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L to see. We've really cracked
arket now.”

8 ke National’s 32-bit
Imicroprocessor family?”

On January 17,1983, eighteen
people started a new company
called Sequent Gomputer
Systems. They had no product,
no plan, no backing. Only
adream.

Two years later, that dream
came true. They delivered their
first system—a sophisticated
parallel processing computer.
Afull year ahead of their
competitors.

How'd they do it? Hard work.
.. Calculated risks. Belief. And a
critical decision. They chose the
Series 32000™ microprocessor
family.

It offered them a complete
32-bit microprocessor family,
including demand paged virtual
Memory Management, Floating
Point,and other peripherals

with full UNIX™ support.

“Looks like we made all the
right decisions at the right
times.”

“You can’t build a system out

of data sheets and promises.
National had it, they delivered it,
and they gotus here first”

While you're still
dreaming about success,
Sequent is delivering it.
With National’s
Series 32000 family:

But the Series 32000
wasn't just the right engineering
decision, it was the right
business decision.It helped
Sequent get their system to
market fast. First.

Sequent hit their window of
opportunity. And that window
1s still open—for now. So find
out how the Series 32000 can
help you build your own
success story. Contact National
Semiconductor today.

National’s Series 32000, MS 23-200
P.0. Box 58090
Santa Clara, CA 95052-8090

National

Semiconductor

Were doing it.
BPEETN
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WHY FUJITSU
BIPOLAR PROMS
ARE NEVER

 RE-FUSED.

It just can’t be done.

Re-fusing a Fujitsu bipolar PROM, that is.
Because they’re made with a technology no
one else has. A technology called DEAP™
(Diffused Eutectic Aluminum Process).

Simply put, it means you never have to
blow a fuse. DEAP lets us short the cell by
forming an aluminume-silicon eutectic,caused
by reverse biasing. This, in turn, eliminates
contamination problems.So you’ll never have
“grow-back” that could re-fuse your cells and
cause the entire circuit to fail.

DEAP also gives our PROMs programming
yields better than 97%. A figure that’s hard to
match. Plus, it makes our PROMs denser.
And faster. For example, our 64K PROM at
55 ns maximum is the fastest in the industry.

Best yet, our PROMs are available in quantity.
From 256-bit to 64K, in a variety of packages.

So now you know why you can’t re-fuse a
Fujitsu PROM.

Which should make it easy to refuse
everyone else’s.

Call (800) 556-1234 Ext. 82

In California (800) 441-2345

EE yJITSU

B S MICROELECTRONICS. INC.
Technology that works.

DEAP is a trademark of Fujitsu Microelectronics, Inc.
© 1985 Fujitsu Microelectronics, Inc.
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s GaAs and CMOS chips for
new supercomputers make
solid progress

a Intel uses HMOS to get
the EPROM speed record

= 1,000-gate arrays and
bipolar RAMs make NEC’s
mainframe the fastest yet

Electronics, 11

= Microsoft to dump ASCII
Corp. for its own Japanese
subsidiary

= Italy’s SGS will supply
AT&T with bipolar chips

a The final chapter may
have been written for
Osborne Computer Corp.

INSIDE TECHNOLOGY

Siot isoiation yieids densest bipolar PROM yet, 35
Advanced Micro Devices Inc.’s IMOX IiI-Slot process uses
reactive-ion-etched slots to isolate implanted transistors,
cutting their size by half. The result is a 128-K programmable
read-only memory that is as fast as a 16-K PROM but uses
only one eighth the power per bit

SBS launches switched encryption service, 38

A low-cost encryption service from Satellite Business Systems
Inc. means voice and data traffic on a common-carrier
subnetwork now can be secured from unauthorized
interception. The cost-cutting feature is bulk encryption of the
transmission before it enters the satellite system

Telephony, 14

= New tests will try to get
stalled digital network
moving in U. S.

s This phone handset has a
built-in computer

= System 12 from ITT may
be more than just a U. S.
problem

IC materials, 16
Researchers tilt silicon to
grow pure GaAs on it
Integrated circuits, 17
NEC moves into GaAs ICs
in a big way

CAE, 18

HP pushes its CAE product
line in a strange setting: a
show for mechanical
engineers

Robots, 18

Lasers and ultrasonic
beams guide robot janitor
Fiber optics, 19

Fully optical switch looms
for broadband video
systems
Semiconductors, 20
Amorphous transistors get
a boost in mobility

Control systems, 22
Hand-held IR controller
replaces light switch

PROBING THE NEWS

Reagan’s budget: how the industry would fare, 42
Defense electronics may come through the budget process
relatively unscathed—but the question is whether it will be
able to withstand the deficit-reduction onslaught. Electronics
in other budget sectors already is under the knife

Discrete device market is looking better, 46

With their slow, steady growth looking more attractive in light
of the highly volatile 1C markets, discretes have become a
worldwide battlefield for Hitachi, Motorola, NEC, and Toshiba
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Newsletter, 13

a Ixys’ power MOS FET line
features a 1,000-V part

= Cadnetix adds IBM PCs to
its CAE network

s Lattice’s logic chip targets
Monolithic Memories family
of programmable devices

Computer graphics, 57
Silicon Graphics soups up its
Iris 3-d work stations and
boosts speed of graphics
transformations by 44%
Networks, 58

Concord Data Systems adds
broadband networking
products that support MAP

iCs, 58

Cypress Semiconductor’s
CMOS logic array has a
window for reprogramming
Software, 60

Analyzer from Catalytix
finds bugs in C programs

What’s hoiding back surface mounting, 25

Despite the rosy predictions, surface mounting of components
in the U.S. is not taking over as fast as expected. This special
report details the reasons: problems in soldering the devices to
circuit boards reliably; learning how to test them, especially
when they are mounted on both sides of a board; and the big
bills that can pile up for surface-mounting equipment

Cover by Yvonne Buchanan
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Electronics index, 49
The best weekly growth in
six months—0.6%—is due to
a healthy production increase
Companies, 50

Are the worst of Seeq’s
troubles behind it?

Bottom lines, 51

Once again, a boom is
forecast for GaAs chips
People, 52

a Why Tsuyoshi Iwashita
is trying to calm

his competition

= ‘Star Wars’ will work,
says Danny Cohen

= People on the move
Meetings, 61
Electronics week, 64
= Intel warns of higher
losses

= Europe’s Eureka starts 16
more projects
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RELIABLE
FOUNDRY.

Comdial Semiconductor set the standard for guaran-
teed delivery of reliable CMOS/HMOS prototypes. Now,
as Orbit Semiconductor, Inc., we will continue our
commitment to guaranteed service.

Orbit’s high reliability CMOS processes, N-Well or
P-Well, extend to 2 micron feature sizes. The quality
of our processing allows us to deliver product to
Mil-Std-883C requirements. Mature processes, i.e.
Synertek’s, are also available.

Orbit guarantees on time delivery for engineering
prototype runs.

< 10 working days Single Poly and Single Metal
CMOS/HMOS

<15 working days Double Poly or Double Metal CMOS

From prototyping to large volume production orders
in wafer form or packaged parts, Orbit delivers on time.
That’s reliability you can count on.

No.
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days Typical working days
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*Typical customer approval
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What others promise, we:‘ guarantee.

For information, please contact Gary Kennedy, President.

1230 Bordeaux Drive, Sunnyvale, California 94089

Telephone (408) 744-1800 TWX 910-339-9307

FAX (408) 747-1263 A subsidiary of Orbit Instruments Corporation.
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fundamental change taking place
in electronic technology is the inte-
gration of the computer with the engi-
neering process. This, in turn, is radical-
ly changing the way in which engineer-
ing itself is practiced. The computer
now plays a major role in product devel-
opment, from conception, simulation,
chip and board design, and performance
test and measurement through manu-
facturing and documentation. The pro-
cess is not yet a seamless, smooth, and
efficient whole, but it is getting there.
To cover a change as profound as this
calls for special effort on the part of
Electronics, whose editorial charter for
technology leadership is to keep its
readers abreast of developments that
could affect their profession and their
companies. Accordingly, as a first step
we are putting more editorial horsepow-
er into this important area with the ad-

JONAH McLEOD: A topflight technical man.

PUBLISHER’S LETTER

dition of Jonah McLeod, a veteran tech-
nical editor, to our team in Palo Alto.
We think he is ideal for the job and
ideally situated. Although the movement
to computer-aided design, test, and man-
ufacturing is universal, much of the
technology is being spawned at innova-
tive companies in the Pacific Northwest.
Jonah will be half of a new onetwo
punch that Electronics will launch to
keep our readers fully informed on the
latest technology developments in CAE,
CAD, CIM, and instrumentation. Anoth-
er senior technical editor, who will be
based on the East coast, will team up
with him shortly. Together they repre-
sent a strong commitment to the read-
ers of Electronics in covering this sig-
nificant area.

Jonah has a BS in economics from the
University of Texas at Arlington and
credits toward an MS in applied econom-
ies from the University of Santa Clara
in California. He got his early electron-
ies training as a Navy technician. For
the past eight years, he has been an
engineering editor at Hayden Publishing
Co. His latest assignment was as execu-
tive editor of the defunct Systems &
Software magazine; before that, he was
on Electronic Design magazine.

Jonah has also written three books on
memory technology. Add to that indus-
try jobs at Bendix, Rockwell/Collins Ra-
dio, and Xerox, and the sum is an editor
regarded in the industry as a topflight
technical man with key contacts.

When he’s not on the job, Jonah will
continue to run eight miles a day, write
for pleasure, and spend time with his
wife and two daughters.
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WEEK
16

If you're designing a graphics
system, our new Am8158 Video
Timing Controller will give you
the time to do it right.

Literally.

Because one Am8158 supplies
the dot clock, the character clock,
plus clocking for all sync and
blanking pulses. All of which
amounts to a rapid decrease in
design time and a sharp drop in
component count.

But that’s only part of the
picture.

In addition, the Am8158 is
software programmable. So you
can alter the display timing on
short notice. A few, simple
instructions upgrade you from a
mid-resolution 640x 480 picture
to a high-res 1280x 1024 display.

AmS8158
All the time you need.

Don't look surprised.

It's all in keeping with our
image of delivering more video
functions on a single chip. An
image that’s become the hall-
mark of our bit-mapped graphics
family.

So hefore you tackle your
next graphics system, pick up
an Am8158.

Because it can't hurt to have
lots of time on your hands.

Circle 151 on reader service card

WEEK
17

Simply replace your current
chips with our new Am2130
1K x 8, Dual-Port Static RAMs,
and you've got a memory made
for sharing.

For openers, our 70ns access
time (100ns for the military
version) helps multiple proces-
sors manage, massage and
display data up to 20% faster.

What's more, the Am2130 1s as

WEEK
18

If you've been looking for
the best route into local area
networks, our new Am7996
Transceiver may prove doubly
useful.

On the one hand, its a
full-function, fully-supported
Cheapernet transceiver. One chip
for transferring data in both direc-
tions and for handling collision
detection and spurious

practical as it is quick. transmissions.
Am2130 Am7996
Share a great i works both ways.
R e Combine it with the rest of

Each independent port acces-
ses the entire memory: There’s
an on-chip interrupt flag, so
devices on opposite ports can
communicate. And full arbitration
circuitry is built in, so you dont
have to add it on.

There’s even automatic power-
down capability for maximum
efficiency.

All these features mean the
Am2130 is the most powerful
dual-port static RAM on the
market. It's available right now; off
the shelf, in quantity Guaranteed.

The Am2130. Use it to create
a memory of your own.

Circle 152 on reader service card

our networking family—the
Am7990 LANCE controller and
the Am7992B Serial Interface
Adapter—and, together, you've
got the cheapest Cheapernet
hook-up imaginable.

Then look at it this way.

The Am7996 Transceiver fully
supports IEEE 802.3 systems. In
fact, the entire chip set is 100%
Ethemet compatible.

As a result, your Ethernet inter-
face logic can carry everything
except a high price tag. While
your Cheapernet connections
will meet the performance and
quality levels of the world’s most
widely-recognized local area
network standard.

The Am7996. It makes sense
no matter which way you're going.

Circle 153 on reader service card

Design and application seminars are available
for this product. Write or cal! for information.




WEEK
19

No matter what size DRAMs
you're using, from 16K to 1M,
you'll find our new Am2976
Dynamic Memory Driver pretty
impressive.

With its wide, 11-bit data path,
the Am2976 is a natural for
reducing the parts count in large,
MOS memories. Just two chips,
for example, handle not only the
9 address lines, but also the RAS,
CAS and WE signals for a
1 Megaword system.

Still not impressed? Then
consider this.

Am2976

Memory driver
cuts a wide path.

With RAS and CAS driven from
the same chip, there’s minimum
skew time between signals. A
balanced output impedance
makes rise and fall times sym-
metrical. Built-in collector resis-
tors restrict undershoot to —0.5V,
maximum. And power-up and
power-down are glitch-free.

Why, even the pinout’s
impressive. In both the slim DIP
and surface mount LCC/PLCC
packages, corresponding inputs
and outputs are directly opposite
each other. A simple arrange-
ment which makes board layout
easier and manufacturing
cheaper.

The Am2976. Give it some
room in your next design.

Circle 154 on reader service card

On October 1, 1985, Advanced Micro
Devices committed to deliver fifty-two new
products in one year. One a week. Every week.
On the shelf. In volume.

After 13 weeks, our customers could
reduce networking costs, modernize old state
machines, revive fading memories and see
graphics in a whole new light.

If you haven't seen the solution to

your problem yet, the game s

has just begun. s ,
Watch this space for

thirty-nine more new  Ceetiue et

products. One a week.
In volume. On the shelf.

That’s not a promise. There are too
many promises in this business. That’s a
commitment.

Advanced Micro Devices ¢\

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
Call toll free (800) 538-8450, ext. 5000, inside California, call (408) 749-5000.
© Advanced Micro Devices, Inc. 1986



NEW EDITION

All standards
are new, revised,
or reaffirmed
since the
previous edition

1,923 pages
illustrated
Edited by Harold C. Folts

DATA
COMMUNICATIONS
STANDARDS

All123 interface pro-
tocol standards set by:
* CCITT «ISO * ECMA
* ANSI « EIA

* U.S. Government

Special feature for instant
access to the applicable
standards:

Cross-reference tables of the
similar and interfacing
standards of each standards
organization.

Flectronics Magazine Books I
P.0. Hox 341 eJ ﬁ
Hightstown, NI 08520 l‘Jn .
609/426-5070 L
Please send copies

of R100-McGraw-Hill’s Compilation of
Data Communications Stundards Edition
Il a1 §295 each.

Name

Title
CBrnvpariy i

Address

Cil&/slate]zi_ph -

U.S. customers please add local sales tax.
McGraw-Hill pays regular shipping and
handling on prepaid orders. DCT
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ELECTRONICS APPLICATIONS an equivalent analog circuit that can be

SOURCEBOOK: 1986 EDITION
Harry L. Helms, editor

McGraw-Hill Book Co.

$250 the set/3,200pp

Twenty leading electronics manufactur-
ers submitted applications materials for
publication in this two-volume set. These
include Analog Devices, Burr-Brown,
Exar, Linear Technology, RCA Solid
State, and Tektronix, among the most
prolific sources. A sampling of the areas
covered in these volumes includes con-
verters, amplifiers, microprocessors, op-
erational amplifiers, and CMOS and
QMOS devices; oscilloscopes and testing
procedures; and filters, ICs, oscillators,
and sample-and-hold circuits.

All notes are reproduced exactly as
received from the company without al-
teration or deletion. Types of informa-
tion submitted include application notes
and technical briefs on the devices, data
sheets that contain commentary on the
application, extracts from corporate ap-
plications handbooks, and reprints of
magazine articles.

Participating companies were asked
to select the applications material they
believed was most important. Further
criteria for inclusion were the extent to
which the device or technology is used
and availability of other information.
Preliminary information was not includ-
ed, the publisher says, because of the
many changes that can take place be-
fore a device goes into production.

Cross-indexes are by component num-
ber and subject, and there is also a list
of company prefixes. As a source for
current information and leads to impor-
tant areas of the electronics industry,
this set is a useful addition to the man-
ager’s reference library. The editor is a
computer consultant and author of a
number of articles and books on com-
puter science and electronics.

analyzed by a computer program such
as Spice.

This survey of some important re-
search areas in semiconductor design
should prove a useful review for the
working engineer. D. A. Bell's earlier
books include Information Theory and
Its Engineering Applications and Elec-
trical Noise.

INTEGRATED CIRCUITS:
CHEMICAL AND PHYSICAL
PROCESSING
Pieter Stroeve, editor
American Chemical Society
$69.95/348pp
This compilation of technical papers is a
cross-section of current research and de-
velopment in IC fabrication and reflect
the dialogue taking place today between
workers in such diverse fields as chemi-
cal engineering and solid-state physics.
Topics covered include photoresists, mo-
lecular-beam and vapor-phase epitaxy,
jon implantation, and wafer design and
characterization. A paper by H.B.
Pogge, of IBM Corp.’s East Fishkill,
N.Y., facility, entitled “Advanced De-
vice Isolation for Very Large Scale Inte-
gration,” explores recent advances in
trench isolation for fabricating very
dense devices and circuit structures.
The book was developed from a sym-
posium sponsored by the Division of In-
dustrial and Engineering Chemistry of
the ACS held in 1984. Each paper is fol-
lowed by a bibliography and the publish-
er has indexed the entire volume—a
welcome aid not often found in pub-
lished symposium papers.

NOISE AND THE SOLID STATE

D. A. Bell

John Wiley & Sons/Halsted

Press

$32.95/175pp

The replacement of thermionic devices
by solid-state devices has not eliminated
thermal and shot noise from circuit de-
signs. On the contrary, it has introduced
some new phenomena. Among these are
generation-recombination noise, 1/f
noise (formerly known as contact noise),
and noise in avalanche devices and
transferred-electron devices, such as the
Gunn diode.

The author notes that the trend to-
ward reducing chip area and power dis-
sipation leads to an increase of noise,
and that one approach to the analysis of
switched-capacitor networks is to seek

THE ARTIFICIAL

INTELLIGENCE EXPERIENCE:

AN INTRODUCTION

Susan J. Scown

Digital Press/Digital Equipment Corp.
$15/184pp

For those familiar with computers but
who have little or no background in arti-
ficial intelligence, this is an easy-to-un-
derstand introduction to the subject.
Following two overview chapters, the
author discusses Al techniques and lan-
guages. Lisp and Prolog are covered,
and there is a brief mention of object-
oriented languages extended by a list of
companies that have developed knowl-
edge-engineering tools. A chronology of
Al research, a bibliography, and a glos-
sary round out the book.

In a fast-moving field such as Al a
book quickly goes out of date. But this
one, geared to keep both managers and
general readers informed, lists maga-
zines to follow for current information
and companies that create products for
implementing expert systems.

Electronics/ February 10, 1986
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TECHNOLOGY NEWSLETTER

CMOS AND GaAs CHIPS FOR NEW SUPERCOMPUERS MAKE SOLID ISOGRESS

The two top U.S. supercomputer manufacturers are reporting solid pro-
gress on their next-generation machines—one based on CMOS arrays
and the other on gallium arsenide. Top officials at ETA Systems Inc., St. Paul,
Minn., say they are on schedule to deliver the first ETA 10 supercomputer to
Florida State University by Oct. 1 of this year. Between 50 and 60 of some 92
different array options for the liquid-nitrogen-cooled system are already work-
ing, according to ETA. Honeywell Inc. is delivering the 20,000-gate CMOS
gate array that will form the basis for ETA's eight-processor machine, which
performs 10 billion floating point operations per second. Meanwhile, officials
at supercomputer leader Cray Research Inc. report that about a dozen differ-
ent GaAs device types out of about 100 that will be used in the Cray-3 have
so far been designed and built. The GaAs chips, which are based on deple-
tion-mode metal-semiconductor FETSs, vary in density from 300 to 500 gates
and are being fabricated on a Cray pilot GaAs line at the company’s facilities
in Chippewa Falls, Wis. First deliveries of the Cray-3—a 16-processor de-
sign—are expected in late 1987. It is billed as 10 times faster than the current
Cray-2, which executes up to 1.2 billion flops. C

HMOS GIVES INTEL THE EPROM SPEED RECORD

Intel Corp. is using a scaled-down high-performance MOS (HMQOS) process,
similar to the one it uses for its 1-Mb products, to produce the fastest-yet
128-K erasable programmable read-only memory. To produce the 110-ns
part, Intel performed a 15% linear reduction on its patented HMOS II-E
technology, resulting in a 1.2-um compacted HMOS [I-E process. The 27 128B
EPROM keeps pace with Intel’s 80386 and 80286 microprocessors without
any wait states. 0

1,000-GATE ARRAYS, BIPOLAR RAMs MAKE NEC’S MAINFRAME THE FASTEST YET

Fast gate arrays and bipolar random-access memories make NEC Corp.’s
ACOS 2040 mainframe the fastest yet—about 1.3 times faster than the
company's previous top-of-the-line ACOS 1540 and Fujitsu Ltd.'s M-780/40
[Electronics, Nov. 25, 1985, p.20]. The ACOS 2040 runs at 170 million
instructions per second. It uses 1,000-gate large-scale integrated circuits with
propagation times of 100 ps, 4,000-gate circuits with propagation delays of
170 ps, and 16-K bipolar RAMs with access times of 3 ns. The chips are
mounted on 100-by-100-mm ceramic modules and are water-cooled much as
the Tokyo company's supercomputers are. The main memory has a capacity
of 512 megabytes, available in 256-K RAM chips configured 320 to a board.
The ACOS 2040 is aimed at large-scale networks and data-base applications,
including computer-aided design and artificial intelligence. .

Tl DESIGNS 256-K VIDEO RAM WITH NEXT-GENERATION FEATURES

Texas Instruments Inc. has added second-generation features to a planned
256-K video random-access memory. These features boost data band-
width and ease the memory's use with graphics controllers. The Dallas com-
pany’'s 1.3-um CMOS chip, organized as 64-K by 4 bits, contains a selected
writing mode as well as a new serial input and register, which enable a
graphics subsystem to erase the data in the array 100 times faster than in
available video RAMs. The selected writing mode also enables controllers to
individually address any or all of the RAM’s 4-bit-wide input/output ports. This
new feature allows single bits to be changed in the 64-K-by-4-bit array in half
the time it takes available video memories to perform a read-modify-write
cycle. 0

—
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* Multiwire Division’s experience design-
ing boards for new package types
encompasses both leaded and leadless
devices, including LCC’s with pin
pitches of 18 mils or more and pin grid
arrays.

VHSIC/VLS! APPLICATIONS.
Multiwire circuit boards readily handle
high I/O count devices. We have suc-
cessfully designed boards to accommo-
date pin grid array components with
130 pins and greater.

HIGH-SPEED APPLICATIONS.
High-speed circuits demand critical
timing and flexibility to control wire
lengths. The Multiwire circuit board
construction, wire characteristics, and
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routing system lend themselves to
implementing controlled impedance
designs in even the most complex,
high-speed designs.

THERMAL MANAGEMENT.

A variety of approaches have been
used with Multiwire circuit boards to
achieve successful thermal manage-
ment—from the addition of heat sinks
or copper planes to the use of special
substrates.

GREATER PACKAGING DENSITIES
AT REDUCED COSTS.

Our sophisticated CAD tools routinely
design boards accommodating compo-
nent densities of 2.0 IC’s per square
inch or greater.

FASTER DESIGN. LESS EXPENSIVE
REVISIONS.

Multiwire Division’s design services
can shorten your design cycle by
weeks and save you thousands of dol-
lars. We can design your board from as
little input as a schematic and net list.
Design revisions will be fast and

A A muLTIWIRE
va IVISION

KOLLMORGEN CORPORATION

inexpensive. And your protot

‘boards will be 100% electrically

We'd like fo send you our brocht
which explains the technology in more
detail and why Multiwire Division is
your best source. To receive your
copy, simply fill out and return the
coupon.

MULTIWIRE DIVISION
| Kollmorgen Corporation l

I 250 Miller Pl., Hicksville, NY 11801 '
| O

Please send me your sales
brochure.

[ Please have a salesperson call.

| Title

Name

I Company
I Address
I City

l Telephone '
U NN N CUMNN CURNE  EES

State Zip

et

MULTIWIRE/EAST 250 Miller Place, Hicksville, NY 11801 (516) 933-8300; MULTIWIRE/NEW ENGLAND 41 Simon St., Nashua, NH 03060 (603) 839-0083
MULTIWIRE/WEST 3901 East La Palma Ave.. Anaheim, CA 92807 (714) 632-7770; MULTIWIRE DIVISION 10 Andrews Rd., Hicksville. NY 11801 {516) 938-2000

Circle 10 on reader service card

Multiwire is a U.S. registered trademark of the Kolimorgen Corporation.
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MICROSOFT TO DUMP ASCII IN JAPAN FOR ITS OWN SUBSIDIARY

icrosoft Corp.'s plan to go public is having a profound impact on ASCII

Corp., the company that once marketed Microsoft products throughout
the entire Far East and then was cut back to Japan alone last September.
Now Microsoft, Bellevue, Wash., plans to shortly replace ASCIi in Japan with
a wholly owned subsidiary. ASCII president Akio Gunji says the breakup was
bound to happen sometime. His company continues to develop new products
for the Japanese market and represents several companies besides Microsoft,
he adds. About $10.3 million of ASCil's $68.5 million in sales for the year
ending March 31 will be for Microsoft products, it is estimated. Gunji adds that
many companies in Japan fear that IBM Corp. will take over Microsoft and put
the squeeze on microcomputer operating systems, just as it has done with
mainframe operating systems. Another sore point: Microsoft says that Kazu-
hiko Nishi, ASCII vice president and formerly a Microsoft officer, owes it over
$500,000 for two loans. ASCIHi says the loans are not carried on its books and
Nishi won't comment. O

SGS WILL SUPPLY CHIPS TO AT&T

Look for SGS Microelettronica SpA and AT&T Co. to announce later this
week an accord whereby the ltalian company will supply bipolar integrat-
ed circuits to the U.S. telecommunications giant. Neither company would
comment on the terms of the agreement, though it is generally seen as part of
AT&T's continuing strategy of recruiting European partners to give it a credible
local presence on that side of the Atlantic. AT&T already owns a 25% interest
in Ing. C. Ofivetti & C., Ivrea, ltaly; it has also established joint ventures with
Dutch multinational Philips in public switching and with Spain’s national tele-
communications operating company, Telefénica SA, in components. SGS will
be looking for a boost in its U. S. market penetration from the deal. ol

THE FINAL CHAPTER MAY HAVE BEEN WRITTEN ON OSBORNE

The book seems ready to close on Osborne Computer Corp., the Fremont,
Calif., company that both enjoyed and suffered from the tempestuous
fortunes of the personal computer industry. Last week, a creditors’ committee
ordered the liquidation of the company’s equipment and inventory because
Osborne has not been able to meet payments on a $6 million loan since
August. The company enjoyed phenomenal success after its founding in 1979
with the Osborne |, a portable business computer bundled with software. But
the company quickly fell on hard times; rising competition and an inability to
get new products out the door finally forced it to seek protection under
Chapter 11 in the fall of 1983. It has operated since under president Ron
Brown, who brought it out from its reorganization in January 1985. Brown
reportedly is continuing efforts to raise financing so that he can maintain
Osborne as a trading company. O

JAPANESE SATELLITE VENTURE MAY TURN TO ARIANE IF SHUTTLE IS NOT READY

Japan Communications Satellite Co. intends to launch its first satellite in late
1987 no matter what happens to the U.S. shuttle program. The Tokyo
company, a joint venture of Hughes Communications, C. ltoh, and Mitsui, may
shift to a European Space Agency Ariane rocket if a shuttle launch cannot be
scheduled in time. Because of design changes that would be needed for
Ariane to handle its bird, JSAT has only about four months to settle on a
launcher. Meanwhile, prime contractor Hughes Communications Inc., Los
Angeles, which is responsible for supplying and launching the satellite, is
moving ahead with ground-station preparations. O
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EREmRaidatiaag Only one man could
create a full line of
VME boards this fast.

Yes, me.
VME is still in the cradle and already we're offering you

a complete line of twelve analog and digital I/O VME boards.
If you're looking for a single-board solution, there’s the
DT1401 series. Up to 32SE/16DI analog inputs, two analog
outputs, 16 lines of digital I/O, and a programmable clock.
Options include 12 or 16-bit resolution, programmable gain,
high-speed and simultaneous sample and hold.

We have analog output boards for both industrial and sci-
entific applications complete with voltage outputs, current
outputs, or for current loop control. There are also 16-bit
deglitched output versions for precision applications like
speech and music synthesis.

In the area of low-cost products, we can
provide a data acquisition subsystem that
includes 16-channel A/D, a programmable
clock, and 16 lines of digital /O for $395. We
have digital I/O with 32 I/O lines for $225.
All this plus a wide variety of screw
terminal panels and signal
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o~ It's no miracle. We just o ‘
> work like crazy people and \ e
no resting on Sundays.

————— See our new 646 pg. \
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R see usin Gold Book
-—- 1986. Or call for your
personal copy today. e

Call (617)481-3700

g 7 AD / D/A /
&
& @ 7
3 2 ; = S/ » Sl
£ 3 g £ [g|5/&/5/8
& 5 ? /5/5/8/°
s & £ 5z &
<
DT1401 General Purpose | 32 SE/16 Dt 2.5-50 2 (12} 50| 16] Yes
DT1402-F High Speed 32SE/16Dt 125 - - — | 16{ Yes
0T1405 Low Leve! 32SE/1601 | 12-16| 0.166.7| 2 |12 50 ( 16| Yes
DT1408 Simultaneous S/H 4SE 12 100 2 (12| 50| 16| Yes
DT1406-8V | Voltage Output = - = 8 |12 125 - | -
DT1406-8M | Current Qutput - = - 8 |12]285| - | -
DT1406-8CL | Current Loop - - - 8 |12 285 -] -
0T1403 High Resolution - = = 20r4{ 16| 100| - | -
DT1414 General Purpose 16SE 12 25 - -] - | 16| Yes
DT1417 Digital /0 = = = = - - {32 -
Fred Molinari, President

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646
uarters: Data Translation, Ltd., 13 The Business Centre, Molly Miliars Lane, Wokingham Berks, RG112QZ, England Tix 851849862 (#D
2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222, (86) 87214017; Denmark (02) 187188;

European Headq
International Sales Offices: Australia (61)
eece (30) 031-527039, (30) 13-614300; Hong Kong (852) 3-324563; India (91) 2-231040; Israel (972) 3
1111; Korea (82) 753-3101; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 70996360;

England (44) 0734-793838; Finland (358) 0-372-144; France (33) 146306839; Gr
324298; Italy (39) 2349751; Japan (81) 3-502-5550, (81) 3-348-8301, (81) 3-355-
New Zealand (61) 2-663-5289; Norway (47) (02) 559050; Peru (51) (14) 31-8060; Philippines 818-0103, 818-3073, 818-4230; Portugal (351) 1545313,; Singapore (65) 271-3163; South Africa
(27) 12469221; Spain (34) 14558112; Sweden (46) 87617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-721-7864, (86) 2-531-2434; West Germany (49) 89809020.
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PRODUCTS NEWSLETTER

IXYS’ POWER MOS FET LINE FEATURES A 1,000-VOLT PART

A1,000-V, 2- to 8-A part is the star performer in Ixys Corp.'s new power
MOS FET line. The line of 36 MOS FETs, which have switching capabili-
ties above 100 kHz, is manufactured using the San Jose, Calif., company's
proprietary high-performance double-diffused MOS technology. The high
breakdown voltage does not come at the expense of low on-resistance: the
1,000-V mode! IXTM8N90/ 100 boasts a low 1.5 Q, as much as 30% lower
than Motorola Inc.’s and Siemens AG's best 800-V FETs. Ixys thinks the
combination of high voltage, low on-resistance, and high-frequency switching
opens up new application areas for power MOS FETs in single-transistor
flyback and forward converters. Delivery of the parts, which have not been
priced, will take from one to four weeks. O

CADNETIX ADDS IBM PCs TO ITS CAE NETWORK

Cadnetix Corp. is adding IBM Corp.'s Personal Computer/XT and PC AT
into its Ethernet-based computer-aided-engineering network. The CDX-
3100 software package, which sells for $7,900, enables a PC to do schematic
capture and net-list extractions. For more computation-intensive parts of the
design, such as compilation and simulation, the PC passes the tasks to the
Boulder, Colo., company's 68020-based network servers and simulation en-
gines. The company is also unveiling an enhanced multilayer pc-board router,
the model CDX-75000, with a routing time just half that of its predecessor, the
CDX-7500. The $77,000 router will be available in April, and the CDX-3100 is
available now. O

LATTICE’S LOGIC CHIP TARGETS MMI FAMILY OF PROGRAMMABLE DEVICES

Lattice Semiconductor Corp. is attacking a Monolithic Memories Inc. family
of bipolar programmable-logic devices with its CMOS EEPROM-based
Generic Array Logic, the 20V8. The Portland, Ore., company says customers
need to stock only a single part; it can replace 20 of the devices in MMI's 24-
pin PAL family of bipolar PLDs. Production volumes will be available in March.
In lots of 100 pieces, the 25-ns version of the 20V8 will sell for $17.63 each.
The 25-ns CMOS GAL matches the bipolar A-series PLDs in speed, but
consumes half the power—390 mA. O

MENTOR GRAPHICS KIT DEVELOPS CHIPS FROM MOSIS LIBRARY

Mentor Graphics Corp. is helping put low-cost prototypes into designers’
hands with the first design kit for CMOS 3, the 3-um CMOS standard-
cell library distributed by the MOS Implementation System (Mosis) project.
The Beaverton, Ore., company’s $400 kit integrates the Mosis library and
design rutes with the front-end processing and automatic layout capabilities of
a Mentor work station. Typically, the Mosis project—at the University of
Southern California’s Information Sciences Institute—can manufacture a proto-
type run of 12 to 24 chips for $3,500 to $10,400 in 8 to 10 weeks. O

TOSHIBA’S 3'%-in. DISK DRIVE IS JUST 1 IN. TALL

Toshiba America Inc. is introducing a 3%.-in. disk drive that is only 1 in.
high—one third as tall as full-height 3%-in. drives. Aimed at the portable
computer market, the 1-Ib drive comes in %2-megabyte single-sided and 1-
megabyte double-sided versions. The Toshiba ND-351S and ND-352S oper-
ate from a power supply of just +5 V; they consume 1.5 W during operation
and 25 mW at standby. The drives, not yet priced, will be in production by
April, the Tustin, Calif., company says. O
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NEW TESTS WILL TRY TO GET
STALLED DIGITAL NET MOVING

FEBRUARY 10, 1986 ]

PHONE COMPANIES PUSH TO GET ISDN | PRODUCTS WORKING TOGETHER

DALLAS
Telephony s long-awaited integrated
services dlgltdl network is still
bogged down in industry standards com-
mittees. This slow process has left po-
tential customers, particularly the Bell
operating companies, chomping at the
bit, impatient with incompatible ISDN
offerings from switch vendors, each of
which is pushing a different notion of
what the eventual standards will be.

In an attempt to spark more rapid
progress, two BOCs—Southern Bell and
Pacific Bell—have initiated a new round
of field trials. These trials differ from
earlier ones because they will attempt to
connect equipment from different veu-
dors and make it all work together. Ear-
lier trials involved equipment from more
than one vendor, but each vendor’s
equipment was tested in isolation.

The BOCs hope that trials connecting
gear from different vendors will provide
an anvil on which the switch makers can
hammer out their differences. Without a
customer in charge, the vendors them-
selves could not set up such a trial with-

out tleadmg precariously on federal
antitrust laws, note officials at digital-
switch houses.

“We’ve got customers now saying,
‘sit down at the table and figure out
how we are going to interwork these
(ISDN) features,” says J.L. (Jerry)
Johnson, manager of product planning
for digital switch equipment at AT&T
Network Systems. “We were going to
end up doing that anyway [through in-
dustry panels], but they are putting
pressure on us to expedite it.” Johnson
joined AT&T’s rivals and prime custom-
ers for central-office switches in Dallas
last week at the annual Western Tele-
communications Showcase, cohosted by
the U.S. Telephone Association and
U.S. Telecommunications Suppliers
Association.

When thev weren’t dashing to line up
early ISDN field trials, switch makers
were unfolding their latest product
roadmaps aimed at guiding the regional
BOCs to new sources of revenue—en-
hanced digital data and voice network-
ing services. Many of the regionals are

THIS PHONE HANDSET HAS A BUILT-IN COMPUTER

asking switch makers to demonstmte
the openness of ISDN, which is still be-
ing defined by the American National
Standards Institute’s T1D1 committee
and by the CCITT abroad.

Telephone companies are concerned

about whether “the equipment can han-
dle the load of the service features with-
out blowing a fuse,” says analyst Fran-
cis Mclnerney, executive vice president
of market researcher Northern Business
Information Inc., New York.
MARKET DIP. At stake for the switch
makers is a huge piece of the central-
office equipment business, which is ex-
pected to slide into a four-year 2%
slump after peaking at $5.7 billion in
1986. Causing some of the dip in the late
1980s will be lagging technical and mar-
ket issues centered on ISDN, according
to many at the Dallas show.

At the start of the three-day meeting,
Southern Bell announced it was direct-
ing AT&T and Northern Telecom Inc. to
work out potential networking incom-
patibilities of their respective 5ESS and
DMS-100 switches for a multivendor
ISDN field test slated for the
first half of 1987 in Atlanta.
In a similar move before the

Personal computers have
been given telephone hand-
sets. So it seems appropriate
that a new handset from
AT&T Network Systems inte-
grates an 8-bit computer
with a liquid-crystal dis-
play onto the back of the
phone’s earpiece.

The battery-powered
unit is the ruggedized,
hand-held terminal of
AT&T Network Systems’
new Craft Access Sys-
tem for automating
field-maintenance  ser-
vice centers. The total
system consists of the
portable telephone-com-
puter units, expert-sys-
tem data bases, an ad-
ministrative minicomput-
er, and networked appli-
cation processors.

To be introduced in

the second quarter, the 28-0z
Craft Access Terminal was
unveiled last week at the
Western Telecommunications
Showease in Dallas.

bytes of

memory.

Visors,

central

phone lines.

With a price tag of about
$1,200, the system contains a
1,200-baud modem and &K
battery-backed

Network Systems’
Gary Lafaver, depart-
ment chief of manage-
ment operation
tems, says the system
has shown the poten-
tial to pay for itself
within a year. The unit
saves time by eliminat-
ing the need for repair
personnel to talk to
dispatchers and super-
he says.
stead, it automatically
assigns electronic mail
messages. Work orders
are downloaded from a
processor to
the portable unit over

show, Pacific Bell announced
plans to test a public ISDN
system in Northern Califor-
nia, interconnecting dissimi-
lar digital-switching equip-
ment from AT&T, Japan's
NEC, and Northern Telecom.
PacBell expeets trials involv-
ing users in three cities to
begin by spring 1987 |Elec-
tronics, Feb. 3, 1986, p. 64].

In the Atlanta trial, one
central office will use
AT&T’s 5ESS, while another
will use a Northern Telecom
DMS-100 switch. Both will be
connected by way of Signal-
ing System #7 protocols us-
ing I'TT Corp.’s 1200 Signal-
Transfer Point system, says
Robert Wolfe, manager of
strategic planning for Bell-
South Services.

“Not only is this a signifi-
cant rollout in technology,

sys-

In-

14
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“but it is a commltmem in vendor ar-
rangements. We have already had our
second meeting with the vendors, in
which we explored what we have to do
to make these systems work together,”
Wolfe adds. Johnson, who with other
AT&T Network Systems officials hosted
the field-trial announcement, says the
early 1987 timing for the multivendor
environment will be tough.

Northern Telecom officials say the
Atlanta trial will be a ecritical test for
the ISDN movement itself. But they
also believe a number of details in inter-
facing AT&T’s digital switehing and its
DMS environment will be worked out.
Still, some major incompatibilities are
likely to remain, such as the different
signaling techniques used in interfacing

computers to private branch exchanges. |

[ “Both companies have their own
l views, and they may both be correct or
incorrect when it comes to ISDN imple-
mentation,” speculates analyst Melner-
ney. “The [BOCs] will tell you that both
firms have a lot to prove here.” The
‘ market researcher believes Northern Te-
lecom held on to its early market lead in
| digital switch deliveries last vear despite
a strong surge by AT&T.

shipments of digital lines in the U. S. at
5.9 million, or just over 45% of the total
digital lines installed in 1985. AT&T had
5.5 million, and GTE was third with 1.2
million delivered. Meclnerney predicts
ITT Corp. and Ericsson Inc. are nearly
out of the race as the market window
I slams shut (see “IT1’s System 12 may
| be more than just a U.S. problem”).

| Siemens Communications Systems is
soon expected to make a strong bid in

Estimates place Northern Telecom |

I HURRY UP. AT&T’s Johnson says custemers want tele-
| comcompanies to make their ISDN features work together.
|
|

the U.S. market based on parent Sie-
mens AG’s ISDN experiences in West
Germany. “We have an advantage and a
disadvantage,” confesses Ron Wein-
druch, vice president of sales for the
wholly owned Boca Raton, Fla., subsid-
jary. “We were one of the last digital
switch suppliers to hit the market.”
Siemens’s WS system was intro-
duced abroad in 1982 and will not offi-
cially be on the market in the U. S. until

ITT'S SYSTEM 12 MAY BE MORE THAN JUST A U.S. PROBLEM

1987. “We lost all those mar- |
ket windows evervone talks
about, but it also means we
have the latest version of
technology,” says Wein- |
druch. Siemens has an agree-
ment with BellSouth to in-
stall for field trials a narrow-
band ISDN switching system
by mid-1987. A broadband ap-
plication is slated for 1989.
Meanwhile. AT&T and
Northern Telecom continued |
a brisk pace in ISDN product
disclosures at Dallas. Among
the announcements, AT&T
Network Systems unveiled a |
Centrex local-area network
offering, intended to be |
ISDN-compatible and based
on an enhanced 5ESS switch.
The Central Office LAN
will provide businesses com- |
bined voice-data networking
over existing twisted-pair |
phone lines in office build-
ings. The Central Office LAN |
initially will have data rates
up to 64 kb/s and will be- |
come available later this
— vear. In the future, AT&T
plans to upgrade the Central Office
LAN package to support 2 Mb/s.
STAGED. During an elaborately staged
multimedia show, Northern Telecom—
the L. S. subsidiary of Canada’s North-
ern Telecom Ltd.—detailed a major pro- |
Ject fo revamp its early frontrunning
DMS-100. The Nashville. Tenn., supplier
promises it will introduce a series of
modules restructuring the distributed
processing architecture of DMS-100. The

|

ITT Corp.’s growing problems
with its System 12 digital ex-

tries, observers say, the slack
caused by the company’s in-

land Mecklmgel

a member
of the board oi managers at

public of China, where, say
observers, it is also behmd

change may extend beyond
its foray into the U.S. mar-
ket. While the industry buzz-
es over delays that ITT is ex-
periencing in completing its
first U.S. installation, Euro-
pean observers claim that the
company’s foreign subsidiar-
ies have also had major prob-
lems with the switch.
Installation of System 12
lines overseas has been
plagued by software prob-
lems, according to some of
its customers and competi-
tors. “If they don’t get the
software stabilized—and
quickly—they’ll never install
anything like the 12 million
lines they say they have
sold,” maintains a top execu-
tive at one of ITT’s European
competitorc In many coun-
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ability to furnish working ex-
changes has been taken up
by competitors in those mar-
kets. One ITT customer. how-
ever, says otherwise. West
Germany’s Bundespost is ex-
periencing no problems with
its nine System 12 switches.

ITT denies any difficulties
with System 12 and calls it
“the most suceessful such
product ever launched.” The
switeh is very important to
ITT: it says that it has al-
ready invested $1 billion in
the project worldwide and
that the 12 million lines have
been installed in 21 countuies.

System 12’s U. S. problems
are “simply a matter of ITT
having underestimated the
task of adapting the system
to U.S. standards,” says Ro-

ITT’s afiiliate Standard Elek-
trik Dorenz AG in Stuttgart.
West Germany. “The adapta-
tion process is an enormous
task,” he says, adding that it
takes from 309 to 400 man
years to adapt such a switch
to U.S. standards. It has al-
ready cost ITT between $100
million and $150 million to
convert System 12.

Despite its U. S. problems,
ITT does not seem ready to
throw in the tewel. “We will
step back, analyze the prob-
lems, and review the mea-
sures that must be taken,”
Mecklinger says. “ITT is not
likely to retreat from a tele-
communications market as
big as that of the U.S.”

ITT's biggest customers wre
Turkey and the People’s Re-

schedule. And difficulties in
supplving Taiwan have led to
cancellation of a supplemnen-
tary order, they say.

Most of ITT’s competitors
are quicker to eriticize the
company’s method of develop-
ing the exchange rather than
the design itself. They think
that because the work was
farmed out to units in the
U. S.. Belgium, West Germa-
ny, Spain, and France, the job
of making the end product
gel was too difficult. Says one
competitor: “Telephone ex-
changes just don’t divide up
so neatly that you can devel-
op different parts all over the
world and put them together
at the end like jigsaw puz-
zles.” —Robert T. Gallugher

and John Gosch
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switch has encountered call-capacity
shortfalls recently and last year lost
market share to AT&T's 5ESS switch.
Northern Telecom predicts a 25% in-
crease in processing capacity by speed-
ing up the DMS’s internal clock, optimiz-
ing software code, and repacking inter-
nal service circuits.

In the coming months, Northern Tele-

signed to increase connectivity through-
out the switch, allowing Northern Tele-
com to offer nonblocking features, pack-
et integrations, and the ability to switch
multiple and sub-multiple lines with 64-
kb/s connections. Once ready, the new
network structure will handle 16 Gb/s
at once, switching multiple 64-kb/s con-
nections, says Roy Merrills, group vice

com will drop the use of ——
the proprietary NT40 16-
bit microprocessor in the
switch and begin using a
32-bit Motorola 68020,
doubling the call-han-
dling  capability.
DMS software is being converted, and
some code is running on test beds, says
Steve Hester, vice president of network
systems in Research Triangle, N.C. A
new message-switching bus module will
be added to the system in 1987, speed-
ing up transfers among processors.
The final phase of the upgrade is the
addition of a new network module de-

in the

The multivendor
trials will begin

president of Integrated
Network Systems.
“Northern  Telecom
has a different 1SDN
strategy than AT&T,
which is working under

spring

The e— ——— the assumption that its

5ESS equipment will be able to handle”
the full load of ISDN features, notes
Meclnerney. “Northern claims privately
that its trials in Canada have revealed
unusual traffic patterns, especially on
the D channel—the signaling channel of
ISDN,” he notes. “And it thinks its com-
petition has not correctly anticipated
those patterns.”  -J. Robert Lineback

| IC MATERIALS

RESEARCHERS TILT SILICON
'TO GROW PURE GaAs ON IT

URBANA, ILL.

esearchers at the University of Illi-

nots are cutting silicon ingots a new
way—tilted at 4° and stepped in two di-
rections atomic layer by atomic laver—so
they can deposit extremely pure gallium
arsenide thin films on a silicon waufer.
They are also introducing layers of indi-
um gallium arsenide atop the GaAs film
to further lower defects at the surface.
The results could lead to GaAs-on-silicon
starting materials with fewer defects
than available crystalline GaAs wafers.

The techniques, based on molecular-
beam epitaxy, produce GaAs films on
silicon that contain only 10 defects/cm?.
That compares with about 10 defects/
em? in standard liquid-encapsulated
Czochralski-pulled crystalline GaAs wa-
fers sold on the open market today,
says Hadis Morkoc, professor of electri-
cal engineering in the University of Illi-
nois’ Coordinated Science Laboratory
and leader of the group that developed
the new process.

The ability to grow GaAs effectively
on a silicon wafer could have profound
impact, sparking what one researcher
describes as “an explosion of interest”
in the field during the past couple of
vears. The list of companies pursuing
the idea includes Fujitsu, Oki Electric,
NEC, and NTT in Japan, as well as Tex-
as Instruments in the U.S.

As a substrate replacement, GaAs on
silicon could overcome handling prob-
lems associated with today’s GaAs wa-
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fers, which are extremely brittle. Be-
cause the thermal conductivity of silicon
is about three times that of GaAs, thin
films of the material grown on a silicon
substrate could also make possible the
fabrication of more densely integrated
and higher power GaAs devices.
Significantly lower cost could also be
expected, because the GaAs thin films
could be grown on much larger-diameter
substrates than current 3-in. commercial
GaAs wafers, says George W. Turner, a

technical staff member at the Massa-
chusetts Institute of Technology’s Lin-
coln Laboratory in Lexington, Mass.

Turner, for one, says that GaAs-on-
silicon wafers could be commercially
available “within a couple of years.”
They will be used first as a straight
replacement for crystalline GaAs wafers
in building GaAs circuits, he believes.
But the longer-term prospect is develop-
ment of new kinds of devices that cou-
ple the optoelectronic and fast electronic
switching properties of GaAs with the
low cost and higher density of silicon by
fabricating devices that work with each
other in both the GaAs layer and the
underlying silicon substrate.
MISMATCH. The key to the lllinois tech-
nique is a new approach to the tilting of
the silicon substrate to overcome the
problem of dislocations caused by the
4% mismatch in the lattice constants of
silicon and GaAs. If GaAs is MBE-depos-
ited on a flat silicon substrate, many
dislocations thread their way from the
the silicon-GaAs interface to the surface
of the epitaxial GaAs layer.

This occurs because 24 GaAs atoms
occupy the same space as 25 silicon at-
oms, introducing a missing plane and
thus the potential for a threading dislo-
cation every 25 atomic spaces, Morkoc
explains, With a flat silicon substrate,
the density of these dislocations can be
as high as 10'?/em?® at the epitaxial
GaAs surface, he says. Such a high den-
sity level creates defects that can inter-
fere with device operation, causing mi-
croscopic cracks in the GaAs layer and
trapping impurities.

Morkoce and his coworkers have sig-
nificantly cut the threading-dislocation
density by tilting the silicon substrate
4°. The wafers have a descending series
of steps on the surface, cut out by the
wafer manufacturer with a
diamond saw. The steps are
about 2.8 A or two monolay-
ers deep, and about 38 A or
10 atomic spaces long, re-
! sulting in the 4° tilt. These
steps reduce threading dislo-
cations by offsetting the lat-
tice-constant mismatch be-
tween the silicon and the
GaAs, Morkoc says.

Others, including Lincoln
Laboratory, have reported
work with wafer tilting, but
the Illinois stepped approach
goes further, says Morkoc.
With conventional experimen-
tal tilting techniques, the
steps descend in one direction,
creating a parallel staircase
effect. The Illinois wafers use
steps that descend in two di-

CLEAN FILMS. The University of lllinois’ Morkoc sees eco-
nomic and technical advantages for GaAs on silicon.

rections simultaneously, elimi-
nating the flat planes that oc-
cur in one direction with the
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parallel staircase approach; these planes
can be a starting point for dislocations.
In all, two-directional tilting stops the
formation of about 97% of the threading
dislocations that would occur if a flat
silicon wafer were used, Morkoc says,
bringing the defect density to about
10*/cm? at the GaAs layer’s surface.
To further reduce the dislocation
count, University of Illinois researchers
then add alternating layers of indium
gallium arsenide and GaAs atop the
pure epitaxial GaAs layer, creating an
InGaAs/GaAs superlattice. “What we're
doing is purposely introducing a little
bit of lattice mismatch, because the In-
GaAs has a slightly larger lattice con-
stant than the GaAs,” says Morkoc.
The result of this step is a strain field at
the superlattice-GaAs interface that acts
to bend out some of the remaining dis-
locations that have reached the pure
GaAs surface. The superlattice “doesn’t
let the dislocations go through,” Morkoc
explains. “By the time we get through,
the dislocation density [at the superlat-

tice surface] is about 103/em2.”’

linois researchers have successfully
fabricated metal-semiconductor FETs
and heterojunction bipolar transistors on
their wafers. The devices work as well
or better than comparable devices built
on pure GaAs wafers, at frequencies
from dec to about 20 GHz, says Morkoc.
Lincoln Lab has reported similar results

Low-defect GaAs
layer on silicon
could cut costs

for some types of majority-carrier de-
vices. At Texas Instruments Inc., GaAs-
on-silicon bipolar and MES FET devices
have achieved only 70% of the perfor-
mance of devices built in bulk GaAs,
says George H. Heilmeier, TI vice presi-
dent and chief technical officer.

Most researchers agree, however,
that the proof of the pudding will be
the ability to fabricate a GaAs-based

continuous-wave laser in a GaAs-on-sili-
con material that can work at room tem-
perature. Minority-carrier devices such
as lasers that rely on recombination to
produce the optoelectronic effect are
more severely affected by defects and
dislocations in GaAs than are majority-
carrier devices, says Lincoln Laborato-
ry’s Turner. The problem is that defects
in the GaAs drive up the threshold cur-
rent required for lasing, so far prevent-
ing fabrication of a cw laser in GaAs-on-
silicon that won’t burn up.

The Lincoln Laboratory group, as well
as the Nagoya Institute of Technology
in Nagoya, Japan, have reported the
successful fabrication of pulsed GaAs
lasers that work at room temperature in
GaAs on silicon, Turner notes.

Lincoln Laboratory, among many oth-
ers, is working toward the cw-laser
goal, Turner adds. For the University of
Ilinois’ part, “we’re working on that
now,” says Morkoe, “and we hope we
can get it done within the next few
months.” ~Wesley R. Iversen

INTEGRATED CIRCUITS

NEC MOVES INTO GaAs ICs

TOKYO
Every manufacturer in the gallium-ar-
senide integrated-circuit business
will have to turn a sharp eye on NEC
Corp. now. The Tokyo company is
poised to go to market with GaAs chips
for designers who need the blazing
speed of GaAs for critical paths in high-
speed ECL-based hardware—test equip-
ment, optical-communications gear, and
computers.

NEC will start offering samples of
three ECL-compatible GaAs chips in late
February and follow up with a half doz-
en more in the spring. The packages are
optimized to tap the highest-speed GaAs
performance, but signal and power-sup-
ply levels are identical with those of sili-
con emitter-coupled logic. Initial price
for the chips will be $253, says an NEC
official, about twice that of 100K ECL
circuits.

At the outset, then, NEC will be at
the high end of the market. The two
leading U.S. producers of standard
GaAs logic chips have comparable parts
that list for less than $200. But NEC
figures it can halve its prices when it
gets into production and could then
move into the market now dominated by
Harris Corp. subsidiary Harris-Micro-
wave Semiconductor, Milpitas, Calif,,
and GigaBit Logic Inc., Newbury Park,
Calif. But “right now I don’t see them
[NEC] as a competitor,” says GigaBit's
Anthony Livingston, vice president for
sales and marketing. “We're all compet-
ing against ECL.”

NEC’s first three chips will be a three-
input OR/NOR gate, a D-type master-
slave flip-flop, and a T-type master-slave
flip-flop. The flip-flops operate at clock
rates of up to 2 GHz, compared with a
maximum of less than half that for sili-
con devices. Gates have a propagation
delay of 250 ps, the flip-flops 400 ps. All
devices feature a pulse rise time of only
130 ps and a fall time of 120 ps.

Hideaki Kohzu, engineering manager
for the Microwave and Optical Devices
Department of NEC’s 2nd LSI Division,
says the devices actually operate at
higher frequencies but are rated at 2
GHz because that is the test equip-
ment’s top limit. But to achieve that
kind of speed, current drains from the
~5.2-V power supply are fairly high. The
gate draws 50 mA, the T-type flip-flop

60 mA, and the D-type flip-flop 70 mA.

The large frequency margin contrib-
utes to high yield. Even more important
is a self-aligned fabrication technique
that provides high transconductance—
250 mS/mm—and excellent drain char-
acteristics without suffering from short-
channel effects.

After selective silicon-ion implantation
has converted the top 80 nm of a semi-
insulating GaAs substrate to n-type,
metal-semiconductor FETs (MES FETs)
are fabricated on the n layer. Gates are
a 0.8-um-wide stripe of tungsten silicide.
NEC designers chose that material rath-
er than the aluminum more commonly
used in microwave transistors because
tungsten silicide can withstand subse-
quent processes at temperatures exceed-
ing 700°C. Aluminum’s limit is 500°C.
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A metal-organic chemical-vapor depo-
sition follows for selective epitaxial
growth of the source and drain. Silicon
dioxide spacers 0.2 pm wide on either
side of the gate make the deposition
self-aligning. The tiny gaps between the
gate and the source and drain minimize
parasitic series resistance. A less obvi-
ous effect of the geometry is minimiza-
tion of short-channel effects that occur
with the more usual configuration, in

complement on separate terminals. This
permits a single-gate chip to act as ei-
ther an OR or a NOR circuit. Also for
compatibility’s sake, the chip uses the
same -5.2-V power-supply voltage as
ECL, although 3 V would be adequate
for GaAs logic.

Kohzu says that when gate arrays
and memory products are announced—
in perhaps 1 to 1% years—the true in-
herent performance of GaAs devices

which the source and -
drain implants extend
more deeply into the
substrate than the chan-
nel does.

Gold layers handle the
interconnections.
second laver has air bridges to reduce
capucitance between wiring and FET
gates for improved high-speed perfor-
mance. This air-bridge design tends to
create unwanted mechanical resonances,
but NEC has managed to eliminate
them.

For compatibility with ECL, the GaAs
ICs use source-coupled FET logic, which
generates a given logic signal and its

Signals and
power supplies
match ECL’s

The n—————— Dcfore the logic gate,

will become fully appar-
ent. The lion’s share of
the power consumed in
the small-scale-integra-
tion gates is dissipated
in the input-level shifter

the level shifter after the logic gate, and
the 50-) driver. Internal gates in a gate
array would require only between 2 and
5 mW each and still have a propagation
time of just 100 to 150 ps.

The six devices that will be added this
spring are an exclusive-OR gate, a 4:1
multiplexer, a 1:4 demultiplexer, a four-
stage ripple counter, a decision circuit,
and a line driver. —Charles L. Cohen

COMPUTER-AIDED ENGINEERING

HP PUSHES ITS CAE
IN UNEXPECTED SETTING

LOS ANGELES
ardware that could figure signifi-
cantly in the drive by Hewlett-Pack-
ard Co.’s Design Systems Group to be-
come a major player in computer-aided-
engineering surfaced last week in a sur-
prising milieu—the International Modal
Analysis Conference for mechanical-en-
gineering test engineers.
The hardware in question, the 35658

LASERS AND ULTRASONIC BEA

signal-processing system, monitors and
measures up to 62 signals simultaneous-
ly. This sort of integrated multichannel
instrumentation is most often associated
with electrical-engineering applications.

But HP marketing officials offered
some solid reasons for giving the sys-
tem its debut at IMAC. A companion
application package for mechanical engi-
neers was also unveiled by the company

at the show. The ME Series 90 Test Sys-
tem performs a central mechanical-engi-
neering design task: analyzing the dy-
namic properties of structures. The con-
ference “always has been an important
event to us—we're close to the [mechan-
ical-engineering test] community,” ex-
plained Lee Thompson, general manager
of HP’s Lake Stevens Instrument Divi-
sion, Everett, Wash., which makes both
systems.

But the HP 35655 has even broader
significance, since it “is absolutely vital
to our strategv.” That strategy, enunci-
ated late last vear and officially named
the DesignCenter concept, depends on
the Design Systems Group, Fort Collins,
Colo., serving as the single vendor that
ties together many formerly separate
CAE pieces produced by different HP
divisions [Electronics, Oct. 14, 1985,
p. 40].

But this strategy has been slower
than expected to produce new hardware
and software offerings, as HP officials
concede. In addition, HP’s first products,
an earlier ME Test Series introduced at
Autofact '85, drew mixed reviews. And
developments in Manufacturing Auto-
mation Protocol (MAP) equipment domi-
nated that show and diverted attention
from HP’s efforts. Therefore the compa-
ny was eager to unveil its model 35658,
which represents the strength of tradi-
tional HP instrumentation expertise,
even though the right CAE forum was
not yet at hand, analysts speculate.

With this first CAE offering for the
electrical-engineering field, “HP is still
running late in CAE but can catch up,
no question about it,” says Peter D.
Schleider, a research analyst with L. F.
Rothschild Unterberg Towbin of New
York.

The new system’s 62-channel signal-
handling capability represents a giant
improvement in capacity over
the model 3562, which is lim-
ited to only two channels. Ca-

The Auto Sweepy robot devel-
oped by Toshiba Corp. in coop-
eration with the owners of the
Kasumigaseki Building in To-
kyo goes about its chores unat-
tended but doesn’t win awards
for intelligence. It neither
stores a map nor knows its lo-
cation. Instead, a gas-rate gyro
and shortrange laser beams
pulsed in a radar-like fashion
guide the janitorial robot back
and forth in overlapping rect-
angular swaths through long
narrow halls and broad gym-
nasiums. Medium-range ultra-
sonic sensors are tuned to de-
tect people in the robot’s path,
and as a backup, tactile sen-
sors halt it if a collision should
occur.

S

=

MS GUIDE ROBOT JANITOR

pabilities for multiuser tasks
thus are greatly expanded
for such applications as sig-
nal characterization, wave-
form analysis, and device
testing, the company says.
The system includes a num-
ber of advanced features,
such as multiple-input multi-
ple-output frequency-re-
sponse measurements that al-
low all paths to be measured
simultaneously.

A complete system also in-
cludes new signal-processing
software—HP Vista (virtual
instrument software for test-
ing and analysis). It links
configurable measurement
hardware and the HP 9000
Series 300 work-station com-
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FOLLOWING THE PATH. HP's 3565S uses multlple |nput/output frequency response so it can

| track what's going or in 62 instrumentation channels simultaneously.

WBER OPTICS

| CORBEVILLE FRANCE
esigners of tomorrow’s broadband
video communicutions systems may
soon have all the toals they need to cre-
ate optical networks. A team of engi-
neers at Thomson-CSF's Central Re-
search Laboratory is putting the finish-
ing touches on the technolagy for what
could be the last key compenent: a fully
optical switch whose simple design
makes it inexpens:ve to produce.
Thomson's Lidos. for liquid dielectric

dard telecommunications act activities be- |
cause switching speed and potential ma-

| trix size are limited. For public telecom-

munications  switching, Thomson s
working on a method that uses hologra-
phy [Zlectronics. Oct. 14, 1985, p. 19].

PARALLELISM. Lidos is based on the re-
flection of light within a prism and elec-
trically ‘nduced motion of a dielectric
liquid. A switch consists of two prisms
with the:r bypotenuses parallel at a dis-
tance of from 10 to 30 pm (see draw-

| signCenter
better, industry sources advise. “I’'m not |

pulel . Dri icing is between $21.000 and
$300,000, depending on configuration
and channel count.

HP has set ambitious goals for itself
in the CAE/CAD/CIM market: to move
up from a ranking it estimates as fifth
in sales for 1985, with about $200 mil-
lion. Total market size in 1985 was
about $6 billion, with the EF portion
having about 527% and mechanical engi-
neering some 377,

If HP expects to succeed with its De-
idea, it must tell its story

that familiar with it,” savs Jerry I).
Hutcheson, president of VLSI Research
Inc.. San Jose, and a consultant on semi-

| conductor manufacturing. He adds that

in the past, HP often thought customers
would seek the company out, rather
than vice versa. As for the new HP sys-
tem, ‘I can see how it would be useful
as a generic product for collecting and
analvzing data.”

HP plans major product introductions
throughout the vear, particularly at the
Design Automation show in June. The
company is close-mouthed about how
the forthcoming HP Spectrum computer

family will fit into the upgrading of the |

| work-station platform for CAE/CAD/

CIM, but it is expected to play a major
role. ~Larry Waller

'FULLY OPTICAL SWITCH LOOMS FOR VIDEO

mg) Each hypotenuse surface has
pair of transparent indium tin-oxide elec-
trodes, one deposited in the center of
the prism surface, the other contiguous
with the first. Optical fibers are coupled
to three of the four sides of the prisms
by way of lenses. each aimed at the
center electrode of its respective prism.
One ftiber is input, the others output.

Movement of a droplet of liquid di- |

electric from one set of facing elec-
trodes to the other controls the direction

optical switeh, will allow de-
signers to take full advan-
tage of an optical signal's
original  bandwidth. With
electrical switches, optical
signals must be converted to
electrical form for switching,
and then back to optical form
for further transmission,
thereby setting limits of us-
able bandwidth for the origi-

Al &ini QUTPUT )
nal signal. OPTICAL
The company expects to FIBER

find 2 host of industrial appli-
cations for Lidos. such as vid-
eo telephone. video-program
distizbution or eonsualtation of
videc data banks. But the
techr.ology can't handle stan-

Electronics/February 10, 1986

GLASS PRISMS ~.

-

W DUTPUT OPTICAL FIBER

of the output signal. This di-
electric. a mixture of nitro-
benzene and hexane, has a
refraction index identical to
that of the prisms and is held

"El'gbfgm'c in place by its own surface

[\ tension. It is moved from one
INPUT position to the other by ma-

ErgE'gA" nipulating  voltage differ-

TRANSPARENT ELECTRODES

PLAYING ANGLES. The Thomson Lidos method switches optical signals
using prisms and electrically controlled liquid dielectric.

ences between the electrodes.

When the space between
the two center electrodes is
empty, internal reflection at
the hypotenuse of the prism
switches light entering one
side of a prism at a 90° angle
toward the other surface of
the same prism for injection
into its respective output fi-
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ber. When the space between the two
center electrodes is occupied by the lig-
uid dielectric, however, the refractive
property of the prism’s hypotenuse is
cancelled and the light passes through
the facing prism into the opposite out-
put fiber.

Using this method, Thomson has real-
ized two-by-two matrices in the laborato-
ry and currently is working on a proto-
type for industrial production. Accord-
ing to Jean-Pierre Le Pesant, who is co-
ordinating research on the project,
industrial models will evolve from 8 by 8
to a maximum of 64 by 64. One of the

principal advantages of the technology
is that it has no mechanically moving
parts, thus offering significantly in-
creased reliability over alternative solu-
tions using moving mirrors.

It also produces a physically small
component with Impressive technical
specifications. The two-by-two laborato-
ry matrix is a cube only 10 mm on the
diagonal with electrodes of 30 mm?, ca-
pable of handling light beams from 500
um to 2 mm in diameter. Switching
speed of the matrix with a supply volt-
age of 30 V is 40 ms; the insertion loss
is a mere 0.8 dB. -Robert T. Gallagher

SEMICONDUCTORS

AMORPHOUS TRANSISTORS

GET A BOOST IN MOBILITY

TOKYO
Stanford R. Ovshinsky, president of
Energy Conversion Devices Inc., vis-
ited Japanese companies last week to
peddle an amorphous-silicon transistor
he calls a DIFET. Immediate applica-
tions for the dual-injection FET appear
to be restricted to niche areas such as
thin-film active-matrix displays, where
low-performance amorphous devices
hold some advantage over single-crystal
silicon devices.

Ovshinsky has lofty visions about the
device’s future capabilities, predicting
10-Mb memory chips and entire super-
computers built with 25 layers of de-
vices. Ovshinsky is, however, well
known in the industry for making con-
troversial claims in his new-technology
announcements over the past 20 years.

Recombining holes and electrons in
DIFETs can emit light, and it is this
capability that the Troy, Mich., company
is touting as useful in building optical
data paths between layers of a multilay-
er device. For displays, the light-emit-

ting property could be exploited, but the
DIFET may first be used simply as a
better amorphous-silicon driver transis-
tor in thin-film active-matrix displays
such as liquid-crystal displays, where
growing single-crystal silicon is not
practical because of the high tempera-
tures required.

The DIFET is similar in structure to
earlier single-crystal devices, in which
an isolated gate similar to that of a
MOS FET controls a bipolar transistor
or thyristor. Both electrons and holes
are injected into the channel—electrons
at one electrode and holes at the other.
The channel region, between the n-type
and p-type electrodes, can be n-type, p-
type, or intrinsic silicon.

Yasuhisa Omura, a research engineer
at Nippon Telegraph & Telephone Corp.,
Tokyo, deseribed a similar structure
made of single-crystal silicon at the 1982
International Conference on Solid State
Devices held in Tokyo. He named it the
Lubistor, for lateral unidirectional bipo-
lar-type insulated-gate transistor.

Yutaka Hayashi, Head of the Semi-
conductor Device Division of the Japa-
nese Ministry of International Trade
and Industry’s Electrotechnical Labora-
tory, says that if he were a patent ex-
aminer, he would not give ECD a patent
because Omura described his device
first. “We are aware of the patent to
Mr. Omura. ECD’s DIFET employs dif-
ferent principles of operation and new
device physics. We do not believe the
Omura patent will affect the strength of
ECD’s DIFET patent,” says Robert S.
Nolan, a patent attorney with ECD. No
DIFET patents have yet been awarded.
STILL BEHIND. For an amorphous-silicon
transistor of a given size, dual injection
increases carrier mobility by a factor of
about 20, with beneficial effects on both
operating speed and the current-carry-
ing capability for a given size of transis-
tor. The improvements do not place
amorphous devices in competition with
single-crystal devices, however, which
are still about two orders of magnitude
ahead in performance comparisons.

Amorphous silicon may never show
the high-speed performance of a crystal-
line material, admit the DIFET’s devel-
opers, Wolodymyr Czubatyj and Michael
G. Hack of ECD and Michael Shur of
the University of Minnesota. But they
say the DIFET could bring amorphous
silicon into new application areas.

The DIFET achieves its performance
improvement because it overcomes what
is known as space-charge limited con-
duction, a problem with unipolar amor-
phous devices. The many defects within
the jumbled amorphous material form
deep traps for both positive and nega-
tive charges, severely limiting carrier
mobility. This effect has restricted the
use of amorphous devices to applica-
tions where they can be made large. In-
jecting both electrons and holes as in
the DIFET fills these carrier traps and
allows far more current to flow.

ECD has had working DIFETs for

= -

Electronics/February 10, 1986



GSI'S System:
PC-800 Model 4.

The perfect tool
tor SMD design.

Faced with growing demands for more
performance in less real estate, PCB
designers are turning to SMD’s. And
they are discovering that it takes a
special kind of CAD system to handle
new design techniques like SMD.
Fortunately, there’s a proven, perfect
tool for the new directions in
electronic design: the new PC-800
Model 4. The CAD system with the
flexibility, precision and interactive
nature SMD'’s mandate. Even the
necessary outputs, like solder paste
templates and pick and place NC tapes
needed for their individual job or
panelized manufacture.

Since there are no standard sizes or
configurations to SMD'’s, designers
need the PC-800’s vast and flexible
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symbol storage. A library from simple
SO-IC’s to complete jobs. They need its
floating variable grid to accommodate
the variety of SMD shapes and
footprints. They need continuity
checking and design rules checking
features that recognize components on
both sides of the board. And the ability
to create shielding and ground planes
accurate to .0001 inch in unusual
geometric shapes and voids. With the
right tool, SMD’s can be the next big
mover in your company. And the right
tool is the PC-800 Model 4. Call or write
for a demonstration today.

EE " The Gerber Scientific
Instrument Company

83 Gerber Road West, South Windsor, CT 06074  Tel: (203) 644-1551
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several months and has done extensive
testing, say Czubatyj and Hack. Work-
ing with NTT, ECD is seeking to put the
drivers on an amorphous substrate with
memory circuits. Ovshinsky claims that
10-Mb memories are only a year away.

He says it will soon be possible to
wed the light-emitting property with the
multilayer-fabrication capabilities of
amorphous silicon. Once they fashion a

10-Mb memory, Ovshinsky says, it will
only be a matter of time before they
develop a 25-level device. ECD is now
working on a thin-film-transistor com-
puter with a Japanese computer maker.
ECD has technical and business ar-
rangements with several Japanese
firms, including Canon, Hitachi, and
Sony. —Charles L. Cohen,
Wesley R. Iversen, and Jon Joseph

CONTROL SYSTEMS

HAND-HELD IR CONTROLLER
REPLACES LIGHT SWITCH

EINDHOVEN, THE NETHERLANDS
COmputer-controlled lighting in large
buildings has come under more di-
rect individual control with a novel ener-
gy-saving system from Philips NV.

The Philips integrated-function sys-
tem (IFS) is built around a central mi-
crocomputer and local microprocessor
controllers. It cuts down on the amount
of power cabling needed and provides
more economy and flexibility than con-
ventional computer-controlled lighting
systems give.

Occupants can control their lighting
through microcomputer programming
or, as an override mechanism, with in-
frared remote-control units similar to
those used for TVs. The remote controls
do away with the need for power cables
within walls and partitions to support
manual wall switches, and the need for
program-override systems controlled by
telephone dialing.

Though initial costs of the system are

high, Philips experts say IFS, if com-
bined with high-efficiency lamps, can
mean up to a 50% saving in energy
costs, compared with conventional con-
trol systems.
HORIZONTAL ONLY. Wiring for the sys-
tem runs above the ceiling. A two-wire
cable powers the local microprocessor
controllers. Each local controller—with
one microprocessor, three relays, a data-
bus interface, and input, address,
switching, and supply sections—can
switch three lighting circuits in response
to signals from the central microcom-
puter. Running parallel to the power ca-
ble is a standard unshielded twisted-
wire control cable that links the local
controllers with the microcomputer.

To save energy, conventional control
systems provide centralized switching de-
pendent on the time of day, the day of
the week, holidays, and natural-lighting
levels as determined by photocells or oth-
er sensors. Generally, occupants have lit-
tle or no control over the lighting or
lighting levels of their rooms or floors.

At $15 or so per square meter, IFS
initially will cost about twice as much to

install as a conventional computer-con-
trolled lighting system, admits Harry
Crijns, IFS product manager at the com-
pany’s lighting division in Eindhoven.
Though the system saves on cable costs,
the local microprocessor
controllers and the re-
mote-control units jack
up the price.

But Crijns claims that
the high initial costs are
more than offset by the
system’s high flexibility
and economy. “The IFS
system pays for itself
within three years.”

The IFS system pro-
vides economy and flexi-
bility in several ways.
Because no vertical wir-
ing  or wall-mounted
switches are used, it's
easy to change a floor’s
layout—to add more
rooms by partitioning
existing ones, for exam-
ple. Further, no rewiring =

PHILIPS

The central microcomputer can be
programmed using a Philips P2500 sys-
tem to control lighting of rooms accord-
ing to individual demands. A specific
data address—corresponding to one of
the three circuits controlled by the local
microprocessor—is assigned to a room
by the programmer.

Occupants of rooms can override
automatic switching with their remote
controls to adjust lighting levels or turn
lights on or off. Ceiling-mounted IR re-
ceivers pick up the signals and feed
them to the local controllers.

Such individual control means that

several rooms don’t have to share a sin-
gle lighting circuit, requiring all lights
to be switched on when only one is
needed. Nor does a user have to go to a
different room on another floor to
switch on his or her lights.
ENERGY SAVING. The IFS approach,
Crijns insists, provides greater energy
savings because lighting
always operates at the
right place, at the right
time, and at the desired
levels. In addition to
lighting control, the IFS
system can be used to
control other electrical
equipment, such as air-
conditioning units. That
spells an additional sav-
ings in energy.

Philips has equipped
several large buildings
in the Netherlands with
IFS, including one at its
Eindhoven headquarters
for test and demonstra-
tion purposes. The com-
pany soon will go after
the European market
and, once it gets Under-

of the ceiling lights is BYREMOTE. Inthe IFS system, an
needed to suit certain infrared remote-control unit re-

writers Laboratories ap-
proval, will hit the U.S.

rooms. places wall-mounted switches. market.  —John Gosch
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CENTRAL CONTROL. A Philips P2500 system programs the IFS central microcomputer.
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Pickand place.

Put more performance, more quality and more dependability on your
boards with ROHM surface mounting technology. ROHM offers all the
standard SMD parts, types, packages and performance — or you can have
more, including ultra-compact chip resistors; precision (1%) tolerance chip
resistors; chip resistor arrays; leadless diodes, rectifiers and zeners; small
signal transistors in SOT-23 and various other SO packages and many new
SOICs. All with ROHM's incredible single and double-digit PPM levels and
multi-billion-piece production capacities to assure reliabilty and delivery.
Find out more today. Call ROHM at 1-800-854-3386, ext. 29 (in California
dial 714-855-2131) or writt ROHM CORPORATION, 8 Whatney, P.O.
Box 19515, Irvine, CA 92713. TWX. 910-595-1721
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A New Line Of
Products

Static-Control
That Will

Knock Your Shocks Off.

A

From Collins & Ai

Electrostatic discharge is a shock not only to elec-
tronic devices, but also to your company’s bottom line.
Each year damage from ESD costs manufacturers of
electronic components and equipment billions of dollars
in product loss and degredation.

Now from Collins & Aikman, a Fortune 5¢0 manufac-
turer of industrial, commercial and residential products,
comes the ultimate in protection against damage from
ESD.

A pioneer in the development of anti-static materials,
C&A carefully analyzed the static control industry and
identified a need to improve the quality of protection
available for work stations. C&A then engineered a line
so dramatically superior to all others that all we ask is
an opportunity to substantiate our claim. to let you
Crcle 24 on reader service card

- . S 8
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k}nan; Of Course.

compare our static-control produets with the best our
competition has to offer.

If you would like a demonstration of the best static-
control products you've ever seen, call toll-free today.
Our local sales representative will show you differences
in quality that words cannot describe.

ca Collins & Aikman

Wi, STATIC-CONTROL PRODUCTS

Rs 2 PO. Box 1447, 1702 Kimberly Park Drive

o M " Dalton, GA 30722

Nangls  (408)259-9711 - Ext. 410 Telex No. 810759-4404

Toll-Free Customer Service 1-800-235-8817
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INSIDE TECHNOLOGY

WHATS HOLDING BACK
SURFACE MOUNTING

CULPRITS ARE TESTING, SOLDERING, AND HIGH COST OF PRODUCTION GEAR

by Jerry Lyman

espite the rosy predictions, the switch to surface

mounting of components isn’t taking off on sched-

ule. Instead of becoming common practice in the

1980s, surface mounting now may not make its

mark in the U.S. until the 1990s—if then. There

are three principal catches. First are the problems of reflow-

soldering tiny leaded and leadless surface-mounted devices

and then testing boards with components on both sides, tech-

niques in which domestic manufacturing engineers are just
starting down the learning curve.

Just as big a stumbling block is the expense of installing

new production equipment, which manufacturers caught in

the current industry slump are reluctant to undertake. A
complete assembly line consisting of machines for surface-
mounted placement, soldering, testing, and repair can easily
cost several hundred thousand dollars. Nonetheless, the tech-
nology’s pluses—increased interconnection density, smaller
board area, better performance, and reduced manufacturing
costs—ecould still make it the method of choice for fastening
components to printed-circuit boards.

In the U. S,, the computer, telecommunications, and automo-
tive industries, which are leading the move to surface mount-
ing, remain the only large assemblers using this method. Most
companies are still evaluating surface-mount-assembly demoa-
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stration units, says Charles-Henri Mangin, president of mar-
ket researcher Ceeris International Inc. In 1984, the U.S.
automotive industry used 1.4 billion SMDs—mostly chips and
small-outline transistors, Mangin says. The rest of the U.S.
electronics industry used nearly half a billion SMDs, mostly
for computers and telecommunications products. This amount-
ed to only 3% to 4% of the total assemblies of components by
domestic operations. In Japan, by contrast, 70% to 75% of all
board applications use surface mounting.

The 1990s could present either a rosy or a gray scenario for
the U.S. market, according to the Old Lyme, Conn., company
(Table 1). In Ceeris’s more pessimistic view, by 1990 only 30%
of all pe boards will have SMDs. And these boards will have a
mix of 50% SMDs and through-the-board components. The
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TABLE 1: HOW SURFACE MOUNTING WILL FARE IN U.S. BY 1990

Low estimate

High estimate

Makers of pc boards with

surface-mounted devices 100 290

SMDs per board 140 160

Total SMD packages {billions) 14 46

Share of surface mounting

in total components 15% 30%
SOURCE: CEERIS INTERNATIONAL INC.

more optimistic view forecasts that 50% of all boards will
contain SMDs by the end of the decade. Of these components,
60% will be surface mounted, and the remainder will be
mounted conventionally. Either prediction means that surface
mounting will garner only 15% to 30% of the total U.S. com-
ponent market in five years.

Unlike the early days of surface mounting, when both the
devices to be attached to boards and the machines to place
them were scarce, both surface-mountable components and
what are called pick-and-place machines (Fig. 1) are readily
available now. The machines come in a variety of units, rang-
ing from mass-placement units to small machines for proto-
typing. What's more, digital and linear integrated circuits and
discrete components are available in small-outline-transistor
packages, SOIC packages, plastic leaded chip carriers, and, to
a lesser extent, in plastic four-sided flatpacks [Electronics-
Week, April 8, 1985, p.49] from many sources in the U.S,
Europe, and Japan.

HERE TO STAY

In fact, two surface-mount packages—plastic leaded chip-
carriers and SOICs (Table 2)—have enjoyed spectacular
growth, according to Electronic Trend Publications’ latest
market research report on surface mounting. Consumption of
the plastic leaded chip carrier jumped from 1 million units in
1983 to an estimated 97 million in 1985; use of the small-
outline packages during the same period grew from 6 million
units to 485 million units, says the Cupertino, Calif., market
researcher. The plastic leaded carrier will be the highest-
volume chip carrier in the U.S. by 1989 with sales of 2.1
billion units, according to the forecast. That year, production
of small-outline packages will rise to 4.2 billion units and
garner 23% of the IC-package market.

These packaging success stories have helped persuade man-
ufacturers of discrete passive and active components that
surface mounting is here to stay. The world market for total
discrete devices will grow from 31.7 billion units (19.9% of the
total discrete market in 1985) to 83.1 billion units (39.1% of the
market by 1990) during the same period, according to Elec-
tronic Trend Publications. In the U.S., the number of SMDs
will grow from about 6 billion units in 1985 to about 30 billion
units in 1990 (chart, left).

At the same time, component manufacturers in the U.S.
and Japan are gradually filling in the gaps in surface-mounted
passive components. Last year, Kyocera International Inc,
San Diego, and Bourns Inc., Riverside, Calif., introduced sur-
face-mounted trimming potentiometers. Kyocera introduced a
4-mm surface-mounted variable ceramic capacitor. Rohm
Corp., Irvine, Calif., introduced a family of surface-mounted
light-emitting diodes in SOT-23 packages. Several companies

| introduced hermetically sealed elements in chip-carrier pack-

TABLE 2: PLASTIC LEADED CHIP CARRIERS LEAD U.S. MARKET (millions of units)

ages—among them, Technitrol Ine. with
its TTL chip-carrier delay module and Fox
Electronics with its high-speed CMOS
oscillator.

a8 AR

Total 6,315 8,239 {9,703 {11,384 {13,374 | 15,703 | 18,436 20 More than high cost is holding back the
PlasticDIP 5,299 16,934 (7,679 | 7,717 | 7,999 | 8,557 | 9,209 | 10 | march of pick-and-place machines onto
Cerdip 752 | 927 11,032 | 1,145 | 1,272 | 1,412 | 1,567 | 13 | U.S. board-assembly lines (chart, p.28).
Ceramic DIP 126 { 157 | 176 197 221 247 277 14 | Manufacturers are finding that, with
Flatpack 76 78 73 68 64 59 55| -5 | most surface-mounted boards containing
Leaded chip carrier 13| 26| 49| 89| 164| 301| 553| 88 | @ MX Ofl SMDs and through-hole compo-
Leadless chip carrier 9| 19| 35 62| 113| 204| 369| 84 gf:rff' fgregor%zn bzgil q “:Sese‘;’;{jsl';“%eec‘;‘;‘spé
Plastic leaded chip carrier 1 4 97 626 | 1,164 | 1,676 | 2,292 | 292 mixed boards will still be used heavily
Quad flatpack 1 2 4 10 23 55 | 133 ] 144 | |ater in this decade, makers have no rea-
Small outline 6| 41| 485 | 1,366 | 2,209 | 2,984 | 3,687 | 189 | son to regear entirely with pick-and-place
Pin grid array 1 2 3 5 7 12 18| 62 | equipment.

Other 32 49 70 99 139 196 2771 44 In addition, board design, placement
*Compound annual growth rate (%) SOURCE: ELECTRONIC TRENO PUBLICATIONS and attachment of components, and sol-

dering are different in surface mounting
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than in standard board assembly. Companies weighing a large
investment in surface-mounting equipment need to consider
the extensive education required in these techniques.

The need to learn new soldering technique has turned out
to be one of the biggest roadblocks to the spread of surface
mounting. Manufacturing engineers trained in wave-soldering
larger through-the-board leaded components now face the hur-
dle of combining reflow- and wave-soldering techniques and
applying them to much smaller leaded and leadless compo-
nents placed on the surface of boards that have three times
greater packing density. The engineer also must now cope
with boards that have components on both sides.

ASSEMBLY TRIO

Three types of surface-mounted assembly exist. In Type 1
assembly, surface-mounted components are reflow-soldered to
one or both sides of a pe board. Single-sided boards make up
most of this type of assembly. A typical example is a memory
board with single in-line packages with random-access-memo-
ry chips in plastic leaded chip carriers and chip capacitors
reflow-soldered to one or both sides of the board.

The most popular assembly is Type II, which has both
surface- and through-hole-mounted components. In this cate-
gory are boards with surface- and through-hole-mounted com-
ponents on the top only; boards with both surface- and
through-hole-mounted components on the top and surface-
mounted components on the bottom; and boards with surface-
and through-hole-mounted components on both the top and
bottom of the substrate.

A Type 111 assembly consists of through-hole-mounted com-
ponents on the top side and surface-mounted components
(typically passive chips and SOT-23 discrete semiconductors)
on the bottom. Many companies, when applying surface
mounting for the first time, choose this assembly, which is
usually wave- rather than reflow-soldered.

Board assemblers have been efficiently wave-soldering pe

boards with arrays of dual in-line packages and leaded pas-
sives since the late 1960s. Suddenly, assemblers must deal
with newer, denser boards with small passive chips and leaded
and unleaded chip carriers that must be reflow- rather than
wave-soldered. On top of this, the solder joint’s mechanical
strength now becomes critical because the clinched leads
aren’t there to help hold components on the board. In addition,
a mismatch of the thermal coefficients of expansion of the
board, passive chip components, and IC package can result in
thermal stresses that can fracture solder joints, a situation
that doesn’t exist in through-the-board asssembly. The design
of mounting pads also becomes critical.

Finally, a manufacturing engineer comfortable with stan-
dard wave-soldering equipment and operations must learn re-
flow-soldering based on screened-on solder pastes. He also
needs to learn vapor-phase or infrared solder-reflow equip-
ment. Often when a neophyte assembler must apply wave-
soldering in a Type II or III SMD assembly, he quickly finds
that his standard equipment won’t do the job. He then must
go to a dual wave-soldering machine [Electronics, Feb. 9,
1984, p. 119].

Manufacturing a Type II board takes many more steps than
does a through-the-board assembly (Fig. 2). Equally important
is the solder fillet for chip components, which must allow for
adequate transfer of thermal and mechanical stresses from
board to ceramic passive components. The solder mass should
be controlled to result in a maximum fillet of two thirds the
overall thickness of the chip, according to Murata Erie North
America Inc., Rockmart, Ga. Larger fillets can result in peel-
ing of the end termination, fillet weld cracks at the top cor-
ners, and cracks in the ceramic chip.

Another pesky problem in reflow soldering, especially in
belt-driven or in-line systems, is tombstoning, in which chip
capacitors, resistors, and SOT-23 packages stand on end after
soldering. This results from improper pad design, unequal
solder mass, and misplacement of chips. Poor chip-end termi-

1. TEAMING UP. Quad System's QS-34 pick-and-place assembler can operate alone or with

other machines to form a complete surface-mount assembly line.

nations, vibration of presoldered assem-
blies, poor quality of the solder paste, and
the wrong soldering temperature also

cause tombstoning.

Vapor-phase reflow-soldering has taken
the lead in the U.S. and IR reflow is
starting to come to the fore. In vapor-
phase soldering, the assembled board is
immersed in saturated vapor generated
by a pool of boiling Fluorinert liquid. The
vapor, at the temperature of the boiling
liquid, completely envelops the board and
begins to condense, giving up the latent
heat of vaporization. The heat rapidly and
uniformly raises the temperature of the
assembly to the liquid’s boiling point,
causing the solder to flow.

Vapor-phase soldering offers uniform
and rapid heating, maximum temperature
control, geometry independence, and a
clean environment. But the drawbacks of
the technique are the cost and complexity
of the machine as well as the $500-per-
gallon cost of the Fluorinert required.
What’s more, because liquid condenses on
the surface of the work piece during the
process, with this technique surface-
mounted components are much more
prone to misalignment.

Unlike the vapor-phase system, which
heats by conduction, an IR solder-reflow
system transfers heat by radiation. A
typical IR process requires less power
than an equivalent vapor-phase-soldering
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board and package at the same rate. In this case, W

’ HOW AUTOASSEMBLER MARKET WILL GROW BY 1990 I

the solder paste melts and starts to reflow on the
IC lead first. With good solderability, the solder
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wicks up the lead, reducing the amount available to
form a fillet between the lead and pe-board pad. If
the gap between the lead and pad is too large for
surface tension of the molten solder, it separates,
forming two independent surfaces that do not form
a solder fillet.

With an IR system, rather than plunging the
assembly into the vapor-phase system’s constant
temperature, the assembly goes first to a preheat-
ing stage, in which the board and components are
temperature-stabilized and -equalized. Once compo-
nents reach equilibrium, the transport mechanism
will carry the substrate to the final stage, in which
a high-energy spike adheres the component to the
solder joint. The gradual heating of the assembly
avoids the different heating rates of the vapor-
phase system and all but eliminates wicking.

To come to terms with soldering carriers that
have compliant leads, the Institute of Electrical
and Electronics Engineers formed a task force,

MACHINES INSTALLED

0 100 200 300 400 500

il which reported some preliminary findings last

year. It will furnish additional data at an Interna-

B 1930 - HIGH ESTIMATE 3 1983

[ 1990 - LOW ESTIMATE

system and, of course, doesn’t require an expensive heat-
transfer fluid. In addition, because of its preheating cycle, an
IR system can substantially reduce component tombstoning.

The major process limitation of IR solder reflow is uneven
heating resulting from hot spots on the assemblies. This can
be minimized by reducing the conveyor belt’s speed and allow-
ing conduction to equalize the hot spots.

CUTTING DEFECT LEVELS

Open solder joints on J-leaded plastic chip carriers turned
out to be a big problem at Texas Instruments Inc’s Surface
Mount Center in Houston. Production and test boards had
solder defect levels of 100 to 300 parts per million. About 90%
of all defects were due to open solder joints on J-leaded chip
carriers.

Because a 100-ppm level on a board with 10,000 solder joints
would give about one defect per board or a yvield of zero, TI's
engineers decided to aim for a 90% functional yield. For a
10,000-joint assembly, this would require a defect level of less
than 10 ppm. After extensive tests, engineers substituted IR
reflow for the original vapor-phase process and cut the failure
rate 98%. TI’s soldering experts believe that the cause of the
joint failures is the fact that the vapor-phase system heats the
smaller mass of the IC packages first rather than heating the

SOURCE: CEERIS INTERNATIONAL INC.

tional Electronics Packaging Society meeting Feb.
24, just before Nepcon West in Anaheim, Calif.

Surface mounting brings both higher packaging
density, with many of its components on 50-mil centers, and
even higher density, with components on both sides of a
board. It also brings the problem of testing these jammed
assemblies.

Because most defects in surface-mounted boards are assem-
bly-related, these assemblies are usually tested in-circuit rath-
er than functionally. In-circuit testing efficiently locates this
tvpe of defect. But fixturing is the main problem of in-circuit
testing for surface-mounted pe boards.

Standard bed-of-nails fixtures with spring probes on 100-mil
centers will not do for most SMD boards,” says Peter Hansen,
applications engineering manager at Teradyne Inc., Boston,
Mass. “With the denser boards, we need probes on 50-mil
centers and now face the problems of optimizing probe shape,
travel, pressure, and many other variables for this new design.
The industry simply must gain experience on how to cope with
this problem,” he says. “Surface mounting will be a major
force in board assembly. Bul people have seriously underesti-
mated the test problem with its potential for trouble.”

As a result, the automated-test-equipment industry has
come up with a two-sided clamshell fixtures with special
probes on 50-mil centers. They interface a board’s many leads
with the tester. Augat/Pylon, GenRad, Teradyne, and Zehntel
already offer units. A typical fixture (Fig. 3) is a pneumatical-

ly actuated bed-of-nails unit for
CLEAN SCREEN THE PERFORM CLEAN loaded pc boards of up to 8 by
— %He YES 1 “pASTE FOR REFLOW THE 10 in. wit_h su.rfuce-mounted de-
BOARDS VIA FILL SOLDERING BOARDS vices on 50-mil centers on both

sides of the board.
NO This Augat/Pylon Inc. unit
. features a horizontal mount,
which reduces overall wiring
SCREEN THE PLACE ORY PERFORM lengths. It is fan-cooled for max-
PASTE FOR SURFACE-MOUNT THE REFLOW imum heat dissipation in the unit

> COMPONENT, §

CRUPORENNS i PASTE SELOERING under test. (Older vacuum-actu-
. ated units have no provision for
‘ CLEAN INSERT . PERFORM CLEAN PERFORM 2.MIXING METHODS. Boards with
THE LEADED WAVE THE ELECTRICAL F—» surface- and conventionally mounted
BOARDS COMPONENTS SOLDERING BOARDS TESTING components take many steps 10 as-
semble. SMDs can be on one side or

mixed with through-hole devices.
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4. COMBO. An image-processing board has surface-mounted random-access mem-
ories with gate arrays and standard logic chips in dual in-line packages.

3. GO-BETWEEN. Two-sided surface-mounted
boards need a special interface fixture, such as the
pneumatically actuated unit from Augat/Pylon.

face-mounted components, such as plastic lead-
ed chip carriers and passive chips, according to
Camarato.

At John Fluke Manufacturing Co., surface
mounting also has moved from research and
development [Electronics, Feb. 9, 1984, p. 120]
to manufacturing. The Everett, Wash., company
has gone to surface mounting mostly to cut
board size. OQut of 30 designs, it has six in
production.

The assembly line for the company’s popular
miniature digital multimeter combines a pick-
and-place machine for conventional chip compo-
nents and a special robotic soldering station for
60-lead four-sided plastic flatpacks that cannot
be handled easily by a pick-and-place machine.
Fluke’s SMD boards are mostly Type IIs and
use both vapor-phase belt and dual-wave solder-
) ing for their mix of components. The company
is building a flexible assembly line that can pro-
duce either standard boards or boards with
mixed components, based on just-in-time compo-
nent delivery. With the new line, Fluke aims to
be able to switch board types with only a 5
minute delay.

“Testing is a problem,” acknowledges Robert
Burns, engineering section manager of Fluke’s
advanced process and component group. “Our
solution is to put in many testing points.” The
company uses 9 million SMDs a year and has
the capacity to use 15 million SMDs a year.

With the exception of Fluke and a few other
large companies, most component makers are
loath to start up in-house surface-mounting ef-

cooling.) The use of transfer contacts eliminates the chance of
wire failure.

Interestingly, Teradyne Inc. has kept its fixture wiring
short to preserve the signal quality of the unit under test,
Because surface mounting offers higher performance, a good
fixture shouldn’t degrade this advantage.

Another approach to SMD testing is to design appropriate
test nodes onto the board. Several companies have already
designed boards that can be accessed from the top with stan-
dard vacuum-actuated fixtures. Another technique features
clusters of test points around critical areas.

SELECTED SUCCESS

Despite an industry recession and the fact that some manu-
facturers are still mired in debugging production lines, sur-
face mounting is making inroads in some sectors. Imaging
Technology Inc., for example, is using surface mounting to
produce image-processing hardware—a mixed-component
board designed for the IBM Corp. Personal Computer (Fig. 4).
The board combines standard DIPs, gate arrays in leadless
chip carriers, and surface-mounted plastic leaded chip carriers.

Manufacturing engineers at the Woburn, Mass., company
attended sessions at TI's Surface Mount Center to gain first-
hand experience, says Tony Camarato, vice president of manu-
facturing. In fact, the company’s engineers turned out 15 to
20 sample boards at the center.

Armed with that knowledge, Imaging Technology’s engi-
neers bought equipment—a pick-and-place machine and a
batch vapor-phase reflow-soldering machine—and went into
successful production. The biggest problems were finding a
good solder paste and redesigning some solder pads for sur-

forts. That gap is being filled by a spate of
surface-mount-assembly business, represented by AWI, Or-
chard Electronics, Microindustries, and a host of startups.
One such company is Xetel Corp., founded in April 1984 by a
group of former TI employees. The Elgin, Texas, company
designs, prototypes, produces, and tests boards. What's more,
Xetel engineers have designed special test clips for testing the
more popular sizes of plastic leaded chip carriers and SOICs.

Xetel does mostly Type II and Type I assemblies with two
pick-and-place machines, a belt-type vapor-phase-reflow Sys-
tem, and a wave-soldering machine. The SMD-board designs
are done on a Cadnetics Corp. computer-aided design system.
The new SMD assembler has standardized on pc boards with
8mil lines and spaces. “Despite the fact that we are in a
recession, the last four months has seen our design business
growing. At the same time, our assembly business is picking
up. I am optimistic about surface mounting in general,” says
Xetel president Emory Garth.

At Microindustries Corp., “business has picked up radically
in the last six months,” says Chuck Richardson, vice president
of manufacturing and business development. The Westerville,
Ohio, company has taken orders for completely surface-
mounted boards. Surface mounting’s slow development in the
U.S. may be due simply to inertia, says Garth. “People don’t
want to give up technologies they are comfortable with.”

In any case, surface mounting remains the most space-
efficient and highest-performance method to connect present
and future generations of high-speed very large-scale inte-
grated circuits. Eventually, it will garner most of the U. S. pe-
board business. But when that will occur depends on the
worldwide economy and the progress of the U.S. electronics
industry up the SMD learning curve. O
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If yours is like other electronics industry
companies, the gradual trend from Insertion

Mount Component (IMC) technology to Surface

Mount Component (SMC) technology has you
rethinking your whole approach fo circuit
board processing.

Like company managers and engineers
elsewhere, you may have many questions, but
not yet as many answers.

“How do we maintain IMC board produc-
ivity while we gear up for SMC boards?”

“What do we do while we wait for SMC
standards to emerge?”

“Where does the new technology fit into the

automated electronics factory?”

“If business is off now, do we even dare think

of investing in the changeover?”

“Which vendor will be the long-haul player
among SMC board processing equipment
makers?”

As a world leader in the automation of
electronic circuit production, we've made an
all-out corporate commitment to help you find
answers. . . to help you “build a bridge™
between IMC and SMC technologies.

Here's why Universal should be your
“bridge builder":

1. SMC solutions for today

Choose from several field-tested, ready-to-ship
board assembly systems for applications large
or small. For users large or small. Universal
systems address any combination of compo-
nent mix and board volume. Ask us about
two-sided board solutions, too.

While you're deciding on the system that's
right for you, Universal’s contract manufac-
turing division is up and running with SMC
board processing to meet your immediate
product needs.

2. SMC solutions for tomorrow
Universal R&D has never been more intense.
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BUILD YOU

SMC

BOARD PR
WITH UNIV

We've put 10% of '85 sales toward developing
the next generation of SMC board processing
systems.

3. Total board processing

Sequencing.. . . verification.. . . screen printing.. ...
insertion/placement . . . board handling.. . .
soldering.. . . cleaning. . .drying.. . . profiling. . .
process integration. The works!

4. Automation control systems and software
“Build your bridge" with Computer-Integrated
Manufacturing (CIM) from Universal. Start by
visiting our Factory Automation “showroom.”
5. Training

Graduates of Universal's Training Center
become our “Partners in Productivity.”

So can you.

6. After-sale support

No point being modest here. Universal Field
Service and Spare Parts Divisions are role
models for our industry!

7. World market reach

Take a global view of “bridge building.” In all
the major markets — U.S., Far East and Europe
— Universal's language is spoken.
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| Helping you
< _vo_w_m: make all the

wen | right moves

| MIX VOLUME | On your

s € 19 _____ _ SMC board
When you're looking to make your move to

SMC, make Universal your choice to help you
“bridge the distance.”

Automation
in Electronics

Free
building

Product Catatog plansl

See vus at
NEPCON West

: Booth No. 104.
A world leader in automation of electronic circuit production

- ®
u n l Ver s a L Subsidiary of TECHNOLOGY INTERNATIONAL, INC.

Universal Instruments Corporation 8 PO. Box 825, Binghamton, NY 13902 ® Tel: 607/772/7850 ® Telex: 685-4544
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2-80 MPU.

Identical fit, form and fundion
to the NMOS Z-80 you know and love.
Why wait to up-grade?

Identical twins. The only way
you can tell them apart is that
Toshiba’s cM0s z-80 takes less
power, runs cooler, extends reli-
ability and expands the
temperature operating range.
And, it’s second sourced.

Our cMos Z-80 MPU and
peripherals are interchangeable
with the NMOS Z-80 family you’ve
been using. 4 megahertz. Pinout
compatible. Hardware compati-
ble. Software compatible.

So there’s no reason to wait
to up-grade. Let us start deliver-
ing your CMOS Z-80’s now, while
you are completing the rest of
your system design.

TOSHIBA IS
MPU POWER
Of course, the cMOSs z-80 is
only one of Toshiba’s extensive
line of MPUs. From 4-BIT CMOS
and NMOS MICROS — of which we

are the second largest manufac-
turer in the world — to our line
of 8-bit devices, including CMOs
and NMOS 8048 and 8049, as well as
the popular 8085 family.

Toshiba is the power in MPUs,
and one of the reasons is
Toshiba’s proven volume produc-
tion capability. Capability that
assures you of the product you
need — when you need it.

So when you are designing in
a z-80, talk with the people with
cMos Z-80 power. Talk with
Toshiba.

8-BIT MICROPROCESSOR — CMOS Z-80 FAMILY

Operating | Power-
Device Description Technology | Current at| Down
4MHz Currenl
TMPZ84C00 | 4MHz Z80A CPU ' CMOS 15mA < IOpA
TMPZ84C30 | CTC: Counter/Timer Circuit | CMOS 3mA <10pA
TMPZ84C20 | PIO: Parallel Input/Output | CMOS 2mA <10pA
Controller
T6497 Clock Generator/Controller | CMOS 2mA <10uA
TMPZ84C40 ?;},2 Serial Input/Output CMOS 25mA <10pA
troller
TMPZ84C10 | DMA: Direct Memory Access| CMOS 25mA <10 p.A
Controller

TOSHIBA. THE POWER IN MPII'S

TOSHIBA AMERICA, INC.

($13) 236-8800, Stering Electronics: Kansas, (m)z:usm VWERMHM (314) 391-6444; NEWABA, integrated Electronics, (916) 424-5297, Time Eiectronics- Nor/Cai, (408) 734-9088, Westem Microtechnology, (408) 7251660, WEW NAMPENIRE, Cronin Edctromcs, inc , (617) 4495000, Mhigray/New England, inc.
Ganecal Components,

(617) 272-6800, . (B17) 938- England, (617) 532-6200; WEW JERSEY,
(516) 17&0‘@ WEW MEXICS, Sterking Electronics- AM {505) 884-1900, T
bigray Electromecs, inc (404)393—“ Aesco Ralegh, (PI!)7I| 5700, Time Electromcs, (704) 522-7600,

5, Inc , (609) 768-6767, Milgray Electronics, inc , (516) 420-3800, (609) 963-5010, (600) 257-7808. (m)zsv 71 1, smema Plamheld, {201) 769-7000, Time Electromcs.
ime Electroncs, (802) 967-2000, wm-nuwm (602)5“ -4240; NEW YORX, Milgray Electronics, inc , (51! E)WW (716)35
3 Dwplomat Electroncs,

., {516) 273-0100, (315) 4320355,

ac., (214) 248-1609, Sterh

ORLAROMA, Diplornar Electronics, 14) 241-7441; OREDON. :
(608) 768-6767, Mitgray/Cleveland, lm (216) 4471520, (wo)mm Milgray/Delaware Valley. inc . (609) 583- .'MO mo)m 7808, (800) 2577111, Time Electronics, (215) 337-0900, (614) )76! m

(NS) BORTR/S0NTH
wlcw 3 (2‘5)“7 Im (wo):mm Raptron, (ll‘)wh’i Tume Electronics, {614) 761- Ilﬂ

oc. (m)m«w St a-:m-!mm‘

o, (617) 449- terfing
(5!7) WW Tume Electronics-New England, (617) 532-6200, 'mmﬂwfi&m Inc , (404) 393-9668. mw [919) 781-5700, TIII Elecironics, (404) 448-4448; TEXAS. Diplomat Em (512)452525‘ (214) 960-1888, (713)075 3447, me Inc., (214) )2“ 1603, Sterkng

K
n«&mu mmnm te (GI?)WW 61

Elactroncs,
.. (617) 449-5000, Migray/
-3060; WASINNITON,

.. (Nl)lﬂ 6400, {800

(91!) 7l| .'mn

{206) 455-2727, {206) w-ﬂ:‘l mnu DWI- Elnlm {612) 559-

umdmwy
(312) 350-0610, mmmm L, (!I3)729'53l (4 G)MW (418) 4957705, (5 4) 334-8321, Spece Electroncs Sales Corp . (514) 687+ ”n l m)mw (8‘3)5“'5340 (604)07 611

[301)

lM(!\?)u]?""‘ ray Chvcagn, ., (312) 350-0490, T

Circle 33 on reader service card




jueeze out the
capital cost
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e

-face Mount

“Surface Mount S
let you take
advantage of
Surface Mount
Technology
immediately!

¥ CUSTOM

DOUBLE
g SIDED
" PC BOARD with
surface mount
devices in place.

CTS Knights Division
"SURFACE MOUNT SERVICES"
does all the design, production,
testing of your proprietary
surface mount boards. You get
high reliability, very competitive
prices—without brutal
equipment costs. We've made the
capital investment so you won't have

to. With 20 years of corporate experience
in state-of-the-art surface mount technology.

CTS can do it all for you. We can take your sche-
matic right through to testing and production—or.
we'll handle any specified portion of the project. And,

CTS offers the widest choice of

we'll meet your reliability standards and deliver your "State-of-the-art” Surface Mount technologies.

surface mount circuit assemblies on-time and within Choice of Substrates:  Printed circuit boards, ceramic.

your cost objectives. And, best of all, your proprietary insulated metal.

products will have the same CTS quality and reliability Choice of All passive chip components, SOIC's,

that has satisfied major OEM firms for decades. COIERENT) SOT 23/89. all DIP 1.C.s. PLCC, LCC
and nonsurface mountable

Put CTS “Surface Mount Services” to work for you. components.

Write today for a new brochure detailing Choice of Lasers: active and passive.

CTS ="

the total capability that CTS offers in

Resistor Trimming:

custom surface mount assemblies. Contact: Ch%ceof . '“fra'redh‘ R) 'ego“’

CTS Corporation, Knights Division, Solder Process: b

400 Reimann Ave., Sandwich, IL 60548. Choice of Computer  100% Functional,

Phone: (815) 786-8411. Controlled Testing: parametric, environmental stress

CIRCLE NO. 60

CTS MEANS RELIABILITY

Surface Mount Box Surface Mount AUTO- Surface Mount Resistor Surface Mount Hybrid

Connectors .100” centers. DIP* Switches Process Networks Numerous pack- Clock Oscillators Fully
PN 200830-01. compatible. Series SM 207. age configurations and hermetic resistance weld
Phone:(612)533-3533 Phone: (805) 238-0350 attachment choices. packages.
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TECHNOLOGY TO WATCH |

SLOT ISOLATION YIELDS
DENSEST BIPOLAR PROM YET

IMOX-Hl HALVES TRANSISTOR CELL SIZE FOR SPEED AND POWER GAINS

o create a faster, denser, bipolar programmable

read-only memory, integrated-circuit designers at

Advanced Micro Devices Inc. have turned to a new

bipolar process that uses reactive-ion-etched slots to

isolate implanted transistors. The Sunnyvale, Calif.,
company’s IMOX III-Slot process makes possible transistor
cells that are half the size of previous bipolar devices. The
result is bipolar speed and significantly reduced power dissi-
pation in dense ICs.

By coupling IMOX II1-Slot, which is an enhancement of the
company’s earlier IMOX and IMOX II processes, with a sili-
cide-fuse process, AMD designers have produced a 128-K TTL
bipolar PROM, the densest of its kind. The Am27S51’s maxi-
mum access time of 35 ns compares with an identical figure
for 16-K CMOS PROMs. Even faster speeds

erations. Minimum feature size is 2 wm, with a pitch of 4.5
pm. IMOX III-Siot incorporates many of the features used in
IMOX 1I for transistor structures and upper-level metals. It
uses two independent layers of metal and silicides for both
Schottky formation and fusible links in the array (Fig. 1). The
array is a matrix of Schottky diodes and polysilicide fusible
links. Titanium tungsten is used as a barrier metal to prevent
aluminum spiking from shorting junctions.

WALLED EMITTERS AND BASES

The two layers of metal are separated by dielectric glass
that has been planarized by a plasma-etch process. The pro-
cess uses shallow implanted transistors similar to those em-
ploved in previous IMOX generations (see “AMD’s IMOX en-

will be possible | ters second decade,” p. 36). These structures use walled emit-

when AMD applies the IMOX III-Slot
process to lower-density PROMs and
emitter-coupled-logic PROMs; the com-
pany is already using it in several ran-
dom-access memories and programma-
ble logic arrays.

The IMOX II1-Slot process maintains
the high reliability and high drive capability inherent in bipo-
lar devices. Another important advantage of the process is its
low power consumption: the Am27S51 uses just one eighth the
power per bit of a comparably fast bipolar 16-K PROM and
has no latchup.

The process’s key innovation is the separation of the tran-
sistor structures by a reactive-ion-etched slot less than 2 pm
wide and more than 3 um deep. This narrow, deep, vertically
walled slot keeps each transistor separate from all others.
Because the transistors do not depend on junctions for isola-
tion, the depletion spread necessary in junction-isolated struc-
tures is not an issue. Furthermore, the depth to which slots
can be sunk removes limitations on high-voltage structures
ordinarily imposed by oxide-walled devices.

Elimination of the isolation structures around a transistor
dramatically reduces the device size: IMOX III-Slot structures

128-K PROM is as fast
as 16-K part but uses
1% of the power per bit

ters and bases to reduce the size of the tran-
sistors.  Arsenic  emitters and  en-
hanced-conductivity extrinsic bases increase
transistor speed. The transistor structure
used in IMOX III has proven reliable over
millions of hours of high-temperature operat-
ing-life tests on a variety of AMD products
that use IMOX IL

The slot-etching process requires a subtle mix of techniques
to achieve walled slots with smoothly shaped sides and bot-
toms. The surface topography after the completion and back
filling of the slots also requires precise shaping (Fig. 2).

Walled slots must be etched carefully to avoid generating
and propagating defects around the slot. Such defects can
cause transistor pipes to develop through the base region,
resulting in collector-to-emitter shorts. Even moderate densi-
ties of collector-to-emitter defects hinder the manufacture of
small bipolar RAMs.

Use of a platinum silicide Schottky array cell ensures high
yields. By carefully positioning the lateral fuse, the AMD
team created cells comparable in size to those formed with
avalanche-induced migration, and the yields associated with
Schottky-barrier-diode and lateral-fuse structures have been

require less than half the area of simi-
lar structures produced in IMOX II

lithography techniques could permit
even further reductions to submicron
geometries.

The IMOX I11-Slot process is a major
improvement over previous IMOX gen-

TECHNOLOGY TO WATCH is « regu-
lar feature of Electronics that pro-

AMD expects those structures eventu- ALUMINUM COLLECTOR EMITTER BASE TITANIUM

ally to occupy less than one fifth the | PLATINUM [LUNGRER
area of similar structures produced | SIHCIOE

with IMOX II. Expected advances in \ ] T le—PSi

vides readers with exclusive, in-
depth reports on important techni-
cal innovations from companies
around the world. It covers signifi-
cant technology, processes, and de-
velopments incorporated in major
| new products.
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1. ISOLATION. in the IMOX I}l process, walled slot structures isolate transistors to permit greater
density. Metalization consists of aluminum, titanium tungsten, and platinum silicide.
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AMD’S IMOX ENTERS SECOND DECADE

As the quest for smaller integrated-cir-
cuit geometries and lower power con-
sumption progressed, early bipolar pro-
cesses without oxide isolation posed sig-
nificant problems. They involved an un-
walled emitter structure that required
considerable silicon area to isolate the
collector and emitter regions. In 197§,
Advanced Micro Devices Inc. introduced
its first ion-implanted oxide-isolated pro-
cess, called IMOX, which used oxide iso-
lation to separate the transistors. With
it, AMD shrank the device size dramati-
cally for its 1-K bipolar random-access
memory.

In 1979, AMD introduced a substantial
enhancement to this process, called
IMOX II, which used many of the same
walled transistor features of the fully
oxide-isolated process, but combined this
feature with a junction-isolated diffusion
that allowed thicker epitaxial layers and
easier manufacturing. Minimum feature
size was reduced to 3 um, with a metal
pitch of 8 um. The Am29300 32-bit micro-
processor family of functionally parti-
tioned building blocks is fabricated using
this process. AMD has also used the pro-
cess for most of its bipolar programma-
ble read-only memories and logic arrays.

facture. The platinum silicide fuse
is the same fuse that is used on
all AMD PROMs. It has an im-
pressive reliability record—more
than 126 billion fuse hours with-
out a failure.

One advantage of Schottky
fuse-link arrays is that defects
show up as open circuits. Defects
in the avalanche-induced-migra-
tion cell arrays show up as short-
ed devices, causing rows to short
to columns and vice versa. Anoth-
er advantage of the Schottky-bar-
rier-diode structure is its brief
programming time—typically less
than 5 us; most fuses blow in less
than 300 ns.

Power limitations in the circuit
design were overcome by using a §
proprietary multiplexing circuit to |
share power in the arrays be-
tween adjacent column lines. This
lets large amounts of current
drive the array lines up and down
at high speeds without dissipating
the current in each column. Tem-
perature- and voltage-compensa-
tion networks also reduce the
variation in ac performance, get-
ting the most efficient use of the
available current. Because the
Am27S51 dissipates only 190 mA,
it saves a tremendous amount of
power compared with smaller
PROMs.

Though bipolar PROMs do not
suffer to the same extent as bipo-
lar RAMs from collector-to-emitter
defects, PROMs must have ex-

repair than the avalanche-induced-migration cell array and
requires that only simple redundancy be built in.

Unlike other companies making large bipolar PROMs, AMD
chose to use lateral-fuse architecture, which permits miniatur-
ization through diagonal elements and merged fusible-link
Schottky structures. In addition to high speed, this structure
offers high yields, and its simplicity makes it easy to manu-

tremely good metal-film consisten- 2. TIGHT SPACING. Smoothly etched 2-um-wide slots
¢y to build chips with densities of isolate devices in the Am27351, a bipolar 128-K pro-
L128—K and higher. This requires grammable read-only memory.

both extremely smooth surfaces and ex-
tremely clean film depositions. AMD’s
designers solved these problems after
extensive experiments with the slot’s lo-
cation and the precise shaping of subse-
quent silicon dioxide depositions.

The fusible-link cell, though common
in PROMs, has been less popular in
large PROMs because it traditionally
has taken more area than the vertical
avalanche-induced-migration structure,
which has an open base with a short-
ened pn junction at the collector diode.
The AIM structure requires the use of a
transistor, however, and so it is subject
to the kinds of defects associated with a
complex structure, especially at the 128
K level.

The Am27851 comes in a 28-pin 600-

maintained. In addition, the Schottky array cell is easier to | mil ceramic dual-in-line format of 16-K words by & bits and
contains extra test rows and columns (Fig. 3). The 128-K part
is aimed at traditional bipolar PROM applications such as
control store and microprogram machines, where a continuing
trend to deeper stores will require depths of more than 8K
words. At those depths, the Am27S51 will provide the highest
speeds available as well as attractive power-per-bit levels.
The IMOX IlI-Slot process technology has already been

used to achieve high performance and
reliability in a variety of other products
at AMD. The advantages of its low side-
wall capacitance, small and extremely
fast transistors, and tight metal spacing
make this process desirable for ECL as

| well as for TTL systems. It is particular-

ly suited for high-density, high-perfor-
mance bipolar RAMs, whose memory
size has long been limited by the mini-
mum transistor pitch. Slot isolation
overcomes this limitation with a channel
that is deep enough to completely pene-
trate and laterally isolate the n+ buried
collector. So the antimony collector can
simply be put down as an unmasked
sheet laver. And because the slot
doesn’t change dimensions during sub-
sequent heat treatment, the only poten-
tial source of variation is the manufac-
turing process itself.

The use of active lateral pnp transis-

| tors in the memory cell, with their inher-

ently low standby power (typically less
than 1 pA), high noise immunity, and
low impedance during cell access, cre-
ates a sense-to-standby current ratio of
over 150:1 and results in a fast access
time. Also, because with IMOX-III the
RAM does not require high program-
ming voltages, it can be built using shal-
lower structures than those required for
PROMs. Neither is fuse processing re-
quired unless redundancy techniques
are used. Other than these differences,
the PROM and RAM processes in IMOX
111 are identical.

A family of AMD ECL RAMs using
the IMOX 11I-Slot process features fast
access times over a wide temperature
range. A complementary memory-cell
design provides inherent resistance to
errors that are induced by alpha parti-
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3. DENSER DESIGN. Advanced Micro De-
vices' bipolar 128-K PROM incorporates

extra test rows and columns. It has an Ae e A
extremely fast programming time per fuse.
cles. All AMD ECL RAMs are config- ROW-ADDRESS BUFFERS

ured for use with either 10K or 100K
logic families.

Two ECL RAMs currently being
produced with IMOX IIT are a 1-K-by-
4-bit part with a 10-ns address-access
time over the commercial tempera- e B
ture range of 0° to +85°C and a 16-K- DECODER | | ORIVER 512-BY-256-BIT MEMDRY ARRAY
by-1-bit RAM with a 15-ns address-
access time. These parts are also de-
signed to be used over the full mili-
tary temperature range. In fact, the
1-K-by-4-bit part is the first ECL RAM |
to meet the 15-ns specification from
-55° to +150°C, which is actually

-
bt

o o REOUN

E?Irge tgfar_lsgbiom_:_l llt;;)é specification C?QE‘S} GECODER Pnrggﬂr:hﬁ)rjgﬂcm%w

Products to be introduced in mid-
1986 include a 4-K-by-4-bit RAM and a | | T [ (I
proprietary 512-K-by-9-bit part with on- &
chip logic for use in cache-memory CDL%TJ';'FAE%%RESS OUTPUT BUFFERS —‘ Em:%‘# o
systems. CS3

AMD is also using the IMOX III- | l | l I [
Slot process in the production of gl
high-performance ECL PLAs. The Ag = = = As Qg » « + 0O cs, @S,

AmEPAL20EVS is a 24-pin part with
3,600 programmable fuses in a pro- ————————————————————————————————————
grammable AND/OR array. Offering architectural flexibili- | ures the output as either combinatorial or registered and
ty, high density, and speed, this device is designed to blend | controls the output’s polarity.
the advantages of gate arrays with the off-the-shelf avail- With variable distribution of 80 logical product terms, the
ability of standard products. | user can allocate complex functions to the outputs with the
The AmEPAL20EV8's eight combinatorial and registered | larger number of product terms. With a 6-ns propagation
macrocells let the designer individually customize the architec- | delay and 8-ns cycle time (3-ns clock-to-output plus 5-ns setup
ture of each output. Selective blowing of fusible links config- | time), the AmEPAL20EV8 supports a 125-MHz system. [

AMD ENGINEERS SHARE MORE THAN JUST BIPOLAR DESIGN

Three young design engineers in the Bi- | group charged with developing bipolar | emitter-coupled-logic designs—a view

polar Memory Division of Advanced Mi- | programmable read-only memories. shared by his associates on the
cro Devices Inc. share more than their Thai says the next step in his field is | Am27S51 development project.

work on the company’s IMOX III-Slot | to focus on still higher-density TTL and Yang says she had “theoretical expe-
process and their Asian rience with CMOS, but

backgrounds. Their -ca-
reers are all remarkably
similar. All three—Phi
Thai from Vietnam and
S.C. Chang and Mann-
chii Yang, both of Tai-
wan—have degrees in
electrical  engineering
from California universi-
ties and have honed
their design skills exclu-
sively at AMD.

Phi Thai, the design
team’s leader, left Viet-
nam in 1971. After earn-
ing his BSEE from San
Jose State University in
1975, he spent nine
years at AMD and one
as a consultant for

no other design experi-
ence before starting at
AMD.” She graduated
with a BSEE from the
University of California,
Berkeley, in 1983.
Chang received a
bachelor's degree in in-
dustrial  management
from the National Tai-
wan Institute of Tech-
nology in 1976. He then
switched to electrical en-
gineering and earned an
y| MSEE from Thai’s alma
mater, San Jose State, in
1980. “I didn't like man-
agement,” he says.
“People are difficult to
manage. At least in de-

Thomson-CSF in Paris. . = sign engineering, a diode
Now back at AMD, Thal TIGHT TEAM. Yang, Thai, and Chang designed AMD'’s 128-K bipolar PROM using is a diode and you know
supervises a 10-person ' the IMOX llI-Slot process. All three have spent their design careers at AMD. what to do with it.”
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TECHNOLOGY TO WATCH

SBS LAUNCHES PUBLIC SWITCHED
ENCRYPTION SERVICE

COMMON CARRIER’S SATELLITE OFFERING MEETS DOD GUIDELINES

aintaining the integrity of proprietary informa-
tion is becoming critical to a growing number of
companies. And these companies—typically gov-
ernment contractors required to protect sensitive
traffic and smaller companies with valuable pro-
prietary information—have been trying to find an inexpensive
means to protect their sensitive voice and data traffic from
interception. Encryption, long favored by the military to pro-
tect its traffic, is already protecting the networks of large
corporations. But it is costly to implement and has not been
generally available in public switched networks.

A solution to their problem may now be at hand. With
Satellite Business Systems Incs new Traffic Protection Ser-
vice, these companies will have the means to secure their
telecommunications traffic on a common-carrier subnetwork

Long-distance telephone networks are particularly vulnera-
ble to eavesdropping because they rely heavily on microwave
and satellite transmission systems. A wiretap, the cheapest
and easiest method of intercepting communications, also sub-
jects the eavesdropper to the greatest risk of detection. But
signals from a microwave tower or satellite can be monitored
without physical access to telephone company equipment and
without leaving telltale signs. Because it cannot be detected, it
therefore is much more insidious.

TRANSPARENT SERVICE

For federal contractors and companies concerned about pro-
tecting proprietary data, inexpensive encryption services have
not been readily available. Secure telephone units are on the
market, but generally they are too expensive to be distributed

at costs competitive with nonencrypted
services. The new service has significant-
ly improved the economics of encryption,
says the McLean, Va., company, because
it treats large amounts of traffic in bulk
through a single encryption unit before it

Helping to keep prices low is that only one bulk-encryption
unit per earth station is required on the SBS network. The
encryption unit meets rigid federal standards for physical
security and implements a variation of the government’s Data
Encryption Standard (DES) output-feedback mode using two
keys—a master and a working key. The master key is used to
decrypt a working key that is changed periodically.

Exacerbating the need for such a protection service for the
corporate sector is mounting evidence that sophisticated for-
eign adversaries and criminals are intercepting U. S. domestic
commercial communications, says Frank Stein, SBS project
coordinator for communications protection. “The greatest
weakness in our communications infrastructure is the long-
distance telephone networks, because of the enormous
amount of information passed and the networks’ valnerability
to interception.”

Bulk-encrypting
1,000 voice channels
keeps the costs down

enters the satellite transmMiSSION SySTEITI.  ———————

widely throughout a company. Very large
corporations can build a private encrypted
network, but most companies are not big
enough to justify the expense involved.
Even when a company does have the re-
sources to build one, a private network
does not connect it to its customers, sup-
pliers, subcontractors, and government offices.

According to Stein, the Traffic Protection Service option
was designed to be transparent to users, and the incremental
cost of obtaining protection is low enough to make the service
attractive. “Transparency implies that once customers sub-
scribed to the option, end users would be unaware that their
calls were protected,” Stein says. “It prevents the type of
security violations caused by employees who might inadver-
tently fail to protect sensitive data.”

The Traffic Protection Service is overlaid on the basic SBS
nationwide digital network, known as Skyline. The network
consists of 25 switching centers in major U. S. cities, linked by
the SBS time-division multiple-access (TDMA) satellite system.
Additional cities are attached to the network by terrestrial
facilities.

Protection is provided by sharing the encryption equipment

network switching center to yield economies of scale.

L

I’gﬁ';”gnom
3
SERVICE v
CUSTOMER CIRCUITS
a
\ ——
~
~—,
PRIVATE CUSTOMER
-— EXCHANGE
SWITCHER
CARRIER
NONPROTECTED TRANSMISSION FACILITIES
85— rex SBS SBS
R ORIGINATION TERMINATION —
= SWITCH SWITCH
E SERVICE-ACCESS
SERVICE CIRCUITS AND
CUSTOMER PUBLIC TERMINATING
CIRCUITS

1. NETWORK ARCHITECTURE. Satellite Business Systems Inc. chose to share encryption equipment costs among several customers at each
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| tion unit handles the bulk en-

among several customers at
each SBS network switching
center (Fig. 1). Because the
economies of scale offer signifi-
cant savings in most telephone-

equipment designs, including en- CUCSIL%"&ETRJ‘S%ESS
eryption equipment, sharing is a /AN T-1 FACILITY
way to keep incremental costs @\ o ___./.7 . ORIGINATION
down. SBS decided for economic I —) SWITCH
reasons that, rather than pro- n— ey e
tecting the entire network ca- ENCRYPTION ENCRYPTION

UNIT UNIT

pacity, only enough -capacity
would be protected to meet fore-
casted demand for protected ser-
vice. The switches are pro-
grammed to route calls coming
from Traffic Protection Service
customers only over protected

SBS SWITCHING CENTER

2. ACCESS CIRCUITS. Customers with dedicated linking circuits to a network node can augment their
protection from wiretapping by placing link-encryption units at either end of the circuit.

facilities.

WATS customers or others with T1 links have access to the |

nearest SBS switching center through the dedicated access
cireuits provided by the local exchange carrier. These circuits
usually use twisted-pair wire or coaxial cable but could be on
terrestrial microwave. Customers generally consider the wire-
tap threat to be sufficiently low that no further protection is
required. Link encryption units at either end of the circuit can
be used when the local link is by mierowave or when maxi-
mum security is needed on a wire circuit (Fig. 2). Private
network customers that lease their lines from SBS can protect
transmissions between their private branch exchanges by en-
erypting the access circuits from all PBXs.

HIGH-SPEED ENCRYPTION

With such high capacity, only one data-encryption unit is
required per earth station. This offers significant savings,
even though the cost per unit is slightly higher because of the
higher data rate at which it must operate.

The data-encryption unit meets the federal DES require-
ments for equipment carrying government contractors’ sensi-
tive unclassified data. SBS has made proprietary enhance-
ments to DES, including the use of multiple data-encrypting
working kevs, which are generated from the master keys and
changed frequently.

SBS uses the DES output-feedback mode, which adds a
block of pseudorandom data on a bit-for-bit basis with each
block of plain text. This mode is preferred for satellite links

| because it does not extend errors—that is, a single transmis-

SBS decided the best approach to protect the satellite sys- | sion error will not result in multiple errors when decrypted.
tem was to bulk-encrypt transmissions from earth station to | This is important for voice, facsimile, and video applications

earth station using specially de-

signed high-speed encryption
units. As an alternative, SBS
considered using off-the-shelf T1
(1.544 Mb/s) units to encrypt the
earth-station traffic, but this
would have required establish-
ing fixed trunks.

Because fixed-trunk capacity
cannot be reallocated, the alter-
native was discarded. Other car-
riers are going this route to en-
crypt the terrestrial microwave
transmission paths between
their switching centers. This re-
quires encrypting and decrypt-
ing at each modulation/demodu-
lation point along each micro-
wave route, however. With the
SBS approach, only one encryp-
tion unit is needed at each earth
station.

SBS’s proprietary data-encryp-

ANTENNA AND
rf EQUIPMENT

BULK-
ENCRYPTION
|

ceryption. Functionally, it sits be-
tween the TDMA controllers and

NONENCRYPTED
FACILITIES

the radio-frequency equipment

(Fig. 3). The data-encryption unit HelICH

operates at the earth-station o
burst rate of 48 Mb/s. In tan- ACCESS

dem with a data aggregator, it CIRCUITS

can encrypt and decrypt the
traffic of up to three TDMA con-
trollers, or about 1,000 voice
channels.

ANTENNA AND
f EQUIPMENT

NONENCRYPTED
FACILITIES

BULK-
ENCRYPTION
T

TIME-DIVISION MULTIPLE-ACCESS
CONTROLLERS

SWITCH

[oeoe]

ACCESS
CIRCUITS

3.BULK ENCRYPTION. The bulk-encryption units sit between the TDMA controllers and the rf equipment,
handling the traffic of up to three TDMA controllers or about 1,000 voice channels.
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WHAT THE GOVERNMENT IS DOING ABOUT DATA INTERCEPTION

Any information passed over the public
switched telephone network—speech,
data, facsimile, and teleconferences—is
subject to interception. It becomes even
more of a target if it includes data on
military contracts, industrial research
and development, or financial transac-
tions. To the U.S. government and its
contractors, the interception of sensitive
information is a national-security con-
cern [Electronics, Feb. 3, 1986, p. 27].
For example, a recent Pentagon re-
port noted that the Soviet intelligence
services have targeted information from
defense contractors, manufacturers, for-
eign trading companies, and academic
institutions in an attempt to improve
their military technology. A widely held

belief is that the Soviets and other for-
eign intelligence services secretly moni-
tor telephone calls from U. S. diplomatic
and United Nations properties. In 1978,
a Soviet defector reported that the Sovi-
et intelligence service has been monitor-
ing and recording telephone calls from
the Soviet UN ambassador’s mansion in
Glen Cove, N. Y. It is also believed that
the Soviets monitor communications in
the Silicon Valley from their consulate
in San Francisco.

The U.S. government has already
taken steps to improve telecommunica-
tions protection for sensitive telephone
traffic. In 1982, the government issued
“National Policy for Protection of Tele-
communications Systems Handling Un-

classified National Security-Related In-
formation,” better known as NCSC-11.
This policy requires any government
agency or government contractor to pro-
tect any transmission of unclassified in-
formation related to national security.

Last June, the Defense Department
issued “Security of Defense Contractor
Telecommunications,” which made tele-
communications protection an item in
each DOD contract and established a
procedure with which government con-
tractors could charge back the costs. A
modification to the federal acquisition
regulations, expected during this quar-
ter, will extend similar provisions
through all government agencies and
| departments.

where the transmissions :ure in real time and are not protected
by error-recovery schemes.

Other DES modes, which are error-extending, would de-
grade the customer’s bit-error rate. For example, if the de-
cryption method were to transform a 0.1% bit-error rate into
3.2%, as would happen using the DES cipher-block chaining
mode, the system would not be usable.

But the output-feedback option has one potential disadvan-
tage when compared with other modes. Although it is relative-
ly insensitive to transmission errors, it is potentially sensitive
to jitter. bit loss, and clock slippages. These conditions could
produce loss of transmission synchronization and signal gar-
bling until a resync signal is received.

line spare encryption/decryption board to the active eneryp-
tion and decryption boards. A majority-vote rule determines
which of the three boards has failed. The redundant unit is
then switched automatically into its place.

Before the network could be used to protect government or
government contractors’ information, both the system and
operational procedures had to be approved by the National
Security Agency, the federal agency responsible for ensuring
the security of communications under NCSC-11. SBS met the
NSA’s requirements by establishing procedures to securely
manage the distribution of encryption keys to all field loca-
tions as well as to provide for the physical security and

In systems that do not use
TDMA, this might cause a
problem, but very precise bit
timing is intrinsic in the SBS
system. The TDMA clock at
each earth station is stable to
better than 10™, so that even
a brief loss of signal does not
cause loss of synchronization.

The data-encryption unit
was also designed to exceed
the requirements in Federal
Standard 1027, “General Secu-
rity Requirements for Equip-
ment Using the Data Eneryp-
tion Standard.” This standard
covers physical security, key
variable entry, self-testing,
and other physical parameters
(see “What the government is
doing about data intercep-
tion”). For an encryption unit
to meet the standard, it must
be failsafe—meuaning that
the unit will shut down rather
than risk the transmission of
unencrypted or incorrectly en-
crvpted traffie—and highly
reliable.

To ensure reliability, SBS
has built extensive redundan-
cv and diagnostics into the
hardware, including a self-
testing feature that com-
pares the output of the on-

| maintenance of the encryption equipment. O

ENCRYPTION SCRAMBLED STEIN'S WORKWEEK

Engineers are famous for
working late into the night to
meet project deadlines, but
when Frank Stein and his
crew began cutting over an
encryption option to a public-
switched satellite transmis-
sion service, the starting time
was set for the wee hours of
Sunday morning. “Because
traffic on the network was
lightest on the weekends, we
found the hours from 1 to 4
am. the best time to do the
installation,” Stein says.
Stein, who holds a master’s
degree in electrical engineer-
ing from Stanford University
and an MBA from George
Washington University, is re-
sponsible for the implementa-
tion and introduction of Traf-
fic Protection Service as well
as coordination of Satellite
Business Systems Inc. with
the National Security Agency
and other government bodies
defining policies for the safe-
guarding of communications.
Stein led a 70-member
team that cut over the new
hardware. “It took several

weekends to coordinate in-
stallation of the hardware,
distribute  the encryption
keys, and assure their se-
quencing among our 25 net-
work nodes,” he says.

“We decided beforehand to
cut off all work at 4 a.m. so
as not to interfere with our
customers’ access to the net-
work. On one weekend, we
had 24 nodes up and running,

SBS encryption option.
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WEEKEND WARRIOR. Frank Stein’s work
week began at 1 a.m. Sunday to add the of

but at 3:58 a.m. we still
had that one node out
sync. We just
couldn’t get it right, so
we finally came in the
next weekend to get it
right.”

As a senior member
of SBS’s System Archi-
tecture  Department,
Stein helped define en-
cryption equipment for
the Traffic Protection
Service and developed
the operational plan of
SBS’s bulk-encryption
system for its private
network customers,

Stein joined SBS in
1980. He was previous-
ly a member of AT&T
Bell Laboratories,
where he designed
functions and features
for  packet-switched
networks.




Europe's key location
for Information Technology.

Keys of knowledge.
Edinburgh, Scotlandss capital city, has one of the most distinguished LT, communities

in Europe.

II)t has four Technology Transfer units (revenue earning laboratories on the lines of
the Stanford Research Unit) including the Wolfson Microelectronics Institute and the
centre for Applications Software Technology.

It has a university School of Information Technology that has contributed to major
advances in such fields as Artificial Intelligence, Electrical Engineering and Computer
Science. (In fact its university is the only one in the UK. that has a Department of Artificial
Intelligence.)

And its concentration of skilled personnel and resources in these fields is, frankly,
without parallel on this side of the Atlantic.

Edinburgh has something else that other I'T. communities in Europe can’t match.

A town purpose-built for new industries, with Development Area status, right on
it’s doorstep. -

It's called Livingston. | To: C. Anne Robins, PO Box 345, Old Greenwich, _m]

5 0 0 CT 06870. Tel: (800) 8511234.
Here, 15 minutes from the Wolfson Micr oelectronics Prove that Livingston is Europe's most logical location

Institute (and 10 from Heriot Watt) you can get investment for my company. BLOCK LETTERS PLEASE
grants of up to 35%, rent-free periods of at least 2 years, plus
European Community Assistance.

Name -

Ask Burr-Brown, on Livingstons hi-technology | (on
park, how they like it. Or Burroughs, whove expanded 100% s B h
since arriving. Or NEC, whoVve sited their European semi- I )
conductor plant here. e e — -

Ask any of the 50 electronics companies who have . T
successfully located in Livingston to tackle the UK. or the U - ’V‘ S=l
wider European market. g

They'll tell you location is the key to their success. MAKEITIN

LIVINGSTON

Europe’s most logical location.
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PROBING THE NEWS

REAGAN’S BUDGET: HOW
THE INDUSTRY WOULD FARE

DEFENSE ELECTRONICS CONTENT EXPECTED TO GROW

by George Leopold and Alexander Wolfe

WASHINGTON
ith the Reagan Adminis-
tration submitting a $994
billion fiscal 1987 budget
that cuts domestic spend-
ing in favor of military

increases, a battle is shaping up be-
tween congressional critics of military
spending and the White House. But no
matter which side wins, industry ana-
lysts predict that the defense electronies
segment of the budget will continue to
grow, albeit slowly, as the Pentagon’s
emphasis continues to swing toward
high technology.

By contrast, the electronics industry
will find little if any growth in the bud-
get for the National Aeronautics and
Space  Administration,

in Star Wars funding to $4.8 billion, and
the program is loaded with electronics
(see “How the Pentagon would carve up
the Star Wars request,” p. 43). That fig-
ure is part of the $311.6 billion defense-
spending request unveiled by the Penta-
gon last week, a request that officials
say represents a 3% increase after
inflation.

However, budget watchers immediate-
ly challenged the Pentagon’s estimate,
saving that it misrepresents the size of
the requested increase in real budget
authority over fiscal 1986. The distine-
tion is important because many observ-
ers believe the Pentagon may be hard-
pressed just to break even with Con-
gress. Of the $311.6 billion budget au-

thority requested, $274.3 billion was
requested for outlays. Overall, the Ad-
ministration seeks $320.3 billion in mili-
tarv spending when defense expendi-
tures at agencies such as the Depart-
ment of Energy are included.

Using the fiscal 1986 budget resolu-
tion passed by Congress last August as
a baseline, Defense Secretary Caspar
W. Weinberger maintained last week
that his request represents 3¢ real
growth in defense spending. But when
measured against the final fiscal 1986
budget that includes cuts totaling $11.7
billion mandated by Gramm-Rudman,
the request represents a rise of more
than 8%. And without a compromise,
automatic spending cuts mandated by
Gramm-Rudman  could

which will have to strug-

gle just to maintain a
steady funding level for

its programs. And the

other nondefense agen-
cies that spend money
with the electronics in-
dustry, such as the Fed-
eral Aviation Adminis-
tration and the Energy
Department, are asking
for about the same fund-
ing levels as last year.
But they will have to
fight hard to maintain
even that. This year,
Reagan’s  budget re-
flects an attempt to keep
the budget deficit below
$144 billion, since a defi-
cit any higher would
kick in the automatic
cuts called for by the
Gramm-Rudman  Act—
cuts that would hit the
Administration’s military
spending plans.

For the Defense De-
partment, the big ticket
item in the fiscal 1987
budget is the Strategic
Defense Initiative—Star
Wars. The Pentagon is
seeking a T4% increase

I

PROGRAMS IN RESEARCH AND DEVELOPMENT ONLY (S millions) be triggered, perhaps af-
" fecting electronies-rich
Program Fiscal 1985' | Fiscal 19867 | Fiscal 1987° | (efense segments.

Army _O_f the $311.6 billion,
T T T military  procurement
vance ntitan eapon i ol ) )
Nstem 6.0 60.3 487 again leads bon spend
o ¥ s g ing, accounting for $95.8

vance otorcra chnology T c/,
Iptegration LLight HELO Family 51.6 44.3 44.4 l:ﬂlt‘}‘]’(ilgo%;)llgvaﬁgdi‘fé
Army Tactical Missile System 76.4 101.5 88.2 operations and mainte-
Navy nance, with $86.4 billion

v (VAN 3

Joint Services Advanced (%7.'7/()’. personne_lo, with
Vertical Lift Aircraft 178.2 559.7 391.8 $76.8 billion (24.6%); re-
Joint Tactical Information search, de\'elopme.nt,
Distribution System 249.1 200.0 211.9 test, and evaluation
Relocatable Over-the-Horizon (_RDT&E)LV“"th $42 bil-
Radar 31.6 52.6 41.1 lion (13.5%); and other
; items, including housing
F ’ i 7
§irgonce and construction, $10.7

Advanced Strategic Missile billion (3.4%).
Systems 99.5 159.8 176.9 Whatever the ultimate
Advanced Tactical Fighter 90.9 164.6 294.1 fate of the proposed de-
Aircraft Engine Component fense budget, many ob-
Improvement Program4 222.5 183.2 207.0 servers say the Olitlook
Small Intercontinental Ballistic for electronies will re-
Missile in Hard Mobile Basing 465.2 624.5 1,396.2 main solid. The Electron-
Short-Range Attack Missile 12.4 34.1 164.7 ic Industries Association
Very High-Speed Integrated predicts continued
Circuits 132.0 202.0 1329 | growth in defense elec-
Joint Program tronies despite a possible
Strategic Defense Initiative | 13973 27692 | 48129 downward trend in over-
all  defense spending.
JActual ZPianned Proposed “There will be growth in
4Navy and An Foice funding invoived SOURCE DEPARTMENT OF DEFENSE electronics markets even
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| it all else goes down,” notes a recent
EIA report. “That’s because the modifi-
cations and upgrades of platforms and
weapons systems are to be, in our opin-
ion, mostly electronic.”

Some observers are less optimistic.
however. "Clearly there are going to be
stretchouts and cancellations” in elec-
tronics content. predicts Bruce Lupat-
kin. senior technology analvst at Ham-
brecht & Quist Inc., San Franeisco.

The defense electronics marketplace

’ is not monolithic, however. In electronic
warfare, notes Kidder Peabody & Co.
analyst Charles Hill. “the trend line is
pretty much intact.” Says analvst James

I [. Magid of L. I. Rothschild Unterbery

Towbin, New York, “I don’t think
I Gramm-Rudman or any possible budget

solutions are going to have a severe im-
pact on the electronic components indus-
try” during fiscal 1987. And in Strategic
Defense Initiative-related research, the
trend is definitely upward.

Out on the leading edge of technol-
ogy, the DOD continues to emphasize
research and development programs as
the way to use advanced U.S. technol-
ogy to overcome manpower and matéri-
el advantages of Soviet and Warsaw
‘ Pact forces. To this end, the DOD is
I seeking $42 billion for fiscal 1987

RDT&E spending, up from the $33.8 bil-
lion of fiseal 1986.

The DOD’s quest for high technology
ripples through almost every program.
Most notable, however, are programs

that focus on advanced research. Here,
the Defense Advanced Research Pro-
Jects Apency, the Science and Technol-
ogy program,
list.

Darpa had been reeling from 1986
budget cuts imposed in the wake of
Gramm-Rudman. Last vear’s $770 mil-
lion request was chopped down to a fi-
nal authorization of %660 million. But
Darpa wants to get back up to speed.
This vew’s request is $838 million,
though that could be chewed down dui-
ing the budget process, given the fact
that Weinberger and President Reagan
have repeatedly said that SDI is the
DOD’s No. 1 priority.

‘There will be growth in
electronics even if
all else goes down’

e e e ey
“I predict that Darpa won't take that
big a hit.” says Joseph L. Campbell,
aerospace analyst at Paine Webber Inc.,
New York. A portion of what Darpa
comes away with will go to recoup the
FY 86 cutbacks, but it also will finance
the development of much of SDI's tech-
nology base. Adds Campbell, “Darpa is
going to get a lot of SDI money.”
Darpa now has its fingers in several
R&D pies. Most notable for the electron-
ics industry is the Strategic Computing

and Star Wars lead the |

—_—

|
|
|
|
|
|
|
|
|
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velop highly advanced artificial-intelli-
gence-hased computing technology. The
program also has significant commercial
implications, as it seeks to beat the Jap-
anese (o the punch in developing a true
fifth-generation computer.

Also within the Darpa sphere is the
$500 million three-vear Hypersonics
Technology Program, which seeks to de-
termine the feasibility of a transatmos-
pheric vehicle development project. Such
a vehicle—part rocket and part air
plane—ecould deliver pavloads into carth
orbit or transport passengers coast-to-
coast in less than two hours. After a $40
million kickoff in 1986, the progrum is
requesting $140 million for fiscal 1987.

Another Darpa effort is usually dis-
cussed in hushed tones: the Advanced
Technology Bomber, code-named
Stealth. The highly classified program |
aims to deliver a plane that will be in-
visible to radar, with enough range to
deliver missile pavloads to Soviet tar-
gets. Reportedly, at least $5 billion has
been spent on Stealth sinee 1981. with
much of the work performed at Lock-
heed Corp. Latest information suggests
that fiseal 1986 Stealth funding may be
$2.7 billion, increasing to a stratospheric
$5.7 billion in 1987.

In the Science and Technology pro-
gram, the DOD is seeking $5.358 billion
to fund myriad ventures such as the Air
Force’s Advanced Tactical Fighter, the

Air Force-Navy advanced aireraft pro- |

HOW THE PENTAGON WOULD CARVE UP THE STAR WARS REQUEST

program, the flagship U.S. effort to de- | pulsion program, and the software re- |

Though Washington is tighten-
ing its belt, one program—
the Strategic Defense Initia-
tive—seems to be getting fat-
ter. That’s because President
Reagan has given Star Wars
the highest priority of all
U.S. military programs. Rea-
gan has asked for a whop-
ping $4.8 billion for the re-
search program, up 74% over
fiscal 1986 spending.

How much of that amount
the Defense Department will
get is an open question. But
the Electronic Industries As-
sociation figures the DOD
could receive a 70% hike,
Last year, the Pentagon
asked for $3.7 billion and re-
ceived just under $2.8 billion
[Electronics, Oct. 21, 1985,
p. 45].

A strong indication of ad-
ministration support is that
SDI was spared from the
1986 budget cuts mandated
by the Gramm-Rudman defi-
cit-reduction act. Although

BOD spending for the rest of

fiscal 1986 was cut 4.9%, all
SDI money was exempt.

The SDI is still a research

and development program
only, consisting of five tech-
nology categories. Reagan is
seeking $1.3 billion—or 26.2%
of fiscal 1987’s total—for the
Surveillance, Acquisition,
Tracking, and Kill Assess-
ment (Satka) program, which
in fiscal 1986 received $857
million. Much of the work in-
volves electromagnetic and
optical sensors.
The key Satka project is the
Boost  Surveillance  and
Tracking System, which will
use focal-plane arrays and
advanced optics. The budget
wrangle could affect the
Satka Active Imaging Dis-
crimination Satellite project,
forcing a choice between two
proposed ways of detecting
incoming warheads—the La-
ser Radar and the Millimeter
Wave Radar.

The next two Star Wars
categories are Kinetic Ener-

gv Weapons (KEW) and Di-
rected Energy Weapons
(DEW), which seek to destroy
incoming missiles using pro-
Jectiles and energy, respec-
tively. For KEW, which re-
ceived $596 million in fiscal
1986, Reagan is now asking
$1 billion, or 20.8% of the to-
tal pie; spending on DEW is
set to rise from $844 million
in fiscal 1986 to $1.6 billion,
or 33.67% of the total.

Current work on KEW-
popularly known as smart
rocks—includes five ground-
based and four space-based
projects. The earthbound
KEW program least likely to
be cut is the Low Endoat-
mospheric Interceptor. Log-
pro, which will launch low-g-
force projectiles from space,
is said to have been given a
high priority.

In DEW weapons sys-
tems—the so-called death
rays—there is a race be-
tween ground- and space-
based laser systems. Funding

is likely to continue for key
support technologies such as
beam pointing and control
electronics and beam-bending
mirror systems.

Systems Analysis and Bat-
tle Management, with $461
million versus fiscal 1986’s
$227 million, is to get 9.6% of
SDI funding. Most of it goes
for software.

Finally, Survivability, Le-
thality, and Key Technologies
gets 9.8%, or $470 million, of
the SDI budget for logistics,
studies of program options,
and critical technologies.

While research continues,
the first rumblings of deploy-
ment are being heard. Last
month, the Strategic Defense
Initiative Organization re-
quested proposals from in-
dustry for the SDI National
Test Bed, which will tie the
SDI technology groups into a
proposed deployable system.
Contracts for the Test Bed
could be worth nearly $1
billion. A W. I
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ATTACK. Weinberger says that the
buildup in defense spending repre-
sents only 3% in real growth.

search center, Software Engi-
neering Institute [Electronics,
Feb. 3, 1986, p. 50}.

The flagship electronics tech-
nology effort under S&T re-
mains VHSIC, the Very High-
Speed Integrated Circuits pro-
gram. DOD’s push to place
large-scale systems on a micro-
chip is now entering its second
phase with its initial technology
already spilling over into the
commercial sector. Now, $132.9
million is requested for fiscal
1987 to help develop 0.5-pm chip-
fabrication technology. To date,
125-um technology has been
demonstrated in VHSIC's first
phase, which was funded to the
tune of $132 million in fiscal
1985. During fiscal 1986, actual B’
spending should hit $202 million. The
1.25-um chips will proceed to the inser-
tion phase, where they will be used in
working military equipment.

On the procurement side, benefits

CHALLENGER

CLOUDS NASA

| should accrue to the electronics industry
from the $95.8 billion the DOD is seek-
g for fiscal 1987, largely to buy air-
eraft and missiles. In the fiscal 1986
hudget, $92.6 billion is allceated.

#

TRAGEDY
PLANNING

While the tragic end to the Challeng-
er space shuttle’s mission 51-L
casts a dark cloud over the National
Aeronautics and Space Administration’s
next budget, the agency will push for-
ward if President Reagan has his way.

The administration is asking for $7.7
billion for NASA in fiscal 1987, a slight
increase over fiscal 1986's $7.3 billion.
The White House expects to increase
this funding to $8.3 billion by fiscal
1989. Whether NASA gets everything it
wants from Congress for next year is
questionable. Another uncertainty for
the electronics industry will be how the
agency’s money will be spent. Replacing
Challenger could reduce funding for
other programs that have been moving
along. NASA’s budget package was
completed before the shuttle accident,
so program plans may well change. “We
have the entire NASA budget under re-
view,” says NASA acting administrator
William R. Graham. “Evervthing isn’t
on hold, but it's a very, very dynamic
situation that we’re in, looking back at
the accident.”

James P. Samuels, space analyst at
Shearson Lehman/American Express,
New York, says, “In light of [the acci-
dent], it may be necessary for additional
funds to be allocated to NASA simply to
Eet the program back on track.” If re-

placement funds are not forthcaming,
the impact on NASA will be serious.

Here’s how the Reagan budget hits
NASA's four main categories: for Re-
search and Development, $3 billion in
spending authority is sought, up from
$2.8 billion this year; for Space Flight,
Control and Data Communications, $3.1
billion, down from $3.4 billion; for Re-
search and Program Management, $1.44
bilkon, up slightly from $1.36 billion;
and for Construction of Facilities, $181
million, up from $139 millien.

The ageney’s most important R&D
praject by far is the space station, for

hich NASA seeks $410 million in 1987,

w . W.

A FLAT YEAR

double that being spent this year. In-
tended to provide a permanent manned
presence in space, the station will serve
as an orbiting research lab, factory, and
observation platform. But few believe
that Congress will permit anything near
that kind of increase. “There’s probably
going to be a fair amount of congressio-
nal scrutiny this year over the goals and
timing of the program,” says Mark |
Oderman, vice president of the Center
for Space Policy.

The Space Transportation Capability
Development, for boosting shuttle pay-
loads into high-earth orbits, would get
$465 million. Also due to get funding is
the Hubble Space Telescope and a gam-
ma-ray observatory .

The Probes for Planetary Exploration
category will get $323 million. This area
provided one bright spot recently when
the Voyvager 2 unmanned probe sent
back a wealth of data as it passed with-
in 50,000 miles of Uranus. Upcoming are
the Magellan mission (formerly the Ve-
nus radar mapper), the Galileo mission
to Jupiter, and the Mars Observer.

Using $526.6 million in funding, the
Space Applications R&D segment will
emphasize experiments to study the
earth—the Topex oceanography satellite
is one example—and explore materials-
processing techniques in space. Space
science and research will develop ad-
vanced propulsion systems and other
technologies with $376 million; another
$180.2 million will go for additional
space-systems technology research.

Other R&D subcategories include life-
sciences experiments ($74.7 million),
commercial technology utilization pro-
grams ($45.3 million), tracking and data
advanced systems ($17.1 million), and
the joint Defense Department-NASA
transatmospheric vehicle (45 million).

Under the $3.1 billion Space Flight,
Control and Data Communications cate-
gory, NASA is seeking $745.4 million for
space shuttle operations. An additional
$1.5 billion will go for flight, launch, and
landing operations. And some $800 mil-
lion is budgeted for the agency’s vital
communications links. -A

AT BEST FOR
ELECTRONICS

'NONDEFENSE

[

| The Reagan budget for nondefense

| agencies generally presenis 3 no-

| growth bag of opportunities for the

| electronics industry. And that’s before

1 Congress gets its budget-cutting hands
on it. Running about the same as their
current budgets are White House re-
quests for the Federal Aviation Admin-
istration and the Energy Department,
thanks mostly to Gramm-Rudman.

One small but important budget re-
quest is up over fiscal 1986, however.
The National Science Foundation has
managed a moderate increase. Its fiscal
1987 request is $1.7 billion, an increase
of $130 million, or 8.4%, over the current
fiscal 1986 plan of $1.6 billion. Mandated
cuts, however, could reduce the 1986 fig-
ure to $1.5 billion.

The NSF budget is only about 3% of
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development, but it is the primary
source of support for fundamental sci-
ence and engineering research and edu-
cation in U. S. universities. NSF officials
gave high priority to technology that
pays—“activities that contribute to na-
tional economic competitiveness and in-
novation,” in their words—and to im-
prove the physical plant for research.
The emphasis is on computational sci-
ence, engineering, and advanced scien-
tific computing. Research programs in
computational science are down for a
$27 million increase, up to a total of $34
million. The NSF hopes to establish new
interdisciplinary teams for advanced re-
search in many areas of science and en-
gineering, enhance existing research
centers. and provide equipment and

et microwave link system, enroute | nology. Cooperative research “will im-

doppler weather radars, terminal dopp- | prove our technology transfer areas,”

ler weather radars, remote maintenance

says  Energy Secretary John S,

monitoring, and adapting the Lovran-C | Herrington.

navigation system for civilian use. Re-
quested funds for research, engineering,
and development by the FAA amount to
$135 million, compared to $190 million in
fiseal 1986. On the boards are the final
development phase of automation of
some ATC and modernization of its com-
munications systems.

The Energy Department is requesting
a meager 1% hike for fiscal 1987. A $498
million increase in its defense activities
accounts for most of the overall budget
increase. The DOE’s $12.1 billion re-
quest also includes a $330.5 million cut
in research and development. As a re-
sult. the agency next year will explore

Within its defense segment, Energy
will seek $72 million for space and pow-
er systems, up from about $20 million in
fiscal 1986. The power systems could
find their way into space-based missile
defense. It is also requesting $2.1 billion
for weapons research, development, and
testing. Fusion research programs,
which may spawn technologies of inter-
est to the electronics industry, are also
being pursued. Funded to the tune of
$333 million will be fusion research us-
ing the magnetic-confinement svstem.
Photovoltaics research remains alive,
but barely. This year’s budget request
for solar energy, $72 million, represents

@provements to the radar-

training opportunities.

The fiscal 1987 request for engineer-

ing is $185.5 million, up 14%
over 1986. Basic research in
engineering will be entering
fields such as robotics and
expand in such areas as de-

sign, manufacturing, and
computer engineering.
The NSF will accelerate

the development of the na-
tional supercomputing cen-
ters and is asking for $53.6
million for advanced scientif-
ic computing, a 19% increase.
It plans development work
on software, numerical meth-
ods and graphics, and the de-
velopment of a national sci-
ence research network.

The Federal Aviation Ad-
ministration is asking for
about $4.8 billion, a mere $31
million increase over its esti-
mated fiscal 1986 budget. Of
the total requested, more
than half—$2.8 billion—will
£o to operate the nation’s air-
traffic-control and navigation
systems, security inspections,
regulation enforcement, and
airport grants. Planned facili-
ties and equipment procure-
ment will take $825 million,
which would continue the
multiyear National Airspace
System update, which aims
to replace obsolescent, labor-
intensive facilities with solid-
state equipment, and to pro-
vide new facilities to handle
the air traffic of the 1990s.

Other major system expen-
ditures planned by the FAA
include modernization of air-
port traffic-control tower fa-
cilities, microwave landing
systems, systems engineer-
ing and integration support,

cooperative R&D ventures with industry
in such areas us renewable energy tech-

t

a 007 cut over last year. —Jesse J. Leaf

with George Leopold

THE STRUGGLE TO COPE WITH GRAMM-RUDMAN

|

From privatization schemes at
the energy and transporta-
tion departments designed as
revenue generators to the
shutdown of entire agencies,
the government is struggling
to cope with the Gramm-Rud-
man deficit-reduction law in
fiscal 1987 budget requests.

Gramm-Rudman, formally
the Balanced Budget and
Emergency Control Act of
1985, mandates a fiscal 1987
deficit target of $144 billion
with cuts roughly split be-
tween domestic and defense
spending. The Defense De-
partment, with its $311.6 bil-
lion budget request, would be
hurt less than other agencies.
Nevertheless, few take seri-
ously the Reagan administra-
tion’s insistence on a real an-
nual growth rate of 3% for
defense spending over the
next five years.

The law already has gener-
ated proposed cuts of up to
$11.7 billion in budget author-
ity for fiscal 1986, among
them a 4.9% cut in defense
spending, including research.
“Everybody has to suffer,”
says James 1. Magid, an ana-
lyst at L. F. Rothschild Un-
terberg Towbin in New York.

That proposition is disput-
ed vehemently by Secretary
of Defense Caspar W. Wein-
berger. He says that he can-
not accept the “peculiar and
basically dangerous belief
that defense is the equal of
other government programs
and must, therefore, share

FISCAL DIET. Sen. Warren Rud-
man (R., N. H.) aims to cut deficit.

: 4

COSPNSOR. Sen. Phil Gra>mm
(R., Texas) helped write the bill.

the burden of reducing the
deficit.”

Bstimates of just how
large a chunk Gramm-Rud-
man will take out of defense
in fiscal 1987 vary widely. In
early January, two congres-
sional analyses predicted cuts
of $65 billion to $90 billion in
defense spending authority in
fiscal 1987. .

Thus far, the law has had
little impact on defense
spending, notes the Center
on Budget and Policy Priori-
ties. It concludes that the
Pentagon will still record 3%
real growth during the cur-
rent fiscal year. Depending
on the size of next year’s
budget deficit, however, the
center predicts a $60 billion
cut in defense spending au-
thority in fiscal 1987.

One defense segment that
appears most vulnerable to

further budget cuts is re-
search, development, test,
and evaluation, which ab-
sorbed a $169 million con-
gressional appropriations cut
in December and a 9.5% cut
in the first year of Gramm-
Rudman. One source of gov-
ernment research contracts
already hit hard by Gramm-
Rudman is the Defense Ad-
vanced Research Projects
Agency. It has lost nearly
$76.7 million in authorized
funds, translating into $35.4
million in outlays.

Still, some observers think
the electronics segment of
the defense budget will sur-
vive efforts to reduce the
budget deficit. Says Frank
Mitchell of the Electronic In-
dustries Association, “Tech-
nology is not going to stop
just because of Gramm-
Rudman.” -G. L.
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PROBING THE NEWS

DISCRETE DEVICE MARKET
LOOKING BETTER THESE DAYS

SLOW BUT STEADY GROWTH PAYS OFF IN VOLATILE TIMES

by Larry Waller

LOS ANGELES
iscrete components, usually
dismissed as the boring wall-
flowers of semiconductors,
are moving onto the dance
floor. Proof of the pickup in

interest can be noted in the worldwide

struggle for market leadership among
four heavyweight discrete companies.

Hitachi, Motorola, NEC, and Toshiba are

running so close together, in fact, that

market researchers cannot agree on
rankings for 1985 (see “Who’s ahead in
discretes?”).

The growth rate of discretes over the
vears may be much lower

dom-access-memory business, and the
same thing happens daily in the [dis-
crete] business.” He says that offshore
transistor suppliers (most of National's
discrete business is in transistors) tar-
geted the TV market, started cutting
prices two years ago, “and wooed it
away from historical suppliers such as
National.”

Toshiba Corp., the company that U. S.
discrete suppliers say is most aggres-
sively seeking market share, says it has
no such strategy. With transistors and
diodes, for example, “the main merit is
price,” and Toshiba Semiconductor Divi-

says Motorola’s White. Except for the
mass memories, ICs “are moving in the
other direction, toward specific applica-
tions that require specific devices,” he
says. The upshot is that once simpler
devices (transistors, power chips, diodes,
rectifiers, and so on) from a given sup-
plier have found their way into original
equipment designs, they stay in place on
printed-circuit boards long after genera-
tions of ICs come and go.

This longer product life confers bene-
fits often overlooked by some IC compa-
nies, according to those who follow this
business. “Product life that is double,
maybe more, means more

than that for integrated cir-

WHO'S AHEAD IN DISCRETES?

dollars on the profit curve,”

cuits—an annual increase in

Dataquest’s 1985 ranking

ICE’s 1985 ranking

says Matt Crugnale of Crug-

value of consumption of ($ millions) ($ millions) nale & Associates, Mountain
about 8%, as opposed to View, Calif., a marketing
22%—but it is steadier than Motorola 531 Toshiba 580 consultant. He estimates that
the wild ups and downs of Hitachi 392 NEC 570 companies that produce both
ICs. There are three principal Toshiba 368 Motorola 550 types “have from 5% to 15%
reasons for this: NEC 351 Hitachi 390 more margin on discretes.”
m Discretes fill many needs ;:Il;zsshita gg? g’:zx‘;’;'ta ggg Moreover, product loyalty
and therefore have a long Siemens 140 Philips 230 runs deeper because of long-

product life.

er associations between the

m Once designed in, they

Worldwide sales. Includes captive sa

les and optoelectronic components

customer and the discrete

tend to stay designed in.

supplier, making them ‘“not

m Markets are regional in na-
ture, thus protecting local
producers.

These pluses have become
more seductive than ever,
spurring competition during
the current IC down cycle,
especially from Japanese
firms intent on penetrating
deeper into the U.S. market.

The disparity in 1985 world-
wide discrete semiconductor
sales figures from two re-
spected market researchers,
Dataquest Inc. and Integrat-
ed Circuit Engineering Corp.,
illustrates the difficulty in
obtaining solid data on this
market. By contrast, inte-

grated-circuit sales results

from the two track closely.
The problem lies in deriv-
ing reliable figures for con-
sumption in Japan and Eu-
rope. Figures are not com-
piled by groups with the stat-
ure of the Semiconductor
Industry Association in the
U.S., where solid sales fig-
ures are readily available.

as easily displaced.”
“Discretes provide stabil-
ity, like the tail of a kite,”
according to Geno Ori of Mo-
torola. As senior vice presi-
dent and general manager of
the Discrete and Special
Technologies Group, he runs
what is generally recognized

This has raised anew the

hackles of U. S. suppliers and could trig-
ger accusations of dumping in a replay
of the charges lodged against Japanese
memory manufacturers, an issue still
unsettled. Officials at the top U.S. dis-
crete supplier, Motorola Inc.s Discrete
and Special Technologies Group, are
considering just such an action. “We are
gathering data and will take appropriate
action,” warns Paul V. White, vice presi-
dent and director of group marketing.
Backing him up is Richard A. Ander-
son, National Semiconductor Corp.’s
marketing director for discretes. “There
is a lot of press about the dynamic-ran- l

sion general manager Akihiro Fujii
doesn’t think he can sell them cheaply
enough in the U.S. “Even in Japan it is
a tough business,” he says.

At first glance, the fortunes of dis-
crete semiconductors would seem to
greatly resemble those of ICs, but basic
differences keep them from being tight-
ly coupled during business cycles. For
openers, a discrete component is a sin-
gle-function general-purpose device, in
contrast to the more complex, multi-
function IC.

An individual discrete product thus
can satisfy many general socket needs,

l

as the worldwide discrete
sales leader from his Phoe-
nix, Ariz., headquarters.

The structure of the market for dis-
cretes looks little like that for ICs. For
historical reasons, more types of dis-
cretes are sold within regional markets
than globally, as is the case with ICs.
Experts may disagree on how much of
total worldwide sales goes to regional
customers—Armin Baader of Siemens,
Munich, thinks up to two thirds, others
say half that—but the split poses prob-
lems for the largest companies.

Conversely, the regional nature of dis-
crete markets gives local producers the
huge piece of a quasi-protected local

J
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turf, where long-time supplier relation-
ships and strong nationalistic prefer-
ences prevail. Thus outsiders are at a
disadvantage, helping keep alive numer-
ous smaller manufacturers. This setup
contradicts the IC business. Quips Ori of
Motorola, “ICs are like great white
sharks fighting. Discretes are piranhas
cutting everyone to pieces.”

Nowhere are the fierce regional bat-

tles more pronounced than in the Japa-
nese market. Toshiba holds the top spot,
with slightly more than a 20% share, but
is pushed hard by NEC Corp. Contention
is so close between the two that “in any
given month, NEC might be ahead,”
notes Toshiba’s Fujii. Hitachi Ltd. and
Matsushita Electronics Corp. compete
for the No. 3 domestic slot, but this
standing is hard to track because Mat-
sushita sells perhaps half its products
in-house, say observers.
WHO'S ON FIRST? Worldwide sales are
no easier to track. Motorola tallied
somewhere between $530 million and
$550 million in sales on its broad-based
product lines during 1935. Whether this
led the pack depends on which market-
ing service is consulted. Motorola does
not break out separate results for dis-
cretes; the estimate comes from internal
company sources and industry consul-
tants. Though down from record 1984
sales, Motorola followed the overall dis-
crete market and remained profitable,
thus emphatically outpacing ICs in its
semiconductor sector. As did all similar
U.S. companies, it plunged deeply into
the red during the second half of the
year.

Results from other heavyweight dis-

crete suppliers worldwide tell the same
story. At Siemens’s Components Group,
discrete business actually improved for
the year, to about $250 million, accord-
ing to Baader. The sales and marketing
director for discrete semiconductor de-
vices agrees that business cycles deal
less serious blows to discretes. “The am-
plitudes are less pronounced.”
Similarly, the Discrete Semiconduc-
tors Group of Philips, Eindhoven, the
Netherlands, had improved sales,
though not profits, during a down year
for the industry. Even National Semi-
conductor—reporting more than $88 mil-
lion in losses from ICs in the latest 28-
week period—says its transistor-focused
discrete operations ‘“hovered at the
break-even point,” notes Anderson.
Comparing only sales of discretes to

PILOTS. Marketer White, seated, and general
manager Ori guide Motorola in discretes.

obtain relative company standings hides
the fact that product lines are much less
homogeneous than ICs. Among the Jap-
anese firms particularly, these cover a
wide spectrum, from expensive thyris-
tors at the high end with ratings of
4,000 to 6,000 V and occupying an entire
75 to 100-mm-diameter wafer, down to
transistors selling for 2.5¢ and diodes
for 1c. Production quantities are huge
for the small parts: Fujii puts Toshiba’s
monthly output at 300 million transis-
tors and 250 million diodes rated under 1
A. His division also turns out some 150
million optoelectronic devices a month.

But even as the marketing drama
plays itself out, there is a technological
threat in the wings that could have an
even wider influence: integration of
power, switching, and radio-frequency
functions, among others, into custom
chips that will displace many separate
parts. Long-predicted integration—with
smart power as the best example to
date—could be devastating to companies
that can’t make the transition.

Nevertheless, some do not see the in-
tegration trend as an immediate threat,
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