in the array
constitutes a microinstruction—that is, it specifies a
RALU operation and provides an 8-bit number which
can be used to change the array address. The 8-bit
counter can address an array that is up to 256 words
deep. Incrementing the array counter provides a se-
quence of these microinstructions to the RALU. This se-
quence defines the series of RALU operations that results
in a system-level function.

In this example the 10136 ECL binary counter is used
to address the array. With the counter function select
input, Sp, at a logic 1 level, the counter will increment,
and at a logic 0 level it will preset. The logic state of this
signal will determine whether the counter increments to
select the next microinstruction or presets to select a mi-
croinstruction in another part of the array.

Input/output

Regardless of how fast the control memory can be ac-
cessed or the RALU can operate on data, the perform-
ance of the processor will be seriously impaired if the
input/output facilities require cumbersome and time-
consuming program steps. Consequently, interfacing a
processor with other system elements easily and eco-
nomically becomes a prime design consideration.
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8. Flexiblility. One great advantage to standard-logic processors is the ability to place interfaces at almost any point. Here such interfaces are
provided at RAM and shifter inputs and outputs. Also, it's fairly simple to provide additional testing or control functions at other points

other external control functions.

I/0 instructions, then, can be simply extensions of
other processor instructions. As an example, instead of
transferring a word from the RAM to shifter or “A”
latch, the word may be transferred directly to an exter-
nal register or bus. The ability to interface different sys-
tem elements to different points in the processor can re-
duce to an absolute minimum the external interfacing
logic required in the system. O
(Part 2 of this article will appear in the next issue.)

One of the most useful features of a processor design

-+ utilizing standard-logic devices is its unique ability to
provide an interface at any point in the processor logic.
Figure 8 shows a processor with interfaces at the RAM
input and output and at the shifter input and output.
Inputs can be tested directly with “test and branch” in-
«  structions which sense the state of one or more input
lines. Similarly, by decoding a set of bits in an instruc-
tion, a single pulse or set of pulses may be sent from the
processor to set or clear flip-flops or to perform some

»
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Sinusoidal clock overcomes
network performance bugs

Change to sine wave frees synchronous digital system from
frequency-dependent distortion, eliminates impedance-matching
problems, and makes time-delay adjustments relatively easy

by Otakar A. Horna, Comsat Laboratories, Clarksburg, Md.

[J The maximum bit rate of a high-speed (150 mega-
hertz or higher) synchronous digital network is ulti-
mately determined by the preciseness of the clock tim-
ing. It should be of interest, therefore, to examine what
can be a more reliable alternative to the conventional
square-wave clock-timing signal, which is readily sub-
ject to distortion, especially over long distances.

A square wave has many high-frequency compo-
nents, and the electrical characteristics of solid dielectric
transmission lines are strongly frequency-dependent
above several megahertz. So if rise time is in the na-
nosecond range, the transmitted pulse will invariably be
distorted.

There are other considerations as well. Clock timing
can be temperature-dependent to the extent that the
gate-threshold voltage is affected by temperature shifts.
The clock-distribution network must be immune to
crosstalk from other signal lines. And clock timing must
be adjustable at various network points to compensate
for transmission delays.

These considerations, which are normally associated
with a square-wave clock signal, can be lessened or
eliminated by switching to a low-level—about 0.4 v—
sine wave.

The sinusoidal clock signal will be independent of
transmission-line quality. It can be distributed through
multiple branches without difficulty. And its time delay
can be adjusted easily. The only trick is to send the sine
wave throughout the transmission system. Then, at the
various driving points of the system, the signal is ampli-
fied in the clock receiver, phase-shifted to add the nec-
essary delay, and finally clipped to provide the square
shape necessary to drive the “clock inputs™ of each par-
ticular subsystem.

Sine wave advantages

Because the sine wave’s amplitude is relatively low,
the output power of the central clock is low. It never
gets above the milliwatt range even when a low-imped-
ance transmission line (25 ohms, for example) is used
for signal distribution. Low signal amplitude, low clock-
line impedance, and the sinusoidal waveform all con-
tribute to a reduction of crosstalk. A sine wave is clearly
better than a square wave of the same frequency and
amplitude because crosstalk voltage is proportional to
the derivatives, dv/dt and di/dt.
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Because the sine wave is only one frequency, it won’t
change shape with attenuation; hence the quality of the
transmission line is of no consequence. And because the
signal is amplified and clipped in the clock receiver, its
output can be made nearly independent of the input
amplitude. Also, an ac coupling can be added to the in-
put of the clock receiver to make the system insensitive
to dc-level shifts.

Reflections from line discontinuities or impedance
mismatches have virtually no adverse effect on a sinu-
soidal signal because, in practice, reflections do not dis-
tort the sine wave; they only tend to create a standing-
wave pattern. Again, in practice, the reflections in a net-
work can completely distort a transmitted square-wave
pulse if line propagation time is not substantially
shorter than signal rise time. The amplitude of the re-
flections must, therefore, be kept well below the so-
called “noise margin” of the particular gate. Noise mar-
gin indicates the resistance to undesired switching, and
is defined in terms of the points surrounding the switch-
ing threshold. For example, in circuits using emitter-
coupled logic (ECL), the noise margin is typically 15% of
the full voltage swing. The reflection coefficient, K, in
the network must, therefore, be under 10%, i.e., IKI
must be less than 0.1.

Generally, if Z, is the characteristic impedance of the
line, and Z is the load or source impedance, then the
permissible impedance mismatch is:

Z/Z, = (1 + K)/(1-K) (1)

If IKI is less than 0.1, then the value of Z/Z, will
range between 0.81 and 1.22. This may be very difficult,
even impossible, to achieve in a complicated branched
network in which a square-wave signal is used.

Here is where a sine wave is markedly superior. Since
its reflections only create standing-wave patterns, if a
clock receiver can handle signals with a dynamic range
of 1:4, then a standing wave ratio, S, of the same magni-
tude, in which:

S =(I+IKl)/(1-1Kl) )

does not affect the signal distribution in the network.
Therefore an impedance mismatch can be tolerated
where Z/Z, ranges from 0.25 to 4.0. Complicated con-
figurations thus can be used without impedance-match-
ing networks.
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The other advantage of the sine-wave clock signal is
that the delay at any point can be adjusted by changing
the phase of the sine wave in an all-pass phase-shift net-
work. One of the easiest phase-shifting techniques is the
well-known RC network. The phase shift () of the out-
put signal relative to the input signal is

a = 2tan''wRC = 2tan-'27fRC 3)

The relationship between phase shift and signal delay
Sty = a/w.
Therefore:

ta =(2/w)tan"'wRC 4)

For small angles: tana = «, and the delay is
tq = 2RC, which is essentially independent of the fre-
quency. Therefore, if the clock frequency varies in a
limited range, the RC network can make precise adjust-
ments of the delay through a simple trimmer capacitor.

Clock driver

Comsat developed this system for use in high-speed
digital computing networks. To verify that this ap-
proach would work, a clock driver with adjustable delay
was designed and built for use with Motorola’s MECL
10K logic. The circuit in Fig. 1(a) is built around a triple
differential amplifier, in this case MCI10116, with a

1. Sine-wave clock driver. In this circuit, designed for Motorola's MECL 10K logic (a), amplifiers A;, A; and A3 are contained in one IC, a
triple differential amplifier, MC10116. By trimming C in R.C network, the phase angle (b) can be shifted 130°. Notice that the output wave-
form (c) remains constant even though the input signal varies from 160 to 1,200 mV peak-to-peak.
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threshold voltage source (Vip). The first amplifier re-
ceiver (Aq) s ac coupled to the clock-distribution line.
‘I'his amplifier receiver, which can accept voltages from
0.1 v to I v, drives the phase shifting network CRj. The
mput can be connected to a balanced-pair line (which is
preferable for a clock-distribution network) or to an
asymmetric line (coaxial cable). In the latter case, one
mput can be ac grounded, as shown. The input imped-
ance of the amplifier 1s 2 kilohms, which can be ad-
justed to a specific value Z, by the addition of a resistor,

1
I'he phase angle can be adjusted in the range of ap-
proximately 25° to 155° with a miniature trimmer, C.
The selected trimmer’s value (35 pF) represents a com-
promise between size and the loading effect of the input
capacitance of the second amplifier, Ao. The value of re-
sistor Rz 18 dependent on the clock frequency, f, and if
C is cqual to 10pF, it can be determined from equation
(3) as foliows:

©®)

Ampliiers Ay and Az limit the sine wave to form a
square wave of the proper level to drive the clock inputs
of MECL 10K logic circuits.

I'he performance of the circuit in Fig. 1(a) can be
evaluated from Figs. 1(b) and 1(c). Fig. 1(b) shows that
the input phase angle can be varied 130°. In Fig. 1(c)
the 50-MHz input sigual with 160- and 1,200-mv peak-
to-peak amplitude is compared with the output wave-
form. (Note the inscnsitivity of the output-to-output
voltage variation.)

‘I'he whole circuit (including the output driver) can be
casily integrated by using standard hybrid technology;
the only external parts are resistors Ry and Ry, and the
trimmei, C. The delay in Ay, Ag, and Agj is affected very
little by temperature. Therefore, the temperature coeffi-
cient of the delay is determined only by Ry and C, and
these parts can be chosen to have the temperature sta-

Rz = 10 1/277/;

bility that is required for the application.

For Motorola’s MECL III logic, a quad line receiver
(four differential amplifiers) can be used with a slight
variation of the circuit (Fig. 2) and will have slightly dif-
ferent properties; e.g., the input level of the clock sine
wave must be at least 250 mv peak-to-peak.

Output driver

For MECL 10K and MECL III circuits, the allowable
current of the output emitter follower limits the imped-
ance (Z,) of the interconnecting transmission lines to 50
ohms. If a single power-supply system is used where
Vee = -5.2 v, then the line load resistor R; = Z, must
be connected to -2 V, or a voltage divider (see the out-
put of Az in Fig. 4) is required.

Special line drivers must therefore be built (Fig. 3) to
drive lines in which the impedance is less than 50 ohms;

LINE
DRIVER

LINE
RECEIVER

BALANCED PAIR LINE

COAX CABLE

3. Situations. A special driver is needed when either line impedance
is below 50, or there is a floating balanced pair, or when a shielded
transmission line with load Ry, is common grounded.

<. For Molorcia’s MECL Il logic. A slight variation of the clock driver in Fig. 1(a) is shown in this circuit, which uses a quad line receiver.

—5.2V
@
pF
220
O 2.5t0 35 pF
CLOCK R
INPUT i
o— i
220
PF 1kQ
1 k&2
—52V
Vib

Vbb
o
§ 510
cLOCK
O DRIVE
@
Vi =t L0 5.2V
(Vee)
§3909 510 _]_
o
Vbb 5.2V
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—52Y
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4. Eliminating special driver. If a single power supply is used for ei-
ther Fig. 1(a) or Fig. 2, a special line driver normally is required. This
line driver can be eliminated by replacing the emitter resistor of the
output emitter-follower with a constant-current source.

or for a floating balanced-pair line, which is preferable
for pulsed signal transmission over longer distances; or
for a shielded transmission line with load Ry, connected
to a common ground. The latter method is preferable
for a longer coaxial cable or a longer stripline because it
eliminates the problem of decoupling the auxiliary
power supply (-2 V) distribution system or the voltage
divider.

If the emitter resistor (Re) of the output-emitter-fol-
lower of the ECL device is replaced by a constant-cur-
rent source (Ie. in Fig. 4), then this simple configuration
in most cases can take the place of a special line driver
(see the output of A; in Fig. 5). If the common ground
impedance can be accidentally disconnected while the
circuit is operating, the constant current source is lim-
ited by the maximum permissible current of the emitter
follower. (This maximum current of the emitter fol-
lower, I, is, for example, 50 mA with Motorola’s MECL
10K, as in Fig. 4). But if the common ground imped-
ance Ry, is connected permanently, then the constant
current source .. can be higher than that of the emitter
follower as long as Iy is greater than .. - I.. Then the
circuit is able drive loads as low as 25 ohms, as shown in
the table of Fig. 5.

Circuit performance can be evaluated by taking the
output waveform of a line receiver—such as MC10116
loaded with a standard 82 + 130-ohm divider (labeled
“reference” in Fig. 5)—and comparing it to a similar re-
ceiver for which a constant current source of 50 ma is
loaded with 50 ohms to common ground, and the wave-
form at the load Ry, is artificially delayed by 5 ns. For

Electronics/.Januarv 23 1975

A; 82 Q
9 REFERENCE
X ' =
MC10116 130 2 o b c
/ £ i
i
=52\ =
Ay
)
T o
= Cl_
-
| RL
e
2N5836
510 2
Re 510 Q

—9.2 VO

5. Low-impedance loads. If the amplifier A; in Fig. 1(a) is con-
nected to transistor 2N5836, which serves as a current source, then
the circuit can drive loads as low as 25 ohms.

all practical purposes, the waveforms are identical. The
rise and fall time of the circuit with Ry, connected to
ground is superior to that of the standard circuit if a ca-
pacitive load of 100 pF is connected in parallel with Ry,
(as in Fig. 5, with Cy, the capacitive load).

With a current of 75 mA and impedance of 25 ohms,
the rise and fall times are approximately 40% longer
than those of the 82 + 130-ohm divider reference out-
put. This is to be expected from the characteristics of
the ECL-output emitter-follower transistor, but a 100-pF
load in parallel with 25 ohms does not practically affect
the response.

There are disadvantages to the sine-wave approach.
A digital system that uses phase-shifting networks for
delay equalization cannot be substantially “slowed
down” by decreasing the clock rate, say, for trouble-
shooting, because the phase-to-delay relation (Equation
4), is frequency independent for only a limited fre-
quency and phase range. In addition, the clock re-
ceiver/driver in Figs. 1(a) and 2 is relatively compli-
cated, with one IC and more than 10 discrete
components, and the units cannot be cascaded to in-
crease the total delay. Of course, the former disadvan-
tage can be substantially overcome by implementing
the circuit in a hybrid IC. O
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Engineer’s notebook

Inductor simplifies
memory-driver circuit

by Robert Johnson, Paul Feldman, and Edwin Fisher
Honeywell Information Systems, Billerica, Mass.

Designing memory systems with 4,096-bit n-channel
random-access memories poses a number of problems
with the associated interface circuitry. But a small in-
ductance can at least eliminate the headache of having
an extra power supply in the memory driver.

While most of such RAMs on the market today have
inputs—all addresses, data-in, chip-select, and
read/write—that are compatible with transistor-transis-
tor logic, the clock or chip-enable clock input requires 0
to 12 volts for proper memory operation. Of particular
concern is the memory’s clock input, where a minimum
high level of 11.4 Vv is required.

A common totem-pole output driver circuit—similar
to the SN75365 or MC3960 initially used with p-chan-
nel RAMs—tied to a number of n-channel-RAM clock in-
puts, is shown in (a). Capacitive loading is typically 390
picofarads per clock driver. When V2 = V3 = Vpp, the
outputs appear degraded, and Vou = Vpp - 1 V at Ion
= 50 pA. Increasing Vs to Vpp + 3 V changes the out-
put to a more acceptable level, normally Vpp - 0.3 V at
Iou = 100 pA.

However, in n-channel systems, the values of Vpp
and Vcc are usually 12 v and 5 v, respectively. If the
method of increasing V3 is used, Vpp must be raised to
15 v for V3 and then dropped back down to 12 Vv for V2
and other parts in the system to generate a separate
supply voltage on each array card. The alternative is for
a separate supply voltage to be bused in for V3. These
methods, while feasible, are not very practical because
of increased power consumption and cost.

A way to provide the correct output levels for both
chip and driver with only a +12 v supply is to place an
inductor from V3 to Vz. The inductor overcomes the
drawbacks of operating with V3 = V2 without adding a
supply greater than Vpp to the system, as shown in (b).
The inductor provides an energy source in the form of a
voltage “kick” whenever the output totem pole is in a
transition state. The increased voltage on V3 supplies
the additional current needed as Eout changes from low
to high, resulting in a smooth and uninterrupted transi-
tion to Von.

A small value of L will not provide an adequate volt-
age increase at V3, while too large a value will not re-
cover fast enough at high repetition rates. Values be-
tween 36 and 100 microhenries work well at a pulse
width of 500 nanoseconds and repetition rates of 1 mi-
crosecond or less. O

100

RAM LOADS

Eour ]- Ceauv
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______ 12V

ov

S 12V
oV

Eout

RAM LOADS
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5V
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Power supply transients

kept under control
by Ralph Tenny,

Texas Instruments, Dallas, Texas

Two specifications of power supply performance can
easily be overlooked, since most manufacturers never
mention them. These are turn-on/turn-off spikes and
voltage rate-of-rise at turn-on. Most integrated circuits
can be damaged or destroyed by power supply spikes
which momentarily exceed the device voltage rating.
Fortunately, not many commercial supplies do this.
However, it is important that in-house designs be
checked for spiking during design debugging. In addi-
tion, some digital systems with multiple power-supply
requirements may lock up if the power supplies come
on in a particular order, so it is important to know the
voltage rate-of-rise of each supply.

The circuit shown in Fig. 1 will energize ac-powered
individual dc supplies or power-supply systems con-
nected to a controlled outlet, P;. And it will furnish a
scope sync signal to allow detailed examination of the

power supply output during turn-on. Turn-on can be at
line zero crossing or at an adjustable point near line
peak to reliably check for worst-case turn-on conditions.

The circuit is based on two triacs which control the ac
power to the power supply under test; Q; is resistively
triggered from the line and turns on and off at zero
crossing. Q; is controlled by Qz; when Q: is turned on,
it diverts gate drive from Q;. However, if Q2 turns on in
midcycle, Q1 does not turn off until the next zero cross-
ing. Q2 is turned on by dc drive from Zz4 via Q3. Z2 is
controlled by a line-derived trigger from Z;. A line volt-
age sample (A) is used to generate a phase-variable trig-
ger. This is accomplished by a resistive attenuator and a
TTL Schmitt Trigger (Zia). Adjustment range is suf-
ficient to generate a trigger 90° after zero crossing. After
inversion in Z;g, this trigger is applied continuously to a
two-bit shift register (Zz). Z» is cleared by a latch or
allowed to run at 60 Hertz. At the first trigger after Z» is
released, Zop switches and produces a sync signal. On
the next trigger, Z>a switches and applies gate drive to
Qgz, which turns on. At the next zero crossing, Q1, which
was conducting, turns off (mode 1 operation).

Mode switch SW> has three positions to allow these
checks: turn-on at zero crossing or at line peak, and
turn-off to allow checking for turn-off spikes. In position
1, the power supply is switched by Q at zero crossing.

A
A
TRIAD
F13-X 1N4001 M -
el 309K Sk
1,000 uF T I < Zia Z4g
1 DD
b Q3 680 :
TIS-98 L
15k, 10W
: (2) ==
1 0,
Q
TRIACS 160
TIC-263M . . +5
(2) = 24 28
SWa, Q D 1] D
—t2<+- o< 1(MODE 1)
I'| o< 2(MODE?2) SW
2c|
o || oe3MODE3 o Gk CLK
- mmm = ) ]
i i Q ciR 12 cir
O
LO SWoy, —0  SWoqy s
be————0 Lo
+5V
Py
| 1kQ
@J O) SYNC Zic
il
oo 15V i
S { SW;
e s B0 fix Z, - SN74132 5V
) Z, : SN7474 il ON©
1kQ2 e
Zip

Translent testing. This power-supply transient-response tester, in conjunction with an oscilloscope, can measure turn-on time at zero cross-

ing (mode 1) or line peak (mode 2) and turn-off time (mode 3).
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New Breed’

of powerful
LSI/MOS counters

Fluke's ‘New Breed' of powerful yet compact, robust and economical
counters is the result of innovative and advanced LSI/MOS circuit design.
Typical of this ‘New Breed' is the model 1953A Universal Counter/Timer
which incorporates all the features of a laboratory instrument in a small,
rugged package that's priced at just $849.
With the 1953A you get an instrument designed for both bench and systems applica-

tions. ..

which measures frequency, ratio, period, time interval and gated totals . .

.and

with a sensitivity down to 30 mV - - better than any comparably priced units on the market.

You get a unit with a full 9-digit LED display, including the features that are standard on all Fluke
counters - - decimal point location, overflow and units annunciation, and leading zero suppression.

You get an instrument with a frequency range from dc to 125 MHz, or optionally with internal

prescalers t0 520 MHz...orto 1000 MHz .. . orto 1250

MHz at sensitivities to 15 mV.

Plus, you have a wide choice of options that let you select just the capability

you need to solve your specific measurement problems - - options such as:

internal prescalers; oven stabilized timebase for highest accuracy; full remote
programming; BCD output; burst measurement mode; and a timebase multiplier FI l ' K E

for operation from a 1, 5, or 10 MHz external clock reference.

What more could you ask for . . .
Call your local Fluke representative for a demonstration to-day. Or write or call us direct.

glasses and a moustache maybe?

®)

COUNTER DIVISION

John Fluke Mfg. Co. Ltd., Counter Division, P.O. Box 1094, Station D, Buffalo, N.Y. 14210, Phone (716) 842-0311, TWX 610-492-3214
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With SW3 off, Q2 is conducting to hold Q; off until SW3
is turned on. Sync is generated a minimum of 16 milli-
seconds before Q; turns on. In mode 2, everything is the
same, except that sync is generated just before Q1 turns
off. In mode 3, Q; is not triggered and Q2 switches the
power supply on command, 16 milleseconds after sync.

A safety note: SW; opens both sides of the line; this
is the minimum acceptable arrangement. At best, the
entire circuit should be operated on an isolation trans-
former. When adjusting the trigger for proper phase
angle turn-on of Q2, be sure to use a filament trans-
former if an isolation transformer is available. O

Using a frequency counter
to measure capacitance

by Thomas McGahee,

Don Bosco Technical High School, Boston, Mass.

Many frequency counters can be used to measure ca-
pacitances by exploiting their capability to measure
time spans. Basically, the circuit described here charges
the capacitor under test with a constant current. The
constant current produces a linear voltage increase, and
the time it takes for the current to cause a given change
in voltage is directly proportional to the capacitance
being determined.

In the accompanying circuit design, components Q1,
Ri1, D1, D2, D3, and R3 form a simple constant-current
source for charging the capacitor under test, Cyt. An-
other constant-cui $nt source, consisting of Rz and Q:
(and using D1, D2, D3 and Rga), provides current to Ry,
Rs, and Re to make up a dual reference voltage. When
S; is opened, capacitor Cy: charges linearly, and the 740

operational amplifier buffers the voltage from the rela-
tively low input impedances of ICz and ICs. ICz, whose
output is normally at ground, switches to a positive out-
put when the voltage from the op amp becomes greater
than ICy’s reference voltage (at its inverting input).

A short time later, when the voltage from the buffer
reaches the reference voltage of ICs, the output of IC3
switches from a positive level to ground. There is a
small overlap where both outputs are positive. D4 and
D5 detect this condition, and, when it occurs, R7 causes
the junction of the diodes to go positive, producing a
pulse having a width proportional to the capacitor un-
der test.

R4 serves as the “coarse” adjust and Rs is the “fine”
adjust. Rg is included so that IC> will always switch at
some voltage greater than 0.1 v. This eliminates acci-
dental triggering at the instant S; is opened.

With the proper capacitance standard, accuracies to
within 0.1% can be obtained. The circuit is relatively in-
sensitive to power-supply variations, since the refer-
ences are driven by a constant-current source. O

Engineer’s Notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.

+12V
D;, Dg: 1N914
SEE
TABLE
haSp,
|+
0.01uF T v
Q;
2N3638
SEE T 740
TABLE | \
Rs < ¢
500
CAPACITOR & R
UNDER TEST 10011 <
Re
1kQ

S-1 OPENED OUTPUT OF IC-1
|

OUTPUT OF IC-2

JL

QUTPUT OF I1C-3

OUTPUT AT R,

L
+5V
Rz
15k CURRENT (1) R, | CAPACITANCE
0.25 A 47 NMQ 1 uF
2.5 uA 470 k2 10 uF
25 A 47kQ 100 uF
250 pA 47kQ 1,000 uF
25mA | 4709 10,000 uF

Counting capacitance. Two adjacent points on a voltage ramp (a), created by charging a capacitor, Cy, are detected by comparators 1C;
and IC,. These two voltages are compared in an AND gate, producing a pulse having a width proportional to capacitance.
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PROM can convert
Ascii to hex code
and vice versa

Controls eliminate
defects in pcb
additive process

Kits simplify
design of complex
custom circuits

104

Engineer’s newsletter

You can convert an Ascii, binary code to a hex code or vice versa
through a single device—a programable read-only memory, notes Glen
Coers of Garland, Texas. To convert Ascii-to-hex code, you need a
PROM with at least seven address lines and four data lines. Then simply
apply the Ascii inputs to the address lines with the eighth input line
grounded, and program the output-data lines to provide the appro-
priate hex value.

To convert from hex to Ascii code, use a PROM with at least four ad-
dress lines and seven data lines. The hex value is placed on the address
lines with the fifth input line grounded, and the output-data lines are
programed for the corresponding Ascii character.

Engineers struggling with an additive process in the production of
printed-circuit boards shouldn’t get discouraged; others have suc-
ceeded against overwhelming odds. In a paper delivered at the Second
National Plated Printed Circuit Conference, last month in Chicago,
Fulvio Romano, who handles Motorola’s additive process for its com-
munications division, shares his early experiences with the process.

Romano’s additive program reads like a litany of hardships: corners
cracked, surfaces became gouged, cracks appeared between the holes,
solder masks kept peeling off the copper, blisters grew between the
laminate and the copper, the copper peeled at the edges and filled the
holes, conductors lifted—you name it, they had it. But Romano perse-
vered. The key to success: a tight 24-hour control of copper, formal-
dahyde, and sodium-hydroxide concentrations, as well as keeping a
sharp eye on the specific gravity, temperature, and pH of the bath.

Circuit designers faced with building complex custom circuits on re-
duced budgets should check out the array of monolithic circuit ele-
ments being offered by Interdesign, a Sunnyvale Calif.,, IC supplier.
Monochips, composed of npns, pnps, current sources, and resistors, can
be designed into a wide variety of digital bipolar and linear circuit com-
binations—flip flops, gates, dividers, multipliers, op amps, amplifiers,
converters, detectors, oscillators—not available as standard ICs.

Once you breadboard the circuit (kits of design parts are available),
you make a circuit schematic and send it to Interdesign. Its production
people generate the tapes, perform the final mask step, and will even
provide some free design consultation. Turnaround time can be as short
as three weeks. The price of 50 prototype circuits is less than $1,800. In
production quantities, costs range from $1.50 to $20, depending on the
quantity, circuit type, and complexity. The company now offers four
Monochip types—the latest in the family is an 80 X 80 mil chip that con-
tains 209 circuit elements built with a high-voltage process that can han-
dle a maximum supply voltage of 36 V.

—Laurence Altman
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: SIX NEW SWITCHERS. LET US SHIP YOU SOME.

I £ series: five 150 watt units and a 750 watt unit. From us: ACDC Electronics, Inc.
| Manufacturers of proven, reliable DC power supplies. The new JP switchers offer the {
latest in technology. Small, cool and efficient, they pack more watts per cubic inch than
' conventional pass-type supplies. These 20 KHz inaudible switching power supplies |
operate from a selectable input of 115/220-230 VAC 47-63Hz (100 VAC also available).
. Overvoltage and overload protection is standard. EMI is minimized by shielding and |
1 ‘ filtering. Low inrush turn-on for soft start. Units can be paralleled for higher current ;
requirements. Don’t miss the boat. Just circle the reader service number. Or if you’d
N ‘ like information on ACDC’s complete line of DC power supplies, fill out the coupon /
‘ \ or write to us on your company letterhead. We’ll send you our 1974 product and
\

application guide.

/‘-—

& Name /i" '
M ©
Company Name Op
Q.
Address é‘ j‘ l
> ok
X City State Zip Code gﬁ I
- - %
¥ acdc electronics inc. P
Oceanside Industrial Center, Oceanside, CA 92054 °,. l
(714) 757-1880 <
. ek r
‘ Y
X |
L i
; X
o e " r ’

A N G S I R D G D T R R AR
To locate your nearest ACDC representative call toll-free (800) 645-9200 (In New York State, Call Collect (516) 294-0990).
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It counts,

calculates, and

Improves accuracy too.

Now, HP has combined a high-performance scope, a
microprocessor, and an LED display to put an end to
graticule counting, mental calculations, and the con-
ventional 5% scope error. The 1722A gives you a giant
leap in measurement accuracy and convenience. It’s
a working lab partner that speeds measurements of
time intervals, frequency, instantaneous or dc voltage
levels, and relative amplitude. It allows you to make
all these measurements more accurately...with less
chance of human error.
The microprocessor takes over several
tasks you used to perform.
It keeps track
of

dial settings,
automatically com-
putes time intervals and
voltage levels, converts time
measurements to frequency, and

calculates percent. It even signals if you make an erro-
neous setting. In addition, the microprocessor drives a
3%-digit LED display to give you a direct digital read-

=3 1

ing of your measurements...in seconds, hertz, volts, or
percent. Working with the 1722A is like having an
assistant that takes care of the mental gymnastics.

There’s another reason for easier, more accurate
measurements — HP’s unique Dual Delayed Sweep.
It gives you two adjustable intensified markers for
displaying the start and stop points of a time interval.
The microprocessor then gives you an automatic read-
out of the time interval between the markers. This
speeds digital timing measurements and simplifies the
adjustment of circuits to meet a timing spec.

The combination of a proven 275 MHz dual-
channel scope, microprocessor, LED display, and
Dual Delayed Sweep gives you faster, more complete
waveform characterization than you’ll get from conven-
tional scopes costing twice as much.

And instead of the conventional 3 to
3 percent reading errors typically
associated with voltage and time
measure- ' ;
ment’s, the
1722 A puts
you in the 0.5 to 1 per-
cent range.

The 1722A begins a
new era of measurement
technology by giving you
faster answers, more ac-
curate answers, even an-
swers you couldn’t get
before. And at a price of
just $4,500.*

Let your local HP field
engineer introduce you to “#l
the new scope generation. Call him today. Or, write
for our informative 8-page brochure.

*Domestic USA price only. o8

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.




Dialight
sees a heed:

(Need: The widest choice for your every appl ication.)

730 SERIES Your choice . . . a red
or green LED readout with large 0.625” characters. . . low
power, operates with standard IC power supply levels.
Comes in plus-minus module. Display uses standard or
high brightness LEDs for maximum light output arranged
in a seven-segment format. Available with or without on-
board decoder/driver. Unique lens design generates
bright, highly legible characters.

739 SERIES Save design time and
installation costs . . . this LED display assembly is at-
tractively designed in a convenient package with bezel
and is ready for instant panel mounting. Available in
groups of one or more characters, with or without de-
coder/driver . . . characters are 0.625” and come with
either green or red LEDs in seven-segment format. Read-
out offers lowest cost per character for comparable size.

745-0005 Dot matrix LED readout
display produces a bright 0.300” high character or sym-
bol display. Has wide angle visibility and is compatible
with USASCII and EBCDIC codes. Low power require-
ments. Mounts into standard 14-pin DIP socket. The dis-
play is also available in bezel assemblies with or without
code generator.

108 Circle 108 on reader service card

745-0007 LED hexidecimal display
with on-board logic operates from 5 to 6 volt supply, low
power consumption. Integral TTL MSI chip provides latch,
decoder and drive functions. 0.270” character display
has wide angle visibility and mounts into standard 14-
pin DIP socket.

755 SERIES High brightness planar
gas discharge displays in a 0.550” character. Orange
color gives high contrast ratio and allows readability to
40 feet even in high ambient lighting. Designed for inter-
facing with MOS/LSI, displays have an expected life of
100,000 hours or more.

Dialight, the company with the widest choice in
switches, LEDs, indicator lights and readouts,
looks for needs . . . your needs . . . and then they
develop solutions for your every application. No
other company offers you one-stop shopping in all
these product areas. And no other company has
more experience in the visual display field.
Dialight helps you do more with these products
than any other company in the business, because
we are specialists that have done more with
them. Talk to the spe- e
cialists at Dialight first. 7 /A LIGHT
You won't have to talk Dialight, A North American Philips Company
to anyone else 203 Harrison Place, Brooklyn, N. Y. 11237

(212) 497-7600

ee
Dialight.
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New products

|/O card cuts cost of peripheral links

Single board drives eight cables, each with a microcoded processor;
Computer Automation also develops Naked Milli and a new minicomputer

by Paul Franson, Los Angeles bureau manager

Best known for the Naked Mini
computers it developed in 1970,
Computer Automation is introduc-
ing two new computers that it
claims gives it the widest line of
plug- and program-compatible
minicomputers in the industry. The
firm is also introducing a universal
distributed-interface system that
may help reduce costs of interfacing
peripherals, in line with the price re-
ductions in processors and memo-
ries during the past few years.

The first of the new computers is
dubbed the Naked Milli, a small-
board computer that fits between
microcomputers and minicom-
puters. This system, more formally
called the LSI-3/05, is priced at
$295 in single quantity for the pro-
cessor alone, and $695 with 1,024
words of memory. It is the size of a
microcomputer board (7 by 15
inches). But Sol Zasloff, marketing
vice president, says it has most of
the features—other than speed—of
the company’s minicomputers, in-
cluding a full instruction set, mini-
computer architecture, improved in-
put/output capability, and full
compatibility with the California
company’s larger machines.

Another debut. Computer Auto-
mation will also soon introduce a
large minicomputer, the Megabyter
(LSI-2/60), which will handle one
million bytes of memory. It will
compete with machines like the
Digital Equipment Corp. PDP-
11/45, Data General Eclipse, and
Interdata 7/32.

Perhaps the most interesting of
the new products, however, is the
distributed-input/output system,
which depends on universal inter-
faces. A single 1/0 distributor board

Flactranice 7/ laniiarv 22 1Q78

used with any Computer Automa-
tion LSI minicomputer drives as
many as eight “intelligent cables,”
each containing a small speedy Pi-
coProcessor that is microcoded for
its specific peripheral. “This means
savings to the OEM, who otherwise
finds that he spends more money for
custom or even standard interfacing
hardware than he does for his com-
puter,” says Zasloff.” “With the dis-
tributed 1/0 system, we have
brought the cost of interfacing down
to the same low level as the cost of
the small processors.” The 1/0 dis-
tributor card is priced as low as $380
in single quantities, and the cables
are $145 each.

Plug-in. The 1/0 distributor plugs
into the direct-memory channel of
the computer, and the peripherals
are addressed as if they were in the
memory. The distributor is a half-
card (7 by 15 inches) that has output
connectors for eight ribbon cables,
and more than one 170 distributor
can be used for additional peripher-
als. The cables from the 170 card are
identical, and they connect to a flat
3-by-8-inch box mounted in or on
the peripheral. A short cable,
equipped with the peripheral’s con-
nector, is included.

The PicoProcessor contains fast
transistor-transistor logic with a
250-nanosecond cycle time—MOS
isn’t fast enough for the application.
The units handle data rates up to 82
kilobits per second, depending on
the computer used, and three types
are available to handle the major
classes of peripherals.

The parallel PicoProcessor is used
with line printers, card readers, pa-
per-tape readers and punches and
other unit-record-type devices, as

Distributed power. Naked Milli computer
(right) is shown with 1/0 distributor card that
can control eight peripherals by cables con-
taining microcoded processors.

well as analog-to-digital converters
and point-of-sale terminals. The Pi-
coProcessor can control devices with
8-bit inputs, 8-bit outputs, or 16-bit
inputs. Two serial PicoProcessors
are also available. One has a stan-
dard EIA interface for cathode-ray-
tube terminals, modems and other
peripheral devices using 5- and 8-bit
characters. The other serial-type Pi-
coProcessor is for current-loop de-
vices, especially teletypewriters, and
such special devices as keyboards,
badge readers, control panels, and
relays. The universal interfaces are

1NO




New products

not used for peripherals with very
high data rates, such as magnetic-
tape and disk drives. These are con-
nected to the direct-memory chan-
nel.

Computer Automation hopes the
model 3/05 Naked Milli computer
will compete effectively with semi-
conductor-chip-set microcomputers.

Product manager Phil Kaufman
says one big advantage of the 16-bit
unit is that it’s compatible with
other Computer Automation ma-
chines. “Every other machine in this
range is the top of its line. If you
start with a microprocessor, you
can’t move up easily, and that can
be very important as you try to add

Whether you're a user or manufacturer of
electronic equipment, you face the same
problem each time you or your clients use
the telephone, teleprinter, radio or facsimile
machine to transmit highly confidential
messages. You are inviting surveillance or
theft by an interested third party or industrial
spy.

Using latest sophisticated techniques
of wire tapping, bugging, or other monitoring
and misrouting, the unwanted observer
can look at and listen to the private
communications you are wanting to protect:
those involving international operations,
labor negotiations, diplomatic and
governmental traffic, for example.

This sensitive information can be
compromised or stolen during transmission
and never missed.

There is a solution. By employing the
appropriate Datotek security system,
important communications will be protected
from sender to recipient. Datotek is the
largest independent producer of
communication security systems in the
United States, with customers in more than
40 countries in the free world. F—

Concerned? Then take the first

Somewhere

along your
communications line
there’s a leak.

That's Why secure step. Call or write
you need a Datotek Datotek today to request
. - a private discussion
comrqunlcatlons of your communications
security system. security requirements.
9% = SV
\\\ \\\ Nay
\\\ \\\ \\\ T,
ST il \\\ N
\\\\\\\\ \\\\
\\ \\
N \\

Ardatotek.inc.

cammunications security

Dallas: 13740 Midway Rd., Dallas, Texas 75240 USA Tel: (214) 233-1030 Telex: USA 730558 New York: 521 Fifth Avenue, New York, New York 10017

London: 35 Piccadilly, Airwork House, London W1V 9PB England, Phone 01/734-7282, TELEX 262236
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capability to a system. The Naked
Milli can be unplugged (if a full-size
slot is allotted) and replaced by a
larger computer with no changes in
hardware or software.” Kaufman
says that the computer has much of
the capability of the larger CA ma-
chines, but is slower. It has an add
time of 7 microseconds in contrast
to the 4 pus of the LSI 2/10 and 2 ps
of the LSI-2/20. Although the
Naked Milli also has a somewhat
smaller instruction set, Kaufman
claims that the set of 93 instructions
is considerably more powerful than
that of microcomputers, which typi-
cally have 40 to 70. “This means it
requires less memory for a given
job, and the total system cost can be
lower,” he adds. The bipolar Naked
Milli computer uses separate core or
semiconductor memory on full 14-
by-15-inch boards and can address
a total of 32,000 words, including
random-address and read-only
memory. ‘“Memory-addressing is
one of the places where micro-
processors generally fall down,” says
Kaufman,” and the new computer
has all of the addressing modes of
the more powerful LSI-2.”

Compatible. Included are stan-
dard direct-memory access, direct-
memory channels (vectored inter-
rupts), and capability to use either
words or bytes. Because the inter-
facing is also compatible with the
higher-end CA machines, the new
computer can be used with the new
distributor 170, as well as existing CA
peripherals and controllers. “The
user can concentrate on designing
his product, not on producing pe-
ripheral interfaces,” Kaufman adds.
Options for the Naked Milli com-
puter include real-time clock,
power/fail restart, auto-load and
teletypewriter/CRT serial interface.
The computer can be supplied as a
board or with a standard LSI-family
chassis, or with a small motherboard
for applications where there is lim-
ited space.

In volume orders, the Naked
Milli LSI-3/05 is priced below $560
each with 1,024 words of memory.
Delivery time is 30 days.

Computer Automation Inc., 18651 Von Kar-
man, Irvine, Calif. 92664 [338]
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HERMES
LOOP
ANTENNA

THREE SAMPLE SITES
ON THE NORTH AMERICAN
CONTINENT —

DIFFERENT LATITUDES
DIFFERENT CLIMATE

Lk

NEAR SAN DIEGO, CALIF.

(Gooo

Listeners maintain
a low protile
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Even in the solitude of the forest depths, from rooftops,
arctic tundra, swamps to sweltering tropics, 'neath snow,
sand or ice,

the Hermes Loop antenna keeps an ear to the sky.

The amazing aperiodic antenna does away with vast log
periodic and rhombic arrays - those towering antenna
farms.

Excellent directional characteristics in rosette
configuration, the Hermes loop antenna provides an
omnidirectional broadband receiving array in space
merely 1/100th that of the traditional antenna farm.

More than 53 government agencies around the world have
pressed the loop antenna into service.
A new, even more compact version is available.| __2-32MH:
Only Hermes Electronics makes it. BROADBAND

ASK US Send for our Brochure
Hermes Electronics Limited

Suite. 315

2020 F Street NW

Washington, DC 20006 USA

202-296 2978

TWX 710 822 1106

Circle 111 on reader service card 111




LOW-COST, LED DIGITAL READOUT
MODULES IN YELLOW OR

Solid State Modules Come
Ready to Install and Operate —
Include Decoder/Driver and all
Circuitry Needed to

Hook up to Your System

e Standard 0-9 plus overflow, with
character height of 0.27”

e Accept BCD input code
e Compatible with TTL logic

e Optional bezel with choice of 3
filters

And Immediate Delivery!
Only &

"1.95 ,

in 100 qtys.

DISTRIBUTORS:

Audio Electronics, Inc., Canada (416)495-0720
Bordewieck Sales Co., New England (617) 659-4915 |
Century Aero Corp., So. California (213)772-1166
Peerless Radio Corp., Florida (305) 566-5966
Ratel Electronics, No. California (415) 965-2010

1EE

v 9800 NORTH ORACLE ROAD e TUCSON, ARIZONA USA 85704 e (602) 297-1111 e TWX 910-952-1377
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“His flight training was .
worth $300,000. it didn’t cost
usacent?. ... ... *

“Our son is a Navy jet pilot. And the way I figure it,”
says Mr. Foley, “if his flight training is worth more
than a quarter million, he’s got to be good.”

If your son is a senior or college graduate who
can qualify, the Navy will guarantee him a place in
flight training school before he joins. If he’s
a sophomore or junior, our Aviation

N

112

-
N

| [J Navigation, radar, electronics

Reserve Officer Candidate Program reserves him a
place in Naval aviation before he graduates.

Think your son can qualify? Suggest he see
his Navy Recruiter. Or mail the coupon below. Or
call 800-841-8000 toll-free. Ask for the Air Desk.

The Navy.

l_TO: Captain Robert W. Watkins,
NAVY OPPORTUNITY INFORMATION CENTER
| P.O. Box 2000, Pelham Manor, N.Y. 10803

= jl Yes, I'd like to help my son get $300,000 worth of flight
| training. Please send more information on:

Pilot training (AOC Program).
[J Aviation Reserve Officer

|

I

I

I

l

vig |
training (NFOC Program). Candidate (AVROC Program). |
|

I

I

I

I

CITY PHONE
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New products

= Printer controlled by microprocessor

Machine for OEM market uses print wheel, operates at 30 characters a second;
Interdata also unveils data-communications terminal utilizing the printer

By Ron Schneiderman, New York bureau manager

Acting on highly optimistic market
forecasts, Interdata Inc. has entered
the programable-printer field. Inter-
data, a subsidiary of Perkin-Elmer
Corp., this week introduced the
Carousel, a microprocessor-con-
trolled printer that operates at 30
characters per second, and was de-
signed specifically for the OEM mar-
ket [Electronics, Dec. 26, 1974, p.
19]. At the same time, Interdata has
unveiled a data-communications
terminal, called the Carousel 300,
that incorporates the new printer.
Both products are scheduled for de-
livery in May.

Interdata expects the Carousel
printer to interest OEMs who pro-
duce their own data-communi-
cations terminals, business and ac-
counting machines, as well as text
revision and word-processing sys-
tems. It also operates as a plotter. In
a word-processing environment, the
printer can handle cassettes or other

storage mediums associated with the
system, provide proportional-spac-
ing line justifications, as well as su-
perscripts and subscripts. As a data-
communications terminal, the
Carousel is a compatible replace-
ment for many terminals now in
use, including the IBM 2741, GTE
15/5741, GE Terminet or the Tele-
type model 33.

Designs acquired. The Carousel is
an outgrowth of work done initially
at 170 Devices Inc., Mountain
Lakes, N. J. Interdata early last year
acquired certain rights and designs
from 1/0, hired engineers from the
company and set up what it now
calls its Terminal Products Group in
Randolph, N.J. Ludwig Kapp, for-
merly of I/0 and now head of the
Interdata group, says the Carousel is
built around many of the concepts
developed at 1/0.

The Carousel’s custom micro-
processor was patterned after off-

the-shelf medium scale integration
circuits acquired from several
sources. Kapp explains that com-
mercially available microprocessors
were too costly and not fast enough.
“As faster microprocessors become
available and they drop in price,”
says Kapp, “we’ll probably go to a
standard product. But I think we
made the right move initially be-
cause it gave us speed and cost.”
The custom product is an 8-bit
microprocessor, with 4,000 words of
addressable memory, and an access
time of 1.5 microseconds. The
printer uses 2,000 of these words, in-
cluding 256 words of read/write
memory. The 2,000 words of addi-
tional storage capacity, says Kapp,
can be used by the OEM as a “sys-
tems builder.” He says, “It gives the
OEM considerable latitude to ex-
pand the buffer, to establish a line-
justification format, to incorporate a
look-up table of codes, or to control

The printing wheel. The cup-like arrangement at left has 100 spokes, 94 of them bearing characters. It requires 17 milliseconds to move
from one character position to another. Photo at right shows wheel installed, but before control mechanism is placed inside.
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Genisco’s Bi-planar
Insn'umemalmqﬁennwlers

Rugged and reliable, the
Model 10-286 Recorder/
Reproducer is field prov-
en to MIL-E-5400 envi-
ronments for aircraft and
helicopters as well as in
truck, van and shipboard
installations. Genisco’s
bi-planar reel design pro-
vides significant space-
savings with integral
record and reproduce electronics, tape visability, and
threading ease associated with co-planar instruments.

Accommodating 14-inch reels, the Model 10-286 pro-
vides extended record time and maximum data capacity
for today’s most cost effective environmentally capable
recorder/reproducer.

With seven electrically selectable speeds from 17 to
120 ips, the Model 10-286 is available in 7, 14, or 28 track
IRIG compatible and 7 or 9 track parallel digital record/
reproduce configurations. All solid state modular elec-
tronics include wideband and intermediate band direct,
FM, and digital recording and playback capability. Up to
14 channels of record and reproduce electronics are in-
cluded within the Model 10-286 transport housing.

Many of these features are also incorporated in Genisco
Models 10-110, 10-236, 10-276 and AN/ASH-27 militar-
ized magnetic tape recorders.

For full particulars and specifications, contact us.

An Equal Opportunity Employer M/F

GENISCO TECHNOLOGY
CORPORATION systems Division

18435 Susana Rd. * Compton, CA 90221 * Phone: (213) 537-4750 * TWX: 910-346-6773
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nendable performer...

CRTs, floppy disks, credit card veri-
fiers or other peripherals. The mi-
croprocessor controls character se-
lection, motor control, monitors
communications lines and controls
transfers to and from the computer
memory

Possibly the Carousel’s most un-
usual feature is its printing wheel, a
cup-like arrangement of 100 spokes
(or “fingers” as Interdata calls them)
of which 94 have characters. The
print wheel always returns to the
home position and permits immedi-
ate viewing of the last three charac-
ters typed. The print head requires
17 milliseconds to move from one
character position to another. An
“escape” hold key allows the oper-
ator to underline or strike over a
character. The print cup is posi-
tioned by stepping motors instead of
a servo. Stepping motors, Kapp
says, offer greater printing accuracy
and cleaner copy. According to
Kapp, the maximum error possible
with the Carousel printing system is
3% of 1.8° in positioning.

James Brennan, Carousel’s prod-
uct manager, says the printer’s addi-
tional 2,000 words capacity alone
may be enough justification for
many OEMs to adopt the unit.
Meanwhile, the Carousel will be-
come part of Interdata and Perkin-
Elmer offerings as an add-on to
existing products.

Versatile. An additional enhance-
ment, says Brennan, is the Carou-
sel’s paper-handling options, from
8-by-10-inch sheets to bank and
stock transfer forms and other busi-
ness documents.

The Carousel offers addressable
horizontal tabbing to 132 positions,
addressable vertical tabbing to 127
positions, horizontal column spacing
of up to 100 columns per inch and
vertical line spacing up to 48 lines
per inch. As a plotter, it is capable
of covering 4,800 points per square
inch.

The printer is priced at about
$1,700 per unit in 1-9 quantities to
the OEM market. The Carousel 300
terminal, without options, is priced
at $2,450.

Interdata Inc., 2 Crescent Place, Oceanport,
N. J. 07757 [339]
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IR’s new glass passivated, high voltage
Power Transistors and Darlingtons...

The three other largest selling high
voltage power transistor lines of today
offer you good characteristics. But while
a specific device may excel in specs for
one parameter, it may be marginal in
other equally important characteristics.
Not so with IR’s new high voltage power
transistors. They easily meet or exceed
all established specifications. Now you
can design a better, more efficient cir-
cuit without compromising.

% High Voltage and High Gain
in the same transistor.

Most others offer you either high volt-
age or high gain. They can’t give you
both in the same device. We can. For
example: rated to 700Vceo with an Ic
from 7 to 10 Amps (pulse), we provide
a gain of 30-90 at 1 Amp.

% Glass Passivation for
longer life, better stability.

IR triple-diffused, NPN mesa struc-
ture, high voltage power transistors have
glass passivated junctions. You’ll get

Prove our point
On Your curve

Get your test sample today.
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formance
where it really counts.

longer life and a stability unequalled by
the other brands. The avalanche curve

IR’s SHARP
AVALANCHE
CHARACTERISTIC

OTHERS

¥
#
¥
1
g

pictured shows our “sharp” curve and
the “soft” curve of the others. Convinc-
ing evidence of better junctions that you
can operate at full rated specs without
a worry.

% Lower Saturation Voitage
for better efficiency.

IR saturation voltage is lower than the
others. Higher efficiency, less power loss,
reduced power consumption and system
operation at lower power levels are your
new advantages. And you won’t have to
sacrifice switching speeds or voltage
capability.

% “Stress-Relief” Bonding for better
resistance to temperature cycling.

IR’s “Stress-Relief” bonding between
the chip and mounting surface gives bet-
ter protection from thermal cycling,
gives you an extra margin of safety in
thermal design considerations, with a
broad safe-area that is more than ade-
quate for any application.

...the innovative power people

Competitively Priced and
Cross-Referenced to the 3 major lines.

IR high voltage power transistors are
available in 12 models rated from 300 to
700Vcro with an Ic from 7 to 10 Amps
(pulse). Monolithic Darlingtons in 15
models are rated to 600Vceo with an Ic
from 15 to 25 Amps (pulse). All are in
the standard TO-3 package.

Find IR’s equivalent to the devices
you’re now using, then ask your local IR
salesman, Rep or Distributor for com-
plete specs and a test evaluation sample.
When you’ve put it to the test, we think
you’ll agree. It’s better — everywhere
that counts.

IRP/N Delco P/N RCA P/N Motorola P/N
IR401 DTS 401 MJ3026
MJ3027
IR402 DTS 402 MJ3028
2N3902 MJ3030
2N3788
2N3902
IR403 DTS 403
IR409 DTS 409
IR410 DTS 410 RCA410 MJ410
IR411 DTS 411 RCA411 MJ411
2N5838 MJ1800
2N5839 MJ3029
MJ3430
IR413 DTS 413 RCA413 MJ413
2N5840
IR423 DTS 423 RCA423 MJ423
IR424 DTS 424 MJ424
IR425 DTS 425 MJ425
IR430 DTS 430 2N5239 MJ430
! 2N5240
IR431 DTS 431 RCA431 MJ431
2N5240 2N5241
Monolithic Power Darlingtons
IR4040 DTS 4040
IR4045 DTS 4045 Ask for data
onIR's 11
IR4060 DTS 4060 additional types.
IR4065 DTS 4065

International

Rectifier

IR

233 KANSAS ST., EL SEGUNDO, CA. 90245, (213)678-6281
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The New Biomation 805

116

Waveform Recorder

Here's everything you need to capture and store
signals from one-shot tests. You operate the 805 as
easily as a scope, and enjoy powerful new benefits: ;
e Reliable digital storage of your analog signal

e Capture of signal prior to trigger » Replay

waveform on flicker-free-CRT ¢ Get digital output

for data reduction or plotter output for hard copy.

The Biomation 805 digitizes signals with resolution
of 1 part in 256 at speeds to 5 MHz. Stores 2000
data samples with more time-and-amplitude
resolution than a scope photo! For only $3200,

it's a sweet new machine. Write, TWX or phone for
specs on the 805 and information on our other
waveform recorders. Biomation, 10411 Bubb Road,
Cupertino, CA 95014, phone (408) 255-9500,

TWX: 9103380226.

biomation
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Components

DIP switch
line expanded

Modules have two to five
units, each providing
spdt or dpst action

Small versatile switches in dual-in-
line packages are being used exten-
sively on printed-circuit cards for
computers, computer peripherals,
communications systems, and test
equipment. But these DIP switches
have been available in only single-
pole, single-throw configurations.
Now, Molex Inc. is introducing
single-pole, double-throw and
double-pole, single-throw versions.

A single DIP module may contain
from two to five switches, and every
switch provides either spdt or dpst
action. Each switch can be accessed
individually. The switches are oper-
ated manually without use of spe-
cial tools. An optional transparent
snap-on cover can protect them
against accidental switching.

Like the earlier Molex BOSS
(Binary Option Selection Switch)
devices, the new units rely on
double-cantilever contacts for low-
stress, high-force closures. Cams on
the actuators open the switches by
forcing the contact pairs apart.
These same cams provide a but-
ting/wiping action to close the con-
tact pairs, thereby maximizing con-
tact integrity. The phosphor-bronze
terminals have gold contact areas.

Designed for logic-function pro-
graming, these BOSS DIP switches,

Electronics/January 23. 1975

packaged in polyester, are rated for
50 milliamperes at 30 volts dc. Con-
tact resistance, when measured at 10
mA, is a maximum of 100 mil-
liohms. Insulation resistance be-
tween adjacent switches, whether
open or closed, is at least 1013 ohms.

The new models will be available
in mid-February from stock. In
1,000-lots, price will range from 20
to 25 cents per switch position.

Molex has also redesigned its spst
DIP switches for compatibility with
pc cards having a center-to-center
spacing of 0.5 inch. Seated height
for the new low-profile versions is
0.36 in., which is reduced from the
0.46-in. height of earlier models.
Molex Inc., 2222 Wellington Ct., Lisle, IlI.
60532 [341]

Rectangular CRT for portable
scopes draws only 95 mA

Size and power consumption of
cathode-ray tubes are two limita-
tions that manufacturers of battery-
powered oscilloscopes must build
around. With that in mind, design-
ers at Hitachi Ltd. have developed a
CRT design that reduces both factors
significantly.

The Hitachi model 95AB31 mea-
sures 3.68 inches diagonally across
its rectangular screen (foreground,
below). Minimum usable height is
2.13 in., and width is 2.62 in. The
flat screen also offers an internal
graticule to eliminate parallax. The
tube’s low-current heater draws only
95 milliamperes at 6.3 volts dc, com-
pared with the 600 mA required by
small tubes designed for line-power
operation. Maximum frequency is
10 megahertz.

The CRT is 9.25 in. long, and is
made to be used with inexpensive,
readily available, 90° color-picture-
tube sockets, instead of special 60°

sockets needed by most round CRTs.
In production quantities, the tube is
priced at $50 each. Delivery time is
6 to 8 weeks.

International Importers Inc., 2242 S. West-
ern Ave., Chicago, lIl. 60608 [342]

Low-profile pc-board relays
can switch up to 8 amperes

Packaged in dust-proof housings
with seated heights of only 0.4 in., a
new family of printed-circuit relays
offers hefty power-handling capabil-
ities. For a 24-v dc resistive load,
the Class 63 double pole, double
throw (dpdt) units, as well as the
Class 64 4pdt and 6pdt units, are
rated at 1 A. And the Class 65 spdt
units can handle a continuous cur-

rent of 8 A maximum. Terminals are
spaced on a standard 0.1-in. grid. In
quantities of 1 to 24, price ranges
from $3.40 to $8.11. Delivery is
from stock.

Magnecraft Electric Co., 5575 North Lynch
Ave., Chicago, Ill. 60630 [343]

Rotary switch is 0.375 inch
high, 0.9 in. in diameter

Intended for use on card racks
spaced on 0.5-inch centers, the
Janco Mini Code Switch is similar
to a thumbwheel unit but measures
only 0.375 inch high and less than
0.9 in. in diameter. The unit can be
produced to provide decimal, octal,
hexadecimal, and most other com-
mon digital codes and variations.
Markings can be provided in any
axis on the indicator wheel with cus-
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AMERICAN

MADE

Tolerance

SCHAUER

1-Watt

. ZENERS

Immediate Shipment

Low Prices

ANY voltage from 2.0 to 16.0

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

All welded and
brazed assembly

No fragile
nail heads

Write for complete
rating data and other
tolerance prices.

Buy the kit-
e g Dave
4% a ot

v s
0oRts .

Kit contains a 51-piece assortment
of SCHAUER 1% tolerance 1-watt
zeners covering the voltage range
of 2.7 to 16.0. Three diodes of each
voltage packaged in reusable poly
bags. Stored in a handy file box.
Contact your distributor or order
direct.

A $54.57 value for

oncy $2.450

Semiconductor Division

SCHAUER

Manufacturing Corp.
4514 Alpine Ave. Cincinnati, Ohio 45242

Telephone: 513/791-3030 /

New products

tom legends or characters, and in
any of six colors. The switches can
be supplied with or without rota-
tional stops, seals, or internal light-
ing. The basic switch is designed to
meet the environmental require-
ments of MIL-S-22710.

Janco Corp., 3111 Winona Ave., Burbank,
Calif. 91504 [344]

SIP resistor networks
range from 100§ to 22 k2

Beckman/Helipot, which has long
had a line of resistor networks
housed in dual in-line packages
(DIPs) is now producing two types of
resistor networks in single in-line
packages (SIPs). The series 784-1
contains seven equal resistors with a
common termination at pin number
1; the series 784-3 contains four
equal resistors which are isolated
from each other. Both eight-pin SIP
networks are available in 15 resist-
ance values ranging from 100 ohms
to 22 kilohms. Resistor accuracies
are within 2%. For both networks

total package power dissipation is 2
watts at 25°C. Individual resistor
ratings are 0.3 W for the 784-1, and
0.5 w for the 784-3. Designed for
automatic machine insertion, the
eight-pin SIPs measure 0.090 by
0.780 by 0.350 inch, and allow in-
stallation on 0.100-inch centers—
both side-by-side and end-to-end.
Prices for quantities of 1 to 99 units
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are 65¢ for the 784-1, and 60¢ for
the 784-3.

Beckman Instruments Inc., Technical Infor-
mation Section, Helipot Division, 2500 Har-
bor Blvd., Fullerton, Calif. 92634 [345]

Electrolytic capacitors are
stable at low temperatures

Combining a novel anodizing sys-
tem with a truly non-aqueous elec-
trolyte, the series 139C computer-
grade axial-lead tubular electrolytic
capacitor has an operating tempera-
ture range of -55 to +85°C. De-
signed for high reliability, the 139C
uses a special phenolic and rubber
laminate for the positive-terminal
seal. Applications for the capacitors

are expected to include computers,
power supplies, industrial controls,
and airborne equipment where sta-
bility at very low temperatures is vi-
tal. The 139C is also claimed to
offer the highest capacitance avail-
able for each of the cases in which it
is packaged. The largest size is rated
at 22,500 microfarads at six volts or
600 pF at 150 v. Series 139C capaci-
tors are available on a six-week de-
livery schedule.

Mepco/Electra Inc., 2909 Chapman St.,
Oakland, Calif. 94601 [346]

Low-level transformer
has 200 dB of isolation

Nanotran isolation transformer IT-
3056 is an ultra-low-level signal-
conditioning device with an equiva-
lent noise voltage of 0.3 microvolt,
an isolation voltage of 500 v, and a
common-mode rejection ratio of 200
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He works for these companies. ..

Burroughs
Fairchild

Hamilton Standard
ITT-Avionics
ITT-Europe

NCR
Philips
Rank Xerox
Raytheon
RCA
Rockwell International
Siemens
Sperry
Sycor
U.S. Air Force
U.S. Navy
Western Electric
Xerox
He knows how to evaluate
automatic systems used for
- testing printed circuit boards and
electronic assemblies ... and
how they impact on such corporate
operations as:

. P i
... About ATE Impact on ek e

i Field'service
Corporate oPeratlons Parts refurbishment

Parts inventory -
Finance and management

, He knows what cost savings can
result from data logging for trend
analysis reports, quality control
reports, and configuration control.
And he knows he can test new
products and trim costs by meeting
test spec changes through fast,
: economical field modifications.
4 Ask the man who has demonstrated
that the SYSTEM 390 is a power-
ful, integral part of all corporate
operations. .. one that offers cost
savings not normally associated
with production test equipment.

Send us your test requirements,
and we’ll show you how the
SYSTEM 390 can solve them effi-
ciently and economically. We’'ll
also send you our User Catalog.
Contact:

Instrumentation Engineering, Inc.
769 Susquehanna Avenue
Franklin Lakes, N.J. 07417;
telephone: 201-891-9300

Instrumentationm
Engineering

The System390

Ask The Man Who Uses One.

Los Angeles Office: 213-973-6611
Washington, D.C. Office:
703-451-1422
Europe Offices:
Siemens AG
D 7500 Karlsruhe 21; 595-2591
D 8000 Munich; 7200-7131
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Optical Encoders

Designer’s Choice

Now you can select the Optical Encoders you need for your instrument
and control design from one source — THETA. All of Theta's Incremental,
Absolute, and OEM Naked Encoders are designed for heavy industrial
use at economical prices. All these encoders use LED light sources and
integrated electronic circuits for extended service life.

Theta, a leading supplier of industrial control systems, has firsthand
knowledge of the problems of shock, vibration, and electrical transients.

» The Decitrak® OEM Naked Encoder is the lowest-cost digitizing
device available anywhere. It is easily assembled into existing
equipment and is available with either unidirectional or bidirectional
outputs from 1 to 2000 counts per revolution.

Decitrak® Incremental Encoders produce bidirectional outputs in either
a sine wave, square wave, or pulse format. They are ideally suited

to digitize linear or rotary motion for display and control. Ranges are
available to 2000 counts per revolution.

Decitrak® Absolute Encoders are the ultimate in digitizing devices.

The outputs are BCD coded with measurement ranges up to 999999.
Power outages or extreme electrical noise do not affect its operation.
Through the use of state-of-the-art components, Theta is able to

offer these units at prices competitive with brush-type encoders.
Have a system requirement? Theta has an extensive line of plug-in
control and display modules. If it's very special, Theta will design

a custom system, too. Contact Theta today for more information.

C% INSTRUMENT CORP.

Specialists in Digital Automation
Fairfield, New Jersey 07006
Phone: 201 - 227-1700
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Own your own holder to hold your own!

Hold your own copies of Electronics in specially de-
signed slipcase holders. They’ll keep your Electronics
library neat and handy—a permanent information file,
issue by issue.

Just complete the coupon and mail to Jesse Jones.
He'll process your order upon receipt, postpaid.

ELECTRONICS BOXER

Jesse Jones Box Corporation

2250 E. Butler St., Philadelphia, Pa. 19137
Please send me: [] boxes @ $4.25 each; [] 3 boxes @ $12.00; [] 6 boxes @ $22.00.
My check or money order is enclosed.

|
|
Name: l

City: State: Zip:

-
I Address:
s
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decibels. Housed in a triple-shielded
mu-metal case, the IT-3056 is meant
for nanovolt-level instrumentation
applications, particularly those in
which equipment must operate
above ground in the presence of in-
put transients or surges. The pri-
mary winding of the IT-3056 has a
dc resistance of 2 ohms and a 100-
Hz impedance of 1,000 ohms min-
imum. The transformer has a fre-
quency range of 1 Hz to 10 kHz, and
a turns ratio of 1:100. Its price is $24
in lots of 100; delivery time is stock
to four weeks.

Stevens-Arnold Inc., 7 Elkins St., South Bos-
ton, Mass. 02127 [347]

Axial-lead varistors are
for automatic insertion

Mounted in a new axial-lead pack-
age to facilitate automatic insertion,
a line of GE-MOV varistors is de-
signed and priced for those appli-
cations which could benefit from re-
liable, low-cost voltage-transient
protection. The new units, whose
prices run as low as 25¢ in lots of
10,000, are capable of both dc and
ac operation. They have voltage rat-
ings from 121 to 365 v dc, and 88 to
264 v rms. Seven models of the new
MA series are offered, and each is
available with either a 10% or a 15%
tolerance. Energy ratings range
from 100 to 700 millijoules. All units
operate over the temperature range
from -40 to + 125°C.

General Electric Co., Semiconductor Prod-
ucts Department, Bldg. 7, MD 49, Electron-
ics Park, Syracuse, N. Y. 13201 [348]
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1404 CORPORATION MODEL 550 LINEAR € TESTER

The Alma 550’s modular design allows you to change pro-
grams and update your system. Any time. Just plug in a new
module or limit card.

Foolproof. All program and limit cards are hard wired. That
means operator programming errors are impossible.
Simple. Just insert a program test module, insert a pro-
gram limit board, turn on the system, plug in the device to
be tested . . . and press the START button.

Twenty tests. 1 second. Alma’s programmable bench-top

performs 20 different tests on most linear IC’s. Op amps,

voltage regulators or comparators. And the 550 has the
potential to test phaselocked loops, four-quadrant multi-

Planto

own the

550 linear tester
for along,long time.

Denotes and evaluates. If an IC fails, the 550 tells you
where it failed and displays test results as well as the
programmed limits.

Flexible and adaptable. By offering a wide variety of
modules to cover standard requirements, plus custom
designed modules for individual applications, the 550
becomes a truly universal linear test system. We also offer
blank circuit modules that allow you to program to your

own custom requirements.

If it tests IC’s we probably make
Division of Deveico, Irnc:

it. The ALMA 550 tests just about
any standard or custom IC. The

LMA 4808B tests just about any
digital IC. The ALMA 380C is a




You know what kind of
Function Generator need.
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SO does INTERSTATE |
| IATE. =31
Our comprehensive Series 30 includes a function generator with your ' ! k -
special requirements — PLUS more capability and time-saving features

to give you a better price/performance value than any competitive

model. Capabilities like: BMHz frequency range; clean sine, square, triangle,
sweep, adjustable d-c, and variable width pulse waveforms; and trigger, gate,
tone burst, and sweep operating modes. Time-saving features such as a
well-organized front panel, our direct-reading Sweep Limit Control, and an
unbeatable Instruction Manual.

The "$495 Comparison” lets YOU be the judge.

You can find out exactly how INTERSTATE outperforms a competitor
like Wavetek. Check the number below to receive the “$495 Comparison:
Interstate F34, Wavetek 134 Function Generators” and a new Specifier Guide
that outlines cost and capability right down both model lines.

Our function generator will perform better than you expect,
or wel'll take it back.

Purchase an INTERSTATE function generator and use it for 15 days.
If you're not totally satisfied, return it to us for a full refund of the purchase
price — no explanations necessary.

Take us up on our offer. (USA ONLY) Call John Norburg, collect, at 714/772-2811.

[ CC
CORPORATION Subsidiary of A-T-O Inc. oy T
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ICA O4Nn EQ4 4407 TrEIFY IIC R CEEAAN © CECEA4YO

Ay =
F34 $495
.--- -|




4

o

New products

Semiconductors
Chip design cuts
parts count

One-IC financial calculator
requires a minimum
of external components

Underlining the trend toward more
functions per calculator chip are
National’s latest entries into the sci-
entific and financial markets. The
MMS5760 scientific-calculator chip,
which was introduced last October,
and the new MM5762 financial-cal-
culator IC are both built with a stan-
dard metal-gate p-channel process,
and need a minimum of external
components to form a complete cal-
culator. Specifically, only a key-
board, a 9-volt battery, a LED dis-
play, and a DM8864 digit driver
need be added to the MM5762 to
make a complete business machine.

Furthering the trend toward low
parts counts, each, of these chips is
designed to interface with the gen-
eral-purpose  MMS5765 calculator-
programing chip to form a program-
able calculator. As shown below in
the diagram of a programable fi-
nancial calculator, all that are
needed to interface the programing
chip with the rest of the machine are
a single static switch, four dynamic

keys, and a means for displaying an
alarm condition.

Included on the MMS5762 chip
are keyboard-decoding and key-de-
bounce circuitry, all clock and tim-
ing circuitry, seven-segment output
display encoding, and sufficient out-
put power to drive the segments
(but not the digit lines) of most
light-emitting-diode displays. The
chip can typically put out a peak
segment-drive current of 8.5 mil-
liamperes for an average of about
0.9 mA, assuming a 0.104 duty cycle
for each digit.

An additional feature on the
MM5762 is a power-on clear circuit,
which clears all circuits, including
memory, when the drain and source
voltages are first applied.

The eight-digit MM5762, in addi-
tion to performing standard arith-
metic and percentage calculations,
has special function keys for per-
forming sum-of-digits calculations
(for computing depreciation or “rule
of 78s” loan costs), present-value or
future-value calculations, deposit or
sinking-fund amounts, and loan
payments or loan amounts. Other
features include an automatic con-
stant function, an automatic accu-
mulation mode of operation, and a
battery-saving automatic display
cutoff that is activated when no key
is depressed for a period that ex-
ceeds approximately 35 seconds.

Housed in a 24-pin plastic dual
in-line package, the MM5762 re-
quires a supply voltage between 6.5

FINANCIAL
CALCULATOR
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and 9.5 volts. It draws a maximum
current of 16.0 mA at 25°C. with 9.5
Vv applied. Its operating temperature
range is 0°C to +70°C.

National Semiconductor Corp., 2900 Semi-
conductor Dr., Santa Clara, Calif. 95051
[411]

1,024-bit C-MOS RAM
uses low standby power

The rush to Cc-MOS random-access
memories continues with introduc-
tion by Intel of a 1,024-bit unit, or-
ganized 256 words by 4 bits. [Elec-
tronics, Dec. 26, 1974, p. 111].

Designated the 5101, the new
RAM operates from a single 5-volt
power supply and has an access
time of 450 nanoseconds (500 ns on
standby). Its very low standby
power of 15 nanoamperes per bit
makes the device suitable in low-
power applications where battery
backup for nonvolatility is required,
Mike Markkula, Intel’s North
American marketing manager,
points out.

The low standby power require-
ment of the 5101 is expected to open
up applications in point-of-sale ter-
minals, optical character readers,
airborne computers and avionics
systems, battery-powered micro-
processors, and as a replacement for
plated-wire memories.

Simultaneously with introduction
of the 5101, Intel brought out 21
new types of silicon-gate n-channel
MOS devices in a significant broad-
ening of its static 1-kilobit-RAM
product line.

With the 2102 1-k static RAM that
Intel introduced in 1972 and the 21
new circuits, the C-MOS device
rounds out a family consisting of 25
types in four configurations and
seven speed ranges.

The 21 new n-channel circuits—
designated the 2101, 2111, 2112 and
2102A series—use a single TTL sup-
ply, operate at TTL-logic levels, have
three-state outputs and are fully
static (requiring no clock or refresh),
like the 2102.

Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif. 95051 [412]




“A different point of view . . . that’s
often the key to a problem solution.
And that’s just what HP analyzers give
you. A look at your problems in the
frequency domain instead of the
time domain.”

“HP high-frequency analyzers have
a solid reputation for providing RF and
microwave designers with accurate
frequency-domain measurements. But
what about analyzers to help engineers
with low-frequency problems?”

“1'd like to tell you about HP’s
broad line of low-frequency analyzers
that can solve some of your tough
measurement problems. Problems
such as making low-level
measurements in

“1hink Hz fora |

the presence of noise, analyzing
frequency components of a signal,
determining the transfer function of a
network, or making distortion mea-
surements on analog circuits.”

“Take the narrow view. HP’s
3581A wave analyzer lets you home-in
on a specific frequency for amplitude
measurements. Look at a signal
through a 3 Hz bandwidth. Monitor
low-level signals to 30 nV overa IS Hz
to 50 kHz range. This ability to mea-
sure low-level signals in the presence
of noise simplifies transducer signal
monitoring. Helps you isolate ground-
loop problems.”

*“Look for a broad picture. Spec-

trum analyzers display your wave-
form’s Fourier components on a
CRT. That’s an easy way to see your

signal and its component relationships.

It’s also an ideal way to characterize
mechanical devices that have unique
spectral ‘signatures.””

“HP’s 3580A spectrum analyzer
gives you a 5 Hz to 50 kHz range and
the sensitivity to operate directly from
the lowest level transducer outputs.
Its digital memory lets you store traces

for accurate comparison of two signals.

And a narrow 1 Hz bandwidth allows
you to resolve 60 Hz sidebands.”

&



“~

“There’s also an in-depth view pro-
vided by HP’s network analyzers.
These dual-channel analyzers provide
amplitude and phase measurements as
a function of frequency. This simpli-
fies transfer-function measurements,
speeds the location of poles on a Bode
plot, and accurately determines reso-
nant frequencies and phase margins in
circuit design.”

*“Our broadband 3575A gain-
phase meter gives you a range of | Hz
to 13 MHz and lets you select your
own signal source to do low-cost
network analysis.”

“For high-accuracy network
analysis, plus optional group
delay and offset determinations
to 13 MHz, HP’s high- performance
3040 analyzer is the answer.

By adding the computational power
of a calculator

ditferent view™

to either the 3575 or 3040 analyzers
you can view the results of 108 tests in
less than 20 seconds . ..and with
greater precision.”

*“And there’s a reciprocal view.
HP’s distortion analyzers give you the
reciprocal function of a wave analyzer.
By rejecting the fundamental and
monitoring the remaining harmonic
and spurious components, distortion
is measured and displayed on a meter.
Our 331A to 334A series provides a

wide range of 5 Hz to 65 MHz.
And automatic nulling
speeds the mea-
surement of total
harmonic
distortion.”

Circle 125 onread

“So think hertz and get a different
view ...In design, in manufacturing,
and in servicing. Think hertz and get a
different view of everything from elec-
tronic components and networks to
mechancial devices and systems. Think
hertz for a different view and look to
HP for help in applying analyzers to
your measurement problems.”

“You're local HP field engineer
will be happy to give you additional
details on our broad line of analyzers
that operate from 1 Hz into the GHz
range. Give him a call today.”

HEWLETT w PACKARD

“

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road: Palo Alto. Calitornia 94306




These power semiconductor cooling ideas
could get you out of a hot spot.

Semiconductor control of power means lots
of heat generation in the semiconductor de-
vice. If the inherent power handling and
switching capabilities of the device are to
be taken advantage of, you’ve got to get rid

of that heat. But in power applications, the
capabilities of discrete dissipators relying on
natural convection or unchanneled air
movement are soon outstripped. Here are
some innovative ways power circuit de-

No. 12 of a Series

signers have used IERC liquid-cooled heat
sinks, IERC heat dissipators in channeled
air environments, and IERC heat dissipators
in IERC forced air packages to get them-
selves out of big-power hot spots.

X-Y plotter designer put all his hot TO-3 power transistors in one
basket to cope with heat problem. Utilizing existing chassis, he
mounted devices in UP dissipators, wrapped a shroud around the
assembly, and installed a blower. The UP’s staggered fingers
create turbulence in air stream for maximum efficiency of both
the dissipator and air flow, and allowed the designer to meet his
design goal of 80°C case rise maximum. He also had room with-
in the shroud to cool his hot resistors.

6000 watts of heat produced by 125 TO-3 case transistors in an
industrial welding machine power supply was raw-power prob-
lem solved by IERC E4 liquid cooled sinks. Designer brazed
together four standard E4’s cut to 36 inches in length and tier
stacked two other E4’s to cool high power SCR’s. Total area of
heat sinks used only a fraction of the space required for a blower-
cooled system of similar capacity.

Dissipate 1280 watts in 530 cubic inches was the word given to
designer of this power supply so he turned to our FAHP4 forced
air packages. It took 4 units to do the job at a cost of $26 ($6.50
each/1000 pc qty.) plus $40 for the fans. Average case rise of
the 16 transistors was only 75°C.

Fork-lift truck speed control used SCR’s in hocky puck packages
to handle thousands of watts in drive power. Big heat problem
was solved with IERC liquid-cooled, double-side heat exchangers
specially designed to let these big pressure-mount semiconductors
dissipate on the order of 1000 watts each with just a 20°C case
rise above ambient. Where did the deSigner get the coolant? He
routed vehicle hydraulic fluid through the heat exchangers.

For more information

available anywhere.

on heat sinks and dissipators for milliwatts to kilowatts,
send for the IERC Short Form Catalog today. It covers
the most complete line of thermal problem solving devices

DCA

IERC

Heat Sinks/Dissipators

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION /A SUBSIDIARY OF DYNAMICS CORPORATION OF AMERICA /135 WEST MAGNOLIA AVENUE, BURBANK, CALIFORNIA 91502
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New products

Instruments

True-rms meter
has four ranges

Digital panel instrument
uses computing converter
to improve accuracy

When accurate measurements of
nonsinusoidal ac voltages are re-
quired, an instrument that reads out
true-rms values is a must. Rms-cali-
brated averaging meters cannot take
accurate readings unless the input is

an undistorted sine wave within a

narrow frequency range.

Analog Devices’ line-operated
digital panel meter, designated the
model AD 2011, uses a computa-
tional rms-to-dc converter to permit
measuring the true rms value of an
ac waveform with accuracy to
within $0.1% of reading *0.1% of
full-scale range *1 digit. By using a
computing technique, the AD2011
achieves a 170-millisecond response
time, and the instrument will mea-
sure inputs that range in frequency
from 45 hertz to 300 kilohertz.

The AD2011 offers four cali-
brated input ranges—1, 10, 100, and
1,000 volts full scale—and displays
the measured voltage on three 0.55-
inch-high Beckman seven-segment
gas-discharge displays. A fully float-
ing opto-isolated input allows mea-
surements to be made with com-
mon-mode voltages as high as 300 v
rms.

The ac-line-powered DPM pro-

Electronics/January 23, 1975

vides binary-coded-decimal outputs
and control signals for interfacing to
data-logging or digital-feedback
control systems. Versions are avail-
able for 50 or 60 Hz, and 100, 115,
220, or 240 v.

Applications include measure-
ments of chopped-waveform out-
puts of silicon controlled rectifiers
used in lighting, motor, and furnace
controllers, noise and vibration
measurements, and measurements
of transformer parameters.

The AD2011 is priced at $295
each in quantities of fewer than 10,
and $195 each in hundreds. Deliv-
ery is from stock.

Analog Devices Inc., P.O. Box 280, Rte. 1
Industrial Park, Norwood, Mass. 02062
[351]

Dual-beam 10-MHz scope
offers half-tone storage

Because it has two electron beams
with completely independent ver-
tical deflection plates (but common
horizontal plates) the PM3234 stor-
age oscilloscope can capture and
display pairs of single-shot wave-
forms in their true time relationship.
The 10-megahertz variable-persist-
ence instrument uses the same half-
tone storage technique employed in
Philips’ wider-bandwidth storage
scopes. The technique allows a con-
tinuously variable persistence from
0.3 second to 10 minutes. The scope
also has a low-intensity mode in
which the display lasts for two
hours. Priced at $1,945, the PM 3234
has a maximum sensitivity of 2 mil-
livolts per division across its full
bandwidth.

Philips Test & Measuring Instruments Inc.,
400 Crossways Park Dr. Woodbury, N.Y.
11797 [354]

C-MOQOS logic probe
is priced at $25

Capable of handling all comple-
mentary-symmetry MOS logic sup-
ply voltages from 3 to 18 volts, a
C-MOsS logic probe sells for only $25.
The probe, which has an input
resistance of 2 megohms, can detect

s o
& 3
4 m

pulses as narrow as 500 nanosec-
onds. For ease in reading the light-
emitting-diode indicator lamps,
short input pulses are stretched to a
duration of 200 milliseconds. The
probe indicates a logic 0 when its in-
put voltage is less than 45% of the
supply voltage; a logic 1 is indicated
when the input is greater than 55%
of Vpp. Delivery is from stock.
Questronics Inc., P. O. Box 15803, Salt Lake
City, Utah 84115 [353]

Three-in-one audio tester
is priced at $78.95

A combination audio oscillator,
sweep generator, and frequency me-
ter, the model 140B, is intended for
testing equipment such as ampli-
fiers, loudspeakers, and tape record-
ers. The $78.95 generator has two
frequency ranges: 40 Hz to 1 ki-
lohertz, and 1 kHz to 20 kHz. For
each range, the oscillator can be ei-
ther manually tuned or swept over
the entire range. A built-in analog
frequency meter can be connected
to the generator’s output to monitor
the output frequency, or it can be
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New products

used as an independent measuring
instrument. The instrument’s output
level is adjustable from 0 to 2.5 volts
peak to peak, and is flat within 0.25
dB over the entire frequency range.
Sine-wave distortion is less than
1.5%. In addition to the sine-wave
output, a square-wave with a fixed
amplitude of 8 v pk-pk is also pro-
duced.

Production Devices, 7857 Raytheon Rd.,
San Diego, Calif. 92111 [355]

SSB spectrum analyzer
resolves 10 Hz in 40 MHz

A spectrum analyzer, model SSB-
50-1, has a resolution of 10 hertz
over its tuning range of 10 Hz to 40
megahertz. This resolution, together
with its 0.5-microvolt sensitivity
(minimum measurable signal),
steep-skirted i-f filters, and low re-
sidual fm, makes the analyzer suit-
able for the study of single-sideband
signals. For example, the instrument
can measure 60-Hz sidebands 60
decibels below a carrier. Usable for
more than 200 MHz, the analyzer
has preset scan widths of 150 Hz,
500 Hz, 3.5 kHz, 7 kHz, and 14 kHz.
Selection of a preset scan width
automatically provides an i-f band-

128

width and a scanning rate that re-
sult in optimum resolution. The
price of the SSB-50-1 is $7,000; de-
livery time is four weeks.

Singer Instrumentation, 3176 Porter Dr.,
Palo Alto, Calif. 94304 [357]

Digital indicators display
synchro and resolver angles

Two all-solid-state instruments that
convert the analog-output data from
synchros and resolvers into digital
form are available with two differ-
ent accuracies: the model HSR-202
has a resolution and maximum er-
ror of 0.01°, and the SR-202 has the
same resolution but a maximum er-
ror of 0.03°. Both five-digit units use
LED displays and can track angular

rates up to 1,080° per second with-
out velocity error. Niether instru-
ment requires adjustment or cali-
bration to operate properly.
“Applications Engineering,”” Data Device
Corp., a division of ILC Industries Inc., 105
Wilbur PI., Bohemia, N. Y. 11716 [356]

Rubidium frequency standard
weighs only eight pounds

Measuring only 5 inches high by 4
in. wide by 13.5 in. deep, the 8-
pound XSRM rubidium frequency
standard offers the precision of an
atomic standard in a package small
enough to be used in airborne and
other mobile communications and
navigation systems. Frequency drift
that results from aging is less than
five parts in 10! per month, making
the XSRM an ideal frequency
source for applications in which
recalibration is difficult or impos-

sible. The operating voltage may
vary between 22 and 32 volts, and
magnetic shielding is provided.
Rohde & Schwarz, 111 Lexington Ave., Pas-
saic, N. J. [458]

Delayed time base runs
in time or event mode

A digitally delayed time base is de-
signed for low-cost plug-in oscillo-
scopes and is compatible with all
mainframes in the Tektronix 5400
series. Two push buttons set the
5B31’s delay mode—by time or by
events. Five thumbwheels display a
delay time of 1 microsecond to
99,999 us or any number of events
to 99,999. Delay jitter is less than 10
nanoseconds, and fastest sweep
speed is 20 ns/division. Besides
being accurate and free of most jit-
ter, the SB31 is simple to operate be-
cause of the digital controls. Appli-
cations include production-line
testing, educational systems, and
other areas. The delay-by-events
mode extends the usefulness of the
instrument to computer servicing.
Tektronix Inc., P.O. Box 500, Beaverton,
Ore. 97005 [359]
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By the time
your drum plotter turns this out,
a Gould printer/plotter
can turn it out 400 times.

If what youre looking for is

that’s upward compatible with the

higher plotting speed and lower

leading drum plotter. Without any

plotting cost, we've got something
that can give you both. And some-
thing else besides.

sacrifice in mainframe CPU time.
And, in addition to everything
else, it gives you an alphanumeric

A Gould electrostatic printer/

printing capability that also lets you

plotter. The one that makes your
old drum plotter remarkably un-
derproductive. The one that gives

compile management reports at
speeds upto3000 lines per minute.
Users will tell you that a Gould

you a useful printing capability in
the bargain. A Gouldplotteris sofast, itcan turn out this
plot in only 2 seconds — versus an average 13%2 min-
utes for your old drum plotter.

And what gives that Gould plotter its blinding speed

is its direct on-line operation to your computer. Whether

it's the PDP-8/E, PDP-9, PDP-11, PDP-15. HP2100.
Nova/Supernova, H316/516, Raytheon704, UNIVAC
1108, IBM 360/370, CDC 3000/6000. Interdata 70
and more.

In addition to output speeds up to 400 times faster, a
Gould printer/plotter gives you a lower unit cost, as
well as lower paper cost. Better-looking output, since
there’s no ink to smudge, clog or run out of. Few mov-
ing parts for quiet operation, high reliability. Software

Electronics/January 23, 1975

electrostatic printer/plotter makes
their computer-aided design system truly interactive
since output of modified data for verification can be
quickly obtained. And by producing hardcopy output
in a matter of seconds — instead of the many minutes
it can take with older methods — time savings are maxi-
mized.

This all adds up to the best printing/plotting hard-
ware and software available anywhere. And it’s backed
by Gould’s own factory - trained service technicians.

To learn more about Gould electrostatic printer/
plotters —get in touch with Gould Inc., Instrument
Systems Division, 20 Ossipee Road, Newton, Mass.
02164 U.S.A., or Kouterveldstraat 13, B 1920,
Diegem, Belgium.

== GOULD
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New products

Subassemblies

LEDs readable
at 50 feet

35-diode matrix

generates alphanumerics
1 or 1% inches high

Most alphanumeric displays made
from light-emitting diodes are small
and intended for close-up reading.
But with computer terminals, indus-
trial control systems, and similar ap-
plications in mind, TEC Inc. has de-
veloped red, green, and yellow
readouts that are among the largest
on the market. The characters can
be either 1 inch or 1% in. high and
can be read from a distance of 50
feet.

Designated the MDA-6400 series,
the displays come with read-only-
memory decoders, drivers, and
clocks. The readout is a matrix of
five by seven LEDs that use an inter-
nal character generator to display
64 Ascii characters. Character-selec-
tion is achieved by a 6-bit binary
word at the input. The inputs are
compatible with diode-transistor
and transistor-transistor logic, and
the units operate from two low volt-
ages. Power required is 250 milliam-
peres at 5 v, and 40 mA at -12 V.

Minimum input for logic 1 is 3.5
v, and the maximum for logic 0 is
0.6 v. The input-current level is un-
der 10 microamperes.

The display consists of a vertical
circuit board that contains the
diodes, drive board, and edge-board

130

connection. The connector can be a
TEC 781462-000 or Viking type
2H10/1JN-5.

The LEDs have a brightness of 2
millicandelas per diode at 10 maA,
and the company says viewing angle
to half-brightness is more than 150°.
The diodes are said to be highly
resistant to shock, vibration and ex-
treme change in temperature. The
displays, which operate from 0°C to
70°C, can be stored at temperatures
of -55°C to 100°C. An optional be-
zel is available with red, amber, or
neutral polarizing filter.

The red display, either 1- or 1%-
in. high, is priced at $48 each in
quantities of 100, and the green and
yellow displays are $55 each. Deliv-
ery time for the display modules is 3
to 4 weeks.

TEC Inc., 9800 North Oracle Rd., Tucson,
Ariz. 85704 [381]

Power-supply module built
for use with converters

Manufacturers of analog-to-digital
and digital-to-analog converters
sometimes specify separate digital
power supplies to minimize digital-
noise breakthrough to the analog
section. Stevens-Arnold Inc. has in-
troduced a 9-watt, triple-output,
fully shielded dc/dc power-supply
module that serves this purpose. It
has transformer-isolated digital and
analog grounds to minimize prob-
lems with digital-noise interference
and system ground loops.

The Iso-Pak series C has inputs
ranging from 5 to 48 volts; the 15-v
input can also be used as a power

isolator to power an analog circuit
sensitive to noise. The supply has
dual three-wire analog outputs of
+15 v with £165 mA current, and
digital output of +5Vv with 750 mA.
The analog output is accurate to
within +0.02%, and accuracy of the
digital output is within +0.1%.

The transformer has multiple
shields to give a common-mode
noise current of 500 microamperes
peak to peak and output noise volt-
age of 20 mA peak to peak. All three
outputs can be fully loaded simulta-
neously with a reflected input ripple
current of 70 mA peak to peak. All
three are constant-current-limited
with no latchdown, and each has a
thermal-shutdown feature for long-
term fault-protection—the supply
can survive for eight hours with any
output shorted to its common.

The module, measuring 2.56 by 3
by 0.75 inches, is shielded on all six
sides; the header is epoxied with the
same material as a printed-circuit
board, so that when it is put on a
board, no metal will short out the
wiring.

Price of the Iso-Pak C series is
$99, and units are available off the
shelf.

Stevens-Arnold Inc., 7 Elkins St., South Bos-
ton, Mass. 02127 [382]

Point plotter generates CRT
displays and analog traces

Believed to be the first standardized
module for generating CRT images
from digital data, the DT212 point
plotter is expected to find wide use
in microprocessor- and mini-
computer-based systems. Useful for
driving both cathode-ray-tube dis-
plays and analog recorders, the
module provides all of the convert-
ing, timing, and control functions
needed to interconnect a display
with a computer. At the heart of the
DT212 is a pair of 12-bit digital-to-
analog converters, one for each axis.
Since most CRT displays are orga-
nized as 1,024-dot by 1,024-dot
matrixes, the 12-bit converters en-
sure a worst-case position error of %
of a dot interval. Power amplifiers
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SLASHED 27%

the newest Gas Discharge
' Digital Display Panels . . . with the
¢ features you’ve been looking for.

@ Lighted digital readouts with . . .

@ Halo effect backlight gives a more continuous line
for greater visibility and clarity

@ Greater contrast
@ Flicker-free uniform brightness
>

@ Large, 0.40” high size digits are readable from dis-
tances of up to 25 feet

@ Neon orange color that is easy on the eyes, readily
filtered

@ Low power ratio to character size (typically 7 mw. per
segment)
P

@ Low cost per digit

@ And, they're totally interchangeable with the panels

you are now using
4

@ Also available: Custom designs in from 3 to 16 digit

formats.
]

A
Here come the
4 ERI5H, o
4+
“

SPECS & APPLICATION DATA

* arein this six-page fact book bound in
this issue of ELECTRONICS, or

i CIRCLE
READER SERVICE N0.220

v CHERRY ELECTRICAL

PRODUCTS CORP.
3600 Sunset Ave, Waukegan, lllinois 60085

312-689-7600 TWX 910-235-1572
Electronics/January 23, 1975

New products

on the d-a converter outputs guar-
antee settling to within 0.1% of final
value within 1 microsecond, and to
within 0.01% within 3 ps with up to
50 feet of terminated cable hanging
on the output. Price of the DT212 is
$245 each in quantities of 100
pieces; delivery time is two weeks.
Data Translation Inc., 109 Concord St.,
Framingham, Mass. 01701 [383]

500-MHz DIP attenuators
occupy only 0.08 cubic inch

Mounted in a 14-pin dual in-line
package, the AT-51PC series of rf
attenuators measure 0.21 inch high
and have a volume of 0.08 cubic
inch. The fixed rf devices are avail-
able in values from 1 to 10 dB in 1-

dB steps, and from 10 to 20 dB in 2-
dB steps. Attenuation accuracy is
within 0.5 dB to 200 megahertz, and
within 1 dB to 500 MHz. Price is
$9.50; delivery is stock to 30 days.
Elcom Systems Inc., 127F Brook Ave., Deer
Park, N. Y. 11729 [384]

Amplifier spans
510 1,500 MHz
A thin-film hybrid amplifier, the

WJ-A25, covers the frequency range
from 5 to 1,500 megahertz with a

MOUNTING
PADS
LEAD
CONVERSION
PADS

Protect your semiconductor de-
vices with mounting pads from
Thermalloy, Inc,

Convert your standard packages
to existing PC board spacing.

Whatever your requirements,
Thermalloy, Inc. has mounting
pads for DIP’s, plastic power
packages, TO-5's, TO-18's, and
lead conversion pads for con-
verting 8 and 10 lead circular
IC’s to standard DIP spacing or
from TO-18 to TO-5 pin circle.

THERMALLOY, INC. has the
quality products, excellent serv-
ice and competitive pricing that
you expect from the number one
supplier of semiconductor
accessories.

Contact your
local distributor
or write for
free samples
and calalog today.

PNl Thermalloy Inc.

NUMBER ONE IN SEMICONDUCTOR ACCESSORIES
P.0. BOX 34829
2021 W. VALLEY VIEW LANE/DALLAS, TEXAS 75234

PHONE 214-243-4321/TWX 910-860-5542
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NO SOLDERING OR PATCH CORDS!

e
100(Kit)
101

Six new Continental Specialties’ PROTO
BOARDS let you make all circuit and

power interconnections with common #22
AWG solid hook-up wire, while power

distribution buses make wiring a snap. 102
Aluminum base plates (except on kits) 103
offer solid work surface for perfect ground 104
plane. Rubber feet prevent scratching. 203 (+5V
Each Proto Board features one or more @ 1 Amp)

5-way binding posts to tie into system
or power supply ground. All are
compatlble with ICs (digital or linear),
n TOS5s, DIP packs and discrete
components Each, except Kits, is
completely assembled, ready to use.

Circle 132 on reader service card

Order today off-the-shelf from CSC or local distributor.
Charge: BAC, MC, AX. Write for free catalog. Free English/
Metric Slide Rule with each order. Dealef inquiries invited.

Continental Specialties Corporation
Box 1942, New Haven, CT 06509 « phone 203/624-3103

W. Coast Office: Box 7809, S. Francisco, Canada: Available thru Len Finkler Ltd.,
CA 94119 415/383-4207 =E= Ontario

14 pin DIP Size Price  Add for Ship/
Capacity (L”xW”) (U.S.only) Handling

10 4.5x6.0 $19.95 $1.50

10 5.8x4.5 29.95 2.00

12 7.0x4.5 39.95 2.00

24 9.0x6.0 59.95 2.50

32 . 9.5x8.0 79.95 2.50

24 6.6x9.75x3.25 75.00 2.50

.

Foreign orders add 15%.

RF-PACKAGES—MICROWAVE SYSTEMS

WORLD’S LARGEST RADAR & MICROWAVE INVENTORY

AUTOTRACK ANTENNA
SCR-584 RADAR SYSTEM

360 deg AZ 210 deg EL. | mil. ac-
curacy. Missile vel. accel. and slew.
rates. Amplidyne conrol. Handle up
to 20 ft. dish. Compl. control chassis.
ALSO in stock 10 cm. van mounted
rad. system. Conical scan. PPI. 6 ft.
dish. 300 pg. instr. bk. on radar $25

RF SOURCES
CW: 300-535KHz 500W; 2-30MHz 3KW; 4-21 MHz 40KW;
24-350MHz, 100W; 385-585MHz 1KW; 750-985MHz
10KW; .95-8.8GHz 150W; 1-1.5GHz 110W; 1.7-2.4GHz
10KW; 4.4-5GHz 1KW; 8.8-11GHz 200W. Many more

UHF: 1 Megawatt 210-225MHz Susec 180 PPS; 14KW
400-420MHz .0002DC; 1KW 400-700MHz .002DC.
BAND: 1KW 1-1.5GHz .IDC: 500KW 1.2-1.35GHz
2usec 400PPS

BAND: 1KW 24-2.6GHz .75usec 1200PPS: 250KW
2.7-3.3GHz .8usec 1600PPS; 500KW 2.7-3.1GHz
Busec 1600PPS; 1 Megawatt 2.7-29GHz lusec
1200PPS: 5 Megawatts 2.75-2.85GHz 2.5usec 400PPS.
BAND: 225KW 6’7\ 6575SMHz .4usec 680PPS; 250KW
5.4-5 SGH/ Susec 680PPS; 1 Megawatt 6GHz Iusec
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9.2-9.5GHz .Susec 1000PPS; 1 KW
8.9-94GHz .00IDC; 65KW 85-9.6GHz .001DC;
250KW 8.5-9.6GHz .0013DC: 400KW 9.1 GHz 1.8usec
450PPS.

Ku-K BAND: 50KW 16.4-16.6GHz .001DC: 135KW
15.5-17.5GHz .0006DC: 40KW 24GHz .0007DC; 40KW
35GHz .0004DC.

PULSE MODULATORS + H.V.P.S.
245 KW LINE Output 16 KV 16 A. .25 us 4000 PPS.
405 KW FLOATING DECK Output 20 KV 20 A | us to
10 millesec pulse.
500 KW LINE Output 22 KV 28 A. 4/1.75/2.25 us
2500/550/300 PPS.
1 MW HARDTUBE MIT MODEL 9 Output 25 KV at 40
A..252us.002D.C.
2.0MW LINE 30KV 70 A. 1/2 us 600/300 PPS.
3 MW LINE Output 39 KV 75 A. .25/1 us 500 PPS.
10MW LINE76 KV 135 A. 2.5 us 350 PPS. )
17 MW LINE 17 KV 1000 A. 2-5 us 150-2000 PPS.

SEND FOR FREE 24 PG. CATALOG

MOD IV HI-RES MONOPULSE TRACKER
Instrumentation radar; freq. 8.5-9.6 GHz, Pwr: 250 KW,
.1 mil accu. Trk. Rng. 50 or 200 mi.

RADAR SYSTEMS

K BAND MONOPULSE 40KW E-34
KU BAND SEARCH 135KW B-58
X BAND MISSILE CONTROL NIKE AJAX/HERC
X BAND FIRE CONTROL 250KW M-33
X BAND WEATHER/SEARCH 250KW AN/CPS-9
X BAND AIRBORNE TRACKER 50KW B-47
X BAND MOBILE TRACKER 40KW AN/MPQ-29
X BAND WEATHER/SEARCH 40KW AN/SPN-5
X BAND TRANSPONDER 100W AN/DPN-62
C BAND HGT. FDR. 5SMW FPS-26; 1MW TPS-37
C BAND SEARCH 285KW AN/SPS-5B/D
S BAND HEIGHT FINDER 5MW AN/FPS-6
S BAND SEARCH COHERENT 1MW AN/FPS-18
S BAND ACQUISITION 1MW NIKE AJAX/HERC
S BAND TRACKER 10’ DISH 500KW AN/MPQ-18
S BAND MORTAR LOCATOR 250KW AN/MPQ-10A
S BAND TRACKER 250KW AN/MPS-9

BAND SEARCH 40’ ANTENNA 500KW AN/FPS-75
I. BAND SEARCH 500KW AN/TPS-1D/GSS-1
UHF SEARCH 1MW TPS-28

DRONE CONTROL SYSTEMS
UHF COMMAND SYSTEM AN/URW-14
X BAND DATA LINK AN/UPW-1
X BAND TRACKER AN/MPQ-29
X BAND TRACKER AN/MSQ-51

AN/GPG-1 SKYSWEEP TRACKER
3 cm. Comp pkg. w/indicator sys. Full target acquisition
& auto. track. In stock for imm. del. Entire sys. 6'x3'x9".

SPARE PARTS IN STOCK

Nike Ajax. Nike Hercules, M-33, MPS-19. TPS-ID. TPS-
10D. FPS-6. SPS8, SCR-584, HIPAR. Many more, write.

Radio
Research
vj R Instrument
: , Inc.

3 QUINCY ST, NOIWALK CONN. 06850
(203) 853-2600
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New products

gain of 10 decibels, a noise figure of
6 dB, and a power output of +9
dBm (about 8 milliwatts). Its third-
order intercept point is typically
+20 dBm. The device is packaged
in a hermetic four-pin TO-8 can,
and can be used either alone or in
cascade. A complete amplifier, the
WIJ-A25 contains its own internal
power-supply decoupling, and a
very stable biasing circuit. The unit
is designed to work over the range
of ambient temperatures from
-54°C to +100°C and to be uncon-
ditionally stable for all source and
load conditions. Small-quantity or-
ders of the WJ-A25 are shipped
from stock. Their price is $129 each
in quantities of one to nine.
Watkins-Johnson Co., 3333 Hillview Ave.,
Palo Alto, Calif. 94304 [385]

ICs cut costs of
power-supply modules

Designed for the cost-conscious
marketplace, three new series of
OEM power supplies use integrated-
circuit regulators to reduce compo-
nent costs and the costs of wiring
and other manufacturing processes.
The lowest-power units, called the
Red Baron series, put out voltages
from 5.0 to 28 v dc at currents from
0.8 to 3.0 amperes. Next up the
power ladder is the Green Hornet
series, which puts out the same five
voltages—5, 12, 15, 24, and 28 v—at
currents of 6, 4, 3, 2.2, and 2 A, re-
spectively. The high-power Black
Beauty series provides the same
voltages, but at currents as high as
10 A, for the 5-v version, and 4 A for
the 28. Pricing, in quantities of one
to four pieces, is $26.95 for the Red
Baron, $48.45 for the Green Hornet,
and $72.25 for the Black Beauty.
Hermetic IC regulators, 100-watt
output transistors, and hermetic
dual rectifiers derated to 30% or less
of their ratings give the new sup-
plies full-load MTBFs of 38,000
hours, compared with 5,000 hours
for some other IC-regulated power
supplies.

Advanced Power Inc., 1621 So. Sinclair St.,
Anaheim, Calif. 92806 [386]
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THE ORIGINAL
“WEDGE-TYPE”’ SCREWDRIVER

does all the job!

HOLDS, STARTS,
DRIVES & SETS

the screw to normal tightness

& MATERIALS

17 SIZES
GET A SET TODAY!

Write for Catalog.
KEDMAN COMPANY

P. O. Box 267
Salt Lake City, Utah 84110

(801) 363-4413 « 1974 by Kedman Company
Circle 152 on reader service card

Exclusive Economic
and Industry Studies

For Financial Analysts,

Corporate Planners,

Business Economists,

Marketing Executives

Geared directly to the future, our
Department of Economics offers more
than 40 forecasting tools to help
project the general economy and
industrial growth over the short and
long run.

EXAMPLES: Do you know that the
current operating rate for the chemical
industry is 86% ? For synthetic
materials, the utilization rate is 93% ?
That construction and mining
machinery new orders are expected to
be 8% higher in 1974 than in '73? That
steel expects a 3% decline in physical
volume of sales in 19747 That
consumer income after taxes will
increase 8% in 19757

At a modest cost, our various
services covering most industrial
segments of the economy are available
to you.

For more information write for our
booklet, ““Exclusive Economic Studies,”
or phone Douglas Greenwald,

Chief Economist, (212) 997-2216.

Department of Economics
McGraw-Hill Publications Company
1221 Avenue of the Americas

New York, N.Y. 10020

i
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New literature

Keyboards. Features and specifi-
cations of three interactive visual-
display keyboards are described in a
product sheet available from the
Micro Switch division of Honeywell,
11 W. Spring St., Freeport, Il
61032. The solid-state keyboards are
Hall-effect, MoOs-encoded devices.
Circle 421 on reader service card.

Power supplies. Modular, rack-
mounted, constant-voltage, con-
stant-current, ac-input, and dc-input
power supplies, along with battery
chargers, shielded-line isolators, and
unregulated supplies are covered in
a 24-page catalog put out by CEA di-
vision of Berkleonics Inc., 1 Aero-
vista Park, San Luis Obispo, Calif.
93401 [422]

Rotary switches. A 40-page cata-
log giving details on the company’s
newly standardized line of industrial
rotary switches can be obtained
from Centralab Marketing Services
Department, 5757 North Green Bay
Ave., Milwaukee, Wis. 53201 [423]

Projection displays. A four-page
data sheet, called a product profile,
is a combination catalog and appli-
cation note on the series 1100 pro-
jection displays and their driver/
decoders. The product profile is
available from IEE, 7740 Lemona
Ave., Van Nuys Calif. 91405, Atten-
tion: Display Systems Division [424]

Characterizing logic circuits. A
calculator application summary en-
titled “Digital Simulation on the HP
9830A” describes some new soft-
ware that can reduce the time
needed to verify logic behavior. The
summary, No. 5952-8918, is obtain-
able, free of charge, from Inquiries
Manager, Hewlett-Packard Co.,
1501 Page Mill Rd., Palo Alto,
Calif. 94304 [425]

Cartridge lamps. A family of two-
pin cartridge lamps that insert easily
from the front of a panel into
matching holder assemblies are de-
scribed in a 16-page catalog pub-
lished by Eldema Division, Genisco
Technology Corp., 18435 Susana
Rd., Compton, Calif. 90221 [426]

designed

by Grayhill

as the

world?y
smallest
rotary switch_

g

10 positions, 1 or 2 pols
diameter less than .300”

B Non-shorting ...wiping contacts
...rated to make or break 15,000
cycles minimum at logic loads.

B Now available with integral knob
...as well as screwdriver or
shaft operated.

B For communications circuits,
electronic stopwatches, and
other low voltage applications
where size is critical

As the pioneer in switch
microminiaturization, we present
our Series 75, designed as the
smallest the state of the art permits.
If you think that small switch
means big price...guess again.
Here's a lot of switch in a tiny
package at a cost that's
surprisingly low. Write for Bulletin
#237 describing these miniature
switches...and consult EEM for
more information on Grayhill
products.

éml‘lll@)

561 Hillgrove Avenue ¢ LaGrange, lllinois 60525
(312) 354-1040
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Light-Reflecting Electromagnetic

Display Components

SERIES 32 SERIES 30 SERIES 50
0.3 inch (7.62 mm) 0.3 inch (7.62 mm) 0.5 inch (12.7 mm)
dual single single

STATUS INDICATORS

MEMORY — inherent remanent magnetism maintains the
display state.

LOW POWER — one milli-watt second set/reset energy. Zero
power to retain state. Drive voltages from 3-48 volts.

VISIBILITY — rotating fluorescent discs and flags provide
excellent visibility over a wide range of ambient light conditions
and wide viewing angles.

RELIABILITY — only one moving part rated for over 20 million
operations. No lights or mechanical linkages to wear out.
Virtually maintenance free.

FERRANTI-PACKARD STATUS INDICATORS

Ideal for

e Transient Recorders

e Industrial Process Displays
e Contact Status Indicators

e High Density Matrix Displays tarce wote— T ELOWENT
e Portable Field Equipment.
Fluorescent discs and flags
available in a range of colors.

The electromagnetic operation
requires zero energy to maintain
status.

Unique memory retention eliminates
the need for memory circuits and
reduces power supply and

circuitry costs. Indicators are fully operational over a
wide range of environmental conditions.

THIN, FLA SMALL HOLE
PERMANENT (FRICTION FIT
MAGNETIZED DISC. OVER POLE PIECE

FREE TO ROTATE

ELECTROMAGNETIC
POLE PIECES

ENCAPSULATED
COIL ASSEMBLY
AND DIODES

POLARITY
INDENTATION

SERIES 30

Ferranti-Packard’s status indicators are light weight
(Series 30, 0.17 oz (5 grams)) and are ideal for mounting
on printed circuit boards and high density matrices.

For full information and specifications, contact the
Display Components Department,

FERRANTI-PACKARD
LIMITED

ELECTRONICS DIVISION

121 Industry Street,

Toronto, Ontario, M6M 4M3, Canada.
Telephone: (416) 762-3661.

Telex: 06-22007. 7304

How can variable persistence and
freeze-frame capabilities be combined
for nuclear medicine imaging?

How can grey-scale ultrasound images
be generated without overwriting?

How can a slow-scan infra-red image
be viewed in real time?

How can biological reactions
be “frozen” for viewing on a CRT?

How can computer graphics
be converted to appear on a
projection CRT with no flicker?

WITH

extra-
vision"
THE UNIQUE

Lithocon ll”

IMAGE STORAGE
SYSTEM AT WORK
IN THE PEP
SCAN CONVERTER

With Extra-vision, you can scan a frame once, at any
speed from DC to megahertz. And store it for up to an
hour with 64 levels of grey scale (or up to two hours in
pure black and white). A fine, stable, high-resolution
picture rivaling wide-band, closed-circuit television.

Lithocon Il lets you store reproducible grey-scale
images without regard to writing rate and without
fear of overwriting —thanks to Princeton’s unique
“Equilibrium Writing” technique. The image won't
bloom or saturate even if some regions, or the entire
image, are rescanned many times.

You can selectively erase and rewrite a portion of
the image. Zoom in to magnify up to 36X without
altering the stored image. Or increase contrast in
any selected region of the grey scale to enhance
image elements.

The image can be read out in any video format and
at any scan rate, continuously refreshing as many
monitors as required in any mix of sizes.

The five applications cited here are from a long list
of actual systems. Please tell us about your image
processing activity. We may have some ideas for you.

L\

PRINCETON ELECTRONIC
PRODUCTS,INC.

P.O. Box 101, North Brunswick, N.J. 08902
(201) 297-4448




Model 5112-1

Send today Single Pen
for your Recorder with 1, 2,
FREE 5, 10 in/min. chart
speeds and 10 mv
brochure, fixed input spans
price list and $395

dealer list.

TOP SELLING STRIP CHART RECORDER  $395
Here’s America’s number one strip chart recorder for 1975! And for a $395
rock bottom price in an age of inflation. Yet look at these features:

® Multi-speed chart drive — field adjust-
able for English/Metric scaling.

o Self-aligning sprocketless paper drive

e New patented transducer eliminates
troublesome slide wire.

® Two-pen models available at $595 up

Pick a winner for 1975! Write for details today.

[Moustamn %&5\(

instTrrument
ONE HOUSTON SQUARE (at 8500 Cameron Road)  AUSTIN, TEXAS 78753
(512) 837-2820 TWX 910 - 874-2022 cable HOINCO
EUROPEAN OFFICE Rochesterlaan 6 8240 Gistel Belgium Phone 059/27445 Telex Bausch 19399
TM trademark of Houston Instrument

Model 5210-14

1 mv dual channel re-
corder with electronic
integrator, 2.5, 5, 10, 20
cm/in chart speeds,
$945

Model 5212-2

Dual channel recorder
with 1, 2, 5, 10 in/min
chart speeds and 5 in-
put spans of 10 mv up,
$690.

Circle 136 on reader service card

- Model 515A Portable Calibrator, $1995.
TTTT T T ——
o T

Introducing
the portable cal lab

Take it to the job. Calibrate in place.

B A completely new concept, on-site calibration to save
you time and money, to bring you a new standard of
performance and convenience. Keep your DVM and
DMM specs up to snuff all the time. B 10 ppm/month

(30 ppm/year) basic dc accuracy over wide temperature
range 18°C to 28°C. W Carry it anywhere. Weighs only
13 Ibs. (5.9 Kg) including rechargeable battery pack for
up to 8 hours off-line operation. @ Human engineered
with organized color coded controls, and single output
terminals. @ AC/DC ranges to 100 V. Resistance ranges
to 10 megohms. B Check accuracy, linearity, stability,
ac response, offsets, residuals and ranging.

For data out today dial our toll-free hotline, 800-426-0361
John Fluke Mfg. Co., Inc.

P. 0. Box 7428, Seattle, WA 98133 | L L) K E

For a demo circle 155. ®

For info only, circle 154.

136

Advertising Sales Staff

Plerre J. Braudé New York [212] 997-3468
Director of Marketing

Atlanta, Ga, 30309: Joseph Lane
100 Colony Square, 1175 Peachtree St., N.E.
[404] 892-2868

Boston, Mass. 02116: James R. Pierce
607 Boylston St. [617] 262-1160

Chicago, Ill. 60611:

645 North Michigan Avenue
Robert W. Bartlett (312) 751-3739
Paul W. Reiss (312) 751-3738

Cleveland, Ohlo 44113: William J. Boyle
[716] 586-5040

Dallas, Texas 75201: Charles G. Hybbard
2001 Bryant Tower, Suite 1070
[214] 742-1747

Denver, Colo. 80202: Harry B. Doyle, Jr.
Tower Bidg., 1700 Broadway
[303] 266-3863

Detroit, Michigan 48202: Robert W. Bartlett
1400 Fisher Bldg.
[313] 873-7410

Houston, Texas 77002: Charles G. Hubbard
Dresser Tower, 601 Jefferson St., [713] 224-8381

Los Angeles, Calif. 90010: Robert J. Rielly
Bradley K. Jones, 3200 Wilshire Bivd., South Tower
[213] 487-1160 |

New York, N.Y. 10020

1221 Avenue of the Americas
Warren H. Gardner [212] 997-3617
Michael J. Stoller [212] 997-3616

Philadelphia, Pa. 19102: Warren H. Gardner
Three Parkway,
[212] 997-3617

Pittsburgh, Pa. 15222: Warren H. Gardner
4 Gateway Center, [212) 997-3617

Rochester, N.Y. 14534: William J. Boyle
9 Greylock Ridge, Pittsford, N.Y.
[716] 586-5040

San Francisco, Callf. 94111: Don Farris
Robert J. Rielly, 425 Battery Street,
[415] 362-4600

Paris: Alain Offergeld
17 Rue-Georges Bizet, 75 Paris 16, France
Tel: 720-73-01

Geneva: Alain Offergeld
1 rue du Temple, Geneva, Switzerland
Tel: 32-35-63

United Kingdom & Scandinavia: Keith Mantle
Tel: 01-493-1451, 34 Dover Street, London W1

Milan: Robert Saidel
1 via Baracchini, Italy Phone 86-90-656

Brussels: Alain Offergeld
23 Chaussee de Wavre
Brussels 1040, Belgium
Tel: 13-73-95

Frankfurt/ Main: Fritz Krusebecker
Liebigstrasse 27c, Germany

Phone 72 01 81

Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[581]9811

Australasia: Warren E. Ball, IPO Box 5106,
Tokyo, Japan
Business Department

Stephen R. Welss, Manager
[212] 997-2044

Thomas M. Egan,
Production Manager [212] 997-3140

Carol Gallagher
Assistant Production Manager [212] 997-2045

Dorothy Carter, Contracts and Billings
[212] 997-2908

Frances Vallone, Reader Service Manager
[212] 997-6057
Electronics Buyers’ Guide

George F. Wemer, Associate Publisher
[212] 997-3139

Regina Hera, Directory Manager

[212] 997-2544

Electronics/January 23, 1975

L"



