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For application-specific, specify Sharp OPIC. 

Sharp's unique opto-electronics technology and IC tech-
nology have been integrated to create the OPIC photo-
coupler with its own built-in circuitry. 
Sharp developed this application-specific OPIC to better 
respond to rapidly diversifying needs. 
The applications are ample and diverse, including high-
speed digital transmission, programmable controllers, in-
verter air conditioners, switching power supplies, etc. 
This leading-edge technology gives you enhanced perform-
ance, reduced product cost and compact/light-weight 
design. 
Now you have an ally to help you to beat the competition. 

Amp Mar 

1.NC 2.VINI 3.V1N2 4.NC 
5.VAux 6.GND 7.VO 13.VCC 

Choose your photo coupler as 
wisely as you choose your club. 
•OPIC photocouplers/general purpose photocouplers 

Series Model Features Applications 

PC900 

aeries 

PC900 
Digital switching. 
Normal-off operation 

Computers. Programmable controllers. Measuring 
equipment. Numerical control machines 

PC901 
Digital switching, 
Normal-an operation 

Computers. Programmable controllers. Measuring 
equipment. Numerical control machines 

PC902 
AC input. 
Built-In integration circuit 

Programmable controllers. Telephones. Copiers 

PC904 
Built-in voltage deviation 
detection circuit 

Switching power supplies 

PC9I0 Ultra high speedUOMb/s1 Computers. Programmable controllers. Copiers 

PC920 
For inverter control. 
Single-in-line package 

Inverter air conditioners 

PC921 
For inverter control. 
Dual-in-line package 

Inverter air conditioners 

AN 

sedes 

611135 High speed IIMb/s) 
Computers. Telephones. Measuring equipment 
Numerical control machines 

61136 High speed IlMb/i0 
Computers. Telephones. Measuring equipment 
Numerical control machines 

611137 Ultra high speet1110111/0 Computers. Telephones 

61136 
Low input current. High 
sensitivity ICTR:300 % min.) 

Computers. Telephones 

61139 
High sensitivity 
ICTR:500 % min.) 

Computers. Telephones. Measuring equipment. 
Numerical control machines 

OPIC PHOTOCOUPLERS 
OPIC is a registered trademark of Sharp and stands for Optical IC 

SHARP 
SHARP CORPORATION, JAPAN 

SHARP CORPORATION Electronic Components Group. International Sales Dept. 

22-22, Nagaike-cho, Abeno-ku, Osaka 545, JAPAN 
Tel Cable:LABOMET OSAKA Telex:J63428 Attn:OSKPArLABOMET A-B/ 

U.S.A.:SHARP ELECTRONICS CORPORATION Electronic Components Division. 
Sharp Plaza, Mahwah, New Jersey 07430 7e1:201-529-8757 Telex:4269031SHARPAM PARA/ 

EUROPE:SHARP ELECTRONICS(EUROPE)GmbH Electronic Components Dept. 
Sonninstrade 3,2000 Hamburg 1, F.R. Germany Tel:1040/23775-0 Telex:2161867(HEEG DI 
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SURPRISE! 
You don't have to pay more to get more. 

More 
performance. 
Our new smart 
displays have built-
in RAM, ASCII 
decoder, and LED 
drive circuitry. 

They also feature 
a super-fast access 
time of 160 ns, full 
TTL compatibility, 
and a wide range of 
operating tempera-
tures. 

More reliability. 
Large built-in 

input protection 
diodes help eliminate 
the possibility of 
electrostatic damage. 
And a special package design 
ensures excellent temperature 
cycling performance. 

The HPDL-1414, HPDL-
2416, and HMDL-2416 are all 
wave-solderable. 

The HMDL-2416 is 
especially designed for high-
reliability applications and 
conforms to military specifica-
tion MIL-D-87157. 

More choices. 
With the addition of 

these three new products, 
Hewlett-Packard now offers 
you a complete line of 

CG08509 

alphanumeric displays. All at 
competitive prices. 

Choose one of these new 
smart displays or one of our 
other displays. Choose dot 
matrix or segmented displays. 
Choose your color. Choose 
character heights of 0.112 
inch to 0.27 inch. Or choose 
special features such as 
extended temperature ranges, 
sunlight viewability, or 
hermetic sealing. 

More for your money. 
Prove the value of our 

new displays for yourself. 
Return the coupon with your 
check for $20 and we'll send 
you the smart display of 
your choice along with a free 
demo box. 

HEWLETT 
PACKARD 

For more infor-
mation about our 
complete line and the 
name of your author-
ized distributor, call 
the Hewlett-Packard 
sales office listed in 
your white pages and 
ask for the Compo-
nents Department. 

/ 

I want more. Please send me the 
display checked below along with my 
free demo box. I've attached my business 
card and enclosed my check for $20 
made out to Lynda Welch, Hewlett-
Packard, 370 W. Trimble Road, San 
Jose, CA 95131. 

HPDL-1414 (0.112:' epoxy sealed) 
HPDL-2416 (0.16:' epoxy sealed) 

EJ HMDL-2416 (0.16:' hermetically 
sea:ed) 

Limit one per customer. Offer good in U.S. only. 

I. 4itrus, 
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SIEMENS 

The chip that modulates 
all signals from 30 through 860 MHz 

One for all 
With the spread of new electronic 
media you find a growing number 
of new household peripherals like 
terminals, video tape recorders, 
home computers, satellite N and 
so on. That can mean a lot more 
advantages and convenience, like 
recording programs on your VTR. 
But it can also produce a veritable 
jungle of cables, because each 
unit has its own lines. 

What's needed is a uniform 
interface. 

Which is exactly what you  get in  
the TDA 5660R TDA 5662, 
TDA 5665 modulator ICs from  
Siemens.  

• They modulate video and sound 
signals from video and AF levels 
into the UHF and VHF bands. 

• They cover TV bands worldwide 
from 30 through 860 MHz. 

e All N standards can be 
handled, no matter whether with 
AM or FM sound. 

• AM modulation factor and depth 
are easily adjusted. 

Circle 125 on reader service card 

• They easily process video 
signals with up to 6 dB tolerance 
and without any loss of 
information. 

• The adjustable residual-carrier 
suppression allows errorfree 
picture transmission. 

If you want to find out more, write 
Siemens AG, lnfoservice 12/Z015, 
Postfach 2348, D-8510 Fürth, 
West Germany quoting 
»Modulator ICs«. 

Integrated circuits for 
entertainment electronics 
from Siemens. 
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Astrong sense of 
curiosity honed by 

five years in market re-
search prompted Ayako 
Hayashihara to start a 
new career in journal-
ism: Ayako is editorial 
assistant to bureau man-
ager Charlie Cohen in 
Electronics' Tokyo of-
fice. Her new spot 
watching Japan's lively 
electronics industry ful-
fills her wish to stay 
abreast of the rapidly 
changing Japanese busi-
ness scene. 

Starting her third job 
only five years after graduating from 
college might set Ayako apart in a coun-
try where people don't switch employers 
frequently. However, she left her for-
mer positions only when her employers 
in both cases decided to de-emphasize 
market research. 
The initial two years of Ayako's first 

job—at the Tokyo office of Travenol 
Ltd., the Japanese pharmaceutical- and 
medical-equipment manufacturing sub-
sidiary of Baxter Travenol Laboratories 
Inc.—were not so far removed from 
journalism. She reported and wrote on 
various activities at the company's plant 
for the company newspaper. Later, as 
part of a hospital-management service 
project, she helped write a dBase II pro-
gram for the NEC Corp. 9801 personal 
computer. Ayako made her exit from 
that job when the firm decided that the 
market research arm of its business was 
not viable. 

HAYASHIMARA. She can handle 

dBase II as well as the viola. 

Her next job was at 
the Tokyo Consulting 
Group Inc., where she 
assisted Japanese and 
American executives in a 
management consulting 
business. Clients includ-
ed Japanese firms as 
well as overseas compa-
nies planning to market 
products or enter into 
agreements or joint ven-
tures with Japanese 
businesses. She did text 
searches in Japanese 
data banks and used Mi-
crosoft Corp.'s Multitool-
File to maintain a data 

base on an IBM Corp. 5550 multistation. 
Fortunately for Electronics, the compa-
ny switched its emphasis to mergers 
and acquisitions, and its need for the 
type of research Ayako had been doing 
decreased. She joined the magazine's 
staff last month. 

In her spare time Ayako practices the 
viola to be ready for Sunday rehearsals 
of the classical string orchestra of 
which she is a member. 

After growing up in Onomichi in Hiro-
shima Prefecture, Ayako enrolled at the 
prestigious Tokyo Woman's Christian 
University. There she studied English 
literature and earned licenses to teach 
English in junior high and high school. 
She has lived in Tokyo for the last 

nine years and now is in a position to 
observe at close range one of the most 
remarkable industrial flowerings in her 
nation's history—the evolution of the 
Japanese electronics industry. 
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Electronics 
NEWS INSIDE TECHNOLOGY 

Newsletters 

Electronics, 23 
• Lattice denies infringing on 
Monolithic Memories' PAL patents 
• Vendor group to help certify 
products for DOD network 

International, 50 
• Fujitsu adds 
minisupercomputer-class machine 
• Philips gains software muscle in 
the office market 

Semiconductors, 31 
TI builds a 1-K static RAM in 
GaAs-on-silicon 

Trade, 32 
System houses are outraged by 
the effects of the U. S.-Japan 
trade pact 

Personal computers, 32 
Is it a PC/XT or is it a PC AT? Only 
IBM knows for sure 

People, 33 
Why Bobby Inman is resigning as 
head of the mcc 

Automotive, 36 
Would you believe LED brake 
lights? 

Military, 38 
PtSi: A new contender for IR 
sensors 

Telecom, 38 
• Satellite system will cut marine 
telecommunications costs 
• Plessey chips will run 
wristwatch pager 
• How AT&T is doubling the speed 
of its digital microwave 
transmissions 

Packaging, 46 
Amp's new VLSI package 
squeezes in 320 leads 

COVER: GaAs LSI goes commercial, 57 
Now that handling and fabrication of complex GaAs chips have 
become less of a headache, GaAs LSI can be expected to climb out of 
niche military applications and into a widening circle of commercial 
uses. In some areas, it will even compete with silicon 

Bit-slice ICs kick off era of commercial GaAs LSI, 61 
Systems designers can soon begin designing with off-the-shelf GaAs 
LSI parts. Vitesse Electronics Corp. is launching a family of GaAs 
versions of Am2900 bit-slice parts. The parts are three to four times 
faster than their ECL counterparts 

What makes Compaq's new PC so important, 66 
Built around Intel's 16-MHz 80386 processor, the Compaq Deskpro 386 
will outperform existing personal computers by a wide margin 

Compaq declares its independence, 69 
Compaq hopes to use the Deskpro 386 to ride out of the long shadow 
of IBM. It also believes the machine will point the personal computer 
industry toward Intel's 80386 as a 32-bit standard 

First look at Motorola's latest 32-bit processor, 71 
The 68030 will integrate such features as a data cache and on-chip 
memory management. It will offer at least twice the performance of 
the 68020, with which it will be completely source-code compatible 

Ti's blazing-fast CMOS logic takes on Schottky bipolar, 78 
A new family of advanced cmos logic moves data at an average 
propagation delay of 3 ns. That puts the ACL parts on an even footing 
with advanced Schottky, and they still consume less power 

• OPINION: It's time for a new logic pinout, 82 
Noise problems generated by high-performance cmos logic dictate 
changes, says TI'S James F. Watson 

• OPINION: Don't change logic pinout standards, 83 
Nonstandard package pinouts for ACL are simply not necessary to 
overcome noise, says Fairchild's Kirk Pond 

SPECIAL REPORT: Parallel processing quickens its pace, 86 
Parallel processing is trying hard to move into the mainstream. Work 
is accelerating on two big obstacles: the lack of good benchmarks and 
a dearth of efficient software 

PROBING THE NEWS 

Whose operating system will run 80386-based PCs? 91 
The guessing game is in full fury, fueled by reports that Microsoft is 
late with its new version of MS-DOS, and that IBM is working on a 
proprietary operating system 
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NEW PRODUCTS 

Newsletter, 27 
• VLSI tester with 512 pins runs at 
200-MHz rate 
• Hitachi's U. S.-built CD-ROM 
drives sell for less than $1,000 
• Zycad fights back by offering 
under-$40,000 logic simulator 

Semiconductors, 97 
• Industry-standard analog-to-
digital converter now comes in a 
monolithic version and in bipolar-
enhanced CmOS 
• Fast low-power logic array can 
be programmed remotely without 
removal from the host system 
• Hybrid DAC combines 32-color 
lookup table and 4-bit composite 
video subsystem 

Production equipment, 102 
• Small-footprint vapor deposition 
system suits producers of ASICs 
• Computer controls plating 
process for printed-wiring boards 
• Metal-organic vapor deposition 
system sells for less than $100,000 
• X-ray imaging device magnifies 
images up to 27 times, helping to 
find defects in solder joints, 
ribbon, and cable 

Components & subsystems, 104 
• P-channel power MOS FETs 
feature low on-resistance 
• Active-matrix LCD has a 90° 
viewing cone 
• Dual relay drivers replace a 
handful of parts 

Design and test, 106 
• Hand-held tester probes data-
line performance 
• $495 buys CAD software for 
designing pc boards 
• Test generator traces outputs 
back to inputs 

DEPARTMENTS 

Publisher's letter, 3 
Our Tokyo administrative 
assistant is new to journalism, but 
she's no stranger to computers 

FYI, 8 
20-year-old words that still ring 
true: The FAA is as far from 
coping with the midair collision 
threat as it was on the day it was 
founded' 

Letters, 12 

People, 19 
• Dynascan's Jerry Kalov goes 
for singles, not just home runs 
• Why William Lattin left Intel 
for Logic Automation 

Electronics Week, 114 
• Motorola to make Fairchild's 
FACT logic family 
• Mitsubishi buys U. S. wafer 
maker Siltec Corp. 
• Sanyo will make optiml and 
compact disks in Indiana 

Meetings, 109 
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WEEK 
48 

It's about time someone met 
the needs of the stingy.And AMD 
did it With our new Am29C841 
High-Performance CMOS 10-Bit 
Latch.Another member of AMD's 
Bus Interface Family 
The Am29C841 gives you 

speed comparable to a bipolar 
latch—with a propagation delay 
of only lins. But it only uses 
80 microAmps at stand-by. 
That should warm any power-
pincher's heart 

Am29C841 

A latch for 
the stingy. 

In addition to saving power, 
the Arn29C841 is 10-bits wide. 
That extra data width is just what 
you need for wider address/data 
paths or buses carrying parity 

Use the Am29C841 Instead of 
a bipolar latch when you need 
only moderate drive capability 
The CMOS Am29C841 provides 
24mA drive. Its MOS/ITL com-
patible inputs and outputs mean 
you can use it with both bipolar 
and MOS systems. 

You don't necessarily have to 
be stingy to want a low-powered, 
high-performance latch like the 
Am29C841.You just have to be 
wise, far-sighted and exception-
ally bright 

WEEK 
49 

Nothing travels faster than a 
good rumor except the data in 
AMD's new Am9580A Hard Disk 
Controller.A single chip that can 
make data approach the Speed 
of Gossip. 

Am9580A 

Only rumors 
travel faster. 

To achieve this feat, we 
designed the Am9580A with on-
board sector buffers. These make 
data easier to find so it's easier 
to pull up when it's needed. We 
also designed in Direct Memory 
Access (DMA). DMA retrieves 
data and transfers it directly to 
the main memory And that takes 
a burden off the CPU. 

But what really makes us a 
challenger to the coffee room is 
our Zero Sector Interleave.A user 
can pull up random data as 
much as six times faster than 
other hard disk controllers. 
The Am9580A supports the 

ST 506 ANSI standard interface 
and the ESDI interface (which 
the coffee machine doesn't). 
And it's flexible. Handle any 
combination of up to four hard 
or floppy disk drives. 

Get in and out of storage faster 
than ever with the Am9580A 
Hard Disk Controller. And, in 
case you were wondering, we got 
all this information from a very 
reliable source: AMD. Pass it on. 

WEEK 
50 

You can't be everywhere at 
once. Then, how can you make 
sure your data goes where you 
want it? Easy With the first 16-Bit 
Bounds Checker, the Am29337, 
the newest member of AMD's 
powerful 29300 family It's 
designed to put data where it 
belongs: In memory 

Am29337 

Border patrol 
The Am29337 can compare 

addresses with stored upper and 
lower limits and tell your system 
if those limits are exceeded. And 
in which direction. It can com-
pare with signed and unsigned 
numbers, too. 
The Am29337 can compare 

available data intended for 
memory with available memory 
space and alert your system to 
potential overflows. (And never 
miss a bit) Use it with the family 
or as a stand-alone. Also, the 
Am29337 is cascadable in 16-bit 
increments. 
Do you know where all your 

data is? Get an Am29337 16-Bit 
Bounds Checker and keep it 
in line. 

Advanced Micro Devices • Bruxelles (02) 771 99 93 • Hannover area (05143) 50 55 • Hong Kong (0852) 3-695377 • London area (04862) 22121 
Manchester area (0925) 828008 • Milano (02) 3390541 • München (089) 4114-0 • Paris (01) 46.87.36.66 • Stockholm (08) 733 03 50 • Stuttgart (0711) 62 33 77 
Tokyo (03) 345-8241 • Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 Tlx: (510) 955-4261 amd. ftl 
e Advanced Micro Devices. Inc. 1986 



WEEK 
51 

AMD's extraordinarily power-
ful, high-performance Am29300 
Family welcomes its first CMOS 
member: The Am29C323 32-Bit 
Parallel Multiplier. It's easy to 
operate. And for such adult high-
performance, it's hard to believe 
it has such a child-sized interest 
in power. When ifs operating 
at 8MHz (125ns cycle time) it 
consumes less than one Watt. 

Am29C323 

Announcing 
a new addition: 
Multiplication 

The Am29C323 will produce 
a 64-bit multiply from two 32-bit 
inputs. It supports multiprecision 
multiply And dual input registers 
on both the X and Y buses 
increase the efficiency of the 
Am29C323. 

With an internal 3-bus, 32-bit 
architecture, a 67-bit accumu-
lator, shift register and temporary 
output register, it's guaranteed 
to give incredible performance 
and speed. 
The Am29C323 isn't tempera-

mental. It supports 2's-compli-
ment unsigned numbers and 
mixed numbers. 
We also built in data integrity 

The Am29C323 supports fault 
tolerant operation by running 
on master/slave mode. Parity is 
checked on input and the 
Am29C323 generates parity on 
output 

If you ment a spectacular 
blend of the low power of CMOS 
and the breathtaking perform-
ance of the Am29300 Family, it 
all adds up to the Am29C323 
32-Bit Parallel Multiplier. 

Advanced Micro Devices has broken the 
game wide open. 

After building a comfortable lead with a 
new product a week, every week—on the 
shelf, in volume—we called in the heavy 
hitters: 

ISDN. CMOS. 32-bit micro- steldec'oee 
processor chip set. _erealeoefowvoe 

elerteçoeeree,'e 
High-speed RAMs. 
Modems. 
No one who follows 

the game closely is the 
least bit surprised.This team puts more dollars 
into R&D, as a percent of sales, than anyone 
else in the business. 

If you like the sound of extra bases, call 
Advanced Micro Devices. 

Advanced Micro Devices CI 
For more information, contact the sales agent nearest you or write the word 

"Fifty-one" on your letterhead and mail to Advanced Micro Devices, Mail Operations, 
P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 



AVAILABLE! 
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Electronics 
Buyers' Guide 

Order your copy today for 

the industry's most often-

used directory: 

• It's three directories in one 
• Includes more than 4,000 
product listings. (approx. 700 
pages) 

• Contains over 5 000 company 
listings (approx. 400 pages) 
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• Company name, address 
and phone number. 
• Name and title of contact 

for sales information. 
• Number of engineers at 
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• Annual dollar sales volume. 
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manufacturers 
representatives. 

• Local distributors. 
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company's advertisements. 

• Offers FREE current catalog 
retrieval service (approx. 1300 
catalogs) 

Price: S40 us A & Canada 
S50 elsewhere 
(add $30 for airmail) 

Send order with payment to: 

Regina Hera 

Electronics Buyers' Guide 
1221 Avenue of the Americas 1:IA1 

New York, NY 10020 
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20-year-old words that still ring true: 
'The FAA is as far from coping 
with the midair collision threat 
as it was on the day it was founded' 

The Aug. 31 midair collision over 
Cerritos, Calif. between an Aero-

mexico DC-9 jetliner and a Piper Ar-
cher triggered a sad sense of deja vu 
in us. The tragic crash once again re-
minded us that, after decades of ef-
fort, the U. S. still hasn't solved its air 
traffic control problems. Despite a 
long technology parade of potential 
solutions, the Federal Aviation Admin-
istration has not seen fit to install col-
lision avoidance systems or ground-
based gear that conflicted with its 
ideas. The agency decided long ago 

what such a system should look like, and it has never seri-
ously considered other solutions, no matter how promising. 
The FAA'S not-invented-here attitude goes back decades. 

Indeed, for us it goes back as far as 1963 or 1964 when, not 
10 miles from the Cerritos crash site, Hughes Aircraft Co. 
gave us a demonstration of a prototype three-dimensional 
CRT that it had developed with its own money. Instead of 
showing the crowded Los Angeles skies as many merging 
blips on a conventional, hard-to-read 2-D scope, Hughes' 3-D 
display showed the aircraft as easy-to-spot targets that 
looked as if they were flying over one another and separat-
ed by as much as 12 inches of depth. It took a special pair 
of glasses to help create this illusion, but such a display 
most likely would have helped a busy controller sort out 
aircraft in Los Angeles on Aug. 31, 1986. The FAA, how-
ever, never showed any interest in the Hughes prototype. 
Over the years, this magazine has covered a wide variety 

of such technologies aimed at solving the ATC problems. In 
fact, as far back as July 24, 1967, we concluded: "The FAA 
has little to show for 16 years of effort in the field of air 
traffic control. Moreover, its record for availing itself of 
practical technology isn't inspiring." 
And we stated in an editorial: "Of all the thousands of 

Government agencies, it would seem almost impossible to 
rate one as the worst. Yet technical men who have studied 
the air traffic control problems are willing to give that 
malodorous distinction to the FAA. The agency has turned 
out to be weak, ineffectual, unimaginative, and apathetic. 
The threat of midair collision hanging over the U. S. when 
the FAA was formed is still with us—only worse than ever. 
And the FAA is as far from coping with this threat as it 
was on the day it was founded." Those words ring just as 
true today. ROBERT W. HENKEL 
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INFINITELY FASTER 
WAVEFORM RECORDING 

• 

13 GIGASAMPLESISEC! --Apo 
INTRODUCING THE WORLD'S 
FASTEST SOLID-STATE WAVEFORM 
DIGITIZER THE AWARD-WINNING 
LeCROY 6880 1.3 GIGASAMPLES/SEC! 
8-BIT RESOLUTION 250 MHz BANDWIDTH 
TRUE, SOLID-STATE A/D CONVERSION 

SEE MORE LeCroy's new 6880 is the first, and the only, all-solid-
state digitizer that accurately captures complex, single-shot phenomena 
within a 250 MHz bandwidth at a stunning 1.35 gigasamples/sec! What's 
more, the 6880 achieves this spectacular speed with true precision solid-
state A/D conversion, yielding a resolution of 8 bits with exceptional 
dynamic performance. 

STORE MORE Your signals are digitized to a deep 10,000 sample point 
memory providing a long recording window on fast signals and events. Up 
to 100% pretrigger and 1.5 msec post-trigger delay assures a flexible 
time window for capturing, viewing, and comparing complex waveforms or 
random transients. 

DISPLAY AND ANALYZE MORE Display and analyze captured waveforms 
on a video monitor or with LeCroy's WAVEFORM-CATALYST Digital Storage 
Oscilloscope Software and an IBM-PC. And of course the Model 6880 is 
fully programmable over GPIB (IEEE-488) and RS-232-C providing 
friendly remote control and high speed data transfer. 

OTHERS 

CAPTURE YOUR HIGH SPEED WAVEFORMS BETTER, FASTER, AND FOR LESS 

For more information simply circle the reader service card or call (914) 578-6038 

LeCroy 700 SOUTH MAIN STREET, SPRING VALLEY, NY 10977 TWX: 710-577-2832 
Circle 9 for Information Circle 110 or Dumonslrati.n 



NEC NEWSCOPE 

NEW 32-BIT CMOS MICROPROCESSORS. 

T
he two new members of NEC's 
CMOS microprocessor 
V-Series bring unprecedented 

density and performance in the 32-bit 
realm. The V60 and V70 supermicros 
are the first to integrate a Memory 
Management Unit and basic floating-
point processing functions on 
a single chip. 

The V60 has a 16-bit external data 
bus for an easy, affordable path into 

32-bit products while the V70 is a full 
32-bit engine designed to power 
leading-edge systems. 
The super-fast V60 and V70 offer 

a clock speed of 16MHz, and execute 
3.5 MIPS and 6 MIPS respectively. 
A six-stage pipelined CPU enables 
concurrent execution of up to 4 in-
structions. With 32 on-board 32-bit 
general-purpose registers, there 
is no need to access slow off-chip 

memory. 
The V60/V70 feature an on-chip 

memory management unit with 4 
gigabytes of demand-paged virtual 
memory space, and 4 levels of mem-
ory protection for multi-tasking and 
multi-user environments. 

The V60/V70 instruction set is 
ideal for high-level languages and 
OS support (UNIXTM V and propri-
etary realtime OS). There are 21 
addressing modes, 273 instructions, 
and an emulation mode for 16-bit 
V20/V30 software. 

UNIX: trademark of AT&T Bell Laboratories. 
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COMING SOON: NEW INTELLIGENT 

1.3/1.55g DFB BUILDING COMPLEX 

LASER DIODES. AT VANCOUVER. 

D
ispersion has always been 
a major obstacle in long-
distance, high-speed light-

wave communications. With conven-
tional laser diodes emitting multiple 
spectrums, pulses deteriorate by 
dispersion after long travel through 
the fiber. This in turn limits repeater 
span to 20-30km and capacity to 
400-560Mbps for the prevalent 
1.3ii fiber optic systems. 
NEC has overcome this obstacle 

with newly-developed distributed 
feedback (DFB) laser diodes for 1.4 
and 1.55µ. fiber optic transmission 
systems. They feature a stable single 
longitudinal mode operation, high 
efficiency and high output power. 
The new DFB laser diodes are ex-
pected to expand repeater span to 
80-100km for 1.3g system or100-200km 
for 1.55µ system. 

NEC's new DFB laser diodes in-
herit the renowned double channel 
planar-buried heterostructure (DC-
PBH) and have a diffraction grating 
in the optical guide region to pro-
duce a single wavelength. Output 
powers are rated 8mw for the 1.3p 
NDL5600 and 5mw for the 1.55A 
NDL5650. They come in the TO-5 
package with an integral monitor 
photo diode or chip-on-carrier 
configurations. 

As matching light-receiving de-
vices, NEC has planar type InGaAs 
avalanche photo diodes. They have 
a selective guard ring construction 
to achieve high sensitivity and ex-
cellent reliability. 

The intelligent building is an 
idea whose time has come. As 
the perfect nestling for office 

workers in the Information Age, it 
centers on an advanced information 
management system which provides 
simultaneous voice, data and image 
services to tenants 
at less cost while it 
controls the entire 
building environ-
ment efficiently. 

The World 
Trade Centre/ 
Pan-Pacific 
Vancouver Hotel 
recently opened 
is just such an installation. NEC's 
NEAX 2400 Informaticin Manage-
ment System (IMS) allows tenants to 
utilize enhanced telephone/fac-
simile services including least-cost 
routing, message center and voice 
mail services, and computer termi-
nal connection via a multifunction 

digital telephone set. The NEAX 2400 
IMS also offers sophisticated services 
to hotel guests. 

NEC's Intelligent Building Systems, 
based on our unique C&C (integrated 
computer and communications) tech-
nology, are the most advanced and 
comprehensive available today. As 
the core of this system, the modular 
NEAX 2400 IMS can expand to 255 
tenant partitions. It supports more 
than a hundred advanced features in-
cluding a protocol converter to allow 
communication with most popular 

host computers. 
NEC also supplies 
comprehensive com-
ponent equipment 
including multifunc-
tion digital telephones, 
information display 
pagers, high-speed 
facsimiles, business 
and personal com-

puters, teleconferencing and CATV 
equipment and local distribution 
microwave links. 

NEC's comprehensive systems 
breathe new life into the smart 
building concept, bringing costly 
services like teleconferencing 
within the reach of every business. 

NEW HIGH-CAPACITY  64QAM DMR SERIES. 

NEC's newest 800 Series high-
capacity digital microwave 
radio (DMR) systems transmit 

two or three DS3 signals per RF car-
rier, utilizing 64-state quadrature 
amplitude modulation (64QAM) for 
effective use of radio spectrum. 

Three systems meeting FCC stan-
dards are available: a 4GHz 90M-bit 
system providing 1,344 voice chan-
nels, and 6GHz and 11GHz 135M-bit 

systems for 2,016 voice channels. 
The new systems incorporate the 

latest LSIs, hybrid and microwave ICs 
throughout to achieve compact de-
sign, lower power consumption and 
improved system reliability. Housed 
in a standard 19-inch rack, they require 
minimal cabling work for installation. 
The advanced 800 Series is fully 

compatible with Bell's facility main-
tenance and administration system. 

NEC 



MASS PRODUCTION/51/41130mm) WORM DISK 
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Any Quantity, Any Time 
"Chemitronics" combines advanced chemical and electronic technology. 
Our unique chemitronic technology produces optical recording disks 
with high reliability and low cost volume production, and is used at 
our ultramodern Harima plant to manufacture the optical recording 
disk (WORM). 

These laser-road large-capacity storage disks have many information 
storage applications ranging from external memory for computers to 
office automation to video recording and herald a new stage in the 
information revolution. 

DAICEL CI-EMICAL INDUSTRIES, LTD. 

Tokyo Head Office: 8-1. Kasumigaseki 3-chome. Chiyoda-ku, Tokyo 100, Japan 
Phone: [031507-3112 ¡Optical Disk Division) Telex: 222-4632 DAICEL J 

Facsimile: [03] 593-2708 

Daicel [U.S.A.] Inc.: 611 West 6th Street. Suite 2152 Los Angeles, CA 90017, U.S.A. 
Phone: [213] 629-3656/3657 

Daicel [Europe] GmbH: konigsallee 92a, 4000 Dusseldorf 1. F.R. Ger many 
Phone: [02111 134158 

Circle 12 on reader service card 

SMART WOMEN KNOW 
HOW TO MAKE MONEY. 

It's easy, with U.S. Savings Bonds. Today's 
Bonds earn competitive, market-based interest 
rates—like money market accounts. Plus, there's 

a guaranteed minimum return and big tax 
advantages. For more information, 
call 1-800-US-BONDS. 

11,£ SAVINGS BONDS•. 

Bonds held less thon five years earn a lower rate than the guaranteed minimum. A public service of this publication. 

12 

LETTERS 

'Quantum leap' falls short 
To the editor: The "new breed of photo-
voltaic cell" described in the article "A 
better way to build efficient solar cells" 
[Electronics, Aug. 7, 1986, p. 38] repre-
sents neither a "quantum leap in con-
version efficiency" nor a savings in cost. 
While the Erlangen inversion layer cell 
is an interesting laboratory device, it 
has no clear advantage over existing 
technology already in large-scale use. 
Indeed, inversion layer devices have a 
reputation for poor stability under envi-
ronmental stress, and are notoriously 
difficult to reproduce with reasonable 
yields on large-area substrates. 
At Solarex, our "conventional" tech-

nology uses inexpensive continuous pro-
cesses, which eliminate batch metalliza-
tion evaporations and expensive chemi-
cal vapor deposition operations. 

Stephen P. Shea 
Manager, Cell Technology 

Solarex Corp. 
Rockville, Md. 

Ask if ye will learn 
To the editor: You surely touched on 
some key points in your cover story, 
"What's holding back expert systems," 
[Electronics, Aug. 7, 1986, p. 59], but I 
think you missed one: The vendors don't 
appear to be exerting enough effort to 
find out what customers need. 

I've been approached often by ven-
dors who are very cognizant of the 
strengths of their own products and the 
weaknesses of the competition's but 
who never once ask me what I could 
use. You might consider a survey of 
artificial intelligence developers in busi-
ness and industry, and ask us what we 
need in AI hardware, development soft-
ware, communications, etc. Maybe if 
Electronics says it, the manufacturers 
will listen. 

Hannah Blank, Vice President 
Advanced Product Research Division 

The Chase Manhattan Bank, N.A. 
New York 

Standby, not maximum 
Correction: The standby current rating 
of Altera Corp.'s EP320 was incorrect-
ly reported in "Erasable PLD draws 
only 10 mA" [Electronics, Aug. 21, 
1986, p. 84]. The correct standby figure 
is 10 1.4A; the maximum current rat-
ing, 10 mA. 

Smaller than you think 
Correction: The drawn gate length of 
Performance Semiconductor Corp.'s 
static RAMs was misstated in the 
chart "Who's doing what in fast static 
RAMs" [Electronics, Aug. 7, 1986, 
p. 122]. Performance Semiconductor 
uses a 0.8-Fin technology. 

Electronics/September 18, 1986 



Long hours. 
Late nights. 

Lost weekends. 

Nobody said 
choosing an AMC company 

was going to be easy. 





Xerox spent ayear 
examining the same 
ASIC companies you're 

looking at now. 

Only one made it 
to the top. 

Long hours. Late nights. Lost week-
ends. Nobody said it was going to be easy 

But choosing the right ASIC manu-
facturer is critical to your product's 
success — and perhaps your company's. 

So when Xerox anticipated their 
long-term needs for CMOS gate arrays 
and standard cells, they constructed 
a comprehensive list of criteria and 
launched a world-wide search. 

That search took more than a year 
and involved over 30 companies. In the 
end, only one had the right combination 
of sophisticated design tools, extensive 
cell libraries, dedicated engineering 

and support staffs, well-established 
manufacturing strength, the flexibility to 
meet customer needs, and a demon-
strated long-term commitment to ASIC 
technology 

Because Xerox knew they needed 
more than just an ASIC supplier... they 
needed an ASIC technology alliance. 

That's why Xerox chose National 
Semiconductor. 
eon want to learn what Xerox 

learned about National, just write: 

National Semiconductor Corp. 
MS/23-200 
P.O. Box 58090 
2900 Semiconductor Drive 
Santa Clara, CA 95052-8090 

p,b-.-2n National 
KA Semiconductor 
Circle 15 on reader service card 



Precl sely 
what you 

need. 
comprehensive range of IC Sockets, 
manufactured to the highest 
standard at a competitive price. 

Precicontact, a pioneer of the two-
piece screw machined socket terminal, 
are one of a few companies offering fully 
gold plated contact clips. 

Our range of versatile, competitively 
priced sockets covers turned-pin and 
stamped contact versions with solder or 
wire-wrap tails for all applications; 
patented snap-a-part and carrier sockets; 
socket adaptors and custom models. 

Seventeen years of high precision 
manufacture has resulted in MIL spec 
approval and regular use by the world's 
top aerospace, telecom and computer 
producers. 

USO 
• open insulator, 6 to 64 ways 
• stackable end-to-end/side-to-
side • machined outer sleeve with 
precision inner contact, plated all 
over • contact features closed end 
construction 

SO S(11 , , 

• closed insulator, 6 to 40 ways 
• stackable end-to-end/side-to-
side • machined outer sleeve with 
precision inner contact, plated all 
over • contact features closed end 
construction 

DSO Sertes 
• DIL socket, breakable into any 
required length • reduced 
inventory space • contacts remain 
perpendicular to the board when 
bridges are taken away after 
soldering • can be used as a SIL 
socket 

SSO Ser res 

• SIL socket, breakable into any 
required length • ease the 
preparation of prototypes 
• precision contact 

CSO Ser res 

• brass carrier, 60 to 40 ways 
• direct visibility for soldering 
inspection and repair • allows 
maximum air circulation under IC's 

SOM Series 

• MIL 3/83734C approved 
• stackable end-to-end/side-to-
side • machined outer sleeve with 
precision inner contact, plated all 
over • contact features closed end 
construction 

UFI Series 
• open insulator, 6 to 40 ways 
• meets most severe 
environmental operating 
conditions • operating 
temperature —65 C to +250' C 
• machined outer sleeve with 
special Beryllium alloy 4 leaf 
contact, plated all over • contact 
features closed end construction 

LED Series 
• LED sockets, 6 to 40 ways 
• stackable end-to-end 
• machined outer sleeve with 4 
leaf inner coni.act, plated all over 

LSO Series 

• 6 to 40 ways • contact material 
phosphorous bronze pre tinned 
• stamped and fomied dual 
beamed contact • available also 
with BeCu contact material 
• stackable end-to-end/side-to-
side 

USA/USB Series 
• adaptor with precision contacts 
• open insulator, 6 to 64 ways 
• stackable end-to-end/side-to-
side • contact features closed end 
construction 

USC Series 

• adaptor with precision contact 
• open insulator, 60 to 64 ways 
• stackable end-to-end/side-to-
side • contact features closed end 
construction 

USD Seis 
• adaptor with precision contacts 
• open insulator, 6 to 64 ways 
• stackable end-to-end/side-to-
side • contact features closed end 
construction 

UX Set res 

• large variety of configurations 
• solder or wire wrap tail contact 
• machined outer sleeve with 
precision inner contact, plated all 
over • contact features closed end 
construction 

So when you require sockets of 
quality at a price that's competitive we 
have preci-sely what you need. 

For full information and price list, 
contact Precicontact. 

PRECIMONT S.A., Case Postale 24, Precicontact Ltd., Rembrandt House, Precicontact GmbH., Hohenbnumer 
1870 Monthey, Switzerland Whippendell Road, Watford, Hens. Weg 3, 8028 Taufkirchen bel München, 
Tél: (025) 70 81 51 Télex: 456257 WD1 7PQ Tel: (0923) 26271 Telex: 922435 Tel. 089/6126597. Telex 528 301. recicontact 
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Double your 
logic analysis 

capability! 

The new PM 3570 Logic Analyzer featuring 
the dual-screen mode allows you to perform 
time-correlated state and timing analysis with 
no less than 115 channels simultaneously. Built-
in performance analysis permits system opti-
mization. Other special features include: 
• 83 state and 32 transitional timing channels for 
simultaneous, time-correlated acquisition at 
speeds up to 400MHz! Or you can combine 
them for an unprecedented 115 channels of 
state acquisition. 
• Microprocessor support for 8, 16 and 32 bit 
analysis plus a wide range of adaptors includ-
ing:40-, 48- and 64-pin dual-in-line (DIL) as well 
as 68- and 114-pin grid array and 68-pin lead-
less chip carrier (LCC) versions. 
• Softkey operational simplicity for step-by-
step entry, and non-volatile memory for storage 
of instrument set-ups and measurement data. 
• Product credibility in technology, technique, 
quality and service because the PM 3570 is 
backed by the vast corporate resources of one 
of the world's largest electronics companies. 

LINE * -3 in no DUD 7a6 
-1 in no ‘i 0C110 BABC 

'IT'D; 00 40008 COS4 
i 1100 00 '3000A 0000 

SPEED'. 1111 1111 
DAIw. aii Ilio 

Test the difference 
A simpler configuration, the PM 3565, handles 
up to 75 channels including 59 state and 16 tran-
sitional timing channels with speeds up to 
300 MHz. 

Test & 
Measurement PHILIPS 

Test the difference and you'll also 
agree that Philips wins on price and 

performance! 

Write to: Philips I&E, T&M Department. 
Building HKF/55. 5600 MD Eindhoven. 
The Netherlands: 040-782543 
Germany: (0561) 5014 66 
Great Britain:0223-3588 66 
France: 01-8301111 
Belgium :02-525111 
Switzerland: 01-4882211 

Circle 120 on reader service card 



Get a he 

Single Chip 
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If real-time control applications are your 
business, there's now an easy way to get 
ahead: NEC's new high-performance 8-
bit CMOS single-chip microcomputer 
with 16-bit speed and power. 
The µPD78 312 has all the features 

to turn your 
designs into 
uncompromis-
ing solutions-
on time and 
within budget. 

  A single-chip device with a cycle time of 0.5 µ,s, 
it bridges the gap between NEC's 8-bit µCOM-

87 products and the V25 microcomputer. Memory capacity on-chip is 
8 Kbyte ROM and 256 byte RAM, with 64 Kbyte of external memory 
possible. 
The µPD78 312 features a true 16-bit CPU and bus architecture, plus 
dedicated hardware blocks for streamlining real-time control applications. 
Enhanced interrupt capabilities include interrupt service handling, 
context switching, and a macro service facility. Specially designed for 

V-SERIES 
SINGLE-
CHIP 

4K 16K 64 K 256K IM 
MEMORY ADDRESS SPACE (BYTE) 
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ad start 
Real Time 
omputer  

control applications, the instruction set is 
ideal for high-speed arithmetic and logic  
operations.  
The 
i.tPD78 312 
is easily in-
tegrated into 
office and 
industrial automation systems, as well as 
automotive systems. Packaging options  
ensure flexibility  in device mounting, 
while CMOS technology keeps power 

consumption to a minimum. In short, if you're after state of the art sili-
con, backed up by one of the world's leading electronics innovators, 
NEC's 1113D78 312 may well be exactly what you are looking for. 

West Germany: Düsseldorf 0211/65 03 01, Telex 8 58 996-0 
The Netherlands: Eindhoven 0 40/44 58 45, Telex 51 923 
France: Paris 01/39 46 9617, Télex 699 499 
Italy; Milano 02/67 09 108, Telex 315 355 
Sweden: -fey 08/73 28 200, Telex 13 839 
UK: Motherwell 06 98/73 22 21, Telex 777 565 WEC 
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For The Best In Power Transistors 
Call The European World Power 

Now the European world power is becoming even more powerful. 
An extensive 4 year investment program in power transistor production, 

backed by an expanded pan-European commercial network, 
has won SGS a major slice of the European power transistor market. 
And an aggressive product expansion program now aims to put the 

European power at the very forefront of the world's markets. 

4 E Electronics/September 18, 1986 



POWERFUL PRODUCT RANGE 
Breaking the "1000 type" barrier in 1984, the SGS Power 
Transistor range is growing at more than 3 new types 
a week to cover all aspects of power technology. 

DMOS transistors for ultrafast switching applications, 
proprietary FASTS WITCH bipolar devices for 50W to 
500W off-line switching power supplies and the SGS 
TRANSPACK 35kVA power modules are just some of the 
powerful solutions developed and made for you in Europe - 
and there's more. 

SGS, with its ISOVVATT218 isolated package, aims to be the 
first western manufacturer to offer "user friendly" 
replacements of the TO-218/SOT-93 or TO-3P medium 
power devices. And a new range of fast epitaxial diodes up 
to 1200V breakdown and 50A rms. complement the faster 
switching power transistors now being designed-in. 

COST EFFECTIVE 
Price, Performance, Quality and Service are the four main 
elements of truly cost effective power transistors. SGS is the 
European supplier with the most significant presence on 
worldwide markets to give the levels of production volume 
that translate into lower costs, and we've enhanced this 
with investments in advanced 5" diffusion facilities for 
power transistors. SGS' advanced silicon and packaging 
technologies guarantee you the best in power transistor 
performance, while with 100% in house epitaxial growth, 

100% in-house epitaxial growth gives SGS complete quality and process control from the 
very start of production. 

Over 1000 devices with a ',vide range of packages offers the optimum trade-off between 
economy and performance for all your applications. 

the key to all modern power transistors, SGS has complete 
quality and process control from the very start of 
production. 

And Service? 

RIGHT HERE IN EUROPE 
SGS is right here in Europe with full production and a 
pan-European marketing organisation. What's more, SGS 
has a dedicated team of more than 100 engineers and 
technicians working on R&D in the power transistor field. 
This expertise too is right here in Europe working on your 
future needs in power technology. A concrete example of 
the teams' success is the reachable cost and ready 
availability of the FASTS WITCH series of 1000V ultrafast 
switching transistors. Compare these to the 500V power 
MOS offered by our American competition and you'll see 
why the European power means technology and service. 

The European World Power. 

Technology 
® and Service 

CORPORATE HEADQUARTERS • SCS Microelettronica SpA, Via C. Olivetti 2 - 20041 Agrate Brianza • Italy. Tel: 039-65551 Telex: 330131-330141 SGSAGR 
SGS Is present in: Benelux, Eindhoven (NL). Tel: 040-433566. Telex: 51186 SGSEI NL • Brazil, São Paulo, Tel: 011-853-5062. Telex: 37988 UM BR BR • Denmark, Herlev, Tel 02-948533. 3541: • France, 
Montrouge. Tel:01-474608GO. Telex: 250938 F • Hong Kong, Hunghorn, Kowloon. Tel: 03-644251 6. Telex: 33906 ESGIEHK• Italy and South Europe, .kssa go (MI). Tel. 02-821413 . Telex: 3301:31-33041 SGSI.:GR • 
Japan, Tokyo. Tel. 3-3788161 • Korea, Mapo (Seoul). Tel: 712-707103, Telex: K 26493. Singapore, Singapore. Tel: 482-1411. Telex: RS 55201 ESGI ES • Spain, Madrid, Tel: 0 I-7337043. Telex: 41414. Sweden, Mama. 
Tel: 0760-40120. Telex: 054-10932. Switzerland, Grand-Saconnex (Geneve), Tel: 022-98646a 3, Telex 28895 • Taiwan-Republic of China, Taipei, Tel: 2-772 8203. Telex: 10310 ESGIETWN • United Kingdom, 
Aylesbury, Tel: 0296-5977. Telex: 051-83245. USA, Phoenix. Tel: (602)867-6100. Telex: 249976 SGSPH UR • West Gemtany, G7afing bei München. Tel: 08092-690. Telex: 05 27378. 
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DOES 
WINDOWS. 

Intel's 82786 graphics coprocArsor suppets its family of 16- and 32-bit central processing units. 

Two completely different kinds of 

end customers seem to be fueling the 

embryonic graphics chip market: the per-

sonal computer user in business, and the 

designer on a work station. Intel Corp., 

long reported to be developing a graphics-

oriented microprocessor, is finally 

announcing its 82786 graphics coprocessor 

for both applications. 

Demand for multiple-windowing 

capability is on the rise, especially for 

multitasking chores in the office environ-

ment The 82786 implements this capabil-

ity in hardware. Each application can have 

its text and graphics drawn into separate 

regions of memory, which are then com-

bined within windows of the same display. 

Large amounts of overhead associated with 

graphics tasks can be offloaded from the 

main system CPU by storing more text and 

graphics information in memory than is 

shown in the display... 77 
Excerptedfrom an exclusive article 
in the May 19, 1986 issue. 

Electronics 
THE LEADER IN NEW 
TECHNOLOGY COVERAGE 



ABOUT THE STRENGTH OF TOSHIBA GTR MODULES. 

Any biology book has a 
lot to say about the stupen-
dous strength of Ursus arctos 
horribilis, otherwise known as 
the grizzly bear. Even the 
nimble salmon falls victim to his 
lightning swift paw. Strength 
as well as speed are two char-
acteristics he shares with the 
GTR modules from Toshiba. 
Power specifications of up to 
400 ampere and 1,200 volt. 
Switching speeds of up to 
5 kHz (20 kHz for MOSFET and 
IGBT modules). What's more, 
these modules are remarkably 
short-circuit proof and avai-
lable in an wide variety of 
packages. And, let's not forget 
the fully insulated, compact 
design which permits users 
simple circuit constructions. 

In other areas, too, 
Toshiba semiconductor tech-
nology is setting standards: 
from memories via LED lamps, 
optical couplers, CPU's, custom 
IC's, transistors, bipolar IC's to 
CMOS logic. Tell us about 
your problems and needs. You 
won't have to wait long for an 
answer. 

LI Please send me detailed infor-
mation on Toshiba GTR modules 

Ell and on  

LI I wish to arrange a visit from one 
of your engineers, without any 
obligation on my part. 

Name:  

Company•  

Telephone•   

Industry.  

Address:   

In Touch with Tomorrow 

040 Neuss 1, West Germany. Tel. (02101) 157 (0) 

Circle 123 on reader service card 



SIEMENS 

Contacts you can rely on: 
SBM 383 connectors 

Insulation displacement 
contacts 
for flat cables 

Shroud tin-plated 
ensures correct mounting 

Insulation displacement 
contacts   
for round cables or 
discrete wires 

Spring clips on pin connectors 
ensure ground contact 
between the pin-contact and receptacle connectors 

Electronic development engineers expect high 
quality at low cost from modern connector systems. 
For this reason high demands are made of the 
various individual components. 

With SBM 383 subminiature connectors Siemens 
offers a wide range of economically priced products. 

• A variety  of applications 
Applications for SBM 383 connectors are found in 
telecommunications, text and data processing, 
as well as in test engineering and instrumentation 
and control. They are employed as rack and panel 
connectors, cable connectors and equipment 
connectors. 

• A variety  of termination styles 
The connectors are available with terminals for 
soldering, wave-soldering (straight and angled), 
insulation displacement and crimping. 

SBM 383 connectors are compatible with all 
commercially available SBM connection systems 
and comply with the latest IEC draft standard 48B 
(Germany) 99 at requirement levels 2 and 3. With 
polyester as the insulation material, good tempera-
ture stability is achieved. 

Should you wish further information, please write to 
Siemens AG, lnfoservice 143/085, Postfach 2348, 
D-8510 Fürth. 

Electromechanical components from Siemens A
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KALOV GOES FOR SINGLES, 
NOT JUST HOME RUNS 
CHICAGO 

As a kid growing up in government-subsidized housing in Chicago dur-
ing the 1940s, Jerry Kalov used to play 
baseball in the tough inner-city leagues. 
One thing he learned was that to win 
consistently, you can't always swing for 
the fences. 
And when Kalov, now 50, took over 

as president of Chicago-based Dynascan 
Corp. in April 1985, one of the first 
things he did was to apply that bit of 
wisdom to the consumer electronics 
business. By doing so, he's gotten im-
pressive results for Dynascan, marketer 
of the well-known Cobra brand of im-
ported products that include citizen's 
band radios, cordless and corded tele-
phones, phone-answering machines, and 
radar detectors. 
Dynascan has seen a dramatic turn-

around since Kalov transformed it from 
a company that focused on home runs 
to one he says will concentrate on sin-
gles. That means Dynascan will broaden 
its business by aiming for multiple niche 
markets that can contribute $5 million 
to $10 million each in annual profits. 
"You can capitalize on the occasional 
home run when it comes," Kalov says. 
"But the trick is that you don't let it 
dominate the company." 
The numbers in Kalov's 16 months as 

president tell the story. Gross' profit 
margins have climbed from 16.2% in the 
first quarter last year to 27.3% in the 
three months ended June 30, 1986. Dyn-
ascan turned in $1.8 million in profits on 
sales of $63.6 million during the first six 
months this year, and   
has made money in ev-
ery full quarter since 
Kalov arrived a year and 
a half ago. That's not 
bad for a company that 
in late 1984 was in the 
worst slump of its 31-year history, when 
sales dipped by 28%, to $125.2 million 
for the year, and the firm recorded its 
first loss ever, dropping $16 million. 
Last month, Dynascan's board of direc-
tors elected Kalov to the additional post 
of chief executive officer on the same 
day the firm reported its sixth straight 
improved quarter. 

Kalov's style contrasts starkly with 
the company's previous strategy. Dyn-
ascan got into trouble because it relied 
too heavily on 1983's hot market in cord-
less phones, only to see the bottom drop 
out in 1984. When that happened, on the 
heels of a similar but less devastating 
drop in CB radio sales, Dynascan's co-

KALOV. Profits have climbed in the 16 

months since he took over as president. 

founder, board chairman, and then-CEO, 
Carl Korn, recruited Kalov to help stop 
the up-and-down trend. 

In Kalov, Korn got exactly the kind 
of executive he was looking for. A 28-
year veteran of the consumer electron-
ics industry, the high-school-educated 
Kalov has seen the business from a 
number of perspectives. Since his first 
job as a sales representive for a small 
Chicago electronics manufacturer, Ka-
lov has done everything from running 
his own retal chain to managing the 
day-to-day operations of electronics con-
cerns larger than Dynascan. He formed 
his own Los Angeles-based venture-capi-

tal and consulting firm 

His niche strategy 
is turning 

Dynascan around 

in 1983. Before that, he 
served as president and 
CEO of loudspeaker 
manufacturer JBL Inc., 
and as senior officer of 
International Jensen Inc. 

At the latter, he was credited with turn-
ing a lackluster, $8 million business into 
a company with annual sales of more 
than $100 million in 10 years. 

Kalov stresses that the changes at 
Dynascan grow out of his close working 
relationship with Korn, who is now 
board chairman. Those changes are far-
reaching. Dynascan now emphasizes di-
versification rather than volume. Where 
once cordless phones and CB radios 
dominated sales, the company now sells 
a broad range of higher-quality better-
positioned products. No single category 
accounts for more than 25% of sales. 
At June's Summer Consumer Elec-

tronics Show in Chicago, Dynascan un-

"If you're a retired 
U.S. manager, 
you have a lot to 
give to the world." 

Thorton E Bradshaw, 

Chairman, RCA 

I'm a volunteer supporter of the Inter-
national Executive Service Corps, a 
not-for-profit organization with a vital 
mission: 

We send retired U.S. managers over-
seas to help businesses in developing 
countries, which often respond by 
increasing their imports of U.S. goods. 
!n fact, developing countries consume 
about 40 percent of U.S. exports. 

As an IESC volunteer, you would 
not get a salary. But you would get 
expenses for you and your spouse. 
plus a world of personal satisfaction. 

IESC leads the field in this kind of work. 
We've done over 9,000 projects in 81 
countries. VVe could have a project 
that's just right for you. To find out, send 
this coupon to: Thorton E Bradshaw, 
Chairman. RCA, PO. Box 10005, 
Stamford, CT 06904-2005. 

International 
Executive 
Service Corps 

• ••.c. 

Dear Mn Bradshaw: Tell me more about 
becoming an IESC volunteer. I am a 
recently retired manager or technician —or 
am about to retire — from a U.S. company. 
I'm free to accept an overseas assignment. I 
understand that volunteers receive 
expenses for themselves and their 
spouses, but no salary. 

Name  

Address  

State Zip I_City   _J 
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We let the 
cat out 

of the bag. 
Millions of children might 

never have met Dr. Seuss and his 
famous Cat had it not been for 
The New York Public Library. 
That's because our renowned 
children's librarian, Anne Carroll 
Moore, gave his first book an 
outstanding review. He became 
famous overnight, and Dr. Seuss 
himself credits her with his 
SUCCeSS. 

Others too, credit our 
librarians. "The people who 
work here," says author David 
McCullough, "provide a service 
to the whole of society that's 
never sung enough." Indeed, the 
librarians are the very heart of 
the Library. 

They are the ten librarians 
who answer five million tele-
phone inquiries a year. They are 
the librarians who introduce 
children to the magic of liter-
ature and help adults find 
employment through our Job 
Information Center. They are 
also the librarians who select and 
preserve books for users of 
tomorrow. 

The Library can help just 
about anyone with anything. 
Even a Doctor with his Cat. 

The New York Public Library 
WHERE THE FUTURE IS 

AN OPEN BOOK 

veiled plans for a fourth-quarter entry 
into a new market: high-frequency radio 
scanners. And Kalov promises forays 
into other new niches will come. 
Dynascan may not be able to avoid 

financial downturns of the kind that 
have plagued it in the past, when busi-
ness in a hot consumer category sudden-
ly turns sour, says Richard Singer, a 
limited partner with Mesirow & Co., a 

Chicago-based investment house. But by 
spreading the risk among many product 
categories, Kalov has ensured that 
"when a business [category] goes down, 
it won't hurt Dynascan as in the past. 
What Jerry Kalov has done," says Sing-
er, "is change the company from one 
that used to just grab the tail of a tiger 
and hang on to one that is much more 
disciplined today." -Wesley R. Iversen 

WHY LATTIN LEFT INTEL 
FOR LOGIC AUTOMATION 
PORTLAND, ORE. 

T111 Take the excitement of new technol-ogy, add the challenge of running a 
startup company, leaven the mix with 
the good life in Oregon, and you have 
the blend that lured William W. Lattin 
to Logic Automation Inc. 
As the new president of the Portland 

company, the 46-year-old Lattin will run 
a startup that produces simulation mod-
els for system designers. He brings to 
the job two decades of experience in 
VLSI design and production, computer-
aided design, and engineering manage-
ment at Intel Corp. and Motorola Inc. 
"The 32-bit microcom-

puter is going to stimu-
late the growth in the 
simulation market," says 
Lattin, explaining his 
move to this technology. 
"The availability of that 
much computing power 
on a desktop is going to 
encourage much more 
circuit simulation than is 
currently being done. 
This means that there 
will be increasing need 
for software models of 
VLSI devices." 

Besides Logic Auto-
mation's burgeoning 
technology, the company's Oregon loca-
tion sealed his decision, says Lattin, who 
moved to the state while working for 
Intel. "In the time since I've been in 
Oregon, a number of opportunities have 
come my way," he says. "In the last 
couple of months I got more interested 
in making a change. 

"I knew my job at Intel really re-
quired that I be down [at company head-
quarters] in Santa Clara if I was to do it 
the way I felt it should be done. But at 
this point in my life I wanted to stay in 
Oregon," says the native of Callaway, 
Neb. "Of the several different opportu-
nities that I looked at, Logic Automa-
tion was the most attractive." 
The two-year-old company's healthy 

growth—it expects sales of $1 million to 
$2 million this year, up from $400,000 

LATTIN: The 32-bit microcomput-

er will encourage simulation." 

last year—helped make it attractive. 
But just as important to Lattin is the 
company's mix of the talents needed to 
do software models successfully, he 
says. "There are a number of ex-chip 
designers, some personal computer de-
signers, and some software people— 
what you need to make this kind of 
product fly." He also sees a chance to 
renew some old acquaintances: "There 
are a number of ex-Intel people at the 
company whom I look forward to work-
ing with again." 

Lattin served Intel in a number of key 
posts. He arrived there in 1975 from Mo-

torola Semiconductor 
Products in Phoenix, 
where he started in 1969 
after getting his BSEE 
and MSEE from the Uni-
versity of California at 
Berkeley and his PhD 
from Arizona State Uni-
versity. When he left 
Motorola he was MOS 
engineering manager, 
responsible for micro-
processors, memories, 
CMOS, CAD, and quality 
engineering. 
On joining Intel, he 

started the company's 
component CAD pro-

gram. The next move was to Oregon as 
program manager for the Advanced Mi-
crocomputer System; that finished, he 
was named general manager for the 
OEM Microcomputer Systems Division. 

Lattin ran that division for three 
years. In 1983, he became vice president 
and general manager of the Systems 
Group, including operations in Phoenix, 
Texas, Puerto Rico, and Singapore. 
At Logic Automation, Lattin can build 

the kind of company he wants. Says 
James Morris, chairman, the company 
founder and the president until Lattin 
was hired: "When you have a startup, 
an essential ingredient is a president 
with that kind of experience. We knew 
we had to build a strong management 
team. Bill is the man who now makes 
this effort complete." -Jonah McLeod 
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PERFORMANCE'S 0-Big TECHNOLOGY BLOWS TTL AWAY 

UNCOMPROMISING CMOS OCTALS Using 0.8 micron CMOS PACE Technology", only 
Performance Semiconductor has successfully produced CMOS devices which exceed the speed 

and match the drive current of advanced Schottky TTL devices. Our bus interface octals give you the 
best of both worlds: CMOS power, 250MHz toggle rates, faster propagation delays and a drive capability 
of 64mA for bus drivers and transceivers. 

IE IRST lOns CMOS SRAM The newest 
I member of our SRAM family is the world's 
fastest TTL I/O SRAM. The P4C422-10 is compat-
ible with industry standard 256x4 parts. At lOns 
worst case, it's 33% faster than any TTL I/O or 
CMOS SRAM available today. 

FASTEST 64K SRAM Only Performance 
has delivered the industry's fastest 64K TTL 

I/O SRAM. Organized 16Kx4, it clocks in at 2Ons 
commercial and 25ns military. Watch for our 
future product announcements, which are sure to 
keep Performance—and you—at the tip of the 
technology vector into the future. 

AVAILABLE NOW The 1 Ons SRAM and the 
ri Performance family of octals are available 
now, in plastic or hermetic (DIP or LCC), com-
mercial or military. The 64K SRAM is available 
today in dual in-line and LCC packages, for both 
commercial and military applications. 
A P.O. for $90 will get you a PACE Kit": 

consisting of two 240s, two 373s, two 374s, two 
245s, and two 1Ons 1K SRAMs. Call 408-734-
9000 or send in the coupon to find out more 
about our super fast products and our low prices. 

OUTPUT 

B = Advanced Schottky TTL bipolar A = Performance's CMOS octal transceivers 

IMPuT 

'Pui/P.Ptpm 

OUTPUT 

Performance's CMOS octal transceivers out-pace advanced 
Schottky TTL bipolar devices while driving a 50 pico farad 
load (top) and a 300 pico farad load (bottom). That's 
Performance! 

PERFORMANCE SEMICONDUCTOR CORPORATION 
610 E. Weddell Drive, Sunnyvale, CA 94089 
Telephone: 408-734-9000 Telex: 6502715784 

PACE Technology and PACE Kit are trademarks of Performance Semiconductor Corporation. 

PERFORMANCE 
sevicavovcrom CORPORATION 

NAME 

TITLE  

COMPANY  

ADDRESS  

CITY  

STATE ZIP  

PHONE  

Wish list—other logic products in PACE Technology: 

Send me information on: 

  OCTALS (P5474PCTxxx) 
0 240 Ill 241 0244 
0 245 0545 0640 
CI 643 0 645 
▪ 273 0374 E1534 
▪ 373 0533 0521 

256x4 SRAMs (P4C422-xx) 
EJ lOns O 12ns El 15ns 

2Ons O 25ns 

16Kx4 SRAMs (P4C188-xx) 
D 2Ons 0 25ns 
O 35ns 0 45ns 

e.) 1986 Performance Semiconduc tor Corporation 

PlliPCT245DC 

e "el A 8 6 1 1 USA 

• 
Almr 

PI4C 1422 - 100C 

'el A 8624 USA 
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Miff MESS NOS AN Itteet 
WHO WANTS TO PAY IBM PROP 

BASE P 
With 2010 

WE NAVE A SOLIITIONIb 

Sluie/v .ompatible PC-X 
$950.00 LEASE $3 I I 

`isk $1399.00 LEASE $J6/1V10 riarL 

FACTORY 
DIRECT 

Our PC-XT SUPER TURBO COMPUTER runs all the popular Business 
Programs, like Lotus 1, 2, 3, Word Perfect, Wordstar, dBase Ill, 
Homebase, Sidekick, and Flight Simulator. In addition to running the 
programs at the standard IBM clock speed of 4.77 Mhz, it also runs 
at 8 Mhz — almost twice as fast as IBM. 

ACS has developed the fastest, most powerful XT and AT computers 
available today. We have also researched the numerous software pro-
grams available to automate your office. If you are considering buying 
a computer, call ACS. We can recommend the software and hardware 
system that will best solve your business needs. 

HERE'S WHAT YOU GET 
ACS-Turbo Mother Board 4.77/8.0 Mhz 
640K of RAM 
Two 360K Floppy Drives 
Heavy Duty 135 Watt Power Supply 
Keyboard New "AT" Type with Large Enter Key 
Parallel Printer Port 
Monochrome Graphics Display Card 
High Resolution Mono Monitor 

with Swivel Base and Anti-Glare Screen 

OPTIONS 
20 MEG Hard Disk 
20 MEG Tape Back-Up 
Clock/Calendar 
Internal Modem 300/1200 BAUD 
Okidata 192 Printer 

PROGRAMS INCLUDED 
Included in the purchase price is MS-DOS, the standard IBM operating 
system. With our Hard Disk Computer, you also get HOMEBASE, a 
general purpose multi-function program to perform word processing, 
electronic filing, and data base management. HOMEBASE has a built-
in calendar, with monthly, weekly, and daily scheduling. The Homebase 
Calculator lets you perform calculations on the monitor and the ability 
to print a paper tape if desired. HOMEBASE also includes a communi-
cation program with autodialer for communication with other computers 
(requires a modem). 

$449.00 
$595.00 
$ 59.00 
$199.00 
$399.00 

$799. < 
STANDARD 
MODEL 

Upon Approved Credit 

5 YEAR WARRANTY AVAILABLE 

GUARANTEE & WARRANTY 
We guarantee you will be delighted with our ACS-Turbo Computer or 
return it within 30 days for a refund (less shipping charges). We warranty 
our Turbo Computer 100% Parts & Labor for 1 year. We believe our 
computer is even more reliable than IBM — that's why we're offering 
a five-year extended warranty for only $30.00 a year. Order early for 
the holidays — delivery may take over 30 days. 

HOW TO ORDER 
Call us at (818) 889-1092. We have experienced salespeople to advise 
you with your computer requirements. Ask for our experts — ask for 
Department FD. 

You can charge our ACS-Turbo Computer with a VISA or MasterCard. 
We also have a lease plan available for qualified businesses, with 
payments from 36 months to 60 months. 
*IBM is a registered trademark of International Business Machines. 

el
tte 5311 Derry Avenue, Suite A, Agoura Hills, CA 91301 
ANTE° ACS Phone: 818/889-1092 Fax: 818/889-5605 Telex: 299 353 POST UR 
- EASY LINK Mailbox: 62941735 Telex: 5106018224 ACS AGRA HILLS UO 
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ELECTRONICS NESLETTER 
LATTICE DENIES INFRINGING ON MONOLITHIC MEMORIES' PAL PATENTS 

Lattice Semiconductor Corp. promises a vigorous response to the patent 
infringement suit brought against it and Altera Corp. by Monolithic Memo-

ries Inc. MMI claims that its basic programmable-array-logic patent covers the 
programmable-logic devices the other two make. Not so, says Lattice; it 
alleges that MMI is using the suit to try to overcome Lattice's lead in CMOS 
arrays. Lattice says it will countersue, claiming market interference and seek-
ing damages. MMI invented PAL architecture and is the acknowledged market 
leader, with 40% of a $300 million market. The Santa Clara, Calif., firm says it 
won a ruling from the U. S. Patent and Trademark Office last month that 13 of 
the 21 claims in its 1978 PAL patent were valid. Lattice, of Portland, Ore., and 
Altera, of Santa Clara, are young companies just beginning to make a dent in 
the market. However, Altera—which declines to comment on the case—has a 
technology-exchange agreement with Intel Corp. that covers its arrays. An 
MMI spokesman says his company is aware of the Intel connection but is not 
suing Intel at this time. D 

VENDOR GROUP TO HELP CERTIFY PRODUCTS FOR DOD NETWORK 

Avendors' group called the Coalition for Working Systems is forming to 
work with the Defense Communications Agency on a process for certify-

ing products that implement the Transmission Control Protocol/Internet Proto-
col, a requirement in most Defense Department computer systems. The agen-
cy has declined to certify products itself, but wants some way to ensure that 
they meet military standards. The new group will probably find a home on a 
university campus and will use the Internet Protocol to test products, says 
Daniel C. Lynch. An Arpanet veteran, Lynch was picked at last month's TCP/ 
IP conference in Monterey, Calif., to organize the coalition. Its work will in 
some ways parallel that of the Corporation for Open Systems, a well-heeled 
industry group that wants to hasten use of the International Organization for 
Standardization's Open-Systems Interconnection reference model. D 

SOUPED-UP APPLE II RUNS THREE TIMES FASTER 

Apple Computer Inc. will take to the streets to introduce its new 16-bit 
Apple II GS, the souped-up version of the Apple II it is to introduce this 

week. Apple teams will descend on shopping malls across the country for six 
straight weekends beginning Sept. 26, demonstrating the new machine and 
offering free software as an inducement to buy one. The GS runs 90% of all 
Apple II software, the Cupertino, Calif., company says, but is three times faster 
than the Ile and supports 8 megabytes of memory, all directly addressable. A 
basic version, with keyboard and mouse but no display, will sell for $999; with 
an RGB monitor and a 3.5-in. 800-megabyte floppy disk drive, it will cost 
$1,898. Apple will offer Ile upgrades for $498. D 

COMMERCIALIZING Al PROVIDES 16,000 JOBS IN U. S. 

Crifles charge that artificial-intelligence companies have lagged in turning 
research into usable products, but apparently it's not for lack of trying— 

and the efforts have created a lot of jobs, says DM Data Inc. About 16,000 
people are now working in the U. S. to commercialize Al technologies, ac-
cording to figures compiled by the Scottsdale, Ariz., research and consulting 
firm. The total includes those inside large companies and those with small Al 
firms, but excludes anyone in the academic community, research organiza-
tions, or noncommercial projects. The largest number of workers is involved 
in machine vision, the most labor-intensive of AI segments, followed by expert 
systems, where small startup companies are proliferating. D 
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LECTRONICS NE1AISL  TER 
MOTOROLA GOES AFTER SECURE-PHONE MARKET 

Motorola Inc. is convinced that large businesses, particularly petroleum 
and industrial firms, are looking for secure communication. So the com-

pany's Communications Sector in Schaumburg, Ill., is bringing out a tele-
phone digital voice-encryption box that it says can tie into two-way radio 
networks for secure end-to-end communications. The $5,000 telephone unit, 
the SVX-1000, relies on the National Bureau of Standard's Digital Encryption 
Standard, with optional use of a proprietary Motorola encryption algorithm. 
First shipments are scheduled for November. El 

MULTIPROCESSOR PROMISES SUPER POWER AT LOWER PRICE 

Looking for a for a more affordable way for scientific institutions to get their 
hands on supercomputing power, researchers at the Fermi National Accel-

erator Laboratory in Batavia, Ill., have developed a powerful parallel multipro-
cessor. It delivers supercomputer-class performance at a fraction of the cost 
of a general-purpose supercomputer—$350,000 versus $10 million or so. The 
multiprocessor was designed to to solve high-energy physics problems, but 
Fermi is working with Omnibyte Corp., a West Chicago board manufacturer, to 
apply the technology to other scientific uses, while driving down the cost. 
Already running is a system based on a multiple-instruction/multiple-data-
stream architecture that uses 74 Fermi-designed single-board 32-bit comput-
ers. Over the next two months, Fermi plans to add 66 more nodes. Each of 
the processors is about equal in performance to a VAX 11/780, says Thomas 
Nash, head of Fermi's Advanced Computer Program. 12 

MODEM WITH ON-BOARD UART COMPLETES AMD PRODUCT BLITZ 

product introductions launching 52 "liberty chips" is end-
1 ing at Advanced Micro Devices Inc. The company hoped the year-long 
announcement blitz would help it break out of the doldrums surrounding the 
industry. The effort wasn't entirely successful; last month AMD departed from 
its no-layoff policy and furloughed 200 workers [Electronics, Aug. 21, 1986, 
p. 31]. The liberty program will wind up in the last half of September with this 
week's introduction of a CMOS 32-bit parallel multiplier and next week's 
debut of a full-duplex modem chip rated at 1,200 bits/s. The 168-pin 
Am29C323 32-bit multiplier will sell for $245 each in 100-piece quantities. 
Next week, the CMOS Am79C12 modem, with on-board UART, will be intro-
duced at a price of $48 each in plastic dual in-line packages. With the final 
two introductions, AMD's liberty chip fleet consists of 18 microprogrammable 
controllers and processors; 11 graphics and peripheral circuits; five network-
ing, logic, and interface components; six fixed-instruction processors; two 
nonvolatile memories; four static random-access memories; one dynamic 
RAM; two telecom chips; one programmable array logic; one bipolar custom 
product; and a bipolar programmable read-only memory. D 

THE SAG IN THE SEMICONDUCTOR BOOK-TO-BILL RATIO IS NO SURPRISE 

Don't get too upset over the latest book-to-bill report from the Semiconduc-
tor Industry Association. The three-month average declined in August for 

the fourth straight time but "the third quarter is normally down—this is not 
totally unexpected," says James Feldhan, vice president at market researcher 
In-Stat Inc., Scottsdale, Ariz. For the June through August period, the book-to-
bill ratio stood at 0.92, down from 0.96 in the previous report. Feldhan is not 
worried, however. "We're forecasting fourth quarter sales growth [over the 
current period] of about 7%, so we really need to see some booking in-
creases in the next several months." E 
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The INMOS 256K CMOS DRAM. 
Feel the exhilaration of unparalleled speed. 

INMOS sets performance standards again 
with the new IMS2,800 family of second 
generation 2,56Kx 1 DRAMS. It's upwardly 
compatible with 64K x 1 and first generation 
256K devices. 

With RAS access times of 60 to 15Ons and 
cycle times down to 121ns, the IMS2800 
family maximizes the speed-power benefits 
of CMOS without compromising traditional 
DRAM system costs. 

INMOS continues to lead with an address 
multiplexing scheme that eliminates timing 
constraints while reducing speed loss 
associated with traditional DRAM designs. 
INMOS' unique 2ns Row Address hold time 
saves 10 to 15ns in the address multiplexing 
sequence. This, in addition to Static Column 
mode accessing, allows no wait state opera-
tion with the new generation of fast 32 bit 
microprocessors including Motorola's 68020, 
Intel's 80386 and our own T414 Transputer. 
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The IMS2800 from INMOS. Experience 
the speed for yourself. 

Part Number Function 

Address 
Access 
Time 
(Max.) 

RAS 
Access 
Time 
(Max.) 

RAS 
Read/Write 
Cycle Time 

(Min.) 

IMS2800-60 static 

Column 

Decode 

32ns 6Ons 121ns 

IMS2800-80 43ns 80ne 146ns 

IMS2800-10 53n5 10Ons lans 

Part Number Function 

Column 
Access 
Time 
(Max.) 

CAS 
Access 
Time 
(Max.) 

Page Mode 
Cycle Time 

(Min.) 

IMS2801-60* 
Enhanced43ns 

Page Mode53ns 

32ns Uns 35ns 

IMS2801-80 13ns 46ns 

IMS2801-10 16ns 56ns 

Data on Nibb e Mode and Extended Serial Mode versions 
available upon request. 

*Contact factory for delivery. 

Circle 

INMOS, Colorado Springs, 
Colorado, ml. (303) 630-4000 
Bristol, England, 

0272-290-861 
Paris, France, 

(1) 4 687-2201 
Munich, Germany, 
Tel. (089) 319-1028. 

annios 
When you're ready 
to cool down your 
competition, call INMOS. 

INMOS, Transputer, and IMS are 
trademarks of the INMOS Group 
of Companies. 
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The search for image processing software is over. 
For years, experts have 

sought image processing 
software worthy of the 
name. 
Now Data Translation 

has found it. 
PC SEMPER is a flexible 

image processing operat-
ing environment for the 
IBM PC, PC XT, and PC 
AT. English-language 
commands drive over 100 
image processing func-
tions for applications in 
scientific and medical 
research industries. 
And IEEE 32-bit 

floating-point representa-
tion for most operations 
guarantees high precision 
accuracy and wide dyn, _ic 
range. 
PC SEMPER is much 

more than menu- or 
command-driven packages. 
It allows non-programmers 
to write powerful programs 
with simple control state-
ments. And standard PC 
SEMPER commands can be 
tailored in numerous ways 
to effect new operations. 
PC SEMPER even 

contains its own file man-
agement system to ease 
storing and retrieving 
images from hard disk, or 

Fred Molinari, President 

from a magnetic tape 
streamer. 

In other words, PC 
SEMPER provides individ-
uals without extensive pro-
gramming knowledge or 
years of image processing 
experience the means to 
use complex image proc-
essing techniques. 
Here is unprecedented 

image processing function-
ality. All the more amazing 
in light of PC SEMPER's 
price tag, just $1495, or 
$1995 for high resolution. 

What's more, it supports 
Data Translation 512 x 512 
and 256 x 256 image proc-
essing hardware. 

After such a long wait 
for good software, you'll 
be pleased to learn that 
PC SEMPER can be up 
and running very quickly. 
So order today. If under 12, 
ask your mummy. 

Call (617) 481-3700 

See our 
new 646 pg. 
catalog/hand. '-
book or see us in Gold Book 1986. 
Or call for your personal copy today. 

DATA TRANSLATION 
World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617)481 3700 TS( 951 646 
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Males Lane, WokingLam Berks. qG112QZ, Ergland TI› 851849862 (#D) 
International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; Chi.,a (408) 727-8222. (86) 87214017; Denmark (02)187188; 
England (44) 0734-793838; Finland (358)0-372-144; France (33)146306839; Greece (30) 031-527039. (30113-614300, (30) 95-14944; Hong Kong (852) 3-324563; India (91) 2-231040; 
Israel (972) 3-324298; Italy (39) 2349751; Japan (81) 3-502-5550, (81) 3-348-8301, (81) 3-355-1111; Korea (82) 753-3101; Malay:.ia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 
70996360; New Zealand (61) 2-663-5289; Norway (47) (02) 559050; Peru (51) (14) 31-8060; Philiooines 818-0103; Portugal (35111545313; Singapore (65) 271-3163; South Africa (27) 
12469221; Spain (34)14558112; Sweden (46) 87617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-721-7%4, (%) 2-531-2434; West Germany (49) 89809020. 

Data Translation is a registered trademark of Data Translation, Inc. 
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P3ODUCTS tiEwsLETTER 
VLSI TESTER WITH 512 PINS RUNS AT 200-MHz RATE 

Advantest America Inc. figures to establish new high ground in pin count 
and speed for very-large-scale integration testers with the prototype of a 

system it will have at its stand in early December at the Semicon Japan '86 
show in Tokyo. The Lincolnshire, Ill., company's T3381 VLSI Test System can 
apply stimulus patterns to ICs undergoing tests through 512 pins at a rate of 
100 MHz, and double that rate by multiplexing. Most competitive VLSI testers 
run at rates below 100 MHz and have no more than 300 test pins. Advantest 
announced the tester at last week's International Test Conference in Washing-
ton, D. C. The company said prices would run between $2 million and $6 
million, with deliveries scheduled to start in the second quarter of 1987. D 

HITACHI'S U. S.-BUILT CD-ROM DRIVES SELL FOR LESS THAN $1,000 

w atch for compact-disk read-only-memories to become a high-profile 
product in personal computer markets soon. Hitachi Sales Corp. of 

America, Compton, Calif., now has both stand-alone and built-in versions of a 
552-megabyte CD-ROM drive in production for PC data-storage applications. 
The drives employ technology similar to audio CD players, so Hitachi can 
achieve economies of scale by producing both products in the same produc-
tion facilities at Compton. The stand-alone CDR 1502S sells for $1,000 and 
the built-in CDR 2500 for $940. Both are available now and come with an 
interface board for connection to the IBM Personal Computer, a connector 
cable, and a demonstration disk. I: 

ZYCAD FIGHTS BACK BY OFFERING UNDER-S40,000 LOGIC SIMULATOR 

Zycad Corp., a front-runner in hardware accelerators for logic and fault 
simulation, plans to fight back against a growing cadre of competitors by 

shifting to a new architecture for a line of low-priced end-user systems. The 
five-year-old St. Paul, Minn., company designed its Magnum line of accelera-
tors from the ground up to work directly on integrated circuits created using 
popular packages such as Cadat, from HHB Systems, Mahwah, N.J. As a 
result, there is no need for users to write special interfaces or to have Zycad's 
proprietary Zilos front-end computer-aided-design and interface software to 
run the simulation. Hosts can range from engineering workstations through 
Digital Equipment Corp. VAX minicomputers and up to IBM mainframes. 
Zycad's current line of end-user products ranges from about $95,000 up to 
$2.5 million, but prices for the new line will run much lower: from $38,000 to 
about $100,000 for logic and fault simulation performance equivalent to 25 
million to 100 million instructions/s on up to 64,000 gates. The Magnum is 
scheduled to be unveiled at the Automated Design and Engineering for 
Electronics Show in Boston late this month. D 

MOTOROLA "CORE" MODULE PACKS AN 8-USER 32-BIT MICROCOMPUTER 

Original-equipment manufacturers who want to build systems around a 32- 
bit microcomputer can turn to Motorola Inc. for a fast start. The firm's 

Semiconductor Products Sector in Phoenix can deliver now a $19,945 "core" 
module—an 8-user VMEbus system that combines a 16.67-MHz MC68020 
processor, an MC68881 floating-point coprocessor, 16-K bytes of instruction-
/data cache memory, System V/68 software, 2 megabytes of dual-ported 
DRAM, and an intelligent serial communications controller. Mass storage is 
provided by a 70-megabyte Winchester disk, a 655-K-byte floppy disk, and a 
backup streaming-tape unit. Supplied in a 19-in, rack-mountable chassis, the 
SYS1131UY341 has 12 card slots and a 400-W power supply. Available for 
U. S. delivery only; quantity discounts apply for OEM buyers. E 
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PRODUCTS NEIAISLETTER 
SENTRY'S RAM TESTER CAN RUN 32 CHIPS AT 50 MHz 

W atch for the temperature to rise in the random-access-memory test 
market, now that the Sentry Test Systems Division of Schlumberger Ltd. 

has added to its line a tester that can run through 32 dynamic RAM CMOS 
chips at a time, working at a full 50-MHz test rate; previously, 16 chips was 
the maximum for testing in parallel. The new S90 is aimed at devices fabricat-
ed with submicron geometries, such as the 256-K static RAM and 1-Mbit 
dynamic RAM. There are four test heads, each of which can probe eight 
DRAMs or four SRAMs. Systems start at $250,000, going up to some 
$600,000 for one that can test 32 chips in parallel. The price tag is very 
reasonable, considering that it costs only $19,375 per test site," said Bob 
Evans, marketing manager for the line, at its introduction last week at the 
International Test Conference in Washington, D. C. The San Jose, Calif., 
company plans to start shipments in the first quarter of 1987. D 

VISION PROCESSOR ON-A-BOARD GOES FOR $10,000 

állibognex Corp. has packaged a complete low-cost vision processor on a 
V13-by-15-in. board and expects it to catch on with original-equipment 
manufacturers and systems integrators. The Needham, Mass., company 
claims that the 2000/VP offers all the hardware and software functions of 
packaged systems, although it sells for as little as one-fourth the price of 
competing systems—less than $10,000 per board in quantities of 50 or more. 
The 2000/VP is also sold as part of the company's latest vision system, the 
$40,000 Cognex 2000, which includes a development system for customizing 
applications with the 2000/VP, a floppy-disk drive, solid state camera, 13-in. 
monitor, incremental C compiler, and vision and communications software. 
The Cognex 2000 features 2 megabytes of dynamic RAM and a resolution of 
516 by 448 pixels. D 

TI'S CMOS DIGITAL SIGNAL PROCESSOR RUNS AT 6.4 MIPS 

A total of 6.4 million instructions per second can be executed by a new 
ffilthigh-speed version of the TMS320C10 digital signal processor that Texas 
Instruments Inc. will introduce this week. The CMOS part operates with a 
maximum clock rate of 25.6 MHz and is fully compatible with the standard 
32010 n-channel part, whose top speed is 25% slower. Despite its speed 
advantages, the CMOS chip has a typical current drain of 35 mA, about one-
fifth the power dissipation of the 32010. In 100-piece quantities, the 320C10-
25 sells for $60 each, housed in a 40-pin plastic dual in-line package. At the 
same time, the Dallas firm will expand its linear CMOS line with two new 
timers and two new differential comparators. Both operate off a single power 
supply as low as 1 V. D 

TEKELEC USES 68010 PROCESSOR TO DRIVE ISDN DEVELOPMENT SYSTEM 

irekelec Inc. will unveil next week a third-generation protocol test-and-
i development system based on Motorola's 68010 microprocessor. Aimed 

at designers of integrated services digital network systems who need to 
simulate operating environments and to test responses, the Chameleon 32 
interfaces with telecommunications channels running at the primary ISDN 
rates of 1.544 megabits/s and 2.048 megabits/s. The system includes a high-
resolution color CRT from Sony Corp. that can display up to 15 screens 
simultaneously, and it runs on M-TOS, a real-time multitasking operating 
system. The 40-lb, transportable Chameleon 32 costs between $22,000 and 
$30,000 and is aimed primarily at research labs, but the Calabasas, Calif., 
company expects it to sell in the communications network market as well.D 
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RocKwal. 
SEMICONDUCTOR TECHNOLOGY 
DELIVERS HIGH-SED DUAL 
ACM IN A SINGLE CHIP 

,ro«.••••••••dee 

wer. 

Transmit and receive data simultaneously 
at different rates with one device. 

Introducing Rockwell International's 
R65C52—the newest member of our high-
speed, low-power CMOS family 

Operating at only 10 mW per MHz, the 
R65C52 Dual Asynchronous Communication 
Interface Adapter (DACIA) features an internal 
baud rate generator. It eliminates the need 
for multiple component support circuits and 
requires only a single crystal. 
The transmitter and receiver baud rate 

can be selected for 15 different rates under 
program control from 50 to 38,400 baud 
or 1/16 times the external clock rate. And, 
Rockwell's DACIA is programmable for word 
lengths of 5, 6, 7 or 8 bits; even, odd, or no 
parity; and 1 or 2 stop bits. In addition, the 
device has all the controls needed for data set 
modem operation. 
More transmission per time period 
cuts costs. 

By delivering data faster through dual 
asynchronous communication, line costs are 
reduced. Additional savings in components 
are realized by Rockwell's single-chip DACIA 
that requires less board space, provides 
higher reliability and affords greater design 
flexibility 

For more information on the R65C52 
call your Rockwell distributor or sales 
representative today 

Semiconductor Products 
Division 

Rockwell International, PO. Box C, M.S. 501-300, 
Newport Beach, CA 92658-8902 (800) 854-8099 

In California (800) 422-4230. 

Rockwell 
International 

...where science gets down to business 

Aerospace / Electronics /Automotive 

General Industries/A-13 Industrial Automation 
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AIR... 
Plus, a few components. Together, they comprise the 

most sophisticated high voltage DC power supply you 
can buy. 

Because air is the primary insulating medium for all 
Glassman power supplies, they are lightweight, smaP, 
and low cost. Their conservative design margins give 
you long component lite. And keeping the units free of 
oil and potting compound makes it easy to service them 
if something finally does wear out. 

John: 
I want to get a better look at what's inside one of 

your power supplies. My applications might range from: 
0 to KV @ 0 to rriA: 

to 0 to KV @ 0 to mA. 

Please print: 

Name  

Company  

Address  

City State Zip  

Phone  ( )  

But compactness and durability are not all you get in 
Glassman's advanced designs. Inherent in each model is 
exceptionally tight regulation (better than 0.005%, both 
line and load, on most models), low ripple, and excep-
tional efficiency resulting in low internal dissipation and 
high reliability. 

And you get choice. If your high voltage DC power 
requirements fall somewhere between 0-3KV and 
0-400KV, up to 5,000 watts, one of our more than 300 
standard models will probably meet your requirements. 
Plus, our standard options give you the possibility of 
thousands of alternate models. If none of these are what 
you need, our staff will work with you to create a unit to 
meet your project goals. 

For a closer look at what's inside a Glassman power 
supply, call John Belden at 201-534-9007 or return the 
coupon at left. 

Innovations in high voltage power supply technology. 

GLASSMAN HIGH VOLTAGE INC. 
Route #22 (East), Salem Park, P.O. Box 551, Whitehouse Station, N.J. 08889 

(201) 534.9007 • TWX-480-2839 
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TI BUILDS 1-K STATIC RAM 
IN GaAs-ON-SILICON 

PROMISING MARRIAGE OF MATERIALS PROVES ITSELF AT LSI LEVEL 
DALLAS 
The promising but ticklish marriage 

of gallium arsenide and silicon on a 
single semiconductor chip appears to be 
passing the test of large-scale integra-
tion. Fully functional 1-K static random-
access memories with address-access 
times as short as 6 ns have been fabri-
cated on GaAs-on-silicon wafers in the 
research labs of Texas Instruments Inc., 
Dallas. 
Trs experimental GaAs-on-silicon cir-

cuits are believed to be the most com-
plex working integrated circuits ever 
made from the combination of the mate-
rials. The 1-K SRAM has more 
than 7,500 transistors, com-
pared with no more than 50 
transistors in previously re-
ported ring oscillators made 
with GaAs-on-silicon wafers at 
other research facilities over 
the past year. 

Several key developments 
have been combined by TI ma-
terials scientists to keep crys-
talline defects, which result 
from the mismatched lattices 
of silicon substrates and the 
grown GaAs, away from the 
critical wafer-surface region. 
These include the molecular-
beam epitaxy equipment used 
to make the GaAs-on-silicon 
wafers and a combination of 
high- and low-temperature pro-
cessing. In addition, the wa-
fers were made to withstand 
the rigors of normal LSI 
processing. 
The GaAs-on-silicon chips represent a 

major step toward moving the technol-
ogy out of the lab and to the fabrication 
line. TI will report on the chips at the 
International Symposium on GaAs and 
Related Compounds, which begins Sept. 
28 in Las Vegas. 
To measure the feasibility of manu-

facturing the chips, TI researchers have 
made the GaAs-on-silicon memories with 
the same processing steps and circuit 
designs that the company is now using 
to prototype bulk-GaAs 1-K SRAMs un-
der a separate development contract 
with the U. S. Air Force. Preliminary 

pattern testing indicates that all 1,024 
bits on the devices are working. Access 
times are 6 to 14 ns, compared with the 
4 to 12 ns of identical SRAM circuits 
made on conventional bulk semi-insulat-
ing GaAs wafers, says Hisashi Shichijo, 
senior technical staff member in TI's 
GaAs logic and memory branch of the 
System Components Laboratory. Power 
dissipation for bulk GaAs and the new 
GaAs-on-silicon SRAMs are about the 
same, at 500 mW. 

"Unless you can show that this mate-
rial can be used in actual devices, the 
excitement will not grow," says Shichijo. 

CONFINED. Lattice dislocations in the GaAs layer TI has grown on 
silicon are confined to a layer (lower right) just above the silicon. 

on silicon substrates strengthens it, re-
ducing breakage in processing. As many 
as half of the brittle bulk-GaAs wafers 
break in most processing lines, accord-
ing to TI researchers. GaAs devices 
would also benefit from the higher ther-
mal conductivity of a silicon substrate. 
With the backing of silicon sub-

strates, GaAs wafers may also one day 
reach the size of today's silicon wafers, 
5 to 8 in. in diameter. Today's bulk 
GaAs wafers are available with diame-
ters of only 2 to 3 in. 
TI has been growing experimental 

GaAs-on-silicon substrates for about 
two years and has been mak-
ing rapid advances in lowering 
defect-dislocation densities. 
Transistor performance in the 
GaAs-on-silicon material is now 
about 80% to 90% that of simi-
lar devices built on bulk GaAs. 
That compares with about 70% 
earlier this year. 

TI, like other research orga-
nizations, is tilting the silicon 
wafer 3° to 4° before layering 
GaAs on top. This tilting helps 
compensate for misalignment 
of Ga and As atoms resulting 
from Si substrates that are not 
smooth at the atomic level. 
Abutting Ga and As atoms cre-
ate unwanted antiphase bound-
aries that are electrically ac-
tive with localized fields. Tilt-
ing also seems to help compen-
sate for a mismatch of atom 
spacings in GaAs and silicon 
crystal lattices. In GaAs, 25 at-

"Now we are getting very good results, 
and the 1-K SRAM will encourage a lot 
of people to apply other devices." 
Growth of device-quality GaAs-on-sili-

con opens up many avenues in device 
fabrication. One aim is to merge the 
high electron mobility of GaAs with the 
high-level integration capabilities of sili-
con. Long-term hopes include a new 
breed of ICs combining silicon-based 
digital circuits with GaAs optoelectron-
ics used for light-based interconnections. 

In the near term, the research is like-
ly to help pave the way to lower-cost, 
less-brittle GaAs wafers. Growing GaAs 

oms are packed into the space taken by 
24 atoms in silicon. The one missing 
plane of atoms in every 25 planes can 
cause a dislocation in the GaAs crystal. 
Not all of the dislocations can be elim-

inated by the tilt, however. Therefore, 
TI researchers are combining low and 
high processing temperatures to confine 
any dislocations that appear to a narrow 
buffer layer at the interface of the 
GaAs and silicon (see photo). 
Other researchers have attempted to 

reduce the strain of lattice mismatches 
with superlattice layers, but TI did not 
do this on the wafers it used for its 
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SRAMs. Instead, the mixed-temperature 
process redirects dislocation lines so 
that they will not reach the surface of 
the GaAs layer, where active devices 
will be fabricated. Many of the disloca-
tions are diverted to run parallel with 
the silicon-GaAs interface inside the 0.2-
to-0.3-µm buffer layer, says Jhang W. 
Lee, developer of the technique and a 
member of the technical staff in TI's 
Materials Science Laboratory. 
Lee also developed a process that 

greatly reduces warping of the outer 
GaAs surface. The surface of TI's 2-in. 
GaAs-on-silicon wafers varies only 1 to 5 
p.m from the edge to the center, com-
pared with as much as 55 pm in other 
processes, adds Lee. The surface region 
of the grown GaAs, which is about V2 
p,111 thick, has a dislocation density of 
106/cm2 to 105/cm2. Bulk GaAs has a 
rating of between 104/cm2 and 105/cm2. 

In industry and university labs, other 
researchers are also putting GaAs-on-
silicon through test fabrication runs. At 
GTE Laboratories Inc. in Waltham, 

Mass., for example, researchers are 
gearing up to make small gate arrays, 
ring oscillators, and other simple metal-
semiconductor FETs using GaAs grown 
on silicon by metal-organic vapor-phase 
epitaxy, which has certain advantages 
over molecular-beam epitaxy. 

"While there has been work in MBE, 
we take the position that metal-organic 
vapor-phase epitaxy will be the way to 
scale up manufacturing, because this 
technique doesn't have the high vacu-
ums, purity requirements, and low 
throughput of MBE," notes Leslie A. Ri-
seberg, director of the Electronics and 
Photonics Laboratory at the GTE center. 
Under an Air Force contract, the lab has 
already made MES FETs and test 
structures. 

Similar work is also being done at Oki 
Electric, Fujitsu, NEC, and NTT in Ja-
pan. In the U. S., research is underway 
at Bell Laboratories, Ford Microelec-
tronics, Xerox, Hewlett-Packard, Honey-
well, and startup Kopin Corp., Taunton, 
Mass. -J. Robert Lineback 

TRADE 

SYSTEM HOUSES OUTRAGED 
BY TRADE PACT'S EFFECTS  
PALO ALTO, CALIF. 

The brand-new semiconductor trade 
agreement between the United 

States and Japan is under fire before 
the ink has dried. On the attack are 
U. S. computer and systems makers who 
have been stung by the immediate re-
sults of the pact: price rises of as much 
as 600% and the outright disappearance 
of some vital Japanese memory chips. 

At a meeting hastily arranged here 
early this month by the American Elec-
tronics Association, some 60 angry man-
ufacturers told aides from the U. S. De-
partment of Commerce and the U. S. 
Trade Representative's office that the 
agreement the latter had struck with 
Japan was ruinous to U. S. systems 
houses and, adding insult to injury, pro-
vided a bonanza for Japanese semicon-

ductor makers that could fuel further 
Japanese advances in technology. 
Unappeased by reassurances from the 

government, the computer executives 
pressed for, and got, further high-level 
meetings last week with Commerce Sec-
retary Malcolm Baldrige and deputy 
U. S. Trade Representative Michael 
Smith. This time, they got a more de-
tailed briefing on how the pact is to be 
implemented, a hint that price fluctua-
tions would smooth out when new prices 
are set for Japanese dynamic random 
access memory imports Oct. 15, and a 
promise that they would be consulted 
before any new actions were taken. 
ENFORCEMENT. To provide that consul-
tation, the AEA will organize a task 
force that will have access to Depart-
ment of Commerce data on how prices 
are calculated and how the agreement is 
being enforced in third countries. The 
latter is a sore point with U. S. firms, 
which claim that cheap Japanese memo-
ries are still available abroad. 
"We were given some information 

about certain activities under way that 
would ameliorate the most serious im-
pacts of the aftermath of the agree-
ment," says AEA vice president Ralph 
Thompson, one of those Who met with 
Baldrige. While declining to go into de-
tail, Thompson says the industry found 
"a very clear awareness" on the part of 
Commerce and the trade office of the 
agreement's impact on users. 

Relief from the initial turbulence is a 
matter of weeks away, Thompson says. 
It can't come too soon for the computer 
executives, who have been howling with 
rage since their suppliers told them in 
mid-August that not only were prices 
going through the roof, but that there 
would be a month-long DRAM drought 

IS IT A PC/XT OR IS IT A PC AT? ONLY IBM KNOWS FOR SURE 
The murky waters of the Per-
sonal Computer market are 
even murkier now that IBM 
Corp. has unveiled a new PC/ 
XT. Analysts greeted the 
new XT-286 with befuddle-
ment—the main result of 
IBM's action seems to be fur-
ther blurring of the hazy 
boundaries between the com-
pany's midrange PC/XT and 
its high-end PC AT. 
Just what makes this ma-

chine an XT is anyone's 
guess. An IBM spokesman al-
ludes to the enclosure: "It's 
an XT because its basic char-
acteristics are more of an XT 
than an AT when you look at 
it." But inside the XT-286 
beats the heart of an AT— 
the same Intel Corp. 80286 
microprocessor that gave the 

AT its "Advanced Technol-
ogy" name in the first place. 
The • XT-286 runs at 6 

MHz—faster than the 4.77-
MHz XT and the same speed 
as the original AT. The cur-
rent AT runs at 8 MHz. Also, 
IBM has equipped the XT-286 
with five 16-bit expansion 
slots, one less than the AT 
has, and with three 8-bit ex-
pansion slots, one more than 
the AT. The basic PC/XT 
comes with eight 8-bit expan-
sion slots. 
IBM will sell the new ma-

chine for $3,995 (the same 
price as the original base-
model AT) configured with 
640-K bytes of main memory 
and a 20-megabyte hard disk, 
the same as the $2,895 XT. 
The basic AT now costs 

$5,295 and comes with 512-K 
bytes of main memory and a 
30-megabyte hard disk. 
The overlapping specifica-

tions don't help distinguish the 
new XT-286 from its siblings. 
"I think it's a baffling prod-
uct," says IBM watcher 
George Colony, president of 
Forrester Research Inc., Cam-
bridge, Mass. "IBM is intro-
ducing a 6-MHz AT at a time 
when virtually every clone out 
there is running at 8 MHz." 
Moreover, the XT-286 will 

cut into sales of the PC AT in 
the short term, says Joe 
Cross of Future Computing 
Inc., Dallas. "It's basically a 
low-end AT-compatible. This 
is a new twist on how to up-
date your product line—sort 
of like detergent: `new and 

improved,'" he maintains. 
Further confusing matters, 

Compaq Computer Corp. and 
Sperry Corp. immediately fol-
lowed IBM, announcing new 
configurations for low-end 
AT-compatibles. As one ana-
lyst puts it, the PC-compati-
ble market has become "hy-
per-responsive." 
Compaq brought out the 

Deskpro 286-20, a model 
nearly identical to the XT-286 
but with a 1.2-megabyte flop-
py-disk drive. Sperry intro-
duced the PC/microIT, a ma-
chine like the XT-286, but 
with more options available. 
Moving upstream, Compaq 
also just introduced a ma-
chine based on the 32-bit In-
tel 80386 microprocessor (see 
p. 66.) -Tobias Naegele 
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while they got used to the idea. 
Some firms say only abrupt changes 

in the way the agreement is being im-
plemented can prevent a mass exodus of 
systems manufacturing from the U. S. 
to Japan. "The planes are figuratively 
warming up on the runway," Thompson 
said after the Palo Alto meeting. 
The moratorium on DRAM shipments 

was ordered by the Japanese Ministry of 
International Trade and Industry in order 
to prevent the U. S. from being flooded 
with cheap DRAMs before the agreement 
took effect DRAM volume was voluntari-
ly kept the same as it was in the April-
June period. That was reached Aug. 15— 
and shipments dried up. MITI was to turn 
on the tap again Sept. 15. 
COST-BASED. The agreement, formally 
signed on Sept. 2, provides for Com-
merce to set "foreign market values," 
on Japanese DRAMs and erasable pro-
grammable read-only memories, based 
on cost data supplied by the Japanese 
vendors. The Japanese firms are not 
supposed to sell below these prices any-
where in the world outside of Japan. 
And George Scalise, government rela-

tions liaison for the Semiconductor In-
dustry Association, says that even low-
cost pricing in Japan, although not cov-
ered in the trade agreement, would still 
be considered a violation of the spirit of 
the pact and would result in the resump-
tion of anti-dumping penalties against 
Japanese shippers. 
The intent of the trade agreement is 

to shield U. S. chip makers from Japa-
nese dumping, or selling their chips be-
low cost in overseas markets. The pact 
has had no effect on the EPROM mar-
ket, where U. S. firms dominate. In any 
case, EPROMs are a relatively low-vol-
ume part. But the DRAM market, where 
only one significant U. S. supplier re-
mains active (aside from a Japanese 
subsidiary), has gone haywire. 
The price of 256-K DRAMs has 

jumped from around $2 to $5 or more, 
depending on the supplier, and the cut-
off of shipments has resulted in a fran-
tic scrambling for parts. Some users 
complain that Micron Technology Inc., 
of Boise, Idaho, the U. S. DRAM suppli-
er, had broken contracts and raised 
prices in order to cash in on the 
drought. (Micron denies violating con-
tracts; it won't comment on pricing.) 

Meanwhile, the price of a 1-Mb DRAM 
shot from $25 to between $120 and $170, 
and users didn't know what hit them. 
"We knew the agreement was crazy, 
but we couldn't believe what happened," 
says Robert J. Paluck, president of Con-
vex Computer Corp., Dallas. "One of the 
most incredible results is it that it guar-
antees Japanese companies a dramati-
cally bigger profit, which they will fun-
nel into development. Our government 
is price-fixing for the Japanese." 

Andrew Kay, chairman of Kaypro 
Computer Corp., San Diego, says that 
the price increases have boosted Kay-
pro's costs by $300,000 a month. Kaypro 
is faced, he says, with a decision to re-
duce the amount of memory in its com-
puters, to increase its prices, or to move 
production offshore. 
Joseph Parkinson, president of Mi-

cron, says the users are partly to blame 
for their current woes. Systems houses 
that find themselves hurting "should 
have thought about that when they 
were canceling orders with Mostek and 
Motorola and placing them with Japa-
nese suppliers," Parkinson says. 

Motorola has left the DRAM business 
(though it recently re-entered through 
the back door, by buying wafers from 
Japan's Toshiba Inc.). Mostek collapsed 
under the pressure. 
The plight of the systems houses, 

Parkinson says, "is part of a continuing 
American tragedy. They think they are 
being rolled over now; they don't know 
what being rolled over is until they feel 

the onslaught of below-cost prices from 
Japan. And their turn is next; the Japa-
nese are moving into systems products." 
But some of the systems executives 

think that the semiconductor houses are 
grasping at straws if they believe the 
trade pact will help them. L. William 
Krause, president of 3Com Corp., Moun-
tain View, Calif., says that after talking 
with Commerce and the trade office he 
is convinced that the trade agreement 
cannot work. 

"It's a Band-Aid on a patient who is 
hemorrhaging from an artery," Krause 
says. "We have a fundamental problem: 
the Japanese have put together a cohe-
sive industrial policy and we have not." 
Krause thinks Japanese producers real-
ly are more efficient than U. S. manu-
facturers because they have been able 
to invest in automated production equip-
ment. He plans to form another AEA 
task force to study the influences on the 
cost of capital, and to use the results as 
the basis for suggesting a national in-
dustrial policy. —Clifford Barney 

PEOPLE 

WHY BOBBY INMAN IS 
RESIGNING AS MCC HEAD 
AUSTIN, TEXAS 

Anew purpose has taken hold of 
B. R. (Bobby) Inman: he wants to 

help American business actually use 
new technologies, not just help develop 
the technology in the first place. Such a 
role is increasingly important, he feels, 
because the gap between newly avail-
able technology and the 
technology in day-to-day 
use continues to widen. 

Inman's latest ambi-
tion has led him to re 
sign as head of research 
consortium Microelec-
tronics and Computer 
Technology Corp. He in-
tends to accept a pri-
vate-sector position in 
the next few weeks. 
However, he hasn't de-
cided which one, and will 
serve out his 1986 term 
as MCC chairman, presi-
dent, and chief executive 
officer. 
Inman has held the 

reins at MCC since the 
consortium began formal operations in 
January 1983. His decision to leave has 
raised worries about the impact his de-
parture will have on the consortium. 
But Inman says the organization, which 
now has 21 members, has been struc-
tured for his departure from the start: 
"I came here to build it, not to operate 

NEW AIMS. MCC's Inman wants to 

move from research to the applica-
tion of new technologies. 

it. It is the right time to turn it over." 
Inman is weighing a variety of job 

offers, ranging from positions in giant 
U. S. corporations to investment bank-
ing opportunities that "would involve as-
sembling a series of companies into a 
larger package to address some of these 
problems" of applying technology. 

Inman says he will not 
take a post in govern-
ment The retired U. S. 
admiral was director of 
the National Security 
Agency for four years 
and deputy director of 
the Central Intelligence 
Agency from 1981 to 
mid-1982. 
The 55-year-old Texan 

decided to leave MCC in 
early September, after 
its 1987 budget was set 
at $75 million, compared 
with a total in 1986 of 
$65 million. Although 
there were rumors of 
rifts between him and 
some MCC shareholders, 

Inman says his decision not to renew his 
contract was based on the completion of 
MCC's building phase. 
"My sense is that [MCC's] growth has 

crested with the 1987 plans. It will grow 
with inflation or with unique opportuni-
ties, and along the way they will start 
additional programs—but essentially the 
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Zoran 's vector deatsignatproceeing chip with 70,000 transistors requires only 
three instructions to do a 1.024-pointfaçt Fourier transform in 2.4 ms 

DATA 
GRABBER. 

diA speedy new single-chip con-
tender is getting set to make a splash 
in digital signal processing. Zoran 

Corp.'s ZR34161 uses vector-handling 

techniques to gulp down blocks of 
data, rather than picking off a single 

data input at a time as scalar proces-

sors do. Vector processing alone is a 
big speed booster, and Zoran enhan-

ces it with embedded signal-
processing algorithms that radically 

pare down system overhead. 

The Santa Clara, Calif., 

company's 16-bit CMOS VSP is the 

first monolithic signal processor to 

utilize the powerful vector-handling 
techniques employed for scientific 

data processing in large vector 

computers and minicomputer array 
processors... J e 
Excerpted from an exclusive article 
in the July 24, 1986 isslie. 

Electronics 
THE LEADER IN NEW 
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building job is done," he says, adding 
that the staff has "awesome talent." 
Inman says his interest began shift-

ing in March 1984, when he first began 
to feel comfortable with MCC's staffing. 
"The part that has become increasingly 
worrisome to me is that we keep creat-
ing technology faster, and I don't see 
comparable changes in grappling with 
moving technology into products fast-
er," Inman says. 
He believes a system of quick and 

AUTOMOTIVE 

efficient application of new technology 
—similar to what he witnessed while 
guiding high-priority military projects— 
is possible in industry. Japanese manu-
facturers adapt quickly, he points out, 
and he worries about the advantages 
this gives Japanese companies over 
their U. S. counterparts. "These are the 
things that I have gotten interested in. 
Just where all that fits into what I do 
next is something I have yet to decide," 
he says. -J. Robert Lineback 

WOULD YOU 
LED BRAKE LIGHTS? 

BELIEVE 

DETROIT 

Automotive brake lights may soon be 
taking on a richer red glow. And the 

makers of a new breed of high-intensity 
light-emitting diodes may be taking on a 
new glow of their own if a potentially 
huge market for LED automotive tail-
lights takes off. 
The emergence of red LEDs that can 

produce light up to 10 times as intense 
as that emitted by conventional LEDs is 
making the automotive industry take a 
look at the devices as a replacement for 
the incandescent bulbs now used in 
brake lights, taillights, and turn signals. 
Significant cost barriers still remain. 
But recent advances in LED outputs 
have made the idea feasible, automakers 
say. 
NEXT YEAR? Japanese automakers may 
be first to bring the technology to mar-
ket. Toyota, for one, demonstrated an 
LED taillight on its SFXB experimental 
car at the Tokyo Auto Show last year. 
Some U. S. observers believe the first 
Japanese production cars to employ the 
technology could show up as early as 
the 1987 model year. 
The LEDs probably will first 

be used in the center high-
mounted brake lights that 
were required for the U. S. 
market starting with the 1986 
model year. They represent an 
easy first target because fed-
eral standards dictate lower 
minimum outputs than for 
bumper-level stop lights and 
turn signals. General Motors 
Corp. is field-testing a center 
high-mounted stop lamp based 
on LEDs for possible use in a 
special-edition 1988 Corvette. 
The brighter LEDs are made 

from aluminum gallium arse-
nide. Compared with the 1.5-to-
2-lumens/A output of tradition-
al red LEDs made of gallium 
arsenide phosphide on a galli-
um phosphide substrate, some 

AlGaAs devices can hit 15 to 20 lm/A, 
says Stanley R. Gage, research and de-
velopment manager for Hewlett-Pack-
ard Co.'s Optoelectronics Division in San 
Jose, Calif. 
The potential advantages of LED-

based automotive stop lights are sever-
al. LEDs have a lifetime exceeding that 
of the average automobile, meaning that 
they would rarely have to be replaced. 
Because of their small size—typically 
only about 0.010 in. square and 0.003 in. 
deep—LEDs would also afford automo-
tive designers much more flexibility. 
And the AlGaAs devices produce a 
monochromatic 660-to-680-nm wave-
length light that is a deeper, more dis-
tinctive shade of red that some think is 
more aesthetically pleasing than the col-
or produced by incandescent units. 
LED-based stop lamps represent po-

tential big business for vendors of the 
devices and subassemblies. Depending 
on the application, anywhere from 50 to 
100 or more individual LEDs might be 
required for each automobile. By one 
vendor's estimate, that could eventually 
add up to a worldwide market approach-

LONG LAMP. General Motors Corp. is testing 27-in.-long contoured 
brake lights using LEDs as replacements for incandescent lamps. 

ing $1 billion annually—about equal to 
the worldwide market for all visible 
LEDs today—a prospect that is drawing 
a flock of would-be competitors. 

In the U. S., Hewlett-Packard is pur-
suing the technology, though the compa-
ny is not yet selling production AlGaAs 
LEDs. Most of the likely players are 
Japanese. Stanley Electric Co., a Tokyo 
automotive lighting supplier, appears to 
have an early lead in the technology, 
automakers say. But other suppliers, in-
cluding Matsushita, Mitsubishi, and To-
shiba, are also in the game. 

Despite the potential advantages, 
LED vendors must still overcome a cost 
hurdle if the devices are to find wide-
spread use on cars. At current price lev-
els, LED-based stop lamps are 2Y2 to 3 
times more expensive than incandescent 
assemblies, says Gene P. Wright, the 
staff project engineer who heads up 
LED development at GM's Fisher Guide 
Division in Anderson, Ind. 
But "as volume goes up, pricing will 

come down," Wright predicts. Execu-
tives at Matsushita Electric Industrial 
Co. agree. The Osaka firm is already 
selling AlGaAs LEDs made with a liq-
uid-phase epitaxy process. Matsushita 
won't disclose its pricing, but executives 
say that as volume rises, they will be 
able to cut pricing to about one-fifth its 
present level within two or three years. 
COST IS CRUCIAL. Others, however, 
aren't so sure about the cost picture. 
"In order to really penetrate the market 
with an LED solution, you're going to 
have to approach the same cost as an 
incandescent unit, and that's a techno-
logical challenge that I don't think has 
been solved yet," says HP's Gage. 
The key to cutting LED-lamp pricing 

lies in optically focusing the LED output 
so as to hold down the number of de-
vices required to meet photometric out-
put standards, says Gage. HP is investi-
gating "nonstandard optical approach-

es," he says, as well as "meth-
ods by which we could 
manufacture in extremely high 
volume at low cost." 
There are indications that a 

market of some size will 
emerge soon. In response to 
an inquiry from Stanley Elec-
tric, the National Highway 
Traffic Safety Administration 
has approved the use of LED 
high center-mounted stop 
lamps that meet the photomet-
ric-output and other federal re-
quirements. Furthermore, the 
Society of Automotive Engi-
neers recently formed a task 
force to look at LED character-
istics with an eye toward de-
veloping an SAE specification 
for LED exterior-lamp assem-
blies. -Wesley R. Iversen 
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design. Most large 
vendors would 
have you believe 

its a breeze "Go with us:' they say, 
"and it'll be smooth sailing." Baloney. 

ASIC design can be complex and 
time consuming —and frustrating if 
you've chosen a vendor that isn't 
flexible enough to solve the unique 
problems your project is bound to 
run into. 

Take the design center concept. 
"Our design center mainframes are 
much faster than workstations," say 
the big guys. Right. Until a design 
change throws you back into line for 
the mainframe—with a big fat bill 
for revisions. 

California Devices has supported 

workstations for the past several 
years, and now were introducing a 
way to make them even more flexible. 
CDI will now supply you all the soft-
ware necessary to take your ASIC 
designs to prototype. We'll train you 
in current industry technology —like 
Channellese architecture —and give 
you access to our extensive logic array 
and standard cell libraries. You can 
work at your own pace, make revi-
sions at any time, and protect any 
work that's proprietary There are no 
passwords, no waiting, and no un-
expected charges. 

If you run into problems, just call. 
The support people at our design 
and technology centers are always 
available. It may sound like common 

courtesy, but it's won us lots of 
repeat customers. 

When you're ready for 
prototypes, we'll be ready 
for you. Our fab runs a 
parallel line for prototypes, 
so you'll get yours in days, 
rather than weeks. 

Whether you're new to ASIC or a 
veteran designer, give us a call. We're 
big enough to solve your problems, 
and small enough to want to. 

California Devices, 1051 South 
Milpitas Blvd., Milpitas, CA 95035 
(408)945-5000 TELEX 176-928 

COI CAUFORNIA DEVICES INC. 

The path of least resistance 

Circle 37 on reader service card 

Sometimes Goin 
With the Bigger Guy ni 
All It's Cracked Up to Be. 

)California Devices, Inc. 1986 

hannelless is a trademark of California Devices, Inc. 



MILITARY 

PtSi: A NEW CONTENDER FOR IR SENSORS 
LOS ANGELES 

High-resolution infrared sensors, 
Ira which will serve as the eyes of the 
next-generation of smart U. S. military 
gear, continue to get top research atten-
tion from a select—and competitive—cir-
cle of suppliers. Choosing the best mate-
rial is a critical matter, and so far mer-
cury cadmium telluride and indium anti-
monide have garnered the lion's share 
of funding. But now GM/Hughes Elec-
tronics Corp. is moving to promote a 
third material, platinum silicide. 
The emergence of PtSi is marked by 

its use in the focal-plane array sensor of 
the IR seeker element of the Army's 
proposed Fiber Optic Guided Missile. 
The new sensor-array prototype, said to 
be not only the first such device pack-
aged as a tactical missile seeker but 
also the first flight-quality imaging IR 
seeker received for testing by the Army, 
is the work of GM/Hughes Electronics 
Missile Systems Group, Canoga Park, 
Calif. It is a very large-scale integrated 
circuit with 65,536 IR detectors in a 256-
by-256 mosaic arrangement. The Army's 
Missile Command will flight-test the 
seeker on FOG missile at Redstone Ar-
senal, Huntsville, Ala. 
VOLUME LEADER. If this tactical missile 
reaches production as a mainstay anti-
armor weapon, the Army will need 
many thousands of the sensors, making 
PtSi a clear volume leader over other 
materials. As recently as midyear, most 
IR-imager suppliers regarded PtSi as an 
also-ran material with little potential 
[Electronics, June 9, 1986, p. 40]. How-
ever, PtSi could offer lower sensor costs 
than the other materials. And produc-
tion yields are better, because, as a 
close relative of pure silicon, PtSi enjoys 
the benefits of the wealth of fabrication 
techniques developed for silicon. PtSi do-
tectors can be built in quantity on 4-in. 
wafers; HgCdTe, for instance, is cur-
rently limited to 2-in. wafers. 
Another advantage is that the PtSi 

sensors can be packaged as a hybrid 
with a signal-multiplexing chip, because 
the IR light passes unhindered through 
the silicon substrate on which the sen-
sor is built. The bottom of the detector 
chip faces outward toward the seeker's 
lens, and the active side of the chip can 
be bump-bonded to a second chip. 
The technique is similar to one long 

used by IBM Corp. for mounting memo-
ry chips on ceramic substrates, but in 
this case, two active chips are bonded. 
Indium bumps are formed on pads on 
the detector chip, and the multiplexer 
chip is made with a matching bump pat-
tern. The two chips are sandwiched to-

MISSILE EYE. Hughes has delivered IR seek-

ers with PtSi sensors to the Army for tests. 

gether, and heat is applied so that the 
indium bumps melt and bond. 

"This allows us to simplify the signal-
processing electronics, which means 
fewer parts and therefore lower costs," 
says Robert A. Aguilera, Hughes sensor 
program manager. He notes that seeker 
cost is particularly important to FOG-M 
because each sensor is mounted on the 
missile and is thus expendable. 
Defense Department research money 

so far has heavily backed HgCdTe be-
cause it works in all three of the sens-
ing-wavelength windows (1 to 3 1.t.m, 3 to 
5 1.1.m, and 8 to 14 p.m) in which the 

Strategic Defense Initiative has 
requirements. 
But Freeman Shepherd, PtSi's devel-

oper and its strongest proponent, thinks 
that even though his material is starting 
late, its conversion efficiencies for tacti-
cal sensing tasks in the 3-to-5-p.m range 
are now as good as the others. Bump-
bonding techniques and semiconductor 
processing advances have helped make 
PtSi fully as sensitive as its competition, 
says Shepherd, chief of the Electronic 
Devices Technology Division at the Air 
Force's Rome Air Development Center, 
Hanscom Air Force Base, Mass. He esti-
mates that PtSi sensors could be cheap-
er by a "factor of 20" than other materi-
als in production quantities. 
SHORTCOMINGS. Companies firmly com-
mitted to the other materials do not 
agree. "I doubt its usefulness in the tac-
tical environment," where smoke and 
haze require more sensing performance 
than PtSi has exhibited, says George 
Hopper, a senior fellow at Texas Instru-
ments Inc. of Dallas. As for cost, Hop-
per points out that because chips ac-
count for such a small percentage of the 
total expense, "there's not much sub-
stance to the cost argument." 
The competing IR materials will get a 

thorough test in another Army develop-
ment project announced in late August, 
the Advanced Antitank Weapon System 
Missile. Hughes, Ford Aerospace Corp., 
and TI won $30 million contracts to dem-
onstrate technology on this portable 
missile for infantrymen. TI's seeker will 
employ HgCdTe and Hughes's PtSi; 
Ford has not announced its approach. 

-Larry Waller 

TELECOMMUNICATIONS 

SATELLITE SYSTEM TO CUT 
MARINE TELECOM COSTS 
LONDON 

The cost of marine satellite-communi-
cations systems should drop to about 

one-sixth of its current level within two 
years. A new system—Standard C, do-
signed by the London-based Internation-
al Maritime Satellite Organization— 
slashes the size. weight, and price of 
such systems by reducing the types of 
services handled. 
The low-speed, data-only marine earth 

station could cost. as little as $5,000, esti-
mates Inmarsat, a 46-country coopera-
tive that provides communications facili-
ties for maritime and other mobile appli-
cations through three geostationary sat-

ellites. The Standard A marine earth 
stations now in use, which can handle 
voice, Telex, facsimile, high-speed data, 
and even television signals, require a 
stabilized parabolic antenna 1 m in diam-
eter, weigh several hundred kilograms, 
and cost an average of $30,000. 
Standard C offers access to such text-

based services as Telex, Teletex, elec-
tronic mail, and packet-switched data 
networks; it can support any alphabet 
used in the world. Furthermore, users 
may also be able to take advantage of a 
number of proposed navigational and 
positioning services, says Inmarsat. 
"Standard C represents an advance in 
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32-bit VME price/performance 
breakthrough! 

Motorola MC68020 VME computer board meets system integration 
needs for less than $1500* in OEM quantities of 100 or more. 

This highly-integrated computer 
board features the 32-bit performance 
of our proven 12.5 MHz MC68020 
MFU and our 
MC68881 Floating-
Point Coprocessor—at 
OEM volume pricing 
of less than $1500*. It's 
the smart answer for 
small single CPU sys-
tems and embedded 
controller applications 
in robotics, industrial 
automation, image 
processing and many others. 
Advanced features of the MVME133 

include 1 Mbyte of shared local 
DRAM accessible from the VMEbus; 
on-board MC68881 floating-point 
math coprocessor; serial debug and 
multiprotocol serial ports; three 8-bit 
timers; real-time clock; four 28-pin 
JEDEC sockets for ROM/PROM/ 
EPROM/EEPROM; A24/1)32 
VMEbus master interface; and built-in 
system controller which can provide 
all the required functions for many 
applications. 

You can also expand the board's 
capabilities with one or more 
VMEbus-compatible modules from 

Motorola and over 200 other 
worldwide vendors of VME 
products. 

The software's also 
in place. 
To speed development of 

your application, we back up 
the MVIVIE133 Monoboard 
Microcomputer module with 
our full-featured VERSAdoe 

real-time operating system. And for 
initial system checkout, you can select 
Motorola's optional VME133bue 

•IVIMIE121 

• 0,1V8.13 

• i•VNIE 

• Pricing in US. dollars for U.S deliyery on y. and is subject to change 
wilhoot notice. 

VRTX is a registered trademark of Homer 8. Ready 
PDOS is a trademark of Eyrie; Research. 
pSOS W a trademark of Software Cornooneets Group. 
MTOS is 3 trademark of Indostnal Programming, Inc, 
VIVEmodule, VME1331aug ano VERSAdos ara trademarks of Motorola. Inc. 
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firmware package with a full range of 
onboard diagnostics and debug 
utilities. 
Want to use your favorite real-time 

software package on the 
MVME133boarei Porting of pSOS,' 
PDOS,' RTUX7 M1OS,TM and 
VRTX® software packages is under 
way at their respective vendors, with 
availability planned for the Fall of '86. 

For complete 
information on 
Motorola's 32-bit 
VME computer 
board, fill out the 
coupon today. 

We're 
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MOTOROLA INC. 
International Semiconductor Group 
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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 x1023-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 da77Iing range of measuring 



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 128 on reader service card 

Anritsu 
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. 



LIGHTWEIGHT. lnmarsat's prototype of a complete data-only marine earth station weighs only 
13 lb. Production units should sell for about $5,000 and mount on the ship's superstructure. 

marine communications as significant as 
the replacement of signal flags by radio. 
It will for the first time bring the bene-
fits of satellite communications within 
the grasp of every class of vessel that 
goes to sea," says J. Christopher Bell, 
Inmarsat's Standard C project leader. 
There are some 5,000 Standard A in-

stallations on commercial ships. But the 
world's commercial fleet comprises 
some 175,000 vessels, according to In-
marsat. In addition to those potential 
Standard C users, the organization feels 
that a large number of pleasure-boat 
owners will want Standard C, particular-
ly those who venture onto the high seas 
or into remote areas. Standard C may 
also find uses in mobile terrestrial appli-
cations in areas where few people live. 
IMMUNE. Seagoing vessels generally car-
ry high-frequency marine radios, but 
bad weather can make hf communica-
tions unreliable. Satellite communica-
tions systems are relatively immune to 
interference, Inmarsat points out. 

Inmarsat engineers have built a proto-
type Standard C earth station, and they 
expect to finalize system specifications 
by the end of the year. A number of 
manufacturers have shown interest in 
producing the earth stations commer-
cially. Service using the same three sat-
ellites that support the Standard A sta-
tions should begin as soon as the manu-
facturers can bring their products to 
market, which should be in late 1987 or 
early 1988, says Inmarsat. Field trials of 
the equipment are scheduled for the sec-
ond half of 1987. 
Inmarsat will not reveal which manu-

facturers are working on Standard C 
equipment. Makers of receivers for a 
one-way shore-to-ship Inmarsat service 
called the Enhanced Group Call System 

seem to be likely candidates, however. 
Among them are Thrane & Thrane A/S 
of Copenhagen, Denmark; Sat-Text Ltd., 
Falmouth, UK; and Racal-Decca Marine 
Navigation Ltd., New Malvern, UK. 

In addition, several component manu-
facturers have parts under development 
that will be useful in Standard C sta-
tions and should have them on the mar-
ket within a year, Inmarsat says. 
Among them are integrated front-end 
chips and decoder chips implementing 
the Viterbi algorithm. 
To compensate for the fact that the 

tiny earth station has less power than 
most satellite data systems, Standard C 
designers developed a highly redundant 
data-transfer scheme to ensure reliabil-
ity. The 600-b/s digital microwave termi-
nal transmits in the 1.53- to 1.545-GHz 
band and receives a downlink of be-
tween 1.6315 and 1.6455 GHz. 

The prototype is housed in a box that 
measures 12 by 8.5 by 5 in. and weighs 
13 lb, but production models are expect-
ed to be packaged so that they can be 
mounted entirely on a vessel's mast or 
superstructure. In the box are a front 
end for signal reception and transmis-
sion, a demodulator and decoder for re-
ceived messages, a modulator and en-
coder for outgoing messages, an access-
control and message-handling proces-
sor—a Motorola 68000 in the case of the 
prototype—and a user interface. 

Signals are coded in a 1,200-symbol/s 
Viterbi-algorithm format, which pro-
vides full bit-for-bit redundancy at the 
600-b/s system rate. Data is interleaved 
to make correction possible should the 
signal fade during reception. 
The antenna used is a nonstabilized 

omnidirectional type with a minimum 
gain-to-noise-temperature figure of -24 
dB/K. After the signal is decoded into 
a standard ASCII message, it is held in 
a buffer memory at least 32-K bytes in 
size. It can then be sent to a data termi-
nal through an RS-232.0 link. Inmarsat 
chose to use a laptop computer as the 
data terminal in its prototype, but other 
equipment can be used. 
Outgoing messages are composed on 

the terminal. Pressing the transmit but-
ton initiates an interleaving, coding, and 
modulating process. A 20-W amplifier 
boosts the signal as it goes to the anten-
na. A synthesizer tunes the station auto-
matically in 5-kHz increments for both 
transmission and reception. 

Coastal earth stations will act as 
store-and-forward switches between 
Standard C users and land-based tele-
communications systems, and they will 
need to be fitted with additional equip-
ment to enable them to handle this new 
class of data. The amount of such equip-
ment needed depends on the number of 
channels the shore station expects to 
support. 

PLESSEY CHIPS WILL RUN 
WRISTWATCH PAGER 
SWINDON, UK 
In itself, building front-end receiver 
chips for radio communications gear is 

no big problem for Plessey Semiconduc-
tors Ltd., which has been a leader in 
this bread-and-butter business for years. 
But the company's newest task calls for 
something out of the ordinary: fabricat-
ing two chips that will do all frequency-
modulation receiving and signal-conver-
sion tasks for a wristwatch paging ter-
minal—and fitting the chips into a 0.25-
by-0.25-by-0.08-in. space. 
The Swindon-based Plessey unit has 

been tapped by AT&E Corp.. San Fran-

cisco, to supply the two devices, a front-
end direct-conversion receiver and a syn-
thesizer for its Receptor product. Now 
in the latter stages of development, Re-
ceptor seeks to integrate into a wrist-
watch package a radio receiver operat-
ing in the FM broadcast band, a micra 
processor, and timekeeping integrated 
circuits. 
The wristwatch terminal is key to a 

planned wireless communications net-
work that will enable a person wearing 
the watch to receive short messages on 
its digital display. The message can tell 
the receiving person to dial a known 
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PMI's 1986 ANALOG 
APPLICATIONS SEMINAR 

Austria 
Vienna, Oct. 6 

Belgium 
Brussels, Oct. 2 

Denmark 
Copenhagen, Oct. 3 

Finland 
Helsinki, Oct. 6 

France 
Paris, Sept. 25 
Lyon. Oct 10 

Germany 
Munich, Sept. 26 
Dusseldorf, Oct. 9 

Israel 
Haifa, Sept. 29 
Tel Aviv, Sept. 30 

taly 
Milan, Oct. 8 
Rome, Oct. 9 

Netherlands 
Utrecht, Oct. 1 

PMI's all new 3-hour technical 
seminar is coming to a city near 
you this Fall. PMI presents over 25 
bench-tested applications circuits 
showing new solutions to tough 
analog design problems. 

Learn cost-effective ways to: 
• Maximize linearity and bandwidth 
• Minimize drift, noise, offset and 
power consumption 

Know more about: 
• High accuracy non-linear circuits 
• Unusual new uses for D/A and 
AID converters 

Norway 
Oslo, Oct. 8 

Spain 
Barcelona, Oct. 10 

Sweden 
Stockholm, Oct. 7 

United Kingdom 
London, Sept. 22 
Manchester, Sept. 23 
Edinburgh, Sept. 24 

Yugoslavia 
Llubljana, Oct. 7 

FOR RESERVATIONS: 

European Headquarters: 
Switzerland 
Phone: 042-33 33 33 

Japan: 
Tokyo 
Phone: (03) 234-1411 

Asia Pacific Headquarters: 
Hong Kong 
Phone: 852-5-702-171 

Receive: 
• Complete course notes 
• New applications handbook 
• Samples of latest high performance 
analog ICs 

FRANCE: 01-40 03 35 93: GERMANY: 0711-22 93 0: NETHERLANDS: 070-87 54 04: SWITZERLAND: 042-33 33 33: 

UNITED KINGDOM: 01-572 65 31, HONG KONG: 0-4992688, JAPAN: (03) 234-1411; ARGENTINA: 46-5776/0628/0864;2214, 

AUSTRALIA: (02) 570-8122, AUSTRIA: 0222-43 26 39; DENMARK: 02-98 63 33, FINLAND: 90-75 06 00; 

INDIA: 222-999, ISRAEL: (972) 3-922 39 38, ITALY: 02-569 57 46, KOREA: (02) 244-7492, NORWAY: 02-83 02 20, 

SINGAPORE: 747-6188: SPAIN: 01-405 42 13, SWEDEN: 08-768 05 60, TAIWAN: (02) 752-2200, YUGOSLAVIA: 041-42 37 46 

Japan 
Tokyo, Nov. 5 
Tokyo, Nov. 6 
Osaka, Nov. 7 

Korea 
Seoul, Nov. 3 
Seoul, Nov. 4 

Singapore, Oct. 27 
Taiwan 

Taipei, Oct. 29 
Taipei, Oct. 30 

Precision Monolithics Inc. 
A Boums Company 
Santa Clara, California, USA 
408-727-9222 • 

The precision solution. 



WRIST PAGER. AT&E Corp. is developing a messaging 

pager that fits inside a case the size of a wristwatch. 

number (such as "call home" or "call 
office" requests), or the message sender 
can enter a new number for the Recep-
tor wearer to call. 
When AT&E completes its internation-

al network, persons wishing to send a 
message to a Receptor wearer will be 
able to do so via the telephone network. 
The message will be relayed to an FM 
broadcast station, where it is converted 
into a subchannel signal and transmitted 

superimposed on the signal car-
rying the station's normal pro-
gram material. 

Plessey officials do not play 
down the difficulty of their as-
signment—fabricating and deliv-
ering working silicon prototypes 
during the first quarter of 
1987—but they point out that 
concept and basic design ap-
proaches were nailed down dur-
ing the fulfillment of several 
joint-research contracts over the 
past year. "It is a very tough 
requirement, providing a receiv-
er of that sensitivity, size, and 
power level," says Brian Hyde, 
product manager for Plessey. 
"It means taking integration to 
the highest levels, which pro-
vides the architecture for a 
Rolls-Royce solution to a very 

difficult task." 
There are tight specifications on re-

ceiver signal-to-noise ratio (-92 dB) and 
dynamic range (40 to 60 dB). They're 
necessary because of the way the Re-
ceptor will be used, says Joseph F. Sti-
ley, president of the AT&E research 
subsidiary, AT&E Laboratories in Bea-
verton, Ore. "Wearing it inside cars and 
buildings would yield a subpar perfor-
mance otherwise," he says. 

The receiver chip will be fabricated in 
a bipolar process technology, says Hyde, 
to operate off a 0.9-V supply, which is 
lower than commercial pagers now on 
the market. The Receptor will use a 
standard 50-to-60-mA watch battery, 
which should last for about a year—the 
chips draw power only when command-
ed, under a synchronous time protocol, 
as paging signals are transmitted. 
One of the chip's sophisticated fea-

tures is a gyrator filter built with a 
number of small-value capacitors. The 
filter produces a sharp response curve, 
which helps in maintaining the receiv-
er's dynamic range. 
The CMOS synthesizer chip has a fre-

quency-agile feature that gives it the 
capability to step in 50-kHz intervals 
over the entire FM broadcast band. 
AT&E expects to use FM broadcast sta-
tions anywhere in the band, and Recep-
tor must work without retuning in all 
locations, notes Stiley. The chip also has 
a filter designed to extract the subchan-
nel FM signal, which has a transmission 
rate of 19 kb/s. 
AT&E intends to subcontract Receptor 

manufacture, including signing a major 
watch firm. Officials will not say when 
that might occur, but the firm expects 
to have the wrist terminals ready late 
next year. —Larry Waller 

AT&T DOUBLES MICROWAVE DATA RATE 
NORTH ANDOVER, MASS. 

A n upgrade by AT&T Co. of its micro-
Pawave radio network will soon allow 
the communications giant to move data 
at 90 Mb/s—twice the current rate— 
anywhere in the country. The upgrade 
means a substantial number of the 3,100 
stations in the network will be enhanced 
with a new digital-signal transmission 
system. 
AT&T began implementation of the 

new system in April, but the company 
was close-nnouthed about details until 
the European Microwave Conference in 
Dublin, Ireland, last week, where it pre-
sented papers on the upgrade. The new 
digital system, called the TD-90, modi-
fies and augments existing microwave 
equipment, using 64 quadrature-ampli-
tude-modulation to raise the data rate. 
The 64 refers to the number of modula-
tion levels being used in quadrature-am-
plitude-modulation transmission, a stan-
dard technique that combines phase and 
amplitude modulation. 
INTERFERENCE BLOCKED. The new 
equipment is also notable for other fea-
tures, however. It automatically varies 
transmission-power levels to suit condi-
tions, for example. An extra-robust er-
ror-correction scheme is being used, 
along with a new system for canceling 

interference among microwave signals. 
Economy was an important consider-

ation in the upgrade development. Radio 
bays can be field-converted for TD-90 
digital transmission by adding one shelf 
of equipment and making other, minor 
modifications, says Frank Witt, head of 
the microwave radio systems depart-
ment at Bell Laboratories in North An-
dover. TD-90 also uses existing station 
antennas, towers, waveguide, and chan-
nel-separation networks. 
To overcome signal-fading problems, 

Bell Labs developed an automatic trans-
mitter-power controller 
for digital microwave 
transmission, says Wil-
liam Barnett, head of 
the digital transport per-
formance planning de-
partment at Bell Labs in 
Holmdel, N. J. In normal 
operation, the controller 
allows transmission at 
relatively low levels to 
help avoid interference 
with other signals. 
But if the signal 

starts to fade, the con-
troller increases trans-
mitter power in response 
to a tone generated at 

WITT: AT&T's digital microwave 
facilities will be upgraded without 
scrapping existing equipment. 

the receiving end and sent back to the 
transmitting side of the link. The fre-
quency of the tone is proportional to 
power received. 
As an added benefit, using the con-

troller helps to eliminate the need for 
signal regeneration at each hop in the 
network. The lower transmission levels 
used make it possible to get by on am-
plification alone between most stations, 
so that regeneration is only required at 
every fourth hop. This results in a sub-
stantial hardware savings and improves 
system reliability, says Witt. 

By adding redundant 
bits to data streams, TD-
90 can reduce back-
ground error rates of, 
say, 1 in 108 to the virtu-
ally error-free level of 1 
error in 1018 bits. Higher 
error rates would still 
yield effective results; 
an error rate of 1 in 104 
can be corrected to 1 in 
106. Barnett asserts that 
the TD-90 system will 
typically run error-free. 

Bell engineers de-
signed an FM interfer-
ence canceling system to 
address problems that 
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"Customers tell us... 
Samtec really is a 
different breed 

of cat!" 

Contact Samtec 
for all of your 
board-to-board 
and on-board 
interconnect 
needs. You'll find 
the industry's 
largest selection of 
instant break-away 
socket and terminal 
strips as well as 
low profile and hi-
temp DIP sockets 
and surface mount 
products. 

SAMTEC STOCKING DISTRIBUTORS 
ENGLAND Electronics Ltd., 0295 61138 TLX-838785 
Electronics 2000 Ltd., 0494 444044 TLX-838808 
SWEDEN Freber Elektronik AB, 08 811020 TLX-14336 
NORWAY Freber Norge, 03 825350 TLX-74329 
FINLAND Turelco, 358 21333500 TLX-62388 
SWITZERLAND Sibalco, 061 250044 TLX-96285I 
DENMARK Distributoren Interelko, 03 1400700 TLX-43507 
GERMANY C & K Components GMBH, 089 759080 TLX-52 13068 
AUSTRIA C & K Components, 02 22 469097 TLX-133 551 
FRANCE C & K Composants SA., 45 83 24 54 TLX-204317F 

Samtec, tnc 1986 

11116.-1-1-1"7 

Sam Shine, Proprietor 

Samtec's SUDDEN SERVICE gets the 
highest customer approval for product 
quality, on-time delivery. 
Everybody claims superior products and service. 
We'll simply summarize and document* some of the 
reports we continually receive from Samtec customers 
who demand the best from their suppliers. Large 
companies, medium-size companies, small firms—they 
have all come to rely upon Samtec SUDDEN SERVICE. 

Large orders or small, they all receive the same 
"as promised" service that makes Samtec 
"a different breed of cat". Try us. You'll be 
pleasantly surprised. 

CUSTOMER EVALUATION SCORECARD* 

Customer Product 

Company "A" Computers 

Company "B" Industrial Controls 100% 

Company "C" Test Instrumentation 100% 

Company "D" Cellular Radios (Telecom) 100% 

Company "E" Medical Instrumentation 100% 

Company "F" Computers Zero Defects 

Company "G" Telecommunications 100% 

Company "H" Industrial Motors 100% 

Company "I" Telecommunications 100% 

Company "J" Medical Instrumentation 100% 

Company "K" Heart Pacemakers Excellent 

Quality 
Rating for 
Samtec  

100% 

*Your Samtec salesman or distributor can show you documenta-
tion and names. They are highly respected, quality-oriented 
OEM's of all sizes that you'll recognize immediately. 

WRITE TODAY for our new 72-page full line catalog. It has 
been revised and enlarged to include many new products. 
And it contains complete specification data for fast, easy 
ordering. 

CIRCLE NO. 111 

SUDDEN SERVICE 
SAMTEC, Ltd. 35 Deerdykes View, 
Westfield, Cumbernauld, Scotland G68 9HN 
Tel: 2367 39292 FAX: 2367 27113 TLX: 776158 

Visit Samtec at 
ELECTRONICA Nov. 11-15 le' 



Did You Know 
That LastYear's 
U. S. Savings 

Bonds 
Average Rate 
Exceeded 9%? 

Many Americans are surprised 
when they hear all that U.S. Savings 
Bonds have to offer. Today's Bonds 
give you market-based interest 
rates—like the money markets—plus 
a guaranteed return. So you can earn 
a lot more than the guaranteed 
minimum rate of 71/2%, but never less! 
To earn the higher rates, just hold 
your Bonds five years or longer. 

What's more, Bonds give you 
big tax advantages, cost as little as 
$25 and are easy to buy. You can 
purchase them at most banks and 
savings and loans, or through the 
Payrcill Sayings Plan. 

For more surprising news, call 
toll-free 1-800-US-BONDS. 

US. SAVINGS BONDS. 
Paying Better Than Ever 

Market-based rates apply to Bonds purchased on and after 
11:1/82 and held at least hve years. Bonds purchased before 
11.1/82 earn market-based rates when held beyond 10/3: ,87. 
Bonds held less than five years earn lower rates. 

A public service of (hi,. publication. 

crop up at the microwave stations, 
which might have up to five transmit-
ters or receivers operating cheek by 
jowl. Their approach uses a sample sig-
nal to cancel interference through dy-
namic amplitude and phase optimization. 
"We can get 15 to 20 dB of cancelation," 
Barnett reports. 
The TD-90 took two years to develop. 

PACKAGING 

The first implementation was a 10-
switch installation covering a route run-
ning 750 miles, from White Plains, 
N. Y., to Cleveland. 
AT&T will manufacture the TD-90 sys-

tems in North Andover and in Winston-
Salem, N. C. The company says most of 
the work on the upgrade should be fin-
ished by the end of 1987.-Craig D. Rose 

AMP'S NEW VLSI PACKAGE 
SQUEEZES IN 320 LEADS  
HARRISBURG, PA. 

Very large-scale integrated circuits, 
especially those designed for the De-

fense Department's Very High Speed 
Integrated Circuits program, are push-
ing hard on chip-package and socket 
technologies. There's a need for much 
higher interconnection density and far 
faster operating speeds. 
Amp Inc., Harrisburg, is trying to 

meet these requirements with a new 
320-terminal ceramic chip carrier and 
the carrier's surface-mount socket. The 
package, which has input/output pads 
on 10-mil centers running around its 
edge, will be described at the Interna-
tional Electronic Manufacturing Tech-
nology Symposium in San Francisco this 
week. 
Competing solutions, such as the dual 

in-line package and the pin-grid array, 
have leads on 100-mil centers. Most 
leaded and leadless chip carriers have 
either leads or pads on 50-mil centers; 
special chip carriers are becoming avail-
able with leads on 25- or 20-mil centers. 

Typically, these packages are made 
using either co-fired ceramic technology, 
with its high dielectric constant and 
high conductor resistivity, or expensive 
thin-film technology. Some companies 
have gone to thick-film technology, 
which results in somewhat lower resis-
tance but offers more limited resolution. 

CONTACT. The contact design in Amp Inc.'s 10-mil-pitch sock 
et provides a very short electrical path to the pc board. 

Amp's product, by contrast, has low-
resistivity traces and short conductor 
lengths that contribute to its speed ca-
pabilities, says Martin G. Freedman, 
manager of micrologic packaging at 
Amp. To create the low-resistivity con-
ductors, the ceramic leadless package is 
made using a very precise lithographic 
patterning technique that makes for a 
fine-line, high-purity, plated-copper pat-
tern with a nominal 1-mil thickness. 
SHORT CONDUCTORS. A proprietary con-
ductor design keeps conductors short on 
the carrier's substrate by completely en-
circling the die-attach area with both 
voltage and ground buses, providing di-
rect access for all the chip's ground and 
power-supply circuits. In addition, the 
pattern contains a built-in decoupling 
structure. 
And to achieve interconnection densi-

ty, the fine-pitch Amp socket exploits a 
clever mechanical and electrical design, 
and the carrier uses a new fabrication 
method. 
The socket has up to 320 contacts on 

10-mil centers and is designed to accom-
modate a standard square substrate 
measuring 0.950 in. on a side. The key 
to the socket's high performance is its 
elegant contact design (see diagram). 
The single vertical pin shape at the left 
side of the contact assembly is driven 
into the plastic socket housing and 

serves as the anchor for 
the contact. 
When the carrier is 

mounted, the contact is 
compressed. Then it ro-
tates so that full wiping 
action occurs at three im-
portant interfaces: the one 
between the package and 
the contact, the contact to 
the printed-circuit board, 
and the interface between 
the two shunt members. 
The shunt members are 
the key ingredients that 
let the socket carry very 
high-speed signals. 
For example, the verti-

cal shunt bypass member 
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VLSI DENSITY. The chip carrier and socket 

combination can support 320 I/0 lines. 

provides the lowest inductance and shor-
test signal path possible. The only limit 
to signal-path shortness is the thickness 
of the package or cover. Initial theoreti-
cal calculations indicate an inductance of 
less than 1.5 mH and adjacent-contact 
capacitance of about 0.5 pF. This contact 
design separates the spring-force mem-
ber from the signal-carrying member, 
which makes the desired electrical per-
formance possible. 
SOLDER ELIMINATED. The force (150 
grams per contact) needed to compress 
320 contacts requires the use of top and 
bottom aluminum plates to clamp the 
carrier/socket assembly to the pads of a 
pc board. The elimination of solder from 
this surface-mount socket makes ready 
replacement possible. The metal-to-metal 
contact between socket and board great-
ly contributes to long-term contact 
reliability. 

Precise alignment of the socket with 
its finely patterned contacts required a 
special mechanical design. The features 
of a standard Jedec chip carrier, consist-
ing of three corner notches and one cor-
ner chamfer, were inadequate for a 
package with contacts on 10-mil centers. 
Amp developed a new alignment sys-

tem based on features in the middle of 
each side of the package—slots in the 
carrier and mating posts on the socket. 
Accurate lithography and precise laser 
machining made this system possible. 
Using a socket avoids the problem of 

handling fragile socket leads on 10-mil 
centers, while providing the required 
mechanical compliance. This permits the 
board substrate to be selected on the 
basis of its electrical properties alone. 

-Jerry Lyman 

TAKE 
THE 
32-B 
TEST: 

I on real-world, commercially-avaifable sys-
',terns, which leading 32-bit microproces-

sor repeatedly and conclusively wins 
performance comparisons run against 
standard, unmodified Whetstone and 
Dhrystone benchmarks: 

- MC68020 80386 

L ▪ Which 32-bil microprocessor is the highest-
•speed (25 MHz/40 ns), general-purpose 
microprocessor commercially available 
today: 

- MC68020 80386 

ai Of the leading 32-bit MPUs, which has 
a_shipped over 150,000 to date: 

- MC68020 80386 

4You get the largest body of software avail-
_able for 32-bit microprocessor-based 
machines when you select this MPU: 

 MC68020 80386 

Now you know why hundreds—including 20 
CAE workstation vendors, 19 office systems 
manufacturers, 14 factory automation inte-
grators and 32 single-board CPU designers 
—are designing and producing systems based 
on Motorola's 5-MIPS* MC68020. And why 
Motorola continues to account for over 85% 
of the 32-bit MPU market. 

'Sustained throughput; 12.5 MIPS in burst mode. ©Motorola Inc. 
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SIEMENS 

Codec Filter PEB 2060: Programmable for worldwide use. 

Put all nations "on board" 
with SICOFI 

Siemens presents the world's first programmable 
Codec filter device in CMOS technology with digital 
signal processing. This breakthrough is the cornerstone 
for a new generation of digital switching systems: 

Signal Processing  Codec Filter (SIC0FrIPEB 2060 

SICOFI can handle different international postal speci-
fications. It is programmable for all systems in all 
countries. And it is easily adaptable — in its amplifier 
setting, in its input impedance, in its 2/4-wire conversion, 
and in its equalization of frequency response. 

That means greater flexibility and convenience for produc-
ers of switching systems. Manufacturing is simpler and 
more straight-forward. One board is enough for all specs. 

And, just look at these performance features of the 
SICOFI PEB 2060: 

• Capability for three-party conferencing. 

• 22-pin, low-dissipation package — so 16 instead of 
8 subscribers per module can be serviced. 
And that means dramatic space savings. 

• Simple board structure when used in conjunction 
with Peripheral Board Controller (PBC) PEB 2050 — 
for reduced outlay in circuit design. 

• Flexible signaling interface — for ease in connecting 
upcoming monolithic SLIC components. 



SICOFI does all this without any extra external circuitry 
It's only one of the new IC's in the big telecome IC 
family from Siemens - the complete IC family for the 
telecommunications of the future and for simplicity 
of design in digital communication systems that lead 
the way 

Siemens is ready to lead the way for you - with 
experience, know-how, and pace-setting technology 
And we'll back you with comprehensive support for the 
products you buy You'll get fully detailed technical 
documentation, training courses, prototype devices, 
and test boards, plus dependable second-sources. 

Circle 112 on reader service card 

Come aboard! Write to Siemens AG, 
lnfoservice 12/Z024e, Postfach 2348, D-8510 Fürth, 
West Germany, mentioning "SICOFI PEB 2060". 

The key to digital 
communication systems 
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INTERNATIONAL NEWSLETTER 
FUJITSU ADDS MINISUPER-CLASS COMPUTER 

Fujitsu Ltd., by extending its supercomputer line at the low end with a 
stand-alone model that doubles as a mainframe, has in effect entered the 

minisupercomputer market. The Kawasaki, Japan, company was able to keep 
the new VP-30's price low by lowering scalar performance, a reduction that 
tends to make the machine more a minisuper than a supercomputer. At the 
same time, though, Fujitsu maintained most of the vector performance: more 
than 110 megaflops for the VP-30, compared with 140 for the former bottom-
of-the-line VP-50. That's a reduction of only 20%, while the price—$485,000 
to $515,000 in Japan—and the scalar performance are both 35% lower. 
Other major changes include simpler control systems and a scalar buffer 
reduced from 64- to 32-K bytes. Still, the computer can be upgraded in the 
field all the way to a top-of-the-line VP-200. Fujitsu expects to sell about 170 
supercomputers by the end of fiscal 1989, and predicts 70 or so will be VP-
30s. The company already has sold 30 VP-family machines in Japan, and 14 
throughout the rest of the world; most of the latter were sold by Amdahl Corp., 
Sunnyvale, Calif., and most of those outside the U. S. D 

PHILIPS GAINS MUSCLE IN OFFICE MARKET 

Look for Philips International NV of Eindhoven, the Netherlands, to make a 
bigger dent in the European office market. The Dutch giant will be able to 

connect its products to networks supporting IBM Corp.'s ubiquitous System 
Network Architecture, now that it has agreed to integrate software from The 
Orion Group Inc. into the Philips product line. As part of the deal, Philips and 
Orion, of Berkeley, Calif., will develop a software package that combines 
support for earlier versions of SNA with more recent enhancements. 0 

VICTOR THREATENS 8-MM MARKET WITH LIGHTWEIGHT VHS CAMCORDER ... 

Victor Co. of Japan has thrown another roadblock in the path of 8-mm 
camcorders and VCRs in the battle for market supremacy. It has reduced 

the weight of its GR-C9 record-only camcorder, which uses half-inch tape in 
the VHS-C format, to only 1.5 lb, which is three-fourths the weight of the 
smallest available 8-mm camcorder, made by Sony. Earlier this year—Febru-
ary in Japan and May overseas—Victor introduced its 2.9-lb GR-C7 full-
feature VHS-C camcorders, beating Sony's 8-mm product by more than 2 lb. 
At that time, industry experts said that Victor pushed Sony's 8-mm marketing 
program back by at least a year. The new GR-C9 has only a fixed-focal-length 
lens (rather than a zoom lens; Sony's lightest product has a similar fixed-
focal-length lens) and can only record, but its low price—$955 in Japan— 
lightness, and compactness make it an excellent take-along system for the 
more than 100 million consumers worldwide who have VHS VCRs at home on 
which to play back the tapes. D 

.... AS NIKON JOINS RIVAL CAMERA MAKERS IN THE 8-MM RACE 

Add Nihon Kogaku (Nikon) to the list of Japanese firms, mainly camera 
manufacturers, jockeying for position in the emerging U. S. 8-mm cam-

corder market. Nikon is expected to lock horns with Minolta, spilling their 
battle for leadership in the automatic-focus 35-mm single-lens-reflex camera 
market over into the new arena. This time Nikon hopes that its lighter, 2.9-lb 
camcorder made by Matsushita should put it one up over Minolta with a 3.1-lb 
unit from Hitachi, even though Matsushita supplies a similar product to Olym-
pus, while Asahi Pentax and Kyocera (Yashica) sell private-label models 
made by Hitachi [Electronics, Sept. 4, 1986, p. 50]. Canon offers a 4.4-lb 
camcorder it makes itself. D 
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Fast field upgrade 
for modular 
memories. 

SIMMple solutions, 
from AMP 

Circle 51 on reader se-vice card 

Now, AMP makes single in-line modular 
memory a very practical idea, with a 
family of inexpensive SIMM sockets. 

What could be simpler than field 
replacement of modules in seconds, 
without tools? Our standard SIMM 
sockets feature polarized card-guide 
housings with built-in retention 
latches. 

Count on higher yield and fewer 
"problem" boards, too. Our high-
pressure tin contacts accommodate 
warped module boards without corn-

promising performance. And we've 
brought the module leads to within 
.050 " of the board for high-speed 
applications. 

Al! this, in a socket that still 
makes solid economic sense. It's just 
the sort of thing that makes AMP 
worth remembering. 

Call (717) 780-4400 and ask for 
the AMP SIMM Socket Desk. 
AMP Incorporated, Harrisburg, 
PA 17105-3608. 

anal IIP Interconnecting ideas 

Standard sockets in 10 
through 42 positions 
and low-profile sockets 
in 30 and 34 positions 
are available. Angled 
sockets to address tight 
board-to-board space 
applications to be 
available shortly SIMM 
sockets accommodate 
standard 64K, 256K, 
and proposed 1M 
modules. 

Card guide 
(we 
polarizaban) 

Guide posh 
beat stake 

Latch 

CoMac 

050" 
module-le-board 
cleararce 

Contact "float- cradle 

Redundant tin-to-tin contacts 
provide reliable performance 
without the cost of gold plating. 
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New Kytiggo Nu° Film is a un* polymer transducer 
with a dynairsk range of 104to 106 psi and a broad-band 

frequency esponse from DC to ellz. 
Sound incredible? 
We think so, too. 
But we'll let the facts about new 

KYNAR Piezo Rim speak for themseNîk. 
KYNAR Piezo Fileils a specially pro - 

polrihylidene fluoride that exhibits 

s lightweight, 

converts pressure into an 
electrità signal. The voltage output is 
proportional to the stress applied, and 
can reach hundreds of volts. The signal 
will drive CMOS or a liquid-crystal display 
directly. Piezo Film is also an extremely 
broad-band material, responding to 
frequencies from DC to GHz. 

Conversely Piezo Film transforms an 
electrical signal into mechanical motion. 
Its dimensional change at low frequencies 
makes it useful in actuators and micro-
manipulators, and, at audible frequencies, 
as speakers. At megahertz frequencies, 

m is an excellent ultrasonic 
itten 
R Piezo Film is also pyroelectric, 

converting thermal energy into elec-
tricity. The film is so sensitive it can 
detect heat from the human body up to 
50 feet away. 

The potential applications for this 
revolutionary low-cost transducer 
material are limited only by your imagi-
nation. Consider these areas: 

Industrial/Instrumentation: Pressure, 
strain and impact measurement: 
machinery health monitoring; flow and 
level measurements; NDT: IR detectors: 
robotic-tactile sensors: security monitor-
ing and perimeter security devices. 

Medical: Measure gas and fluid flow, 
body motion, heartbeat, respiration, and 
blood pressure. Also, ultrasonic imaging 
and instant thermometers. 

Computers: Switches and keyboards: 
input devices such as digitizers, sketch 

pads, and interactive touch screens; 
printers, too. High resistance to impact 
and fatigue means Piezo Film won't 
degrade over millions of operations. 

Audio: Speakers, microphones, and 
acoustic pick-ups for musical instruments. 

KYNAR Piezo Film is available in a 
range of thicknesses and sizes, and 
Pennwalt can provide custom patterned 
metalizations to meet your design needs. 

Send for your KYNAR Piezo Film 
Experimenter's Kit. 

Experimenter's Kits are available for 
$45. The kit includes samples of KYNAR 
Piezo Film, plastic connectors with leads. 
and instructions for five easy-to-perform 
experiments. 

To order your Experimenter's Kit, 
or for more information about KYNAR 
Piezo Film, call us at (215) 337-6710, 
or write: KYNAR Piezo Film Group. 
Pennwalt Corporation, 900 First Ave., 
King of Prussia, PA 19406. 
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THE BRA 
THEJIV 
'111EVS1  
LAST SUMMER IN 
THE NORTH 
ATLANTIC, 
THOMSON-CSF 
CAME UP WITH 
ONE OF ITS BIGGER 
DISCOVERIES. 

THE 46,000-TON 
"TITANIC? 

At 2:20 AM on April 15, 1912, the White Star liner 
Titanic went down in the North Atlantic. 

Seventy-three years later—in the shape of a series of 
dramatic photographs — she came back up. 

The Franco-American team that did it used a sonar 
developed by our Undersea Systems Division. 

The device, which produces three times the resolu-
tion previously possible, quickly enabled the team to get 
a fix on the Titanic's hulk 
— a technological feat 
unprecedented at such 
depths. 

At Thomson-CSF 
achieving unprecedented 
technological feats is 
something we happen to be pretty good at. There's 
nothing secret about how we do it. We invest massively 
in R&D. Last year the company devoted 18 percent 



NOWR 
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P °WEI' 

of sales to research. Over $800 million. It's one of the 
ways we maintain our edge in the highly competitive 
world markets in which we operate. 

Thomson-CSF is a leading global producer of 
advanced electronics systems 
for civilian and defense 
applications. In 1985 our total 
revenues were $4.3 billion, 
over 61 percent of which was 
generated outside France, our 
home base. 

The company's core 
business is defense electro-

nics: avionics, defense and control systems, weapons 
systems, communications and data processing, antisub-
marine warfare systems and training 
simulators. Thomson-CSF is the 
largest defense electronics company 
in Europe and the third largest 
in the world. 

Balancing these activities are 
several nonmilitary businesses that 
share the same advanced technologies - for example, 
we're the world's leading supplier of air traffic control 
systems. 

Two specialized and separate operating groups 
produce medical diagnostic imaging 
systems and TV station equipment. 
Again, well over half of our sales in 
these two fast-growing sectors is 
generated outside France. 

Underpinning all Thomson-CSF 
operations are electronic components. 
Our electronic components operating group supplies 
Thomson-CSF units with state-of-the-art products and 

is fast becoming a major supplier 
in the world market. 

Our components are every-
where. They're out in space on sa-
tellites and on Spacelab while here 
back on earth they've been central 

to many major advanced technological projects. 
Including the exciting mission that last year took 

them deep into inner space - two-and-a-half miles below 
the gray swell of the Atlantic. 

THOMSON-CSF 
173 bd Haussmann 75008 Paris France 
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DATA GENERAL ASKS: 
ARE YOUR ENGINEERS OPERATING ATA HANDICAP? 

GIVE THEM TOTAL RESOURCE-SHARING WITH TEOP' 
THE FIRST COMPLETE INTEGRATED ENGINEERING ENVIRONMENT. 

Take the blinders off your engi-
neering and development opera-
tions. With a systems solution that 
affordably integrates hardware, 
applications, advanced office auto-
mation and personal productivity 
tools in a shared environment. 

Data General's Technical 
Electronic Office (FEO) integrates 
technical applications software 
with our industry-leading CEO° 
office automation. And our AOS/ 
DVSTM distributed operating system 
allows you to tap all the power and 
responsiveness of your entire com-
puting resources from each 
workstation. 

It's just one of Data General's 
total solutions for industrial and 
Circle 56 on reader service card 

business automation. A solution 
that lets engineering workstations, 
superrninis and servers work 
together as a single resource. 

Only Data General gives you 
AOS/DVS or your choice of 
enhanced UNIX" environments on a 
full range of compatible processors, 
from our new DS/7000TM family of 
workstations to the new standard for 
superminis, the Data General 

MV/ 20000' t" And our commitment to 
industry standards lets you integrate 
your current mainframes. Easily 
expand your network. And protect 
your investment. 

Learn more about Data General's 
integrated solutions. Write Data 
Genera', 6300 So. Syracuse Way, 
Englewood, CO 80111. Or call 
1-800-DATAGEN (in Canada call 
1-800- 268-5454). 

F Data General 
a Generation ahead. 

Ki 1986 Data General Corporation. Westboro. MA. CEO is a regsteren trademark and 
TED. AOSiINS. DS/7.000 adid MV/20000 are trademarks of Data General. 
F NIX is a trademark ot AT&T Bell Latxgatories. 
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INSIDE TECHNOLOGY 

GaAs LSI 
GOES COMMERCIAL  

by Bernard Conrad Cole 

W ith the handling 
and fabrication of 

complex gallium arsenide 
chips becoming less of a 
headache, GaAs LSI is 
emerging into the real 
world as a material that 
can compete with 
silicon in some major 
application areas. GaAs 
has long tantalized 
system designers with 

its promise of 
speed, even 
as it has 
frustrated 
them with 

its fragility, 
but years of work on 
processing—the learning 
curve so familar in 
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GaAs MAINTAINS SPEED EDGE 
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electronics technology—is beginning to pay off 
with commercial digital GaAs integrated circuits. 
The key is complexity. Now that affordable 

LS! GaAs circuits are coming out of the labs, the 
technology can be expected to climb out of niche 
military applications and into a widening circle of 
uses: high-speed controllers in disk subsystems, 
process automation, simulation, and high-perfor-
mance graphics systems, to name a few. And 
GaAs memory components will find their way 
into computer cache memory; computer register 
files, such as those supporting fast reduced-in-
struction-set architectures; and real-time signal 
processing in array processors, for example. 

In most of these applications the GaAs parts 

will be selected solely for speed. But in some 
applications their radiation hardness—GaAs can 
absorb up to 10,000 times as much radiation as 
silicon without ill effects—or temperature toler-
ance will make the sale. 
The first GaAs LSI digital logic parts to move 

into commercial production is the family of 
29G00 bit-slice components from Vitesse Elec-
tronics Corp. (see story, p. 61). But if the in-
creasing number of product introductions and 
technical papers is any indication, Vitesse will 
not be alone for long. At least two other manu-
facturers—Rockwell International Corp. and Mc-
Donnell Douglas Corp.—plan volume production 
in 1987 of GaAs LS! 4-bit-slice components, and 
three other companies have announced Lsi-level 
gate arrays. 

Further evidence of momentum will be seen 
next month when the Gallium Arsenide Integrat-
ed Circuit Symposium convenes at Grenelefe, 
Fla. Of the 39 papers scheduled for presentation 
at the Oct. 28-30 meeting, half are devoted to 
digital circuits. And more than three quarters of 
these describe a variety of LSI circuits, ranging 
from gate arrays to static RAMS and a variety of 
custom and standard circuits. 
These developments, however, come at a mo-

ment of resurgence for silicon bipolar technology 
[Electronics, April 7, 1986, p. 24]. Bipolar's sub-
nanosecond speeds are approaching those of 
GaAs, and VLSI densities are 10 to 30 times those 
of current GaAs digital circuits. Some manufac-
turers, including Fairchild Semiconductor Corp., 
believe silicon will remain the technology of 
choice (see "Fairchild relegates GaAs to niche 
status," p. 60). Others—like Lou Tomasetta, the 
president of Vitesse's Integrated Circuits Divi-
sion in Camarillo, Calif.—say the ball game is 
still in its early innings and that GaAs will 
emerge the winner. 
The first hint that GaAs was emerging as a 

force in the market was the unveiling of circuits 
last winter by Fujitsu Ltd., NEC Corp., and Texas 
Instruments Inc. 
From TI in Dallas came a 4,000-gate bipolar 

GaAs array, fabricated using 5-gm rules with 
molecular-beam epitaxy. The key to its density is 
a variation of the heterojunction inverted-transis-
tor integrated-logic technique. At 0.2 mw per 
gate, propagation delay is 1.25 ns with a fanout 
of four. At 1 mw per gate, the delay is improved 
threefold, to 400 ps. 

Fujitsu, of Atsugi, Japan—which like TI and 
NEC made its announcement at the International 
Solid State Circuits Conference [Electronics, 
Feb. 17, 1986, p. 23]—described the largest high-
electron-mobility transistor-based logic circuit, an 
array with 1,500 gates and 6,650 transistors. Its 
1.2-gm enhancement/depletion type direct-cou-
pled FET logic process has also been used to 
build 1-K, 4-K, and 16-K static random-access 
memories. Now in development is a 3,000-gate 
HEMT-type array, featuring gate delays of 85 ns 
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for a three-input NOR gate. 
In Kawasaki, Japan, NEC is de-

veloping a bipolar silicon GaAs 
array that is compatible with 
current-mode logic. It houses 
3,000 gates, and boasts gate de-
lays in the 200-ps range and data 
rates up to 1.32 gigabytes/s. 
Perhaps the most impressive 

item to be unveiled at the up-
coming Florida symposium is a 
6,000-gate array from Honeywell 
Inc. The Minneapolis company 
designed, fabricated, and tested 
the device as part of the Defense 
Advanced Research Project 
Agency's GaAs pilot-line pro-
gram. With a gate delay of 
about 1 ns, the array has been 
used to fabricate a 19,000-tran-
sistor 12-by-12-bit asynchronous 
multiplier and its associated test 
circuitry. 
Looking for compatibility with 

silicon emitter-coupled logic, 
CMOs, and TTL, TriQuint Semiconductor Inc. of 
Beaverton, Ore., has developed an enhancement/ 
depletion GaAs array with 3,000 gates and confi-
gurable cells. It has 64 input/output lines, each 
of which can handle data rates up to 700 MHz. 
With it, a 4-bit 10181 silicon bipolar ECL arithme-
tic logic unit has been emulated using only 9% of 
the total array. The unit has 2- to 4-ns propaga-
tion delays and dissipates 430 mw. Consisting of 
1,020 compound logic cells, the array has an in-
tercell delay of 55 ps/mm of interconnect, mak-
ing possible a 2: 1 speed advantage for long 
critical paths. Flip-flop macrocells have typical 
toggle rates of 1 GHz. NOR-gate macro delays 
are typically 120 ps unloaded and 285 ps loaded. 
Ford Microelectronics Inc., meanwhile, is aim-

ing at the eventual introduction of an ECL-com-
patible GaAs array with 3,000 to 6,000 gates. The 
Colorado Springs company has developed a self-
aligned n+ enhancement/depletion MES FET pro-
cess with refactory metal-silicide gates that can 
be fabricated at low temperatures. Using 1.4 FM 
design rules, arrays with an internal gate delay 
of 225 ps and dissipating 1.5 mw have been 
achieved. 

EASIER TO GET ALONG WITH. Gallium arsenide wafers are inherently fragile, al-

though recent work has led to improved materials and higher yields. 

FASTER STATIC RAMs 

On the static RAM front, researchers will re-
port that they have substantially sped up the 
devices since the 1985 gathering. Pushing the 
limit to its extreme is a 1-1( HEmT-based design 
from Rockwell International Corp. in Thousand 
Oaks, Calif., that dissipates 450 mw and accesses 
addresses as quickly as 600 ps. The combination 
of high speed and low power is achieved through 
the use of complementary push-pull drivers and 
enhancement/depletion source followers in 
places where long line driving is required. By 

using depletion-mode pull-up FETS to connect the 
bit lines to the pull-up voltage, the bit lines are 
precharged, reducing the voltage swing on the 
bit lines and speeding up the access time. 

Mitsubishi Electric Corp. in Itami, Japan, has 
developed a 2.5 ris, 4-E SEAM made with an en-
hancement/depletion mode GaAs process, which 
the company has also used to fabricate 1-ns 1-E 
and 5-ns 4-E SRAMs. The 4-E model dissipates 
only 200 mw, one-fifth that of the earlier de-
vices. Manufactured with a 2-µm self-aligned 
process with refactory metal gates, double-level 
meta/ interconnects, and shallow channels, the 
circuit derives its low power demand by using 
OR-gate structured address predecoders to re-
duce the power dissipation of the address buff-
ers and predecoders to 10%. 
Matching it in low-power operation without 

sacrificing much in speed is a 256-by-4-bit SRAM 
from Honeywell's Physical Sciences Center in 
Bloomington. Minn. It features access in 3 ns 
and dissipates only 150 mw. The device is fabri-
cated with 1-,tim enhancement/depletion MES PET 
technology with two levels of metal interconnect 
and tungsten silicide gates. 
Another memory chip sacrifices some speed 

and power for ECL compatibility. The 256-by-4 
SRAM from Gigabit Logic Corp. of Newbury 
Park, Calif., has read and write cycle times of 2 
ns at 4 w, and 2.5 ns at 2.5 w. That is a sixfold 
improvement over the 12 ns that current bipolar 
ECL RAM systems need to cycle, and it is 
achieved with a proprietary self-timed architec-
ture and the use of capacitor diode FET logic at 
the gate level. Internal measurements indicate a 
delay of 600 ps for internal clock generation and 
1.45 ns from the internal clock to the input of 
the output register. 
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Several papers will describe initial efforts aim-
ing at the next goal: VLSI densities. This work to 
step up integration a notch seeks to build cir-
cuits using GaAs/aluminum GaAs heterojunc-
tion superlattice structures [Electronics, April 
28, 1986, p. 37]. 
Under investigation at Raytheon Corp. in Lex-

ington, Mass., are both non-self-aligned and self-
aligned molecular-beam epitaxial structures that 
are more than 100 times smaller than current 

GaAs backers say development of the 
technology is still in its infancy and 
will soon outdistance silicon, which is 
approaching its physical limits 

GaAs transistors. They will be used to fabricate 
a number of memory test circuits. Even more 
aggressive is Japan's Nippon Telegraph & Tele-
phone Corp. in Kanagawa, which will report on 
complementary MIS FET circuits using such struc-
tures. In a 15-stage ring oscillator, researchers 
were able to achieve minimum gate delays of 
about 94 ps with power dissipation of no more 
than 580 µ,w/gate, with a 1.5-V supply. 

All these new GaAs products will be going 
head-to-head with vastly faster silicon digital cir-

cuits (see top chart, p. 58). But, says Vitesse's 
Tomasetta, the technologists working with sili-
con are approaching the physical limits of their 
material. By contrast, digital GaAs technology is 
still in its infancy. It should improve by leaps 
and bounds, and limits on its speed are nowhere 
in sight. Therefore, he concludes, the compari-
sons between silicon and GaAs should begin to 
.diverge sharply over the next several years. 

In addition, he says, GaAs's lower power dissi-
pation—and therefore less complex chips—gives 
it an even stronger edge over ECL now and, in 
the long term, over silicon cmos. Enhance-
ment/depletion GaAs digital circuits in particu-
lar, with power-dissipation ratings at the gate 
level on the order of 0.1 mw to 0.25 mw per gate, 
are no higher than 1-to-2µ,m silicon cmOs circuits 
of equivalent density, but are 3 to 10 times fast-
er, he says (see bottom chart, p. 58). 

Also backing GaAs is Bob Gisburne, GaAs 
custom products manager at Ford Microelectron-
ics Inc. Gisburne believes LSI digital GaAs ICs 
will continue to increase their performance edge 
over the fastest silicon-based ICs as advances are 
made in lithography and materials. "Even first-
generation GaAs ICs will maintain their 21/2 - to 5-
times lead over equivalent-geometry silicon de-
vices, and that lead will be extended when sec-
ond- and third-generation devices, now in devel-
opment, emerge into production," he says. 113 

FAIRCHILD RELEGATES GaAs TO NICHE STATUS 

Despite the optimistic projections of gal- of on-chip interconnect delays and off- being considered. By comparison, CMOS 

hum arsenide digital circuits vendors, 
traditional silicon bipolar and CMOS 

chip voltage translation. 
Hingarh says that the story is essen- 

gate densities that are now going into 
production range from 25,000 to 125,000. 

manufacturers such as Fairchild Semi- tidy the same regarding power dissipa- Bipolar digital logic is now at the 8,000-

conductor Corp. feel confident in their tion: GaAs digital LSI, especially of the to-10,000-gate level, and it's moving to-

ability to retain a dominant share of the enhancement/depletion type, compares ward 100,000 gates." 

high-performance end of the integrated- 
circuit business, 

favorably with advanced VLSI CMOS at 
the gate level, but it is quite a different 

Even with equivalent design rules, 
Hingarh says, GaAs digital logic lags 

The reasons are simple, says Hemraj story at the chip level, especially at high behind silicon, because of its higher den-

K. Hingarh, design engineering manag- densities. That is because the thermal sity of wafer dislocations, lower noise 

er for Fairchild's memory and high- conductivity of GaAs is only about half margins, gate interconnection limita-

speed logic division in Puyallup, Wash.: that of silicon. Moreover, he argues, tions, and lower drive capability. For ex-

GaAs circuits do not offer many advan- even when compared with silicon bipolar ample, he notes, at 1 p.m, GaAs is limit-

tages over conventional processes, and ECL, GaAs digital logic requires a great ed to 10,000 to 15,000 gates, whereas 

they are a great deal more expensive, deal more power at frequencies above bipolar is in the 50,000-to-80,000-gate 

Aside from high radiation tolerance and 100 MHz. range, and CMOS stands at the 200,000-

the ability to operate over a wider tem- "Another factor that must be consid- to-300,000-gate level. 

perature range, he says, digital GaAs ered in the use of GaAs digital logic is Still other factors limit GaAs to cer-

offers little competition to silicon bipolar that noise margins are not as good as in tain niche applications, Hingarh adds. 

and CMOS technology. silicon," Hingarh notes. This means that "For one thing, wafer costs are ex-

As far as raw speed is concerned, he "area has to be traded for higher tremely high compared to silicon, great-

says, advanced bipolar processes can reliability." er by a factor of 5 to 10," he says. 

yield gate delays that match those of In terms of density, silicon technology "Second, there is the issue of input/-

GaAs. At the same time, silicon bipolar 
can drive high-capacitance loads. "Digi- 

comes out ahead on at least two counts, 
according to Hingarh. First of all, he 

output compatibility—or more precisely, 
incompatibility." In order for GaAs to 

tal GaAs circuits, especially of the en- says, GaAs digital logic is at least two be useful to the designer in real-world 

hancement/depletion type, are similar to generations behind silicon, both CMOS applications, "the raw gate speed of 

silicon CMOS in their poor loaded-drive and bipolar. "GaAs is just now nudging GaAs must be sacrificed to make such 

capabilities," he says. As a result, sys- into the LSI level, with gate densities circuits compatible with existing silicon 

tern throughput is compromised because ranging from 3,000 to 6,000 just now logic families." -B.C.C. 
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TECHNOLOGY TO WATCH 

T
he era of off-the-shelf large-scale-inte-
grated gallium arsenide chips is coming, 
and engineers will not have to wait long 
to begin designing these parts into sys-

tems. Vitesse Electronics Corp. is launching 
GaAs versions of Advanced Micro Devices Inc.'s 
Am2901 4-bit microprocessor, Am2902 carry-look-
ahead generator, and Am2910A microcontroller, 
plus a novel 1-K-by-4-bit static random-access 
memory. And it expects to begin shipping sam-
ples next month; all four chips should be avail-
able by the first quarter of 1987. 

Vitesse has set out to make GaAs parts that 
are functionally compatible with their AMD equiv-
alents. However, every member of Vitesse's 
VE29G00 family is input/output compatible with 
100K emitter-coupled logic, giving designers a 
familiar set of I/0 specifications and chips to 
work with. The RAM has a 3.5-ns minimum cycle 
time, and the other devices exhibit speeds three 
to four times higher than those of the high-speed 
ECL devices after which they are modeled. 
To demonstrate the speed that can be achieved 

using its new GaAs components, the Camarillo, 
Calif., company compared two 16-bit processors 
made of 4-bit slices. The two configurations are 
identical in function; one uses Vitesse GaAs 
parts, plus one 100K ECL glue chip, and the other 
uses bipolar ECL 2900 parts. In some operations, 
the GaAs processor is as much as four times 
faster than the silicon version. For example, the 
minimum control loop cycle time is 22 ns for the 
VE29G00 parts and 98 ns for the bipolar ECL 
2900C parts. For the data loop, cycle time drops 
from 97 ns to 29 ns. 

Engineering samples of the VE29G02 carry-
lookahead generator will be available for ship-
ment within 30 days. The VE29G01 processor 
slice (Fig. 1) and VE29G10 microcontroller can 
be ordered now for delivery in the first quarter 
of 1987. The VE12G474 static RAM is scheduled 
for shipment by December. 

Samples cost $435 each for the VE29G01 pro-
cessor, $225 for the 29G02 carry-lookahead gener-
ator, $475 for the 29G10 microcontroller, and $595 
for the 12G4'74 SRAM. If yields materialize as 
planned, volume pricing for the 29G01 and 29G02 
will break the $100 barrier by the end of 1987 and 
the $50 barrier by the end of 1988. Similarly, 
production-quantity pricing on both the 29G10 and 
12G474 SRAM should be below $150 by the end of 
1987 and around $50 by the end of 1988. 

Vitesse's announcement constitutes the first 

1. SPEEDY SLICE. At 14 ns, the VE29G01 4-bit-slice ALU is four 

times faster than bipolar implementations of the 2900 part. 

BIT-SLICE les 
KICK OFF ERA 
OF COMMERCIAL 
GaAs LSI 
Vitesse's 29G00 bit-slice family members 
are functionally compatible with their 
AMD equivalents, but system throughput 
will be two to three times faster 
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2. LSI GaAs GATES. A depletion-mode NOR GaAs gate (a) is twice the size and 

uses 10 times the power of an enhancement/depletion GaAs gate (b). 

commercial availability of LSI logic in gallium 
arsenide. Further, if the company lives up to its 
announced delivery schedule, it may also be the 
first U. S. company to begin volume production 
of GaAs LSI logic, commercial or otherwise. 
However, other companies are also planning 
GaAs parts (see p. 57), and next year should see 
a flood of similar LSI products. 
The success of Vitesse's venture into off-the-

shelf LSI GaAs parts depends in large part on its 
proprietary silicon-like fabrication process, based 
on enhancement/depletion-mode metal-semicon-
ductor FET technology. The process uses nine 
mask levels, including two aluminum layers for 
global metalization. "The equipment we use is 
the same that one would use for silicon ID fabri-
cation, although we use it slightly differently 
and process smaller wafers than in contempo-
rary silicon production," says Jim Mikkelson, 
vice president of operations. 
"Our objective from the beginning was to 

adapt proven silicon IC processes, rather than put 
Band-Aids on an R&D process. And this gives us 
an added advantage: as better equipment or bet-

ter methods are developed for sili-
con lc manufacturing, we should be 
able to incorporate many of those 
improvements into our processing." 

Vitesse is using conservative 
1.25-µ,m feature sizes, with a 4-1.tm 
pitch for the metal features. How-
ever, both the process and the 
equipment are capable of working 
below 1-pm geometries. 
The Vitesse design mixes enhance-

ment-mode switches and depletion-
mode loads, much like silicon n-mos, 
and uses self-aligning refractory 
metal gates. In addition, gate metal 
can be routed for local interconnects, 

much like polysilicon in mos processes. 
In contrast to digital GaAs ICs based on deple-

tion-mode technology, typical enhancement/de-
pletion GaAs chips use very little power—as lit-
tle as 0.1 mW per gate, compared with 5 mw for 
depletion-mode. They run at about the same 
speed, and they have less than half the number 
of components. Implementing a simple two-input 
NOR gate requires seven components in deple-
tion-mode technology and only three in enhance-
ment/depletion technology (Fig. 2). 

Vitesse's process can produce as many as 5,000 
gates per chip. Continuing refinement is expected 
to bring that capability up to 6,000 gates by 1988, 
and to 10,000 gates per chip by 1990. 

Vitesse selected the 2900 family for its first Ls! 
products because it is widely used in applications 
where computing horsepower is critical, such as 
real-time signal processing. The market for the 
devices has continued to grow, if only because for 
the past 10 years bit-slice architecture has offered 
the fastest computational engine on a chip. A five 
year technology exchange agreement signed in 
late 1985 with AMD guarantees that the GaAs slice 

parts are microcode-compatible with 
the 2900 family. 

In keeping with Vitesse's empha-
sis on practicality, its first parts 
are not laboratory curiosities, but 
are for use in real-world applica-
tions. There are enough pieces in 
the set, says Lou Tomasetta, presi-
dent of Vitesse's Integrated Cir-
cuits Division, to make up useful 
subsystems on the order of 16- or 
32-bit microprocessors or control-
lers. Designers can use the familiar 
100K ECL I/O specifications and 
code that is compatible with exist-
ing applications. 
By making its GaAs products log-

ically compatible with the AMD fam-
ily, Vitesse is ensuring that its cus-
tomers can take advantage of exist-
ing software, application designs, 
documentation and development 
systems, and even the familiarity of 

3. CARRYING ON. The VE29G02 carry-lookahead generator can work across four 
groups of binary ALUs and across 16- or 32-bit word lengths. 
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working designers with the AMD chips. The new 
chips do depart from the AMD parts in certain 
physical and electrical characteristics. 

Functionally, the GaAs parts behave just like 
their silicon counterparts. The VE29G01 is a 4-bit 
microprocessor slice intended for use in central 
processing units, peripheral controllers, pro-
grammable microprocessors, video graphics en-
gines, and other applications where speed is a 
primary requirement. Like the Am2901, the de-
vice consists of a high-speed arithmetic logic unit 
with an eight-function repertoire and a 16-word-
by-4-bit two-port RAM, along with associated 
shifting, decoding, and multiplexing circuitry. 
AMD's high-speed version of the 2901, the 

Am2901C, is specified to perform a 4-bit add in 40 
ns; even with Vitesse's conservative design rules, 
the VE29G01 does it in 13 ns. The respective maxi-
mum clock rates are 25 MHz and 77 MHz. 
The VE29G02 (Fig. 3) is a high-speed carry-

lookahead generator that accepts up to four 
pairs of carry propagate and generate signals as 
well as a carry input signal. It can provide carry 
lookahead across four groups of binary ALus 
and across 16- or 32-bit word lengths. 
The third member of Vitesse's new family is 

the VE29G10A microcontroller, an address se-
quencer for controlling the sequence of execu-
tion of microinstructions stored in microprogram 
memory. Its internal elements are 12 bits wide, 
so it can address up to 4,096 words. In addition 
to supporting sequential access, it also permits 
conditional branching to any instruction. 

EXTRAS ON THE RAM 

The most unusual of the products is the 
VE12G474 SRAM (Fig. 4). It incorporates more 
than its 1-K-by-4-bit memory matrix; it also 
boasts I/O registers, a self-timing mechanism, 
and output buffers capable of driving up to 25 
11 The SRAM is functionally equivalent to a six-
chip set of 100K RAMS but cycles in 3.5 ns versus 
7.8 ns for the ECL parts. It is designed to relieve 
several significant problems for the design engi-
neer moving up to GaAs speeds. 
For instance, the added I/O registers assure 

synchronization. Given the high internal speed of 
GaAs chips, the time for signals to move be-
tween chips becomes significant, and it is possi-
ble in some designs for some address bits, for 
example, to reach the RAM before others. The 
registers nullify this problem. 
However, the high speed of the RAM can pre-

sent its own kind of design problems. For exam-
ple, a conventional memory architecture would 
require the off-chip generation of write pulses, a 
procedure that works acceptably well for slower 
memories. Given the 3.5-ns cycle time of the 
VE12G474, those write pulses would have to be 
held to 1.0 ns, a difficult design exercise requir-
ing another handful of support chips. 

In addition, since skew times can be of the 
same magnitude as the pulse being generated, 
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4. FAST SRAM. The 3.5-ns cycle time of the 4-K VE12G474 GaAs 

SRAM is 21,2 times faster than that of the 100K ECL equivalents. 

the designer might face a substantial challenge 
in designing this circuitry. So the VE12G474 
uses an on-chip clock module and a portion of 
the clock pulse doubles as the write pulse, obvi-
ating the need for an off-chip pulse generator. 

Despite opting for functional and microcode 
compatibililty with the 2900 family, Vitesse chose 
not to make the VE29G00 parts physically or 
electrically identical to the AMD parts. "The high-
speed characteristics of GaAs put different re-
quirements on things like the I/O logic and even 
the packaging," explains Ira Deyhimy, vice pres-
ident of engineering. "To start, you need to mini-
mize the chip-to-chip connection lengths in order 
to realize the full speed potential of the part. It 
makes little sense to use a 3- or 4-ns part and 
then consume another 5, 6, or even 10 ns getting 
the signal to it. In silicon, you wouldn't worry 
about that as much. In GaAs, you absolutely 
must. Even the package must be considered sep-
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arately. It must have the smallest inherent de-
lays possible to maintain the highest system per-
formance possible, as well as to minimize ringing 
caused by loading effects, and crosstalk and 
power-supply interference." 
For these reasons, a custom ceramic leadless 

chip carrier was designed. A square cavity, only 
slightly larger than the die, reduces the length 
of the wire bond, thereby decreasing the induc-
tance of signal lines. The chip carrier offers a 
lower impedance ground path than other pack-
ages and occupies less board space—which, 
again, allows for packing the parts closer togeth-
er to minimize signal line lengths. 

Operating speeds demanded that I/o character-
istics be changed as well. The original 2900 fam-
ily used mrlevel I/o interface circuitry. Today, 
100K ECL is the fastest interface available, and 
the VE29G00 family has been designed to use 
100K i/o and voltage levels. 
The benefit to the user of an ECL interface 

outweighs the sacrifice of GaAs's maximum 
speed and such drawbacks as increased power 
use and a second power supply, —4.5 v, that 
enhancement/depletion GaAs doesn't need, Dey-
himy maintains. From the interface standpoint, a 

VE29G00 family member looks just like a 100K 
ECL device, yet has significantly lower internal 
propagation delays. And designers will be able 
to choose from a wealth of existing glue chips to 
complement the VEG2901 microprocessor. 

"Striving for every drop of performance we 
could wring out of gallium arsenide would have 
led us to lower-power designs using specialized 
I/o," says Tomasetta "But that wasn't the pur-
pose. Then the parts would indeed have been 
ultrafast laboratory curiosities. Instead, these 
are real parts designed to double or triple the 
critical-path speeds in real applications. And to 
make them legitimately useful, they have to be 
compatible with other merchant hardware." 
However, the new 100K-compatible parts are 

not drop-in replacements for 2900 parts. To capi-
talize on the extra processing power, the design-
er must optimize off-chip path lengths, clock 
skew, and other speed-related parameters. So 
making the parts plug-in replacements would not 
be desirable, according to Vitesse. The micro-
code- and 100K En-compatibility are there to cut 
what would have been a monumental system 
design task down to a reasonably small and 
quickly dispatched one. 

WOULD HENRY FORD HAVE DONE IT THIS WAY? 
Lou Tomasetta, a founder of Vitesse 
Electronics and president of its IC Divi-
sion, would like to become the Henry 
Ford of gallium arsenide digital inte-
grated circuits—which is like saying 
that he has gone into business to mass-
produce Ferraris. 
To achieve this ambitious goal, Toma-

setta began in mid-1984 to gather to-
gether some of the country's top materi-
als research scientists, who at that time 
had the best understanding of gallium 
arsenide, and some of the best talents 
from the commercial semiconductor 
community, who had the most experi-
ence at translating laboratory knowl-
edge into IC manufacturing know-how. 
The group was challenged to develop 

a technology for producing digital LS! 
GaAs ICs on a production basis rather 

than the laboratory-specimen basis on 
which LS! GaAs was then being at-
tempted. Two years and more than $15 
million and 50 people later, they have 
pulled it off. 
Three who were there from the start, 

having been founders of the company, 
are Tomasetta, Ira Deyhimy, vice presi-
dent in charge of engineering, and Jim 
Mikkelson, vice president in charge of 
operations. Tomasetta and Deyhimy 
each have more than 15 years experi-
ence in GaAs research and development, 
at Rockwell International Corp.'s Micro-
electronics R&D Center. 

Mikkelson's strength is in the fabrica-
tion of high-density, high-complexity sili-
con ICs. He was responsible for develop-
ing the 1-p.m NMOS III process used by 
Hewlett-Packard Co. for its HP9000 32-

TOMASETTA DEYNIMY MIKKELSON 

bit microprocessor chip. Mikkelson and 
Tomasetta were classmates at the Mas-
sachusetts Institute of Technology. 
Oddly enough, Mikkelson, rather than 

one of the GaAs technologists, came up 
with the outline of a process. His goal, 
he says, was to make it look as much as 
possible like n-MOS rather than like the 
process then in favor for depletion-mode 
GaAs ICs. "I just didn't let myself get 
confused by what the others were do-
ing. There were some things we had to 
do to make GaAs look more like silicon, 
and a few of those are things we have 
to patent, so we can't talk about them 
yet," he says. 

After what the developers describe as 
a "mountain of calculations," the pro-
cess was proved and refined on paper, 
and Mikkelson was given the go-ahead 
to construct his fabrication line. Real 
verification in the form of functioning 
circuits from the facility didn't come un-
til 21 months later—at eight in the eve-
ning on April 29, when the first 
VE29G02 carry-lookahead generators 
were produced from the first product 
wafer run. 
Deyhimy says the products are al-

ready going into their second design 
generation. "When fully qualified parts 
are available, which should be early 
next year, they'll be even better," he 
says. 

64 Electronics/September 18, 1986 



Indeed! Philips offers you more: 
UNIFIVE, the Philips UNIX port on VMEbus, is fully compatible with UNIX System V.2. Numerous software 
options like database systems and compilers together with modular and configurable VMEbus hardware 
create an ideal offer for OEM users and system integrators. Combined with Philips monitors and debuggers 
UNIFIVE supports the development of real-time applications. The 113-Net" option allows for communication 
with other systems connected via Ethernet'. UNIX is a trademark of Bell Laboratories. 

Ethernet is a trademark of Xerox Corporation. 
B-Net is a trademark of UniSoft Corporation. For more information 

Building HKF 49 AUSTRALIA FRANCE ITALY NORDIC SINGAPORE SWITZERLAND U.S.A./CANADA 
5600 MD Eindhoven, 02-8888222 01-8301111 039-363 52 07 08-7821091 (Sweden) 2538811 01-4882403 (800)-227-1817 
The Netherlands, AUSTRIA ext. 957 K 

HONG KONG NETHERLANDS PORTUGAL SPAIN U.K. WEST GERMANY 
Tx: 35000 PHTC (NL) 0222-629141/740 05_283298 040-783076 01-683121 01-44042200 0223-358866 

BELGIUM 0211-3616241 
LUXEMBURG INDIA NEW ZEALAND 
02-5256646 022-4921500 09-894160 

PHILIPS Industrial 
Automation PHILIPS 

Circle 65 on reader service card 



TECHNOLOGY TO WATCH 

WHAT MAKES COMPAQ'S 
NEW PC SO IMPORTANT 

Based on Intel's 32-bit microprocessor, 
with its 16-MHz clock rate, the new 
Deskpro 386 can reach speeds that 
outstrip any other personal computer 

U
sing Intel's powerful new 32-bit 80386 
microprocessor, Compaq Computer 
Corp. has built a machine that it 
claims is "the most advanced personal 

computer in the industry." Key reason: "The 
single most perceptible characteristic of the 
product is its blinding speed," says Rod Can-
ion, Compaq's president and chief executive 
officer. 
The speed of the 80386, running at a 16-MHz 

clock frequency, ensures that the Compaq 
Deskpro 386 will outperform existing personal 
computers, including the IBM Personal Comput-
er AT, by a healthy margin [Electronics, Sept. 
4, 1986, p. 21]. Compaq says that the Deskpro 
386 will run most popular microcomputer soft-
ware packages—such as Lotus 1-2-3, and Ash-
ton-Tate's dBase III and Framework H—two 
to three times faster than the PC AT. The Desk-
pro 386's maximum execution rate hits a peak 
of about 4 million instructions per second. Run-
ning code written for a 16-bit 80286-based ma-
chine, the Deskpro 386 runs at between 1.5 and 
2 mips. An optional Intel 80287 math coproces-
sor chip boosts performance on floating-point 

calculations. 
The new Deskpro, however, is 

not simply a much faster version 
of older Compaq equipment. "The 
only thing that hasn't changed is 
the outside case," says Gary Sti-
mac, vice president of engineering 
for the Houston computer maker. 
Besides high speed, the Deskpro 
offers a number of new features, 
including larger disk-drive subsys-
tems, a tape cartridge backup, and 
an optional enhanced graphics 
card and optional color monitor. 
The Deskpro not only repre-

sents a technological advance for 
Compaq, but also something of a 
corporate declaration of indepen-
dence. With the introduction of 
the new machine, Compaq is say-
ing that it is no longer simply a 

1. SPEEDY. The Compaq Deskpro 386 runs 

most popular applications up to three times 

faster than an IBM PC AT. 
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manufacturer of IBM PC clones (see p. 69). 
The base Deskpro 386 Model 40 will sell for 

about $6,500; the Model 130 for about $8,800. 
By comparison, the PC AT is priced at about 
$5,000. Both Compaq units are available now 
through the company's network of dealers. 
The Deskpro 386 is equipped with one mega-

byte of random-access memory, which can be 
expanded to 14 megabytes of internal memory. 
Powerful 256-K and 1-megabit RAM chips are 
configured in static column memory, a design 
that allows the RAM to keep up with the high 
speed of the 80386 chip. 
Two new hard disk drives, one with 40 mega-

bytes of storage capacity, the second with 130 
megabytes, were developed expressly for the 
Deskpro 386. The Model 40 comes equipped 
with the 40-megabyte drive; the Model 130 with 
the 130-megabyte drive. Both also have a 1.2-
megabyte floppy disk drive. A 40-megabyte 
tape cartridge drive for hard disk backup is 
available as an option. 

8- AND 16-BIT SOFTWARE, TOO 

The Deskpro 386 supports MS-DOS, along with 
built-in support for the new Lotus/Intel/Micro-
soft Expanded Memory Specification, which ex-
tends memory past the 640-K-byte limits imposed 
by standard MS-DOS. Also featured is a 32-bit 
data bus structure that allows much existing 
software written for 16-bit and 8-bit personal 
computers to run unchanged. 
The concern with compatibility began, in fact, 

before the microprocessor at the heart of the 
computer rolled off Intel's production lines. "We 
worked with Intel in [the] development of the 
chip," says Stimac. Compaq wanted to make 
sure that an 80386-based machine would be able 
to run existing microcomputer software pack-
ages written for machines using earlier mem-
bers of Intel's microprocessor fam-
ily: the 8088, 8086, and 80286. 

Compatibility of another sort was 
the issue in designing the Deskpro 
386's memory subsystem. The fast 
80386 requires a speedy memory. If 
the chip and memory aren't on an 
equal footing, the 80386 will sit 
idle, waiting for the instructions 
and data it needs. Finding a memo-
ry subsystem worthy of the 80386 
was perhaps the toughest challenge 
Compaq engineers faced. 
Pure static memory designs of-

fered the best performance, but 
faster static chips were too expen-
sive to use in the actual product. 
Compaq engineers investigated 
cache memory, bank-switched page 

2. LEADER. Compaq says the Intel 80386 chip 

makes the Deskpro 386 the most advanced 

microcomputer in the industry. 

memory, static column memory, and pure DRAM 
before finally settling on a static column memo-
ry design for the Deskpro 386. 

Static column memory is the most recent tech-
nique devised to increase the bandwidth of con-
ventional dynamic RAMS. Static column decode 
systems allow the individual memory chips to 
operate like static RAMS during the column ad-
dress portion of the memory-access cycle, result-
ing in faster access times. 
"We found that the most economical solution 

was using the static column memories. They 
seemed to complement the [80386] CPU quite a 
bit," says Stimac. "What also drove us to static 
column memory was the knowledge that 1-mega-
bit static column chips are going to be standard 
in the industry. As time goes on, 1-megabit chips 
will be more cost-effective than 256-K chips, and 
we'd like to be able to carry through the archi-
tecture that way." 
The main system memory board uses 256-K-by-

1-bit static column memories with 100-ns access 
time. With the base Deskpro 386, the main sys-
tem board comes equipped with one megabyte of 
memory, expandable to two megabytes by plug-
ging additional chips into the board. Plugging in 
"piggyback" boards on top of the main system 
board can add as much as 10 more megabytes. 
Two piggyback boards are offered: a 1-to-2-me-
gabyte board using 256-K-by-1-bit chips, or a 4-to-
8-megabyte capacity board using 1-megabyte 
memories. Another four megabytes can be added 
by plugging a board into one of the four system 
expansion slots inside the machine's chassis. 
Compaq also expanded the Deskpro's data 

storage capacities, which were built with an eye 
to the future. "We're getting prepared for the 
movement of the industry to higher and higher 
densities," says Stimac. In the Deskpro 386, that 
movement is heralded by two completely new 
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half-height hard disk drives: A 40-megabyte 
ST506-type Winchester drive and a 130-megabyte 
ESDI (Enhanced Small Device Interface) drive. 
The Winchester drive packs 17 sectors on a 

track, boasts an average access time of less than 
30 ms—"state-of-the-art performance," Stimac 
says—and transfers data at 5 megabits/s. The 
130-megabyte ESDI disk drive can seek and find 
data in less then 25 ms, on average. It transfers 
data at a rate of 10 megabits/s and stores it at a 
density of 34 sectors on a track. The controller 
boards are combined with the drives themselves 

The Deskpro runs a version of MS-DOS 
enhanced to support a memory extension 
that surmounts the 640-K-byte memory 
barrier of today's personal computers 

in integral units. Previously, controllers have 
been mounted separately. But using surface-
mounted devices saved enough space to squeeze 
the controller board beneath the drive, which not 
only increases reliability, but also saves a con-
troller-board chassis slot. 
For preserving hard disk data, a 40-megabyte 

tape backup unit is available as an option. The 
drive packs 40 megabytes onto a single 3M 
DC2000 cartridge. The storage subsystem trans-

fers data at a rate of 500 kilobytes/s. 
While the Deskpro 386 has a full 32-bit data 

bus, the machine also sports data-bus conversion 
circuitry, allowing expansion products (such as 
local-area-network or video cards) that were de-
signed for 8- and 16-bit systems to use that 32-
bit bus. The cards, sold by third-party vendors, 
can plug into the six expansion slots available on 
the Model 40 or the five slots on the Model 130. 

High-quality color graphics are another fea-
ture of Compaq's new machine. The Deskpro 386 
implements the IBM Extended Graphics Interface 
(EGA), using a chip set supplied to Compaq from 
Chips & Technology Inc., Milpitas, Calif. Using 
Compaq's optional enhanced color graphics 
board and optional color monitor, 16 colors from 
a 64-color palette can be simultaneously dis-
played at a resolution of 640 by 350 pixels. 
To control the execution power of the ma-

chine, the Deskpro 386 can run version 3, release 
3.1 of the MS-DOS operating system from Micro-
soft Corp., Redmond, Wash. Compaq, with Mi-
crosoft's help, has enhanced standard 3.1 MS-DOS 
with built-in support for the Lotus/Intel/Micro-
soft Extended Memory Specification. The exten-
sion breaks the 640-K-byte memory barrier of 
today's personal computers. With LIM, applica-
tions software can use up to eight megabytes of 
RAM. "This extension is how Lotus 1-2-3, Frame-
work, Symphony, and Autocad expand the 
amount of data storage that a program can 

have," says Stimac. "When you 
power up, we provide 912-K bytes 
for Lotus 1-2-3 to be expanded [in 
the 2-megabyte Deskpro 386]. In 
the 1-megabyte Deskpro 386, us-
ers get approximately 256-K bytes 
of space for Lotus 1-2-3 and 
Framework." 
MS-DOS 5.0, an operating system 

that will support the 80386 chip 
and can access up to 16 mega-
bytes of RAM without LIM exten-
sions, is said to be currently under 
development at Microsoft. Com-
paq executives will not comment 
on MS-DOS 5.0, but that system is a 
big part of the software activity 
surrounding the 80386 (p. 91). 
Another operating system now 

under development at Microsoft, 
the Unix-like Xenix System V/386, 
will be available in the first half 
of 1987. That will be the first op-
erating system to take full advan-
tage of the 80386's 32-bit architec-
ture, with virtual memory mode, 
larger address space, and memory 
paging features. Xenix System V/ 
286, which is currently available, 
and applications written for it can 
run on the Deskpro 386 without 
modifications. El 

COMPAQ'S STIMAC GOT VERY CLOSE TO INTEL 
One Milne Gary Stimac has learned since 
he joined Compaq Computer Corp. in 
1982 is how fast microprocessor technol-
ogy moves. In the past four years, Sti-
mac, Compaq's vice president of engi-
neering, has worked on computers 
based on four different Intel micro-
processors. Compaq's first machine fea-
tured the 8088. The original Deskpro, 
introduced in 1984, used an 8086 chip. 
Last year's Deskpro 286 was built 
around Intel's 80286 microprocessor. 
And, for his latest act, Stimac led the 
design of the Deskpro 386, which uses 
the 32-bit 80386. 
The 80386 is far more powerful than 

any of its predecessors, but 
working on those earlier 
machines was valuable 
training for the Deskpro 
386 project, Stimac says. 
"The only way we could 
have developed the Deskpro 
386 to be as compatible as 
it is," he says, "is to have 
lived through developing an 
8086 machine, a 286 ma-
chine, and then worked 
with the 386." GARY STIMAC 

This time around, Compaq not only 
designed the computer, but got deeply 
involved in the design of the chip itself. 
"I had weekly conversations with Gene 
Hill, who ran Intel's 386 program devel-
opment," Stimac says. "When different 
problems came up we worked with the 
architect of the 386, John Crawford. The 
normal barriers between two companies 
were completely broken down, and we 
worked on issues and problems like we 
were friends and neighbors." 

Stimac first joined Compaq's s \oftware 
group, where he helped to develop Basic 
and DOS systems software. In 1984, he 
was tapped to manage the development 

of the 8086-based Deskpro 
computer. He went on to 
lead the Deskpro 286 devel-
opment project and then, in 
early 1985, the Deskpro 386 
project. 

Stimac, 35, holds a BSEE 
from the Milwaukee School 
of Engineering. Before join-
ing Compaq, he spent nine 
years at Texas Instruments 
Inc. as an engineer and pro-
gram manager. 
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COMPAQ DECLARES ITS INDEPENDENCE 

C
ompaq Computer Corp. sees its new 
Deskpro 386 32-bit personal computer 
as the vehicle that is going to move the 
company out of the long shadow of IBM 

Corp., helping it to shed the label of "clone mak-
er" as it goes. Compaq executives believe, in 
fact, that the new machine will redirect the en-
tire personal computer industry beyond IBM's 
standards and toward Intel Corp.'s 80386, the 32-
bit microprocessor that is the heart of the 386. 
The 80386 will give the personal computer the 

power of a minicomputer, says Compaq presi-
dent Rod Canion. He thinks machines built 
around it will have the punch to open new vistas 
for personal computer users, ranging from desk-
top expert systems to scientific computing. Such 
machines mean that Intel, not IBM, will be set-
ting the standard for the next generation of per-
sonal computers, he believes. 
For Compaq, the blindingly fast 386 repre-

sents the boldest bid yet to whittle away at 
IBM's dominance in personal computers. Canion 
believes that the 386 has the power to enable the 
company to blaze its own trail, after 41/2 years of 
adapting to the standards set by two generations 
of IBM PCs. "The Deskpro 386 could change the 
whole nature of this company and the way we 
are viewed by the outside world," Canion says. 
"It could move us to a new phase of growth." 

OTHER PRODUCTS COMING 

Canion cautions that Compaq won't neglect 
the rest of its product line, its portable and 
Deskpro 286 machines. "You will see other por-
tables and other kinds of computers coming 
from Compaq," says Canion. In fact, last week, 
reacting to IBM's announcement of an 80286-
based Personal Computer XT Model 286, Compaq 
came out with a new model of its Deskpro 286 
and cut some prices. Still, Canion says the 386 
"may very well be the most important product 
we have ever done, including the first," which 
was introduced after Canion founded the Hous-
ton company in February 1982 with two col-
leagues from Texas Instruments Inc. That first 
IBM-compatible portable started the company to-
ward the No. 2 spot in sales of microcomputers 
to business buyers. 
Compaq got to be No. 2, however, by shadow-

ing No. 1—IBM. The introduction of the Deskpro 
386, coming well in advance of any 
80386-based desktop that IBM might 
produce, amounts to a declaration 
of independence for personal com-
puters running the standard MS-DOS 
operating systems from Microsoft 
Corp. in Redmond, Wash. "It is a 
strategic move, and very likely a 
shrewd move," says Seymour Mer-

rin, vice president and personal computer analyst 
at the Gartner Group, in Stamford, Conn. He 
does not expect an equivalent machine from IBM 
before late 1987. 

Canion maintains his company is not attempt-
ing to set a standard for 32-bit desktop ma-
chines. Intel has already done that, he says. 
"The processor itself is fixed. The 80386 is the 
natural evolution of the Intel family. It is going 
to be the next generation, even if IBM has a 
diabolical plot to change their own version of the 
80386. [If so,] that would not be an Intel 80386." 

Canion believes IBM is planning future PC 
products—including a new operating system for 

Intel has set the 32-bit standard, says 
Compaq's Rod Canion. The 80386 is 'going 
to be the next generation even if IBM 
has a plot to change its own version' 

the 80286 models—that would depart from the 
current MS-DOS standard. "I believe IBM will try 
very hard to move [its PCs] in a proprietary 
direction, but I believe it is not Compaq versus 
IBM but rather the whole industry versus IBM," 
he says. "My point is, even though the Deskpro 
386 is a major move for us, we believe we under-
stand very thoroughly what it means and if 
there are risks or not. We are very convinced 
that there are few, if any, risks." 
Even if there are risks for Compaq, many ana-

lysts believe the move is relatively safe for the 
company, simply because it has grown large 
enough to recover from what only a few years 
ago might have been fatal errors in market judg-
ment. In its first full year of operation in 1983, 
Compaq posted $111.2 million in revenue on the 
strength of a single IBM Pc-compatible portable 
using the Intel 8088 microprocessor. In this fiscal 
year's second quarter, which ended June 30, Com-
paq netted income of $9.6 million and sales of 
$147.1 million—increases of 70% and 24%, respec-
tively, compared with the same period a year ago. 

In 1983, Compaq sold 47,000 units; market re-
search firm Future Computing Inc. predicts that 
the company will sell 316,000 computers this year 
(table). In contrast, IBM sold 538,000 Pc,s in 1983 

PERSONAL COMPUTER SALES TO END USERS (WORLDWIDE) 

Units in thousands 

1983 1984 1985 1986 Projected 

Compaq 47 142 244 316 

IBM 538 1,375 1,793 2,270 
(includes RT PC) 

SOURCE FUTURE COMPUTING 
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CANION: "The Deskpro 386 could change [Compaq] and the 

way we are viewed. It could move us to a new phase of growth." 

and is expected to sell some 2,270,000 of the vari-
ous PC models this year. Canion declines to esti-
mate how many Deskpro 386s will be shipped. 

Until now, the biggest risk the company has 
taken was the introduction, in 1984, of an 8086-
based desktop computer, the original Deskpro 
[Electronics, June 28, 1984, p. 56]. Six weeks af-
ter that machine was unveiled, IBM launched its 
80286-based Pc AT, causing Compaq to rush the 
AT-compatible Deskpro 286 to market in early 
1985. 
Whatever risks Compaq is taking with its lat-

Compaq will maintain its dealers-only 
policy for the distribution of the Deskpro 
386, believing they are 'the only effective 
means of selling these types of products' 

est Deskpro, it will not be taking them alone— 
some 20 to 30 other 386-based machines are ex-
pected this year. Moreover, the company's con-
tinued record growth has given it impressive sta-
tus in the eyes of recession-weary computer in-
dustry executives, and some of them have be-
come Compaq's allies. For example, on the day 
the Deskpro 386 made its debut, there were tes-
timonials from the presidents of software ven-
dors Ashton-Tate and Lotus. 
Edward M. Esber Jr., president and chief exec-

utive officer of Ashton-Tate, in Torrance, Calif., 

says the new Deskpro will run software two to 
three times faster than the average IBM AT. And 
James P. Manzi, president of Lotus Development 
Corp. in Cambridge, Mass., says he believes 
Compaq is setting the stage for advances that 
"will allow us as a company to do whole new 
applications that we cannot envision today." 

INTEL, MICROSOFT HELPED 

Intel and Microsoft—prime contributors to 
IBM's early lead in the personal computer con-
test—worked behind the scenes with Compaq 
during the development of the 32-bit Deskpro. 
Intel provided early prototypes of the 32-bit 
80386 to Compaq designers. In return, Compaq 
gave the initial 80386 chips a test run to deter-
mine their compatibility with MS-DOS. 
"The way I view the 386, it was a three-way 

joint development to ensure compatibility," says 
Gary Stimac, Compaq's vice president of engi-
neering. Some bugs were found and fixed by 
Intel, he says. Microsoft wrote part of the Desk-
pro 386's extended memory manager, breaking 
the 640-kilobyte barrier of today's ms-DOS-based 
personal computers. Microsoft and Compaq 
started talking about 32-bit personal computers 
two years ago, according to William H. Gates, 
Microsoft's chairman. 
Compaq also has an ally in its network of 

dealers. The company, believing its dealers are 
mature enough for 32-bit computing, plans to 
continue its dealer-only distribution strategy 
with the Deskpro 386. "At the right price-perfor-
mance [ratio], the dealer channel of distribution 
is the only effective means of selling these types 
of products," says Michael Swavely, Compaq's 
vice president of marketing. In an effort to build 
strong dealer loyalties, Compaq has elected not 
to sell units directly to large corporations or 
value-added resellers. Instead, the company has 
maintained a "dealer's associate program," 
which channels VAR sales through the dealers. 
For example, Gold Hill Computers Inc. of 

Cambridge, Mass., a supplier of artificial-intelli-
gence software, has placed a large order for 
Deskpro 386 computers through Businessland in 
Boston and plans to use them as a delivery sys-
tem for a future product. Compaq says it has 
some 300 dealer associate programs in the U. S., 
giving it a dealer channel into specialized hard-
ware and software markets. 
"The dealer channels have been evolving sig-

nificantly toward the value-added type of appli-
cations for personal computers," says Swavely. 
About 50% of Compaq's dealers are selling sys-
tems for computer-aided design and computer-
aided engineering, and about 25% for multiuser 
environments. Swavely believes that as personal 
computers get more powerful, the dealers will 
quickly accommodate them. "Five years from 
now we will be deciding whether we can sell 
mainframe power through these dealer chan-
nels," he predicts. -J. Robert Lineback 
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TECHNOLOGY TO WATCH 

.1
. he successor to one of the brightest 

stars of the 32-bit microprocessor world 
is more than a year away from volume 
production, but Motorola Inc. is ready to 

disclose details of its upcoming MC68030. An 
advance look reveals that the chip maker will 
add such features as a data cache and on-chip 
memory management that will at least double 
the performance of the existing 68020. 

Parallel functions are also being expanded to 
help speed up the company's latest chip. Added 
functions include twin parallel buses for on-
board data and instruction caches, the capability 
of filling the caches with data from external 
memory as the central processing unit simulta-
neously executes instructions, and the capability 
of sending addresses to a memory-management 
unit to begin searching external memory while 
the buses search on-board caches. 
The 128-pin cmos chip—which will be fully 

source-code compatible with the 68020—should 
be operational late in the first quarter of 1987. 
Samples are slated for early next summer, with 
volume production beginning around October. 
The 68030 is targeted not only at engineering 
work stations but also at the personal computer 
market, a stronghold of Intel Corp.'s iAPX 86 
processor family since IBM Corp. selected the 
8088 for its Personal Computer. 

Motorola is also planning to introduce next 
year a new 68-pin floating-point processor, desig-
nated the MC68882. The 20-MHz coprocessor will 
be pin-for-pin compatible with the existing 
MC68881, but its enhanced parallel architecture 
is expected to boost performance two to four 
times (see "A speedy new coprocessor, too," 
p. 72). 
The 68030 will be slightly 

larger than the 68020 be-
cause of the added circuit el-
ements. But its central pro-
cessing unit is identical, and 
many features will be basi-
cally the same. The same 
modes support high-level lan-
guages; the new micro-
processor also has the same 
flexible coprocessor inter-
face, three-stage instruction 
pipeline, sixteen 32-bit gener-
al-purpose data and address 

1. PARALLELISM. The speed of the 

68030 microprocessor is enhanced by 

data and instruction caches and twin 

pairs of 32-bit internal buses. 

FIRST LOOK 
AT MOTOROLA'S 
LATEST 32-BIT 
PROCESSOR 
Due next year, the 68030 microprocessor 
will double the performance of the 68020 
by adding parallel functions, a data cache 
and an on-chip memory-management unit 

71 Electronics/September 18, 1986 



registers, two 32-bit supervisor stack pointers, a 
32-bit program counter, 18 addressing modes, 
memory-mapped input/output ports, and a dy-
namic bus-sizing mechanism. Dynamic bus sizing 
allows the processor to transfer operands to and 
from external devices while automatically deter-
mining the port size of those chips on a cycle-by-
cycle basis. 

Like the 68020, the 68030 will be object-code 
compatible with the 68008, 68000, 68010, and 
68012 microprocessors. The execution unit con-
tains one arithmetic logic unit and two arithme-
tic unit blocks, also like the 68020. 
The 68030 is based on 1.2-µm design rules opti-

mized to yield minimum clock speeds of 20 MHz, 
though Motorola will also have versions that run 
at 16.7 MHz. By contrast, the 68020 began with 
design rules optimized to yield clock speeds of 

Target clock speed for the first version 
of the 68030 is 20 MHz, but after 
process shrinks and fabrication tweaks, 
it might eventually hit a top of 30 MHz 

16.7 MHz. The 68020 recently topped out at 25 
MHz through process shrinks and fabrication 
tweaks. Judging by the 68020's history, the 
68030 should reach speeds of at least 30 MHz, 
although Motorola refuses to commit itself to a 
maximum speed. 
Three important changes stand out among the 

enhancements made to the 68030. All of them 
implement, in one way or another, the parallel-
ism built into the new device. A 256-byte data 
cache and a paged memory-management unit 
have been added, and the bus controller has 
been enhanced for parallel operation with a 
burst mode that can feed bytes to the data and 
the instruction cache while the execution unit is 

performing computations that will be used by 
the CPU. 
The data cache can send 32 bits to the execu-

tion unit in a single clock cycle. The 68020, by 
contrast, has a two-clock instruction cache but 
no data cache. Because data has to come from 
an external cache or main memory over the sys-
tem bus, getting an instruction ready to execute 
takes a minimum of three or four clock cycles. 

"Bringing memory management on board has 
enabled us to put the data cache on the chip, and 
that was one of the biggest motivations in the 
design," says Jack W. Browne Jr., marketing 
manager for the 68000 family. Teaming the data 
cache with the instruction cache will allow the 
68030 to execute more cycles without accessing 
the external system bus. The system bus is then 
free for other system processors and controllers 
to use, notes Russell Stanphill, advanced product 
engineer with the 68030 project. 
The 68030's instruction cache is the same size 

as the the 68020's, but it is better organized and 
faster—the CPU can access one full instruction in 
the instruction cache in one clock cycle. These 
improvements increase the hit ratio, the percent-
age of the time the cache holds the data the CPU 
wants. To help deliver information from the 
caches to the CPU more quickly, the Motorola 
designers added parallel pairs of 32-bit data and 
address buses (Fig. 1), which run at 80 mega-
bytes/s; the external bus transfer rate is 40 me-
gabytes/s. "The two separate 32-bit data and 
address buses allow simultaneous access to both 
caches, while allowing us to fetch an instruction 
and an operand at the same time," says Stanphill. 
To improve the likelihood of cache hits, Motorola 

is also reorganizing the 256-byte instruction cache 
into 16 entries of four long words each with four 
bytes per word. The 68020 instruction cache con-
sists of 64 entries each of one long word. The new 
data cache on the 68030 is organized the same way 
as the new instruction cache (Fig. 2). The reorga-

nized instruction cache, along with 
A SPEEDY NEW COPROCESSOR, TOO 

Additional bus interface logic and dual-
port registers will add new parallelism 
to the architecture of a future floating-
point coprocessor from Motorola Inc. 
The second-generation MC68882 co-
processor will be a direct plug-in re-
placement to the existing 68881, but the 
new 20-MHz chip will outperform the 
existing unit by two to four times, ac-
cording to Motorola. 
The 68-pin 68882, which is expected to 

be operational by year's end, will fetch 
operands and perform in parallel the 
necessary data conversions for floating-
point math in the bus interface portion 
of the die. The 68881 uses its execution 
unit to convert incoming data into the 
required internal format. Dual-port 

floating-point registers in the new 1.4-
µ,m CMOS chip will support concurrent 
loading, storing, and computation of the 
data. 
These features involve "a relatively 

simple and minor change to the die, but 
it allows much higher parallelism in the 
part, which can directly double the per-
formance of 68881 code," says Russell 
Stanphill, an advanced product engineer. 
By coding the software to take advan-
tage of the 68882's pipelined operations, 
Stanphill says it will be possible to get 
four times the performance. 
The 68882 may be used with either 

the 68020 or the 68030 32-bit micro-
processors. Volume production is ex-
pected to begin next summer. 

the new burst-mode addressing 
methods, should double the cache-
hit ratio and reduce the number of 
times the 68030 must access the 
system bus. 
"By having the on-chip caches 

and having them operate more ef-
fectively with higher hit ratios, we 
can readily support more complex 
system architectures," says Stan-
phill. "We expect the external bus 
accesses of this part to be signifi-
cantly fewer than in the 68020." 
In fact, he adds, "You could take 
away the external bus and this 
chip would keep executing inter-
nally until it misses a hit in on-
chip cache. This is a complete pro-
cessing core." 

If neither cache contains the 
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wanted information, the 68030 can 
execute a performance-boosting 
flank maneuver. While the paral-
lel buses are accessing the caches, 
addresses are forwarded simulta-
neously to the on-board paged 
memory-management unit. The 
paged mmu translates and holds 
these addresses in its translation 
cache. "If you do not have a hit in 
cache, the translated address is 
available at the external pads of 
the 68030," says Stanphill. "All 
you have to do is an enable to the 
external system bus, and you are 
already a big portion of the way 
to fetching the information from 
an off-chip source." 
The result is that, in the event 

of a cache miss, the 68030 can ac-
cess the system bus with a physi-
cal address in just two clock cy-
cles. The 68020 takes three clocks 
to produce a logical address for a 
peripheral mmu. "Accessing the 
data cache while simultaneously 
translating addresses in case the 
data is not in cache is a technique 
employed in some computer archi-
tectures for a number of years, 
but as far as I know no one has 
done it on an integrated circuit," 
says Stanphill. 

Putting a paged mmu on the 
68030 marks a reversal of Motoro-
la's practice with the 68020. The 
company believed that the cmos 
technology of 1984 could not sup-
port both on-chip mmu and the oth-
er features it wanted to include on 
the chip. The 1.2-,Ltm cmOs technol-
ogy used on the 68030 makes it 
feasible to put the main subset of 
the paged mmu on the new proces-
sor, saving real estate, lowering 
power consumption, and, Browne 
estimates, cutting component costs 
by about 20%. 
When it designed the 68020, Mo-

torola also figured that different 
system houses had different ways 
to manage memory, and that it 
should leave the choice open for 
them. Some 68020 customers imple-
mented their own memory manage-
ment. Others used Motorola's pe-
ripheral mmu chips, such as the 
early 68461 logic-array-based chip 
and later the 68851, a more-power-
ful paged mmu. 
For those customers, the 

68030's paged m mu is a code-com-
patible register subset of the 

NO SECOND SOURCE FOR THE 68030? 
Whet a difference five years and an ear-
ly market lead can make. Motorola Inc., 
once the aggressive wooer of alternate-
sourcing pacts for its 68000 microproces-
sor family, is going to play very hard to 
get when it comes to sharing the manu-
facturing rights to the 68030. 
Product managers in Austin, Texas, 

now believe the industry may at last be 
ready for sole-sourced 32-bit micro-
processors. In return, Motorola pledges 
much closer cooperation between the 
chip vendor and buyer. 
"Our position is you don't have to 

have a second source to be successful. 
We can give the customers what they 
want and guarantee delivery as well as 
an aggressive pricing schedule," main-
tains Jack W. Browne Jr., manager of 
marketing and applications engineering 
for the 68000 family. "We are not find-
ing it as difficult to share advanced in-
formation [with customers]. Both sides 
are finding it easier to talk without re-
quiring the other side to commit itself to 
something." 

Motorola is working 
with about 14 customers 
to establish just-in-time 
delivery services, says 
Browne. Recently in-
stalled process controls 
and testing systems at the company's 
microprocessor plant in southwest Aus-
tin are an important step in establishing 
JIT service, he says. 
And as its investment grows, Motoro-

la's asking price for the sourcing rights 
to the 68030 is also going up. "We are 
not interested in handing over micro-
processors to companies that have not 
had the overhead it takes to create a 
market for the chips. We are firmly 
committed, as we have been [on the 
68020], that we want equal value from a 
second source," Browne says. 
The general manager of the Micra 

processor Products Group, senior vice 
president Murray A. Goldman, will say 
only that a decision on whether to seek 
a second source for the 68030 has not 
been made. "I cannot talk about second 
sourcing on a product that has not been 
introduced yet," he says. "We've got 
our blinders on and want to get that 
product out.... If we were working 
closely with anyone else, it would hinder 
us." But Motorola executives are great-
ly encouraged by the firm's ability to 
meet the demand for the 32-bit 68020 

alone during the past two years. 
At the time of initial disclosure in 

1982, the 68020 became a key attraction 
for most of the five 68000 second 
sources recruited by Motorola in the 
early 1980s. Motorola, attempting to 
overcome Intel Corp.'s lead in 16-bit 
chips, had signed pacts with Hitachi, 
Mostek, Rockwell International, Signe-
tics, and Thomson-CSF. Motorola was 
willing to swap the designs for central 
processors, coprocessors, and memory-
management chips for a wide variety of 
much needed peripherals. High-volume 
microprocessor buyers also insisted on 
having more than one source for 16-bit 
and future 32-bit chips. 
But after the 68020 introduction in 

mid-1984, Motorola's push for partners 
cooled as the industry fell into its worst 
recession. Encouraged by its jump on 
archrival Intel in the 32-bit race and by 
new fabrication lines in Austin, Motor-
ola toughened its trading demands. Bids 
were repeatedly turn down from Hita-
  chi, Mostek (then a sub-

Some Motorola 
managers want 
to go it alone 

sidiary of United Tech-
nology Corp.), and Sig-
netics. Only Thomson 
had a provision in its 
68000 contract giving it 
a right to make the 

68020. Still, Motorola and Thomson (now 
owner of Mostek) have not come to 
terms over the transfer of 68020 mask 
and production technology. By default, 
then, Motorola is the only source for the 
68020. 
"We have not had any problems from 

any customers over being a sole source 
for the 68020," notes Browne. In fact, 
Motorola plans to keep 68020 buyers 
happy in the future by driving the price 
so low that it will be thought of as a 
commodity chip. Last June, the cost of a 
12.5-MHz 68020 was reduced to $174 
each in 100-piece quantities. The 1984 
introductory price was $487. Prices on 
the 68030 have not yet been set, but 
Motorola is planning to drive costs down 
quicker on that chip. 
"We are going to be extremely ag-

gressive, and we think the volumes will 
turn on for this new product faster than 
they did for the 68020," says Browne. 
The full impact of Motorola's manufac-
turing learning curve is expected to 
greatly cut the price tag of the 68030 
about 18 months after next year's 
introduction. 
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2. DATA CACHE. The on-chip data cache is structured as four-word blocks, each 4 bytes long. It holds 16 such blocks for a total of 256 

bytes. The 68030's instruction cache is organized the same way, a setup that improves the likelihood of cache hits. 

68851. It supports all the descriptors from the 
68851, omitting only a few of the peripheral's 
infrequently used features—test and diagnostic 
support for off-chip functions, for example. It 
will, however, address the full 4-gigabyte ad-
dress space available to the 68020 and 68851. The 
68030 will also support the same 256-byte to 32-
K-byte page sizes. However, any Motorola cus-
tomers who want to implement their own memo-
ry-management techniques can still do so. Motor-

One example of 68030 parallelism is the 
enhanced bus controller, which frees the 
CPU from the task of filling the data and 
instruction caches from external memory 

ola has designed the on-chip mmu so that it can 
be disabled by software or external hardware. 
The third major addition to the 68020 is an 

enhanced bus controller, which supports a burst 
mode that, in effect, anticipates the needs of the 
CPU and independently fills the data and instruc-
tion caches with bytes from off-chip memory. 
While the 68030's execution unit is performing 
computations, the bus-interface unit simulta-
neously interrogates the cache, checking it 
against the accesses being made by the CPU. 
Modulo 4 arithmetic is used to determine wheth-
er the cache's content is likely to be needed by 
the execution unit. 
The same Modulo 4 addressing mechanism is 

contained in many of today's dynamic random-

access memories that feature ripple-burst modes 
of nibble, page, or static-column decode, says 
Stanphill. This look-ahead cache-filling mode will 
enable customers to use low-cost DRAMS instead 
of static memories. The burst-mode memories 
automatically generate the second, third, and 
fourth accesses according to the Modulo 4 ad-
dressing scheme, sending bits back to the pro-
cessor on every subsequent clock edge. "That 
means the burst mode will supply data on every 
clock edge, driving the transfer rate to about 64 
megabytes per second," adds Stanphill. 
For more conventional external memory sub-

systems, the 68030 can work in a new synchro-
nous bus-control mode. In this mode, only two 
clock signals are needed to access external 
cache. In contrast, the 68020 uses three clock 
phases to access external cache over an asyn-
chronous system bus, with the extra clock phase 
serving to pass incoming bytes through the syn-
chronizing logic. 
Because incoming synchronous data need not 

pass through a synchronizing logic circuit, the 
68030 has an extra half-clock phase added to its 
memory-access window. The result is faster 
transfers with a wider window for slower and 
often lower-cost SRAMS, says Stanphill. 

68030 control pins will be able to switch the bus-
control interface between synchronous and asyn-
chronous modes on the fly. The three-clock asyn-
chronous mode would still be needed to communi-
cate with such processors as peripheral controllers. 

In addition, new pins have been added to the 
68030's bus-interface unit for system develop-
ment support. For example, a system designer 
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can disable the on-chip caches and mmu, freezing 
their content, and then use two of the new pins 
to interrogate the conditions and follow the flow 
of instructions with emulators or analyzers dur-
ing system development or debugging. A new 
refill pin also tells designers when the part's 
internal instruction pipe has been flushed and if 
all the instructions have been used. 

Motorola executives in Austin promise the 
68030 will be well worth the wait. "New cmos 
technology, greater chip integration, the in-
creased parallelism, and the processor's ability to 
run fast with inexpensive DRAMs by using the 
burst mode all add up to 68030-based systems 
costing about half the price of current comput-
ers using the 68020," says Browne. 

Besides cutting down on system costs by its 
integration of features on the 68030, Motorola 
plans to drive down the cost of the chip itself 
with volume manufacturing. The manufacturing 
muscle for the 68030 is being exercised on a new 
25-ns 64-K SRAM, which has become Motorola's 
latest process driver for advanced silicon-gate 
CMOS [Electronics, Aug. 7, 1986, 
p. 81]. When the 68030 goes into 
production next year, its 1.2-µm 
silicon-gate version of CMOS tech-
nology will result in fully packed 
16.7- and 20 MHz microprocessors 
that dissipate less than 2 w. Fast-
er parts should appear after 1987. 

Initially, the 68030 will be avail-
able in a ceramic pin grid array. 
Motorola expects the low power 
dissipation resulting from the 1.2-
11111 process will allow the compa-
ny to place the 32-bit microproces-
sor in low-cost plastic packages. 
"We feel very comfortable say-

ing you will be able to take this 
product and use it as the basis of a 
$2,000 system. That system would 
deliver a minimum of four MIPS— 
most likely, it will be around six to 
eight," says Browne. 

In Motorola's view, system de-
signers too often conclude that 
they can't afford the processing 
power that 32-bit microprocessors 
provide, and end up using 16-bit 
microprocessors instead. "Today, 
everyone perceives the 16-bit mi-
croprocessor as a commodity," 
Browne says. "We are now ready 
to turn the 32-bit market into a 
commodity market rather than one 
that trades dollars off for MIPS. 
There is no reason why it should 
be a market of tradeoffs." 
"We want to get the 68030 into 

the office-automation marketplace, 
where the 68020 is just now 
emerging with our lower prices," 

says Jeff Nutt, technical marketing manager for 
the 68000 family, referring to a recent 48% price 
reduction on the 12.5-MHz 68020. "The 68020 will 
continue to be used in some applications, like con-
trollers, where customers might want to stay with 
their own memory-management techniques or in 
areas where there's not a need for a data cache. 
But I believe most people will move over to the 
68030, just as customers have migrated from the 
16-bit 68000 to the 68020." 
To make that movement easier, Motorola main-

tained the same instruction sets and programmer 
models used on the 68020 and 68851 memory-man-
agement peripherals. The 68030's cache-controlling 
registers accept the same instructions as those for 
the 68020 and 688521 chip set. "No instructions 
were added to the chip for the control of the on-
board data cache. We just expanded the existing 
registers. So the same instructions manipulate 
more bits within the chip's paged mmu," says 
Stanphill. "We are doing everything we can to 
make sure this is an easy migration from the 
68020 world." Il 

KEEPING A STEP AHEAD OF THE COMPETITION 
The job of topping the 32-bit 68020 at 
Motorola Inc. is being carried out on 
three fronts with a staff of about 30 
circuit engineers, system architects, and 
chip-layout experts. The task blends the 
familiar—the 68020's central processing 
unit—with the new—namely, a highly 
parallel architecture and a new 1.2-gm 
CMOS process. 
And for the man heading Motorola's 

MOS microprocessors over the past 
eight years, the 68030 is a critical bid to 
stay ahead of the competition in 32-bit 
chips. "We introduce a lot of products 
out of our different organizations," 
notes Murray A. Goldman, senior vice 
president and general manager of the 
Microprocessor Products Group in Aus-
tin, Texas. In addition to CPUs, the 
group handles microcontrollers, digital 
signal processors, and peripherals. 
"Sometimes they are singles. Some-

times they are nothing, and sometimes 
they're home runs. The 68020 was a 
grand slam, and obviously we want to 
maintain the momentum," 
says Goldman, a 17-year vet-
eran of Motorola who joined 
the company's semiconductor 
sector in Phoenix after work-
ing six years at Bell Labora-
tories and earning a PhD in 
electrical engineering from 
New York University in 1969. 
Seven years later, Goldman 
joined Motorola's small but 
growing microprocessor oper- GOLD MAN 

ation in product engineering. In 1978, he 
was named operations manager. 

"I've been in the same job since, but 
the job has gotten bigger," he adds, re-
ferring to the operation's growth into 
full-group status with its own plant site 
on the southwest side of Austin. Plan-
ning for the 68030 began several years 
ago with Goldman's strategist selecting 
1987 as the window for a second-genera-
tion product introduction. "We decided 
to have a 1987 offering that was on the 
order of seven to eight VAX-system 
MIPS in order to maintain our goal of 
300% to 400% performance advantage 
over the competition," says the 48-year-
old executive. 
The system-design team—accounting 

for about a third of the total 68030 ef-
fort—set its aim on a high-performance 
parallel architecture. Circuit designers 
and chip-layout teams targeted a pro-
cess that would eventually achieve a 
low-cost 32-bit chip for systems priced 
below $5,000 after 1987. 

The 68030 team has also 
borrowed from Motorola's 
earlier efforts on the 68020, 
implementing the 32-bit chip 
with breadboards of TTL to 
prove out concepts born on a 
vast supply of. computer-aid-
ed design stations. "We don't 
do that with every project, 
but some projects are so im-
portant we'll do it," adds 
Goldman confidently. 
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TECHNOLOGY TO WATCH 

TI'S BLAZING-FAST CMOS LOGIC 
TAKES ON SCHOTTKY BIPOLAR 
An innovative twin-well process, a novel 
pinout, and close attention to latchup 
and to electrostatic discharge help boost 
the performance into bipolar territory 

A
new contender in the race to put cmos 
logic parts on an even footing with 
Schottky TTL is coming from Texas In-
struments Inc. The Dallas company's 

advanced CMOS logic parts switch data at an av-
erage propagation delay of 3 ns, matching the 
time of Fairchild Semiconductor Corp.'s FAST TTL 
family. The impressive specs of TI's ACL parts 
include a 24-mA drive-current capability and an 
upper frequency limit of 200 MHz. 
That combination means many systems previ-

ously implemented with bipolar logic can be built 
more cost-effectively in cmos. Sharing the credit 
for the performance of the TI ACL parts are an 
innovative twin-well process that builds 1-µ,m-
long gates and a novel pinout. Also important 
for performance is the close attention TI gave to 
fighting off latchup and electrostatic discharge. 

The cost-effectiveness of ACL begins 
with its power/delay product, which is 
a considerable improvement on TI's old-
er HCT (high-speed cmos with TTL lev-
els) and HC (high-speed cmos) technol-
ogy. As measured by the standard pow-
er/delay figures of merit for logic de-
vice performance, both families 
consume about the same power, but 
ACL's 3-ns propagation delay is three 
times better than tic's time (Fig. 1). In 
fact, ACL families lead all logic families 
in terms of speed/power performance. 
Advanced Schottky (As) is faster but 
consumes far more power. 

In addition, ACL is unique among 

CMOS families in its high drive-power 
capability. In the high switching-speed 
environment of modern digital systems, 
logic chips often must drive 50-ft trans-
mission lines at frequencies in the tens 
of megahertz. Until now, current-oper-
ated bipolar chips were better suited to 
such conditions than were voltage-oper-
ated Cmos parts. The 24-mA drive capa-
bility of TI's ACL series, however, is 
more than adequate to drive 50-ft lines 
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at frequencies greater than 200 MHz. 
Besides its speed and drive features, TI'S ACL 

retains the operating characteristics that made 
its CMOS predecessors a desirable alternative to 
bipolar technology. These include high noise im-
munity, a wide supply-voltage range of 3 to 5.5 v 
dc, and operation over -40°C to 85°C for industri-
al versions and -55°C to 125°C for military parts. 
Like all CMOS logic, ACL parts dissipate power at 
microwatt levels when in standby mode. The 
new family is fully compatible with both TTL and 
cmos input levels. 
To support ACL system designs, TI'S opening 

salvo will feature a wide range of general-pur-
pose parts to interface microprocessors, memo-
ries, and other very large-scale integrated cir-
cuits. The first spate of offerings will include 16 
gates and Schmitt triggers, 21 multiplexer/de-
multiplexers and flip-flops, 23 line drivers and 
receivers, 24 latches and shift registers, 14 
counters, and 7 arithmetic support chips. All will 
be available in military and commercial   
grades by the first half of 1987. Com-
mercial parts will come in plastic dual 
in-line packages as well as small-outline 
surface-mount packages. 
As ACL moves into the general-pur-

pose-logic stage, it faces stiff resis-
tance from established Tri, types— 
FAST, for example. Moreover, there is 
always an operating frequency at 
which TTL and CAWS parts consume the 
same power, a point called the cross-
over frequency (Fig. 2). 

In comparing dissipation of an ACL 
gate and a FAST gate, the crossover fre-
quency is 30 mHz when both operate at 
the same temperature, load, and supply 
voltage. To conserve power, therefore, 
a designer is better off using ACL chips 
in circuits that switch at average fre-
quencies below 30 Dam. The higher the 
crossover frequency, the greater the 
impact of a given Cmos technology on 
the design. 

Power, however, is often oversimpli-
fied when discussing CMOS devices. In 
many instances, only the static dissipa-
tion of a cmos logic function is com-
pared to its TTL counterpart. This 
makes cmos look highly favorable, but 
power considerations in system design 
are actually far more complex. A sys-
tem's total power consumption takes in 
three factors: static power, measured 
when a device has steady-state voltages 
on its inputs; switching power, when it 
is active; and load power, which is the 

3. BETTER THAN BIPOLAR. Ti's EPIC CMOS pro-

cess enables the ACL logic family to achieve less 

internal delay and power dissipation than even the 

advanced bipolar families do. 

amount dissipated in the output capacitance plus 
any power dissipated in other loading elements 
at the chip's output—resistors, for example. 
Of the three, only static power is frequency-

independent. Static power is simple to calculate 
from data-sheet parameters of power-supply cur-
rent, but in most cases it can be assumed to be 
on the order of a few microwatts per gate. By 
contrast, static dissipation is much greater in a 
bipolar part, typically ranging from 1 to 20 mw 
per gate. 

Switching power depends on the power-dissipa-
tion capacitance (cpd) of the specific device. Cpd 
is specified on the data sheets of ACL chips, al-
lowing the switching power to be computed fair-
ly easily. 

This is not the case for a ITL chip. At low 
frequency, the switching power is swamped out 
by the high static dissipation of the bipolar de-
vice. At higher frequencies, it becomes a factor 
in overall dissipation and must be determined. 

2. POWER STRUGGLE. ACL consumes more power than FAST above 30 

MHz, but few logic devices are required to operate at such lofty levels. 
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4. PROTECTION. Ti's ACL family members contain protection circuitry on each of 

the input and output pins to withstand electrostatic discharges up to 6 kV. 

But the calculation of power becomes difficult at 
the system level because logic elements operate 
at widely varying frequencies and duty cycles. 
Load power is a function of the load capaci-

tance and output voltage of an ACL part. Like 
switching power, it requires consideration of the 
various operating frequencies and duty cycles of 
the devices involved. In a Cmos system, the load 
is generally almost purely capacitive since the 
driven devices have negligible input currents. 
Such is not the case for a bipolar system be-
cause its TM devices draw appreciable input 
current. 
The bottom line is that an ACL system con-

sumes far less power than an equivalent TTL 
system, regardless of the operating frequency. 
While individual ACL devices may consume more 
power than equivalent TTL types above certain 

The best way to defeat noise is to move 
the Vcc and ground pins from the ends 
of the package and to center the Vcc pins 
on one side, and the ground on the other 

frequencies, the distribution of switching fre-
quencies and duty cycles gives the cmos version 
the edge. This is because the vast majority of 
devices switch at a rate far below that of the 
system clock. 

Inherent in cmos technology is the need to 
provide a greater number of internal gates per 
circuit function than is required of the equiva-
lent bipolar function. Therefore, to achieve the 
equivalent external speed (propagation delay) of 
the same bipolar function, the internal gates of a 
cmOs device must switch at a rate three to four 
times faster than those of the bipolar device. TI's 
EPIC (enhanced performance implanted cmos) 
process gives ACL gates the ability to meet or 
exceed the switching times of even the advanced 
bipolar technologies (Fig. 3). 
EPIC is based on a twin-well structure that per-

mits transistors to be packed at the 
densities required for 1- and 4-me-
gabyte dynamic random-access 
memories. And, in fact, TI devel-
oped the process to support the 
company's 1-megabyte DRAMs. EP-

IC'S 1-i.tm gate length holds on-chip 
propagation delays in the subnano-
second region. 
TI has developed a proprietary 

process for forming the gate and 
source and drain regions of a Cmos 
transistor from silicide. This is key 
to the process because it reduces 
internal interconnection resistance. 
In cmOS chips, internal resistance 
and capacitance are the çhief limit-
ers of switching speed. To minimize 

the contributions of speed-robbing parasitic ca-
pacitance, sidewell oxidation is used between the 
gate-source and drain-source nodes. 

While the speed of ACL is a boon to designers 
of high-performance systems, it also can create 
problems in performance. In the case of TI'S ACL, 
the 2- to 4-ns rise and fall times of high-switch-
ing-speed pulse edges can adversely affect cir-
cuit operation. When multiple outputs of an ACL 
chip switch simultaneously, a number of prob-
lems can crop up: output glitching, loss of stored 
data, speed degradation, and plain old system 
noise. 

Fast-switching bipolar devices suffer the same 
problems. But the amplitude of a bipolar part's 
voltage swing is lower—a maximum of about 3.5 
V. So the noise problem is not as severe as in 
CmOS devices, where the rail-to-rail voltage is 
from 0 to 5 V. 
One of the culprits in cMOS is inductance, both 

in the package leads and in the printed circuit's 
traces. Inductance produces a dv/dt effect that 
the output of an ACL device can propagate 
through the system in the form of noise. And 
maximum inductance in an IC package is at the 
ends—exactly where the V„ and ground pins are 
located. 
One way to solve the noise problem is to 

change the traditional placement of the V„ and 
ground pins. Rather than placing V„ and ground 
at the ends of the package, TI and Signetics 
Corp. center them on opposite sides of the pack-
age [Electronics, Aug. 7, 1986, p. 29]. In the new 
configuration, inputs surround the V„ pins on 
one side of the package and outputs surround 
the ground pin on the other side. Experiments 
with this arrangement indicate that glitching, 
ringing, and bounce can be reduced significantly. 
Because the centered V„ and ground pins 

mark a departure from the traditional end-pin 
layout that dates back to the early days of TTL, 
there may be some reluctance to change (see 
p. 82). However, two points must be considered. 

First, the present 1-µm ACL chips are just the 
first of a line whose ultimate geometry may well 
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reach down to submicron levels. Speed increases 
as geometry shrinks, so today's noise problems 
may be insignificant compared with those of a 
higher-speed technology. It is therefore inevita-
ble that some type of revised packaging for logic 
devices will have to be addressed in the future. 
TI and Signetics have chosen to address the prob-
lem now so that future generations of high-
speed logic are packaged in a form to minimize 
system problems and maximize performance. 

Second, the centered pin placement has proven 
effective in reducing noise levels caused by si-
multaneous switching. System noise immunity is 
improved, speed is not degraded, and the de-
sign's overall reliability is enhanced. 

RELIABILITY MATTERS 

But as most designers are painfully aware, 
any mos transistor is subject to failure from the 
twin killers of latchup and electrostatic dis-
charge. These two failure modes represent the 
most serious assaults on the reliability of omos 
logic. 
Latchup is difficult to eliminate completely, but 

the current necessary to trigger it can be raised 
to values that are unlikely to occur in operation. 

TI'S solution is to use guard-ring structures that 
shunt potential latchup currents to ground before 
they appear as base current in the parasitic sili-
con controlled rectifier. A guard ring raises the 
soit's trigger point to a current level much higher 
than that supplied by typical signals. 

In addition, TI combines a high-resistance epi-
taxial layer with a low-resistance p+ substrate to 
produce a material that resists the formation of 
parasitic elements. The result is that it typically 
takes 650 mA at worst case to cause latchup at 
25°C and 500 mA at 125°C. These levels are about 
100 mA greater than those of earlier versions of 
high-speed omos logic. 
TI provides ESD protection by incorporating net-

works across the package's input and output pins. 
On the input side, a p+ diode and a diffused pnp 
transistor across a resistor clamp ESD spikes. The 
output pins are protected by the p+ and n+ 
drain diodes of the output transistors. An addi-
tional p+ diode can be connected between the 
power supply terminal (\Ç) and the output pin 
(Fig. 4). TI tests the ESD protection circuitry ac-
cording to MIL STD 883, Method 3015. Using this 
method, ACL devices typically provide protection 
to ±6 kv. 

WHY MOORE AND HEFNER CHOSE A NEW PINOUT 
When Texas Instruments shifted the re-
sponsibility for all CMOS logic engineer-
ing to its Sherman, Texas, facility, Rich 
Moore and Charles Hefner got the job— 
but neither knew it would lead to an 
industry controversy. Because they 
have extensive backgrounds in general-
purpose logic products such as high-
speed CMOS (HC), advanced Schottky 
TTL (AS), and advanced CMOS logic 
(ACL), they were prepared to 
go to a new pinout for TI's 
ACL family. 
The new pinout was to 

solve the problem of switch-
ing spikes, something they 
had faced before. "We've 
known about simultaneous 
switching problems in high-
speed logic parts for years," 
says Moore, new-product en-
gineering manager for Ti's 
HC, AS, 74F, and ACL logic 
products. "When we began 
specifying these advanced 
CMOS logic parts, customer 
input was overwhelmingly fo-
cused on this problem of par-
asitic package inductance in 
the newer families of high-
speed CMOS." 
Moore points out that the 

problems of simultaneous 
switching of multiple outputs 

SPIKE FIGHTERS: Rich Moore (left) and Charles Hefner push new CMOS 

logic pinouts. 

in parts in these CMOS families used to 
occur only in isolated devices. "We have 
seen a migration in these components 
from causing an occasional system prob-
lem to the point when it exists through-
out currently available ACL families," 
Moore says. "Rather than have a family 
of parts that did not meet customer 
needs, we decided to solve a family 
problem with an overall solution." 

Hefner, application engineering sec-
tion manager for the Advanced 
Schottky group in Sherman, says the 
pinout change has received high marks 
from customers. "I've been on the road 
talking with customers, and almost ev-
ery one has confirmed our solution. Af-
ter all, this isn't the kind of thing you 
do in a vacuum." 

Currently, Moore and Hefner are 
working on these new center-
pin ground and Ve., pinout de-
signs to provide parts to the 
market by mid 1987. "We 
feel that enough customers 
realize the problem to make 
this change warranted, and 
once more engineers gain ex-
perience designing with high-
speed logic, they'll also un-
derstand the importance of 
the pinout change in a sys-
tem," Hefner says. 
Moore has a BS in electrical 

engineering from Purdue Uni-
versity, West Lafayette, Ind., 
and an MS in engineering 
management from Southern 
Methodist University, Dallas. 
Hefner received BS degrees in 
both engineering physics and 
mathematics from Southeast 
Missouri State University, 
Cape Girardeau. 
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INSIDE TECHNOLOGY 

OPINION 

IT'S TIME FOR A NEW LOGIC PINOUT 

JAMES F. WATSON 

As vice president of U. S. marketing for Texas 

Instruments Inc.'s Semiconductor Group, Wat-

son's responsibilities include the supervision 

and administration of marketing for the U. S. 

regional technology centers and U. S. market-

ing communications, and two logic product 

departments. He has held numerous positions 

over the course of his 26 years with the Dallas 

company, including division manager of digital 

circuits and military products. 

I
es tough to break tradition. But when break-
ing tradition provides a solution for the in-
dustry and for all future high-speed logic 
families, the choice becomes clear. The deci-

sion by Philips International NV, its subsidiary 
Signetics, and Texas Instruments to abandon the 
standard ground and V„ end-pin configurations 
in the 1-µ,m advanced cmos logic line was not 
frivolous, but based on tests, customer input, 
and consideration of real-world systems. 

Functional tests on available ACL parts and on 
preliminary system designs aroused real concern 
at TI and Philips/Signetics that these parts could 
not drive other logic devices in a system without 
sending false information. These findings echoed 
customer complaints about the performance of 
high-speed cmos logic in system designs. 
The three companies moved to solve an indus-

try problem that others have chosen not to ad-
dress at the chip level. The companies decided 
that, while vendor resistance to changing the 
standard pinout would be great, this truly was a 
case where the ends justified the means. 
A look at the history behind the old logic pin-

outs shows that they may no longer be valid in 
today's environment. Back when TI began de-
signing the TTL family, printed-circuit boards 
were single-level, and so were logic chips. Power 
and ground pins were located at the ends of the 
package to minimize noise at the board level. 
This setup maximized system performance, since 
power lines were run to the outside of the board. 
In addition, designs for inputs and outputs were 
configured with the aim of easing fabrication, 
not system design. 
Other than familiarity, there is no reason to 

retain these pinouts. Today's parts are made with 
double-level metal, and pc boards provide numer-
ous levels for routing data and power. Also, small-
er device geometries and double-level-metal fabri-
cation have made chip layout independent of old 
design rules and thereby more easily modified. 
The problems of noise encountered in the si-

multaneous switching of multiple outputs is 
found to some degree in all logic families, includ-
ing Fairchild Semiconductor Corp.'s AS, ALS, and 
FAST series, as well as in all currently available 
ACL families. The phenomenon can jeopardize 
performance, and the end-pin ground and V„ are 
a primary cause. 
The problem lies in the unacceptable level of 

package inductance when high-speed cmos logic 
families use such a pinout. ln tests conducted in 
our laboratories using a variety of high-speed 
logic parts—both cmos and bipolar—we found 
that many of the parts were running on the 
borderline of acceptable functionality in a sys-
tem with multiple-output switching. cmos parts 
especially tended to generate high voltage spikes 
on an octal device with seven outputs switching 
and one output quiescent. 
Some critics of the new pinout have suggested 

that designers avoid switching multiple outputs 
at once or that they use damping resistors on 
the outputs to handle the voltage spikes. Others 
have suggested altering system timing to plan 
ahead for ringing on the outputs. All these 
"solutions" will work, but besides requiring ex-
tensive engineering, they slow the parts to 
HCMOS levels. And what design engineer needs 
an octal device if he can't use all the outputs? 
Using a center-pin ground and V„ design, de-

signers can minimize simultaneous switching 
noise and maximize design efficiency without 
sacrificing the speed inherent in these new logic 
families. Changing the pinouts will require some 
board-level design changes. However, these 
changes can be offset by the convenience of the 
new flow-through architecture. At most, the new 
designs add only four pins to any configuration. 
The bottom line in this so-called controversy is 

resistance to change. TI and Philips/Signetics un-
derstand that. But we think that in this case, the 
problems are significant enough to justify 
changing an industry standard. And we're bet-
ting that a lot of designers will think so, too. 
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SEPTEMBER 18, 1986 

OPINION 

DON'T CHANGE LOGIC PINOUT STANDARDS 

W
ith the recent introduction of alter-
nate advanced cmos logic (ACL) fam-
ilies, there may develop a miscon-
ception that the accepted pinout 

standards and the needs of high-performance 
systems are incompatible. Nonstandard package 
pinouts for ACL are simply not necessary to over-
come such problems as noise. Fortunately, sys-
tems designers have long managed crosstalk, 
ground bounce, reflections, skew, and other 
modes of spurious noise at the board level. 

Before ACL, the last successful generation of 
industry-standard small- and medium-scale inte-
grated logic was introduced in 1979. Fairchild 
advanced Schottky I'm (FAST) quickly was ac-
cepted as the standard replacement for Schottky 
TTL and Advanced Schottky in mainframes and 
minicomputers. The reasons: its speed, ease of 
use, reliability, and pin-compatibility. 
Systems designers also quickly understood 

that outside of ECL implementations, the FAST 
family pushed system clock rates to the limits of 
conventional rn, board design. With its high 
speed and high drive capability, it gave rise to 
transmission-line termination techniques and sys-
tem-timing expertise. 
However, new system needs emerged as FAST 

migrated downward in the systems hierarchy to 
popular desktop machines. Existing low-power 
Schottky and advanced low-power Schottky fam-
ilies consumed too much power, while the newer 
high-speed cmOs (Hc) family lacked speed and 
drive. Emerging to meet those needs was Fair-
child advanced cmos technology, or FACT. This 
first ACL family brought an opportunity to re-
duce the cost of equivalent LS and ALS functions 
and to usher in a new generation of portable 
equipment. 
Systems designers, having been exposed to 

performance enhancements made feasible by 
FAST logic, are now using high-performance de-
sign techniques in systems based on FACT logic. 
Today there are about 1,000 FACT customers us-
ing these techniques and experiencing reliable 
operation at this enhanced price/performance 
level. This broad level of acceptance could only 
have been established by adhering to traditional 
pinout standards and complementing this stead-
fastness with technical information regarding 
the design of high-performance systems. 

KIRK POND 

The executive vice president and general man-

ager of Fairchild Semiconductor Corp.'s Digital 

Unit is a veteran of Timex Corp., where he was 

senior vice president of consumer electronics. 

Prior to that, he spent 14 years with Texas 

Instruments Inc. as vice president and general 

manager of the Calculator and Educational 

Products Division and in various semiconduc-

tor management positions. Pond holds both an 

MBA and a BSEE. 

Demands for better performance are driving 
system design in new directions. For example, 
putting traditional standard logic families into 
small-outline integrated-circuit packages permits 
closer physical spacing, reduced backplane noise, 
and reduced pin inductance, creating the poten-
tial for tighter system timing. With them, sys-
tems makers are experiencing concomitant lower 
manufacturing costs. With over 85 members of 
the FAST and FACT families available in solos, 
this is a clear opportunity for higher speed at 
lower densities. 
Beyond standard cmos logic, cmOs gate ar-

rays, standard cells, and emitter-coupled logic 
will all follow the designers' demand for higher 
system performance. Hence, semiconductor ven-
dors are committing valuable resources to devel-
oping the right process technologies and support 
tools. Included are such tools as system-level 
simulators, automatic test-vector generators, and 
computer-aided-engineering packages. These will 
help systems designers develop innovative archi-
tectures based on the unfolding generations of 
VLSI circuitry. 
Packaging technology, too, needs a boost in 

the high-pin-count high-density areas where the 
next generation is heading. These are the neces-
sary targets of innovation. 

Yes, standards are important. Because we 
have been dealing with fast edge rates in both 
FAST and Ecf, for a long time, we understand the 
tradeoffs customers want, and we have met 
their needs in terms of proper speed and ease of 
use. We believe cmos systems will migrate to-
ward custom very large-scale ICs, rather than to 
new nonstandard logic families. 
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not-for-profit organization with a vital 
mission: 

We build free enterprise worldwide 
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to help companies in developing 
countries. The executives receive 
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Our main purpose is to help devel-
oping countries succeed in business. 
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companies, we have completed 
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Board of Directors and Advisory 
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SPECIAL REPORT 

PARALLEL 
PROCESSING: 
THE PACE 
QUICKENS 
Work is accelerating on the two big 
remaining obstacles: the lack of good 
benchmarks and the need for software 
that uses parallelism efficiently 

by Tom Manuel 

arallel processing is trying hard to 
move into the mainstream. The number 
of parallel computer products now on 
the market is climbing, and more are 

expected shortly. Work is accelerating on the 
remaining problems that stand in the way of 
widespread implementation of parallel process-
ing. Two of the biggest are the lack of good 
benchmark programs based on real jobs and job 
mixes and the need for application software that 
uses the multiple processors efficiently. 

Parallel processors are such a radical depar-
ture in computing architectures that they don't 
fit into any of the conventional classifications of 
computers; new ones have had to be devised. 
One classification used frequently distinguishes 
on the basis of tightly coupled or loosely coupled 
architectures. Tightly coupled processors have 
their operation tied closely together through the 
sharing of one main memory and often one copy 
of the operating system. Loosely coupled proces-
sors each have their own main memory and may 
have their own input/output peripherals as well. 
These processors usually run their own copies of 
the operating system. 
But not all parallel computers fall neatly into 

these two classes. Some have both local and 
shared memory, and the interconnection schemes 
among processors and memories vary greatly, as 
do the control schemes. And breaking down the 
architectures into the way individual processors 
are connected—through a bus, a hypercube, or a 
switching network—would also show tremen-
dous differences in price and performance. 
A more useful way to classify architectures is 

COMMERCIAL PARALLEL -PROCESSING COMPUTERS BY ARCHITECTURE 

System 
starting 
price 

Bus-connected, 
shared memory, 
few big processors 

Bus-connected, 
shared memory, 
moderate to large 
number of 
medium-sized 
processors 

Hypercube 
interconnec tion, 
local memory, 
moderate number 
to many processors 

Networked computers 
and work stations, 
local memory, 
small to potentially 
very large numbers 
of computers 

Others: such as, 
data-flow, 
switched-connected 
processors and 
transputer-based 
machines 

S10,000 to 
$100,000 

Concurrent 
Computer 

Masscomp 5700 
5800 

Sequent Balance 8000 
Balance 21000 

Ametek System 14 Apollo DW Series 
Sun SUN •3 Series 

BBN Butterfly 
Loral Data Flo LDF 100 

$100,000 to 
Si million 

Alliant FX/8 
Culler Culler 7 
Digital Equipment 

VAX 8300 
VAX 8800 
VAX Clusters 

Elxsi 6400 

Encore Multimax 
Flexible Flex-32 
Teradata DBC/10/2 

Intel Scientific Computers 
iPSC 
iPSC-VX 

Ncube Ncube/ten 

Digital Equipment 
Networked 
VAXes and 
MicroVAXes 

Floating-Point Systems 
T Series 

Meiko Computing 
Surface 

Multiflow (Unamed) 

$1 million to 
$10 million 

Cray Research XMP 
Cray-2 
Cray-3 

Control Data Cyber Plus 
IBM 3090 Model 400 

None available now None available now None available now Thinking Machines 
The Connection 
Machine 

Myrias Research 
(Unamed) 
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offered by Justin R. Rattner, program manager 
at Intel Corp.'s Scientific Computers group in 
Beaverton, Ore. It is a two-dimensional matrix 
with the basic architectural styles on one axis 
and system price ranges on the other. For the 
table, opposite, based on this matrix, Electronics 
selected three price ranges and four architectur-
al styles. 
The three price ranges—$10,000 to $100,000, 

$100,000 to $1 million, and $1 million to $10 mil-
lion—represent approximate starting prices for 
small configurations. All the computers shown can 
be incrementally expanded to very large systems. 
The first class of architectures includes sys-

tems in which a few (2, 4, 8, 12, or so) powerful 
processors share a single large memory and link 
through a bus or a hierarchy of buses. The sec-
ond class differs only in the type and number of 
processors: a moderate number—ten to hun-
dreds and possibly a few thousand—of medium-
sized processors. 

Class three designs can range from a moder-
ate number of small to medium processors to a 
great many—tens of thousands—of these pro-
cessors. Each processor has local memory and 
connects to others through a hypercube net-
work. The hypercube is an interconnection 
scheme using an n-dimensional cube where n 
represents the number of directly connected 
computers (called nodes) that establish the 
cube's dimension. A 32-node cube, for example, 
is a 5-d system with each node connected to its 
five nearest neighbors. A 6-d cube holds 64 
nodes, a '7-d cube 128. 

NOT FOR PURISTS 

A fourth class describes systems that some 
purists would say are not parallel. Included are 
systems in which the same, similar, or complete-
ly different computer types are loosely coupled 
through communications networks—local-area, 
wide-area, or combinations. The systems range 
from relatively few to very many processors, 
each having its own memory and operating sys-
tem. But in being able to share a file system or 
pass messages to others, they can work concur-
rently on the same problem. 
For example, Digital Equipment Corp.'s dual-

processor VAX 8800s and 8300s can coexist in 
clusters that are linked by LANs. These, in turn, 
are interconnected through wide-area networks. 
This represents four types of multiprocessing, 
says Robert Burley, engineering product manag-
er for advanced VAX computer development: over 
wide-area networks, over LANS, within the com-
puter room (VAX clusters), and within tightly 
coupled central processing units. DEC has such a 
setup for internal use. 
The world's biggest computer company hasn't 

developed any parallel machines for sale other 

MICROPARALLELISM. The T Series computer from Floating 

Point Systems uses Inmos's Transputer microprocessor. 

than its biggest mainframe, the 3090 Model 400, 
which has a pair of dyadic CPUs, but it is explor-
ing the technology. IBM Corp. is convinced that 
parallel processing is strategically important to 
itself and the computer industry, says Tilak Ager-
wala, director of symbolic and numeric processing 
at the Thomas J. Watson Research Laboratory in 
Yorktown Heights, N. Y. "At the very highest 
level, there are two generic categories: specialized 
processors and multipurpose machines," Ager-
wala says. IBM Research has built one specialized 
machine, the Yorktown Simulation Engine, and is 
working on another. This machine simulates new 
circuits for high-end computers, and is in daily 
use, says Agerwala. 
IBM also is building the RP3, for research paral-

lel-processing prototype. With this computer, re-
searchers will attempt to sort out the incredibly 
complicated taxonomies for parallel-processing ar-
chitectures and tackle the many problems in pro-
gramming and benchmarking parallel computers. 
The RP3 (Fig. 1) will use the same basic 

reduced-instruction-set microprocessor that pow-
ers IBM's RT Personal Computer. However, this 
highly parallel, multiple-instruction, multiple-data 
research machine will necessarily implement a 
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U0 AND SUPPORT 
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o 
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PROCESSOR 63 

1 
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CONSOLE 

1. AT THE LABS. IBM Corp.'s Thomas J. Watson Research Laboratory is building the RP3 flexible-architecture parallel processor 

with 512 RISC microprocessors. It will be used for experiments and study projects, including benchmarking. 

quite different approach to memory manage-
ment. It will also employ a very powerful, flexi-
ble, and intelligent switch to handle interproces-
sor control and memory access [Electronics, 
Aug. 26, 1985, p. 16]. The RP3 really has two 
networks: the low-latency, high-bandwidth, self-
routing Omega for interprocessor connection, 
and a net to combine the messages from several 
processors for information from the same memo-
ry module. 
The novel memory-mapping mechanism devel-

oped for the RP3 allows any combination of 
global and local memory and lets users vary the 
mix at run time. The switch allows variable con-
figurations of processors. 
The first RP3, which IBM expects to have oper-

ational late next year, will have 64 processors. It 
will ultimately have 512 processors and will per-
form 1 billion instructions/s, says Agerwala. 

THE CLASSLESS KIND 

Other parallel-computer designs fall outside 
the first four classes of architecture. These in-
clude data-flow computers and machines built 
using Inmos Corp.'s transputer, such as the T 
Series of supercomputers from Floating Point 
Systems Inc., Beaverton, Ore., shown in the pho-
tograph on p. 87. Others include the Computing 
Surface from Meiko, Bristol, England; the wide-
word-instruction machine from Multiflow Com-
puter Inc., Branford, Conn.; and the Connection 
Machine from Thinking Machines Inc., Cam-
bridge, Mass. [Electronics, June 23, 1986, p. 45]. 

Also in this category is the Myrias Parallel 
Computing System, a design using thousands of 
microprocessors that is now under development 
by Myrias Research Corp., Edmonton, Alberta, 
Canada. The Myrias computer is being designed 

as an infinitely scalable machine that is also pro-
grammable in languages minimally different 
from current standard languages such as For-
tran and C. One goal is to execute all iterations 
of program loops at once simply by inserting a 
parallel-loop command in appropriate places in 
both existing and new programs. 
Another member of the miscellaneous catego-

ry is BB&N Advanced Computers Inc.'s Butterfly, 
for which the Cambridge, Mass., company claims 
the largest installed base of any parallel comput-
er. The Butterfly has up to 256 MC68020 proces-
sors, each with its own memory and connected 
by the patented Butterfly switch (Fig. 2). Al-
though the memory is physically attached to the 
individual processors, it is used as a shared 
memory pool, tightly coupling the processors. As 
the number of processors grows, so does the 
size of the shared memory. 

Sorting out and classifying parallel-computer 
architectures is only half the battle. The other 
half is evaluating their suitability for a specific 
job mix. The best way to do that is to assemble a 
set of representative benchmarks. 
Once a benchmark set is assembled, it should 

be run on a system configured with the mini-
mum number of processors and then run again 
on at least one other configuration with the larg-
est number of processors available. This will 
measure the linearity of performance increase as 
the system grows, as well as the overall system 
throughput on an anticipated job mix. 
Sequent Computer Inc. has worked out a se-

ries of benchmark programs for measuring 
throughput of multiuser, multiprocessor sys-
tems. "The best way we could think of to do an 
honest job [of benchmarking] was to figure out 
an average load; in other words, what Sequent 
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users are doing," says president Casey Powell. 
The Beaverton, Ore., company compiled jobs 
from its customers to create a typical load. Then, 
with that job load running, the evaluators run 
several benchmarks on Sequent machines with 
two processors and on up. They also run the 
same combination of load and benchmarks on 
other makes of machines. 
Help is available for the prospective customer 

who cannot assemble a set of benchmarks and 
run it on a variety of parallel-computing sys-
tems. Several groups, including parallel-comput-
er vendors, are developing sets of standard 
benchmarks [Electronics, April 7, 1986, p. 16]. 
A few researchers, such as Jack D. Dongarra, 

scientific director of the Advanced Computer Re-
search Facility at Argonne National Laboratory, 
Argonne, Ill., run their benchmarks on a wide 
variety of computers and publish the results. 
Dongarra's Linpak floating-point calculation 
codes are a package of about 400 Fortran sub-
routines. They measure performance for only a 
particular class of problems and were not devel-
oped with parallel processing in mind. 
The National Bureau of Standards is also 

working on parallel-computing benchmarks. It 
has collected 12 sets of benchmarks in Fortran 
and C and is distributing them through Arpanet. 
Use of these is picking up—there have been 
about 290 transactions, according to an NBS 
spokesman, who cautions that delivery of one 
benchmark sometimes takes several transac-
tions. 

AIMING FOR THE HEART 

The biggest challenge in parallel computing is 
in the software: finding and exploiting parallel-
ism in a given job. Several attempts are under 
way to automate the discovery of parallelism 
and the creation of code to exploit it. 
At Multiflow Computer, for example, execu-

tive vice president Joseph A. Fisher and his team 
are working on hardware and software that will 
automatically find and use parallelism in all 
parts of an application. Current attempts to par-
allelize code focus on what Fisher calls the pro-
gram's mathematical heart. The rest of the code, 
some 80% to 90% in scientific and engineering 
applications, does not benefit from the paralleli-
zation efforts, he says. Multiflow's design aims 
to take care of this junk code, as it is sometimes 
called, by using a machine with a very wide 
instruction word and a very smart compiler that 
will understand how a given program works. 
The compiler will pick operations that can be 
done together and assemble one big instruction 
comprising many small operations such as loads, 
stores, multiplies, address fetches, and tests. 
The parallelism in such an architecture is ex-

tremely fine-grained. The Multiflow machine will 
not be a true multiprocessor with many complete 
processors. Instead, it will have plenty of compu-
tational elements that the smart compiler can 

2. BUTTERFLY. The BB&N Advanced Computers Inc. Butterfly 

computer uses a proprietary packet-switched network (left) to 

efficiently interconnect many processors (right). 

select to use in each big instruction. 
In looking ahead in the program to find little 

operations to pack into each big instruction, the 
smart compiler runs into one barrier. When pro-
grams or human programmers, looking for par-
allelism, run into a conditional jump, they must 
either stop looking or guess where the program 
will jump next. Fisher claims his development 
team has broken the barrier with trace schedul-
ing. This scheme gambles on a way to go when 
it encounters a conditional jump and intelligently 
recovers if it makes the wrong choice. 
At DEC, Burley reports some significant re-

sults from manual decomposition of programs. If 
a programmer or software engineer looks close-
ly at a program to find where parts of it can be 
run in parallel and figures out how to reorganize 
it accordingly, worthwhile speedups are often 
achieved. For example, one engineer took the 
popular circuit-simulation program Spice and got 
a 70% performance improvement on a dual-pro-
cessor VAX 8800 by rewriting only about 10% of 
the 18,000 lines of code. 
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Crisp Display and Low Profile Panel 
CRT-Compatible Fujitsu Plasma Display with Memory Function 

Brightness is the foremost feature of the Fujitsu 
plasma display. A special memory function 
reduces flicker to nothing. And with the display's 
high resolution, eye-weariness is now a thing of 
the past. Even with its built-in drive circuits, 
the display is integrated into a compact, thin, 
power-saving package. Try 
this exciting new panel, 
which is perfect for the 
ever-shrinking equipment 
in personal OA systems, 
NC machines, and indus-
trial robots. 

Demonstration sample 
for stand-alone display unit 

Features 
• Bright, clear memory display that is completely flicker free 
• 640 x400 dot matrix high-resolution display 
• Easy-to-use CRT-compatible interface 
• Multi-drive LSI that makes the unit compact, thin, and lets 

it consume little power 
•Highly reliable AC memory panel 
Specifications 
Model FPF 8050 HFUF 
Display resolution 640x400 dot matrix (256,000 dots) 
Effective display size 210.87 mm (W) x131.67 mm (H) 
Dot spacing 3 dots/mm (dot pitch: 0.33 mm) 
Brightness 150 cd/m2 
Contrast ratio 20 : 1 
Display color Neon orange 
Field of view 120° min. 
Exterior dimensions 300 mm (W) x 200 mm (H) x 35 mm (D) 
Weight Approx. 1.7 kg 

Fujitsu Mikroelektronik GmbH: 

Arabella Cente. 9. 0G./A, Lyoner Stra3e 44-48 D-6000 Frankfurt 71, FR. Germany Phone: 069-66320 Telex: 0411 963 
Fujitsu Limited (Components Marketing): 

Furukawa Sogci Bldg., 6 1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 
International (Irfl Prefbc) 61-3-216-3211 Telex: 2224361 FTTOR J 
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PROBING THE NEWS 

WHOSE OPERATING SYSTEM 
WILL RUN THE 386-BASED PCs? 

MICROSOFT'S NEW MS-DOS IS LATE, AND IBM MAY GO ITS OWN WAY 

by Alexander Wolfe 

NEW YORK 

T
, he biggest guessing game in 
the personal computer world 
today is what kind of operat-
ing system IBM Corp. and Mi-
crosoft Corp. will come up 

with to run machines based on Intel 
Corp.'s powerful 32-bit microprocessor, 
the 80386. The industry is buzzing with 
reports that Microsoft is running late in 
announcing its new version of the cur-
rent Personal Computer standard, MS-
DOS, and IBM is thought to be working 
on its own proprietary operating system 
in a strong bid to fend off clone makers 
that have increasingly been cutting into 
its PC business. 
The speculation grew more intense 

last week as the first microcomputer 
from a major manufacturer to use the 
80386 chip, Compaq Computer Corp.'s 
Deskpro 386, was announced (see p. 66). 
The leader in a parade of 20 to 30 more 
80386-based machines expected before 
the end of the year, the Compaq ma-
chine has a control program written by 
Microsoft. 
At the same time, Microsoft dispelled 

some of the uncertainity, offering a hint 
about the future of MS-DOS. Joining 
Compaq's big bash for the new Deskpro 
at New York's trendy Palladium night-
club, Microsoft chairman William H. 
Gates III said, "Future DOSes are being 
developed that will take full advantage 
of the 386." 
Meanwhile, the Redmond, Wash., 

company announced the first of its com-
mercially available 386 operating sys-
tems: the Unix-like Xenix System V/386. 
Microsoft and Compaq have already de-
veloped a DOS-based system for the 
Deskpro 386 together, but it is available 
only with the new machine. 
THE SCRAMBLE BEGINS. Dozens of less-
er-known companies are also scrambling 
to get on the 80386 bandwagon. Among 
the companies said to have operating-
system software in the works are Inter-
active Systems, Locus Computing, Phoe-
nix Technologies, Pick Systems, Soft-
guard Systems, and Software Link. 
Their hopes rest on beating Microsoft to 

market, as well as offering specialized 
operating-system capabilities geared to 
applications for niche markets. 

Industry insiders say that Microsoft's 
MS-DOS strategy for the 80386 will 
emerge in a three-step progression. 
First is the system offered with the 
Deskpro 386, which combines the exist-
ing 3.1 version of MS-DOS with the Lo-
tus/Intel/Microsoft Extended Memory 
Specification code, or LIM/EMS. LIM/ 
EMS breaks the 640-K barrier of stan-
dard personal computers, allowing ma-
chines to take advantage of the larger 
addressing capacity of a 32-bit chip. Be-

-sides staking a claim as the first 32-bit 
operating system, the Deskpro 386's 
control program is the first to imple-
ment multitasking features. 

Next, in December or early next year, 
analysts say, will come the long-awaited 
MS-DOS 5.0. That system, built to sup-
port Intel's older 80286 chip, will also 
handle the 80386, treating it essentially 
as a fast version of the 80286. MS-DOS 
5.0 will be the first of the Microsoft 

lineup to implement full multitasking. 
Finally, beyond MS-DOS 5.0, Microsoft 

is believed to be working on a successor 
designed expressly around the 80386 
chip. Sometimes called MS-DOS 6.0, its 
true numerical designation is unknown. 
Industry watchers expect it to be avail-
able late in 1987 or early in 1988. 
PUSHED. But which DOS? Though Mi-
crosoft will not officially verify its exis-
tence, MS-DOS 5.0 has been expected for 
some time, and Adrian King, director of 
operating systems and systems soft-
ware, admits the company is feeling 
growing pressure to release it. Surpris-
ingly, end users are not the ones push-
ing hardest for the new system. "The 
pressure we get is from software devel-
opers, who in the last year have hit the 
limits of the 8086 in terms of the perfor-
mance, in terms of the 640-K address 
space, in the protection aspects," says 
King. 
To push past those limits, King be-

lieves, software developers will look 
next to the 80286, not the new 80386. 

PRESSURE. Microsoft presi-
dent Gates, above, acknowl-
edges that the company is 
working on 386 operating sys-
tems. And executive King, left, 
says the company is feeling 
pressure to release its MS-
DOS 5.0 package. 
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"One of the misconceptions that people 
have is that the 286 is suddenly going to 
wither and die as a result of the fact 
that the 386 is now in production," he 
says. "The 286-based [personal comput-
er] is going to be the standard for at 
least two more years, and probably 
longer, before the 386 begins to assert 
itself in the marketplace in terms of the 
number of machines that are actually 
sold." (See p. 33.) 
MS-DOS 5.0 will run on 80386 ma-

chines, but it is strategically aimed at 
those 80286-based computers. "We in-
tend to evolve [MS-DOS] in line with the 
way the market is working. That means 
that full support of the 286 is very im-
portant now, and 386 will become so lat-
er," says King. In software terms, the 
popularity of the 286 today will speed 
that transition to the 386, King argues. 
The reason is the similarity between 

them, combined with the incompatibility 
between the 8086 chip and the 80286 
operating in its protect mode. Programs 
designed for the 8086 will not run in 
the 80286. Software developers will 
therefore have to begin rewriting their 
applications programs to take full ad-
vantage of the 286's power. 
But the next step up—from the 80286 

to the 80386—will be easy. Anything 
that runs on protected mode on the 286 
can also run unmodified on a 386. That 
is why Microsoft says it's in no rush to 
release a package specifically designed 
around the 386. 

Meanwhile, The Software Link Inc. is 
attempting to beat MS-DOS 5.0 to the 
punch. The Atlanta, Ga., company is de-
veloping an MS-DOS-like multiuser, mul-
titasking operating system for the 
80386, dubbed PC-MOS/386. Gary Rob-
ertson, director of sales and marketing, 
says the package was created on an 
80286-based machine and   
is currently being con-
verted on an 80386-based 
computer. Shipments are 
expected to begin by 
February, he says. 
IBM, for its part, may 

not depend on evolution. Instead, some 
industry insiders believe Big Blue will 
create its own proprietary 80386-based 
machine, in a move perhaps inspired by 
the steadily increasing price competition 
from the PC-clone makers. IBM would 
simply remove itself from the cut-rate 
market and concentrate on adding value 
for a price. 
"IBM has said that the compatible 

makers will have to step lively to keep 
up with them—I think that points to 
some sort of closing off of the architec-
ture," says Tom Roberts, an analyst 
with International Data Corp. in Fra-
mingham, Mass. 
Such a proprietary architecture might 

include hardware to facilitate network-

RACE BEGINNING. Software writers are lining up in the competition to beat Microsoft :o market 
with an operating system for computers built around Intel's new 80386 microprocessor. 

mg and multitasking. As an operating 
system, AT&T's Unix or a proprietary 
large-systems program modeled after 
IBM's Virtual Machine operating sys-
tem, or both, may be included. 
The rationale, says Roberts, is that 

the added features would "give large 
corporations a reason to buy your box— 
they're worried about connectivity to 
larger systems and communications 
with larger systems." Such a strategy is 
akin to what Digital Equipment Corp. 
has done with its new VAXmate [Elec-
tronics, Sept. 4, 1986, p. 25], a PC-com-
patible desktop machine that incorpo-
rates a controller for networking. 
At least one highly placed industry 

observer agrees that IBM will end up 
going to a proprietary 

Will IBM trade 
compatibility for 
enhancements? 

operating-system. "It's 
really what they have to 
do," says the source. 
"They want to own the 
Fortune 500 market for 
computing at all levels, 

and that includes personal computers. 
The clone makers will head toward 
80286 compatibility in their 80386 operat-
ing systems, but IBM is likely to build a 
386 desktop work station for the corpo-
rate world that looks more like a main-
frame." 
"The real win with the 80386 is to 

take advantage of the large physical 
memory, virtual-machine, and demand-
paging features. An 80386 PC with a 
proprietary IBM operating system for 
the business world would be more suc-
cessful than Unix on a PC," he adds. 
But another respected source says 

that IBM's die has not yet been cast, 
and he argues against a proprietary 
route. "The debate hasn't ended inside 

IBM. But if they take the proprietary 
route, [I believe] it's a big mistake." 
Customers do not want compatibility to 
diminish, even for the sake of enhanced 
features, this source believes. 
A debate is also taking place between 

proponents of MS-DOS and those who 
favor Unix-like operating systems for 
80386-based machines. For business us-
ers, Unix may be the best choice. 
"We know from looking at people 

who use Xenix that primarily what 
they're after is simple, terminal-oriented 
applications that interface primarily 
with a data base," says King of Micro-
soft. "That is very different from what 
MS-DOS services, which is a desktop en-
vironment with a mouse, probably with 
a bit-mapped screen, with applications 
that drive those devices." 
As a result, according to one industry 

insider, "It is my opinion that Microsoft 
will push Xenix/386 as being a better 
solution [than MS-DOS] for 386-based 
machines in the future." Microsoft has 
announced that its Xenix System V/386 
will ship in January. 
Many software manufacturers are de-

veloping programs called "hypervisors" 
that will allow Unix and MS-DOS to re-
side simultaneously on an 80386-based 
machine. One type runs DOS as an ap-
plication under the top-level control of 
Unix. Simultaneity is possible because 
of the 80386's virtual-machine feature; 
with the right control software, it can 
act like several 8086 machines running 
within the same chip at the same time. 
Among such programs is one being 

developed by Phoenix Technologies Inc. 
of Norwood, Mass. According to analyst 
Roberts, the Phoenix hypervisor is "tar-
geted at the work-station market—peo-
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Your lowest-risk ASIC solutions. 
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Motorola's leading-edge technologies and extensive 
design experience add up to the safest ASIC buy. 

Selecting the "safest" ASIC supplier 
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Especially if you're designing for a narrow 
window of opportunity that leaves no 
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The manufacturer you choose should 

)ffer a variety of ASIC advantages. 
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Score A Winning Touchdown 
with UMC 

With backing from 
UNITED MICROELEC-

TRONICS CORPORATION, one 
of our customers scored a winning 

touchdown with a voice control IC last 
year. He netted a profit of 2.5 million dollars on 

just one product. This is one of the many examples of 
how UMC helps its customers score financial goals. 

UMC scored its first touchdown by becoming profitable 6 months 
after it went into operation and has been making a profit and registering 

phenomenal sales growth annually since then. Last year, 4 quarters of 
penalties left most companies sitting on the bench and several others were 

ejected from the game. UMC, however, still romped to a sales growth rate of 24.4%, 

which was the fourth best in the world and outscored 92% of the IC industry. 

If you want to be on a winning team, go with a proven winner UMC. 

UNITED MICROELECTRONICS CORPORATION 

CORPORATE HEADQUARTERS: NO. 3, INDUSTRIAL EAST THIRD ROAD SCIENCE BASED INDUSTRIAL PARK, HSINCHU CITY, TAIWAN, REPUBLIC OF CHINA 

SALES OFFICE: 9TH FLOOR, NO. 201-26, TUNHUA NORTH ROAD TAIPEI, TAIWAN. REPUBLIC OF CHINA TEL (02)7152455 TLX: 28560 UMCTPE FAX: (02) 7166291 

U.S.A. HEADQUARTERS: NMC CORPORATION 3054 SCOTT BLVD, SANTA CLARA, CA 95054 U.S.A. TEL 408-7279239 TLX: 172730 NMC SNTA FAX 408-9700548 
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pie who are primarily going to use Unix 
and then want to use some DOS applica-
tions every once in a while." Phoenix is 
developing the system with Interactive 
Systems Corp. of Santa Monica, Calif. 
Another hypervisor—this one under 

development at Softguard Systems Inc. 
of Santa Clara, Calif.—will function as a 
multitasking controller, allowing several 
DOS applications, or several DOS appli-
cations and Unix, to run side by side. 
And Locus Computing Corp. of Santa 
Monica, Calif., is working on an 80386 
version of its Multisystem Merge, a 
DOS monitor that allows Unix and DOS 
to run simultaneously. 
Many of these software developers 

are rushing to get the jump on Micro-
soft's Xenix, and Microsoft acknowl-
edges that some of them may ship be-
fore it does. But, says Microsoft's King, 
"in terms of the overall quality of the 
product—they're not going to beat us." 
The operating system from Pick Sys-

tems Inc. falls into neither the DOS nor 
the Unix camps. Aimed at business us-
ers, it will generate some $1.3 billion in 
sales in 1986, says Dick Pick, head of 
the Irvine, Calif., company, which has 
just readied its operating system for the 

Other developers may 
beat Microsoft's Xenix 

to the market 

'FL( tluv ou (an huy a Compaq 

[Deskpro 386], you can buy a version of 
the Pick operating system that will run 
on it," he says. 

Pick claims his system will be better 
geared to the 80386 than Microsoft's. 
"MS-DOS is written in 286 assembly lan-
guage, and [Microsoft has] probably 
taken a lot of advantages of the 286 
operating system," says Pick. His com-
pany's system, he says, "is written in a 
pseudo-language or a universal assem-
bly language. That's how we've 
achieved our portability—we've written 
the entire [Pick operating] system in 
this assembly language for almost a hy-
pothetical or a generalized computer. 

"Then, on the various [target] ma-
chines, we set up tables that define the 
characteristics of the machines, and we 
just reassemble the system and gener-
ate object code for the target machine." 
So rewriting the Pick operating system 
for new target machines was easy, Pick 
says: "The 386 for us is a slam-dunk." 

This initial 386 version does not make 
full use of the 386's 32-bit data bus. But, 
vows Pick, "Once we get a machine in 
here for a week, then we'll be taking 
full advantage of the 386." D 

Additional reporting by Clifford Bar-
ney and J. Robert Lineback. 
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CIRCUITS AND SOFTWARE 
FOR 

ELECTRONICS ENGINEERS 

Easy, reliable solutions to your 
design problems! 

Covers a vast range of design 
problems, organized into 25 
vital categories by function. 

Contains hundreds of circuits 
and computer programs. 

Design appropriate circuitry to 
meet the most challenging 
specifications. 

Cut design time by adapting 
proven circuits and software to 
a wide range of applications. 

Save money and increase 
productivity by avoiding costly 
design errors. 

These creative, new ideas and approaches keep you on top of what's 
happening in the latest circuitry developments. 

Order your copy of R370-Circuits and Software for Electronics 
Engineers today! Send $19.95 to : 

Electronics Magazine Books or McGraw-Hill Intl. Pub. Co. 
P.O. Box 541 Attn: ECC 
Hightstown, NJ 08520 McGraw-Hill House 

609/426-5070 le)1iF In fl ill Maidenhead, Berkshire si_.6 2QL 
England 

Ten-day money back guarantee. Allow 4 to 6 weeks for delivery. 
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SELECT YOUR RESOLUTION 
from Imagraph's proven family of IBM XT/AT/RT 
Compatible Advanced Graphic Controllers 

Display 

Resolution 

Bits / Pixel 

4 8 16 24 32 

1280 X 1024/960 V 
1024 X 1024/768 V 

768 X 512/480 
640 X 512/480 

512 X 512/480 

Optional 100% CGA emulation available 

Each family member utilizes the latest VLSI 
ACRTC Graphic Chip (Hitachi HD-63484), 
256K Video RAMs, and high speed Video 
DACs, allowing a performance spec that 

is 5 to 10 times faster than NEC 7220 
based controllers and 2 to 3 times 

faster than Hitachi HD-63484 
based designs not using 
Video RAM technology. 
Most boards available 
in both interlaced and 

non-interlaced 
format 

FOR YOUR IMAGING & GRAPHICS APPLICATIONS 
2D/3D Mechanical Tektronix 4115 

Emulation CAD 
General 
CAD 

CADKEY TGRAF AUTOCAD 

lmagraph's family of Advanced Graphic Controllers 
(AGO) are state-of-the-art, medium to high resolution 
display boards designed specifically for OEM and 
End Users' requirements in CAD, CAE, Graphic Arts, 
Presentation Graphics, Landsat Medical and 
Scientific/ Industrial Displays. All boards warranteed 
for one year. 

VME Bus versions also available. 

Image 
Analysis 

I MAG E PRO 1000 

Electronic 
CAD 

Designer 
Graphics 

P-CAD ARTWORK 

IMAGRAPH 
CORPORATION 

800 West Cummings Park, Woburn, MA 01801 
Telephone: (617) 938-5480... Telex: 4946300 I MAGTGI 
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I ELECTRONICS SEMICONDUCTORS 

NEW PRODUCTS 

INDUSTRY-STANDARD ADC NOW 
COMES IN A MONOLITHIC VERSION 
HONEYWELL USES BIPOLAR-ENHANCED CMOS TO KEEP POWER LOW 

by Bernard Conrad Cole 

To mark its entry into the mixed bipo-lar/CMOS arena, Honeywell Inc. has 
introduced a pair of higher-speed, lower-
power, functionally enhanced, single-
chip versions of the industry-standard 
574A/674A 12-bit analog to digital 
converters. 
Designed and manufactured by Hon-

eywell's Signal Processing Technologies 
Center in Colorado Springs, the 
HADC574Z and HADC674Z are the first 
monolithic versions of the industry-stan-
dard devices. Compatible both in pinout 
and function with the industry stan-
dards, they incorporate a 12-bit ADC 
with a reference and a clock. They also 
offer a variety of features not available 
on similar standard devices, including a 
sample-and-hold circuit and an on-chip 
three-state buffer. The buffer simplifies 
the interfacing of the ADC to 8-bit, 12-
bit, and 16-bit microprocessor-based 
systems. 
Power dissipation is 150 mW, which 

Honeywell maintains is five times better 
than that of comparable devices now on 
the market. The credit for reaching that 
level belongs to Honeywell's Bipolar En-
hanced CMOS (BEMOS) process, which 
combines CMOS logic and fast bipolar 
npn transistors to yield high-perfor-
mance digital and analog functions on 
the same die. 
CUTS GROUND NOISE. Besides decreas-
ing power consumption, the company 
says, the combination of monolithic con-
struction and BEMOS processing also 
reduces ground noise and minimizes 
parasitics. In addition, a thin-film option 
on this process gives Honeywell the op-
portunity to actively adjust converter 
and comparator offset, linearity, and 
gain errors. 

Conversion time on 10-V or 20-V input 
signals is 25 microseconds maximum 
and 15 ps minimum for the HADC574Z 
on a 12-bit cycle. On an 8-bit cycle, maxi-
mum conversion time is 17 us and mini-
mum is 10 us. For the HADC674Z, max-
imum conversion times are 15 is on a 
12-bit cycle and 10 ps on an 8-bit cycle. 
Minimum conversion times are 9 us and 
6 s, respectively. 

DOUBLE-TEAMED. Honeywell employed its Bipolar Enhanced CMOS technology to build 
monolithic versions of the industry-standard 574A/674A analog-digital converters. 

Both devices feature standard bipolar 
and unipolar input ranges of 10 and 20 
V. These ranges are controlled by a bi-
polar offset pin and are laser-trimmed 
for specified linearity, gain, and offset 
accuracy. 

Operational over the full bipolar input 
range, the two converters run with sup-
ply voltages of +5V, +12V, and +15V. 
There is an internally generated nega-
tive supply, so an external negative sup-
ply is not required. 
Other key specifications of the de-

vices include a linearity error of ±1/2 
least significant bit (LSB), a unipolar 
offset of ±2 LSB, a bipolar offset of ±4 
LSB, and a calibration error of 0.3% of 
full scale. 

Offered in 28-pin dual-in-line packages 
with industry-standard pinouts, the two 
converters are being offered in commer-
cial plastic, industrial ceramic, and mili-
tary side-brazed packages. 
The plastic-packaged versions are 

available now in sample quantities; the 
HADC574Z is priced at $26.90 apiece 
and the HADC674Z at $36.40, in 100-unit 

quantities. Production quantities are 
scheduled for the first quarter of 1987. 
At that time, samples of the industrial 
and military versions will also be avail-
able, for which Honeywell has not yet 
set prices. 

Marketing Communications Department, 
Signal Processing Technologies, 
Honeywell Inc., 1150 E. Cheyenne Moun-
tain Blvd., Colorado Springs, Colo., 80906 
Phone (303) 577-1000 [Circle 364] 

PROGRAMMABLE LOGIC 
WITH REMOTE ACCESS 
The biggest problem with programma-
ble logic has been that the devices must 
be removed from their host system in 
order to be reprogrammed. Not so with 
the ispGAL 16Z8, however. This low-
power chip, which combines CMOS and 
electronically erasable floating-gate 
technologies, not only operates at bipo-
lar speed, but can be reprogrammed 
without being physically accessed. 

Architecturally identical to the compa-
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fly's GAL 16V8, the new chip has four 
extra pins that allow reprogramming 
and diagnostics to be performed remote-
ly. It has a maximum access time of 25 
na, and maximum power consumption is 
rated at 90 mA. Available in sample 
quantities in October, the chips come in 
either 24-pin plastic DIPs or 28-pin plas-
tic-leaded chip carriers. Production 
quantities, available in early 1987, will 
cost $20.95 each in 100-piece quantities. 
Lattice Semiconductor Corp., 15400 N. W. 
Greenbrier Pkwy., Beaverton, Ore. 97006. 
Phone (503) 629-2131 [Circle 365] 

10-BIT-WIDE LATCH 
USES 80% LESS POWER 
This 10-bit-wide bus interface latch re-
duces power consumption by more than 
80% over its bipolar cousin, thanks to 
CMOS technology, says the company 
that makes both parts. The Am29C841's 
wide data path makes it well-suited for 
parity-based applications as well as for 
16-, 32-, and 64-bit systems. With a 24-
mA drive, the chip can be used for mid-
board applications or systems with mod-
erate drive requirements, the company 
says. A higher-performance version has 
an 11-mA drive. Already in production, 
the parts are available in 24-pin plastic 
and ceramic DIPs, and by the fourth 
quarter will also be available in plastic-
leaded chip carriers. Prices begin at 
$2.20 each for 100-unit orders. 
Advanced Micro Devices Inc., 901 Thomp-
son Place, P. O. Box 3453, Sunnyvale, 
Calif. 94088. 
Phone (408) 732-2400 [Circle 370] 

complished through four control pins, 
and a clear pin can reset the 12-bit DAC 
register to all zeros. Current output set-
tling time is 2 µs. The device has four-
quadrant multiplying capability and op-
erates from a single 5-V supply. CMOS 
technology keeps power consumption to 
a maximum 10 mW. 

Pin-for-pin compatible with the Ana-
log Devices Inc. AD7542 series, the 
HS7542 series is available from stock in 
plastic or ceramic DIPs. Pricing, in 
quantities of 100 or more, begins at 
$13.95 each. Military versions are avail-
able from $42.10. 
Hybrid Systems Corp., 22 Linnell Circle, 
Suburban Industrial Park, Billerica, Mass. 
01821. Phone (617) 667-8700 [Circle 369] 

HYBRID DAC HAS 
32-COLOR TABLE 
An advanced hybrid digital-to-analog 
converter boasts both a 32-color lookup-
table memory and a complete 4-bit 3-
color composite video subsystem—in a 
single 24-pin DIP. Accepting data rates 
up to 20 MHz, the AH8304 video DAC 
can generate RS170, RS330, or RS343 
composite video signals for direct con-
nection to a color monitor. Typical pow-
er dissipation is 1.5 W, and the maxi-
mum is 2 W. 
During the display cycle, data fed into 

the converter is latched simultaneously 
into the input registers of three DACs 
to generate the appropriate voltages on 
the red, green, and blue channels. Reli-
ability is enhanced by a 24-hour burn-in 
at 125°C. The hybrid is available from 
stock now. Price is $76 eaeh in 100-unit 
quantities. 
Analogic Corp., 8 Centennial Dr.„ Centenni-

al Industrial Park, Peabody, Mass. 01961. 
Phone (617) 246-0300 [Circle 367] 

256-K STATIC RAMS 
ARE FAST, LOW-POWER 
A new family of 256-K static RAMs or-
ganized as 32-K by 8 is fully TTL-com-
patible. The CMOS parts are available 
now with 100-, 120-, and 150-ns access 
times; 70- and 85-ns versions will be 
available later this year. All parts have 
a typical current draw of 35 mA; maxi-
mum standby current is 2 mA, but a 
low-power option can reduce standby 
current to just 100 1.1.A maximum. 

Running on 5-V power supplies, the 
M5M5256 parts are well-suited for bat-
tery backup applications because they 
feature 3-V data retention. Available in 
small-outline packages as well as 28-pin 
DIPs, prices begin at $38.50 each for 
orders of 100 or more of the 150-ns 
parts. 
Mitsubishi Electronics America Inc., 1050 
E. Argues Ave., Sunnyvale, Calif. 94086. 
Phone (408) 730-5900 [Circle 366] 

CCD SENSORS 
OPERATE TO 10 MHz 
Nine new charge-coupled devices—both 
linear and area—are available for use 
in such applications as optical character 
recognition, bar-code scanners, optical 
measuring equipment, and video cam-
eras. The CCDs offer high resolution 
and operating frequencies up to 10 MHz. 
The seven linear CCDs, all of which 

operate from single 12-V supplies, have 
from 128 to 5,000 elements each. The 
two area CCD sensors have element ar-
rays of 40 by 14 and 488 by 376, and 
operate from single 8-V and 15-V power 
supplies, respectively. Deliverable within 
8 to 10 weeks of order, the devices come 
in hermetically sealed packages and cost 
$25 to $285 each in 100-piece quantities. 
Toshiba America Inc., ECBS, Semiconduc-
tor Products Division, 2692 Dow Ave., Tus-
tin, Calif. 92680. 
Phone (714) 832-6300 [Circle 368] 

12-BIT DAC HOOKS TO 
4- AND 8-BIT MICROS 
Double-buffered input architecture al-
lows this monolithic 12-bit digital-to-ana-
log converter to interface directly with 
4- and 8-bit microprocessors. All data-
loading and transfer operations are ac-

GaAs FET PUTS OUT 
25-dB LINEAR POWER 
A high-gain gallium arsenide FET for 
narrowband and broadband amplifiers 
operates between 8 and 20 GHz. Design-
ers of narrowband and broadband hy-
brid solid-state power amplifiers work-
ing in that range will find the HMF-1210 
a useful building block in balanced de-
signs requiring individual device linear-
output power of 150 to 250 mW. 
The FET provides typical linear power 

(power at 1-dB gain compression) of 25 
dB at 18 GHz, with an associated gain of 
4 dB. Under maximum gain tuning con-
ditions, the HMF-1210 achieves typical 
gains of 6 dB at 18 GHz, 9 dB at 12 
GHz, and 12 dB at 8 GHz. Associated 
linear power with such tuning is 22 
dBm, 23 dBm, and 24 dBm, respectively. 

Available from stock, the MHF-1210 is 
priced at $45 each in lots of 100. 
Harris Corp., Microwave Semiconductor Di-
vision, 1530 McCarthy Blvd., Milpitas, Calif. 
95035. Phone (408) 262-2222 [Circle 372] 
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COMPUTER SOFTWARE 

PROFESSIONAL 

SERVICES 

PATENT SERVICES 
Patentability Searches, Applications 
Prosecutions • Marketing • Technology 
Transfer • Over a decade of service to the inventor. 

CALL FOR FREE INFORMATION 

AMERICAN INVENTORS CORPORATION 
(800)338-5656 In MA (413)568-3753 

POSITIONS VACANT 

South? Technical/Professional Placement 
Network-Fee paid. Murkett Associates, Box 
527, Montgomery, AL 36101. 

POSITIONS WANTED 

Electronic Engr, for hire. Microprocessor 
based designs, controls, telecom. Contact 
or per diem. Mr. Barry Masel. 718-
476-1516. 

EMPLOYMENT SERVICES 

Overseas — 75 Countries — Interviewing 
now. All Fields — for Conn. interview. Send 
resume: Global Services, Ltd. Clinton, CT 
06413. Transportation not paid to Connec-
ticut. 

SPECIAL SERVICES 

Software Development Consultant. C Lan-
guage, M 68000 and others. Specialty: CNC 
Machine Tools. Douglas Raymond, Micro-
Machine Works, 599 Township Line, Blue 
Bell, PA 19422. (215) 542-1788. 

Hi-Tech Video Courses — People needed to 
jointly rent video courses. Signal processing 
communications and artificial intelligence. 
Call 703-998-7749. 

Custom Hybrids —  RF Hybrids designs and 
produces custom hybrids for your unique 
requirements. We specialize in RF/Mi-
crowave. (800) 331-2313 or (206) 
883-1732. 
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FREE DEMO DISK 

SCHEMA is a complete, integrated schematic 
drawing software package for IBM Personal Com-
puters. Use SCHEMA with your PC to draw sche-
matics and automatically generate design docu-
mentation such as Wire and Ne: Lists, Bils of 
Materials, Design Rule Checks, etc. SCHEMA is 
$495 and supports most common PC hardware 
configurations. Call or write today for a free demo 
disk and brochure. 

OMATION, INC. 
1701 N. Greenville Ave., Suite 809 

Richardson, TX 75081 
(214) 231-5167 

0/1/11\TION _ 

RELIABILITY PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

RelCalc 2 automates MIL-HDBK-2170 on your IBM PC! 

Very easy to use Demo packa.e $25 

T-CUSED SYSTEMS 31220 La Baya Drive, #110 
Westlake Tillage, CA 91382 (818)991-0057 

SPICE up your PC 

Z SPICE professional circuit simulation 
Full version $300 Student version $79 

ZTEC box 737, college place, wa 99324 
(509)-529-7025 

HOT LINE 
To place your 

Computer Software Ad 
Call Ilene Fader 
212-512-2984 

HIRE 1988 & 1989 
GRADUATING ENGINEERS 

NEXT SUMMER! 
First, it's in our industry's best- interest to 
hold and encourage its life-blood by 
providing career-conscious undergrad-
uate engineering students with meaning-
ful summer job experience in their future 
profession. 

Second, since there'll always be more 
anxious applicants than openings, you'll 
be able to select the cream of the crop, 
then evaluate them under "game-
conditions" with an eye towards hiring 
them as coveted graduates. 

By filling out and returning the coupon 
below, your organization will be included 
in summer job listings to be featured in 
the January 1987 issue of McGraw-Hill's 
GRADUATING ENGINEER. 

This edition will be distributed to 
90,000 engireering students on over 300 
campuses by Deans and engineering 
department heads. 

Please supply the name of the person 
students should contact, and a phone 
number for our checking purposes only. 

PLEASE PRINT OR TYPE 

Free summer job listing 
MAIL TO: ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020 

NAME/TITLE of Individual to be contacted Your Signature 

NAME OF ORGANIZATION Telephone (our use only) 

ADDRESS: Mailing address of your personnel office 

TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics Avionics   reñ 
Electrical Computer Mechanical Computer Science Other(Draftsman, etc.) 

Note: Last date coupons can be accepted for this year's summer job listings is November 19,1986 
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DIGITAL BY 
ANALOGY. 
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DIGITAL BY 
ANALOG. 

For DSPand numeric processing, 
your best source of digital is Analog, the 
industry's leading supplier of signal pro-
cessing ICs. 
Our number crunchers include a supe-

rior, high speed floating-point chip set. 
Along with the broadest line of fixed point 
multipliers and multiplier/accumulators. 

For microprogram sequencing and data 
address generation, Analog offers innova-
tive Word-Slice ''' devices—fast, functional 
and compact. 

For a single-chip solution, we have the 
industry's highest-performance DSP proc-
essor. A powerful 8 MIPS machine, sup-
ported with first-class developmeut tools. 

Analog Devices— the pioneer of high-
speed CMOS in DSP— manufactures these 
VLSI components in a 1.511m CMOS pro-
cess. Sa they're fast, cool, and reliable. 
And they are available now, with full sup-
port of MIL-STD 883B, Rev. C. 

For more information, call your 
nearest Analog Devices, Inc. sales office. 
Analog Devices, Inc.: Austria (222) 
885504; Belgium (3) 237 1672; Denmark 
(2) 845800; France (1) 4687-34-11; 
Holland (1620) 81500; Israel (052) 
28995; Italy (2) 6883831 (2) 6883832 
(3) 6883833; Japan (3) 263-6826; 
Sweden (8) 282740; Switzerland (22) 
31 57 60; United Kingdom (01) 9410-
466; West Germany (89) 570050. 

ANALOG 
DEVICES 
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PRODUCTION EQUIPMENT 

VAPOR DEPOSITION SYSTEM 
SUITS ASIC PRODUCERS 
REACTOR TAKES UP ONLY 15 FT2 OF FLOOR SPACE 
BUT HANDLES VARIETY OF PROCESSES AND WAFERS 

Application-specific integrated circuits 
most often are produced in short 

runs, making large, expensive, high-vol-
ume production equipment uneconomi-
cal. To meet the needs of space- and 
budget-conscious ASIC makers, ASM 
America has designed a plasma-en-
hanced chemical vapor deposition sys-
tem that takes up only 
some 15 ft2 of factory 
floor space, yet can han-
dle short runs for a vari-
ety of fabrication process-
es involving wafers from 
3 in. to 8 in. in diameter. 
Available now, the system 
has a base price of less 
than $200,000—compared 
with about $450,000 for 
conventional systems. 
ASM says its SF50 sys-

tem is one of the first 
pieces of semiconductor 
equipment designed spe-
cifically for ASIC produc-
tion. Its small size stems 
in large part from a canti-
levered boat loader that is 
integral to the system. Wafer-carrying 
boats extend outside the system only 
when a process tube is unloaded. And 
the Phoenix manufacturer maintains 
that the SF50 is the first self-cleaning 
deposition system. A proprietary tech-
nique developed by the firm cleans the 
system continuously as part of the pro-
cess, reducing the particulate count and 
the need for maintenance requirements. 
BEHIND A BULKHEAD. Because its foot-
print is about one-third that of conven-
tional deposition gear, the SF50 can eas-
ily be tucked into existing clean rooms. 
In fact, the unit can be mounted on a 
bulkhead so that only its front panel 
projects into the clean room. 

Despite its size, the SF50 is fully com-
patible with ASM's current deposition 
reactors. So processes and prototypes 
developed on this system can be trans-
ferred to volume production without 
changing parameters. 
The new reactor uses a gas distribu-

tion system that achieves very high gas-
purity standards. The system incorpo-
rates tubes of several sizes having inde-
pendent processing systems that can op-
erate different processes, wafer sizes, 
and loads. Two sequential controllers 
provide precise, repeatable process 
control. 

Based on 1-sigma calculations, normal 
nitride, oxide, and oxynitride uniformi-
ties will vary less than 3% from wafer 
to wafer and from run to run. Point-to-
point variation will be less than 4%. 

All active gas lines are furnished with 
0.02-µm filters and tested to verify leak-
free operation to 4 x 10-9 cc/s of helium. 

BOATLOAD. Cantilevered loading arm swings closed after 
wafer-carrying boats are loaded into process tube. 

Point-of-use submicron filters are also 
provided. New disk-type graphite boats 
may be pyrolitic-graphite-coated or un-
coated. Boats are designed for easy 
loading and manual or automatic 
removal. 

ASM America Inc., 4302 Broadway, Phoe-
nix, Ariz. 85040. Phone (602) 437-1405 

[Circle 420] 

trolytic plating additives work together 
to allow board makers to control bath 
performance in precise statistical terms. 
The bath is monitored continuously, 

and the system computer compares the 
data from the bath with preset stan-
dards and then determines what replen-
ishment is necessary to maintain those 
standards. The system is available by 
lease only, and pricing is available on 
request. 
ETD Technology Inc., 605 West County 
Rd. E., Shoreview, Minn. 55126. Phone 
(612) 482-7760 [Circle 431] 

DEPOSITION GEAR IS 
LESS THAN $100,000 
Producing gallium arsenide wafers is 
neither easy nor cheap, and when it 
comes to metal-organic vapor deposition 
equipment, there isn't much to be had 
for less than $200,000. The Model 422 
Spartan vapor deposition system, how-
ever, is designed for applications, such 
as research, in which a big budget may 
not exist. Complete with gas and ex-
haust handling systems, a reaction 
chamber, a programmable controller, 
and several safety features, the Spartan 
costs $99,900. 
The gas system boasts six sources, 

each using mass-flow controllers and a 
proprietary manifold for very thin lay-
ers and abrupt interfaces. The system, 
which can be used to grow GaAs, GaA-
lAs, and GaInP, among other materials, 
requires 20 weeks for delivery. 
Crystal Specialties Inc., Systems Division, 
16535 S. W. 72nd St., Portland, Ore. 
97224. Phone (503) 684-0470 [Circle 425] 

SYSTEM CONTROLS 
PLATING BATHS 
A computer-based chemical-control sys-
tem provides a quantitative picture of 
individual elements during the printed-
wiring-board plating process. The CCS 
2100 Chemical Control System and elec-

X-RAY IMAGING DEVICE 
HELPS FIND DEFECTS 
The Micro Focus Fluoroscope, an X-ray 
imaging device, can magnify images up 
to 27 times, allowing easy visual inspec-
tion of solder joints, ribbon cable, and 
other products where defects are diffi-
cult to spot. 
Boards can be tested during assem-

bly, the company says, so problems can 
be fixed before defective boards are pro-
duced. In addition, the instrument can 
be used to measure the spacing of a 
ribbon cable, a process that otherwise 
requires the cable to be cut open for 
visual inspection. The 18-lb fluoroscope 
can be run off a 12-V, 2-A battery pack 
when used in a portable configuration, 
and is available in three versions: 30-kV, 
50-kV, and 70-kV. The higher-voltage 
models are more capable of penetrating 
dense materials, such as solder. 

Pricing ranges from $45,000 to 
$50,000, depending on the model; deliv-
ery takes four to six weeks. 
Lixi Inc., 1438 Brook Dr., Downers Grove, Ill. 
60515. Phone (312) 620-4646 [Circle 427] 

102 Electronics/September 18, 1986 



PRINTER LABELS 
ICs AND PC BOARDS 
The electronics industry has some spe-
cial needs when it comes to labeling 
products, and the Bradywriter II Printer 
aims to address them. Designed to make 
labels and markers for ICs and other 
components, as well as pc boards, wire, 
cable, and terminal blocks, this portable 
dot-matrix printer incorporates a com-
puter that allows hundreds of label mes-
sages to be stored for later recall. 
With a print speed of 120 c/s, the 

Bradywriter II has a detachable key-
board and display that can be taken to 
the factory floor for on-site label entry. 
Labels can later be printed out when the 

unit is returned to the printer. Markers 
and labels can be serialized numerically, 
alphabetically, or both. 
The Bradywriter II costs $2,795 and 

requires about three weeks for delivery. 
W. H. Brady Co., Industrial Products Divi-

sion, 2221 W. Camden Rd., P. O. Box 
2131, Milwaukee, Wis. 53201. 
Phone (414) 351-6630 [Circle 430] 

Management System, from the same 
company. 
The $17,000 machine takes four to six 

weeks for delivery. 
Dynapert Division, Emhart Corp., 181 Elliott 

St., Beverly, Mass. 01915. 
Phone (617) 927-4200 [Circle 429] 

MANUAL INSERTER CAN 
CUT AND CLINCH LEADS 
A manual insertion machine for connect-
ing leaded circuits to pc boards, the 
MCPA, can cut and clinch leads just as 
more expensive and automatic systems 
do. The system, which can handle board 
sizes up to 14 by 16 in., has a large 
programmable center distance of 2.25 in. 
and can be easily interfaced to the Data 

-r7r;1;911r 
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VISION SYSTEM CHECKS 
ASSEMBLED BOARDS 
Simultaneous inspection of assembled pc 
boards for compliance with a broad 
range of guidelines is possible with a 
new vision system. Before the board is 
soldered, the IntelleVue DR 24)00 checks 
to see that critical specifications—such 
as the length of leads, the clinch angle, 
and the wipe angle—are met. According 
to the manufacturer, the vision system 
also makes sure that neighboring leads 
are not so close that a short circuit 
could occur, while examining compo-
nents to determine polarity. 
Using up to 10 cameras, the DR 2000 

can check devices mounted on both the 
top and bottom sides of pc boards. It 
can inspect leaded, surface mount, and 
hybrid devices, the manufacturer says, 
and can also inspect for a combination 
of clinched and straight leads. 
The DR 2000 performs inspection in-

side an isolated chamber, allowing for 
complete lighting control. Unpredictable 
and changing ambient light does not al-
low the control required for operations 
like determining the proximity of two 
components' leads in order to predict po-
tential solder bridges. 

Prices for systems configured to do 
single-sided inspection start at about 
$110,000. Delivery takes 120 days. 
Intelledex Inc., 4575 S. W. Research Way, 
Corvallis, Ore. 97333. 
Phone (503) 758-4700 [Circle 432] 

LASER TRIMS, DRILLS, 
MARKS, AND SCRIBES 
The MEL-40 yttrium aluminum garnet 
laser can trim, drill, mark, and scribe a 
variety of hybrid microelectronic de-
vices, packages, and substrates. The 
versatile system saves floor space by 
combining these four laser processing 
techniques. An additional advantage is 
that wafers stay cleaner, since the extra 
steps of moving substrates from one 
machine to the next are eliminated—all 
processes are housed in the same 
machine. 
The MEL-40 trims both active and 

passive thin- and thick-film circuits. The 
drilling operations, are controlled by an 
IBM Corp. Personal Computer. 

Prices for the MEL-40 start at 
5,000; it can be delivered in 60 days. 

Florod Corp., 17360 S. Gramercy Pl., Gar-

dena, Calif. 90247. 
Phone (213) 532-2700 [Circle 433] 

THE COMPLETE 
SOLUTION FOR 
MICROCODED 
PROCESSORS. 
Analog Devices' ADSP-1401 and 

ADSP-1410 offer you the highest speed 
and the greatest functionality for key 
tasks in microcoded systems micro-
program sequencing and data address 
generation. 
The ADSP-1401 MicroProgram 

Sequencer is the industry's most advanced 
IC for generating microcode addresses. 
It supplies 16-bit addresses with a clock-
to-address delay of just 25ns. The chip 
supports 10 maskable, prioritized inter-
rupts, as well as traps. A 64-word internal 
RAM is user-configurable for subroutine 
stack, register stack, and parameter 
storage. Four event counters streamline 
nested loops. 
The ADSP-1410 is the industry's only 

IC dedicated to flexible, high-speed data 
address generation. It provides 16-bit 
pointers to data memory 3Ons after 
the clock edge. Its thirty registers hold 
address pointers, offsets, comparison val-
ues, and initialization values. With its 
powerful zero-overhead looping structure, 
the device can- in a single cycle- output 
an address, modify it, and conditionally 
branch to an initialization address. 

Both Word-Slice- components offer 
low-power CMOS technology (e- 375 
mW) usa 48-pin ceramic or plastic DIP. 
And, microcode system development 
tools and support are available from 
many third parties, including Hewlett-
Packard, Step Engineering, and 
HiLevel Technology. 
For more details, call your nearest 

Analog Devices, Inc. Sales Office. 

ANALOG 
DEVICES 
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COMPONENTS AND SUBSYSTEMS 

POWER MOS FETS FEATURE 
LOW ON-RESISTANCE 
UPGRADED 50-V P-CHANNEL DEVICES SHOW 
100% IMPROVEMENT OVER 100-V VERSIONS 

Improved on-resistance is the hallmark 
of a new family of 50-V p-channel pow-

er MOS FETs from International Rectifi-
er Corp. The improvement over the com-
pany's 100-V devices tops 100%. 

In the Hex 1 size (0.069-by-0.091-in. 
die), for example, the IRFD9010 has 
maximum on-resistance of 0.55 n, com-
pared with 1.2 11 for the 100-V p-channel 
devices. Other sizes in this latest addi-
tion to the El Segundo, Calif., firm's 
Hexfet line of power devices show im-
provements of a similar magnitude: in 
the Hex 2 size (0.087-by-0.13'7-in. die), the 
IRFD9020 has 0.28-n maximum on-resis-
tance; the Hex 3 (0.115-by-0.175-in. die) 
IRF9Z30, 0.14-n. 
Development of the low on-resistance 

p-channel family has a major advantage 
for users, says Allan Tregidga, execu-
tive director of IR's Electronic Business 
Group: p-channel MOS FETs are more 
economical than n-channel devices at 
modest current ratings. The new family, 
he notes, raises the crossover point 
where p-channel devices are the best 
value up to 12.5 A; previously it was 4.5 
A. The family is particularly suited for 
motor-control circuits over 2 A. 
For the Hex 1 IRFD9010, parameters 

include: continuous drain current, —1.0 A 
at 25°C, —0.65 A at 100°C; power dissipa-
tion of 1 W; on-state drain current mini-
mum of —1.0 A; input capacitance, 240 pf 
typical, 360 pf maximum; output capaci-
tance, 260 pf typical, 390 pf maximum; 
and reverse transfer capacitance, 30 pf 
typical, 45 pf maximum. 

Already introduced are versions in the 
HexDIP and the TO-220 package. The 
surface-mounted product, in a D-Pak, 
will be available in the fourth quarter. 
Representative prices, in quantities of 
1,000, are $1.20 for the Hex 1 size and 
$2.25 for the Hex 2. Samples are avail-
able now. —Larry Waller 

International Rectifier Corp., Semiconduc-
tor Division, 233 Kansas St., El Segundo, 
Calif. 90245. Phone (213) 772-2000 

[Circle 400] 

technology endows it with a very high 
contrast (10: 1) and a wide, 90° viewing 
cone. 
The display boasts a rise time of less 

than 50 ms and power requirements of 
100 mW maximum. It works with IBM 
Corp. Personal Computers and compati-
ble machines. 
The 1001 is offered as a reflective dis-

play or a transmissive unit with an elec-
trolumineseent panel behind it. A num-
ber of polarizer options allow the de-
signer to choose the two colors seen by 
the user. 
The basic display sells for less than 

$300 each in quantities of 10,000. Proto-
types can be delivered during the fourth 
quarter, and production quantities will 
be available next year. 
LC Systems Division of Eagle Picher In-
dustries Inc., 210 Welsh Pool Rd., Exton, 
Pa. 19341. 
Phone (215) 524-9944 [Circle 406] 

automatic thermal shutdown, and other 
protective features suit the parts to 
automotive and industrial applications, 
the manufacturer says. 
The L9305 is housed in the company's 

Powerdip 8+8 package, a copper-frame 
plastic DIP with eight pins on one side 
used to dissipate heat. It delivers 1.0 A 
per channel and dissipates 2.2 W in an 
sec ambient. It sells for $1.15 in lots of 
1,000. 
The L9306 comes in a miniDIP pack-

age and puts out 600 mA per channel. It 
sells for 90¢ in quantities of 1,000 and, 
like the L9305, requires a single supply 
of 3.5 to 18 V. Samples of both devices 
are available now. 
SGS Semiconductor Corp., 1000 E. Bell 
Rd., Phoenix, Ariz. 85022. 
Phone (602) 867-6100 [Circle 409] 

ACTIVE-MATRIX LCD 
HAS 90° VIEWING CONE 
Metal-insulator-metal technology is used 
in the Model 1001 active-matrix liquid-
crystal display panel. Its 640-by-200-pixel 
array allows it to display a full 25 lines 
of 80 characters each. The active-matrix 

DRIVERS REPLACE 
A HANDFUL OF PARTS 
Two dual relay drivers cut costs by 
eliminating a number of components: 
each replaces a dual comparator, dual 
op amp, two power Darlingtons, two 
zeners, a voltage reference, and a few 
passive components. Designed to drive 
relays, de motors, lamps, and other 
loads, the L9305 and L9306 each contain 
two separate drivers. Each driver con-
sists of a comparator with hysteresis 
circuit, an open-collector output stage, a 
clamping zener, and a current limiter. 

Noise immunity, current limiting, 

DELAY LINES ARE 
ECL-COMPATIBLE 
A series of 22 five-tap transfer-molded 
delay lines that are compatible with 10K 
emitter-coupled logic is aimed at high-
speed applications requiring high delay 
stability, fast rise time, and no jitter, 

such as memory boards, hard-disk-drive 
controllers, and signal processing. A 
noninverting ECL gate buffers the input 
to each EP9445-series delay line and 
each device's five output taps. 
The parts are housed in 16-pin DIPs 

and offer total delays ranging from 6 to 
1,000 ns. Each provides five equally 
spaced delays with rise times dependent 
on the total delay. For example, the 
EP9445-40 has taps at 8±1.0, 16±1.5, 
24±2.0, 32±2.0, and 40±2.0 ns with a rise 
time of 5 ns maximum. 
The delay lines require a single —5.2-V 

supply. Outputs are terminated exter-
nally with a 100-n resistor tied to —2.0 
V. Pulse width is given as three times 
the total delay and pulse spacing as five 
times the total delay. 

Standard EP9445 delay lines sell for 
$4.20 in lots of 1,000 and can be deliv-
ered in six weeks. Units with custom 
buffering and delay times are also 
available. 
PCA Electronics Inc., 16799 Schoenborn 
St., Sepulveda, Calif. 91343. Phone (818) 
892-0761 [Circle 410] 
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TRACK-AND-HOLD AMP 
UNRUFFLED BY SPEED 
A high-speed hybrid track-and-hold am-
plifier, the CLC940 Flash-Track, pro-
vides very fast switching capabilities 
without losing supporting specifications, 
such as that for harmonic distortion. It 
is conservatively specified to provide a 
quick, reliable design solution in analog-
to-digital conversion for communica-
tions, instrumentation, radar, and elec-
tronic imaging applications. 
Among its key specifications are a 

hold-to-track acquisition time of 10 ns 
(to 1.0%) or 16 ns (to 0.1%); a track-to-
hold settling time of 12 ns (to 1 mV); 
aperture jitter of 1.3 Ps maximum; -3-dB 
small-signal bandwidth of 150 MHz; a 
slew rate of 470 V/i.ts; and gain nonlin-
earity of only 0.02%. Despite high-speed 
operation, harmonic distortion is held to 
-65 dB (below carrier signal), and the 
droop rate is only 20 1.1.V/p,s. 
Packaged in a 24-pin DIP, the com-

mercial version of the CLC940 sells for 
$196 in lots of 100. It is available now. 
Complinear Corp., 4800 Wheaton Dr., Ft. 
Collins, Colo. 80525. 
Phone (303) 226-0500 [Circle 407] 

POWER MOS FETs MEET 
MILITARY STANDARD 
A line of four power MOS FETs, rated 
from 100 V to 500 V and qualified to 
MIL-S-19500/542, is intended for high-
speed applications such as switching 
power supplies, motor controls, and re-
lay and solenoid drivers. The parts are 
listed under QPL-19500 for JAN, 
JANTX, and JANTXV reliability levels. 
The military FETs are industry-stan-

dard 2N67XX types. The 2N6756 version 
is rated at 14 A, 100 V, and 0.18 11 on-
state resistance. Similarly, the 2N6758 is 
specified at 9 A, 200 V, and 0.4 11; the 
2N6760 at 5.5 A, 400 V, and 1.0 n; and 
the 2N6762 at 4.5 A, 500 V, and 1.5 ft. 
The power FETs are housed in TO-

204AA metal packages and operate over 
a range of -55° to 150°C. Total power 
dissipation at 25°C is 75 W. They are 
available now for $4 to $20. 
Fairchild Semiconductor Corp., 313 Fair-
child Dr., Mountain View, Calif. 94042. 

Phone (415) 962-4046 [Circle 408] 

The BR210 series comprises single bi-
directional diodes in two-terminal TO-
220AC-outline packages. The BR220-se-
ries breakover diodes are monolithic 
double diodes in a TO-220AB-outline 
package with three terminals, one of 
which is common. The BR220's mona 
lithic construction ensures that the di-
odes are evenly matched and stable in 
operation. 
The diodes go into action within 5 ns 

of the occurrence of a voltage transient 
that comes within ±12% of their nominal 
rating. They have a holding current of 
more than 150 mA and can cope with 
transients of up to 40 A. 
Based on a proprietary four-layer 

pnpn thyristor technology, the diodes 
can replace voltage-dependent resistors 
in many applications. They are available 
now. Pricing varies, depending on the 
importing country. 
Philips Elcoma Division, P. O. Box 523, 56 

AM, Eindhoven, The Netherlands 
[Circle 401] 

In the U. S.—Amperex Electronic Corp., 
George Washington Highway, Smithfield, 

R. I. 02917. Phone (401) 232-0500 
[Circle 411] 

BREAKOVER DIODES 
SAVE TELECOM GEAR 
Glass-passivated breakover diodes pro-
vide reliable, fast-acting protection from 
transient overvoltage for digital tele-
phone, modem, facsimile, Telex, and an-
swering-machine equipment, as well as 
remote instrumentation monitoring 
lines. 
The diodes are designed to operate in 

the range between 100 and 280 V. 

RECTIFIERS' PACKAGES 
CUT COST, SAVE SPACE 
An entire family of Schottky and ultra-
fast (designated UES) rectifiers for 
switching power supplies is now avail-
able in plastic TO-247 power packages. 
Built in singla and dual-chip configura-
tions, the rectifiers cover the range 
from 30 V to 200 V and 16 A t,o 45 A. 
The TO-247 packages lower costs, 

save board space, and reduce assembly 
time. They are compatible with spring 
clips for mounting and heat sinking, and 
can eliminate the need for a heat sink 
when plastic TO-220-housed devices are 
being replaced. 
The rectifiers offer very low forward 

voltages and high surge-current capabil-
ities; reverse recovery times are less 
than 50 ns for UES types and essentially 
zero for Schottky types, which have 
guard-ring reverse protection. 

Prices range from $2.13 to $5.39 each 
in quantities of 100. 
Unitrode, 5 Forbes Rd., Lexington, Mass. 
02173. Phone (617) 861-6540 [Circle 412] 

FLOATING-POINT 
CHIP SET 
WITHOUT 

COMPROMISE. 
Analog Devices' ADSP-3210/ 

3220 floating-point multiplier 
and ALU are the industry's best 
available solution for fast IEEE 
arithmetic. This chip set provides 
blazing throughput and low 
latency — without compromise. 
The chips execute an exten-

sive set of operations on 32- and 
64-bit IEEE floating-point and 
32-bit fixed point. So, systems 
using them have the flexibility to 
support all standard data formats. 

Circuit innovations and a fast 
1.5 11111 process allow each chip 
to achieve 10 MFLOPS for most 
operations. And with CMOS, 
there are no power or reliability 
penalties. 

What's more, number-
crunching speed doesn't come 
from cumbersome pipelining. 
Because it has just one internal 
pipeline stage, the ADSP-3210/ 
3220 is the industry's lowest-
latency double precision chip set 
in production. And, with this 
architecture, microcode develop-
ment is simple. 

For more details, call your 
nearest Analog Devices, Inc. 
Sales Office. 

ANALOG 
DEVICES 
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DESIGN AND TEST 

HAND-HELD TEST UNIT 
PROBES DATA LINES 
NONVOLATILE MEMORY STORES SETUP PARAMETERS 
AND TEST RESULTS FOR UP TO THREE YEARS 

A go anywhere" communications-
line analyzer crams the features of 

a data-line monitor and a digital test set 
into a hand-held 18-ounce unit having 
512-K of lithium-battery-backed nonvola-
tile static random-access memory. The 
battery-backed memory is able to store 
programmed test parameters and cap-
tured bits from data lines for up to 
three years. 
The Analyst 2 from the Data Controls 

Division of AirBorn Electronics Corp. 
can handle a variety of widely used 
data-communications tests, with up to 
448-K of the on-board nonvolatile RAM 
serving to capture data for review and 
analysis by users at a later time. 
Based on a Z8 microcomputer, the 

system scrolls through a circular pro-
gram menu in response to commands 
fed in plain English through an eight-
key pad. The menus that show how to 
set up the system and the buffered data 
picked off transmission lines are read 
out on an electxoluminescent back-lit liq-
uid crystal display having two lines of 
16 characters each. 
WIDE RANGE OF TESTS. The Analyst 2 
can be used in asynchronous, mono-
synchronous, bisynchronous, and syn-
chronous data-link control (SDLC) and 
high-level data-link control (HDLC) envi-
ronments. It also supports multiplexer 
operations. The tests include bit-error-
rate test, block-error-rate test, charac-
ter-error-rate test, single-error-rate test, 
errored-seconds test, time-delay test, 
and three kinds of distortion—isochro-
nous, gross, and mark-space bias. The 
character error-rate test mode uses a 

ON THE LINE. Handheld unit combines a 
data-line monitor and a digital test set. 

pseudo-random pattern of 63, 511 (the 
standard set by the International Con-
sultative Committee on Telegraph and 
Telephone), 1023, 204'7, 4096, and the 
quick-brown-fox message. The unit has 
complete character sets conforming to 
ASCII standards and EBCDIC (IBM 
Corp.'s extended binary coded decimal 
interchange code). 
Data Controls has applied for rigor-

ous Class B certification of the unit un-
der the Federal Communications Com-
mission's five-year-old guidelines for ra-
dio-frequency interface from home and 
business computers. William L. Payne 
II, president of the Data Controls Divi-
sion in Addison, Texas, says the compa-
ny is attempting to establish Class B 
certification as the de facto standard in 
portable test systems. 
The FCC currently exempts test 

equipment from its RFI guidelines. 

Class B standards apply tighter controls 
on consumer computers and video sys-
tems compared with Class A guidelines 
for business systems. Payne anticipates 
FCC requirements to be eventually ap-
plied to test equipment as well, and he 
figures his test set will have an edge if 
the commission mandates the tougher 
standards. 
The 8.25-by-4.25-by-1.25-in. portable 

unit attaches to RS-232-C data-communi-
cation lines via a standard 25-pin DB25 
connector. Sixteen transmission rates, 
ranging from 50 bits per second to 19.2-
Kb/s, are supported. An audio alarm 
may be set to beep whenever tests are 
completed, carrier or synchronization 
are lost, errors occur, self-test is com-
pleted, or if wrong entries are made via 
the keypad. The test-set unit also has a 
bank of eight tricolor light-emitting di-
odes indicating signals for data, clock, 
and control on the RS-232 lines. 

In quantities up to nine, the Analyst 2 
costs $2,495. A manual that reviews dig-
ital communications techniques is includ-
ed. -.I. Robert Lineback 

Data Controls Division, AirBorn Electronics 
Corp., P. O. Box 670, Addison, Texas 

75001-0670. 
Phone (214) 248-9658. [Circle 380] 

$495 BUYS PC-BOARD 
DESIGN SOFTWARE 
Alow-cost software package for 

IBM Corp. Personal Computers car-
ries multilayer printed-circuit-board de-
sign from concept to camera-ready 
artwork. The program, which runs on 
the IBM PC, PC/XT, and PC AT, as well 
as compatible computers, is being of-
fered for only $495 by Accel Technol-
ogies Inc. 

"This is the first full-function IBM 
PC-based pe-board design package to 
break the $500 barrier," claims Ray-
mond Schnoor, vice president of market-
ing for Accel. "Typically, an engineer's 
savings in time and money from laying 
out his own pc board pays for the soft-
ware on the very first board." 
Nor is Tango-PCB, as Accel calls the 

package, a stripped-down economy ver-
sion. "The package offers features nor-
mally found only on expensive work-sta-
tion-based design systems," according to 
Schnorr. 
Tango-PCB will produce artwork on a 

plotter that can be taken to a board 
manufacturer for immediate turnaround 
to hardware. Rapid prototyping is avail-
able to anyone with a desktop computer. 
The software designs boards as large 

as 32 by 19 in. Zooming in on the layout 
view makes possible precise component 

placement and track laying. Five zoom 
levels are available, from a view of an 
area measuring 1.6 by 0.95 in. to the full 
32 by 19 in. 

Users can select from nine grid spac-
ings with grid lines 1, 5, 10, 25, 50, 100, 
125, 156, and 200 mils apart. The finer 
grids let users place components such 
as DB-25 connectors and edge connec-
tors with odd spacings. Tango-PCB is 
the only product in its class to offer 1-
mil resolution, the company says. 
The package can handle circuit boards 

with up to eight layers, including power 
and ground planes. The software also 
stores two "layers" that carry documen-
tation text and a component-overlay im-
age. Provisions for four track widths, 
seven pad sizes, four edge-connector 
pad sizes, and two DIP pad sizes help 
the system cover a wide range of uses. 
An extensive library of common com-

ponents comes with the system. Users 
can also create entries for specialized 
components. 
A feature called track stacking makes 

it possible to repeat a complex sequence 
of tracks, which is useful for designing 
boards with many memory chips. Side-
by-side, step-and-repeat plots are possi-
ble ,with an adjustable plot-starting 
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point, using the computer's cursor con-
trol keys. 
Tango-PCB also provides a rubber-

banding feature, which lets users move 
and rotate components while maintain-
ing track connections. To facilitate lay-
out revisions and design changes, the 
software allows designers to delete en-
tire tracks or individual track sections, 
to break a track section into two parts, 
and to stretch track sections from their 
original end points. 

Design flexibility is further enhanced 
through block operation, the marking of 
a particular block in a circuit and trans-
ferring of the block to another part of 
the layout. Block operations also include 
writing and reading blocks to and from 
disk files. 

Multicolor checkplots may be pro-

duced quickly for complete verification 
of electrical connectivity and component 
placement. The software will also pro-
duce a bill-of-materials listing to aid in 
component purchasing and in board 
production. 
The software supports 16 colors on 

systems with IBM's Enhanced Graphics 
Adapter in the 640-by-350-pixel mode. 
For computers with the IBM Color 
Graphics Adapter, it supports four col-
ors in the 320-by-200-pixel mode. 
Tango-PCB is available now. A dem-

onstration kit—a full-function package 
with a clear, jargon-free tutorial—goes 
$10. -Ellie Aguilar 

Accel Technologies Inc., 7358 Trade St., 
San Diego, Calif. 92121. 
Phone (619) 695-2000 [Circle 381] 

TEST GENERATOR TRACES 
OUTPUTS BACK TO INPUTS 
In Greek mythology, Theseus worked 
his way through a complex labyrinth 

to slay the fearsome Minotaur, and then 
retraced his steps to escape the maze. 
That feat is just about on a par with 
generating tests for new integrated cir-
cuit designs, according to Ralph Marlett, 
director of automatic test generation at 
HHB Systems, Mahwah, N.J. He says 
chip complexity has reached the point 
where seeking out logic faults is like 
fighting through a maze. 

Marlett's group spent nearly two 
years developing its own Theseus, an 
automatic test generation program HHB 
unveiled last week at the International 
Test Conference in Washington. 

Marlett says one of the difficulties of 
automatic test generation arises because 
circuits are sequential—the performance 
of each component affects almost every 
other component as well. "You can't 
just apply a stimulus to a component 
and make a measurement," he says. 
"You've got to apply a sequence of 
stimuli." 
Keeping that in mind, Theseus takes 

after its mythical namesake by working 
its way backward through an IC design. 
Starting at the output pins, the program 
winds through the chip's architecture to 
the inputs, detecting possible fault loca-
tions as it goes. 

Marlett says 80% of the designs The-
seus has been tried on so far have 
"achieved fault coverage in the mid- to 
high-90% range" on the first run-
through. Using the optional Knowledge-
Based Compiler, which allows designers 
to tell Theseus about a particular de-
vice's eccentricities, can further improve 
the test generator's performance. 

Marlett's group also took a new ap-

proach toward the primitive elements 
the program uses to simulate the chip 
under test. Most test-generation pro-
grams use simple gate-level primitives, 
such as NAND or NOR gates. Theseus, 
on the other hand, adds what are -called 
complex primitives, such as counters 
and flip-flops, to that standard group. 
These primitives save tremendous 
amounts of computer power, Marlett 
says, because they require smaller 
chunks of code than would be required 
to simulate identical components gate 
by gate. An optional Library Develop-
ment System allows designers to create 
their own additional primitives. 
Theseus can run on a Digital Equip 

ment Corp. VAX 780 or other high-per-
formance minicomputer, as well as on 
Sun Microsystems Inc. Sun 3 worksta-
tions. An Interactive Testability Analyz-
er, which can recommend layout adjust-
ments that make testing easier, is also 
available. Theseus is available now for 
about $200,000. The three optional pack-
ages are $15,000 each. -Tobias Naegele 

HHB Systems, 1000 Wycoff Ave., Mahwah, 
N.J. 07430. Phone (201) 848-8000 [Circle 
386] 

UPGRADED SIMULATOR 
GAINS IN ACCURACY 
Version 5.1 of Dash-Cadat Plus logic-
simulation software supports minimum-
maximum timing analysis, a technique 
that considers all the timing variations 
of the components being simulated. The 
number of simulation states has jumped 
from 12 to 21, increasing accuracy. 

Release 5.1 now features a method 
called interval mathematics and a new 

THE BROADEST 
LINE OF 

FIXED POINT 
MULTIPLIERS. 
For systems now requiring fast fixed-

point multipliers, Analog Devices 
has premier solutions. Our 8-, 12-, 16-, 
and 24-bit multipliers and multiplier/ 
accumulators combine low power 
with high speed and performance. 

In 1982, Analog Devices was the first 
to offer CMOS alternatives to first-
generation multi-watt bipolar multi-
pliers. Today, our CMOS devices- with 
speeds of 10 to 30 MHz-continue to 
be the preferred alternatives in 
these sockets. 

But we didn't stop there. We went on 
to design several innovative sub-100ns 
number crunchers. Like a 24 x 24 multi-
plier and a single-port 16 x 16 MAC in a 
low-cost 28-pin DIP. Both include 
many advanced features to simplify 
system design. 

These DSP components- fabri-
cated in our 1.5p.m CMOS process-
are offered in multiple packages, includ-
ing pin-grid arrays, ceramic DIPs, and 
low-cost plastic DIPs. Ceramic parts are 
available processed to MIL-STD 883B, 
Rev. C, on Analog's MIL-M-38510-
certified lines. 

For more details, call your nearest 
Analog Devices, Inc. Sales Office. 

ANALOG 
DEVICES 
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DESIGN TECHNIQUES 
fo 

ELECTRONICS ENGINEERS 

Expert guidance at every point in the development of en-
gineering project-making measurements, interpreting data, 
making calculations, choosing materials, controlling environ-
ment, laying out and purchasing components, and inter-
connecting them swiftly and accurately. Nearly 300 articles 
from Electronics' "Engineer's Notebook," with more than 500 
diagrams and tables. 

Order your copy today! Send $17.95 to: 
P.O. Box 541 McGraw-Hill 
Hightstown,NJ 08520 OR Intl Publications Co. 

Att • ECC 
McGraw-Hill House 
Maidenhead, Berkshire SL6 2QL 
England 

609/426-5070 

Ten-day money-back guarantee. Allow 4 to 6 weeks for delivery. 

We've got 
a job so important, 

it takes a retired person 
to do it. 

After a lifetime of working, we want you to handle one 
more job. 

Maybe the most important job you've ever done. 
We want you to help give new lives to the 27 million 

Americans who are functionally illiterate. 
Today, illiteracy has become an epidemic that has 

reached one out of five adults. But you can help stop it by 
joining in your community's fight against illiteracy. 

Call the Coalition for Literacy at toll-free 
1-800-228-8813 and volunteer. Beating illiteracy is a 
big job. But you may find it's the most rewarding job 
you ve ever had. 

Volunteer Against Illiteracy. 
The only degree you need 

is a degree of caring. 

Cialition for Literacy 

MOS analysis algorithm. The software 
also handles reconvergent fanout, a con-
dition that causes trouble for most other 
timing simulators. 
Based on the Cadat simulator from 

HHB Systems of Mahwah, N.J., Dash-
Cadat Plus lets engineers use a "soft-
ware breadboard" to analyze and debug 
designs, eliminating the time and ex-
pense of prototyping. Running on a Na-
tional Semiconductor Corp. 32000-series 
coprocessor under AT&T Co.'s Unix Sys-
tem V, it integrates logic, timing, and 
fault simulation. 
The software now runs on the 532 

Personal Mainframe from Opus Sys-
tems, Cupertino, Calif., an expansion 
board for the IBM Corp. Personal Com-
puter. This coprocessor uses a 10-MHz 
32032 with up to 4 megabytes of memo-
ry. The board and Version 5.1's soft-
ware improve performance by 200% to 
300% compared with the previous ver-
sion of the product. The $13,000 package 
is available immediately. 
FutureNet Division of Data I/O Corp., 
10525 Willows Rd. N. E., Redmond, Wash. 
98073. Phone (206) 881-6444 [Circle 389] 

HPIB SWITCH SYSTEM 
SIMPLIFIES SETUP 
The HP 3235A switch/test unit reduces 
test-development time for HPIB-based 
production-test systems by providing 
high-performance off-the-shelf switching 
and interfacing to a wide variety of de-
vices under test. It routes signals be-
tween them and test equipment such as 
digital multimeters and counters. 
The 3235A is a 10-slot card cage 

whose mainframe can handle Basic pro-
gramming commands, perform fore-
ground and background tasks, and 
make pass-fail decisions. Up to seven 
3235E extenders can be slaved for a 
maximum of 2,560 two-wire points. 
Seven switch modules cover the range 

from low-level de to 1 GHz. The unit 
also has a digital multimeter, digital 
I/O, and breadboard modules. A control 
panel can be added. 
The HP 3235A mainframe is priced at 

$4,400, the 3235E extender at $3,700. 
The control panel costs $550, and mod-
ules range from $1,100 to $2,550. Deliv-
eHes take four weeks. 
Hewlett-Packard Co., 1820 Embarcadero 
Rd., Palo Alto, Calif. 94303 [Circle 390] 
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MEETINGS 

IECON '86, IEEE (Richard Born, Rexnord 
Inc., 5101 W. Beloit Rd., Milwaukee, Wis. 
53214), Hyatt Regency Hotel, Milwaukee, 
Sept. 28-Oct. 3. 

1986 Applied Superconductivity Confer-

ence, IEEE (Lahni Blohm, Code 6630C, 
Naval Research Laboratory, Washington, 
D. C. 20375), Hyatt Regency on the Har-
bor, Baltimore, Sept. 28-Oct. 3. 

Satech '86, Intertec Communications Inc. 
(Sam Davis, 2472 Eastman Ave., Bldg. 34, 
Ventura, Calif. 93003), Indiana Convention 
Center Indianapolis, Sept. 29-Oct. 3. 

Automated Design and Engineering for 

Electronics East, Cahners Exposition 
Group (1350 E. Touhy Ave., P.O. Box 
5060, Des Plaines, Ill. 60017), World Trade 
Center, Boston, Sept. 30-Oct. 2. 

Montech 436, Montreal IEEE (7063 St-Mi-
chel Blvd., Montreal, QC, H2A 2Z6, Cana-
da), Convention Center, Montreal, Sept. 
30-Oct. 2. 

AFSM World Conference, Association of 
Field Service Managers (3475 Presidential 
Court, Suite B, Ft Myers, Fla. 33907), 
Tropicana Hotel, Las Vegas, Oct. 5-8. 

moLcom 'se, IEEE Military Communica-
tions Conference, et al. (Kenneth L. Rose, 
Ford Aerospace and Communications 
Corp., 3939 Fabian Way, Palo Alto, Calif. 
94303), Monterey, Calif., Oct. 5-9. 

WAS Fall Meeting, The Metallurgical Soci-
ety Electronic Device Materials Commit-
tee (Meetings Department, 420 Common-
wealth Dr., Warrendale, Penn. 15086), 
Marriott's World Center, Orlando, Fla., 
Oct. 5-9. 

Fiber Optic Communications and Local 

Area Networks Exposition, Information 
Gatekeepers Inc. (Joan Barry, 214 Har-
vard Ave., Boston, Mass. 02134), Or-
ange County Civic Center, Orlando, 
Fla., Oct. 6-10. 

IEEE International Conference on Com-

puter Design, IEEE Computer Society, et 
al. (1730 Massachusetts Ave., N. W., 
Washington, D. C. 20036), Rye Town Hil-
ton, Rye Brook, N. Y., Oct. 6-9. 

Small Computer System Interface Forum, 

Technology Forums, et al. (3425 Pomo-
na Blvd., Suite F, Pomona, Calif. 91768), 
Hilton At Colonial, Wakefield, Mass. 
Oct. 7-9. 

PC Expo Chicago, PC Expo (Steven 
Gross, 333 Sylvan Ave., Englewood 
Cliffs, N. J. 07632), McCormick Place II, 
Chicago, Ill., Oct. 7-9. 

18th National Sampe Technical Confer-

ence, The Society for the Advancement 
of Material and Process Engineering 
(J. C. Johnson, Mail Stop 87-63, Organi-
zation 2-3621, Boeing Aerospace Co., 
P. O. Box 3999, Seattle, Wash. 98124), 
Red Lion Inn, Seattle, Oct. 7-9. 

Connector & Interconnection Technology 

Symposium, Electronic Connector Study 
Group Inc. (P. O. Box 167, Fort Wash-
ington, Pa. 19034), Disneyland Hotel, 
Anaheim, Calif., Oct. 7-9. 

Fall EIA Conference, Electronic Indus-
tries Association (2001 Eye St., N. W., 
Washington, D. C. 20036), Hotel del Co-
ronado, San Diego, Calif., Oct. 7-10. 

1986 Canadian Conference on Communi-

cations A Energy, IEEE (IEEE Canadian 
Region Office, 7061 Yonge St., Thorn-
hill, Ontario, L3T 2A6, Canada), Queen 
Elizabeth Hotel, Montreal, Oct. 8-10. 

ISA/86 International Conference and Ex-

hibit, Instrument Society of America (67 
Alexander Dr., Research Triangle Park, 
N. C. 27709), Houston Astrohall, Hous-
ton, Tex., Oct. 12-16. 

CAM-Ps 15th Annual Meeting & Technical 

Conference, Computer Aided Manufac-
turing-International Inc. (Suite 1107, 611 
Ryan Plaza Dr., Arlington, Tex. 76011), 
Hilton Palacio del Rio Hotel, San Anto-
nio, Tex., Oct. 14-15. 

10th IEEE International Semiconductor 

Laser Conference, IEEE (Prof. Y. Sue-
matsu, General Chairman, LD CONF'86, 
Dept. of Physical Electronics, Tokyo In-
stitute of Technology, 2-12-1, 0-okaya-
ma, Meguro-ku, Tokyo 152, Japan), Ka-
nazawa, Japan, Oct. 14-17. 

SEMICON/Southwest '86, Semiconductor 
Equipment and Materials Institute (805 
East Middlefield Rd., Mountain View, 
Calif. 94043), The Infomart, Dallas, Oct. 
15-16. 

SCAN-TECH 436, Automatic Identification 
Manufacturers Inc. (1326 Freeport Rd., 
Pittsburgh, Pa. 15238), Moscone Conven-
tion Center, San Francisco, Oct. 15-17. 

UNIX EXPO, National Expositions Co., 
(49 W. 38th St., Suite 12A, New York, 
N. Y. 10018), Jacob Javits Convention 
Center, New York, Oct. 20-22. 

1986 IEEE GaAs IC Symposium, IEEE, et 
al. (Robert Markunas, Research Trian-
gle Institute, P.O. Box 12194, Research 
Triangle Park, N.C. 27709) Grenelefe 
Resort and Conference Center, Grene-
lefe, Fla., Oct. 28-30. 

BREAKTHROUGH 
PERFORMANCE 
FROM A DSP 

MICROPROCESSOR. 
Analog Devices' ADSP-2 IOU is the 

first single-chip DSP microprocessor 
to break the bit-slice performance 
barrier. Now, for thefirst time, h igh-
performance and ease-of-design are 
combined in a single CMOS DSP 
solution. 

For calculation-intensive algo-
rithms, the 2100 features three inde-
pendent computational units: a 16-bit 
ALU, a itix 16 multiplier with a 40-
bit accumulator and a robust barrel 
shifter. To keep the numbers coming, 
the 8 MIPS processor has unmatched 
program sequencing and data address 
generation capabilities. 
The ADSP-2100's architecture 

allows two operands to be fetched 
from off-chip in parallel with on-chip 
computation. With this efficient use 
of external memory (up to 48K) you'll 
avoid the I/O bottlenecks typical of 
other processors. 

Extensive ADSP-2100 support 
streamlines your development sched-
ule. The processor is programmed in 
a high-level algebraic assembly lan-
guage. Development tools include 
extensive software support and a full-
speed emulator. 
Whether your application is 

modems, speech, imaging, graphics, 
radar, sonar, or control, the A DSP-
2100 gives you outstanding perfor-
mance, while speeding your project 
to completion. 

For more details, call your nearest 
Anag Devices, Inc. Sales Office. 

ANALOG 
DEVICES 
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this critical function are developed by the Office 
of Research and Development. 

To make important contributions to our analytic systems and 
intelligence information processing, we are seeking highly 
creative professionals with expert analytic skills, a strong 
background in Mathematics, Operations Research, or 
Computer Science, and interests in: 

• Initiating and directing multidisciplinary 
research in analytic methodologies 

• Applying operations research, mathematics, 
and computer science techniques to intelli-
gence information processing and modeling 

Electronics 

OPPORTUNITIES 
Issue 

Fall 1986 Planning Guide 
Closing Issue Closing 

October 2 Computer 
Technology 
CAD/CAM/CAE 

September 15 

October 16 Technology Outlook September 29 
Special Issue 

• Semiconductors 
• Communications 
• CAD/CAM/CAE 
• Packaging & Production 
• Test & Measurement 
• Industrial Electronics 
• Consumer Electronics 
• Computers 
• Software 
Military Technology 
Military Career Section 
Postcom Readership Survey 

October 30 Software Technology 
Artificial Intelligence 

October 10 

November 13 Wescon Preview 
Bonus Distribution at Wescon 
Instruments Technology 
Automatic Test Equipment 

October 27 

November 27 Communications 
Technology 
Fiber Optics 
Special Communication 

Career Section 

November 10 

December 11 Semiconductor Technology November 24 
Linear ICs 
IEDM Preview 
Military Technology 
Special Section: Military Electronics 
Postcom Readership Survey 

December 25 Computer Technology 
PC Boards 
Peripheral Boards 

December 8 

For more information, contact Susan Barnes-Ronga, National Recruitment Sales Representative, at (212) 512-2787 

Analytic Systems/Intelligence Information Processing 

CIA ...where your 

CREATIVITY 
At the Central Intelligence Agency, the heart 
of our operations is the analysis of raw in- turns data into 
formation and its development into finished 

teffigence intelligence for the President and other senior in 
U.S. policymakers. Many of the analytic tools for • 

• Developing analytic models in the form of: 
—simulation systems 
—expert systems 
—advanced graphics 
—advanced computer applications 

These positions require a PhD, or equivalent, 
and a minimum of two years experience. U.S. 

citizenship (both self and spouse) is mandatory. Employment 
is contingent upon full security and medical clearance. 

Positions are located in the Washington, D.C. metropolitan 
area; some travel is required. The salary range is $30,000 
to $50,000 commensurate with education and 
experience. 
For further information, send a detailed resume and 
request for application form to: 
Recruitment Officer (Y10) 
Office of Research & Development/ACS 
Central Intelligence Agency 
Washington, D.C. 20505 

Central Intelligence Agency 
The CIA is an equal opportunity employer. Written inquiries only. We will respond within 30 days to those judged to be of further interest. 



Sperry in Albuquerque: 
Putting your talent 
Sperry 's 

defense systems Ofl display operation in Albuquerque is 
offering you the opportunity to 
display your talents. Our digital 
map project offers you the 
opportunity to develop technol-
ogy for this advanced display 
system. Our current openings 
include: 

CRT Display 
Development 
Electronic Design 

Openings in these areas range 
from two to 15 year's experience in 
analog or digital design. Some 
experience with monochrome and/ 
or color CRT systems, including 
display processor or a closely-
related field. is also preferred. 
Customer interface and proposal 
experience is also desired. Other 
openings include:High-speed Digital 
Processing, Analog-to-Digital 
Converters, and Raster/Stroke CRT 
Circuitry Design. 

Helicopter Avionics 
Avionics System Engineer 

In this position you should have a 
BSEE with three or more year's 
experience on military avionics pro-
grams. You should also have 
experience with designs using 
Mil-Std-1553 interface and 
the associated software/ 
hardware background 

design requirements. Experience in 
working with the man-machine 
interface and familiarity with struc-
tured analysis/design 
methodologies is desired. 

Software Engineer 

To qualify you should have a BSEE 
or BSCS and two or more years of 
real time software experience using 
Assembly and/or High Order 
Languages, for embedded processor 
applications, or computer graphics. 
Experience/exposure to Ada pro-
gramming and/or environment is 
highly desirable. Familiarity 
with Structured Analysis and 
Structured Design methodologies is 
also desired. 

Flight Control Systems 
Flight Controls Engineer 

These positions require a BSEE 
degree and two or more year's 
experience associated with the 
design of microprocessor-based 
systems including I/O, data trans-
mission, bus architecture, signal 
conversion and analog/digital cir-
cuit design. 

Applications include: Flight 
management development, wide 
band analog and high speed digital 
circuit design, flight control system 
development, software development 
and simulation/algorithm 
development. 

RF Engineer 

To qualify for this position you 
should have a BSEE degree with four 
or more year's experience in trans-
ponder development. Specific 
experience with spread spectrum 
operation of L-Band transponders 
and antenna pattern testing is 
desired. 

Tactical and Reference 
Systems 
Product Engineer 

To qualify for this position you 
will need a BSEE degree with a 
minimum of two year's experience. 
In this position you will be working 
in support of momentum programs 
associated with digital and/or analog 
military avionics. You will be 
responsible for solving engineering 
design problems on the production 
line and for coordinating customer 
required changes into production 
hardware. Some direct customer 
interface also included. 

Put your talents on display 
Sperry offers you a generous 

salary and benefits package. Send 
your resume and salary history, in 
confidence, to Brandon Harwood, 
(E-E669A), Sperry. P.O. Box 

9200, Albuquerque, NM. 87119 

JL- spE Rk`i 
Equal Employment Opportunity 

Affirmative Action Employer 
U.S. citizenship is required 
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Top class electronic engineer 

In einer der reizvollsten Stâdte 
Deutschlands entwickelt und produziert 
unser Auftraggeber in groBer Stückzahl 
Fertigprodukte, die aile Gebiete der 
Elektronik umfassen: Chip-Design, 

SMD:Fechnologie, Analog- und Digital-
technik, Hard- und Software. 

Unerwartet groBer Erfolg des welt-
weiten Absatzes erfordert die Erwei-

terung des Führungsstabes. Gesucht 
ist em n Elektronik-lngenieur mit hohem 
Anspruch an sich selbst und seine Auf-
gabe ais 

Leiter der Entwicklung 
Die Aufgabe umfaBt das ganze Spek-
trum im Bereich der Forschung und 
Entwicklung von Massenprodukten der 
Elektronik: Die systematische Produkt-
findung und deren Konzeption, die 
System- und Technologieanalysen, den 
Entwurf von kundenspezifischen VLSI-
Schaltkreisen, feinmechanische Kon-
struktionen und insbesondere den 

systematischen Ausbau der Software-
Abteilung; hierzu sind einschlâgige 
Erfahrungen unabdingbare Voraus-
setzung. Deutsche Sprachkenntnisse 
sind erforderlich. 

Adâguat den Anforderungen sind über-
durchschnittliches Gehalt, Neben-
leistungen und Gestaltungsfreiraum. 

Richten Sie bitte ihre vollstândige 
schriftliche Bewerbung unter der Kenn-
ziffer 810820 an die Kienbaum Berlin 
GmbH, Bleibtreustr. 24, D-1000 Berlin 
15, Tel.: Deutschland 030/8826783. 

Kienbaum und Partner 
Internationale Unternehmensberater, Personalberater, Projekt- und Zeitmanager 
Gummersbach, Düsseldorf, Berlin, Bonn, Frankfurt, Hamburg, Karlsruhe, Munchen; Zürich, Basel, Genf, Wien, Salzburg 

Hilversum, Barcelona, Philadelphia, San Francisco, São Paulo, Johannesburg 

Circle 133 on reader service card 
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If you still 
believe in her, 
help finish 
the job. 

The Statue of Liberty-Ellis Island Foundation, Inc. 
P.O. Box 1986, Dept. ABP, New York, New York 10018 

I'd like to help Save The Lady. Enclosed is my tax deductible contribution for: 

D $10 D $25 D $50 D $100 D $500 D Other $  

Please make checks payable to: Statue of Liberty 

Check enclosed. Or please charge my D MasterCard D VISA D American Express 
Expires 

Credit 
Card 

Ill Please let me know how my company can help 
Mr. 
Mrs, 
Ms 

NAME (Please Pont) 

11111 

SIGNATURE,RequIred tf Oiling crecht card 

COMPANY NAME 

STREET 

CITY STATE ZIP 

KEEP THE TORCH LIT® 
C 1985 The Statue of Liberty—Ellis Island Foundation 

UNITED 
WE STAND 
TO SAY 
'DUNK 
YOU. 

We are your neighbors, your 
friends, members of the 
community who benefit from 
your generosity. 

Thank you for giving. 

Thank you for caring. 

Thank you for becoming united. 
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ELECTRONICS WEEK 
MOTOROLA TO MAKE 
FAIRCHILD'S FACT 

Fairchild Semiconductor Corp. 
will name Motorola Inc. its 
first U. S. alternate source 
for Fairchild Advanced 
CMOS Technology (FACT) 
logic. The contract, similar to 
one recently signed by Hita-
chi Ltd. [Electronics, July 10, 
1986, p. 20], may take a cou-
ple of months to complete. 
Motorola's alignment behind 
FACT and existing pinouts 
for the new CMOS logic is a 
victory for Fairchild over 
archrival Texas Instruments 
Inc. TI has sought Motorola's 
support for its plan to 
change standard pinouts [see 
P. 83]. 

MITSUBISHI BUYS 

U. S. WAFER MAKER 

Siltec Corp., a silicon wafer 
manufacturer that put itself 
up for sale last spring after 
six money-losing quarters, 
found a taker in Mitsubishi 
Metal Corp. of Tokyo. Mitsu-
bishi will pay about $30 mil-
lion for the Menlo Park, 
Calif., company, which lost 
$14.3 million on sales of $40.5 
million in fiscal 1985, and $4.3 
million on $14 million in sales 
for the first half of 1986. 

SANYO WILL MAKE 
CDS IN INDIANA 

The rush of Japanese elec-
tronics companies toward off-
shore production continues. 
Sanyo Electric Co. is building 
a plant in Richmond, Ind., to 
manufacture optical and com-
pact disks. Sanyo Laser Prod-
ucts Corp. will start produc-
ing at a rate of 5 million 
disks/year next June. Sanyo 
joins Sony, Japan Victor 
(JVC), and Nippon Columbia 
Co. in establishing CD manu-
facturing plants in the U. S. 

GAIN SIGNS TO USE 
NTT TECHNOLOGY 

The gallium arsenide startup 
Gain Electronics Corp. is hop-
ing to "leapfrog the competi-
tion in the U. S." with a li-

cense from Nippon Telephone 
and Telegraph. Pending Japa-
nese government approval, 
Gain will be the first U. S. 
company to use NTT's En-
hancement Depletion Mode 
MES FET technology, which 
is considered more advanced 
than the SDHT (for selective-
ly doped hetero-transistor) 
technology Gain is licensing 
from AT&T Co. The Somer-
ville, N. J., firm plans to use 
the MES FET technology for 
memory and related devices 
and SDHT for other ad-
vanced integrated circuits. 

STORAGE TECH 
EXPECTS REBOUND 

Creditors of Storage Tech-
nology Corp. will vote next 
month on a new reorganiza-
tion plan that suggests the 
firm may reach $1 billion in 
revenue before 1990. Storage 
Technology filed the plan 
earlier this month in Denver 
bankruptcy court in a move 
to emerge from Chapter 11 
by early 1987. The Louisville, 
Colo., computer-peripherals 
maker plunged into the in-
dustry's largest bankruptcy 
case in October 1984 after 
revenue peaked at $1.08 bil-
lion in 1982. Last year, the 
company took in $673 million 
and returned to profitability 
[Electronics, June 16, p. 56], 
but it is not out of the woods 
yet. The company must still 
settle a dispute with the In-
ternal Revenue Service over 
outstanding taxes and fines 
that could total more than 
$300 million. 

SALES OF U.S.-MADE 
ELECTRONICS SLIP 

Domestically produced elec-
tronics sales and services fell 
3.4% to $109.4 billion in the 
first half of 1986, according 
to the American Electronics 
Association. But the AEA 
had one bright spot to report: 
June orders were $21.8 bil-
lion, the highest in 15 
months. Derived from prelim-
inary Commerce Department 
figures, the estimates differ 
slightly from those of the 

Electronics Industries Associ-
ation, which reported that 
first-half shipments were 
down 1.8% [Electronics, 
Sept. 4, 1986, p. 168]. 

PROJECT VICTORIA 
PASSES FIRST TESTS 

Pacific Bell says its Project 
Victoria technology, a meth-
od of multiplexing seven 
voice and data transmissions 
onto a single standard tele-
phone line, performed better 
than expected in an initial 
test of 200 Danville, Calif. 
residents [Electronics, Aug. 
21, 1986, p. 57]. PacBell found 
Victoria could transmit reli-
ably up to 22,000 ft from the 
central switching office; it 
had expected an 18,000-ft 
reach. There were no major 
outages and the bit-error rate 
was better than predicted, 
the company says. 

TWO SENSOR FIRMS 
AGREE TO MERGE 

Two Silicon Valley sensor 
firms—IC Sensors Inc. of 
Milpitas and Transensory De-
vices Inc. of Fremont—are 
combining operations. IC Sen-
sors is a volume maker of 
solid-state pressure sensors, 
while Transensory has been 
a research and development 
firm specializing in microsen-
sors and micromachinery 
The merged company will 
call itself IC Sensors but will 
also market equipment under 
the Transensory trademark. 

HP, AMD OPPOSE 
TOXICS INITIATIVE 

Hewlett-Packard Co. and Ad-
vanced Micro Devices Inc. 
are asking other California 
electronics firms to contrib-
ute toward a $600,000 war 
chest to defeat a toxics initia-
tive on the November state 
ballot. "We agree with the in-
tent of the initiative," an HP 
spokesman says. "But there 
are too many exemptions; the 
primary sources of toxics 
would not be affected." The 
initiative specifies that con-
sumers and workers be 

warned about chemicals that 
have been found to cause 
cancer or birth defects. 

KODAK PRINTER 
USES LED ARRAY 

Eastman Kodak Co. is using 
an LED-array print-head built 
by Sanyo Corp. in its latest 
office publishing machine—a 
high-speed nonimpact printer 
that can produce 92 pages/ 
min. Kodak designed custom 
circuitry and software to reg-
ulate the brightness of the 
LEDs in the 300-dots/in. 
print-head. The printer will 
be sold as part of Kodak's 
Keeps office publishing sys-
tem as well as to original-
equipment manufacurers for 
data processing applications. 

IC PRODUCTION 
FALLS IN JAPAN 

Japan's production of inte-
grated circuits fell 16.2% in 
the first six months of 1986, 
and the Ministry of Interna-
tional Trade and Industry, 
while predicting a rise in the 
second six months, still ex-
pects a 7% decline for the 
year. Monthly production did 
top 1 billion units in June, for 
the first time ever; and in 
July, IC exports to the U. S. 
rose 12.1% over June's to-
tal—still 14.9% behind 1985. 

DAINICHI KIKO ASKS 
COURT PROTECTION 

Dainichi Kiko Co.—two years 
ago the fastest-growing ro-
botics maker in the world 
[Electronics, Feb. 11, 1985, 
p. 45]—may go under. Late 
last month the Japanese firm 
sought court protection from 
creditors to whom it owed an 
estimated 5.5 billion yen, 
about $36 million at current 
exchange rates. Its primary 
backer, the insurance giant 
Daiichi Seimei Co., took over 
operations in late 1985 [Elec-
tronics, June 2, 1986, p. 49], 
but a sluggish and competi-
tive robot market and delays 
in new-product development 
apparently were insurmount-
able obstacles. 
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(place applicable letter in boil 

A. Computers data processing and per plierai equipment office and business machines 
B. Communications data communications. telecommunications systems and equipment 
C. Navigation and guidance aircrall an] missile systems or equipment I oceanography I 
0 Test and measurement equipment 
E. Consumer products (TV radio hi ti. recorders home computers apoliancest 
F. Medical industrial controls systems or equipment 
G. Semiconductor production equipment I component insertion cod winding Mc / 
N. Electronic sub-assemblies components and materials (passive active components IC s 

discrelos hybrids power supplies ) 
I Other rnanulacturers using electronics equipment as part ot their product (machine tools 

chemicals metat. plastics pharmaceuticals etc t 
J. Government and military 
K. Independent research and development laboratory or cOnSultam 
L Research and development organizations which are van 01 an educational institution 
Id independent software developers 
N Operators of communications equipment (Oldies. radroadS police and attunes, broadcasting. etc 

0 Educational 2-4 year college, university 

P. Other 
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C Engineering Management (Protect Manager. Chet Engineer. Section Heags. VP Engineering. 
VP Research and Development V P Quality Control. etc I 

0 Software Engineering 
E Systems Engineering/ integration 
F duality Control Engineering (Reliability and Standards) 

G Design Engineering 
Il Engineering Support ILab Assistants. etc 
I Test Engineering (Materials. Test Evalualeml 
.1 Flee Service Enginering 

Research and Development IScentisis Chemists Physicists) 
L Manulactunng and Production 
N Purchasing and Procurement 
N Marketing and Sales 
O Prolessor , instructor at 

P Senior Student at . 
O. Graduate Student al 

Indicate your principal job responsibility. Ipince the appropriate number in be« 
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• 3. Engineering 
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Fred Molinari, President 

"Attention shoppers.Our image processing dept. 
has been expanded agai'n.Repeat..." 

Vçelcome to Data Translation, home of the image processing board. real-time applications requiring user-defined convolutions, histo-
Here you'll find the industry's most complete line of products for the grams, frame averaging, windowing, arithmetic and logic operations, 
IBM PC, IBM PC AT and the MicroVAX IL graphic overlays, and even video animation. And all at prices that are 

Data Translation can furnish high and low resolution products for often assumed to be misprints at first glance. 
Naturally, you can depend 

on our standard five-day 
delivery and extensive 

software support. 
Have a productive day and thank 

you for shopping Data Translation. 
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0128113 
Low C.ost 
Frame Grabber 

IBM PC. 
PC XT. 
PC AT 

256x256 64 Yes Yes 8 Yes Yes 
1 buffer 
256x256x8 
(64 Kbytes) 

VIDEOLAB 
PC SEMPER $1495 

DT2851 + 012858 
High Resolution 
Frame Grabber and 
Auxiliary Frame 
Processor 

IBMPC AT 512x51Z 256 Yes 8' 

2 buffers,512x512x8 
each (512 Kbytes). and 
1 buffer,512x512x16 
(512 Kbytes) 

Yes Yes Yes Yes DT-IRIS 

012851 
$2995 
D12858 
$1695 

0126113 
Low Cost 
Frame Grabber 

MicroVAX 1 256x256 64 4 
1 butter 
256x256x8 
(64 Kbytes) 

DT-IRIS $1895 

DT26F.1 + DT2658 
High Resolution 
Frame Grabber and 
Auxiliary Frame 
Processor 

MicroVAX Il 512x512 256 • • Yes 4 
V V 

2 butlers. 512x512x8 
each (512 Kbyles),and 
1 buffer, 512x512x16 
(512 Kbytes) 

Yes Yes Yes Yes DT-IRIS 

012651 
$2995 
012658 
$1895 

*WithDT2859 Eight Charnel Video Multiplexer ($395) 
— All frame processo boards operate in near-real-time with 16-bit inte nal accuracy: all 512x512 frame grabbe boa ds process in real-time with 4-bit cd 

8-bit internal accuracy 

DATA TRANSLATION 

Call (617) 481-3700 

See our new 646 pg 
catalog/handbook or 
see us in Gold Book 
1986. Or call for your 
personal copy today. 

World Headquarters: Data Translation. Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tlx 951 646 
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millers Lane, Wokingham Berks, RG112QZ. England 11x851849862 (#01 
International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222. (85) 87214017; Denmark (02) 187188; 
England (44) 0734-793838; Finland (358) 0-372-144; France (33) 146306839; Greece (30)031-527039, (30) 13-614300. (30)95-14944; Hong Kong (852) 3-324563; India (91) 2-231040; 
Israe11972) 3-324298; Ha y (39) 2349751; Japan (81) 3-502-5550. (81) 3-348-8301, (81) 3-355-1111; Korea (82) 753-3101; Malaysia (60) 3-36299; Morocco (21)9-30-6949; Netherlands (31) 
7099(.36Q New Zealard (61) 2-663-5289; Norway (47) (02) 559050; Peru (51) (14) 31-8060; Philippines 818-0103; Portugal (351.) 1545313; Singapore 65) 271-3163; South Africa (27) 
12469221; Spain (34) :4558112; Sweden (46) 87617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-721-7864, (86) 2-531-2434; West Germany (49)89809020. 
IBM PC and IBM PC Alare registered trademarks of IBM. MicroVAX II is a registered trademark of Digital Equipment Corporation. Data Translation is a regstered trademark of Data Translation, Inc. 

Circle 901 on reader service card 



2,000 sharper-than-ever characters 
all on a portable LCD display. 

Toshiba's newest LCD modules give you 640 x 200 dot displays in a 
choice of two viewing sizes. One is approximately the size of a magazine, 
and the other about half that size. 

Both sizes put an enormous amount of information on view .... an 
array of 80 characters x 25 lines. But still bulk and power consumption 
are at a minimum. Battery powered, these slim modules interlace with 
various systems through LCD controller without renewing software. 

Toshiba's advanced technology has also eliminated surface reflection 
and developed a sharper contrast which gives a brighter and easier to 
read viewing screen. And for low light or dark viewing an optional 
backlightable LCD is available. 
These versatile LCDs are ideally suited for applications as displays for 

personal computers, POS terminals, portable 
word processors and other display terminals. 
You can also look to Toshiba with confidence 
for a wide range of 
sizes and display 
capacity to suit your 
LCD requirements. 

TIC-363 TLC-402 

Specifications 
I TLC-402 TLC-363B 

Display 

II Number of Characters 
8(12,00205characters) (280X25000 characters) 

Dot Format 8x8, alpha-numeric 8x8, alpha-numeric 

Overall Dimensions 
mi x 1ix D) 

274.8 x240.6 x17.0 
mm 

275.0 x126.0 x15.0 
mm 

Maximum Ratings 

, Storage Temperature —20" — 70" C —20" — 70° C 

Operating Temperature 0° — 50° C 0° — 50° C 

Supply 
' Voltage 

VDD . 7 V 7 V 

VDD VEE. 20 V 20 V 
Input Voltage O<ViN<Voo Vss Vin<Voo 

I Recommended Operating Conditions 

! Supply 

Voltage 
VDU 5=0.25V 5±0.25V 
VEE —11±3V Var_ —11±3V Var. 

• 
Input Voltage 

High Voo — 0.5V min. VDD — 0.5V min. 

Low 0.5V max. 0.5V max. 

Typical Characteristics (25°C)Response 

, Tinte 
Turn ON 300 ms 300 ms 

Turn OFF 300 ms 300 ms 

Contrast Ratio 3 3 
Viewing Angle 15 — 35 degrees 15 — 35 degrees 

Design and specifications are subject to change without notice. 

TOSHIBA 
Toshiba America, inc.: Electronic Components Business Sector: Head Office: 2692 Dow Avenue, Tustin, CA 92680, U.S.A. Tel. (714) 832-6300 

Chicago Office: 1101A Lake Cook Road, Deerfield, IL 60015, U.S.A. Tel. (312) 945-1500 
Toshiba Europa (LE.) GmbH: Electronic Components Div.: Hammer Landstrasse 115,4040 Neuss 1, FR. Germany Tel. (02101) 1580 
Toshiba (UK) Ltd.: Electronic Components Div.: Toshiba House, Frinoley Road, Frimley, Camberley, Surrey GU165JJ, England Tel. 0276 62222 
Toshiba Electronics Scandinavia AB: Vasagatan 3,5 IR S-111 20 Stockholm, Sweden Tel. 08-145600 




