A McGRAW -HILL g PUBLICATON =  THREE DOLLARS

Electronics

Q‘] THE WORLDWIDE TECHNOLOGY WEEKLY JANUARY 6, 1986

U.S. MARKETS
BOUNCING BACK ...

—

"
i

»

’

... PART WAY
AT LEAST,
SAYS OUR

1986

o MARKET
J REPORT




Open one up. You'll get there fast, too,
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gate array and a cell- to pump out all you
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it’s a flat-out accel- salemegaioraraly  gands, All thoroughly
eration of our ASIC system onachip tested on our 256-
technology. With pin system.
advanced 1.5 micron, Start yours today:.
dual-layer HCMOS Call one of our sales
technology. And our 3 2 offices listed below.
innovative variable Because with
routing tracks. our new Compacted

For performance  Boiepiomngs, | Array Series driv-
no mere gate array signa pins. ing your next design
can touch. 0.7 nanosecond there’s no telling how far

propagation delay for a 2-input youll go.
NAND gate. ECL-like speeds. Or how fast.

Random Routing. VHSIC
performance compatibility. LSI LOGIC
And more. CORPORATION

San Jose, CA 408/248-5100, Irvine, CA 714/261-0124, Sherman Qaks, CA 818/906-0333, Denver, CO 303/756-8800, Westport, CT 203/222-9336, Altamonte Springs,
FL 305/339-2242, Boca Raton, FL 305/395-6200, Schaumburg, IL 312/397-0155, Waltham, MA 617/890-0161, Ann Arbor, M1 313/769-0175, Minneapolis, MN
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registered trademark of LSI Logic Corporation. © 1985 LSI Logic Corporation.
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SURPRISE!

Low-cost fiber-optic components
for high-volume manufacturing.

Lower

manufacturing
COsts.

Finally you can reap
all the benefits of using
fiber-optic components
for no more than the cost
of using line drivers.

HP’s new miniature
fiber-optic components
are housed in an inte-
grated dual-in-line pack-
age designed for high-
volume manufacturing—
just like any other
IC chips.

Auto-insertable
and wave-solderable, the
HFBR-0400 family of
components is molded of
high strength, heat-resis-
tant and flame-retardant
plastic. Mounting hard-
ware and receptacles are

eliminated, saving you money.
Design flexibility.

You have a choice of standard
optical power or high-performance
transmitters and of analog or digital
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receivers. You can achieve data rates
up to 40 MBaud or analog band-
widths as high as 25 MHertz.

Each component is available
for use with five fiber sizes—100/140,
50/125,62.5/125, and 85/125 micro-
metre glass cables and 200 micro-
metre plastic-coated cable.

The optical port interfaces di-

rectly with standard SMA connectors.

Proven reliability.

A new LED design and efficient
double-lens optical scheme allow a
low drive current for greater reli-
ability. Our transmitters have a cal-
culated mean time between failure
greater than 2 million hours.

() Pyeirei

Low unit
prices.

These new receivers
cost as little as $12.50*
each for 1000 units.
Transmitters cost as little
as $18* each.

For pricing and
delivery, contact your
authorized Hewlett-
Packard components
distributor. In the U.S.,
call Hall-Mark, Hamil-
ton/Avnet or Schweber.
In Canada, call
Hamilton/Avnet or
Zentronics, Ltd.

For more informa-
tion, return the coupon
below. Or call the HP
sales office listed in your
white pages and ask
for the Components
Department.

'_Please send me my free copy of your I
brochure Fiber-Optic Components for

Data Communications and a set of data I
sheets on the HFBR-0400 family:

City B ___ State

Phone

Mail coupon to: Hewlett-Packard Company, I

I 1820 Embarcadero Rd., Palo Alto, CA 94303,

| B

HP: The right choices
for low-cost, high-
volume fiber optics.

*U.S. list price only.
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NEWS

Newsletters

Technology, 15

= Two artificial-intelligence-
based toolkits should help
move Al into mainstream

= Atari may boost memory
of its 520ST personal
computer to 1 megabyte

= Al work station developed
for NASA could speed the
development of software

Electronics, 17

= Japanese IC exports

to U. S. expected to drop
40% in 1985

= Battelle predicts a 9.5%
increase in R&D spending
for 1986

» West Germany’s
Bundespost hops on the
fiber-optics bandwagon

INSIDE TECHNOLOGY

lon beams replace lasers in IC mask repair, 65

A computer system built around a focused beam of ions can
locate and repair all types of tiny defects in the expensive
glass photomasks and reticles used in the photolithographic
process. It can redeposit material and overcomes the problems
of inadequate resolution and accuracy common in laser
systems used to repair I1C masks

How lasers will give chip making a big boost, 70
After years of being used for peripheral IC production tasks,
lasers are now getting a shot at such jobs as diffusion of
dopants and as micromachining tools to repair and customize
chips. They also are being used in flexible, maskless
processing techniques

PROBING THE NEWS

GE-RCA: Powerhouse or stodgy behemoth? 73
The new GE will have enough cash and plenty of muscle, but
whether that means new strength depends on the delicate job
of stitching together a handful of businesses ranging from
entertainment to semiconductors

Optoelectronics, 21

A better way to connect
optical fiber and chips?
Etching holes in chip makes
for denser, more reliable link

Companies, 21

Encore’s all-star act loses
pizzazz

Graphics, 22

Apple Ile becomes image
processor for just $195
Integrated circuits, 23
Telefunken goes all out for
BiCMOS process

1C production

= Multiple e-beam system
speeds throughput, 26

= Hitachi uses microwaves
to create fast plasma
etching system, 30
Military, 30

USAF starts to build

$128 million IC stockpile
Legislation, 32

Silicon Valley expects
tougher rules governing the
handling of toxic materials

| COVER

U. S. markets are bouncing back ... 39

... part way at least, according to Electronics’ annual market
report. Consumption of equipment should grow about 13%, 2%
faster than last year, to a total market of almost $132 billion.
Consumption of components will rise 12%, to about $36 billion,
more than reversing the 1985 downturn of 7%. Growth in just
about all segments is either increasing—or, after a flat or
declining year, returning. In data-processing equipment, for
example, the growth rate should rise from 1985's 11% to 14%,
still far below rates in the boom years

Cover illustration by Jeffrey Lynch

NEW PRODUCTS

Newsletter, 19

a Teradata doubles
performance of its data-
base machine

= Modem makes it easier to
transmit data overseas

= Video enhancer lets
digitizer work on selected
tones of an image

Image processing, 89
Datacube’s three video
boards enhance image
processing by doing complex
image manipulations
Plotters, 90

Versatec packs electrostatic
color plotting in a $9,950
desktop system
Integrated circuits, 90
= The latest ECL gate array
in AMD’s line triples the
gate count of its earlier
arrays

e Electronic Designs Inc.’s
computer modules use the
80C86 family and fit on
5in.2 hybrids

DEPARTMENTS

Publisher’s letter, 5
Letters, 8

Companies, 78
Well-heeled Dixy Corp. struts
into the display market

Bottom lines, 79
Military electronics sales rose
12.5% in 1985

Electronics index, 81
Firming component prices
pushed the index up a full
point, despite a drop in U. S.
production of electronic
goods

People, 82

Monsanto Japan’s Endo takes
a nontraditional route to his
new job as vice president for
marketing

= People on the move

Meetings, 94
Electronics week, 96
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CENTIGRID.
Possibly the world’s
most advanced E

Our Centigrid relay is the vanguard
of a new EMR generation. After all,
it is the natural outgrowth of all
those years of provenTeledyne
TO-5 technology.

It is rugged. The uniframe-housed
motor assembly is stabilized by the
header at four points, making it
very tolerant ofpmishzmdling during
warehousing and assembly.

It is tiny. Takes up less than .15
sq. in. of board space. And its .100"
grid spaced pinout permits direct
PC board insertion without lead
spreading. Since it is only .275"
high, this makes possible very high
board density.

Circle 4 on reader service card

It is an even better RF switch
than the classic TO-5, providing
high isolation and low insertion

losses up through UHF frequencies.

And it is fully qualified to levels
“L7*M”and “P” of MIL-R-39016.

It draws very little power. The
sensitive version dissipates 75% less
power than the typical }3 crystal
can. That can extend the battery
life of your portable equipment by
a significant margin.

To make sure you always get the
Centigrid quality you expect, we
designed our own automated pro-

header assembly system automati-
cally tests the units while they are
being produced, minimizing human
error and insuring built-in reliability.

For twenty years, Teledyne TO-5
technology has been the standard of
the industry. Now the Centigrid has
taken that technology one giant step
into tomorrow.

If you'd like complete technical
information or app?ications assis-
tance, call or write today.

Y™ TELEDYNE RELAYS

Innovations In Switching Technology

12525 Daphne Ave., Hawthorne, California 90250 « (213) 777-0077

U.K. Sales Office: Heathrow House, Bath Rd.. Cranford, Hounslow, Middlesex, TW 5 9Q(Q ¢ 01-897-2501
European Hqtrs: Abraham Lincoln Strasse 38-42 « 62 Wicsbaden, W. Germany 06121-7680

Japan Sales Office: Nihon, Seimei Akasaka Building * 8-1-19 Akasaka, Minato-Ku Tokyo, 107 Japan (03) 40 3-8141

duction equipment. For instance,
our microprocessor-controlled
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At'ter putting together annual market
reports for nearly three decades, we
know that there are two constants. The
first is that a small but dedicated band
of Electronics editors, artists, and pro-
duction people will work long, hard
hours during the holiday season to com-
plete the job. The other is that begin-
ning around the end of Junuary we will
start to get phone calls from market
researchers and financial forecasters
who will want to know how we put to-
gether the data.

For this year’s survey of the U.S.,
beginning on p. 39, the team’s point man
was business editor Bob Kozma, with
executive editor Sam Weber supervis-
ing. Our Christmas gift to Kozma was a
sheaf of market figures from companies
around the world and from editorial con-
sultant Howard Bierman, as well as re-
ports from all our domestic and foreign
bureaus. After checking all the figures,
Kozma wrapped the whole thing neatly
into the 20 pages of text and tables that
make up one of the most eagerly await-
ed forecasts in the industry.

The rest of the team also put in a
considerable amount of overtime on the
project. It started with art director Fred
Sklenar, who designed the section—and
came up with the cover concept—to pro-
vide an attractive, readable package.
Copy chief Susan Levi Wallach earned
her stripes by coordinating the produc-
tion and proofreading of the tubles,
while associate managing editor Ben
Mason kept the whole process moving
ahead on schedule.

That leaves the other constant—those
phone calls. To save the time, here's a

PUBLISHER'’S LETTER

brief explanation
of how it works:
the process of ar-
riving at a consen-
sus market fore-
cast includes ques-
tionnaires sent to
key companies in
each industry sec-
tor, both in the
U.S. and abroad.
Also, we factor in
estimates from
scores of other
electronics indus-
try sources a§ ——M ————————
well as from market observers. Then we
put them together and shake well: the
result is the parade of figures that
marches through the special section.

One problem that such thoroughness

creates, however, is that we have to de-
velop a design theme and start collect-
ing figures well before all the numbers
are in. So when we decided to illustrate
each market's performance with an ar-
row indicating whether it would rise or
fall, we fully expected a wide range of
results and established five indicators:
good growth, moderate grow:th, tlat,
moderate decline, and bad decline.
As it turned out, only two were needed:
moderate growth and flat. So you might
use the illustration of all five arrows on
p. 41 as an indication of how bad things
could have been.

And with the U. S. forecast taken care
of, next week’s issue will complete the
picture with a 24-page section examining
the UK, France, Italy. Japan, and West
Germany.

GUIDE. Kozma was
report’s point man.
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The evidence is in, and it's incontrovertible.
When it comes to light, Anritsu runs
second to the sun.

True, Anritsu’s little laser diodes are power-
ful enough to raise more than a few eye-
brows.

And Anritsu optical attenuators can cut

almost any light source down to size.

And Anritsu optical power meters can take
anything a normal fiber optic system can
dish out.

But none of them can hold a candle to
the sun, with its 900 x 10%3-or-so calories
every second and 10-billion-year MTBF.

Still, if you take a closer look, you'll see

a bright side to this story.

For instance, let’s talk technology: does
the sun have anything like Anritsu’s laser-
accurate outside diameter measuring sys-
tem for optical fiber production?

In sophistication, Anritsu also has a clear
edge. With optical time domain reflecto-
meters and optical spectrum analyzers
that give a clear, accurate picture of an
entire fiber optics network.

And in terms of visibility, the Anritsu name
has become almost an industry standard.
Thanks to a dazzling range of measuring

Why We’re Only #2 In




instruments and light sources for all facets
of fiber optic communications.

What about versatility? Simply no competi-
tion: Anritsu has more than 11,000 prod-
ucts and systems, and these extend to
areas far beyond light. To rugged radio
and telecommunications equipment. To
public telephones, computers and data
processing equipment. To measuring in-
struments for communications. The list
goes on and on.

The sun is still safely #1 for now.

But we're on the move.

Circle 7 on reader service card

/inritsu

WE'RE ON THE MOVE. WORLDWIDE.

ANRITSU CORPORATION

10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan.
Phone: Tokyo 03-446-1111, Telex: 0-242-2353 ANRITU J

As of October 1, 1985, Anritsu Electric Co., Ltd.
became Anritsu Corporation.




/1
( IEEE-488

\ ﬁ@@

MULTIBUS

. —

Interfaces & Software
for
Multibus & VMEbus

Hardware Flexibility

¢ High performance
applications
— 500K bytes per second
— Hitachi HD 68450 LS| DMA
cantroller
* Low cost applications

— Programmed I/0
— Multiole IEEE-488 ports per siot
— Polled or interrupt driven transfers

Software Support

¢ Real-Time Operating
Systems
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| LETTERS

| expanding its own facilities.

Equal time for SRC ,

|
To the editor: 1 was delighted to read |
that the Microelectronics & Computer
Technology Corp. is demonstrating that
American industry can successfully co-
operate in research [Klectronics, Dec.
16, 1985, p. 49]. However, My. Lineback’s
arithmetic needs some attention. In the
lead paragraph, he states that MCC “is
doing so well after just one year of op-
eration that it is surprising even its own
supporters. ...” while a little later he
claims that “shareholding membership
has grown from 12 to 21 since 1982.”
Because 1986 is now upon us, the MCC
has been in operation at least two years
and possibly three.

Unless 1 have missed an issue, [
have vet to see an article describing an
equally, and perhaps more, successful
cooperitive industry-university organi-
zation. Semiconductor Rescarch Corp.
(SRC) sponsors my research as well as
that of over 200 other faculty members
at 43 universities. Furthermore, SRC
supports about 450 graduate students.
Can MCC match that? In terms of
membership, SRC has about 70 partici-
pating companies—over three times
that of MCC.

In addition, SRC Is run by a small,
highly efficient staft and as such can
funnel most of its budget into universi-
ties where research support is really
needed. This is in contradistinction to
MCC's conducting research in situ and

Research Triangle Park, N.C, is a
fast-growing semiconductor area with
du Pont, GE, IBM, and others as well as
SRC seemingly visible to all but vour
publication. How about some copy for
SRC and Research Triangle Park? f

Roy H. Propst, PhD

Research Assistant Professor
University of North Carolina at Chapel
Hill

Chapel Hill, N. C.

In response: The “one year of opera-
tion” in the article’s first paragraph
refers to the time that MCC has con-
ducted actual research operations. The
second paragraph on p. 50 makes this
distinction clear. Electronics has run
about a dozen articles on the Semicon-
ductor Rescarch Corp. and its home in
Rescarch Triangle Park since the orga-
nization’s inception in 1982, They in-
clude “General Electric is on target
with second shot at chip making, ™
[Oct. 29, 1984, p. o1} “Eepanding firms
are flocking to North Carolina. but
start-ups elude states efjorts to draw
them.” [Sept. 10, 1984, p. 28] “SRC
drives forward as TL AT&T sign on.”
[Aug. 27, 1984 p. o4f and “Research

' group grants first awards,” [Nov. 30,

1982, p. 50]
Marconi’s clean sweep

To the editor: A few facts were confused
in the Products Newsletter item about
our new 6310 Programmable Sweep
Generator covering 2 to 20 GHz [Elec-
tronies, Nov. 11, 1985, p. 15]. The time
taken to recalibrate the 6310 is only 15
minutes rather than the 8 hours needed
by older stvle sweepers. The recalibra-
tion interval is 6 to 12 months. The pro-
cess, however, can be done in situ at
the operating ambient temperature rath-
er than in a calibration laboratory. It
requires only a power meter, sensor,
and frequency counter since the 6310
acts as GPIB controller. Because highly
skilled technicians are not necessary,
they can be given other tasks, and be-
cause the covers need not be removed,
reliability is improved. [

Up to 20 front-panel settings may be
stored and easily reviewed before selec-
tion in batterv-backed memory. In addi-
tion, six user-defined display and control
modes can be created and stored. The
yttrium-iron-garnet oscillators have cur-
rent drivers, controlled by three digital-
to-analog converters, for scale, offset,
and vernier. The digital drives have a
frequency that is corrected using cali-
bration data and powerful algorithms
with the Motorola 63000 series
NICIroprocessor.

Will Foster

Marketing Manager
Marconi Instruments Ltd.
St. Albans, England

Micron’s 256-K DRAMs

To the editor: An Electronics Newsletter
brief [Electronics, Nov. 18, 1985, p. 19]
incorrectly stated that Motorola’s deci-
sion to leave the 256-K dyvnamic random-
access-memory business “leaves Texas
Instruments Inc. as the sole U.S. manu-
facturer of n-MOS 256-K chips.” The ar-
ticle omitted the fact that Micron Tech-

nology  manufactures n-MOS 256-K
DRAMSs.
Nancy L. Blackburn
Micron Technology Inc.
Boise, Idaho
Corrections

In the chart “Other products outdo
semiconductors” [Electronies, Noew. 18,
1985, p. 84/ incorrect computer sales
percentages were printed for NEC
Corp. and Oki Electric Industry Co.
NEC's computers entry should be 19,
Oki'’s should be 10. This was an editing
error; the source, W. I Carr & Sons,
supplied the correct figures.
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CUSTOM AND
SEMICUSTOM VLSI:

Survival Strategies
For The New Era

The semiconductor industry is
changing. Are you equipped to meet
the challenges of this ever-chang-
ing industry? Crucial decisions are
at hand. Electronics Magazine and
Gnostic Concepts Inc. sponsored
this prestigious seminar and the
transcript is now being made avail-
able to those who understand the
challenge of these changes.

A panel of industry experts presents
up-to-date, significant information
that probes major technological
concerns such as:

« Company benefits by custom
design

« Economical appropriateness for
tackling custom

« Evaluation of gate arrays and
standard cells

» Alternate processes to explore

« Suitability of CAD systems to
your particuiar company

The questions raised are ones of
survival. And OPPORTUNITY.

Put this exclusive resource in your
hands to help you make the right
decisions.

Don’t hesitate—Order your
copy today!

Send $150 or your company purchase
order to:
Electronics Books
P.O. Box 541
Hightstown, N.J. 08520
(Tel.) 609/426-5070

Allow 4-6 weeks for delivery.

Money-back guarantee. ﬁn .
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ECLs, TTLs, CMOS, DIPs, or oven-
ized and a variety of frequencies

You're the innovator, and the way
of the future is in your hands. You
need someone to keep pace with
your ideas and keep you supplied
with the state-of-the-art electron-
ics that will bring your ideas to life.

Connor-Winfield manufactures

from less than 1 HZ to 400 MHz.
Custom orders don't upset us, we'll
get you the right product to meet
your project’s requirements and
we'll do our best to meet your time
deadlines.

We know our customers are the key
to tomorrow's technology, and
we're on your side. Just call us and

oscillators. We can supply you with put us to the test.

CONNOR-WINFIELD CORPORATION
| ( A West Chicago, IL 60185 USA
Phone 1-312-231-5270
TLX No. 270244
Cable: CONWINWCGO
Keeping Pace with Progress
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NOW AVAILABLE!

1985-86

Electronics Buyers’ Guide
The industry’s most often-used directory:
@ 3 directories in one.

@ Lists more than 4000 products.

@ Lists over 5000 companies.

@ FREE current catalog retrieval sefvice.

Send order with payment to: Regina Hera

Electronics Buyers’ Guide
1221 Averue of the Americas, N.Y, N.Y. 10020

Price: $40 per copy
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“Samtec really
Is a different
breed of cat!”

Sam Shine, Proprietor

Samtec has the

solution to your
toughest board-to-board
or on-board
interconnect problems.

DIP Sockets, Adaptor Plugs



Where else
would you find
every department
with the same
name?

CUSTOMER SERVICE DEPT.
Production done here

CUSTOMER SERVICE DEPT.

Shipping done here

CUSTOMER g

AOCOUnting d':‘r’,'cE DEPT.

Each and every department at Samtec really
carries the title “CUSTOMER SERVICE DEPT.”
And for a very good reason: Every member
of the Samtec family sees his or her primary
job as “Customer Service.” We view our cus-
tomers as our only reason for being in busi-

e here

Our customers, large and small, love it. Dozens
of major, tough-to-satisfy OEM’s have come to
rely on Samtec for fast, dependable service.
Try us when you need reliable electronic inter-
connects.You'll like our products, our SUDDEN
SERVICE and our consistently competitive

ness. Everything you need-catalogs, samples,
quotations, engineering data or shipment
dates—is handled with an eagerness and per-
sonal interest in solving your problems. Large
orders or small, they all receive the same
Samtec SUDDEN SERVICE.

prices.

WRITE TODAY for our new
and complete 72-page cata-
log. It has been revised and
enlarged to include many
new products. And it contains

That’s why people in our business have come complete specification data .
to believe that “Samtec really is a different for fast, easy ordering. Get [
breed of cat.” yours today.
osmacial CIRCLENO.13
| I

~ SUDDEN SERVICE

PO. Box 1147 - 810 Progress Blvd., New Albany, IN 47150 USA.
Phone: (812) 944-6733 - TWX 810-540-4095 - TELEX 333-918

IDC Cable Strips
with mating Terminal Strips.

025" Sq. Terminal Strips
with mating Socket Strips.

Machined Socket
and Terminal Strips



The INMOS 25ns Static RAM Family.
Because some designers prefer life in the fast lane.

INMOS just gave you a passing lane for

high-speed Static RAMs. You're no longer Device %;’;ZSSS g’glx Csl:tl)';ent b ocess

stuck in low gear with slow-speed memories.

Simply shift into over-drive with our IMS1400

advanced high-performance CMOS products. BKx1 |354555(660 110 NMOS
You can accelerate to access times of 25,

35 and 45ns with our IMS1423 (4kx4) and 35, bty (] ‘

45 and 55ns with our IMSI600 (64kx1). ‘ 4Kx4 |4555 |605 165 NMOS

Our IMS1620 (16k x 4) offers 45, 55 \ IMS1423

and 70ns access times. . 4Kx4 |253545(660 33 CMOS [CMOS
Our fast memories are fuel efficient; ;

perfect for your power requirements, With %, 2&?1)((5(1)0 455570 |40 77 CMOS | CMOS

E high, they can be placed in a low standby =2

condition. And for even higher efficiency, ‘ IMS1620

you can reduce the standby power by using 16K x4 |455570 {440 77CMOS |CMOS

CMOS input levels.
Soup-up your system design with our

IMSI423, IMS1620 and IMS1600. And let the INMOS, @ and IMS are tradeniarks of INMOS

competition eat dust. Group of Companies.

INMOS Corporation, Colorado Springs,
Colorado. Tel. (303) 630-4000 Bristol,
England. Tel. 0272-290-861 Paris, France. (™

a

®
Tel. (1) 687-2201 Munich, Germany. Tel. 573 ¥
e MNMoS

When you're ready to make tracks, not follow them, call INMOS.
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TECHNOLOGY NEWSLETTER

TOOLKITS SHOULD HELP MOVE Al PROGRAMMING INTO MAINSTREAM

wo advanced toolkits for artificial-intelligence programming on Digital

Equipment Corp. VAX systems promise to give Al another big push
toward the mainstream computing market. Lisp Toolkit and Expert Toolkit
come from Composition Systems Inc., which developed them to help build its
expert-systems package to automate the layout of newspaper advertisements.
The Elmsford, N. Y., company will now start marketing its toolkits to those who
want to reduce the time and effort needed to build big production expert
systems on DEC computers. Lisp Toolkit, which will be available in February,
links the VAX Lisp language with several DEC utility products such as those
for graphics, form, and menu design, as well as the DECnet network and
Automated Reasoning Tool (ART), the expert-system development environ-
ment from Inference Corp., Los Angeles. By July, Composition Systems plans
to release Expert Toolkit, which consists of five modules for building multiple
cooperating expert systems that use large distributed data bases and natural-
language interfaces. O

ATARI MAY BOOST RAM ON ITS 520ST TO 1 MEGABYTE

tari Corp. could turn out to be the most-talked-about personal computer

maker at this week’'s Winter Consumer Electronics Show in Las Vegas.
Sources close to the Sunnyvale, Calif., company say it might reveal at CES
that it has a new version of its 520ST in the works that will come standard
with a full megabyte of random-access memory. Not even IBM Corp.’s Per-
sonal Computer can handle more than 640-K of RAM without software re-
writes, but the word is that the new ST will be compatible with the present
machine and cost roughly the same—about $1,000 for a color version with
one single-sided disk drive. Atari only began shipping the ‘“‘old’" 520ST, a
Motorola 68000-based microcomputer with standard 512-K RAM, within the
past six months and has been faulted for limited software support. O

Al WORK STATION TO SPEED NASA SOFTWARE DEVELOPMENT

work station now being developed around artificial-intelligence software

is expected to speed up the development of software dramatically at the
National Aeronautics and Space Administration. The project stems from a joint
agreement between NASA and Al-software developer Inference Corp., Los
Angeles. The automated software-development work station should increase
the productivity of NASA's software engineers by allowing them to both reuse
existing code and generate new code efficiently using Al techniques. Expert
knowledge of software management will be added to the work station using
inference’'s ART Al-development environment. The first phase of the project,
which will run on Symbolics Inc. 3600 hardware, is under way. Earlier, NASA
developed Navex, an expert system that provides navigation assistance for
the space shuttle, using Inference’s technology. O

CRAY WILL OFFER UNIX ON ALL ITS SUPERCOMPUTERS

ith its expected February announcement of a version of AT&T Co.’s

Unix operating system for its X-MP product line, Cray Research Inc. will
give Unix another nudge toward being the de facto standard for supercomput-
ing. The Minneapolis company already uses Unix on its latest supercomputer,
the Cray-2. By offering Unix on its other line as well, Cray will be promoting
Unix as the operating system of choice on its equipment. Cray's teading
position in supercomputing will likely influence other supercomputer makers to
adopt Unix as well. Currently, all supercomputers run on their own proprietary
operating systems.
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The AD204. The answer to
your build or buy question.

The challenge to come up with the right
t

isolation ampilifier is over. Now you don
have to tackle your isola-
tion problems alone
or comprormise
performance for
size or cost.

QOur new -
AD204 solves your %
problerns. In fact, it represents a whole
new design approach to isolation. With
performance that does not degrade
your signal. A component package size
that conserves your board space. Supe-
rior reliability and stability of a trans-
former isolated design. At a price you
can afford.

How about ease of use? Our AD204
is functionally complete, including an
isolated power supply, an uncommitted
op amp for more flexibility, and opti-
mized pin-out to simplify board layout
and eliminate the need for guarding.

The new AD204 from Analog
Devices. With price/performance like
this and a channel density of 4 to an
inch what more could you ask for?

g How about more
E‘WA, information! Call Ron

Derochers now, toll-free at
800-245-3900 (in Massa-
chusetts, 617-329-4700).

to the inch!

Nonlinearity:
+0.025%

Isolation:

+1000V Peak
Continuous

Bandwidth:
5kHz

Power Consumption:
35mW

ANALOG
DEVICES

Actual Size:

see below

Enter the Analog Devices AD204
applications contest. Your new
application idea could make you
a winner. Call for details.

You can’t build an isolator
this good for under $25.

Analog Devices. inc . Two Technology Way, Norwood, MA C2062-0280. Healquarters (617) 329400, Caltorria® {/14) 641-9391. {619) 268-4621, [408) 947-0633; Colorado. (303) 590-8906:
linois. (312) 653 5000, Maryland- {301) 992-1994, New York {716} 425 4101, (315) 43/-5277. Onio: 614} 764 8/95: Pennsylvaria. {215) 643-7790; Texas: (214] 2315094, (713) 664-6704.
Washington' {706] 251 9550, Belgium (3] 237 48 03, Denraxk :2) 845800 France (1) 687-341); Hollana: {1620) 81500 israel: [052) 28995; taly: [2) 6883831, {2) 6883832, (2] 6883833

Japan' 3} 26368206, Sweden 18) 28274G, Switzertand! {22) 31 57 60: United Kingdom: [01) 9410466. West Germany: {89) 570050
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ELECTRONICS NEWSLETTER

JAPANESE IC EXPORTS TO U.S. DROP 40% IN 1985

he worst fears of Japanese chip makers are proving to be real: official

statistics from Japan's Ministry of Finance reveal that last year's exports to
the U. S. dropped 40% from 1984's level. That drop, forced by a sluggish
market and U. S. trade pressure, doubles the rate reported for the first seven
months of 1985 [Electronics, Sept. 9, 1985, p. 25]. The ministry estimates
those exports will be about $900 million, down sharply from 1984’s $1.6
billion. November's IC exports to the U. S. came to $57 million, down 60.8%
from November 1984. Trade pressures may have helped slow exports, but
they haven't helped U. S. chip makers in Japan. Imports of U. S. ICs totaled
$475 million for the first 11 months of 1985, down about 26% from the same
period a year ago, according to ministry statistics. 0

BATTELLE PREDICTS A 9.5% INCREASE IN R&D SPENDING FOR 1986

t least one estimate of 1986 spending for all U. S. research and develop-

ment augurs well. Battelle Memorial Institute’s Columbus (Ohio) Labora-
tories forecasts a total expenditure of $116.8 billion this year, a 9.5% jump
over 1985 and a 4.4% rise in real terms when the effects of inflation are
factored in. In making its just-released annual forecast on R&D, Battelle used
National Science Foundation estimates that peg total U. S. R&D spending in
1985 at $106.6 billion. The projected 4.4% rise this year would be slightly
higher than the 4% average annual increase in real R&D spending seen over
the past 10 years, the report notes. As in every year since 1979, industry will
account for the largest share this year, spending $58.2 billion, or 49.8%, of
the total. Government agencies will provide the lion's share of the rest at
46.7%, or $54.5 billion, while academic institutions and other nonprofit organi-
zations will pick up the difference. Reflecting the Reagan Administration's
defense buildup, Battelle says the Defense Department will account for 67.4%
of the federally funded R&D portion this year, up from 62.4% in 1985. [

WEST GERMANY'’S BUNDESPOST HOPS ON THE FIBER-OPTICS BANDWAGON

Joining a trend already under way in the U. S. and Japan, West Germany is
going all out for fiber-optic communication lines. The Bundespost, the
postal authority that also runs the country’s public communication networks,
until recently had been more conservative about adopting fiber-optics trans-
mission technology. From 1987 on, new lines in long-haul trunks will no
longer be copper but glass-fiber cables; by 1990, the authority will lay a total
of 480,000 miles. In 1986 alone, about 42,000 miles of optical fiber will go
into long-distance networks and 9,000 miles into local nets. 1

FAIRCHILD TO ENTER PROGRAMMABLE LOGIC MARKET

Next month, Fairchild Semiconductor Corp. will join the crowd of major
and minor players now pushing into the programmable logic market.
That's when Fairchild's Memory and High-Speed Logic Division in Puyallup,
Wash., will begin volume production on a family of programmable logic arrays
based on the high-speed bipolar process used in its FAST series of standard
logic. Designated the Fastpla family, the first devices to be introduced will be
the 16P8B series of 20-pin PLA circuits, manufactured using the company’s
isoplanar Z vertical-fuse technology and featuring 15-ns maximum propaga-
tion delay times. Fairchild hopes that by using the same FAST technology as
in its standard logic devices, it will be able to wedge a niche in the market
and compete against companies such as Advanced Micro Devices, Monolithic
Memories, Texas Instruments, recent market entries Intel and National Semi-
conductor, and a host of startups. 0
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“Who else could squeeze 512 analog input channels on 2 MULTIBUS boards?
Or even 128 channels on one? We've done both”

A:‘

Try this on for size.

Data Translation’s new DT712 has 128 analog
input channels. More than any other A/D board on
the market. Add the DT713 to get 512 inputs.

Engineers faced with a lot of analog sensor
inputs no longer have to add on a ton of extra boards
for industrial process control applications.

Now all they need is one. Ours.

The DT712 is also extremely economical. With
more channels, the cost per channel is at least a third
less than anythmg the competition can offer.

Be51des greater cost efﬁc1ency, the DT712 also

. DIM2SERIESAD _ ad‘ldes m‘ﬂgple
BUARD DESCRIPTIUN ggermg and scan-
r T e ning schemes, and
MODEL TYPE OF CHANNELS | dT1 O board pro-

i worteetan | omcergn | Srammable clock,

D712 Highlevel D | 12866401 | By © e

DTTIZ + DTTIS | HighLevel WD | SIZSEASADI | o Lty o)

| Expande

D714 Low Level /D | 64D panel lets you enjoy

| DIT14 + 0115 | Low Level AD | 25601 easy mstallation of
| Bxpanded l analog signals, and S

a very clean, noise-
free Cablmg connection. Fred Molinari, President

And the DT712 is compatible with the latest
MULTIBUS interface. . . including 24-bit addressing and
16-bit data transfers.

So before you get l
into a tight spot, call Data
Translation. ‘ Secour
We've loosened up the | new 646
problem 512 ways. | Pandhock
Call (617) 481-3700. “Gold Book

1986. Or call
. The DT712 provides for your pers?inal
rtirers 1 forup to 128 A/D copy today.

channels on a single
MULTIBUS hoard.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951-646.
European Headquarters: Data Translation, Ltd 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tlx: 851849862 ( #D)
MULTIBUS is a registered trademark of Intel Corp.
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PRODUCTS NEWSLETTER

TERADATA DOUBLES PERFORMANCE OF ITS DATA-BASE MACHINE

Teradata Corp., the Los Angeles maker of data-base systems, is shipping a
second and much faster version of its DBC/ 1012 parallel-processing data-
base machine. The DBC/1012 Model 2 uses 8-MHz Intel 80286 microproces-
sors—from three processors for basic systems up to 1,024 processors. The
80286 processors, which are rated at about 1 million instructions/s, give the
Model 2 more than twice the performance of the Model 1, which was imple-
mented with 8086 processors. Available now, a typical 12-processor system
costs $562,000, about half the cost of a comparable Model 1. O

MODEM MAKES IT EASIER TO TRANSMIT DATA OVERSEAS

modem module from Micro Power Systems Inc. will ease international

data transmission. The MP212AT not only operates in the full-duplex 300-
and 1,200-bits-per-second transmission standards of the U.S., but it also
supports the International Telegraph and Telephone Consultative Committee
V.22 A, V.22 B, and V.21 standards widely used in Europe, Japan, and other
countries. The modem module is housed on a single pc board that measures
3 by 4 by 0.4 in. Samples will be available from the Santa Clara, Calif.,
company this month. In large quantities, the modems sell for $110 each. [

VIDEO ENHANCER LETS DIGITIZER WORK ON SELECTED TONES OF AN IMAGE

ith Image Technology Methods Corp.'s model 502 video enhancer, the

full-scale response of an image digit:zer can be applied to selected tone
gradients of an image, improving its contrast. Rather than increasing the
digitizer’s resolution, the 502, which fits between the camera and the digitizer,
lets an operator limit the analog input range—selected as a voltage range—to
be digitized. This keeps bits of resolution from being wasted on areas that are
not of interest. In addition, the user can display and enhance images with low-
contrast areas. The 502 sells for $2,500 and is available now from the
Waltham, Mass., company. O

AMD’S 64-K STATIC RAM TEAMS SPEED WITH LOW POWER CONSUMPTION

dvanced Micro Devices Inc.'s 64-K CMOS static RAM boasts 70-ns

access times and dissipates as little as 220 mW. The Sunnyvale, Calif.,
company’s Am99C88 operates over both commercial and military temperature
ranges and consumes 330 mW when active; a low-power version, the
Am99CL88, uses just 220 mW. In data-retention mode, the Am99C88 con-
sumes 50 pA. Prices for the AMD parts—housed in 28-pin ceramic dual in-
line packages—are $85 for commercial parts and $245 for the military model
in lots of 100 pieces. Versions in leadless chip carriers will be available later
in this quarter. 0

—

IBM PC KEYBOARD COMES WITH ITS OWN PROGRAMMABLE-KEY SOFTWARE

herry Electrical Products Corp.'s KXN5-C658 keyboard is the first to

come with its own programmable-key software. The 126-key board
offers increased functionality over the company’s earlier 122-key offerings to
users of the IBM Corp. Personal Computer line. It features a specialized
version of Software Research Technologies' Smartkey software. With it, users
can customize the board and can define macros that let a single keystroke do
the work of up to 60,000 keystrokes. An accompanying disk plugs into the
host machine's floppy-disk drive for programming the macro keys. Available
now from the Waukegan, Ill., company, the board sells with software for $125
in lots of 2,500 to 5,000 pieces. O

|

Electronics/ January 6, 1986 19



What’s Boelng’s answer to
small-space circuitry when you
cant risk failure?

In today’s military and aerospace applications, you don't get a second chance. You need
systems that are small, light and, above all, reliable.

That’s why the F-18, AWACS and Air Launched Cruise Missile use custom hybrid micro-
circuits from Boeing.

Whatever the microcircuit requirement, wherever the application, Boeing has the solution.

From hybrids with 500,000-hour MTBF to hybrids with 150 integrated circuit chips. From
14 hybrids in the Air Launched Cruise Missile to over 70 in the 767.

What's more, our state-of-the-art test facility assures that the hybrids you receive are
virtually defect-free. Which is why in the last three years, the rate of return has been a remarkably
low 0.001%.

Whatever your hybrid problem, Boeing delivers: performance, reliability and quality. For
more information, contact Bette Zimmerman, Boeing Electronics Company, P.O. Box 3707,
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A BETTER WAY TO CONNECT
OPTICAL FIBER AND CHIPS?

ETCHING HOLES IN CHIP MAKES FOR DENSER,

MORE RELIABLE LINK

NEW YORK

CUmbelsome fiber-optic  couplers
could become obsolete in many ap-

plications, thanks to new techniques

that connect fibers directly to very

large-scale integrated circuits. The

methods, under development by Colum-

Making a hole between 1 and 10 um
in diameter and up to 250 um deep was
diflicult, Fossum says. Using a laser-
assisted etching technique developed by
Osgood, the group achieved its dimen-
sional requirements without damaging
the chip’s surface. Surface damage

Fossum will not divulge what method
the group used, citing an agreement the
researchers have with the Defense Ad-
vanced Research Projects Agency,
which is funding the study. The single-
mode fiber is tapered down to its 9-pm
core using a chemical etching technique.

bia University researchers,
promise to save space and
increase the reliability of
chip-to-fiber  connections.
And, with the increased
density, the new technology
may make it possible to
connect many move fibers
to one chip than is now pos-
sible. A chip with many
such connections could be
used in a communications
switching  system,  for
example.

Using a finely focused
continuous-wave laser, the
Columbia team etches tiny

inserted and glued. Before —

p° layer; the resulting p-n junction acts
as a photosensiti\'e detector. Light-emit-
ting devices can also be fabricated in
conjunction with such a hole to handle
the transmitting end of an optical link,
according to team members.

Existing on-chip fiber-optic intercon-
nection techniques predominantly use a
V-groove technology in which the fiber
lies in a trench on the chip’s surface,
taking up a lot of real estate. The foot-
print of the connection developed at Co-
lumbia is not much bigger than the di-
ameter of the fiber core.

The connection’s performance, in
terms of losses, is about equal to other
methods, according to Eric Fossum, an
assistant professor at Columbia and one
of the three-man team working on the
project (the others are professor Rich-
ard Osgood and associate professor
Paul Prucnal). Though it is too early to
make vreliability projections, Fossum
suggests that the glued fiber connec-
tions “‘may be more mechanically sta-
ble” than other types. “The big advan-
tage in integration is reliability.”

holes in the surface of the DRILLED CHIP. A laser-assisted technique developed by Columbia Universi-
chip, into which fibers are tyresearchers etches deep, narrow holes in semiconductor materials.

The group has built a sili-
con fiber-optic receiver, but
many major research goals
remain. “We would like to
put hundreds of fibers into
a single chip,” Fossum
sayvs. “There’s no point in
going to the trouble to
make a single detector un-
less you're going to put a
lot of them together.” He
would like to find out how
densely the detectors can
be packed on a chip without
causing crosstalk problems.

The team is also interest-
ed in bringing the technique
to bear on gallium arsenide
and  aluminum-GaAs [Cs,
which hold more promise

insertion, each cavity is doped to form a | would 1e(luce the eircuit’s ability to pro-

cess signals rapidly and lower the sig-
nal-to-noise ratio, Fossum says.

The anisotropic laser-etching tech-
nique used to drill the hole is still in the
research stage, Fossum points out. (Ani-
sotropic etching removes material faster
along one axis—the vertical. in this
case—to create steep walls.)
EFFICIENCY. Despite the group’s success
with Osgood’s etching techniques and
continuing research into the use of al-
ternative lasers, such as more powerful
excinmer lasers, questions remain about
the efficiency of the svstem in volume
production. As a hedge, Fossum suayvs,
the group is studying alternative etch-
ing methods, such as crystallographic
anisotropic etching. The present meth-
od allows the use of silicon wafers with
the crystal structure oriented in the
standard way (called the 100 orienta-
tion), but crvstallographic methods de-
mand 110 orientation.

The team also had to develop ways to
dope the interior wall of the cavity and
etch the fiber into a finely tapered point.
Calling the doping process ‘“tricky,”
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for high-speed processing and optical
communication than does silicon. Thus
far, Fossum says, they have etched
holes in GaAs substrates, but they have
not vet built a GaAs receiver.

Prucnal will deliver a paper on the
research at the Optoelectronics and La-
ser Applications in Science and Engi-
neering conference in Los Angeles later
this month. ~-Tobias Naegele

COMPANIES

ENCORE’S ALL-STAR
ACT LOSES PIZZAzZ

MARLBORO, MASS.
At its launch just two vears ago, En-
core Computer Corp. had the pres-
tige of an all-star trio of leaders, a strat-
egyv of acquiring promising products and
technology, and the goal of building a
full-service computer company. The
combination got the company off the
mark in grand style with $51 million

raised in public and private oflerings. A J

21




-

22

later deal with Sperry Corp. that guar-
anteed the sale of Encore’s new multi-
processors looked like icing on the cake.

But when Encore reported its yearly
results on Dec. 26, it became clear that,
at best, the cake will take a lot more
time to bake than most expected. For
the fiscal vear, Encore lost $22 million
on sales of $491,000.

The company already has changed its
strategy. It abandoned the work-station
market last month and with its software
division on the block, Encore now has
decided o focus on the multiprocessor-
computer niche, where it has not yet

“For a risky new technology like par-
allel processing, the customer wants a
good management team,” points out
George Colony, president of Forrester
Research Inc. in Cambridge, Mass. “But
the image of the management has been
negated by the events of the past year.”

Yearend results should be no sur-
prise, Fisher says. “It’s pretty much in
line with what we’ve been telling people
all along.” The Multimax superminicom-
puter, which links up to 20 processors
with one shared memory, has given En-
core a toehold in the market, he says.

Sales campaigns for this type of prod-

sold a machine since its -
product introduction
four months ago.

The vearend results
were not the first bad
news. The Sperry deal
died last summer when
Encore failed to deliver u prototype on
time, and no new arrangement has been
announced.

The founding managers also have
contributed to the glum outlook. Only
one of the founding trio is working full-
time now. Henry Burkhardt ITI, a co-
founder of Data General Corp., has de-
parted from the company. C. Gordon
Jell, former chiel technical officer at
Digital Equipment Corp., is now cutting
back on his workload, says Kenneth
Fisher, former president and chief exec-
utive officer of Prime Computer Inc,
who is Encore’s chairman and CEO.

The firm has not
yet sold its first
parallel computer

uct require three to six
months, says Fisher.
“We're not dismayed or
downhearted, we're real-
just starting the
game. ... After the first

———— COUple of quarters [in

1986] we’ll have gained initial sales and
be rolling in the second half.”

But customers are not looking for
multiprocessors per se, maintains Craig
Symons, a financial analyst with
Gartner Securities Corp. in Stamford,
Conn. He finds that customers want ap-
plication software, compatibility, sup-
port, and service. Encore’s offering ap-
pears either weak or unknown on all
three counts, according to Symons, who
adds that the company’s Unix orienta-
tion also won’t help because a lack of
software has kept that market from de-
veloping as projected. -Craig D. Eose

GRAPHICS

APPLE lle BECOMES IMAGE
PROCESSOR FOR $195

PALO ALTO
Imug‘e processing is normally the pur-
view of expeunsive work stations with
high-resolution displays, but inventor
Charles P. Springer thinks users of the
lowly Apple I personal computer
would like such capability, too. So
he and a colleague have developed
a board and software that pgive
the Apple ITe the same image-pro-
cessing capability built into high-
performance work stations.

The card. called ImageWorks,
gives the computer a 256-level
gray scale and can be used to dis- [
play digitized TV and medical im-
ages, satellite weather data, or
pure graphic ereations. Springer’s
company. Redshift Limited, has
also developed a “frame-grabber”
hoard to digitize standard video,
and a color board to provide 256
standard colors on a conventional
TV screen.

the boards in industrial inspection, robot
vision, and video games, where he says
the gray scale could provide realistic
backgrounds. The digitizer board also
makes it possible to send photographs by

APPLE IMAGE. Charles Springer's software enables an Apple

Springer sees applications for lle to perform complex image-processing tasks.

modem. In addition, Springer says, there
are many laboratory applications where
inexpensive image processing would be a
boon. ImageWorks is not expensive—the
gray-scale board costs $195, the frame-
grabber and color boards $95 each.

IBM PC NEXT. Redshift will now adapt
the board for the IBM Corp. Personal
Computer. Apple Computer Ine’s Ile
was chosen first, Springer says, because
it was easier. It uses a standard video
interface and a square pixel. Because
there are many different video boards
for the IBM PC and the ImageWorks
board would need to interface with all of
them, it is a more complex and expensive
job. Also, the IBM color pixel is rectan-
gular, making curves harder to generate.

Springer says he was inspired to de-
velop the boards last spring, when Tex-
as Instruments Inc. dropped to $2.50 the
price of its 4161, a 64-K random-access
memory with built-in shift registers.
That made the project economically fea-
sible, he says. Besides the RAMs, the
board includes a digital-to-analog con-
verter made from CMOS latches and 1%-
tolerance resistors, and three program-
mable-array-logic chips for control, tim-
ing, and glue logic.

Paul A. Baker, a hardware designer
who had worked on Apple’s Lisa 2/10
and Apple add-ons at Information Appli-
ances Inc., designed the boards and
wrote the PAL equations, and Springer
had a working prototype in two weeks.
But one week later he took a job at
Boeing Computer Services Co. in Seattle
and temporarily shelved the project.

It wouldn’t die, however, and last fall
Springer left Boeing to form Redshift
Limited with Baker. In keeping with the
Apple tradition of humble beginnings,
Redshift started up in Springer’s living
room. Baker remains at Information
Appliances.

The gray scale is generated by the
hardware. Images are processed by
software routines written by Springer
mostly in Forth but also in Pascal, As-
tec C, 6502 assembly language,
and Basic. Source code for these
routines, plus board schematics
and a primer on image process-
ing, come with the hoards.

Springer admits  Redshift’s
ImageWorks card is slower than
work-station digitizers, and its
256-by-256-pixel resolution wus
chosen to fit the limits of the Ap-
ple screen. But the card nonethe-
less permits the Apple to do any
kind of image processing its big-
ger brothers can, he says, includ-
ing histogram equalization, edge
detection, hidden-surface graph-
ics, shading, and even ray tracing,
“if you're willing to let the Apple
work a couple of days to do the
computation.” -Clifford Barney
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| INTEGRATED CIRCUITS

TELEFUNKEN GOES ALL OUT FOR BiCMOS

HEILBRONN, WEST GERMANY

ne of the major reasons why Tele-

funken electronic GmbH—and most
other European chip makers—has not
been hurt all that badly by the current
slump in semiconductors is that it relies
on application-specific integrated circuits
more than it does on standard parts,
which have been hit hardest by the
slump. Now the Heilbronn producer is
out to enhance its ASIC business even
more by going all out for bipolar-CMOS,
a technology mix well suited for combin-
ing precise analog and complex digital
systems on a very large-scale IC.

Telefunken electronic, a joint venture
of Frankfurt's AEG AG and United
Technologies Corp. in Hartford, Conn.,
will bring its BiCMOS process on line in
late 1986 and plans to come out with its
first product, a telecommunications cir-
cuit, in early 1987. A BiCMOS device
for automotive applications is being con-
templated, Arndt says.

BiCMOS components fulfill require-
ments that ordinarily run counter to
each other. On the one hand, they are
fast and have high drive power to real-
ize high system speeds. On the other,
they boast high packing density and low
power dissipation, which are necessary
for highly complex chips. In its two
years of work with BiCMOS, the compa-
ny has cut down the process complexity
so that high yields and low costs can be

expected for future chips. “This should
make it possible to apply single-chip
VLSI BICMOS parts even to consumer
items like TV sets and radios,” says Jiir-
gen Arndt, who heads the MOS process
development labs.

All this BICMOS activity puts Telefun-
ken in the small league of makers com-
mitted to mixed-technology chips as al-
ternatives to multiple-chip approaches
using chips based on different technol-
ogies. Also playing in that league are
Hitachi and Toshiba in Japan and Digi-
tal Equipment and Motorola in the U. S.

So far, Arndt says, only Hitachi is in

Process to start up
late this year, with first
part to come in 1987

volume production of a BICMOS prod-
uct, a gate array. It is also gearing up
for mass production of 64-K static ran-
dom-access memories using its 2-um Hi-
BiCMOS process [Electronics, June 3,
1985, p.22]. And Motorola has an-
nounced a series of products using Bi-
MOS, one of which—a 6,000-gate cir-
cuit—is now being offered as samples
[Electronics, Nov. 25, 1985, p. 18].
Although the first mixed-technology
activities date back to 1973 when RCA
Corp. developed BiMOS techniques, it

became practical only recently, when
chip makers made a big move to ion
implantation as the doping source and to
polysilicon as a conductor. This has
helped solve the bipolar-with-CMOS com-
patibility problem without appreciably
increasing the process complexity.

Telefunken electronic’s version of the
BiCMOS technology is essentially an n-
well process on a p-type substrate with
a p-type epitaxial layer. The bipolar
side has self-adjusting vertical npn and
lateral pnp transistors in their associat-
ed n-wells. A highly doped buried layer
with a low-resistance collector contact
and defined by local oxidation makes
for good bipolar characteristies.

Because of the short channel
lengths—down to around 1 pm—the
MOS transistors have lightly doped
source and drain zones. The npn bipolar
transistor has a more heavily doped ex-
trinsic base and a polysilicon layer, the
latter serving as the diffusion source
and contact for the emitter. Ion implan-
tation is used for all doped regions.

To reduce the process complexity and
still obtain chip densities of more than
100,000 transistors, multiple use is made
of certain processes on the bipolar and
CMOS sides. For example, the p-MOS
transistor's n-well acts as an active col-
lector region for the npn transistor and
as a base region for the pnp transistor.

Reducing process complexity further

| DESIGNER AT WORK. Jiirgen Arndt, who leads Telefunken’'s MOS development labs, works with a BICMOS structure.
L -
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“I knew wed close that sale.

Did you see their faces?”
‘%ﬂ competitors’faces
z& ¢ 1o see. We'vereally cracked
) pandel ng” “Looks like we made all the
= right decisions at the right
B! times.”
" Like Nationals 82-bit
§ microprocessor family?”
“You can’t build a system out
of data sheets and promases.
National had it, they delivered i,
and they got us here first”

While you're still
dreaming about success,
Sequent is delivering it.
With Nationals
Series 32000 family;

On January 17,1983, eighteen
people started a new company
called Sequent Computer
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.

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
is 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

/r National

Semiconductor
We're doing it.
G
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is the n-type buried-layer zone, which,
besides serving as a low-resistance col-
lector contact on the bipolar side, is
used on the CMOS side for improving
the latchup behavior. This is achieved
by reducing the well resistance and by
sacrificing some of the parasitic pnp
transistor’s current amplification.

Furthermore, the n-doped polysilicon
is used both as a MOS gate and as a
diffusion source for the bipolar emitters.
Arndt believes that as far as such multi-
ple use of certain processes is con-
cerned, Telefunken electronic’'s BiCMOS
technology has an edge over competitive
mixed-technology approaches. It leads to
less process complexity and thus to
high-yield low-cost devices.

The Heilbronn engineers are carrying
out their work in BiCMOS in two stages.
The first-stage BICMOS-1 project, sched-
uled for completion by the end of this
vear, aims at devices with minimum ge-
ometries of 2 um. Such dimensions can
still be achieved without wafer steppers,
Arndt points out. Fourteen masking
steps are needed.

The npn transistors made so far un-

der the BICMOS-1 program exhibit cut-
off frequencies of better than 1 GHz at
a supply of 10 V—in fact, typical values
are closer to 1.5 GHz, Arndt says. The
CMOS side is being optimized and will,
at a fan-out of one, attain a gate delay
of less than 2 ns. The packing density
for the CMOS side should come to
around 3,000 transistors per square
nillimeter.
REACHING ONE MICRON. The second-
stage BICMOS-2 project, scheduled to be
completed by the end of 1988, envisions
devices with minimum geometries of 1
um or slightly below. The epitaxial layer
will be reduced from the 4 to 5 um typi-
cal for BICMOS-1 to about 2 pm.

The Locos (for local oxidation) isola-
tion technique used with BiCMOS-1 will
be replaced by a space-saving trench-
isolation method whereby narrow, deep
trenches etched into the silicon are filled
with organic and inorganic isolation ma-
terial. Use of smaller geometries and
better doping profiles should improve
the high-frequency characteristics of the
bipolar transistors.

With their BIiCMOS-2 technology,
Arndt and his team hope to build de-
vices with cutoff frequencies well above
2 GHz. Together with a high current
amplification, operating f{requencies of
up to 1 GHz should be possible for the
analog stages. The bipolar transistors’
breakthrough voltages should allow op-
erating voltages of at least 5 V. Use of
1-um channel lengths at the CMOS side
should make possible gate delays of less
than 1 ns.

The 1-um geometries could lead to
packing densities of about 10,000 tran-
sistors per square millimeter for the

CMOS side. Because of the process com-
plexity involved with the 16 masking
steps that are necessary, the chip com-
plexity of a pure MOS circuit cannot be
achieved, Arndt says. Still, BiCMOS-2
will enable respectable densities of more
than 100,000 transistors per chip.

What makes BIiCMOS attractive, the
company says, is the variety of applica-
tions it allows. Among them are partly

digital radio and television circuit con-
cepts, interface and signal-processing
circuits for broadband integrated-ser-
vices digital networks, and data-collect-
ing and -processing circuits for use in
automobiles. Others are one-chip ap-
proaches to digital signal processing as
well as high-quality analog-and-digital
arrays for use in telecommunications
applications. ~John Gosch

| IC PRODUCTION

MULTIPLE E-BEAM SYSTEM

SPEEDS THROUGHPUT

TOKYO

t used to be that electron-beam writ-

ing systems for making semiconduc-
tors or chip-production masks needed
separate pattern-generation systems to
control each beam. But engineers at Hi-
tachi Ltd.’s Instrument Division have
changed that by enhancing their pattern

of the computer-aided design.

The unit that now supports two to
five e-beam columns writing the same
or different patterns is Hitachi's vector
scan shaped-electron-beam system. This
superminicomputer and the e-beam units
it controls can achieve a throughput of
10 wafers per hour per column when

generator’s performance
so that it can control
several e-beam columns
at once, boosting its
throughput significantly.

One of the major rea-

ment is Hitachi’s concern that as the
use of automated equipment increases
in semiconductor production, it must
have an especially reliable source. After
studying the question, the company
found the perfect supplier: itself. Hita-
chi stepped up its development of the
key ~ machinery  in-
house—which also prom-
ised new products for
the market (see “Hitachi
uses microwaves to cre-
ate fast plasma etching
system,” p. 30).

The multiple-column
electron-beam system in-
creases productivity in
writing directly on wa-
fers to provide short-
turnaround time for cus-
tomized products or
small production runs. It
can also be used to si-
multaneously generate
multiple masks or reti-
cles for optical or X-ray
lithography systems.
And like other e-beam
systems, it can bypass
the reticle step and use
the e-beam to write pat-
terns directly on wafers
s0 that devices such as
large computer central
processing units can be
built just two to three

weeks after completion

System controls
two to five
e-beam columns

sons for the develop — —— el cassette and continu-

ON THE BEAM. This device, made with Hitachi's new electron-
beam lithography system, uses 1.3-um design rules.

processing 4-in. wafers,
and five per hour for 6-

in. wafers.
The system, which can
handle both cassette

loading with 12 wafers

ous automatic loading, is well suited for
the submicron era. Its designers rate its
nominal minimum feature size at 0.5
um, but they add that it is possible to
use it for features as small as 0.2 pm.
Accuracy of the line width is to 0.1 pm
and alignment with the previous pattern

26
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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.

of
days Typical working days
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25 cut and goes I! l! I!

*Typical customer approval

SEMICONDUCTOR, INC. e

5{
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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If you candesignin LSTTL




Interface, intermix or design from scratch
with HCT. Not just compatible with LSTTL,
it's compatible with you.

If only every breakthrough were this easy to
use! RCA HCT gives you the high speed CMOS
advantages you need for your design, at prices
competitive to LSTTL. Just plug the equivalent
HCT partinto your LSTTL socket for these
better-than-equivalent advantages:

Four times more reliable than LSTTL.

Accelerated temperature life tests reveal a
failure rate for RCA HCT of less than .002% per

1,000 hours, versus a .008% failure rate for LSTTL.

With lower IC power consumption resulting in
lower ambient equipment temperature, it's no
surprise that system reliability is better with
QMOS” And in practical applications using
QMOS, latch-upiis virtually non-existent.

Dramatically reduced power.

Here's atypical example: Inthe quiescent
state the RCA CD74HCT373 (a popular octal
latch) dissipates no more than 1/500 the power
of its LSTTL equivalent. At 100 kHz, the QMOS
373 uses 1/57 the power of the LSTTL 373. And
at1 MHz, the RCA octal latch dissipates only
20% as much power as its LSTTL equivalent.
You can use this power savings to add features
or battery back-up, cut back on your power
supply or eliminate fans.

Twice the noise immunity of LSTTL.

QMOS high noise immunity lets your product
perform more reliably in harsh noise environ-
ments. HCT output voltages are rail-to-rail,
improving the input noise immunity of LSTTL,
NMOS, or CMOS loads.

Wider operating temperature range.

HCT temperature range spans -40° to +85?
versus 0° to+70° for LSTTL. You might cut down
on cooling fans, or send your design into harsher
temperatures. And wider temperature swings
have negligible effect on the input switching vol-

tage (unlike LSTTL where input switching voltage
changes at high and low temperatures).

Twice the supply voltage tolerance.

HCT doubles the top and bottorm voltage tol-
erance, allowing you to use less costly voltage
regulator circuits.

100 times lower input current.

You can add circuit features, evenif you are
already at LSTTL maximum drive capability.

Higher output source current.

With active output source current design,
QMOS candirect drive relays, LED's, LCD's,

— Dartingtons, Logic-level MOSFETSs, lamps and

other grounded loads.

Lower leakage currentin high Z-state.

This permits more 3-state drivers ona bus
and a broad range of terminating resistors.

Balanced output transitions.

QMOS has balanced output transition and
propagation delay times, minimizing logic timing
problems and enhancing system speed.

Itit all sounds too good to be true, you
haven’ttried RCA HCT.

We're all skeptical of new technologies mak-
ing big promises. But remember, most QMOS
HCT advantages are proven CMOS benefits.
RCA has simply removed the obstacles by mak-
ing HCT asfastas LSTTL, competitively priced
and virtually latch-up free.

If you're still not convinced, send for our doc-
umented proof on an experiment we conducted:
replacing LSTTL with HCT on a commerical PC.

Toget started on your own HCT qualification,
callthe RCA sales office or stocking distributor
near you. Or write: RCA Solid State, Box 2900,
Somerville, NJ 08876.

The most popular QMOS devices are now
available in SO packages.

Call: Hamburg, 49-4106-6130; London, 44-93-2785511; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033.

*QMOS is RCA high speed CMOS logic.

Your Mega-Partnerin CMOS.

Alternate sources: Philips N.V. and Signetics.
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HITACHI USES MICROWAVES TO CREATE FAST PLASMA ETCHING SYSTEM

Hitachi’s electron-beam sys-
tem puts up to five beams to
work at once generating the
images of a device’s features.
Those images can be given

oxide is more than 50:1 to
give a sharply defined gate
without cutting into gate ox-
ide. lon erergy is in the
range of 20 eV, a value low

enough to avowl electrical
damage to the device.

The etching mechanism is
somewhat different from
that in other dry etchers. The

plasma is the result of elec-
trocyclotron resonance in
which microwave and mag-
netic fields combine to cause
the molecules to spin. Drift

shape in a production envi-
ronment with another piece
of equipment developed by
researchers at Hitachi’s In-
dustrial Process Group, To-
kyo—a microwave plasma
etching system.

The $700,000 etching sys-
tem fabricates polysilicon, po-
Iveide, and silicide gates to
submicron lengths. Etching
speed is high—typically 500
nm per minute. Moreover,
the anisotropic quality of the
etching—its ability to hew to
the vertical—is extremely
high, enabling it to fabricate
sharply defined gates with
vertical walls. Selectivity be-
tween etching gate material
and the underlying silicon di-

laid down is to within 0.15 pm.

The Hitachi engineers say their sys-
tem is also suitable for fast turnaround
of’ mask read-only memories and gate
arrayvs. Because each chip position on a
wafer is patterned in sequence, several
tvpes of chips can be fabricated on the
same waler with the exact number of
each tvpe adjusted for demand. Move-
over, different layers of the design can

PATTERN. Microwave plasma etcher yields sharply vertical walls.

is controlled by an rf bias ap-
plied to the wafer to be
etched. The etching chamber
is surrounded by a quartz
bell jar; there are no acceler-
ating electrodes whose mate-
rials can contaminate the
wafers.

A further feature of this
system, which will begin
shipping in July, is that gas
pressure can be 100 to 1,000
times lower than in other
systems for clean processing.
Pressure during etching is
typically 10* to 10" torr.
With other systems, such a
low pressure would make for
an insufficient number of
ions or cause the ions to gain
excessive energy. -C.L.C.

be patterned on ditferent columnrs sinul-
tancously. And because of the fast turn
around and the elimination of a mask,
for small batches the cost of processing
is lower than that of optical lithegraphy.

The new electron-beam system, with
two columns. will start at &6 million;
additional columns will run another $2.4
million each. Deliveries are scheduled to
start in Qctober.  —Charles L. Cohen

MILITARY

'USAF STARTS TO BUILD
$128 MILLION IC STOCKPILE

T

} LOS ANGELES
In a bold move designed to guarantee

availability and improve reliability of
circuits headed for space, the U.S. Air
Force plans to begin buving $128 million

worth of spaceworthy semiconductors |

this vear. The procurements would dou-
ble the market for such devices, predicts
Integrated Cireuit  Engineering  Corp.,
Scottsdale, Ariz.

The purchases—more than twice ini-
tial targets—will provide government
contractors with an operating stockpile
of high-reliability space components.
designated in the defense industry as
JAN (for Joint Army-Navy) Class-8
parts. Bach device will be stored in a
hermetically sealed container at a de-
fense depot in Ogden, Utah.

The project includes integrated cir-
cuits  and diserete  components.  Air

Force officials say the Ogden stockpile

30

could save the government millions of
dcllars in procurement costs by allowing
defense and space programs to avoid
minimum-purchase requirements and by
eliminating devices not on the operating
parts list. The project also ecould do
away with the present need for each
space-system manufacturer to make a
destructive analysis for each part tvpe.
MORE PART TYPES. Originally, the \ir
Force Space Division in Los Angeles er-
visioned an operating stock of some 300
part tvpes. accounting for 1 million de-
vices and about 550 million in inventory.
But after taking a survey ol the defense
electronies industry last fall, it inereased
the program’s scope 1o 544 part tvpes
and @ 3128 million inventory. The De-
fense Logisties Ageney has given “the
preliminary  go-ahead” 1o the Defense
Electronic Supply Center (DESC) in Day-
ton. Ohio. 1o fund the project. according

* to Capt. Donald Seta, the division’s man-

ager for JAN Class-S devices.

This month, Air Force officials expeet
to complete the operating parts list.
which is being compiled from data sup-
plied by 45 space systems manufactur- |
ers, representing some 120 different |
progrars. They will spend the $128 mil-
lion to initiate the stockpile's inventory.
When space-equipment contractors pur-
chase from the stockpile, the money will
replenish the revolving inventory.

Later in January, DESC will start as-
signing national stock numbers for the
ICs, discrete transistors, and diodes.
Certified Class-S chip makers can bid on
the procurements between Mareh and
August. At least four U.S. chip makers
have asked DESC for Class-S certifica-
tion after learning of the huge purchase
plans, sayvs Seta, who declines to identi-
fy them.. More manufacturers are ex-
pected to follow suit.

“Around August, DESC should come
out with purchase orders,” sayvs Seta.
The Ogden depot, which will play the
role of a chip distributor, should begin
selling parts by September.

The project’s primary objective is to
reduce the time it takes defense and
space contractors to obtain JAN Class-S
parts. On average, these space compo- |
nents teke chip makers about one vear
to fabricate, test, and deliver.

“Many times, our programs wait a
vear and a half to two vears for space-
qualified parts, only to find out at the
end of the wait that the JAN Class-S
parts failed testing,” notes Seta. '“The
contractor often has to go to backup
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DESIGN PROBLEMS?
CIRCUITS AND SOFTWARE

FOR

ELECTRONICS ENGINEERS

focuses strictly
on design problems!

Access stimulating, clever ap-
proaches that can speed your
creative design concepts.

This indispensable source con-
tains hundreds of circuit sche-
matics, block diagrams and
computer programs that are con-
veniently organized into 25 vital
categories by function.

Design appropriate circuitry to
meet challenging specifications.
Save time by adapting proven
circuits and software to a wide
range of applications.

Save money and increase pro-
ductivity by avoiding costly de-
sign errors.

Don’t take the chance of being
less than on top of the latest cir-
cuitry developments.

ORDER YOUR COPY NOW!

[_Electronics Magazine Books

L

P.O. Box 541
Hightstown, NJ C8520

L JUK
or 1

‘}.
McGraw-Hill Intt. Pub. co. [%MIMl
Attn: ECC

McGraw-Hill House

Maidenhead, Berkshire SL6 2QL
England
Send me

for $19.95 each
Payment enclosed
Send proforma invoice

copy (copies) of R370

Name
Company

Street Address _ _—

MODULAR 1/0 YOU CAN NEVER OUTGROW

PCI-20000 GIVES YOU THE MOST COST-EFFECTIVE,
EXPANDABLE PC INSTRUMENTATION SYSTEM

AVAILABLE TODAY . ..

The PCI-20000 is an exciting new
gensration of mstrumentation for
|BM and bus-compatible Personal
Computers. It lets you start small.
Add plug-in channels and
functions only as requirements
grow. Never pay tor more |/0O
than you need.

The key is moduilarity: Carrier
cards plug directly into the PC
expansion slots and provide
power, communications, mounting

AND TOMORROW!

modulies. Several termination
panets simglify wring and brirg
signals to and from the system.
Extensive software support is
availeble, including BASIC, C,
Pascal, ASYST, and LabTech
Notebook.

We invite you to find out more
about this new generation of
instrumentation. Call or write
today for a descniptive brochure
and system specifications. Burr-

City _ State Zip
Allow 4-6 weeks for delivery. ]

mechanisms and optional digital
I/ O capability. Versatile
instrument madules plug into the
carrier and perform the data
acquisition, test, measurement,
and control functions your
system requires.

You can choose ‘rom fifteen
different modules now, with many
more planned far the future. Each
cartier accepts up to three

Erown, PO Box 11400, Tucson,
AZ 85734. Telephone (602, 746-
1111,

BURR-BROWN®

Improving PC Productivity
Circle 31 on reader service card

CIRCUITSFOR |
ELECTRONICS
ENGINEERS

Almost 350 diagrammed circuits arranged by 51 of the most useful functions for
designers. Taken from the popular “Designer’'s Casebook’’ of Electronics, these
circuits have been designed by engineers for the achievement of specific engi-
neering objectives.

Order your copy today! Send $17.95 to:

Electronics Week Books McGraw-Hill

McGraw-Hill Inc. , Int’l. Publications Co.

Princeton Road :_‘ /! Attn: ECC

Hightstown, N.J. 08520 48 McGraw-Hill House

(Tel.) 609/426-5070 l H n . Maidenhead, Berkshire, SL6 2QL

Ten-day money-back guarantee.
Ailow 4 to 6 weeks for delivery.
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vices from Singapore—or accept failed’
parts [those from lots exceeding accept-
able failure rates).”

The project cuts costs because pur-
chasers buy only as many chips as they
need, instead of a minimum order. Re-
cent calculations show that this mea-
sure, combined with elimination of non-
standard parts, could save $67 million
over five years. Nonstandard space com-
ponents, designated by source-controlled
drawings, cost an average of $240 each,
compared with $40 for Class-S ICs.

Additional savings estimated at $16

parts—which could be commercial de- | million could be gained by eliminating

destructive physical chip analysis by
each program contractor. When the Air
Force purchases a chip type for the de-
pot, it will perform a destructive analy-
sis, potentially satisfyving the govern-
ment requirement that a chip type go
through this process at purchase. How-
ever, a space project director may order
a repeat of this process since space con-
tractors will still be responsible for de-
vice reliability. That's because the depot
is acting only as a chip distributor and
not as a center for government-fur-
nished equipment. -J. Robert Lineback

LEGISLATION

SILICON VALLEY EXPECTS
TOUGHER TOXICS RULES

PALO ALTO
alifornia, traditionally a trendsetter
for laws on handling of toxic materi-

als, is drafting new legislation to tightly
control all aspects of the use of toxic
chemicals. Some Silicon Valley electron-
ics companies are anticipating legisla-
tion that would require tighter handling
of toxic waste, decreasing or eliminating
its use altogether.

The California legislature has jumped
into the issue with both feet, working
on the toxics problem with research and
legislation. Lt. Gov. Leo McCarthy,
chairman of the State of California
Commission for Economic Development,
will sponsor a dozen bills, now being
drafted, in a bipartisan package on tox-
ics for the next session of the legisla-
ture, which begins this month. The pro-
posed legislation will be based on a re-
port released in June by McCarthy’s of-
fice, called “Poisoning Prosperity: The
Impact of Toxies on California’s
Economy.”

Already in rough form

tablish residual reposi-
tories for already treated
nonorganic waste resi-
dues; to require environ-
mental and health audits
of companies that use tox-
ics in the workplace; and
to set up an independent
technology performance-
review group—not unlike
Underwriters  Laborato-
ries—to test new waste-
reduction technologies.
Also as a result of the
report, McCarthy's office
has developed “The 1990
Plan”—five specific goals
that he claims will “im-

-

toxic chemicals in Califor-

32

are proposed laws to es- l

nia while minimizing long-term costs.”
Those goals include reducing by 20%
the present cost of managing toxies; to
decrease by 50% the volume of toxic
waste entering disposal sites; to “sub-
stantially increase” the level of private-
sector investment in toxic management
technology; to minimize toxic releases to
air and water through good manage-
ment; and to ensure that no state resi-
dents drink water that contains “health-
threatening quantities” of toxies.
COMMUNITY INPUT. “The bills concern
everything from drinking standards to
economic incentives for manufacturers
and disposers of toxics to use treatment
instead of disposal,” says Nancy Hart,
environmental research assistant for
McCarthy’s office. “We received a lot of
input from people in the business com-
munity, the environmental community,
and analysts for other legislators. The
main idea is to effect a change—and

obviously that usually only comes

=

T
e
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through legislation,” she says.

Hart says McCarthy is interested in
results through negotiation as well, and
has been talking with some valley com-
panies about their waste reduction and
handling programs. Two are IBM Corp.
in San Jose, and Hewlett-Packard Co. in
Palo Alto. Both are designated Super-
fund sites. Sources say other companies,
including National Semiconductor Corp.
in Santa Clara and 3M Co. in Sunnyvale,
are also working on toxics reduction
programs.

Dave Brooks of HP's corporate envi-
ronmental division says his company is
actively involved in a practice known as
source reduction: cutting back on the
use of toxics in processing products.

“Do you have any idea what pres-
sures we're under for source reduc-
tion?” he says. “There is tremendous
regulatory pressure to stop using and
disposing of wastes the way we've been
doing” [ElectronicsWeek, March 18,
1985, p. 32].

For example, one division has
switched from petroleum- and aleohol-
based paint to water-based paint, and
the Santa Clara semiconductor division
just installed a photoresist system that
cuts chemical use 40%.

Brooks says other HP environmental
personnel are involved with state gov-
ernment through the Governor’s Task
Force on Toxics, Waste, and Technol-
ogy; the Environmental Defense Fund;
and the California State Office of Sen-
ate Research.

In addition, Ray Kerby, director of en-
vironmental programs at IBM, says Me-
Carthy visited the company about a
month ago and at that time IBM public-
ly agreed to reduce its chemical waste
stream 50%. “We've been working on
this for some time,” claims Kerby. “It’s
part of IBM’s corporate environmental
objectives worldwide.” -Denise Caruso

prove the management of ADVERSARIES. As California’s lawmakers prepared to consider new toxic regulations, environmentalist Ted

Smith, left, debated the subject with industry representative Leo Kline, right. The moderator is Rich Robinson.
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ATeT DOESN'T

THE MOON...JUST
AT BEING FIRST

The fastest shot.

How can AT&T make that kind
of promise? Because AT&T offers you
the first full 32-bit chip set with the
performance you need.

A system that can actually cut
your design time in half—with chips,
not smoke.

World’s most complete

32-bit chip set.

Check the schematic: AT&T is on
board and ready to deliver the periph-
erals you need to meet yvour market
window. It’s the only chip set with
CMOS every step of the way—and full
TTL-compatibility.

The WE" 32100 Microprocessor is
the heart of it. A second-generation
CPU backed by five years of AT&T
experience delivering 32-bit mieropro-
cessors. And by extensive experience
in application of those processors to
systems. Its high-speed instruction

cache can store 64 32-bit words.

The Memory Management
Unit (MMU) is
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100% complete, 0% TTL-compatible. 1009 CMOS

ATET Bell Laboratories doesn‘t do things half way.

also a second-generation component. It
has 4 gigabytes of physical and virtual
address space; lets vou design on a
paged and or segmented basis; and
includes on-chip miss processing.

The Math Acceleration Unit (MAU)
conducts single, double, and 80-bit
floating point arithmetic at rates
exceeding one million Whetstone
instructions per second. It can, for
example, add or subtract in 1.4 micro-
seconds. The MAU also performs

13-digit BCD arithmetic. And it meets
full IEEE standards.
The Direct Memory Access
Controller (DMAC), a full 32-bit
peripheral, delivers the

A

highest-speed transfers in the indus-
try—including memory-to-memory
and memory to-and-from a separate
8-bit peripheral bus.

The Dynamic RAM Controller
(DRAMC) can be programmed to opti-
mize your memory speed to the system.

With AT&T's total architecture,
you won't waste time on glue logic,
your device count will be lowered, your
hardware design simplified.

And our system-wide CMOS
means reduced power, less heat,
greater device density, and fewer
headaches. Absolutely nothing to slow
your move from concept to product.

Optimized for UNIX System V,
from the people who invented it.
One of the most important things
AT&T gives you is a hardware assist
for the world’s most productive
operating system: UNIX SystemV.



PROMISE YOU

THE FASTEST SHOT

IN THE MARKET.

ATl 32-Bit UNIX Microsystem.

Our system architecture is designed
to mirror in hardware the model of
a UNIX SystemV process.

We've developed today’s most
highly-optimized ¢ language compiler,
ensuring compact. high-performance
code without manual optimization.
Also available: compilers for high-level
languages such as Fortran, Cobol,
Pascal and Basic. To keep vou on the
leading edge, the AT&T microsystem
will continue to evolve with the
UNIX SystemV gtandard.

Performance that has “first-in-the-

market’ written all over it.

AT&Ts 32-bit CPU is a
high-performance
microprocessor that
gives you 2to 3 MIPS at
4 MHz. And at an
unprecedented 18 MHz,
you get up to four times the
power of an equivalent VAX *

Our floating point opera-
tion speeds you aleng with a
capability exceeding one million
Whetstone instructions per second.

Our Memory Management Unit
means vou won't be burdened with
miss processing or referenced-bit and
modified-bit updating—this and other
routine memory management fune-
tions are all handled by the chip.

Our Direct Memory Access
Controller enables you to perform a
memory-fill operation at a sizzling
23.9 megabytes-per-second.

Our Dynamic RAM Controller
gives you two unique, performance-
enhancing capabilities. It's the only
DRAMC that supports double-word

and quad-word memory fetches; the
only one that can interface with a
one-megabit DRAM,

Add to all of that an AT&T Evalu-
ation Board that'’s today’ fastest way
to benchmark against all other micro-
processors. It features zero wait state
memory, resident assembly-level
debugger, and CPU and Memory Man-
agement Unit with Math Acceleration
Unit option.

Maybe somebody else gives you
some of these features, but nobody
else is ready to give vou all

of them. Now.
And nobody else matches
AT&T's ongoing commitment
to evolve and enhance system
performance gracefully and
compatibly.

Our Development
System puts time on
your side.

AT&T's Development System
Incorporates in-circuit emutation of the
CPU and Memory Management Unit,
And because it performs high-level
language debugging, vou'll know how
vour program will work before you
commit to production.

Our Software Generation Pro-
grams operate with a UNIX SystemV
host—a high-level language program
development environment. It provides
compilers no other system can match.

Across-the-board design

and development support.
‘Support’ doesn't really cover it. At
AT&T, we think of it more as a partner-
ship. With Field Application Engineers
who will work with you when and
where you need it—from concept to
product. With complete data sheets,

manuals and application notes. With
training sessions and seminars to get
you up to speed on the how-to’s of
32-bit development.

Make your move now to the
new AT&T 32-Bit UNIX Microsystem.
We can't guarantee you'll be first in the
market. But we'll give you the fastest
shot at it.

I

I

2

The right choice.

[_Pleose rush me ¥our Executive Briefing al
| on the new AT&T 32-Bit UNIX'* Microsystem,

Write: Joe MceQuarrie, Sales Vice President,
I AT&T, 555 Union Blvd.,

Allentown, PA 18103

And don’t forget technicol brochures

I

|

|

| for my design people. |

I Nume Designer I
| Title Title I
| ompir Designer I
I Adidre Titl |

I City State Designer _ I

7 Phone = — Title I

L O coll1800 3722447 for fot otion. Telex: 9109973611, _ _|
*VAN iz trademark of the Digital Equipment Corperation & 1985 AT&T Technologies, Ine
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We offer the on? integrated
family of wafer fabrication
systems in the world.

There are four key processes tion, photolithography (both parameters and processes

that, in the end, determine scanning and stepping) and of all four operations.

the feature size, line width etching. As the only manu- You are already seeing
and materials characteristics  facturer of systems that the benefits of this. We

of your products. These address all of these areas, have made—and continue
processes are electron-beam we are inan unusually effec- to make —dramatic strides
lithography, sputter deposi- tive position to coordinate the in implementing a cost-

L -
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effective mix-and-match
approach to semiconductor
fabrication. This approach
is available today between
many of our systems. And
we are actively working to
implement it across our

Electronics/ January 6, 1986

entire equipment family.

But it is just one of the
many successful efforts we
are making to deliver products
that meet your real-world
VLS| manufacturing needs.

It is no accident that Perkin-
Elmer products are setting
the industry standards for
performance, uptime, quality
and yield.

Individually, each of our
systems has a clear benefit to
you. Taken together, they add
up to not only greater fab line
efficiencies but also maxi-
mum opportunity to profit
from your fab line.

And, of course, there are
the additional benefits of
dealing with a single source:
the efficiencies of time and
effort; the convenience of the

largest service organization
in the business; a worldwide
network of service and
support offices; a broad range
of training, service and
maintenance programs.

To find out how Perkin-
Elmer’s one-source approach
to wafer fabrication can make
your capital investment
dollars stretch further, call or
write us today: Perkin-Elmer,
Semiconductor Equipment
Group, 50 Danbury Road,
Wilton, CT 06897; (203)
834-6341.

One Source. Every critical
step of the way.

Micralign 661 HT

AEBLE 150




- The only thing
- small aboutttis
- Its size! | .

] The RTP-650A is the only portable data recorder that
| gives you bigger performance than a reel-tc-rzel.
*DC to 40kHz frequency response on 14 (or 21) chan-
nels — at a 76.2cmisec (30 ips) on Beta format video
- cassette tape. Covers twice the IRIG WBG1 bard-
width on any of the other six tape speeds. WBG1 is
selectable for an even better SN ratio.
- eSuperior vibration resistance (tested in conformity
with MIL-STD-810C) plus a compact and lightweight
= design give you a wholly new latitude of applications. '
= £ e *FM, DR and PCM recording — three modes iin all
. - A first for a desktop data recorder.
*Optionally available GP-IB port lets you easily con-
figure a computer-controlled data acquisition and pro-
cessing system.

= = W e oo on W

*Bright easy-to-read menu style EL display providas
the window for easy access to the multi-
microprocessor intelligence.

*Programmable settings for simpler operation
Even an unskilled operator can use it on s'te.

Learn more about _ Y »

the RTP-650A and its K OWA

y KYCWA ELECTRONIC INSTRUMENTS CO.. ILTD.
many other exciting

- - 3-8, 2-chome, Minatc-ku, Tok
z features. Write or 3% Teranomon 2-chome, Miniatoke, Takyo

call: Cable: KYOWASTRAINGAGE TOKYD
Telex: 222-3854 KYOWAT J

L OCAL
COUNTR 836.5m 5

LATA RLCOROC ¢

IRy

O Y QWA
|

RTP-650

VIDEO CASSETTE DATA RECORDER
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INTRODUCTION

he U.S. electronics industry is coming back. Elec-
tronics’ 1986 U.S. Market Report concludes that
growth is increasing or returning to just about all
segments. Demand for equipment will grow about
2% faster than last year, while component consump-
tion will more than reverse its 1985 downturn. That's good
news for the many manufacturers that have seen their sales
drop, their losses mount, and their worker ranks slim down.

Consumption of electronics equipment in the U. S. this year
will increase about 13%, to almost $132 billion, according to
the Electronics report. Last year, equipment consumption in
the U.S. was up just 11%, to about $117 billion. On the
components side, total consumption should advance 12%, to
about $36 billion—compared with 1985’s overall 7% decline, to
just over $32 billion—as equipment manufacturers fill their
depleted pipelines.

The concerns that influenced corporate buyers to defer
equipment purchases seem to have abated for the most part,
and signs have appeared that coffers are opening, industry
executives say. Customers are recognizing that they have to
start buying new machinery—from computers to process con-
trollers—to keep their businesses running efficiently.

Still, a few clouds have appeared that mean trouble
ahead. First and foremost, capital spending plans for U. S.
business as a whole are expected to dip slightly this year.
The annual survey of spending on new plant and equip-
ment, conducted by McGraw-Hill Inc.’s economics depart-
ment, found that manufacturing and nonmanufacturing
companies this year plan to cut outlays by 1%. This is a
harbinger of rough times for the economy this year, say
MecGraw-Hill economists. That’s understandable, consider-

INDUSTRY TO BOUNCE BACK WITH DEMAND UP 13%

ing that 1985 was the third year in a row that the U:S.
economy expanded following the recession of 1981-82. The
economy could be running out of steam, which could trans-
late into a cutback in spending later this year.

For the electronics community, though corporate spending
and consumption of electronics gear should pick up, the pace
of business is still nothing to cheer about when compared
with growth rates in recent years. Equipment and component
makers will have to adjust their thinking and corporate plan-
ning to take into account the expected lower growth rates.
Expectations will have to be changed, business plans rewrit-
ten, and operations pruned to make them even more efficient
and profitable. In short, the electronics markets are bouncing
back, but it’s a whole new ballgame for suppliers.

Nowhere is this more evident than in the market for data-
processing equipment, which grew just 11% last year, to al-
most $57.4 billion. Suppliers of computers ranging from main-
frames to personal computers saw their businesses slump in
1985—with growth in computer systems of just 10% over
1984, to $28.1 billion—as customers cut back on their
spending.

Confusion over new products and product direction, indiges-
tion caused by an oversupply of computers, and economic
uncertainty caused buyers to stay away in droves, especially
in the low-end of the market. This caused a ripple effect that
cut the growth of peripherals, such as disk drives and termi-
nals. Industry executives say they have seen signs that this
has ended, with customers coming back into the market in the
just-ended fourth quarter. They expect this momentum to
carry over into 1986, with consumption growing 14%, to $65.3
billion, a low rate compared with growth earlier this decade.

U.S. EQUIPMENT MARKETS: GROWING IN 1986

HOW THE MARKET IS SEGMENTED

50,0 ] DATA PROCESSING
[ communicATIONS

0.0 [ consuMeR

[] TEST & MEASUREMENT

40.0 I (NDUSTRIAL &
= SEMICONDUCTOR
PRODUCTION

1986 TOTAL = $131.8 BILLION

40
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The growth in consumption of communications equipment
in 1985 was higher than that of the computer industry, but
not by much—it rose 14%, to $20.8 billion. Demand in this
sector also suffered from the impact of a wait-and-see attitude
by corporate communications managers, who often had their
budgets slashed by worried top management. Modem sales
were affected by the slump in the personal computer industry,
while makers of private branch exchanges faced a nasty fight
from the spun-off regional Bell operating companies for the
pocketbooks of customers. Customers will continue to be cau-
tious this year, and growth should stay stable at 14%, with
consumption totaling $23.6 billion.

Helped by an infusion of new audio and video products,
suppliers of consumer electronics gear saw consumption grow
a healthy 12%, to $22.5 billion last year, as Americans spent
heavily. The advent of stereo TV broadcasting by the major
networks—it now reaches 75% of the U.S. households that
have sets—helped spur demand for new, stereo-capable receiv-
ers, as consumers wanted to take advantage of the higher-
quality sound.

The nation’s love affair with the video cassette recorder
continued apace, though manufacturers think the rate of

There’s little chance that the market for semiconductor-
production equipment will expand at a double-digit rate. In-
deed, this market will be lucky if it grows at all. The Elec-
tromics market report sees consumption of this equipment
inching ahead by about 2% this year, to $2.5 billion, following
last year’s 4% drop, to $$2.4 billion, because chip makers have
a whopping amount of new processing equipment sitting un-
used in their vacant plants.

Those plants will come back on line this year as growth
returns to the semiconductor market. U.S. chip consumption
fell 17% last year, to $12.4 billion, according to the market
report, as customers stopped buying parts and worked off
their inventories. As equipment markets return to health and
inventories are depleted, demand for semiconductors will in-
crease by 14% this year, to $14.3 billion, though consumption
will be below 1984’s record pace of more than $15 billion.

The information contained in the Electronics market report
is based on estimates supplied by electronics executives of
industrywide consumption at the factory level of various
kinds of U. S.- and foreign-made equipment. U. S. consumption
equals sales in the home market by U.S. vendors, plus im-
ports; it does not include exports by U.S. producers. The

growth in this market will slow as a satu-
ration point is reached. Still, a new phe-
nomenon is occurring that could add a
mid-life kicker to the market: consumers
are replacing earlier-generation VCRs
with newer models or adding a second
machine to their entertainment centers.

Also, the purer sound of compact disks is exercising its
appeal to consumers, who are buying them in ever-greater
numbers. This, in turn, is boosting sales of next-generation
audio components, as buyers upgrade their total sound sys-
tems. Growth in consumption will continue this year, but at a
slightly lower rate—11%—to $24.9 billion.

The market for test and measurement equipment should
also improve in the coming year and grow at a more normal
rate—12%—than last year, when it managed to eke out less
than a 1% gain. As a result, 1986 consumption will reach
almost $6.8 billion from 1985’s $6 billion. The market for test
equipment depends on other equipment and component mar-
kets for growth, and the weakness in these markets flattened
last year's performance. But sparked by an increase in orders
for new automated test equipment, this market should re-
bound nicely in 1986, industry executives think.

Perhaps more so than any other product area, the industrial
equipment market lives and dies by the projection for capital
spending by U.S. industries. With many manufacturing sec-
tors still not fully recovered from the recession that occurred
in President Reagan’s first term, demand for many types of
industrial electronics equipment has not been as healthy as in
the past. On the other hand, healthy industries continue to
invest in automation to ward off still-mounting overseas com-
petition. Last year, total consumption of industrial electronics
equipment was up 12%, to $7.6 billion, and this should increase
by 14%, to $8.7 billion, for 1986.

Managers realize
that they can’t stop
buying forever

survey was conducted through question-
naires mailed to industry sources in early
fall 1985, so actual figures for 1985 may
be conservative when the fourth quarter’s
business is factored in.

Estimates from industry sources were
then reviewed and tabulated by the Elec-
tronics staff. In some cases, follow-up calls were made to
sources to get a better understanding of their responses. In
addition, secondary sources, such as market research compa-
nies and trade associations, were contacted to corroborate
projections and estimates. Some product categories have been
added in this year’s survey, while other categories have been
deleted, so that totals may not be directly comparable to those
of previous market reports conducted by Electronics.
Amounts are stated in current U.S. dollars. No adjustments
for the effects of inflation have been made in this report by
Electronics, although questionnaire respondents may have
factored their inflation estimates into their figures.

INDUSTRY REPORT CARD

When we started examining the various markets in the
electronics industry and gauging demand for 1984 through
1986, we expected to find that business in some markets
would grow but that consumption in a lot of markets this
year would actually fall for the first time. Our market
indicators, which appear in each section, point the way to a
market’s performance, much like the scoring on a report
card. Happily, we found that, despite the gloom-and-doom
predictions that pervade the electronics industry, only two
growth indicators were needed: moderate and flat (for semi-
conductor production equipment). There’s still room for im-
provement in the industry’s performance—that’s the way
the ball bounces.

ELECTRONICS” MARKET INDICATORS

G000 GROWTH MODERATE GROWTH FLAT

MODERATE DECLINE BAD OECLINE

Electronics/January 6, 1986




| U.S. MARKET REPORT

DATA PROCESSING

DEMAND TO RISE 14%, JUST SLIGHTLY BETTER THAN LAST YEAR’S 11%

or U. S. computer makers, who have reveled in record
grawth rates in recent years, 1985 was a sobering
experience. The data-processing industry did record
gains in all product areas except personal computers,
but the growth rates that everyone had expected
evaporated. “When a compuany is geured for 100% market
growth, it's got a big problem when there’s only 30% growth,”
says Chuck Comiso, vice president of marketing at Wyse Tech-
nologv, San Jose. Calif. Makers who had hoped for a repeat of
1984’s roaring business faced buyer caution instead, as busi-
ness from corporations and consumers alike slowed.

“The market [in 1985] was hardly a disaster,” says Robert
F. Holmes, seniar vice president at Burroughs Corp., Detroit.
“But the industry didn’t get the double-digit growth it want-
ed.” The overall 11% growth was dismaying in a business
where gains of 18% to 20%—even higher for some market
segments—have been the norm. “A lot of people have tuken a
very real hit in the past nine months,” adds Holmes.

In one sense, the success that propelled the computer indus-
try—along with other sectors of the electronics community—
to new heights in 1984 was responsible for the disappointing
performance in 1985. It would have been impossible to repeat
1984’s gains, and the modest increases of 1985 seemed lacklus-
ter in comparison. The high times of 1984 show no signs of
returning soon: Electronics’ U.S. market report finds that
demand wiil increase only about 14% in 1986.

The vagaries of the computer market are also spilling into
the peripherals segments. For example, de-

economy, now past its third year of recovery, has led still
other companies to reexamine and in some cases reduce capi-
tal-spending programs. Finally, unease over federal tax re-
form proposals and changes in the tax treatment of invest-
ments and depreciation have also slowed purchase decisions.

Confusion on the part of the buying public about the future
direction of computer hardware, especially from trend-setting
IBM Coryp., is another reason cited by computer executives for
last year’'s market malaise. A round of new product cycles
from major manufacturers, among them IBM, Digital Equip-
ment, and Burroughs, convinced some customers to wait until
the dust settles before deciding what to buy.

But the single biggest reason may be this: customers
bought a mammoth amount of hardware in 1984, especially in
personal and microcomputers, and they’re not sure if they got
their money’s worth. The problem was a lack of communica-
tions products and applications software that’s still tough for
the rookie user to master. “A computer that's not used is an
expensive paperweight,” notes Holmes of Burroughs.

“Last vear was not the easiest market,” savs John L.
Doyle, executive vice president of the Information Systems
and Networks Division at Hewlett-Packard Co., Palo Alto.
“Everyone seemed to suffer some of the effects.” Or maybe,
he adds, “the growth is just averaging out.” The HP executive
sees the slowdown as the underside of the 1984 upturn. “Peo-
ple are still wondering what to do with all that equipment.”

For the most part, the people doing the wondering are

mand for tloppy-disk drives is slowing,
while use of hard disks, which offer more
storage at not much higher prices, is rising.

COMPUTER SYSTEMS |

DATA-STORAGE SUBSYSTEMS

Demand for more mature products, such as
disk packs, s slowing as their product cy-
cles near their end. And products such as
small hard-disk and 3%-in. floppy-disk
drives are becoming more of a presence.

Demand for terminals should increase in
1986, pushed by the proliferation of mul-
tiuser microcomputers and small business
systems, following a somewhat flat year in
1985. But the good news is tempered by
cost pressures: the industry also expects de-
pressed profit margins, some company fail-
ures, and increased competition from for-
eign suppliers edging into the market.

The reasons for the slowdown have be-
come a litany for industry executives. Some
sectors of the U.S. economy have not re-
covered fully from the 1980-82 recession,
and companies in these areas are still hesi-
tant to commit large sums to computerize
their offices. (ther sectors—such as some
banks and savings-and-loan organizations—
ran into irouble in 1985 and deferred buy-
ing. Uncertainty over the future of the
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corporate users, because the business community continues to
do the bulk of computer buying, and not just of minicomput-
ers and mainframes. “We find that a significant majority of
personal computer sales—perhaps 80%—are corporate, busi-
ness-user sales,” as opposed to sales for home computers,
says Ed Gelb, group marketing manager for Panasonic’s Com-
puter Products Division. Secaucus, N.J.

UNDERUSED PERSONAL COMPUTERS

In Gelb’s view, computer buying by this market began to
dry up in the second quarter of last year as managers realized
that all those personal computers thev had so enthusiastically
purchased weren’t being sufficiently used. “Their investments
weren't vielding the productivity improvements they thought
they would. So corporations froze their purchasing decisions
in order to digest their purchases. That’s the biggest factor
for the decrease in growth.”

backs will continue to have an impact in 1986—“We are, after
all, a capital expense”—he counts himself “cautiously optimis-
tic” overall. An upturn can be projected by the fact that
computer system orders in the second half of 1985 were bet-
ter than in the first half. Adds Doyle of HP: “We're getting
quite a bit of evidence that customers are coming back into
the market. Their ideas about buving computers are starting
to crystallize.”

Manufacturing companies, especially, could become a lively
market, he says. Factory managers are intrigued by the
emerging Manufacturing Automation Protocol being promot-
ed by General Motors Corp. and other large companies as a
way to enable industrial machines to communicate. MAP, he
says, is “stimulating manufacturers all over the world to see
how computers can enhance their operations.” This should
bode well for suppliers that can meet the MAP standard. In
addition, business executives are again evaluating electronic

The market for the $5,000-
and-under personal computers
dropped 7% in 1985, according

DATA-PROCESSING GROWTH QUICKENS

office equipment as a way to
enhance worker productivity,
Dovle says, and this should
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Porter adds that the softening in demand for personal com-
puters and microcomputers hurt the market for floppy-disk
drives last year, as did erratic buying patterns by IBM, the
largest consumer of floppy disks. In addition, systems manu-
facturers in 1984 built up large inventories of floppy-disk
drives, which ecarried them into 1985 and curtailed new
purchases.

Another factor cutting into consumption was the onslaught
of small hard-disk drives. Porter points out that personal
computers used in the office account for the largest part of
the personal computer market and of the disk-drive market as
well. And these users are turning to hard disks.

Prices of hard-disk drives “have come down considerably”

1985
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1984 1985

Marks, president of Micro-Term Inc, a St. Louis terminal
supplier. “Selling prices have dropped 40%; costs have dropped
5%. Everybody’s cutting prices.”

Still, the industry is expected to grow by about 137% this
year, to $8.4 billion, following 1985's disappointing 9% gain, to
$7.5 billion, according to the Electronics survey. Comiso of
Wyse Technology calls last year’s rate “reasonable,” and esti-
niates the growth at about 18% 1o 30% in terms of units. The
price-cutting, he says, reached 10% to 127%, which means “the
market in general grew 10% to 18% overall.”

If the cost-cutting has been advantageous to consumers so
far, there could be a price to pay in the end. Micro-Term’s
Marks points out that “a lot of U.S. companies are cutting

as a result of industry competition, tough-
er bargaining by systems manufacturers,
and cost-cutting on the part of manufac-
turers, notes Alan F. Shugart, chairman
of Seagate Technology, the Scotts Valley,
Calif., maker of 5%-in. hard-disk drives.
The market benefited, however, as low-

Peripherals makers
expect competition
to sharpen this year

research and development work and prod-
uct-development activities in an effort to
make money at a crummy gross margin.”
This means that fewer innovative prod-
ucts are in the works.

Adding to the headaches of U.S. termi-
nal manufacturers is the activity of for-

ered prices stimulated sales of these memory devices. “A high | eign companies that are producing equipment for U.S. suppli-

percentage of desktop computers can afford to have rigid-disk
memories” with increased storage capacity, he adds.

Most of the growth in hard-disk drives came in the last half
of the year, according to Shugart. “I look for a big year in
1986,” as more and more systems makers, lured by the atirac-
tive prices. include the drives in their products.

FALLING PRICES

Industry-watcher Porter agrees with Shugart’s summation, |

but says that the corollary to the improvement in hard disks
is a flattening market for floppies. He notes an additional
phenomenon that will atfect the floppy-disk-drive market. Sev-
eral captive manufacturers of floppy-disk drives, such as IBM
and Tandy Corp.. will cease making their own drives and fill
their needs on the open market. But with the stimulation in
unit demand, prices will continue to fall. Meanwhile, consump-
tion of older drive products, such as disk packs and afher
removable disk drives, will slow.

In the U. S. terminal market, there’s good news for consum-
ers but bad news for manufacturers, who are immersed in a
cost-cutting spiral. “It’s a rough industry,” says Michael E.

ers and large end-users. They’re also starting to offer their
own line of terminals in the U. S., thus bypassing their Ameri-
can original-equipment manufacturers. “Offshore manufactur-
ers have a need and a desire to sell terminals directly” to end-
users, Marks says. This problem plagues not only terminals
makers but the entire peripherals industry, he notes. “Liventu-
ally your technology will end up in the market with someone
else’s name on it. This will create big changes in the indus-
try.” Marks predicts that ultimately, “strategic alliances will
be formed between U.S. and offshore companies” to counter
the problem.

One cause for optimism among terminal products manufac-
turers, however, is the advent of the increasingly popular
multiuser computer systems. ‘“An important trend in 1985 was
the concept of distributed computing through the multiuser
system,” says Wyse's Comiso. Such a setup allows a user to
access a computer through a low-cost terminal, and Comiso
believes the systems “will start to tuke off nicely in 1986 and
provide a greater opportunity for terminal suppliers.” Another
plus for 1986, he adds, is the increasing demand for advanced
kigh-resolution graphics products.
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COMMUNICATIONS

CONSUMPTION WILL RISE 14% THIS YEAR, ABOUT THE SAME AS IN 1985
_

aced with confusing new combinations of players in
the market and an expected abundance of new prod-
ucts, U. 8. buyers of communications equipment cut
back consumption last year. The result of their wait-
and-see attitude—a sign also of the restraint that
marked corporate capital spending in general—was a modest
14% growth rate for electronic communications equipment
compared with the 20% growth rates achieved earlier this
decade. Growth this year should run about the same as last
year’s, as executives contemplating expenditures for new
equipment continue to be cautious for the same reasons.

Corporate customers will benefit from increased competi-
tion—as well as from the proliferation of new products and
services—as vendors battle for their share of corporate spend-
ing. The market for private branch exchanges will heat up, as
suppliers and the regional Bell operating companies all scram-
ble for a piece of the pie. The long-awaited integrated services
digital network (ISDN), which unites voice, data, facsimile,
and video, is a step closer to implementation. And the increas-
ing use and declining cost of fiber-optics has far-reaching
implications.

Suppliers of PBX equipment are facing a number of
changes, some hopeful and some ominous. PBX systems are
shifting from analog technology to digital, which can operate
at up to 64 kb/s and handle the new microprocessor-based
telephones. This means the systems are ready to service the
needs of businesses demanding voice and data multiplexing.

surprise for the PBX community. After the 1984 breakup of
AT&T Co., it appeared that Centrex—a leased central-office-
based telephone system—would lose ground to competitive,
upgraded customer-premise offerings such as PBXs. How-
ever, the Bell operating companies have fought aggressively
to boost their market share, To add more impetus to their
marketing thrust, they are readying advanced data services to
provide fully integrated voice-data transmission.

WAITING FOR THE ISDN

Although the precise time of arrival is still unclear, the
international telecommunications community is gearing up for
the much-heralded debut of the ISDN. Estimates on the star-
tup date of this service vary, but Dataquest Inc., the San
Jose, Calif., market researcher, predicts that as many as 10
million ISDN lines will be in service by 1990.

Until all-digital data transmission links are installed around
the country, the market for telephone modems will continue to
grow at the healthy 207 rate expected for 1986 demand. U. S.
consumption, pegged at $1.7 billion in 1985, is expected to
reach almost $2 billion by the end of this year. And with the
Federal Communications Commission’s easing of controls over
common-carrier communications, the modem market is a wide-
open battleground. Both AT&T Technologies and its various
competitors have geared up to supply customers with product
innovations at ever-lower prices.

Suppliers of voice-grade modems, expecting heavy business

Already, PBX customers can add available
peripherals to integrate word-processing,
text-editing, and electronic-mail functions
into their office communications systems.
Meanwhile, voice-mail systems, enabling
computer-controlled storage and delivery
for verbal messages between two users
anywhere in the world, should become a
$2.3 billion industry by 1986, says Venture
Development Carp., Natick, Mass. Of this,
$1.9 billion will be allocated to voice-mail
hardware for PBX systems.

But the market is volatile because of in-
creasing competition from the teaming of
major players, such as IBM with Rolm and
Wang Laboratories with InteCom. In addi-
tion, pressure is being exerted by the oper-
ating companies s they expand their Cen-
trex stations into more business locations.
The North American Telecommunication
Association, Washington, predicts that the
market for Bell Centrex stations will ex-
pand by 9% this year. That’s the equivalent
of 990,000 PBX extensions—a potential loss
of $800 million worth of business for PBX
vendors, or almost 25% of the expected
PBX market in 1986.

The Centrex expansion is a bit of a nasty
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from personal-computer buyers last vear, joined the general
industrywide lament when the personal computer business
fizzled. Still, statisties show that about one of every eight
home computer owners eventually buys a modem, a hearten-
ing fact for vendors.

Low-speed modems, which operate at data rates below 2,400
bits per second, are outselling medium-speed versions by
about 2: 1. In this category, full-duplex models are fast taking
market share from the 1,200-b/s half-duplex modems and the
300-b/s versions. Though combined sales of both low- and

I COMMUNICATIONS RIDES THE CREST

{millions of dollars)
1984 1985 1986
COMMUNICATIONS, tota! 18,282 20,792 23607
Data communications, total 3,044 3,675 4,325
Concentrators 146 173 197
Front-end communications processors 661 753 827
Message-switching systems 106 121 136
Modems, total 1,436 1,651 1974
High speed (2,400 b/s and over) 1,135 1,297 1,535
Low speed (less than 2,400 b/s) 281 327 406
Radio frequency 20 27 33
Multiplexers, total 477 613 704
Time division 82 96 17
Statistical 395 517 587
Network controllers, total 218 364 487
SNA 97 155 204
Ethernet 72 144 186
Other 49 65 97
Facsimile terminals, total 382 428 464
CCITT Group 1 (6 minutes) 130 135 139
CCITT Group 2 (4 to 6 minutes) 149 163 1
CCITT Group 3 ( minute or less) 103 130 154
Fiber-optic systems, total 879 1,202 1,539
Complete systems 521 Ma 943
Modules and subsystems 358 488 596
Radar equipment (antennas, data
processing, transceivers), total 4,470 4,872 5,408
Radio, total 2,745 3,209 3,742
Amateur {mobile and base stations) 26 28 30
Aviation mobile {including ground support) 131 143 156
Broadcast equipment 555 618 694
Citizens' band {mobile and base stations) 53 48 46
Land mobile (mobile and base stations) 895 1,086 1,357
Marine mobile (inciuding recreational) 142 164 178
Microwave {complete systems) 470 526 576
Sateliite earth stations (including transmitters,
recemvers, antennas; excluding consumer) 473 596 705°
Telecommunications, total 5510 6,043 6,613
Data-swilching systems, total 213 248 273
Central office 73 86 95
PABX 140 162 178
Voice-switching systems, total 5110 5,490 5,930
Central office, total 2,310 2,570 2,820
Analog 680 760 830
Digital 1,630 1810 1,990
PABX, total 2,800 2920 3,110
Analog 870 940 980
Digital 1,930 1,980 2,130
Packet-switching systems 187 305 410
Television equipment, total 1,252 1,363 1,516
Broadcast (studio) equipment 742 811 905
CATV equipment 386 "7 462
CCTV equipment 124 135 149
All figures in current U. S. dollars
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| satellites will be put into orbit.

medium-speed modems should top 3 million units by 1987, the
price differential means that medium- to high-speed varieties
will capture a major share of market dollars.

Modem manufacturers are aware of the need to incorpo-
rate network-management features into their produects and
are busy designing units that will include digital and analog
loopback, automatic and adaptive equalization, and network
reporting.

In the facsimile market, manufacturers are facing new com-
petition from electronie-mail services that enable users to ex-
change messages on their computer screens by means of
modems. Additionally, more than half the U.S. consumption
of facsimile equipment is supplied by Japanese vendors or
their U. S. importers. Still, the faesimile market is growing at
a rate of 1147 a vear, with the 1985 market exceeding $428
million. Digital facsimile products are expected to grow even
faster in the future, because thev can be linked in office-
automation systems with intelligent copiers and printers and
communicating text terminals.

FIBER OPTICS’ LENGTHENING ROLE

Big-time fiber-optic communications became a reality in
1984, when AT&T completed its Northeast Corridor Project
linking Boston to Washington. Last vear, more than 500,000
miles of the tiny fiber strands were installed in the U. S., and
more than 1 million miles are expected to be stretched across
the nation this year. The technology today offers the eapabili-
ty of carrving close to 2 million simultaneous phone calls over
a single bundle of strands. Because of the ability of fiber-optic
links to handle such heavy loads, the lines are in demand by
the cable-TV industry, installers of computer-linked businesses
and factories, and the military. But the telecommunications
market retains the single biggest share: more than 40 of the
$1.5 billion fiber-optic market in 1986. The percentage is ex-
pected to grow to hall’ the total market by 1990.

Because of the heavily increased demand for optical fibers,
price has decreased at the same time that performance has
been upgraded, a combination that understandably delights
telecommunications planners. Prices for fiber cable have
dropped from $3 per meter four vear ago to less than 50c
today, while the cost of leasing a fiber-optic voice circuit has
dipped from 60c¢ to 5¢. As prices continue to drop, some
industry observers see fiber-optics replacing communications
satellite services for relaving voice and data within distances
of 1,000 miles. They project that after 1990, fewer commercial

The telephone industry will also benefit from the high
promise of fiber optics. This technology can handle considera-
bly greater tratfic within a single cable and also transmit
signals over longer distances between repeater stations. The
latter is particularly important, because with conventional cop-
per-wire phone lines, losses reduce signal level over long
hauls and dictate the need for repeater stations to amplify the
signal and retransmit it numerous times. Not only is the
arrangement expensive to install, but repeaters are one of the
most unreliable elements of telephone networks, expecially
when handling computer data. For fiber-optic links, repeater
stations are typically spaced 100 miles apart, compared with
20 miles of spacing required with copper-wire cables.

Another service that promises to capture a healthy chunk
of the communications equipment market is that of cellular
radio. When the first commercial cellular-radio system be-
gan in Chicago in the fall of 1983, the rush was on by
private business to equip their sales and service staft with
mobile phones. That rush will pick up steam as consumers
in general flock to the convenience of calling from their |
automobiles. International Resource Development Inc., a
Norwalk., Conn., market research company, estimates that
the cellular-radio market, rose to $600 million in 1984 and
will soar to 7.1 billion by 1990.
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TEST & MEASUREMENT

parked by rising orders for new automated test
equipment, the test and measurement market
should grow 12% this vear. Last year, consumption
of test gear grew less than 1%, which, coming as it
did on the heels of a 25% jump in 1984, left some
manufacturers reeling.

Still, any growth during the past 12 months can be viewed
as an outstanding achievement, given the obstacles the indus-
try faced. A strong U.S. dollar gave imports an edge in the
U.S. market; a cutback in factory production of electronic
equipment wiped out orders for additional testing tools, espe-
cially for ATE; a reduction in research and development pro-
grams by both industry and government caused drops in
orders far sophisticated—and expensive—test equipment; and
the devastating semiconductor industry slump had integrated-
circuit manufacturers cancelling plans for multimillion-dollar
very-large-scale IC testers as well as for specialized testers
for logic and memory production lines.

Suppliers believe these problems will be overcome in 1986 as
U. S. consumption of electronic equipment turns around, spark-
ing a rise in demand for products needed to test them. A
continued drop in the dollar’s value should make foreign goods
more expensive here and give U.S. suppliers a further boost.

The largest part of the test-equipment market, general-
purpose test equipment, which includes oscilloscopes, digital
multimeters, signal generators, and spectrum analyvzers, man-
aged to grow 7% last year, compared with 17% in 1984. Part

CONSUMPTION, RISING ONLY 1% IN 1985, WILL CLIMB 12% THIS YEAR

More troubled than the makers of general test equipment
were manufacturers of testing tools for the semiconductor
industry. When semiconductor manufacturers see orders for
their devices first cut back—and then cancelled outright—as
computer and other equipment builders pare their inventories,
what do they do? They consider layoffs, elimination of salary
reviews, pay cuts, forced vacations without pay—but often
first on the list is postponing delivery of a million-dollar VLSI
tester or several memory or logic testers.

Similarly, as the demand for printed-cireuit boards dropped
last year, orders for in-circuit, bare- and loaded-board, and
functional testers also plummeted. The result was a disap-
pointing 11% drop in the overall ATE business: consumption of
IC testers slid 12% in 1985, while board ATE slipped 10% last
year. So ATE makers joined semiconductor makers in an-
nouncing their own lavoffs, forced vacations, and pay cuts.

ATE MAKERS OPTIMISTIC

ATE makers are mildly optimistic about 1986, though Elec-
tronics’ market forecast sees demand growing just 5% this
vear. Manufacturers are gambling that the new chip and
equipment boards designed during last year’s recession, with
their high density and faster speed, will require upgraded test
equipment. At last November’s International Test Conference
in Philadelphia, ATE makers were pressed by semiconductor
companies to develop improved hardware and software to
validate the complex VLSI chips, CMOS gate arrays, standard

of the slowdown in 1985’s growth is attrib-
uted to the general sluggishness of the
electronies industry, but another key factor
has been a shift by the U. S. Department of
Defense to funding new weapons programs
rather than pouring additional dollars into
the maintenance of existing systems.
Export sales of such general-purpose
test equipment were hard hit by the
strengthened dollar and the resulting more
vigorous competition from Far East suppli-
ers, particularly in oscilloscopes and hand-
held digital multimeters. U.S. makers re-
sponded by cutting production costs while
upgrading product quality and performance
specs. In the oscilloscope market, for exam-
ple, Tektronix Inc.’s high-end 100-MHz mod-
el 2235 now undersells its Japanese coun-
terparts by 15%, according to Jay W. Coo-
per, an analyvst who tracks test and mea-
surement trends for Eberstadt Fleming
Inc, &« New York investment company.
Yet Japanese competition isn’t a problem
in all segments. In the oscilloscope market
worldwide, for example, Cooper estimates
that Japanese penetration reached only 15%
at its 1983-1984 peak and has dwindled by at
least a point or two in the past two vears.
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cells, application-specific ICs, and gallium arsenide devices en-
tering the market [Electronics, Nov. 18, 1985, p. 57).

And though the ATE community continues to be plagued by
rumors of shakeouts due to the increasing U.S. presence of
Japanese competitors—among them, Takeda Riken Co. and
Ando Electric Co.—growth in this market should rise 3.4%,
which would provide sufficient sales growth for existing
vendors.

In the IC market, a key consideration facing test-equipment
vendors is the apparent transition from standard semiconduc-
tor parts to application-specific ICs. These parts, which ac-

TEST GEAR SHOULD DO BETTER
(mullions of dollars)

1984 1985 1986
TEST EQUIPMENT, total 5,988 6,039 6,781
Automated test systems
and equipment, total 2,086 1,863 1,965
Active {discrete} component test systems 143 130 136
Automated field-service testers 85 93 98
IC testers, total 1,043 913 946

Benchtop testers 192 170 178

General-purpose systems 491 430 447

Specialzed test systems {memory, etc.) 360 313 321

Interconnection and bare-pc-board testers 150 128 137
Loaded pc-board testers, total 665 599 648

In-circuit 300 272 291

Functional 260 231 1263

Combined 105 96 104

General test equipment, total 3,902 4176 4816
Amplifiers (laboratory) 61 65 68
Analog voltmeters, ammeters, and multimeters 27 26 28
Audio oscilfators 25 26 28
Audio power meters 5 6 6
Audio waveform analyzers and distortion meters 100 120 140
Calibrators and standards, active and passive 66 70 72
Dedicated IEEE-488-bus controllers 183 191 207
Oigital multimeters. total 278 B8] 346

3% digit & below 210 227 252

4% dight & above 68 86 94

Electromc counters, total 182 185 235

Frequency (500 MHz and below) 36 37 47

Microwave (above 500 MHz) 51 53 68

Universal 95 95 120

Frequency synthesizers
{below microwave frequencies) 70 86 93
Generators, function 58 63 87
Generators, microwave-signal (2 GHz and above) 77 92 114
Generators, pulse 27 28 3
Generators, rf signal {below 2 GHz) 141 133 147
Generators, sweep 85 85 89
Generators. word i15; 16 17
Logic analyzers 221 246 267
Logic probes 25 25 25
Microprocessor-development systems, total 672 758 933
Dedicated 464 525 644
Unwersal 208 233 289
Modulation analyzers 29 31 33
Multimeter probes and accessories 14 15 16
Noise-measuring units {excluding sound-level meters) 12 12 13
Oscitloscopes, total 884 887 1,034
100 MHz and below 574 552 607
Above 100 MHz 310 335 427
Panel meters 68 72 70
Personal-computer-based instruments 68 89 115
‘ Recorders and plotters 193 220 255
Rf/microwave network analyzers a2 a4 48
Rf/microwave power-measunng equipment 24 28 33
Signature analysis nstrumentation 5 5 5
Slotted lines 4 2 2
Spectrum analyzers, total 135 137 151
Up to 2 GHz 2 n 78
Above 2 GHz 63 66 73
Stand-alone in-crcutt emulators 72 68 73
Temperature-measunng instruments 34 32 35
All figures in current U. S. dollars.

count for less than 207 of the semiconductor market, are
expected to make up one third of the $100 billion semiconduc-
tor market predicted for 1990. Until now, makers of IC testers
invested heavily in faster machines with higher pin counts for
state-of-the-art lab applications as well as in high-throughput
production-line testers for standard parts. To shift to low-
volume ASIC testers, makers must couple the abundant data
available from design-automation work stations with automat-
ic test-generation tools. Otherwise, test-pattern generation
and testing costs will cause the price of ASICs to skyrocket.

Suppliers of pe-board testers see the onrush of surface-
mount technology as a balm for the wounds inflicted in 1935’s
market. They predict that sales will rise at least 10% to handle
the need for testing equipment for the denser boards. Mean-
while, makers of functional testers hope to wrestle back the
market share thev lost to in-circuit testers over the past few
years, as test engineers give up their struggle to fabricate
efficient bed-of-nails fixtures to cope with double-sided boards
jammed with SMDs and conventional through-hole compo-
nents. However, in-circuit test vendors are busy developing
double-sided clamshell fixtures and such alternatives as clus-
ter testing to strengthen their position even further.

With the ubiquitous IBM Corp. Personal Computer finding

| its way onto the desks of executives, accountants, strategic

planners, and engineers, it’s not surprising that it is also
finding active service as an inexpensive controller for test and
measurement instruments. Pioneered in 1981 by Northwest
Instruments Systems Inc., Beaverton, Ore., the first PC-based
test instruments were limited by the computer power avail-
able at that time. Now bolstered by the power of the IBM PC
AT, such systems are being developed by more than 100
companies seeking a slim piece of the U.S. market for test
and measurement equipment.

Although the 1985 estimate for sales of PC-bused instru-
ments Is less than $70 million, industry observers such as
Prime Data, a San Jose, Calif., market researcher, forecast a
mushrooming in sales to $500 million by 1989. The trend will
be fueled by the continuing dip in personal computer costs as
well as the growth of mass-storage capability, enhanced
graphics, and factory-to-office networking. A stamp of credi-
bility for this new breed of instrumentation came early last
year when Hewlett-Packard Co. introduced eight instru-
ments—including a digital multimeter, function generator,
and digitizing oscilloscope—controlled by either an HP 150
touch-screen computer or an IBM PC. The HP offering per-
forms analog measurements. Northwest Instruments’ line of
PC-bused logic analyzers tests and debugs microprocessor-
based systems.

DEVELOPMENT SYSTEMS RESPOND

In the area of microprocessor development systems. makers
are responding to the problems that emerged in 1985 by
changing their marketing strategy. The four major suppliers
of these systems—HD’, Intel, Tektronix, and Motorola—have
replaced their proprietary systems architectures with open
architectures. Tektronix, Motorola, and Intel systems are com-
patible with Digital Equipment Corp.’s VAX as well as with
the IBM PC AT; HP’s system is compatible with the VAX.
Data Media, a San Jose market researcher, projects that sales
of all microprocessor development systems will hit $1.3 billion
by 1984. These systems complement computer-aided-engineer-
ing tools to help design engineers integrate complex micro-
processor chips into complete systems,

Because the approach to open architecture allows the de-

signer to use his general-purpose computer rather than buy a
proprietary machine, vendors of microprocessor development
svstems will in reality be selling emulators, logic analyzers,
and software. Though the cost of a microprocessor develop-
ment system will decrease, industry observers expect enough
systems to be sold to result in a 24% growth rate.
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CONSUMER

S. consumers will continue to spend freely on so-
phisticafed electronics products this year, which
means that manufacturers and suppliers of such
high-ticket items as video cassette recorders, com-
pact-disk players, and stereo and large-screen TVs
can expect another year of healthy growth. Consumption of
electronic products for the home should increase 11% in 1986,
to almost $25 billion. Though the projected growth rate is
down slightly from the 12% growth rate reached in 1985, sules
are expected to rise $2.5 billion above last year’s record level
of $22.5 billion.

The increasing trend toward stereo broadcasting by the
major TV networks. as well as the consumer's continuing love
affair with the VCR, are strong indications that stereo TVs
and video cassette recorders will pace the industry’s growth.
The pricing pressure on these products exhibited in recent
years could even ease somewhat in 1986, as manufacturers
try to put the brakes on rampant discounting.

Also pegged for strong growth is projection TV, though
sales could slow a bit from 1985’s fast clip. Even the modest
black and white TV will continue to show signs of life. In
the audio market, the rising popularity of the compact-disk
player will mean a better overall performance this year
than last.

In the video sector, another record year is forecast for TV
sales, with American consumers expected to purchase $7 bil-
lion worth of color sets, a jump of 13% over last year’'s $6.2

SALES TO CONTINUE ROLLING, RISING BY 11% THIS YEAR

them,” he said. The trend shows no signs of abating in 1986.

If increasing sales are one source of contentment for manu-
facturers, the recent strengthening of the Japanese yen is
another. The strength of the yen against the U.S. dollar
means competing Japanese goods will become more expensive
for stateside consumers. “There’s no doubt that the changing
relationship of the yen to the dollar will change prices” in
1986, says Zenith’s McCarthy. And this, industry sources say,
could mean higher profits for the U. S. companies. What could
be a problem, however, is the possibility that low-priced elee-
tronic goods from South Korea could now grab a greater
share of the U.S. market.

DIPS IN PROFITS

Price erosion, especially in the TV segment of the market,
has been ‘“‘verv severe in recent years,” one industry expert
points out. Prices in 1983 fell 5%; in 1984 they dropped 6.5%,
and they were down 6.2% through the first nine months of
1985. Despite the boom in sales, the price slide has severely
eroded profitability for many manufacturers, according to the
Zenith representative, because “cost-cutting can’t totally off-
set it.”

Manufacturers such as Zenith and RCA as well as the
Japanese suppliers are planning to raise prices on their
consumer electronics gear, sources say, in an attempt to
“create some sensibility in the market.” This month’s Win-
ter Consumer Electronics Show in Las Vegas could provide

billion. This segment of the consumer elec-
tronics industry should “meet or exceed”
the last vear’s record, says Gerald M. Mec-
Carthy, senior vice president for sales and
marketing for Zenith Electronics Corp.’s
consumer marketing group. An RCA Corp.
spokesman likewise expects record sales of
color TVs.

One of the more notable trends in the TV
industry in 1985 was the growth in con-
sumption of the vear’s new market seg-
ment, stereo television, a development that
should continue apace in 1986. More than
200 TV stutions in the U. S., reaching about
75% of the U.S. households with TV sets,
now broadcast programs in stereo. This
momenturm on the part of broadecasters is
expected to continue strongly this year,
spurring sales of the new stereo TVs to
consumers.

Another 1985 trend that contributed to
the boom in color TV sales was the move
toward larger screen sizes. A Zenith repre-
sentative said the company has seen “tre-
mendous growth ard interest” in its large-
screen TVs, especially the 20- and 27-in.
sizes. “Wc've had u lot of success in the 27-
in. size. We're back-ordered very heavily in |

S BILLIONS

I CONSUMER AUDIO EQUIPMENT

1984

CONSUMER VIDEO EQUIPMENT
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some clues to whether the move toward higher prices will
actually stick or whether the action will falter in the face of
continuing competition. “We plan to maintain a leading mar-
ket position,” says the Zenith representative. “But we won’t
let others tuke advantage of our price rises” to gain market
share at Zenith’s expense.

For VCRs, pricing may be affected more significantly by
the high degree of market penetration already achieved by
manufacturers. Last year was yet another record period for

unit sales should stay about the same this year as last, manu-
facturers say: competitive price-cutting will account for the
reduced dollar volume in this category. The growth in sales of
small, specialty black and white TV sets, such as those with
screen sizes of 5 in. and under, will offset the drop in sales of
9- and 12-in. units, executives predict.

In the audio field, demand this year should outpace that of
1985, thanks largely to increased interest in the compact-disk
player and consumers’ continuing penchant to surround them-

VCR sales, with consumption in the U. S. growing a whopping | selves with sound in their cars. Total consumption of audio

37%, to almost $4.7 billion (the 1984 total
was $3.4 billion). This year, market
growth should slow to about 19%, with
sales hitting an estimated $5.5 billion.
Some 37% of U.S. households—a very
high penetration—have a VCR, industry

time last vear. Growth in demand, as a result, “won’t be as
vigorous as in the past” for the 70 or so brands now on the
market, according to an RCA official. However, a new phe-
nomenon is being seen in the VCR market that offers the
hope of renewed growth: replacement sales. RCA estimates
that 17% of all VCR sales last vear were either replacement
sales or sales of second units for the home. This trend, which
is expected to increase this year, “will help level things out,”
the official predicts.

Another development that could push up VCR sales is the
growing popularity of the combination camera and recorder,
known as the camcorder. Though high in price—they sell for
$1,300 to $1,800—these units are a hit with consumers who
don’t want to bother buying

Sales of stereo TVs
and VCRs will pace
the industry .in 1986

experts estimate, compared with 28% this ——— continue to flock to this technology for

products in 1986 will increase about 6.5%,
to almost $6.8 billion, compared with
1985’s 5% growth, to almost $6.4 billion.

Among the various categories of audio
equipment surveyed, compact-disk players
are clearly the pacesetters. Consumers

superior sound reproduction, while record companies increase
the output of digitally mastered recordings. Last vear’s sales
of compact disks rose to $105 million from 1984’s 870 million,
a 50% increase. In 1986, sales should rise by a still-strong 387¢,
to an estimated $145 million.

COMPONENT SALES GET BOOST

A spillover effect is being felt in the market for stereo
components, since the better sound quality available from a
compact disk is only as good as the amplifier and speaker
system used with the player. Manufacturers of audio com-
ponents look to this to help spur future sales. In addition,
as prices of compact disks begin to decline following the
usual economies of scale on

two separate pieces of equip- [ CONSUMER PRODUCTS STAY ON COURSE | the manufacturing side, more
ment. RCA estimates that —m consumers are expected to
350,000 camcorders, worth 1984 1985 ) 1086 | buy them and upgrade the
$500 million at the retail level, rest of their sound systems at
were sold in 1985, Unit sales [RSASEGIETHLILIERLE] LR AL the same time.
this vear could }'ezlch 550,000, | consumer audio equipment, total 6,069 6,268 =780 The markep for car audio
the company believes. equipment will grow about
Makers of projection TV | Car audio 1642 1,737 1902 | 10% this vear versus 1985’s 6%,
systems can expect to see | Stereo equpment, total 2,087 2175 2269 | a5 American consumers contin-
sales in 1986 continue to rise, gg:ggﬁ‘e:‘f‘ems 12;17 12;17 123;’ ue to outfit their automobiles
the Electronics market fore- Consoles " 89 “97 411 | with more electronics. Whether
cast indicates, though at a | Phonographs and radio-phonographs 620 647 693 | taking advantage of car manu-
slower rate than last year. | fados (including table, clock, and portable) 555 571 592 | facturers’ incentives to buy
The market this year is ex- ?ad'°"e°°rde' G20 BN WL B %7 815 | new cars, or holding onto their
N L s ape recorders and players, total 592 566 572 ’ R X
pected to increase 16%, to an Personal portable (Walkman-type) 217 201 185 | old ones for a bit longer, driv-
estimated $485 million in Reel {0 reel 75 85 95 | ers apparently want to sur-
sales, compared with an 18% | Standard cassette 300 260 292 | yound themselves with stereo
growth rate and $417 million | Compactdsk players 0 i 5 | sound on the road, and they’re
in sales in 19%5. Consumer video equipment, total 10,101 11,990 13727 | willing to purchase sophisticat-
Despite their high price ed systems to accommodate
tags—$2,000 to $4,000 per sys- | TV recewers. total 5932 6.549 7324 1 their tastes.
tem—these products are tanta- a‘;'ggchmme sggg eg:‘;; 72;2 Both the manufacturers’
lizing to consumers. The at- | projection-TV receivers 353 a7 a5 | market—sales to car produc-
traction of stereo sound plus | Video cassette players and recorders, totat 3,421 4671 5535 | ers for factorv installations—
the larger, projected picture Beta 655 843 1010 1 and the aftermarket for car
make these systems a “home ZHrfm 2'7?8 3,8?(55 4'432 stereo systems has performed
theater” center, the manufac- | video cameras 340 325 3 | well and will continue to do
turers say. “There is broaden- | Videodisk players 55 28 25 | so, according to Business
ing 'appeal for giant-screen Other consumer products, total 3915 4149 5% Trends Analysts,'a market re-
TV” is the understated summa- search company in Commack,
tion by one source. Antennas (TV, CB. and radio} 16 121 137 | N.Y., which tracks the indus-
Continuing the trend of re- | Calcuiators 743 714 674 | try. Radios can now be found
cent years, consumption of | Electonc clocks 128 131 145 | in nearly 90% of the cars on
.nqnochrome TV sets will fall E:zi::g::ﬁ ?:u”;si; b stllbots.and| equnment 24?32 1372 l‘;‘z the road in the U. S., the com-
this vear by 11%, to roughly | Eectionc watches 621 642 667 | pany estimates, and a big
$278 million. But that perfor- | Microwave ovens 1474 1.721 1955 | market will open up as con-
mance is better than 1985, | Telephone-answenng machines 147 161 174 | sumers start replacing older
which saw demand drop by [ anl figures in current U.S. dollars. AM products with newer FM
19% to $312 million. Actually, systems.

!
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INDUSTRIAL

or the industrial electronics equipment market, 1986
is shaping up as an uneven year. With U.S. manu-
facturers shifting to more automation, the future
for the use of industrial robots looks especially rosy.
Overall, the demand for industrial electronics should
increase 14% this year, to $8.4 billion, following a 12% gain to
$7.6 billion. But a number of factors—not the least of which is
uncertainty over the health of the U.S. economy—spell cau-
tion in the overall market, particularly in the important pro-
cess-control category.

Industry observers predict that roboties equipment will con-
tinue its rapid growth as more and more U.S. factories re-
place human workers with their steel-and-microchip counter-
parts. Robot suppliers will concentrate on generating higher
profits—even at. the expense of their share of the total robot-
ics market—as they reach new levels of corporate maturity.

But the sluggishness of U. S. manufacturing, which has not
recovered fully from the 1981-82 recession, and a leveling in
demand from petrochemical companies mean a probable slow-
down for sales of process-control equipment, a category that
includes data-acquisition systems, process instrumentation, se-
quence controllers, and data loggers. And continued uncer-
tainty over possible tax reform, cautious short-term plans for
capital spending on the part of U.S. industry, and a general
unease over the state of the economy could combine to pro-
duce a so-so year for industrial electronics suppliers.

Besides the healthv prognosis for robotics, a major source of

DEMAND TO RISE 14% TO $8.7 BILLION, A HIGHER RATE THAN 1985

will increase spending by just 0.8% this year, to $17.1 billion.
“On a worldwide basis, 1985 ended up better than I would
have predicted at the start of the year, but with some rough
spots,” says Richard J. Boyle, group vice president for Honey-
well Inc.’s Industrial Systems Division, Detroit, which supplies
large process-control systems, programmable controllers, and
data-collection systems. “Domestically, 1985 turned out to be
an OK year” with middle-of-the-road growth. Boyle thinks the
market got “some positive impetus from people automating
their product lines to increase productivity.” But there was a
slowdown in the third quarter, as customers started re-evalu-
ating their needs, and it may well carry over into 1986.

UPS AND DOWNS IN THE MARKET

“Each vertical market segment [for industrial automation
equipment] performed quite differently” last year, says Boyle.
“The mergers and acquisitions in the oil business, as well as
the stability in oil prices, caused [these customers] to con-
stantly step back and re-evaluate their game plans.” The U.S.
manufacturing sector as a whole is an area he identifies as
weak. But “the pulp, paper, and chemical industries are partic-
ularly strong” buyers. There is “still business to be had” in
this market, he says, though customers are being cautious in
their spending plans for the first half of 1986. After that, they
are likely to rethink their buying needs.

Though declining petroleum prices are causing the oil indus-
try to trim spending on equipment, the cost of oil is still too

optimism for this market is the commit-
ment of many manufacturers—notably
General Motors Corp.—and equipment
suppliers to the proposed Manufacturing
Automation Protocol system of communi-
cations for factury equipment. This sys-
tem, which allows diverse pieces of indus-
trial equipment to communicate with each
other, promises to spur the purchase of
equipment builf to its specifications.
Capital spending remains the prime
mover for big-ticket industrial electronics
equipment, however, and here the news is
not as good. T.S. businesses plan to
shave capital spending in 1986 by 1%, to a
total $380.7 billion, according to a survey
on spending plans conducted by McGraw-
Hill’s economics department. By compari-
son, the 1985 tofal was $384.4 billion.
Among the categories that traditionally
spend heavily on automation equipment,
the petroleum industry expects to allocate
only $27.7 billian on new plants and equip-
ment in 1986, up less than 1% from the
1985 total of $27.5 billion. Outlays by an-
other big spender—the automotive indus-
try—are expected to drop by 6% this
year, to $14 billion. The chemical industry

SMILLIONS

1984

ROBOT EQUIPMENT

high for many energy-intensive indus-
tries. As a result, suppliers of energy-
management systems will see the U.S.
market for their products increase 8% this
year, the same as last year. The advent of
betier microcontrollers promises to make
these systems even more attractive for
buyers.

But their expected growth rate is mod-
est compared with the big performer in
industrial electronics in 1986—the robot.
“The action is in flexible, computer-based,
programmable automation, and that
means robotics,” as Gerald Michael, a re-
searcher at Arthur D. Little Inc., Cam-
bridge, Mass., puts it.

Other market watchers share his out-
look. “There will be pretty substantial
growth” in the robot market this year,
predicts Laura Conigliaro, a research ana-
lyst with Prudential Bache Securities,
New York. The Electronics survey of
manufacturers supports her forecast. It
found that sales of robot systems will
gain 29% in 1986, on the heels of 1985’s
19% rise.

Despite this seeming boom, for suppli-
ers “it’s a difficult way to earn a living,”

1985 1986
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Conigliaro contends. Typically, robotics manufacturers have
stimulated demand by cutting prices, a trend she predicts will
turn around this year as suppliers hold the line on cost-
cutting. “The industry has finally reached the point where
vendors are unable or unwilling” to continually cut costs—and
profits. “Market share is less important than profitability and
survival.”

Some segments of the market for industrial robots, such as
spot welding in car manufacturing, are becoming saturated.
Happily for robotics manufacturers, new demands are start-
ing to emerge. Among them are the use of robots in the
assembly of electronic components and systems and in clean
rooms at semiconductor makers. “Both of these markets are
very small, but they show a lot of promise for the future,”
says Michael at Arthur D. Little. He estimates the current
size of the robotics market for electronics applications at
about $30 million and the

g clean-room market at $3 mil-
/ndUStf/'a/' fObOtS lion to $% million. “The
are gaining fast growth rates [for these mar-

H ] kets] is meaningless, since

in electronics the base is so low. But in
spite of the downturn in the
chip industry, it's going to be very robust.”

Intelledex Inc., a maker of robotics equipment and vision
systems, hasn’t seen this predicted upturn yet. Though chair-
man S. Stanley Mintz expects “an overall increase in robotics
in general as industry automates,” he says business has been
weak in the computer market and “nonexistent” in the semi-
conductor arena. The Corvallis, Ore., company, which supplies
customers in the aerospace and automotive industries as well
as in computers and semiconductors, reports better perfor-
mance in the more traditional markets. Automotive business
remained strong throughout 1985, Mintz says—“They keep
building cars”—and the aerospace sector has also been good,
fueled by business from military and civil aviation buyers.

“We're ending 1985 on an upturn in orders and preorder
activity,” Mintz reports. And though he expects “an upturn in
almost all areas of operations” in 1986, he concedes that
aerospace will doubtless start to slow as budget cuts are
initiated. But he believes business will pick up in the computer
and semiconductor sectors, where he sees “real signs of life
returning.” Overall, then, the forecast for this industry is
mixed: steady improvement, and a long, slow climb.

INDUSTRIAL PICKS UP THE PACE

SEMICONDUCTOR
PRODUCTION

onsumption of semiconductor-production equip-
ment in the U.S. flattened last year, and demand
this year will probably not show much of an in-
crease. In 1985, the total market contracted 4%, to
$2.4 billion. This year, an estimated 2% growth rate
should bring consumption to $2.5 billion.

The leveling of demand in this sector is due to two factors:
the recent rapid buildup in capacity, including manufacturing
gear, by U.S. chip makers whose capital budgets were
swelled by the boom in the semiconductor market in 1984, and
1985’s rapid falloff in sales that forced these makers to curtail
chip production, lay off workers, shut down factories, and
defer bringing new plants on line. Industry executives say
their customers bought enough production gear in the boom
years of 1983-84 to meet current needs. In fact, they say,
much of the higher-priced equipment that sits in users’ inven-
tories—such as plasma etchers and wafer steppers—can han-
dle the next generation of complex integrated circuits.

The evolution of the semiconductor industry from tradition-
al commodity ICs toward the new application-specific ICs is
placing new demands on makers of chip-production equip-
ment. Commodity ICs, which are fabricated, packaged, and
tested under high-volume high-throughput conditions, are
most efficiently made using large-diameter wafers. ASICs, on
the other hand, can be processed on smaller wafers, and their
production demands a close relationship between vendor and
customer to iron out problems that creep up in making small
batches of chips. Large semiconductor-equipment makers
have sufficient resources to offer equipment for both forms,
but smaller firms could be forced to opt for one or the other.

If the current picture seems grim economically, hopes for
future growth in demand are sparked by new technological
breakthroughs, and announcements last fall make it clear that
suppliers are counting on these developments [Electronics,
Oct. 28, 1985, p.55]. One such advancement is a chemical-
vapor-deposition system from Anicon Inc., San Jose, Calif,
which can be used with oxides, polysilicon, tungsten, and high-
temperature nitride. It can handle wafers up to 6-in. in size.

Applied Materials Inc., Santa Clara, Calif., recently unveiled
another interesting product: the Implant 9000 ion implanter,

which is markedly different from previous designs. It's a
(milions of dollars) distributed-intelligence system that includes a video display
1984 1985 1986 and a human-interface computer, connected by a fiber-optics
loop controller. In another departure, the system uses dual
INDUSTRIAL ELECTRONIC EQUIPMENT. mechanical rather than rotary scanning.
total 6,784 7,626 8,602
Energy-management equipment 481 519 558 CHIP-MAKING GEAR STAYS FLAT
Inspection systems 347 397 456
Motor controls (speed, torque) m 752 823 {millions of dollars)
Numerical-control systems 278 345 378 1984 1985 1986
Pollution-control equipment 936 1,021 1,183
Process-control equipment, total 3,560 4111 4671 SEMICONDUCTOR PRODUCTION
Data-acquisition systems 220 256 294 EQUIPMENT, total 2,538 2,442 2,501
Process instrumentation 1,626 1,977 2,183
Sequence controllers 1,640 1,795 2,112 Assembly (wire bonders, etc.) 261 225 243
Data loggers 74 83 92 Lithography, totat 638 604 620
Robot systems, total 333 395 510 Aligners, total 560 517 524
Pick and place 74 84 122 Contact (proximity) 43 37 32
Point to point 40 48 60 Direct wafer stepping 272 235 210
Continuous path 64 50 62 Electron beam 80 85 92
Assembly 35 51 64 Projection 165 160 190
Flexible machine tools 12 15 17 In-ine handting (scrubbers, etc.) 78 87 96
Tactile systems 25 29 34 Mask generation (digttizers. etc.} 44 47 52
Vision systems 83 118 151 Waler preparation (crystal growers, etc) 55 48 51
Thickness gauges and controls 78 86 93 Waler processing {furnaces. etc.) 1,540 1,518 1,535
All figures in current U.S. dollars. All figures in current U.S. dollars.
— —— ey
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DEMAND TO RISE 13%, A FAR CRY FROM LAST YEAR’S ‘FREE FALL’ OF 17%

he depression in the U.S. semiconductor market pressed to show any profits from their efforts.

should ease in 1986, and manufacturers should enjoy Though demand was poor generally for semiconductor chips
growth—a welcome change from last year’s de- | in the U.S. last year, it was not a disaster for all segments.
cline—as customers cautiously edge buck into the | For example, consumption of analog 1Cs in the U.S. dropped
market. But the growth most certainly will not | just 5%, while data-conversion ICs were down less than 8%.

match the heady increase the industry scored in the hoom Communications chips were the big exception: they shot up
year of 1984, nor will it be enough to make chip consumption | 17%. These ICs will maintain a 30% average annual growth
in 1986 mateh 1984's. Advances will be patchy. rate for the rest of this decade, according to International

Predictions for total chip consumption vary widely. The | Resource Development Ine. This conclusion comes from the
Semiconductor Industry Association is the most bullish: it Norwalk, Conn., market researcher’s analysis of the rate at
sees a healthy 25% rebound this vear. On the other hand, In- | which new communications equipment is being installed, cou-
Stat Inc., Scottsdale. Aviz., foresees a 2.5% drop. Electronics’ pled with the increasing displacement of densely packed cir-
market research survey predicts a 13.2% gain in 19%6. cuit boards by smaller, dedicated telecom I1Cs. Additional fac-

The cause of last year’s 17% decline in semiconductor con- | tors include the continuing growth of consumer telephones
sumption is really no secret. The computer industry, which | and communicating computers, plus a heavy push by corpo-
uses 41% of the world’s semiconductor production, cut down | rate planners to install locul-area networks and fiber-optic
its purchases from chip makers as a result of a double wham- | links in factories and office buildings.
my that reduced equipment sales: demand for personal com- Data-conversion chips, including digital-to-analog and ana-
puters declined unexpectedly at the sume time that corporate log-to-digital converters, account for 35% of the analog-IC
customers put ofl orders for mainframe computers and mini- | market. Because these chips are used in a wide variety of
computers, primarily to await new products. noncomputer-related services, such as automatic fuel-injection

Burned by well-publicized semiconductor shortages in 1983, | systems in autos. test instruments, and telecommunications
many equipment companies filled their stockrooms with chips equipment, they were not hit as hard as other market seg-
in 1984, vowing never to be caught short again. As demand | ments last year. These chips will be the key to linking the real
for equipment slackened in 1985, many customers canceled | or analog world with the digital interface of microprocessor
their chip orders and put the piled-up inventory into use in- | and logic chips, which will create healthy annual growth
stead. With demand for integrated circuits and discrete chips | rate of 11.5% for these chips over the next five years, accord-
dropping and chipmaking capacity skyrock-
eting, Japanese and U. S. makers began vi-
cious price cutting. That prompted smart
buvers to order at the last minute to get
the lowest price. So not only did unit vol-
ume drop, but prices plunged, resulting in
an all-around dismal year for chip makers.

Although prices for logic chips began to
firm up late last vear because of inventory
adjustments by original-equipment manu-
facturers and distributors, the price decline
in memory chips remains unchecked. Japa-
nese companies, still eager to deplete their
high inventories of 256-K dynamic random-
access memory chips while keeping their
production lines running, have been pricing
these parts at less than 300 ven, or about
$1.50. And there are strong indications that
the price might even fall to 200 ven some-
time this year.

While it took the 64-K DRAM almost 2%
years to decline from 1,000 to 300 ven, vi-
cious price cutting in a slumping 1985 mar-
ket forced the 256-K DRAM into the same
drop in just six months. Despite a growth
in volume from 200 million chips supplied in
1985 10 an estimated 500 million units this
year, makers of 256-K DRAMs will be hard

i ————
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I SEMICONDUCTOR USE TO GROW AFTER DISASTROUS 1985 ]
{millions of dollars) (millions of dollars)

1984 1985 1986 1984 1985 1986
OND ORS. tota 0 406 Discrete semiconductors, total 1,657 1,527 1,573
Integrated circuits, total 12,994 10,609 12,384 Diodes. total 591 521 535
Arrays (including bridges) 25 21 23
Consumer product ICs 1210 1,020 970 Rectifiers, total 281 250 262
Custom ICs, totat 1315 1465 1773 Fast recovery 86 73 76

Fully custom 818 837 877 High power [ 63 67

Fuse programmable (including PAL. IFL) 132 135 156 Low power {less than 25 A) 123 114 19

Gate arrays 283 328 447 Signal 143 128 131

Standard cells 82 165 293 Special purpose, total 3 a 28

Analog [Cs, total 1313 1,156 1323 Microwave {above 1 GHz) 17 16 16

Analog switches 65 62 66 Tunnel 2 2 2

Communications 156 183 219 Varactor " 10 10

Comparators 37 35 36 Zener "2 95 9

Data conversion, total 298 294 329 Protection devices (including solid state.

ADCs 87 85 94 excluding fuses and circurt breakers) 2 19 21
DACs 132 129 149 Thynstors 137 127 136
Multiplexers 4 43 46 Transistors, total 907 860 881
Sample-and-hold circuits 39 37 40 Bipolar, total 738 693 701

Instrumentation and isolation amplifiers 15 14 15 Power {1 W or more) n 354 366

Interface 185 133 153 Rf (above t GHz). total 80 70 80

Operational amplifiers : 261 183 213 Power (more than 1 W) 45 40 55

Timers 78 70 7 Smalt signal 35 30 25

Voltage regulators 108 82 95 Smalt signal (iess than 1 W) 287 269 255

Other including functional ICs) 110 100 125 Field effect 106 97 100

Memories, total 3535 2600 2,857 Gallum arsende 63 0 80

CCDs {memory only} 8 7 8 . )

Magnetic bubble ICs (including support circuts) 20 16 17 Optoeiectronic devices, total 382 270 300

Random access. total 2269 1649 1784
Dynamic. total 1,680 1,241 1,299 Imaging arrays 87 58 62

16-K 642 193 263 Laser diodes 10 8 11
32K {partial or hybrid) 78 53 68 Light-emitting diodes (discrete), total 94 72 80
64-K 876 829 496 Infrared, near-infrared 21 15 21
266-K 84 166 472 Visible 73 57 59
Pseudostatic (selt-refreshing) 29 30 32 Optically coupled solators 107 63 72
Static. total 560 378 453 Photoconductive cells
Bipolar 106 84 94 (light-dependent resistors) 17 16 17
CMOS 257 196 240 Photodiodes 6 6 6
n-MOS 197 9 119 Phototransistors 21 19 20

Read only. total 1,238 928 1,048 Photovoltaic cells 40 28 32
Ultraviolet-erasable programmable 294 169 191
Electrically erasable. total 42 75 110 All figures in current U.S. dollars.

EEPROM 28 53 87

Shadow (NVRAM) 14 2 3 1 with DSP techniques is analog, ADCs will be a necessary
Mask type, total 515 421 476 P . . . .

CMOS 283 313 a7 | Ingredient in the process. . . ' 4 _

n-MOS 121 98 17 For their part, DSPs and their peripheral chips offer semi-

p-MOS 1" 10 12| conductor makers a market that is expected to reach $500
QRERThable tuse type) %7 263 211 | illion by the end of the decade, according to Forward Con-

Microprocessors and microcomputers, total 2,641 2,000 2,444 o aal P K .

LSl penpheral chips, total 77 353 sg5 | vepts. a Tempe, Ariz., market researcher. DSPs are used by
Peripheral equipment controllers the military for radar and sonar applications and by the tele-
{disk and CRT controllers, efc.) 482 190 372 | communications industry for tone-key detection and adaptive
gﬁ:smf}“"gg (e 205 63 213 echo cancellation. Recently introduced DSP chips are being

Migrapiagessars, fotal 871 779 goo | designed into high—speed modems, high-perfon1};\11C0 graphies
Bipofar 103 95 97 | systems, industrial robots, and speech synthesizers. Consum-
MOS, total 768 684 73 | ers will soon be viewing DSP-equipped color TV sets with

?ébgn g;g 2(1);1; ;3;2 options for freezing a picture on the screen, splitting the
3261 & 70 g1 | screen to present two programs at the same time, and caption-

One<chip microcomputers, total 837 661 774 | ing dialogue for viewers with hearing problems.
4.bi 292 186 22 The leader in DSP today is Texas Instruments, followed by
?;sbgn “gg “gg ‘1‘8; NEC, Advanced Micro Devices, Intel, and Fujitsu; AT&T Tech-

Special-purpose processors (inchuding signal nolog"les Is alsg entering the.market to capltullze on the com-

processors, speech synthesis), total 206 187 195 | pany's expertise in producing these chips. Other vendors

Standard logic families. total 2,980 2,368 3017 | readving for the battle include Honeywell, Motorola, National
l (E:?;ALOS g:g ?gg ggg Semiconductor, and TRW.

1L total 2084 1490 1969 DSP-chip prices have not eroded because their low produc-
Schottky TTL 1742 1.228 1552 | tion levels have not exceeded demand and military and tele-
Standard TTL 342 265 417 | communications buyers appear content to pay what the ven-

) ((01'S Want. An example of DSP pricing: the 1,000-quantity
ing to Dataquest, the San Jose, Calif., market researcher. price of TI's TMS320 is about $40 apiece, compared with about

Another factor influencing growth in the data-conversion- | $10 for an Intel 8088 microprocessor. The difference is due in
chip market is the emergence of digital signal processing. | part to the higher speed and complexity of the DSP, and in
Because a considerable amount of information to be processed | part to the enormous difference in production runs on a semi-
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conductor fabrication line, because Intel

makes more 8088s than TI makes TMS320s. | MEMORIES

.....

by virtue of their programmability. A par-
ticular DSP chip can be targeted to enhance
the image of a graphies picture, for use in
a high-speed modem, or to adjust parame-
ters in a telephone repeater to compensate
for changes in line characteristics. Digital
networks will employ DSPs for bit-compres-
sion multiplexing to remove redundancies
from speech, allowing a voice circuit to
double its capacity.

Despite the attention given to the emerg-
ing battle for leadership in the 32-bit micro-
processor race, the 12-year-old 8-bit micro
still takes the lion’s share of the micro-
processor unit market. More than 85% of
the microprocessor chips shipped last year
were the 8-bit variety, and their sales reve-
nue equaled the total for higher-priced 16-
and 32-bit chips.

Several factors are responsible for the
continuing popularity of the 8bit parts.
First is the integration of peripheral func-
tions such as direct-memory access and
memory management on the basic micro-
processor to enhance its performance. Other enhanced micro-
processors combine an 8bit data bus with a 16-bit internal
architecture. In effect, designers have cleverly managed to
upgrade the 8bit microprocessor, thus sparing the user the
expense of a 16- or 32-bit chip that, in most cases, provides
more horsepower than the user really needs. An enhanced 8-
bit microprocessor with integrated peripheral functions on a
single chip offers obvious savings, both in cost and in printed-
circuit-board space.

A second important advantage of 8-bit chips is their ability
to use well-established CP/M-based software; it can cost a lot
to switch to more-complicated Unix or MS-DOS software re-
quiring the revision of long blocks of microcode.

30
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and factory-automation systems that suit the high-perfor-
mance capabilities of the 32-bit chips.

In another emerging area of the semiconductor market,
gallium-arsenide ICs are on their way to becoming a $4
billion market worldwide by 1992, says an optimistic study
by Gnostic Concepts Inc., a San Mateo, Calif., research
company. The U.S. market should account for half of the
output. Although U.S. consumption last year—mostly for
sophisticated military and defense applications—was less
than $200 million, new opportunities have been opened to
computer makers by the commercial availability of GaAs
chips from suppliers such as Gigabit Logic, Harris, Honey-
well, and TriQuint Semiconductor.

198 1985 1986

In the fast-moving world of semicon-
ductor product development, speedy obso-
lescence is taken for granted. But semi-
conductor marketing managers tend to
agree that the 8-bit chip, popular for ap-
plications ranging from cellular phones to
low-cost engineering work stations to in-
dustrial control systems, has not yet hit its peak; some mar-
keters expect to see it still doing well on its 25th birthday.

In the meantime, more suppliers offer the powerful 32-bit
microprocessor. The original lineup had AT&T, Motorola, Na-
tional Semiconductor, and TI. Intel and Zilog, together with
Hitachi and NEC, have joined the list of vendors offering 32-
bit versions to interested buyers, who at present are the
manufacturers of engineering work stations. Expected to join
the crowd are Fujitsu, Oki Electric, Signetics, and Toshiba;
more significant are the persistent rumors that captive chip
makers such as Data General, Digital Equipment, and Hew-
lett-Packard could also enter the market.

The incentive is a share of what Dataquest estimates will
be a $1 billion market for 32-bit microprocessors and their
peripheral chips by 1990; worldwide sales of these chips to-
taled less than $20 million during 1985. Development costs for
a 32-bit microprocessor, its peripheral chips, development sys-
tems, evaluation units, and software run up to $100 million, so
the players will compete viciously for sales to pay back the
investment. Aware that engineering work stations alone can-
not carry the 32-bit microprocessor market, product managers
are eagerly awaiting the emergence of mass-produced office-

In microprocessors,
8-bit units still account
for 85% of shipments

——— {heir next-generation machines. Designers

With GaAs ICs capable of speeds six
times faster than silicon emitter-coupled-
logic chips and 10 times faster than sili-
con CMOS chips, computer designers who
want to break coniputation speed records
are anxious to include these new chips in

of satellite communications systems are busy integrating low-
noise GaAs ICs and discrete chips in their earth-station receiv-
ers to make communications reliable even with low-power
transmitters on board the satellites.

Vendors of GaAs ICs are busy readying automated produc-
tion lines capable of turning out quality chips at costs compet-
itive with more-mature silicon chips. But Japanese semicon-
ductor giants are heavy contenders in the race to become
leaders in this segment. Fujitsu, Mitsubishi, NEC, and Toshiba
have demonstrated a wide array of GaAs products stemming
from their development efforts. Even more significant, the
highest-quality GaAs substrate materials now available come
from three Japanese sources: Furukawa Electric, Shin-Etsu
Handotai, and Sumitomo Electric. Because of Japan’s heavy
commitment to GaAs technology, Japanese suppliers will cap-
ture at least 50% of the world market by the end of the
century, estimates a study group organized by the U. S. De-
partment of Commerce and the National Science Foundation.

Seo while U.S. demand will spring back this year to a some-
what more normal growth rate, chip makers hoth here and
abroad will have to move fast to keep up with new technol-
ogies that hit the market.
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| U.S. MARKET REPORT

COMPONENTS

DEMAND SHOULD PICK UP AS CUSTOMER INVENTORIES DROP

fter a 26% expansion in 1984, consumption of pas-
sive components in the U. S. nosedived last year as
equipment-manufacturing customers worked off
swollen inventories. As a result, consumption last
year grew a meager 2%.

By the second hzlf of 1986, however, most of the industry
will be on an upswing, if industry observers prove correct.
That’s when the passive-component market will come alive,
they say, us customer orders start to come in. And if past
business cycles are any measure of the future, prices will rise
sharply as lead times for deliveries stretch out and systems
builders clamor for parts to get their products out the door.
The power-supply market will also jump, but increased competi-
tion there is already knocking prices way down.

By 1990, more than half of printed-circuit-board assemblies
for electronic equipment will contain surface-mounted devices,
both passive and active, predicts a recent study by Electronic
Trends. The study from the Cupertino, Calif., market re-
searcher also predicts that more than 41% of all passive and
active components will be in the form of SMDs by that time.
A growing number of U.S. companies have come (o believe
that they must make the heavy initial investment for produec-
tion equipment to handle SMDs in order to remain competitive
with their overseas rivals.

More than 57% of surface-mounted passive components
used in the U.S. in 1985 were capacitors; resistors accounted
for another A8%. American resistor and capacitor vendors,
with seven vears’ experience shipping SMD

cerned about several trends that could seriously damage their
future. The first is the reduced resistor content in new elec-
tronic systems. Resistors accounted for more than 0.4% of the
value of all electronic equipment in 1984, but this could dwin-
dle to less than 0.3% by 1989 as complex digital and linear
chips diminish the need for discrete devices.

STEADY PRICE EROSION

In addition, imports are finding their way into U.S. equip-
ment in increasing amounts. The trade deficit in resistors last
year was close to $150 million, or almost half the U.S. origi-
nal-equipment-manufacturer market for fixed resistors. A
third major concern has been steady price erosion: high-vol-
ume fixed-resistor orders fell by more than 8%, and resistor
networks sales slid close to 3% in 1985.

Resistor manufacturers that geared up to supply SMD re-
sistors are waiting patiently for large-volume orders. But
sales stafl's report that users continue to balk at shelling out
$20 per thousand for SMD resistors when conventional leaded
devices cost close to half as much. Users also are reluctant to
allocate funds for expensive automated SMD equipment at a
time when their profits are being squeezed.

Capacitors faced the same dismal dropoff in sales as did
resistors last year, hampered by both foreign competition and
cutbacks in orders as their best customers depleted their in-
ventory stockpile. But most manufacturers think that the
market for capacitors has hit bottom and is ready for what

boards to Japanese producers, claim they | CONNVECTORS
can supply the growing needs of the home
market. Most of the U.S. companies that
provide coils. crystals. and other types of
passive components, however, are reluctant
to invest in SMD packages and associated
tooling until the industry works out broad-

CAPACITORS

based standardization.

Less than 5% of the integrated circuits
consumed in the U.S. during 1984 were
made with SMDs. But now, a number of
computer and communications-equipment
makers, accounting for a substantial share
of the electronics market, are evaluating
prototype SMD designs and production
runs, with full production slated to start
within two years. By then, semiconductor
manufacturers will be able to offer price
parity between conventional through-hole
devices and equivalent SMDs, predicts
Gnostic Concepts Inc., the San Mateo,
Calif., market researcher. This will push
the market far SMD ICs to $5.3 billion by
1988.

Although the U.S. consumption of resis-
tors should grow a slim 5% this vear, do-
mestic resistor manufacturers are con-
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STRONG GROWTH IN COMPONENTS THIS YEAR . . .

(millions of dollars) {millions of dollars)
1984 1985 1986 1984 1985 1986
OMPO ota Hybrid and modular components, total 989 997 1,048
Capmesines, Ml 1,627 1,445 1,538 Active filters 2 18 20
Analog 1/0 (data-acquisition) boards 103 91 97
Ceramic (except chips) 567 504 527 Custom hybrids and modules 245 314 332
Chips 101 9t 104 Data conversion, total 466 427 445
Electrolytic, total 613 547 581 ADCs 206 189 192
Aluminum 247 236 253 DACs 151 138 147
Tantalum 366 311 328 Converter subsystems 50 46 49
Film 153 132 139 Multiplexers 17 15 16
Glass and vitreous enamel 21 17 16 Sample-and-holds 42 39 41
Mica 28 26 28 Instrumentation and isolation amplifiers 41 40 41
Paper 117 106 118 Operational ampiifiers 76 72 76
Variable 27 22 24 Signal sources {inciuding oscillators) 5 5 6
Other functional circuits 32 29 31
Character displays, total 442 426 459
Magnetic, total 871 883 972
Multiple-character, totai 368 350 377
Gas-discharge 142 143 157 Af and f transformers,
Light-emitting diode 121 106 113 coils, and chokes 27 203 241
Liquid crystal 83 80 83 Ferrite components (coil forms, etc.} 74 80 87
Vacuum fiuorescent 22 21 24 Power transformers 335 349 n
Single-character 74 76 82 TV magnetic components
{including yokes and flyback) 245 251 273
Connectors, total 3,392 3,665 4,120
Microwave components. total 281 326 372
Coaxial (excluding assembiies) 289 341 434
Cylindrical, total 570 556 597 Amplifiers 105 126 148
Miniature 207 201 224 Detectors 17 24 30
. Standard 198 193 205 Fermte devices 43 48 54
Subminiature 165 162 168 Mixers 31 36 40
Fiber-optic 65 80 100 Passive components, total 43 53 58
Flat-cable 281 328 359 Coaxial and stnp-fine 38 43 48
Insulation displacement 254 217 312 Waveguide 1 10 10
Pc edge connectors 693 832 981 Power limiters 17 18 19
Rack and panet 707 696 801 Switches, total 19 21 23
Special purpose 533 495 536 Coaxial and strip-line 1 14 17
Waveguide 8 7 6
Crystais. total 182 167 181
Passive filters and networks, total 210 214 235
Assemblies (including mounts and ovens) 121 106 117
Discrete crystals 61 61 64 Delay lines 26 28 30
Electromechanical fiters 33 36 37
Efectron tubes, total 120 2252 2335 RC networks 26 32 37
Rfi and emi fiters 125 118 131
Cathode ray (excluding TV) 121 114 136
Power and special purpose, totat 746 784 824 Power supplies, noncaptive
Gas and vapor 41 45 51 {switching and nonswitching), total 1,442 1,520 1,700
image sensing (including vidicon and orthicon) 58 61 65
Kiystrons 103 99 96 Switching, total 632 562 649
Light sensing (including photomultipliers) 35 37 40 Pc-board mountable (encapsufated) 43 38 46
Magnetrons 85 90 90 Open-frame and card 325 294 315
TWTs (including backward wave) 289 305 321 Rack mountable 86 73 88
Vacuum 135 147 161 Industrial (0.1% or worse regulation
Receiving 46 35 29 and over 1 kW) 117 112 134
TV picture, total 1,207 1,319 1,346 Programmable 61 65 66
Color 1,152 1274 1,309 Linear, total 402 390 386
Monochrome 55 45 37 Benchtop 91 87 82
Rack mountable 153 150 138
Industrial (0.1% or worse registration
All figures in current U. S. dollars. and over 1 kW) 93 87 90
Programmable 65 66 76
Uninterruptible 408 548 665

they hope will be a healthy recovery.

U.S. capacitor production dropped 11% last year against
1984’s record $1.86 billion in sales, says Gnostic Concepts—a
significant portion of which went to the hungry export mar-
ket. The researcher predicts production will rise 10.2% this
vear, with multilayer ceramic capacitors taking a 35% share of
the market. Because these multilayer capacitors are used
widely as decoupling capacitors in ICs, their close link with
semiconductors means a high degree of market volatility.

Industry representatives also predict a heavy demand for
chip capacitors as surface mounting finds its way into more
U.S. and foreign equipment. Chip capacitors represented only
14% of total capacitor sales in the U.S. in 1984, but could

t

reach 35% by 1989. Gnostic Concepts says four major equip- |

ment producers—Delco, Northern Telecom, Motorola, and
AT&T Technologies—consumed close to 800 million chip capac-
itors last year; their needs could top 1.5 billion this yvear.
For connectors, the news was twofold: U.S. production of
the devices was down by 8% last year, but the Electronics
survey found that consumption was up close to &« Compa-
nies whose stockrooms bulged with $322 million worth of
connectors in 1984 relied on their inventories. This meant a
dramatic drop in sales to only $9 million last year, Gnostic
Concepts says. But now, inventories are now quite low, so
1986 production is expected to grow a healthy 13%, with the
government and military sector edging out the computer in-
dustry as the largest customer.
Switches were among the few products spared in last vear’s
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| ... AFTER A FLAT 1985 |
(millions of doilars)
1984 1985 1986
Printed circuits
and interconnection systems, total 2,754 2324 2,650
Chip carners 12 1 1
Interconnections, total 536 457 515
Backplanes 221 189 216
Sockets and socket panels for DIPs 315 268 299
Printed circutts, total 2,206 1.856 2,124
Flexible crcuts 197 169 203
Rigid boards, total 2,008 1.687 1.921
Double sided 1172 1,003 1,128
Multilayer 681 549 641
Single sided 156 135 151
Relays, total 658 715 794
Crystat can 102 118 137
General purpose 225 241 278
Reed 58 62 66
Rf 15 131 146
Sold state 74 81 83
Stepping and impulse 1" 12 13
Telephone-type 46 51 47
Time delay 27 19 24
Resistors, total 1.030 913 962
Chip resistors 28 26 27
Fixed. totat 384 350 356
Composition 51 48 46
Deposited carbon film 34 3 28
Metal fim 98 87 89
Wirewound 201 184 193
Resistive networks, total 209 180 184
Thick film 187 161 163
Thin film 22 19 21
Thermistors 72 68 n
Varable, total 337 289 324
Potentiometers 196 168 205
Tnmmers 141 121 19
Switches and keybeards, total 1,236 1,276 1,358
Coaxial 41 42 43
Dual in-ne 63 65 67
Keyboards, keypads, and matrixes 395 421 448
Lighted 127 132 136
Push-button 181 198 225
Rotary 19 108 17
Stide 70 75 80
Small-movement snap action 100 96 100
Solid state (including Hafl effect) 35 35 35
Thumbwheel 36 32 8
Toggle 69 72 74
Transducers (electronic), total 729 997 1,362
Fiber-optic sources, detectors 70 100 150
Flow 100 130 165
Flud-level 86 10 130
Motion, inear and angular 97 123 147
Pressure (including ar, fiquid, and mechanical) 240 370 585
Temperature (excluding thermocouples
and thermistors) 94 117 137
Vibration 42 47 48
Wire and cable, total 1,220 1.379 1.462
Coaxial cable 293 282 276
Fiber-optic cable 266 417 4an
Flat-cable 114 128 143
Hook-up wire 183 185 187
Multiconductor 364 367 385
All tigures in current U, S. dollars.

e e —
recession in passive components. ‘True, consumption in this
| sector was up a meager 3¢, while U. S. production dropped by
| about the same amount. But thanks to a relatively brisk
demand from military and government customers, the aver-
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age selling price for switches remained fairly stable, an envi-
able situation not shared by other passive-component vendors.
The manufacturers are apprehensive about their prospects in
1986, however: U. S. consumption is seen growing a mere 2%,
Jjust as Japanese manufacturers are poised to make a major
effort to dominate this high-volume production-oriented
market.

DISASTER FOR PC BOARDS

For producers of printed-circuit boards, the year was more
like a disaster. Consumption dropped almost 14%, to about
$1.9 billion in 1985 from 1984’s $2.2 billion. Among the reasons
for the severe downturn were cutbacks in orders from person-
al computer makers and leaner inventories at large computer
and telecommunications-equipment companies.

Because U. 8. pe-board producers supply a major portion of
overseas customers, the slowdown in growth worldwide also
had an impact on their fortunes. If the upturn in U. S equip-
ment markets comes about as expected, demand should pick
up this year by about 11%, however, bringing consumption to
around $2.1 billion.

The burden on power-supply manufacturers, also hurt by
the severe drop in production of personal computers and
microcomputer hardware and peripherals, was softened
somewhat by increased demand from communications and
military-equipment makers. Unfortunately, many smaller
companies concentrated on the high-volume market for low-
priced switching power supplies for home and personal com-
puters and were put out of
business when this market
crumbled. More mature
companies felt severe price
pressure as they and their
competitors slashed prices

A shakeout looms
for makers of
power supplies

—— 0 deplete inventories.

But industry sources expect a turnaround here as well,
along with some bloodshed: the 15 largest rivals dominate
more than 80% of the U.S. market and another 500 struggle
for a share of the remaining 20%. Strong efforts from Far
East startups have driven the price of low-power (under 150-
W) switching power supplies to levels of 60¢ per watt, while
the high-power (up to 1-kW) models have dipped to less than
$1 a watt.

The market share of the older linear power supplies is being
attacked by clever switching designs that offer higher effi-
ciency, lower weight, and fewer parts, which means higher
reliability. The market share of linear supplies will slip from
40 to less than 30% by 1989, says researcher Frost & Sulli-
van Inc.,, New York.

The U.S. market for uninterruptible power supplies will
grow at an average annual rate of 23.1% from 1984 to 1990,
according to Venture Development Corp., Natick, Muss., as
industrial equipment and computer users become more aware
of the problems of “dirty power,” caused by irregularities on
their incoming power lines. As more factories become auto-
mated, manufacturers are finding that the computers control-
ling automated production are extremely sensitive to sharp
spikes on the power line. In fact, considerable havoc in pro-
duction yields already has been traced to long-ignored power
transmission systems. After a 34% growth in market demand
last year, consumption of uninterruptible power supplies will
advance another 21% this year, to $665 million, the survey
projects. O

Reprints of the U. S. and overseas market reports are avail-
able at §6 or equivalent local currency for the set. Send a
cheel or money order to Electronics reprints at 1221 Ave-
nue of the Americas, New York, N. Y. 10020, or at McGraiw-
Hill House, Maidenhead, Berks, SL6-2QL UK. Write for
quantity prices.
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Sire, the
PROGRAMMERS
aRE GEING restless!
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On

November 8, 985, at SIGA | Bost(;i,’
ALSYS opened the doorsto Ada. ..

With Ada compilers for 15 computer models With Ada programming tools

Apollo Domain DN300, DN320, DN330, DN400, AdaQuery
DN460, DN550, DN600, DN660. (Complete, searchable on-line Ada Language Refer-
SUN Workstations 2/50, 2/100, 2/120, 2/160, 2/170. ence Manual.)
Hewlett-Packard 9000, Series 200, 300. AdaViewer
With an Ada cross-compiler (Unique viewing tool for Ada programmers.)
DEC VAX 11/730, 11/750, 11/780, 11/785. and MicroVAX I With more compilers in development
Cross-Compiler to Altos ACS 68000. IBM-370 Compiler under development at Alsys Ltd., U .X.
With Ada training products Hewlett-Packard 1000 Series A900 Compiler under de-

velopment at Alsys Ltd., UK.
IBM-PC/AT and IBM-PC/XT Compilers under develop-
ment at Alsys, Inc., U.S.

You Know Fortran—Ada is Simple
(12 Lesson Computer-Aided Instruction for those
who know Fortran.)

Lessons on Ada
(2-Volume, 27 lesson CAl course running on [BM-
PC and VAX.!

Ichbiah, Barnes and Firth on Ada
(27 video tape overview of Ada by language
designers.)

alsys

Alsys, Inc. * 1432 Main Street » Waltham. MA 02154 - U.S.A. * Phone: (617} 890-0030 * Telex: 948536
Alsys, S.A. *+ 29, Avenue de Versailles * 78170 La Celle St. Cloud + France Phone: (31918.12.44 - Telex: 697569
Alsys, Ltd. * Partridge Hse. Newton Road * Henley-on-Thames * Oxon RGY 1EN. England « Phone: (0491) 579090 * Telex: 846508

(® Ada is a registered trademark of the U.S. Government (AJPO).

Electronics/ January 6, 1986 Circle 59 on reader service card 59



Hitachi gets you there

It’s a backbreaking trip. . . moving a new
design to market. @ You have hundreds of options.
0 Thousands of ways to go. O And so little time.

0 Where can you turn? © Who can you trust to
deliver the specs, components, support?

Tum to Hitachi. Let us share the experience
we've gained in making that same journey to
market many times.

Hitachi is a traveling companion who under-
stands what you go through to successfully make
that journey. In addition to producing micro-
processors, 1Cs, and memories for customers like
you, we also make thousands of high quality
products such as high speed computers, telecom-

munications systems, scientific and industrial
instruments, medical equipment. . .and more.
Including a full line of home electronics

and appliances.

So the very next design you move to market
...take us along. We can help you plan a route
that will assure a very smooth trip. We've
been this way a thousand times and know the
territory like the back of our hand. Including the
shortcuts that can turn a long, hard journey into
a short, pleasant one.

And, having walked in your shoes. .. you'll
find us highly responsive to your design timetable.

The long jour
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@ HITACHI

We make things possible

Hitachi America, Ltd.

Semiconductor and IC Sales and Service Division
2210 O'Toole Avenue, San Jose, CA 95131
Telephone 1-408/942-1500
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ingyourleg?

i A Whether out of pride, prejudice
__,' 2\ ERY N ordesperation,everybody tells you that
=

Y| A% & thelr place is the place for you to locate
“ 4 your business.

' But when you want to make an

informed decision, you don’t need the

same old story. What you need is timely,

1 meaningful information, intelligently

prepared and presented.

‘That’s the Maryland approachWe
< | offer business more than you can imagine.
Jegs| SOWE can make a strong case for the

4 Maryland move,with no arm-twisting or
{ leg-pulling.Just eye-opening facts.
; To see if we belong on your list,
contact Michael Lofton, Department of
Economic and Community Development,
Dept. 110,45 Calvert Street, Annapolis,
Maryland 21401. (301)269-3514.

\ J%uMaryland

& 74> | Morethanyou ciinimagine.
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When the project
you’re designing
comes down to

the wire...

let us keep you in place

® Designed to hold ALL types of wire—flat,
round or cable.

® Choose from push mount or adhesive
backed clips—clings tight to any surface.

o All deklips™ and dekduct™ permit easy
access to wire bundies.

® Rugged flame resistant nylon withstands
the toughest industrial conditions.

the wire organizers

dek,inc.

- 3480 Swenson Ave
7 - 8St. Charles, llinois 60174
L .- 12/377-2575
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NEW EDITION

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

illustrated

DATA
COMMUNICATIONS
STANDARDS

All 123 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

CUSTOM AND SEMICUSTOM VLSI:

Custom and semicustom IC's have advanced to the
center of the forum. Are you equipped to meet the
challenges of an ever-changing industry?

Order the official transcript of this seminar,
sponsored by ElectronicsWeek Magazine and
Gnostic Concepts Inc. for an inside line on the
questions of SURVIVAL.

Send $150 or your company purchase order to:
Electronics Magazine Books P.0. Box 541 Hightstown, NJ 08520

Please allow 4-6 weeks for delivery.  Money-back guarantee.

{

SURVIVAL STRATEGIES FOR THE NEW ERA—R360 ¥

A
d

609/426-5070

1,923 pages

Edited by Harold C. Folts

organization.
[—I'Ilrﬂmnin Magazine Books m T
I P.0. Box 541 e" £ |
Hightstown, NJ 08520 .in .
| 609205070 U ]
= I Pleasesend ____ copies |
of R100-McGraw-Hill’'s Compilation of
I Data Communications Standards Edition I
I H a1 8295 cach. I
I |
I Name |
| Title |
: Company :
I Address B o I
City/state/zip T
I |
I U.S. customers please add local sales tax. l
McGraw-Hill pays regular shipping and
I handling on prepaid orders. l
DCT
b e s ———— —J




| ELECTRONICS

TECHNOLOGY TO WATCH |

INSIDE TECHNOLOGY

ION BEAMS REPLACE LASERS
IN REPAIR OF IC MASKS

FOCUSED-ION-BEAM MACHINE FIXES OPAQUE AND CLEAR DEFECTS

y applying an exotic technique to a down-to-earth
problem, Micrion Corp. has conquered a major
stumbling block in integrated-circuit fabrication.
The technique—focused ion beams—makes possible
the repair of optical masks and reticles, eliminating
all defects.

Photolithography—the process of imaging a pattern from a
glass mask onto a resist-covered wafer—is the key to today’s
very large-scale-integration processing. But no matter how
precise the optical stepper or 1:1 projection-lithography sys-
tem, and no matter how tight the clean-room specifications,
defects generated in mask fabrication can lower the yield.
This leaves IC manufacturers with two choices: scrap the
mask or repair it. Because masks cost from $700 to $3,500, in
most cases they have attempted to repair the masks, often
with lasers. But as mask geometries approach submicron di-
mensions—particularly on 1:1 types—mask-repair systems
based on lasers do not have the resolution and accuracy to do
the job anymore.

In response, Micrion, a two-year-old company in Beverly,
Mass., has developed the KLA/Micrion 808 focused-ion-beam
mask-repair system (Fig. 1). This $1.05 million system, which
is being marketed through KLA Instruments Corp., Santa
Clara, Calif,, is targeted at tiny opaque and transparent de-
fects in conventional glass photomasks as well as in the newly
emerging masks for X-ray lithography. The 808 uses a finely

tures can be in the 0.8- to 2-.um range. However, defect-free
masks cannot be produced all the time. Particle density is an
inverse function of feature size: as IC geometries get smaller,
the number of potential defects increases at a startling rate.

Opaque defects are those in which residual chromium
blocks the light to be transmitted through the mask. Such a
defect may be caused by dust, by poorly etched chromium, or
from several other causes. Clear defects occur when part of
the desired chromium pattern is missing and the light is trans-
mitted instead of being blocked. These defects are caused
most frequently either by poor adhesion of the chromium to
the glass or pinholes in the resist.

Until recently, different processes were needed to repair
each type of defect. Opaque defects are removed by super-
heating them with a focused laser beam—a process called
zapping because the defect is removed with a burst of energy.
This process has several important limitations.

For one, the violent thermal process is difficult to control,
making it easy to damage the underlying glass or adjacent
images. Second, the edges of repaired areas are frequently
distorted because the target metal is first melted and then
vaporized. During melting, the chromium tends to flow and
build up around the edges of the repaired area.

Finally, because of the limitations imposed by diffraction of
light, it is possible to focus laser beams only to about 1 wm in
size. This is no problem in repairing a free-standing defect (that

focused scanned beam of ions to
both mill material off during
mask repair and to act as a
highly magnified scanning ion-
beam microscope. The scanned
ion-beam system offers two ma-
jor advantages: it can repair
both clear and opaque defects,
and—because of its 0.1-um posi-
tional accuracy and fine spot
size—it is suitable for both low-
and submicron-geometry mask
repairs.

Typically, an optical mask con-
sists of a plate of clear glass
with a thin layer of chromium
delineating the pattern to be ex-
posed. On 1:1 masks, these fea-

TECHNOLOGY TO WATCH is a
reqular feature of Electronics
that provides readers with ex-
clusive, in-depth reports on im-
portant technical innovations
JSrom companies around the
world. It covers significant
technology, wrocesses, and de-
velopments incorporated in
magor new products.
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2.10N SOURCE. The optical column of the mask-repair machine
focuses its ion beam through a single electrostatic lens.

PRISM

CHROMIUM

I\ v

~—
INCIDENT LIGHT BEAMS

3.BLOCKAGE. lon-beam milling of a prismatic structure into a glass
surface (middle) blocks incident light as effectively as chromium.

is, u defect that is distant from a desired pattern) of any size.
But when the defect is attached to a pattern—eor worse yet,
between two desired patterns—it becomes diflicult if not im-
possible to do an adequate job. As the industry pushes toward
smaller geometries, this problem will become even more acute.

Repairing clear defeets is even more diflicult because the
user must add precise amounts of material to very small,
precisely defined areas. For the past 10 years, this has been
done with a process called lifi-off, a multistep process in
which the mask is coated with resist that is then exposed
selectively over the arcas 1o be repaired. After developing and
removing unwanted resist, chromium is sputtered over the
mask's entire surface, filling the holes opened in the resist.
The mask is then chemically processed, lifting off all the
remaining resist and excess metal, and leaving metal where
the holes were. This process is time consuming, complex, and
often ruins the photomask.

To repair pinholes in a large field of chromium, laser-in-
duced chemical-vapor deposition tyvpically can deposit metal
over a 2- to 3-wm? area. This is insufficient, however, for
critical reconstruction of line cdges. Here, repair is most im-
portant because line-edge defects and defects within tight
aeometries are usually fatal. Because only large areas can be
deposited by CVD, these must later be cleaned by laser ther-
mal trimming. But the same reasons that defeat laser edge
repair for opaque defeets hold for this method—the metal
edge is distorted by the heat generated by the laser.

These shortcomings in existing mask-repair techniques in-

66

duced Micrion’s founders, all with experience in scanned-ion-
beam technology, to look into this high-resolution process as a
possible solution to the problem of repairing masks with fine-
line patterns. They came to the conclusion that focused-ion-
beam repair would succeed for a number of reasons.

First, both opaque and clear defects can be repaired during
the same insertion of the mask into the machine, eliminating
the cumbersome process steps formerly associated with con-
ventional clear-defect repair. Second, the ability to repair clear
defects with submicron accuracy is a significant advantage.
Clear-defect removal is done by etching optical microstrue-
tures such as phase gratings, prisms, and various lens-like
structures into the glass mask using the ion beam. This is a
durable repair and cannot be removed inadvertently.

Another advantage is that ion beams can be focused into
diameters of 0.1 wm and less, allowing line-edge reconstruc-
tion of nearly the same dimension. Mask repair with ions also
uses sputtering as the basic process rather than thermal evap-
oration and so is much easier to control. The positioning of
line edges, for example, can be precisely adjusted by careful
positioning of the ion beam and control of the sputtering rate.
Because the process is nonthermal, only the areas of the mask
image touched by the ion beam are affected.

Finally, the ability to use the ion beam in a manner similar
to the scanning electron microscope makes it possible to pro-
duce mask images with magnification greater than 10,000X
on a cathode-ray tube.

The Micrion 808 mask-repair machine consists of several
subsystems: an ion column, a work chamber and associated
high-vacuum system, an X-Y stage that moves the mask be-
neath the column, a load-lock system to allow rapid inter-
change of masks, a charge-neutralization system, a secondary-
particle-detection system used for imaging, and control elec-
tronics for the system.

The column is a simple one-lens design that provides an
inexpensive and reliable source of gallium ions suitable for
micromachining operations. The ion optical-beam-forming sys-
tem (Fig. 2) typically operates at 25 keV and produces 0.5-nA
focused currents of gallium ions into 0.1- to 0.2-um spots.

Chromium on photomasks can be removed at about the rate
of 1 pm? every 3 seconds. For clear defects where glass
microstructures have to be milled out, the same area will take
about 30 seconds. The ion beam is vector scanned over an 80-
pum? field to obtain low-magnification images when locating
defects. After a defect is found, the beam is positioned by a
digital pattern generator having 0.02-um resolution to make
the repair.

All system functions are computer controlled, including col-
umn setup and focusing. The computer also controls stage
motion, imaging, and the repair process. Defect-location data
from KLA Instruments Corp. or other mask-inspection ma-
chines can be used by the control computer to position the X-
Y stage. This allows the operator to find the defect rapidly
without hunting around the mask.

NEUTRALIZING CHARGE

One problem that Micrion’s designers had to overcome was
charge neutralization. An ion beam is a stream of charged
particles, and an insulating object placed in the beam path will
charge up, possibly until it reaches the potential of the ion
emitter, tvpically many kilovolts. Unfortunately, photomasks,
because they are glass plates, are very good insulators and
can absorb charge. The machine’s imaging cireuitry would be
disabled and produce image shifts and distortion. If the mask
is charged sufficiently, the ion beam will be reflected away
from the mask. Micrion developed a proprietary charge-neu-
tralization system as part of the 808.

Other effects of using ion beams had to be considered. Be-
cause the ion beam images the features on the mask and
makes repairs, jon implantation, implantation damage, or sput-
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4. CLEARED OUT. A clear defect on a 5 x reticle with 6-um dimensions (left) is easily repaired by the KLA/Micrion £08. The Jser sees the re-
paired area as black (center. less magrified view) After exposure in ar optical stepper, the printed wafer (right) shows no defect.

tering of the mask occur even during imaging. If the ion beam
is allowed to scan a small area (a high-magnification image) for
even a few seconds, chromium features can be damaged.

To lessen these effects, the Micrion 808 miimizes scanning
of the mask by the ion beam. An image-storage system per-
mits high-esolution photomask pictures to be obtained with a
minimum ion dose. These images are then displayed on a color
CRT monitor. Zooming, panning, and adjusting contrast and
dark level can be done using the stored image. Once the
operator has located the defect, he can use a mouse to posi-
tion the cursor on the CRT screen to tell the computer where
the defect is. The mouse is the only operator control. The
computer controls the imaging and repair process, preventing
inadvertent damage to the mask by the operator. The display
is also used to monitor the column’s electrical and mechanical
parameters, which are shown on process-control graphics that
can be accessed when needed.

The ion-beam mask-repair system re-
quires special software to take ow the
two classes of defects. The software has
embedded in it all the knowledge of the |
optimum shapes, sizes, and ion doses to |
produce ciear and opaque repairs of de-
fects indicated by the operatar. For
clear-defect repairs, prismatic micro-
structures create opaque areas by total |
internal reflection. Inside a photomask, |
a beam of light totally reflects when the
angle at which it hits the surface of the
glass is greater than the critical angle
(Fig. 3). The user observes the repaired
area as a black hole: light goes in but |
doesn’t come out. |

In an actnal mask repair (Fig. 4), de- |
fects are located by a photomask inspec- |
tion system and data is supplied to the
Micrion machine. The mask is then in- }
serted, and evacuation of the load-cham- |
ber takes about two minutes. The B08 |
automatically positions the first defect |
and displays it on a high-resolution color
graphics monitor. Sereen magnifications
range from 10x to 15,000x. Next, the
operator uses the pushbutton mouse to
set the defect-repair baundaries. select |
the repair operation, and start the repair.
Clear and opaque defects use the same
process, simplifying the procedure.
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For repairs on a line edge, the system’s Edge-Lok software
precisely identifies the edge and locks onto it. The rest of the
repair process is automatic. An optional software package
called Clone-it helps reconstruct missing or badly damaged
geometry by aequiring the correct pattern from an adjacent
area or even from the same location in the next die.

A large porfion of Micrion’s future sales targef the repair i
of clear and opaque defects in 1X and 5 reticles and 1x
masks used in the large installed base of optieal steppers and
1:1 aligners. The Micrion system can also be used to fix
design errors . a mask along with its usual mask-repair
function. The 208's fine resolution allows it to precisely add or
remove fine-line geometries on masks as well as on retides.
This ability was applied recently in the case of a rush mask

moditication for a last-minute design change to a large U. S. |

manufacturer’s new 32-bit microprocessor prototype chip. [J
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AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN REGION,
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MULTIBUS Il INTERFACE.

USE 2 CHIPS INSTEAD OF 50 FOR
SINGLE BOARD COMPUTER CONNECTIONS.

Here’s Toshiba Power in
interface silicon: 2 CMOS chips—
developed with Intel to meet
Multibus II specifications—that
replace as many as 50 discrete
chips and guarantee interface
with Multibus II, the advanced
bus architecture for multi-
processing applications.

The Bus Arbiter/Controller
(BAC 84110) 1s processor-
independent and oversees use of
the parallel bus in a Multibus II
multiprocessor system.

The Message Interrupt Con-
troller (MIC 84120) provides the

® Multibus Il is a trademark of Intel Corp.

interrupt message generation
and receiving functions.

DEVELOPED
SPECIFICALLY FOR INTEL

The BAC/MIC combination
saves you a lot of real estate.
And saves you design time. And
production time. And speeds
your board to market. At lower
overall cost. With higher overall
reliability. And BAC and MIC
are available now. Naturally,
they are backed by the technical
support and superior service
you have come to expect from
The Power—Toshiba.

Call or write today for com-
plete prices and specifications.

TOSHIBA.THE POWER IN INTERFACE SILICON.

TOSHIBA AMERICA, INC.

© 1985 Toshiba America, Inc.

(612) 933-2594; MISSISSIPP1, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, {316) 744-1229; MONTANA. Components West, (206) 885-5880; NEBRASKA, R.E.P.S., (913) 383-6228; NEVADA, Elrepco,
Inc., (415) 962-0660; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW MEXICD, Summit Sales, (602) 998-4850; NEW YORK. Nexus Technology, (914) 769-0382; PI-tronics,
(315) 455-7346; NORTH CARDLINA/SOUTH CARDLINA, Montgomery Marketing, Inc., (919) 467-6319; OHID, Stetten & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; DKLAHDMA, Technology Sales Company,
(512) 346-9940; DREGON, Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (215) 295-6549, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., {617) 891-4600; TENNESSEE, Montgomery
Marketing, Inc., (205) 830-0498; TEXAS, Technology Sales Comnpany, (512) 346-9940, (713) 266-2473, (214) 380-0200; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600;
VIRGINIA, ArboTek, (301) 825-0775; WEST VIRGINIA, ArboTek, {301) 825-0775, Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 255-6224; WISCONSIN, Carison Electronics,
(414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA. BRITISH COLUMBIA. Components West, (206) 885-5880; ONTARID, Electro Source Inc.

(416) 675-4490.
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INSIDE TECHNOLOGY

HOW LASERS WILL GIVE
CHIP MAKING A BIG BOOST

: NEW SYSTEMS ELIMINATE PHOTOMASKS IN SUBMICRON CHIPS AND ASICs

by J. Robert Lineback

he next wave of laser-assisted and laser-based semi-

conductor manufacturing processes is moving in.

After years of basic research, several new laser

systems are nearing the market, sparked by the

need for submicron chip geometries and the emer-
gence of application-specific integrated circuits.

Up to now, lasers have mostly been limited to peripheral
tasks in IC production—as sensors in alignment systems and
for mask repair and measurement—or to programming redun-
dant cells in memories and trimming analog circuits. Now
they are getting a shot at tasks such as highly precise diffu-
sion of dopants. Highly focused lasers are also punching and
cutting their way into such applications as fine-line microma-
chining tools for direct repair, dissection, and even customiza-
tion of ICs.

The growth of ASICs is kindling new interest in flexible
maskless processing techniques for low-volume fast-turn-
around products. Several startup companies have begun using
laser beams fired directly onto silicon surfaces to tailor semi-
custom chips. Other developments are aimed at refining laser
writing techniques for restructurable wafer-scale systems.

Development teams are not stopping there. They are also
working on a wide spectrum of techniques to treat and ana-
lyze materials. Examples of this work are the forming of
high-resolution diffraction gratings for narrow-band laser di-
odes, the interconnecting of optical-fiber links directly to wa-
fer surfaces, and the development of yield-forecasting sys-

THIN LAYERS. XMR's doping system uses an XeCl gas laser to form
controtlable diffusion junctions in substrates 500 to 1,200 A deep.

tems that detect minute defects in compound-semiconductor
materials.

Excimer lasers, which produce energy beams in the fine-line
ultraviolet spectrum, are likely to lead to a new round of
processing equipment, according to some predictions. The first
commercially available doping system based on excimer lasers
should be on the market by April. XMR Corp., Santa Clara,
Calif., has developed a UV-laser doping technique that uses
pulses of a xenon chloride gas laser. The excimer laser beam
can form controllable diffusion junctions in substrates 500 to
1,200 A deep.

UV energy from the pulsing excimer laser operates in a 1.3-
pm-wide wavelength of 308 nm. The energy is absorbed to a
shallow depth by semiconductor materials, forming a thin
molten layer. Wafers are positioned inside a chamber filled
with a dopant gas such as prolytic diborane. The UV-laser
pulse dissociates the B,Hg, causing boron to diffuse into the
molten silicon. This process and the subsequent recrystalliza-
tion occurs in about 200 ns. The preliminary price of the
ultrashallow doping system is $450,000.

GETTING A CLOSE SHAVE

“We are still looking for development partners [IC makers]
to help refine ultrashallow doping techniques,” says John
Scott, vice president of marketing at XMR, which last vear
started marketing LMMC, a UV excimer-laser system for mi-
cromachining silicon circuits. The mieromachining center,
which sells for $170,000 to $250,000, can remove as little as 1
pm accurately in the lateral dimension without damaging sub-
strates or surrounding materials. The excimer beam will also
remove thinner layers—down to 0.1 pm—from silicon, gallium
arsenide, silicon dioxide, and polymers.

In the past, excimer lasers had slow repetition rates—in the
1-Hz range—partly because of the time it takes for excimer
gas electrons to go from a rest state after pulsing to an
excited state for lasing. XMR handles this by rotating its
excimer gas in a cylinder, blowing away dissociated XeCl
particles and repositioning excited ones. The result is a repeti-
tion rate of 500 Hz.

Florod Corp., a laser-systems manufacturer in Los Ange-
les, has seen increases in applications using focused light
beams as micromachining tools for device analysis and re-
pair. Florod’s xenon-ion gas-pulsed laser is focused through
a microscope, enabling areas of 10 um? or less to be boiled
and vaporized with an cnergy density of 10 MW/em= during
flashes. One of Florod’s laser failure-analysis stations wus
used by Trilogy Ltd., Cupertino, Calif., as a prototyping
method of drilling interconnection vias through multiple lay-
ers of metal in its vain effort to develop highly complex
wafer-scale circuits.

“This would not be something you’d use for production, but
it could be used in a less repeatable environment to provide
working prototypes of engineering designs,” notes G. N. (Gill)
Ravieh, manager of Florod customer services, who will pre-
sent a4 paper on the work at the Society of Photo-Optical

70

Electronics/ January 6, 1986




-

Instrumentation Engineers conference in
Los Angeles this month., “To a great ex-

tent, lasers are still solutions looking for

' a problem,” he admits. “Lasers are not ENGINEERING ENGINEERING
vel processing workhorses, but they are A%grsll\/r#Y A%grsllvﬁ"l\!Y
supportive and analvtical devices. In the
l future, there is an open probability that
excimer lasers will become an actual inte-
| gral part of wafer manufacturing.”
| Other startup chip makers are pioneer- TEST- TEST-
ing the use of lasers to tailor chips after PROGRAM - PROGRAM —
conventional fabrication. LaserPath of I ML GENERATIBN
San Jose, Calif., working with Lasarray
| Corp. of Thundorf, Switzerland, plans to ‘ ]
| introduce in this quarter CMOS gate ar- |
| rays that can be prototyped in less than a ; TAPE GENERATION LASER MAP
day with solid-state lasers. The new post- GENERATION

fabrication laser etching technique uses

an yttrium-aluminunm-garnet infrarved la-

! |
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ser, which can blow out interconnections
. . ({THREE LAYERS) .
[ directly on arrays of 1,400 to 3.200 gates. I i&%’éﬁspi%mms
‘ i . M . M . o]
The die is already in the ceramic pack-
i mic |
| age [uncovered], and the material is va- | l
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porized by the laser and vacuumed away.

| We keep nitngen flowing across the wa- l FINAL TEST -
| fer and that is vacuumed up around the

laser beam,” says Michael Watts. presi- WAFER-FAB
| dent of LaserPath. “What you could say COMPLETION

is we are doing micromachining of materi-
al on the die. There are several hundred
thousand to a million laser flashes per

!
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die.” Once gate-array implementations
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are ready to enter volume production, La-

‘ CRITICAL-PATH
ACTIVITY

serPath hopes to transfer designs to sili-
con foundries for higher-throughput con-

WAFER SCRIBE

ventional interconnection by photolithog-
raphy masks.

1

DFF-LINE ACTIVITY

Dallas Semiconductor Corp. has devel-
oped o proprietary late-definition system

PACKAGING

that seribes code words into the silicon of

e LTl

'

already fabricated chips. The laser-pro-
gramming technique is being used first to

FINAL TEST -

SHORTER TRIP. LaserPath, a startup chip
maker, uses solid-state lasers to fabricate

define calibration constants in a new line
of silicon delay-line 1Cs [Electronics. Oct.

ICs and eliminate several steps from the
l conventional production cycle, shown at left.

14, 1985. p. 17).
The Texas company will also use lasers

SHIP PROTOTYPES

increased the use of lasers to program

in a fuse-blowing technique to select op-
tions on future telecommunications cir-
cuits. Setting telecom-chip parameters af-

8TO 12 WEEKS
CRITICAL-PATH ACTIVITY

redundant rows and columins of memory
cells, as well as to trim thick- and thin-
film resistors on analog devices.

ter fabrication has enabled Dallas Semi-

Laser annealing of implant damage, a

conductor to bring out products much
faster by reducing the time it takes IC
designers to detine products, says Mi-

OFF-LINE ACTIVITY

hot rescarch topic in the mid-1970s, has
cooled somewhat with the emergence of
rapid-thermal processing techniques us-

chael Bolan, marketing director. About
| 10% of the final design choices are made
by laser programming.

In Campbell, Calif., Inova Microelectronics Corp. has begun
using YAG lasers as part of an interconnection process for
waferscale-integration produets [Electronics, Dec. 2, 1985,
p. 57]. The link-cutting technique is also used earlier in the
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