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Introducing HP’s
3476A DMM

The price is a big story in
itself. But performance and
reliability play a large part
too. Take a look at the
3476A:

Autoranging —a big plus in
a low cost DMM. It lets
you concentrate on the
point of measurement...
minimizes readingerrors. ..
and speeds readings too.
All readings are made di-
rectly in volts, kilohms, or
amps-on an LED display.
And there’s a rangehold
button to speed and sim-
plify repetitive measure-
ments.

Five functions —all the func-
tions you want and need in
a low cost DMM. Simply
push the appropriate button
toread AC volts, DC volts,
AC or DC current, and
ohms. There’s no worry
about polarity or zero...
they’re both automatic.

Advanced design —both
circuit and packaging. And
both contribute to high re-
liability. One circuit board
contains all the electronics.

Actual Size

The Right DMM Decision
Means Five-Function Autoranging

for only $225°

Tantalum nitride on sap-
phire processing allows re-
placement of all front end
precision resistors by a
single chip. That means
greater reliability and better
temperature stability. Of
course it’s input protected.

Convenient size —just right
to hold in your hand...take
with you in a brief case...
or use on your bench. An
optional carrying case and
probe kit let you hang the
instrument from a strap for
“no-hands’ operation. The
“A” version ($225*) oper-
ates from the AC line for
lab use. And for portable
applications, the “B” ver-
sion ($275*) has built-in
batteries and recharging
circuitry.

The 3476A is backed by
HP’s service organization
...another big plus for a
low-cost DMM. With these
prices and features, why
not put your hands on the
3476A for your 3-1/2 digit
measurements? Your local
HP field engineer can tell
you how.

*Domestic U.S.A. prices only
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Two function generators in one box
equals ten good reasons to buy one.

HP’s 3312A function generator gives
you FM signals, AM signals, dc levels,

sweeps, sine waves, square
waves, triangle waves,
ramps, tone bursts and sin-
gle or multiple pulses. You
get all these functions for
only $900* plus many other

Electronics/January 8, 1976

output waveforms. And you get top perfor-
mance (oo . .

. like square waves that don'’t
become sine waves above
IOMHz. For all the details
on this dual function gen-
erator— HP’s 3312A —give
your local HP field engi-
neer a call today.

*Domestic USA price only

Unretouched scope display of the

I312A%s

10 MHz square-wave

output. showing I8 nsec rise time.
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HP announces
pulse-parameter control
in a word generator
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That means an end to building arrays of pulse and
word generators to do complex digital testing in
the lab or production. HP's new 8016A gives you the
digital stimuli you need for 1C development or testing,
for digital circuit evaluation, for microprocessor
system troubleshooting, and for interface evaluation
—at data rates to 50 MHz.

Now you can vary pulse width, height, and delay
for worst-case or parametric testing such as set-up
and hold—time measurements, as well as functional
testing. Add HP’s new 1600A Logic State Analyzer
to your system and you have the ideal combination
for observing your logic circuits in action.

Parallel and serial data selection. In the parallel
mode, output is 32 bytes, each 8-bits wide. In the serial
mode you get up to eight 32-bit words. Or you can
serialize outputs for word length up to 256 bits. You
have complementary outputs and a selection of
RZ/NRZ formats on each channel.

Programming options. Manual data loading is simple
with the pushbutton matrix and LED indicators.
And a remote programming option allows fast
For technical information circle 2 on reader service card

loading with an HP Interface Bus compatible card
reader, calculator, or minicomputer —a valuable
option for on-line testing where speed and accuracy
are important.

There’s still more. The 8016A includes manual
clocking for single step testing: a strobe channel to
use as a ninth data channel or serial qualifier: clock
and sync outputs: ECL and TTL logic-probe power
outputs: and other features to provide flexibility
and ease of use.

Your local HP field engineer can give you all the
details on this powerful new word generator, which is
priced at $6,400*. Or, write for our 10-page data
sheet. It gives all the specs, output timing diagrams,

and includes application information.
*Domestic U.S.A. price only

all
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Highlights

Cover: Outlook for 1976—how fast a recovery? 83
Electronics markets seem certain to pick up
this year—but at rates that will vary from
sector to sector and country to country. Af-
ter surveying many companies around the
world, Electronics concludes that color TV
will be critical in the U.S. (p. 84) and West
Europe (p. 96), computers critical in Japan
(p. 101), and that the U.S. will lead the way
out of the slump.

Cover picture is by illustrator Lynn Sturm.

How U.S. technology leaks into the Soviet Bloc, 68
Despite U.S. Government embargoes on the
export of “‘strategic” electronic equipment
to certain countries, Eastern Europe man-
ages to buy it anyway—sometimes with ridi-
culous ease. Months of investigation by
Electronics uncovers the ruses and routes.
lNustrations are by Lynn Sturm.

What's on executives’ 1976 worry lists? 79
Unemployment, the slow rate of recovery,
and—for Americans—the failure of overseas
markets to rebound more quickly: these are
the preoccupations of electronics execu-
tives as they face the New Year. Add to
those the drying up of capital sources, and
the New Year optimism becomes more
guarded than usual.

Mid-career crisis troubles readers of all ages, 112
Electronics’ questionnaire on the over-40
EE’s job crisis provoked an unusually large
number of readers to express virtually
unanimous anger. But as a cure for the
problem, neither collective action nor fur-
ther education attracted a clear majority.

And in the nextissue. . .

The latest generation of microwave semi-
conductor devices . . . two techniques for
testing microprocessors measuring
system performance with gated noise.
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Publisher’s letter

In all of the nearly two decades
that Electronics has been preparing
its annual reviews of the electronics
marketplace, economic conditions
have never been so, let’s say, deli-
cately balanced. Uncertainty over
what even the next six months will
bring, let alone how 1976 will turn
out, is pervasive among the leading
officials of electronics companies
around the world.

Indeed, never before in our yearly
research and reporting for the mar-
ket forecast have there been such
clear-cut indications that electronics
is a world-wide market, with fluc-
tuations in Europe’s national econo-
mies, say, upsetting the economic
health of American electronics com-
panies. What’s more, European
executives are becoming increas-
ingly vocal in their assertions that
recession, stagnation, and the other
ills that are impacting the U.S. in-
dustries—and some of the measures
being taken to overcome them—are
having an impact on business in
other countries in a rapidly shrink-
ing world.

So it is fitting that this year we
have combined our three annual
market reports—on the U.S., West-
ern Europe, and Japan—into one big
world report. You’ll find the report
starting on page 83, with details of
the U.S. market on page 84, Europe
on page 96, and Japan on page 101.
Charts giving market breakdowns
start on pages 92 for the U.S. and
105 for Europe and Japan.

In addition to the market round-
up, we have put together another re-
port that has become an annual tra-
dition: our first-of-the-year survey
of how executives view economic
trends. That article appears on page
79 in Probing the News.

or the past six months, Ron

Schneiderman, our New York
bureau manager, has been heading
an investigation into illegal trade
with the East Bloc. Ron and Elec-
tronics staffers have talked to execu-
tives in Europe and the U.S., as well
as distributors and government offi-
cials in both Eastern and Western
countries.

The trail of illegal shipments
is an elusive one. But with ad-
vanced electronic hardware finding
its way around the security barriers
that the U.S. and its Western allies
have erected, the story of East-West
trade is beginning to read like a spy
thriller. So turn to page 68 for the
details on how strategic equipment
that is banned for sale to East is get-
ting there anyway.

€6 A n overwhelming majority of EEs

over and under 40 years old
recognize a mid-career crisis in their
work. Moreover, they believe that
age discrimination in industry con-
tributes to the seriousness of the
crisis.” Those are the disturbing re-
sults of our questionnaire survey of
readers on the problems facing the
veteran engineer. In fact, 92% of the
unusually heavy number of re-
sponses said they were aware of the
EE’s mid-career crisis, and 90% said
they believed age discrimination
was a fact of life in hiring and firing.
For the complete summary of the
questionnaire’s unsettling results,
see page 112.
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Sine, square and triangle waveforms from
0.002Hz to 2MHz at a price you can handle.

If you’'re in the market for a low-cost, versatile
function generator, we've got the unit for you.
Model 5700 is the little big man of our 5000 series,
with multifunctions, balanced output and a general
versatility unmatched at the price. it features a
1000:1 tuning dial, covering the whole audio
spectrum on one frequency range. The 50 ohm
single ended output and 600 ohm balanced output

are controlled by a common attenuator. An auxiliary
square wave output enables synchronization, gating
and blanking. Model 5700 is the ideal choice for a
broad range of electronic applications from research
to calibration. With this performance at a bargain
price why shop around?

For fast action, call (617) 580-1660, or contact
your local KH representative listed below.

LW/ Ll qoHN-HITE
CORPORATION
Avon Industrial Park, Avon, Mass. 02322 e (617) 580-1660, TWX 710-345-0831

SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Ingtewood (213) 674-6850; COLO., Denver (303) 750-1222;
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; GA., Atlanta (404) 448-2365; HAWAII, Honolufu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis
(317) 244-2456; MASS., Lexington (617) 861-8620; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234, Kansas City (816) 454-5836; N.C., Burlington (319) 227-3639;
NJ., Cherry Hill {609) 424-1060; N.M., Albuquerque (505) 299-7658; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Etmont (516) 488-2100;
OHIO, Chesterland (216) 729-2222, Dayton (513) 434-8993; TEX., Houston (713) 688-9971, Richardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Bellevue (206)
624-4035; CANADA, Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 499-5544, Stittsville, Ontario (613) 836-3990, Vancouver, British Columbia (604) 278-2009, Halifax,

Nova Scotia (902) 434-3402.
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Breakthrough.

New PuriTan”
all-tantalum capacitor
from Tansitor.

The tantalum-cased capacitor
that meets CLR6S specs.

Developed for the most stingent
conditions in aerospace applica-
tions, the PuriTan all-tantalum
capacitor is a major advance in
capacitor capability.  meets or
exceeds the mechanical, electrical
and capacitance requirements

of CLR6S.

The new PuriTan capacitor solves
your problems with:
« Superior AC ripple characteristics
« Reverse voltage capability
« Excellent capacitance stability
« True glass-to-tantalum
hemnetic seal
« Low ESR
«» Low DC leakage

For complete information on the
PuriTan all-tantalum capacitor
and/or other Tansitor capacitors,
call your local Tansitor representa-
five, or contact:

= Tansitor
ELECTRONICS
DIVISION OF AEROTRON, INC.
West Road, Bennington, Vermont 05201
Phone: (802) 442-5473
TWX: (710) 360-1782
Specialists in Tantalum Capacitors
™ Trademark of Tansitor Electronics

6 Circle 6 onreader service card

Readers’ comments

iCs liberate the engineer

To the Editor: Regarding the com-
ments on the EE profession appear-
ing in Electronics lately, one of your
readers observed that the object of
any profession is to obsolete itself.
However, I don’t agree that the ad-
vent of compact prepacked elec-
tronic functions portends the end of
the electrical engineering that we all
know and love. Rather, I see in this
circumstance the liberation of the
EE from the tyranny of the circuit.
Gentlemen, let’s admit it: circuit
design is a bore. It is not a fit topic
for cocktail-party conversations.
That is why the all-engrossed circuit
designer has nothing to talk about
at such functions. This merely con-
firms the presentiments of the other
guests as to his basic eccentricity. I
say that EEs the world over should
raise a glass in salute and welcome
to 1Cs. And arise! You have nothing
to lose but your loops and nodes,
and, if you’re very fortunate, the
poles and zeroes too.
William Dooly
Philadelphia, Pa.

‘Inaudible’ jitter strikes discord

To the Editor:I’d like to comment
on Peter A. Stark’s and W. Adr-
iaans’ remarks about jitter [Sept. 4,
p. 6]. One of the more common criti-
cisms of electronic organs relates to
the condition Stark describes as
counting down from a master os-
cillator and dividing by two to get
octaves. This sort of generation re-
sults in harmonically related and
phase-constant tone generation.
Meanwhile, a pipe organ with
more than one pitch generator per
pitch (i. e, more than one rank of
stops) exhibits rather minuscule ran-
dom phase and unstable harmonic
relationships. In fact, the large elec-
tronic-organ companies have sought
ways of inexpensively generating
tones in which octaves and individ-
ual pitches were not exactly related.
Ever since Everett with the Orga-
tron in the ’30s, designers have
sought to do something that Adr-
iaans says is “normally inaudible.”
John W. Shaver
Sierra Vista, Ariz.

21 BONUS
FEATURES

] $139.00*

¥ 13 mm (¥2") LED DISPLAY

€] 10,V RESOLUTION

] AUTO ZERO

6] PARALLEL BCD OUTPUT

3 VOLTAGE RATIO

MEASUREMENTS

7 120 dB CMR UP TO 500V

] 2 YEAR WARRANTY

:] FOUR FULL SCALE RANGES

AUTO POLARITY +19999

COUNTS

FRONT PANEL F.S. ADJUST

>20,000 HOURS M.T.BF.

<2nA INPUT BIAS CURRENT

] OVERLOAD INDICATION

1 AVERAGE VALUE DUAL

. SLOPE INTEGRATION

3 1000 MQ INPUT IMPE-
DANCE (.2 & 2V RNGS.)

¥d OVERVOLTAGE
PROTECTION

[E] SELECTABLE DECIMAL
POINTS

5VDC @ 50mA OUTPUT
AVAILABLE

HIGH LINE NOISE
REJECTION

UL RECOGNIZED

MATERIALS USED.

(Companion 3% digit

Model 203 $81.00)*

*quantities of 100

For complete data, call or write:
Newport Laboratories, Inc., 630
East Young St, Santa Ana, Calif.
92705. For immediate response,
call collect (714) 540-4686

NNEWPORT
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HiNIL Interface

Prevent CMOS latch-ups
and failures with a
high noise immunity logic I/0.

CMOS systems are subject to latch-ups and failures in
the field because of high voltage transients, static charge
and improper field maintenance procedures. Moreover, due
to their increased output impedance, CMOS is more
susceptible to transient errors than corresponding bipolar
logic.

A simple solution to these problems is to use Teledyne's
bipolar High Noise Immunity Logic (HiNIL) as the system
1/0 interface. The I/O design approach shown in Figure 1
has solved these problems in applications such as business
equipment, industrial controls and electronic games. The
HiNIL interfaces protect the delicate CMOS inputs with a
rugged bipolar “front end” not susceptible to CMOS failure
modes. Also system noise immunity is maximized, and the
HiNIL output devices provide direct, high current logic
drive of relays, displays and long lines.

Vee @ 10 to 16 voits

I 1 |
HiNIL CMOS HiNIL
© NOISE o LOW POWER * QUTPUT RELAY/L.
SYSTEM AMP
INPUTS $ LT IAZ $ © SPEED DRIVE INTERFACE
@ CMOS INPUT CAPABILITY
PROTECTION ® COMPLEXITY

Figure 1. HiNIL input interface protects CMOS inputs while
HiNIL outputs directly drive long lines and peripheral devices

The two families are directly compatible at the 10 to 16
volts V.. range. The designer can take full advantage both of
HiNIL's capabilities and of CMOS’ low power dissipation,
supply voitage flexibility and improved noise margin at
higher supply voltages.

Parasitic SCR latch-up is an all too common CMOS
malfunction. Large noise transients and DC input levels
below ground or above V.. could force CMOS input diodes
into forward conduction, causing SCR action in the four-
layer diodes formed by the diode and parasitic p-n substrate
junctions. This condition leads to device Jatch-up, increased
lcc current and, when current is not limited, to gate
destruction. Maximum protection can be obtained by using

Vee

v,,<ﬂ

Figure 2A. CMOS latch-up cause;

P CHANNEL

}

n N CHANWEL

Veg = 10018V

Figure 2B. HiNIL input protection

HiNIL Schmitt triggers. They prevent latch-up at DC input
levels from —5 volts to V.. +5 volts and suppress 100 volts
transients as wide as 1usec (Figure 2).

HiNIL inputs on piug-in cards wiil protect a CMOS
system from problems associated with “on power” fault
isolation, a widely used TTL system maintenance method.
Plugging CMOS into powered connectors has led to
latch-up failures because it allows inputs to see logic “1”
signals before V. rises on the card. The failure is frequently
catastrophic if input current is not limited.

HiNIL's lower output impedance and DC noise margin of
3.5 volts ignore large voltage noise transients that can
cause CMOS logic errors. Also, static charges large enough
to rupture CMOS oxide regions are often generated in dry
environments by movement of materials and users. A HiNIL
input gives more immunity to static and maximizes noise
protection.

Examples of HiNIL Interface Devices
r e~
Al er Gat .y 65mA relay or lamp driver

on plus open-collector pullup

350 8-Bit Multiplexer

361 Dual Input Interface
e
o3 QUuad Output Interiace o

Suppress 100V/ 1us spikes, protect CMOS
decode swilches elc

381 BCD1 2)
382 BCD to Decade Decoder discharge displays etc
383 BCD to 7-Segment Decoder

| 390 Interface Buffer Series 25

driver series will be availal 0
= = J

HiNIL reliability insurance costs littie since the 1/0O
circuits—unlike filters and shielding—generally replace
other logic and drive circuits. So, don’t wait until your new
CMOS system runs into costly problems in the field. We'll
show you how to build foolproof low-power systems. Call or
write today for HiNIL application notes and specifications.

‘Y TELEDYNE SEMICONDUCTOR

1300 Terra Bella Avenue, Mountain View, California 94043 Tel: (415) 968-9241 TWX: 910-379-6494 Telex: 34-8416

ENGLAND: Heathrow House, Cranford. Hounslow, Middlesex, Tel: (44) 01-897-2503 Telex: 851-935008

WEST GERMANY: Atbert Gebhardtstrasse 32, 7897 Tiengen, Tel: 7741-5066 Telex: 841-792-1462

JAPAN: Nihon Seimei-Akasaka Bldg. (3F). 1-19, Akasaka 8-chome, Minato-ku, Tokyo 107, Tel: 03-405-5738 TWX: 781-2424241
Additional offices in West Germany, Hong Kong and the United States. Representatives and distributors worldwide.
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BETTER

COMMUTATING CAPACITORS

FOR SCRs

and other non-sine wave voltage applications)

< b

SPRAGUE
CLORINOL®
‘0"’1&‘«:
356P106X3500C51C1P

THE CAPACITORS:
Type 355P and 356P, newest members of the
proven Sprague Clorinol® Capacitor family . . .
paper and paper/polypropylene film dielectrics
with non-flammable synthetic askarel impregnant.

THE APPLICATIONS:
Chopper circuits such as those in d-c motor
control, inverter circuits for induction heating,
high frequency lighting, high frequency power
supplies, ultrasonic cleaners.

THE ADVANTAGES:
Volt-ampere ratings as much as 250% higher
than those of older designs. Deliver large peak
currents with lowest possible inductance
and dissipation factor.

For complete technical data, write for
Engineering Bulletin 4701 to Technical
Literature Service, Sprague Electric Co.,

35 Marshall St., North Adams, Mass. 01247. s p R n G u E

= =S ——— = =~ . ===
THE MARK OF RELIABILITY
THE BROAD-UINE PRODUCER OF ELECTRONIC PARTS

8 Circle 8 onreader service card

News update
B Since November 1974, when it
filed a $237 million lawsuit against
its major contractors—including
Westinghouse Electric Corp. and
Rohr Industries—the Bay Area
Rapid Transit District (BART) has
doled out a considerable sum in le-
gal fees for a case that has yet to
reach the trial stage. In fact, the pri-
mary movement in the suit has been
from Federal court, back to a state
court, and then to the state supreme
court. The supreme court finally
gave the defendants the go-ahead
on a long-sought change-of-venue
hearing: they do not want the case
to be tried in any of the three coun-
ties where BART runs.

Westinghouse, which built BART’s
electronic train-control system, is
the biggest target in the suit [Nov.
28, 1974, p. 36]. BART, in seeking
$55 million from Westinghouse, ac-
cuses it of failing to provide equip-
ment that continually detected pres-
ence of trains on tracks among other
shortcomings. Westinghouse has re-
peatedly denied the allegations, and
has sent BART a claim for $15.7 mil-
lion which it says represents back
pay for construction delays.

B Gene M. Amdahl, chairman of
Amdah! Corp., Sunnyvale, Calif,
says sales of his model 470 com-
puter have gone “exceedingly well”
in 1975. The sixth copy of the large
system is due to go to Massachusetts
Mutual Life Insurance this month.
The 470, designed to compete with
International Business Machine
Corp.’s System/360, costs about
$4.5 million for a typical 4-
megabyte configuration.

Amdahl’s machine, hailed as su-
per-fast but architecturally simple,
was delayed by the company’s fi-
nancial troubles [Nov. 28, 1974, p.
39]. The problem was that IBM came
out with a higher performance com-
puter than the one Amdahl ex-
pected to have to compete with. The
upshot was that additional capital
was needed, forcing renegotiation
with Japan’s Fujitsu Ltd., a major
investor. It then took over a major
portion of Amdahl’s manufacturing
and inventory.
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What we
would
ask

the ATE
manu-
facturers

Electronics/January 8, 1976

Systron-Donner, of course, manufactures Automatic
Test Equipment. Now, if we were buying instead of
selling, here are several questions we would ask:

® How willing is the manufacturer to tailor a system
to your unique requirements? Few firms are. How-
ever, Systron-Donner is!

® Is the software language easy to use and univer-
sally accepted? S-D uses industry-standard,
English-like BASIC; a language with which most
non-programmers are familiar.

® Who will process my order and provide engineer-
ing assistance well after the delivery date? At
Systron-Donner, each order is processed by the
same technical team with whom you discussed
your needs prior to purchase. After delivery tech-
nical support? That's right, that same team of S-D
hardware and software experts; your team!

Naturally, there are many questions to ask; such as
multi-user operation, analog, RF and digital testing;
fault tracing, and data logging capability—to mention
a few. The point is, in addition to hardware and soft-
ware questions . . . ask about the people who will give
your A.T.E. the personal attention it desires during
manufacture and after delivery.

To learn more about Systron-Donner’s Model 3600
CATSystem, request our new brochure 3600 by con-
tacting Scientific Devices or Systron-Donner at 935
Detroit Avenue, Concord, California 94518. Phone:
(415) 798-9900.

Request new
3600 brochure.
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Editorial

The prospects for electronics

Executives in the usually ebullient electronics
industries are approaching the new year in a
new role—that of the conservative. The
optimism is still there, but a healthy dash of
caution is there, too. As our annual electronics
market survey shows, 1976 will be a growth
year, but there are a number of questions
involving economic recovery, inflation,
inventories, price pressures, and high
unemployment levels that are causing concern.
These worries are reflected in cautious
predictions for the new year. Many predictions
are similiar to that of Robert L. Boniface of

Hewlett-Packard, who doesn’t foresee a boom- -

type economy, but expects a gradual, paced
recovery. Even so, the recovery so far hasn’t
been as strong as many companies had earlier
expected. Boniface notes, “We had planned on
a stronger domestic recovery.”

To Wilfred J. Corrigan of Fairchild, “The
surprising thing today is the lack of long-term

Let’s be more realistic about East-West trade

The U.S. Government and America’s
electronics industries are growing increasingly
at odds over the subject of East-West trade.
Needless to say, it is a very complicated and
highly political issue. But it is also frustrating
to the many American companies who have to
stand by while their Japanese and Western
European competitors pick off growing shares
of a massive yet largely untapped market—the
East Bloc countries.

But U.S. firms are stymied. The Export
Administration Act of 1969, among its other
purposes, calls on the Government “to
exercise the necessary vigilance over exports
from the standpoint of their significance to the
national security of the United States.” In the
eyes of many industry executives, the
Government may be a little too vigilant.

Unfortunately for U.S. suppliers, many of
their products are considered to be of strategic
value to the East and, thus, are embargoed

10

business.” He says, “Since mid-1975, 80% of
Fairchild’s business has been 90-day orders.”
This makes it hard for the supplier to keep
inventories down, since what the customer
usually wants isn’t in inventory.

On the plus side, inventory adjustment
seems substantially over, with no likelihood of
shortages. However, as Walter L. Cherry of
Cherry Electrical Products Corp. points out:
“There may be short-term apparent shortages
—the process of gearing up and going again is
a faltering one.”

But with key industry segments predicting
growth that ranges from 10% to the 20% or
more for semiconductors, the year ahead looks
like a good one, and the restraint shown by
industry executives may bode well. One who
believes that all of the effort will pay off is
Charles E. Sporck of National Semiconductor
Corp., who says “We're all going to be
wearing smiling faces this time next year.”

from sale to the Eastern Bloc. However, much
of the equipment and components that the
U.S. embargoes are available from Japan and
Western Europe.

The trouble is that the U.S. may be over-
embargoing high-technology products. The
Free World Coordinating Committee
maintains a list of products that, because of
their strategic value, cannot be sold to the East
Bloc. In addition to those proscribed items, the
U.S. bars a number of other products from
East-West trade. However, other countries do
not disallow as wide a range of products as
does the U.S.

It’s time for the U.S. Government, if it
really intends to promote international trade,
to take a realistic look at the controls on East-
West trade. Since so much appears to be
getting through to the East anyway, why
doesn’t American industry get its fair—and the
emphasis is on fair—share?
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WIRE-WRAPPABLE PACKAGING
ASSEMBLY ACCEPTS INTEL 8080 AND
8080A MICROPROCESSORS

NEW BRUNSWICK, N.J
—A wire-wrappable pack-
aging assembly for interfac-
ing with Intel 8080 and
8080A microprocessors is
now available from Garry
Manufacturing Co., of New
Brunswick, N.J. This new
board fits the standard Intel
processor rack. It is UL ap-
proved and mcludes two lnput/Ouput connectors to mate
with flat conductor cable wiring.

The new packaging assembly has wide application in com-
puterized automation equipment for the machine tool indus-
try and it will be useful in developing special or custom CPU’s
with associated RAM and PROM chips.

Garry also manufactures boards to interface with micro-
processors made by National Semiconductor, Data General,
Texas Instrument, and Digital Equipment Corporation.

For complete information, use the Reader Service Card, or
contact: Garry Manufacturing Co., 1010 Jersey Avenue, New
Brunswick, N.J. 08902; telephone: 201-545-2424.

SERIES OF MODULAR IC PLUGGABLE
PACKAGING ASSEMBLIES

NEW BRUNSWICK, N.J
—A full range of Modular
IC Pluggable Packaging As-
semblies is now available
from Garry Manufacturing
Co., of New Brunswick, N.J.

These new packaging as-
semblies are available with
both committed and non-
committed power and
ground places. All come equipped with low-frequency tan-
talum capacitors as standard, and with options of 0.01 uf
ceramic capacitors adjacent to each IC position.

The boards are UL approved and are manufactured with
one, three, or six groups of either 20 or 24 IC positions, for
14- or 16-pin ICs. One-, two-, or three-level wire-wrappable
posts are available, as are a variety of platings including
various thicknesses of gold or tin over nickel.

For complete information, use the Reader Service Card, or
contact: Garry Manufacturing Co., 1010 Jersey Avenue New
Brunswick, N.J. 08902; telephone: 201-545-2424.

PACKAGING SOCKETS FOR TO-5 ICs
NOW AVAILABLE IN VARIOUS STYLES

NEW BRUNSWICK, N.J
—Packaging sockets that
will permit TO-5 case size
ICc to plug into a variety
of circuits are now available
from Garry Manufacturing
Co. of New Brunswick, N.J.
The new sockets come with
6, 8, 10, and 12 contacts, in
standard pin circles They
accept leads from 0.016 to 0.019 in. diameter.

The sockets are available with terminals for most applica-
tions: printed circuit, turret, solder pot, and wire-wrappable.
Bodies of the sockets are resilient Teflon for snug push fit
into circuit-board mounting holes. Terminal sleeves are brass,
contacts are beryllium copper, plating is gold over nickel.
Sockets are also available with recessed contacts, for “hot
case” applications.

For complete information, use the Reader Service Card, or
contact: Garry Manufacturing Co., 1010 Jersey Avenue New
Brunswick, N.J. 08902; telephone: 201-545-2424.
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JoanBorstis doing

5to10o0na bumwrap.

Joan should’'ve talked to Garry. Instead of condemning
her toa faulty Wire Wrap*,we would've given her a wrap
that worked. With pin squareness that’s exactly .025
inch. A precision beryllium spring clip that has the most
consistent IC insertion/withdrawal rate in the industry.
And the widest line in the industry.

In short, we would've given her a good wrap. Backed up
by a complete IC packaging facility (boards, headers,
wrapping, racks), as well as dependable service, good
prices and fast delivery.

Ask us about it. We won’t pin a bum wrap on you.
Garry Manufacturing, 1010 Jersey Avenue, New Bruns-

wick, New Jersey 08902. (201) 545-2424.
*Registered trademark of Gardner-Denver Co P

= b —S— |
N p—

Garry

Manufacturing

We won't pinabum wraponyou.
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Last year,we
shipped our 10
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millionth RAM.

Without a lot of fanfare. Advanced Memory Systems
has become one of the world’s largest RAM suppliers.

Ten million RAMs
later.

We ship them in bare
silicon, plastic or ceramic
DIPs, in custom and stand-
ard card assemblies, in sub-
assemblies with or without
power supplies, and in
large scale memory sys-
tems. In the past year
alone, we shipped over
twenty million dollars
worth of RAMs, and our
pace is accelerating.
Advanced Memory Sys-
tems has become the larg-
est independent add-on
memory supplier in the
world. And we're spread-
ing further with device
and card customers.

Every type of RAM
in use today.

If you're building mem-

ory systems, we've got the
RAMs you need. 1K, 2K
and 4K now: 8K and 16K
coming soon and coming
fast. In plastic or ceramic.
Fast and super-fast. Or
slower and smaller where
economy outranks speed.
Multiplexed. Commercial
or military. N-Channel MOS
RAMs. Static or dynamic.
16 pin, 18 pin and 22 pin
dual-in-lines by the carload.
Industry firsts. standards
and second sources.

No bad memories.
That s the goal. And weTe
closer to it than any other
supplier. Our cumulative

history across ten million
RAMs is 0.03%/1000 hrs:
and the current rate is a
whacking 0.01%/1000 hrs.
But don't call and berate
your old supplier: it takes
a mountain of RAM pro-
duction to build the exper-
tise that makes a reliability
figure like ours possible.

Don't call him at all. Call us.

Full speed ahead

in 4K.

Our new 200 NSec 4K
RAM, the AMS 7280, is
4096 bits of N-Channel
fully decoded MOS RAM.
TTL compatible. Single
MOS clock. A big, fast
mover for high perform-
ance memories and priced
to move fast, too. 22 pins.
Plastic or ceramic pack-
aging. And available now.
in production quantities.

How we got there.

Systematically. As the larg-
est independent memory
producer in the world,
we've worked through
every conceivable RAM
related problem (and some
inconceivable ones as
well!). No one else in the
RAM business has even a
fraction of our systems
experience. Testing alone
is a science in its own
right: and we have per-
fected it. And now the
benefits are yours...in
advanced components, in
technology. in device per-
formance, in production,

in testing, and above all,
in systematic thinking.

Information is free.
The price of our parts is
competitive: the price of
our RAM Roster and Tech-
nical Papers is Free. Our
“Ram Cost Analysis." a
systematic review of all of
the elements of cost in
building RAM memories,
is the definitive work on
the topic. Write today for
an inside look at the quiet
giant in the RAM industry.
Or call collect for imme-
diate requirements.
Advanced Memory Sys-
tems, 1275 Hammerwood
Avenue. Sunnyvale,
California Y4086.

(408) 734-4330. Ask for
OEM Marketing.

All the popular
numbers in 1976.

Oynamic RAMs 16 pin

7281

Static RAMs

ALY Advanced Memory Systems.

Memories with a future.

Electronlcs/January 8, 1976
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A'D
CONVERTERS

MILITARY
Applications

NAFI

® 5 Bit/50 nSec
® <1/2 Bit Drift Over Temperature
® 5 Volt Input Range

4 Bit A/D and D/A Converter
® 50 nSec Conversion Time

® <1/4 Bit Drift Over Temperature
® 7.Year MTBF

Temperature Range —56°C to +125°C
Easily Maintained and Repairable

Ideal for Airborn MTI and
Scan Converter Applications

For Further Information Call or Write
M.S. Kennedy Corp.

Pickard Drive, Syracuse, New York 13211
Tel. 315-455-7077

People
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He's out to make National
the microprocessor company

William D. Baker last month be-
came group director of micro-
processor operations at National
Semiconductor Corp. for a good
reason. “National is planning the
broadest line of microprocessor
products and systems in the indus-
try,” Baker declares, and directing
the effort is where the 37-year-old
engineering graduate of Stanford
University wants to be.

“I see my job as bringing all the
various present and future micro-
processor efforts together under one
cohesive strategy,” he says. And, al-
though he doesn’t say so directly, he
implies that the aim in the coming
months is for National, in Santa
Clara, Calif., to become the leading
microprocessor company with 4-, 8-,
and 16-bit units in p-channel and n-
channel MOs, as well as bipolar.

Only a month. The soft-spoken
Baker comes to National after less
than a month as vice president of
nearby Monolithic Memories Inc.’s
year-old MOS operations. Before
that, he was vice president and gen-
eral manager of Fairchild Camera
& Instrument Corp.’s bipolar-
memory division, where he was in-
strumental in moving the company’s
Isoplanar process out of the labora-
tory and into the marketplace in the
highly successful 1-kilobit bipolar
random-access memory, the 93415.

It is precisely such technical ex-
pertise, built up over the last 15
years at Fairchild, Raytheon Semi-
conductor, General Microelec-
tronics, and HP Associates, that Na-
tional was looking for when it hired
Baker. So was his reputation for
being able to market a product suc-
cessfully after translation from pro-
totype to production.

Startup. Explaining his quick de-
parture, Baker says, “When I really
looked closely at my new job at
Monolithic Memories, [ found it
was essentially another startup job—
specifically to put a bipolar house
into the MOS business,” Baker ex-
plains. “That made it my fifth
startup in 15 years. | wanted a little

Il

Myriads. William D. Baker will exploit MOS
and bipolar technologies at National.

more out of my career than that.”

At National, he’ll be responsible
for design, fabrication, testing, and
marketing of all microprocessor
components, printed-circuit boards,
and systems. In addition, he will set
up a fabrication area devoted exclu-
sively to microprocessors. Systems
will get a lot of attention.

“As with memory-system chips,
systems are a great way to sell com-
ponents,” Baker points out. Also un-
der assessment, he says, are possible
agreements with other companies.

Roux: changing
electronics in France

Substantial changes are coming this
year in France’s computer and tele-
communications industries. And
Ambroise Roux, the rotund, cigar-
puffing 54-year-old head of Com-
pagnie Générale d’Electricité, the
largest electrical-electronics group
in France, has a lot to do with them
happening.

The application and exploitation
of foreign technology, anathema
during the proud years of Gen.
Charles de Gaulle, now has official
blessing under a new industrial pol-
icy that Valéry Giscard d’Estaing’s
government has worked out over
the last year or so. As a result, in-
dustrial and political planners are
not as interested in bankrolling
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Wanta
half million
opto-isolators?

dual channel - single channel
two independently
isolated channels

Just ask.

You can't see the LEDs in our opto-isolators. .. but they're there.
Thats one reason why the No. | producer of LEDs has now
become a high-volume producer of opto-isolators. Our opto-
isolator production capacity has multiplied ten times in the past
12 months. And our line has become broad enough to satisfy
nearly every application. For example:
General purpose. Litronix has a full line of phototransistor/LED
opto-isolators in standard dual-in-line pack ages.

Low cost. If youre looking for opto-isolators at a really competitive

price, we can offer units for less than 60¢ each in quantity orders of 1.000.

?uaq c:anne(lj— | High CTR. If you need plenty of output current. we have models that match
jour incegemdently an IR LED with a photodarlington sensor to give you a current transfer ratio
isolated channels £ 300%

ol. /0.

High speed. If you want ultra-fast response, we have an opto-isolator that uses
a built-in [C to transmit data at rates up to 5 megabits per second.

Our innovative. solid-state line runs from the simplest to the most sophisticated.

We're a dependable source for opto-isolators because were a vertically inte-
grated company— a fancy phrase meaning that we make everything in-house. We
don't buy any high technology parts outside. This gives us better quality control.
Better price control. And better delivery.

So don't forget: our expertise in LEDs has made us a leader in opto-isolators.
too. Solid-state reliability comes in many forms.

For details on Litronix opto-isolators write us at 19000 Homestead Road.
Cupertino. California 935014. Phone (408) 257-7910. TWX 910-338-0022.

litronix
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Squeeze your PC board or Hybrid
into a Monochip for $1800.

brrrror

It's really easy. Take your idea or circuit design, no matter what
stage it's in and breadboard your system with our $39 design kit
Then, send us your layout sketch, and in just three short weeks
you'll have 50 custom ICs as prototypes

How can we do it so fast and inexpensively? Monochip is a linear
monolithic IC chip carrying up to 300 bipolar components without
the last layer of metalization. You can choose from four basic
Monochip standards representing different sizes. Then, in your
sketch, you simply tell us which components you want connected
and we do all the work in three weeks. If you think that's fast, you'll
really like the prices and delivery on production units. That's a
promise. We're second-sourced, too, so don't worry.

In case you're wondering, Monochip is also great for the first
stages of product design. The risk is small, no long development
time or hidden charges

You can get our book of 130 Analog |C design applications for
only $3.00. It contains 350 pages of popular Monochip circuit ideas
and some neat design tricks. Just check the coupon below.

I N N S T IS S e
G O My check for $3 is enclosed for the 101 Monochip applications
P ©® handbook
o8 0O Send me the complete details on Monochip
8@
8:’(’;’) Name
o] O ~
= —
EoB Company. Phone
TS
0%
@ > o Address
wtc
7e) g o
== Ypg City State 21p
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Gallic touch. Roux wants computer and
telecommunications products that sell well.

prestige items like the supersonic
Concorde airliner. As Roux puts it,
“We want products that sell well in
world markets.”

Computer viability. In the com-
puter industry, Roux has managed
to persuade Europe-oriented Gis-
card to pull out of the money-losing
French-Dutch-German Unidata
combine. “It was never viable,”
Roux maintains. Instead, he has
coaxed Honeywell Information Sys-
tems to sell control of its subsidiary
Honeywell-Bull, to CGE and has
won the government’s support to
merge it with the Compagnie Inter-
nationale pour L’Informatique, the
French “national” computer firm.
Details of the merger still have to be
settled, but with Cll-Honeywell-Bull,
Roux hopes to build a French-con-
trolled company that can compete
worldwide.

In telephones, Roux has con-
vinced the French government that
space-division electronic switching
is needed to bring the overloaded
French telephone system up to date
in a hurry. He doesn’t want to wait
for the time-division technology
championed by the Post and Tele-
communications Ministry’s research
agency. Roux proposes to bring in
foreign technology—Japanese or
Swedish—to build big space-division
urban exchanges. In the meantime,
Roux is maneuvering to forge an in-
tegrated telecommunications indus-
try that can market switching, trans-
mission, and components hardware
worldwide.
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FULL-LINE — NEARLY 100 TYPES
OUTPUT INDEPENDENT OF INPUT
INCREASED NOISE IMMUNITY
PLASTIC PACKAGE RELIABILITY

RATINGS AND SPECS FOR 5, 10,
AND 15 V OPERATION

McMOS B Series is the broad line of buffered output
CMOS, with a big complement of MSI. The line is
broad enough for complete CMOS systems, and
because it's compatible with our non-buffered CM0OS
and has the capability to drive low power Schottky
TTL, our B Series also has mix and match versatility.

Operate it at higher voltages with complete con-
fidence. At 18 V, you get the same reliability you
count on with all MCMOS.

ORDER from your Motorola Sales Office or
Authorized Motorola Distributor.

McMOS...

THE BROAD LINE CMOS FAMILY

The McMOS* family of standard monolithic integrated cir-
cuits provides the design engineer with several medium
speed series which approach the ideal in performance. The
low power dissipation and flexible power supply require-
ments simplify supply design, and the high noise immunity
and fanout capability reduce parts counts and streamline
printed circuit board layout.

‘TRADEMARK OF MOTOROLA INC.

MC14000 AND MC14500 SERIES
e Large compatible B Series e Low quiescent power
o Reliable 3-18 V operation dissipation
o Largest MSI complement o Diode protection-all inputs
e Fanout >50
o High noise immunity — 45% of supply voltage

MC14400 STANDARD LSI SERIES

Here's a group of LSI devices whose designs and specifica-
tions are tailored for specific subsystem applications. The
MC14400 devices are manufactured with the same high
yield complementary MOS processing techniques as the
familiar MC14000 and MC14500 Series, and they exhibit
the same inherent low power dissipation, high tolerance to
power supply variance, and high noise immunity for indus-
trial/commercial environments. These subsystem LS
devices are designed for maximum efficiency in their
intended applications.

Design techniques developed by Motorola permit some
of these LS| subsystems to combine both digital and linear
functions on the same chip, a powerful systems design tool.

CUSTOM CMOS FROM MOTOROLA

The industry’s most modern CMOS design and manufactur-
ing facility is at your service in Austin, Texas, to handle
your custom CMOS requirements.

Contact your Motorola Sales Office for details.

CMOS

SELECTOR GUIDE

MOTOROLA SEMICONDUCTOR PRODUCTS, INC.

TECHNICAL INFORMATION CENTER
P.0. Box 20912, Phoenix, AZ 85036

CMOS FACILITY
3501 Ed Bluestein Blvd., Austin, TX 78721

@

MOTOROLA McMOS
CMOS reliability at its BEST




MOTOROLA CMOS
INTEGRATED CIRCUITS

MC14000, MC14500, AND MC14400
SERIES COMPLEMENTARY MOS

Add suffix to part number on all orders.
AL: 3 — 18V, —55 to 4+125°C, ceramic package
CL: 3 — 18V, —40to +85°C, ceramic package
CP:-3— 18V, —40 to +85°C, plastic package
L: Limited voltage range, limited temp. range,
ceramic package
P: Limited voltage range, limited temp. range,
plastic package
EFL: 3 — 18V, —55 to +125°C, ceramic package
FL: 3 — 18V, —40 to +85°C, ceramic package
FP. 3 — 18V, —40 to +85°C, plastic package
EVL: 3 — 6V, —55 to 4-125°C, ceramic package
VL: 3 — 6V, —40 to +85°C, ceramic package
VP:3 — 6V, —40 to +85°C, plastic package

Chips are available for all McMOS types.
Consult your Motorola Sales Office or
Authorized Motorola Distributor.

e [y
3 I’ 36Jf}) = fae
P SUFFIX P SUFFIX Z SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE LEADLESS
CASE 646 CASE 648 CERAMIC PACKAGE

CASE 703 ¢

L SUFFIX
CERAMIC PACKAGE
CASE 688

L SUFFIX
CERAMIC PACKAGE

CASE 632 !

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 704

P SUFFIX
PLASTIC PACKAGE
CASE 709

L SUFFIX
CERAMIC PACKAGE
CASE 684

L SUFFIX
CERAMIC PACKAGE
CASE 699

MOTOROLA McMOS
CMOS reliability at its BEST

PARY
NUMBER

MC14000 | Dual 3-Input NDR Gate/ tnverter

MC 14001
MC140018B
MC14002
MC140028B
MC14006B
MC14007
MC14008B
MC14011
MC140118B

MC14012

MC14012B
MC140138
MC140148B
MC14015B

MC14016
MC140178
MC14018B*
MC140208B
MC14021B

MC140228B
MC14023
MC14023B
MC140248
MC14025

MC14025B
MC140278
MC14028B
MC14032B
MC14034B
MC140358
MC140388
MC140408
MC14042B
M014043B
MCI 4044B
MC140468
MC140498
MC140508
MC14051
MC14052
MC14053
MC14066
MC140688
MC140698
MC140708B
MC14071
MC140718
MC140728B
M014073B
MCI40758
MC14076B
MC140778
MC14078B
MC14081
MCI 4081B
MC140828
MC14160B
MC14161B
MC14162B
MC14163B
MC14174B
MC141758
MC14194B

MCM4OB
MC14409
MC14410
MC14411

R e R S

FUNCTION

Quad 2-Input NDR Gate
Quad 2-Input NDR Gate
Dual 4-1nput NDR Gate
Dual 4. Input NDR Gate

18 Bit Static snm Regnster
Dual Pair and Inverter
4-Bit Full Adder

Quad 2-Input NAND Gate
Quad 2-tnput NAND Gate

Dual 4-Input NAND Gate

Dual 4-Input NAND Gate

Duat D Flip-Flop

8-Bit Static Shift Register
DuaI 4-Bit Statnc Shift Reguster

] Quad Analog Swutch Quad Multnplexer

Decade Counter/Divider
Presettable Divide-by-N Counter
14-Bit Binary Counter

8-Bit Statlc Shlﬂ Register

Dctat COunter, Dlvuder

Triple 3-Input NAND Gate

Triple 3-input NAND Gate

Seven Stage Ripple Counter
Triple 3-Input NOR Gate

Triple 3-Input NDR Gate

Dual J-K Flip-Flop
BCD-to-Decimal Decoder
Triple Serial Adder (Positive)
8 Blt Umversal Bus Register

4 Stage snm Register

Triple Serial Adder (Negative)
12-Bit Binary Counter

Quad Latch

Quad NOR R- S Latth

Quad NAND R-S Latch
Phase-Locked Loop

Hex Inverter/Buffer

Hex Buffer

8-Channel Analog Multipiexer

Dual 4-Channel Analog Multiplexer
Triple 2-Channel Analog Muitiplexer
Quad Bilaterai Switch

8-Input NAND Gate

Hex Inverter

Quad Exclusive-DR Gate
Quad 2-Input DR Gate
Quad 2-input DR Gate
Dual 4-Input DR Gate
Tnple 3. Input AND Gate

Triple 3 Input DR Gate
Quad D-Type Register
Quad Exclusive-NOR Gate
8-Input NDR Gate

Quad 2- Input AND Gate

Quad 2-1nput AND Gate

Dual 4-Input AND Gate

Decade Counter (Asynchronous Clear)
Binary Counter (Asynchronous Clear)
Decade Counter (Synchronous Clear)
Blnary COunter (Synchronous Clear)
Hex D Flip-Flop

Quad D Flip-Fiop

4-Bit Universal Shift Register
Binary-to-Phone Pulse COnverter
Binary-to-Phone Pulse Converter
2-0f-8 Tone Encoder

Bit-Rate Frequency Generator

MC14412

Universal Low-Speed Modem

74716 Line Decoder (High)

64 x 4 Statlc RAM

9's Complementer

FUNCTION

Quad Precision Tnmer Dnver

2-0f-8 Keypad-to-Binary Encoder
12-Bit A/D Converter

31/, Digit A/D Converter

32 Digit A/D Logic Subsystem

LCD Watch/Clock Circuit
Oscillator 2 & Divider
Dscilliator/Divider/Buffer

Hex Contact Bounce Eliminator

Triple Gate
Strobed Hex inverter/Buffer
Hex Bus Driver

64 x 1 Static RAM

Duai Expandable A.D.! Gate

Quad Exclusive-DR Gate

Dual 4-Bit Latch

BCD Up/Down Counter

BCD-to-7 Segment Latch/Decoder/Driver
8-Channe! Data Selector

4/16 Line Decoder (Low)
Binary Up/Down Counter
Dual 64-Bit Static Shift Register

Lnual BCD Up Counter

4-Bit AND/OR Selector
Dual Binary Up Counter
24-Stage Frequency Divider
BCD Divide-by-N Counter
256 x 4 Read Only Memory

Bmary Dwnde by-N COunter

BCD Rate Multiplier

Dual Monostable Multivibrator

Dual 4-Channel Multiplexer

Dual 5-Input Majority Logic Gate

12 Blt Parity Tree

8-Bit Priority Encoder

Real Time 5-Decade Counter
Programmable Timer

256 x 1 Static RAM

Dual Precision Monostable Multivibrator
Dual 4-Channel Digital Mixer
Oscillator-Timer

BCD-to-7 Segment Latch/Decoder/ Driver
Successnve Approxnmatnon Register

3-Digit BCD Counter

2 x 2-Bit Parallel Binary Multiplier
Dual Binary 1-0f-4 Decoder

Dual Binary 1-0f-4 Decoder (Inv)

1-to-64-Bit Shift Register

BCD-to-7 Segment Decoder
Successive Approximation Register
NBCD Adder

128-Bit Static Shift Register
Industrial Time Base Generator

Phase Comparator/Programmable Counter

Dual Programmable BCD/Binary Counter
Hex Gate

4 x 4 Multiport Register
4-Bit Arithmetic Logic Unit
Look-Ahead Carry Block
Dual Schmitt Trigger

SECOND PART
SUFFIX | PINS |SOURCED NUMBER
aLcLcP 14 v MC14415
AL,CL.CP 14 v
AL,CL,CP 14 v
AL.CL,CP 14 v MC14419
AL.CL,CP 14 v MC14431°
ALCL,CP 14 v
AL.CL.CP 14 v
AL.CL.CP 16 v
AL.CL.CP 14 v
ALCL.CP 14 v MC14440
41— MC14450
AL.CL.CP 14 v MC14451
ALCL,CP 14 v MC 14430
AL.CL.CP 14 v
AL.CL.CP 16 v _L
AL.CL.CP 16 v
1 MC14501 {
AL.CL.CP 14 v MC14502B
AL.CL.CP 16 v MC14503B
AL.CL,CP 16 v MCM14505
ALCL.CP 16 v MC145068
AL.CL.CP 16 v —
—+— ¢ MC14507
ALCL.CP 16 v MC14508B
AL.CL.CP 14 v MC145108
aLcL.cp 14 v MC145118
ALCL.CP 14 v MC14512
N ALCLCE | 1Al v~ MC145148
ALCLCP [ 14 v MC145158
AL.CL.CP 16 v MC145168
ALCLCP [ 16 v Mc145178
ALcLCP [ 16 | » mMc145188
R | P 1 MC145198
16 > MC145208
AL P 16 v MC145218B
AL P 16 » MC145228
AL.CL,CF 16 v MCM14524
_ALCLCR |0 160 | v MC145268
AL 16 = MC145278
AL P 16 v MC145288
AL 16 v MC14529
aL 16 v MCM53OB
L [0 MC145318 |
AL.CLCP 16 v MC145328
ALCLCP | 16 | w» MC145348
AL, 14 v MC145368B
AL 14 v MCM14537
AECUCEY| ST MC145388°
AL.CL.CP 14 » MC145398
AL.CL.C 14 v MC145418B
AL.C 14 v MC14543B
AL.CL 14 » MC145498
X 4 —
ALCLLP R, 19 | w2 MCM14552 |
AL.CL.CP 14 v MC145538
AL.CL.CP 16 v MC145548
AL.CL.CP 14 v MC145558
ALCL,CP 14 v MC145568
Pl 14 e
AL CLCR il MC145578
AL cL CP 14 v MC145588
AL.CL.CP 14 v MC145598
ALCLCP | 16 | » MC145608
AL.CL.CP 16 v MC145618
AL.cL.CP 16 v
ALCLCR ] 16 ) v MC145628
aLCLCP 16 v MC145668
AL.CL.CP 16 v MC14568B*
AL.CL.CP 16 v MC14569B°
ALCLCP | 16 v MC14572
e 16 MC145808
L.P 16 MC145818B
LP 16 MC145828
LP 24 MC145838
FL.VL MC145858

4.Bit Magnitude Comparator

*Available during 1976

SECOND

SUFFIX SOURCED

EFL,FL,

L,P 24
L,P 24
EFL,FL,

AL.CL.CP

L 6
Lp 16
EFL,FL,
FPIEVL
vL VP 16
aLcLee [ 16
ALcLer [ 16 | w
aLcLer | 16 | »
ALcLce | 14
ALCLCP | 16 | »
aLcLce | 14
aLcuer | 2 |
aLcLee | 16 |
aLcLee | 16 |
ALCLCP | 16 | »
aLcLce | 2 | »~
aLcuee | 28 |
aLcler | 16 | w
aLcLep | 1
alcLce | 16 | »
aLcLee | 16 |
alcuce| 16 |
aLcLer | 16
alcLce | 16 |
ALCLCP | 16

I o] [
aLcter | 16 | o
aLcuee | 18 | v
alclee | 16 |
aLcLer | 16 |
alclee | 16
acrer | 16 |
ALcLCP | 16 | »
aLcLce | 24
aLcLer | 16

AL.CL.CP
ALCL,CP

AL.CL.CP 16

AL.CL.CP 14

ALCLCP 16 v
16

AL.CL.CP
AL.CL.CP 16
AL.CL.CP 16
AL.CL.CP 16 v
AL.CL.CP 16 %4
AL.CL.CP 16
AL.CL.CP 16
AL.CL.CP 16
AL.CL,CP 16

14

AL.CL.CP
AL,CL.CP

AL.CL,CP 16
AL.CL.CP 16
AL.CL.CP 16
AL cL.cp 16

AL CL.CP 24 v
AL.CL.CP 24 v
ALCL.CP 16 v
AL.CL.CP 16

AL.CL.CP v
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LET ERIE DESIGN and BUILD YOUR HIGH VOLTAGE
POWER SUPPLIES and VOLTAGE MULTIPLIERS

When you talk about designing and packaging miniature, low current High Voltage Power Supplies and
Voltage Multipliers, the name ERIE should come to mind first. Why? No other manufacturer of these
sophisticated devices has its own capacitor and rectifier technology in-house. Only ERIE does it all. Qur ma ny
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers —
plus an unsurpassed technology in circuit designing. packaging and encapsulation,
makes ERIE an ideal source for your high voltage component needs. From very
low input voltages, ERIE can produce output voltages up to 50,000 volts.

Whrite for our 32-page catalog . .

Application for these compact, high reliability devices includes night-vision image High Voltage Components and
intensification systems. Apollo TV cameras. CRT displays. Avionics systems Devices .. or for technical
exposed to rugged environments. Industrial, commercial and military equipments assistance, call

... an almost infinite variety of applications. So bring ERIE in early. Let us 613/392-2581

design and build your High Voltage Power Supplies and Voltage Multipliers. We're e
equipped to handle large or small volume orders . . . in-house.

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie, Pennsylvania 16512
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more engineers
other microcom

The 8080 system comes with four CPU options, twenty-five performance matched
peripheral, [/O and memory components, and the industry’s most useful software and
hardware development systems. We've had the 8080 in volume production since
April 1974 and there are now major second sources. These are just a few of the reasons
why more engineers use the Intel 8080 system than all other microcomputers com-
bined. Join them and you'll eliminate complex random logic, save design time, and get

your products to market faster and at lower cost.

Start by replacing hundreds of TTL packages with the three LSI circuits in the
MCS-80™ CPU Group—the 8080A CPU, 8224 Clock Generator and 8228 System

Controller. Built into the Intel 8224 and 8228 are many of the extra functions that most
designs require, such as TTL & MOS clocks, auxiliary timing functions and current

MCS-80™ SYSTEM COMPONENTS
Part No. | Description
CPU GROUP 8080A 8-bit Central Processor Unit, 2us cycle
8224 Clock Generator
8228 System Controller
CPU OPTIONS | 8080A-1 | 1.3uscycle
8080A-2 | 1.5uscycle
MB8080A | 2 usec cycle (—55to +125°C)

PROMs 8604 512x8,100ns
8702A 256 x 8 Erasable, 1.3 us
8704 512 x 8 Erasable, 450 ns
8708 1K x 8 Erasable, 450 ns
ROMs 8302 256 x 8, 1us
8308 1K x 8,450 ns
8316A 2K x 8,850 ns
RAMs 5101 256 x 4 Static CMOS, 650 ns
8101A-4 | 256 x 4 Static, 450 ns
8102A-6 | 1K x 1 Static, 650 ns
8102A-4 | 1K x 1 Static, 450 ns
8107B 4K x 1 Dynamic, 420 ns
8111A-4 | 256 x 4 Static Common /0O, 450 ns

“Available 1st quarter 1976.

sinking capability that keeps memory
and /O interfaces simple.

A dozen I/O and peripheral
circuits that attach directly to the
system bus make it easy to add on
peripheral subsystems. Five are
programmable LSI devices. These
operate under software control in
numerous modes and can often re-
place up to 75—or more—TTL
packages each. For example, the
Intel 8251 Programmable Communi-
cation Interface provides virtually
all serial data transmission protocols
in use today, including IBM Bi-Sync.
Or, for easy interface to printers, key-
boards, displays and motor drives,
use the 8255 Programmable Peri-
pheral Interface. You can reorganize
its 24 I/O lines with software as your
needs change.

You have thirteen options in
performance matched standard
memory circuits, such as 16K ROMs,
8K erasable PROMs and 4K RAMs
for high density at low cost, plus
CMOS RAMs for lowest power.

You also get four CPU choices,
including the M8080A for operation



1se the Intel 8080 system
yuters combined.

at —55 to +125°C, and the 8080A-1 with a 1.3 microsecond
instruction cycle for higher speed applications.
To help minimize system

development time use the

third generation Intellec®
MDS microcomputer hard-
ware/software develop-
ment system. This de-
velopment system

with its unique ICE-
80 in-circuit emu-
lator lets you
simultaneously
debug software
and hardware,
from initial proto-
typing right through
production. The Intellec
MDS is supported by six comprehensive software packages including a macro-
assembler, ICE-80 interactive software driver and a diskette operating system.

In addition to the software packages in the development system, three cross
product software packages are available on magnetic tape and on several time share
networks. The Intel 8080 system is also supported by the industry’s largest user’s
library, training courses and field applications assistance.

Start now with the new MCS-80 System Design Kit. It's a complete system for
only $350 and includes: An 8080A CPU, Clock Generator, System Controller, Pro-
grammable Communications Interface and a Programmable Peripheral Interface. You
also get two 1 of 8 binary decoders, 256 bytes of static RAM, two kilobytes of erasable
PROM (with the system monitor supplied in one kilobyte), a PC board, clock crystal,
connectors, other assembly parts, plus a user’s manual and programming manuals.

To order the MCS-80 kit, contact our franchised distributors: Almac/Stroum,
Component Specialties, Cramer, Elmar, Hamilton-Avnet, Industrial Components,
Liberty, Pioneer, Sheridan or L.A. Varah.

For your free copy of the new 8080 system brochure and our Intellec MDS
brochure, write: Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051. For
$5.00 we'll send you a copy of our new 236 page 8080 Microcomputer Systems
User's Manual that includes complete hardware, software and interfacing data for
all 8080 systems.

8251
PROGRAMMABLE COMMUNICATION
INTERFACE

|nte| Microcomputers. First from the beginning.
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NOW...
AG MEASUREMENTS
GO DIGITAL!

e True RMS Volts
e True RMS Current
« AC Watts
. allin YEW's new 2504 AC DMM!

The new 2504 digital AC instrument offers
unexcelled accuracy and versatility for the
measurement of sinusoidal and non-sinusoi-
dal waveforms and for measurements at low
power factors. Flexible design allows op-
tional purchase of just the measuring func-
tions required while push-button controls
provide ease of operation.

The YEW 2504 is the AC DMM. Its 0.25% ac-
curacy and 0.01% resolution, standard ana-
log output, and low cost (Prices start at
$1,590.) make it the ideal instrument for qual-

ity control, lab, field maintenance, and in-
strument calibration applications. Write for

details.

anuoncynncn 25 Hz 1o 1 kHz

YOKOGAWA

YEW O RATR

OF AMERICA

5 Westchester Plaza, Elmsford, New York 10523
Telephone: 914-592-6767

F~"a "4 sre nt A ot nn 2 Raor redine Incls menial r
0 Years of Measuring & Recording Instrumentatio
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Meetings

Wincon—Aerospace & Electronic
Systems Winter Convention, IEEE,
Sheraton-Universal Hotel, North
Hollywood, Calif., Feb. 18-20.

ISSCC-76, International Solid State
Circuits Conference, IEEE, Sheraton
Hotel, Philadelphia, Feb. 18-20.

Compcon Spring, 1EEE, Jack Tar Ho-
tel, San Francisco, Feb. 24-26.

Nepcon *76 West and International
Microelectronics Exhibition, Indus-
trial & Scientific Conference Man-
agement Inc. (Chicago, Ill.), Ana-
heim Convention Center, Anaheim,
Calif,, Feb. 24-26.

Federal DP Expo *76 (Data Process-
ing in the Federal Government), In-
strumentation Fair Inc. (Beltsville,
Md.), Sheraton Park Hotel, Wash-
ington, D.C., March 2-3.

ACM Conference on Programing Mi-
cro/Minicomputers, Association for
Computing Machinery (New York,
N.Y.), Delta Towers Hotel, New Or-
leans, March 4-6.

IECI *76—Industrial Applications of
Microprocessors, Process Measure-
ment, and Failure Mode Analysis,
IEEE, Sheraton Hotel, Philadelphia,
March 8-10.

International Zurich Seminar on
Digital Communications, IEEE, Swiss
Federal Institute of Technology,
Zurich, Switzerland, March 9-11.

Control of Power Systems Confer-
ence, IEEE, Ramada Central Con-
vention Inn, Oklahoma City, Okla.,
March 10-12.

Ninth Annual Simulation Sym-
posium, Society for Computer Simu-
lation, Association for Computing
Machinery, and IEEE, Sheraton-
Tampa Motor Hotel, Tampa, Fla,,
March 17-19.

Eleventh Annual Meeting of Associ-
ation for the Advancement of Medi-
cal Instrumentation, AAMI (Arling-
ton, Va.), Regency-Hyatt House,
Atlanta, Ga., March 21-25.

Electronics/January 8, 1976
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LAST YEAR THIS PROPRIETARY

LSI CIRCUIT WAS ONLY AN IDEA.

This year it made a good idea
into an outstanding product.

Our business is helping original
equipment manufacturers
exploit the advanced semicon-
ductor technologies to improve
performance and reduce costs.
We do it by developing
proprietary LSI circuits for our
customers’ exclusive use. Maybe
we should be doing it for you.

If you're trying to stay com-
petitive with a new product—or
by improving an existing
product —now is the time to
consider a custom development
program. We can help you fully
understand the very significant
benefits of custom LSI.

Performance Bonuses That
Cost You Nothing!? The real
beauty of LSI is the way it gives
you product design options.
Once you’ve made the decision
to develop a custom circuit,

there’s usually plenty of silicon
real estate to use in new and
different ways. You can add
performance features to the
product at virtually no incre-
mental cost. In short, your
product can be much better than
a competitor’s non-LSI
equivalent.

High Yields Mcan Lower
Costs. Our LSI processes are
production-proven. We get high
yields. Which means you get
lower chip costs. Plus, LSI
reduces product assembly costs.
Your product should have a
competitive edge in price.

Low Powcer Consumption.
LSI circuits conserve power.
Their low current requirements
often permit portability which
would otherwise not be possible.
Energy conservation in itself is a
product advantage these days.

Small Size is Only Part of
the Story. Product miniaturi-
zation is the most obvious
advantage of LSI. Even if small
size seems unnecessary for your
application, don’t overlook the
numerous other benefits that
we’ve been talking about.

Our knowledge of the custom
LSI approach can help you to
evaluate these potential benefits
in your own terms. LSI may be
exactly what you need. If it isn’t,
we'll be the first to tell you.

Contact us today for some of the
answers. We'll be happy to send
you some fact-filled material
that describes actual ways we've
helped other companies prosper
throush the use of custom LSI.
If you'd like to talk specifics,
call Dan Hauer or Rich Koury at
(408) 247-5350.

We sell more than circuits, We
sell solutions.

MICRO
POWER
SYSTEMS

3100 Alfred Street, Santa Clara, CA 95050
Telephone: (408) 247-3350

Cable: Micropower

Telex: 910-338-0154 MICROPWR SNTA
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Measurement

Flexibility

In today's research and development
laboratory your work calls for measure-
ments of many different types. For ex-
ample, in integrated circuit development
you most likely need a real time oscillo-
scope, a sampling oscilloscope, a digital
multimeter and digital counters/timers.
Or in communications R & D you prob-
ably use a spectrum analyzer in addition
to all of or most of the instruments men-
tioned for the IC lab.

However, your space limitations, budget
considerations and operator’s conven-
ience all demand that you get the maxi-
mum measurement flexibility from each
instrument package.

The TEKTRONIX 7000 Series offers just
such flexibility in a system of laboratory
instruments. Its flexibility allows you to
tailor the oscilloscope-based measure-
ment system that most closely fits your
needs. You select the measurement pa-
rameters—and the measurement tech-
niques—you need, and combine them into
interchangeable mainframe and plug-in
packages.

Here are a few examples of 7000-Series
flexibility:

BANDWIDTH RANGE—Whether your
maximum bandwlidth requirement is less
than 100 MHz or up to 500 MHz (or even
up to 1 GHz in some circumstances), there
is a mainframe to match your needs.
Eleven amplifier plug-ins and five time-
base plug-ins (with sweep speeds to 0.5
ns per division) further help you tailor
your system.

INPUT CHANNELS—Whether you need
only one trace or up to four inputs, you
can select just as many amplifier chan-
nels as you need.

SIGNAL ACCESS—For special signal
m—— QCccess or processing

B)
> such as Z-axis input,
b—
5

sweep gate and sawtooth,
remote reset input, or ver-
tical amplifier output, the
interconnection scheme
of the plug-in scope gives
you convenient access
points.

DELAYED SWEEPS—For
complex measurements
requiring delayed sweep,
A——_4 ___ the 7000 Series offers
both analog and digital techniques for
delaying and expanding sweeps.

DIGITAL ACCURACY—For digital accu-
racy to measure selected portions of com-
plex signals, Tektronix’s unique capability
to interconnect an oscilloscope with digi-
tal voltmeters, counters, and timers pro-
vides convenient measurement solutions.

DIFFERENTIAL INPUTS—When com-
mon mode noise inhibits your measure-
ment of low level signals, differential
amplifiers (with up to 100,000:1 cmrr)
can be included in your system.

SAMPLING DISPLAYS—When you need
to display high-frequency repetitive sig-
nals, sampling plug-ins give your system
up to 14 GHz of equivalent bandwidth.

What about your measurement needs
that are outside the realm of a conven-
tional oscilloscope, such as spectrum
analysis, curve tracing and rapid scan
spectrometry? Three spectrum analyzer
plug-ins handle up to 1.8 GHz with 30 Hz
resolution. A curve tracer plug-in displays

Microprocessor designer uses time domain plug-ins (7A16A/7B70) and spectrum an-
alyzer plug-in (7L5) to give a combined display on 7704A mainframe. While the oscil-
loscope displays pulse characteristics, the spectrum analyzer identifies clock jitter down
to 10 Hz and measures system noise directly in dB.

For Demonstration circle 24 on reader service card

dynamic parameters of devices up to one-
half watt. And the RSS plug-in scans 400
nm in just 4 ms. (RSS available in U. S.
only.)

> ~OcBm 0012 NZI3 | M2 RES

One more thing about 7000-Series flexi-
bility: with a choice of more than 30 plug-
ins and 17 mainframes in a continually
evolving family, you can be assured of a
long-lived oscilloscope system that will
continue to accommodate your needs.

For a catalog describing all the 7000-
Series instrument mainframes and their
plug-ins, call your local Tektronix Field
Engineer, or write Tektronix, Inc., P.O.
Box 500, Beaverton, OR. 97077. In Eu-
rope, write Tektronix Limited, P.O. Box
36, St. Peter Port, Guernsey, Channel |s-
lands.

The 7000 Series ...
more than an oscilloscope

TEKTRONIX
_ commm::lc't:’:""' excellence

For Technical Data circle 25 on reader service card



Get more for your money!

Use This New 3/8” Square Cermet Trimmer From Allen-Bradley

Our new TYPE E trimmer is a high performer with a realistic price. It has some
important advantages: ¢ Immersion seal is tested in 85°C water (not 50° or
709°). e Temperature characteristic is 100 PPM/°C for stability. ¢ Multifingered
contact for excellent adjustability. ® $0.49 each—1000 piece price. For more
information call your A-B distributor or write for Publication 5219.
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Milwaukee. Wisconsin 53204
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Intel, Ti face off
with 16-k RAMs . ..

. . . but users
are skeptical
about quality

Intersil close
to pair of
second-source deals

Electronics/January 8, 1976

Electronics newsletter

The heat is building in the random-access-memory market. The two leaders
in 4,096-bit RAM sales, Texas Instruments Inc. and Intel Corp., estimated
by industry observers to be shipping 300,000-plus 4-k units per month,
are face to face in the 16,384-bit battle. Both will be supplying 16-k sample
parts to principal customers during the first quarter—Intel began just before
Christmas, TI is now building capacity for customer sampling.

More important, both suppliers are serious about being in production
this year. Although the industry didn’t expect to see much 16-k activity
before 1977 [Electronics, Dec. 25, 1975, p. 29}, Jack Carsten, Intel’s
director of marketing says, ‘“We’ll have some real production as early
as the second quarter, with volumes building throughout the second half
of the year. We plan a formal announcement in April, plus stock on
distributors’ shelves, data sheets, and prices.”’

TI will be there as well. Charles Clough, vice president of marketing,
asserts, ‘“We’ve been characterizing our first 16-k parts since Christmas.
The results have been so encouraging that we anticipate some volume
production as early as the first half of this year.”” On the question of
TI pinouts, it’s now official. ‘‘Expect a variety of pinouts of the 16-k
RAM from TIL,” says Clough. That can only mean both 22-pin and 16-pin
devices.

Potential users, however, appear to be skeptical about the promise to deliver
16,384-bit RAMs in volume in 1976. One minicomputer engineer says,
“I’d be happy to get my hands on some good 4-k chips.”

A spokesman for a mainframe manufacturer says, ‘It took three years
before we began to see 4-k parts in volume.’” However, he adds, ‘‘Anyone
who overlooks the potential of the 16-k RAM is going to find him or
herself in a fall-back position.”’

Look for Intersil Inc. to usher in the new year with two new second-source
arrangements. The Cupertino, Calif.-based firm is negotiating with Signe-
tics Corp. on the latter’s double-diffused MOS (D-MOS) field-effect-tran-
sistor family. Despite the high switching speed and low capacitance
advantages of D-MOS FETs, customers have been reluctant to commit
to them in large quantities because of the lack of a viable second source.

On a more informal basis, Intersil is set to go into production with
its version of National Semiconductor Corp.’s hot new family of bi-FET
op amps, the LFIS55 [Electronics, Aug. 7, p. 143], which uses ion
implantation to combine JFETs and bipolar transistors on the same chip.
Both moves will go far to beef up Intersil’s discrete-transistor operation.
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Central control
business booming
for Hughes

GE to market
CB equipment

Singer offering

Business Machines

28

division for sale

Electronics newsletter

Demand for automatic central control systems—Ilike those used in aircraft
entertainment units—is picking up rapidly. In fact, one supplier, Hughes
Aircraft Co., says it is *‘being inundated’" with requests to bid. The product
seems to be one ‘*whose time has come,’” observes William M. Mueller,
who manages Hughes' Microelectronic Products division in Newport
Beach, Calif.

The division recently was awarded a contract for more than $1 million
by the Smithsonian Institution to build an automatic central control
system for the new National Air and Space Museum. In designing the
system, Hughes will apply the advanced multiplexing techniques used in
the passenger entertainment and service systems it builds for the Douglas
DC-10 jet.It also will use two-way coaxial-cable communication capabil-
ities, already developed for industrial uses, to handle interactive signal
distribution between a control-room processor and 375 remote terminals
throughout the museum. Interactive monitor and control data will be
transmitted at a million bits per second.

General Electric, the first major U.S. consumer-electronics company
to compete in the citizens’ band marketplace, plans to have products
ready for retail distribution late this June. Initially, GE will offer three
mobile transceivers and one base-station model from overseas makers. The
equipment will be inspected and quality-controlled by GE's buying office
in Japan before being distributed in the U.S.

Now that Singer Co. has decided to drop out of the business-machines
market, it’s actively seeking a buyer for its Business Machines division.
It took company president Joseph B. Flavin less than a month to decide
that the money-losing division is more of a burden on the company than
he is willing to carry. Flavin, the former Xerox Corp. executive vice
president, who took over for Donald P. Kircher as chairman and president
of Singer on Dec. |, says Singer will phase out the business machines
and some other money-losing nonelectronic operations at an estimated
write-off of $400 million, $325 million of which is attributable to business
machines. The write-off, one of the biggest in recent business history,
will be taken during the next 12 months.

*‘Until today,’’ says a company spokesman, ‘‘no serious talks were held
with anyone regarding the possible sale of the Business Machines division.
But now we’re very aggressively looking for a buyer.”’ Although Flavin
describes the division’s potential as *‘still significant,”” he says that its
continued operations are “‘no longer consistent with Singer’s over-all and
financial resources."’

George R. Cogar, who was named president of the Business Machines
division only last October, will retain that post, at least until the phase-out
is completed. Meanwhile, the division’s marketing activities will be
streamlined, says a Singer spokesman who adds that the company plans
to support its existing customer base for at least five years.
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The most common bug in dual in-line program (D.L.P.)
switches has been the problem of open circuits.

Contamination resulted from solder, flux, solvents,
etc. penetrating the switch during installation. Licon
solved the problem with proper sealing. Nine Licon® Stan-
dard D.I.P. Switch Models feature ultrasonically welded
base and cover junctions, and molded-in terminals. Only
.280 inches high, these 2 through 10 pole, low profile
Standard Switches are also available with a “‘pop-top”
cover providing complete protection top and bottom dur-
ing installation. After cleaning, the “pop-top” cover re-
moves easily to program switch functions. Snap-on dust
covers are available for after-installation use.

The slide detent mechanism provides positive feel

—
4

7’

'~
-

of D.I.P switches

actuation into both open and closed positions, and locks
into the desired position preventing accidental actuation.
The slide actuators also provide quick visual indication of
open and closed positions.

Designed with .100 x .300 inch terminal spacings,
the switches insert easily and save space on PC boards.

Licon has expanded the typical D.I.P. switch line
to include four unique L.E.D. lighted pushbutton models
for press-to-test applications.

Call your local Licon rep or distributor for full de-
tails or call or write us for a catalog. Licon, A Division
of Illinois Tool Works Inc., 6615 W. Irving Park Road,
Chicago, WMinois 60634. Phone: (312) 282-4040. TWX
910-221-0275.

LICON

A DIVISION OF ILLINOIS TOOL WORKS INC.

The Innovative Electronic Products Group of ITW

@ lllinois Tool Works Inc. 1975
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Significant developments in technology and business

C-MOS synthesizer
allows single crystal
to tune CB radios

Digital device from Hughes
provides up to 1,021
frequency channels with
phase-locked-loop detector

As the market for citizens’ band ra-
dios starts booming, set manufac-
turers are getting a look at a com-
plementary-Mos frequency
synthesizer on a single chip with an
unusual feature—it needs only one
crystal oscillator to tune to any CB
channel.

The Microelectronics Products di-

vision of Hughes Aircraft Co. devel-
oped the HCTR0320 frequency syn-
thesizer for the CB market.
It is the first commercial
frequency synthesizer to
be integrated on a C-MOS
chip, asserts William 8.
Eckess, marketing man-
ager for the Hughes divi-
sion, in Newport Beach,
Calif.

The ion-implanted 28-
pin C-MOS chip extracts as
many as 1,021 frequency
channels from the single
crystal. In contrast, con-
ventional sets require as
many as 14 separate crys-
tals to obtain the 23 citi-
zens’ band channels now
allocated in the 27-mega-
hertz band by the Federal Commu-
nications Commission. Two undis-
closed manufacturers are already
checking out the chip on
breadboards, Eckess says.

In the face of pending FCC
changes in CB frequencies, the
Hughes chip’s flexibility should give
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it a big edge. Because of the bur-
geoning popularity of CB radio, the
FCC will definitely expand the num-
ber of channels from 23 to 50 or
54—it’s still pondering which. How-
ever, regardless of the decision, the
new chip won’t need to be changed
because it covers 1,021 channels.
Price to fall. Although Eckess pegs
the cost advantage of eliminating 13
crystals at “moderate,” the advan-
tage of using the LSI chip should in-
crease markedly in the future as vol-
ume production drives costs down,
The frequency synthesizer is now
priced at $8.50 in quantities of
1,000. In contrast, present CB-radio
crystals are about 70 cents each.
Eckess emphasizes that the

Hughes synthesizer cannot be
meaningfully compared with other
commercial frequency synthesizers.
Built for communications systems
by companies such as Hewlett-Pack-
ard and Fluke to operate over broad
frequency ranges, these synthesizers
sell for a minimum of $2,300 each,

switch at millisecond speed, and at-
tain accuracy to 0.01 hertz.

In CB radio, where switching
speed is relatively unimportant, the
synthesizer will be only as accurate
as the crystal reference. The pro-
gramable divider in the synthesizer
is similar to one on a C-MOS chip
that Hughes builds for its digital-
watch modules. Hughes, probably
the leading supplier of such mod-
ules, shipped more than a million
units in 1975.

Functions. The C-MOS chip contains

four separate functions: the pro-

gramable divider, an adder/de-

coder, a Schmitt-trigger input-signal

conditioner, and phase/frequency

detector. A phase-locked loop main-
tains a voltage-controlled
oscillator’s frequency at a
selectable multiple from a
reference frequency set by
a 5-megahertz crystal.

The phase-locked-loop
detector selects the desired
channel by combining the
divider-output frequency
with the reference fre-
quency from the crystal
and adjusts the signal in-
put for nearly zero phase
error. The detector oper-
ates from 50 hertz to 500
kilohertz. The synthesizer
operates from a S5-volt
power supply, dissipates 5
milliwatts, and is compat-

ible with transistor-transistor logic.

Design of the chip was begun sev-
eral years ago by another Hughes
division, Ground Systems, in Full-
erton, Calif., for a Marine Corps
program for the man-portable
AN/PRC-104 manpack radios
scheduled for field tests in the
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spring. The radio, which weighs less
than 15 pounds, uses three of the
frequency-synthesizer chips loga-
rithmically to tune to the set’s
280,000 channels. g

Solid state

Symbols cut cost of
design by computer

Long experience in the computer-
aided design of custom integrated
circuits gave American Micro-
systems Inc. the idea for a technique
that could reduce cost and design
time on standard LSI products by
30% to 50%. At the same time, An-
drew Prophet, director of computer-
aided design for the Santa Clara,
Calif,, MOS manufacturer, claims
that it will not add much to the final
die size, the former major drawback
to using CAD in standard circuits.

What AMI designers have devel-
oped, says Prophet, is a technique
called symbolic layout of integrated
circuits, or SLIC, a method of laying
out circuits using symbols with
meaningful topological character-
istics. For example, an “X” stands
for a transistor, “-” for a diffusion
mask, “O” for a contact mask, “1”
for a metal mask, and “+” for a
metal/diffusion crossover. And as
the number of masks and hence the
complexity of the process increase,
so does the number of symbols.

In the traditional approach to

CAD, developed within the past
eight years, a computer designs a
circuit by shuffling a library of 200
or so standard structures. But
though development time and costs
shrink drastically, the I1C chips that
result are usually twice as large as
those done by hand.
Masking. “Assume we are working
with a simple four-mask process—
for the diffusion, gate oxide, contact
cutout, and metal,” says Prophet.
“With just the few symbols defined
so far, SLIC makes it quite simple to
lay out simple circuits.”

The circuit layout is drawn on
gridded paper or Mylar in accord-
ance with two simple rules. First, if
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symbols are on adjacent grids, then
the topologies they represent are as-
sumed to be connected. Second, if
symbols are not on adjacent grids,
they are not connected, and their
separation meets or exceeds mini-
mum mask layout rules. The sym-
bols can be drawn freehand—a
much faster process than drawing
the topologies in detail (see figure).

Simplicity. Consequently, sophis-
ticated computer-aided-design pro-
grams do not have to deal directly
with the topological complexities
until the actual masks are needed,
Prophet points out. “We can use a
printer for the layouts instead of a
costly plotter,” he says. “Rather
than supporting a $180,000 cAD
graphics system, the same job can
be done with a printer and a few pe-
ripherals for a tenth the cost.”

Design-rule checking is reduced
to checking symbol-to-symbol loca-
tion. Continuity and logic veri-
fication, plus resistance and capaci-
tance checking, are reduced to
tracing predefined gates, capacitors
and interconnects. Error correction,
circuit modification, and area relo-
cation take only minutes at a remote
terminal connected to a central
computer, says Prophet. This con-
trasts with days for either the tradi-
tional CAD or hand-drawn ap-
proaches.

“Applying SLIC to our custom
programs, we’ve found that the time
from drawing to mask generation
can be cut 50% with half the man-
power effort and half the cost,” says
Gibson. “Also, the circuits have
very few design or logic errors.”

In its p-channel MOS circuits, says
Prophet, chips made by SLIC are
only 3% to 5% larger than the hand-
drawn approach. “And this differ-
ential resulted only because the SLIC
technique had to be retrofitted, as it
were, to the p-MOS process,” he says.
“In our n-channel MOS, comple-
mentary-MOS and advanced MOS
programs that involve V-groove fab-
ricating techniques, the SLIC param-
eters are being built into the pro-
cess. The result should be virtually
no size differential, and possibly
even an improvement.” O

Bell Earoms
are nonvolatile

Semiconductor memories have two
drawbacks that have prevented
more widespread use in certain
kinds of equipment: they’re volatile,
losing their data when power goes
off, and they can’t be erased and
reprogramed electrically. These lim-
itations restrict their use in such
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Slick. AM!'s designers have reduced device development time 30-50% using symbols in-
stead of actual topological circuit features. Several equivalents are shown above.
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hardware as point-of-sale terminals,
telecommunications equipment and
remote data-acquisition and sensing
systems, where program control is
stored in read-only memories. Now,
though, thanks to a thick-oxide
technique developed at Bell Labora-
tories, highly reliable electrically al-
terable read-only memories
(Earoms) can be built that perform
as well as conventional programable
ROMs and can be manufactured at
no increase in cost.

The thick-oxide technique was
developed at the Murray Hill, N.J.
facility under George Smith, semi-
conductor device supervisor. Re-
searchers have built Earom struc-
tures which, based on simulations,
can store a charge without power for
200 years at 100°C.

Designers of computer main
memories don’t have to be overly
concerned with volatility or alter-
ability because backup power is
plentiful and data is stored in ran-
dom access memories anyway. But
designers of terminal and terminal-
like equipment demand ROMs that
can be repeatedly erased and re-
programed electrically, and which
don’t require expensive battery
backup systems.

The problem has been that per-
manent semiconductor storage
mechanisms, usually using a nitride
layer or MNOS structure, were gener-
ally unreliable because thin oxides
(20 angstroms) were required at the
nitride interface so that carriers
move in and out of the storage me-
dium at reasonable voltages (20-40
V). But thin oxides also allowed un-
wanted migration out of the storage
medium, causing unreliable, short-
lived operation.

That’s why Bell researchers
switched to the thick oxide. Their
early devices can be operated (writ-
ten or erased) in less than 0.1 micro-
second at 40 volts, or less than 1
millisecond at 25V, and can be
cycled (written and erased and writ-
ten again) more than 1 million
times. What’s more, the memory
cells are extremely compact for pro-
gramable ROM designs: they mea-
sure 40 by 20 microns, or a little
over 1 mil2. This means that 1-K,
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Tungsten trick. In Bell Labs Earom, interface sites created by doping the silicon dioxide
gate oxide with tungsten permit use of thick oxides that reduce gate voltage, speed operation
and enhance nonvolatility. Cells have been written and erased in less than 0.1 microsecond.

2-K, and 4-K Earoms are feasible.

Tungsten. The key to the Bell
structure is doping with tungsten in
the silicon dioxide beneath the
storage medium (see figure). Here,
Bell designers used aluminum oxide
(A1203) for the storage medium in-
stead of the more conventional sili-
con nitride, but nitride could just as
easily have been used. In any case,
because tungsten acts as a strong
carrier acceptor in the oxide, it was
possible to go to an oxide layer 4 to
5 times thicker (up to 100 ang-
stroms) than conventional 20 ang-
strom-thick oxide layers. The ad-
vantage is reliable devices, long
storage time, fast operation, and
low-cost manufacturing.

The thick oxide prevents un-
wanted charge migration from the
storage medium back through the
oxide, a mechanism that degrades
storage lifetimes in conventional de-
signs. At the same time, the tung-
sten-doped structure overcomes the
need for high read/write voltages
that would be required with un-
doped thick oxides. Thus, working
with test structures having 500-ang-
strom-thick layers for storage and
100-angstrom-thick Si0, layers, Bell
engineers have been able to write
and erase cells in less than 0.1 mi-
crosecond at 40V. 0O

Communications

SBS domsat will
use 12-14 GHz

The first major challenge to Ameri-
can Telephone & Telegraph’s domi-
nance of domestic communications
emerged in detail at year’s end,
when Satellite Business Systems re-
vealed plans for a new end-to-end
domestic communications satellite
system to become operational in
August 1979.

SBS, the new name for the restruc-
tured CML Satellite Corp., detailed
its proposal for a two-satellite sys-
tem in a massive, five-volume filing
with the Federal Communications
Commission. Equal partners in the
venture are newly formed subsidi-
aries of Initernational Business Ma-
chines Corp., Comsat General
Corp., and Aetna Life & Casualty
Co. (see p. 52).

The long-anticipated filing by
SBS, with headquarters in Washing-
ton, D.C., proposes that its digitized
voice, image, and data system be the
first to use the 12-to-14-gigahertz
band rather than the 4-t0-6-GHz of
competing satellite systems [Elec-
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Patterns. Areas to be covered by SBS show region 1, where 5-meter antennas will be used
in earth stations; region 2 will mainly use 7-meter antennas.

tronics, Oct. 16, p. 49]. Moreover,
SBS proposes to eliminate wherever
possible any need to connect its
earth stations to local customers
over the telephone lines of AT&T af-
filiates and other carriers. Instead, it
will install small, unattended earth
stations on customer property.

Costs. To set up an operational
system, SBS estimates, will cost $250
million, counting prior outlays of
CML. The new company, which
wants FCC approval of its plan by
mid-year, breaks down its costs as
$119 million for the space segment,
including $59.5 million for two op-
erational satellites and a spare;
$24.7 million for the ground seg-
ment, including 37 ground stations
to cost an estimated $474,000 each;
plus another $106.9 million for sys-
tems development and in-house
construction. That’s $85 million
more than the $165 million pre-
viously specified by the partners as
their investment to develop the sys-
tem.

In preparation for its operational
system, SBS wants to build and test
up to seven earth stations. It plans
to use them with leased 4-to-6-GHz
transponders on Westar, the West-
ern Union domsat now operational.
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The pre-operational +program will
provide private-line communi-
cations for IBM.

sBS has already filed applications
for the first two earth stations at 1BM
plants in Poughkeepsie, N.Y., and
Los Gatos, Calif. The two stations
will cost about $410,000 in electron-
ics, to transmit at 6 GHz and receive
at 4 GHz. The voice and data traffic
will use a 70 megahertz i-f carrier
modulated by a quaternary-phase-
shift-keyed digital signal of 50 mil-
lion bits per second.

In early 1978, when sBs will be
testing modulation and access
equipment at 4 and 6 GHz, pro-
totype 12- and 14-GHz rf terminals
are scheduled at Franklin Lakes,
N.J., and Agoura, Calif. There SBS
plans to locate its two satellite track-
ing, telemetry and command sta-
tions. For the tests, it will use re-
motely located satellite transponder
simulators.

Satellites. As for the satellites
themselves, SBS says each will have
eight transponders, each with a use-
ful bandwidth of 54 MHz that’s ca-
pable of being shared via time-divi-
sion multiple-access. By using a
shaped-beam satellite antenna pat-
tern, SBS says, it plans to concentrate

satellite power over the eastern area
of the country where traffic will be
greatest and permit use of small 5-
meter-diameter antennas. Else-
where, to offset signal attenuation
by heavy rainfall, larger 7-meter an-
tennas supported by high-power
amplifiers ranging from several
hundred to 2 kilowatts will be used.
SBS says its system objective is to
provide a total information capacity
of 328 million bits per second per
satellite using 41 million bits per
second per transponder. However,
the company has yet to determine
whether its satellites will be three-
axis or spin-stabilized. O

IBM seeks to bar
Dataspeed tariff

Does the new hardware for AT&T’s
Dataspeed 40 terminal make it a
computer or just another package of
sophisticated communications gear?
And by offering it, does AT&T vio-
late the 1956 antitrust consent de-
cree restricting it to furnishing com-
mon-carrier communications
service? These were the hard ques-
tions put to the Federal Communi-
cations Commission just before
Christmas by International Business
Machines Corp. and the Computer
and Business Equipment Manufac-
turers Association (CBEMA).

The FCC has yet to answer, of
course, and it seems unlikely that
the answers will come quickly. The
questions arose out of what nor-
mally would be a routine FCC pro-
ceeding—AT&T’s November filing
for tariff changes to cover new
Dataspeed 40 hardware. But the ob-
jections of 1BM and CBEMA, which
contend the Dataspeed 40 is a com-
puter terminal and not subject to
regulation, seem likely to force the
FCC to delineate for the first time
where communications services end
and data-processing services begin.

Digital terminal. The AT&T tariff
request covers a keyboard that can
employ both upper and lower case,
a cathode-ray-tube terminal, a
printer, and controllers for a station
cluster, a device cluster, and a mini-
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What's new in solid state...

The last word on

reliability. From the
first house iIn CMOS.

Reliability has many aspects. You have to Designing for the environment
look at it from more than one angle. As the Curves and data in the paper reveal the
creator of the CMOS technology, RCA has years effects of environmental extremes on various
of experience in measuring and improving the packaging systems such as plastic, frit seal and
various aspects of CMOS reliability to prove it. the new Gold CHIP. They show accelerated life

A new 24-page technical paper explores the and thermal cycling tests with high MTTF figures.
total RCA reliability test program. It describes An important section compares predictable life
how RCA determines and controls the growing data of TTL vs. COS/MOS: under the same
reliability of COS/MOS integrated circuits, both ambient temperature, COS/MOS would have a
plastic and ceramic. It includes RCA developed better failure rate by a factor exceeding 20.
real-time test procedures and controls. Plus a There’s much more in this important docu-
discussion of circuit and device mechanisms. ment, ST-6418. We want you to have it, free. Con-
This information can help designers improve tact your local RCA Solid State distributor.
equipment value by increasing reliability without Or RCA.

component costs. Where essential, RCA has an
Extra Value Program that offers enhanced product. ~ Write: RCA Solid State. Box 3200, Somerville, New
N liability test Jersey 08876, Ste. Anne de Bellevue 810, Canada;
ew rellabiliny TEST specs Sunbury-on-Thames, U.K_; FujiBldg., Tokyo, Japan.
The paper details how RCA’s comprehensive
specifications help designers match device to
application. Typical RCA specs and test circuits
are shown. You'll see how a 4-step testing routine
and real-time indication tests assure product

quality and long-term reliability.

-

RCA. First house in CMOS.
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cluster—all of which operate over
private lines or with Dataphone dig-
ital service at 2,400 or 4,800 bits per
second. IBM has urged rejection of
the tariff changes by the FCC on the
ground that “the Dataspeed 40 is
data-processing equipment, which
should be provided solely on an un-
regulated basis.” CBEMA’s petition
for relief agrees in essence with
IBM’s, saying that the AT&T hard-
ware “interacts with a customer’s
computer and becomes an integral
part” of it during operation.

As for AT&T, a spokesman says it
is studying the IBM challenge and
will respond “later” to the FCC.

Fallback. If FccC fails to find
that Dataspeed 40 is a data-process-
ing device, then both IBM and
CBEMA have a fallback position.
They argue that the equipment is
covered by the Commission’s defini-
tion of a “hybrid service.” Thus,
FCC, they say, must reject the tariff
because AT&T has failed to meet the
hybrid-se