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All trimmer applications require a fixed resistor or
resistors to either divide a voltage or limit a current.
The revolutionary MFT trimmer/resistor package,
pioneered by Bourns, combines cermet trimmers and
fixed resistors into a single JEDEC DIP package.
More than just a DIP trimmer, the MFT trimmer/
resistor contains the total trimmer circuit in one
DIP package.

Nine different MFT trimmer/resistor models,
available in a broad range of resistance values,
provide both multi-trimmer versions and various
combinations of fixed resistors and trimmers that
will satisfy almost any trimmer application.

Increased Reliability — Fewer PC board
connections and pre-tested circuitry provide increased
reliability. MFT trimmers/resistors are manufactured
simultaneously on a common substrate, resulting
in better temperature tracking than discrete
components. Standard tempco tracking is 50ppm/°C
at —55°C to +125°C.
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Saves Time, Space and Money — Auto- or
hand-insertion of one component instead of many;
less components to purchase, stock and handie;
simplified circuit design; and less PC board space
required. A multitude of advantages means
increased productivity and lower on-board cost.

Worldwide Availability — MFT trimmers/resistors
are now available throughout the world from Bourns
authorized representatives, distributors and
international marketing affiliates.

For new applications, or your next generation of
design, join the growing number of engineers who
are specifying MFT trimmers/resistors. Call or
write today for your MFT catalog. Or, see the EEM
directory (Volume 2, pages 3791 — 3801).

TRIMPOT PRODUCTS DIVISION, BOURNS, INC,,

1200 Columbia Avenue, Riverside, CA 92507.
Phone: 714 781-5204. TWX: 910 332:-1252.

European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar,
Switzerland. Phone: 042 33 33 33. Telex: 78722.

SALES OFFICES Anz 602 257-9015 » Calif 213 582-6391, 408 377 5740 « Colo 303 751-2600 * Fla. 305 771-6501 »
Ga 404 393 9880 » IIl 312 255-1903 » Ind 317 8448462 * M3, 301 247-0400 « Mass. 617 237°6730 « Mich 313 882
1717 « Minn 612 835-2252 » Mo 816 3588100 » NJ 609 933-2600 » NM 505 296:0749 » NY 516 271-3500, 607
272 2187 « Ohio 216 659-3131  Tex 214 2335591 » Wash 206 285-1300 » Canada 514 487-3434, 416 638-5511

For Immediate Application—Circle 120 For Future Application—Circle 220
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Pushing performance to the physical
limits, yet versatile and easy to use.

HP’s new 3456A DVM.

Performance well beyond what you expect in a DVM.
That's what HP’s new 3456A offers. You get standards
lab accuracy under many test conditions, with quiet,
repeatable 100 nanovolt resolution on the 100 millivolt
range. What's more, the inherent noise rejection of
integration is enhanced by an advanced A to D converter
to give you 48 readings per second with useable one
microvolt resolution. That's performance approaching
theoretical limits.

And, you enjoy this state-of-the-art performance with
no sacrifice in flexibility or ease of use. The 3456A brings
unusual convenience to your application, on the bench
or in a system.

Maximum versatility over a wide range of uses.
For example, you can easily tailor the 3456A for optimum
measuring conditions. Choose from a solid one micro-
volt resolution at up to 48 rdgs/s, or 10 microvolt resolution

et 12

And the 3456A memory lets you store both program
instructions and measurement data. . .up to 350 readings
or 1400 bytes of instructions.

What a system DVM should be.

In your system, the 3456A offers much more than a
bus interface — it provides a combination of hardware
and firmware that speeds system integration and improves
system efficiency. For example, with its intelligence

and program memory, the 3456A can store a sequence
of operations, perform them, store the results, and signal
the computer when done. You can also use the front
panel to send program information. This means less
programming effort for you, and more effective use of
your computer.

Outstanding as a bench instrument.
On the bench, the 3456A’s front panel math and measure-
ment functions are easy to use and totally flexible. Its
comprehensive set of statistics functions preprocesses
data to save you time in data reduction.
One keystroke lets you make
thermistor temperature

measurements directly
in °F or °C. And the
Reading Store mode
lets you acquire read-
ings as fast as 200
rdgs/s without a con-
troller. Convenience
features include com-
prehensive self-tests

at 330 rdgs/s. There's

a choice of 3, 4, 5 and 6% digit display as well.
Select the noise rejection you need at the speed you
want. You can use the analog input filer, digital averaging,
or both. Integration time is fully selectable, too, as is the
settling time delay. Built-in delays in the AC, ohms,
and filter functions give you confidence that the reading
is right, regardless of the measurement environment.

e cp—

and front panel
calibration. With its
superior performance
and modest price, the
new 3456A is one of
today’s outstanding
DVM values.
Find out more about
HP’s remarkable new
3456A, priced at just
$3500.* For a data
— sheet, write: Hewlett-
e Packard 1507 Page Mill Road,
Palo Alto, CA 94304. Or call the HP regional office
nearest you: East(201)265-5000 West (213) 970-7500,
Midwest (312) 255-9800, South (404) 955-1500,
Canada (416) 678-9430.

(

*Domestic U S.A. price only.

HEWLETT
PACKARD

m HP-IB- Not just IEEE-488, but the hardware, documentation and support that delivers the shortest path to a measurement system.

SYSTEMS
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e HP: EXPERIENCE IN MICROWAVE TECHNOLOGY ——

When your RF network
measurement needs are large,

but your budget isn’t.

8754A Network Analyzer and 8502A
Transmission/Reflection Test Set CRT trace
has been stored in companion 8750A Storage

Normalizer

HP’ 1300 MHz
Network Analyzer.

It brings speed and
convenience to

RF measurements
for only $12,400.

The HP 8754A consists of :

O 41300 MHz swept source
with +10 dBm leveled
output. calibrated sweeps
and crystal markers.

o Three channel receiver
to measure any two trans-
mission/reflection param-
eters simultaneously with
>80 dB dynamic range.

o CRT display for rectilinear
and polar plots with resolu-
tion 0.25 dB and 2.5°/major
division.

Just add the appropriate

test set and you can make

thorough and accurate

measurements quickly

and easily. Such as:

459078

()

Transmission Magnitude
and Phase.

Measure loss. gain and phase
shift using the 11850 Power
Splitter (8675). Completely
identify filter passbands and
skirt characteristics without
misleading harmonic or
SPUrIOUS Fresponses.

Impedance.

Measure and display
impedance in polar form.
with crystal markers to give
precise frequency data. Test
sets are available for both
30 and 7502 systems.
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Simultaneous
Transmission and
Reflection.

Use the 8502 Test Set (52250) and see
the trade offs between transmission
gain/loss and input match in a single
setup. For two-port characteristics of
networks. including transistors. an
S-parameter test set is available.

Storage/Normalizer
increases
the 8754A’s capabilities.

Add the 8750A and you can automatically
remove system frequency response varia-
tions also make comparison measure-
ments easily. Digital storage permits
flicker-frec displays even for measure-
ments requiring slow sweep rates.

A call to your nearby HP
field sales oftice is all you
have to do to get more infor-
mation, or write 1507 Page
Mill Road, Palo Alto,

CA 94304

Domestic US prices only.
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Local network gives new flexibility to distributed processing, 114

MICROSYSTEMS

C-MOS microprocessor wakes itself up, 123

C-MOS read-only memory mates with a host of processors, 127

PACKAGING & PRODUCTION

Thermal management techniques keep semiconductors cool, 135

SOLID STATE
Gate arrays: a special report, 145
DESIGNER'S CASEBOOK: 130
ENGINEER'S NOTEBOOK: 160

Electronics Review

MEMORIES: Intel, NEC heat up 64-K RAM race, 39

BUSINESS: Recession reaches electronics as
distributors’ midyear sales drop, 40

INSTRUMENTATION: Microprocessor paths diverge for
oscilloscopes, 41

MICROSYSTEMS: Coprocessor board supercharges
Apple ll, 42

COMPONENTS: X-shaped sensor simplifies transducer
design, 44

PERIPHERAL EQUIPMENT: Compact Winchester packs
features in, 44

BUSINESS: Next 20 years to see fiber-optic flowering, 46

NEWS BRIEFS: 48

COMPUTERS: IBM, Burroughs expand mainframe
offerings, 51

Electronics International

GREAT BRITAIN: UK to install second-generation fiber-
optic systems, 73

WEST GERMANY: Leipzig fair spotlights liveliness of East
German consumer electronics, 74

FRANCE: SLIC chip will adapt to every switch, 76

JAPAN: Electron-beam and optical lithography combine
to enhance VLS| throughput, 78

Probing the News

SOLID STATE: IEDM looks at tomorrow’s circuits, 89

INSTRUMENTS: At Interkama, the beat is lively, 93

MICROCOMPUTERS: |IEEE readies backplane standard
for 16- and 32-bit models, 98

COMPUTERS: TRW-Fuijitsu firm has potential, 102
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Highlights

Cover: Local network ties in all types of gear, 114

No matter what manufacturer or protocol is involved, literally thousands of
devices—computers and peripherals—can now communicate over a single
local network. By means of programmable interfaces, Net/One accommo-
dates any unit using the RS-232-C serial or a TTL-level parallel interface. It
also offers unmatched control of distributed data-processing resources.

Cover illustration is by Ron Chironna.

IEDM: where the elite of solid-state devices meet, 89

More than any other conference, the International Electron Devices Meeting
develops a picture of the underlying technologies and process enhancements
that will deliver tomorrow’s circuit techniques. This year’s meeting, to be
held in Washington, D. C., Dec. 8-10, gives a good deal of attention to
materials—polycrystalline and amorphous silicon, gallium arsenide, and
metal silicides —for both discrete devices and very large-scale ICs.

Microprocessor makes the most of C-MOS, 123

A low-power microprocessor takes a double-barrelled approach to bettering
n-channel designs. It adds such features as an oscillator, a timer that can
stimulate vectored interrupts, 16 bidirectional input/output lines, and 112
bytes of random-access memory. But that’s not all. It rides its comple-
mentary-MOS technology for the most mileage it can, including an orderly
power-up and -down sequence and special instructions that further cut its
already low power consumption.

Taking the heat off semiconductors, 135

Never a factor to be slighted, thermal design of electronic equipment is
growing more important as ever-larger power semiconductor devices come
onto the market. In addition to a device’s maximum operating junction
temperature, its thermal resistance and the heat sink’s, the type of cooling,
mechanical factors, and the thermal environment must be weighed.

Gate arrays arrive, 145

Semicustom logic offers a way out of the mass production-dedicated func-
tion dilemma facing very large-scale integration, and gate arrays have
emerged technically and commercially as one viable type. This special report
takes a comprehensive look at both MOS and bipolar arrays.

And in the nextissue . . .

A mainframe central processing unit on a chip . . . a special report on
integrated fiber-optic receivers . . . digital error-correction technique
boosts the performance of 9- to 12-bit subranging analog-to-digital convert-
ers . . . a family of monolithic phase-locked-loop frequency synthesizers.
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The most significant
price breakthrough in
DOUBLE-BALANCED MIXERS!

Hfrom Mini-Cireuits of ecourse!

95 100 Pieces
$4 50“0 49) /\

Model SBL-1

For demanding industrial

and commercial applications,

where low-cost and high-performance

are critical; model SBL-1 will fill your need.

Model SBL-1, Don't let the low price mislead you. As the world's number
metal case, non hermetic-seal one manufacturer of double-balanced mixers, Mini Circuits’
Frequency Range. MHz has accumulated extensive experience in high-volume production
LO 1500  RF 1500 F DC-500 and testing, a key factor in achieving a successful low cost/high per-
Conversion Loss. dB Typ. Max. formance line of products.
_?:l;o;?nvee"om B z: ;: The tpugh SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and
mmlo"_ 8 Tyo, Min isolation greater than 40 dB. Only well-matched, hot-carrier diodes and ruggedly constructed
Lower Band Edge to LORF 50 35 transmission-line transformers are used. Intemally, every component is bonded to the header
One Decade Higher LOAF 45 30 for excellent protection against shock, vibration and acceleration.
Mid Range WRF 45 30 Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder

WIF 40 25 connection is 100 per cent inspected under a high power microscope, all transformer leads are
Upper Band Edge o LO-RF 35 25 double-wrapped, and all components are rated for more than + 85 °C operation.
One Octave Lower  LOMF 30 20 Of course. our one-year guarantee applies to these units.
Signal. 108 Compression Level -1dBm
Impedance. All Ports 50 ohms
Electronic Atlenuation Min (20mA) 3¢8

Worlg's largesi manutacturer of Double-Batanced Mixers

[ Mini-Circuits

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 MINI-CIRCUITS LABORATORY

Domestic and International Telex 125460 International Telex 620156 A Division of Scientihc Components Cop 9] Rev H
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Never before...
200 watts
of RF power with
incredible
versatility.
3200 L spans
250 kHz to 150 MHz.

.

Now there’s a completely solid
state power amplifier that provides
200 watts of linear power over a
frequency range from 250 kHz to
120 MHz. And at 175 watts, the
range extends to 150 MHz.

Imagine the wide range of appli-
cations you can cover with this
single Class A linear unit. All you
need is any standard signal or
sweep generator and you have
the ultimate in linear power for
RFI/EMI testing, NMR, RF
Transmission, and general
laboratory applications.

And, like all ENI power amplifiers,
the 3200 L features unconditional
stability, instantaneous failsafe
provisions, and absolute protec-
tion from overloads and transients.

The 3200 L represents a break-
through in RF power versatility
and packaging. Never before has
there been anything like it com-
mercially available anywherel

Contact us for a demonstration
of the 3200 L and our complete
catalog on the other amplifiers in
our wide line. ENI, 3000 Winton
Road South, Rochester, NY 14623.
Call 716/473-6900, or Telex
97-8283 ENI ROC.

% The advanced
design line of
power amplifiers

S—
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Publisher’s letter

Gate arrays have quietly become a

major factor in the industry’s
design arsenal. Not only have the
companies that originally developed
arrays come out with new products,
but what’s more, new companies
have entered the field.

This movement, described by solid
state editor John Posa in the special
report starting on page 145, under-
scores the advances in technology
that now make it possible to build
very large-scale integrated arrays.
New, more sophisticated computer-
aided design programs offer the
opportunity to achieve high densi-
ty—up to 5,000 gates on a chip—so
that users are now replacing entire
mainframe logic or entire disk con-
trollers ‘with arrays. John adds, “I
was impressed, too, with how far
oxide-isolated complementary-MOS
arrays have come. They’re now com-
petitive with fast bipolar technolo-
gy.$’

John points out that the Eu-
ropeans were early supporters of
arrays. “I credit the Europeans with
insight. They identified the need for
and applications of arrays,” he ob-
serves, “‘and they stuck to their sup-
port even though interest declined in
the U. S. during the *70s.”

Japan, on the other hand, has not
made much of a move in this area —
so far. There are indications that this
situation could change, because the
Japanese have described some arrays
in conference proceedings.

Although the report highlights the
growing success of arrays, these
products appear to have a finite mar-
ket—to replace existing logic. “A
computer designer doesn’t usually
embark on a logic design with a gate
array in mind,” John states. Yet, he
adds, it could happen in certain situ-
ations because with CAD simulation
it is now possible to design an array
economically for small-volume uses.

or three years Electronics has aug-

mented its information services to
readers with an organized program
for publishing books and editorial
reprints. Now we are getting set to
expand that effort.

Starting this fall Electronics plans
to hold a series of short, intensive

seminars for people who need a
quick fix in specific subjects. The
first batch covers four especially
important topics:

® Applying Single-Chip Microcom-
puters. The seminar leader will be
Joseph Willhide, a pioneering inven-
tor of nonvideo electronic games
using single-chip microcomputers.
He is associate professor of systems
and computer engineering at Boston
University.

® Microelectronics Interconnection
and Packaging. Leading this seminar
will be Daniel I. Amey, engineering
manager of packaging techniques for
Sperry Univac at Blue Bell, Pa.

® Quality Assurance for Electronics
Manufacturers. This timely confer-
ence will be led by C. L. Carter Jr.,
Dallas-based director of quality, reli-
ability, and safety in the southwest-
ern region for the consulting firm of
Rath & Strong Inc., Lexington,
Mass.

® Pascal. Heading this seminar will
be Herbert L. Dershem, who has
been a consultant specializing in
software for many years. He is cur-
rently chairman of the department
of computer science at Hope College
in Holland, Mich., and is the author
of “Computer Exercise for Elemen-
tary Statistics.”

Coordinated by special projects
manager Janet Eyler, these seminars
are the beginning of an ongoing ser-
ies. Others being planned for next
year will cover various aspects of
designing and interfacing with mi-
CTOprocessors.

Most of these seminars will be
available for in-house courses as
well. Arrangements can be made to
send an instructor to hold a seminar
at a company if enough are inter-
ested in the topic.

For a complete description of
these seminars, the dates, and the
locations, contact Janet Eyler, Elec-
tronics, 1221 Avenue of the Ameri-
cas, New York, N. Y. 10020.

Electronics/September 25, 1980




switchin
KEPCQ/TDK power
, ? ‘supplies

recognized

Recognized by the Underwriters Laboratory for
use in electronic data processing equipment,
graphic arts equipment, office appliances and

87 RECOGNIZED SWITCHERS besiness machines;
FROM 30 TO 300 WATTS The UL investigation has demonstrated that the

beauty of these fine power supplies is not just
skin deep. They've passed flammability and temp-
erature testing, as well as an input current and
leakage-to-ground test. After being subjected to
temperature and humidity conditioning, they
handily passed UL's dielectric withstand testing.

if you want a tough, proven d-c power supply in
your equipment, choose a Kepco/TDK switcher
HEAT SINK that's been wrung out for you by UL.

(OPTIONAL FINS AVAILABLE)

TRANSFORMERS
COATEO COPPER WIRE
ON TDK TYPE H7C1
FERRITE CORE

METAL CASE
SWITCHING TRANSISTOR

ENCAPSULATED
INPUT BRIDGE
RECTIFIER

BIFILAR WOUND

/ INPUT EMI FILTER

7
DRUM CORE / \

OUTPUT CHOKE .
N )

STACKED LOW ESL -~

OUTPUT CAPACITORS LISTED INPUT-OUTPUT

BARRIER STRIP

CURRENT

LIMIT ADJUSTMENT
INTERIOR VIEW OF THE

SIZE "'S" (30W)
HIGH EFFICIENCY SWITCHER
The power supply is normally
enclosed in a one piece venti-

LISTEO PRINTED CIRCUIT BOARD
COATED FDR MOISTURE ANO

FUNGUS RESISTANCE OUTPUT VOLTAGE lated.aluminum housing for EMI
AQJUSTMENT shielding (meets VDE (g)875/7.71
and VDE 0871/6.78 for radiated

emissions).

K E p E D® For complete specifications write Dept. CSF-14

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. - (212) 461-7000 - TWX #710-582-2631 - Cable: KEPCOPOWER NEWYORK
Circle 7 onreader service card




Pcm)

(printed circuit

l module) |
mm
jml 3 GComplete
' ranges

5 mm pcm plastic film
mm'J capacitors — miniature
1 components designed
eeooJ
| 100~
:IHA
itors show greater
reliability and should be
component insertion.
i WIMA have always been

for semiconductor
am preferred to other types.
(i The uniform lead spacing
‘ | of 5 mm for the complete
in the forefront of

#

}

B rom 220 pF

wie

%
technology.
capacitance range is
plastic film capacitor

wzr| to 1.0 pF

1 A

j WIMA were first with

700
WIMA plastic film capac-
ideal for automatic
technology.

WiMA

FKP2: 220pFto0.01 wF:D.F.2-4x10*
FKC2: 220 pFt00.01 yF:D.F.1-2x10°
FKS 2: 1000 pFto 0.015 uF: D.F.5-6x 103
MKS 2: 0,01 iFt0 1.0 yF: D.F. 5-8x10°

(Typical values at 1000 Hz)

WILHELM WESTERMANN
Spezialvertrieb elektronischer Bauelemente
P.O. Box 2345 - D-6800 Mannheim 1

Fed. Rep. of Germany

U.S. Sales Offices:

THE INTERNATIONAL GROUP INC.

North Dearman Street - P.O. Box 23
Irvington - New York 10533 - (914) 591-8822

TAW ELECTRONICS CO.
4215 W. Burbank Blivd., Burbank
California 91505 - (213) 846-3911
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Readers’ comments

Alive and kicking

To the Editor: Your editorial about
the demise of the reform movement
among engineers [Aug. 14, p. 12] is,
like Mark Twain’s reported death,
premature. What is true is that the
reform efforts undertaken by the
Institute of Electrical and Electron-
ics Engineers’ Professional Activities
Committees are dead; indeed, they
never existed. That is because the
various IEEE vice presidents for pro-
fessional activities, selected by the
board of directors, have been either
academics or corporate executives.
They simply will not do anything to
correct the chronic oversupply of
engineers. Out low incomes are suffi-
cient proof for the existence of a glut
of engineering manpower.

But our own activities continue
unabated. Consider our efforts to:
® Alert the U.S. Department of
Labor to violations on the part of ITT
and others in recruiting foreign
nationals to work here (successful).
® Convince the American working
engineer that the profession of a col-
lege professor is not the same as the
profession of a working engineer
(partly successful).

8 Alert the Department of Defense
to violations by their contractors of
the Age Discrimination in Employ-
ment Act as it affects recruitment
advertising for engineers (partly suc-
cessful).

® Convince the IEEE that engineer-
ing “degrees” from phoney colleges
pose a threat to the legitimate, hard-
earned degrees of the majority of its
members (unsuccessful). It must be
noted that at least two former mem-
bers of the IEEE’s board of directors
have phoney doctoral degrees.

As to my cardiac condition. I am
still very active; I still write and pub-
lish a monthly newsletter; I have not
changed. Irwin Feerst

Committee of Concerned EEs
Massapequa Park, N. Y.

Up and running

To the Editor: AMI has been supply-
ing samples of 64-pin plastic S9900
devices for the last five months and
sold the technology for the 64-pin
plastic package to Texas Instru-
ments in a technology-exchange pro-

gram. We are, in fact, the only com-
pany in the last five months that has
had a working 64-pin plastic packag-
ing process in house.

Therefore I was surprised to read
in the Aug. 14 Products Newsletter
[p. 181] that only TI offers the TMS
9900 in plastic, 64-pin dual in-line
packages. Frank Toth

Manager, Product Marketing
and Applications
Microprocessor Group
American Microsystems Inc.
Santa Clara, Calif.

One-eyed Big Brother?

To the Editor: Reading the recent
article concerning the British Open
University’s development of a system
called Cyclops [“Cyclops will equip
TV sets to receive and send color or
monochrome graphics,” July 31,
p. 66], I wondered if 1984 wasn’t a
bad prediction for the year of “Big
Brother.”

I also wonder how many readers
are aware of the implications of
installing equipment in the home
capable of not only receiving a
wealth of information but sending it
as well. The technology is available
to not only turn your living room
into a “remote classroom” but into a
laboratory capable of being moni-
tored 24 hours a day.

Let us not be too hasty to hail the
advance of technology in an area
with such a potential for abuse to
individual privacy. Without careful
safeguards, devices such as the
Cyclops might be used to control our
lives to an intolerable degree.

G. Tim Schlaile
Pasadena, Texas

Corrections

In “Cyclic redundancy routine tracks
data-stream errors,” (July 3, p. 163)
location 200D should read LDA B LCHK
instead of LDA A LCHK.

The fund for the joint Japanese gov-
ernment and industry drive in optoelec-
tronics (Aug. 28, p.76)—which will
end March 31, 1987 —will total $2.8
million. The monies quoted as appro-
priated so far are from the Ministry of
International Trade and Industry.
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The scope

Gould's digital 0S4000

stores event data for the life of
the scope. Solid state memory
lets the Gould OS4000

give you instant replay of
stored event data for as long as

you need it (while the unit is A

getting power). In addition to g9 3
the event itself, the OS4000 2l — < 4 ¢

uniquely stores and displays = —

"

what happened before 2
the event and after ™
it. The OS4000 can
then expand the
event display so you
can study it in slow motion
detail. Plus, it also allows
you to compare delayed
and original sweeps.
And, when needed,
the OS4000 can
perform as a
real-time
scope with

‘ An Electrical/Electronics Company

that neverforgets.

a bright, stable, flicker-free
display.

The Gould OS4000 is easy to
operate whether it's being used
as a digital storage or conven-
tional oscilloscope, waveform
recorder, transient recorder,
comparator or signal generator.
Interfaced with a recorder, the
0OS4000 can generate hard
copy data from both ongoing
events or ‘replayed’ displays.

For more information on
the scope that out-remembers
any tube storage scope on the
market, contact Gould Inc.,
Instruments Division, 3631
Perkins Ave., Cleveland, Ohio
44114.

For brochure call toll-free:

800-331-1000 (in Oklahoma,

call collect 918-664-8300).

== GOULD
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POWER MOSFETs

A better power
MOSFET.

Announcing a major new family
of power MOSFETs: the IVN6000
series. Using an improved DMOS
process that provides better
transconductance, reliability and
high-voltage performance. Now
producing a power MOSFET with

450V breakdown voltage and 10ns
switching speed!

450V—a necessary
margin of safety.

If your application operates directly
from an ac line, a 400V power
transistor can be risky. When you
consider the effects of high line

“

voltage, stray inductances, momen-
tary surges and the change in BVy;
with temperature —you need 450V.

And that’s why the IVN600O is

the answer for a whole spectrum
of uses: Switching power supplies,
voltage converters and inverters,
pulse amplifiers, lighting and motor
controls, rf applications, on and on.



Goodbye bipolars.

Bipolar power transistors are no
longer a good deal. This compari-
son chart shows why power MOS
designs have fewer parts, smaller

FROM INTERSIL.

price for the 450V IVN60OOKNT
is only $10.95.

For the 400V part, it’s $10.25.
For the 350V part, it's $9.50. All
in TO-3 packages. Not a bad deal.

e

Switching Speed

Input Current

Secondary Breakdown
Drive Circuitry

Device Paralleling

Integral Reverse Diode

size, less weight, less cooling and
higher overall reliability.

Check these specs:

* Breakdown Voltage:
IVN60OOKNT = 450V, Min.
IVN600OKNS = 400V, Min.
IVN60OOKNR = 350V, Min.

» Switching Speed:
10ns, Max.

* On Resistance:
3.0Q) at IA, Max.

¢ Continuous Drain Current:
2.25A, Min.

¢ Peak Drain Current:
75A, Min.

Priced right.
Ready to go.

Intersil's DMOS process also pro-
vides some significant manufactur-
ing advantages. Its smaller die sizes
mean lower prices. So the 100-piece

100 nA 300 mA
Simple Complex
Yes

|

No Yes ]
l

|

[

{

|

|

Also, since our DMOS is very
manufacturable, you won't have
to worry about getting parts. The
company that's introducing new
highs in power MOSFETs is also
introducing new lows in power
MOSFET delivery times.

Call us and see.

intersil
sales offices:

CALIFORNIA: Sunnyvale
(408) 744-0618, Long Beach
(213)436-9261 « COLORADO:
Aurora (303) 750-7004
FLORIDA: Hollywood

(305) 920-2442 « ILLINOIS:
Hinsdale (312) 986-5303

* MASSACHUSETTS: Lexington
(617) 861-6220 » MINNESOTA:
Minneapolis (612) 925-1844

* NEW JERSEY: Englewood
Cliffs (201) 567-5585 » OHIO:
Miamisburg (513) 866-7328

» TEXAS: Dallas (214) 369-6916
* CANADA: Brampton,
Ontario (416) 457-1014

intersil franchised
distributors:

Advent (IN, I1A) ¢ Alliance

* Anthem * Arrow ¢

Bell Industries * Cardinal

* CESCO » Component
Specialties * Components Plus

* Diplomat (FL, MD, NJ, UT) ¢
Harvey (upstate NY) ¢ Kierulff ¢
LCOMP « Newark ¢ Parrott

* RAE. Ind. Elect. Ltd. * RESCO/
Raleigh ¢ Schweber ¢ Summit

* Western Microtechnology

* Wyle ¢ Zentronics

Analog Products — Power MOS
10710 N. Tantau Avenue

Cupertino, CA 95014

Tel: (408) 996-5000 TWX: 910-338-0171
Dear Intersil:

_Sounds great! Please send me the
details on your new IVN6000 Power
MOSFETs, fast.

Please also include a Ben Franklin
poster from your “famous

Name __ - S

Address
City/State/Zip -

Phone _
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complete source for
-, = | displays with integrated electronics.

|
L3
1

|
'S
|

=E—-2-= R . '\
= o -
E;.o_E 3 ) -".' '._': Dy '1.
40O 480 4
Optel” liquid crystal [
VS—nUmeric, al-
phanumeric, bar graph,
and custom displays—can
be designed with inte- Opcoa light emitting diode lamps and
grated electronic packages. displays—integrated with “chip-on-board’

technique illustrated by custom designed “smart
terminal” with total circuit, including com-
puter microprocessor integrated on p.c. 7
board with 55 intensity-matched o~
LED chips.

MANTES GUIS\AS

REFAC’s LCD, LED and incandescent
display capabilities can be integrated with driv-
ing and switching circuitry to offer superior per-
formance at optimum size by eliminating interconnections
between display and electronic functions. Our

numeric, alpha-
numeric and special-

: 4 “ rpose displs
advanced engineering team offers a most cost-effective ampﬂ?‘bk“,im‘ssi&:_ =y

integrated display assembly. No matter which display technology  lation, decode and/or

you need for your custom integrated electronic assembly, contact  drive electronics.

REFAC—the “complete display company.”

& ASS=r= REFACL electronics corporation

—— =l P.O.Box 2215 * PRINCETON, NJ 08540 * (609) 452-9250

Manufacturers of PINLITE®, WILD ROVER®, OPTEL® and OPCOA products.
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News update

i |
FREE - |
\
Brochure describes Electronics \ n
editorial reprints, services, books... |

* More than 70 arricle reprints in 15 subject
caregories

* Handy wall charts

 Custom-made reprint services

* Books especially for Electronics’ readers
» Convenient postage-paid order cards

For your free copy.
circle #275 on the
reader service card.
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M The key contestants in the bubble
memory business are quietly perfect-
ing their 1-megabit chips and sup-
port circuits for the battle that
looms. Having traded its 68000 16-
bit microprocessor expertise for
Rockwell International’s bubble
know-how, Motorola Inc., too, will
be in that race. At the 1-Mb level, it
will be competing with Texas Instru-
ments, Intel Magnetics, National
Semiconductor, and Rockwell, for
that matter.

As a result of the trade [Electron-
ics, June 21, 1979, p. 33], Motorola
is building support circuits like the
sense amplifiers and coil predrivers;
Rockwell is building the n-channel
controller; and each will have rights
to the other’s circuits. In addition,
both are building their own megabit
chips. Rockwell is already building
samples of its 1-Mb chip and Motor-
ola expects to be sampling every-
thing else—including its memory—
by the first quarter of 1981.

256-K. Motorola also received
complete plans for Rockwell’s 256-K
bubble part, which it is building in
limited quantities. This design does
not have swap gates, which allow
data for reading to simultaneously
change places with data for writing.
Nor does it have boot loops, which
store redundancy information—the
location of the bad loops—without
having to keep track externally, as in
a programmable read-only memory.

“We feel the market requires both
of these features, and our megabit
chip will have them,” says Leonard
M. Call, Motorola’s market develop-
ment manager for bubble memory
systems. Although an earlier 1-Mb
Rockwell chip did not have these
elements, its newest part does.

Megabits. Both chips will have
block-replicate architectures, seen
from the outside as 1 million by 1
bit. This resembles National’s plans,
but contrasts with the long folded
loops of Intel’s chip and the 512-
K-by-2-bit organization of TI’s.

Motorola expects an access time
of 10 to 12 milliseconds. All develop-
ment work is under one roof, the
Motorola Integrated Circuit Appli-
cations Research Laboratory, or Mi-
carl, in Mesa, Ariz.  -John G. Posa
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AND
READ!

Cherry dependability...in an alphanumeric display that’s

readable in sunlight, any light ... and installs in seconds

Excellent brightness, full half-inch adjustable brightness, flashing dis- Take a closer look:

characters, 7-bit ASCII input and play and blank panel modes, fully 2 simple plugs are the only

simple plug-in installation make addressable cursor, custom designs, hook-up required. . .
the Cherry gas discharge display too. Call or write today for complete SRR (A LETRLES

. ; i . ) Selectable baud rate with
the right choice for you. Surprising technical literature or a full demon- Resggzac ::r 153"11‘Y r:t:n‘&v;rd_
versatility in a small package stration.

5 adjustable brightness levels.
/ ' / \V_\ 8] U [S :ﬂ P ) ) (—/ >
\ & ) @ & 0 3

cas niscaarce DISPLAYS

CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue, Waukegan, IL 60085—312/689-7700—~TWX 910/235-1572

Qur worldwide atfiliates and phone b Cherry

16 or 20 Characters long.
(‘)@Y

S ductor Corp., Cranston, Ri, U.S.A., 401 463 6000 « Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 « Cherry Electrical
Products Ltd., Harpenden (Herts) England, {05827) 83100 Cherco Bustl Industria E Comercio l!da Sao Paulo, Brazil, 011 246 4343 « Hirose Che"y Precision Co., Ltd., Kawasaki, Japan, 044 933 3511
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NEW!

Socket/Carrier
Systems for Leaded
“Chip Carriers” and
4-Sided Flat-Packs

Versatile Textool test systems
accept wide range of devices on
.040" centers (up to 64 leads) and
.050" centers (up to 48 leads).

This new Textool test system series is
designed to accept leaded “chi
carriers” and other 4-sided packages
up to .750" square (on .040" centers)
and .600" square (on .050" centers).
With only a minimum of tooling, the
series will accept other Eackage sizes.
Like all Textool ets/carriers,
these systems offer maximum device
protection. The contacts give firm
wiping action, but do not damage
device leads. The carrier completely
protects the device leads and offers a
fast, efficient method of testing or aging.

o)

The sockets have a lid design that
eliminates shorting against contacts
and which will not separate from the
socket body under normal usage.
Other significant features include
integral chassis mounting holes and
minimum lid overhang at the back of
the socket to permit maximum P.C.
board mounting density.

Since Textool's socket/carrier
system series accepts package Sizes
up to 64 leads, it offers test versatility
previously unavailable.

Detailed technical information
on Textool's expanded line of
socket/carrier test systems for
leaded “‘chip carriers” and 4-sided
flat-packs is available on request.

Textool Products Department
Electronic Products Division/3M
1410 W Pioneer Dr ., Irving, TX 75061

214/259-2676
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Apple’s Lawrence predicts
sales boom in Europe

Explosive growth seems sure for per-
sonal computers in Western Europe
during the coming decade and that
explains in large measure why the
apple of Thomas J. Lawrence’s eye
now starts with a capital A.
Although Europeans so far have not
taken to personal computers the way
Americans have, that is fast chang-
ing. And as the new general manag-
er for European operations of Apple
Computer Inc., the 47-year-old
American aims to make the sales
totals on his turf comparable to
those in the U. S. for the Cupertino,
Calif., company.

This long-term aim is ambitious,
certainly. Europe at the moment
acounts for only 20% of the Apples
sold and the U.S. for most of the
rest. But Lawrence and his Eu-
ropean crew will have going for them
a burgeoning market for “one-on-
one” computers (as he sometimes
describes them), a market better
structured for growth in a sense than
inthe U. S.

“There is practically no hobby
market in Europe,” Lawrence ex-
plains. He singles out single-owner
businesses as the major market seg-
ment, 50% of the total. Partnerships
add another 15%. Thus the market
will be driven, he reasons, by hard-
headed people buying computers
with which to earn more money
rather than to have fun. Consumer
whim, then, will not condition sales
curves, but sound business decisions
will.

Before he started working for
Apple on Sept. 1, Lawrence headed
Intel Corp.’s operations in Europe
for six years. “Apple will be as inno-
vative in software as Intel was in
silicon,” he maintains. He is con-
vinced that getting effective business
software packages on the market will
be crucial to growth.

And Apple will go native with its
software as much as possible. “Our
French distributor has invested
$200,000 to translate operating
manuals into French and has pre-
pared French versions of Pascal and

Eye on the Apple. Thomas J. Lawrence is
out to boost Europe's 20% of Apple sales.

an accounting package,” he points
out. He plans to push for similar
investments in native-language soft-
ware elsewhere, particularly in West
Germany and the Scandinavian
countries.

“It’s like coming home again,”
sums up Lawrence of his return to
the computer business. After taking
bachelor of science degrees in elec-
trical engineering and mathematics
at the University of Michigan in
Ann Arbor, he went on to a master’s
in computer sciences at Stanford
University in Palo Alto, Calif. Prior
to joining Intel, Lawrence worked in
the computer divisions of the Singer
Co. and RcA Corp.

Sandhu leads Gl toward
three process pathways

A master in the art of semiconductor
processing, Jagtar S. Sandhu is now
perfecting those processes that will
carry General Instrument Corp.’s
Microelectronics division through to
the middle of the 1980s. As vice
president of technology, the 43-year-
old Sandhu is narrowing his pursuit
to three design and process innova-
tions that may well affect the entire
device output from GI's plants in
Hicksville, N.Y.; Chandler, Ariz,;
and Glenrothes, Scotland.

“For the next three to five years,
we’ll be looking at three fronts pro-
cesswise,” says Sandhu, who works
at the division’s headquarters in
Hicksville. “We’re looking at the
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PDP11/03-L PDP11/23
LABORATORY SYSTEMS

FIRSTLARA"

RAIEAINIY

Wiy b ‘89
VW 5 '
RS ) 1233 )

ACORE

PAOVEN HARDWARIE

Digital Equipment Corporation’s PDP11© has
gained the acceptance of the scientific com-

munity. Tens of thousands installed world-wide.

UPERIO?F NANAE

Our laboratory support software can increase
your throughput by more than 100%. Bench-
marks have run two to three times faster than
the standard DECLAB® package. No software
modifications are required to run your current
DECLAB® applications. FIRSTLAB utilizes Digital’s
most popular real-time operating system (RT11
V3B) and the latest version of Fortran. Both the
operating system and compiler are supported
world-wide by Digital Equipment Corporation.

FIRSTLAD systems are installed and maintained
by Digital Equipment Corporation’s own Field
Service Organization. No third party mainte-
nance to worry about.

FIRSTLAB systems are upgradeable to the PDP-
11/23 with a maximum of 256KB of memory.
You can start with a floppy disk system and grow
to a hard disk system with up to 26 1MB per
drive. For numerically intensive applications you
can add our new FPS 100 Array Processor which
can provide the computation power of a main-
frame computer.

When you purchase a FIRSTLAB system there is
nothing more to buy. Your system is assembled
and fully tested, all the required hardware/
software is provided so that you can concentrate
on your specific application needs.

No other Laboratory System in this price range
can approach FIRSTLAB in performance, features
or benefits. You owe it to yourself to investigate
what FIRSTLAB can do for you.

Dedicated to serving the needs of the Scientific Community with Superior ComputerSystems

TWX NUMBER 910-651-1916

- computer corporation

corporate square/825 north cass avenue / westmont, illinois 60559/(312) 9201050

"“Trodemork First Computer Corporotion  “Registered trodemork of Digitol Equipment Corporotion L2
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NEW OPEN FRAMES
AND SWITCHERS...
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Product Cate
plus our new
Tour Guide.
Phone or write for
your copies today!

OPOWEr-one

0.C. POWEr SUPPLIES

Power-One, Inc. ® Power One Drive ® Camarillo, California 93010
Phone: (805) 484-2806  (805) 987-3891 » TWX: 910-336-1297
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Leaders in Electronics

The only reference devoted solely
to biographies of the most
influential people in electronics

e corporate executives ® technical
managers ¢ designers and develop-
ers e government and military offi-
cials e academics e editors/pub-
lishers o securities analysts
trade/professional group directors o
consultants. .. plus an 80-page index
of biographees by affiliation.
Prepared by the staff of Electronics
magazine. 5,240 biographies. 651
pages, clothbound. $39.50

Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
(609) 448-1700, ext. 5494

Serd me copies of Leaders in
Electronics @ $39.50 plus applicable sales tax.
McGraw-Hill pays regular shipping and han-
dling cherges on pre-paid orders.

[ Payment enclosed O Bill firm O Bill me

Name

Company
Street
Gity _

Signature
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Looking ahead. Jagtar S. Sandhu is looking
at advanced process for General Instrument.

most advanced technology for sili-
con-gate n-channel MOS, silicon-gate
complementary MOS, and n-channel
felectrically erasable programmable
read-only memories] made using
both metal and silicon gates,” he
notes, adding “the silicon-gate MOS
will be used for ROMs and micropro-
cessors, and the silicon-gate C-MOS
will be used for telecommunications
devices as well as microprocessors.”
Until now, all of GI's EE-PROMs have
been made with a p-channel MOS
process.

Sandhu, who has his undergradu-
ate and master’s degrees in chemis-
try from Punjab University in Chan-
digarh, India, received his Ph.D. in
chemistry from the University of
Southern California. This, together
with work experience at IBM Corp.
as manager of thermodynamics and
kinetics studies and later as part of a
team that set up Cogar Corp.’s tech-
nology division, established Sandhu’s
credentials for the position he took
at GI in 1972 as manager of process
engineering.

Previously responsible for both the
development and production of GI’s
n-MOS and EE-PROM processes,
Sandhu is now *“shooting for very
dense circuits using design and thin-
line dimensions,” he says. “We're
heavily involved with X-ray lithogra-
phy, which will really come into the
picture below 1 micron. As soon as
lab-scale equipment is available,
we’ll be buying it.”” Sandhu is aiming
for fully automated processing,
which he says will be practical in the
next three to four years.
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Solid State Relays,

out Se

An SSR in a DIP package? Certainly. All
Some feature zero
at 250 VRMS. Oth

to switch 1.5 amps thers

you expect anything less from the people
circuits to SSR design?

But you probably have other
to use it. So go ahead. There are

I How can an SSR switch
both AC and DC?

L How will SerenDIPs
solve my low power AC
switching needs?

Sorry. You missed my question. Here it is.

‘Y& TELEDYNE
Ask us anything, There are no

voltage switching for AC applications. Some are rated

questions about this little relay
no dumb questions.

L Are speed, long life, and

only SerenDIP advantages?

[ How can I get prototype
qQuantities quickly?

thing
renDIP

have logic compatible inputs.

are rated t0 400 ma DC. Did
who introduced hybrid micro-

and how

runce-free operation the

Titie
Phone

Zip

RELAYS

dumb questions.
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Compare this general purpose logic analyzer
with the currently accepted industry standard.

The K100-D wins over Hewlett-Packard's 1615A hands down!

Logic designers have made
Gould’s powerful Biomation K100-D
our fastest selling logic analyzer

ever. You'll see why once you com-
pare it to its nearest competitor,
the 1615A from Hewlett-Packard.

Compare clocking speed.

With a 100 MHz clock rate, the
K100-D gives you resolution to
10 ns—five times better than the
1615A’s. Use the K100-D’s latch

Hewlett-Packard 1615A
A very good logic analyzer

mode to catch gliches as narrow
as 4 ns. It gives you the most
precise logic analysis for today’s
high speed minicomputer, main-
frame and microprocessor systems.
Best of all, you're already prepared
for faster designs as they arrive.

Compare capacity.

The K100-D's 1024 word memory is
four times as deep as the 1615A's.
This dramatically extends the
length of data you can trap from
your system at any one time. And
that means faster, more accurate
debugging. In addition, the
K100-D’s standard 16 channel for-
mat can be expanded to 32
channels for work on the new
generation of 16-bit micro-
processors.

Compare your productivity.

Finally, the K100-D makes
designers more productive with
convenience features superior to
those of the 1615A. The K100-D
has a larger keyboard, plus an
interactive video display. Compre-
hensive status menu. Data domain
readout in hexadecimal, octal,

binary or ASCII. And the list goes
on and on.

The final analysis.

To help you evaluate these two
fine instruments before you buy,
we've prepared a point-by-point
competitive comparison of the
two. If you're designing and
debugging high-performance digi-
tal systems, you'll want to read
this document carefully. To get
your free copy, just use the reader
service number or write Gould
Inc., Biomation Division, 4600 OId
Ironsides Drive, Santa Clara, CA
95050. For faster response, call
408-988-6800.

uf:"
<5 \
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.

Biomation K100-D
The industry’s finest logic analyzer

=

GOULD

An Electrical/Electronics Company
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Watt Watchers

Introducing three power saving 8048H microcontrollers and
improved support tools for trimmer product development.

For years Intel’s 8048 has been
the industry standard 8-bit single-
chip microprocessor for control
applications. Now we're offering a
wide selection of high-performance
HMOS 8048s, suitable forexpanded
applications—all consuming less
power than before, and all backed
by extensive development support.

New 8048Hs put on strict
power diets

Our three new microcontrollers
—the 8048H, 8048H-1, and
8048l —cut power consumption
from 40 to 70%. Maximum
operating currents for the first two
are 80 mA; for the third, just 40
mA. In fact, for those applications
requiring RAM-stored data to be
retained, consumption at power-
down falls to just 8 mA for the
8048H and 8048H-1, and to a mere
4 mA for the 8048L. These power
economies are an especially impor-
tant consideration when you're
designing portable, battery-powered
equipment. And they help cut
power supply costs as well.

Because they're produced with
Intel’s high-reliability HMOS* tech-
nology, these new direct-replace-
ment devices boost performance
to dramatically higher levels, too.
With these three new versions—
operating at 3.6, 8, and 11 MH:z
—cycle times are reduced to less
than 4.2, 1.9, and 1.4 microseconds,
respectively, with performance
specified over the full operating

range. At 11 MHz, that’s almost
twice the processing speed of the
original 8048. And since these
units are totally compatible with
existing 8048s, you can easily
upgrade your current products,
as well as create new designs.

Reduce your development
cycle with Intel support

In microcontroller system
development, time is money. To
save you both, Intel offers the most
advanced microcontroller support,
including real-time debugging to
11 MHz. Our Intellec® Micro-
computer Development System
and new microcontroller develop-
ment tools can speed your product
from concept to production line
months ahead of your competition.
And dramatically reduce your
bottom-line development costs.

At the Intellec console you can
write and editapplication programs

quickly, using 8048 assembly lan-
guage, and then have the system
translate them into highly efficient
machine code. Our ICE-49™
In-Circuit Emulator also enables
you to debug your programs—in
single steps or in real time —using
high-level English-like instructions

8048 Family— Commercial Grade™**

(0° to 70°C)

Program Data Cycle

Memory Memory Time
Model (Bytes) (Bytes) | (usec)
8021 1K ROM 64 8.38
8022 2K ROM 64 8.38
8048H 1K ROM 64 1.88
8048H-1 1K ROM 64 1.36
8048L 1K ROM 64 4.16
8748 1K EPROM 64 2.5
8035 (External) 64 2.5
8049 2K ROM 128 1.36
8039 (External) 128 1.36

**Industrial Grade: 18022, 18035L, 18039, 18048, 18049, 18748
Military Grade: MB035L, M8048, M8748

and symbolic address references.
Your software can even be executed
and debugged in your prototype or
production unit, with full control
and monitoring from the Intellec
console. There’s just no more
effective way to use your company’s
engineering resources. And no
better way to reduce your develop-
ment cycle.

The Intel way to product
fitness

With Intel’s expanded family of
HMOS 8048s and Intellec support
tools, your next generation of
microcontroller-based product—
and sales—can now be the picture
of health. To find out how, write
for our Success Manual for Single
Chip Microcomputer Users and the
new 8048H data sheet. Or call your
local Intel sales office/distributor,
or Intel Corporation, 3065 Bowers
Avenue, Santa Clara, CA 95051.
Telephone (408) 987-8080.

*HMOS is a patented Intel process.

intal delivers

solutions.

Europe: Intel international, Br lg Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Sheridan, Wyle/Eimar, Wyle/Liberty,
L.A. Varah and Zentronics.
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MD SERIES
MICROCOMPUTER
BOARDS

With the Mostek Z80-based /_(
MD Series }* building a custom
microcomputer system is as
simple as it is economical. The
compact (4.5" X 6.5”) boards —
fully assembled, tested and de-
bugged — virtually eliminate
any hardware design effort. And
since each MDX module is so
specialized, the unneeded func-
tions and subsequent higher
costs of large multi-purpose
boards are also eliminated.

Upgrades are simpler too,
because the MD Series uses the
expandable STD-Z80 BUS. As a
result, design options are nearly
limitless. Using either 2.5 or
4.0MHz versions, you can
choose from more than 30 MD
Series boards to design, custom-
ize or modify your system.

To make all of it even easier,
there's a full range of powerful
software development systems.
Including the low cost MD
PROTO kit with board level

DATA
PROCESSING

ey g T

MDX-CPU1 $260 |

BT MR

High speed floating point math

e TS =

Z80-based single board computer

b MDX-DRAM 8 $275
Z80 CPU—2 PROM sockets, 4 timers |

MDX-MATH $699

A
MD-SBC1” $260

ROM-based firmware. The
Matrix 80/SDT, a low cost disk-
based Software Development
Tool. Or our Matrix 80/SDS dual
floppy disk Software Develop-
ment System with optional in-
circuit emulation.

For fast delivery and more
information, contact your
Mostek distributor listed on the
opposite page. Mostek, 1215
West Crosby Road, Carrollton,
Texas 75006; (214) 323-1829. Or
Mostek Brussels 660.69.24.

MOSTEK®, MD Series, MDX, MD PROTO, and Matrix
are trademarks of Mostek Corporation.

© 1980 Mostek Corporation

8K dynamic RAM
MDX-DRAM 16 $340
16K dynamic RAM
MDX-DRAM 32 $452
32K dynamic RAM

MDX-EPROM/UART $225
Combination EPROM/UART

MDX-UMC $199
Universal memory card

MDX-SRAM4 $349
4K static RAM

MDX-SRAMS $449
8K static RAM

MDX-EPROM16 $599
16K EPROM




Control costs and
simplify design with
our STD-Z80 BUS
compatible modules.

MOSTEK.

MDX-PIO $250

32-bit programmable parallel 1/O

MDX-DEBUG $425
EPROM/UART-10K ROM firmware

MDX-SI0 - $260
2 channel programmabie senal 1/0O

MDX-SC/D B $349
System controller; diagnostic board

MDX-FLP
Floppy disk controller

MDX-INT %249
Interrupt expander; timer board

MDX-A/D 8
16 channel, 8-bit A/D

MDX-SST
Software single step

MDX-D/A 8
4 channel, 8-bit D/A

MDX-AI0
Analog Input/Output board

MDX-A/D 12
16 channel, 12-bit A/D

@X-D/A 12 -
4 channel, 12-bit D/A

*Non-expandable
Al prices shown are for 2.5MHz versions, 1-9 quantity.
Prices subject to change.

Advent Electronics
CEDAR RAPIDS, 1A
INDIANAPOLIS, IN

Arrow Electronics
ALBUQUERQUE, NM
ANN ARBOR, MI
BALTIMORE, MD
CENTERVILLE. OH
DALLAS, TX

EDINA, MN
FARMINGDALE, NY
FT. LAUDERDALE. FL
HAUPPAUGE, NY
LIVERPOOL, NY
MANCHESTER, NH
MONROEVILLE, PA
MOORESTOWN, NJ
NORCROSS, GA
OAKCREEK, Wi
PALM BV, FL
READING, OH
ROCHESTER, NY
SADDLEBROOK, NJ
SCHAUMBURG, IL
SOLON, OH
STAFFORD, TX
SUNNYVALE, CA
WALLINGFORD, CT
WINSTON SALEM, NC
WOBURN, MA

Bell Industries
CHICAGO, IL
SUNNYVALE, CA

Bell/Century
ALBUQUERQUE, NM
SALT LAKE CITY, UT

Diplomat
Southland
CLEARWATER, FL

Ft. Wayne
Electronics
FT. WAYNE, IN

Hammond
Electronics
GREENSBORO, NC
GREENVILLE, SC

Industriat
Components
MINNEAPOLIS, MN

Kierutff Electronics
BILLERICA, MA
DENVER, CO

EDINA, MN

ELK GROVE VLG, IL
FAIRFIELD, NJ

LOS ANGELES, CA
PHOENIX, AZ
PORTLAND, OR

ST. PETERSBURG, FL
SALT LAKE CITY, UT
SAN DIEGO, CA

TUKWILA, WA
TUSTIN, CA
WAUKESHA, Wi

Lionex Corporation
BURLINGTON, MA
WOODBURY, NY

Olive Electronics
ST. LOUIS, MO

Pioneer Electronics
CLEVELAND, OH
DAYTON, OH
INDIANAPOLIS, IN
PITTSBURGH, PA

Prelco Electronics
MISSISSAUGA, ONTARIO
MONTREAL, QUEBEC
OTTAWA, ONTARIO

Quality
Components
AUSTIN, TX
DALLAS, TX
HOUSTON, TX
TULSA, OK

R.A.E. industrial
BURNABY, B.C.

Schweber
Electronics
ATLANTA, GA .
BEACHWOOD, OH
BEDFORD, MA
DANBURY, CT
FAIRFIELD, NJ
GAITHERSBURG, MD
HORSHAM, PA
HOUSTON, TX
IRVINE, CA

LIVONIA, MI
ROCHESTER, NY
WESTBURY, NY

Semiconductor
Specialists
KANSAS CITY, MO

Wyte Distribution
Group

BELLEVUE, WA
COMMERCE CITY, CO
EL SEGUNDO, CA
IRVINE, CA

PHOENIX, AZ

SAN DIEGO, CA
SANTA CLARA, CA

Zentronics
MISSISSAUGA, ONTARIO
MONTREAL, QUEBEC
OTTAWA, ONTARIO

ST. JAMES, MANITOBA
WATERLOO, ONTARIO

Zeus Components
ELMSFORDS, NY
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Editorial

The new Sputnik: part I

The word “Sputnik™ is surfacing again —this
time as a symbol of serious concern about
the potential loss of U. S. leadership in
electronic technology. When the Soviet Union
launched Sputnik, the world’s first orbiting
satellite, in 1957, the shockwaves reverberated
throughout the scientific and Government
community. They served as a catalyst to the
U. S. space program, caused a reexamination
of technical education in this country, and
resulted in the explosion of technology that
we have witnessed in the last two decades.

Now some observers are calling for the
same sort of shocked response to the challenge
of Japan for market share and technological
leadership in electronics. A recent report of
a Congressional trade subcommittee concluded
that Japan’s rate of industrial progress and
its stated economic goals “should be as
shocking to Americans as Sputnik. And as
with Sputnik, we should be shocked into
responding to the challenge.”

It is encouraging that this kind of sentiment
should come from a Government source. As
a matter of fact, there are portents of a
growing realization on the part of Government
that the increasing stridency with which the
semiconductor industry, for example, is
calling for help is not just the pleas of another
business lobby coming to Washington looking
for special privilege.

It’s about time. The Japanese, by virtue
of the industry-government partnership that
characterizes their thrust into electronics,
have captured as much as 40% of the market
for such products as 16-K dynamic random-
access memories and have set their sights on
other high-technology market goals as well.
They have accomplished this by adroitly
targeting their efforts and mobilizing their

24

resources on a national scale. And by virtue
of fundamental differences between U. S.
and Japanese economic systems and policies,
they enjoy advantages in the market that

U. S. industry has not as yet been able to
counter. And it won’t, without some help
from Washington.

Japan’s industrial policy combines a
coordinated package of tax incentives,
guarantees, loan subsidies, cartels, tariff rates,
government procurement, and strict control
of foreign activity in the Japanese market.

In the U. S., there is no national industrial
policy worthy of the name and our trade
policies, although undergoing some changes,
are still largely products of a world that no
longer exists.

The old story of the farmer clobbering his
mule with a two-by-four comes to mind: it’s
nice to be getting the Government’s attention,
but action on the problem is urgently required.
At a recent conference convened by the
Semiconductor Industry Association, Margaret
Truver, deputy executive director of the U. S.
Japan Economic Relations Group, warned
that “U. S. industry and Government must
begin to question whether or not this country
can maintain its economic strength and
security when it is faced with competition
from foreign industries which are increasingly
managed and rationalized in close government-
industry cooperation.” And she pointed out
that such policies are not restricted to the
Japanese. The French and West German
governments are on a similar course.

The situation is complex. It calls into
question our most basic, long-cherished
traditions of a free marketplace. But the
reexamination must be made — with the
urgency required by another Sputnik.

Electronics /September 25, 1980
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The most capable universal counter HP
has ever offered.

Add it up—we think you'll find that
HP’s 5335A has universal counter
capabilities you can’t get anywhere else
at any price. First. it gives you superb
resolution in frequency and time interval
measurements. Then, at the touch of
afew keys. it will automatically measure
phase, slew rate, duty cycle, rise/fall
times. or do statistics. Built-in calculations
and Hewlett-Packard Interface Bus

operation are standard, too. And surprise.

it costs just $2950*

Naturally, the HP 5335A gives you
all the frequency. time interval and
totalizing measurements you usually get
in a universal counter. But this counter
goes on to give you remarkable per-
formance and operating features.

For example, its automatic interpolators
and reciprocal-taking frequency
measurement technique give you a
constant frequency resolution of 9 digits
per second up to 200 MHz (or even to
1.3 GHz optionally). and a time interval
resolution of 2 ns for single shot events.
You get four modes of triggering.
Included is a new auto preset trigger
mode that tracks variations in dc
offsets. So.when offsets vary, there's
no need to fiddle with trigger controls
or to reprogram them in automatic
systems use. And digital readout of
trigger level and gate time is standard.
There's more. Six modes of arming
give you outstanding versatility when
measuring frequency bursts, profiles or

Kz

HEWLETT
PACKARD

similar dynamic parameters. The display
can be smoothed by weighted-averaging
for a stable readout. The built-in calcu-
lator lets you apply math (+. —. X, =)
to any measurement. RFI and EMC

are excellent. Options include a built-in.
integrating, floating DVM for $275*

and a 1.3 GHz. 10mv sensitivity, C
channel for $450*

The new 5335A is truly a remarkable
instrument at a remarkable price. Get
the full story from your nearest HP sales
office today or write, Hewlett-Packard.
1507 Page Mill Road.
Palo Alto, CA 94304.

DE SIGNED FOR

\ HP-1B 2

SYSTEMS

*Domestic U.S. prices only.
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LE-7059 photomask substrates ship from inventory. Emergency
calls go within 24 hours. Technical assistance is as fast as we can getan
engineer to the phone or airport.

Just call us in Coming, New York, where we've centralized sub-
strate research, production and technical service.

Coming made the first borosilicate substrates in 1968. Our LE-7059
glass reduced runout and set the flatness standard of 2 microns or less.

Meanwnile...
our new N-ZEMS™ substrates
family is at work in labs and on call

reproduction lines. Thermal
Epra)nsion is 7.5 x 10°7/°C or (607)974'7595

less. Included are fused silica For photomask substrates. For technical
assistance. For our new brochure. Or write
for 185 nanometers, as well as Corning Glass Works, Electronic Materials

economical high silica for 254 Dept., MS 66, Coming, N.. '4:30- .
LE-7059 glass is available as chrome photo-

to 365 nanometers. mask blar?ks from: Basic
Microelectronics, Inc.;
Electronic Materials fas
Corporation, a Division
of Micro Mask, Inc.;
International Materials
Research; Optifilm
Company; Tau
Laboratories, Inc.; Telic
Corporation
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Meetings

Info 80—Information Management
Conference and Exposition, Clapp &
Poliak Inc. (245 Park Ave., New
York, N. Y. 10017), New York Col-
iseum, Oct. 6-9.

Eighth World Computer Congress,
International Federation for Infor-
mation Processing (U. S. Committee
for the Eighth World Computer
Congress, c/0 Bowery Savings Bank,
110 East 42nd St., New York, N. Y.
10017), Tokyo, Japan, Oct. 6-9;
Melbourne, Australia, Oct. 14-17.

The Defense Electronics Market—
Forecast for the 80s, EIA (2001 Eye
St. N. W., Washington, D.C.
20006), Hyatt House Hotel, Los
Angeles International Airport, Oct.
7-9.

Military Electronics and Defense
Exposition, Industrial and Scientific
Conference Management Inc. (222
W. Adams St., Chicago, Ill. 60606),
Rhein-Main Halle, Wiesbaden,
West Germany, Oct. 7-9.

12th National SAMPE Technical Con-
ference, Society for the Advance-
ment of Material and Process Engi-
neering (P.O. Box 613, Azusa,
Calif. 91702), Red Lion Inn, Seattle,
Wash., Oct. 7-9.

21st International IEEE Symposium
on Electromagnetic Compatibility,
IEEE, Baltimore Union Hotel, Balti-
more, Oct. 7-9.

Semicon/Southwest 80, Semicon-
ductor Equipment and Materials
Institute (625 Ellis St., Suite 212,
Mountain View, Calif. 94043), Mar-
ket Hall, Dallas, Oct. 8-9.

13th Annual Connector Symposium,
Electric Connector Study Group Inc.
(P.0. Box 167, Fort Washington,
Pa. 19034), Benjamin Franklin Ho-
tel, Philadelphia, Oct. 8-9.

Interkama 80 —International Con-
gress and Trade Fair for Instrumen-
tation and Automation, Nowea (D-
4000 Diisseldorf 30, Box 320203,
West Germany), Fairgrounds, Diis-
seldorf, Oct. 9-15.
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Innovative design brings new values in
universal counters for systems, bench and field use.

This is much more than just another
family of 10X} MHz universal counters.
An innovative design using & micro-
processor and HP's Multiple Register
Counter IC give you remarkable
performance and versatility for the
money: 7 digits of frequency resolution
per second: continuously variable gate
times; dual-mode input conditioning
that optimizes both frequency and time
interval measurement; input filter

and time interval delay for noisy inputs;
very low RFI/EMC and excellent
versatility when measuring frequency
bursts.

Remarkably. at their low prices,
these counters use the reciprocal
measurement technique, which measures
the input waveform’s period and inverts

the result to display frequency. This
gives you full resolution for all frequencies
without the use of long gate times or
phase-locked multipliers.

You get a full complement of universal
counter measurements: frequency and
frequency burst to 160 MHz (1 GHz
optional), frequency ratio, time interval
with resolution of 100 ns single shot
and 10 ps averaged. period average and
totalizing.

There are three models toselect from.
The new 5316A counter gives you full
Hewiett-Packard Interface Bus (IEEE-488)
capability including remote digital
setting of trigger levels. It is metal-cased
and rack mountable. And. at $1500* it
is our lowest cost systems counter. The
S315B is similar to the 5316A , but without

3

HEWLETT
PACKARD

HP-IB. It costs only $1050* The HP 5315A
portable version has a rugged poly-
carbonate case and carrying handle. It
costs $875* Options: battery pack (5315A
only). $225:* 1 GHz C channel. $250:*
Offset/Normalize Module (divides and/or
adds numbers to Model 5315B or 5316A
measurements), $650:* higher stability
time base (TCXO), $100*

All three of these counters have the
quality you've come to expect from HP
at truly remarkable prices. For the
full story just call your nearest HP sales
office or write. Hewlett-Packard.
1507 Page Mill Road. L

Palo Alto. CA 94304, ALELEY

SYSTEMS

*Domestic U.S. prices only.
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In my opinion

It’s time to revitalize engineering

by Bernard M. Gordon, chairman and technical director, Analogic Corp., Wakefield, Mass.

Despite self-con-
gratulatory excla-
mations by some
industry spokesmen
and predictions of
uninterrupted
growth for high-
technology elec-
tronics companies,
the long-term view
is not so optimistic.
Consider, for exam-
ple, that much of
our consumer elec-
tronics industry has been lost to foreign compe-
tition for reasons related not primarily to price,
but rather to inferior quality and lack of reli-
ability.

Many electronic products being delivered
today are poorly engineered and unreliable
under varying operating conditions. The prob-
lem even extends to military equipment, which
is often conceived by committees and requires
inordinate time to get into production.

Despite the fact that our technical colleges
and universities have increased their number of
graduates by over 50% in the last decade, quali-
fied engineers who can conceive, design, and
supervise in detail the development of complex
products encompassing a range of technologies
have become a rarity. To a large extent electri-
cal engineers have found that their education
and later apprenticeship in industry did not
properly prepare them for assuming broader
responsibilities in a long-term career. Instead,
they have found that after engaging in a narrow
specialty they are too confined to adapt to the
demands of design engineering leadership.

Today even modestly complex development
projects, once staffed by one or two junior engi-
neers under the supervision of a senior engineer,
require a substantial number of people. So-
called project managers are confounded as
development programs move forward haltingly
with constant redirection instead of proceeding
along well-defined paths blazed by broadly edu-
cated, self-disciplined engineers. The reasons for
this situation are varied, but the result is an
alarming decline in engineering productivity.
Moreover, many engineers lack verbal and writ-
ten communication skills, do not have a firm

grasp of basic physics and mathematics, and do
not even understand the meaning of leadership.

We in industry must assume strong leadership
roles in the rebuilding of national design-
engineering standards. We can contribute sig-
nificantly to this goal both from within and
outside our organizations.

In our own companies we can:
® Reject the permissiveness and complacency
with which we sometimes view the breakdown
or lack of engineering discipline.
® Assign product engineers responsibilities con-
sistent with their experience and their abilities;
provide structured career ladders and diverse
experience, in both hardware and software, so
that engineers will be able to grow in their
technical knowledge, leadership, and under-
standing of the competitive demands put upon
the product engineer.
® Explain, particularly to the young, the atten-
tion to detail and commitment to the total job
required to produce a reliable product.

In our relationship with schools and with gov-
ernment institutions, we can:
® Work with curriculum committees to set mea-
surable goals of knowledge, skills, and most
important, attitudes that our industry should
expect of the engineering graduate; help schools
define requirements for mathematics, physics,
basic electronics, hardware and software design
processes, communication skills, and documen-
tation.
® Recognize that the leaders in education must
also have a commitment to providing well-
grounded graduates in tune with the notion that
education is a continuing process.
® Offer constructive criticism of well-meaning
government-sponsored programs such as those
that attempt to boost productivity by trying for
greater quantity without better quality.

In the past, when our society has recognized
danger, we have always worked together to
overcome the threat. Our present problems have
been decades in developing and will not be
solved overnight. But, if we do not start now, it
will take longer to cure. And it might be too
late.

This is a condensed version of a lengthier text that
is available upon written request from: Opinion,
Analogic Corp., Wakefield, Mass., 01880.

Electronics/September 25, 1980
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Quality, capability and performance in an
outstanding universal counter for only 425.

HP's experience in counter design,
manufacturing advances and tough
quality control bring you the Model 5314A

a counter that does a lot and does it
for a remarkably low price: $425*

You'll get the measurements and
performance you're likely to need where
a basic universal counter is called for:
frequency range is 100 MHz, time interval
resolution is 100 ns and it will measure
period down to 400 ns with 100 ps
resolution. It also measures frequency
ratio. ratio averaging and will totalize.
For longer times between calibrations

()

plus added accuracy, HP offers an
optional high stability time base (TCXO)
for $100* For field use, there’s a low-cost
battery power option for $95*

Counters at this price usually have
single-channel time interval controls or
none at all. But the 5314A gives you
both input trigger level and slope controls
for two input channels. This allows you
to measure pulse widths or time between
pulses with stop and start commands

from either one or two input control lines.

We've adhered to HP's high quality
standards in building the 5314A. A look

HEWLETT
PACKARD

inside will reveal carefully designed.
carefully crafted, gold plated circuit
boards throughout. A low parts count
and conservative design contribute
to excellent reliability, too.

Now. more than ever before. it makes
sense to buy quality from the start.
Thats what you get with the remarkable
5314A. To get your 5314A, or more
details, call your nearest HP sales office
today or write, Hewlett-Packard,

1507 Page Mill Road. Palo Alto, CA 94304.

*Domestic U.S. prices only
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Packaged Memories

Intel’s Series 90 Memory System. The only one that combines
system-level standardization with custom-built features.

If you're a system designer
responsible for memory-intensive
products, you know the problems
of starting every project from
scratch. Extended design cycles.
Constant specification changes.
Cost overruns. Component
testing/integration hassles. Late
documentation. Seemingly
endless schedule slippages. And
even when the design is finally
complete, reliability remains
a question mark.

These are all problems you
had to put up with to get the
custom-built features that would
precisely match your require-
ments. But no more.

Head start in memory design
Now you no longer need

to start from scratch in memory

systemdesign. Instead, start

with Intel’s standard Series

90 Memory System.

and reliability is assured.

And just as importantly, you
know exactly what the system
costs and when it will be delivered.
No guesswork. No surprises.

Just the confidence you gain
from reliable, field-proven Intel®
memory products.

Flexibility for the future

For future requirements, the
BXP bus will easily accommodate
Intel's new technologies as they
become available. Even then, you
won't have to redesign. The
result? Shorter memory system
design cycles plus longer life for
your products.

Also with each Series 90, you
can address up to 2 billion bytes
of memory, with or without an
ECC option. So whether you're
adding more of today’s memory
technology or upgrading to higher
- density compon-

Cimemmanen'
=2

The Series 90 is a
family of memory mod-
ules and intelligent
controllers, interfaced §
via Intel’s standard
BXP™ memory bus. It
eliminates the time
and cost formerly
required to design a
special memory for
each new system or
performance/density upgrade.

The Series 90's family of
compatible memory modules plug
into the BXP bus, allowing you to
choose exactly those word widths,
cycle times, and memory technol-
ogies you need. Each system is
factory-assembled from off-the-
shelf components, and fully tested
at the IC, board, and system level.
So you know the system will

perform according to specification,

ents in the future,

the BXP bus stays with you.

Performance to spare

To give your memory systems
the competitive edge, we incor-
porate our highest performance
semiconductor memory com-
ponents in the Series 90. Static
memory modules using leading
edge HMOS™ technology to

provide cycle times of 100 ns.

Or our family of dynamic
memory modules.

And for faster data transfer
rates, our BXP bus allows you to
interleave modules. Or combine
both static and dynamic memory
in the same system. However you
configure, the Series 90 lets you
achieve the highest speeds with
performance to spare.

What’s in store

We've recently upgraded
the Series 90 by adding new
performance categories for both
static and dynamic memory
boards.

So the next time you need
a memory system, we urge you
to compare your usual design
choice with the advantages of a
standardized, off-the-shelf Series
90 alternative. For assistance
in making that comparison,
contact your local Intel sales
representative. Or return the

coupon below.
*HMOS is a patented Intel process.

O My memory system requirements
are attached. Please show me how
the Series 90 can best meet these.

O I'll figure it out myself. Please
send me:
[ Series 90 technical information.
O Your handy Configuration Guide.
O3 Series 90 Application Profiles.

Name
Title/Organization
Address
City/Srate/Zip
Telephone ( )

Intel Corporation, Literature Department,
i 3065 Bowers Avenue, Santa Clara CA 95051
i (408) 987-8080 £9/25

®

Euwrope: Intel international, Brussels, Belgium.
Japan: Intel Japan, Tokyo. United States and Canada
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our eoocu'aca:l STD euth

are designed and built with the

sarmne expertise and commitment

that led us to develop the industry -

standard STD BUS.

Unlike other manufacturers
who limit you to one microproces-
sor, Pro-Log lets you design with
Z80, 8800 or 8085 CPU cards.
Choose from modules designed
specifically to meet your system’s
needs: battery back-up CMOS RAM
card, dedicated timer/counter card,
dual UART card. R4-slot card rack,
and many other system modules.
We also have support hardware,
manuals and design courses—all
totally unbundled, so you can pick
only what you need.
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rights, photo-ready artwork, parts

list and assembly prints, so you D P R O = L O G

wish, relying on Pro-Log as your
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could serve as
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Intel to use
own chips in
special computer . . .

. and shows chip set
to go into Ford’s
mid-1980s autos
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Tektronix Inc. plans to set in place next month the first block of the new,
modular microprocessor development system called the 8500 series. The
Beaverton, Ore., instrument maker will initially unveil a single-user
system consisting of two major parts —one for software development and
in-circuit emulation and one for managing up to 2 megabytes of floppy-
disk files—that will sell for less than $1,500. In 1981, the company plans
to expand the series to include a multiuser system based on the LSI-11/23,
a hardware-software integration station, and support for 16-bit processors.

An antistatic and bacteriostatic liquid, used for years in medical environ-
ments to prevent the buildup of static electricity, has a chance to make it
big in electronic production. Called Staticide, the water-soluble liquid is
being sprayed at ITT Courier Terminal Systems Inc. of Tempe, Ariz., onto
bare printed-circuit boards that are to be stuffed with components and
then wave-soldered. The result, says John L. Scovern, senior engineer in
the test engineering and special projects group, “is to reduce solder faults
75% and increase board yields 10% —and that adds up to 50,000 boards a
year at the rate we are making them.” The liquid is manufactured by
Analytical Chemical Laboratories, Elk Grove Village, Ill.

An MOS EE-PROM that has the potential to be written into and erased so
quickly that it could function as a truly nonvolatile random-access memory
has been developed at International Business Machines Corp.’s Thomas J.
Watson Research Center. Scientists at the Yorktown Heights, N. Y.,
facility have neared that elusive goal with a device that is similar to a
floating-gate, avalanche-injection MOS read-only memory but adds a dual
electron-injector structure to yield important performance payoffs and
eliminate the need for a separate shadow array. The approach is so new
that only nonoptimized single memory cells have been tested, but data-
retention time already is impressive: a computed 5% charge loss per 10
million years.

Watch for Intel Corp.’s OEM Microcomputer Systems division in Hills-
boro, Ore., to unveil soon a measurement and control computer on a single
Multibus module that will be the first in-house application of some key
Intel chips. The iSBC 88/40 board will use such parts as the 8088
microprocessor, the 8087 mathematics coprocessor, and the 2816 2-
K-by-8-bit electrically erasable programmable read-only memory. The
8087 will reside on a smaller module, the iSBC 337, to plug into the
microprocessor’s socket, and an on-board 22-v supply will be used in
programming the EE-PROM. The computer will be provided with a 16-
channel analog-to-digital converter, as well as three multimodule expan-
sion sockets for more plug-in cards.

Saying that standardized large-scale ICs are the correct direction for
semiconductor makers to take in developing automotive electronic sys-
tems, Intel Corp., Santa Clara, Calif., has introduced a chip set that will
go into Ford’s engine-control system in the mid-1980s. The set consists of
an 8061 custom 16-bit microprocessor with a 200-ns cycle time and a
read-only memory. Both are 5-v parts and are fabricated in HMOS, its
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high-speed n-MOS process. In announcing the development at the Institute
of Electrical and Electronics Engineers’ Convergence *80 show in Dear-
born, Mich., Intel vice chairman Robert Noyce enumerated the virtues of
standard large-scale integrated circuits as portable software, superior
quality, high reliability, and uniformity in testing and maintenance. He
lobbied for a pool of programmable circuits to serve engine control and
other automotive functions.

Though it is the world’s largest minicomputer maker, Digital Equipment
Corp. has been a longtime holdout against the X.25 protocol for packet-
switched networks springing up around the world. But now users of
Transpac, France’s public system that conforms to X.25, are quietly being
told that the Maynard, Mass., firm may offer appropriate software this
year. Little else has been heard except for hints that DEC’s approach will
be regional, with its product aimed at the specific needs of X.25 users in
different countries.

A voice-recognition system that employs some unique software techniques
developed by a small Denton, Texas, company called Scott Instruments
Corp. [Electronics, July 17, p. 154] is drawing attention from the firm’s
big neighbor from Dallas, Texas Instruments Inc. Though TI refuses to
discuss the matter, Scott officials report they have a signed contract
under which the Dallas company will purchase about 60 of Scott’s $895
Vet-2 systems, with an option to purchase a nonexclusive license to use the
Scott technology in TI products.

Monolithic devices that integrate the codec and associated filter functions
on the same chip represent the next step for MOS manufacturers pursuing
the digital telecommunications market. Initial samples of one such chip are
expected to emerge during the first quarter of next year from Motorola
Inc.’s Integrated Circuit division in Austin, Texas. Though compatible
with the company’s current line of metal-gate complementary-MOS tele-
communications devices, the new chip will be fabricated using a denser,
silicon-gate C-MOS process.

Harris Corp.’s Semiconductor Products division in Melbourne, Fla., and
National Semiconductor Corp. of Santa Clara, Calif., have signed a major
cross-licensing agreement covering telecommunications products. Ini-
tially, Harris will supply details of its bipolar subscriber-loop interface
circuit technology, National its complementary-MOS codec technolo-
gy. . . . Conrac Corp.’s System West division in Duarte, Calif., has
supplied the New York Futures Exchange with an electronic display
system featuring a unique mosaic arrangement called Macrofont: 30 23-in.
industrial cathode-ray-tube monitors are stacked in three rows of 10
each, displaying 1.5-in.-high characters. . . . The General Electric Co.
acquisition of Intersil Inc. [ Electronics, Sept. 11, p. 34] has been approved
by the directors of both firms. The deal would be for $235 million. At the
same time, Gould Inc. has agreed to purchase Systems Engineering
Laboratories Inc. in an exchange of stock worth about $150 million.
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(3ET A HEAD START
ON TOMORROW WITH THE
SOFTWARE THAT’S GOING PLACES.
THE UCSDp-SYSTEM:

JULIE ERWIN, Director of Marketing, Sof Tech Microsystems

ur microcomputer software
system’s going places for
good reasons:

We're constantly expanding
and developing it. We started with
UCSD Pascal™ added FORTRAN,
and we'll be introducing more in
the months ahead.

We offer a total development
and execution environment, from
operating system and cross assemblers
to screen editor.

We run on most major micro-
processors today: Z80, 8080,

8085, 6502, 6800, 6809, 9900 and
LSI-11™ And because the UCSD
p-System’s portable, you can be sure
that what you invest in software

today is a good investment in tomorrow.

We're going places and
gaining in popularity with microcom-
puter manufacturers, applications
developers, and demanding end users.
Get a head start on tomorrow by
working with a company that knows
how to develop professional
quality software, and that's committed
to delivering it.

Our system’s available for
distribution licensing or for single-copy
sales. With Pascal, it costs $350...
with FORTRAN, $400...and with both
languages, $550. Documentation
sets are $50. Phone orders are welcome,
and Visa and Master Card orders
are accepted. Write or call for
more details.

mMICROSYSTEemsS

A SUBSIOIARY OF SOFTECH

9494 Black Mountain Road, San Diego,
CA 92126. (714) 578-6105

TWIX: 910-335-1594

UCSD p-System and UCSD Pascal are trademarks of the Regents of the University of California.
LSI-11 is a trademark of Digital Equipment Corp.
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The benchmarks prove it...

1. Performance Measurements 2. Perkin-Elmer 3240 vs. VAX*
Average Time by Job Classification

Benchmark VAX 117780  Perkin-Elmer Performance
Name CPU time 3240 CPU Ratio*®
time

PMS0154 1.140 0.907 1.26
PMS0254 4.710 4.485 1.05
PMS0354 9.160 8.990 1.02
PMS0454 43610 43.451 1.00
PMS0554 86.420 86.123 1.00
PMS0664 1.610 1.350 1.19
PMS0764 7.040 6.679 1.05
PMS0864 13.730 13.370 1.03
PMS0964 66.830 66.068 1.01
PMS1064  132.920  129.727 1.02
PMS1124 1.520 1.306 1.16
PMS1234 2.470 2.424 1.02
PMS1324 1.310 1.618 0.81
PMS1407  251.560 37.327 6.74
PMS1507 50.260 57.657 0.87
PMS1674 22.440 23.005 0.98
PMS1724 52.550 53.133 0.99 ; - 1 .-, y
PMS1807 50.180 34.766 1.44 4 & 6

PMS1907 32.0200 34679 0.92 Job Classification

PMS2007 17.720 20.264 0.87

PMS2107 13.450 20.242 0.66 . nteger 5. Smgle~precgsnon 7. Arrays

PMS2202 33.311 26.352 1.26 2. Smgle-precusuon whetstone timings 8. Job mix

PMS2324  121.610  137.997 0.88 3. Double-precision 6. Double-precision 9. Compiler technology
PMS2402 0.940 0.539 1.74 4. Math functions whetstone timings

PMS2502 0.720 0.562 1.28 A XBe S ariema o) Ovpd T TMC

PMS2624 122,920  227.689 0.54

PMS2708 4.850 0.961 5.05

PMS2809  103.770 0.006  17295.00

PMS2934 0.660 0.414 1.59 )

PMS3009 0.230 0.006 38.33 3. Proven Price/Performance

PMS3103 0.610 0.398 1.53

PMS3202 4.740 3.923 1.21 2. 0gr==
PMS3307 2.470 1.959 1.26 ‘

Seconds

PMS3407 39.190 7.774 5.04
PMS3507 5.580 2.587 2.16
PMS3607 156.540 20.077 7.80
PMS3701 4.480 1.621 2.76
PMS3802 4.060 2.874 1.41
PMS3903 6.050 3.864 1.57
PMS4002 9.330 5.505 1.69
PMS4102 76.290 77.764 0.98
PMS4202 118.490 125.039 0.95
PMS4301 110.650 75.569 1.46
PMS4403 1.980 0.739 2.69
PMS4584 219.990  189.081 1.16
PMS4603 18.640 16.939 1.10
PMS4701 0.350 0.077 4.55
PMS4802 0.830 0.880 0.94
PMS4934 0.340 0.050 6.80
PMS5008 0.430 0.168 2.56
PMS5108 98.950 55.419 1.79
PMS5208 0.900 0.917 0.98
PMS5308 0.330 0.029 11.38
PMS5408 2.080 1.697 1.23
PMS5502 1.130 2.180 0.52
PMS5602 207.140  198.685 1.04
PMS5703 585.170  254.545 2.30
PMS5824 18.740 18.194 1.03 - . {

S180K $200K $220K

Price

Average performance ratio o

The configurations tested were 2 MB of mem-
ory. 67 MB disc. 75 ips tape, Floating Point
Processor, CRT terminal, battery backup, and
system software The 3240 had a Wnteable
Control Store and Fortran Enhancement Pack-
*Performance Ratio = VAX 11780 CPU time age, while the VAX 11/780 had a Floating Point
T Eimer 3240 CPU time Accelerator
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The Perkin-Elmer
3240 is

Faster

than

Our 32-bit Model 3240 performed
44 out of 58 benchmark tasks
faster than the more expensive
VAX 11/780.

We matched our Model 3240
against the VAX 11/780 in 58 cus-
tomer supplied benchmarks, com-
prising 697 million FORTRAN
statements.

In 44 of the benchmarks, the
3240 performed faster than VAX.

Overall, the 3240 delivered an
average 1.4 times higher
performance.

Yet the 3240 configuration costs
approximately $20,000 less than
its corresponding VAX configuration.

All 58 FORTRAN benchmarks
listed in Table 1 were submitted by
our customers and prospects
reflecting their application needs.
Appilications that deal with the same
kind of problems you face every day.

All benchmarks were run on-site
at various locations across the
country. And all were run by vendor-
trained operators.

In Table 2, we organized the
benchmark results into nine com-
mon types of job classification, so
you can see at a glance how the
3240 stacks up vs. VAX 11/780. (The
ninth classification demonstrates
the superiority of Perkin-Elmer’s sys-
tem software, in this case globally
optimizing FORTRAN VII.)

As shown in Table 3, the story is
simple and uncomplicated. The

Perkin-Elmer 3240 outperforms
VAX 11/780. And it costs less.

The 3240 is faster than VAX in
another important way—we can
deliver it faster.

We'd be happy to send you
a sub-set of those benchmarks
which are non-proprietary or have
been released with permission,
SO YOU Can run them s
yourself. We'll also
send you hard-
ware and software
documentation.

Before you make
a decision on
any supermini
system, get all
the facts on the
new 3240 from
Perkin-Elmer.

The Perkin-Elmer Corporation, Marketing Communications,

2 Crescent Place, Oceanport, NJ 0775

Please send me [J complete information on the 3240
3 documentation (J a sub-set of benchmarks
[ Have a salesman call

Name.

I
I
I
I
I Title_
I
I
I

I
I
I
_Tel. I
I
Company. I
Street = I

S— _State__Zip__________ I
____________ £92% 1

CaII foll free: (800) 631-2154

in NJ: (201) 229-6800

PERKIN-ELMER
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HuNction.
Pulse Andsave

Global Specialties sets a new value standard. Twice.
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o 4001 PULSE GENERATOR

GATE/TRIG IN

Model 2001 Sweepable

Function Generator. $186.00*
Get the waveforms you need—1 Hzto .1 MHzin
five overlapping ranges: stable, low-distortion
sine waves, fast rise/fall-time square waves,
high linearity triangle waves —even a separate
TTL square wave output. Plus high- and low-
level main outputs.

An applied DC Voltage at the Sweep input
can shift the 2001's frequency; or sweep up to
100:1 with an AC signal.

A pushbutton activates the DC Offset
control, which shifts the output waveform up or
down on command.

You'd expect to pay a lot more for all the
2001 can do!

1w 6'0\(

SYNCOUT TTLOUT VAR OUT

Model 4001 Ultravariable

Pulse Generator.™ $235.00*
Here's a precision digital pulse generator with
fastrise and fall times covering 0.5 Hz to 5 MHz
in 5 overlapping ranges. With pulse width and
pulse spacing each independently variable
from 100 nsec to 1 sec foran amazing 107:1
duty cycle range.

You'll find the 4001 delivers the pulse
modes you need: Continuous, One-Shot, Trig-
gered, Gated, Square Wave, even a Comple-
ment mode. The Trigger/Gate input, 50 Ohm
variable output, TTL-level output and Sync
output connectors are BNCs.

The 4001. Nothing does as much as well
for anywhere near the price.

Smarter tools for testing and design.

70 Fuiton Terr., New Haven, CT 06509 (203) 624-3103, TWX 710-465-1227
OTHER OFFICES: San Francisco (415) 421-8872, TWX 910-372-7992
Europe: Phone Saffron-Walden 0799-21682, TLX 817477

Canada: Len Finkler Ltd.. Oownsview, Ontario

GLOBAL
SPECIALTIES

Call toll-free for details

1-800-243-6077

During business hours

CORPORATION

*Suggested U.S. resale. Prices. specifications subject to change without notice. © Copyright 1980 Global Specialties Corporation
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Intel and NEC
heat up the race
in 64-K RAMs

by John G. Posa, Solid State Editor

New chips have big areas
as their makers aim at
easy manufacturability and
relaxed operating margins

The 64-K dynamic random-access
memory race is heating up now, with
two anxiously awaited arrivals—
from Intel Corp. and the Nippon
Electric Co.—about to enter. In
addition, other manufacturers like

Mostek Corp. are realizing signifi-
cant yields on long over-due chips.

Unlike the opening round of 64-K
RAM announcements, which stressed
“being first” and *“having the smal-
lest die,” the latest buzz words are
“most manufacturable” and ‘“‘high-
est margins” on internal operating
specifications. Indeed, though the
earlier companies might have been
loath to disclose a chip size in excess
of 40,000 square mils, Intel’s 4164 is
47,000 mil2, and NEC’s uPD4164 a
whopping 50,920 mil2.

New dice. The 64-K RAMs of Intel (below) and NEC (right) stress
producibility. Intel goes for bootstrapping and full-sized dummy cells.
NEC chooses conservative layout and an anti-alpha coating.

“We feel we have done everything
we could do—within reason—to
maximize the margins on the part,”
submits Sunlin Chou, Intel’s manag-
er of dynamic RAM engineering and
memory components. “Power dissi-
pation will be on the high side,”
admits Kirk MacKenzie, strategic
marketing manager of memory com-
ponents in Aloha, Ore. “We’'ve done
that to improve quality and reliabili-
ty.” The 335 milliwatts maximum is
more than most 64-K RAMs’.

Intel’s 64-K part like Motorola’s

L

128-BY-128-BIT
BIT-LINE MEMORY MATRIX
BOOTSTRAP
CIRCUITS

SENSE AMPLIFIERS
(512 TOTAL)

OUMMY CELLS
(2 048 TOTAL)

j
'

7

‘ (FOLDED) METAL
BIT LINES COLUMN

DECODERS

o

DECODERS
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{Electronics, Feb. 15, 1979, p. 141],
uses folded metal bit lines and is
partitioned into four quadrants (see
figure, p. 39). Its double-polysilicon
cells, however, are more akin to
Hitachi’s [Electronics, July 31, 1980,
p. 103]). To increase margins, the
4164 includes active bit-line boot-
strapping and full-sized dummy
cells.

As do most RAM makers, Intel
boosts —bootstraps—its word lines
above the power supply voltage
(Vpp) to store more charge. But it
further bootstraps the 4164’s bit
lines to restore a Vpp-plus level to
the cells after a refresh. “It takes a
couple of transistors and a capacitor
at the end of each bit line that theo-
retically could be chopped out at the
expense of margins,” says Bob
Abbott, 4164 program manager.

For a more solid sense-amplifier
reference, Intel moved to full-sized
dummy-cell capacitors, and “to
track alignment with the storage
cells, we have dummy cells on each
side, and we select the one that is
facing the same direction as the sto-
rage cell,”” Abbott says.

Noise. Alpha-particle noise is one
reason designers are building in
higher margins. The present specifi-
cation for soft errors is 1 in 10¢ per
hour. Intel says that it ‘has the
option to get down to this level,”
hinting at an anti-alpha overcoat.
Motorola, TI, and others have
recently disclosed that they will
employ polyimide coatings to shield
against alpha particles [Electronics,
Sept. 11, p. 41].

NEC is using a silicone coating
over 100 micrometers thick on its
64-K RAM (see photograph, p. 39),
aiming at surpassing the industry
alpha-error specification. Also, NEC
is conservative with layout for a high
bit-line-to-cell-capacitance ratio of
9:1, further guarding against noise.
The architecture looks like that of a
256-K RAM that the company recent-
ly described {Electronics, May 22,
1980, p. 129].

NEC also grounds the upper plates
of the storage capacitors in its
array —instead of tying them to the
power supply—to subdue power
fluctuations. Mostek does the same

40

thing in its 64-K RAM.

Delay. The Mostek MK4146
was announced over a year ago, “‘but
margins and specs weren’t there, so
we went through an iterative pro-
cess,” says Sam Young, the Carroll-
ton, Texas, firm’s strategic market-
ing manager of memory products.
Other Mostek insiders attribute the
tardiness partly to the loss of key
people like Paul Schroeder to a
recent startup, Inmos Corp.

Now “we have working devices in
house and consistent yields,” states

Young, who says that a fourth-quar-
ter introduction is in store, followed
by volume production next year.
Like Intel, Mostek is bootstrapping
its bit lines for more signal strength.

In addition, Young points to “a
unique, revolutionary sense amplifier
that is far more sensitive than what
we've done in the past.” In fact, “we
don’t plan on coating the part right
now —through design, we have
enough signal,” he says. “We will be
the only manufacturer to initially
offer [the RAM] in plastic.”

T

Recession reaches electronics sector
as distributors’ midyear sales drop

Amid mounting signs that the U. S.
recession is finally hitting the elec-
tronics industries, distributors
around the nation are reporting that
their sales started to fall sharply in
the spring. The last month has seen
some improvement, but few officials
are ready to predict reigniting of the
boom their industry has felt ever
since the 1974-7S recession ended.
What has hit the distribution
industry is the almost simultaneous
occurrence of all the ills that can
plague the business in a downturn—
“cancellations, stretchouts, and price
declines,” sums up Sidney L. Spie-
gel, chairman of the Wyle Distribu-
tion Group, El Segundo, Calif.
While distributors are feeling the
effects of increasing supplies of
hard-to-get parts, even more they
are experiencing a drop in demand.

One eye-opener is that firms oper-
ating in the supposedly recession-
resistant Southwest felt the decline
perhaps more than other areas. In
Texas, for example, Joseph Semmer
of Hall-Mark Electronics Corp. re-
ports April was the last month when
the key book-to-bill ratio held above
1:1. The ratio has edged up from
under 0.8:1 in June to about 0.96:1
now, says Semmer, the director of
semiconductor business development
for the Dallas firm.

West. In Los Angeles, Jack F.
Darcey, president of Kierulff Elec-
tronics, a national firm that is strong
in the West, calls July sales a “disas-
ter,” dropping nearly 15% below
July 1979. Other western distribu-
tors agree; an exception is giant
Hamilton/Avnet, whose nationwide
sales are more than triple those of its
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competitors.

Bookings for July and August
actually ran ahead of the same peri-
od a year ago, claims William C.
Cacciatore, executive vice president
for worldwide operations. Top offi-
cials at other firms, however, doubt
that Hamilton/Avnet’s sales were
ahead, pointing out that booking an
order does not mean it is solid.

Ratios. What distributors report
should be felt among both their sup-
pliers and their customers. However,
semiconductor manufacturers have
remained tightlipped about their
sales. The Semiconductor Industry
Association does report that its
member firms have book-to-bill ra-
tios of about 0.75:1. The ratio, how-
ever, is an imperfect measure, since
there is no standardization on how
orders and shipments are reported.

On the user end, minicomputer
makers are reporting big production
cutbacks because of sharp order fal-
loff. Such a slowdown is bound to
ripple back to distributors and to
integrated-circuit makers.

Unlike the 1974-75 downturn,
there has been little of the double
ordering that greatly inflates back-
logs and subsequently hurts suppliers
when cancelled. Rather, shortening
lead times from months to weeks on
hard-to-get parts has had two
adverse effects.

First, it chops out months of back-
log that were counted as a cushion.
Second, distributors’ customers
themselves carry much smaller in-
ventories because they are able to
get quicker deliveries. Many officials
think that decreased inventories are
the dominant factor in this slide in
distributor sales.

A price drop. On top of slower
sales, price declines in previously
short-supply large-scale integrated
memories, which make up perhaps
20% of distributors’ volume, are
forcing them to run harder to stay
even. How tough a job that can be is
noted by Hall-Mark’s Semmer, who
says an order booked today for 16-K
random-access memories is worth
only a third of its value three months
ago.

He and others hope price pres-
sures do not spread to other parts.
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But the history of the semiconductor
business during recessions hints oth-
erwise, they admit.

For all the rapidity of the down-
turn, most distributors maintain an
optimistic outlook, although none
sees a fast return to 30% growth
rates. If a consensus exists, it fore-
sees flat to slightly increased sales
for the rest of the year and softness
(defined by Kierulff’s Darcey as a
10% increase) through the first half
of 1981.

These forecasts are based on hopes
that the decline bottomed in mid-
summer and that customer inventory
rebuilding, which seems to be stir-
ring in early September, will lead the
way. The distributor officials see
current troubles as temporary, with
a new fast-growth track opening up
in late 1981. -Larry Waller

Instrumentation

Microprocessor paths
diverge for scopes

Thanks to the microprocessor, that
most analog of instruments—the
oscilloscope —is steadily getting
smarter. One path to take is found in
Hewlett-Packard Co.’s just-intro-
duced 100-megahertz 1980A scope,
which goes for simplified all-digital
controls and automatic ranging.

In contrast, Tektronix Inc. uses
the processor in its 400-MHz 7854 to
enhance scope performance greatly.
Whereas HP’s Colorado Springs
(Colo.) division opted for the 8-bit
8085 to simplify setup for less
sophisticated users, Tektronix chose
the 16-bit TMS 9900 to permit
extensive waveform manipulation by

Easy to run. Hewlett-Packard’s two-channel
100-MHz 1980A scope uses an 8085 to sim-
plify operation for the unskilled user.

the engineering designer.

HP product manager Wayne Gut-
schick sees the 1980A “growing into
traditionally nonelectronic indus-
tries, such as the auto industry,
where people who may never have
seen a scope will have to use them.”
Tektronix, on the other hand, main-
tained much of the analog circuitry
and traditional appearance in the
7854 [Electronics, Feb. 28, p. 39] so
as “not to shock the user” with an
instrument ‘“‘unrecognizable as an
oscilloscope,” says Val Garuts, prin-
cipal designer of the Beaverton,
Ore., company’s scope.

One knob. The contrast is immedi-
ately evident on the face of the
1980A (see photograph). Gone are
the multiple knobs and push buttons
to which most engineers have
become accustomed. Instead, there
is a single control knob whose func-
tion is determined by which of the
function keys is pressed.

The digital design also allows HP
to offer autoranging. When the
autoscope key on the front panel is
pressed, the 8085 examines the input
for vertical amplitude, horizontal
sweep speed, and position and selects
settings to produce display.

Autoranging. Certain functions
that the user may want to select,
such as input coupling and trigger-
ing, can be entered and preserved
during the autoscope sequence. Al-
though the autoranging feature is
particularly beneficial to an un-
skilled operator, its attraction to any
scope user cannot be denied.

By means of commands sent to
them through an IEEE-488 inter-
face, both scopes can display text
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telling a user how to perform mea-
surements. However, only in the
1980A may all settings be pro-
grammed through the interface. It
can also transmit some measurement
data to a computer.

Storing. But the unit cannot cur-
rently store, send, and receive wave-
forms as can the 7854, an important
feature for a system scope. HP plans
to add waveform digitizing and
transmission in the first quarter of
1981, using two field-installable
cards that provide about 2-K of ran-
dom-access memory. As that RAM
capacity is less than in the 7854, it
will not store as many waveforms.

Additional measurement routines
will be added to the 1980A through
4-K read-only memories, of which

the unit can accept four. At present,
just one is offered —a $500 sequence
ROM that lets the user program up to
25 front-panel inputs and recall
them in sequence.

Whereas the $10,500 7854 main-
frame requires plug-in function mod-
ules to be operational, the $8,500
1980A comes ready to run. Still,
users of Tektronix’ popular 7000 ser-
ies most likely have many such plug-
ins on hand, and the company offers
a wide range of them—the 7D02
logic analyzer is the most recent. HP
has set aside a single front-panel slot
for adding enhancement modules; at
present it offers a $2,000 plug-in
that adds another two channels to
make the 1980A into a four-channel
unit. -Richard W. Comerford

Microsystems

Coprocessor board supercharges Apple i
by harnessing the power of new 6809E

Users of the Apple Il personal com-
puter will soon be able to harness the
power of the 6809E microprocessor
to perform multiprocessing. A re-
cently formed Santa Barbara, Calif.,
company, Stellation Two, is intro-
ducing a plug-in board holding the
new Motorola processor and all the
interface logic that add up to a true
multiprocessing system.

The 6809E, designed for just such
setups, can execute programs much
faster than the Apple II's 6502. “If
we figure the average Apple user has
$3,000 invested in his system, then
for an additional investment of about
10% he can have a processor that is
twice as fast,” says James A. Hinds,
president of Stellation Two and a
founder of Nestar Systems Inc., the
Palo Alto, Calif., networking soft-
ware house.

Upgrade. When Stellation Two’s
board becomes available in limited
quantities late this year, Apple II
users may find that they have pro-
cessing power equal to or exceeding
that of the recently introduced Apple
IIl. Making this possible is the
6809E, part of Motorola’s ambitious
plans for the 6809 family [Electron-

42

ics, May 8, p.48] and formally
unveiled at last week’s Wescon show.

In the Stellation Two system, the
6809E acts as the bus master while
the standard Apple processor uses
the common bus during the time
slices when the 6809E is doing inter-

nal operations. In this way the pro-
cessors run simultaneously.

The E version of the 6809 has
several features that facilitate copro-
cessing. External clock inputs to the
chip allow it to run off the Apple
clock circuits, ensuring that the two
processors operate in synchroniza-
tion. Also, an advance-valid-memo-
ry-address pin notifies the 6502 that
the 6809E will need the bus during
the next clock cycle; when that line
goes active, circuitry on the Stella-
tion Two board takes the 6502 off
the bus so that the coprocessor will
have access to common memory and
input/output channels.

More. Other multiprocessing fea-
tures of the 6809E include a pin that
signals that the processor is perform-
ing internal computations; one that
puts the address, data, and control
pins in the high-impedance state;
and one that notifies the external
world that the next cycle will be an
operation-code fetch.

The board allots 80% of the bus
time to the Motorola chip. However,
it does let the 6502 interrupt, should
it need access to the bus for a time-

“critical task. An on-board read-only

memory stores the reset vectors for
both processors, as well as the multi-
processing software.

There is at least one other plug-in

16-bit/8-bit machine lacks only ROM

Another 16-bit microprocessor has found its way into an 8-bit package. The
TMS 9995 from Texas Instruments Inc. is software-compatible with the 9800
tamily of 16-bit processors but has an 8-bit interface with memory. The 8-bit
data bus and separate 16-bit address bus allow the use of byte-wide
read-only memories, which, along with the 9995°'s other features, makes
possible a complete 16-bit computer with only two chips.

The 9985 executes all the regular 9900 instructions but at a much faster
rate, as a result of the 6-megahertz clock and internal optimizations. It also
adds four instructions, including a signed multiply/divide. In addition, it
contains 256 bytes of random-access memory, clock-generation circuitry,
and prioritized interrupts, all features that qualify it as a ROM-less microcom-
puter. As a 16-bit chip with an 8-bit data bus, it joins the 9980, Intel's 8088,
and Motorola’s 6809, which differs from the others in being a scaled-up
version of an 8-bit processor. However, only the 8995 has the on-board
features that make possible a two-chip system.

Since the 9995 uses the memory-to-memory architecture of the 9900
family, it keeps its registers in general memory, which is usually slower than
on-chip registers. The longer register-access time is the reason that the
architecture has been regarded as inherently slower than those using on-chip
registers. However, the 9995 can avoid the penalty of off-chip registers by
using the on-chip 256-byte RAM for registers. -R.C. J.
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Yesterday, designers used UV
PROM and RAM microcircuits
for applications where non-
volatility was critical. Today
belongs to General Instrument’s
versatile EAROM.

With EAROM you can design a
memory system that will store
data up to ten years even if the
power goes off. And unlike RAMs,
you don’t need battery backup to
retain memory.

Want to program and reprogram
data in system? That's easy too
with EAROM. And, unlike UV
PROMS, you don't need ultraviolet
to erase. With EAROM, you can
erase and write a single word in
circuit, electrically.

General Instrument EAROM
provides reliability and availability
too. We've shipped over 6-million
devices for use in controls,
measuring, metering, tuning...and
more!

For non-volatility, in-system word
reprogrammability, availability and
reliability...look into General
Instrument’s versatile EAROM. It's
a reality today, rather than a
promise for tomorrow. For literature
call (516) 733-3107, and for
applications assistance call (516)
733-3611, or write Microelectronics
Division, General Instrument
Corporation, Dept. EM, 600 West
John Street, Hicksville,

New York 11802,
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processing card for the Apple Il
However, the Z80-based board from
Microsoft in Bellevue, Wash., does
not operate in parallel with the
Apple II’s 6502, as does the Stella-
tion Two offering. Thus one of its
processors will be idle while the
other is using the bus.

However, Microsoft does offer
extensive software options: Basic,
Fortran, and soon Cobol, as well as
the proven CP/M operating system.
Stellation Two’s coprocessor board
initially will be offered with only the
low-level software necessary to coor-
dinate the multiprocessor synchroni-
zation—although Hinds says negoti-
ations for system support are under
way with some 6809 software
houses. -R. Colin Johnson

Components

X-shaped sensor
simplifies transducer

Bringing down the price of monolith-
ic silicon pressure sensors has proven
a tough problem to tackle, but
Motorola Inc.’s Semiconductor
Group thinks it is set to score a
touchdown. Engineers there have
sidestepped the cost problem by
devising a simpler piezoresistive ele-
ment that fits into an inexpensive
plastic package.

The Phoenix, Ariz., group’s new
offering is a single-element strain-
gage transducer pegged to sell for $2
to 35, depending on quantity. The
next cheapest comparable monolith-
ic pressure transducer costs around
$50, Motorola says.

Others. While other makers of
transducers acknowledge they are
working on simpler monolithic units,
none is willing to talk about an
approach that so deeply cuts the
cost. Much industry attention is
going toward perfecting packages
that would fit many applications and
thus allow a uniform testing proce-
dure. Here, too, Motorola is set to
make its mark with the new part.

All silicon pressure transducers
are piezoresistive devices, producing
a change in output voltage when a
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A cross, not a bridge. Motorola Semiconductor has devised a monolithic silicon pressure
transducer with a simple cross-shaped sensing element (shown in top view at right).

sensing element’s resistance changes.
In the conventional pressure sensor,
the sensing element is one of four
resistors in a Wheatstone bridge cir-
cuit.

In the Motorola part (see figure),

the sensing circuitry is a single.

p-type silicon element that is cross-
shaped, giving rise to the part’s
name, X-ducer. A constant current
passes through the element’s longitu-
dinal axis, generating a transverse
voltage across the latitudinal axis.
When pressure is applied, this out-
put voltage changes.

Orientation. In the traditional ap-
proach, the piezoresistive element is
oriented to maximize the diagonal
term of the electric field vector and
to minimize the nondiagonal terms,
thereby minimizing transverse volt-
age changes. Acting on a 20-year-old
proposal for simple sheer-stress pres-
sure measurements, the Motorola
engineers orient their sensor for
maximum nondiagonal terms.

The resulting X-ducer produces a
65-millivolt maximum output at 1
atmosphere of differential pressure
when excited by a 3-volt dc source.
Its sensor is much cheaper to make
than the traditional device, says
James Herman, marketing manager
for sensors and fiber optics.

“With the Wheatstone bridge ap-
proach, you must generally match
resistor temperature coefficients to
within 0.1%, since silicon has a nom-
inal TCR of 1,000 parts per million
per °C,” he says. “This is cumber-

some and costly,” because it requires
laser trimming or exacting ion
implantation to balance the resistors.

A bonus of the new design, con-
tributing to the low price, is its sim-
plified packaging, which also leads
to easy testability, says John Gragg,
the group’s operations manager for
sensors. “The plastic package used,
which is really a chip-carrier, pro-
vides simple terminations of the
transducer’s leads, simplifying test-
ing by automatic equipment,” he
points out.

Gragg acknowledges that the plas-
tic limits the X-ducer’s pressure
range. But he hastens to add that
automotive and process-control ap-
plications use pressures in the 3-to-
15-pound-per-square-inch range.

Motorola also points to the good
performance of its new offering. The
part is nearly free of hysteresis, with
a worst-case repeatability of within
*1% and full-scale temperature
coefficient of —0.2%/°C. It has a
maximum zero pressure offset of 35
mvV and a sensitivity of 3.42 mv per
square inch. -Roger Allan

Peripheral equipment

Compact Winchester
packs features in

Twelve years ago Sam Irwin built a
better mousetrap when he pioneered
the intelligent terminal at Sycor, and
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Buying a pre-owned instrument
can help maximize your cash flow.
With today’s ballooning interest rates,
tight moncey and soaring inflation, it's
tougher than cver to justify large cash
outlays for new equipment. A pre-
owned instrument from USIR can save
you up to 40% over a new one, and you
don’t have to sacrifice quality.

Field-tested instruments provide
high reliability—~I guarantee it.
Any product that relies on solid state
components runs the greatest risk of
failure in its first hundred hours. All
previously owned instruments have
already proven themselves in day to
day usc. Because they've been

continually maintained by USIR
technicians, they are functionally (and
most often cosmetically) as good as
new. We offer a 90-day parts-and-
labor warranty on every item;* and
you can return anything within 10 days
if you feel what we sent you wasn't
what we promised on the phone.

Top quality test equipment
off-the-shelf.

Delivery on a new instrument usually
takes months; you can get a guaranteed,
like-new pre-owned instrument from
USIR in a few days. And our sclection
is continually being updated. We're
ready to give you up-to-the-minute
information on available inventory.

We carry over 200 lines with more than

1000 models to choose from, so whether
you're interested in renting, leasing, or
buying, we can help.

2121 S. El Camino Real,

San Matco, California,

94403, (415) 574-6006

*Except BWOs, TWTs
and YIGs
.’

United States .
Instrument Rentals, inc.

b

A U.S. Leasing Company

“PRE-OWNED TEST EQUIPMENT
WORKS LIKE NEW FOR A LOT LESS MONEY.
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Two in one. The Irwin 5-'/+in. Winchester disk drive includes a cartridge backup and has
twice the storage capacity of other micro-Winchesters and much faster access times.

now he may have done it again. The
mousetrap this time is a 5Yinch
Winchester disk drive with an inte-
grated tape cartridge backup.

From his new company, Irwin
International, Ann Arbor, Mich., he
is announcing a product with four
major features that will, for now, put
it out front in the market in small
disk drives. It has twice the storage
capability of the other 5Y4in. Win-
chester drives, the first integrated
tape cartridge backup to be found in
a 5Vin. Winchester, much faster
access times, and a per-kilobyte
price competitive with the 8-in. Win-
chester drives.

Storage. The Irwin 510’s capacity
is 12.3 megabytes, unformatted. The
integrated tape backup will hold the
entire 10-megabyte formatted ca-
pacity on one cartridge. It will read
or write the total cartridge in less
than four minutes.

The average access time of the
disk is 25 milliseconds, half that of
8-in. Winchesters and about seven
times faster than that of the first
5Ya4-in. drive, Shugart Technology’s
ST506. The price, at $1,500 for
quantities of 500 (unit price is
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$2,500), results in a cost per kilobyte
of 12.2¢, compared with 14.5¢ for
the ST506 and a range of some 9¢ to
more than 15¢ for the 8-in. drives.

Microprocessors. The Irwin 510’s
designers achieved the high density
and fast access of both disk and tape
in part by a generous application of
microprocessor control. The fast
positioning of the disk head boosts
speed, and because it is highly accu-
rate, tracks can be closer together.

Irwin will not specify the type or
number of microprocessors that are
used at least to control the disk head
and tape head servo positioners and
the rotation speed of the disk and
tape spindles. The result is the high-
est track density yet announced in a
small disk— 900 tracks per inch.

Irwin is no stranger to computer
peripherals, since he built Sycor into
a leading supplier of intelligent data-
processing terminals. In 1978, that
company was bought by Northern
Telecom Inc.

The micro-Winchesters, as the
5V4-in. drives are called, will fit into
the space of a 5-in. floppy-disk drive
and should see applications in small
computer systems. There is consider-

able interest in the technology of
these small units [Electronics, June
19, p. 104], but only two other man-
ufacturers have announced products:
Shugart Technology and Tandon
Magnetics Inc.

The new Irwin product draws
some admiration from competitors—
and some caveats, as well. “It sounds
like a very high-performance prod-
uct with pretty aggressive pricing,”
says Finis Conner, executive vice
president of Shugart Technology.

Caveat. However, Conner argues,
state-of-the-art technology some-
times has timebombs. “Shugart
Technology’s philosophy is not to
take advantage of the very latest in
magnetic and drive technology at the
sacrifice of maintainability and
manufacturability,” he remarks.

Similar praise for the impressive
specifications of the Irwin drive
comes from Dave Britton, president
of the drive designers Britton-Lee
Inc. and himself the designer of the
first 8-in. Winchester drive on the
market, International Memories
Inc’s 7710. He also sees another
stumbling block.

“If you have the team that can
design a good product, do you also
have the team that can put the prod-
uct into production and also the
team to market it?”’ he asks. “This is
the same problem everyone in the
Winchester business faces,” espe-
cially production, because the drives
difficult to manufacture.

Irwin International’s response is to
schedule delivery of evaluation prod-
ucton units for early 1981, with pro-
duction set for May at the latest.
The company expects to be manu-
facturing 300 of the drive a week, all
spoken for by users, by the end of
next year. -Tom Manuel

Next 20 years to see
fiber optics flower

Tumbling component prices in the
next two decades will bring an explo-
sion in demand for fiber-optic sys-
tems. The market is expected to soar
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The revolutionin
Intelligent Display.

We live in a world of machines,
and most of them can communicate
to us only in rudimentary terms:

a flick of a needle, a lamp, a gauge.

The microprocessor provided
the brains for more sophisticated man/
machine communications. But
prohibitive costs have limited alpha-
numeric readouts to the CRT's of
larger systems.

The Litronix Intelligent Display*
will change all this.

Thanks to low cost, the Intelligent
Display makes it practical for all
kinds of machines to talk to us in our
language. Litronix’ Intelligent
Display has started a revolution in
product design which is just now
gathering momentum.

What is the Intelligent Display?

The Litronix Intelligent Display is
basically an alpha-numeric readout
with built-in random-access write-only
memory, built-in character generator
(ROM), multiplex circuitry, monolithic
LED chips, and all the display-
driving circuitry.

ACTUAL SIZE OF THE DL-1416 AND DL-2416

Interface the Intelligent Display just
like a RAM, which means it is
compatible with any known modern
computer. In addition, it requires
just a Sv power supply.

*Intelligent Display is a trademark of Litronix.

THE LIGHTS FANTASTIC

How it simplifies your system.

There are two basic reasons to
consider the Intelligent Display:

(1) you want to use alpha-numeric
displays where they are not now being
used, or (2) the alpha-numeric
displays now in use involve too much
drive circuit complexity and cost.

The Intelligent Display simplifies
your system by reducing the total
number of individual parts and inter-
connections needed. Compared
to a typical dot matrix display, the
Intelligent Display is a system
designer’s joy. You don't need addi-
tional PROM, RAM, interface
circuitry, decoders, digit drivers,
segment drivers, etc.

The Intelligent Display is bright,
highly legible, and offers solid state
reliability.

Total cost of the Intelligent Display
system is substantially less than
other approaches. Savings of over 50%
are frequently possible. This is
where the revolution begins. Because
the Intelligent Display now makes
it practical to use alpha-numerics
where none were practical before.

Machines that talk.

Virtually any machine that uses a
microprocessor is fair game. This
includes process control machinery,
test instrumentation, and consumer
products of all sorts.

Consider the automatic phone
dialer. Using the Intelligent Display,
you could store literally hundreds
of numbers and activate any one simply
by typing in any five letter sequence.
This sequence might be a person’s
initial and the first four letters of
his last name. If you have ten
numbers to call, the machine could be
programmed to try them all in
sequence...and display the entire name
of the first person who answers.

The Intelligent Display is infinitely

litronix

A member of the Siemens Group

flexible. It is as versatile as the
software which controls it.

Another use is on future automobile
dashboards. One Intelligent Display
can serve as a multiple warning indica-
tor, reporting on every condition
in the car...from the status of your
brakes to whether all your tail
lights are on. Multiple failures could be
shown sequentially or by priority.
Other functions can be added later
with only a software change.

No change in panel layout or wiring
is necessary.

In the consumer field microwave
ovens, stoves, washing machines,
and dozens of other appliances can
display directions and status
reports in simple English.

The Intelligent Display is
available now.

Litronix currently has a growing
family of 4-character Intelligent
Display modules. One recent addition,
the DL-1414, has 112-mil high
characters and draws only 6 ma per
character. A 20-character line
is only 312" long... ideal for hand-held,
battery powered devices.

Our new DL-2416 features
160-mil high characters with quarter-
inch spacing.

Both new products are fully en-
capsulated and feature a wide viewing
angle. There’s a lot more we can
say about them...and it is said in
detail in our data sheets.

If you're turned on by machines
that talk, call our salesman for a
demonstration of Litronix’ Intelligent
Display. Seeing is believing.

Litronix, 19000 Homestead Road,
Cupertino, CA 95014, (408) 257-7910.

U.S. Distributors: Advent, Almac-Stroum,
Arrow, Component Specialties, Gerber,
Hamilton Avnet, Harvey, Kirkman, Lionex,
Marshall, Moltronics, Pioneer-Standard,
Summit and Zeus. Canadian Distributors:
C. M. Peterson, Electro Sonic, Future,
Hamilton Avnet and L. A. Varah.
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from its existing $275 million level
to $6.5 billion by 1990 and to $40
billion by 2000, according to a fore-
cast by Gnostic Concepts Inc.

North American production will
supply slightly more than half this
accelerating demand —led' by such
firms as Corning Glass Works,
International Telephone & Tele-
graph Co., and Western Electric Co.
The remainder will be supplied by
competition in Japan, Western Eu-

rope, and elsewhere, according to.

Jeff D. Montgomery, president of
the Electronics division of the Menlo
Park, Calif., market researchers.

Montgomery and co-author Frank
W. Dixon are to address the four-
day meeting of the Society of Photo-
Optical Instrumentation Engineers
that begins Sept. 29 at the Hunts-
ville, Ala., Von Braun Civic Center.
The market estimates in 1980 dol-
lars include an inflation factor of
about 300% for the 20-year period.

Impact. Montgomery likens the
impact of future fiber-optic systems
on telecommunications to that of
semiconductors on vacuum tubes in
the 1960s. As spectrum congestion
increases in the 1980s, limiting the
expansion of satellite communica-
tions and terrestrial microwave sys-
tems, fiber-optic links will begin to
replace them, becoming a major
market factor by 1990.

Lower charges for broadband
transmission circuits made possible
by fiber optics should rapidly expand
markets for private facsimile net-
works, electronic mail, and video
telephones, according to Montgom-
ery. Facsimile transmission times
using copper cable are now mea-
sured in minutes, for example, but
broader fiber-optic bandwidths
should drop these to seconds and
ultimately tenths of a second.

Optical I1Cs. Another spinoff of the
market boom, says the study, will be
optical integrated circuits already
“being pursued by dozens of major
laboratories, with a cumulative total
of about $50 million invested to
date,” including over $15 million in
Federal funding. Major applications
for these ICs, in addition to cable
systems, will come in optical signal
switching and data processing after
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News briefs

Datapoint extends content addressing to office systems

Datapoint Corp. is extending the capability of the content-addressable
file-access feature designed for use in its integrated electronics office pack-
age. The San Antonio, Texas, supplier of small-business systems is adding
that capability to data-processing files as well. The Datapoint software
feature known as AIM, for associative index method [Electronics, Dec. 6,
1979, p. 44), is included as part of Datashare 6 —the newest version of the
company’s business timesharing system. Requiring a 14% memory over-
head, AIM allows files to be searched on a free-form basis for all items
containing user-specified combinations of key words, phrases, or numbers,
It thereby eliminates the need for complex query programs or the mainte-
nance of multiple-index record keys that are required by traditional access
methods.

National imports big Hitachi mainframe

Sporting a performance rating about twice that of an IBM 3033, the
AS/9000 IBM-compatible mainframe computer was unveiled by National
Advanced Systems Corp. of Santa Clara, Calif. It had been introduced in
Japan earlier this year as the Hitachi M-200H, and word was out that the
National Semiconductor unit would sell it in the U. S. [Electronics, Aug. 28,
p. 68). The price of $4.52 million for the 16-channel, 16-megabyte memory
version gives it about a 40% price-performance edge over the IBM main-
frame. The AS/9000 has a 40-nanosecond machine cycle time and 64-
kilobyte cache bufter storage and can use IBM's latest disk drives, the 3375
and 3380. National picked up the Hitachi mainframe line last year after
acquiring itel Corp.'s Data Products group. The Itel unit, which also sold
IBM-compatible computers made by National, suffered heavy losses after
IBM introduced its 4300 series.

C-MOS memory module fits STD bus

Pro-Log Corp. of Monterey, Calif., will expand its line of memory cards
compatible with the STD bus to include complementary-MOS modules. Its
model 7701 cards will be loaded with up to 16 kilobytes of either n-channel
or complementary-MOS random-access memory or pin-compatible pro-
grammable read-only memory. The 16-kilobyte C-MOS RAM version, costing
$940, has buttered STD bus lines. The C-MOS card with static RAMs of the
6514-2 type has an access time of 275 nanoseconds. Another C-MOS RAM
card, the 7703, provides similar access times and has a lithium backup
battery for a minimum data retention of two years. Both the 7701 and 7703
lines operate from a single 5-voit power supply, and the 7703 line has
automatic memory protection on loss of power.

Israeli firm looks for openings in U. S. consumer market

Determined to double its exports to $12 million in the coming fiscal year,
Amcor Ltd., of Tel Aviv, is mounting a push to penetrate the U. S. consumer
market. The company is a broad-based producer of consumer electronics
products and electrical appliances, but because these markets are already
crowded, it is looking for less competitive openings. The first offerings
introduced are Freshen Aire, an ionizer that cleans room air, and a line of
electronic insect exterminators. Amcor is also planning to sell particle ionizer
modules to makers of TV sets and air conditioners.

SIA renews executive director’s contract.

The Semiconductor Industry Association has approved a new three-year
contract for executive director Tom Hinkelman. The approval by the board of
directors represents a confirmation of the programs and activities under
Hinkelman's direction, says John R. Welty, senior vice president of Motorola
Inc. and SIA board chairman. The trade association has grown from 7 U. S.
semiconductor makers at the time Hinkelman assumed the directorship in
1977 to 42 members.
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General Instrument is one of the
biggest names in optoelectronics
today.

Qur line provesiit.

Itincludes 4 different sizes of
lamps, single digits in 4 sizes,

.6" double digits, high perform-
ance sticks in 2 sizes and a variety
of shaped lamps.

Allin high efficiency color.

It also includes an optoisolator
for virtually every function — from
microprocessor to microproces-
sor interfacing to AC line moni-
toring to simple switching.

Our distribution network is
justas big. More than 113 elec-
tronic distributor branches carry
the General Instrument line of
lamps, displays and optoisolators.

For more information on any
of the optoelectronic devices
shown here, call your local
General Instrument representa-
tive or distributor. Or write to:

General Instrument
Dept. MCD-3

3400 Hillview Ave.
Palo Alto, CA 94304

In Europe contact:

General Instrument Europe

Dendermondsesteenweg 502 C

9120 Destelbergen, Belgium

GENERAL
INSTRUMENT

1. OPTOISOLATORS:

Types: Phototransistor, photodar-
lington/split darlington, photo
SCR, power-to-logic, logic-to
power.

2. DISPLAYS:

Single Digit Sizes: .3!' .4! .6
and .8"

Double Digit Size: .6"

Alphanumeric sizes:

.320" (5x 7 array),
.135" (14 segment).

Colors: green, red, high eff. red,
orange, yellowin .3" and .4"
Orange, yellow and high eff.
redin .6" and .8"
Alphanumerics available in
red only.

Stick sizes: .3"and .5" (2and 4
digits).

Colors: high eff. red, orange,
yellow.

3. SHAPED LAMPS:

Rectangular:

220" x .150" Colors: green,
yellow, high eff. red.

500" x .250" Colors: high
eff. red, yellow.

Bar Graph:

.400" x .995" Colors: yellow,
high eff. red.

4. LAMPS:

Sizes: T-3/4, T-1, T-1-3/4.

Colors: green, orange, red,
yellow, high eff. red.

llluminator:

Sizes: T-1-3/4
Colors: orange, yellow.
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Lamps

General Instrument offers a com-
plete line of LED lamps that antici-
pates the changing needs of
electronic design engineers. We
have pioneered new materials
and designs. Result: our standard
line of high efficiency lamps is
equal to the brightest available in
the industry. And they re available
in five bright colors —orange.
green. yellow. red. and high
efficiency red —and in the sizes
needed most

General Instrument is creating
new light bars and bar graphs.
giving designers more freedom
and options in size. shape and
color

Our illuminator line of high
performance LED's sets a new
standard for LED lamps the world
over For the first time. design
engineers can uniformly back-
light up to one square inch with
the reliability of an LED. And
there's more to come. Brighter
colors. higher efficiency. more
sizes

We won't stop improving
the light

Y EVE

A complete family of LED displays
is available from General Instru-
ment. All are based on recently
improved high efficiency materials
to produce a level of brightness
far exceeding that of common red
displays. Our single digit capa-
bility spans four high efficiency
colorsin .3. .4. 6and .8-inch
sizes. A General Instrument
exclusive. Our 6-inch display is
also available in a double digit
package in several colors

We also pioneered the high
efficiency multi-digit display stick
Our new sticks are available in 3
colors. 2 sizes. and come in 2 and
4 digit packages. Ifit's an alpha-
numeric display you need we have
that. too. Choose our MAN2A
(5 x 7 array) or the MAN2815
(14 segment. 8 char). Both are
capable of producing every
number. letter and punctuation
mark in the English language

Displays share in General
Instrument’'s work to further
improve the performance of cur-
rent high efficiency materials. So
today and tomorrow. expect bril-
liant displays from General
Instrument

GENERAL
INSTRUMENT

Optoisolators

General Instrument’s optoisolator
line is one of the largest in the
industry. ltincludes virtually every
type of device: power-to-logic.
logic-to-power. MiCroprocessor to
microprocessor. phototransistor.
photodarlington/split darlington
and photo SCR.

And the applications are just
as far reaching. From data trans-
mission to AC line monitoring to
simple switching

Due to the need for custom
parameters in optoisolators.
General Instrument has assem-
bled a technically competent
application assistance team. Do
not hesitate to call on them. You
know your needs in optoisolators.
Know that General Instrument
has the optoisolators and the
team to meet those needs




SEMICONDUCTOR
CIRCUITS

NOISE! TEMPERATURE! TRANSIENTS!

"Who makes a
reliable DC/DC Converter
that stands up to all of it?"

o CU chassis mount

Electronics/September 25, 1980

We do. .. because we know
what you're up against!

We know your operational
problems are complex. That's
why we combined a host of
innovations into our U and
CU series of 25W dc/dc
converters.

A 4:1 input range — unique
in the industry — is standard
in this line. So is the special
filter that isolates the input
source from reflected spikes.
Input protective circuitry can
sustain a minimum of 40%
overvoltage, making tran-
sient suppression simple.
Protective circuitry safe-
guards the input source
and the output load. Remote
shutdown conserves power
and offers sequencing capa-
bility, and the self-resetting
shutdown system ensures
continuous operation. That's
reliability!

Great innovations. Great
choices. Both series are avail-
able with single, triple, or
quadruple outputs. The
shielded cases are designed
for mounting convenience
and noise-free operation. And
like all the power supplies we
make, our U and CU lines
require no derating from

—25°to +71°C. Converters are
10-piece-priced at $157 for
single output (5V or 12V},
$228 for triple outputs (+5V,
+12V, or +5V, =15V}, and
$228 for quadruple outputs
(£5V, =12V).

For process control,
telecommunications, any ap-
plication where reliability and
noise control are vital in a
dc/dc converter, depend on
us for the answer. We are
Semiconductor Circuits.

Call on us for problem
solving. Look to us for
innovation. See our product
listings in EEM and Gold
Book and ask for a free wall
chart of our products.

Problem Solving
Through innovation

=)

SEMICONDUCTOR
CIRCUITS

218 River Street
Haverhill, MA 01830
(617)373-9104

© Semiconductor Circuits. inc, 1980
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GAMBION

Need e Need IC
Boards? Sockets?

Cambion’s got 'em! Cambion’s got 'em!

Need
Switches?

Cambion’s got 'em!

Need
Connectors?

Cambion’s got 'em!

Need- “, W > < S Spacers?
TermlnaIS? o & 8 Cambion’s got’em!

Cambion’s got 'em!

THE BOARD!

At Cambion, we make, stock, and deliver over sources to implement your circuit design and
23,000 different electro-mechanical components.  purchasing plans! Whatever you need, whenever
We've got four decades of proven experience in you need it, contact Your }

the field. Cambion has it a[l)l. .. reliability, de- Cambion Connection for an
pendability, and deliverability. . . at competitive =~ immediate quote. But have
prices. Get all the right connections in Cambion’s  your P.O. number handy!

Catalogs 800 and 121 - the right .
: TON
The Right Connection.

Cambridge Thermionic Corp., 445 Concord Ave., Cambridge, MA 02238. Tel: (617) 491-5400. Telex: 92-1480. TWX: (710) 320-6399.

New York State (201) 529-1030  Baltimore / Washington (703) 941-5470  Los Angeles (213) 326-7822
San Francisco (408) 371-0585 Ontario (416) 671-1588 England 0433 20831
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YOUR CAMBION CONNECTION!
(Authorized Cambion Distributors)

AL Huntsville PIONEER ELEX 205/837-9300, POWELL ELEX
205/539-2731AZ Tempe RICHEY ELEX 602/894-9251

CA Gardena BELL ELEX 213/515-1800 Pomona ARROW
ELEX 714/1271 San Diego ACACIA SALES 714/565-4365.
ARROW ELEX 714/565-4800. RICHEY ELEX 714/565-4444
San Jose RICHEY ELEX 408/946-6611 Sun Valley RICHEY
ELEX 213/875-2862 Sunnyvale ARROW ELEX
408/739-3011, BELL ELEX 408/734-8570. POWELL ELEX
408/739-4321 CO Denver ARROW ELEX 302/758-2100.
INTEGRATED ELEX 303/534-6121, NEWARK ELEX
303/757-3351 Wheatridge BELL ELEX 303/424-1985

CT Bethel HEILIND ELEX 203/797-8600 Wallingford
ARROW ELEX 203/265-7741, MIDAN ELEX 203/265-2077
FL Dania SUMMIT ELEX 305/920-6253 Ft. Lauderdale
ARROW ELEX 305/776-7790 Miami Springs POWELL ELEX
305/592-3260 Orlando HALL-MARK ELEX 305/855-4020,
PIONEER/FLORIDA ELEX 305/859-3600 Palm Bay ARROW
ELEX 305/725-1480 GA Norcross ARROW ELEX
404/449-8252 IL Chicago BELL ELEX 312/982-9210,
NEWARK ELEX 312/638-4411 Elk Grove Village
PIONEER/CHICAGO 312/437-9680 Schaumburg ARROW
ELEX 312/893-9420 IN Fort Wayne FORT WAYNE ELEX
219/423-3422 Indianapolis GRAHAM ELEX 317/634-8202,
PIONEER /INDIANA 317/849-7300 IA Eldridge

KLAUS RADIO 319/285-8484 KS Shawnee Mission HALL-
MARK ELEX 913/888-4747 LA New Orleans SOUTHERN
RADIO 504/524-2345 MD Baltimore ARROW ELEX
301/247-5200 Beltsville POWELL ELEX 301/937-4030
Columbia DIPLOMAT ELEX 301/995-1226 Gaithersburg
PIONEER /WASHINGTON 301/948-0710 MA Burlington
HEILIND ELEX 617/272-5610 Lexington HARVEY ELEX
617/861-9200 Woburn ARROW ELEX 617/933-8130, PACER
ELEX 617/935-8330. TIME ELEX 617/935-8080 M! Ann
Arbor ARROW ELEX 313/971-8220 Farmington Hills ADVENT
ELEX 313/477-1650 Livonia PIONEER/MICHIGAN
313/525-1800, RS ELEX 313/525-1155 MN Edina ARROW
ELEX 612/830-1800 Minneapolis HALL-MARK ELEX
612/884-9058. STARK ELEX 612/332-1325 MO Earth City
HALL-MARK ELEX 314/291-5350 St. Louis OLIVE ELEX
314/426-4500 NE Lincoln SCOTT ELEX 402/464-8308 NH
Hudson HEILIND ELEX 603/883-9536 Manchester ARROW
ELEX 603/668-6968 NU Camden GENERAL RADIO
609/964-8560 Moorestown ARROW ELEX 609/235-1900
Saddle Brook ARROW ELEX 201/797-5800 NM Albuquerque
ARROW ELEX 505/243-4566, BELL ELEX 505/292-2700 NY
Binghamton ASI ELEX 607/723-6326 Bohemia CAR-LAC
ELEX 516/567-4200 Buffalo SUMMIT DISTRIBUTORS
716/884-3450 Farmingdale ARROW ELEX 516/694-6800.
ARROW ELEX 516/293-6363 Hauppauge ARROW ELEX
516/231-1000 Liverpool ARROW ELEX 315/652-1000 Mount
Vernon QAR ELEX 914/699-2224 Rochester ARROW ELEX
716/275-0300, SUMMIT ELEX 716/334-8110 NC Greensboro
PIONEER/CAROLINA 919/273-4441 Winston-Salem ARROW
ELEX 919/725-8711 DH Cincinnati HUGHES-PETERS. INC
513/351-2000 Cleveland CAM/OHIO 216/461-4700 PIO-
NEER STANDARD ELEX 216/587-3600 Columbus HUGHES
PETERS, INC. 614/294-5351 Oayton PIONEER STANDARD
ELEX 513/236-9900 Kettering ARROW ELEX 513/253-9176
Reading ARROW ELEX 513/761-5432 Solon ARROW ELEX
216/248-3990 Worthington HALL-MARK ELEX
614/846-1882 0K Tulsa THE ALTAIR CO. 918/665-0524,
HALL-MARK ELEX 918/835-8458 OR Lake Oswego BELL
ELEX 503/241-4115 PA Horsham PIONEER ELEX
215/674-4000 McKean ADVACOM. INC. 814/476-7774
Philadelphia PHILADELPHIA ELEX 215/568-7400, POWELL
ELEX 215/365-1900 Pittsburgh ARROW ELEX
412/351-4000. CAM/RPC ELEX 412/782-3770. PIONEER/
PITTSBURGH 412/782-2300 TX Austin HALL-MARK ELEX
512/837-2814 Dallas ARROW ELEX 214/386-7500,
HALL-MARK ELEX 214/234-7300. PIONEER DALLAS
214/386-7300 EI Paso McNICOL ELEX 915/566-2936
Houston THE ALTAIR CO. 713/462-3029. HALL-MARK ELEX
713/781-6100, PIONEER ELEX 713/988-5555 Richardson
THE ALTAIR CO. 214/231-5166 Statford ARROW ELEX
713/491-4100 UT Provo OMEGA ELEX 801/375-4664 Salt
Lake City BELL ELEX 801/972-6969 WA Beflevue BELL ELEX
206/747-1515 Tukwila ARROW ELEX 206/575-0907

W1 0ak Creek ARROW ELEX 414/764-6600

The Right Connection.

Cambridge Thermionic Corp.
445 Concord Ave., Cambridge, MA 02238
Tel: (617) 491-5400. Telex: 92-1480
TWX: (710) 320-6399
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Electronics review

the circuits begin to emerge from
labs about the middle of the decade.
By the year 2000, the market could
approach $1 billion annually, ac-
cording to the forecast.

A shift to longer wavelengths—to
1.3 to 1.6 micrometers by the mid-
1980s and possibly 2.5 um for the
1990s—will be coupled with im-
proved fibers dispersing less light.
Thus, data-transmission rates of
graded-index fibers for commercial
use should rise to 10 gigabits per
second, Montgomery forecasts, a
sharp advance over today’s rates of
2 Gb/s. The capacity of the more
costly single-mode step-index fibers,
already at the 10-Gb level, will pass
the 50-Gb level.

For lower data rates, however,
future systems costs can be cut by
increasing repeater spacing to 50
kilometers, achieving transmission
rates of 1 Gb/s in single-mode fibers,
or 200-megabit/s rates in the
graded-index variety (see p. 73). The
result, Montgomery says, “will elim-

inate repeaters in virtually all except
transcontinental and intercontinen-
tal links.”

Laser diodes. Solid-state light
emitters used with fiber-optic sys-
tems are expected to continue the
marked gains they have made in the
last five years in lifetimes, power
outputs, linearity, radiation pattern,
and efficiency, the study concludes.
Guaranteed lifetimes for lasers, now
of over 10,000 hours, will rise in
another decade to 100,000 hours—
more than 11 years—for routinely
available production devices. Again,
the move to longer wavelengths will
contribute to this advance.

As for power outputs, the fore-
cast says that stripe double-hetero-
structure laser diodes will jump to
about 7 or 8 watts by 2000, com-
pared with less than 1 W today,
while the output for low-cost hemi-
sphere light-emitting diodes used in
laboratory devices will rise to about
0.5 w, compared with present levels
well below 0.1 w. -Ray Connolly

IBM, Burroughs expand mainframe offerings

U. S. mainframe manufacturers are stepping up the pace in medium-scale
systems. IBM Corp. is giving its 4300 series a new top end, while Burroughs
Corp. is making a new attack on the medium- and large-sized market by
offering a new entry-level system.

IBM is introducing the 4341 group 2 processors, which are 1.5 to 1.8 times
faster than the group 1 processors. Maximum main memory has been
increased from 4 to 8 megabytes, along with a doubling of high-speed cache
memory from 8 to 16 kilobytes.

At the same time, Burroughs of Detroit, Mich., has announced the B5930
computer, the first of a B5900 series. The 1.5-megabyte system —expand-
able to 6.2 megabytes—will use the same system software as the large
B6000 and B7000 series systems.

It represents a new path to Burroughs’ family of large computer systems.
The performance of the B5930 is rated at approximately 50% of the B6900
system, falling roughly between the IBM 4331 and 4341 systems.

IBM is obviously trying to keep its customers in the fold when they need
expanded computer power and is jabbing at its plug-compatible competitors
again by making another improvement in the price-performance ratio for
medium-scale computing. Burroughs is making it easier to enter the
Burroughs family and stay there all the way to the top.

The surprise is that IBM did not cut the price of the 3031 large-scale
system now that the top of the 4300 line will outperform it by about 50% and
only cost half as much, argues the analysis group at the research firm,
Advanced Computer Techniques Corp., New York. They expect a lower
priced, reduced-performance 3033 model soon.

The IBM 4341 model group 2 processors are priced at $385,000,
$416,000, and $479,200 with 2, 4 and 8 megabytes of main memory,
respectively. The Burroughs B5930 with 1.5 megabytes of memory is priced
at $200,000. Both offerings are scheduled for delivery beginning in the
second quarter of 1981. -Tom Manuel
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Wehaveaverysimple philosophyabout
high performanglé-bpit nll)icros. phy "

Theyshouldrit fail.




Since 1975, Digital Equipment Corporation
has sold more 16-bit micros than any other
company.

ore than 100,000 of them.

And from the very beginning, our goal has
been simple: to build failure-free microcomputer
products.

Torapproach this goal, we use what we be-
lieve is the most comprehensive reliability pro-
gram in the industry. In fact, we’ve adapted the
same program we developed for our minicom-
puter and mainframe systems.

And it starts while a product is still on the
drawing boards.

Reliability as a design goal.

We actually design reliability into Digital’s
micro products.

e original design team includes engineers
from product assurance, diagnostics, product
safety and field service. They make sure a micro
desig]ghis inherently reliable to begin with.

en before a component is qualified to go
into one of our micros, it has to pass evaluations
and tests lasting six months or more.

In production, we give every component a
complete battery of functional and package tests.
As the micro board moves through manufactur-
ing, we test extensively at every important stage.

Even after a product is in the field, we con-
tinue to study its performance and failure rates
so we can make design and manufacturing
improvements.

All this effort has paid off in extremely high
MTBFs. And an industry wide reputation for
reliability.

The industry’s most mature software.

Reliability is just as important for micro
software as it is for hardware.

At Digital, we’ve been refining and enhanc-
ing the RT-11 family of development and applica-
tion software for more than seven years.

RT-11 provides a wealth of high level lan-
uages and development aids. Plus you have the
exibility of using RT-11 with a wide range of

LSI-11 hardware configurations.

RT-11 family capability ranges from multi-
tasking, multiterminal support for larger config-
urations to a very small kernel for single-task
applications. There’s also a subset of RT-11 de-
sngl;led specifically for PROM applications. This
subset, called SIMRT, is an integral part of FOR-
TRAN IV.

And RT-11 development software is exactly
the same as RT-11 target software, so you can
debug your programs with complete confidence
right on the development system.

The total approach to micros.

Reliable performance is just one of the ways
we make micros easier to work with.

We also offer hundreds of hardware prod-
ucts to choose from —micro boards, boxes and
development systems. Memory and interface
boards. Terminals and printers.

And we back it all with over 13,000 service
people worldwide, technical consultation and
training, and suEport agreements that can be tail-
ored exactly to the way you run your business.

It’s the total approach to micros, only from
Digital.

To learn more just send the coupon for a
copy of our free brochure, “The Story Behind
LSH—II Microcomputer Reliability.”

For more information, contact: Digital Equip-
ment Corporation, MR2-2/M65, One Iron Way,
Marlboro, MA 01752. Or call toll-free 800-225-
9220. (In MA, HI, AK, and Canada, call 617-467-
7000.) In Europe: Digital Equipment Co. Limited,
Acre Rd., Reading, RG2 OSU, England. In Can-

ada: Digital qutj[ipment of Canada, Ltd. Or con-
tact your local

amilton/Avnet distributor.

I'd like to know
more about Digital’s
reliable micro products.

O Please send me your brochure, “The Story Behind
LSI-11 Microcomputer Reliability.”
[ Please have a Sales Representative call.

Name_ — — — — —

Title — S - -

Address - _ _ _

City . State Zip

My application is _— - S

Send to Digital Equipment Corx/(l)ration, Microcom-
uter Products Group, MR2-2/M65, One Iron Way,
arlboro, MA 01752.

DEC-C-149

I
I
I
I
|
I
I
I
I
Company S . I
I
I
I
I
I
I
I
I

Ittook the minicomputer company
to make micros this easy.

dlilgliltia
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SCIENCE. "SCOPE

Microelectronic chips that contain nearly a half million circuit elements and

are hundreds of times faster than currently available devices are being devel-
oped at Hughes for a wide range of military uses. The first VHSICs (very
high-speed integrated circuits) will be made using photolithography and have
device geometries ( jargon for the smallest dimension on the chip) as small as
1.25 micrometers. Chips in the mid-1980s will be made with electron-beam litho-
graphy and will boast device geometries with submicron dimensions. Applications
for VHSIC chips include processors for multimode radars, communication systems,
sonars, electro-optical systems, and advanced multimode "fire-and-forget"
missiles. The major program goal is to develop common military chips and to
limit the number of custom-built and special circuits used.

A spacecraft designed for a variety of missions will carry the most versatile
propulsion module ever developed. The new Hughes module will be installed on
NASA's Multimission Modular Spacecraft (MMS), which starting in the mid-1980s is
to be used for a wide range of communications and scientific missions. In ad-
dition to new electronic controls and support structures, this compact module
contains a unique monopropellant hydrazine thruster that requires no heater.
Conventional thrusters, if used on certain proposed MMS missions, would need
extra equipment to heat their catalyst beds to avoid reductions in performance
or a complete loss of power.

A new series of PIN photodetectors uses high-purity intrinsic silicon for high
responsivity. The devices operate over a broad wavelength range spanning the
entire visible spectrum from 400 to 1100 nanometers. At 900 nanometers, respon-
sivity is .63, and quantum efficiency is 87 percent. Applications include
computed axial tomography, instrumentation using lasers, and fiber-optic com-
munication and data links. Hughes HPIN diodes are available in single and
multi-element arrays in standard or special configurations.

The Manufacturing Division of Hughes Missile Systems Group in Tucson has many
immediate openings for engineers. These career opportunities require expertise
in designing test equipment for advanced major electronic and missile system
programs. Openings range from digital logic, analog, and IF/RF circuit design
to electro-optical and IR system design. Also needed are industrial engineers
and manufacturing production engineers. For immediate consideration, send re-
sume to Engineering Recruitment, Hughes Aircraft Company, P.0. Box 11337, Dept.
SE, Tucson, AZ 85734. Or call (602) 746-8484. Equal opportunity employer.

Field-effect transistors are emerging as strong contenders for microwave switch
applications in communications satellites. Gallium-arsenide FETs are likely to
replace PIN diodes in satellites due to advantages like higher speeds and lower
power consumption. Using arrays of FETs, Hughes researchers built an 8x8 switch
matrix for time-division multiple-access applications at 4 GHz. The device
achieved a l-nanosecond transition time at 10 milliwatts drive control power.

Creating a new world with electronics
e e a

' HUGHES '

HUGHES AIRCRAFT COMPANY
CULVER CITY,CALIFGRNIA 90230



U. S. computer exports
peak at $3.5 billion
inflrst half . . .

. . as Japan’s 25% dip
in U. S. shipments
is offset by other gains

Ericsson exploring
military version
of Millicom transcelver

Boeing gets funds
to quadruple size
of photovoltaic cell

Air Force
licenses Z8000
instruction set

Electronics/September 25, 1980

Washington newsletter

Worldwide exports of U. S. computers hit an all-time high of $3.5 billion
in the first half of 1980, a 40% gain on the comparable 1979 period and
more than seven times the $524 million recorded in imports, which rose
6.8% from the year before. New Commerce Department figures show that
exports of other U. S. office equipment rose nearly 25% to $450 million,
pushing total business equipment exports to nearly $4 billion, a 35% gain.
That raised the total U.S. trade surplus for all categories to $2.8
billion—a $1 billion gain from a year ago—despite a $21 million deficit in
business-machine trade, where imports totaled $664 million, up 10%.

U. S. computer imports from Japan slipped 25% to $90.1 million in the
first half of 1980 compared with the same period in 1979, while American
exports to that country rose by one third to $277.5 million, says the
Commerce Department’s Bureau of Industrial Economics. However, the
decline in imports, attributed by Government experts to the failure of
various deals to materialize between Japan’s Hitachi and Fujitsu and such
American corporations as Amdahl, was more than offset by U. S. imports
of Japanese electronic calculators, accounting machines, word processors,
and electric typewriters. These categories raised Japan’s total exports to
the U. S. to nearly $404 million. Japan is the only nation with which the
U. S. has a trade deficit in business machines and computers.

Representatives of LM Ericsson, Sweden’s largest telecommunications
producer, confirm they are exploring with Millicom Inc. the possibility of
developing a military version of the New York-based company’s proposed
broadband cellular transceiver, a lightweight, hand-held unit. Millicom
recently filed for Federal Communications Commission approval to install
and test its system in the Raleigh-Durham, N. C,, area, saying the
low-cost hardware is being developed by E. F. Johnson Co., a mobile-radio
maker in Waseca, Minn., using supervisory and control software and
hardware to be develped by IBM Corp.’s. Florida operations [ Electronics,
June 19, p. 61].

Boeing Aerospace Corp. has picked up another $503,000 from the Depart-
ment of Energy to quadruple the size of its 9.4%-efficient thin-film
photovoltaic cell made from a combination of copper indium selenide and
cadmium sulfide. The two-year contract from the department’s Solar
Energy Research Institute calls for Boeing to increase the size from 1 cm?
to 4 cm? while retaining the high efficiency level that comes closest to the
department’s goal of 10%.

Establishing a beachhead in the military market for 16-bit microproces-
sors, Zilog Inc. has licensed the U. S. Air Force to use the instruction set
of its Z8000 microprocessor in defense-related computer systems. Under
the agreement with the Cupertino, Calif., firm, the Armament division of
the Air Force Systems Command may use it in 16-bit computer-based
embedded systems developed by either the divison or its contractors. The
pact is believed to be the first licensing of a commercially available
instruction set to any part of the armed services.
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Ada comes of age

The military computer user’s dream—a single
language that will run on any computer on or
off the battlefield for communications, air traf-
fic control, avionics, or missile guidance—
moved closer to reality early this month as the
Defense Advanced Research Projects Agency
unveiled the first standards for its new high-
order language, Ada. It is the result of five years
of study by the Department of Defense’s High
Order Language Working Group and a $6 mil-
lion investment, including multiple competitive
design contracts and inputs from 14 computer
makers and software specialists from nine for-
eign countries. Ada’s final form was developed
in approximately one year at Honeywell Inc.’s
French affiliate, Cii-Honeywell Bull, under a
team headed by Jean Ichbiah.

Ada evolved through five HOLWG definition
studies — Euclid, LIS, MESA, Modula, and SUE—
plus smaller contributions from Algol 68 and
Simula and research languages such as Alphard
and Clu. Darpa’s William E. Carlson, Ada pro-
gram manager, says that the transition to use of
the machine-independent language in the mid-
1980s should save the military services hundreds
of millions of dollars annually by eliminating
the duplication of costs for maintaining soft-
ware, for training, and for making compilers
and programming tools available.

Opening to praise

Ada got a positive acceptance from the esti-
mated 400 software specialists invited to its
debut by the defense research agency early this
month in Washington, at which Ichbiah spent
two days detailing its design and operation. Bolt
Beranek & Newman Inc.’s Arthur Evans,
describing himself as a long-time critic of the
Ada effort, said at the conclusion of the sessions
that he was *“very impressed by the excellence of
the language and its performance.”

As Ada is modular, programs can be com-
posed of one or more units of three types: sub-
programs (defining executable algorithms),
packages (defining collections of entities), or
tasks (defining concurrent computations). In
each unit the specification is separated from the
implementation, which therefore may be
replaced by a new, more efficient one or even by
a functionally equivalent hardware chip without
affecting any programs that use the unit. The
design emphasis was on program readability
over ease of writing, and efforts were made to
keep Ada as small as possible, Ichbiah says.

Compilers for Ada are being developed at
several universities and manufacturers, Carlson

says. SofTech Inc., Waltham, Mass., will com-
plete a basic validation capability for these com-
pilers in October. The DOD expects to have an
Ada compiler validation facility operating in the
autumn of 1981 to test and certify all indepen-
dent compilers for use with Ada. Carnegie-
Mellon University is working with Intermetrics,
runner-up in the competition to develop Ada, on
the largest compiler development effort under
way, says Carlson; another is being funded by
the West German Ministry of Defense at the
University of Karlsruhe. The use of Ada’s paral-
lel processing features on a multiprocessor is
being explored at Stanford University.

New applications compilers

An Army Electronics Command compiler, set
for 1982 delivery, is being developed by SofTech
to run initially on a VAX 11/780 computer. The
Army is pushing the Ada program for its new
battlefield computer family.

The Air Force’s Rome Air Development Cen-
ter is striving for compiler code generators for
programmers developing or maintaining avion-
ics software and advanced communications pro-
cessors. It has a 1983 target for a portable
system for an IBM/370 and Interdata 8/32.

Intermetrics has also been funded by Darpa
to create an experimental compiler to run a
DEC-20 by June 1981, using the test translator
the company developed in the Ada Phase 2
design competition and combining it with the
Carnegie-Mellon University code-generation
software. The effort, Carlson explains, is
designed to encourage use of Ada for advanced
development projects before validated produc-
tion compilers become available.

Ada still has some way to go before becoming
an operational tool for the military. For exam-
ple, it must gain acceptance from the American
National Standards Institute, where manufac-
turers’ biases abound. Nevertheless, the DOD is
sufficiently confident in Ada that it is taking
program management away from Darpa and
funding a new operational support organization
for the language under the aegis of its Manage-
ment Steering Committee for Embedded Com-
puter Resources. As for Ada’s principal design-
er, Jean Ichbiah, he has left Cil-Honeywell Bull
to head a new company in Versailles called
Apsys—for Applications et Systémes-Ada Pro-
gramming Systémes—in which his older em-
ployers hold an interest of about 15%. The com-
pany was formed in mid-1980 to develop and
market software using advanced technology,
including the Ada language.  -Ray Connolly
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Metallized stacked-film capacitors
from a NEW prime source: Sprague.

Type 451P standard design now available for automotive, EDP,
telecommunication, TV, instrumentation, and industrial control.

There are good reasons for using metallized
polyester stacked-film capacitors: high volumetric
efficiency, low self-inductance, and high voltage
stress capability—plus great suitability for printed
wiring boards. Small base dimensions and unen-
capsulated construction keep size to a minimum,

For detailed technical data, write for Engineering Bulletin 2460 to
Technical Literature Service, Sprague Electric Co., 35 Marshall St.,

North Adams, Mass. 01247.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

while insulating plates provide mechanical protec-
tion. Type 451P capacitors are available with capac-
itance values ranging from .001 uF to 2.2 uF and
with voltage ratings of 100, 250, and 400 WVDC.
Capacitance tolerance of +10% is standard ...
+5% can be ordered at a modest premium.

SPRAGUE

THE MARK OF RELIABILITY

a subsidiary of GK Technologies
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Ask the leader in gate arrays,
International Microcircuits
Incorporated.

Gate arrays are now being used for a
wide variety of LS] applications. If your
designers want to take advantage of
gate arrays, here are the questions and
answers that will help you decide.

Frank Deverse, President

Just what is a gate array?

A gate array is the fastest way to get
to a unique digital LSI device at low
cost. We take a pre-designed,
preprocessed matrix of transistors and
interconnect them uniquely for each
customer. The result is a proprietary
silicon solution to your logic needs.

Why should I consider gate
arrays?

Quick access to LS], low development
costs, and the opportunity to leapfrog

Your design
want to use

How doyou

the competition and get your product to

market faster. Like IBM did with the 4300.

Are gate arrays just another
niche product?

We believe gate arrays are a main-
stream technology because they solve
the new set of problems resulting from
the push toward VLSI. High density
silicon helps solve the problems of
reliability, parts count, power dissipation
and testing. Gate arrays solve the key
problems of this density: design time
and talent. They give you economical
access to the benefits of LSI. The issues
are universal. The gate array solution
is very attractive.

el N
Joe Kroeger, Director of Marketing

There must be some tradeoffs
involved.

Sure. With gate arrays you will con-
siderably shorten your development
time and cost —translate a superior

design into an IC quickly—but you

may not use your chip space as

efficiently as with fully custom logic.
(But ask us again next year; even that
difference is going away.) Corporately,
this means that if you need to get your
product to market quickly in moderate
volume, you need gate arrays. If you
have several million units that you have
to shave every cent of cost from, you
need custom logic.

What do the costs look like?

Since many customers make use of
common background chips, the bulk of
the tooling and design costs have
already been amortized. To get to your
proprietary circuit takes—ballpark —
$10K, 7 weeks, and we do the layout.
I'll give you a firm quote when we see
your logic problem.

Who's using gate arrays now?
You already know about IBM. The
customers who've been coming to us
since 1974 are all over the industry, but
they're each at the leading edge of their
business. They're using gate arrays for
their leapfrog generation of products.
And we now see new gate array
suppliers entering the market in droves.

Sounds like a booming business.
Why?

Three converging forces are making
gate arrays more widely applicable. As
standard logic becomes more dense and
therefore more specialized, volumes are
declining and part numbers are
proliferating. Today’s complexity of
circuits is lengthening standard product
development times. And gate arrays



engineers
gate arrays.

decide?

themselves are far faster and more

versatile than they were a few years
ago. We're delivering 2,000 gate-cells
per chip now, looking at about 4,000

soon and forecasting nearly 10,000 in82.

Three years ago we were offering less
than 500 gate-cells per chip.

It's not a sudden boom. It has been
building for several years and we have
done more than 400 circuits during
that time.

Orhan Tozun, Director of Engineering

How do we interface with you?
How do we get started?

Our engineering department talks with
your designer and evaluates your logic
to make sure it's do-able on one of our
many gate arrays. The next step is a
firm quote to let you evaluate the
economics of our solution. That includes
both development and production
costs. We can do it because our CAD

Electronics/September 25, 1980

system gives us consistency and our
years of experience provide projectable
yield information that lets us cost your
job accurately in advance.

Then we send you our logic,
right?

Right. We take it through a logic
restructuring and minimization, block
out the functions from our CAD library
and lay out the interconnections
between logic blocks. Then we check it.
And re-check it. Only then do we
commit to fabrication.

Rick Picard, Director of Operations

How do we minimize risk with
gate arrays?

Let's look at each of the risk elements
that apply to any development work,
and see how vulnerable you are by using
gate arrays.

1. Reliability. Gate arrays are no more
subject to reliability failures than any
IC; actually, the regularity and repetition
inherent in gate arrays improves their

reliability. We use all the time-tested
QC technology. Standard processing
is used throughout.

2. Functionality. We use CAD to convert
your logic into silicon. And we have
only one layer to get right. Everything
else is proven. We spot any problems
fast. It will work.

3. Reliability of supply. Gate array
technology lets us inventory pre-
processed, ready-to-be-personalized
wafers. We keep plenty of wafers on
hand to support our customers’ orders
both for development and for
production. Personalization, packaging
and test are all performed in-house.
We can promise 4-6 week delivery for
production quantities. And costs of
$.02 a gate or even lower.

Interested? TWX us! We'll TWX you
complete information right away.

Or write us at 3350 Scott Blvd.,
Building #37, Santa Clara, CA 95051.
Tel. (408) 727-2280.

TWX: 910-338-2032

CIRCUITS

Gate ’Array Leaderst;p
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MOTOROLA HELPS GET ENERGY FROM

In northern California, the natu-

ral heat of the earth is being

harnessed to serve the energy

needs of man. Natural steam,

heated

by the < .

molten o o<

rock 1 o

below 3

the earth’s '-s:f;

Chust, is « ¢ \

being

tapped,

extracted

and piped

to power some

of the electrical

generators that help

light up San Francisco, 90 miles

to the south.

The place is called

The Geysers, and it's part of a

pioneering

.A\L:,

'\
Rt
o

SR Gl

AREAS OF GEOTHERMAL POTENTIAL
® GEOTHERMAL DEVELOPMENTS

effort by Union Oil Company of
California to make geothermal
energy a practical alternative to
expensive imported oll.
The Geysers may be an
~ unortho-
: dox power
(/<. source,
but it has
one thing
(N common
e with
% every
& other
branch
of the
energy
industries: the
need to maintain good, reliable
communications, no matter

I

how remote or primitive the site.

At The Geysers, as in
many places around the world,
the solution to that problem is

-

Motorola communications.

ELECTRONIC
PROBLEM-SOLVING.

One problem at The Geysers,
for instance, was the rolling ter-
rain and steep, narrow canyons,
among which conventional
high-frequency radio signals
could get diffused and lost.
Motorola solved that one with
ingenious simplicity: a low-band
two-way radio system that, as
one engineer put it, “gets into
the nooks and crannies.”

ELECTRONICS
EVERYWHERE.

But this is merely the tip of
the iceberg of Motorola’s
experience in energy-industry
communications.

One of America's largest
oil refineries has 35 Motorola




T

HE EARTH,THE SEA AND THE SUN.

systems and subsystems,
among which are pagers that
tell a man he's wanted on the
phone; closed-circuit video
monitoring systems; and alarm
and control systems that not
only tell when something is
going wrong, but also when
everything is working right.

In the North Sea, a
Motorola microwave system will
provide a data and voice-com-
munication link that will help
one person control six un-
manned oil-production plat-
forms. He'll be able to check
pressures and flow rates, regu-
late meters, pumps and motors,
all by touching a few buttons.

Some of the Motorola
equipment on the Alaska Pipe-
fine is so sophisticated that a
hard-hat worker in the field can
talk directly to an executive in
an office a thousand miles away.

In Canada, specially
designed

|

Motorola equipment is in use at
an oil mine, an extraordinary
strip-mining process for extract-
ing petroleum from tar sands.

Motorola has made the
apparently impossible hanpen
by taking radio communication
underground into deep-shaft
coal mines.

And in solar energy,
Motorola has gone beyond com-
munications to actual energy
development. Our engineers
are producing photovoltaic
systems that convert sunlight
into electricity.

ELECTRONICS
AND PEOPLE.

Motorola's preeminence in
energy-industry communica-
tions is as much a matter of
people as of technology. We
made an early and total
commitment to solving en-
ergy-industry communica-
tions problems, not merely

@ MOTOROLA

Making electronics history.

as suppliers but as participants.
Microelectronics is at

the heart of the

matter, asitis |

in many of the :
things we do e
today. But if Ay

there are simi-
larities among
communica-
tions devices, there are none at
all among the communications
systems that the energy indus-
tries need in all their activities.

In designing these sys-
tems, Motorola brings to bear a
combination of expertise and
enthusiasm that helps us keep
expanding the limits of what's
possible in electronics.

A microcomputer,
drawn larger
than life.
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BiIMOS vs.BiFET op amps: &=
The RCA alternate sourcefor '
TIP’s 080 outperforms the original. '

Our new CA080 BIMOS series is Your filter circuits will costyouless  (typical) bandwidth, low distortion,

a pin-for-pin compatible alternate because you canincrease resistor  and large output voltage swing.
source for the TLO8O BIiFET family values and use less expensive, lower The CA080 and CA081 single

from Texas Instruments. value capacitors.

devices are available in quantity now.

Butthat's where the similarity ends. The lower input bias and input Our CA082 and CA083 duals will be
When it comes to specs, in many offset currents of our devices also available by mid-1980.
cases the RCA device outperforms  let you design circuits with input For more information, contactyour
the original. signal currents inthe picoamprange.  local RCA Solid State Distributor.
Our version has both lower input Other features of the new CA080 Or contact RCA Solid State
bias current and lower input offset series are: low power consumption,  headquarters in Somerville, New
current. This superior performance  wide common mode input voltage Jersey. Brussels, Belgium. Tokyo,
can save you money. range, fast slew rate, 5.0 MHz Japan.

RCA
BiMOS op amp:

Input bias current (25°C.): 50 pA.

Input offset current (25° C.): 30 pA.

Circle 62 on reader service card

TI
BIFET op amp:
A —

Input bias current (25° C.): 400 pA.

e T Rl T Tt e — LT

Input offset current (25° C.): 200 pA.



First video camera
with soiid-state imager
reaches consumers

British modem
sends 16 kb/s over
unconditioned line

Siemens opens
advanced VLSI facility

Toshiba bulids
16-bit microprocessor
on sapphire

Electronics/September 25, 1980

International newsletter

Video cameras built around a single solid-state sensor are officially on their
way to the consumer. Hitachi Ltd. has become the first company in the
world to announce a product with a firm price and a date for start of sales.
Its VK-C1000 will go on sale in Japan in April for $1,666. Consumers
will be able to preview the product, though, at the Japan Electronics Show
*80 in October. Production will start at about 1,000 cameras a month.

Hitachi’s image sensor is an MOS device that has 485 elements vertically
by 384 laterally on a 10-by-8.5-mm substrate that reads out two lines
simultaneously. Active area is equal in size to the target of a ¥s-in. vidicon.
A repetitive, quad color filter provides high utilization of scene illuminance
because all four filter elements pass green. Minimum scene illumination is
100 lux; resolution is 260 TV lines horizontally by 350 vertically; and
signal-to-noise ratio is 46 dB in good lighting.

The camera measures only 58 by 100 by 155 mm (2.3 by 3.9 by 6.1
in.), exclusive of its electronic viewfinder and lens. With the standard six
times f1.4 zoom lens, it weighs 1.1 kg; the electronic viewfinder adds
another 0.5 kg. Exports should start somewhere between April and
December 1981.

The high-speed norm for transmitting digital data over conventional,
unconditioned telephone lines is currently 9,600 b/s, but Plessey Digital
and Network Systems Ltd. at Taplow, Bucks., has upped this by 66% with
a newly introduced modem that transmits data at 16,000 b/s. Under
sponsorship from Britain’s Royal Signals and Research Establishment in
Malvern, the modem was initially intended to transmit digitally encrypted
speech. It overcomes the telephone line’s limited 3.4-kHz bandwidth by
using quadrature-amplitude modulation (QAM), in which two 1,700-Hz
tones, phase-separated by 90°, can each take any of eight peak values.
The receiver is enabled to discriminate between the eight levels by micro-
processor-based adaptive line equalization and filtering techniques devel-
oped initially at Loughborough University. First deliveries are scheduled
for January 1981.

In an effort to strengthen its position in the market for MOS integrated
circuits, West Germany’s Siemens AG has started up a new production
center for such devices featuring structures down to 2 um. The $17 million
facility, at the company’s Munich-based Components division, is laid out
to produce very large-scale ICs on 4-in.-diameter wafers that contain some
150,000 elements on a 25-mm? area. Encompassing two ion-implantation
plants as well as the latest photolithographic projection equipment and
wafer steppers, the center will initially fabricate the Intel-derived SAB
8085 and SAB 8086 microprocessors plus 16-K and 64-K dynamic memo-
ries and custom VLSI circuits.

Silicon-on-sapphire large-scale integration has enabled Toshiba Corp. to
implement on a single 6.66-by-7.46-mm (262-by-294-mil) chip its
T88000 16-bit microprocessor, which is suitable for a super minicomputer
that can directly access a 16-megabyte memory. The processor features a
10-MHz clock with one machine cycle of four clock periods, or 400 ns
(most user instructions take only one machine cycle). Despite the high
performance, the inherent high speed and high density of SOS make for
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International newsletter

ease of fabrication and high yields because the device can be built with
3.5-um-rule masks and a 2.8-um effective channel length.

The device uses both complementary-MOS and n-MOS circuits for the
optimum combination of speed and power. It operates from a single 5-v
power supply and dissipates 0.7 w.

Nixdorf announces Living up to the promise it made earlier this year, West Germany’s
its first Nixdorf Computer AG has taken the second step in moving into the
mainframe business. After acquiring the Computer Software Co. of Rich-
large computer mond, Va. [Electronics, May 22, p. 33], whose software products enable
users of IBM systems to improve the performance of their machines,
Nixdorf has announced its first mainframe system, the 8890, a medium-
sized computer comparable to the lower-end models of in the 4300 series
from the U.S. computer giant. To build it, Nixdorf is cooperating with
Elbit Computer Ltd. of Haifa, Israel, which supplies data-processing
systems know-how and is producing 8890 parts under a licensing agree-
ment with the German firm. Paderborn-based Nixdorf initially expects to
sell about 100 of the 8890s a year and will be offering them in the U. S. in
12 to 15 months.

Video camera cassette A camera with a compact built-in cassette that can record up to 2 hours of
picture and sound is Hitachi Ltd.’s entry into the standardization sweep-
recorder from Hitachi stakes for video cassette recorders started by Sony Corp. [ Electronics, July
vies with Sony’s VCR 17, p. 48]. Despite its machine’s radically different specifications, Hitachi
hopes that the industry can reach a consensus in time for it to start sales in

about two years.

Besides providing six times longer recording time, Hitachi one-upped
Sony by developing a method of multiplexing a frequency-modulated
stereo signal with a frequency response to 18 kHz onto the video signal.
Other features include still, slow-motion, and high-speed playback, as well
as dubbing. The format also puts audio and control signals on the edges of
the Yi-in.-wide tape, as in present VHS video recorders. The video record-
ing method is standard.

Although only a prototype, Hitachi’s Mag camera is producible because
it uses the same image sensor as the firm’s video camera (see p. 63). The
weight is 2.6 kg, including a nickel cadmium battery that will power the
unit for 30 minutes, size is 237 by 192 by 76 mm without the 4 X zoom
lens. A big difference from Sony’s scheme is that the combination plays
back tapes directly rather than requiring a table-top adapter.

Addenda A throughput of 29 million instructions per second distinguishes the bigger
of two models of Nippon Electric Co.’s Acos 1000, the world’s largest
general-purpose computing system. The new machine could prompt modi-
fications in IBM’s upcoming H series. . . . France’s Compagnie Générale
d’Electricité is moving to improve its access to MOS technology. CGE’s
Parisian subsidiary, CIT-Alcatel, is acquiring 25% of Semi Processes Inc., a
two-year-old Santa Clara, Calif., manufacturer of custom semiconductors
created by former Intersil vice president Robert Freund.

64 Electronics /September 25, 1980



What if Isaac Newton had

discovered Monochips-
before gravity?

It's too bad Monochips™ weren't around
in Isaac Newton's day. If they had been,
Sir Isaac might have designed tools to
defy gravity in addition to discovering
it...or a radar unit to warn people
about falling apples. He might even
have designed a computer to help
people use his new calculus. Because
Monochips bring out the genius of
great thinkers.

Monochips are semi-custom IC's.
They give you all the benefits of full-
custom development without the lead
time or the expense. That'’s because
Monochips’ circuit components — the
first five layers — are already in place
when you start designing. All you do is
connect them to make the circuit your
application requires.

Working from your layout, we etch
the sixth layer and deliver prototypes in
8 weeks for $5,000 or less. When you
approve them, we produce 1,000 to
500,000 parts for you.

Make a great discovery yourself —
Monochips. Our Monochip Design Kits
make it easy for you to design your own
custom IC — linear, CMOS, NMOS, CML,
or bipolar — for only $25 to $59 per kit.
Put your genius to work. Call us today
to order your kit or for more information.
Interdesign, 1255 Reamwood Avenue,
Sunnyvale, CA 94086. (408) 734-8666.

the semi-custom IC.

Interdesign is a Ferranti Company.
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" Introducing

 the F6856
- Protocol
Controller.

At Fairchild, we've
bbeen working on

' ways to help you bet-
ter understand the
world of protocols. As
a result, we've just
developed the firstin a
new series of ad-
vanced telecommuni-
cation circuits that will
put you worlds ahead.
The F6856 Protocol
Controller.

We speak your
languages: SDLC,

BISYNC, HDLC,

DDCMP,ADCCP
and more.

Now that the
F6856 is here, your
equipment can be

designed to handle

virtually any syn-
chronous protocal.
That includes SDLC,
BISYNC, HDLC,
DDCMP, ADCCP and
other bit-oriented or
byte-control protocols.
This eliminates the in-
compatibility problem
you've encountered
up until now:

And, as another
major advantage, the
F6856 is compatible
with all major 8 and
16-bit microcomputer
buses.

A single-chip
solution

to multi-protocol
problems.

Most of the competi-
tors’ products use
either two or more
chips, or provide very
rudimentary protocol
functions; which
requires extensive

programming in the

on speaking terms.

Electronics/September 25, 1980

host computers.

The F6856 per-
forms the bulk of the
communications pro-
tocol functions on one
chip, including the
complete BISYNC.
That means there's
less programming and
design time involved.
So your entire system
overhead cost, in time
and dollars, is going
to be reduced.

We bring worid
communications
closer together.
When you need to
be on speaking terms
with the whole world
of protocol, write or
call Fairchild Micro-
computer at Fairchild
Semiconductor
Products Group, PO.
Box 880A, Mountain
View, California 94042.
Telephone: (408)
224-7106.

Circle 67 on reader service card 67



IMAGINE

As your ideas race into the future,
you need products to match your
stride. Today Zilog offers you the most
advanced family of microprocessor
products made: components, sup-
port devices, software, development
systems. All available in production
quantities with worldwide support.

Elegant but soundly conservative
scaled n-channel manufacturing
processes combine with generation-
ahead architecture to give Zilog
products uncommon performance
levels. The 8-bit Zilog Z80 revolution-

ized the microprocessor industry.

Today it's become the still more
powerful Zilog Z80B. Its cousin, the
Zilog Z8, packs an ingeniously flexi-
ble, complete 8-bit microcomputer
onto a single chip. And, as you would
expect, the incredible 16-bit Zilog
28000 has set the microprocessor
performance standards for the 19807s.

Give your imagination some of
our hard, profitable facts to work
with. Write: Zilog, Dept. E, 10460 Bubb
Road, Cupertino, CA 95014. Or, call
your nearby Zilog distributor.



THE POWER TO DESIGN

THE MOST ADVANCED MICROPROCESSOR-
BASED SYSTEMS IN THE WORLD.

AT YOUR COMMAND TODAY. FROM ZILOG.

The new ZSCAN 8000
emulator lets you develop
your 28000-based
systems in less time.

This compact in-circuit emulator gives you
real-time support for your 28001 and 28002
development needs. It's usable with almost
any standard CRT and software host develop
ment system and can be transparent for
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Harris Technology at Work

Harris unique LCC Hybrids
simplify electronic system designs.

Harris Semiconductor 1 ‘ l
presents the first Data l
Acquisition Components aimeA
at simplifying your system develop-
ment tasks, while relaxing your design constraints.

Meet the HI-5900, the HI-5901 and the HI-5712—
a new breed of products characterized by simplicity of
application, accuracy, speed at low power consumption,
versatility and reliability.

Simplicity of Application The HI-5900 (or the
HI-5901) and the HI-5712 provide all the functions
required to convert analog transducer outputs into a
twelve-bit binary format suitable for microcomputer
processing. No additional components are required.
Moreover, they are offered in easy-to-use dual-in-line
packages to minimize board size. Pin counts are 32, 32
and 40 respectively.

Accuracy An impressive list of product performance
parameters minimizes inherent system errors:

O Common Mode Rejection—86 dB

O Feed Through—80 dB

O Sample-and-Hold Droop Rate—S5 nV/us

O Differential Linearity Error— % LSB

O Integral Linearity Error—% LSB

[J Quantization Error—Y LSB

HARRIS HOT LINE!
1-800-528-6050, Ext.455

In Arizona: 1-800-352-0458, Ext. 455

Call toll-free texcept Hawaii & Alaska) for phone number
of your nearby Harris sales office, authorized distributor or
expedited literature service. Or check your 1C MASTER
for complete product listing and specifications.

Harris Technology
.. Your Competitive Edge

Speed and Power Consumption Minimum
channel-to-channel throughput rate is 50 kHz. That
includes 9 us acquisition time for the HI-5900 or the
HI-5901, and 8 us conversion time for the HI-5712.
Total power consumption is 1.4 watts,

Versatility and Reliability The HI-5900 delivers
full performance when used in conjunction with any
commercially available A/D converter.

It features software-controlled selection of:

[J One (or none) of eight high-impedance differential in-
put channels for time-multiplexed multisensor
applications.

[J One of four gain options (1, 2, 4 and 8) for increased
dynamic range capability.

[J Suitable track-and-hold cycle lengths.

Alternatively, the HI-5901 provides sixteen high-
impedance input channels for single-ended applications.
Both products offer serial/parallel MUX expansion ter-
minals and external offset nulling capability. Their
power consumption is only 255 mW.

The HI-5712 ADC features:

Internal clock with external clock override option.

[J Internal reference with external reference connection

option.

[J Software-controlled offset binary or two’s comple-
ment output code selection.

O

O

a

Tristate buffered parallel outputs, and NRZ serial
output information for remote data transmission.
Software-controllable conversion cycle lengths of 12,
10, 8 and 6 bits.
[J External gain and offset adjustment capability.
The HI-5900, -5901 and -5712 are offered in four
quality grades, grouped by operating temperature range:
Commercial/Industrial (0°C to +70°C)
1. Standard, Dash-5 code
2. High-reliability, Dash-7 code
Military (- 55°C to +125°C)
3. Standard, Dash-2 code
4. MIL-STD-883 Class B, Dash-8 code
These are further examples of Harris technology work-
ing for you . . . delivering new devices with years-ahead
performance at competitive, down-to-earth prices!

FREE WALL CHART! For more examples of
Harris technology at work, request your copy of the
Harris Linear and Data Acquisition Products wall chart.

Use the Harris Hot Line, or write to:

Harris Semiconductor Products Division,

Box 883, Metbourne, Florida 32901.

ON THE HORIZON
Exciting Harris Semiconductor Products
Now in Development

HI-5902 Low-Level DAS Front-End
HI-5751 12 Bit VDAC

m HARRIS
W)

SEMICONDUCTOR
PRODUCTS DIVISION

A OIWVISION OF MARRIS CORPORATION



Turnyo

our test

datainto declslons

Miles of test system print-outs
are a problem when you don't
have time to dig in and analyze
them. You're liable to
find the cause of a
problem too late to
do anything about it.
Which means you've
lost time, money and
maybe a customer.

That's when you need
Integrator® Il. It can take your
reams of test data and synthe-
size them into usable, action-
oriented technical and man-
agement reports. Continually.
Oroncommand. Anditcan con-
trol, manage and communicate
device programs for up to eight
remote test stations, whether
you're using our Sentry® or
Sentinel™ systems.

Integrator is a powerful host

computer that gives you infor-
mation you can use to get
the most out of your test
equipment. You can make in-
formed decisions affecting pro-
cess, yields and quality control
in minutes. Rather than weeks.
Integrator hardware is
modular and can be configured
to match each specific user
application. Software and firm-
ware have been prepared
specifically for semiconductor
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testing. You get all the
basic tools needed to
make timely, effective
decisions. At a surpris-
ingly affordable price.

So when your time
is tight and you've got
to turn data into deci-
sions, look into Integra-
tor. Call us at (408)
998-0123. Or write Fairchild
Test Systems Group, 1725
Technology Drive, San Jose,
California 95110.
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Significant developments in technology and business

UK to install

second-generation
fiber-optic links

by Kevin Smith, London bureau manager

Success with InGaAs-based
detectors encourages move
by post office to less costly,
longer-wavelength systems

Plans by British Telecom, part of the
British Post Office, to progressively
phase out copper-cable trunk tele-
phone systems on new links in favor
of second-generation fiber-optic sys-
tems from 1985 onward have been
given a boost by successful laborato-
ry experiments at its Martlesham
Research Centre. In the experi-
ments, optical data was transmitted
at 140 megabits per second over 49
kilometers of graded-index fiber in
one hop using the low-loss optical
window that occurs at the 1.5-
micrometer wavelength [Electronics,
Sept. 11, p. 67].

In first-generation systems operat-
ing at 0.85 um—the first of which
was cut over to routine public service
last week —repeaters are spaced ev-
ery 10 km. By moving to 1.3- or
1.5-um windows, fiber losses drop
dramatically to'0.45 decibel/km typ-
ically, a 90% decrease. But the move
has awaited the development of opti-
cal transmitters and receivers capa-
ble of operating at these longer
wavelengths.,

Striped. British Telecom’s plan-
ning department used a newly devel-
oped stripe laser from Standard
Telecommunications Laboratories
Ltd. and group III-V p-i-n diodes
developed by Plessey Co.’s Allen
Clark Research Centre and its own
laboratories. Plessey also has a 1.3-
pum light-emitting-diode source. The
planning department’s specification
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4 requires that, for fiber-optic sys-
tems to oust cables, repeaters should
be spaced every 30 km on 1.3- or
1.5-um-wavelength, 140-Mb/s trunk
systems, and post office experiments
at both wavelengths demonstrate
that these targets can be comforta-
bly met. Last year, British Telecom
ordered its first fiber systems for
routine use —15 of them operating at
8, 34, and 140 Mb/s—and is shortly
to place follow-on orders that will be
twice the size of the first so-called
shop-window contracts.

At a wavelength of 1.3 to 1.5 um,
silicon-based devices are past opti-
mum sensitivity. Commercially
available germanium detectors have
a good response, but characteriza-
tion at British Telecom’s Martels-
ham labs found that they were noisy
and had a high leakage current. The
alternative was to move to group
III-V compounds such as gallium,
indium, and arsenic, but when oper-
ated in the high-gain avalanche

mode these, too, proved noisy.

An alternative approach uses a
group III-V p-i-n photodiode detec-
tor. This device has only unity gain,
but by combining it with a high-
impedance field-effect-transistor
preamplifier in a hybrid package, a
theoretical performance comparable
to that of the avalanche device can
be achieved. The resulting system
also has the advantage that it can be
manufactured more reliably than
avalanche devices, works at a lower
voltage of 10 to 15 volts, and needs
no additional circuitry to control
gain.

Two options. Two detectors have
been developed for this purpose, one
by Plessey and the other by British
Telecom, optimized for operation at
the 1.3- and 1.5-pm windows,
respectively. Both are zinc-diffused
homojunction devices with mesa-
defined active areas. In the Plessey
device, an InGaAs epitaxial layer is
grown on a GaAs substrate and
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Economical. To space repeaters 49 instead of 10 km apart along a fiber-optic link, British
goto 1.3-or 1.5-um wavelength, detect latter signals with aid of 1.5-um diode (above).
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incorporates a constant composition
layer and a highly doped graded
region that buffers crystal mis-
matches between substrate and epi-
taxial layer.

In order to optimize peak
response at 1.3 or 1.5 um during
manufacture, electronically con-
trolled flow regulators provide accu-
rate and reproducible control of the
indium-gallium ratio.

The resulting device has a low
input capacitance of less than 0.2
picofarad, a dark current of less than
1 nanoampere, and a quantum effi-
ciency of more than 50% without
optical coating. For operation up to
1.67 um, the BPO-developed InGaAs
p-i-n diode (see figure) is formed on
an indium phosphide substrate.
Quantum efficiency is 45% to 50%.
The active area of 100 um in diame-
ter gives an input capacitance of 0.3

PF at a 10- to 20-V bias, and leakage
current is 10 to 20 nanoamperes.
Commercial development of the de-
vice will be likely left to Plessey.

Either diode matches into a GaAs
metal-semiconductor FET preamplif-
ier, and the two are mounted on a
thick-film hybrid substrate soldered
into a dual in-line package that
comes complete with a fiber pigtail.
The resulting receiver sensitivity,
says British Telecom in a paper pre-
sented at the Sixth European Con-
fererice on Optical Communication
in York, Sept. 16-18, shows at least
a 4-dB improvement over results
reportéd for long-wavelength aval-
anche photodiodes. The gain is suffi-
cient to render negligible the noise
from following amplifier stages, ac-
cording to Ray Hooper, a meiber of
the Telecom research team leading
the development.

East Germany

Leipzig fair spotlights liveliness of
East German consumer electronics

Rudyard Kipling notwithstanding,
East and West do meet—at least
Eastern and Western Europe—and
one place where the twain often
come together is at Leipzig, East
Germany. There, at the sprawling
Saxon metropolis, firms from the
Capitalist West and the Socialist
East meet twice each year during the
city’s big spring and fall fairs—to
display their wares and to assess
each other’s products.

For many Western observers,
Leipzig is as much a place to com-
pare technologies as to get a reading
on how business in East Germany’s
electronics sectors is going. From the
just-ended fall fair (Aug. 31-Sept.
6), they came away with a strong
feeling that for all their emphasis on
industrial electronics, East German
economic planners have not ne-
glected the entertainment sector. In

For the Socialist consumer. This Colorett
300673007 color television set is manufac-
tured by East Germany's major set manufac-
turing facility, located in Stassfurt.
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fact, East Germany, which boasts
the highest standard of living in the
Socialist Bloc, is generally consid-
ered to lead its Comecon partners in
the level of both the penetration and
the technical sophistication of many

of its entertainment products.

State-owned. Like almost every-
thing else it makes, East Germany
fabricates such products at state-
owned enterprises. Responsible for
equipment ranging from small port-
able radios to color TV sets and large
community antennas is VEB Kombi-
nat Rundfunk und Fernsehen. The
combine encompasses 19 production
centers throughout the country and
employs some 21,000 people. Part of
the organization are several distribu-
tion centers and well over 1,000 ser-
vice shops with another 6,000 or so
employees.

Headquartered in the 800-year-
old town of Stassfurt, just east of the
Harz Mountains, the combine pro-
duces nearly all of what Kansas-
sized East Germany, with its 17 mil-
lion people, consumes in the way of
electronic entertainment gear. An-
nual consumption is pegged at about
$1.3 billion. Imports—some color
receivers from the Soviet Union and
portable sets from Japan—are “not
very high and intended mainly to
round out the sales program,” one
industry official says.

As is the case in many Western
countries, color TV is the industry’s
main pillar, “with 24-inch and 26-
inch sets predominating,” says Jo-
hannes Glidser, head of market
research for the combine. Of the half
a million units it produces annually,
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Focus on increased
productivity =

with an Optomation
Instrument System

TN2500 CAMERA
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[
CID camera can be mounted in any
position and requires no operating
adjustments.

The automatic, noncontact inspection system that
can focus on 900 items per minute.

That's right. The OPTOMATION Instrument System from
General Electric is capable of 900 inspections a minute.
Sometimes more.

An OPTOMATION instrument system consists of a CID
solid-state camera for the Electronic Vision, and a Decision
Processor. The Decision Processor segments the scene
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over 900 noncontact inspections per minute, eliminate
repetitive and monotonous tasks, reduce scrap, and improve
the quality control and appearance of most products in many
stages of fit and assembly.

All this means that General Electric’'s OPTOMATION
instrument system focuses on greater productivity by
increasing the rate of production, improving quality, and
reducing production costs.

"OPTOMATION" 1s a trademark of the General Electric Company

For further information or application
assistance, call or write:
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Optoelectronics Systems Operation
General Electric Company
Electronics Park, Bidg. 3-201
Syricuse, New York 13221

(315) 456-2832 or 456-2808
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PN2303 DECISION PROCESSOR

The PN2303 decision processor is ready to use without
further design or development. No computer programming
or software experience is necessary. Switch-
programmable, the PN2303 can be set up on line or
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computer controlled equipment.

Progress through Productivity
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about three quarters are color sets.
“We sell them as they come off the
production line,” Gliser notes, hint-
ing the industry has none of West
Germany’s inventory problems.

Penetration. Surprisingly, since
the start of color broadcasting in the
late 1960s, the color set penetration
into East Germany's 6.4 million
households has already reached the
55% level, which puts the country on
a par with, or even ahead of, some
West European countries. The total
penetration—of both color and
monochrome sets—is at the near
saturation level at about 92%.

For many Westerners, the high
color set density is all the more sur-
prising given a receiver’s relatively
high retail price—between $2,200
and $3,300 for a set capable of
recejving not only East Germany’s
Secam-standard programs but also
PAL programs from West Germany.
That price range amounts to four to
six times the monthly wage of an
average East German factory work-
er. But industry officials are quick to
point out that many basic necessities
of life—housing, public transporta-
tion, and medical care, for exam-
ple—are very inexpensive or even
free, thus offsetting the high prices
for manufactured goods.

Though color sets are slowly
becoming a standard household
item, high-fidelity and stereo equip-
ment still has some way to go. Gliser
estimates the stereo set penetration
at about 35%. Somewhat higher is
the figure for households with sets
hooked to community antennas—
40% to 45%—which is delighting
environmentalists, for whom small
rooftop antennas are an eyesore.
Some community antennas, Gliser
says, accommodate up to 50,000
subscribers.

Imports. For East Germany’s en-
tertainment electronics industry, it
makes little economic sense to pro-
duce everything on its own. Reel-
to-reel tape equipment, for example,
is imported from other Socialist
countries, as are some low-priced car
radios. Besides, all the color TV tubes
consumed by East Germany come
from either the Soviet Union or
France, the latter supplying tubes
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with a precision in-line gun configu-
ration., Audio cassette recorders,
higher-priced a-m and fm car radios
with automatic station-search facili-
ties and traffic radio decoders, as
well as hi-fi equipment, are made
domestically.

A quick look at color sets at the
Leipzig fair revealed that in many
aspects of receiver design East Ger-
man engineers are closely following
their Western counterparts. Testify-
ing to that are video games, remote
control by infrared-light beams, and
other features. In using integrated
circuits to enhance set performance,
“we are up to international stan-
dards,” Glidser states. The ICs
applied are mainly East German,
“but we are also sampling what oth-
er Socialist countries are offering,”
Glidser adds.

A top-of-the-line model in East
Germany’s arsenal of color receivers
is the Colorlux 3010/3011. It uses a
110° 26-in. precision in-line tube.
With IR remote control, imple-
mented with ICs, up to eight pro-
grams can be selected. Further, the
on-off function, the volume, bright-
ness, and contrast control, and some
other functions can be performed
remotely. -John Gosch

France

SLIC chip will adapt
to every switch

Philips’ main telecommunications
equipment subsidiary in France is
finally taking some of the wraps off
what is touted as a “truly universal”
monolithic subscriber-loop interface
circuit, or SLIC. Controlled by a digi-
tal data bus, the circuit was designed
by Télécommunications Radioélec-
triques et Téléphoniques (TRT),
based in the Paris suburb of Le Ples-
sis-Robinson, and is being put onto
silicon by Harris Corp.’s Semicon-
ductor Products division in Mel-
bourne, Fla. [Electronics, June S5,
1980, p. 126].

Both partners boast that it will be
fully compatible with existing digital
switching exchanges, be they public

or private, and will also be versatile
enough to fit into more sophisticated
switches of the future. Test samples
are expected late next year.

As described at the mid-Septem-
ber International Symposium on
Subscriber Loops and Services
(1ssL) in Munich, West Germany,
the device is designed to operate over
a wide range of voltages and imped-
ances while maintaining immunity to
longitudinal line currents and an
exemplary balance to ground —knot-
ty problems in SLIC design. Balance
to ground never gave much trouble
in conventional line interface circuits
because they were made from pas-
sive components.

Amps. In the TRT-Harris chip, a
pair of symmetric push-pull ampli-
fiers, controlled by two delta-modu-
lation decoders, constitute an inter-
nal programmable ringing-signal
generator. The amplifiers can be
powered by a 48-volt battery, an
auxiliary positive power supply, or a
combination of the two. The stream
of data into the decoders permits a
ringing voltage anywhere from the
negative battery voltage up to the
positive voltage provided by the aux-
iliary supply. Since the delta decod-
ers operate at a relatively high fre-
quency, 100 kilohertz, they produce
a smooth sinusoidal ringing signal.

The internal generation of ringing
signals means that the signal fre-
quency can be easily modified to
conform to a wide variety of stan-
dards, notes Gilbert Ferrieu, techni-
cal manager of the SLIC circuit
design for TRT. What’s more, the
same data stream can control the
ringing voltage for all of the sub-
scriber lines in a particular grouping.

Though the SLIC is traditionally
conceived to fulfill what telephone
specialists call (and spell) the Borsht
functions —battery feed, overvoltage
protection, ringing, signaling, and
two-to-four-wire hybrid and test
functions—Ferrieu suggests that a
second “t” could be added to the
acronym to stand for “transmis-
sion.” Providing a specified imped-
ance and good balance to ground for
ac signals are among the most diffi-
cult requirements an electronic SLIC
must meet, he explains. In the TRT-
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Models A-203 and A-206 are a Charge
Sensitive Preamplifier/Pulse Shaper and a
matching Voltage Amplifier/Discriminator
developed especially for instrumentation
employing solid state detectors, propor-
tional counters, photomultipliers, channel
electron mutipliers or any charge produc-
ing detectors in the pulse height analysis
or pulse counting mode of operation.

These hybrid integrated circuits feature
single supply voltage, low power dissipa-
tion (16mW), low noise, pole zero cancella-
tion, unipolar and bipolar outputs and ad-
justable discrimination level.

Model A-101 is a Charge Sensitive Pre-
amplifier-Discriminator and Pulse Shaper
developed especially for instrumentation
employing photomultipliers, channel elec-
tron multipliers and other charge produc.
ing detectors in the pulse counting mode.
Its small size (TO-8 package) allows moun-
ting close to the collector of the multiplier.
Power is typically 15 milliwatts and output
interfaces directly with C-MOS and TTL
logic. Input threshold and output pulse
width are externally adjustable.

All Amptek, Inc., products have a one year
warranty.
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6 DeAngelo Drive, Bedford, Mass 01730
Tel: (617) 275-2242
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PREAMPLIFIERS
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Harris device, counterreaction cir-
cuits both ensure that its dual push-
pull amplifiers balance their imped-
ance to grourid and render them
insensitive to current reversals due to
longitudinal currents.

Details. The currents flowing to or
from the two outputs from the SLIC
to the subscriber line are fed into a
summing circuit, where a current
proportional to the sum of the two
SLIC output currents is calculated.
At the same time, the voltage drop
created by this current on any given
impedance with respect to ground is
measured. A routing device creates
two voltages, one equal to the volt-
age drop and the other to 48 v.
Being controlled by the two delta-
modulation decoders mentioned
above, the routing device can direct
the voltage drop and its complement
voltage to the dual push-pull amps..

This summing circuit provides one
way in which the SLIC can handle
changing impedances in the trans-
mission line connected to it. The cir-
cuit both sums the SLIC’s output cur-
rents and calculates its own propor-
tionality factor from the result and
finally multiplies the sum by the fac-
tor. The change in current simulates
a change in impedance. Alternative-
ly the delta-modulation controllers

may be programmed to vary the
impedance with respect to ground.
Thirdly, these two methods may be
combined.

The accuracy of the summing cir-
cuit is a crucial point, and Harris’s
dielectric isolation process is said to
be particularly well suited to the job.

44 tests. The same serial data bus
used to control the delta decoders
provides the data for a series of
switches that control current injec-
tors for test purposes. A multiplexer
gives access to eight internal points
in the SLIC, where a set of loop con-
ditions are created by combining
multiplexer and current injector con-
figurations. All told, 44 different
conditions can be measured, and the
results sent via the exchange itself to
a remote maintenance facility.

Though reluctant to cite specifica-
tions at this early stage, Ferrieu
believes the SLIC will provide com-
mon-mode suppression of better than
60 decibels, have a maximum power
dissipation of 1 to 2 watts, and
thanks to a pair of clamping diodes,
offer overvoltage protection of 1
kilovolt. The chip itself is expected
to measure 2.5 by 2.5 millimeters
(98 by 98 mils) and contain the
equivalent of roughly 100 transistors
and diodes. -Kenneth Dreyfack

Japan

Electron-beam and optical lithography
combine to enhance VLS| throughput

Is it possible to fabricate a very
large-scale integrated device com-
bining direct-stepping-on-wafer opti-
cal lithography and direct-electron-
beam-on-wafer lithography? As part
of Japan’s now-complete four-year
VLSI project, researchers working
out of Nippon Electric Co.’s Central
Research Laboratories in Kawasaki
have done just that.

They did it in two versions of the
same 512-K read-only memory. The
results indicate that it is practical to
use 10:1-reduction direct-wafer-
stepping optical lithography for high
throughput for most masking pro-
cesses on the chip and follow it with

direct-electron-beam-on-wafer li-
thography for the critical fine
dimensions of high-density chips,
including the upcoming generations
of 256-K and 1-megabit random-
access-memory chips. The same pro-
duction approach could also be used
for fast turnaround time on a wide
variety of custom and semicustom
chips.

The original ROMs were designed
for kanji (Chinese character) pattern
generators for cathode-ray-tube dis-
plays. But the same memory could
find other applications.

The Japanese team reached the
combined procedure in two install-
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new quartz oscillators.

¢ High Short-term Stability.
¢ Low Phase Noise.

HP's new 10811A/B Oscillators
are designed for equipment
requiring a compact, rugged,
precision frequency source.
Ideal for instruments, communi-
cation and navigation equipment
and precision time keeping
systems.
Look at the superb perfor-

mance you get:
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e Phase noise: better than

160 dBc at 10 kHz offset
e Warm up: within 5 parts in 10°

of final frequency in 10 minutes
¢ Time Domain stability: better

HEWLETT
PACKARD

e Fast Warmup.
¢ Low Power Consumption.

than 5 parts in 10 for a
I-second averaging time
¢ Power consumption: approxi-
mately 2 watts, after warmup
° Ou%ut frequency 10 MHz
(10.23 MHz on special order).
Both are gug-compatible with
HP's 10544 Series compact
oscillators, and also offer higher
performance. Price is $800* (add
$100* for B model with provi-
sions for shock mounting). Call
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or write to Hewlett-Packard,
1507 Page Mill Road, Palo Alto,
CA % . *U.S. domestic prices only.
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ments. The first version of the 512-K
ROM used direct-electron-beam-on-
wafer lithography for all pattern
steps [Electronics, May 8, p.39].
While conceding that use of elec-
tron-beam lithography for every step
is not really practical because the
throughput is too slow, the developer
points out that the result does estab-
lish the feasibility of using this pro-
cedure on any masking step.

The second version, which was
reported on at the 12th Conference
on Solid State Devices held in Tokyo
late last month, proves the electron-
beam system can be aligned on the
pattern previously exposed by the
optical system.

Down the drain. In this particular
application, electron-beam lithogra-
phy is used to personalize the ROM
by opening a contact hole to the
drain region just prior to the final
metalization. This approach would
make for short turnaround time.
NEC engineers claim that such a fab-
rication method is also suitable for
customization by maskless electron-
beam exposure of pattern levels hav-
ing lines rather than contact holes.
In fact, the production process is
expected to give line definition much
the greater emphasis.

During the direct stepping expo-
sure, cross marks for aligning the
electron-beam system are delineated
and later etched to a depth of 1.5
micrometers. They enable correction
for wafer rotation and field. As a
result, the average overlay error of
both the stepper and the electron
beam is less than 0.3 um. The aver-
age exposure time for the 81 chips
on a 4-inch wafer by the optical step-
per is 80 seconds per wafer, while
the average electron-beam system
time for exposing contact holes is
about 60 seconds per chip.

Each ROM chip is organized as
eight 64-Kk blocks, and eight single-
bit outputs are read out in parallel.
Design rules include a polysilicon
gate length of 1.8 um and metal line
width of 3.2 um.

The 512-K ROMs operate from a
single S-volt power supply with TTL
logic levels; access time is 400 nano-
seconds and power dissipation is 800
milliwatts. -Charles Cohen

Electronics /September 25, 1980



ENJOY THE “PRESENT
‘WHILE “PREPARING FOR THE FUTURE

TECHNOLOGY “SEMINARS
“SNOWSEMASS -cASPEN_SKIING

SOFTWARE

® TRENDS IN SYSTEMS
SOFTWARE
— ARCHITECTURES
— CAPABILITIES
— USER INTERFACES

® LANGUAGES

® DEVELOPMENT
METHODOLOGY

® USER IMPLICATIONS

® TRENDS IN HARDWARE AND
SOFTWARE RELATIONSHIPS

2

F@'vﬂ"'

HARDWARE
® HARDWARE TECHNOLOGY
TRENDS
® CAPABILITIES FORECAST

® ARCHITECTURES

® INTEGRITY MANAGEMENT

® DESIGN IMPLICATIONS

® SELECTION CRITERIA

® DISTRIBUTED PROCESSING
AND NETWORKING

¥
. PR
o

Snowmass Technical Seminars has scheduled top level
technical specialists to conduct state of the art tech-
nology seminars at Snowmass Village, Colorado, during
the week of March 22, 1981. These seminars will address
the subjects delineated above and are intended for
systems engineers, analysts, and managers who will be
specifying, designing, approving, managing and using the
computer hardware and software that will be available
during the 1980's. Emphasis will be on future capabilities
and on their implications to systems designers and users.

The purpose of all seminars is learning and informa-
tion exchange; however, who could visit the Rockies in
the winter without skiing, and in the summer without
hiking, fishing, golfing and tennis? Winter seminars are
arranged to allow up to six hours per day for skiing.
Summer sessions leave the same amount of time for
summer activities. Both sessions leave time for dining
and partying at some of the best restaurants and clubs in

the world, either in Snowmass Village or in nearby Aspen.
Future seminars will feature:
Distributed Computing
DBMS
Data Communications
Storage Technology
VLSt
Software Methodology
Technology and the Professions
Engineering Management
Employee Motivation
Technical Writing
Quality Control
Show this ad to your manager and bring him along.
Promotions are based on good ideas, and he will agree
that this is a great one! Registration details and infor-
mation concerning future seminars are in a brochure that
may be obtained by calling, writing or circling reply card.

SNOWMASS TECHNICAL SEMINARS

Wint i last si P k f
days. Space i limited, and P.O. Box 6018 fovndt oA
registration is on a first Snowmass Village, CO 81615 nars listed above, and

come, first served basis;
so, please, register early,

Telephone (303) 920-1633

specify whether you prefer
winter or summer sessions.
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64K EPROMs
from Texas Instruments.

Defining the future.
Ready today:

EPROMs regularly double in den-
sity — 128K devices are inevitable.
By factoring TI’s new 64K EPROM
into your plans-today, you can pave
the way for these greater densities
and minimize system redesign.
Because the new TMS2564 comes
in a 600-mil, 28-pin, dual-in-line

from the industry- standard 24-pin
64K ROM supplied by eight sources.

On the new TMS2564, pins 26 and
28 are reserved for the 5-V supply.
With a supply trace to pin 26, both
24- and 28-pin devices can be used

package. Plug compatible with that
anticipated for the 128K EPROMs TMS2564
. and ROMs. When the time 64K ROM - e
comes to upgrade, you'll be able to b ?E s
substitute one for the other. «d - |g= ac 3:
Outstanding compatibility Eg Daa| o O s
In the meantime, the TMS2564 i L5 ol oy
EPROM allows you a great deal of i P ar i
latitude. For maximum compati- ot L L
bility with present devices, the
TMS2564 EPROM pinout is derived
PACESETTING EPROMs FROM TI
Power Typical Power (0°C) Access
Device Description Supply Operating Standby Time
TMS2564 64K 5V 400 mW 50 mW 450 ns
TMS25L32 32K 5V 325 mw 50 mW 450 ns
TMS2532 32K 5V 400 mW 50 mW 450 ns
TMS2516-35 16K 5V 285 mW 50 mW 350 ns
TMS2516 16K SV 285 mW 50 mwW 450 ns
TMS2508-25 8K 5V 250 mwW 50 mw 250 ns
TMS2508-30 8K 5V 250 mwW 50 mw 300 ns
TMS2716 16K +12, =5V 315 mw — 450 ns
TMS27L08 8K +12, =5V 245 mW — 450 ns
TMS2708 8K +12, =5V 690 mw — 450 ns
TMS2708-35 8K +12, =5V 690 mwW — 350 ns

with no jumpering. If you choose,
you can even use smaller EPROMs
without compatibility problems.
And upgrading from the TMS2532
32K EPROM is a snap.

Low power

The TMS2564 offers you low power
per bit ... only 13 pW max active.
A must for high reliability and
low system operating costs.

Widest choice

Adding the TMS2564 to our fast-
growing EPROM family gives you a
choice unmatched in the market-
place. All members are available in
600-mil packages with industry-
compatible pinouts. All share the
reliable production-proven TI
EPROM technology.

Here now

TI's TMS2564 has been in produc-
tion since mid-1979. No need to wait
— place your order today for the
industry’s first 64K EPROM, from
the industry’s first supplier of 16K
and 32K EPROMs. Check your
nearby TI sales office
or authorized distribu-
tor. Or write Texas
Instruments, P.O. Box
1443, M/S 6965,
Houston, Texas 77001.

Fifty Years
of .

‘ Innovation
[o]

[ /

TEXAS INSTRUMENTS

© 1980 Texas Instruments Incorporated

INCORPORATED

85135C
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The Graphics




Standard

Graphics, the
true universal
language.

For 12 years,
Tektronix

has set the
standards by
which graphics
information is
measured:

In resolution.
Size. Software.
Service.
Reliability.
Compatibility.
And breadth of
product line.

.............

L G P — === Whatever your
‘ — own standards
of productivity
and graphics
performance,

. — =
: — B N you can turn to
. _ Tektronix.

We’ll measure up.

For more information, Tektronix, Inc. Tektronix Intemmational, Inc. =
contact your local Tektronix Information Display Division ~ European Marketing Centre mktron Ix
sales office or call, toll-free, P.O.Box 1700 Post Box 827 COMMITTED TO EXCELLENCE
1-800-547-1512 (in Oregon,  Beaverton, OR 97075 1180 AV Amstelveen

644-9051 collect). The Netherlands



NEC NEWSCOPE

320-KM FIBER OPTICS DIGITAL

TELEPHONE SYSTEM FOR BUENOS AIRES

EC will soon start constructing
Nan ultra-modern telephone net-

work in Buenos Aires under the
terms of a contract recently signed
with ENTEL, Argentina’s national tele-
phone authority.

The system will be the largest digital
switching network ever to be built in a
single city and will incorporate high-
capacity fiber optics transmission

86

systems, also the largest of their kind.
The new digital telephone network
will have 6 tandem exchanges and
about 60 telephone offices intercon-
nected by means of large-capacity
transmission lines. Each tandem ex-
change will have circuits equivalent
to 80,000 subscriber lines and will be
provided with a NEAX61 digital

switching system.

A 140 mbps (1,920 telephone cir-
cuits) fiber optics transmission system
will be used to interconnect the
tandem exchanges. A 34 mbps (480
telephone circuits) fiber optics systerh
will be employed to interconnect the
tandem exchanges and telephone
offices. The length of these optical
systems will be 80 and 240 kilo-
meters, respectively. The transmission
links will be backed up 100% by an
advanced, fully solidstate digital
microwave system operating at 11
GHz. Cut-over date is scheduled for
the end of 1981.
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NUMBER 113

WORLD'S

MNC-80A PORTABLE CAMERA

LARGEST-CAPACITY

FOR ACTION TV.

FPLA.

EC has introduced the world's
N first 9,216-bit bipolar field
programmable logic array. The

new product, called uPB450D, can
bring about tremendous reductions in
the size, cost and power consumption
of electronic digital control systems
while improving availability, turn-
around time and design flexibility.

The new product has 9,216 pro-
grammable points in the form of AND-
and OR-arrays, as well as 16 J-K
flip-flop feedback loops. Flexibility is
an outstanding feature of the device
which allows the customer to achieve
any kind of sequential logic by pro-
gramming the 9,216 points arbitrarily.

It is contained in a 0.6-inch width,
48-lead, dual-in-line package with 24
inputs, 16 outputs and 6 control ter-
minals. It works in TTL levels with a
single 5-volt power supply; power
consumption is 600mW typ. (1.1 watts
max.); input-to-output time delay is

2 5

100 nsec typ. (200 nsec max.).

A medium-speed device, uPB450D
is highly suitable for microcomputer-
control circuits. Applications include
both industrial and consumer elec-
tronics. The range goes from peri-
pheral and terminal equipment to TV
games and electric washing machines.
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V audiences are demanding
more dynamic and varied

programs. This, in turn, creates

a need for versatile, high-performance

cameras that can be used
with equal ease in the
studio or out on location.
NEC has been res-
ponding to this
need with a
growing line-
up of advan-
ced television
cameras.

The latest
offering is the
MNC-80A series fully self-
contained portable color camera.
Light enough for hand-held operation,
it is engineered for maximum stability
and reliability both in the studio or out

in the open air.
The MNC-80A weighs only 4.5 kg
and measures 260mm (h) x
100mm (w) x 293 mm (d).
Yet it produces
pictures of as-
tounding clarity,
and because its
' circuitry is based
on extensive
use of LSIs, the
MNC-80A con-
sumes significantly
less power than
comparable
cameras. In fact,
it runs on a mere 24 watts.
The MNC-80A series
comes with a wide range of acces-
sories; models are available for NTSC,
PAL, PAL-M and SECAM standards.

Circle 86 on reader service card

NEAX61 SYSTEMS IMPROVE

PHONE SERVICE IN RURAL IRAQ.

EC has won a major contract
to improve telephone services

in rural districts of Irag with

ultra-modern digital switching systems.

Under the terms of the contract, NEC
will manufacture and install a total of
ninety NEAX61 rural digital switching
systems, plus a digital radio com-
munications system to interconnect the
new switching network.

The NEAX®6! rural digital switch is
capable of accommodating 50 to
1,500 subscriber lines. It is a smallish
version of the popular NEAX61 for
central office use.

The digital radio system will consist
of 30-station 28 microwave links using
PCM 240/480-channel equipment,
and 86-station 62 UHF links using
PCM 60-channel equipment.

To lower the construction cost and
hasten installation, most of the tele-
phone offices will house their switch-
ing systems and radio equipment in
container-type shelters. Some offices
located in deserts will be unattended,
and controlled and maintained
centrally.

NEC plans to complete Irag's new
digital telephone network in 1982.

NEC

Nippon Electric Co,, Ltd.
PO.Box 1, Takanawa, Tokyo, Japan
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THE MOST POWERFUL
BENCHTOP TEST SYSTEM
IN THE WORLD.

BIG SYSTEM PERFORMANCE
AT A BENCHTOP PRICE.

The LTS-2000 is a lot more than
a simple tester. It's a powerful
instrument you can use any-
where in your plant for almost
any kind of test from basic
go/no-go to full-blown Dis-
crepant Material Reports. And
it can not only test DAC’s and
ADC’s but a wide variety of
linear components, including
Op Amps, regulators, compar-
ators, bifets, etc. Test results
are immediately displayed

and printed, and full reports
including statistical analysis,
data log and summary

sheets are available through
the integral 20 column
printer.

Interface to peripherals,
like line printers, CRT
terminals or a HOST
computer are easily
accomplished via
the IEEE-488
interface or
gither of
the RS232
ports. v
The LTS-2000
gives you true
“big system’’ per-
formance, like sys-
tem measurement
accuracy to greater
than 16 bits, +1LSB; self-
calibration and diagnostics,

16 bit microcomputer with 64K
bytes of memory and more —
all at %a the “’big system’’ price.

EASY-TO-PROGRAM,
EASYTO-USE.

The unique design also allows
for easy use. You can set up a

Circle 88 on reader service card

program in minutes either with
a program from the device
library or with the complete
test menu of fill-in-the-blanks
software. Just snap in the
appropriate family board mod-

ule and socket module, plug

in the device and press "GO’ —
the LTS-2000 does the rest.
There's even a full-edit capabil-
ity, so test parameters can be
changed quickly and easily.

IT'S THE MOST VERSATILE
BENCHTOP
YOU CAN BUY.

You can not only use the LTS-2000
for incoming inspection, but
component selection and grad-
iNg, engineering analysis,
quality control, final test, quali-
fication test, and even as a
diagnostic tool for component
evaluation.

Never before has a compact
benchtop linear test system
offered so much versatility for
so little. For more information
on the LTS-2000, or the
LTS-2010 which lets you pro-

gram in BASIC, contact Greg
LaBonte at (617) 329-4700,
Analog Devices, PO. Box 280,
Norwood, MA 02062.

AND WE CAN A

DEL NCA
g@»&\\

\-;/

ANALOG

DEVICES
WAYOUT IN FRONT

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast (617) 329-4700; Midwest: (312) 894-3300, West Coast: (714) 842-
1717, Texas: (214) 231-5094, Beigium: 031/37 48 03; Denmark: 02/84 58 00, England 01/941 0466; France 01/687 341; Germany:
083/53 0319; Japan: 03/263 6826, Nethertands 076/87 92 51, Switzerland 022/31 57 60, and representatives around the world.




Probing the news

Analysis of technology and business developments

IEDM: progress report on tomorrow

26th annual meeting will lift the lid on materials, technologies,
and processes for parts ranging from discrete devices to VLSI circuits

by John Posa, Solid State Editor, and Roger Allan, Components Editor

Each year, those attending the Inter-
national Electron Devices Meeting
walk away convinced that the device
designers have outdone themselves:
there is simply no way they can top
their performance for next year’s
edition. But each year they do.

This, the 26th annual meeting,
will be held Dec. 8-10 at the Wash-
ington (D.C.) Hilton hotel. And
once again the program’s 200-plus
papers—a third from overseas—
spotlight the new tricks that device
designers have taught electrons.

Very large-scale integrated cir-
cuits are approached in terms of sub-
micrometer lithography and multiple
self-aligned structures that promote
miniaturization. Novel random-ac-
cess and nonvolatile memory cells
are presented; complementary-MOS
and bipolar technologies are each
awarded more than an entire session
apiece. Higher-power, yet more easi-
ly activated, thyristors are intro-
duced, as are clever new ways to
sense and display information.

Unlike a circuits conference,
which emphasizes finished ICs, the
IEDM emphasizes the underlying
process enhancements that will
spawn the next round of faster, dens-
er circuits. So materials technology
is important, and new light is shed
on the properties and uses for poly-
crystalline and amorphous silicon,
gallium arsenide, and refractory
metal silicides.

On memories, Mitsubishi tells
how the Hi-C dynamic RAM cell
helps ward off alpha particles, Nip-
pon Electric shows off a RAM cell
that is half the size of present ones,
and Toshiba has a fast 2-K-by-8-bit
static RAM up its sleeve.

In the nonvolatile memory area,
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Fujitsu has an electrically erasable
read-only memory cell with more
efficient electron transfer and reten-
tion. Using a 5-nanometer tunnel
oxide, Hitachi built an EE-PROM that

programs in 50 nanoseconds. By
adding a third polysilicon level, Mos-
tek realizes an EE-PROM having just
one transistor per bit. 1BM electri-
cally alters a programmable logic

Tuesday, Dec. 9

SESSION PAPER SOURCE
Monday‘, Dec. B i

21 VHSIC Technology Barriers U.S. Navy

2.5 E-PROM Programming at Reduced Dimensions | Toshiba Corp.

3.1 Polycrystalline Bipolar |C Devices Philips Research Laboratories

3.2 Bipolar Memory with Polysilicon Loads Toshiba Corp.

3.4 Symmetrical Bipolar Structure |BM Watson Research Center

3.6 Complementary Transistor for Analog ICs Nippon Electric Co.

4.3 FET-Controlled Sipmos Thyristor Siemens AG

5.1 30-GHz Gallium-Arsenide FETS Toshiba Corp.

6.1 Laser-Programmed Vias for VLS| MIT Lincoln Laboratory

6.2 Self-Aligned Contact Technology Nippon Electric Co.

6.3 Self-Registering MOS Transistor Hewlett-Packard Co.

B.6 Polycrystalline SIS Solar Cells Colorado State University

9.2 | Multilayer Polycrystalline Structures
10.1 Bulk Silicon Versus SOS for C-MOS VLSI
10.2 Latchup-Free C-MOS
10.3 The Parasitic SCR in Bulk C-MOS
10.5 Parasitic Capacitance in C-MOS SOS
13.6 CCD for 2/3-in. Color Camera
14.1 Lasers Grown with Molecular-Beam Epitaxy
15.1 | Bipolar—JFET—I2L Process
15.2 1-GHz Multicollector ECL
15.5 GaAs Bipolar Integrated Circuits
16.5 Status of X-ray Lithography
16.7 Electron-Beam Direct Writing
17.2 Advanced Processing for GaAs ICs
17.3 | GaAs IGFET for High-Speed Digital ICs
20.4 Recent Advances in GaAs Solar Cells
20.6 High-Efficiency Amorphous Solar Cells

Stanford University

Mitel Semiconductor Inc.

Bell Laboratories

Harris Semiconductor

Rockwell International Corp.
Toshiba Corp.

Bell Laboratories/Western Electric Co.
University of California at Berkeley
Toshiba Corp.

Texas Instruments Inc.

1BM Corp.

NTT Musashino Laboratory
Hughes Aircraft Co.

Wright Patterson Air Force Base
MIT Lincoin Laboratory

Energy Conversion Devices

SOURCE: ELECTRONICS
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Probing the news

array, and Toshiba says just how
small an ultraviolet-light—erasable
ROM cell can get.

Other papers describe how polysil-
con is laser-annealed to serve as an
insulating substrate and doped to
form active and passive elements—
now in bipolar circuits, too. Polysili-
con also turns up in three-dimension-
al devices; in different sessions, mod-
els are presented for these silicon
sandwiches. Amorphous silicon is
employed both for solar cells and for
integrated inverters. For the first
time, gallium arsenide is used to
build bipolar circuits and insulated-
gate field-effect-transistor counters
and dividers.

Some authors put complementary-
MOS on bulk silicon, others put it on
sapphire, and still others compare
the two approaches. To match the n-

and p-channel devices in C-MOS, Bell
Laboratories adopts an eight-mask
“twin-tub” approach. Similarly, in
bipolar technology, NEC uses 10
steps to match npn and pnp transis-
tors in analog ICs. And IBM con-
structs lateral pnp and vertical npn
transistors that conduct current in
both directions.

Unique constructions will also
merge technologies in new ways to
exploit their synergism. Siemens AG
combines power MOS and bipolar
processes. The University of Califor-
nia at Berkeley mixes bipolar tech-
nology with junction FETs and inte-
grated injection logic for faster cir-
cuits.

More FET news. Not only are FETs
handling high voltage and currents
better, but new structures such as
Sipmos (for Siemens power MOS)
FETs and Resurf junction FETs will
also be unveiled. In particular, look
for an interesting discussion from

SESSION PAPER SOURCE
Wednesdaly, Dec. 10 I
221 Laser-Recrystallized Silicon-on-Oxide Texas Instruments Inc.
22.2 ‘ Silicon-on-Oxide MOS FETs | Texas Instruments Inc.
22.3 Thin Oxynitride Gate Dielectrics MIT Lincoln Laboratory
224 | Defect-free Oxidized Polysilicon | Toshiba Corp.
231 ‘ Soft Errors and the Hi-C Structure Mitsubishi Electric Corp.
23.2 ‘ New Dynamic Cell for VLS| Memories Nippon Electric Co.
23.3 High-Speed 2-K-by-8-Bit Static RAM Toshiba Corp.
234 l EAROM with Graded-Energy Band Gap Fujitsu Ltd.
235 | 50-ns 15V Nonvolatile Memory Hitachi Ltd.
23.6 Electrically Alterable Logic Array 1BM Corp.
237 ‘ Triple- Level-Polysilicon EE-PROM Mostek Corp.
24.1 Permeable-Base Transistors MIT Lincoln Laboratory
25.2 6,000-V, 1,500-A Light-Activated Thyristor Hitachi Ltd.
254 | Gate-Turnoff Structures RCA/NJIT
25.7 High-power Subnanosecond Switch Physics Technologic Institute
26.1 Discrete and Integrated Optoelectronics Rockwell International Corp.
271 Matrix-Addressed Flat-Panel Displays Aerojet ElectroSystems Co.
27.3 68:line Multiplexed Liquid-Crystal Display Bell-Northern Research
275 Thin-film Electroluminescent Display Fujitsu Ltd.
29.1 Twin-Tub C-MOS for VLS| Bell Laboratories
29.2 Buried-channel MOS FET with
Implanted Oxide NTT Musashino Laboratory
29.3 Totally Self-Aligned MOS Transistor for VLSI Rockwell International Corp.
29.5 Texas Instruments Inc.
29.6 Electron-beam Lithography for VLSI Bell Laboratories
29.7 Texas Instruments Inc
30.4 The Junction-MOS Transistor Hewlett-Packard Co./Dortmund
30.7 | Amorphous Silicon Inverter Circuit Tokyo Institute of Technology
SOURCE: ELECTRONICS
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Siemens researchers on how they
apply their Sipmos power FET tech-
nology to functionally integrated
MOS and to FET-controlled thyris-
tors. The Resurf JFET is a lateral
power device from Philips Research
Laboratories in Eindhoven, the
Netherlands, that can handle higher
currents than conventional JFETs.

On thyristors, one of the more
interesting papers is on a 6-kilovolt,
1.5-kiloampere light-activated thy-
ristor from the Hitachi Research
Laboratory in Japan. In another
paper on a light-activated thyristor,
researchers from Brown Boveri Re-
search Center in Baden, Switzer-
land, propose a solution to the
thorny problem of optically turning
off thyristors. Noteworthy is a paper
from the Soviet Union’s Physics
Technologic Institute, Leningrad, on
a high-power subnanosecond switch.
Currents of 30 to 40 amperes were
switched in less than 0.2 nanosecond
at voltages of more than 2 kv.

More sensors. The proliferation of
microprocessor technology is hasten-
ing the development of sensors to
serve as the eyes, ears, and nose of
microprocessor-based circuits—one
session has no fewer than eight
papers on this topic. Included are
discussions of a silicon microtrans-
ducer for measuring the magnitude
and direction of a magnetic-field
vector, a micromechanical accele-
rometer integrated with MOS detec-
tion circuitry, and an MOS chip for
monitoring IC package moisture and
IC surface impedance. Still other
sensors discussed include an IC infra-
red thermopile detector and thin-
film pyroelectric anemometers for
flow measurements.

One hot topic is display technolo-
gy. Researchers from Fujitsu Labo-
ratories in Japan and the Rockwell
Electronics Research Center in Cali-
fornia disclose their feelings on ac
thin-film electroluminescent dis-
plays, a technology suitable for large
flat panels. The invited paper is on
how to matrix-address flat-panel dis-
plays, at present a complex problem,
and is written by Larry Tannas Jr. of
Aerojet ElectroSystems Co., a well-
known authority on flat-panel dis-
plays. :

To register for the IEDM, contact
conference manager Melissa Wid-
erkehr at (202) 296-8100. O
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This monolithic 6-bit,
33nsec A/D converter has everything

(And a test board to prove it.)

Order our monolithic 6-bit 33 nsec
AID converter on its own fully assembled
evaluation board (42" x 52", complete
with 44 pin edge connector). Using
+5and + 15V power supplies, the board
accepts and digitizes a 1V peak to
peak signal from a 75Q source at sample
rates from DC to 30 megasamples
per second

Use it for performance evaluation of
the converter. For system prototyping.
As a test fixture. Price for TDC1014PCB
6-bit converter and board: just $218
(only $168 in 100's).

Or if you prefer, order just the 6-bit
converter (TDC1014J) by itself.

Competitively priced at just $93 (in 100's),

the TDC1014J is a fully parallel (flash)
AID converter.

TRW keeps you ahead in digital signal processing
Electronics /September 25, 1980

If you're working in data conversion
with video bandwidths take a look
at these features:

* 6-bit resolution

e +1/4 LSB linearity

¢ 30 megasamples per second (33nsec)
* no sample-and-hold circuit required
e binary or two's complement output

e monolithic, bipolar, TTL

® 24 pin ceramic DIP

* 0.75W power dissipation

With or without the evaluation board,
these 6-bit video speed converters are
in stock at Hamilton/Avnet and Arrow
Electronics.

Prices quoted are U.S. prices.

For immediate information, call us at
(213) 535-1831. Or send in the coupon.
Or just attach your business card

to this page and mail it back to us.

r—————"—"7"""~>"""™""7""™""™"7"™7 ’i
| TRW LSI Products I
| P.O.Box1125
| Redondo Beach, CA 90278 |
| Please send data sheets on the TDC1014PCB I
| and TDC1014J 6-bit A/D converter.
| |
I Name |
|
I Company |
I Div/Dept Mail Code I
I Address ) I
| Gy I
|
I
L State Zip o ]

TRMW .si probucTs

An Electronic Components Division of TRW Inc.

Circle 91 on reader service card 91



THE TELEPHONE
DESIGNERS’ COLLECTION

United States:

Canada:

Europe:
Asia:
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3 OF THE MOST INNOVATIVE
TELEPHONE COMPONENTS
IN THE WORLD

Our designers at Mitel
Semiconductor know the telephone.
That’s because they work side by side
with Mitel Telecom engineers. The
application of our semiconductor
technology to the telephone has
produced the most efficiently
integrated phone components in
the world.

The MT4320 Pulse Dialer

The MT4320 allows the rotary dial
to be directly replaced by a push button
pad. This pin for pin equivalent to the
industry standard DF320 has an
operating voltage range of 2 to 7 volts,
250uW operating power dissipation, and
a stand-by current consumption of less
than 1uA. The MT4320 stores up to
20 digits, has last number redial, pin
selectable line break/make ratio and
pin selectable impulsing rate of 10,
16 or 20 PPS.

The MT4325
Programmable Dialer

The MT4325 has all of the features
of the 4320. In addition it has an audible
key tone and access programming for
automatic dialing pause in redial mode.

® The ML8204 Tone Ringer

This replacement for the telephone
bell, with a minimum of external com-
ponents, provides a pleasant warbling
sound, and interfaces to the telephone
line. The ML8204 has low power con-
sumption, an on-chip regulator, positive
switch-on and is packaged in an 8 pin
minidip.

MITEL SEMICONDUCTOR, we’ve got
the goods for you.

MITEL SEMICONDUCTOR

1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone (703) 243-1600
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083, Telephone (215) 449-6556,

2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone (714) 276-3421,

P.0O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone (613) 592-2122, Telex: 053-4596,
TWX: 610-562-8529.

18 Airport Bivd., Bromont, Quebec, Canada JOE 1L0. Telephone {514) 534-2321, Telex: 05-267474,
Hamilton Road, Slough, Berkshire, England SL14QY. Telephone 0753-36137, 0753-36138, Telex: 847730
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone (01) 119302, Telex: 27246
TSTP.O. Box 98577, Kowloon, Hong Kong, 3-318256, Telex: 64235-Mitel HX

Copyright 1979 Mitel Corporation



Probing the news

Instruments

At Interkama, the beat is lively

Survey made on eve of West German show predicts worldwide
instrumentation and automation sales in 1980 of $56 billion

In good times or bad, makers of con-
trol and automation equipment have
something going for them. If it is not
their customers’ drive to boost pro-
ductivity by automating manufac-
turing operations, it is industry’s
need to make better use of energy
and raw materials by optimizing
production processes. And if it is nei-
ther of those, the control systems
market gets a lift from governmental
and public clamor for cleaner air and
rivers.

It is little wonder, then, that
equipment makers will be in a buoy-
ant mood at the Oct. 9-15 Interka-
ma Exhibition in Diisseldorf, West
Germany. Staged in the bustling

by John Gosch, Frankfurt bureau manager

North Rhine-Westphalian capital
every three years and devoted solely
to instrumentation and automation
gear, Interkama has become the
world’s largest exhibition in this field
since it was launched in 1957.

But Interkama is more than a
forum for new equipment. What also
makes the event a mecca for control
engineers is the concurrently held
scientific congress, where topics
range from new sensing devices to
process analyzers, weighing technol-
ogy, quality control, and the struc-
ture of complex automation systems.
Adding to the show’s appeal are
applications-oriented seminars and a
side exhibition on applied research.

This year’s show is expected to
draw more than 100,000 persons to
Diisseldorf’s sprawling fairgrounds
along the shores of the Rhine River.
Spreading their wares over roughly
half a million square feet will be over
1,000 firms from 25 countries.
About one third of the visitors and
more than one fifth of the exhibitors
will come from abroad.

Equipment suppliers and their sys-
tems-designing customers will flock
to Interkama as much to get a look
at what’s new on the stands as to get
a fix on the instrumentation and
automation market. In a nutshell,
that market, unlike some others in
electronics, is doing very well and is

Making instrumentation news. That is the reputation of Interkama, the big triennial show in Disseldorf, West Germany, that underlines
instrumentation and automation advances. The world’s laraest show in its field, it will take place Oct. 9-15 at the city’s fairgrounds.
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expected to continue the steady
climb it has enjoyed during the past
two decades or so.

For the first time, the experts have
made a truly global assessment of
that market. Three West German
industry groups—the Central Asso-
ciation of the Electrotechnical In-
dustry, the Association of German
Machine Builders, and the Associa-
tion of the German Precision Me-
chanical and Optics Industry —have
included the Eastern Bloc, some-
thing most others exclude.

Their estimates: the 1980 world-
wide business in instrumentation and
automation could reach about $56
billion. This figure not only encom-
passes the cost of hardware (includ-
ing process computers and industrial
robots), but also software, engineer-
ing, hardware installation, mainte-
nance, and repair.

Software up. Of note, the West
Germans point out, is the rising cost
of software. For an average instru-
mentation project, the software cost
currently accounts for half the total
investments, whereas hardware
claims only a 20% share. The
remaining 30% is for installation and
checkout.

Turning to growth, the experts peg
the average worldwide rise for
instrumentation and automation
sales at about 9% a year for the near
term. There are noticeable regional
differences, of course. Although in
some dynamic developing nations
like Saudi Arabia and other oil-
exporting countries the market is

spurting ahead at well over 15%, in
most industrialized nations, includ-
ing the U.S, it is climbing at a
respectable 12%.

Today, several factors combine to
keep the market growing vigorously.
Besides the industry’s ongoing push
to cut labor costs and thus to achieve
higher productivity, “there is now a
strong need to optimize production
processes with a view toward keeping
the cost for energy and raw materi-
als low,” says Pieter W. van der
Wal, manager for industrial automa-
tion at the Scientific and Industrial
Equipment division of NV Philips
Gloeilampenfabrieken in the Neth-
erlands. And with the energy and
materials costs constantly on the
rise, that need becomes all the more
pressing. Also buoying the market is
the drive to eliminate human error in
production processes “in an effort to
increase both product quality and
yield,” van der Wal points out.

Horst Kaltenecker, scientific con-
sultant in the control systems devel-
opment group at Sieméns AG in
Karlsruhe, sees the drive to human-
ize the work place as another market
stimulus. “The more intelligent the
means at his disposal, the more the
human controller’s job of reaching a
decision is eased,” he says. Aids in
the decision-making process are in-
telligent information-handling and
-analyzing systems, as well as sophis-
ticated monitors and other display
devices.

Pollution control. Still another
factor in market growth is the envi-
ronmentalists. Although industry
feels that outlays for pollution con-
trol should not come at the expense

the association says.

Microelectronics moving into machines

Fueling the optimism being generated by a forecast of the global market for
instrumentation and automation gear made by three West German industry
groups, one of them, the Association of German Machine Builders, points out
that the use of microelectronics in machines is still in its infancy. According
to the association, of the 1,300 different machine types it has investigated,
about 37% still incorporated electromechanical components, 22% electronic
circuitry, 17% purely mechanical controls, another 17% hydraulic and pneu-
matic gear, and only 5% microelectronic devices.

“But the 5% does not reflect the significance machine designers attach to
microelectronics,”” an association official says. Of the machine-building firms
it has surveyed, 46% are just getting acquainted with microelectronic
devices, 30% are planning to use such components, and another 30% are
already designing with them. What it boils down to is that only 7 out of 100
firms have not yet concerned themselves with microelectronic applications,
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of plant expansion or modernization,
most people still seem to want a bet-
ter environment.

Aside from providing a fix on
where the market is going and what
is influencing it, Interkama is also a
good place for spotting technological
trends in instrumentation and auto-
mation. Probably the most signifi-
cant trend visitors will note this year
is that toward more microprocessor
applications. Such devices may well
be the prime topic at the show as
more and more control-systems de-
signers become aware of what they
can do in measurement, analytic,
control, and test equipment.

Says Kaltenecker of Siemens,
“The big price reduction in micro-
electronic functions that can be per-
formed with microprocessors allows
designers to apply such devices eco-
nomically and have thern solve tasks
that are difficult to handle by analog
means.” The low cost per function
also makes it possible to distribute
intelligence in an automated plant
and use microelectronic devices re-
dundantly. “That makes for more
systems reliability,” Kaltenecker
points out.

Another trend picking up steam is
the application of fiber optics. Opti-
cal couplers and transmission links,
including complete fiber buses, are
already in use. The big advantage of
fiber links is their immunity to elec-
trically noisy environments in which
control equipment must often oper-
ate. However, Philips’ van der Wal
does not see a significant break-
through in the use of optical compo-
nents coming for another five years
or so.

Also coming to the fore are micro-
processor-oriented distributed-pro-
cessing computer systems for han-
dling all automation functions, in-
cluding open-loop and closed-loop
control, but allowing centralized
operation and supervision of the con-
trolled processes. Such distributed
systems, which in a sense constitute
a symbiosis of computer and control-
ler, do not necessarily mean a move
away from the superimposed process
computer. The computer still retains
its key role, although the hierarchi-
cal structure of process-controlled
automated plants will move more
and more in the direction of decen-
tralized subsystems. O
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Purchasing Agents

are Wasting Their Time.

Two purchasing agents bought their ICs
from Mormac, the world’s largest IC specialty
distributor. The other three are still looking.

Because of Mormac’s stocked in-depth
inventory of over 3 million ICs, buyers are
guaranteed prompt one-stop shopping.

When we say fast off-the-shelf delivery, we
mean it.

As an IC specialty distributor we buy in
larger quantities than broadline distributors or
even OEMs. That’s why we can pass on
significant savings in time and money to
IC buyers.

And since we carry a larger inventory
selection, we’ll save a buyer valuable time
finding the right IC at the right price. Shop with
one call.

Digital logic, linear, memory and micro-
processors. Mormac’s worldwide buying powe
from major manufacturers in Europe, Japan
and the U.S. assures you of quality products.

Our technical staff of highly trained
salespeople specializes only in ICs and they
are better qualified to help buyers when it
comes to finding dollar-saving alternatives.

So call Mormac now, 800/423-5507 (in
California 213/344-6363) for our specials or
mail coupon today for our handy IC buyers '
guide. It’s good reading in your spare time.

Circle 95 on reader service card

Hurry, send me your handy guide for IC buyers.

Name

Company

Address

City/State/ Zip

Mormac Microtechnology, Inc., 6005 Yolanda Avenue,
Tarzana, California 91356, (213) 344-6363 £925

Telex 181513 MORMAC Van, Texex 181550 MORMAC Int. Van
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NO ONE DELIVERS CUSTOM,
MIL-QUALIFIED SWITCHING POWER _
SUPPLIES FASTER THAN POWERCUBE

In less than 30 days, we go from initial power rugged modules have met or exceeded stringent
requirements to delivered power supplies. Custom specifications for size, weight, performance and
switching power supplies are configured from tough environmental considerations whether your
Powercube’s standard, proven modules which equipment operates from below the seq, on the
have been qualified on magjor military and space ground or in outer space.

programs. The unique building block concept per- If you have a requirement for a MIL-qualified

mits custom power requirements to be quickly and power supply (or any other tough power supply
easily satisfied using standard Cirkitblock® modules. problem) which needs to be filled fast, call

These modules have the demonstrated reliability Powercube at (617) 667-9500.

and the high performance needed in situations

commonly experienced by military electronic

equipment (MTBF data for all standard modules pDWE n CU BE

is gvailable) PORERCAIEE CORPORATIO, EXSTT SUBLIBANPARK DAIVE
With power densities running as high as 50 watts BILLERICA, MASSACHUSETTS 01821 « (617) 667-9500 '

per cubic inch, Cirkitblock modules can pack more
power into limited space. For over a decade, these



EXEMPLARY
PERFORMANCE

NO ONE DELIVERS CUSTOM
POWER SUPPLIES WHICH PERFORM
BETTER THAN CIRKITBLOCIC MODULES.

For over 10 years, custom power supplies from In addition to being the performance leader in
Powercube® have met or exceeded the severe MIL-qualified custom power supplies, Powercube
performance requirements of major military and can also supply single or multifunction modules for
space programs. inclusion in your own power supply design.

Today, custom power supplies configured from If you have a requirement for a MIL-qualified
proven Cirkitblock® modules continue to provide power supply (or any other tough power supply
the high performance and long term reliability problem) which needs to be filled fast, call Powercube
needed in critical applications. at (617) 667-9500.

Their small size, light weight, and rugged con-
struction permit designers to fit or retrofit Powercube

power supplies into tight configurations or harsh

environments. And because Cirkitblock modules mwm%ﬁmcmy BE
o . i iBi )

have been quahhed .8 mc_:t]or tGIY pI ; Lie ) POWERCUBE CORPORATION. EIGHT SUBURBAN PARK DRIVE,

and are easﬂy assembled into custom COD.ﬁg'UIQ' BILLERICA, MASSACHUSETTS 01821 » (617) 667.9500

tions, a prototype can very quickly be upgraded
to an operating hi-rel unit,
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Microcomputers

IEEE readies backplane standard

‘Future bus’ for 16-, 32-bit machines leaves processor makers cold,
but independents and Europeans are expected to use it

by Martin Marshall, West Coast Computers & Instruments Editor

The instruments have changed, but
the tune is familiar. When 8-bit
microcomputer systems began sell-
ing, they came with almost as many
different backplane packaging and
arbitration proposals as there were
microprocessor makers. Now, before
much the same thing can happen to
16- and 32-bit systems, the Institute
of Electrical and Electronics Engi-
neers has attempted to come up with
a processor-independent standard for
backplane bus configuration and
arbitration.

But the task is not an easy one.
Microprocessor makers like their
own schemes for the backplane,
which is a fixed number of conduc-
tive paths into which a printed-
circuit board can be plugged. Since
it serves as the major bus for data
communication between boards in
any piece of equipment, a manufac-
turer can tailor the backplane to the
architecture of the individual micro-
processor and lock the customer in to
his unique criteria for processor con-
figuration and control.

However, even if none of the
major semiconductor manufacturers
produces microcomputer, memory,
and peripheral boards that conform
to the proposed IEEE P896 stan-

dard, there are likely to be indepen-
dent board and system manufactur-
ers that will. One reason is that the
proposed standard uses double-Euro-
card form factor and 96-pin DIN
41612 connector for its boards.
European manufacturers are eager
to use this format, but they have yet
to develop common arbitration pro-
tocols for bus control and interrupt
vectors. A potential International
Electrotechnical Commission stan-
dard for these protocols, as well as
for data-transfer specifications,
would go a long way toward popular-
izing the Eurocard approach to 16-
and 32-bit multiprocessor systems.
The P896 is referred to as the
“future bus™ by industry partici-
pants because it provides for 32-bit
microprocessors that have not yet
been announced. The IEEE commit-
tee, which includes both American
and European groups, has proposed
standards for a 32-bit-address, 32-
bit-data backplane, and for a 24-
bit-address, 16-bit-data subset.
Moreover, its proposal accommo-
dates both multiplexed and nonmul-
tiplexed versions of these address-
and-data combinations. The commit-
tee defines the function of the back-
plane bus as the transfer of bus con-

of review before becoming standard.

Something for the designer

The proposed standard suggests specific backplane pin assignments, as well
as error detection and correction techniques, but it leaves to the designer the
task of figuring out how to balance the speed and load characteristics of a
large system built around the proposed backplane. Those who use the
proposed standard will probably consider speed-load tradeoff to be sec-
ondary, however, and they will surely be grateful that the committee has
presented them with a common set of arbitration procedures. It should be
noted, however, that the bus proposal must still go through the slow process
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trol, program control (via inter-
rupts), addresses, and data.

Understandably, the committee’s
chairman, Andrew Allison, a micro-
computer consultant in Los Altos,
Calif., is enthusiastic about the pro-
posal. “This could do for microcom-
puters what the IEEE-488 standard
has done for instrumentation,” he
says.

Built for speed. The proposed stan-
dard does have some technical
advantages going for it. For one, it is
designed to operate at rates of over
10 megahertz, while Intel Corp.’s
Multibus (now formalized as IEEE
P796) operates in real systems with
rates of about 1 MHz. For another, it
would allow the mixing of different
processor boards within the same
multiprocessor system. “The differ-
ent processors could each address
their own local memory, but they
could also share global memory.
They could even all be running the
same transportable language and
execute commands out of the same
memory,” notes Rollie Linser of
Monolithic Systems Inc., Engle-
wood, Colo.

The future bus, if it becomes an
IEEE and IEC standard, will enter a
field that is already populated with
competitive buses produced by the
U. S. semiconductor manufacturers.
Intel’s Multibus, which supports the
architecture of the 8086 and 8088, is
already the dominant 16-bus struc-
ture. It even dominates the Eurocard
configuration in Europe. However,
the Multibus is currently defined
only for 20-bit-address, 16-bit-data
configurations, and there is some
question of how it can be expanded.
Next come two 32-bit-address, 32-
bit—data structures, the Versabus
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“Every time we ask a MOS/LSI
company about their custom experience,

they change the subject.’

£ {

DhEm— |

That’s no surprise. Most MOS/LSI companies
take on custom work only when market conditions
force them to. And, no matter how big they may |
seem, they're usually only willing to handle a
few limited jobs. So they really don't have much
custom experience worth talking about. |

AMI does. As the leader in the field, we have
14 years of successful custom work behind us.

Since we opened for business in 1966, our engineers
have designed over 1,300 LSI circuits. And for the
entire period of time, custom has been the major—
and most important part —of what we do.

We've designed circuits for appliance and
consumer electronics companies, the telecommuni- |
cations and EDP fields, the automotive industry and
the military. In fact, we've created custom solutions
for virtually every kind of company.

Which means that whatever business you're
in, you can be just about certain that we'll under-

stand your problems. And that we'll be able to offer "

you a MOS system solution tailored to the exact |
needs of your application. |
We can design a MOS peripheral circuit for
you that will interface with any standard micro- |
power memory and 4-, 8- or 16-bit microprocessor |
(ours or someone elses). Or we can offer youone |
of our own standard circuits customized to your |
specific requirements. |
We've also designed complete systems on a |
chip with as many as 60,000 devices, and we're able
to combine both linear and digital circuitry on the |
same piece of silicon. So if you need a chip with :
|
]

switched capacitor filters, A/D and D/A converters
and other linear type circuits, we can give it to you.

Whats more, our SIDS (Symbolic Interactive
Design System) is the world’s most advanced
design system. It’s the reason we've been able to
cut design time while producing increasingly more
complex circuits.

We're very flexible. AMI’s engineers work in
14 variations of the three major MOS processes:
the very mature P-channel, high speed, state-of-
the-art N-channel and CMOS. So when the time
comes for you to choose the process you want,
unlike other companies, we have no limitations to
impose on you.

But AMI5 flexibility doesn't end there.

If you want to design your own LSI circuits,
we make it easy for you to work with us. We can
interface with you at any stage of chip development,

| and we have the industry’s only group specially

organized to handle customer designed circuits. In
six years, they've managed the production of
over 750 of these circuits.

You'll be in good company. AMI’s list of

| satisfied customers includes some of Fortune 500%

biggest companies. But we work for a lot of
small and medium size companies, too. That’s

| another part of our flexibility. We're set up so that

we can provide cost-effective, state-of-the-art results
for just about any size company—and just about

| any size job.

If what AMI has to offer sounds like what
you've been looking for, mail in the coupon. We'll
send you two books that will help you decide if
custom MOS is right for your application and tell
you everything you should know about AMI'’s
custom capability.

It's really the quickest way for you to start
taking advantage of our experience.

I want to know more about AMI’s custom LSI capabilities.

[0 Send me the books. [0 Have your applications engineer

contact me.
Name Title B
Company_____
Address : _ _ _
City _ _ State Zip__ _
Phone.

What is your application?

Send to: American Microsystems, Inc.,
Dept. £9-25.3800 Homestead Road,
Santa Clara CA 95051.

A\M l@
AMERICAN MICROSYSTEMS, INC

Circle 99 on reader service card



SCREEN
PRINTING
MACHINE

In 30 years as the leading manufac-
turers, we have developed from our
own technology a complete line of
over 20 standard models. Our pro-
duction total of more than 5,000
units gives us a 70% share of the
Japanese market, the most competi-
tive and demanding in the world. If
our present models do not fill your
needs, tell us your requirements.
Our engineering department can
meet any challenge.

Automatic Precision
Screen Printing
Machine
MODEL: LS-15GT

SPECIFICATIONS

® Printing size: 6 X6 in.
(150 x 150m/m)
® Screen frame: 12.6 X 12.6 in.

(320 x 320m/m)
® Squeegee stroke: 2~8 in.

(50 ~200m/m)

(variable speed)
® Squeegee speed: 0~4 in.[sec

(0 ~100 m/m/sec.)

Distributors

US.A. =

The Christpher Group

23342 South Pointe Drive Unit D
Laguna Hills Ca. 92653 U.S.A.

Phone: 714-581-7491 Telex: 9105952462
EUROPE & W. GERMANY

Gunze Diisseldorf GMBH

4, Dusseldorf Konigsallee W. Germany
Phone: 0211-80271~2 Telex: 8587450
HONG KONG

Kong King Trading Co., Ltd.

Wongs Industrial Bidg.. 6/FL., 42 Hung To Rd..
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from Motorola Inc.’s Semiconductor
Group, and the Z-bus backplane
interconnection from Zilog Inc.

Expansion-minded. As it happens,
a Multibus expansion has been the
prime focus of the IEEE’s P796 com-
mittee, which is further along with
its work than the P896 group and
will publish its specifications next
month. According to committee
member Rod Allen of Microbar Sys-
tems Inc., Palo Alto, Calif., those
specifications will reveal the assign-
ment of four new address pins to the
Multibus, bringing its total to 24
address bits and 16 data bits. Allen
also notes that the committee has
decided to reserve up to 24 addition-
al pins on the P2 connector of the
Multibus for expansion. If 8 of those
pins are used for address and 16 for
data, then it is possible that the Mul-
tibus could be extended to 32
address bits and 32 data bits.

Intel, which is sensitive about
commenting upon bus structures
produced elsewhere, is reluctant to
speculate about the chances of the
future P896. A company spokesman
would note only that “Intel prefers

creating standards to following
them. The company has no plans to
use the P896 specifications.”
Motorola and Zilog similarly say
they have no product plans, but both
leave the door open should the future
bus take hold. Richard Lyman,
Zilog’s engineering manager for
original-equipment manufacturer
products, comments: “There will be
some companies that will produce
cards for the future bus, but I don’t
think it will really take off until
someone develops an LSI chip that
performs the bus interface. The fact
that the Europeans are involved in
the future bus, however, gives it
additional clout.” Lyman, who is
Zilog’s observer on the committee,
believes that it has come up with a
good bus arbitration scheme, but
that it is still a bit vague about han-
dling interrupts. “To implement the
interface would at present take sev-
eral SSI TTL chips. That is why the
LSI chip is needed,” he observes.
Practical view. Motorola’s observ-
er on the committee, Thomas Balph,
a systems specialist in the microsys-
tems strategic marketing group,
takes a pragmatic view: “If it gains a
wide acceptance, we would have to
create some support for it.” O

Equal chance for ali

Kwun Tong, Kowloon, Hong Kong.
Phone: 3-450111 Telex: 36810
Manufacturer:

NEW LONG SEIMITSU KOGYO CO.,LTD.

4-6, NISHIGOTANDA, 7-CHOME, SHINAGAWA-KU
TOKYO 141, JAPAN
PHONE: (03)492.7571 TELEX: 2466040 NEWLON J

100 Circle 100 on reader service card

The arbitration scheme of the *‘future bus’ envisioned by the proposed IEee
P896 standard is certainly more egalitarian than existing backplane
schemes, because its bus priority is not a function of slot location. Instead,
the proposed standard provides a bus arbitration scheme in which up to 64
bus masters can command equal access to the bus. Priorities are hardwire-
selected, but the scheme also provides a way to keep one high-priority
module from hogging the bus. It allows a small class of bus-requesting
modules to protest failure to win an arbitration by raising their priority status
for the next arbitration. According to the standard-writing committee, this
scheme prevents the monopolizing of either the bus or interrupt facilities.

Multitasking control on the future bus is facilitated by two modes of
operation in the interrupt-priority arbitration scheme. One mode first deter-
mines which bus master has the highest-priority interrupt, then places that
bus master's number and the level of the interrupt’s priority on the interrupt
vector line. A second mode schedules future tasks by determining the
priority and locations of the highest-priority pending task and matching it to
the lowest-executing task. Up to 1.024 interrupt priority levels are provided in
the proposed standard.

The proposal calls for bus arbitration to be carried out independently and
in parallel with other bus operations. The arbitration is initiated on the falling
edge of the bus clock, and it must be completed within one bus clock cycle.
Specified as active-low open-collector lines are the bus request line, bus
busy line, and bus priority lines. In order to execute indivisible bus opera-
tions, a local lock signal is also provided. This lock prevents the release of the
bus for as long as a particular processor takes to complete the operation.
The interrupt arbitration scheme uses serial polling. -M. M.
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Computers

TRW-Fujitsu venture
has the potential

New joint company helps each partner, as TRW gets aid
for POS gear and Fujitsu gains entry to U. S. market

by Larry Waller, Los Angeles regional editor

If TRW Inc. and Fujitsu Ltd. can
make a go of their fledgling joint
venture aimed at cracking the U. S.
data-processing business, its success
should have some far-reaching ef-
fects. A thriving TRW-Fujitsu Co.
would immediately approach major
status in the world’s No. 1 market-
place for such equipment and ser-
vices. In the longer run, the unique

arrangement, which amounts to a
true joint enterprise—unlike largely
one-sided ventures that previously
had little impact —could point up a
better way to channel foreign invest-
ment into high-technology U. S. op-
erations.

The venture, announced in May
after months of ticklish negotiations

[Electronics, May 22, p. 48], brings

together the largest Japanese com-
puter manufacturer (1979 sales of
$2.1 billion) and a firm that for
more than 20 years has made passes
at getting into this business (see
“Looking for a way in,” p.104).
Under the agreement, Fujitsu con-
tributes cash, computer products
already proven in Japan, and tech-
nology. For TRW’s part, it provides
the marketing and distribution orga-
nization (mostly its existing Com-
munications Systems and Services
division). Not included are TRW’s
profitable service operation, which,
however, will work for the new firm,
nor its manufacturing operation,
which still turns out terminals for
financial and retailing customers
and point-of-sale (POS) equipment.

$100 million deal. During the first
years Fujitsu will sink some $50 mil-
lion into the effort, for which it gets
a 52% interest. Total investment for
both sides therefore approximates
$100 million.

Judgments on the venture so far
focus on the good fit between the

ISOAMPS FOR
MAXIMUM PERFORMANCE.

Our new 289 is the best high per-
formance, high accuracy wide
band isolation amplifier you can

buy. it offers

—

»

S environments.
s The 289 offers dc to 20 kHz
small signal (—3dB) bandwidth and

DEVICES

203

MADL N USA

Circle 102 on reader service card

true 3-port galvanic isolation for
industrial and instrumentation
applications where the problem is
accurate measurements in harsh

dcto5k

: teed linearity error at 10V p-p
+0.025% max (289K), and

Hz full power bandwidth
atagain of 1V/V with
4@/ 2500 vdc continuous
7 isolation. It's available in
¥ three accuracy selections,
each offering low guaran-

output; +0.012% max (289L),

WAYOUT IN FRONT

Analog Devices, Inc., Box 280, Norwood, MA 02062; CAUFORNIA: Northern (415) 969-8525; Southern (714) 842-1717;
ILLINOIS: (312) 894-3300; MASSACHUSETTS: (617) 329-4700; TEXAS: Houston (713) 664-6704; Richardson (214) 231-5094.

*+0.05% max (289J). All this for
only $39in100's (289.).

‘When performance is every-
thing, the 289 is the right ISO AMP
to interface single and multichan-
nel data acquisition systems.

. For further technical informa-
tion, contact James Conant, Appli-
cations Engineer, Analog Devices,
InC., P.O. Box 280, Norwood, MA
02062. Telephone 617/329-4700,
Ext.1304.

ANALOG
DEVICES




partners and the potential. “It’s like-
ly to be pretty successful, since it
helps both,” says computer industry
financial analyst Wolfgang Demisch
of New York’s Morgan Stanley and
Co. Besides future payoff, it gives
Fujitsu what Demisch calls **a semi-
reasonable beachhead” in the U.S.
He also says that it “relieves a drain
on TRW,” referring to plans eventu-
ally to shift manufacturing to Fujit-
su and to profitability troubles TRW
suffered from its terminals and POS
equipment.

Even more optimistic about TRW-
Fujitsu’s chances is J. Garrett Fitz-
gibbons, who as vice president and
general manager runs the venture
from its Los Angeles headquarters.
Among advantages, he names
“cheap startup, with minimum cash
from both sides, and keeping the
venture’s American name in the
forefront while we get started.” Fitz-
gibbons has already hired 50 persons
to go with the 500 or so TRW already
had. Most are engaged in what he
and other officials see as top-priority

Sweet tooth. General manager Fitzgibbons
calls new partner ‘‘candy shop of products.”

jobs writing programs and assem-
bling operating software packages
for introduction of TRW-Fujitsu’s
initial products, Fujitsu’s V-830

small-business computer and its ter-
minals. Plans call for their U.S.
debut early next year, with installa-
tions to start in the third quarter.

American touch. The nub of this
task is what anyone bringing Japa-
nese products into the U.S. faces:
customizing for U. S. users. Though
the products are proven, their opera-
tion will be somewhat different by
the time they get their finishing tou-
ches, predicts Fitzgibbons.

Watching the TRwW-Fujitsu ven-
ture with particular interest is Akira
Takei, who heads the U. S. computer
subsidiary of archrival Mitsubishi
Electric Corp. Not only will the
TRW-Fujitsu small-business machine
knock heads with his model 18,
already being sold in the western
U.S. and slated for national distri-
bution in coming months, but what’s
more, computer veteran Takei ran a
Japanese-based joint venture be-
tween TRW and Mitsubishi in the
1960s.

His opinion: “Any kind of joint
venture is difficult and for small

IS0 AMPSFOR
MINIMUM COST.

Our new 290 and 292 are the

industry’s first and only com-

plete function isola-

tion amplifiers

priced as low as

$30in 100°s.
Both
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channel applications, and Model
292, designed for multichannel
L applications, feature +1500
Vdc continuous isolation,
high common mode rejec-
tion of 100 dB, minimum, at
. 60 Hz, single supply operation
, from +8V to +15.5V, and
fow typical linearity error of
+0.1%. And, each one
comes complete with gal-
vanic isolation and internal
dc-dc converter.
The 290 and 292 offer you
the lowest cost and protection

Anal

against damage from transients
and fault voltages for use in data
acquisition systems, computer
interface systems, and high CMV
instrumentation.

For further technical informa-
tion, contact James Conant, Appli-
cations Engineer, Analog Devices,
inc., PO. Box 280, Norwood, MA
02062. Telephone: 617/329-4700,
Ext. 1304.
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log Devices, Inc., Box 280, Norwood, MA 02062; CAUFORNIA: Northern (415) 969-8525; Southem (714) 842-1717;
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High Voltage
Products

from ERiE

SILICON RECTIFIERS

ACTUAL SIZE

VOLTAGE MULTIPLIERS

ONE HALF
ACTUAL SIZE

POWER SUPPLIES

* “MINIATURIZATION" is
our specialty

e Custom design

® “In-house” capability

e MIL approved facilities

e Hi reliability

TYPICAL APPLICATIONS

¢ Military o Industrial

e Commercial

® CRTs ® PMTs ® SITs

® |-SITs e LLLTV e Lasers

® Image Intensifiers

® Detectors

® Electrostatic Applications

Write for new catalog
or call 613-392-2581.

ERIE TECHNOLOGICAL PRODUCTS, INC.
Trenton, Ontario Canada
613-392-2581
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Probing the news

computers very difficult.” Takei dip-
lomatically slides over well-docu-
mented problems of U. S.-Japanese
cooperative efforts but notes that the
small-computer business is so com-
petitive and fast-moving it could be
the hardest marketing nut for the
new kid on the block to crack. Even
large computers are an easier target,
he thinks.

Sitting at the helm of the new
venture, Fitzgibbons holds a post he
helped carve out in the protracted
negotiations with Fujitsu. The native
Georgian was responsible for coming
to terms with the operating agree-
ment for the venture, which takes in
all-important product planning and
manufacturing. As he says, “The
intent all along was for me to end up
running it.” The business and finan-
cial side of the agreement was han-
dled by others, especially Fitzgib-
bons’ boss, J. Sidney Webb, now
president and chief executive of the
joint venture as well as vice chair-
man of TRW.

After weeks in Japan, where Fitz-
gibbons and TRW-Fujitsu staff mem-
bers immersed themselves in the
study of Fujitsu’s products, both pre-
sent and planned, and its basic tech-
nology, the executive is even more
enthusiastic about the potential of
the alliance. “It’s a candy shop of
products and a wealth of technolo-
gy,” he says. “Our primary mission
is to bring them to the U. S.”

Uppermost is getting Japanese
reliability into the venture’s new
products. This is a particularly
touchy point for TRW, whose equip-
ment has had more glitches than

desirable in the retail marketplace,
where computer-based equipment
cannot stand much down time. Its
impact is such that TRW’s 1979
annual report mentioned high costs
and soft demand for POS equipment
as a cause for lower profits in its
electronics business. This situation
played a big part in TRW’s deter-
mined push for the link with Fujitsu,
knowledgeable sources hold.

On this subject, Fitzgibbons ob-
serves that Fujitsu’s failure rate for
such gear “is an order of magnitude
better than what we’re used to.” For
example, a controller in TRW equip-
ment now requires 8 to 12 service
calls a year, a rate that quickly eats
up profits. But its proposed replace-
ment based on Fujitsu designs has a
failure rate of only one in three
years, dramatically reducing service
costs. However, Fitzgibbons notes,
such quality control does not come
cheaply. “To get it costs money
spent on hardware and software
designs that have to be extremely
reliable,” he says.

While the years-off future looks
rosy for the combine, Fitzgibbons
and others admit to some immediate
problems. Chiefly, they worry that
current customers will hold off buy-
ing TRW equipment during the tran-
sition, waiting instead for advanced
units. Some evidence of this indeed is
showing up in volume figures, which
Fitzgibbons puts at about $40 mil-
lion annually, down from some $60
million less than a year ago.

Morgan Stanley’s Demisch also
notes this, but sees it as short-term.
“Fujitsu intends TRW-Fujitsu as a
stepping stone for the long term, and
they’re willing to throw money into
it for at least three years,” he says.(J

Looking for a way In

Corp.

Like many successful technology-oriented U. S. firms, TRW Inc. long has
searched for entry into the computer business. Spurred by such top scien-
tists as Simon Ramo, retired vice chairman, and Dean Wooldridge, also
retired, TRW about 20 years ago marketed the first major line of digital
process-control computers to a broad cross-section of industry. Technically
advanced programming and custom applications proved too expensive to
make them profitable, so they were spun off into a separate Bunker-Ramo
“We were way ahead of our time,”
machines, however, got TRW into various joint ventures, including one with
Mitsubishi Electric Corp., all phased out in the 1960s. Since then the firm
again has edged closer to computers through its terminals and point-of-sale
gear, now a part of the TRW-Fuijitsu joint venture.

recalls an executive. These

-L.wW.
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FROGRAM Reduce_Software_Costs
BEGIN

IF Choose_MICROPROCESSOR_FASCAL
THEN CASE (Benefits) OF

16_Bit_Avail,

END

Software Costs = Lower:
Redesisn ¢= Easiers
[lesian.Cycle = Sharter;
i= Nows
Multitaskine := from_HLL:

FOR micropracessors TO minicemputers

D0 MICROPROCESSOR-PASCALS

END[Harpvl.

The program to reduce software costs.
Microprocessor Pascal System.
New. From Texas Instruments.

Learnability.
Maintainability.

The features of Pascal, plus the bene-
fits of TI's learning curve experience,
are offered in the new Microprocessor
Pascal system.

A system designed for microprocessor
applications.

A system developed for the 16-bit
9900 Family, including the TM990
microcomputer modules, and 990
minicomputers.

A system to effectively lower your
software costs today. And keep them
low tomorrow.

At TI, Pascal is the first and only
corporate-wide approved high-level
programming language. For a lot of
good reasons.

Pascal lets you solve your application
without getting involved in the intrica-
cies of machine architecture. And,
Pascal’s block structure results in fewer

Transportability.

programming errors, because the code
is easier to write, read and modify.

TI's Microprocessor Pascal system
consists of six parts and provides the
most Pascal capability ever offered:

®Source Editor — specifically designed
to create/edit Pascal programs and
check program syntax.

© Compiler—compiles conventional Pas-
cal programs as well as TI’s Pascal con-
current extensions into interpretive
code, which can then be executed di-
rectly, or converted into 9900 native
machine code.

® Host Debugger — over fifteen options
for tracing variables and modifying
data.

¢ Configurator —enables the target sys-
tem to retain only the parts of the run-
time support necessary for program
execution.

e Native-Code Generator — converts
Pascal interpretive code into 9900 na-
tive machine code.

¢ Run-Time Support—both interpretive
and native-code execution provide a
speed/memory trade-off.

TI's continuing commitment to inno-
vative, cost-effective 16-bit micropro-
cessor software means an increased
applications capability and decreased
development time for you.

Find out how you can reduce your
present and future software costs. Put
the new TI Microprocessor Pascal sys-
tem to work for you, today.

For more information, (Fifey Yo
call your nearest TI field | Fifty Years]
sales office or authorized | Innovation
distributor, or write to {{[Z’;n|

J
Box 1443, M/S 6404, Hous- ‘\(/ J

Texas Instruments, P.O.
ton, Texas 77001. =

TEXAS INSTRUMENTS

© 1980 Texas instruments Incorporated

INCORPORATED

855628
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Technological leadership.

Motorola’s M68S000:
amily for 16-/32-bi

C e840
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No high-performance 16-bit micro- , \NCEBAS0
processor gives you as much as Motorola's . § owh Ve
architecturally-advanced MC68000. It is 3 3
demonstrably superior to others in a much [ — wce 22
broader range of systems. -3 ’ c\ug‘;','“:z\\et

The MC68000 shines just as brightly in
the absolutely critical area. for most users,
of support in implementing the total system. - MCEE23T rymet

Not one, but two families of system functions pavael 1€
support the MC68000. Powerful new hardware Sy
implementation and software development
support systems are available, and software
is extensive.

The M68000 Family of compatible, advanced
VLSI peripherals was defined to provide the
optimum level of chip integration consistent
with system design flexibility. It gives you
design opportunities in 16-bit and 32-bit
microcomputer systems you've never had before.

And more than a dozen of the versatile
M6800 Family peripherals also are directly
compatible with the MC68000, establishing an
effective design approach for medium-to-high-
performance systems where low-cost, 8-bit
peripherals can be used.

Key to state-of-the-art systems.

It's the newer HMOS M68000 family. though,
that offers you the capability for keeping
systems state-of-the-art for years.

The MC68120 Intelligent Peripheral Controller
was the first of these M68000 Family peripherals
to be announced. It's a general-purpose,
user-programmable unit for local or customized
peripheral control, [/O preprocessing and satellite
processing for distributed processing. It has
many applications, including use as a file handler,



the most advanced VLSI
microcomputer systems.

Eppy or hard disk controller. data
tions protocol controller, CRT driver
bus-management controller.
qeduled for imminent introduction
Ster Terminal Controller, the MC68122,
pmpatible bipolar interface Error
on and Correction circuit, the MC68540
flumbered MC34040). The Cluster

ninal Controller will relieve the host
jcessor of the coordinating task for
pommunications between and among terminals,
» and the EDAC circuit performs the error check/

correct function in 8-bit or

16-bit systems. It's directly

expandable to

32-bit operation.

More HMOS VLSI.

Following these.
availability is scheduled for the
MC68451 Memory Management Unit,
MC68450 DMA Controller. MC68230 Parallel
Interface/Timer and the MC68341
Floating-Point ROM.

The MMU provides address translation and
protection of the 16-megabyte MC68000
addressing space and can be accessed by any
potential bus master. The DMAC offers the
optimum in data transfer, and internal 32-bit
registers ensure upward software compatibility
with future M68000 Family processors. Still
other M68000 Family peripherals now planned
include a Multiprotocol Communications
Controller, a Dual-Port RAM for multiprocessing
systems or applications like CRT refresh and

disk interface

-\ buffer. a Bubble
\ Memory

\ Controller

\ and a serial

\ DMA Processor.

\

-
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\
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System development support.
It's all right here.

System development support is equally
outstanding. The EXORmacs™ system, with its
multitasking VERSAdos™ operating system,
new-generation industry-standard VERSAbus™
microcomputer bus, multiuser and
multiprocessor support capability. resident
Pascal software, User System Emulation (USE),
extensive test and diagnostic capabilities and
many other outstanding features is the last
word in system development support.

Software support, in
addition to extensive
EXORmacs™ resident
software, includes
cross-assembler and
cross-Pascal
compiler support.

Just as Motorola
set the pattern for
the semiconductor
industry back in
1973 with the total
system approach of
the M6800 Family, the
M68000 Family raises the concept to a new level.

For more information, including an M68000
Family brochure, use the coupon provided below,
or send a specific written request to Motorola
Semiconductor Products Inc., P.O. Box 20912,
Phoenix, AZ 85036.

Innovative systems
through silicon.

@ MOTOROLA INC.

ts Inc., P.O. Box 20912, Phoenix, AZ !5036 |

| Please send me mformatlon on M68000 Family. l
:Name o —
| Title
I Company _
| Address
| City
|State S




While they were thinking
hardware and software,
we were thinking

= 24K MEMORY MASTER
L 5 SN

MAIN
MEMORY

HARD
DISK
CONTROLLER
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8INCH 12 MEGABYTE
FLOPPY DISKS

0

S$-100 SYSTEMS. From add-in memory boards  with the CPU through 3 I/O ports (command,

to add-on hard disk. High performance S-100 status, data). The controller can generate inter-
busboards. Single, dual and quad-density disk  rupts at the completion of each command. A
systems with up to 1.2 megabytes on a single 512-byte sector buffer is on-board. And the
floppy disk drive. 1/0O boards. All, with - = system is available for S-100 main-
the Morrow Designs systems approach 91-3 SRS  frames.

to hardware and software. 4RSS SYSTEMS FOR SYSTEMS. Whether
COST EFFECTIVE SYSTEMS. you're building systems or trying to
Morrow Designs Discus M26 offers expand your present system at reason-
26 usable megabytes of memory for able costs, Morrow Designs offers
just $4,995. About $192 per mega- complete, cost-effective subsystems.
byte. And, it's a complete system, Modular systems that allow you
including a Shugart SA4008 to build your system your way.
Winchester-type sealed-media SOFTWARE FOR SYSTEMS.
hard disk, power supply, cables, Morrow Designs backs each
and cabinet with fan. The single subsystem with high-quality,
board controller supervises all fully-tested software. INSTALL

data transfers, communicating software allows you to attach
GOOK BYTES.




systems.
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any Morrow disk system to any CP/M
system operating under CP/M.
Morrow CPM/CDOS software allows
you to attach any Morrow disk drive
to Cromemco Systems. In fact, if soft-
ware runs under CP/M, it will run on
any Morrow Designs hardware.
COMPARE PERFORMANCE.
Hardware performance. Software
performance. System performance. Any
Morrow Designs disk drive, hard or floppy,

can be mixed and matched through Morrow
Designs standard software. And all necessary
hardware, software and firmware is included
with each system.

NOW, COMPARE PRICE. Morrow Designs
products offer maximum efficiency at minimum
cost. But we don't cut corners. What that means

to you is reliable system efficiency at
cost effective prices.

Better systems for less. See Morrow
Designs full line of memory and 1/0,
plus floppy disk/and the M26 hard
disk system at your computer sup-
plier. Or, send in the coupon for our
full line catalog. Can't wait: Call us at
(415) 524-2101.

5221 Centran Ave Ficnmond CA 94804

Gentlemen, Please send me your complete OEM hardware and
software specifications. Plus the name of my nearest distributor.

Name__

Company

Address

City State_________Zip.
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We developed the worlds broadest line of
OEM computers to meet a single application.

Yours.




Sometimes, the hardest part about
designing a computer-based product can
be finding the right computer to go intoiit.

Toooften, you're forced to make
compromises.

You either have tobuy more performance
than you want. Or you settle for less than
youneed.

Butat Digital, we don’t think you should
have tocompromise. That’s why we offer you
a wider choice of OEM computer equipment
than any other company. So you're always
sure of finding the one combination of
products that won’t make you compromise
onanything.

Forexample, we offer CPUs and systems
that range from our 16-bit PDP-11 microcom-
puters a%l the way up to our 32-bit VAX family
of super-minis. A wide choice of operating
systems, software options, and sophisticated

evelopment tools. Mass storage devices from
512 kilobytes to 176 megabytes. State-of-the-
art video and hardcopy terminals. And a set of
communications options to tie our hardware
and software products together.

Inaddition, we offer software compati-
bility across our whole line of products, so you
can migrate up or down, and build distributed
processing systems, with unequalled ease.
Without having to scrap your original software
investment.

At Digital, our approach has always been
to give OEMs more than just great products.
Justasimportant are the extra quality features,
the extra testing that can make your design
and marketing job easier. The worldwide ser-
vice capability that can be tailored exactly to
the way you run your business.

You probably already know a lot about
Digital performance. To find out therest,
send for our brochure, “The Thinking Behind
the Industry’s Largest Selling Line o
OEM Computers.”

Digital Equipment Corporation, Technical
OEM Group, 129 Parker St., (PK3/M-86),
Maynard, MA 01754. (617) 493-5997.
InEurope: 12 av. Des Morgines, 1213 Petit-
Lancy/Geneva. Tel. 93 33 11.

In Canada: Digital Equipment of Canada, Ltd.

We build a lot more than performance
intoan OEM computer.
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We're

™*Multibus is a trademark of Intel Corporation.

the :

At NEC Microcomputers, Inc., we don’t wait for the future. We
reach out and grab our share. And that’s how we can help you beat
your competition.

From top-quality commodities to exciting product innovations,
NEC has what it takes to stay out front:

Memories. This year, we’re introducing the uPD4164 64K Dynamic
RAM (+5V single power supply). In addition, we offer off-the-shelf
delivery on 2K x 8 Bipolar PROMs, 16K Dynamic R AMs, 4K and 8K
Static RAMs, and 1K and 4K CMOS RAMs.

Microcomputers. We’re breaking new ground with the uPD80C4S8,
our CMOS version of the 8048. We offer immediate availability on
the uPD8022 8-bit single-chip microcomputer (with A/D capability).
We also have a full range of other single-chip microcomputers, from
the uPD8021 through the uPD8049, and a full line of 4-bit single-chip
microcomputers with PMOS, NMOS and CMOS technologies. And
we’re a leading supplier of the complete 8080A/8085A multichip
families.

Controllers. This year, we’ll be bringing you the uPD7720 Signal
Processor for voice band applications. We also offer the uPD765 Floppy
Disk Controller and the uPD7201 Multi-Protocol Serial Controller.
(Both the 765 and the 7201 were originally designed and introduced
by NEC, and are now available from alternate U.S. sources.)

So whatever your product idea—simple or advanced—we can deliver
the semiconductor products to match. If you can’t take advantage of
our components, we’ll support you with a growing line of Multibus™*
compatible boards.

We’ll help you stay ahead of your competition. Because we stay ahead
of ours. For details on any of our products, contact NEC
Microcomputers, Inc., 173 Worcester Street, Wellesley, NE C

MA 02181,617-237-1910. NEC Microcomputers, Inc.
We'’re taking on the future.”
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Technical articles

( Yompanies in the computer and data-
communications business have always

Jurnished their customers with proprietary local
networks. These networks allow a single vendor’s
data-generating and -receiving equipment to be
hooked together. Thus the benefits of a common
data base and the efficient allocation of resources
such as printers can be realized. A good local
network is, in fact, the heart of an efficient
distributed-processing system.

As distributed processing has grown into a
multibillion dollar industry, the proprietary local
network has been found wanting— there are just
100 many data-processing systems that are
incompatible. The trend in the data-
communications industry for the 1980s will
therefore be to design local networks that will
hook up any manufacturer’s equipment. Such
local networks are only now becoming available.

The Net/ One local network from the
Ungermann-Bass organization in Santa Clara,
Calif., is the first to be compatible with the
offerings of most manufacturers of data-
processing equipment. It is a good example of
what can be done with state-of-the-art large-scale
integration, clever software, and classic,
inexpensive coaxial cable. It is just now starting
1o be shipped to customers.

Local networks such as Net/One are being
welcomed by users and manufacturers of
distributed data-processing systems because they
eliminate problems at every level of the system.
For example, they remove from consideration
such incompatibilities in equipment as different
electrical interfaces, code sets, signaling methods,
data rates, and data-base access methods.

Of course, there is another way around
incompatibility. If the user is willing to design a

Local network gives new flexibility
to distributed processing

Bus-architecture, coaxial-cable—based system
handles 250 nodes, thousands of incompatible terminals

by Charlie Bass, Joseph S. Kennedy, and John M. Davidson, ungermann-Bass inc.. Santa Clara, Callf.

O In the variegated world of computer communications,
protocols multiply as the number of equipment vendors
grows. Terminals in the accounting department often
cannot communicate with those in payroll, a word-
processing system in customer service must maintain
customer files separate from those maintained in sales,
and one mainframe is underutilized while another is
overburdened.

Most proprietary local computer networks are dedi-
cated to just one vendor’s equipment and therefore can-
not solve these problems. The newly available Net/One,
however, interfaces with a wide variety of equipment —
anything with either the industry-standard RS-232-C
serial interface or a TTL-level parallel interface.

Because it reconciles protocols of various devices by
means of programmable interfaces, the thousands of
devices that may be connected to Net/One—intelligent
terminals, data bases, microcomputers, multiuser main-

114

frames, or whatever—can all be made to communicate
with each other regardless of their manufacturer.
Net/One also supplies a hitherto unattainable control of
distributed data-processing resources. Its user can switch
terminals between hosts or share expensive peripherals,
application programs, and data-base management sys-
tems with other users or even gain access to the facilities
of a remote Net/One.

Four building blocks

The packet-switching network is designed specifically
for data distribution at high speeds (up to 4 megabits per
second) within a single, relatively confined facility, the
kind in which studies have found over 60% of all comput-
er communications takes place. A minimal Net/One
setup requires only a length of coaxial cable, some
passive transceivers, and several model 1 Network Inter-
face Units handling four peripheral devices each. The
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custom interconnection network, he can do so.
Unfortunately, a significant amount of software
and hardware development is necessary. This is
complicated, since few LSI devices are designed
to deal with local interconnection problems.

1BM, Honeywell, Hewlett-Packard, Digital
Equipment, Wang, Four Phase, Data General,
Datapoint, and others in the data-processing
business have made local networks available.
However, these offerings are, in general, specific
to one brand of equipment, although there are
degrees of flexibility.

Of course, these companies are not going to
be left behind in developing greater flexibility in
their networks. 1BM, for one, is modifying its
centralized, hierarchical System Network
Architecture to be more flexible than currently
available versions. And Xerox is working hard
on its Ethernet system, although it is not yet

model 2 NIU has greater processor capability and can
handle more equipment. A Network Development Sys-
tem may be added if the user wants to design his own
software, and a Network Administrative Station keeps
tabs on the events in a large and complex network.

As each of these four types of stand-alone interface
unit has its own intelligence, communications between
them are controlled not by a central computer but by the
network processor in each unit (Fig. 1). Thus only four
building blocks can interconnect, customize, and moni-
tor a distributed-processing network of almost any size.

The human engineering of Net/One makes it excep-
tionally easy to use. The complexities of message and
data transfer are handled by preprogrammed microcom-
puters in each Net/One node. Thus, the Net/One sys-
tem user never needs to know what it takes to get from
point A to point B—he simply indicates the desired
destination through simple commands. The NIU takes it

Electronics /September 25, 1980

generally available. Just how flexible these and
other systems will be will be known when they
become more completely specified. In the
meantime, there are still other systems coming
out. For example, Zilog has developed a local
network dubbed Z-Net that will be the subject
of a technical article in an upcoming issue of
Electronics, and in Britain the Cambridge Ring
is attracting the attention of companies there
[Electronics, Aug. 28, p. 80].

The use of local networks in the office lags
behind their use in the factory because the need
has taken longer to develop. Such organizations
as Ford, General Motors, Citibank, and various
Government agencies have had local networks
Jor varying lengths of time. None of these,
however, uses a general-purpose design like

Net/One; all are custom approaches.
-Harvey J. Hindin

from there: formatting the data in packets, handling any
speed conversions, and routing the data to the specified
destinations. Likewise, for receiving data, the NIU man-
ages all handshaking and the converting of packet data
into device-formatted data.

The link

All the NIUs are connected by means of standard
RG-8A/U 50-ohm coaxial cable, which provides high
bandwidth, low cost, and easy installation. In fact, it
may be possible to use the cable already installed in most
new office buildings. Of course, the cable may be
installed in an existing facility.

A single such cable segment may be 4,000 feet long. If
that is not enough, extra segments may be connected by
means of repeaters. Also, requirements for greater geo-
graphic coverage can be accommodated by making NIUs
serve as gateway stations for linking local networks.
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1. Basic modules. Depending on the application, four different modules can be combined in various ways to make up a Net/One local
network. Up to 250 of the Network Interface Units can be accommodated by one 4,000-foot length of coaxial cable.

Connection to the cable is made through a nondestruc-
tive tap with an integral, passive, baseband transceiver.
Because the tap is nondestructive, connections can be
added to or removed from Net/One without interrupting
network operation. Up to 200 taps separated by a mini-
mum of 10 feet may be placed on a single cable segment.
The passive nature of the transceiver prevents the net-
work from being affected by an inactive or malfunction-
ing node.

A busy interface

The transceiver drives data onto and receives it from
the cable at 4 Mb/s using the modified Manchester
encoding technique. It also converts the cable’s baseband
signals into the logic levels required by the N1U, and vice
versa. It is connected to the NIU by a nine-conductor
cable that may be up to 80 ft long.

The operation of the transceiver itself is controlled by
the NIU’s transceiver interface, which has the jobs of
address recognition, error detection, packet retransmis-
sion, and packet framing (Fig. 2). The receiver portion
of the interface provides logic for recognizing the NIU
address (selected at the time of manufacture), as well as
a special broadcast address. It may also be programmed
to receive all packets concerned with diagnostics and
statistics or performance measurement.

When an appropriately addressed packet is recog-
nized, it is received into 4-K bytes of buffer random-
access memory, organized as a first-in—first-out receive
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queue. When the complete packet has been received, a
cyclic redundancy check (CRC) is performed to validate
the packet contents. Invalid packets are automatically
removed from the FIFO buffer.

Upon reception of a complete valid packet, an inter-
rupt is generated for the NIU’s network processor, which
may then retrieve the packet through programmed
input/output or direct memory access. Typically, the
processor first retrieves the packet header and examines
it to determine its local destination. The remainder of
the packet is then retrieved via direct memory access
directly into the memory of the network processor or an
application processor.

Just the opposite

Packet transmission is the converse. Typically, the
packet header is built by the NIU network processor and
submitted to the 2-K-byte FIFO transmit buffer. The
remainder of the packet is submitted directly from a
message buffer in the NIU processor or, if appropriate,
directly from the memory of an application processor.

As might be expected, actual packet transmission is
closely coordinated with receiver information. Before
transmission, the receiver examines the state of the
network to determine if the line is quiet. Transmission is
delayed if network activity is sensed. When the network
is available, the transmitter interface encodes the packet
and shifts it via the transceiver onto the network. For its
part, the receiver continues to monitor the state of the
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2. Two interfaces. The model 1 Network Interface Unit has a built-in transceiver interface that couples to the passive transceiver tapped into
the coaxial cable backbone of the Net/One system. It has one network processor that can connect four data terminals.

network, and if it detects invalid encoding (indicating
another NIU’s attempt at simultaneous transmission or
some other interference), it signals the transmitter that a
collision has occurred.

On detection of a collision, the transmitter sends a
signal onto the network to notify the other node (or
nodes) that such an event has taken place. Each trans-
mitting NIU then computes a variable, randomized time
interval and attempts retransmission only after the com-
puted delay period. (Transmission is again delayed if the
line is not quiet.) It is this mechanism that allows
broadcast use of the transmission medium without the
necessity of a central master node. It also provides
orderly recovery in the event of simultaneous access to
the channel by more than one node.

Interface control

While the transceiver interface ties the NIU to the
network, its network processor provides an intelligent
interface to locally attached peripheral equipment. The
two elements— transceiver interface and network proces-
sor—communicate via a high-speed, 8-bit parallel bus
operating at 8 million bytes per second. The model 2 NIU
adds one to three application processors to extend the
NIU’s 1/0 capabilities or to provide a more powerful,
user-programmable interface to locally attached devices.

The network processor operates independently of the
other processors on the data bus and can therefore take
advantage of future technology without compromising
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investments in application processor software. Similarly,
the design of the transceiver interface will accommodate
any transceiver and transmission medium. Thus, fiber-
optic and other transmission media may readily be used
in place of coaxial cable.

Each NIU executes software that coordinates its activi-
ties with other NIUs on the network. Thus, each NIU can
participate in a variety of cooperative netwide opera-
tions, such as statistics acquisition, fault isolation, and
network configuration and access control. In addition, it
can execute diagnostics that isolate faults in its operation
to the circuit-board level.

NIU power-on diagnostics are invoked at system reset
and verify the ability of the NIU to transmit and receive
data. Thereafter background-mode diagnostics continue
to monitor operation and verify software integrity. More
extensive diagnostic information may be gathered by
setting the NIU into the test mode. All NIUs in this mode
establish communication with each other to implement a
distributed diagnostic and network exerciser.

Controlling the network

The network processor is the heart of the NIU and
performs such functions as controlling traffic over virtu-
al circuits to other nodes (see “Making the connection,”
p. 118), processing commands from local terminals and
other devices, and servicing requests from other NIUs on
the network. The network processor contains a Z80A
microprocessor, 64-K bytes of random-access memory,
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In a local network, connections are made only when they
are needed. In Net/One, data traffic is controlied by either
a two-way or a one-way connection between two or more
devices on the network. The first serves lengthy transfers
of data between various devices and is described as a
virtual circuit because to the devices, the network appears
to be a full-duplex nonswitched dedicated line. The
second serves brief messages and is called a datagram.
Either of these approaches may be chosen at the
discretion of the system operator. His choice will depend
primarily on the nature of the message, its length, the
number of recipients.

During a data-transfer session, a virtual circuit is
established between devices, data is exchanged, and the
circuit is disconnected. Throughout, the network activity is
transparent, allowing the devices to exchange data in their
native code, using their native protocol, totally unaware of
the underlying network mechanisms. These devices need
not be intelligent terminals or a host computer since no
special programming is necessary—the devices
communicate in their native mode unaware of the fact that
their data is being carried by packets on a local network.

To establish a virtual circuit, one of three procedures
may be used. First, a circuit may be set up when the
system is designed. This approach ensures, for example,
that a circuit will be established between devices without
the user's intervention. Alternatively, a circuit may be
established by a command from a Network Administrative
Station. This method controls access to the network:
virtual circuits can be set up only through requests to
network administrators.

The third and most flexible way of setting up a circuit is
through network commands issued by the terminal
operator. The actual syntax of the commands is also
configurable by the user, allowing installation flexibility,
relative device independence, and a friendly operator
interface. For example, the NIU could be configured to
recognize SIGNON as **Connect this terminal to host A."’ If
more than one host computer is available, the desired host
may be identified within the same message—SIGNON
HOST B could be interpreted as ‘‘Please connect this
terminal to host B.”

Which method is chosen to establish a virtual circuit
depends on the resources available to the system
operator. For example, if the Net/One setup does not
have an NAS, the second procedure cannot be used.

All resources within the network may be identified by a
user-specified symbolic name rather than by a fixed
address. A resource may be any device or service the user
wishes to identify to the network —terminals, host
computers, printers, disks, application programs, or
compilers. Thus, instead of identifying a particular host
computer, a user requiring an accounts-payable

Making the connection

application program could request it with LOGON
ACCTSP. This gives operations personnel the flexibility to
move application programs from one host to another (in
case one host is “down’” or to balance work loads)
without affecting the terminal operators.

Net/One resources may also be identified with
secondary generic names. For example, a printer
subsystem may be primarily known as PRINTER 5, but
also identified as PRINTER and 900LPM-PRINTER. Thus a
user at a word-processing station may specifically request
PRINTER 5, any available printer (PRINTER}), a high-speed
printer for rough draft printing (300LPM-PRINTER), or any
available typewriter-quality printer for final copies (FINAL-
COPY-PRINTER).

In contrast to virtual circuits, transaction-oriented data
may be exchanged between two host computers or
intelligent terminals using a single packet of information—
a datagram. In this operation, each packet is individually
addressed. Whereas a virtual circuit can be thought of as
a telephone connection, where the destination is dialed, a
two-way information-exchange session takes place, and
both parties hang up, datagrams are more like telegrams.
In this approach, an addressed unit of information is sent
to the destination in a single, one-way transmission. A
response, if required, may be sent with another
transmission.

Because datagrams involve little overhead, they are
ideally suited to host computers and intelligent terminals
needing short information-exchange transactions, rather
than a long-term circuit session. For example:

Host A: “To Host B: Find account balance for customer
123456."

Host B: “To Host A: Here is the requested account
balance.”

Datagrams also allow the user to make maximum use of
the multi-access, broadcast technology of Net/One.
Flexible packet-addressing modes provide the capabilities
necessary for a fully distributed resource-sharing system.
For example, datagrams may be addressed to a specific
destination:

To Disk Subsystem 2:

Find accounts payable record 11932.
Or they may be broadcast to all

To all nodes:

Report your status.
They can also be broadcast to a specific group of devices
at all locations:

To all disk subsystems:

Do you have accounts payable record 119327
Finally, they can be broadcast to a group of devices at a
specific location (on a specific NIU):

To all disks in accounting:

Do you have accounts payable record 119327

devices:

4- to 16-K bytes of programmable read-only memory,
memory-mapping logic, two 8-bit parallel 170 ports, and
four serial (RS-232-C) 170 ports. All components com-
municate via an 8-bit bus, internal to the processor and
independent of the data-bus link to the transceiver inter-
face (see Fig. 2 again).

By design, 16-K bytes of the 64-K RAM are dual-ported
and accessible to the high-speed NIU data bus. This
arrangement permits high-speed memory-to-memory
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transfers and direct access to network processor memory
from the transceiver interface or from application pro-
Cessors.

The memory-mapping facility extends the network
processor’s addressing capabilities to over 1 million
bytes. The mapper makes it possible to address both
internal memory (PROM, local RAM, and shared RAM)
and external shared RAM contained on other processors,
giving the network processor the ability to directly
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3. 8till better. The model 2 NIU has up to
three applications processors, in addition to
the network processor of the model 1. Each
of these can interfface up to four user
terminals with Net/One at a time while
handling protocol conversion and complete
device management.

address buffer memory in the application processors in
its own or another NIU.

The 4,096-byte PROM contains power-on reset diag-
nostics and bootstrap (initial program load) logic. The
PROM controls the processor after a reset condition,
which can occur from power-on, from operation of the
NIU reset switch, or by command from the Network
Administrative Station (via the network). The reset con-
dition clears the memory mapper, executes the power-on
reset diagnostics, and causes a broadcast message to be
sent requesting “down-line-load”’ (bootstrapping). When
the NIU software has been completely loaded, the 4-k
PROM is mapped out of the processor’s address space to
allow the NIU software full addressability to the 64-K
RAM.

The two parallel 170 ports provide the commonly
required TTL-level interface for a wide variety of periph-
eral devices. Each port includes eight input or output
data lines with simple strobe/ready handshake lines.

The four serial 1/0 ports are RS-232-C—compatible,
full-duplex interfaces provided to connect the NIU with
such interfaces on data terminals, host computers, or
(via a modem) remotely located equipment. Each port
can be configured to appear either as a modem to
terminal equipment or a host computer or as a terminal
in order to connect to a modem. Transmission modes
may be either asynchronous or synchronous, with data
rates of up to 19,200 bits per second. Asynchronous
characters may be S, 6, 7, or 8 bits in length, with 1, 1.5,
or 2 stop bits and even, odd, or no parity. The synchro-
nous mode supports one or two sync (flag) characters,
CRC-16 binary character checker (BCC) generation and
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checking, and for bit-oriented protocols, automatic zero
insertion and deletion.

Up to three extra processors may be added to the
model 2 NIU, providing a user-programmable interface
capable of performing complex device management and
data manipulation functions (Fig. 3). For example, such
an application processor could be programmed to act as
an intelligent controller for a disk subsystem, processing
data-base requests from terminals and hosts on the net-
work. Alternatively, being functionally identical with the
network processor, an application processor may be
added to the NIU simply to obtain four extra serial 1/0
ports and two extra parallel 170 ports.

In the model 2 N1U, the network processor controls all
protocol activity and manages packet traffic, relieving
the application processor of this overhead. Network
packets are sent and received by direct memory access
between the application processor’s shared memory and
the transceiver interface.

Developing software

To develop custom application software for the net-
work, the Network Development System provides all the
software development tools needed—from editors to
structured high-level languages. Application execution is
facilitated by a multitasking control program resident in
the application processor. Programs may be written in
Z80 assembly language or structured high-level lan-
guages designed specifically for efficiency in micropro-
cessor applications.

In reality, the NDS is an NIU to which has been added
a video display terminal, disk storage, and a computer
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4. Flexible connections. There are almost no limitations on how
Net/One may be configured. In (a) two separate local loops are
linked; in (b) three host computers are linked to 32 timeshared
terminals; and in (c) a flexible shared-resource system is illustrated.
Both intelligent and dumb terminals may be mixed as desired, since
the Network Interface Units are programmable.

system programmed to provide the services of a program
development station. Development tools include a disk
operating system, a program editor, a macro assembler,
and structured high-level languages. Furthermore for
ease of use there are a linker/loader (linkage editor),
and file utilities.

The NDS also provides the administrative services nec-
essary for program debugging and testing. These include
download bootstrap of NIU software, interactive debug-
ging of a remote NIU and diagnostic loading and error
reporting. All these tools allow the system management
function to be performed with little or no grief.

Watch the show

Finally, all data transfers between devices on the
Net/One network can be monitored through a network
operator’s console—the Network Administrative Sta-
tion. Besides having a display keyboard for operator
control and a disk for program storage, the Network
Administrative Station contains the necessary perform-
ance-monitoring and diagnostic software to analyze
activity on the network. With the station, for example,
the user can monitor how many packets are being trans-
ferred per second on the network or who is receiving the
messages, or he can trace a network malfunction to a
particular NIU and then to the malfunctioning board of
that NIU.

The Network Administrative Station also helps estab-
lish and modify the network configuration. With it, the
user can specify what type of devices are attached to
each NIU, what type of data each NIU may handle, and
what symbolic name each NIU will be called.

Finding errors

Inherent in the design of the Net/One distributed
architecture are extensive error-detection and -recovery
features. As noted, each NIU has carrier-sense multiple-
access hardware to prevent it from transmitting data
when another NIU is already transmitting. In addition,
its collision-detection circuitry immediately detects an
attempt at two simultaneous transmissions and the data
is retransmitted automatically. Beyond that, the NIU’s
CRC block check polynomial circuitry detects and recov-
ers garbled transmissions.

All these error-checking procedures apply to both the
transmission modes that the Net/One system can fur-
nish. These are the two-way virtual circuit and the
one-way datagram (see ‘“Making the connection,”
p. 118). Using a virtual circuit, any data-generating or
-receiving device can communicate directly with any
other such device. The virtual circuit is established by
software command rather than by physical connection,
so that the connection is switchable by the user. It
resembles a two-way telephone connection in having all
the advantages of simple, point-to-point communications
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for large-volume, session-oriented data transfers.

With datagrams, transaction-oriented data may be
broadcast quickly from one intelligent device to one or
more intelligent devices. Like a telegram, the datagram
is a one-way transmission containing the message and
the destination address. It can be broadcast to one
device, to a group of devices, or to all devices on the
network. Consequently, it provides the message-transfer
techniques necessary for a fully distributed, resource-
sharing system.

Whatever the transmission technique used, the effort
required to attach a device or a host to the net is
variable. A dumb device such as a cathode-ray-tube
terminal or a printer can take advantage of a virtual
circuit service with no alteration in its normal operation.
A more intelligent host, such as a word-processing sta-
tion, can use the datagram service by simply enclosing its
data in an appropriate protocol envelope and handing it
to the NIU. But it does need software changes to support
this datagram capability, depending on the form of
distributed processing that the host wants to participate
in. Such changes might be as simple as providing device
drivers for the serial and/or parallel ports that interface
with the NIU, with packet construction and packet inter-
pretation being provided within application programs.

Apply the system

A key feature of Net/One is its versatility in making
individual connections and the practically unlimited
number of different configurations it provides. These
configurations handle both dumb and intelligent termi-
nals, since the Network Interface Units are program-
mable.

Starting with the NIU and the serial or parallel access
it provides, a network community can be configured
from processors and various 1/0 devices. For example, by
connecting a number of user terminals and a single
processor, a conventional multiuser system can be
achieved.

The software requirements in this bus topology (see
“Choosing a topology,” p. 122) are essentially the same
as they would be for a multiuser system with a conven-
tional CPU star topology. An existing multiuser operating
system could be used without change by attaching each
of the host’s terminal ports to a distinct NIU port.

By connecting directly to the data bus of the NIU,
more complex and sophisticated host equipment inter-
faces can be achieved. For example, a disk or storage
module may be attached to an NIU to provide a shared-
peripheral and associated file storage system. Alterna-
tively, an assortment of printers may be attached to an
NIU. Combined with the disk facility, files to be printed
may be pooled and scheduled for an assortment of print-
ers or other devices. Alternatively, the NIU may provide
access by means of a high-level protocol such as X.25 to
another processing system.

Two separate networks

Moreover, the NIU can serve as a gateway between the
local environment and another local network or a long-
haul network. For example, suppose a manufacturing
company has a central data-processing facility with two
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The first decision to make in designing a local network is
whether to use a star, ring or bus topology (see figure).

A star arrangement connects each user to a central
facility responsible for managing all communications. Both
the advantages and disadvantages of this arrangement
stem from this centralization. Although communications
and resource management can be efficiently handled, the
limitations and reliability of the central unit determine all
network performance characteristics. In addition,
connecting the central host to each individual user is often
costly because so much cable is required.

Compared with a star organization, the ring architecture
is a simpler and therefore less expensive way of
connecting processors and other network elements and
also eliminates the central facility bottleneck. But overall
network reliability now depends on the reliability of each
connection. A break in the ring at any point disables it
because messages circulate in only one direction.
Consequently, each connection to the network is complex
because hardware is required to keep the network
functioning even when a node fails.

The bus approach—the architecture of choice for
Net/One—has roughly the same topological simplicity as
a ring. By using passive connections, it alleviates the
reliability issue. In addition, simpler transmission hardware

Choosing a network topology

can be used to access the bus. Consequently, this
architecture allows the simplest, least costly, and most
reliable implementation.

Though the topology selected determines many
network issues, it is basically independent of the choice of
the transmission medium. Ultimately, local networks will
use an assortment of whichever media are technologically
appropriate to a given application. They will include
optical-fiber as well as coaxial cable and twisted-wire
pairs, and eventually cable television, radio, and infrared
transmission as they show promise.

STAR RING 8US

large mainframe computers located at its headquarters,
plus a satellite data center located at a remote distribu-
tion center (Fig. 4a). Each location services a variety of
local and remote terminals performing data entry, inqui-
ry, and update functions. A local network at each loca-
tion interconnects the host computer(s) as well as the
various terminals. The two separate networks are con-
nected with gateway nodes via a high-speed leased-line
communications channel, thus creating a single network.
The separate parts of this network may be thousands of
miles apart, depending on the communications channel
chosen.

All terminals in such a network have a direct link to
any of the host computers; operators can easily access
any data base or any application program in the system.
For example, the headquarters’ accounting department
can retrieve a customer’s order backlog from the satel-
lite’s data base and a satellite order-entry operator can
retrieve a customer’s credit history from the headquar-
ters’ data base. Since the network resources are accessed
by name, rather than by physical address, application
programs and data can be moved freely from one host
computer to another or even from one location to anoth-
er. Host computers that are down and resource shuffling
resulting from production loads have no effect on the
terminal operators.

Share the system

Direct computation needs are also readily served. Sup-
pose a timesharing company has several large main-
frame computers servicing a mix of leased-line and dial-
in users. Net/One provides a high-speed link intercon-
necting the host computers and services all of the incom-
ing lines. Each incoming line is serviced by a model 2
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NIU that includes one application processor (Fig. 4b).
When a call comes in, the NIU answers it, establishing
the physical connection to the network. The application
processor is programmed to ask the terminal operator
what kind of service is desired (Fortran, Cobol, or a user
application program).

Once that is determined, the application processor
might broadcast a message to all of the hosts requesting
the desired service. Any host capable of providing the
service is programmed to send an acknowledging
response, including in the response an estimate of the
performance to be expected from it in light of its job
backlog and similar factors. The application processor
chooses the best available host and then establishes a
virtual circuit between it and the dial-in terminal.

This dynamic balancing of incoming traffic ensures
optimum response for the company’s users. At the same
time it allows the movement of resources from one host
to another with no disruption in service. The local link of
course can handle a wide variety of terminal equipment
of the kind a university or factory might acquire over a
period of many years. The terminals operate with various
speeds, line protocols, and character codes. Net/One
provides a common base of compatibility so that the
terminals may communicate with each other, as well as
with the facility’s host computer (Fig. 4c).

Students and instructors or supervisors make use of
Net/One’s compatibility base and full connectivity to
exchange messages, class schedules, notices, and data, as
well as to access the host for word processing, program
editing, and so on. Instructors make use of virtual circuit
sessions to advise students and to provide individual
tutoring. Supervisors file reports, modify processes, and
check the progress of operating processes as required. [J
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Because of the extremely low power consumption of comple-
mentary-MOS random-access memories, they have been
adopted for many battery-operated applications, including
remote data collection, hand-held calculators, and backup
memory for computer-system power failures. However, the
total low-power system requires additional hardware and
software to ensure, for example, that the information stored
during power-down is returned to the locations from which it
was taken. But casting all the components in C-MOS would
greatly simplify the design of such low-power systems.

A complete low-power microcomputer system can be built
from two C-MOS integrated circuits: the MCI146805E2

microprocessor, described in the article below, and the
MCMG66516 read-only memory, detailed in the article fol-
lowing. Both chips are fully static devices and operate at
[frequencies of from | megahertz down to dc. What's more,
their designs stave off the usual manufacturing problems of
large-die C-MOS chips, borrowing heavily from dynamic
n-MOS circuit techniques.

This minimum system uses a multiplexed address and
data bus whose lines can drive one TTL load and 130
picofarads of capacitance. It dissipates 45 milliwatts while
running at full speed (1 MHz at 5 volts) and a mere 100
microwatts in a special standby mode.  -R. Colin Johnson

C-MOS microprocessor
wakes itself up

Special instructions shut down processor, timer awakens it;
on-board RAM permits complete system in two chips

by Philip Smith, K. Raghunatan, and Jerry Hewell, Motorola Semiconductor Products Inc.. Austin, Texas

0 The 146805E2 microprocessor improves on the usual
n-channel MOS processor designs by including features
like an oscillator, the ability to recognize pulsed inter-
rupts, a timer that can stimulate a vectored interrupt, 16
bidirectional input/output lines, and 112 bytes of ran-
dom-access memory. But more important, the part is
C-MOS and makes the most of it, adding, for example, an
orderly power-up and -down sequence and special
instructions. Running at full speed (1 megahertz), the

146805E2 dissipates only 20 milliwatts; but even this low
figure can be reduced to the microwatt range by two
instructions—a boon to battery life in mobile systems.
The wait instruction sets the microprocessor in a mode
that shuts down unnecessary internal and external pro-
cessor signals and has it await an interrupt from the
internal timer or the external world. The oscillator con-
tinues to function while the microprocessor’s state is
preserved, all registers and on-board memory retain

OSCILLATOR 1|

DATA STROBE (DS)
READ/WRITE (R/W)
ADDRESS STROBE (AS)

OSCILLATOR 2|
1/0 PORT A
(PAG=PA;)
MC146805E2

MICROCOMPUTER

0

1/0 PORT B
{PBo—PB;)

Aa—Ay2 [

"ADDRESS AND DATA MULTIPLEXED 8US (8)

FURTHER
OUTPUT ENABLE (DE) EXPANSION
ADDRESS'LATCH

ENABLE (ALE)

CHIP SELECT (CS)
CHIP ENABLE (CE)
MCM65516
2-K-BY-8-BIT
REAO-ONLY MEMORY
ADp~AD, Ae-Alo

HIGH-ORDER ADDRESS BUS (5)

BUS-CONTROL SIGNALS (3)

1. Two-chip C-MOS8 system. This minimum yet complete system stores programs in the 65516 read-only memory, data in the 146805E2
microprocessor’s on-chip random-access memory. The system can be expanded as necessary for more complex configurations.
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D 5 MH2
INSTRUCTION [—|
DATA BUS
HEGISIHER waster [ ADDREsssTRoge |
OSCILLATOR CLOCK L OATA STROBE
SET GENERATOR
RESET INTERNAL
STOP }"ESET CLOCKS
FLAG
SET
RESET Lﬁ
OELAY
FLAG _3—. DELAY TIMER STACKING
{1,920 CYCLES) HARDWARE
INTERRUPT | |EXTERNAL RESET
RESET

2. Stop the system. Whenever a stop instruction is loaded into the instruction register, the 146805E2's oscillator and clock generator are
shut down. Then, when a reset or interrupt occurs, the delay timer counts down before it enables the service vector to be fetched.

data, and ports maintain their 170 configuration and
continue to provide output drive, but power dissipation
drops some 85%. The processor draws 3 milliwatts.

As with any C-MOS chip, the least amount of power is
dissipated while in the quiescent state. To achieve quies-
cent operation, a stop instruction is provided. In this
mode, all internal switching functions, including the
oscillator, are shut down; as a result, the processor
consumes a meager 50 uW. As in the wait mode, drive
remains at the 170 ports and data is retained in memory.

Stopping the processor

Figure 2 shows the implementation of a stop instruc-
tion inside the microprocessor. Once the corresponding
operation code has been loaded into the instruction regis-
ter, the stop flag is set and the interrupt mask cleared.
To allow an orderly stop, the processor waits till the end
of the next valid-data strobe to shut down both the
oscillator and the master clock generator.

The processor will remain indefinitely in the stop
mode pending the reception of an external reset or
interrupt to retrigger operation. When either of these
signals is detected, the stop flag is cleared, enabling the
oscillator to start up and initializing the 1,920-cycle
delay counter. The delay allows all signals to settle
before processing resumes.

The delay counter is also activated whenever power is
applied to the chip. This amounts to a power-on reset
delay of about 2 milliseconds (with a 1-megahertz
clock). If a longer delay is needed for some external
device, the reset pin should be held low to extend it.

Trading off

As with other C-MOS chips, power-supply current can
be traded.off for operating speed (Fig. 3), a prime
consideration in hand-held applications. Of course, since
the processor is fully static and can be operated at any
switching frequency from 0 to 1 MHz, a much wider
choice of speed versus supply current and voltage exists
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3. Power considerations. A wide range of voltage, current, and
operating-frequency combinations are possible with the 146805E2.
These can be optimized for long battery life in portable systems, high
speed in time-critical situations, or any tradeoff in between.

THE HMOS-C - MOS TRADEOFFS
MC6805 MC146805

HMOS complementary-MOS
Power dissipation 300 — 500 mwW 0.5 - 50 mW
Standby power no standby mode 0.1 —-5mwW
Voltage range 475~ 5,75V dc 30-80Vdc
Cycle range ‘100 kHz — 1 MHz 0O Hz - 1 MHz
Cycles/instruction 5.36, average 4.02, average
Noise immunity good better
Price lower low

when compared with processors cast in other technolo-
gies. The table compares the 146805 with its n-channel
MOS counterpart, the 6805 microcomputer.

The architecture of the 146805E2 is similar to that of
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4. Architecture. The 146805E2's register file holds the program counter, accumulator, index register, and stack pointer. Other features
include on-chip RAM, a timer with prescaler, 16 latched 170 lines, and an instruction-fetch pin for single-step operation.

the 6800 microprocessor, with the addition of some
specialized memory-mapped registers (Fig. 4). These
registers load, read, and control the 1/0 ports and the
on-chip timer.

It includes two general-purpose 8-bit registers (an
accumulator and an index register, ACC and IXR, respec-
tively); a program counter using separate high and low
bytes (PCH and PCL); a 6-bit hardware stack pointer (SP)
to facilitate nested subroutines and interrupts; and a
5-bit condition-code register (CCR) to reflect the state of
the processor.

An on-chip timer has become a standard feature of
mid- to low-range microcomputers. The 146805E2 timer
consists of an 8-bit down counter whose clock frequency
is controlled by a 7-bit software-selectable prescaler,
which in turn is driven either from an external time base
or from the on-board 1-MHz source. Four software-
programmable modes allow for internal timing, external
event counting, pulse-width measurement, and timer
freezing. Management of the timer system is done
through the timer-control register.

Keeping time

The counter may be read at any time by the processor
without disturbing the count. Whenever the counter
reaches zero, a timer interrupt will occur if the timer
mask and processor mask bits are clear. The timer
continues to count past zero, allowing the software to
determine the number of clocks since the timer interrupt
flag was set.
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170 ports A and B are 8-bit memory-mapped registers,
both of which may be read out of or written into by the
processor. The data-direction registers (DDRs) let the
user define the individual port pins as either input or
output. Selecting a bit as an output allows the value of
the corresponding bit in the port latch to appear on the
external pin. A reading of an output bit obtains its value
from the port latch; a reading of an input bit, from the
external pin. During power-on reset or external reset, all
port pins are configured as inputs.

Addressing and instructions

The 13 address bits allow users a total memory space
of 8,192 bytes, which is segmented into several different
functional areas, (Fig. 5). The 10 highest memory loca-
tions are reserved for the five interrupt vectors (2 bytes
for each: reset, software interrupt, hardware interrupt,
timer interrupt, and wait interrupt). The lowest 16 loca-
tions correspond to the two memory-mapped 170 ports,
the timer register, and their associated control registers
(the unused locations may be treated as external memo-
ry, as indicated in the figure). Of the remaining 240
bytes of directly addressable memory, 112 are internal
RAM (of which 64 may be used as the stack) and the
final 128 are addressed as external memory.

It must be noted that the internal memory area is
dual-mapped. Any information written into an internally
mapped location is reflected externally; a read issued by
the processor will access only the internal memory area,
ignoring any external data at the pins.
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INTERNAL OR EXTERNAL MEMORY SPACE | 0007
TIMER OATA 0008
TIMER CONTROL 0009
000A
EXTERNAL

MEMORY SPACE

000F

TIMER INTERRUPT FROM WAIT STATE

TIMER INTERRUPT

EXTERNAL INTERRUPT
SOFTWARE INTERRUPT

RESET

5. Address map. The total memory space of 8, 192 bytes inciudes the ports and controli registers in the lower 16 locations. Above these is the
on-chip RAM, 64 bytes of which can be used for stacking. The top of the space holds the five interrupt vectors.

The 146805E2 has 61 basic instructions of from 1 to 3
bytes in length and utilizing 11 address modes, with an
average execution time of four machine cycles. They are
very similar to the 6800’s and should be easily learned by
programmers already familiar with that device.

A welcome feature not found on the 6800 is bit-
manipulation instructions that let the user set, clear, and
test each bit of the first 256 bytes of memory. The
instruction specifies both the bit position and its set or
clear function, and the next byte defines the memory
location. The test-and-branch instructions allow a pro-
gram to test the state of any bit and branch relative to
the offset contained in the third byte. Simultaneously,
the tested bit is loaded into the C flag of the condition-
code register.

A unique feature of the processor’s interrupt logic is
that it recognizes either levels or pulses on the interrupt-
request line. It is capable of responding to three different
kinds of interrupts as well—one software instruction
(swiI) and two hardware (external and timer). When any
interrupt occurs and the mask is clear, normal processing
is suspended at the end of the current instruction execu-
tion, and the contents of the program counter, index
register, accumulator, and condition-code register are
pushed onto the stack. The appropriate interrupt vector
is then fetched and loaded into the program counter.

The 146805E2 is fabricated using a S5-micrometer
channel, shallow-diffusion, silicon-gate C-MOS process. It
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requires only a single level of polysilicon and benefits
from the use of dual-polarity buried contacts.

A chip size of approximately 41,000 square mils is
achieved partly by using a purely n-MOS memory cell
that employs undoped polysilicon resistors for static
operation. A saving of 60% in area is gained over the
conventional six-transistor C-MOS cell.

Dobugjing and development

A versatile software debugging feature has been
implemented by providing an op-code fetch pin (LI) and
a unique op code (88,¢) that allows easy single-stepping.

In addition, a development system package, the
MEX146805, is available to help designers build a sys-
tem around the processor. It consists of an EXORciser-
compatible plug-in control module, a microprocessor
module, an operating system, and an interconnecting
cable. The software supplied with the package provides
over 40 debugging commands, like breakpoint and trace.

Two of the support chips that are planned are the
MC146818, which contains a real-time clock capable of
producing a programmable interrupt signal, 50 bytes of
RAM, and a 2-hertz-to-32-kilohertz square-wave genera-
tor; and a C-MOS peripheral interface adapter, the
MC146823, which will provide three software-program-
mable ports with handshaking. In addition, a complete
microcomputer, the MC146805G2, will add two 1/0
ports and 2-K bytes of ROM. O
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C-MOS read-only memory mates

with a host of processors

16-K part connects directly to processors
whether read request is active high or low

by Bill Donoghue. Motorola Semiconductor Products Inc., Austin, Texas

0O The read-only memory is a cost-effective method of
permanent program storage. When cast in comple-
mentary-MOS, the advantages of low power dissipation
are made available as well. The MCM65516 is a 2-
K-by-8-bit ROM that can be combined with a C-MOS
microprocessor (like the MC146805E2 discussed in the
preceding article) to form a complete microsystem that
is ideal for battery powered applications and was shown
on page 123.

The 65516 has several unusual characteristics, one of
which is its multiplexed operation. Since the address and
data lines are shared, the package size is reduced from
the standard 24 pins used for n-channel MOS ROMs to 18
pins. The savings in size and bus lines allows much
greater board densities—which is desirable for hand-
carried systems.

Motel mode

A unique feature allows the part to work with micro-
processors from different manufacturers. The problem in
achieving compatibility is that some manufacturers indi-
cate a valid read cycle with an active-low read-request

signal and some use one that is active high. The 65516
operates with either signal, using a mask-programmable
feature called the Motel mode that works as follows.
Since the address and data lines are multiplexed, an
address strobe (AS) must be supplied to latch the address
into an internal register on the chip (Fig. 1). This strobe
also latches the state of the read-request signal (here
called the data strobe, DS), thereby memorizing its state.
The outputs are then enabled when the data strobe
changes state. In this manner, the data-strobe input
works with either polarity signal as long as the signal
toggles during the read cycle. If the data strobe remains
either high or low (in other words, does not toggle), the
outputs remain off.

Thus, in the Motel mode, this memory is compatible
with many microprocessors from different manufactur-
ers. Use with the Motorola 146805E2 was illustrated on
page 123; Fig. 2 illustrates how it can be used with
National Semiconductor Corp.’s NSC800.

The data-strobe line has two other operating modes.
These are the standard static select modes (either high
or low), where a dc level not synchronous with the
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-

1. Timing. The address strobe latches the
valid address into the on-chip address regis-
ters. Since the data strobe must toggle after
the falling edge of the address strobe to
enable the output buffers, the 65516 can
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TYPICAL TIMING REQUIREMENTS FOR THE MCM 65516

READ-ONLY MEMORY

Parameter Typical value
Address-strobe pulse, t;(e 70 ns
Access time,t,, 280 ns
Address-setup time, t, 10 ns
Address-hold time.t,p 10ns
Data-strobe on time,t|, 85ns

Note: Tests performed at Ve =5V, Viu/V,L =2.4V/08 YV,
and load capacitance C_ = 60 pF.

address strobe turns the outputs on or off.

The chip-enable and chip-select inputs are mask-
programmable to be active high or low. The chip select
acts as an additional address bit and is latched on the
trailing edge of the address strobe. When the chip is not
selected, its output drivers are disabled (in a high-
impedance state). The chip-enable inputs put the chip
into a standby mode that saves substantial power. How-
ever, they are not latched by the address strobe and must

remain stable throughout the read cycle.

The table summarizes timing requirements for the
65516. The address strobe has a minimum pulse-width
requirement, since the circuit is internally precharging
during this pulse and is set up for the next cycle only on
the trailing edge of that signal. Access time is measured
from the negative edge of the address strobe; a typical
value is 280 nanoseconds.

Virtual grounds

This part is built using a silicon-gate C-MOS process
that has been simplified for ROMs. It requires 10 mask
steps and uses self-aligned guard bands. Designed to
dissipate 600 microwatts when active and 15 uW in
standby (with a 3-volt supply and operating at a rate of
100 kilohertz), it achieves those goals by a virtual-
ground approach that offers a smaller cell size than a
standard grounded array. With this approach, only eight
lines are decoded and discharged during a read cycle
(Fig. 3), whereas in a standard configuration all ground
lines to the array are discharged. The lines not selected
remain precharged to Vg4, saving power during reads.

This circuit also limits the amount of voltage dis-
charge on the selected bit-sense lines. Sensing is initiated
by a clock signal that occurs whenever the bit-sense lines
have discharged by approximately 15% of V. When
this signal is detected, the data from the cell is latched
into the sense amplifier and the circuit is put back into
the precharging mode. That action prevents the complete

[
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2. Impartial. The 65516 ROM may also be used with National's NSC800 microprocessor—even though the data strobe from that part is
active low— thanks to the Motel operating mode. Also shown is the NSC810, a combination RAM, 1/0, and timer chip.
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3. Virtual-ground operation. Because only eight select lines are activated during a read (rather than all of them, as with conventional
circuits), power is saved during active cycles. Another virtue of the virtual-ground approach is that it results in a smaller cell size.
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4. Address-select logic. The design used here for the 65516 is more like that for n-MOS dynamic RAMSs than for the standard C-MOS
ratioed-inverter inputs. It offers shorter propagation delays, no static current paths, and higher yields with process variations.

discharge of the bit-sense lines, returning the circuit to
standby for a portion of the cycle, both to save power
and to speed up the cycle time (by shortening the
address-strobe period).

The address- and chip-select input buffers (Fig. 4) are
similar to the address inputs used in n-channel dynamic
RAMs and are designed to provide lower power for
TTL-level inputs than the standard C-MOS ratioed-invert-
er inputs.
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In addition, the address- or chip-select input buffers
act as a latch that is triggered by the address strobe.
These buffers have no static current paths and minimal
propagation delays and short address-setup and -hold
times. The input levels to the circuits are compared with
a reference voltage level of 1.4 v (at Vg = 5 V). The
reference voltage level tracks the supply voltage and
device threshold voltage; therefore the part has stable
input levels over process variations. O
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Designer’s casebook

Divider sets tuning limits
of C-MOS oscillator

by Henno Normet
Diversified Electronics Inc., Leesburg, Fla.

Useful as it is, the square-wave RC oscillator imple-
mented in complementary-MOS has one shortcoming —
setting its maximum and minimum frequencies of oscil-
lation independently while also maintaining accuracy is
extremely difficult. By placing a voltage divider in the
feedback loop of the conventional three-gate circuit,
however, a one-time trimming adjustment can accurate-
ly set the maximum and minimum frequency excursion
and will force the ratio of the upper to the lower limit of
oscillation to approach a value virtually determined by
the resistors used in the same divider.

The standard RC oscillator generates a frequency of
f ~0.482/R,C, where R, = R, as shown in (a). Gener-
ally, it is not practical or economical to use a variable
capacitor for C. A potentiometer could be substituted for
R, to tune the frequency, but slight differences in inte-
grated-circuit parameters will preclude predicting the

maximum and minimum frequencies of oscillation with
any degree of accuracy for a particular chip. The only
other method for setting the upper and lower frequency
limits is to parallel several capacitors across C, a tedious
procedure at best.

Alternatively, R, can be a potentiometer that is placed
virtually in parallel with voltage divider R,—Rs through
C (b). In this way, capacitor C is no longer charged from
the fixed-voltage output of the middle gate in (a), but
from the voltage divider across the output. R, is thus
used to change the circuit’s time constant without affect-
ing the potential that is applied to C.

The upper and lower limits of oscillation are deter-
mined by the position of R4’s wiper arm and by the
values of R4 and Rs. With the tap at point A, the circuit
will oscillate at a frequency given by f = 1/2.2R,C.
With the wiper at point B, the frequency will be f =
1/71.39R,C. The frequency ratio to be expected is thus
2.2/1.39 = 1.6. The actual frequency change measured
with the particular chip used for breadboarding was
56%, which is thus very close to the intended value. The
ratio will increase as R4 is made larger with respect to
Rs.

The circuit has only one small disadvantage —the load
presented by R4 and Rs does increase the power-supply
drain by approximately 0.5 milliampere. O

Calibrate. IC anomalies, inherent circuit
imbalance, and the expense of making C
variable preclude setting upper and lower
oscillation limits of typical RC oscillator (a) Vout
i
with any accuracy. Placing R, virtually in
parallel with voltage divider (b) through C
gives circuit one-knob frequency control,
with upper-to-lower oscillation ratio in eftect
determined by R, and Rs.
R, vy Ry Ry
HW WV\' A’
1.1 M52 110k 1M
i
> Vout
(b)
Ta*2.2R,C

sl

Tg* 139 R, C
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Digital comparator minimizes
serial decoding circuitry

by Harland Harrison
Mermorex Inc., Communications Division, Cupertino, Callf.

Using significantly fewer chips than the comparator
proposed by Patil and Varma!', this two-word, 4-bit
comparator offers other advantages as well —it accom-
modates any word length and is more easily modified to
handle any bit width. The control signals needed to
facilitate the comparison can also be more conveniently
applied.

The circuit outputs are first cleared with a negative-
going pulse from the start signal. This sets outputs OLess
and Ogrearer low. OgquaL, derived from Opess and
Ogreater, goes temporarily high. At this time, the num-

bers can be presented to data buses A and B for compari-
son, with the least significant bit pair introduced first. As
a consequence of the configuration, any number of bit
pairs per word can be compared without modifying the
circuit at all. The data buses each accept up to 4 bits, but
this number may be expanded simply by cascading 7485
comparators. ‘

The result of each bit-pair comparison is then latched
into the 7474 flip-flops by the D; clock pulse, with the
results of each bit-test being fed to the cascade inputs of
the 7485. As a result, the comparator keeps track of the
previous bit-pair check while continuing to update its
results as each succeeding bit pair is introduced. Thus,
the need for additional memory and logic elements is
eliminated. The final result becomes valid after the D,
clock pulse, where m is the word length in bits, and
remains valid until the next start pulse. 0O

References
1. V. L. Patil and R. Varma. "'Digital comparator saves demultiplexing hardware,” Electron-
ics, Aug. 14, 1980, p. 129.
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Less memory. Circuit performs 4-bit comparison of two numbers with minimal circuitry. 7485 comparator replaces large numbers of
fiip-flop-type memories and logic elements by keeping track of previous bit-pair checks in real time as each pair is introduced. Circuit
accommodates any word length; bit width is expandable simply by cascading 7485 comparators.
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Voltage-controlled resistance
switches over preset limits

by Chris Tocci
Halifax, Mass.

Using two field-effect transistors as switches, this volt-
age-controlled resistor network can order up any value of
resistance between two preselected limits. It is unlike
other circuits in that it does not employ the drain-
to-source resistance of matched FETs, whose R4 charac-
teristics are usually proportional to a control voltage. As
for circuit linearity, it will far exceed that of convention-
al networks using a single FET in various feedback
configurations.'

In operation, oscillator A,—A; generates a 0-to-10-volt
triangle wave at 100 kilohertz, which is then compared
with the control signal, V., at A;. During the time that
the control exceeds switching voltage Vr, FET Qi
is turned on, and resistor R, is placed across resistance
Row (disregarding the R4 of Q;). At all other times,
FET Q; is on and resistor R, is placed across Roy. Thus
Rou is equal to an average value proportional to the time
each resistor is placed across the output terminals, with

the actual resistance given by Ro: =
(Ri—R2)V./10+ R, for Ry>R,. This relationship will
hold provided any potential applied to the R port from
an external device is less in magnitude than the supply
voltages; that any signal processing at R, be done at a
frequency at least one decade below the 100-kHz switch-
ing frequency; and that the .upper and lower resistance
limits, R, and R,, are much greater than the on-
resistance of Q, and Q;, respectively.

Potentiometer Ry, adjusts the baseline of Vt to zero so
that with V. = 0, Roun = R,, where n is a constant.
Further calibration can be carried out by trimming R,
and R; to precise values.

This circuit is readily adapted to many applications,
such as a one-quadrant multiplier. This is achieved by
connecting a voltage-controlled current source into the
Rou port to build a dc-shift amplitude modulator whose
carrier frequency is the switching frequency. The audio
information or data is taken from V., but with the signal
offset by S volts. Thus the dynamic range of the circuit
will be 10 v, O

References
1. Thomas L. Clarke, “FET pair and op amp linearize voltage-controlled resistor,” Electron-
ics, April 28, 1977, p. 111,
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Ohmic linearization. FET switches in voltage-controlled resistor network place maximum-minimum resistors R, and R, across R, SO that the
resistance is proportional to the average time each is across output port. Switching technique ensures piecewise-linear operation. This circuit
lends itself to many applications, such as a-m modulator, by placing voltage-controlled current source across Ro..
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RCA introduces Ultricon:
Improved camera tubes for CCTV.

New Ultricon tubes
provide usable
pictures in twilight
conditions.

RCA's new Ultricon™ camera
tubes are a major advance in
silicon-target technology.

Designed for superior per-
formance in CCTV cameras, the
Ultricon tube offers significant
improvements over standard silicon
target vidicons and heterojunction
types.

Improved sensitivity.

The Ultricon tube also delivers
greater sensitivity throughout the
visible spectrum and into the near UV
and the near IR.

In the visible range, the Ultricon
tube’s sensitivity outshines standard
silicon target vidicons by 25 percent.

And comparable high-sensitivity
and heterojunction types by as much

Lower highlight bloom.

The Ultricon offers all the advan-
tages you expect from a silicon
target vidicon: low lag and extremely
high resistance to image burn-in.

Plus, we have made further
advances to reduce highlight
blooming. Which means bright spots
and reflections in a scene have
minimal effect on the picture.

Because of its broad spectral
response, the Ultricon tube yields

lighting conditions from near UV to
the near IR.

Fits most CCTV cameras.

RCA Ultricon tubes are inter-
changeable with many existing
silicon target, heterojunction, and
other type tubes.

Which means you can get more
out of your new designs. Or you can
upgrade an existing camera simply
by replacing your present silicon
target, heterojunction, and other type

as 40 percent. acceptable pictures under most tubes with Ultricon tubes, making
700 only the same simple camera adjust-
ments needed whenever a new tube
£ 600 is installed.
g The Ultricon tube comes in 2/3"
E or 1" sizes with magnetic focus.
500 Or 2/3" with electrostatic focus.
J, Write for technical data.
g 400 For complete technical details on
§ RCA Ultricon camera tubes, contact
o RCA Electro Optics and Devices,
£ 300 New Holland Avenue, Lancaster, PA
2 // B . \ 17604. Phone: (717) 397-7661.
3 200 p S-T Vidicon h Or contact RCA, Buenos Aires,
< S . .
/ ’ \ Argentina. Brussels, Belgium. Sao
/,’ ¥ Paulo, Brazil. Sunbury-on-Thames,
100 ” Middlesex, England. Paris, France.
J // & Stuttgart, West Germany. Mexico
P 16 D.F, Mexico.
300 500 700 900 1100
Wavelength—nanometers.
134 Circle 134 on reader service card Electronics /September 25, 1980



Thermal management techniques
keep semiconductors cool

Heat-dissipation requirements depend on device and heat-sink
thermal resistance, type of cooling, maximum junction temperature,
mechanical factors, and the thermal-environment

by Greg Owen, intemational Electronic Research Corp., Burbank, Callf.

[0 The thermal design of equipment is as important as-

its electronic design when it comes to reliability and
performance. Yet semiconductor thermal manage-
ment—the technique of controlling the devices’ operat-
ing junction temperatures—becomes more crucial as
larger and larger power semiconductors appear.

The operating junction temperature directly affects
reliability in semiconductors. The power dissipated is lost
as heat, which thermal management aims to remove
safely, efficiently, and economically. Figure } shows the
improvements in component reliability to be expected by
lowering junction temperatures in junction transistors.

The best thermal management requires a preliminary
design analysis of which semiconductors will be sub-
jected to high temperatures and what is required to cool
them. The optimized circuit-board layout can then make
room for heat dissipaters if necessary.

The thermal circuit

Heat generated in a transistor is the product of the
voltage drop across the emitter-to-collector junction
multiplied by the current flow through it. Maximum
power at this junction depends on semiconductor materi-
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SOURCE: MIL-HIBK-217A
1. Heat kills. As the junction temperature of a transistor rises, its
failure ratio goes up. For instance, a silicon npn transistor has about
a 7.5 times higher failure ratio at 140°C than at 20°C. Germanium
types have even higher failure rates at elevated temperatures.
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al and how the generated heat is dissipated.

Most germanium devices can operate at a junction
temperature of no more than 100°C. Silicon devices can
operate at junction temperatures of between 150° and
200°C. Before considering heat transfer, some basic
parameters should be established.

Thermal resistance (8) is defined as the quotient of
the temperature drop (AT) between two points and the
heat flux (Q), or power, passing between them under
steady-state conditions:

0 = AT/Q (1)

The temperature drop is usually measured between
the point of heat generation (semiconductor junction)
and some reference point (the case or the heat sink,
for example) allowing the junction temperature calcula-
tion. Several thermal resistances are in series between
the heat-generation point and the ultimate heat sink,
typically ambient air.

The heat flow or thermal resistance problem may be
analyzed in terms of the electrical analog of Fig. 2,
where:
® AT (temperature drop) is analogous to voltage drop.
® O (thermal resistance) is analogous to resistance.
® P or Q (power generated or dissipated in the semicon-
ductor business) is analogous to power.
® K (constant of thermal conductivity) is analogous to

JUNCTION
0y Cr
{CASE
bc-s Cr
9 HEAT SINK
g Oc-a Os-a
AMBIENT

RE

2. Thermal circuitry. The thermal circuit of a transistor mounted to a
heat sink can be analyzed in terms of this equivalent electrical
analog. Thermal resistance, ©, is analogous to ohmic resistance, and
C.. heat capacity, is analogous to electrical capacitance.
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TABLE 1: THERMAL RESISTANCE, JUNCTION TO CASE,
0,.c (°C/W)

Case Thermal resistance,
junction to case

TO-18 130 - 220
{glass header)
TO-5 30— 50
{glass header)
TO-5 20- 40
{metal header)
TO-3 0.5 - 6.0
{typical: 2N3055) (1.5 max)
TO-66 1.5—-15
(typical: 2N3054) (7.0 max)
TO-36, TO-6 05-1.0
(typical: 2N174) {0.5 max)
TO-63 04-20
(typical: 2N4210) (1.0 max)
TO-61 0.5-2.0
(typical: 2N5678) {1.0 max)
TO-8 1.5—-15
(typicat: 2N1483) {7.0 max)
DO-4 2-7
{typical: 1N3879) {2.5 max)
DO-5 1-15
{typical: 1IN1195A) (1.2 max)
TO-126 4-15
(typical: 2N4921) {4.15 max)
TO-127 1-2
{typical: MJE3055) {1.39 max)
CASE 152 (MOTA) 11-18
{typical: MPSUO01) {11 max)
T0-220 1.7-5
(typical: G.E. D44C8) (4.2 max)
TO-116
{kovar frames) 59 — 91
{copper alloy frames) 30 —-40
T0O-202 15— 25
{typical: G.E. D40D8) {20.0 max)
T0O-92 175 - 200

electrical conductivity.
® C, (heat capacity) is analogous to capacitance.

The effect of C, will be discussed in the section on
pulsed-power operation.

Figure 2 can be summarized mathematically as:

Oja = Ojc+6.4+6,. 2
where

O;. = thermal resistance, junction to ambient

O, = thermal resistance, junction to case

6., = thermal resistance, case to heat sink

0,. = thermal resistance, heat sink to ambient
The following equation also derives from Fig. 2 and
determines heat-sinking requirements:

e&‘ = e“+ebl

where 6., = case-to-ambient thermal resistance.
Outward heat transfer (or flow) from the heat-
generating junctions begins inside the semiconductor and
depends on a number of factors, including the thermal
conductivity and geometry of the semiconductor die; the
bond between the die and its mount; the thermal conduc-
tivity of the mount material; the geometry of the mount;

(3)
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and the thermal resistance of the interconnection lead.

The circuit designer has no control over these factors
and must therefore rely on the manufacturer’s junction-
to-case thermal resistance (O;c) rating. However, since
semiconductor circuits are available in many package
shapes (TO-3, TO-66, TO-220, and so on), each with
different thermal characteristics, temperatures can be
lowered by changing packages. Table 1 lists approximate
O, for typical semiconductor packages.

Case-to-sink thermal resistance

The first thermal resistance outside of the semicon-
ductor is through the interface of the semiconductor and
heat sink. Thermal control measures taken here have a
major impact on operating junction temperatures.

For example, a TO-3 transistor case-to-sink interface
can range from a low of 0.1°C per watt (for an interface
with no insulator and with thermal joint compound) to a
high of approximately 2°C/w (with a dry insulator).
With a power dissipation of 15 w, the TO-3 case (and
also the junction) would be 15 w (2.0° to 0.1°C/w), or
29°C hotter in the latter case.

Thermal resistance across any interface is a function
of cross-sectional contact area, surface finish and flat-
ness, applied load between the surfaces, and the thermal
conductivity of the material filling small gaps in the
interface area.

Brazing or soldering the surfaces together would pro-
vide the lowest thermal resistance across these joints by
giving the interface a metallic filler with high thermal
conductivity. This is usually not feasible because of the
varying coefficients of different metals. Rather, the fol-
lowing guidelines should be observed:
® The surface should be kept flat and smooth.
® The maximum possible surface contact area should be
maintained.
® Where practical, thermal joint compounds should be
used.
® Where bolts, studs, or screws are used for mounting,
torque should be set to the manufacturer’s recommended
values. Increased torque yields higher contact pressure
within allowable stress limits.

In most applications, surface finishes are in the 63-
to-125-microinch root-mean-square range. It can be very
expensive to produce surface finishes smoother than 63
pin., so improvement in this area is often uneconomical.
The interface thermal resistance can be reduced by
filling in the small voids between surfaces that are not
perfectly smooth with thermal contact fluids, or joint
compounds, having a higher thermal conductivity than
the air. The fillers generally consist of fine metal or
oxide particles suspended in a carrier fluid and typically
have 10 to 100 times the conductivity of air. Table 2 lists
the thermal conductivities of various materials.

In addition to their finish, the flatness of the two
surfaces is also important. Flatness is expressed in inches
of total indicated reading (TIR) per inch of surface
length. This generally falls within a range of from 0.005
to 0.008 TIR. Achieving flatness under 0.005 in. requires
a special machining operation, which increases cost.

The geometry of the surface is as important as its
absolute flatness. Attempting to flatten surfaces that are
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concave to each other will yield a large air gap, whereas
surfaces that are convex will tend to flatten each other as
pressure is applied, yielding a tight, efficient interface.
Air gaps are common in stamped metal heat sinks of thin
material, but become less noticeable in extruded heat
sinks, where the material at the mounting interface is
thicker and more resistant to bending. Semiconductor
packages are designed to be slightly convex on the
mounting surface, where two screws are used (such as
the TO-3 and TO-66) to take advantage of this charac-
teristic. Stud mount packages are usually slightly con-
cave but will flatten out as torque is applied. On single-
screw—-mounted packages the geometry is less important
because of nonuniform pressure distribution.

When an electrical insulator is required between the
semiconductor and heat sink, the insulation must have
the lowest possible thermal resistance.

When a hard insulator such as mica or one of the
harder plastics is used, it becomes even more necessary
to use a thermal joint compound. These insulators do not
flow as well as the rubberized types and so leave air
gaps. Also, there is now thermal resistance in the two
interfaces (case-to-insulator and insulator-to-sink) as
well as in the insulator itself, so control of the interfaces
is a major consideration. Table 3 illustrates typical case-
to-sink thermal resistance for some common insulating
materials.

The torque of all mounting hardware should be set to
the manufacturer’s recommended level in order to
achieve maximum contact pressure between the surfaces.
This greatly reduces interface thermal resistance, espe-
cially in the lower contact pressure ranges (10 to 100
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VALUES OF 1/hc BASED ON
K = 1.40 {(W/in.2)/ (°C/in.) for
= 0.18% CARBON STEEL AT 100°C
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3. Thermal contact. Thermal contact resist-
ance is a function of pressure and surface
flatness. Increasing clamping torque lowers
thermal resistance. Surface smoothness also
has a large effect, as a comparison of rusted
and clean surfaces of a similar heat sink
indicate.

pounds/in.?) common in mounting semiconductor
devices (see Fig. 3). One of the most cost-effective
measures in reducing interface thermal resistance, it is
easily controlled and allows repeatable thermal resist-
ance values.

Often overlooked is the need to reset the torque of the
mounting hardware after a flow or wave solder opera-
tion, when the entire circuit board has been heated and
then cooled. This usually reduces the torque. Where
solder lands are present, solder melts and can flow out
from under the mounting hardware because of the pres-
sure, giving the hardware substantially lower than rec-
ommended torque. These factors can cause the hardware
to be substantially below the rated torque after soldering
even though it was properly torqued prior to soldering.

Heat sink thermal resistance

There is no single thermal resistance value for a heat
sink; the value changes with conditions. As Fig. 4 illus-
trates, heat sink thermal resistance decreases with a rise
in operating power. Air flow also has a significant
impact in reducing thermal resistance, even at low veloc-
ity, by increasing the heat transfer efficiency from the
sink to the air.

The best way to determine a heat sink resistance value
is from a graph of rises in case temperature above the
ambient versus the power dissipated for the heat sink.
The designer can thus determine the case temperature
rise for a given power dissipation. Heat sink dissipation
is a result of the three distinct modes of heat transfer—
conduction, radiation, and convection.

In the first mode, heat is conducted through the heat
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TABLE 2: THERMAL CONDUCTIVITY CONSTANTS OF FREQUENTLY

ENCOUNTERED HEAT SINK MATERIALS

Material K (Btu/h/ft2/° F/f1) K (W/in.°C)
Still air 0.016 0.0007
Alumina (99.5%) 16 0.70
Beryllia (99.5%) 114 5.00
Silver 242 10.6
Diamond 364 16.0
Gold 172 7.57
Epoxy 0.114 0.005
Thermally conductive epoxy 0.45 0.02
Aluminum alloy 1100 128 5.63
Aluminum alloy 3003 1 4.88
Aluminum alloy 5052 80 3.52
Aluminum alloy 6061 99 4.36
Aluminum alloy 6063 m 4.88
Copper alloy 110 226 9.94
Beryllium copper 172 62-75 2.7-33
Brass alloy 360 67 2,95
Stainless steel 321 93 0.41
Stainless steel 430 15.1 0.66
Steel, low-carbon C1040 27 1.19
Titanium 4-115 0.2-0.5

sink material from the transistor interface area to the
sink’s major heat-dissipating areas, which are either
fingers or fins. The failure to optimize the material and
heat-flow geometry can result in the case running hotter,
and the sink cooler, than anticipated.

At steady state, conduction of heat through a length of
material follows Fourier’s law:

Q = KAAT/L @)

Heat conduction is directly proportional to the ther-
mal conductivity of the material (K), the cross-sectional
area of the flow path (A), and the temperature differen-
tial (T) along the material. It is inversely proportional to
the length (L). Variation of K with temperature can be
neglected within the limits of environmental conditions
relevant to electronic packages. This equation can also
be used to determine O, where a filler of known thermal
conductivity is used.

For optimum heat transfer by conduction, materials
that have the highest thermal conductivity (consistent
with good structural considerations, price, and availabili-
ty) should be used. T, (where AT = T,~T,) should be

structure, chassis, or other point of high thermal mass. It
is important to keep the thermal path as short as possi-
ble, a factor to consider in the layout of a circuit board.

Heat radiation

In most situations, the heat sink or the heat dissipater
transfers the unwanted energy to the ambient air by
radiation or radiation with convection. Thermal radia-
tion is the transfer of heat by electromagnetic radiation
(primarily in the infrared wavelengths). It is more diffi-
cult to analyze than heat transfer by conduction, since
the rate of heat flow by radiation is a function of the
emissivity of the surface, the surface area, and the fourth
power of the absolute temperature differential.

The Stefan-Boltzmann law states that the total energy
radiated by a perfect blackbody radiator is proportional
to the fourth power of the absolute temperature differen-
tial. This usually takes the form of:

Qna = SAL[(T)*—(T2)*]

In this equation:
S = shielding factor

(%)

kept at as low a value as possible and the thermal path as A = area of the radiator

short as possible. g = Stefan-Boltzmann constant (0.003710-% in the
Table 2 lists the thermal conductivities for materials watt-per-square-inch-kelvin system)

typically used in heat-transfer applications. Epoxy, even T and T, = temperatures of the hot and cold bodies,

thermally conductive epoxy, is a poor conductor. Copper
is the most conductive of available heat-transfer materi-
als, but aluminum, because of its lower material cost,
weight, and ease of fabrication, is most frequently used.
Aluminum’s conductivity is directly affected by alloying
elements. But factors like strength, environmental resist-
ance, and cost are important in choosing an alloy.

In space applications, conduction may be the only
form of thermal transfer open to the designer. Here, heat
is conducted from the semiconductor to the card-racking
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respectively, in kelvin.

The emissivity (e) is a derating factor for surfaces that
are not blackbodies. It is defined as the ratio of the
emissive power of a given body to that of a blackbody for
which the emissivity is unity. Some bodies, such as
lampblack, approach unity very closely and are conse-
quently called black. The term has little to do with color
in the optical sense; bodies of any color can have high
emissivities and be referred to thermally as blackbodies.
(For example, the emissivity of anodized aluminum is
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TABLE 3: TYPICAL INTERFACE THERMAL RESISTANCE FOR INSULATORS

H Thickness Torque Case-to-sink interface
Ssteral (in.) Dshite {in.-b) thermal resistance (°C/W)
Beryllium oxide 0.1132 TO-3 8 0.22
0.1132 TO-66 6 0.45
0.1132 TO-220 3 14
Mica 0.0057 TO-3 8 0.8
0.0057 TO-66 6 1.6
0.0057 TO-220 3 5.2
Plastic (Kapton) 0.002 TO-3 8 0.8
0.002 TO-66 6 1.6
0.002 TO-220 3 5.2
Insulube 448 0.0039 TO-3 8 09
0.0039 TO-66 6 1.8
0.0039 TO-220 3 59
Filled elastomers 0.010 TO-3 8 04-1.0
0.010 TO-66 6 08-20
0.0095 TO-220 3 26—-65
Silicone rubber 0.012 TO-3 8 1.2
0.012 TO-66 6 24
0.012 TO-220 3 7.9
Bare device e TO-3 8 0.15 - 0.25
- TO-66 6 0.35 - 0.45
- TO-220 3 0.55 — 0.65
Note: Thermal joint compound used except for filled elastomers and silicone rubber.

the same if it is dyed black, red, blue, and so on.) A
matte or dull surface, however, will be more radiation-
efficient than a bright, glossy surface. The surface emis-
sivity of a heat dissipater is largely dependent on its
surface finish. Table 4 lists some common surface emis-
sivities of typical heat dissipaters.

The area term, A, must usually be derated by the
shielding factor, S, to yield the effective surface area. In
many designs, and extrusions in particular, the radiant
energy emitted by one fin is often reabsorbed by an
adjacent fin because radiant energy flows on a path
perpendicular to the surface. This energy flow will con-
tinue until air molecules or another surface absorb it.
Thus, closely spaced fins have little effective radiation
area because they merely bounce the radiant energy
back and forth, and S is consequently small in value. S
increases as the fins are moved apart and more air
molecules absorb energy. S equals 1.0 and all area is
effective when there is no reflecting surface such as a flat
plate suspended in air.

This fact should figure in the layout of circuit boards.
When a high-temperature component is located near a
heat dissipater, that dissipater will absorb some energy,
causing it to run hotter than it normally would.

A designer can take maximum advantage of radiation
by using a heat sink that affords maximum surface area
for a given volume. Care should be taken here that no
surfaces of the same heat sink in close proximity are
radiating to each other. Surface finishes should be kept
as highly emissive as possible, so that they radiate ther-
mal energy and do not absorb it from other hotter
bodies. Heat sink materials should be used that conduct
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the thermal energy to the dissipating surfaces as fast as
possible to keep a high temperature differential between
dissipating surfaces and air.

Convection complexities

Convection is the most complex heat-transfer mode,
involving the mixing of fluids. The rate of heat flow by
convection from a solid surface to a fluid is a function of
the area of the solid in contact with the fluid, the
temperature differential between the fluid and the solid,
and certain properties of the fluid.

The contact of any fluid—air, for instance—with a
hotter surface reduces its density and causes it to rise.
Circulation resulting from this phenomenon is known as
free or natural convection. Since convection heat trans-
fer is closely related to fluid motion, an understanding of
the effects of laminar and turbulent flow, and their
differences, is helpful.

In laminar flow, the air moves in layers, each molecule
following a smooth and continuous path called a stream-
line. The molecules in each layer remain in orderly
sequence and do not appreciably mix across the stream-
lines. A boundary layer of air exists along a hot surface
and heat is transferred between the air layers primarily
by radiation from the warm molecules and by conduc-
tion between molecules that come into contact.

In contrast, turbulent flow is characterized by the
random motion of the air molecules. Heat transfer from
layer to layer is aided by innumerable eddies that carry
the air molecules across the streamlines. These molecules
carry energy and transfer heat by mixing with other air
particles and by breaking up the boundary layer so
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4. Thermal resistance variation. These curves plot the variations of
a typical heat sink’s thermal resistance with airffow and power
dissipated. As power dissipation increases, thermal resistance
decreases. Increasing airflow also decreases thermal resistance.

cooler air molecules come into contact with the heat sink
more frequently, increasing the temperature differential.
Any increase in turbulence will increase the rate of heat
flow by convection. Either natural convection or forced
convection with fans or blowers can create the airflow.
The general equation for convection is usually written:

Qewv L= hA(Tmrflee "'Tﬂuid) (6)

Here A is the area of the heat sink and T is the
temperature. All other variables that affect convection
efficiency are considered in the derivation of h (coeffi-
cient of convection), or heat transfer per unit area; his a
function of the fluid, flow velocity, and flow path.

Heat transfer by forced convection with a properly
designed forced-air heat sink can be as much as 10 times
more efficient than natural convection. Turbulent air-
flow usually begins to occur at velocities of approxi-
mately 3 feet/second with a concurrent increase in heat
transfer. As Fig. 4 shows, there is as much reduction in
thermal resistance by going from still air to 200
feet/minute as there is from 200 ft/min to 1,000 ft/min.
Also, it has been found that velocities in excess of 1,000
ft/min do not significantly reduce heat sink thermal
resistance. Forced convection is more expensive than
natural convection and should be resorted to only at
extremely high power-density levels.

In forced convection, the effect of heat transfer by
radiation is greatly minimized. At sea level, with a
well-designed natural convection heat sink, heat is trans-
ferred by approximately 70% natural convection and
30% radiation. When forced convection is used, transfer
by radiation can be reduced to only a 2%-to-7% contri-
bution because of lower heat-sink temperatures and
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greater convection efficiency. In forced-air designs, heat
transfer by radiation is frequently disregarded because
of its small contribution. When a heat sink is specifically
designed for forced-air applications, the fins can be
moved much closer together since radiative heat transfer
is no longer a factor.

Other application factors that should be considered to
maximize the advantages of convective cooling are:
® In natural convection, mounting the heat sinks so that
the maximum length of convection surface is in the
vertical plane.
® Mounting heat sources low on the heat sink. An
exception here would be in the case of high-power
devices on the same heat sink with low-power, tempera-
ture-sensitive devices. In this case, the low-power devices
should be towards the bottom of the heat sink and the
high-power devices farther up.
® Providing enclosure ventilation to ensure the natural
convection of the air.
® In forced convection, keeping low-power components
upstream, with devices generating higher heat down-
stream.
® Providing ducts for equipment that properly maintain
optimum pressure heads throughout, ensuring higher
velocities and more efficient heat transfer.
® Where flat-finned heat sinks are used, making sure
that the height, length, and spacing of the fins can
handle the amount of airflow. Where possible, spines
should extend into the airflow to create turbulence.

Altitude and ambient effects

As discussed previously, convection and radiation are
the principal means of transferring heat to ambient air.
At high altitudes, the convection becomes less effective
as the air becomes less dense; at 70,000 feet, 70% to 90%
of heat dissipation is by radiation. This factor is crucial
in aircraft installations and greatly affects heat dissipa-
tor design and function. Figure 5 shows typical heat
transfer degradation with altitude and can be used to
derate heat sink values determined at sea level.

Since air density is directly proportional to tempera-
ture, convective heat transfer is less efficient at higher
ambient temperature, where the air molecules thin out.
As with altitude, adjustment to anticipated convection
cooling should be taken into account if equipment must
operate over an extreme range of ambient air tempera-
tures.

At ambient temperatures up to approximately 50°C,
there is usually no need to derate heat-sink values
derived at 25°C, but the effect of the increased ambient
temperature must still be directly applied when finding
semiconductor case or junction temperatures (as Tamb).

An ambient temperature that is realistic for the entire
lifetime of the equipment should be selected. Setting it
too high means an overly large heat sink; setting design
ambient too low can mean very high device temperatures
should it be exceeded.

A design ambient of 50°C (122°F) is frequently specif-
ied in commercial applications. Military requirements
usually require design ambients of up to 71°C (160°F).

With high dissipation levels, either liquid cooling or
vaporization (ebullition) cooling must be used. These
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TABLE 4: NORMAL EMISSIVITY OF VARIOUS SURFACES

Material and finish Emissivity
Aluminum sheet, polished 0.040
Aluminum sheet, rough 0.055
Anodized aluminum, any color 0.80
Brass, commercial 0.040
Copper, commercial 0.030
Copper, machined 0.072
Steel, rolled sheet 0.55
Steel, oxidized 0.657
Nickel plate, dull finish 0.1
Silver 0.022
Tin 0.043
Qil paints, any color 0.92 — 0.96
Lacquer, any color 0.80 — 0.95
Insuluble 448 091

will not be discussed in detail.

The amount of heat generated by a semiconductor is
directly influenced by its mode of operation as well as by
its power level and efficiency. Choosing a steady-state
mode over a pulsed mode can affect heat dissipation
requirements significantly.

Steady-state conditions

Power dissipation under steady-state conditions (Ps)
depends on the sum of thermal resistances from the
junction to the ultimate heat sink, the maximum allowa-
ble junction temperature, and the ambient temperature.
Stated mathematically:

Pu @) = (1705.)(Timaz) = Tamb) (N

To determine the maximum dissipation of a semicon-
ductor/heat-sink system the following inputs are needed:
From the transistor manufacturer’s data sheet:

0, = 1.5°C/w (for a TO-3 in this example)
Tj (max) = 200°C

From the heat dissipater manufacturer’s data sheet:
0,. = 2.5°C/W

Assuming 6., = 0.3°C/w (for a TO-3 mounted with
thermal joint compound and no insulator) and Tum =
50°C, then:

6. = (1.5+2.5+0.3)°C/w = 4.3°C/wW
To determine maximum allowable power:
Puman = (174.3)(200-50) w = 349 w

To maintain junction temperatures below the rated
maximum for greater reliability, the maximum design
junction temperature should be substituted for T; ms in
the equation. The temperature of a device operating at a
known power in a heat sink system can be predicted by
rearranging the steady-state equation (Eq. 7) to:

T.i (max) = P. (mx)ej-n + Tomp (8)

With a dissipation of 20 W, 6;, = 4.3°C/w (above)
and an ambient of 50°C yield:
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5. Convection vs altitude. This is a plot of the major effect of
altitude on free convection heat transfer on a '/z-inch-by-2-foot side
fin. At 70,000 ft, convection is only about 30% effective, with the
most of the heat being transferred by radiation.

T mn = (20 W)(4.3°C/W) +50°C = 136°C

When a transistor is operated in a single, non-
repetitive, short-duration pulse-power mode, the maxi-
mum allowable dissipation is substantially greater than
in the steady-state case.

From the curve

Before the maximum power dissipation of a transistor
in the previously specified thermal system in response to
a single 1-millisecond pulse can be determined, the ther-
mal characteristics of the transistor must be known.
These are obtained from the maximum-operating-area
curve in the form of a normalized power multiplier (M).

The graph of Fig. 6 shows that for a 1-ms pulse, the
normalized power multiplier for a 2N3055, with a case
temperature of 25°C, is 3. At higher case temperatures,
the power multiplier must be linearly derated to zero at
Tjman. The temperature-derating factor (TDF) is deter-
mined as follows:

TDF = 1 = (Tc—=25°C)/(Tjtmn — 25°C) )

In this example, the heat sink’s thermal capacitance is
so large that its temperature rise from the 1-ms pulse
will be negligible. Case temperature is the same as the
ambient (50°C). This information and the maximum
steady-state dissipation rating (Ppx = 115w and T, =
25°C) can be used to find maximum power dissipation
for a single 1-ms pulse (P,;) as follows:

Py, = M(TDF)(Pmax)
= M[1 = (Tc=25°C/Tjman = 25)] (Pmas)
= 3[1 —(50-25)/(200-25)](115)
= 296 W

(10)

Repetitive-pulse operation

For a transistor operating in a repetitive-pulse mode,
the previous analysis must be modified to take into
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6. Puised operation. A family of curves dis-
plays maximum operating areas for a
2N3055 silicon power transistor. Using these
curves and the device's junction-to-case
thermal resistance, maximum power dissipa-
tion for single and repetitive puise operation
can be calculated relatively easily.

In this situation, it may be assumed that the transis-
account the rise in case temperature caused by the
average power dissipation. It is assumed that the transis-
tor operates in response to a series of 1-ms pulses at a
repetition rate of 100 Hz with the same thermal condi-
tions specified for both steady-state and single-pulse
operation.

For repetitive-pulse operation, the average power dis-
sipation (P,y) follows from the following relationship:

Pus = Pud (11)
where P = péak pulse power and d = duty cycle.

The effective T, that results is:

Tﬁ(lﬂ') . Tmh+ Plvgej-l (1 2)

Note that the effective case temperature is based upon
thermal resistance from junction to ambient, which takes
into account thermal capacitance or inertia. Heat flow
from the junction is “‘off”” due to the built-up tempera-
ture differential created by its operation. The equation
permits conservative design by assuming that case tem-
perature equals junction temperature.

Substituting Eq. 11 into Eq. 12 yields:

Teety = Tams + Pp(d)O; (13)

If Toem, as defined by Eq. 13, is substituted for T. in
Eq. 10, the following expression is obtained for the
maximum allowable power dissipation (Py) for repeti-
tive pulses:

- MSTiSmuE -Tnmbzpmx
P = Tyoay = 25+ MdPoiOp (14)

The junction-to-case thermal resistance of a semicon-
ductor whose maximum power is rated at a 25°C case
temperature may be expressed by:
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* FOR SINGLE
NONREPETITIVE
PULSE

NORMALIZED POWER MULTIPLIER

Veeo MAXIMUM = 60 v —>

4 [ g8 10 2
COLLECTOR-TO-EMITTER VOLTAGE, Ve (V)

Jie = (Time) = 25)/Punax (15)
If the relationship expressed by Eq. 15 is used, Eq. 14
can be simplified to:

Pp = M(Tjma) = Tams)/ (O + MdH;-,) (16)

For the numerical example considered, the following
values were previously assumed:

d = (1 ms)(100%)/10 ms = 10%

Tj(w) = 200°C
Tums = 50°C
O = 1.5°C/w
M=3

0. = 4.3°C/W

When these values are substituted in Eq. 16, the
maximum power dissipation under repetitive-pulse con-
ditions is

P, = [3(200—-50)]/[1.5+3(0.1)4.3] W = 161 W

irregularly shaped repetitive pulses

For a conservative design when a transistor is sub-
jected to irregularly shaped repetitive pulses, the maxi-
mum average power for the irregular pulse is calculated
on the basis of the pulse width (t;), the period between
the leading edges of successive pulse (t), and the maxi-
mum steady-state dissipation Pumas), as follows:

Pug = Pug@mn(ty)/t (17)

This equation can be substituted into Eq. 13 to give the
following:

Teem = Tamb + Pugman(t5) /1650 (18)

‘This equation can in turn be substituted for Eq. 10 as

described above, in order to determine P, or T;. O
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Unlike some operating
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=

-

for our FREE book
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Programming Inc.
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A special report

Arrays have rushed in to fill the vacuum between high-volume
standard parts and costly custom chips; now their growth
depends on new resources for layout, testing, and packaging

by John G. Posa, solid State Editor

00 The concept of preprocessing an integrated circuit up
to its final stages for later differentiation via fuse links or
metalization patterning has been kicking around since
the mid-1960s, but it has taken over a decade for this
semicustom approach to IC fabrication to turn a profit
commercially. Now nearly every major semiconductor
manufacturer is jumping into the business and the mar-
ket is exploding in the U. S., Europe, and Japan.

The semicustom logic rubric actually covers a number
of techniques intended to provide a continuum of options
falling between high-volume, low-cost standard logic
chips and expensive, handcrafted custom ICs. These
complementary approaches are easily distinguished
when they are grouped according to cost and capability
and when some of the myths about the semicustom
industry are dispelled.

There are basically three forms of semicustom logic.

They are, in increasing cost, density, and development
turnaround time:
8 Field-programmable ICs like the programmable array
logic (PAL) chips from Monolithic Memories Inc. and its
alternative sources, and the field-programmable logic
arrays that were pioneered by Signetics Corp. and later
adopted by others.
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B Gate arrays or master slices produced by numerous
commercial concerns and by computer companies for
captive consumption.

8 Standard-cell or polycell approaches such as the
Microcells from Plessey Semiconductors and those used
in the Composite Cells espoused by Signetics.

This report will concern itself only with gate arrays
and standard cells, however, because of the involvement
of so many more companies, technologies, and tech-
niques than with field-programmable products. Also, the
role of computer-aided customization—an important
consideration not common to field-programmable
devices—is transforming integrated circuit fabrication,
with an almost complete demise of fully custom designs
as one possible consequence.

CAD is key

A growing availability of computer-aided-design soft-
ware in the form of placement and routing algorithms is
not the only reason for the resurgent popularity of gate
arrays. As very large-scale integration squeezes more
and more functions onto silicon substrates, the chips
produced become less and less general. This does not
mean that the users of electronics will be any less inter-
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1. A market divided. Speeds of about 1 and 10 nanoseconds separate today's arrays into application areas. Lower-density metal-gate
complementary-MOS slices do not compete with complex emitter-coupled logic. All points will shift down and to the right with time.

ested in integration. But it does imply that an increasing
number of logic chips will be produced in lower volumes
and —without automation—prohibitively high costs.
That scenario does not, of course, apply to memory.

“As density rises, the uniqueness of the function goes
up and so volume goes down,” comments Joe Kroeger,
director of marketing for International Microcircuits
Inc., a Santa Clara, Calif., manufacturer of master-slice
chips. “The microprocessor broke the back of that curve
in the early ’70s, so we bypassed the issue for some 10
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years.” The industry is back on that curve, according to
Kroeger. In addition, *“it turns out that anything you do
in a microprocessor is slow. Dedicated logic, even in a
slower technology, can usually outperform it.”

Beyond memories and microprocessors, it is difficult
to define a VLSI circuit with enough appeal to warrant
the volumes necessary for a price below, say, $10. For
instance, it will be interesting to chart the cost curves for
some of the forthcoming sophisticated VLSI microproces-
sor-support circuits—the mathematics coprocessors, the
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memory management units, and so on.

Of course—particularly with vLsI—device price is
only part of the grander goal: to reduce cost per function.
Practically any IC will do this, even those high-class
peripheral chips. The problem that is growing more
dcute is the definition of functions to integrate. If a
company has a specific requirement that will demand a
large enough volume, maybe it can stand the expense of
developing a fully custom IC. But that’s not so for those
caught in between with a need for fewer parts—a need
that cannot be filled with a microprocessor.

More and more customers will be shopping for semi-
custom logic. Dataquest Inc., a market research firm in
Cupertino, Calif., believes that with such sales currently
below $50 million, the market for semicustom logic is
virtually untapped. But by 1985, says Dataquest, the
global market for semicustom logic could amount to one
third of that for all of bipolar digital logic. Indeed, some
suppliers are reporting sales growth rates in excess of
100%. “I see gate arrays as being a major portion of the
logic TAM [total available market] for the 1980s and
beyond, quite frankly . . . it’s the next-generation
mainstream logic vehicle,” adds L. R. “Gib” Gibson,
manager of the gate array program for Texas Instru-
ments Inc. in Houston.

Although gate arrays are another way to consolidate
random logic, they do not really compete with the now
ubiquitous microprocessor. After they were initially used
to integrate discrete logic, “‘users figured out that the
microprocessor was a lot more powerful than a board full
of TTL,” comments Justin Rattner, principal engineer at
Intel Corp.’s Special Systems operation in Aloha, Ore.

“What were ostensibly logic replacement applications
began to take on a new intelligence through program-
ming,” continues Rattner. In contrast, gate arrays
appear destined to remain in the realm of logic replace-
ment. “And if the application is to build a computer —if
that’s the logic you’re replacing—then after designing
and verifying the logic you still have to write programs,”
Rattner avers. That is why computer companies can
afford to upgrade existing architectures with arrays.

Different markets

There are many different types of master-slice chips,
and it is incorrect to treat them as though they were all
competing for the same sockets. For the most part, the
devices in the following categories address entirely dif-
ferent markets:
® Linear master slices. Built with standard, diffusion-
isolated bipolar processes, these small chips are used to
integrate amplifiers, oscillators, and other analog func-
tions. CAD is not used to prepare these devices, nor is it
really appropriate.
® Medium- and high-speed digital gate arrays. Technol-
ogies here include n-channel MOS, complementary-MOS,
integrated injection logic (and its derivatives), and TTL,
usually Schottky-clamped.
® Very high-speed emitter-coupled- and current-mode-
logic arrays. With gate delays often below 1 nanosecond,
these arrays are almost exclusively intended for main-
frames and large minicomputers.

One reason why these products are confused is that
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2. Linear master slice. This is not a gate array. In place of gates,
this analog semicustom chip from Exar Integrated Systems Inc. has
uncommitted bipolar transistors, diodes, and resistors. They are
wired to form amplifiers, oscillators, filters, and so on.

some overlap does exist. For instance, there are arrays
combining analog and digital circuitry; Exar Integrated
Systems Inc., Sunnyvale, Calif., offers an I°’L array
called the XR-400 that has 57 linear transistors and 256
digital gates. Similarly, the C-MOs arrays, though con-
sidered digital, can also be connected to form operational
amplifiers, comparators, voltage references, and so on.

In addition, some market overlap does exist between
the high-speed C-MOS and Schottky bipolar arrays and
the emitter-coupled-logic arrays. Although ECL can dip
below 1 ns, the oxide-isolated process—which in part
allows such speeds —has also been applied to silicon-gate
C-MOS and non-ECL bipolar processes to achieve gate
delays well below 10 ns. Figure 1 plots gate delay versus
gate complexity for some of the currently available digi-
tal arrays.

Linear arrays

At present, the perceived leader in analog master
slices is Interdesign Inc., a Sunnyvale company acquired
by Ferranti Ltd. in 1977 (see “Ferranti: the British array
pioneer,” p. 151). Interdesign is also the leader in diver-
sity of technologies. After its bipolar master slices—
which it calls Monochips—were introduced in 1972, it
went on to offer an n-channel MOS gate array in 1977
and C-MOS arrays in 1978. In 1978 it also began market-
ing Ferranti’s bipolar gate arrays and this year it took on
Ferranti’s high-speed current-mode-logic arrays.

Interdesign stocks 10 linear Monochips. Seven of them
are also available from Exar, and two of them from
Cherry Semiconductor Corp., Cranston, R. L.

These linear arrays contain npn and pnp transistors,
diodes, and diffused and higher-value pinch resistors
built with standard junction-isolated bipolar technology
(see Fig. 2). Development starts with breadboarding of
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Who’s Charlle Allen?

When the metal-gate complementary-MOS arrays
designed in California’s Silicon Valley are appraised,
the apparent similarity of the designs is striking. One
reason is that many were designed by Charlie Allen. So
who's Charlie Allen?

Charles A. Allen is president of a small Sunnyvale,
Calif., gate array supplier, Master Logic Corp. The
metal-gate C-MOS arrays offered by International
Microcircuits Inc. (IMl) of nearby Santa Clara bear a
family resemblance to his arrays, because he was one
of the founders of IMI. The C-MOS arrays of interdesign
Inc. of Sunnyvale and Heuer Microtechnique AG of
Brugg, Switzerland, are identical to his, because he has
license agreements with both firms. He is currently
concluding agreements with other potential suppliers,
including Monosil Inc. of Santa Clara, Exar Integrated
Systems Inc. of Sunnyvale, Nitron Inc. of Cupertino,
Calif., and Eurosil of Munich, West Germany.

Standardization. Some of these companies will be
fabricating identical wafers, whereas some will pur-
chase their preprocessed wafers from common silicon
wafer foundries, like Semi Processes Inc. of Santa Clara
and Supertex of Sunnyvale.

Asked if he is helping his competition by licensing
arrays of his design to potential competitors, Allen
says: ‘‘No, 'm trying to create a viable industry out of
the gate array concept. There is no advantage to a
proprietary array, because the large customers
demand a second source. And without these large
customers, we will remain a cottage industry.”’

Prior to his involvement in the gate array business,
Allen was employed by Cogar Corp. in upstate New
York along with Frank Deverse and Robert Lipp. When
Cogar Corp. folded, Allen and his cohorts landed in
Silicon Valley in 1972. **“We saw what Interdesign had
done in linear arrays and decided to do something
similar in digital MOS,"’ recalls Allen. Deverse continued
on as president of IMI, and Lipp formed California
Devices, another small C-MOS gate array supplier in
Santa Clara.

Allen has recently completed the design of mask sets
for 500- and 1,000-gate arrays to be manufactured by
SPI. Deverse and Lipp are hotly contesting the market
with arrays of their own. Allen believes this battle will be
decided on the basis of consistent, reliable wafer supp-
ly, and he is betting on SPI.

Allen thinks that these dense, fast Iso-CMOS arrays
will finally be successful in capturing the attention of
the computer com-
panies. “They have
the resources to fi-
nance the software
for automatic gate
placement, wire rout-
ing, and test pattern
generation,”’ Allen
says. ‘““We need a
total package like
that to make this
industry really ex-
pand. | believe that
such programs will
become available
early next year.”

the circuit by the customer, preferably with parts sup-
plied by the manufacturer to insure compatibility with
chip components. Next the user pencils in the design on
a layout sheet supplied by the chip maker, who then uses
this to tape together the single metal mask used for
customization. The design cycle lasts from 6 to 18 weeks
and tooling charges range to $5,000.

Digital slices

Many gate-array manufacturers prefer C-MOS. But
there are really not that many different C-MOS arrays.
Several companies have licensed the metal-gate arrays
designed by Charles A. Allen, now president of his own
gate-array design shop, Master Logic Corp. of Sunny-
vale, Calif. (see “Who’s Charlie Allen?” at left).

The cells in most C-MOS arrays are characterized by
two or three n-channel MOS field-effect transistors—
connected in series—adjacent to two or three p-channel
counterparts, also in series. Between the rows of transis-
tors are diffused p* underpasses with contact openings
at their ends; some also have an additional contact
opening near their center.

The bulk of those companies using metal gates will
probably go on to offer faster, denser, oxide-isolated
silicon-gate C-MOS arrays with cells similarly arranged.
International Microcircuits already has the jump on the
competition with its Iso-CMOS parts [Electronics, July 3,
1980, p. 119]. The silicon foundries now supplying these
companies with wafers will also turn around and offer
arrays themselves. Supertex Inc., for instance, will
become an alternative source of IMI’s Iso-CMOS arrays.
This second source is important for IMI, since Allen has
sold a design of an incompatible dielectrically isolated
array to Semi Processes Inc., Santa Clara, Calif. [Elec-
tronics, Sept. 11, 1980, p. 33].

IMI will beef up its product line later this year with a
5,000-gate array exhibiting gate delays below 3 ns. To
meet this goal of speed and density, IMI will move from
S-micrometer design rules to 4 um, and it will employ a
double-level metalization system. Double metal will
allow IMI to scrap the diffused underpasses to shrink the
array and improve performance.

Although double-metal interconnection is common
among bipolar circuits—indeed, some medium-scale
integrated TTL chips use it—such a technique for MOS is
relatively untried. So IMI will probably adopt an
approach that appears to be working for IBM: sputtering
the insulating oxide rather than growing or reflowing at
high temperature.

Again, these C-MOS arrays are basically wired by
hand. The companies do, however, keep libraries of
overlays on hand for common functions such as flip-
flops, exclusive-OR gates, and so on. These overlays,
which the companies refer to as “pasties,” are nothing
more than self-adhering decals containing an optimized
metalization pattern for the function or gate of interest,
which the chip maker sticks on the layout sheet before
photoreduction.

International Microcircuits is one company migrating
in the direction of CAD. Its arrays are digitized, and the
user places and interconnects the gates using a cathode-
ray tube, albeit still by hand. However, the mere digiti-
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3. C-MOS cells. A cell from a C-MOS array built by Applied Micro
Circuits Corp. is shown in (a). Its rows of n- and p-channel devices
typify metal-gate C-MOS chips. Racal's silicon-gate C-MOS cell (b) is
claimed to have layout efficiencies up to 90%.

zation of the array is a step in the right direction. 1M1
can call up its macros from a data base, saving paper
work, and it can take advantage of the printed-circuit-
board wiring algorithms that are available for the Calma
and Applicon graphics machines that it is using.

“I can’t understand why the other guys aren’t doing it
this way,” states IMI’s Kroeger. “Most of the people we
know are doing it {laying out their arrays] by hand. You
can’t really go beyond 400 or 500 gates that way,” he
says. IMI's densest array, for which it has contracted six
designs thus far, contains 2,000 gates.

Others’ arrays

An oxide-isolated C-MOS array that invites CAD is the
288-gate chip designed by the Hughes Aircraft Co.’s
Industrial Electronics group in Newport Beach, Calif.,
for internal use. Hughes has left space between the
bonding pads on two sides of the chip for a shrink to
3-um geometries and about 1,100 equivalent gates.
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Hughes has also put some arrays on sapphire, as has
RCA Corp.’s Solid State division in Somerville, N. J.

RCA will describe one of its C-MOS-on-sapphire arrays
next month at the first international conference on cir-
cuits and computers [Electronics, Aug. 14, 1980, p. 96].
The paper’s authors, from RCA’s Camden, N. J, facility,
will present an 840-gate master slice that they call an
automated universal array because customization is han-
dled entirely by an automatic placement and routing
program. So competent is the software that utilization of
internal gates exceeds 90%, the authors claim. RCA has
also designed metal-gate and silicon-gate C-MOS arrays
with complexities of 200 to 1,000 gates.

In Hughes’ array, the ratio of routing channels to
gates is higher than in older C-MOS arrays like the early
ones designed by Allen. Hughes also staggers the polysil-
icon underpasses so that their ends are between cell
connecting points. This allows interconnections to get by
with two feedthroughs compared with the three needed
in other C-MOS arrays.

In addition to the metal mask, Hughes also customizes
the metal-to-polysilicon contact-via mask. This allows
metal paths to be routed perpendicularly over the under-
passes the entire length of the chip. (In designs that
customize only with the metal mask, not all of channel
metalization can run this far before being interrupted by
a precut via.) Customizing with the contact mask also
allows Hughes to run metal right over unused cells.

Dedicated celis

Hughes has also added some dedicated flip-flops to its
array. Some designers do not believe in this approach,
saying that it cuts down on the generality of the matrix.
On the other hand, if the flip-flops are needed, packing
density is much more efficient. Interdesign has also
added flip-flops to one of its arrays, the MCD Monochip.

Western Digital Corp. of Newport Beach, Calif., spe-
cializes in a new n-MOS array. The 20-pin chip, which
Western Digital only uses internally for such designs as
its Pascal MicroEngine board computer [Electronics,
Oct. 12, 1978, p. 155] contains 32 2-input NOR gates, 16
2-input NAND gates, 4 3-input NAND gates, 9 D-type
flip-flops, 7 drivers, and a dynamic 4-bit binary synch-
ronous up-down counter. A logic diagram, drawn on a
layout sheet created by Western Digital, is digitized and
an Applicon system generates the contact-via and metal-
ization masks. The company has completed only two
codings so far and is working on a third for an upcoming
multiuser version of the MicroEngine.

Taking the hardwiring idea the farthest is Applied
Micro Circuits Corp., a San Diego, Calif., company
formed last year by Howard Bobb and Joe Mingione,
both from American Microsystems Inc. Its Q400 Quick-
chip, now in development, has a functional equivalent
density of 1,500 C-MOS gates, but the die is partitioned
into four quadrants, three with digital cells and one with
linear C-MOS components. Other devices in the Quick-
chip family will feature different combinations of analog
and digital quadrants.

Each analog quadrant on the chip will contain the
following resources:
® 4 internally compensated operational amplifiers.
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Computer makers push European arrays

European designers of computers, leading-edge telecom-
munications gear, and complex test instruments do not
have to look very far from home for their logic arrays.
Some of the fastest arrays on the market turn up in the
catalogs of European semiconductor houses, and the vari-
ety is impressive. Ferranti alone boasts 17 types.

So far, the demand for master slices has primarily been
generated by native mainframe computer makers; Cli
Honeywell Bull (ClI-HB) in France, International Computers
Ltd. (ICL) in the UK, and Siemens AG in West Germany.
All three have opted for emitter-coupled logic and high
density so that time is not wasted along the relatively long
interconnection paths between large numbers of inte-
grated-circuit packages.

The European gate-array market is just now starting to
blossom. The first computers to have ECL arrays—
upgraded models in Siemens' 7500 series— will wind up in
the hands of end users next year. Fritz Gltter, product
marketing manager for computer ICs at Siemens, warns
that in-house suppliers make the size of the gate array
market hard to peg; nonetheless, he guesses that the
world market for arrays runs “at a seven-digit figure for
unit production with annual growth at a two-digit figure.’
The pace in Europe should not lag behind.

Untapped. Though the market in Europe remains rela-
tively untapped, the potential is there, according to Michel
Blanchard, international marketing manager of ECL prod-
ucts for RTC-La Radiotechnique-Compélec, the French
semiconductor house of the Philips Gloeilampenfabrieken
group. He puts the world market for 100000-family ECL
LSl circuits at roughly $5 million for 1980, predicting that it
will more than double again in 1981.

Because the performance of their next-generation
machines depends in large part on how clever they are
with large-scale integration, none of the three companies
dares leave its array circuit development to a lone semi-
conductor supplier. Siemens is a major semiconductor
supplier as well as a mainframe maker so there exists an
in-house partnership.

ClI-HB worked closely with RTC to develop cell arrays
with current-mode logic (CML), a low-power implementa-
tion of ECL. And ICL already has a small pilot production
unit to turn around logic arrays in a hurry.

ClI-HB has long had the computer-aided know-how to
conceive large-scale CML circuits. Jack Petersen, a gener-
al director of the company, says it may one day fit itself
out with production metalization equipment and *‘a fast
turnaround facility’’ to truncate customization time. The
decision has yet to be made, but the investment would be
a heavy one, suggests Petersen.

The ECL at ICL is compatible with 10000-family logic
and the arrays pack in as many as 400 triple-level-metal
gates in a 64-pin package. ICL's circuit designers can call
up functions from a library of some 50 different cells. This
library also includes test patterns for each cell that can be
used in simulations. Interconnections between cells are
basically laid out by hand, though some computer-
aided—-design routings are available to speed up layouts

and to spot logic-level mismatches.

With its pilot unit, ICL can get a mask-pattern tape
about two weeks after it has spelled out the chip’s specifi-
cations. Samples appear after another four weeks unless
there is a real rush for the part; when there is, an express
route trims the turnaround time to one week. Fast turna-
round, as well as simulation to check out logic designs, is
essential for LS| design, ICL believes.

Speedy. The ribbon for European arrays should be
awarded for the 24- and 36-cell ECL chips having 0.5-
nanosecond internal gate delays developed by Siemens
and second-sourced by RTC. “The technology is differ-
ent,"” says RTC's Blanchard, ‘‘but otherwise theirs and
ours are the same. The metalization masks are inter-
changeable.”” What is more, a third source—in the United
States —looks likely, Blanchard hints.

Siemens calls its chips SH100B/type O for the 24-cell
version and type 1 for the 36-cell part; the nomenclature
at RTC is MLA 24 and 36. Either way, the logic cells
contain 42 transistors and 16 resistors. In addition to the
basic 24 or 36 cells, there are 30 or 42 input cells and 38
output cells.

For practical purposes, this adds up to a possible com-
plexity of 500 maximum equivalent gates on the 28-
square-millimeter 24-cell chip and 800 maximum on the
36-mm2 36-cell chip. Both are packaged in 64-pin flat
packages or 68-pin leadless carriers. The cell library at
RTC includes some 40 basic circuits and about 20
input/output cells. Typical power consumption for the
smaller chip is 1.8 watts and for the larger one, 2.3 W.
Metalization is aluminum on two levels.

Siemens actually still has a third version of its 100000-
tamily-compatible ECL cell array. The SH100B/type 2
incorporates a 4-by-32-bit random-access memory on the
chip (see photograph). Another array in the Siemens
lineup is an integrated-injection-logic part, the S340B, with
a longer internal gate delay —typically 15 ns—but very
low power consumption, just 15 microwatts per gate. This
is a 30-mm?2 chip with some 2,600 components.

The last part in the firm’s arsenal of bipolar arrays is a
1,000-gate TTL-compatible master slice, the SH4B. With a
1-ns internal gate delay it is the fastest in its class,
Siemens’ Gotter maintains. The device sports a power
dissipation of 0.6 milliwatt per gate, needs only a single
5-V supply, and integrates 3,100 components on a 36.6-
mm?2 chip. Its high speed —faster than Schottky, Siemens
says—makes the chip just right for fast bit-slice comput-
ers. Production starts next year.

RTC has additional array chips in mind though it just got
into production of the MLA 24 and MLA 36 this spring.
Blanchard says the market seems to need a 2,000-gate
chip with some 100 input/output pads. The gate propaga-
tion delay should run about 0.3 or 0.4 ns and the power
dissipation, less than 8 W. The chip size would be some-
thing like 40 mm2. The main problem for such a chip, in
Blanchard's view, is designing a package with so many
170 pads.

There is a market for smaller fast arrays, too, figures

1 comparator.

2 programmable logic arrays.

8 40-kilohm resistors tapped every 5 kQ.
105 0.75-picofarad capacitors.
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® 15 bipolar npn transistors (with collectors grounded).
® 11 diodes.

B 3 zener diodes.

® 14 single-pole, double-throw transmission gates.
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Plessey Ltd., a UK heavyweight in telecommunications
gear. The company will go to market soon with 0.5-ns ECL
dual quad-input gates and a dual flip-flop intended to fill in
where large uncommitted arrays are underutilized or too
slow. Plessey will follow up these parts with 100- and
300-gate ULAs with 0.5-ns internal gate delays.

Ferranti Ltd., first to market with ULAs in the UK, faces
increasingly heavy competition at home in the form of
C-MOS gate arrays based on the dielectrically isolated
process —Iso-CMOS —championed by Mitel Semiconduc-
tor Inc. of Ottawa, Canada.

Racal Microelecttonic Systems Ltd. now sells two arrays
with 448 and 880 two-input gates, respectively (see
p. 153). Before year end, Smiths Industries Ltd. in Chel-
tenham will offer an array with 2,000 equivalent gates, to
be available in 64-, 48-, and 180-pin versions. Chip sizes
will range from 250 to 180 mils (6.35 to 4.57 mm) on a
side using 4- to 5-um geometries.

By 1982, the company will introduce a ULA with 5,000
equivalent gates. lan Pierson, who heads up Smiths’
Microelectronics division, will not say whether each cell will
contain an array of components or a prewired gate, how-
ever. The gate arrays will be backed by a custom layout
service so that proven array designs can be further
reduced in size with little additional effort for high-volume
production runs.

Both Racal and Smiths will stockpile prediffused wafers
from Mitel and do the final metalization and testing them-
selves. General Electric Co. Ltd. (GEC) and Plessey, how-
ever, plan to produce their own wafers under license from
Mitel. GEC already builds a ULA using a C-MOS-on-
sapphire process. The part has 512 AND and OR cells on
a chip measuring 5.4 by 5.7 mm. The typical delay per cell
is1Onsat5V,and5nsat 10 V.

Pilot facility. British Telecom, the telecommunications
wing of the British Post Office, will also set up an Iso-
CMOS pilot production unit at its Martlesham facility.
Semicustom circuits based on ULAs—and possibly stan-
dard cell custom circuits —will be used extensively in the
Mark Il version of System X, Britain’s all-digital main phone
exchange program, and in other telecommunications
gear.

“The uncommitted logic array is a natural method of
exploiting the power of Iso-CMOS technology,” says Bill
Holt, manager of the integrated circuit division at Plessey's
Allen Clark Research Center in Caswell.

A novel twist to the gate array concept is being devel-
oped by S. L. Hurst of the School of Electrical Engineering
at Bath University. He has come up with the concept of a
universal logic gate. With appropriate input connections, it
will perform a range of logic functions, unlike AND/NAND
gates which can only perform their designated function.

Custom designer Silicon Microsystems Ltd. in Malmes-
bury plans to launch a ULA based on the concept next
year along with a more conventional ULA using second-
generation C-MOS technology. It claims that chip utiliza-
tion with the universal gate will be one to two times better
than with ordinary gates.  -Electronics European staff

® 2 current generators.

® ] 4:1 p-channel current mirror.

® 8 input/output pads with optional input protection.
Each digital quadrant holds 24 basic digital cells, each
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Ferranti: the British array ploneer

Ferranti Semiconductors was one of the world’s first semi-
conductor companies to recognize the commercial poten-
tial of the uncommitted logic array: it introduced its first
187-cell ULA in 1973. Buying the Sunnyvale, Calif., cus-
tom integrated-circuit design house Iriterdesign in 1978,
Ferranti launched the product in the United States along-
side Interdesign’s complementary Monochip array system
for linear circuit designs.

The company has broadened its product portfolio to
include 17 different arrays, blanketing the performance
and applications spectrum. The family now extends from
small 100-gate arrays with excellent linear capability to
2,000-gate chips having a 20-megahertz clock rate and
excellent interfacing capability. The product line also
includes low-power versions with a 0.4-microwatt dissipa-
tion per gate.

Dense and fast. Ferranti's ULAs exploit its collector-
diffused-isolation bipolar technology, a derivative of the
process developed by Bell Laboratories back in the
1960s. CDI, says Ferranti, has attributes that render it
ideal for ULA applications. Its simple five-mask process
offers the functional density of MOS and the speed advan-
tages of bipolar. Further, the ability to distribute power
within bulk silicon enables the power rails to be removed
from the top interconnection plane, so customization is
carried out in the final masking stage. The highly doped
collector-isolation diffusion is of sufficiently low resistivity
to enable supply connections to be made without metal,
and the p-type epitaxial layer on a p-type substrate makes
direct ground connections possible.

When Ferranti first capitalized on CDI in 1972, few
technologies could offer the same combination of fea-
tures, but now integrated injection logic and dielectrically
isolated complementary-MOS processes threaten Ferran-
ti's total available market. In response, the Lancashire-
based company is moving from 4- to 3-micrometer fea-
tures and a washed-emitter process.

The Ferranti group is now readying a 990-cell array
having a 2,000-gate complexity and a gate delay of 6
nanoseconds. This gives a power-delay product of 0.5
picojoule, since it operates from a single 5-volt supply. The
64-pin ULA1D000 array is scheduled for production in
1981. The array, less than 200 mils square, promises high
yields, says the company.

Hints. The 3-um CDI process has also been applied to
256-cell power arrays that operate on a typical current of
200 microamperes from a supply voltage of between 1.0
and 5.5 V. That still cannot quite match upcoming high-
density Iso-CMOS processes but, points out Alan William-
son, product marketing manager of ICs at Ferranti, such
processes require many more masking stages. '‘We are
very mindful of the situation,”” he says, hinting at a new
process that Ferranti has in the works. This might be a
derivative of CDI, perhaps with pinch-off field-effect-
transistor load resistors or other MOS features, or it could
be a new C-MOS process.

In all recent arrays Ferranti uses the same cell structure
comprising five transistors (one of which is used as a dual
current source), three resistors, and three crossunders.
These components can be configured to form two two-
input current-mode-logic gates. This compact gate struc-
ture was first used in the company’s F100-L 16-bit micro-
processor. A specially designed interface cell accompa-
nies each bonding pad of the array. -Kevin Smith
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containing 10 n-channel and 10 p-channel devices (see
Fig. 3a), 10 static D-type flip-flops, and 19 1/0 pads with
the following options: input protection, pull-up or pull-
down resistors, three-state output, latching and multi-
plexing for liquid-crystal display driving, or bidirectional
circuitry for interfacing to two-way buses.

In addition to the devices in the analog and digital
sections, AMCC’s C-MOS Quickchip contains an on-chip
crystal oscillator, 2 18-state dynamic shift registers with
a nonoverlapping clock generator, 4 high-current (28-
milliampere) n-channel drivers, 8 high-current (8-mA)
p-channel drivers, 8 voltage-level shifters, 4}dynamic
D-type flip-flops, and 8 high-impedance resistors.

Shift registers for testing

“It’s like a designer’s tool kit,” smiles Dan Jloder Sr,,
AMCC’s vice president of sales. Although the dynamic
shift registers on the chip can be for any purpose
intended by the user, AMCC really added them to
enhance testing—a growing bottleneck in most array
designs. Although test points have to be wired to the
shift registers, once attached, the signals can be shifted
out in serial fashion. Hughes says that its larger future
array “will very likely have shift registers for testing.”
The idea of serializing test information in this way is not
new, having being implemented by IBM for the gate
arrays and boards in recent computers like its Sys-
tem/38. IBM calls this level-sensitive scan design, or
LSSD [Electronics, March 15, 1979, p. 108].

Another company now getting into the C-MOS gate
array business is American Microsystems Inc. of Santa
Clara, Calif. It has six oxide-isolated arrays with densi-
ties ranging from 300 to 1,260 equivalent gates in the
advanced development stage. AMI is also building up a
library of functional overlays for complex gates, flip-
flops, and so on. It even has an overlay for a 4-bit
binary-coded decimal counter that consumes 27 gates.

AMI already has a lot of software in place for its
custom business that it can fall back on for its gate
arrays. This software is currently partitioned into a front
end that produces a validated logic diagram, an interme-
diate stage for placement and routing, and a back end
for mask generation that goes by the acronym sIDS, for
symbolic interactive design system.

The software liaison between logic simulation and
mask generation contains a set of routines called layout
planning aids, or LPAs, comments Bruce Bourbon; AMI’s
department manager of technical information services.
“LPA uses interactive placement and routing to create a
topological plan that is then used in the mask design,” he
explains. It is here, in LPA, that provisions will be incor-
porated for gate arrays. “There will be two versions of
the software, with gate arrays being the special case,”
says Bourbon.’

AMI also sees the need for automatic test-vector gener-
ation for its custom and semicustom logic. It is evalu-
ating a program called Lasar, which Bourbon believes
was originally developed under Department of Defense
sponsorship. “The early versions were terrifically expen-
sive because they take all the logic and transform it into
NAND equivalents. Then forward and backward tracing
techniques are used to generate the [test] vectors.”
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Bourbon mentions that Teradyne Inc. of Boston
acquired Lasar and recently got it up and running on a
Digital Equipment Corp. VAX minicomputer system.
“We’re evaluating the claim that the run time has been
substantially improved.” There is some question as to
how efficiently it handles bidirectional transfer gates, a
logical circuit element peculiar to MOS. “It looks like it
explodes them into a fair number of NAND equivalents to
get a decent simulation and fault model,” says Bourbon.

All of the C-MOs arrays discussed thus far are based
on rows of transistor pairs. Racal Microelectronic Sys-

Electronics /September 25, 1980



f._;.-‘.;.-..-_, T Y

-

e G s s 44 S o
TR

RiES

=

X
%

AN BSRRET TEA S

¥l
:j‘:_--:ggﬁ_‘;.l -3
X

Prdse yrat—
Ll lelilE e s =

PR MR OIS L

? S L N R Al

v e
T s et o |

o e PR

DS A
Sema.

TSR s e v
A G | 5
s
| Sved b

[N

BB

1

11
il

3 ﬁi;‘é‘;:ﬁrx:r‘l'v’ih’; it
t

FY J( -
s

'

Am’ﬁ.;'nl.-.‘an»ﬂp..uz‘.: Y e

Sss Tl

v

4. Huge. This state-of-the-art 3,900-gate C-MOS gate array from
Fujitsu Ltd. hints at where things are headed for that technology. This
is the largest C-MOS array offered commercially thus far, though
International Microcircuits Inc. promises an even denser chip.

tems Ltd., Reading, Berks., England, uses the unique
cell shown in Fig. 3b (see also “Computer makers push
European arrays,” p. 150). Although wiring efficiencies
with parallel lines of devices are only around 75%, says
Racal, its layout allows connection efficiencies
approaching 90%.

Racal reasons that C-MOS devices are invariably used
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5. Go-between. Between moderate-speed C-MOS and super-fast
ECL is a host of chips made with TTL, integrated injection logic and
various Schottky processes. This 1,200-gate integrated Schottky
logic chip from Signetics contains an evaluation circuit.

CUSTOMER MANUFACTURER
LOGIC OESIGN OR CONVERSION sl SpPLY GATE ANO MACRO
SIMULATION OESCRIPTIONS, PERFORMANCE
TESTABILITY ANALYSIS DATA, OESIGN PROCEDURES
TEST GENERATION
ROUTABILITY ANALYSIS
PROCUREMENT PACKAGE = SIMULATION TO VALIDATE MODEL
TESTABILITY ANALYSIS
ROUTABILITY ANALYSIS
L REOESIGN h—- ACCEPT/REJECT DECISION
4
PARTITIONING
PLACEMENT
ROUTING
VERIFICATION
TEST PROGRAM
TOOLING
FABRICATION (METALIZATION}
- ASSEMBLY ANO TEST
PROTOTYPE EVALUATION
ACCEPT/REJECT OECISION
REOESIGN |
| PROOUCTION DROER PRODUCTION |
SOURCE TEXAS INSTRUMENTS INC.

L

6. Info flow. TI's gate array design utility software illustrates what a
complex package of routines should contain. In time, some of the
programs on the right may be given to the customer, while some of
the responsibilities now on the left may be taken on by TI.

in pairs so the four n- and p-channel pairs in its cells can
share a common polysilicon gate. Power-supply connec-
tions are brought up from the substrate so they need not
be wired. Six cross-unders are provided that allow two
metal tracks to pass parallel to the side of a cell and
three tracks to emerge from each corner at an angle. The
cell is designed on a grid with a metal pitch equal to 4.8
pm. (Pitch is the width of a line plus the width of the
spacing to the next line, divided by 2.) This allows easier
layout without a knowledge of design rules. Racal con-
figures cells both manually, with overlay decals, and
automatically, with cells stored in a CAD library.

As for density, the biggest C-MOS chip to be offered
thus far is the 3,900-gate job shown in Fig. 4. The array
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Japanese bulld for themselves

Fujitsu Ltd. is the only major Japanese semiconductor
company now aggressively selling semiconductor gate
arrays. It is supplying devices that cover all but the fastest
applications; its complementary-MOS devices with up to
3,900 gates have an average propagation delay of 7
nanoseconds; its TTL devices with up to 500 gates have
an average propagation delay of only 1.8 ns. Fujitsu also
has emitter-coupled-logic gate arrays that it uses in its
largest computers and communications equipment.

Families. Nippon Electric Co. of Tokyo has three fami-
lies of ECL gate arrays, two of which it developed jointly
with the Musashino Electric Communication Laboratory of
the Nippon Telegraph and Telephone Public Corp. One of
these, developed for use in telephone exchanges, is sold
to a limited number of outside customers, including Take-
da Riken [Electronics, Feb. 3, 1977, p. 2E or 66, and Oct.
11, 1979, p. 46). Japan’s other electronics exchange sup-
pliers—Fujitsu, Hitachi Ltd., and Oki Electric Industry
Co.—also produce functionally equivalent versions of the
200-gate device. The other jointly developed array, with
1,200 gates, is used in NEC’'s medium-sized computers
and is not made by the other three firms. NEC is willing to
supply it to others but does not expect many takers
because of the nonstandard power supply voitage of
—3.3 volts, used to hold down power consumption [Elec-
tronics, Aug. 30, 1979, p. 63].

Hitachi Ltd. has ECL devices with 5§50 gates and TTL
devices with 500 gates, both of which are used in house.
The ECL devices were designed to be compatible with
Fairchild F100 devices to enable company engineers to
easily use both standard and custom devices in the same
computer. The TTL devices are said to have performance
similar to Fujitsu’s 1.8-ns type.

Mitsubishi Electric Corp. has for two years been using
gate arrays with diffusion self-aligned (DSA) MOS as a
replacement for entire boards of low-power Schottky TTL
(Electronics, Oct. 12, 1978, p. 67]. When the company
first announced the devices it said it had great hope of
selling the devices to a wide variety of customers and that
it would provide quick turnaround through CAD layout and
test-pattern generation. Since then the company appears
to have pulled back from the market and is using them
mainly in house.

Mitsumasa Ashida, manager of the custom IC engineer-
ing department at Fujitsu, says that industrial users will use
gate arrays wherever possible for most requirements.
They are not suitable, though, where it is necessary to get
the highest possible performance from the technology,
where memory is included, where there are very special
requirements, or where the amount of logic is huge.
Furthermore, VLSI will continue to be custom, he predicts.

Fujitsu’s C-MOS gate array family comes in four ver-
sions with gate densities of 3,900, 2,000, 1,275, and 770.
The largest chip is 9.7 millimeters square; the next largest

is 7.2 mm2 But because of the space that must be
provided for wiring channels, only about 30% of the chip is
utilized for transistors. The average delay per gate is 7 ns,
though this varies widely depending on fanout. Average
power dissipation for the largest chip is about 50 milliwatts
in data-processing applications and around 100 mW in
high-speed communications applications, where shift reg-
isters and the like draw power by running constantly. If the
devices were implemented in n-channel MOS the dissipa-
tion would be at least 1.0 to 1.1 watts and the speed
would have to be limited to keep power use down. With
C-MOS technology it is not necessary to worry about
power dissipation.

Fujitsu’'s p-well C-MOS process uses 3.6-micrometer
patterning. It is essentially one step behind the processes
used for memories, but this is the best course for random
logic. For memories it is possible to redo a design many
times, changing it for best performance and yield. But with
random logic there are many components connected in
various configurations and a fairly large margin is needed.
The largest devices have 72 bonding pads, even though
they are mounted in 64-pin packages.

The basic cells, all 3,900 of them, contain two p-
channel MOS transistors and two n-MOS transistors that
can be connected as a two-input NAND or two-input NOR
gate. The peripheral cells contain sufficient elements for
connection as a three-state input/output buffer or as
simple input or output gate only. Because the propagation
time of C-MOS is affected by fanout and wiring capacity,
CAD is needed to manage variations in delay time as well
as to lay out the wiring of the chips. Although it is possible
to utilize much more than 90% of the internal cells,
attempts to use higher ratios might result in a lack of
wiring routes.

Library. A standard library for these devices includes
66 types of internal logic blocks and 5 types of 1/0
functions. Fuijitsu requires from its customers a logic draw-
ing and test data. The first CAD task is to check that these
documents match. Delivery of engineering samples is
approximately 14 weeks after design validation. Fabrica-
tion includes four custom masks —contact, first aluminum,
vias, and second aluminum. The mask that opens win-
dows on the bonding windows after glass passivation is
standard. Fujitsu says that the 3,900-gate devices are
economic in lots of 500 or more, and the smaller devices
become reasonable in lots of 1,000 or more.

In bipolar, Fujitsu makes a low-power Schottky chip with
208 internal three-input NAND gates and 26 input/output
buffers that can be encapsulated in any standard 16- to
28-pin dual in-line package. The internal gates have a
propagation delay of about 6 ns and consume less than 2
milliwatts each. Although this is a relatively simple design
with a small number of gates, it can replace about 30
small-scale integrated TTL packages. Use of washed

comes from Fujitsu (see “Japanese build for them-
selves,” above).

Various bipolar technologies are being tried for gate
arrays. Integrated injection logic in one form or another
is being used by Exar, Harris, Signetics, Texas Instru-
ments, and Fairchild. Although I’L can achieve power-
delay products comparable to C-MOS, C-MOS gate array
manufacturers criticize I2L on two grounds. One is that
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too few companies are pushing the technology, and of
those that are, each uses a different version. Another
complaint is that if the gates do not have enough
outputs, they are hard to wire. “If you only have two
outputs and you need eight, you have to add three more
gates,” says Hughes’ W. E. Armstrong, assistant manag-
er of operations in its Solid-State Products division.

But the firms choosing IL cite its excellent packing

Electronics / September 25, 1980



emitters and other advanced processing help keep speed
high while operating at low power. Typical input to the
2.6-by-3.27-mm chip is 500 mW.

The library includes 50 types of cells. Like the C-MOS
devices, the customer need only supply a logic diagram
and test pattern. Turnaround time on a design is usually
only 8 to 10 weeks after confirming that the logic and test
pattern match. This device differs from the C-MOS devices
in that it does not require a contact mask—only thre¢
masks are required.

Three masks. Fujitsu also has a high-speed bipolar
chip with 512 two-input NAND gates, 60 input buffers, and
48 output buffers. The advanced Schottky low-power
design provides high performance; internal gates have a
propagation delay of 1.8 ns per gate at a power dissipa-
tion of 2.3 mW. Typical input to this 4.9-by-5. 1-mm chip is
800 mW, 1.2 watts maximum. Either a 42-pin DIP or a
64-pin square package can be used. The same type of
documentation as is used for the 200-gate devices suf-
fices and only three masks need be generated, but turna-
round time is still 10 to 12 weeks.

Nippon Electric’s first gate-array product was a set of 4
emitter-coupled-logic chips whose development started in
1973, with the largest chip having 200 gates. About 40
different devices have been built using the same four basic
chips. CAD is not practical with these chips because
wiring channel areas are too small, wide mietal lines are
used to carry high currents, and power supply and ground
connections are not standardized.

At Hitachi the computer group has its device develop-
ment center right in the firm’s main semiconductor plant.
Yuichiro Oya, department manager of the device develop-
ment center, says that for the past several years there has
been almost no custom bipolar work done—it is either
standard devices or gate arrays. The complexity and the
large number of masks required for bipolar devices,
together with the generally short production runs, mean
that custom bipolar devices represent too great a loss of
manpower. (MOS is something else because there are
fewer masks and quantities are huge.)

Oya further says that there is no hurry in starting to sell
gate arrays to custormers outside of Hitachi because he
does not see much business coming from Japanese com-
panies. Large-scale demand would normally be for com-
puter applications, but all major Japanese computer man-
ufacturers have their own semiconductor operations. Thus
volume sales would have to be directed overseas.

Surprisingly, Oya says that in these devices there is
more loss of yield in the wiring than in the diffusion. He
says that in bipolar devices the minimum dimension of 3
micrometers is only used for the emitters, which are small
and only take up a small percentage of the area of the
chip. But the connections, with similar dimensions, are
long and run parallel to each other. He also says that an

Consolidator. The 3,900-gate complementary-MOS array from
Fujitsu (see Fig. 4) is shown with the disk controller unit it
replaces. It can supplant 400 packages.

electron-beam pattern generator is used for fast turna-
round time.

At Hitachi the users have access to the same CAD
system as the device fabricators, so normally device fabri-
cators receive two tapes—one for the pattern generator
and one for the device tester.

Hitachi's high-speed device for its fastest computer is
an ECL gate array with the equivalent of 550 gates.
Actually there are only 352 internal circuits —three-input
OR/NOR cells—and 64 OR/NOR buffer cells. But the use
of wired-ORs and dotted-collector ANDs gives the larger
gate count.

Pins proliferate. The internal circuits operate at a pow-
er-delay product of 5 picojoules; they have a delay of 0.6
ns at one load and average 1.2 ns at three loads. The
5.7-mm? chip is sealed in a 108-pin package, but many
grounds are needed, so there are only 88 signal pins.

Hitachi also has an advanced low-power Schottky TTL
circuit similar to Fujitsu's larger TTL device. it consists of
378 three-input NAND gates and 54 output buffers on a
5-mm2 chip In a 72-pin package with 68 signal pins. It
differs from Fujitsu's device in not being intrinsically
designed for three-state operation, although internal gates
can be used to obtain this kind of output. The device is
used mostly in computer peripheral circuits. Hitachi is now
developing a 1,500-gate TTL device with more than 100
pins. -Charles Cohen

density. Exar is one of the only companies using pure I2L.

Signetics uses Schottky-barrier diodes on each output;
this it calls integrated Schottky logic, or ISL (see Fig. 5).
Harris and Texas Instruments use Schottky transistor
logic (STL). ISL and STL both use Schottky barrier diodes
to isolate their outputs; STL goes on to add a Schottky
clamp on the cell’s internal npn transistor. Different
metalization systems are employed so that the barrier
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heights on the transistor and the outputs differ by about
200 mv. Ten masking steps are required for ISL, 12 for
STL. Harris’ approach is to build ISL cells and add the
extra STL steps if the higher speed is a must.

Tl is getting serious about gate arrays with 250-, 500-,
and 1,000-gate STL arrays that have 40, 64, and 112
bonding pads, respectively, and extensive automatic
placement and routing software. This is a long time
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7. Uncommitted. ECL gate array cells are usually shown in this kind of exploded view so that connections can be penciled in. These particular
components belong to the F300 array from Fairchild. Other chips in this family will include scratchpad random-access memory.

coming, considering that the Dallas company helped get
the gate array idea started with its Master Slice flip-
flops of the late 1960s. TI has also had for some time an
I2L array, the SBP9600, for use with the SBP9900 1L
version of the TMS 9900 16-bit processor. Its new arrays
will use triple-level metalization, requiring five custom
masks. The third metal level will be used for power and
ground. This all smacks of 1BM.

Speeding customization

