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At Last, a Truly Industrial 
J86 PC AT System for the OEM 

Easy to mount 
Eurocard hardware 
with optional power 
supply. Can be 
rack mounted or 
bolted into any 
embedded system. 

Two boards 
makea 
complete 
386 computer 
with your 
choice of EGA 
or VGA display. 

l,2,4or8 
Mbytes 
of on board . 
Full support 
for LIM EMS 
and BIOS 
shadowing. 

Compact single 
height Eurocard 
board format 
(100 x 160 mm) 
that doesn't flex 
or bend and 
withstands the 
toughest shock 
and vibration. 

Small price to help 
you compete. 
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Three side mechanical bond into the card cage, 
yet easy to access for simplified maintenance. 

Introducing the first 386 PC AT 
system originally designed to be 
embedded into your machinery or 
instrumentation. 

With the GESPAC AT system, 
"ruggedized PC" no longer describes 
a desktop PC in a stronger black box. 
Instead it is an architecture made to last 
by design, with such features as small 
and robust board format, and ultra
reliable pin-in-socket connector. 

What's more, the GESPAC System is 
built for performance with Intel's original 
16 or 20 MHz 80386SX processor and 
80387SX Arithmetic Unit. In fact, this 
system is the most compact implemen
tation of the 386 in the market today. 

The powerful G-64/96 bus interface 
lets you customize your AT system with 
any of the 200-plus system components 
available from GESPAC, to match 
virtually any system requirement. 

Take advantage of GESPAC's 

16 or 20 MHz 
80386SX CPU 
and 80387 
Arithmetic Unit. 

12 years of experience in serving the 
OEM marketplace. Call today to receive 
your free data sheet and GESPAC's 
catalog of board level microsystem 
products. Ask about GESPAC's exclusive 
Guaranty of OEM Long Term Delivery. 

Full 32-bit expansion bus 
for easy system expansion 
and customization with 
up to 20 slots. 
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Unprecedented selection of 
inexpensive 1/0 functions, 
from the simf)lest parallel 
and serial 1/0, to 
high performance 
networking, 
MIL 1553, 
motion control, 
and computer vision . 

Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 

USA-CANADA 
50 West Hoover Ave. 
Mesa, Arizona 
85210 USA 
Tel. (602) 962-5559 
Fax. (602) 962-5750 
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FRANCE 
Z. I. les Playes 
83500 La Seyne 
France 
Tel. 94 30 34 34 
Fax. 94 87 35 52 

INTERNATIONAL 
18, Chemin des Aulx 
CH-1228 Geneva 
Switzerland 
Tel. (022) 794 3400 
Fax. (022) 794 6477 



Ai is dlrec:led Ovet' 
the componenls lllal need 
cooling-Ille power supply 
and your boards. Separate 
chambers maximize cooling 
by channeling airflow and 
restricting recirculation. 
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The Last Word in System Packaging 
Now you can benefit from 12 
years of design experience 
and innovation that has made 
Electronic Solutions the industry 
leader in system packaging . The 
Omegaw Enclosures will give 
your VME or Multibus system the 
attractive exterior your image 
demands with a rugged , well
designed interior to withstand the 
most demanding environments. 
And besides the Electronic 
Solutions' fu ll 3-Year warranty, the 
Omega bears FCC approvals 
and is UL, CSA, and TUV 

listed to get your system to an 
international market in the 
shortest time possible. 

Call Electronic Solutions fo r the 
latest information about the best 
choice for your system package. 
It's the last system enclosure 
you 'll need to see. 

6790 Flanders Drive, San Diego , CA 92121 
(619) 452-9333 FAX: 619-452-9464 
Call TOLL FREE (800) 854-7086 

in Calif . (800) 772-7086 
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Save money and get an extra effective bit every time you 

convert video from A to D .. .with the new Philips 8-bit video ADCs. 

while enhancing performance. It also lowers power consumption 

up to 70%. For example. the TDA8713 consumes as little as 

Giving full-parallel flash performance at 

up to 1/10 the cost of full-parallel flash 

converters. these ADCs provide profes

sional performance at a consumer price. 

Type MSPS Oiss.(mW) Features 290mW and gives 7.5 effective bits with 

an input frequency of 4.43MHz (40MHz 

clock) .. ideal for a wide range of profes

sional and consumer video applications. 

For more information. contact Philips Components, 

Marketing Communications Dept. , Building BAF-1, 

PO. Box 218. 5600 MO Eindhoven. The Netherlands. 

Telex : 35000phtc nl/nl je vmc. FAX:31-40-724825. 

How? Our new folding-and-inter

polation technique slashes on-chip 

component count, thus reducing cost 

TOA 8703° . .40 290 Voltage Reg . 

TOA8713° 50 290 TTLl/O 
TOA 8715° 50 325 EGL 1/0 
TOE 8715 50 325 Mil. Temp. Range 

TOA 8708° 30 365 Clamp/AGC 
CVBS Signal 

TOA 8709° 30 380 Clamp/Adj. Gain 
R,G,B,Y,U,V. C 

· in Oil and SO versions. Signals 
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AMP TBC (Twin-Beam Contact) 
Connectors steal the show for high
density, high-pin-count affordability. 
Three- and four-row versions deliver 
compelling performances in 32 to 
540 position roles. 

The twin-beam receptacle at 

AMP and AMP-HDI are trademarks of AMP Incorporated. 

the heart of the TBC Connector 
represents the very best of AMP 
engineering-the greatest economy 
of material consistent with design 
excellence. It provides two-point contact 
(with gold-over-nickel plating), and 
the BeCu base assures high normal 
forces of 50 grams/ contact (end of life 
minimum) for solid dependability. 

There's more here than economy, 
though. lightly controlled, short point
of-contact geometry allows two levels 

of mating for make-first 
break-last sequencing of 
power and ground pins. 
The same design 
reduces insertion 

Two levels of sequenced mating alla.v 
"hot" connect/disconnect. Compliant 
pin option for solderless pcb insertion. 



cost reduction:' 

force, and provides out
standing contact wiping 

action: .070" on short 
pins, and a mini

mum of .100" 

Unique twin-beam receptacle de
livers outstanding reliability in an 
affordable high-density connector. 

on long. (Coming soon: TBC Plus 
Connectors, with six rows of contacts 
and three levels of sequencing.) 

AMP TBC Connectors are 
fully polarized, with closed-entry 
design to eliminate stubbing, and they 
come in high-temp materials ready 
for vapor-phase and IR reflow 
soldering. 

And TBC receptacle assemblies 
intermate with our popular AMP-HD I 
pin header assemblies, to give you 
immediate daughter card cost-reduc
tion, without redesign. 

Call 1-800-522-6752 and ask about 
the AMP TBC Connector Series. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 
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November '90 
SPARCstation 2 



<: LSI Logic Corporation 1990. Sun Microsys tems is a registered trademark of Sun Microsystems , 
Inc . SPARC is a regis tered trademark of SPARC In ternational, Inc. , and SPARCstation is used 
under license therefrom. UNIX is a registered trademark of AT&T Bell Labs. 
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May'90 
SPARCstation SLC 

Since introducing SPARCstation 1 in 
April '89, Sun has utilized LSI Logic's RISC 
and ASIC technology and design method
ology to pack more processing power into 
smaller footprints. 

This strategic partnership has enabled 
Sun to compress time to market to an 
unbelievable four months between new 
product announcements and has reduced 
their time to volume. Forever altering the 
rules on time to market. And capturing 
the dominant position in the workstation 
nlarket in the process. 

Sun's latest creation, SPARCstation 2, 
i a shining example. This powerful new 
workstation was brought to market just 
f ur months after the introduction of the 

SPARCstation IPC. By leveraging the 
power of LSI Logic's RISC and ASIC tech
nolog)" Sun has quickly introduced a 
whole new level of price/performance in 
UNIX workstations. 

If you have some brilliant new product 
concepts on your horizon, with windows 
of opportunity opening as often as every 
four months, call us at 1-800-451-2742, 
or write to LSI Logic, 1551 McCarthy Blvd, 
MS D102, Milpitas, CA 95035. 

We'd like to show you how quickly 
your new product can see the light of day. 

ACROS S TH E BOARD 
CIRCLE NO. 5 



NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEPi 
Silicon breakthrough 
boosts system speeds 
IBM (Armonk, NY) has succeeded 
in growing silicon on a nonconduc
tive substrate, an advance that 
not only boosts transistor switch
ing speed, but also prevents power 
leakage and reduces an IC's vul
nerability to radiation. IBM has al
ready used the technique to make 
CMOS transistors that are three 
times faster than conventional de
vices, though the company admits 
that the discovery won't result in 
faster computers for a couple of 
years. The announcement is ex
pected to extend the useful life of 
silicon technology, which many IC 
vendors fear is approaching the 
limits of its abilities. IBM's ad
vance should allay those concerns 
and reduce the urgency of develop
ing more expensive alternatives, 
such as gallium arsenide. 

- Mike Donlin 

Wafer-scale 
integration powers 
neural computer 
Hitachi (Tokyo, Japan) has un
veiled a prototype general-purpose 
neural computer system that could 
be used as a super-high-speed 
back-end processor or coprocessor 
for workstations. The system uses 
wafer-scale integration to achieve 
what Hitachi claims is the highest 
learning performance ever posted 
by a neural computer-up to 2.3 
billion operations per second. 

At the heart of the system are 5-
in. wafers, made with submicron 
CMOS processing, that pack up to 
20 million transistors divided into 
60 very-high-density gate arrays 
on a single subsystem board. 
There are eight subsystem boards 
in the computer that host a total 
of 1,152 neurons. 

Hitachi's prototype was able to 
perform a signature verification in 
just two seconds, a task that could 
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previously be performed only by a 
large supercomputer. The system 
achieves this performance by simu
lating the dynamic and parallel 
processing functions of the human 
brain, albeit with a much smaller 
network. - Mike Donlin 

0.5-µm CMOS 
process refined 
Motorola (Austin, TX) has devel
oped a new CMOS process that 
could become a feasible way for 
building ultra-dense circuits with 
design rules below 0.5 µm. The 
process uses disposable sidewall 
spacers to protect source and drain 
areas during thermal annealing. 

While previous research at Mo
torola unearthed the possibilities 
of using sidewall spacers fabri
cated from polysilicon, new re
search demonstrates that the 
polysilicon can be removed with
out damaging the underlying de
vice structure. This was accom
plished by adding an additional sil
icon nitrate to a thin polysilicon 
frame, making it impervious to the 
acid used to remove the sidewall 
structure. 

Research results indicate that 
the silicon nitrate layer permits 
finer definition of transistor struc
tures, leading to reproducible func
tioning devices under a half µm. 
The new process could form the 
foundation of a practical and eco
nomical ultra-large-scale circuit 
process. - Jeffrey Child 

Intergraph seeks 
framework partners 
In an attempt to grab a larger 
share of the EDA market, Inter
graph (Huntsville, AL) has un
veiled Interlink, a program de
signed to integrate third design 
tools into Intergraph's newly 
named Simultaneous Engineering 
Environment framework. The pro
gram already encompasses exist
ing OEM relationships, but Inter
graph is aggressively seeking 
alliances with other vendors to 
broaden its base of EDA products
an area in which it has been rela
tively weak. By labeling and publi
cizing a framework that it has had 

for some time, Intergraph is signal
ing a more competitive stanc 
against rivals Mentor Graphics 
and Cadence Design Systems who 
traditionally tout the benefits of 
their framework offerings. Though 
strong in mechanical CAD, Inter
graph's market share is small
about 1.5 percent, according to 
Dataquest figures . - Jeffrey Child 

Synthesis objectives 
outlined by new 
Mentor division 
Mentor Graphics (Beaverton, OR), 
aggressively pursuing a leadership 
position in synthesis technology, 
recently gave further details of its 
new Design Synthesis Division. 
Created last fall, the synthesis di
vision resides within Mentor's Sys
tems Group and is responsible for 
ASIC, IC and programmable logic 
device synthesis products. It will 
also oversee the digital signal pro
cessor synthesis technology being 
developed at the European 
Development Center (Leuven, Bel
gium), test synthesis technology 
from the company's Simulation 
and Test Division, and analog syn
thesis products from the Silicon 
Design Division. 

The synthesis software Mentor 
currently offers can be traced to 
the acquisitions of Trimeter Tech
nologies and Silicon Compiler Sys
tems, a technology purchase 
agreement with Mine (Colorado 
Springs, CO) and internal develop
ment efforts. Mentor has com
pleted the integration of the 
AutoLogic synthesis and optimiza
tion toolset for IC design-part of 
Silicon Compiler Systems' previ
ous product offerings-into its 
Software Release 7.0 EDA en
vironment. The LogicLib library 
of technology-independent macro
function generators has also been 
integrated. 

What the industry is really hold
ing its collective breath for, 
though, is the release of the De
sign Consultant VHDL synthesis 
tool that Mentor expects to ship 

Continued on page 10 



Top Real.:f ime 
Performance for VME 
PERFORMANCE 
Based on the powerful Intel i960CA, 
Heurikon's HK80N960E Single Board 
Computer packs the best RISC or CISC 
price/performance on the market 
today. With 40,000 Dhrystones at 
33MHz, the HK80N960E is the ideal 
platfonn for critical real-time applications 
including embedded control, image 
processing and intelligent I/0 . 

The HK80;V960E sports 2 or 8 Mbytes 
of fast dual access, static column RAM. 
It also delivers a host of networking 
and I/0 capabilities including on-card 
SCSI, Ethernet, Centronics compatible 
parallel I/0 , and four RS-232C serial 
I/0 ports. The VIC068 VME Interface 
Chip maximizes the VMEbus transfer 
rate and implements the full VMEbus 
interface with 4-level arbitration. 

CIRCLE NO. 6 

DEVELOPMENT TOOIS 
Powerful real-time development tools 
are available for a variety of hosts with 
full support from Heurikon. 
• VxWorks Real-Time Operating 
System allows the user to work in 
partnership with UNIX while running 
real-time targets. Code can be debugged 
using either a source-level debugger 
residing on the host systems or a 
symbolic debugger residing on the 
target. VxWorks, with driver support 
for SCSI and Mil Std 1553A, is avail
able on Sun and Heurikon hosts with 
both backplane, and Ethernet target 
interface support. 
• GEN-960 for refining ROM or RAM 
code when setting up standalone 
embedded applications. 
• ASM-960 assembler allows macro
assembler users to fine tune application 
code as well as provide utilities for 
developing, debugging and maintaining 
application code. 
• Intel and GNU compilers optimized 
for the 80960 family of embedded 
processors. 

PRICE 
Prices for the HK80N960E series 
are very competitive with traditional 
CISC architectures ... and it's available now! 
Call us now for more information 
on the HK80N960E. 

Heurikon Corporation 
8000 Excelsior Drive 

Madison, Wisconsin 53717 

1 •800•356•9602 
Ext. 915 

FAX: 608/831-4249 
TEL: 608/831-0900 

960CA and Intel are trademarks of Intel Corporation. 
VxWorks is a trademark of Wind River Systems, Inc. 
UNIX is a trademark of AT&T Bell Laboratories, Inc. 
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Continued from page 8 

with phase II of Software Release 
8.0 in the second quarter of this 
year. Beyond that, the workstation
based design system for DSP syn
thesis being developed in Europe 
is likely to be one of the hottest at
tractions at DAC '91 in San Fran
cisco this June where Mentor 
expects to demo it for the first 
time. 

- Barbara Tuck 

What exactly is 
programmable 
interconnect? 
Venture capitalists backing a pro
grammable interconnect technol
ogy being developed by start-up 
firm Aptix (San Jose, CA) are evi
dently betting on the company's 
ability to develop the innovative 
technology demanded by changes 
in systems design. As for details 
on the product, currently in the 
process of being physically de
fined, Amr Mohsen, chairman, 
president and CEO of Aptix, says 
only that the first round of ven
ture funding will allow the com
pany to concentrate on developing 
"component interconnect technolo
gies that will enable systems de
signers to achieve greater control 
and flexibility in the systems de
sign process." 

The Aptix description of its tech
nology as "field-programmable in
tegrated solutions for component 
interconnects" might leave some 
blank spots for those looking for a 
detailed product definition. But 
the empty spaces fill in rather 
quickly when industry trends are 
taken into account along with 
Mohsen's background as founder 
and former president and CEO of 
Actel. 

A look at the company's manage
ment team roster is also revealing. 
It includes, among others, a for
mer packaging engineering guru 
from National Semiconductor, a 
former software development direc
tor from Cadence and a former se-
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nior vice-president of marketing 
from Daisy/Cadnetix. Neverthe
less, it will be interesting to follow 
this technology as it unfolds into 
product. - Barbara Tuck 

Acorn RISC machine 
resurfaces at Apple 
The Acorn RISC CPU, developed 
by Acorn Computer (Cambridge, 
England), has been one of the 
most obscure but most widely pro
duced RISC processors. Built by 
VLSI Technology (Tempe, AZ), the 
chip has gone through several gen
erations and has been used in 
Acorn personal computers as well 
as embedded applications. The de
vice is remarkable primarily for 
its simplicity, small size and high 
speed for the money. 

Now Apple Computer (Cuper
tino, CA) has formed a joint ven
ture with Acorn and VTI called 
ARM to produce yet another gener
ation of RISC chips on the Acorn 
architecture. Acorn and VTI will 
presumably get new products for 
their respective ventures-per
sonal computers and custom em
bedded controllers-from the joint 
development effort. But the big 
question is Apple's interest in the 
little RISC chips. Speculation runs 
from the possibility of ARM CPUs 
as controllers for peripherals-la
ser printers, perhaps-to the no
tion of ARM-based portable or 
hand-held computers. 

In any case, the move has to 
look like a repudiation of Apple's 
traditional CPU vendor, Motorola. 
That company has supplied all the 
CPUs for the Macintosh family 
and has been aggressively shrink
ing and integrating its 68000 CPU 
cores. In addition, Motorola has re
portedly tried very hard to sell 
Apple on the 88000 RISC family. 
No matter how Apple intends to 
use the ARM chips, it will be in 
place of some major element of Mo
torola's product line. - Ron Wilson 

Motorola ships 
68040, sort of 
Motorola (Austin, TX) has an
nounced that it's finally shipping 
the production 25-MHz version of 
the 68040 microprocessor, but still 

only in limited quantities. The 
part was announced with consider
able enthusiasm in March 1989 as 
the 68000 family's next-genera
tion, RISC-beating CPU. And in 
fact the chip showed performance 
figures as good as those of any 
RISC processor shipping in 1989. 
The device's performance was im
pressive enough to draw design 
wins from the likes of workstation 
vendor Hewlett-Packard. But the 
chip has not been shipping. Repor
tedly a number of serious design, 
rather than manufacturing, prob
lems have held up the device. Now 
Motorola feels confident in its 
mask set and is ready to take on 
the problems of ramping up such a 
complex die to full production sta
tus under its Baldrige-winning 
quality requirements. But in the 
beginning of 1991, the first ques
tion will be not whether Motorola 
can produce the 68040 in volume, 
but whether there remains, nearly 
two years after the announcement, 
a significant market for the chip. 

-Ron Wilson 

53 puts multiprocessing 
chip set on hold 
S3 (Santa Clara, CA), the startup 
that recently outlined its plans for 
a multiprocessing personal com
puter chip set, has put the idea on 
indefinite hold. In an effort to con
serve cash, and perhaps in recogni
tion of the absence of customers 
for multiprocessing architectures, 
the company has decided to focus 
all its efforts on a set of graphics 
products. The graphics design was 
originally intended to fit into the 
multiprocessing architecture, but 
now appears more marketable by 
itself. The change involved cutting 
about half of S3's technical and 
support staff. The company claims 
that it's still committed to the mul
tiprocessing architecture and is 
seeking licensees to pursue fur
ther development. But without the 
designers who actually implemen
ted the complex scheme in silicon, 
it's difficult to see how S3 could 
transfer the technology effectively 
should a licensee appear. 

-Ron Wilson 



At DY 4, we trust in our ability to give you the customer - our best effort. Being one of the 
first companies in the development of VMEbus products and the forerunner in fully 
supported MIL-SPEC and ruggedized bus/board products, we have grown with your needs 
and we earn your trust year in and year out. In 1990, our philosophy of "Customer First
Quality Always" has been rewarded by a record year. 

Record Sales • Record Earnings • Record New Orders 
At DY 4, we are taking this opportunity to express our gratitude to our new and old 
customers worldwide, and to confirm our dedication to your needs, today and throughout 
the decade of the nineties. 

Your trust makes our pride of achievement possible. 

Campbell, CA 
Tel: (408) 377-9822 
Fax : (408) 377-4725 

DY 4 Systems Inc. 

Customer First, 
Quality Always 

Hammel, Denmark Nashua, NH 
Tel : +45-86-963624 Tel: (603) 595-2400 
Fax : +45-86-962575 Fax : (603) 595-4343 
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Nepean, Ontario K2H 9J4 
Tel: (613) 596-9911 
Fax: (613) 596-0574 

Pennant Hills, Austra l ia 
Tel : +61-2-484-6314 
Fax : +61-2-875-1665 



I EDITORIAL 

The digital IC 
has turned nearly 
everything more 
complex than a 

pencil sharpener 
into a computer. 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 
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A digital way of life 

There have been many technological turning points throughout 
the evolution of mankind that transformed forever the human con
dition. We can look back to the discovery of fire, the wheel, bronze, 
iron, gunpowder, paper, and the printing press. More recently 
we've had the development of the steam engine, as well as the dis
covery of petroleum and the subsequent invention of the internal 
combustion engine, the automobile and the airplane. The genesis 
of electronic technologies can be traced back to the discovery of 
electricity and the invention of the electric motor, the telegraph 
and the telephone, which was followed by the invention of the vac
uum tube, and then radio, television and the electronic computer. 

The two most recent turning points in this whirlwind of develop
ment were the invention of the transistor in 194 7 and the inven
tion of the IC in 1958. While the transistor was the seminal inven
tion, the IC has been the primary driving force behind the digital 
transformation of our world-a transformation that's been under
way now for about three decades and will essentially be complete 
before this decade is out. 

This digital transformation has changed the nature of just 
about every product we touch. It also has resulted in other trans
formations that were undreamed of-even more significantly, were 
impossible-before the invention of the digital IC. In a very real 
sense, the digital IC, in its multiple variants, from microprocessor 
to memory, has turned nearly everything more complex than a 
pencil sharpener into a computer. It has made computers the most 
pervasive aspect of technological progress in our lives. 

A computer, in the guise of a digital clock, is the first thing most 
of us hear and see in the morning and one of the last things we 
touch at night. While commuting to work, a computer in an en
gine controller lowers emissions and improves the mileage of our 
automobiles, and a computer in a braking system can keep our 
cars from skidding on slippery roads. At the office, computers take 
the shape of telephones, fax machines, copiers, and printers. Back 
home in the evening, a computer known as a compact disc player 
surrounds us with better sound than many of us can hear. 

This digital transformation has special significance for all of us 
at Computer Design because we began publishing our magazine 
30 years ago. That was, coincidentally, the same year that commer
cial-albeit primitive-digital ICs became a reality. We decided, 
then, to celebrate the beginning of this transformation with a 
Special Report that details some of the developments that oc
curred during those 30 years. There have been so many that the 
best we could do was give you a sampling. We hope that you enjoy 
reading it, and that you'll be as excited about the next 10 years as 
we are. 



''THEYLAUGHED WHEN WE PLUGGED 
A PC IN OUR VME SYSTEM ... 

"The pressure was on. Shorten our design cycle. 
Cut our software costs. Deliver the "gee-whiz" features 
customers wanted. But the old solutions weren't 
working. We needed a new approach. 
We looked to the PC. Others looked 
at us like we were nuts. They 
sent memos. 'The PC 
is not a real computer.' . . . 'Not 
enough horsepower' ... 'Just 
a pretty user interface' 
... 'It can't survive 
that environment.' 
But the PC 
is going 
places. Over 
40 million are 
in use; 4 million 
in industrial 
environments. 
Another 1.4 million 
are expected on the plant • 
floor this year. From 
the moment we plugged in a 
RadiSys Embedded PC, we 
understood why. Software 
for PCs is abundant and 
inexpensive. We had two dozen 
software houses fiercely competing 
to sell us high quality, man-machine e 
interface software. Why should we reinvent 
the wheel? For multi-tasking operating systems, 
we could choose from Windows 3.0, OS/2, UNIX, 
VRTX- all with integrated VMEbus support from RadiSys. 

BUSCON/91-WEST 
JANUARY 29 -31, 1991 

SANTA CLARA CONVENTION CENTER 
SANTA CLARA, CA 

BOOTH 745 
NEW 486-BASED EPC 

Join the party! Call RadiSys at 
800/950-0044 (fax requests: 
503/690-1228) for a catalog of 
Embedded PC Products and brochure 
"Open New Windows of Opportunity With 
Embedded PCs." 

There is a wealth of development tools 
available to shorten design time. No wonder the PC is 

the world's most popular software development 

• • 
host. And PC-based 

networking is light-years 
e ahead. PC versatility 

is unmatched. 
We can give customers what 

they want, right now. More 
options. Proven features. 

Everybody knows how 
to use the PC, our own team 
and our customers. And it's 
a sure bet that future appli
cation programs, languages 

and OS standards will run 
on it. PC horsepower 

is up there. The new 
Embedded 386 and 486 

PCs have more than 
enough power to 

• 

handleourmixofuser 
interface and control 

ti functions. We got the best 
of both worlds. Plugging a 

· ' RadiSys Embedded PC directly 
' into the VMEbus gave us the 

full performance, ruggedness and 
reliability of the VME form factor, plus all the 

PCs software advantages. You know the rest 
of the story. That Embedded PC has the 

whole company laughing. 
All the way to the bank:' 

• TM 

CORPORATION 

The Inside Advantage 
19545 NW Von Neumann Dr. 

Beaverton, OR 97006 USA 
(800) 950-0044 
(503) 690-1229 

Fax (503) 690-1228 

Copyright ©1990 RadiSys Corporation . Inc. All rights reserved . EPC is a registered trademark and RadiSys is a trademark of RadiSys Corporation . Windows 3.0 is a trademark 
of Microsoft Corporation. OS/2 is a trademark of International Business Machines Corporation . UNIX is a registered trademark of AT&T. VRTX is a registered trademark of 
Ready Systems, Inc. 386 and 486 are trademarks of Intel Corporation. 
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The NEW Tek Centurion: RISC chips. CISC chips. High-speed 

400 MHz timing analysis. busses. At the leading edge of clock speeds, 

100 MHz state analysis. channel counts and complex integration, 

100 MHz complex triggering. one logic analyzer is equal to the test. 

100 MHz synchronous clocking. The Tek Centurion. 

100 MHz timestamp. Centurion supplies an unprecedented 

400 MHz timing. Plus 100 MHz synchro-

nous acquisition on 96 channels at once

all on one card. You can expand to 

hundreds of channels in a single 

mainframe, with up to 32K 

memory depth per channel! 

Add the most revealing disas-

sembly in the industry, for any processor 

pictured here. Add the easiest, most com

pact probing. Get real powers of analysis, 

not just ordinary acquisition capabilities. 

Call 1-800-426-2200 to learn more 

about this great leap forward in logic analy

sis. Or see your Tek sales engineer for a 

personal demo soon. 

Rental uni ts avai lable from your local rental company. 

Copyright © 1990 Tektronix, Inc. All rights reserved. DAS-065 
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SUPERCOMPUTER 
PERFOR MANCE 

The AL860 VM E or AT Board 
WILL GIVE YOU: 

• An Intel i860 RISC microprocessor rated at 80 
MFLOPS at 40 MHz (66 MFLOPS at 33 MHz) 

• 2 to 64 Mbytes of 0 wait state local memory 

• Optional SCSI and DT-Connect interfaces, and 
120 Mbyte/sec interconnection bus 

• DOS and UNIX interfaces, compilers, and 
scientific subroutine library software available 

~IACRON Inc. 

71 Spitbrook Road, Suite 204 • Nashua, NH 03060 
Telephone: (603) 891-2750 • FAX: (603) 891-2745 

Trademarks ore property of their respective holders. 
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W. H. BRADY COMPANY 
THIN FILM PRODUCTS 
8225 W. Parkland Ct.• P.O. Box 571 
Milwaukee, Wisconsin 53201 
Phone: 414-355-8300 •Fax: 414-354-0453 
Copyright 1990 W. H. Brady Co. All rights reserved. 
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January 14-17 
ATE & Instrumentation Conference 
Disneyland Hotel, Anaheim, CA. This confer- ATE & 
ence for test professionals will offer almost 50 Instrumentation 

Conference 
sessions in design, manufacturing, manage-
ment, service test, and systems integration. Session topics 
include "Testing in the 21st Century" and 'Testing-the Com
petitive Edge." In addition, a four-day educational tutorial will 
follow the basics of design for test through to an actual produc
tion example of an integrated design and test board. Informa
tion: Miller Freeman Expositions, 1050 Commonwealth Ave, 
Boston, MA 02215-1135, (800) 223-7126. Circle 366 

January 17-19 
landex '91 Southern California 
Hyatt Regency, Irvine, CA. Targeted to IAN L4~' 
resellers, Land ex '91 will feature seminars per- . ~DA 
taining to training and basics, technology, and ~ 
business building, as well as super sessions. Specific topics 
include "High-Performance Topologies" and 'The Successful 
VAR Formula." The IAN Dealers Association will also offer 
its certification examinations. Information: LANDA, 360 
W Butterfield Rd, Suite 260, Elmhurst, IL 60126, (708) 
279-2255. Circle 367 

January 22-24 • 
AFCEA/West 
San Diego Convention Center, San Diego, CA · ' ._ 
Co-sponsored by the U.S. Naval Institute, the 
12th AFCEA Western Conference and Exposi-
tion will present exhibits from more than 150 companies. The 
three-day program will offer events featuring government, 
military and industry leaders in computers, communications, 
information systems, aircraft, R&D, and shipbuilding. Infor
mation: AFCEA Programs Office, 4400 Fair Lakes Ct, Fairfax, 
VA 22033-3899, (703) 631-6125. Circle 368 

January 29-31 
Buscon/91-West 
Santa Clara Convention Center, Santa Clara, 
CA More than 150 exhibits will be featured at ~ 
this bus-and board-systems conference. Tech- suscoNt91·WEST 

nical seminar topics include Futurebus+, VMEbus, Multibus 
II, PC bus platforms, embedded controller/systems program
ming, emerging bus architectures, and military applications. 
Information: Conference Management Corp, 200 Connecticut 
Ave, Norwalk, CT 068564990, (800) 243-3238. Circle 369 

February 5-7 
AFCEA 2nd Annual Military/Government • 
Computing Conference and Exposition · · 
Hyatt Regency Crystal City, Arlington, VA ~ 
The exposition will offer the latest in computer ~ 
software and hardware products to link mili-
tary and government needs with the latest industry technolo
gies, applications and services. The conference will also fea
ture tutorials and technical tracks. Information: AFCEA 
Programs Office, 4400 Fair Lakes Ct, Fairfax, VA 22033-3899, 
(703) 631-6125. Circle 370 



0 1990 Hewlett-Packa rd Co. TMCOL0328/CD 

Frustrated with 
microprocessor system 

debugging? 

How the right 
preproces.sorinterface 
can simplify logic 
analysis. 

F'=tl HEWLETT 
~TAI PACKARD 

Here's free help 
in making the connections. 

Plug into our new series of appli
cation notes today. And learn 
how to save time and aggravation 
when you're debugging micropro
cessor systems and busses. 

Find out how an HP preprocessor 
literally makes it a snap to 
connect your microprocessor to an 
HP logic analyzer. And see how 
completing your HP logic analysis 
system with a preprocessor will 
speed and simplify measurements 
and data analysis. You'll also 
discover the industry's broadest 

selection of preprocessors -
over 60 models support more 
than 70 microprocessors and $.::9 ~~~ p / 
busses including 100 MHz ~v J}I: ~ ~C:~ 
support for RISC and cl'~'~ ~ ~)! ~- ? 
high-performance CISC , r/r.::,1 
processors. _..., ' t1 P 
So call 1-800-752-0900 today. 
Ask for Ext.1402 or mail the reply ~ 
card and we'll send the application 
information you need from our 
FREE series of six industry
specific application notes. 

There is a better way. 

F'//'09 HEWLETT 
~~ PACKARD 
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SINGLE BOARD I AT COMPUTERS 

80486-25MHz 
• 25MHz 80486 CPU w/lnternal 

CACHE & Co-Processor 
• Up to 16Mb of SIMM Memory 
• 8Kbytes of Internal CACHE 
• 128Kb or 512Kb Secondary 

CACHE Daughter Cards Available 
• 2/4 Way page Interleave Memory 
• BIOS Shadowing 
• Reset/Speaker/Keylock Connector 
• ROM Based Utilities 
• On-Board Lithium Battery 

"19 Years of Quality Service" 

!!! Diversified 
liil Technology 

An Ergon Co. 

1-800-443-2667 
112 E State St. • Ridgeland, MS 39157 

80386-25MHz 
• Up to 25MHz CPU w/CACHE 
! Up to 8Mb of RAM Memory 

Supports up to 20Mb with DTl's 
Memory Daughter Card 

• Optional 80387 Math Co-Processor 
• Multi-Function 1/0 Cards Available 

80386-33MHz 
• 33MHz 80386 CPU 
• 32,64 or 128Kb of CACHE 
• 6 or 8MHz Bus Speed 
• Up to 32Mb RAM 
• COM 1 & COM2 (Up to 115Kb) 
• LPT1 w/Bidirectional Mode 
• Up to 2 Floppy Drives 
• Future Domain Compatible SCSI Port 
• PS/2 Mouse Port 
• IDE Disk Drive Port 

/AT is a tradename of the IBM Corp. 
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If you thought Multibus 1 couldn't 
handle complex tasks ... Think Again! 
From Robotics to CAD, Embedded Controllers to 
Host and Network Systems, MULTIBUS 1 by 
Zendex delivers Proven, Cost Effective 
Solutions that reach out 
and grab you! 

The ZX-386/20 pictured here features 
20MHz clock speed and on-board SCSI, 
supports up to 8MB of high-speed on-board dual·port RAM (or 16MB in 
PVAM), and has two 8/16-bit iSBX connectors. For Real·Time processing 
applications, Zendex 's TRU-32 mode turns MULTIBUS 1 into a screaming 
32-bit system capable of addressing 256 MB of RAM, yet is fully compatible 
with MULTIBUS 1 products. 

For m_ore information on our complete family of MULTIBUS 1 products, call 
or write Zendex today! 

~..--- :f.w---w..-~ 6780SierraCourt 
~ _.. ·-- . _.. ~ Dublin, CA 94568 L ..... ...,. ... 1) Phone: (415) 828-3000 

FAX: (415)828-1574 
MULTIBUS 1 SINCE 1979 
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WHEN MANY TuINGS COME lbGETHER, 
BREAKTHROUGHS HAPPEN. 

Now AVAILABLE! A REAL BREAKTHROUGH IN DSP: 
400MOPS ARRAY PROCESSING CHIP SETS. 

SOLUTION 
lK 64K 2K tap 
complex complex FIR 
FFT FFT 

Array A66 

I processor 131 13.l 
mSec 

2.3 
MHz µSec 

Fully cascaded 26µSec 
(5) 

l.6mSec 
(8) 

25MHz 
(13) 

parent. For example, eight simple 
instructions execute a complex 
64K-point FFT. Array Microsystems 
delivers complete solutions, not 
just DSP chips. The A66 family 
includes everything you need: chip 
sets, software development tools, 
complete array processor boards, 

and custom memory 
ICs and modules. 
The Digital Array 
Signal Processor 
(DASP) is the heart 

of the chip set, and executes 16 high
level functions , including FFT 
butterflies, windowing, complex 
multiplies, and general-purpose 
functions. The Programmable Array 

CIRCLE NO. 18 

Controller (PAC) manages the entire 
system, including address genera
tion for DASP and memory, and 
I/O up to 80 MHz. For even higher 
performance, you can cascade 
DASP/PAC chip sets (see table). 
You'll see A66 solutions in 
next-generation aero
space and defense 
systems, test 
equipment, 
medical 
instru
ments, and 
other break
through applications 
like HDTV. Join us by 
calling our DSP hotline. 
We'll help put the world's fastest 
DSP into your next application. 

1420 Quail Lake Loop, Colorado Springs, Colorado 80906 •Call 719-540-7999, FAX 719-540-7950. 



Joe Costello 
on: Concurrent 
Engineering 

A s the electronics industry enters the '90s, elec
tronics manufacturers face greater challenges 
in delivering higher-quality, more-sophisti

cated products in ever-shortening market windows. 
Design automation can play a major role in helping 
organizations meet this time-to-market challenge. 

Design automation is no longer simply a set of 
drafting tools or complex switch simulators available 
to a handful of designers. Instead, design automation 
delivers a broad range of capa-
bilities that are now used 

design methodologies. An organization's ability to 
implement successfully a methodology such as con
current engineering is highly dependent on changes 
in design philosophy in an organization, and on the 
type of products being developed. 

It's also important to understand that the role of 
design automation in concurrent engineering isn't 
limited to a set of technical requirements that any 
single CAD vendor can deliver. Multiple design auto-

mation disciplines and vendors 
within EDA, as well as mechan

throughout the product develop
ment process. To meet the mar
ket challenges of the '90s, 
organizations are looking to 
change both the way they ap
proach individual engineering 
tasks and the entire design 
methodology. 

Customers can augment 
the concurrent engineering 

process by using a 
computer-based facilitator 
such as design automation. 

ical CAD and CAM, should be 
able to be used in any concurrent 
engineering implementation. 

The responsibility of EDA 
vendors in helping customers 
meet the challenges of the '90s 
therefore goes beyond just pro
viding products that might be 
labeled as concurrent engineer
ing. Vendors must deliver the 

An emerging design method
ology that has received much 
attention, concurrent engineer-

I I I 

ing is a methodology customers 
are addressing with design automation. This meth
odology promises to be a major factor in accelerating 
product development (see "Concurrent engineering: 
the official definition," p 22). 

The goal of concurrent engineering is to shorten 
significantly the product development process by re
ducing the number of design iterations that result 
from failure to consider issues such as manufactur
ability or reliability early enough in the design cycle. 
In this context, design automation provides a key part 
of the infrastructure through which a company can 
begin to use concurrent engineering techniques. 

But concurrent engineering isn't a product. A cus
tomer can't buy concurrent engineering from an EDA 
vendor. Customers must implement new design meth
odologies . Still, they can augment the process by using 
computer-based facilitators. It's important to differ
entiate between methodologies, such as concurrent 
engineering, and computer-based facilitators, such as 
design automation. 

There is no one correct way of implementing new 

solutions, frameworks and tools 
that make it possible for custom

ers to build environments that best suit their design 
requirements and methodologies. This, in turn, im
plies that the EDA industry must drive and support 
a broad set of standards within EDA. These standards 
must reach out to other design disciplines so that 
customers can choose the mix of suppliers that meets 
their requirements. 

Customers that implement concurrent engineering 
must address the organizational and computer-based 
structures and communication mechanisms. Design 
automation is a facilitator that can help an organiza
tion change its design practices, but it's not a substi
tute for making those cultural changes. 

Although not a magic formula, design automation 
will have a profound impact on the proficiency with 
which a methodology such as concurrent engineering 
is implemented and practiced. As noted in the sidebar, 
computer-based initiatives are critical to concurrent 
engineering in that they provide an infrastructure to 
support the organizational changes. 

There are three key initiatives that EDA vendors 
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I JOE COSTELLO ON CONCURRENT ENGINEERING 

Concurrent engineering: the official definition 

The Institute for Defense Analysis 
(IDA) report on concurrent engineer
ing says it's "a systematic approach to 
the integrated, concurrent design of 
products and their related processes, 
including manufacture and support. 
This approach is intended to cause 
the developers, from the outset, to 
consider all elements of the product 
life cycle from conception through dis
posal, including quality, cost, sched
ule, and user requirements ." 

Organizations that adopt concur
rent engineering try to get designers 
to identify critical dependencies be
tween disciplines early in the design 
cycle . They do this by institutionalizing 
the process by which design teams ex
plore optimization alternatives so that 
design changes will least affect the 
cost and duration of a project. 

Though changing organizational be
havior is always difficult at best, the 
benefits often outweigh the costs . 
The findings of an IDA survey of 11 
companies that adopted some degree 
of concurrent engineering showed 
that it could shorten time-to-market. 
The study claims that concurrent engi
neering contributed to the following 

results: a 50 percent reduction in engi
neering change orders in early produc
tion; a 40 to 60 percent reduction in 
development cycle time; a 30 to 40 
percent reduction in manufacturing 
costs; and a 75 percent reduction in 
scrap and rework . 

The consistent comment among 
those that have adopted concurrent 
engineering is that there's no one 
best way to implement this method
ology. However, the IDA survey did 
identify three complementary initia
tives associated with successful imple
mentation, and all the success stories 
placed varying degrees of emphasis 
on each of them. These three initia
tives include engineering process 
initiatives (such as the formation of 
multidiscipl inary teams), computer
based support initiatives, and the use 
of formal methods. 

Engineering process initiatives are 
actions taken by management to im
prove the organizational structure and 
design process used to develop prod
ucts. This requires making whatever 
cultural changes are necessary (often 
a difficult task) to increase communi
cation between design disciplines. 

Computer-based support initiatives 
are the insta llation of facilitating tech
nologies such as design automation 
and verification tools , frameworks, 
and integrated design environments. 
Levels of sophistication vary, but a 
common theme is a drive to establish 
a design framework to provide consis
tency and compatibi lity of tools within 
and between design disciplines. 

Forma l methods vary greatly and 
are difficult to tightly categorize. They 
are best described as " a range of qual
ity engineering techniques used to 
manage system trade-offs and to find 
optimum design and production pro
cess parameters." The fundamental 
goal of formal methods is to incor
porate a scientific approach to identi
fying problems and solving them. 

As is true w ith any major change in 
design methodology, successful imple
mentat ion of concurrent engineering 
will be driven by new technology com
bined w ith substantive organizational 
realignment and cultural change. So 
significant commitment and participa
tion is requ ired by management to 
support the implementation of concur
rent engineering. 

and the EDA industry must adopt to support organi
zations' efforts to implement new design methodolo
gies such as concurrent engineering. They are as 
follows: delivering open solutions that can be used 
with concurrent design practices; supporting industry 
standards to increase customers' flexibility and choice 
in building custom environments; and practicing 
what we preach, especially with regard to delivering 
quality products on schedule. 

works provide the most efficient infrastructure for 
facilitating the right level of communication between 
tasks, and allowing an organization to extend and 
modify a design environment. 

I Open solutions 
First, we mus(, deliver open solutions that can support 
our customers' ability to automate the methodologies 
of their choice, including concurrent engineering. And 
the biggest step toward providing open solutions is 
propagating the use of design frameworks. 

Within the realm of concurrent engineering, the 
key technical issue is to provide a framework that 
supports the flow of information between tasks, engi
neers, and the overall product development process. 
Different types of information flow are required for 
different concurrent processes. 

An ASIC designer, for example, needs to know his 
design data and will want to see major changes to 
board logic, but will not want to know about every 
change related to the board layout. Only when the 
board layout designer has reached a certain level of 
compleLion in his design tasks will the information 
become relevant to the ASIC designer. Design frame-
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There are three levels at which frameworks can 
support concurrent engineering practices: 

• Tool to tool during the engineering process; 
• Designer to designer within an engineering team; 
• Team to team. 
At these levels the frameworks must be open. In 

any one environment, tools and frameworks will be 
supplied by multiple vendors. Reality suggests that 
no one vendor can provide the best-in-class tools 
spanning the entire development cycle. So frame
works must have the capability to integrate third
party commercial tools, proprietary tools, and other 
frameworks seamlessly into the design environment. 

I Information concurrency 
It's useful to consider the different classes of u ser 
organization as levels in a hierarchy for implementing 
design concurrency. At the first level, one engineer 
could be using two or more tools together so that 
changes in a basic logical or physical representation 
of a circuit are rapidly reflected in the analysis tools. 
In the classic case, the engineer might be using a 
gate-level schematic design tool with a digital simu
lator, though in today's design environments he also 
might be using behavioral models, synthesis and 



Liming analyzers on the same circuit. 
Id ally, in this first case, changes in the schematic 

de ign tool or in the logic simulator are reflected in 
the other as the engineer debugs the circuit. An 
update in the logic produces a change in the results 
of th analysis. 

At the second level, several members of a team are 
working together on a single project. The project 
might involve digital designers, analog engineers, or 
printed circuit board or IC layout specialists. They 
may be sharing several tools integrated on one frame
work, different framework-based systems, or stand
alone tools with no explicit framework and from 
different vendors. 

Within the second level, the information concur
rency required can be very different. Every change 
made by each engineer shouldn't necessarily be com
municated, nor should all data used by one engineer 
be downloaded to another. According to an organiza
tion's policies and methodologies , 

automation in the context of the organization's meth
odologies and policies , whether it's concurrent engi
neering or another approach. 

I Promoting industry standards 
Openness, as provided by any one vendor, :isn't 
enough, however. The EDA industry must evolve to 
the point where we collectively can provide customers 
with the flexibility to build solutions to best support 
their design processes. Truly open solutions will only 
become a reality if we as an industry band together 
to drive real industry standards such as frameworks 
and electronic data interchange. 

Creation of the CAD Framework Initiative (CFI) 
was the first essential step in defining meaningful 
industry standards to support users' requirements for 
building their solutions. The CFI has already taken 
major steps toward the development of guidelines for 
frameworks in some areas. A demonstration was pre-

sented at the DesignAutoma ti on 
only r elevant team data will be 
exchanged. 

For example, engineers might 
have private workspaces where 
logic design iterations can be 
made, and policies would exist 
for how work should be checked 
into a central design space. 
Likewise, printed circuit board 
layout data would be checked in 
only after it has passed manufac-

A key technical issue is 
providing a framework 

that supports different types 
of information flow. 

Conference last June, and ven
dors can move toward the overall 
proposal by adopting known 
standards such as Unix and the 
X Window System. 

The first guidelines from CFI 
are scheduled to be released by 
mid-year 1991. We, as an indus
try and as vendors, must commit 
to implementing these guide-

I I I 

turability tests. At that point, logic designers would 
receive only the layout data that was relevant to back 
annotation or logic simulation. 

At the third level, multiple teams from completely 
different disciplines are working as part of a single 
design environment. Mechanical , electronic, manu
facturing, and computer-aided software engineering 
teams with different frameworks and tools from mul
tiple vendors are working together. Again, very dif
ferent types of information concurrency, subject to an 
organization's policies, are required. Much as in the 
team design process, only subsets of the data are 
transferred between teams. These subsets reflect ma
jor changes in the project. This information concur
rency will be governed by release procedures, 
engineering change order policies, and other com
pany-specific processes. 

It's essential to recognize that each level of concur
rency is highly dependent on the tasks, on the mix of 
vendors and tools , and on a company's methodology 
and policies. Different framework facilities are 
needed to support each class of data interchange and 
concurrency. Multidisciplinary engineering teams 
from different departments will choose the EDA, 

ASE and mechanical tools that best meet the re
quirements of a specific design, and integrate them 
into this environment. 

This is why it's so essential for us, as EDA vendors, 
Lo deliver open framework-based solutions. The 
fram eworks provide the glue that links the design 
t ams and individuals together. Just as there's no 
s i ngl "right" set of tools needed for design, there's no 
on way to implement concurrent engineering. We 
mu ·L deliver the products and solutions that make it 
possible for a customer to take advantage of design 

lines in our frameworks, where 
appropriate, within one year of the standards' release. 
In other words, make the CFI guidelines real in 1992. 
Achieving this goal depends on real commitment of 
technical and business resources from CFI partici
pants to drive the standards process. 

I Where should we be going? 
Another step the EDA industry must take is to prac
tice what we preach. The EDA industry has received 
notoriously low marks on delivery of high-quality 
solutions in a timely fashion. As individual compa
nies, and as an industry, we need to invest in meth
odologies that will help us to correct this behavior. We 
need to instill the "quality first" philosophy and make 
the necessary changes in our design processes so that 
our stated product goals are actually supported. 

And we need to keep the big picture in mind. Our 
basic charter as EDA vendors is to develop solutions 
that enable customers to deliver more sophisticated, 
higher-quality products in ever-shortening market 
windows. 

But electronic design is only one of many functions 
that are necessary to get quality products to market, 
and today we'r e looking at only the first standards 
proposal from CFI. The EDA industry needs to con
tinue to drive the standards initiatives for its own 
products, and to expand its framework vision to in
terconnect with other parts of the design process. Only 
then will we have done our job, as vendors and as an 
industry, in supporting our customers in their efforts 
to achieve the engineering and time-to-market chal
lenges of the '90s. 

Joseph Costello is president and CEO of Cadence 
Design Systems (San J ose, CA). 
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veyou All logic analyzers 
integrated state an 

sooner or later. 
Why not now? 
Introducing the new Philips PM 3580 

family of logic analyzers from Fluke: the 
first instrument architecture to give you 
state and timing together on each channel
with a single probe. 

Connect the probe to your board for 
state and you're automatically hooked up 
for timing. Or vice versa. 

This means no more dual probing
a pain anytime and the source of loading 
problems-and no reconfiguration 
between state and timing. Which makes 
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' 
these analyzers simple to 

, learn and use. 
Plus, the pop-up 

menus and keyboard short
cuts guide you quickly 
through setup and data analy-
sis. No matter if you use it 
every day or once a year. 

What's more, captur
ing an elusivP bug has never 
been easier with eight unre
stricted trigger levels that let 
you select from state and 
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Why not sooner? 

timing trigger conditions on each level. 
But being simple doesn't mean sim

plistic. Basic performance of the PM 3580 
family ranges from 32 to 96 channels, each 
with 50 MHz state and up to 200 MHz 
timing, plus 3 nanosecond glitch capture 
and 2K of memory per channel. For 8-, 16-
and 32-bit processors. 

And you get all this for nearly half 
the cost of comparable analyzers. 

We'd like to send you a video. Or 
show you how to make state and timing 
measurements at your workplace-

in 30 minutes or less. 
We'll even bring the stopwatch so 

you can time us. And you can keep it to 
time the competition. 

So call us today at 1-800-44-FLUKE. 
Ask for extension 720. 

Because sooner is better. 
John Fluke Mfg. Co., Inc., P. 0. Box 9090, M/S 250C, Everett. WA 
98206·9090. U.S. (206) 356-5400. Canada (416) 890-7600. Other 
countries: (206) 356-5500. © 1990. All rights reserved. Ad No. 00001. 
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INTEGRATED CIRCUITS 

Controller-level network 
could revolutionize connectivity 
Ron Wilson, Senior Editor 

A LAN would be the perfect so
lution to many control prob
lems. If you cou ld just put the 

sensors and actuators of your VCR 
on a network, you could save a bun
dle on cabling and drivers. If you 
could connect your VCR, kitchen ap
pliances, lights and climate control 
on a network, you could achieve the 
automated house. Similar thoughts 
have driven auto makers, manufac
turing equipment vendors and even 
the designers of office towers to in
vestigate control networks. 

But existing network technology 
can't do the job. Ethernet and its 
relatives are comfortable only with 
large data packets, not with the 
small messages common in device 
control applications. Software for the 
seven-layer International Standards 
Organization protocol stack is too big 
and expensive to put in 8-bit micro
controllers. And the hardware cost 
of an Ethernet node-even with the 
latest lOBase-T technology-is far 
too high for use inside a piece of 
consumer electronics, an au tomobile 
or a suburban home. 

These limitations have led design-

ers to try other approaches. Inside 
boxes, engineers have tried point-to
point wiring with synchronous se
rial interfaces-a common approach 
for small networks of8-bit microcon
trollers. On larger designs a variety 
of specialized local networks have 
sprung up, such as the Controller 
Area Network for automotive use. 

But now a Silicon Gulch start-up 
may have a general solution to the 
problem. Echelon (Palo Alto, CA), 
started by Apple cofounder Mike 
Markkula, has developed a network 
architecture that addresses the 
throughput, cost and complexity is
sues of control networks. 

"Back in 1986," says Echelon vice
president of marketing Beatrice Yor
mark, "Markkula was wiring his 
house. He wanted to be able to cen
trally control most of the electrical 
things in the house, but the problem 
of running control wiring to all the 
individual pieces was a nightmare. 
There were control systems that 
used power lines for communication, 
but they weren't reliable enough to 
count on. He realized that what he 
needed didn't exist-a control net-

ECHELON'S NEURON ARCHITECTURE 

work with a reliable protocol and the 
ability to use all the media at hand, 
but costing only about $10 per node. 
So he started another company." 

Echelon calls its development a 
LON (Local Operating Network). 
The architecture includes an ISO
style seven-layer protocol, a single
chip network termination, operating 
and protocol software, a develop
ment system, and a variety of trans
ducers that let the network operate 
over any medium from local RF to 
infrared to power lines. 

I Silicon at the center 
The only way Echelon could meet 
vice-chairman Markkula's cost crite
rion was by designing the archi tec
ture around the capabilities of a sin
gle piece of silicon. This focus is 
called a Neuron chip. Each Neuron 
serves as both network termination 
and, in many cases, local microcon
troller for the device it connects to 
the network. This means the chip 
must handle the entire seven-layer 
ISO protocol stack, including an ap
plication layer that often includes 
simple control algorithms. That's a 
substantial computing order. 

To meet it, Echelon developed a 
unique approach to on-chip multi
processing-a set of three CPUs 
with separate register sets, but 
shared memory and a shared ALU. 
Each CPU executes on its own cycle 

16·BIT INTERNAL ADDRESS BUS 

The Neuron chip, 
the hear t of 
Echelon's Local 
Operating Net
work, combines 
two dedicated 
CPUs that handle 
layers one through 
six of the network 
protocol, w ith a 
third CPU fo r ap
plications. Th e 
three processors 
share various fla
vors of on-chip 
memory and an ar
ray of simple 110 
devices. 
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When it comes to real-time system 
software, M icroware Systems Corpora
tion leads the way. Now, we offer two 
books that provide you with complete 
real-time solutions - the OS-9 and 
OS-9000 Catalogs. 

M icroware offers the broadest range of 
rea l-time solutions in the industry. Data 
sheets and flyers just weren't enough to 
tell our story, so we wrote these books to 
tell you about our real-time operating sys
tems. These catalogs are chock-full of 
more than 330 pages of useful information 
about our operating systems including 
networking, graphics, language compilers 
and productivity tools. 

OS-9 is the world's leading real-time 
operating system for 680XO-based sys
tems. OS-9 has been designed into thou
sands of embedded applications from 
industrial automation to consumer 
electronics. 

OS-9000 is a portable real-time oper
ating system written in C for advanced 
CI C and RISC processors. The ability 
to port OS-9000 to various hardware plat
forms "future-proofs" your real-time soft
ware investment through the 1990s. 

Put the world's real-time leader to 
work for you today. 

For Your Free Catalogs, Call 

1-800-4 7 5-9000 
In California, call ( 408) 980-0201 

MICROWARE SYSTEMS CORPORATION 

1900 N. W. I 14th Street • Des Moines, Iowa 50322 
Phone: (515) 224-1929 • Fax: (515) 224-1352 

M1croware is a registered trademark of M1croware Systems 

Cc.~porat 1on OS-9 and OS-9000 are trademarks o! M1croware 

Systems Corporation All other brand or product names are 

trademarks or registered trademarks al their respeclrve holders 

MORE CHOICES • MORE OPTIONS •TOTAL SUPPORT 
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of a three-phase clock, allowing the 
processors to share hardware. "You 
have essentially three 1-Mips CPUs 
in the chip," explains Echelon vice
president of engineering Michael 
Gilbert. "Tu achieve both low cost 
and concurrency, we dedicated the 
CPUs to separate functions. " 

One of the specialized Echelon 
processors is dedicated to the media 
access control layer of the stack, an
other handles layers two through 
six, and a final CPU-this one avail
able to the user-handles layer 
seven, the application layer. "The 
user sees a stack-oriented C engine," 
Gilbert says. 

The lower two CPUs operate trans
parently, their services available to 
applications through a set of system 
calls in a ROM-based multitasking 
kernel. So the user just works with 
variables that may be shared with 
other applications on other Neuron 
chips. 

In addition to having the network 
connection, the user has enough re
sources to perform a simple control 
application. The Neuron contains 1 
kbyte of SRAM, 512 bytes of EE
PROM-where users would nor
mally put their application code
and a variety of serial ports, parallel 
ports and counter/timers. 

For more-involved applications, 
the Neuron will need to work with 
additional I/O and processing chips, 
and perhaps additional memory. In 
these situations, the Neuron can act 
as an 8-bit peripheral chip to a con
ventional microcontroller. A version 
of the Neuron will also be available 
with 2 kbytes of SRAM and, in place 
of the ROM, an external memory 
interface. This permits the device to 
reach up to 64 kbytes of external 
memory, and provides an emulation 
chip for development. 

I Onto the network 
The Neuron actually talks to the 
LON through a special pair of pins 
called a LONtalk port. In one mode, 
the port communicates in differen
tial Manchester-encoded data 
streams. "For simple applications 
where you're communicating within 
a box, you don't need a transceiver
you can just let the Neuron chips 
talk to each other," Gilbert main
tains. But when the devices are con
nected through more-complex me
dia, such a s power-line modulators, 
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the chip needs external Echelon-de
signed transceivers. Some of these 
transceivers use their own modula
tion schemes and need to control the 
data rate of the LON talk port, so a 
second, handshaking mode is avail
able for interfacing to them. 

The Neuron implements a quite 
sophisticated network over its vari
ety of media. The protocol is basi
cally collision-sensing, but with 
retry algorithms that improve pre
dictability and maintain maximum 
network bandwidth on saturated 
networks, according to Echelon. In 
addition, the scheme provides for pri
oritized messages and master/slave 
polling arrangements. 

The LON may be a 
gateway to new levels 
of automation, not just 

another technology 
in which a design can 

become mired. 

I I I 

The underlying network runs at a 
maximum rate of around 1 Mbit/s, 
although this is highly medium-de
pendent. Echelon claims to get only 
about 10 kbits/s through a power 
line, for instance. Everything, from 
the architecture of the CPUs to the 
memory size to the protocol, is opti
mized around small messages-typ
ically 10 to 15 bytes. This choice 
clearly reflects the LON's bias to
ward control applications, and away 
from the big packets used for trans
ferring files on Ethernets. 

Using these small messages over 
a 1-Mbit/s link, the network can han
dle about 800 packets/s, according to 
Gilbert. A single Neuron chip can 
process about 100 to 150 packets/s. 

I Help for developers 
One barrier that Echelon will face is 
social , not technical-most of the 
target customers for the LON con
cept aren't experienced network 
developers. Instead, they're system 
designers interconnecting the sub
systems in an appliance or televi
sion, or automotive engineers laying 
out the instruments, sensors and 

lights on a new car, or architects 
designing the HVAC (heating, venti
lation and air conditioning) systems 
for an office. These people don't in
tend to take the summer off to learn 
about ISO networks. 

Echelon has taken several steps 
to solve this problem. First, the 
workings of the network have been 
rendered as transparent as possible. 
One can simply program the Neuron 
application CPU in C or assembler, 
declaring network-global variables 
and using LON system calls to the 
embedded operating system. Sec
ond, the company has put together 
an elaborate development environ
ment, including object-oriented de
velopment software, a C compiler for 
the Neuron's application processor, 
a ROM-based executive, a Neuron 
emulator, prototyping aids , evalua
tion boards for the Echelon trans
ceivers, and a protocol analyzer. All 
these capabilities are configured 
around a PC/ AT. 

The company also recognizes that 
such a novel idea, no matter how 
valuable, can be hamstrung if it's 
available only from a start-up. 
"From the beginning," says Yor
mark, "our strategy has been to de
velop the technology and then li
cense it, so that the idea can spread 
rapidly." Hence the Neuron chips 
aren't actually built by Echelon. 
Rather, they're being introduced by 
Motorola (Austin, TX) and Toshiba 
(Irvine, CA). 

With a combination of novel tech
nology, seasoned management and 
powerful partners, Echelon is in 
good shape to support rapid growth. 
But perhaps the most significant in
gredient is the system-level solution 
that Echelon has devised, leaving 
almost nothing of the network archi
tecture to be dealt with by the user. 
This may make the LON a solution 
to system design problems and a 
gateway to new levels of automa
tion, not just another technology in 
which a design can become mired. • 

For more information about the technol
ogies, products or companies mentioned in 
th is article, call or circle the appropriate 
number on the Reader Inquiry Card. 

Echelon 
(800) 258-4566 
Mot orola 
(512) 891-2000 
Toshiba 
(71 4) 455-2000 
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Count On IDT 
The R300 I RISController™: 
The Embedded Processing Solution 

T he R3001 is the first derivative 
of the R3000 processor designed 
specifically for embedded control 
applications. Compared to the 
Intel 960 and AMD 29K 
processors, the R3001 is the most 
cost-effective solution for these 

......... - • applications- we have the data 
to prove it! Call and ask for 

KIT CODE 0091A to get an 
R.3001 Perfonnance 
Comparison Report. 

FCT-T Logic: Fastest Speed/ 
Lowest Ground Bounce 

I DT's FCT-T Logic Family is 
the fastest logic family available 
and has the lowest ground 
bounce- up to 40% less than 
previous FCT devices! The 
F CT -T family provides direct 
TTL logic compatibility and is 
available in FCT, FCT-AT, and 
FCT-CT speeds. Call today for 
KIT CODE 0091C and get a 
copy of the High-Speed CMOS 

Logic Design Guide. 

IDT Subsystem Modules: 
Building Blocks for the '90s 

The Ultimate 
Building Blocks 

I DT offers a complete line of 
board-level subsystem products, 
including cache memory, 
shared-port memory, writable 
control store, RISC CPU, high 
integration modules, and custom 
designs for specific applications. 
Call today for KIT CODE 

~l!!d~ll 0091E and receive technical 
data and a free IDT puzzle! 

BiCEMOS™ ECL SRAMs: 
Technology for the '90s 

D esign the fastest systems with 
IDT's BiCEMOS ECL family. At 
7ns, the IDTI0494 is the fastest 
BiCMOS 64K ECL SRAM in 

with BiCEMOS ECL production. 256K and synchro-

~~~ ~~ ~~~~a~~~-i~~~~~~1~r1e;lso 
configurations. Call and ask for 
KIT CODE 0091B to get a copy 
of the BiCEMOS ECL Product 
Infonnation booklet. 

The SyncFIFO™ Family: 
Double Your FIFO Performance 

World's Fastest FIFOs 
S yncFIFOs offer leading-edge 
performance that is 50% faster 
than other FIFOs. The synchro
nous architecture is easy to 
implement and reduces chip 
count 9-to- l. SyncFIFOs have 
18-bit buses and are ideal for 32-
bit systems. Ask for KIT CODE 
0091 D to get AN-60: Designing 

with the IDT SyncHFO "". 

12ns Cache Tag SRAMs: 
Wait No Longer 

\Vµiln1>lor1ger •. 

~· "'·· 
~ Hff'~ .\K114fml'wln_g &. 

I DT's cache tag SRAMs have the 
f ea tu res you want to design in: 
single-pin block reset, totem-pole 
match output, 4K and SK depths, 
industry standard pinouts, and 
an on-board comparator to ' 
simplify design. Call and ask for 
KIT CODE 0091F to get free 
samples of the IDT6178 cache 
tag. 

RISCo nt roller, BiCEMOS, and SyncFIFO arc trademarks ofl n1egra1ed Device Technology, Inc.. t£tt!filji' 
The IOT logo is a registered trademark of lntegra1ed Device Technology, Inc . A. ® 

Contact us today to receive data sheets and other 
design information on IDT's products. 

(800) 345-7015 
FAX: 408-492-8454 

3236 Scott Boulevard, P.O. Box 58015, Santa Clara, CA 95052-8015 

Integrated 

When cost-eff ective 
performance counts 

Device Technology, Inc. 
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DESIGN AND DEVELOPMENT TOOLS 

Network-distributed processing 
reduces run times for complex designs 

that the dependency list is so com
plex. When compiling a 50,000-line 
source file, one has to partition the 
design so that a portion not depen
dent on anything else will run first, 
so that interdependent tasks will 
run simultaneously, and so that run 
times for tasks dependent on the 
completion of other tasks will be 
appropriately delayed. 

Barbara Tuck, Senior Editor 

The elongated run times of in
creasingly complex IC and 
board designs have forced sili

con and software vendors alike to 
chase after network-distributed pro
cessing. ASIC designers are finally 
getting a taste of the productivity 
promised by multiple CPUs operat
ing in parallel as a handful of design 
tools with network-distributed-pro
cessing capability become available. 

The trendsetters include the Con
current Compiler Version 1.0 from 
Vantage Analysis Systems (Fre
mont, CA); the Parade ASIC place
and-route tool from Mentor Gra
phics' Silicon Design Division (San 
Jose, CA); the Explorer CheckMate 
IC verification tool, the result of a 
codevelopment effort between Men
tor's Silicon Design Division and 
Texas Instruments (Dallas, TX); the 
LRC-2000 full-chip layout rules 
checker from Integrated Silicon Sys
tems (Research Triangle Park, NC); 
and the Configuration Accelerator 
from Quickturn Systems (Mountain 
View, CA). 

The Vantage Concurrent Com
piler, the first of its kind for VHDL, 
went into beta test last month at the 
Avionics Division of Honeywell . The 
compiler divides a VHDL design into 
subsections for parallel compilation. 
It determines the sections of the 
source code that can be executed 
simultaneously, accesses unused re
sources across the user 's network, 
and then runs the design sections 
concurrently. Vantage vice-presi
dent of marketing John Willey says 
that according to early indications, 
it seems that network-distributed 
processing will speed up VHDL com
pilation for Concurrent Compiler us
ers as much as 10 times over single 
processor execution. At present, the 
compiler runs on a homogeneous 
network but will be upgraded to run 
on heterogeneous networks. 

I Failure not fatal 
Absolutely key to the Concurrent 
Compiler is what Vantage calls its 
failed-process-recovery ca pa bili ty. 
Simply put, if a node goes down in 
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the middle of a job, the user won't 
lose everything and have to start 
over. Instead, even when the com
piler is unattended, the host server 
will detect slave node failure or a 
communications breakdown and 
will determine whether to resubmit 
the failed job to an alternate node. 
Even if a module fails because of 
user error, the compiler will con-

Will Vantage, whose VHDL simu
lator is one of the most respected on 
the market, eventually extend net
work-distributed processing Lo sim
ulation itself? Vantage's Willey says 
that no one has been able to distrib
ute simulation among multiple 
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With the Vantage Concurren t Compiler, VHDL compilation can be distributed among 
mul t iple processing nodes on a network. After VHDL source f iles are read, design 
un its are sorted according to dependencies. After establishing connect ion to the slave 
nodes, the master starts compiler processes on each, sending compilation units in 
order of dependencies. If a slave connection is lost, i ts job is resubmitted to an alter
nate slave or executed locally. 

tinue to run concurrent modules 
that aren't dependent on the job be
ing done by the failed module. 

The complexity of VHDL makes 
network-distributed processing ap
plications in that language more dif
ficult than applications in C, for in
stance. The difficulty with VHDL is 

CPUs yet. "As complex as depen
dencies are in VHDL," he says, 
"they're nothing like the dependen
cies that exist in different pieces of 
a simulation." According to Willey, 
Vantage has assembled a research 
team to work on a concurrent simu
lator, but no product plans have 



When you need to 
cut costs without 
cutting corners ... 
The more defense agencies put on the pressure to curb hardware 
costs for military computer systems, the smarter it is to use ND! 
Mil-Spec VME computer hardware from Radstone Techno logy. 

Radstone offers the world 's most extensive range of Non
Developmental Item VME processor, memory, communica
tions, controller, 1/0 and graphics boards-plus ATR chassis, 
and software and development support. This ND! line
produced in a facility qualified to MIL-Q-9858A and AQAP-1-
enables military systems integrators to reduce design time, 
project overhead costs and system development time 
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Design-In Flexibility 
Off-the-shelf Mil-Spec products from Radstone allow you to 
design flexibi lity into your equipment without compromising 
system performance or compliance with military specifica
tions. Existing hardware can be readily adapted and factored 
into future proposals and contracts without a major redesign 
effort and, in many cases, without any redesign effort. This 
eliminates additional costs and reduces program overruns 
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Cost-Effective Mil VME . . . no w ! 
With so much performance-proven ND! Mi l-Spec VME avail
able right now from Radstone, why incur any unnecessary 
design, production and integration time and costs? And, with 
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Radstone NDI 
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processors 
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DESIGN AND DEVELOPMENT TOOLS 

been determined yet. 
For the better part of a year, Valid 

Logic Systems (San Jose, CA) has 
been applying network-distributed 
processing to Spice-level simula
tions on its Analog Workbench II. 
Valid software sorts through Spice 
simulation pieces-both multiple
run analyses and individual simula
tions-and assigns them to run con
currently on multiple nodes of a 
heterogeneous network. A limiting 
factor at present is that if disrupted, 
a job terminates. 

Solbourne Computer (Longmont, 
CO) is just one of the companies 
chasing after network-distributed 
processing as applied to high-level 
simulation. Meanwhile, Solbourne 
reconfigures its network at night to 
distribute multiple-run simulations 
among a bunch of compute servers. 
But that's a far cry from breaking up 
a single simulation into pieces, ad
mits Solbourne. 

It's not surprising that Cadence 
Design Systems (San Jose, CA) is 
actively pursuing the capability to 
apply network-distributed process
ing to high-level ASIC simulation. 

11Network-distributed 
processing makes the 

best utilization of 
existing resources on 

the network. 11 

-Kevin Curtis, Mentor Graphics 

I I I 

According to Tony Zingale, Cadence 
vice-president of corporate market
ing, the company is working with 
Sun Microsystems (Mountain View, 
CA) on the software architecture de
tails required to use parallel pro-

cessing with Verilog. And Cadence 
has teamed up with the University 
of California at Berkeley in another 
networ k-distri bu ted-proces sing 
project that involves the rewriting of 
Verilog so that it can be multi
threaded. It's likely that Cadence 
won't be the only vendor to explore 
thP. ability to thread algorithms 
through multiple CPUs within a sin
gle machine. 

I Layout partitioned, too 
Parade from Mentor is the first ASIC 
place-and-route system to offer net
work-distributed processing. With 
between five and 10 parallel process
ing nodes, Mentor is claiming a 
speed increase of about 10 times due 
to distributed processing. A disk-res
ident database lets Parade recover 
quickly from interruption and en
ables the software to place and route 
a 50,000-gate array in less than 16 
Mbytes of main memory. Users can 

All you need to know about 5.25" Semicon disk drives, inside 

120MB Full-height 5.25" 

SCSI Interface 

< .95ms Access time 

Up to 220,000 hours MTBF 

40MB Half-height 5.25" 

4.0MB!Second sustained transfer rate 

C&C It's nice to know that NEC disk drives have the most advanced technical features. And it's reassuring that they're 

Computers and Communocatoons consistently available, and with a DOA rate of less than 1 %,and up to 220,000 hours MTBF rate that they're reliable 
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divide their task among heteroge
neous network nodes at each layout 
phase. 

Parade had its origins as the Rene 
gate array place-and-route tool, de
veloped by Descartes Automation 
Systems about two years ago. Sili
con Compiler Systems, now Men
tor's Silicon Design Division, ac
quired the Rene tool when it 
purchased Descartes. 

Network-distributed processing is 
also featured in Mentor's Explorer 
CheckMate IC verification tool. In
telligent parallel processing algo
rithms in CheckMate allow rules to 
be shared by other nodes. Mentor 
claims that CheckMate can achieve 
run-time improvements of up to an 
order of magnitude over single-pro
cessor verification systems such as 
Cadence's Dracula. 

"Network-distributed processing 
makes the best utilization of exist
ing-but often idle-resources on 

Mentor's Explorer CheckMate IC verification tool uses intelligent tracing algorithms to 
provide graphical displays of information for debugging errors, such as these 
geometries causing a short between two signals. The tool distributes processing on 
homogeneous networks, but should run on heterogeneous networks soon. 

and out. 

But all you really need to know is that they' re made by NEC, a 24-billion-dollar company, and the fourth largest 

manufacturer of disk drives in t he world. For more info rmation, call 1-800-NEC-INFO. 
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the network," says Mentor director 
of engineering Kevin Curtis. 
Though the new verification tool ini
tially runs on homogeneous net
works, the company plans to make 
it compatible with heterogeneous 
networks soon. 

Explorer CheckMate is the result 
of a codevelopment effort between 
Mentor and TI. The core technology 
ofCheckMate, including distributed 
processing algorithms, is TI-proven 
technology. Mentor has extended 
that technology to develop a product 

for the general marketplace. 
The Integrated Silicon Systems 

(ISS) LRC-2000 verification tool also 
offers a parallel processing capabil
ity. Users of the hierarchical full
chip layout rules checker can oper
ate the design-rule-checker function 

'-------------------------------~ simultaneously on multiple work-

' ' Customize yottr'l/O with 
IndustryPacks™ from GreenSpring 

Each credit-card sized IndustryPack per
forms a related group of Input/Output 
functions. !P's snap onto carrier boards 
containing host bus interface and cable 
connections. Choose from Digital 1/0, 
12- and 16-bit AID and D/A Converters, 
Relay, 12-bit Servo, Timers, RAM and 
many others, or create your own using 
our Design Kit. 

Flexible 1/0 for your PC/AT, 
UMEbus or Mac II 
Mount up to four different !P's on one 
VMEbus or ATbus, or up to two on one 
Mac II carrier board. !P's support 1/0, 
Memory, Interrupts, DMA and battery 
backup with transfer rates up to 8 

MB/sec. Customizing your 1/0 allows 
you to save slots and money! 

The new industry standard 
Take advantage of the new open industry 
standard to select the precise 1/0 you 
need. More than 100,000 single-slot solu
tions give more bounce to your VME, AT, 
or Macintosh system. 

1204 O'Brien Drive 
Menlo Park, CA 94025 
(415) 327-1200 FAX (415) 327-3808 

See Us at BUSCONWEST '91, Booth #1512 CIRCLE NO. 24 
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stations, with automatic partition
ing and dynamic load balancing, ac
cording to ISS. 

Both LRC-2000 and Mentor 's 
CheckMate will meet heavy compe
tition from the industry-standard 
Dracula verification software from 
Cadence. Though Dracula doesn't 
yet have a network-distributed-pro
cessing capability, Cadence's 
Zingale claims that sometime this 
quarter, the software will be given 
the capability of parceling design 
rules across multiple network 
nodes. This brute-force, short-term 
solution will be followed, he says, by 
a set of intelligent algorithms opti
mized for true parallel processing. 

Now that it has proven practical 
to partition compilation, layout and 
verification tasks among multiple 
nodes on a network, there will no 
doubt be a flood of design tools fea
turing network-distributed process
ing. Quickturn's Configuration Ac
celerator, for instance, uses network 
computing technology to speed up 
the process of configuring the com
pany's RPM Emulation System for 
ASIC emulation. The truly signifi
cant development for the design 
community will occur, though, when 
this technology can be practically 
applied to simulation-and to 
VHDL simulation, in particular. • 

For more information about the technol
ogies, products or companies mentioned in 
this article, call or circle the appropriate 
number on the Reader Inquiry Card. 

Cadence Design Systems 
(408) 943-1234 . . . .. . .... Circle 210 
Integrated Silicon Systems 
(9 19) 361-5814 . . . .. Circle 211 
Mentor Graphics 
(503) 626-7000 . . . ... . . ...... Circle 212 
Quickturn Systems 
(415) 967-3300 . . .... . .... Circle 213 
Solbourne Computer 
(303) 772-3400 . . . . . Circle 214 
Texas Instruments 
(800) 336-5236, ext. 700. . . . Circle 215 
Valid Logic Systems 
(408) 945-9400 . . . . ... .. .. .. . Circle 216 
Vantage Analysis Systems 
(415) 659-0901 . .. .. ... Circle 217 



Tough, rugged boards 
that handle shock, 

vibration, heat, cold and 
the budget squeeze 

MATRIX VMEbus Rugged Series loves 
harsh environments. Designed to operate 
from -40 ° to + 85 ° C, the Rugged Series sur
passed these temperature specs and sus
tained continuous operation 
during a series of severe 
environmental tests:" At off
the-shelf prices, these boards 
are tough to beat. 

temperature and/or rugged versions, these 
products provide all the power and flexi
bility VMEbus can offer. And at a fraction 
of the cost of full Mil-spec products. 

Call today for more informa
tion about our Rugged products. 
For less extreme applications, 
ask about our full line of 
VMEbus Industrial Quality 
systems, boards and enclosures. 

• Telephone: 1-919-231-8000. 
FAX: 1-919-231-8001 . 

Rugged 32-bit processors, 
memory boards, and a variety 
of specialty I/O boards make 
harsh environments manage
able. Available in extended 

• IA MATRIX ---------- Iii CORPORATION 

*Test results for the MATRIX Rugged 
Series show boards withstood 105 g's of 
shock for 6 ms and 10 g's of vibration at 
the firs t natural resonant frequency. CIRCLE NO. 25 1203 New Hope Road , Raleigh , NC 27610 
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PC-based board design tools 
take on the workstations 

typical of ASICs, surface-mount and 
standard ICs. 

"Flexibility is a definite advan
tage that gridless routers have over 
gridded ones," says Hal Barbour, vice
president of marketing at Racal
Redac (Mahwah, NJ). ''Because the 
router isn't constrained by a grid, 
more traces can fit in a given space 
without violating design rules. With 
more traces allowed in the same 
space, denser boards can be routed 
to 100 percent completion." 

Mike Donlin, Senior Editor 

P ersonal computer-based cir
cuit board design tools are be
coming sophisticated enough 

to give the more expensive worksta
tion-based products a run for their 
money. At trade shows such as last 
summer's Design Automation Con
ference (Orlando, FL), Electro (Bos
ton, MA) and, most recently, the fall 
Wescon (Anaheim, CA), PC-based 
design tool vendors have demon
strated comprehensive sets of tools 
that can be used throughout a circuit 
board's design cycle, from schematic 
capture to placement-and-routing to 
simulation and prototyping. 

"There are several forces at work 
in the PC-based design tool arena," 
says James Post, president and 
CEO of Ultimate Technology (N aar
den, the Netherlands). "First of all, 
the increased power of the PC's mi
croprocessor has allowed us to offer 
features that would have slowed 
earlier models to a crawl. Secondly, 
the extended memory capabilities 
have freed us from the memory bud
get restraints of the past. Lastly, our 
algorithms have gotten more sophis
ticated, which translates directly 
into faster iteration time in such 
areas as autorouting." 

Ultimate's autorouter, Ultiroute 
GX, is a gridless, interactive tool 
that lets designers specify autorout
ing by window, net or component. 
Though gridless autorouters have 
the reputation of being slower than 
gridded versions, Ultimate has opti
mized the routing algorithm to in
crease its speed. According to Ulti
mate benchmarks, the Ultiroute tool 
can route a four-layer, 25-sq.-in. cir
cuit board with 40 equivalent 16-pin 
ICs to 100 percent completion in 
about 1 hr and 20 min. 

The tool does this by running the 
route several times, with each pass 
optimizing the design over previous 
iterations. On each routing run, Ul
tiroute compares the present trace 
path to a "shadow board" held over 
from the previous run. The tool then 
tries to find better routes with less 
vias compared to the shadow board. 

After 100 percent completion has 
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been achieved, users can sometimes 
reduce the number ofvias further by 
using optimization runs that let 
them set parameters to evaluate 
trade-offs in the route. Via cost, for 
instance, can be set for any value 
from zero to 16. When via cost is 
high, the router will use less vias, 
but will route in all directions in 
order to put the trace in. Other pa
rameters such as pin-channel cost, 
nonpreferred direction and hugging 
cost can likewise be set until the 
optimum route is achieved. 

I Adaptable tools 
In addition to displaying increased 
speed and optimization features , 
PC-based routers have also become 
more flexible, an attribute that be
comes significant in mixed-signal, 
mixed-package designs. On circuit 
boards such as these, the autorouter 
is challenged to find trace paths 
through the uneven pin spacings 

Racal-Redac's gridless router, the 
Cadstar Advanced Router, is de
signed to handle dense, fine-line 
surface-mount-device boards. The 
tool shoves routes aside to make 
room for more traces and uses rip-up 
and retry capabilities to place routes 
until the board is completed to 100 
percent. A feature called track fat
tening automatically produces the 
maximum possible copper width on 
user-specified traces. 

I Analog's special needs 
In addition to offering the flexible 
routing techniques demanded by 
mixed-package designs , circuit 
board design tools need features to 
accommodate the mixed analog/dig-

Dense, fine-line circuit boards with a variety of component packages challenge per
sonal computer-based routing tools. On this board, Racal-Redac's Cadstar tool has 
routed to 100 percent completion a circuit board with surface-mount and through
hole /Cs and AS/Cs. 



What Happens When ZyMOS and Renaissance GRX 
Take the Same Name ... 

0 
Introducing Appian Technology Inc. 
Innovation and technology, integrated into 

solutions that provide differentiation and 
competitive advantage. 

Appian was born of a merger between ZyMOS 
Corporation, a major manufacturer of PC chip 
sets, graphics chips and ASIC capabilities, and 
Renaissance GRX, a leading manufacturer of high 
performance graphics cards for PC workstations. 

Coupling innovation with leading edge technol
ogy, Appian integrates diverse functions into highly 
efficient systems on silicon and on boards. This 
expertise in integration delivers higher levels of 

rations. 
performance and efficiency at lower system cost, and 
allows Appian to get its customers to market faster. 

But why Appian? The Romans built a road 
centuries ahead of its time by coupling innovation 
with the latest technology and called it the Appian 
Way. We've brought together the people, technology 
and expertise needed to meet today's most urgent 
challenge, to deliver "The New Vision in System 
Solutions:' Seemed a natural. 

If you're ready to get moving, call us at 
408-730-5400. Or write: Appian Technology Inc., 
Marketing Department, 477 N. Mathilda Avenue, 
Sunnyvale, CA 94086. 

APPIAN 

The New Vision in System Solutions 
CIRCLE NO. 26 
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ital architectures of today's ad
vanced circuit boards. In applica
tions such as power supplies and 
high-frequency circuits, for in
stance, signal lines must be pro
tected from interference and 
crosstalk. Racal-Redac's Cadstar 6 

circuit board layout tool accom
modates these needs with features 
that let designers choose the opti
mum solution to an analog problem. 

In high-frequency applications, a 
right-angle track (or T section) could 
unintentionally attenuate a signal 

{N,, VMe I/o ~ ~ 

BUSCON/ 91-WEST 
JANUARY 29·31, 1991 

SANTA CLARA CONVENTION CENTER 
SANTA CLARA, CA 

See Us at Booth #735 
Perform any four functions at 
one time with the AVME94 7X. 
Select from the list below. All func
tions are user-selectable in the field. 

• Change-of-State Monitortng 
• 8-bit Pattern Matching 
• Event Counting 
•Pulse Output 
• Square Wave Output 
• IEEE-488 (GP!B) Interface 
• Parallel Printer Interface 

Series AVME94 7X D!g!tal 1/0 Boards 

Model Points Cable Access 

AVME9470 80 Front 
AVME9471 80 Rear(P2) 

Or for two functions at a reduced cost 

AVME94 72 40 Front 
AVME94 73 40 Rear (P2) 

F'or other Acromag VME 1/0 Solutions. 
ask for the new Bulletin 23-005.0 

So powerful it can replace four boards 
and save three cage slots. 
Acromag's Series AVME94 7X Industrial Digital 1/0 Boards 
provide a cost effective solution for complex applications. 
Now you can perform four independent functions 
slmultaneously •• .on a single card! The 80 1/0 pis. are 
divided into four Individually configurable and field
selectable sections. Just select the function you need for 
each 20 pt group. 

Industrial I/O 
With vectored intenupts. you can signal special conditions 
such as high/low transitions or 8-bit pattern matches. Pro
grammable debounce delays prevent errors caused by 
mechanical switch noise while flexible handshaking controls 
the data capture. Plus. programmable counter/timers may be 
used to generate periodic pulse and square wave outputs or 
count events. 

GPIB Interface 
The AVME94 7X provides control for up to four IEEE-488 
busses at the same time. That means you only need one 
board to operate as many as 60 laboratory instruments. 

Parallel Printer Interface 
Each 1/0 section is easily set up for a Cent.ronicstcompatible 
interface. This lets you link your operating system with up to 
four printers. 

Termination Products and Software 
Complete your system with Acromag termination panels. 
relays. adapters. cables. and mounting kits. Driver Support 
packages are available in OS-9•, PDOS • •.and oilier operating 
systems. Also available, Motorola Computer X's new cXQS• • •. 

For full details about Acromag's Industrial Digital 
Boards. ask for your copy of technical bulletin 

20-004.6. 

30765 Wixom Rd• Wixom. MI 48096 •Phone: (313) 624-1541 •Fax: (31 3) 624-9234 
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by setting up a reflection. This trans
mission-line effect can be avoided if 
sensitive traces are replaced with 
curved lines, which Cadstar allows 
users to do. 

Another capability that Cadstar 6 
gives users is the ability to optimize 
circuit board pad shapes. Use of tear
drop pad shapes, for example, con
tributes to the manufacturability of 
a board. Teardrop pad shapes avoid 
the acid traps that form in the sharp 
corners between a circuit board trace 
and a connected pad, and are partic
ularly important in analog design. 

Advanced PC-based 
board design tools 
may start to give 

workstation-based 
tools a run for 
their money. 

I I I 

Advanced features such as these, 
which were previously reserved only 
for high-end workstation tools, are 
gradually finding their way into PC
b ased tools . As system vendors 
adopt concurrent engineering prac
tices that partition a design among 
a team of engineers, PC-based tools 
will probably enjoy a secure spot in 
the design process. In such an envi
ronment, some tasks will be handled 
by PCs, while others will be doled 
out to the workstations. Such a sce
nario lets design teams use PCs and 
workstations as complementary 
means to the same end. • 

For more information about the technol
ogies, products or companies mentioned in 
this article, call or circle the appropriate 
number on the Reader Inquiry Card. 

Racal-Redac 
(201) 848-8000 
Ultimate Technology 
(408) 439-8944 

......... Circle 208 

... Circle 209 

Coming February 1 

Watch for the Special Report 
on workstation buses 
by Warren Andrews 
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CASE tool adds dynamic simulation 
of requirements analysis 
Tom Williams, Senior Editor 

I n a major new release of Version 
4.0 of its Teamwork integrated 
CASE environment, Cadre Tech

nologies (Providence, RI) has in
cluded several enhancements. The 
new facilities are intended to make 
the design process more productive 
at the higher levels of design hierar
chy, and to help companies enter a 
computer-aided software engineer
ing environment without starting 
projects over from scratch. The en
hancements include a source code 
reverse-engineering tool called 
Teamwork C/Rev; an Ada design
sensi tive editor, Teamwork/DSE; 
and a simulation tool, Team
work/SIM, to animate CASE models 
such as data flow diagrams and state 
machines. 

"One of the problems people have 
had with CASE tools," says Cadre 
chief technical officer Lou Mazzu-

cchelli, "is that they can draw all the 
fancy bubbles and arrows and cap
tions, but when they're done, all 
they've got is a static model that has 
been checked for consistency and 
completeness." While Mazzucchelli 
admits that such models are useful, 
he claims that they can be dynamic 
ifthe user is able to add a little more 
information. The advantage is that 
the user can then observe the model 
at the requirements-analysis stage 
of a system design project and pre
dict how the system will perform. 

The new Teamwork/SIM addition 
to Teamwork 4.0 essentially ani
mates the data flow diagrams and 
state machines that form the basis 
of a real-time structured analysis 
model. As a result, it's now possi
ble-at the requirements-analysis 
stage of a project-to see the system 
changing state in response to exter-

Indexes Objects Files Printer Administration Stop 

@)= 8;42 

File Whole_DFD View Draw Annotate Print Simulate OOA 

8;42 
lntersection_Control_System 

- - - I 

- - - a.. ' 
Logical_ Traffic_Signal_ld Delete Bubble 

nal events and see data propagating 
through the system. 

To be able, for example, to see 
where performance bottlenecks 
might occur at the data flow dia
gram stage can save time and effort 
down the line. In determining the 
required hardware resources, for ex
ample, it's possible to map functions 
in a model to anticipated hardware 
and categorize the hardware re
sources to see if they can do what the 
system needs. If not, one can change 
the hardware mapping before ever 
building a prototype. 

Such high-level modeling isn't in 
itself brand-new, Mazzucchelli ad
mits, but he claims that other such 
tools either are stand-alone or re
quire a special kind of notation just 
to build a simulation model. With 
the Cadre tool, the user need only 
enter some additional information 
and the system then builds a "com
piled model" for which labels will 
appear in the data flow diagrams of 
that model. 

Each bubble, for instance, will 
have a label indicating what state 
that process is in: running, disabled, 

Here, Cadre 's 
Teamwork/SIM 
tool shows a data 
flow diagram with 
labels describing 
the status of inter
faces between 
processes and the 
states of the pro
cesses themselves, 
which change 
dynamically on 
the screen. 

______ .,... - ' ' ~ Active_Traffic_Signals ...... 
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I'm not sure, but 
I've heard that . . . 

I have a very strong 
opinion about that 

compi ler ... 

J oe's fa ther 's sister told me 
tha t she r ead somewhere 

about a ce r·tai n compi ler ... If you want my 
opinion, I feel 
strongly that ... 

A lot of people have 
varying opinions 

about that .. . 

'NUF SAID. 
Nowadays, it seems like everybody 
has an opinion on which 8051 C 
compiler performs best. 

The truth is, Franklin Software's C51 
8051 C Compiler Professional Edition 
generates the quickest, most 
responsive 8051 code in the world. 

And that's not just our opinion or 
hearsay. It's fact. Just take a look at 
the benchmark results. Now you can 
see why professionals can't settle for 
anything less. 

Franklin Software's C51 8051 C 
Compiler Professional Edition. When 
you need the best in the world 
demand Franklin 8051 software! 

TO ORDER CALL 
408-296-8051 

• FRANKLIN 
SOFTWARE, INC. 

888 Saratoga Ave. #2 , San Jose, CA 95129 

Archimedes BSOfTasking 
ICC8051 CC51 v1.0.3 
v4.01 B 2 

Sieve Benchmark 1 

Memory model SMALL TINY SMALL 

Total execution time 6.744 sec 8.388sec 8.753sec 

Module code size 188 bytes 238bytes 266 bytes 

Dynamic data size 41 bytes 96 bytes 126 bytes 

Total code size 1223 bytes 1626 bytes 1936 bytes 

Memory model LARGE LARGE LARGE 

Total execution time 8.287sec 17.295 sec 10.98 sec 

Module code size 188 bytes 343bytes 303 bytes 

Dynamic data size 21 bytes 28bytes 74 bytes 

Dynamic Xdata size 8238bytes 8259bytes 10,351 bytes 

Total code size 1292bytes 2088bytes 3467bytes 

Dhrystone Benchmark 3 

Dhrystones per second 203 90 163 

Single Precision Whetstone Benchmark 4 

Whetstones per second 13 3 
(Floating point 
not yet supporled) 

Fibonacci Numbers Benchmark 5 

Total execution time 20.88 msec. 94.29 msec. 368.14 msec. 

1. Erathosthenes Sieve Program from BYTE (1183) , expanded with 1/0 and interrupt handling. 
(1 O iterations) 

2. Currently available only in Europe . 
3. Dhrystone Benchmark Program C/1. 1 from Reinhold P. Weicker. CACM Vol 27. 
4. Single Precision Whetstone Benchmark Program (AOOt) 
5. Fibonacci Numbers Benchmark Program, Embedded Systems Magazine, April 1989 

CIRCLE NO. 29 
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waiting for data, waiting for a con
trol signal, and so forth. Each inter
face will display a label showing the 
data flow rate through that inter
face-the initial rate for most of 
these will be zero. If there's a state 
machine diagram on the screen, it 

SOFTWARE 

will have a label indicating what 
state is active. 

The user can interact with the 
dynamic model via an on-screen con
trol panel with buttons to run, stop, 
single-step or set breakpoints . 
Breakpoints can be used at inter-

faces, for instance, to see if modules 
are data starved or flooded. The 
model can be exercised in an inter
active mode where the user supplies 
all the stimuli and sets breakpoints 
to observe the system's behavior. 

Once the model is working satis-
~----------------------------------, factorily in interactive mode, the 

user can supply large files of inputs 
to test the model in batch mode. The 
system can generate utilization 
graphs to tell the programmer how 

Get more room and 
performance from our 
8051 C compiler. 
> Fit 30% more code in memory 
> Compress your execution speed by a 

factor of 10 
> Add more features without adding 

more memory 

BSOITukinl US 
l·ll00458·8276 

BSOITukinl UK 
+44 252 10014 

BSOITukinl Iwi.1 
+39 2 6698 221)7 

Find out how our compiler will find you the space 
you'll need in your memory. 
Contact BSOrTasking at l ·800458·8276. 
jlnside MA. or outside U.S.A. 617-894-7800). 
Fax617-894-0551. 

MBso 
~TASKING 

BSOITukinl Ileutachland BSOITukinl France Tukinl BV Netherlands 
+49 7152 22090 +33 I 30 5" 222 +31 33 558584 
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much time is being spent on each 
module. For those who wish to look 
at possible performance early in the 
design cycle, it's possible to charac
terize a microprocessor and clock 
rate. Simulation can be run at vari
ous levels of the design hierarchy as 
the design requirements are refined. 

I Easing into the CASE world 
One factor that has inhibited many 
organizations from using a CASE en
vironment is CASE's top-down ap
proach. To have an entire project in 
a consistent CASE metaphor has 
meant starting with a new project or 
redoing much of an existing project 
from scratch. Cadre has added a 
piece of transitional technology to 
Teamwork that lets organizations 
get a handle on existing or poorly 
documented source code and move 
their operations toward fuller utili
zation of CASE for future projects. 

Teamwork C/Rev is a reverse-en
gineering tool, or as Mazzucchelli 
puts it, a "structure recovery tool." 
C/Rev scans existing source code and 
derives a series of structure charts 
that it places in the Teamwork data
base. Programmers can then use the 
structure charts as a browsing tool 
to examine the source code. 

The structure charts are graphical 
representations of the source code 
that help engineers understand code 
that they might not have developed. 
Because these charts let users iden
tify major components and data 
structures, they can help users cre
ate accurate documentation and bet
ter assess the impact of changes to 
the software. Thus, organizations 
with a welter of different source files 
with different levels of commentary 
and documentation can impose stan
dard documentation formats based 
on C/Rev structure charts through
out their operations. C/Rev has an 
open architecture that lets program
mers use their favorite editors, and 



Reach the pinna 
development wit 

Oasys delivers full 680x0 
opment tool kits built around 
Green Hills compilers. 

The Green Hills 680x0 comP.· 
rating is 35% faster than Sun' ative compil . 
Using the new procedural inlining optimization, the 
rating jumps to a staggering 80% improvement. 

Advanced C, C + +, FORTRAN and 
Pascal Language Support 
• Full ANSI C XJ311 support with switch selectable 

K&R C support. 
• A true C + + Compiler for cross development. 
• FORTRAN 77 with VAX VMS and DoD MILSTD-

1753 extensions. 
• Pascal ISO Level 1 support. 
• All compilers are inter-language callable. 
•Native compilers are supported for 680x0, 88000, 

386™ & i860™ microprocessor hosts. 

Available Now! 
Oasys tools are available on over 35 UNIX based 

workstations and systems including DEC (VMS/ 
Ultrix), Sun, HP/Apollo, IBM (OS/2 and AIX), and 
DG. Call us for the complete list. 

Other Cross Tool Kits include: 
88000, 80386, i860 and Microsoft C. 

Worldwide Support: Aust ralia-Forefront Computing Svcs 03-785-1122 
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Systems Lt<l 02-789-9566 Spain-Decisa 01·204·4500 Swcden-Traco AB 
08Y3·0000 Switzerland-Zuhlke Engineering AG 01-730-7055 UK- Real Time 
Products 021·236-8070 
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Green Hills 68000/10/20/30 40 Op imizing 
Cross Compilers (C, C + + Hascal, ,RT N) 
• Superior register allocation, inlining an loop 

unrolling techniques. 
• Support for position independent code and data. 
• 68881, 68882, 68332 support. 

f\NSI C run-time source library included for cross 
velopment. 

Oas JJDB Universal Debugger 
• Source ~vel remote debugger for embedded 

programming. 
•Multi-targeted and multi-window (supports 680x0 

and 88000 targets). 
• Extensive macro language. 
• Customize communications to your target. 
Oasys 680x0 Assembler /Linker 
• Macro Assembler, Linker, Librarian, Cross 

Reference and Symbol File Format Utilities. 
Oasys 680x0 Simulator 
• Invaluable for debugging software without target 

hardware. 

Scale new heights with high performance 
tools from Oasys. Call us for detailed 
benchmark results. 
CALL (617) 890-7889 

FAX(617)890-4644 
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it can be customized to work with 
languages other than C. 

One of the joys ofa CASE environ
ment is its ability to automatically 
generate detailed source code from 
higher levels of abstraction. Of 
course, programmers typically want 

SOFTWARE 

to fine-tune generated code, so to 
keep such fine-tuning from inadver
tently stepping on the generated 
code, Cadre has developed a design
sensitive editor (DSE) that works 
with the Ada structure graph tool in 
Teamwork. The structure graph tool 

lets programmers graphically ex
press both system architecture and 
Ada structural detail in a form that 
can feed the code generator to pro
duce Ada source code. 

I Consistent Ada editing 
~---------------------------------, The DSE is aware that certain parts 

We'll help you find those little critters. 
You can look for them all by yourself, and, 
eventually find them. It might take you two or 

5iiill • 
three days, though. Or, 
you can do what our cus-
tomers have done, and 
use the SCSI analyzer 

from Pacific Electro 
Data to find them in 

a matter of minutes. 
Our newest product, the PED4500, is a 

laptop portable SCSI bus analyzer. It guides you 
through the menu-driven setup, capture and 
display. SCSI bus changes are time-stamped 
and stored in the 32,768 word SRAM buffer. 
Captured data is displayed as a signal listing, 

timing wave form , or as easy-to-understand 
SCSI commands, status and messages. 

With optional emulation installed, you 
can use the PED4500 as SCSI initiator or target. 

The PED4500 laptop analyzer features a 
16Mhz 286 processor, 40 MB hard drive, VGA
compatible gas plasma display, and IOI-key 
keyboard. Or, if you wish, you can buy the 
analyzer as a drop-in card and software and 
install it in your own PC. The choice is yours! 

Yes, we have just the tool to find those 
little critters. In fact , the PED4500 can locate 
the bugs easier and more cost -effectively 

than anything else around. ~ 
And you can carry it 
everywhere you go. 

• • 

14 Hughes, Suite B205 , Irvine, CA 92718 
Tel: (714) 770-3244 1-800-676-2468 Fax: (714) 770-7281 
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of the total Ada program are going to 
be generated by the source builder 
from the graphical representations, 
and it prevents the user from chang
ing the code that was created by the 
code generator. "But it allows you to 
add details that aren't generated by 
the code generator, and it keeps the 
work of the programmer and the code 
generator in synchronization," says 
Mazzucchelli. 

Like C/Rev, the DSE can be tai
lored to look like someone's favorite 
editor, and at the end of the day, all 
the code is in a common place in a 
common format. The Ada source 
builder can then take the diagrams 
along with whatever code program
mers have added by hand and create 
a full Ada source program that can 
then go to a compiler. 

In general, Release 4.0 of Team
work is designed to further support 
object-oriented analysis (OOA) tech
niques. OOA gives users the ability, 
but doesn't force them, to look at a 
problem from an object-oriented per
spective in terms of how they char
acterize a system's requirements and 
functions. So there's a practical or
dering of some of the notation meth
ods people have used in the past. 
These include entity relationship 
models to help categorize objects; fi
nite state machines to help describe 
an object's life cycle; and data flow 
diagram fragments that describe the 
processes (called "methods" in ob
ject-oriented terminology) that are 
encapsulated within an object. 

"This is a different way of using 
data flow diagrams," says Mazzuc
chelli. "They appear the same, but if 
you look closely, you'll see that what 
they're describing is object commu
nication and the processes that are 
contained inside objects." • 

For more information about the technol
ogies, products or companies mentioned in 
this article, call or circle the appropriate 
number on the Reader Inquiry Card. 

Cadre Technologies 
(401 ) 351-5950 . . . Circle 204 



"The DT2878 ADVANCED PROCESSOR 
for the PC AT accelerates Fourier 
analysis, geometric processing, 
and custom algorithms." 

-Fred Molinari, President 

25 Mflops; 32-bit floating point 
•AT&T DSP32Cprocessor 

2, 4 or 8 Mbytes data memory 

Extensive software support 
•Advanced Image Processing Library 
More than 80 routines for: 

Fourier analysis , geometric processing, 
morphology, convolutions, statistics 

Callable from Microsoft C 
•AT&T C compiler and development tools 

OT-Connect™ 
• 1 O MHz interface to Data Translation's 

DT-Connectfam ily of frame grabbers 

DT2878 Advanced Processor (2MB) .. $4,495 
Advanced Image Processing Library . . $1,495 

Quantity pricing available; all prices U.S. list. 

FAST 5 day delivery 

Call for FREE Catalog 

(508) 481-3700 
In Canada, call (800) 268-0427 

DAR TRANSLATION. 
World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752·1192 USA, (508) 481·3700, Fax (508) 481·8620, Tix 951646 
United Kingdom Headquarters: Data Translation Ltd ., The Mulberry Business Park, Wokingham, Berkshire RG112QJ, U.K .. (734) 793838, Fax (734) 776670, Tix 94011914 
Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim·Bissengen, Germany 7142·54025, Fax 7142·64042 
International Sales Offices: Australia (2) 699·8300; Belgium (2) 466·8199; Brazil 11240·0598; Canada (416) 625·1907; China (l) 513·7766 xl222; Denmark 2 274511; Finland (0) 3511800; France (l) 69077802; 
Greece (1) 361-4300; Hong Kong (5) 448963; India (22) 23·1040; Israel 52·545685; Italy (2) 82470.l; Japan (3) 502·5550, (3) 5379·1971; Korea (2) 718·9521; Netherlands (70) 399·6360; New Zealand (9) 415·8362; 
Norway (2) 5312 50; Poland (22) 580701 ; Portugal 1·7934834; Singapore 338·1300; South Africa (12) 803·7680; Spain (l) 555·8112 ; Sweden (8) 7617820; Switzerland (l) 723·1410; Taiwan (2) 3039836 

OT-Connect is a trademark and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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Futurebus+ gains support effective Futurebus+ silicon will 
have to be produced by partnerships 
between board, silicon and system 
makers." from chip-development agreement 

Warren Andrews, Senior Editor 

A Future bus+ parallel protocol 
controller optimized for cache 
operations is the first product 

to emerge as a result of a joint devel
opment effort between Texas Instru
ments (Dallas, TX) and Force Com
puters (Campbell, CA) inked late 
last year. This agreement is the 
second Futurebus+ contract to sur
face in the last halfof 1990. The first 
was a second-source agreement 
joined between TI and Philips-Sig
netics (Sunnyvale, CA) in October. 

Calling for the two companies to 

expertise and a few of the Future
bus+ macros we've developed, and 
we will have the most complete Fu
turebus+ protocol controller chip in 
the business." 

Force vice-president of opera
tions, Fred Rehhausser, echoes 
Beasley's statement on the impor
tance of getting to market early. 
"We've been working on Futurebus+ 
product for almost a year, while 
most of the other board makers look
ing at the bus won't be starting until 
the end of next year," he says. 

I Cache optimized 
The first design being put together 
as a result of the agreement is a 
highly integrated controller incorpo
rating all 21 transaction types spec
ified by Futurebus+. In addition, the 
chip provides separate control for a 
local bus, some level of cache control, 
and a data-path controller. ''What 
makes the PPC different from any 
other product discussed to date ," 
says Rehhausser, "is that it can han
dle both I/O and cached operations 
in either a compelled or packet 
mode. 

"The Futurebus+ specification," 
share all Futurebus+ silicon de- 1--------------------------r------------1 
signs, the TI-Signetics agreement Tl-FORCE FUTUREBUS+ CONTROLLER 
was a follow-up to the technology 1--------------------------1 
swap that gave TI rights to Signet
ics' Qubic BiCMOS process. Accord
ing to the terms of the arrangement, 
TI obtained rights to Signetics' 
transceiver family, arbitration con
troller, protocol controller and data
packet FIFOs. Signetics received 
rights to chips that the TI-Force 
agreement produces. 

The latest 
Futurebus+ con
troller chip is a 
joint effort of 
Force Computers 
and Texas Instru
ments and is the 
first to be op
timized for cache 
operations. To ac
commodate any 
of a variety of dif
ferent processors, 
it incorporates a 
generic local bus, 
H bus, to tie the 
processor to cache 
and main memory. 

The deal between TI and Force is 
the first evidence confirming the ru
mors that Force has had a signifi
cant Futurebus+ chip-development 
effort under way for some time. The 
agreement calls for the two compa-
nies to cooperate on the definition, 
design and development of a variety 
ofFuturebus+ chips. So far, the only 
product mentioned is what the com
panies define as a PPC (parallel pro
tocol cache-optimized controller). 

"We've been talking with Force for 
some time, but it took a while to get 
everything together," says TI Fu
turebus+ technical marketing man-

l H BUS CONTROLLER ~ ~FUTUREBUS+ CONTROLLE~ 

DATA PATH CONTROLLER 

( 
STORE J ( DATA PATH I 
CACHE UNIT J 

FUTUREBUS+ COMMAND & CONTROL 

FUTUREBUS+ ADDRESS & DATA 

FUTUREBUS+ ARBITRATION 

ager Harrison Beasley. "It's hoped 1-------------------------.__ ______ ____, 
that the agreement will help both 
companies reach the market with 
their respective products as much as 
six months earlier than if they 
worked independently. 

"In defining the PPC," Beasley 
continues, "we've been able to take 
advantage of Force's board and sys
tem expertise, and Force has done a 
good job getting the design together 
and defining a second-level cache to 
snoop both the local and Futurebus+ 
buses. All we have to do is add our 
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And while getting to market 
faster may be part of the philosophy 
behind the deal, there may be more 
to it. "The Futurebus+ specification 
is a complex document with many 
system as well as silicon implica
tions," says Ray Alderman, techni
cal director of the VFEA Inter
national Trade Association, which is 
shepherding Futurebus+ develop
ment in conjunction with the P896 
working group. "It may be that truly 

he adds, "operates either as an I/O 
platform or as a system bus." These 
are currently defined as the differ
ence between the B and A profiles, 
respectively. ''When used as only an 
I/O bus, such as is planned by Digi
tal Equipment Corp, Futurebus+ 
can be implemented without many 
of the transaction types specified in 
the 896.1 document," Rehhausser 
says. "But as a system bus, Future
bus+ must have all the system 



Speed+ Perl ormance , , , 
t/Je SuperCard™ Family of i860 Vector Processors 

CSPI 

The second generation of i860-based SuperCards" is here ... 
vector processors with GigaFLOPS system capability, 
concurrent 1/0 via secondary buses, large math libraries, 
FORTRAN and C development software ... and, best of 
all, the best price on the market. The SuperCard family 
is compatible with VMEbus, A Thus, EISAbus and 
TURBOchannel platforms for hosts like Sun, HP, Motorola, 
Compaq, and DEC. .. here's what you get: 

• 1024 complex FFT in 0.8 msec. 
• 80 MFLOPS to 1.5 GFLOPS 
• 160MB/sec1/0 
• Large memories 
• pSOS + Multiprocessing 
• CASE Tools 

To find out how SuperCard can work for you, call: 
1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 
or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 

SuperCard is a trademark of CSP Inc., i860 is a trademark of Intel Corp. 
TURBOchannel is a trademark of Digita l Equ ipment Corp. 
pSOS+ is a trademark of Software Components Group, Inc. 
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N~,,, . . ... Higll 
Performance 
Digital 
/ID 

For 
PC/AT 
Systems 

• NEW ASIC Provides Point By 
Point Input and Output 
Programmability 

• High Current for OPTO 22 or 
Equivalent Isolation Modules 

• Event Sense lnterrupts-
8 (ZT 14CT73) 32 (ZT 14CT72) 

• Device Drivers 
• High Reliabi lity 

-40°C to 85°C Temp Range 
• 2 Year Warranty 
• Sizes from 48 to 192 pts . 

ZT 14CT73-48 PTS. 
(half size card) 
$240 List 
$145 Qty. 100 

ZT 14CT72-192 PTS. 
(shown) 

$540 List 
$325 Qty. 100 
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805-541-0488 
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transaction types, including those 
allowing for cache coherency." 

As part of its cache optimization, 
the chip includes a "store cache" 
function that "provides a write buff
er for write-through transactions," 
says Tom Tate, Force's Futurebus+ 
development manager. "In addition, 
the store cache can serve as an I/O 
buffer for write-backs out of main 
cache, or it can serve as a second
level cache if no external cache is 
provided. This allows the chip to 
accommodate a variety of cache-line 
sizes, as may be provided by differ
ent microprocessors." Tate adds that 
whether the store cache operates as 
a write buffer or as a second-level 
cache, it can significantly reduce 
traffic over the local bus. 

I Standard issues 
Another unusual feature of the PPC 
is the H bus and H bus controller. 
According to Tate, the H bus is a 
Force-developed "generic" processor 
bus. "It's designed to hook up to a 
68000 family processor as well as to 
the Intel family or any of the new
genera tion RISC machines now 
emerging," says Tate. "The bus is a 
multiplexed 64-bit address and data 
bus, and it's burst-oriented, with full 
cache coherency." 

Besides serving as a local proces
sor-to-memory bus, Rehhausser 
says, the H bus will be used, in con
junction with Force's Flexi-bus, as 
an I/O bus. Rehhausser is against 
any move to standardize on a single 
mezzanine bus for Futurebus+. "Fu
turebus+ will emerge with a number 
of different mezzanine buses to al
low for the kind of flexibility re
quired," he says. "Restricting the 
bus by establishing a single stan
dard for mezzanine buses-such as 
SBus, which has been proposed
would limit both the performance 
and the flexibility of the bus." 

Addressing the idea of a standard
ized local and mezzanine bus, 
VITA's Alderman says, "While it's 
possible, and been proposed, that 
some subset Futurebus+ be defined 
as an on-board local bus and SBus 
be defined as a 'standard' mezzanine 
bus, that may be too restrictive. The 
performance of any given board de
pends on the local bus, whose tech
nology may be optimized for specific 
applications. Similarly, standardiz
ing on a single mez~anine bus may 

also be too restrictive." 
Regardless of the outcome of the 

mezzanine bus standard, the TI
Force chip promises to go a long way 
to making profile A silicon available. 
According to Tl's Beasley, samples of 
the PPC should be ready by the 
fourth quarter. 

"But the new chip won't be ready 
in time for the 'proof-of-concept' mil
itary boards we're making for Lit
ton," says Rehhausser, "or for our 
own first commercial product. Those 
will be made using discrete imple
mentations of the chip's functions ." 

While the TI-Force agreement 
isn't the first venture teaming a 

11/t may be that truly 
effective Futurebus+ 

silicon will have 
to be produced 

by partnerships. 11 

-Ray Alderman, VITA 

I I I 

board maker with a semiconductor 
vendor, it's the first such agreement 
to cover Futurebus+. In addition, it 
may well turn out to be the most 
extensive in terms of the number of 
chips developed and in terms of chip 
complexity. 

Previously, Motorola's microcom
puter division teamed with Plessey 
Semiconductor (then Ferranti) and, 
later, with its own semiconductor 
division to produce its VME inter
face chip. DY-4 Systems teamed up 
with Newbridge Microsystems in 
development of its VME64 AVICS 
chip, and the VITA Chip Consortium 
joined with VTC to develop and 
manufacture the VIC and VAC 
chips. But in all these cases, the 
product development has turned out 
to be limited to a basic chip. • 

For more information about the technol
ogies, products or companies mentioned in 
this article, call or circle the appropria te 
number on the Reader Inquiry Card. 

Force Computers 
(408) 370-6300 
Philips-Signetics 
(408) 991 -2000 
Texas Instruments 
(800) 336-5236, ext. 700 
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When you're the first and fastest, 
what ao you do fOr an encore? 

Whatever it is, it 
better be good. 

After all, our 
EL 3200 was the first 
68020/ 030 develop
ment system with 
33 MHz speed. 

So, while others were just getting 
into the act, Applied Microsystems 
upped the ante. 

We made the EL 3200 a more 
powerful performer. So you get an 

advanced event system for easier 
tracing and debugging 

of complex 32-bit 
designs. Support for the 
memory management 
unit, floating point, cache 

burst and synchronous 
cycles. And a graphical 

interface to set breakpoints more 
quickly and a powerful macro lan
guage to simplify lengthy routines. 

All this comes with full Ethernet 

network support to maximize your 
investment in workstations and PCs. 
Plus installation, training and appli
cation assistance to help you finish 
your designs faster. 

For a free dem
onstration, call 
Telemarketing at 
1-800-343-3659 (in 
WA, 206-882-2<ro). 

Because folks, 
it's show time. 

llllllllll 
Applied 
Microsystems 
Corporation 

O 1990Applied Microsystems Corporation, P.0.Box 97002, Redmond, WA98073-9702 USA. AIJ righcs reserved. AMC·I7. Olher names indicated by® are registered trademarks of their respeaive holders. For the name 
of your nearest distributor in Europe, call 44-(0)..296-625462. Europe Fax 44 -296-623460. Or comaa Applied Microsystems Corporation, Ltd., Chiltern Coun, High Street, Wendove r, Aylesbury, Bucks, HP22 6EP, 
England. lnjapan, call 03-49~0770.japan Fax03-493-7270. Or oomaa Applied Microsystems japan, Ud., ihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi -Golanda, Shinagawa-KU, Tokyo 1141,Japan. 
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No one supports you like MUPAC 

Bus Analyzers 

Backplanes 

• Available in 3-21 Slots for 
Jl , J2, and Jl /J2 Formats 

• High Performance Multi
layer Stripline Design 
with 100% Press-Fit 
Construction 

• VMElabs Certification 
• Industry's Highest Level 

Test Parameters 

• Capture, Display, 
and Generate 
Bus Signals 

• Plug and Play 
Operation 

• Anomaly 
Analyzer Screens 
for VME Spec 
Violations 

Wire Wrap is a trademark of Cooper Industries 

• Diagnostic Tool 
for Hardware, 
Software, Test, 
and Field 
Engineers 

Enclosures 

• Deskside Towers, Rackmount, Tabletop, 
Powered Racks, and 19" Cabinets 

• Available in 3-21 Slot Configurations 
• Power Supply Options from 160W-1200W 
• Designed to Exceed UL, CSA, and TIN 

Requirements 

Wire Wrap Boards 

We're Committed 

• High Speed Schottky 
Design with 
Optional SMD Caps 

• Wide Choice of Board 
Sizes and High 
Density Pin Patterns 
Including PGA 

• Rigid .125" Thick 
Board Construction 

• Full Family of 
Extender Boards 
to Assist in 
Development 

As the world leader in VMEbus systems packaging products, 
Mupac is committed to providing high performance prod
ucts like enclosures, backplanes, wire wrap boards, and 
bus analyzers to support your design and development needs. 

See Us at BUSCON 
Booth416 

mUPRC Packaging Systems 

T Mupac Corporation 
A Carlo Gavazzi Company 
IO Mupac Drive• Brockton, MA 02401 
Tel 1508) 588-6110 • l-800-92MUPAC 
FAX !508) 588-0498 
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' ' ' Take a Close Look at What's 
Behind Your PC CPU Board! 

I -Bus has a lot more to offer the OEM and System 
Integrator than a family of CPUs with great price/ 

performance. The I-Bus T.O.P.S. TM (Total OEM Program 
Support) Plan is designed specifically for OEMs and 
System Integrators: 

But that's only the beginning. We'll completely 
assemble and test your system (our boards and/ or 
yours), modify or custom design an enclosure, and take 
it all the way to drop shipment to your customer. 

We're 100% dedicated to the OEM and System 
Integrator, utilizing PC technologies in their application 
and products. Call today about the I-Bus OEM 
Developer's Program - a total support program that 
saves you time and cost in the design phase, and 
continuous support over the life of your system. 

- Engineering and Manufacturing Services 
- Program and Project Management 
- Peripheral Sourcing 
- OEM Developers Program 
- Life Cycle Support Program 
- Unprecedented 2 Year Warranty 

CPUs for the OEM and 
System Integrator 
A286 8/12/16 MHz 80286 I-Bus 

4 MB on-board DRAM nc Te ,/.-. . l · 
Solid State Disk Option r Ci 1fl010g1es 

J386SX 16 MHz 80386SX 
4 MB on-board DRAM 
Floppy/ IDE Hard Disk 

ConlroUer 
1386 16120/25 MHz 80386 

16 JV\B on-board DRA.i\1 

N88 IO MHz 8088 
1 MB on-board DRAM 
Solid State Disk Option 

Call toll free 
800-382-4229 

Ask for our 
new catalog! 

I-Bus, 9596 Chesapeake Drive, San Diego, CA 92123 (619) 569-0646 FAX: 619-268-7863 
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IC, storage & display technologies 
have turned the world digital 

emiconductors are the primary 
technology driver of the digital 
revolution that began roughly 
30 years ago. Densely packed 
!Cs-the microminiaturization 
of transistors-have fueled rev
olutions in virtually all elec
tronics applications . And the 
dominance ofIC technology has 

had a profound impact not only on the circuits 
that engineers build but on the way engineers 
think. No longer a matter of measuring and 
controlling voltages and currents, electronics 
is now a matter of manipulating l s and Os. 

There are at least two other technology 
drivers of the digital revolution-data stor
age and display technologies. 

Data storage has a llowed efficient access to 
ever-larger volumes of information, held in a 
form tha t permits m anipulation or communi
cation by digital means. 

Display technologies provide the critical 
link between digital data and human percep
tion. Advances in displays have made a host 
of products, including digital clocks, precision 
instruments, calculators and personal com
puters, a reality. 

The impact of mi
croprocessors and 
memories, however, 
is the one element in 
t h e digital revolu
tion about which all 
tech nologists can 
agree. The pace of 
ch a n ge h as been 
dazzling. In just 10 
years, from 1970 to 
1980, single-chip 
micro p rocessors 
went from 4 bits 
(with 2,300 transis
tors on the Intel 
4004) to 32 bits (with 
68,000 transistors on 
the aptly named Mo
torola part). 

terms of the number of transistors per chip) 
will double every two years, has proved as 
true today as when it was first stated in 
1970. 

But there are some technologists who be
lieve that this growth process will approach 
its limits in the late '90s. Manufacturing the 
64-Mbit DRAM will require a semiconductor 
process that achieves line width s of only 0.25 
µm , a level some believe represents a practi
cal limit. The cost of developing the following 
generation, a 0.15-µm manufactu ring line 
width, will be prohibitive-even for the in
dustrial giants. At that point, futu rists say, 
we'll have to live with what we've got. 

Experts at AT&T's Bell Laboratories in 
Ho lmde l , NJ 
suggest that the 
late '90s an d 
early years of the 
21st century will 
witness the dis
placement of ICs 
by other types of 
devices-partic
ularly photonic 

In just 15 years, 
from 1971 to 1986, 
the capacity of com
mercial single-chip 
DRAMs leaped from 
1 kbit for the Intel 
1103 to 4 Mbits. 

Moore's law, which 
states that the degree 
of IC complexity (in 

The digital optical processor photographed with these Bell Lab re
searchers in 1990 uses 5-SEEDs (symmetric self-electro-optic effect 
devices) as its logic elements. Developed by Bell Labs, 5-SEEDs may be 
the equivalent of Tl's Series 51 logic /Cs- the foundation for a new 
method of building Boolean circuits. The information accompanying Bell 
labs' 1948 photo (top) of the inventors of the transistor stated that the 
transistor's "potentialities are such that Bell scientists and engineers ex
pect it may have far-reaching significance in the field of electronics and 
electrical communication." 
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circuits. 
The S-SEEDs (symmetri

cal self-electro-optic effect de
vices) developed by Bell Labs 
can function like logic gates 
or memories, propagating 
light pulses with input to out
put delays measured in pico
seconds. Each of the S-SEEDs 
can be used as a two-input 
NOR gate (with two inputs 
and one output), and provides 
switching times on the order 
of 33 ps. A 64x32-bit S-SEED 
array has the equivalent of 
6,144 logic connections and 
can control 16,384 separate 
light beams. Some technolo
gists believe these photonic 
logic blocks may be the equiv
alent of Texas Instruments' 
Series 51 logic ICs-the foun
dation for a new method of 
building Boolean circuits. 

The developer of the S-SEED, David Miller, 
isn't convinced that S-SEEDs will replace 
digital semiconductors, or that they will be
come the CPUs of tomorrow's optical comput
ers. He likens the S-SEED to a two-input 
multiplexer rather than a NOR gate: it's good 
for controlling inputs and outputs along a 
dense matrix; it wasn't developed for combi
national logic functions. However, the ultra
high density of interconnects provided by an 
optical matrix means that computer I/O sig
nals don't have to be grouped 
as 8-, 16- or 32-bit data words. 
Unlike signals travelling over 
buses and backplanes, optical 
signals don't have to deal with 
the capacitance or line imped
ance of metallic interconnec
tions. Ultimately, suggests 
Miller, this could dramatically 
alter the structure of future 
computers. 

emissions of vacuum tubes. Both Walter 
Brattain and William Shockley were trained 
in solid-state physics, and in their experi
ments, they attempted without much success 
to attach a control grid-like the regulating 
grid of a vacuum tube-to a copper-oxide 
rectifier. 

It was Russell Ohl, a chemist at Bell Labs, 
who introduced silicon-a little-known mate
rial at the time-into the equation. Ohl had 
used silicon as cat's whisker radio detectors 

(a type of rectifier), and had 
already learned to distinguish 
between n- and p-type conduc
tors. Much of this early re
search was completed by 1940 
but was interrupted by World 
War II. It was in December 
1947 that the Bell researchers 
created a working transistor. 

Any technologist looking at 
the history of the electronics 
industry over the past 30 years 
is bound to be amazed and con
fused by the overlap between 
analog and digital technology. 
Such early IBM computers as 
the 1948 Selective Sequence 
Electronic Calculator, for ex
ample, ran on vacuum tubes 
(12,500 of them). The vacuum 
tubes amplified currents that 

Busicom's engineers asked Intel 
to design a custom chip for this 
calculator. Intel's response was 
the 4004, the first single-chip 
microprocessor. Later, Intel pur
chased the rights to the 
microprocessor and, in 1971, 
marketed the 4004 as a stand
ard product. 

The first users of transistor 
technology were military cus
tomers who needed the minia
turization and weren't con
strained by price. Early tran
sistor makers such as Ray
theon, General Electric, Syl
vania and RCA found ready 
customers for their products. 
By 1952, these companies held 
over $5 million in military con
tracts, and were each deliver-
ing over 5,000 units a week. 

energized relay coils. It was the relays 
(21,400 of them) that would record and ma
nipulate (add, multiply or divide) the digits. 

The first transistor publicly demonstrated 
by Bell Telephone Laboratories, then in New 
York City, on June 30, 1948, was identified as 
"a practical solid-state amplifier." Bell's re
search into solid-state physics was an out
growth of early research on the thermionic 

At first, electronic system 
manufacturers used the devices as analog 
signal amplifiers. But the dramatic improve
ment in transistor switching speeds-100 ps 
was obtained in a GE laboratory-meant that 
transistors would be used as more than just 
amplifiers. Once the electronics world 
learned to formulate its conditions as a se
quence of on-off states , the full transition to 
digital technology could begin. 

The first IC. 
developed in 1958 
by Tl's Jack Kilby, 
was a phase-shift 
oscillator, consisting 
of a single mesa 
transistor and a p-n 
junction capacitor 
on a p-type ger
manium substrate 
(the bulk resistance 
of the germanium 
was used for resis
tors). 
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"We'll sell you a gate for $1 .00" 

T hanks to semiconductor technology, electronics has 
been the only industry in which the functionality and per
formance of its products continue to go up while the 

costs go down. But it hasn't always been that way, says Gor
don Moore, whose companies have maintained leadership 
positions along this trend line. 

Together with Robert Noyce, Moore cofounded Intel, 
which brought the first microprocessors and DRAMs to mar
ket 20 years ago. While Intel's 1103 1-kbit DRAM ushered in 
the LSI era, and the microprocessor has become the essential 
building block of practically all electronic products, Moore 
and Noyce spent over 10 years-from the founding of Fair
child in 1957 to the founding of Intel in 1968-selling ICs to 
reluctant customers. 

" IC technology wasn't an instant success," says this 
Berkeley-trained chemist, who was manager of Fairchild's en
gineering department when some of the first ICs (the 
Micrologic series) were developed in the late '50s and early 
'60s. During the '60s, the primary users of ICs were manufac
turers of military computers who needed the small size and 
who weren't sensitive to costs. Even then, Moore describes 
the rejection ("we can't use them!") he experienced trying to 
sell an IC with 12 flip-flops to users accustomed to building 
their own circuits with discrete components. "You can't mea
sure the beta of the transistors, you can't measure the resis
tors," his potential customers told him. "How can you pre
dict the reliability7" 

"It was Noyce," Moore says, "who really got the market 
going-he said, 'We'll sell you a gate for $1 .00. "' ($1 .00 was 
then a recklessly low price.) It was at this price point, Moore 
says, that it became more economical to buy ICs than to 
build circuits with discrete parts. 

By the time Moore and Noyce left Fairchild to start Intel in 
1968, the technology had advanced well enough to build 
large circuits . Moore says, the problem with very large circuits 
was that they would usually have less appeal to broad mar
ket segments. The larger they got, the more specialized they 
would seem. Intel 's philosophy, Moore suggests was to de
sign and manufacture large ICs for broad market appeal. 
"The circuits should be complex," says Moore, "but their de
sign and manufacture should allow for large volume." 

One implementation of the Intel philosophy was in the de
sign of the 4004-the first commercial microprocessor. 
Rather than designing a dedicated calculator, Intel designers 
Todd Hoff and Federico Faggin developed a general-purpose 
4-bit computer. Its ROM-based microcode dictated whether it 
behaved like a calculator, an elevator control ler, a traffic-light 
controller, a computer game, or anything else. The same 
reprogrammability was harnessed to successive generations 
of Intel processors. 

Much honored with IEEE, university and professional soci
ety awards, Moore hesitates (only slightly) before making pre
dictions about the future: "10 years ago you wouldn't have 
predicted the overwhelming success of the PC. Looking back 
on things, you really get humble." 

Having said that, the past president of the Semiconductor 
Industries Association says that silicon IC technology will re
main the workhorse of electronics well through the next dec
ade. He sees manufacturing line widths going down to the 
0.5-µm level. "That's still a lot of work," he says, "but things 
are in place to do that." There is a possibility of building cir
cuits with 0.25-µm geometries, says Moore, but "only if we 
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can do that optically. To me, the big dis
continuity is where we abandon optical 
lithography." It's possible, suggests 
Moore, to bui ld ci rcuits (as IBM is at
tempting to do) with x-ray lithography. 
"If we do, it'll really jack up the cost." A 
transition to x-ray technology would re
verse the trend toward greater function
ality at lower costs that the electronics in
dustry has enjoyed over the past 30 
years . "Optical will be with us well past 
the year 2000," quips Moore, "and 
that's well past MY retirement! " 

Like everyone else in the semiconduc-

Gordon Moore, 
chairman, 
Intel 

tor industry, the Intel chairman is reflective about the high 
cost of advancing the technology year after year. Currently, 
the company turns over $1 billion-a major portion of its an
nual revenues-back into R&D and capital spending . With 
these numbers, Moore is no longer optimistic about the possi
bilities for small companies to succeed in the semiconductor 
business. It may be practical for ASIC "design centers," for 
example, to use the fabrication facilities of the bigger compa
nies but only as long as excess fabrication capacity exists. 

Semiconductor manufacturers will increasingly have hard 
choices to make about where and how to compete. Moore 
regards Intel's withdrawal from the DRAM market back in 
1985 as particularly painful. The company had developed 
and marketed the industry's first single-chip DRAM, the 1-
kbit 1103, in 1970. By the time 4-kbit DRAMS were mar
keted, Intel's design was using a four-transistor bit cell, com
pared to the more efficient one-transistor bit cell marketed 
by Mostek. In the boom period from 1979 to 1980, Intel was 
under pressure to ship both DRAMs and EPROMs, but didn 't 
have capacity for both. Its position was stronger in EPROMs. 
By 1985, the company had produced a manufacturable 1-
Mbit DRAM design, but was looking at an additional $400 
million investment to get it into production-an investment, 
Moore suggests, that may not have been recouped in this 
fiercely competitive market. Fortunately, any regrets over the 
company's retreat from DRAMS have been erased by the over
whelming success of the 80386 32-bit microprocessor, also 
introduced in 1985. 

Today, the cost of capital remains a limiting factor for the 
advancement of semiconductor technology. Moore says that 
Intel in the late '60s and early '70s was able to develop not 
one but two new technologies on a $3 million investment 
(Schottky-barrier bipolar ICs and silicon-gate MOS). Today, 
the investment in a small manufacturing facility for an exist
ing technology is more than 100 times that. A 0.8-µm fab, 
Moore estimates, will cost about $400 million today. 

This doesn't mean that companies such as Intel will give up 
pushing microprocessor technology to its limits. Just by ex
trapolating the current trends, Moore foresees the possibility 
(if not the probability) of 100 million transistors on a single 
chip . "Figuring out what to do with it will be the real chal
lenge," he says . "With 100 million transistors you can build 
every circuit that's ever been built today on one piece of sili
con ." 



TI began as a Dallas-based 
manufacturer of instruments 
for the oil well drilling indus
try. Like other companies, TI 
licensed the transistor manu
facturing technology from 
Bell in 1952 and set up its 
own transistor laboratory un
der Gordon Teal. TI was the 
first to produce all-silicon 
transistors (replacing ger
manium), using a grown junc
tion technique in 1954. 

By the late '50s, many 
types of transistor structures 
(for instance, mesa and 
planar) were fabricated with 
many transistors on a single 
wafer. Manufacturers made 
transistors by scoring the wa
fer, separating the devices, at
taching electrical leads, and 
packaging them. It seems 
surprising today that no one 
thought of simply connecting the transistors 
together on their unscored wafer. But the IC 
didn't surface until 1958. 

Though Jack S. Kilby was later awarded a 
National Science Medal by then-President 
Richard Nixon in 1970, the inventor of the IC 
and the hand-held calculator remains modest 
about his achievements (see "The inventor of 
the IC looks back on 30 years of progress," p 
56). As an engineer with the Centralab Divi
sion of Globe-Union, Kilby attended AT&T's 
1952 seminars on the transistor in Mil
waukee, WI. After using transistors to build 
hearing aids for Centralab, Kilby went to 
work for TI in Dallas in May 1958. He was 
assigned to the micromodule program TI was 
conducting for the Signal Corps, and his first 
circuits were flip-flops built with discrete 
components. 

The first IC, like the first transistor, was 
an analog device-in this case a sine-wave 
generator. It was a phase-shift oscillator, con
sisting of several germanium mesa transis
tors on a 7/16-in. sliver, diffused resistors and 
capacitors all on the same substrate, but in
terconnected by hand with gold wire . Kilby's 
notebook would record the impracticality of 
interconnecting miniature transistors with 
hand soldering methods. 

R
obert Noyce , who went on to found 
Santa Clara, CA-based Intel in 
1968, was doing similar work on ICs 
at Fairchild Camera and Instru
ment in 1959. Noyce had worked 
with diffused resistors, but he was 

exploring the possibility of forming intercon
nections by evaporating metal lines onto a 
surface oxide layer. Fairchild would provide 
the first commercial I Cs in 1961, just months 
ahead of TI. Part of the Micrologic family, the 
Fairchild chips contained four bipolar tran
sistors and two resistors. Fairchild's method 

of data registration would become known as 
resistor-transistor logic. TI followed Fairchild 
into the marketplace with its own Series 51 
Solid Circuits. 

The experimentation with ICs that fol
lowed in the next decade reflected an ambiv
alence about these new devices and what they 
were supposed to do. Many developers of I Cs 
were thinking of analog circuit applications, 
and cursing under their breath that the inte
gration of transistors and resistors on one 
piece of silicon was a compromise for the sake 
of miniaturization; that this integration 
wouldn't allow the precise selection of compo
nents and the control of voltages, currents 
and frequencies that was possible with the 
use of discrete components. The digital revolu
tion didn't gain steam until Kilby invented the 
hand-held calculator. His calculator project 
was started in September of 1965. 

It wasn't until the development of MOS, 
however, that IC designers finally gave up on 
simply controlling voltages and currents . 
MOS, p-channel, n-channel and especially 
CMOS allow relatively "sloppy" transistors to 
function as high-speed switches. As kit parts, 
these transistor switches will "slam on" and 
"slam off," producing ringing and ground 
bounce, but they do it fast, predictably and 
with little power consumption. 

Circuits built in 1963 by RCA's Solid State 
Division in Somerville, NJ used MOS and 
earned several basic patents for the company. 
In 1964, RCA fabricated an IC with what it 
called "complementary-symmetry MOS," or 
COS/MOS. These ICs required less power 
than bipolar circuits, though they were 
slower. It wasn't until 1967 that RCA actually 
used this technology to build a user circuit-a 
part for NASA's Apollo program. In 1968, 
RCA introduced the first standard CMOS 
logic family, the CD4000 series. These low
power ICs were especially useful for the cal-

The first 
microprocessor, 
Intel's 4004, was in 
troduced in 1971. 
The 4-bit processor 
comprised 2,300 
transistors and 
operated at 0.06 
Mips. It could ad
dress 640 bytes of 
memory. 
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culators and watches that were proliferating 
rapidly then. Today CMOS represents 40 per
cent of the global IC market. 

From the mid-'60s, desktop calculators be
gan to create a demand for low-power semi
conductors in large volumes, and many com
panies struggled to satisfy this demand for 
ICs. Regis McKenna, the marketing guru 
credited with putting many companies and 
perhaps Silicon Valley itself on the map, saw 
the development of MOS circuits at General 
MicroElectronics (GME). 

McKenna, now chairman of Regis 
McKenna Corp of Palo Alto, CA, remembers 
the four who founded GME: Howard Bobb 
(who went on to found American Microsys
tems), Phil Furguson (who gained expertise 
at TI and Fairchild), Earl Gregory and 
Colonel Lower. These people developed, 
McKenna says, the first MOS shift registers 
and the first MOS analog-to-digital con
verter. Some 29 MOS chips were built in 1963 
and 1964 for Victor Comptometer. These in
cluded a binary coded decimal to binary con
verter, a dual 20-bit shift register, a dual 
four-input gate and a dual J-K flip-flop. The 
Victor 3900, the first completely MOS calcu
lator, was introduced in 1965. 

"MOS technology was immature and un
stable," says McKenna, "but we saw the po-

The inventor of the IC looks back on 30 years of progress 

I 
don't have a lot of faith in future projections for the semi

conductor industry," says Jack Kilby, who demonstrated the 
first IC at Texas Instruments back in September 1958. "If 

anyone would have a attempted to predict the course of the 
electronics industry when the first IC appeared 30 years ago, 
they would've missed it by a wide mile." 

The first demonstration circuits were analog, although the 
first commercial products-the Tl Series 51 devices-were 
digital logic gates. "There was a natural marriage between 
digital and IC technology," says Kilby, although the circuits 
he devised were intended to demonstrate capability in both 
analog and digital circuit processing. " It would be hard to tell 
where we would be today if analog circuits were all we had." 

The original Series 51 chips, which came to market in 
1961, consisted of approximately six gates and flip-flops. In 
spite of the levels of integration that the company was able 
to obtain, Kilby suggests, it took a good 10 years for I Cs to 
be accepted. 

Most fascinating to the man who led Tl design teams de
veloping single-chip calculators in the early '70s is the de
creasing cost of circuit functions that IC technology has en
abled. "The decrease in the cost per function has been much 
greater than that which could have predicted 30 years ago," 
Kilby says. The increase in device complexity-over six orders 
of magnitude-has had an incredible impact on all things 
electronic. It makes the electronics industry the only one in 
the world in which the cost per function perpetually de
creases. However, the inventor of the IC remains modest 
about his own role in this : "This cost decrease isn't a conse
quence of any individual or company-it's an achievement of 
tens of thousands of engineers around the world ." 
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tential." He suggests that the technology 
went into the making of the first 1-kbit 
DRAM-the Intel 1103. It's widely conceded 
that this part, introduced in 1970, ushered in 
the LSI era. 

K 
ilby's project to design a hand-held 
calculator using IC technology be
gan in September of 1965. The I Cs 
developed for the project integrated 
the equivalent of 6,000 transistors. 
The biggest problem, however, 

proved to be the packaging for the new cir
cuits. Up to that point most TI circuits had 
14 or 16 leads. 

Apart from calculators, the development of 
semiconductors in the '60s was financed by 
military and government needs. The Defense 
Department's Minuteman project and NASA's 
Apollo program were the biggest drivers , and 
through these programs, the government be
came one of the first customers to emphasize 
reliability in the semiconductor industry. The 
Apollo space program, however, was one the 
last of the big government-financed programs 
to drive the semiconductor industry. 

There was a shift in the late '60s and early 
'70s away from military circuits into commer
cial applications of digital electronics. The 
first big commercial customers for ICs were 



computer makers. Machine tool manufactur
ers such as Honeywell and Cincinnati Mil
lacron were quick to utilize IC controllers, but 
it was memory ICs such as Intel's 1103 that 
pushed open the doors of commercial com
puter makers. 

Many observers believe 1970 was a major 
transitional year for the semiconductor in
dustry. Not only does it mark the point when 
semiconductor manufacturers started turn
ing away from military applications and to
ward more commercial ventures, but it marks 
the point at which major systems houses 
began purchasing semiconductors from out
side vendors rather than relying on their own 
internal design and production. 

Prior to 1970, suggests LSI Logic's techni
cal marketing vice-president Rob Walker, 
many of the major systems houses-IBM, 
Control Data, AT&T and Sperry Univac
produced in-house semiconductors. 

What was eventually marketed as the first 
single-chip microprocessor, the 4004, actually 
began life as a custom product developed by 
Intel for Busicom, a Japanese calculator 
manufacturer. 

Following the success of the Tl's little ma
chine, hand-held calculators seemed to do 
well on the market. While semiconductor 
manufacturers would try to satisfy their cus
tomers with standardized products, the cal
culator manufacturers of the early '70s were 
demanding customized chips as a means of 
differentiating their products. IC manufac
turers reacted by partitioning the logic of the 
calculator in ways that could generate stan
dardized building blocks. 

Intel was incorporated in July 1968 by 
Gordon Moore and Robert Noyce, who left 
Fairchild to set up a company dedicated to 
the economical manufacture of large-scale 
circuits (see "We'll sell you a gate for $1.00," 
p 54). Intel was asked to design a chip set for 
Busicom in August 1969. Marcian (Ted) Hoff, 
then Intel's applications manager, is credited 
with the inspiration for the calculator's archi
tecture. 

The Busicom calculator differed from oth
ers in that it used ROM-based program mem
ory. The architecture of the chip, the 4004, 
designed for the Busicom machine resembled 
a general-purpose computer that was pro
grammed to be a calculator. The 4004, de
signed by Stan Mazor and Federico Faggin, 
was a 4-bit microprocessor: it could take in 
only four digits (bits) at a time. There was no 
software. But it was supported with a 32-bit 
on-chip RAM, a 256-byte ROM and a 10-bit 
shift register and output expander. It could 
address up to 16 256-byte ROMs (4,096 bytes) 
and 16 RAMs (4,120 bits). With an instruc
tion execution rate of 60,000 instructions per 
second, it had the same computing power as 
the early Eniac machine. 

When the Busicom company closed, one of 
its top designers, Masatoshi Shima, joined 
Intel. In 1971, Noyce decided to buy back the 

rights to the chip. The first microprocessor 
was then advertised for sale in the fall of 
1971. 

Intel followed up quickly, in April 1972, 
with the first 8-bit microprocessor, the 8008. 
It was an expansion of the 4004, incorporat
ing a larger 8-bit register stack. It addressed 
up to 16 kbytes, and directly interfaced with 
standard memory ICs such as 1101 RAMs 
and 1601 and 1701 ROMs. 

By 1973, the early potential of microproces
sors had been generally recognized by the 
electronics industry. The year 1974 saw the 
emergence of several different microproces
sor designs. 

The first processor to be u sed in personal 
computers was Intel's 8080, introduced in 
April 1974. An improved version of the 8008, 
the 8080 had 10 times the throughput of the 
first generation. The new chip was designed 
by Shima, who later joined Zilog to build the 
Z80 processor. 

The first CMOS microprocessor, the 1802, 
was introduced by RCA in 1974. Also intro
duced that year was the popular 4-bit micro
controller, the TI TMSlOOO, and one of the 
most adventurous designs, the Motorola 
6800. Unlike the Intel-designed microproces
sors, which multiplexed address and data 
lines, the Motorola products segregated ad
dress and data lines. 

T 
he 16-bit 8086 was introduced in 
June 1978. It was followed in rapid 
succession by other 16-bit parts such 
as Zilog's Z8000, Motorola's 68000 
(1979) and National's 16000 (1981). 
Many of these early parts were struc

tured to handle larger data words than their 
external address buses could handle. Both 

In 1985 this 4004 
descendant, Intel's 
80386, featured 32-
bit processing at up 
to 8 Mips, the 
ability to address 4 
Gbytes of physical 
memory and 64 
Tbytes of virtual 
memory (enough 
for an eight-page 
history of every per
son on earth). The 
chip included 
275,000 transistors. 
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High-density disks advance along a path set in the 50's 

C 
urrent developments in magnetic storage technology 
aren't so different from the high-density storage of the 
late 1950s and early '60s, says Alan Shugart, founder 

and chairman of Seagate Technology. Born in 1979, Seagate 
brought the original 5-Mbyte ST-506 drives to market in the 
early '80s. The company is often credited with the commer
cialization of the 51/4-in. form factor. Shugart, who left IBM to 
found Shugart Associates in January 1973, sees the hard disk 
drives currently manufactured by Seagate and its competitors 
as using the same technology as the Winchester disk devel
oped by IBM in the mid-'60s. 

Shugart, who was RAM technical program manager at 
IBM's San Jose, CA facility during the '60s, cites Bill Goddard's 
earlier pioneering work on the RAMAC (1955) The RAMAC 
(random access method of accounting) actually introduced 
the concept of random access to data storage. The RAMAC 
was the first storage device to use an air bearing as a method 
of maintaining a gap between the read-write head and the 
magnetic surface of a disk. It was a refrigerator-sized unit that 
stored approximately 5 Mbytes with 1,000 bits/sq. in. 

bricated disk surfaces. Haughton and 
Don Johnson developed the basic tech
nology, which is stil l in use today. 
Though the technology had little to do 
with personal computers, according to 
Shugart, it nonetheless paved the way 
for smaller form factors. Everything we 
understand today about high-density 
disk drives-thin-film heads, for exam
ple, or thin-film disks-is a logical exten
sion of the IBM 3030 drives (the 
Winchesters) of the mid-'60s. 

Alan Shugart, 
chairman, 
Seagate 
Technology The techno logy's advances in bit and 

track densities never cease to amaze 
Shugart. He especially remembers the Merlin drive developed 
by Jim Patterson in the late '60s: "I didn't think we'd ever get 
beyond the 100 tracks/in. we were doing with the Merlin 
3330. Now we're getting close to 2,000 tracks/in . " 

The early RAMAC used externally pumped air pressure to 
keep the heads afloat. In 1957, researchers at the IBM labs in 
San Jose-Ken Haughton, Al Osterlund, Russ Brunner and Bill 
Michaels-developed slider bearings that would keep the 
read-write head afloat without externally pumped air. Their 
IEEE paper on the subject-which Shugart regards as "the 
bible"-described how this air bearing could provide closer 
spacing between head and disk, which would provide higher 
bit densities and faster access times . 

In the future, says Shugart, we'll see bit densities increase 
by Negative Pressure Sliders, whose air bearing are designed 
to force the read-write head downward toward the disk sur
face (rather than upward). One effect of this would be con
stant bit spacings across the surface of a disk-tighter spac
ings on the outer edges of the disk where velocity of the 
spinning disk is higher; wider spacings on the inner tracks of 
the disk where the velocity is lower. 

Winchester technology, a development of the mid-'60s, 
used multiple low-mass lightly loaded read-write heads on lu-

Shugart remains sceptical that magnetic storage could be 
replaced by other technologies: "I've heard this for 35 years, 
but magnetic recording densities keep on growing-I don't 
see a stop ." 

the 68000 and the 16000, for example, had 
32-bit internal architectures but only 16-bit 
data buses. This meant that two 16-bit data 
words would be placed side by side inside the 
microprocessor before an instruction would 
be executed. This provided some of the power 
of a 32-bit CPU, but with a more economical 
data bus structure. 

The 8088 had a 16-bit internal architec
ture , but a multiplexed 8-bit address and 
data bus. The 8-bit I/O structure made the 
device initially very economical to use (much 
of the 8-bit software developed for the 8080 
and its Zilog clone, the Z80, could be ported 
over rapidly). IBM eventually adopted the 
8088 for its first personal computer, intro
duced in August 1981. 

While the Motorola 68000 was billed as a 
32-bit processor, the first full 32-bit proces
sor-Intel's 432-appeared in 1981, less than 
a decade after the introduction of the 4-bit 
machine. Though many believed it was ahead 
of its time, the 432 was poorly received. Mo
torola's full 32-bit processor, the 68020, would 
appear in 1984. 

With the full 32-bit processors, semicon
ductor vendors could hold up a chip that 
would rival minicomputers in performance. 
Hailed by their makers as "mainframes" on a 
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chip, the 32-bit processors-particularly the 
Motorola 68000-became the foundation of 
the Unix workstations of Apollo, Sun Micro
systems, Hewlett-Packard and others. 

The rapid proliferation of 32-bit processors, 
however, put semiconductor vendors under 
pressure to distinguish their products from 
one another. While these devices offered 
many possibilities for computer CPUs and 
controls, designing them into products, get
ting them to work properly and tweaking 
their performance was an agonizing process. 
Generally, the semiconductor vendors re
sorted to one of two means of distinguishing 
their products: One method was to promote 
easy-to-use software programming tools; the 
other was to tout the program execution 
speed of the processor. 

It was in this environment that RISC-a 
concept developed to build faster comput
ers-became a buzzword for the '80s. 

The use of RISC processors in workstations 
is now challenging the five-year dominance 
of Motorola's 68000 series CPUs and may yet 
challenge the dominance oflntel's 8086 series 
CPUs in personal computers. 

The RISC processor revolution, however, 
wasn't an invention of the semiconductor 
manufacturers. The father of RISC is Sey-



mour Cray, who embodied 
what's now called RISC into 
the vector-processing ma
chines he built for CDC in the 
late '60s. 

The common interpreta
tion of RISC maintains that 
short, hard-wired instruc
tions are easier to implement. 
Thus, RISC programs can be 
executed quicker than CISC 
programs, which rely on 
ROM-based microcoded in
structions and require in
struction decode hardware
an additional layer of 
complexity. This interpreta
tion, though, doesn't commu
nicate the true advantage of 
RISC machines. 

RISC gets its performance 
improvement from a reduc
tion in certain kinds of in
structions-particularly 
memory-fetch operations. Cray believed that 
memory-fetch operations-the process of 
generating a memory address, fetching an 
instruction from that address location, gener
ating another address, fetching a data word, 
and so on-was extremely costly in terms of 
clock cycles. In adding a long column of num
bers, more than three-quarters of the pro
cessing power could go to memory addressing 
and fetching. Cray's method, with the CDC
Cyber 206 machines and his own Cray-1, was 
to avoid main memory accesses and keep 
instructions and data close to the CPU in a 
register chain. Current RISC processors em
ulate this philosophy with caching tech
niques. 

The success of RISC, unlike other major 
developments in the electronics industry, 
hasn't been as dependent on big-company 
sponsorship. While John Cocke began a RISC 
project at IBM's Thomas J. Watson Research 
Center in 1975, and both HP and DEC main
tained RISC development efforts in the early 
'80s, it was start-ups such as MIPS Computer 
Systems in Sunnyvale, CA and Sun Microsys
tems in Mountain View, CA that brought the 
first RISC processors to market in the mid
'80s. 

Much of the thought processes for turning 
room-sized computers, like the Cray-1, into 
ICs for microcomputer building blocks was 
perfected at the University of California at 
Berkeley by David Patterson and by John 
Hennessy at Stanford University. MIPS Com
puter Systems was started, in fact, to manu
facture the chip that students experimentally 
constructed at Stanford. 

What the industry seemed to gain with 
microprocessors in the mid-'80s, though, it 
seemed to give up in semiconductor memo
ries. Many U.S. manufacturers gave up the 
quest for higher-density DRAM memories, 
citing severe price pressure from Japanese 

manufacturers-NEC, Hitachi and To
shiba-as well as the high investment cost 
required to develop and manufacture succes
sive generations. 

It's clear that developing the manufactur
ing processes for 4-, 16- and 64-Mbit DRAMs 
requires a capital investment well beyond the 
capabilities of all but the largest electronics 
firms. 

The reign of digital semiconductors will 
likely wind up as it began-under the um
brella of large companies. At the Inter
national Solid State Circuits Conference in 
February 1990, it was IBM that announced 
it had fabricated a 16-Mbit DRAM at its 
semiconductor facility in Essex Junction, VT. 

B 
ut even the size of an IBM won't be 
enough to get us to the next gener
ation: the 64-Mbit DRAM will be 
jointly developed by IBM and Sie
mensAG. X-ray lithography has been 
chosen as the means of etching the 

circuit lines onto the surface of the silicon. 
Because X-rays have extremely short 
wavelengths, they can be used to etch the 
submicron geometries on a wafer. X-ray litho
graphy could be used even for 256-Mbit 
DRAMs-ifthat generation comes about. The 
National Synchrotron Light Source at the 
Brookhaven National Laboratory in Upton, 
NY will provide the X-ray lithographic equip
ment, possibly with funding from Sematech. 
Part of IBM's X-ray mask lithography re
search is also being funded by a $17.4 million 
DARPA contract. 

Though semiconductor development began 
atAT&T's Bell Labs, and was commercialized 
by other adventurous companies, practically 
everything we now understand and accept in 
the area of data storage can be traced to the 
laboratories of IBM's research center in San 
Jose, CA, which holds hundreds of patents 

The latest descen
dant of the 4004, 
Intel's 80486, has 
the same memory 
capacities as the 
80386 but operates 
at up to 27 Mips. At 
50 times the perfor
mance of the 8088 
processor in the 
original IBM PC, the 
80486 can scan the 
Encyclopaedia 
Britannica in 2 
seconds. 
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and awards on this technology. 
The first hard disk storage unit was the 

RAMAC 350, which used the random access 
method of accounting. The RAMAC 350 
stored 5 Mbytes of data on 50 24-in. platters 
when it was introduced September 4, 1956. 

Many industry observers feel that the in
troduction of this device made a profound 
change not just in the method of data storage 
but on our conceptions of computing. 
Rey Johnson, the IBM engineer who 
drove the development of the 
RAMAC, was one of the first to re
ceive a National Technology Medal, 
from then-President Eisenhower, as 
well as an award from the American 
Society of Mechanical Engineers. 

In 1973, the Model 3340 direct-ac
cess storage device used a ski-like 
design for its read-write head to ride 
on a film of air just 18 microinches 

Haughton likened the two 30-Mbyte disk 
modules to the Winchester 30-30 rifle. 

Another IBM development, the floppy disk, 
was used for loading microprograms into disk 
controllers for IBM System/370 mainframes. 
Developed in the mid-'60s, the first 8-in. 
floppy, a circle of flexible mylar coated with a 
magnetic oxide, resembled a limp vinyl rec
ord when it was introduced in 1970. Former 

IBM employee and mag
netic storage pioneer 
Alan Shugart believes 
the floppy disk was one of 
the technology achieve
ments that paved the 
way for the personal 
computer revolution. 

Shugart Associates 
was founded in 1973 to 
commercialize the 8-in. 
floppy. The technology, 
even the 51/4-in. disk, 
Shugart freely acknowl
edges, was just a tick 
mark along the line from 
the first random-access 
storage devices of the 
late '50s and early '60s to 
the multigigabyte units 
being developed today 

(see "High-density disks advance along 
a path set in the '50s," p 58). 

Like digital semiconductors, digital 
data storage capacity appears to double 
and quadruple every few years. Re
searchers at IBM recently demon
strated a magnetic disk with an areal 
bit density of 1 Gbit/sq. in.-about 1 
million times the bit density of the orig
inal RAMAC. Commercial hard disk 
drives are currently produced with an 
areal density of 100 Mbits/sq. in. 

Unlike semiconductors, whose dra
matic density increases appear likely to 
level off between the middle and the 
end of this decade, magnetic data stor
age doesn't appear to be reaching its 
limit. Even the promise of optical stor
age is no threat to the dominance of 
magnetic data storage. 

The first hard disk storage unit was the RAMAC 350, a refrigerator-sized unit intro
duced in 1956 by IBM's San Jose Research Center. The RAMAC, which stood for ran 
dom access method o f account ing, replaced sequential access tapes with random ac
cess methods, and set the stage for in teract ive comput ing. The machine stored 5 
Mbytes of data on 50 24-in. platters. 

Optical storage is currently provid
ing bit densities of approximately 300 
Mbits/sq. in. To increase this density, 
suggests Dave Thompson, a Fellow at 
IBM's Almaden Research Center in San 
Jose, CA, the lasers that serve as opti

above the surface of the disk. This close prox
imity between the read-write head and the 
disk surface effectively doubled the magnetic 
bit density-to 1.7 Mbits/sq. in. While earlier 
hard disks were based on removable disk 
packs, the disks in the 3340 were perma
nently built into the drive unit. The name 
Winchester, now attached to all hard disk 
drives, was coined by developer Ken Haugh
ton. There were two spindles in the IBM 
3340, each capable of storing up to 30 Mbytes. 
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cal read-right devices must resort to shorter 
wavelengths. In addition, the optical read-write 
equipment must resolve the same kinds of 
mechanical head-positioning problems en
countered by magnetic storage devices. "At 
300 Mbits we'll surpass them," says Thom
pson, a magnetic storage enthusiast. 

Though advances in display technology 
didn't directly enable the digital revolution, 
they have been most directly responsible for 
its human appeal. LCD technology is now 



providing the focus for the imagination of 
designers . Already, LCDs have paved the way 
for the current generation of battery-powered 
portable computers and televisions. The au
tomotive industry is considering LCDs for 
dashboard instruments, control consoles and 
navigational displays. As we approach the 
year 2000, digital displays will reflect higher 
resolutions, greater variety and intensity of 
colors, and larger viewing areas. 

LCD developers envision HDTV (high-def
inition television) and high-resolution com
puter graphics being shown on large, flat wall
mounted screens. For them, the focus of the 
competition between CRT 
and LCD technologies is on 
the slim-profile LCD 
screens. 

cost of a color 14-in. diagonal LCD- at 
$1,000-four to 10 times that of an equivalent 
CRT display. 

The LCD was first demonstrated at RCA in 
1968, following a 1963 discovery that light 
passed through liquid crystal changes as the 
crystal is charged with electricity. The earli
est LCD was demonstrated by George 
Heilmeier, now the senior vice-president and 
chief technical officer of TI, but then head of 
solid-state device research at RCA. Heilmeier 
was able to demonstrate that light passed 
through twisted-nematic liquid crystal mate
rials could be blocked when a voltage is ap

plied across the crystal. 
As with ICs, calculators 

were among the first con
sumer devices to take ad
vantage of this new technol
ogy. Sharp followed RCA 
into research in LCDs in 
1970, and in 1973 intro
duced the first LCD calcula
tor, the EL-805. It used a 
series of seven-segment ele
ments in a single glass 
panel. 

CRT developers cite the 
superior production eco
nomics , resolution and 
achievable display sizes of 
proven CRT technologies 
as a powerful argument for 
the continu ed dominance 
of CRTs. They argue that 
large wall-panel LCDs will 
constitute the largest 
memory arrays known to 
man, and will be impossi
ble to manufacture 
economically. 

The ideal HDTV unit 
will likely have a 40-in. di
agonal screen. Currently, 
there are no LCDs that 
large. Sharp, in Osaka, 
Japan and Mahwah, NJ, 

Sharp's 14-in. color LCD screen was 
demonstrated in 1988. The 1-in.-thick 
display has 308, 160 p ixels, arranged in 
a 640x480-pixel matrix. Each p ixel is 
composed of four dots to ensure reli
able operation. 

A big driver for LCD tech
nology during the '70s was 
digital wristwatches. In the 
fall of 1974, National Semi
conductor's Novus Con
sumer Products Division in
troduced watches for $220. 
By February of 1975, there 
were about 40 companies 
producing digital watches. 

and IBM (in conjunction with Tokyo, Japan
based Toshiba) have demonstrated 14-in. di
agonal active-matrix color displays, showing 
512 colors with eight light intensity levels. 
The essential drawback of this technology is 
its relatively high cost-a problem being ad
dressed by over a dozen Japanese and Amer
ican manufacturers. 

Today's color LCDs are produced by creat
ing a matrix of thin-film transistors (TFTs) 
on an amorphous silicon substrate. A 14-in 
color LCD requires about 308,160 pixels 
(642x480). Each pixel requires four dot driv
ers (one for each color, plus white), resulting 
in an active matrix with 1,232,640 TFTs. The 
matrix provides an addressable pixel array. 
Each element in the array serves as a shutter 
for white light, which passes through RGB 
color filters. The complexity of the LCD array 
imposes a cost penalty due to manufacturing 
yields: If a single transistor is bad, the entire 
array is useless. The problem with manufac
turing large LCDs, suggests John Hull, mar
keting manager with Hitachi Semiconductor 
in Brisbane, CA, is the same as in manufac
turing large memories. As the size of the 
array increases, the projected yield goes 
down exponentially. Current yields are in the 
range of 15 to 30 percent, which makes the 

Regardless of where one 
sees the leveling-off point in semiconductor 
or magnetic storage development, these tech
nology drivers have made it possible for us to 
reshape the electronics world in digital 
terms. They helped create a demand for 
knowledge , information-even music , art 
and literature-cast in the form of digital 
data. Whether this now-insatiable demand 
for data will ultimately be satisfied by semi
conductors, magnetic storage, optical S
SEEDs or some other technology, the digital 
revolution would never have gone as far as it 
has without the microminiaturization of 
transistors and ICs. 

By St ephen Ohr, Specia l Con t r ibut or 
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PCXI! THE ONLY 
MODULAR INDUSTRIAL PC. 
PCXI changes 
the rules for 
industrial PCs. 

For the first time, 
all PC functions 
are modular, inter
changeable and 
upgradeable. 
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We're 100% 
dedicated to 
finding a PCXI 
solution for 
your require
ments. 

PCXI ¥ ' PCXI PCXI · l'CXI PCXI ' 1 PCXI PCXI PCXI 1 PCXI PCXI PCXI 1_ PCXI _ PCXI - -- -------- ----

Whether you' re 
looking at one 
system or hundreds, 
Rapid Systems offers 
PCXI engineering 
services and OEM 
developer programs. 
We'll completely 

" """- "' ~ - -"' ..-~~ CPU modules are 
interchangeable 
(8088/286/386/486). 
Power modules are 
interchangeable 
(switching, linear, 
UPS, battery) . 

PCXI is available in portable, tabletop or rackmount versions, up to 

13 slots. The rack width version shown here includes a 386 CPU, 

200 wall power supply, VGA video, 40 meg hard drive, 1.4 meg floppy 
drive, plus eight slots for function modules. 

Graphics, disk, memory and modem 
modules are interchangeable. 

And because PCXI is completely 
backward compatible, all the PC 
instrumentation, data acquisition 
and control boards in the market
place are modular, interchangeable 
and upgradeable. 

No longer are you tied to a single 
manufacturer. Instead, you can 
specify the right solution - with 
no compromise. 

PCXI modules universally accept all PC 

cards. Instead of one source, you have your 

choice of the entire marketplace. 

A PC without the problems 
of PCs. 

No longer is the PC a questionable 
environment for your product. 

PCXI shielded modules solve the 
previous noise and emission prob
lems of the PC environment -
and offer protection for handling. 
Power and ground are specified and 
verifiable. Air flow and cooling are 
specified and verifiable. Termina
tion problems are solved. 

No longer must the PC be disas
sembled for the smallest change: 
PCXI modules easily slide in and 
out. No more awkward cabling 
from the rear of the PC: all 
connectors are on the front panel 
in standard configurations. 

Finally, no longer is the future 
of the PC bus a question: PCXI 
Consortium manufacturers are 
committed to the continued 
development of PCXI as a multi
vendor standard. 

assemble a PCXI 
system for you, 

assist as needed, or custom design 
a PCXI enclosure. 

Plus, we maintain the industry's 
only data base of all engineering, 
industrial and scientific PC 
products in the marketplace and 
can assist you in finding the right 
system solution: both hardware 
and software. 

PCXI modules plug interchangeably into 

any Junction slot in the passive backplane, 

so you can conveniently reconfigure to the 

requirements of the job. 

If you'd like the complete 
story on PCXI, call today: 
(206) 547-8311 

RA __ P_ID_S_Y_ST_E_M_S~~~~~~~ 
Rapid Systems, Inc. 433 N. 34th Street, Seattle, WA 98103 
(206) 547-8311, Telex 265017 UR, FAX 206-548-0322 
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New world Record 
VMEbus Data Dash! 
VMIC's new NETWORKZ™ is a 
high speed, high performance, 16 
chassis multidrop VME- to-VME 
parallel network that features data 
transfers @ 20 Mbytes/s*, reflective 
memory, 3 interrupts, and a price 
that won't overload your budget! 

If your existing VMEbus network is too slow 
to keep up with your growing demands 
NETWORKZ™ is the fastest and most simple 
solution! In fact, newNETWORKZtM is up to 
50 times faster than comparable computer 
products. You don't have to be able to read 
minds to know the best choice for your VME
to-VME network needs. VMIC's new NET
WORKZ™ will enable you to cross the finish 
line in world class, record breaking real time! 

• 2 Year Warranty • 24 Hour Customer Ser
vice Hot Line • 20 Mbytes/s Data Transfers 
(*5 foot cable) • Multidrop Capability (up to 
16 chassis) • No Processor Overhead or 
Involvement in Network Operation • Differ
ential Line Drivers & Receivers provide -t 7 V 
of Noise Immunity • A24:A32:D32:D 16:D8 
Memory Access • A16:A24:A32:D8 Status & 
Control Access • Single 6 U Board 

New NETWORKZ™ transfers data by writ
ing to on-board global RAM. Data written 
into the 1 Mbyte of reflective memory is 
broadcast to all nodes on the network without 
further involvement of the sending or receiv
ing nodes. Data transfers from memory loca
tions on sending nodes to corresponding 
memory locations on receiving nodes. 

DEC, Delta Series and Night Hawk are registered 
trademarks of their respective companies. 

Harris 

Night Haw* Workstation 

Any 
Silicon •. VMEbus 
Graphics Computer 

Motorola ConcurrenV Data 
Delta Series Masscomp General 

Now Available for Immediate Shipment and Backed by a 100% 
Satisfaction Guarantee. Call Our TOLL-FREE Hotline Today! 

In addition to transferring data between nodes, 
NETWORKZ™ will allow any processor in 
any chassis to generate a VMEbus interrupt 
on any other chassis. Three interrupts are 
available. The user may define function, 
priority, and vector for each interrupt. Any 
processor can generate an interrupt on any 
other VMEbus on the network. In addition, 
any processor on the network can generate an 
interrupt on all VMEbuses on the network 
simultaneously. It's time you network in 
world class, record breaking real time - call 
VMIC toll-free and see how fast we are! 

?-B00-322-36? 6 

VMIC 
VME MICROSYSTEMS INTERNAnONAL CORPOllAnON 
12090 South Memorial Parkway 
Huntsville, Alabama 35803-3308 
(205)880-0444 FAX(205)882-0859 

VMIC produc.:ts are internationally represented by Distributors throughout the world . 
Call or FAX VMIC for complete information. 
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Whatever your destination 
on the open bus highway ... 

VME-64 
Keep Right 

Newbridge Microsystems can help you g et there. 

Newbridge Microsystems offers the industry's most 
r.omplP.tP. and flexible open bus silicon product line. 

Leading the way with our 32-bit VME chipsct that 
supplies a full high performance VMEbus interface , 
we provide a pin-for-pin compatibl e migration path 
to VME64. Our product direction extends beyond 
VME to devices and VHDL models for emerging 
Futurebus+ protocols. 

The CA91C014 and CA91C015 VME 
chipset provides: 

• IEEE 1014/VMEbus Rev C 
compliance 

• Full VMEbus interface 
implementation 

• High performance VMEbus 
decoupling with on-chip DMA 
functionality 

• Bus Isolation mode for system 
diagnostics and fau It isolation 

For those applications demanding even 
higher performance, the CA91C064 
VME64 device will offer users of our 
32-bit chipset a pin-for-pin compatible 
upgrade to VME64 . 

• NEWBRIDGE 

Newbridgc Mi crosys tems is also deve loping a highly 
fl ex ible so lution for entering the Futurcbus+ market 
quickly. The CA91 C896 and CA91 C89 7 Futurebus+ 
chipset will fea ture: 

• Generi c loca l bus and decoupled Futurcbus+ 
interfaces to support split transacti ons fo r 
multip rocess ing and burst transfers for higher 
performance 

• Support fo r sca labl e ex ternal 
performance enhancements for use 
across a spec trum of appli cations 

• Portabl e VHDL models to minimi ze 
des ign effort - and yo ur time to 
market 

Our second ge neration Futu rebus+ 
products will include processor 
spec ific single chip devices, such as 
the CA91C880 fo r the Motorola 88K 
RISC p rocessor family. 

Backed by the worldwide Ncwb ridge 
group of companies and an interna
tional sa les and di stribution network , 
Newbridge Microsystems is laying out 
an open bus route to the futu re. 

NEWBRIDGE 
MICROSYSTEMS 

Newbridge Microsystems • A Division of Newbridge Networks Corporation . 
603 March Road, Kanata, Ontario , Canada K2K 2M5 

Tel : (613) 592-0714 • 1-800-267-7231 ·Fax : (613) 592-1320 

Newbridge and logo and Calmos are trademarks of Newbridge Neworks Corporation. 1'l Copyright 1990, Newbridge Networks Corporation . 
Other brand and product names are trademarks or registered trademarks of their respective holders. 
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Computers get personal 
he time is the year 2000. The 
place, the executive suite of an 
office tower, high above San 
Francisco. Beyond the windows 
night spreads across the city, but 
inside, a senior executive sits 
down to a last few tasks. From a 
jacket pocket she draws her per
sonal computer and unfolds it 

onto the arm of her chair. The surface of the 
device flickers a 3-D corporate logo as the 
machine checks into the local network cell, 
and then it speaks: ''Yes, Dr. Forbes?" 

Writing on the computer with her pen, 
sometimes speaking words or sentences, the 
executive cleans up the last of the day's work. 
She reviews a video of a teleconference
twice normal speed, and only those portions 
in which the Japanese executives are speak
ing, please. She pauses at a particular word, 
the name of a mechanical part, and by the 
recorded sound queries the corporate net
work for a physical model. This she examines 
for some time, turning it over, illuminating 
its crevices, watching an animation of its 
machining steps. At last she reviews her 
video mail and the evening news, telling the 
PC to use her customary subject filters. Then 
she folds the computer, absentmindedly tells 

it to summon an elevator and warm her car, 
and slips the device back into her pocket. 

Today, such a device hovers between the 
realms of the likely and the fanciful. But such 
a computer won't be the work of a lone ge
nius-rather, it will be one more step on the 
path to completely personal computing. The 
story of this movement begins about 30 years 
ago, a story of intertwining strands of hard
ware and software achievement, forming a 
lengthening braid. It's a story of growing CPU 
power, of growing interactivity with humans, 
and of shrinking physical size. 

Thirty years ago, when Computer Design 
published its first issue, all of these advances 
were simply dreams, latent in what seemed 
to be a purely practical struggle-the effort 
of users to gain some control over their com
puting equipment. The story begins, not with 
a bang, but with a good deal of ill-tempered 
whimpering. 

In the early 1960s, many scientists and 
engineers were night people-not by prefer
ence but by mandate. Their big, unpre
dictable applications were only permitted on 
the mainframe computer after midnight, 
when there was no danger of crashing the 
payroll program. 

At many corporate research centers and 

Freed from its 
ivory tower 
by industry in
novators, the per
sonal computer 
now touches all 
our lives. Today's 
elementary 
school children 
use learning tools 
that were un
available at 
universities 30 
years ago. 
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universities, researchers followed the same 
routine. By day they would collect data from 
their experiments, often using the new, inex
pensive digital controllers to automatically 
measure data and punch it onto cards or 
paper tape. By night, they would carry their 
data down the dark hall, to the one lighted 
doorway in an otherwise-deserted building
the I/O room for the mainframe. There, they 
would hand their data and their source deck 
to a computer operator. Or perhaps, if the 
researchers had achieved enough clout, they 
would actually be admitted to the computer 
room, to place with their own hands their 
program before the beast. 

R
eturning to their laboratories with 
the results of the night's run, many 
of these people must have gazed at 
the racks of controls in their labs 
and wondered ifit wouldn't perhaps 
be possible, someday, to do the com

puting right there, where the data was col
lected. To most scientists it was just another 
five-in-the-morning daydream. But to a tiny 
core of designers at a young controller com
pany in Maynard, MA, it was much more. 

Several factors came together at Digital 
Equipment Corp. Founder and president Ken 
Olsen brought high-speed transistor logic cir
cuitry from his work at the Massachusetts 
Institute of Technology. Core memory, then 
seen as an enormous advance over the rotat
ing magnetic drums used in early main
frames, was just maturing as a fast, inexpen
sive technology. But perhaps the key 
ingredient was DEC's goal-interactive com
puting. Olsen believed in freeing the com
puter user from subservience to the batch-ori
ented mainframe, in making the computer 
responsive to both the user and the periph
eral equipment. DEC's first system, the PDP-
1, debuted in November 1960. This lS-bit 
machine had 4 kwords of core memory, a 
typewriter, a paper-tape reader, and a CRT. 
Its computational 
power was comple
mented by a real
time control capa
bility, making the 
PDP-1 system 
popular for labora
tory applications. 

atively inexpensive core memory. The PDP-S 
would have a load/store architecture, a single 
12-bit accumulator and a small instruction 
set, reducing the cost of control logic. It would 
have an ample-for the time-4 kwords of 
core. The logic was packaged on plug-in mod
ules inserted in a wirewrapped backplane. 
Except for the innovation of automated wire
wrap technology, the physical assembly was 
similar to that of the enormous vacuum-tube 
and transistor machines used by MIT and the 
Air Force. 

The PDP-S would use the Model 33 teletype 
for I/O. Programs and data would go in on 
paper tape. The new computer would be ca
pable of both controlling laboratory appara
tus and performing computations, freeing the 
experimenter from his midnight vigil. The 
concept of the interactive, personalized com
puter had seen its first embodiment. 

One measure of the PDP-S's success was 
the rapidity with which it changed. Almost 
immediately customers cried for more core, 
and DEC responded with a bank-switching 
scheme that moved the total up to a stagger
ing 32 kwords. Complaints about paper tape 
brought faster reader/punches and, eventu
ally, DECtape, a sort-of-addressable, inex
pensive miniaturization of the huge nine
track tapes on mainframes. 

But core prices dropped and programs 
grew larger. And an even more dramatic 
change soon made the PDP-S's discrete tran
sistor logic obsolete-the ITL IC appeared on 
the scene. With this much less expensive and 
much denser technology, it was time to re
think the cost-optimized architecture of the 
machine. 

The new effort resulted in an entirely new, 

The main stem 
of DEC's computer 
genealogy burst 
forth in 1965 with 
the introduction of 
the PDP-S. The 
DEC designers 
fashioned an ar
chitecture around 
cost constraints, 
trading off expen
sive logic against 
performance and 
exploiting the rel-

Digital Equipment Carp's PDP-8 brought interactive computing 
to a broad audience. The PDP-8 logic was housed on plug-in 
modules and built with discrete transistors. 
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"THE GOAL WAS INTERACTIVE COMPUTING'' 

K en Olsen's initial contact with the computer industry was 
at the Massachusetts Institute of Technology, where he di
rected development of the computers used in the Sage 

air defense system, and later managed design of two pioneer
ing transistor-logic computers, the TX-0 and TX-2. "The MIT 
approach was to use thoroughly designed, fast and simple 
transistor circuits," Olsen remembers. When Olsen left MIT to 
found Maynard, MA-based Digital Equipment Corp in 1957, 
that approach to circuit design came with him. "Those circuits 
were the basis of DEC, and I think they influenced much of 
the later work in digital semiconductors as well," he says. 

achieving this promise. "There's still a 
long way to go before the corporate struc
ture understands what can be gained by 
networking. Before you can really exploit 
a network of this size-DEC has about 
100,000 people on the network now, for 
instance-the corporation has to accept 
networking standards, just like it has had 
to agree on a common spoken language 
and a common set of accounting princi
ples. And attitudes have to change-net
working needs openness, not privacy, and 
it can't flourish if groups feel like they're 
competing with the rest of the company." 

Ken Olsen, 
president, 
Digital 
Equipment Corp 

From the beginning, the MIT philosophy of small, fast de
sign fit into the direction of DEC. "When we started, the goal 
was interactive computing-interactive both with people and 
w ith equipment," says Olsen . "We had demonstrated the con
cept at MIT, but on the outside people still thought it was 
strange. There was a notion then that computers were sup
posed to have dignity; that they weren't supposed to respond 
to people." 

Over the years since the PDP-8, DEC's product focus has 
shifted from single-user minis to massive, enterprise networks. 
"There are many strategies now, but we're still close to our 
original goal," Olsen maintains. "By creating an enterprise net
work, you create an equality among the employees, and the 
ability to build teams. Teams can come together for long-term 
projects or just for an hour or two-the network is the me
dium that makes this possible." 

This egalitarianism fits well with Olsen's view that progress 
is a movement; that it's more than the work of a few brilliant 
individuals. "Most of the advances have been made by people 
whose names will never be remembered. There have been a 
few individual inventions-perhaps core memory is an exam
ple-but even then, there was still a lot of development work 
done by a lot of people. I think we've seen the most progress 
when engineers work in teams, and just get in and enjoy the 
opportunity to do exciting things, not when individuals work 
for recognition." 

Idea lly, Olsen's vision of networking would let any members 
of an organization interact with the whole computing, data 
and communications resource of the enterprise. But he says 
that there are still barriers-though not technical ones-to 

And the pace apparently will continue. " I can't get excited 
about museums right now," Olsen admits. "The future is mov
ing too fast. With CPU speed, the level of integration, mem
ory capacity and disk capacity all increasing so fast, we're see
ing applications we never thought possible. Voice recognition 
is a good example. And just the opportunity to work with all 
these motivated people makes it an exciting business." 

16-bit minicomputer, the PDP-11. In its eco
nomical use of TTL to produce a rich, or
thogonal programming environment, many 
regard the PDP-11 as one of the quintessen
tial achievements of computer architecture. 
Gordon Bell, who had contributed the in
struction set for the PDP-8, created a general
register architecture with a variety of data 
types and address modes-a machine inex
pensive to implement yet beautifully suited 
to compilers and operating software. The per
sonalized computer had crossed the boundary 
from asceticism to elegance, a passage we 
would see again. 

E 
ven though the PDP-8 was obsolete by 
the mid-'70s , it wasn't without its ad
mirers. A whole generation of techni
cal programmers had grown up on the 
little machines. One who particularly 
admired the PDP-8 , and what it 

meant to personalized computing, was 
Stephen Wozniak. 

Wozniak, like Olsen a decade before, found 
himself at the confluence of a number of 
trends. The birth of the 8-bit microprocessor 
at Intel had accidentally created computer 
hobbyists. Groups of amateur programmers 
came together to build breadboard computers 

out of 8080 microprocessors and SRAMs, 
then struggled to connect the things to switch 
registers and teletypes. Wozniak was a com
puter club member, and also had access to the 
new 6502 microprocessor recently introduced 
by Rockwell. Observing the struggles in
volved in breadboarding a microcomputer, he 
decided to put together a kit that hobbyists 
could use to get going. This was the Apple I. 

"The Apple I broke ground in more areas 
than most people realize," remembers Mike 
Markkula, founder and vice-chairman of Palo 
Alto, CA-based Echelon and a cofounder of 
Apple Computer. "It was the first board-level 
computer. But it was also the first microcom
puter to use DRAM, and the first to have a 
language in ROM-Wozniak wrote his own 
integer Basic for the board." But as a con
sumer success the first Apple was lacking. 

"It was just a raw board," Markkula ex
plains. ''You had to find your own power sup
ply, your own keyboard and your own display. 
And the cassette interface wasn't particularly 
reliable. It was really just a product for the 
hobbyist." 

In response to these problems, Wozniak 
went back to the drawing board. He conceived 
an entirely new approach, one that created 
an industry. The Apple II offered every-
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thing-CPU board, keyboard, display and 
mass storage-in a single preassembled 
product line. "It was the first time anyone had 
collected all the things you need to do useful 
work at a reasonable price," Markkula says. 
It was the birth of the personal computer. 

Just as the arrival of TIL made possible 
the creation of the PDP-11, the sudden explo
sion in the density of MOS VLSI made possi
ble increasingly complex microprocessors. 
And, closely following the pattern of the ear
lier minicomputers, the 8-bit accumulator
based 8080 generation of chips was followed 
by 16-bit and 32-bit general-register chips, 
such as the 8086 
and 68000. The 
new micropro
cessors dwarfed 
the computing 
capabilities of 
the 6502, and 
opened the door 
to a new genera
tion of much 
more powerful, 
but more expen
sive, packaged 
computers. 

Barely four 
years after the 
Apple II ap
peared, a new 
venture in 
Chelmsford, MA 
unveiled its first 
product, the 
Apollo DN 100. 
"It was an idea 

The board-level 
Apple I required 
hobbyists to add a 
keyboard, power 
supply and case. The 
second product de
signed by Apple 
Computer's Wozniak 
and Jobs was the 
Apple II, the first 
personal computer 
for the mass market. 

that came from the universities," recalls Mike 
Greata, group architect at Hewlett-Pack
ard/Apollo and one of the original Apollo de
signers. "They were the ones who figured out 
that such a machine should exist, and asked 
for it." 

E 
ssentially, the workstation concept 
was threefold: a machine that would 
run big programs under virtual mem
ory, that would live in a network en
vironment with a distributed operat
ing system, and that would be inter

active via a high-resolution display. These 
goals led to a physical package not unlike that 
of the Apple II, and also to a whole host of 
new technical problems. 

Among the biggest was virtual memory. 
"The folks designing microprocessors took 
two or three shots to get virtual memory 
right," says Greata. "They essentially re
learned all the lessons the mainframe and 
minicomputer people had learned." The prac
tical result of the 68000 microprocessor's lack 
of virtual memory support was that Apollo 
had to include two 68000s on the CPU board, 
one backing the other up in case of a page 
fault. "We used to call it the world's most 
expensive set of spare registers," says Greata. 
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Apollo chose to use a 1,024x800-pixel dis
play, managed primarily by the 68000 micro
processor. 'We put in hardware for moving 
blocks of pixels, but none for drawing vectors 
or surfaces," Greata says. "It was mainly a 
matter of affordability." 

By taking the concept of a personal, pre
packaged computer from the performance 
range of the 6502 into the then-heady realm 
of the 68000, Apollo brought individual com
puting to an entirely new group of users-the 
scientists and engineers who had been time
sharing on mainframes or superminis. This 
move started an avalanche in software devel
opment, as programs that had been batch 
jobs with numeric output on mainframes 
were rewritten to become interactive, graph
ics-oriented jobs on workstations. 

And the DN 100 started another shift as 
well, not at all unintended. "The idea of a user 
interface was already there in 1980, before 

we shipped the first machines," Greata re
members. That idea, which would become the 
hinge point of user interactivity, had been 
taking shape since the mid-'70s in Xerox's 
Palo Alto Research Center, Xerox PARC. 

In 1976 in a PARC Learning Research 
Group technical report, researchers Alan Kay 
and Adele Goldberg wrote: "Several years 
ago, we crystallized our dreams into a design 
idea for a personal dynamic medium the size 
of a notebook ... which could be owned by ev
eryone and could have the power to handle 
virtually all of its owner's information-re
lated needs." 

As a step toward their dream, the PARC 
researchers put together a human interface 
system based not on the capabilities of any 
existing hardware but on their notions of how 
humans learn and explore. The resulting en
vironment, with its windows, icons and mice, 
created the visual trappings appropriated by 
nearly every interactive computing system 
that has followed. 

Much of the notoriety of the original PARC 
work came from its use in a junior high 
school, as an experiment in teaching kids to 
program. This association may have added a 
more than appropriate note of whimsy to the 
concepts that were taking shape-object-ori-



ented design, network operating systems, 
and a formal approach to defining user inter
faces. People associated the Smalltalk lan
guage more with paint programs and music 
generation than with formal systems design. 

In 1981, Xerox announced its attempt to 
apply the PARC concepts to a commercial 
product: the Star workstation. In the hands 
of product designers the screen became a 
desktop, the pictures icons, and the stand
alone "dynamic book" became a node on an 
Ethernet. Unfortunately, the Star, too expen
sive for secretaries and too involved for exec
utives, failed as a product. But it had estab
lished in everyone's mind the image of a 
highly productive user interface, an image 
that would keep showing up in Apples, on 
workstations and in open standards such as 
Motif. 

W
hile the user interface work at 
PARC took shape, another rev
olu tion was sweeping across 
the face of computing, changing 
not only user interfaces but the 
whole notion of the computer as 

something people sit in front of. In 1972, Palo 
Alto, CA-based HP ripped the computer, or at 
least the scientific calculator, off the desk and 
stuck it into our pockets. 

At $395, the HP-35 calculator was as ex
pensive in 1972 terms as a modest laptop 
would be today, but companies put together 
corporate purchases to make the devices 
available to their engineers, and demand was 
so strong that HP had to establish a waiting 
list. Weighing 9 oz, running 4 hr on a battery 
charge, and running circles around many 
electronic desk calculators of the day, the 
HP-35 clearly proclaimed a new truth for the 
industry-with MOS VLSI chips, you could 
make anything as small as you wanted. 

The calculator may also have been an early 
study in concurrent engineering. The 
development team's requirement of shirt
pocket size, high precision, long battery life 
and reasonable speed dictated new ap
proaches for everything from computational 
circuitry to computing algorithms and dis
play hardware. And since all parts of the 
design had to work together intimately, all 
phases of the design interacted. 

The designers partitioned the calculator 
into two MOS ICs, one for control logic and 
one for the data path. The programs that 
produced the calculator's transcendental 
functions went into three 2,560-bit MOS 
ROMs, and a couple of bipolar chips drove the 
LED display. Miraculously, without access to 
either LCDs or CMOS, the device managed 
to run on 500 mW, and performed its slowest 
computations-trig functions-in about half 
a second. As a computational engine, the 
bit-serial HP-35 wasn't a barn-burner-but it 
ended, in one week, the reign of the slide rule. 

Almost two decades later, another shrink 
job is changing the computing paradigm, 

"CHANGE DOESN'T HAPPEN 
IN STRAIGHT LINES" 

J 
ohn William Poduska Sr. claims to be a benefi
ciary of being in the right place at the right 
time. "The rate of technical change has been in

credible," says Poduska, president and CEO of Con
cord, MA-based Stardent Computer. "Someone cal
culated the other day that there's more computing 
power in one Stellar computer than in all the com
puters on earth when I was in grad school." 

Through all this change the common thread in 
Poduska's career seems to have been man-machine 
interactivity. "I went from MIT to NASA Cambridge, 
where they were working on man-computer graph
ics systems," he remembers. "In 1972, we took a lot 

Bill Poduska, 
president and 
CEO, Stardent 
Computer 

of the work, including the operating system, from that project and tried 
to build a miniaturized, powerful time-sharing system. That was Prime 
Computer." 

From Prime, Poduska moved on to found workstation pioneer Apollo 
Computer, and then Stellar, the minisuper vendor that merged with Ar
dent to form Stardent. Poduska says that these moves reflect the way 
technology developed in the industry. "Change doesn't happen in 
straight lines-there are sharp jumps and very flat plateaus," Poduska ar
gues. "Prime really came about because you could build a single-board 
computer. For Apollo, the important thing was that you could get a 
whole, serious processor in one part. And the Stellar design was made 
possible by the emergence of ASICs. Now we're seeing another big 
jump, this time from RISC architectures. When you see these advances 
coming at you with cannonball fury, the challenge is to not get numb. 
Companies stumble when they fail to adopt new technology, not when 
they keep trying " 

As technology drives us up the power curve, Poduska sees two major 
challenges. "One is what to do with all this power. Sometimes it should 
create new ways of thinking about things . Visualization, for instance, is 
becoming an important tool in molecular chemistry-we have added a 
whole new technique to science, called computational physics. Now we 
can do experiments entirely on the computer, and observe the results to 
a degree that wouldn't have been possible with a physical experiment. " 

The other key challenge will be standardization . "We need a broader 
sense of standards, for collaboration . That's starting to happen in 
visualization now-fortunately. I don't think we should be too proud of 
how we standardized on operating systems or languages in the past. 
There was a rush to standardize, and more than a little hubris involved." 

Looking back, Poduska sees the industry's change made up of two dif
ferent kinds of contributions. "You could compare it to 19th-century 
mathematics," he suggests. "We remember the great mathematicians by 
name. But there were all those artillery officers, civil engineers-people 
who had to actually use the theories to do things . You have to pay atten
tion to both stories. " 

blending the calculator's notion of instant 
access with PARC's ideas of a graphic envi
ronment. This time the agent of change is 
start-up Paquet Computer in Sunnyvale, CA 
By condensing the PC into a literally pocket
sized package, the company has called forth 
a new wave of technology to face the problems 
of volume, power consumption and the user 
interface. 

Poquet's solutions to the volume and power 
management issues have involved proprietary 
circuitry, on which 16 patents have been 
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sought, according to market com
munications manager Gerry Purdy. 
Getting the whole PC into the pack
age, and getting it to run on a set 
of batteries smaller than the com
puter, has taken a considerable 
amount of effort. 

IBM's Watson Labs to follow some 
of his own notions about advanced 
architectures, along a path origi
nally found in the '50s by M. 
Fromme at Zuse Computer in Bad 
Hersfeld, West Germany. 

But the more challenging prob
lems involve software. "Task man
agement is a big issue," Purdy 
says. "A pocket computer creates 
new expectations-it's not accept
able to wait a few minutes for 
program loading anymore. What 
you want is to have all the pro
grams active at once, so you get 
instant access to the application 
you want, as you would with a 
calculator." 

A further evolution of the same 
idea will lead, Purdy believes, to 

The early work of IBM 
computer architect John 
Cocke led to the RISC
based approach to com
puting. His first machine 
was called the 801, the 
number of the building 
where his lab was lo
cated. 

"John became the principal 
spokesman for the idea of a small, 
advanced machine," says Mike 
Blasgen, IBM director of ad
vanced RISC systems. "He walked 
the halls talking to people-it 
wasn't his way to write a lot of 
memos-until management fi
nally decided to pursue the proj
ect." The result was an effort to 
build an extremely fast, minicom
puter-sized box with mainframe 
power. In a salute to the great 
IBM mainframes of the old days, 

new, pocket-specific applications. He sug
gests Lotus Agenda as an example of the 
direction in which applications may be mov
ing. But the final enabling technology for 
pocket computing will come not from soft
ware but from telephony: the CT-2 small-cell 
wireless phone network. 

T 
he combination of a large number of 
channels and physically small trans
mitter, both made possible by CT-2's 
very small distance between sta
tions, is ideal for the pocket com
puter. In such an environment, a 

combination of pocket computer and cellular 
phone can stay in continuous touch with elec
tronic mail services, getting dialed up auto
matically any time a message appears. The 
continuously available communications soft
ware can download the message, and have it 
ready the next time the user opens the cover. 

This level of services would be great, but it 
couldn't even be considered with the sort of 
computing power available to Apollo in 1980. 
The possibility for a microprocessor-based 
computer able to handle this sort of compu
tation and multitasking came not from dra
matic increases in IC performance-although 
that didn't hurt-but from yet another thread 
in the braid of progress, a little-noticed main
frame project named after a building. 

By 1975, John Cocke was a veteran IBM 
CPU architect. He had participated in the 
Armonk, NY-based company's original ad
vanced architecture effort in the '50s, the 
Strech project. More important, he had been 
involved in the mid-'60s Advanced Computer 
System project. The ACS, as it was known, 
was IBM's second major attempt to produce 
a breakthrough architecture. Like Strech, 
ACS never saw the light of day, but its ideas 
filtered into the market in diverse ways. One 
way was through Gene Amdahl, who left the 
ACS project to pursue the goal of advanced 
370-iype mainframes on his own. Another 
avenue was through Cocke, who returned to 
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which allegedly took their names 
from the buildings in which they were con
ceived-the 701, 702, and so on-the new 
machine was christened after Cocke's build
ing number at Watson Labs: 801. 

"The original emphasis was on one instruc
tion per cycle," Blasgen says. "But it was 
important to get there without a big increase 
in the number of instructions necessary to do 
the job. Also, from the beginning the instruc
tion set was intended to be the target for the 
compilers-the team wanted to eliminate the 
use of assembly language. This led to a 
threefold project, in which the hardware, the 
compiler and the applications were all devel
oped together. 

"To get to one instruction per cycle, it was 
necessary to build a pipelined CPU and to use 
a split cache-one cache for instructions, an
other for data. To get good performance, a lot 
of time was spent on register allocation-and 
it was decided in mid-project that the 16 

Some personal computer users can't leave their 
computers behind. Th is pocket-sized PC from Pa
quet Computer is one result of the evolution of PCs. 



From calculator to computer 

A dvances in many f ields made it possible to personalize 
computing, but it was IC technology, and IC economics, 
that delivered computing to the masses. The 

democratization of computing began with two concepts and 
two calculators . The concepts were integrating a complex cir
cuit on a sing le chip and, later, allowing the functions of an IC 
to be defined by programmed instructions. The calculators 
were the first hand-held, developed by Texas Instruments, and 
a table-top model from Busicom. 

When Jack S. Ki lby, the inventor of the IC and the hand
held calculator, went to w ork for Tl in Dallas in May 1958 he 
was assigned to the micromodu le program Tl was conducting 
for the Signal Corps. The f irst IC was an analog circuit, a 
phase-shift oscillator, consisting of severa l germanium mesa 
t ransistors, diffused resistors and capacitors on a 7/15-in. sub
strate, but interconnected by hand w ith gold w ire . Tl and 
other companies actively developed IC technology in the fol 
lowing years, but the dig ital revolution didn't rea lly take off 
until Kilby invented the hand-held ca lculator. 

Patrick Haggerty, Tl's president in the mid-'60s and a great 
advocate of IC technology, pressured Ki lby into using IC tech 
nology to build t he first hand-held calculator. When work be
gan on the project in September 1965, there was no prece
dent for the machine. Virtually everything had to be invented. 
The "calculator-on-a-ch ip " packed the equiva lent of 6,000 
transistors-the fi rst large-scale integration-but the bread
board for the design took up the better part of a room. Ki lby, 
together with Jerry Merryman and Jim Van Tassel, filed for a 
patent on the design in 1967, though the award (Patent 
#3,819,921 ) wasn't granted to Tl until 1974. 

The early IC ind ustry w as driven by customers who needed 
specialized parts, some of w hich would emerge later as stan
dard products. The first commercial microprocessor was a 

The first hand-held cal
culator packed a tablefu/ 
of discrete electronics (cen
ter) into a palm-size pack
age (left). A fledgling IC 
house called Intel later 
designed the first 
microprocessor for 
Busicom, a calculator 
manufacturer. Today's cal
culators adopt features 
such as graphical displays 
and pull-down menus 
from the personal com
puters they helped spawn. 

case in point. What was 
eventually marketed as 
the first single-chip 
microprocessor, the 
4004, actual ly began 
life as a custom product 
developed by Intel for 

Busicom, a Japanese calculator manufacturer. 
Calculator manufacturers of the early '70s were demanding 

customized chips as a means of differentiating their products. 
The response of many semiconductor makers was to partition 
the logic of the calculator in ways that cou ld generate stan
dardized building blocks. 

Intel was incorporated in July 1968 by Gordon Moore and 
Bob Noyce, who left Fairchild to set up a company dedicated 
to the economica l manufacture of large-scale ci rcu its. Inte l 
was asked to design a chip set for Busicom in August 1969. 
Marcian (Ted) Hoff, then Intel's applications manager, is cred
ited with the inspiration for the calculator's architecture. The 
Busicom calculator differed from others in that it used ROM
based program memory. Instead of bui lding a dedicated ca lcu
lator-an adder wit h some programming capabil ities-the ar
ch itecture of the Busicom machine resembled a general-purpose 
computer that was programmed to be a ca lcu lator. 

The 4004 was designed by Stan Mazor and Federico Faggin 
(who later became president of Zilog). The device was a 4-bit 
microprocessor: it cou ld take in on ly four dig its (bi t s) at a 
t ime. There was no softwa re. But it was su pported with a 32-
bit on-chip RAM, a 256-byte ROM and a 10-b it shift reg ister 
and output expander. It could address up to 16 256-byte 
ROMs (4,096 bytes) and 16 RAMs (4, 120 bits) . With an in
struction execution rate of 60,000 instructions per second, it 
had the same processing power as the early Eniac computer. 

The Busicom company was relative ly short-lived . When one 
of its top designers, Masatosh i Sh ima, joined Inte l in 197 1, 
Noyce decided to buy back the rights to the chip . The 4004 
was then advertised for sale in the fall of 197 1. In April 1972, 
the first 8-bit microprocessor, Intel's 8008, was announced. 

By 1973, microprocessors had outgrown their position as 
building blocks for calcu lators, and were being considered as 
general-pu rpose processors. Though they were much slower 
than minicomputer CPUs, practically everyone in the electron
ics industry could see their potential for reducing the size and 
cost of computer-controlled equipment. 

The first processor to be used in personal computers-then 
intell igent alphanumeric termina ls-was the 8080, int rod uced 
in April 1974. 



registers in the 370 architecture wouldn't be 
enough. So the 801 had 32." 

The 801, implemented in ECL, clearly 
demonstrated that Cocke's approach was 
valid. A processor with a simplified instruc
tion set, one instruction-per-cycle execution 
and heavy dependence on compiler technol
ogy could in fact yield enormous performance 
from a small package. But, like its predeces
sors, the 801 didn't go directly to market. It 
did show up, unknown to customers, as an 
VO processor in the 3090 mainframe. And it 
received its final vindication when, starting 
in 1986, the 801 team worked with IBM's 
Austin, TX facility to reimplement the archi
tecture in CMOS, producing the now crush
ingly powerful RISC System/6000. 

B 
ut if Cocke's ideas didn't show up in 
the industry right away, they were 
certainly not lost on academia . 
Groups at both Stanford and the 
University of California at Berkeley 
picked up the RISC idea and ran 

with it. Both projects 
resulted in commer
cial microprocessors: 
the Berkeley group, 
with its emphasis on 
hardware, associated 
itself with Mountain 
View, CA-based Sun 
Microsystems and 
produced the Spare 
architecture . The 
more compiler-mind
ed Stanford group , 
meanwhile, formed 
MIPS Computer in 
Sunnyvale, CA. 

And as algorithms evolved, the problem got 
worse-new algorithms tended to produce 
more accurate images, rather than to reduce 
the amount of computing requ ired. Re
searchers tried Cray computers and graphics 
terminals. They tried powerful workstations. 
They tried Cray computers driving worksta
tions. But interactive visualization escaped 
every attempt to subdue it with general-pur
pose hardware. 

"We have made major progress in realism," 
claims Rick Mayes, marketing manager for 
HP's graphics technology division. "We've 
gone from wireframe images to flat polygon 
surfaces to Gouraud shading. Now we're 
working on radiosity-modeling how re
flected light behaves." 

This progress has been spearheaded by 
algorithm development on the Crays, but it 
has found its way to market in dedicated 
graphics chips. "As we moved to shaded sol
ids, we also moved to hardware Z-buffers, 
transform engines and raster-op accelerat
ors," Mayes says. ''Now we have things like a 

dedicated Gouraud-
shading chip." 

The resulting mi
croprocessors fired 
workstations to a new 
performance pla
teau, accelerating 
the shift of analytical 
software and complex 
user interfaces onto 

The human interface is a critical issue for personal com 
puter designers. Designed for environments that make 
a keyboard or mouse impractical, the pen-based Grid
pad system recognizes handwriting in 10 languages. 

The intertwining 
strands in the braid 
are drawing to
gether. Comput
ationa l power, 
driven by new ar
chitectures and new 
processors, is still 
growing. Miniaturi
zation, supported 
by the experience of 
several generations 
of pocket computing 
equipment, is up to 
the task. Special
purpose graphics 
hardware is ready 
to take on the chal-
1 enges of visualiza
tion as an interface 
paradigm. And re
searchers are pour

these platforms. But even as RISC was solv
ing one set of computing problems, another 
was emerging. This new computing load 
threatened to be more than any general-pur
pose CPU could handle. 

Ever since the mainframe days, research
ers in a few fields had been struggling with 
one big problem-how to produce realistic 
images of solid objects. The problem of visu
alizing solids was important to molecular 
chemistry, where developers were learning to 
create molecules on the computer; to struc
tural design, where computer models could 
show shape, range of motion, deformation 
under stress or heat flow; and in architecture , 
where computer modeling could cut months 
off the time required to model a new building. 

But the numerical requirements for pro
ducing a lifelike 3-D image are staggering. 
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ing their energies into such areas as pen 
input and voice recognition. 

Within the sweep of 30 years' history, from 
the first PDP-8 to the 3-D workstations and 
pocket computers of today, the next step 
doesn't seem so large. You can almo st 
close your eyes and imagine the personal 
system of the year 2000 , waiting there 
in your pocket . 

In the garage of her office building, the 
executive fingers her PC once again, telling 
it to unlock her car and, perhaps, to wake up 
her townhouse for her arrival. Then she 
snaps shut the thin plastic case that carries 
her connection to the electronic world, and 
her connection to 40 years of uninterrupted 
technical achievement. 

By Ron Wilson, Senior Edit or 



l lines, No waiting . 

Your application is 
first in line with the MVC 16-
line Async Commux. It's got 
processing capacity to 
spare, thanks to a 16 MIPS 
RISC, so system power goes 
to your users- not 1/0. 

Character processing 
and buffering is managed 
on-board by our RISC, so 
driver calls and host over
head are kept to a minimum. 
All 16 lines can operate at 
38.4 KBaud. That's over 
61,000 characters per sec
ond throughput, double the 
rate of other VMEBus async 
controllers. 

The MVC's advanced 
features benefit both the 
integrator and programmer. 
Port and VMEbus parameters 
are soft-configured and set 
line-by-line. Modem control 
is standard. Full software 
support is also included, 

• RUN 

' . 

Mix & match 110 
panels feature 
DB25 or RJ-45 
connectors 

along with diagnostics and 
a Streams driver. 

Advanced memory 
architecture and high-speed 
buffering eliminate overruns 
and port domination. Mem
ory is expandable from 128KB 
to lMB, so the MVC handles 
today's requirements and 
future application needs. 

With over 11 years 
experience producing 
advanced storage, communi
cations and memory prod
ucts, Macrolink delivers the 
powerful and flexible MVC 
in 8 and 16 line configura
tions. Call us today. We won't 
keep you waiting. 

Macrolink Inc., 
1500 North Kellogg Drive, 
Anaheim, California 92807. 
Phone (714) 777-8800, 
FAX (714) 777-8807. m mactoHnli:® inc .. 
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NETWORl<ING 

FOOi, TOKEN-RING AND ETHERNET 
COMMUNICATIONS 
The need to network has never been greater. Diverse processing 
platforms, distributed architectures, client-server, departmental and 
workgroup environments all contribute to increased demands on the 
network. System and network designers need a proven source of 
technology solutions for the wide range of networking and 
communication application problems they face. 
lnterphase delivers those solutions. 
FOOi, TOKEN-RING AND ETHERNET SOLUTIONS 
lnterphase has long led the industry in high-performance VMEbus 
peripheral controllers, and that same leadership is now evident in 
networking node contro llers. lnterphase has FDDI, Token-Ring and 
Ethernet solutions for virtua lly any VM Ebus system application 
challenge. 

PROVEN FOOi SPEED AND INTELLIGENCE 
lnterphase's FDDI 100 Mb/s offerings are a logical choice for the 
industry The V/FDDI 3211 Falcon received UnixWorld magazine 's 
Product of the Year designation and was the industry's first 6U 
VMEbus FDDI solution. lnterphase's newest FDDI product is the 
V/FDDI 4211 Peregrine, a RISC-based high-performance node con
troller capable of link level operation or on-board protocol process ing. 
The Peregrine provides single or dual attach configurations, with 
SMT (Station Management Software) running on-board, all in one 6U 
VME slot. 

TOKEN-RING RESULTS 
The V/Token-Ring 4212 Owl is an ultrafast Token-Ring node controller 
based on the partitioned architecture of lnterphase's proven Eagle 
class of controllers. The Owl facilitates connectivity of UNIX® systems, 
workstations, supercomputers or any other VMEbus system into 
an IBM® environment using IEEE 802.5 Token-Ring. This multiple 
processor design provides an elegant queued interface to the system 
supporting IEEE 802.2 LLC, and a flexible 4 or 16 Mbit interface to the 
Token-Ring network. 
ETHERNET CHOICES 
lnterphase also offers two Ethernet design options. The V/Ethernet 
4207 Eagle 32-bit protocol platform is the high-performance stan
dard for the industry. and offers on-board TCP/IP support. The 
V/Ethernet 3207 Hawk is designed specifically for cost-sensitive 
VMEbus applications. 
GET YOUR NET WORKING NOW 
No matter what your networking need- FDDI, Token-Ring or Ethernet 
- lnterphase is ready to provide the solution. For more information 
call today: 

(214) 919-9000 

•+~/NTERPHASE 
•tYcoRPORATI ON 

OPEN SYSTEMS CONTROLLERS '" 

Disk • Tape • Networking 

13800 Senlac • Dallas, Texas 75234 • (214) 919-9000 • FAX: (214) 919-9200 • NASDAQ-NMS:INPH 
lnterphase Intern ational 

Astral House, Granville Way • Bicester, Oxon OX6 OJT • (01 144) 869-321222 • FAX (01 144) 869-247720 
© 1990 lnterphase Corporation . lnterphase is a registered trademark of lnterphase Corporation. Open Systems Controllers is a trademark of 

lnterphase Corporation . Specifications sub1ect to change without notice . UNIX is a registered trademark of AT&T in the United States and other 
countries. IBM is a registered trademark of International Business Machines . 
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Digital communications link the 
world on wires, lightwaves 
and airwaves 

n the world of communications, digital 
technology is virtually shrinking the 
world. New communications technolo
gies are bringing down the barriers of 
distance and time that used to sepa
rate people, ideas and information. But 
digital technology is only one part of a 
revolution that's equally fueled by 
breakthroughs in optical transmission, 

advances in semiconductor electronics, and 
progress in the telecommunications infra
structure (particularly in telephone call 
switching and wireless communications). 

The impact of the communications revolu
tion is changing the very fabric of society. And 
the road to this revolution begins with an 
evolutionary milestone in communications
the shift from analog to digital methods. 

Many of the pioneers of digital telecommu
nications have stories to tell about the pro
cess of getting an analog-oriented manager to 
accept digital thinking. For example, Paul 
Baran, chairman of Sunnyvale, CA-based 
Inter Fax, is considered the father of packet
switching technology. Baran tells now-amus
ing stories about persuading management at 
AT&T to accept digital thinking in the early 
1960s. The analog technologists within the 
Bell system were used to thinking of each call 
between, say, New York and California as a 
single electrical connection: "Wait a minute, 
son,'' says Baran, mimicking a supervisor. 
''You're telling me that the switch opens be
fore the signal goes across the country?!" 

Baran's work was implemented in the early 
'70s as a private telecommunications net
work-ARPAnet-using 1.5-Mbit/s pulse
code modulation (PCM). The implementation 
was undertaken by Cambridge, MA-based 
Bolt, Beranek and Newman (BBN). Four 
nodes were attached in 1969; 29 nodes were 
attached in 1972; and 37 nodes were up and 
running in 1973. 

Once the Federal Communications Com
mission permitted private companies to enter 
the communications business (using leased 
lines from AT&T), BBN worked on making 

Bell Labs' announcement of this optical fiber in 
1973 foreshadowed the digital transformation of 
communications. 
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ARPAnet a commercial venture. Telenet 
Communications was formed by three em
ployees of BBN in 1972 to build a nationwide 
packet-switching network. Telenet's first
generation network in 1975 was the basis for 
the X.25 packet-switching standard. Telenet 
was acquired by GTE in 1979. In 1986 GTE 
included Telenet in its portion of a joint ven
ture with Kansas City, MO-based United 
Telecommunications. The venture was called 
US Sprint. Canada, France and Japan began 
work on packet-switching networks shortly 
afterwards, building impetus toward an in
ternational standard. 

The International Telegraph and Tele
phone Consultative Committee, an agency of 
the International Telecommunication Union, 
issued the first standards for X.25 packet 

switching in 1976. The standards define the 
interface between user terminal and packet 
network: the X.25 protocols allow multiple 
services-voice and data- as well as multiple 
users on one multiplexed line. It 's the fore 
runner of new services that will come in 
under the umbrella of ISDN (Integrated 
Services Digital Network). 

I 
n the early '70s, packet switching seemed 
ready to move into the public sector with 
an implementation by the Post, Tele
ohone and Telegraph in England. In 
1975 , Telenet introduced its own private 
service in the United States with a seven

node network. By 1977, public networks were 
operating in t h e United Kingdom a n d 
Canad a . Te lenet connected with the 
Canadian network in 1978. By 1982, public 
packet-switching networks were planned for 
more than 20 countries . 
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The need to send data between computers 
has driven the growth of LANs, as well as 
long-distance services. Of the prevailing 
LAN hardware , Ethernet-developed by 
Xerox's Palo Alto, CA Research Center in the 
mid-'70s-has come to dominate. 

While Ethernet is a standard, its suppliers 
differ in their approach to protocols (which 
determine how data transmissions are for
matted and read). Protocol choices for Ether
net have included Sun Microsystems' Net-

The telephone system is evolv
ing toward digital end-to-end 
service, termed ISDN. Key to 
this transformation are switch
ing centers tailored to a digital 
environment. Today's 5ESS 
can handle 300,000 calls per 
hour; 1963's ESS-1 used dig
ital techniques to switch 
analog signals. 

work File System; Digital Equipment Carp's 
DECnet; Xerox's Network System; and the 
Defense Department's TCP/IP (Transport 
Control Protocol/Internet Protocol), which 
was originally developed for ARPAnet. 

TCP/IP is now supported on all types of 
computers from personal computers to su
percomputers . It defines layers three 
through seven of the Open Systems Intercon
nection communications reference model. 
The two lower layers have already been de
fined, largely in hardware by the IEEE-802 
standards for LANs. 

Not everyone is satisfied with the emer
gence of TCP/IP, though, since the protocol 
dissection required can slow down data trans
fer speeds. TCP/IP has been benchmarked at 
1.2 Mbits/s, for example, compared to 1.5 
Mbits/s for DECnet. (In principle, Ethernet 
allows data communication rates up to 10 
Mbits/s, and the Fiber Distributed Data In-



terface will allow communication rates up to 
125 Mbits/s.) But networking guru Judy 
Estrin, executive vice-president of Mountain 
View, CA-based Network Computing Devices, 
doesn't believe that there will be any serious 
challenges to the dominance of TCP/IP in the 
next five to 10 years: "It works and works 
well," says Estrin. 

The first digital telephone system, the 
ESS-1 (electronic switching system), was an
nounced by Bell Labs in 1963. The ESS-1 
wasn't a digital transmission system at all
it was a computer-controlled system of inter
connects for analog signals. (The switches 
were actually encapsulated reed relays.) Its 
memory included programs for opening and 
closing circuits based on the digits being di
aled by a caller. It could handle up to 10,000 
lines. In England, the British Post Office, in 
conjunction with Plessey, developed the TX
E2, which was put into service in 1966. This 
system could handle from 4,000 to 7,000 
lines. The advantage to the user of these early 
systems was that they allowed calls to be 
processed faster, and provided additional ser
vices such as conference calling. 

C 
oncurrent with electronic switching 
in the '60s was digitally based tele
phone equipment built around the 
transistor and IC. Typical of this 
equipment was a private company 
switchboard-the private branch 

exchange-and a repertory dialer, which 
enabled customers to store numbers at the 
telephone station. 

The digital private access branch exchange 
was developed, suggests Baran, under the 
assumption that only parts of the existing 
telephone network could be replaced. (The 
subsequent installation 
of fiber trunk lines in 
1981 and the "deregula
tion" of the Bell System in 
1982 would alter these 
assumptions drastically.) 

frequency tones. 
The SS-7 (signaling system), for example, 

uses a separate packet-switching network 
for directing calls on an otherwise conven
tional network. This provides translation 
and routing for dialed calls. The 800 toll-free 
numbers, for instance, must be translated 
into particular area codes and numbers be
fore the call can go through. The information 
on 800 call routing is typically stored in a 
central database, and accessed with a sepa
rate packet. 

Th an otherwise conventional control chan
nel, packet switching on the SS-7 contributes 
error detection, acknowledgement fields and 
distributed network access to a common da
tabase. Additional services that may be im
plemented are fast routing, the avoidance of 
busy signals on the line and the ability to see 
the telephone number of the caller. 

However, it was the demand for data com
munication services that forced the tele
phone company to explore digital transmis
sions. The T-1 carrier systems-the first 
truly digital signal transmission networks, 
capable of a data transfer rate of 1.54 
Mbits/s-were developed in the late '50s and 
are still regarded as workhorse technology 
today. T-1 service over leased cable lines is 
still the preferred long-distance carrier for 
large companies with far-flung networks. 
Companies with leased T-1 lines created pri
vate voice and data networks. 

Each T-1 link normally carries 24 full-du
plex 64-kbit/s voice channels using PCM. If 
adaptive differential PCM is used, the si
lence between signals is suppressed, and 
about a 5X improvement in throughput can 
therefore be expected. A signal T-1 line offers 
about 96 channels of toll-quality voice. 

Advances in telephone 
communications typically 
balanced line cost and 
computer switching costs. 
In the early '50s and '60s, 
lines seemed plentiful and 
cheap, and the computer 
switching gear was ex
pensive. The relationship 
reversed itself in the '60s 
and '70s, setting up the 
possibility for multi
plexed lines, as well as 
the ability to use multiple 
lines in the service of one 
call. One example of this 
ability, the CCISS (com
mon channel interoffice 
signaling system), set up 
a separate channel for 
directing calls using set 

AT&T researchers are working on a distributed conferencing system that 
lets participants speak face-to-face through their own computers while 
sharing notes. data and video images. 
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The PBX allowed easier control of telephone lines than the traditional cord-and-jack sw itchboards 
it replaced. These 40-button telephones allow control of new services made possible by ISDN, such as 
calling-number identification. 

Today's telecommunications technologies 
transmit more than voices and images; in 
some cases they seem to permit the transmis
sion of 3-D objects. Digitizing and mathemat
ical modeling transform solid objects into 
data files that can be manipulated and trans
mitted by computer systems. A physical pro
totype designed in one place today can be 
precisely reproduced on a computer screen or 
machine tool on another continent within 
minutes. 

AT&T Bell Laboratories researchers in 
Holmdel, NJ are currently working on a re
mote conferencing system, in which all of the 
participants sit at their own computers. The 
system would let conference participants see 
each other face-to-face and share a central 
computer screen-called the "conference 
room." They would be able to enter or leave 
the room at will, view static or moving video 
images, and share and manipulate programs 
and data on the central computer screen. "All 
it takes is wider-bandwidth cable and image 
compression, but the technology is available," 
says Sudhir Ahuja, who heads the integrated 
computer communications research depart
ment at the labs. 

Much of the hope for the future is placed in 
ISDN. AT&T in particular sees ISDN as the 
platform for all new-generation communica
tions systems. ISDN, in fact, provides a "su
perset" for the digital communications ser
vices already established with T-1 leased 
lines, X.25 packet switching and SS-7. 

ISDN is the first entirely digital end-to-end 
service. It's set up as a wideband network 
with three information channels per user. 
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Computer and digitized voice are multi
plexed on the same physical channel, but a 
separate D-channel serves as a supervisor. 

I 
SDN is a synchronous network, provid
ing channels for speech and data. Speech 
is transferred at rates up to 64 kbits/s, 
while data can, in principle, be trans
ferred at rates of2, 8, 34, or 140 Mbits/s. 
Digitized video signals can also be mul

tiplexed along this line. Separate channels 
in the network are required for each bit rate. 
Consequently, most implementations use 
narrowband communications that put all 
traffic on the line at uniform 64-kbit/s rates. 
Dynamic bandwidth allocation isn't a fea
ture of current telephones. 

Broadband ISDN, in contrast, provides 
bandwidth on demand to each user. So video 
transmission will automatically claim a high 
bandwidth (stream traffic), while ASCII text 
transmission will be delegated to lower data 
rates in the background (burst-mode traffic). 
Broadband ISDN allows an asynchronous 
transfer mode-a packet-switching scheme
in which packet lengths will vary, depending 
on the amount of bandwidth required. 

Broadband ISDN is touted as the vehicle 
that will allow multimedia conferencing, se
cure voice and video telephone. 

Munich, Germany-based Siemens imple
mented the world's first broadband ISDN 
system, the ISDN-B, in Berlin in October 
1989. The ISDN-B provides 140-Mbit/s data 
rates. The Berlin Communications System 
uses the asynchronous transfer mode. An au
tomatic broadband switching center provides 



"Even without computers, we would have invented digital communications." 

T hanks to international telephone communications, the 
world is becoming smaller by the moment," says Robert 
Lucky, executive director of communications research at 

AT&T Bell Laboratories in Holmdel, NJ. 
The author of Silicon Dreams: Information, Man, and 

Machine (St. Martin's Press, 1989) can identify many of the 
technological developments that have revolutionized the so
cia l landscape. "With nearly one-half of the current interna
tional traffic now facsimile transmission, " Lucky points out, 
"the fax is clearly one of the great socia l revolutions of the 
'80s." Federal Express, cellular telephones and video stores 
are identified by Lucky as other examples. 

"far-out technology" at AT&T, says 
Lucky, who was influenced by Oliver, 
Pearse and Shannon's late-'50s paper, 
"The Philosophy of PCM." It presented a 
case for why one should go digital. To 
Lucky, it was clear that digital transmis
sion could prevent the accumulation of 
noise and distortion . "Even without com
puters, we would have invented digital 
communications," he says. 

All-digital ISDN (Integrated Services 
Digital Network) is identified as the ma
jor platform for all new-generation com
munications systems. Broadband ISDN 
will provide bandwidth on demand, says 

Robert lucky, 
executive direc
tor of communi
cations research 
at AT&T Bell Labs 

He sees two major threads to technology development in 
communications. One is the transformation brought on by 
digital communications technology; the other is wideband 
networking that effectively ties everything together. 

Though Lucky's own work began at the start of the digital 
revolution, his first assignment at Bell Labs was in analog mo
dem development ( 1961 ). He contributed to development 
work on 300-bit/s and 1,200-bit/s analog modems (which re
sulted in the Bell 103 and Bell 212 communication stan
dards). Lucky invented many of the adaptive equalization al
gorithms for 9,600-bit/s modems. 

Lucky, which will enable multimedia conferencing, secure 
voice conversations, video telephone, high-fidelity audio-al
most any communication service imaginable. 

The wireless Personal Communications Networks, how
ever, will likely be the biggest growth area for the '90s, 

In the early '60s, digital telephony was still regarded as a 

driven by the increased use of laptop computers. "Within five 
or six years," predicts Lucky, "the proliferation of wireless 
LANs will encourage the development of a wireless PABX (pri
vate access branch exchange)." 

asynchronous communications at 2 Mbits/s 
and synchronous communications at up to 
140 Mbits/s. The network currently links 
about 40 users, including universities, scien
tific institutes, Berlin city offices, hospitals, 
hotels, and a small number of corporations. 
Connection is made through fiberoptic cables. 
The system consists of some 30,000 km of 
fiber, and has feeder lines for cable television 
networks as well as public telephones. 

T 
he invention of the laser coincides 
with the start of the digital revolu
tion in the early '60s. Much of the 
pioneering work was done by Arthur 
Shallow at Bell Laboratories, al
though there are continuing patent 

disputes. Robert Hall produced a gallium-ar
senide injection laser at General Electric in 
Schenectady, NY at about the same time. 
This device produced so much heat that it 
needed liquid nitrogen as a coolant. Similar 
devices were developed at the same time at 
Armonk, NY-based IBM and at the Massa
chusetts Institute of Technology's Lincoln 
Laboratory. 

Optoelectronics devices based on low-power 
LEDs blossomed in the '60s. The first LED 
was introduced in December 1962; the first 
commercial LED displays were sold in 1968. 

The advantage of the GaAs laser was that 
it could direct light as monochromatic beams. 
In addition, it could transmit digital pulses 
or analog waveforms with equal facility, since 
its light beam could be regulated (much like 
the grid of a vacuum tube) by variations in 

the diode drive. The first room-temperature 
semiconductor lasers were demonstrated at 
Bell Labs in 1970. 

In 1972, researchers at IBM produced a 
GaAs laser that could generate a beam of 
light only 2 µm in diameter. This was small 
enough to couple the laser power with the 
smallest diameter single-mode fibers. With 
low-attenuation fiber, fewer amplifiers and 
repeaters were needed. IBM researchers ob
tained data rates in excess of 100 Mbits/s . 

By the mid-'70s, Bell Labs was reporting 
major increases in diode lifetime and was 
projecting 1 million hours of useful life. RCA, 
based in Somerville, NJ, introduced a planar 
diode in 1979 that could be made with IC 
fabrication techniques. 

In 1971 Corning Glass of Corning, NY in
troduced a usable low-loss fiber-one that 
would attenuate a signal by only 20 dB over 
1 km. While current fiber technology will 
provide signal attenuation as low as 0.2 
dB/km, the 20 dB of 20 years ago was re
garded as a breakthrough in transmission 
costs, since repeaters need be installed only 
at every kilometer, rather than every few feet 
along the cable. 

In 1976, a Bell Laboratories experiment 
demonstrated the feasibility of mass-pro
duced fiber cabling. Bell engineers showed 
that cables made up of 144 separate fibers 
could be mass-spliced without individual 
handling. These cables-l/2 in. in diameter
could handle almost 50,000 separate tele
phone conversations. 

The first commercial fiber installation took 
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Putting data 
into packets 

Paul Baran, chairman of 
Sunnyvale, CA-based 
Inter Fax, is the father 

of the digital communica
tions technology known as 
packet switching. In brief, 
the concept of packet 
switching lets you send out 
a continuous message as a 
series of digital packets on 
a distributed network . Each 
of the packets may be 

Paul Baran, 
chairman of 
Inter Fax 

routed by switches at the nodes of a network 
grid to reach a common destination . At their 
destination, they are reassembled into a coher
ent message . Baran was awarded the 1990 
Alexander Graham Bell Medal for his pioneering 
work on packet switching. 

Saran's early work for Santa Monica, (A
based Rand in the late '50s and early '60s was 
to develop survivable command control struc
tures for the military. He conceptualized a com
munications network using a mesh connection 
of redundant links. The redundancy allowed by 
distributed networking meant that the network 
could have breaks in its structure and still be 
able to pass digitized message blocks. Packet 
switching could also build on existing links 
within the public telephone network. 

The first major packet-switching network, 
ARPAnet, implemented in the early '70s, used 
fairly low data rates on leased lines. However, 
ARPA-what Baran calls "government money 
administered by academics"-funded several 
computer time-sharing projects at university 
sites, and has had a major influence on stu
dents of networking (including Judy Estrin, now 
executive vice-president of Network Computing 
Devices in Mountain View, CA). Baran says that 
ARPA then accounted for 60 percent of all com
puter research in the United States. 

place in 1977, a joint effort of Stamford, CT
based General Telephone and Electronics and 
the Bell System. It was a short-distance sys
tem. By 1979 Tokyo, Japan-based Nippon 
Telegraph and Telephone had produced a fi
ber with 0.2 dB/km loss, and Bell Laborato
ries had demonstrated digital data rates up 
to 200 Gbits/s. The first long-haul fiber com
munications system, connecting New York 
City, Philadelphia and Washington, DC, was 
installed in 1981. Now, AT&T estimates that 
between 80 and 90 percent of all long-haul 
communications go across fiber cable. 

Many believe that Personal Communica
tions Networks on cellular telephone frequen
cies (825 and 894 MHz) can offer the same 
services as ISDN- mixed voice and data-to 
a mobile user. Within an office, wireless net-
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works may replace much of the cabling, hard
ware and expense associated with Ethernet. 

NCR of Dayton, OH has demonstrated a 
wireless network, called Wavelan, based on 
spread-spectrum technology. With a 2-MbitJs 
data capacity, it can transfer serial data files, 
but it isn't fast enough for real-time transmis
sion of bit-mapped graphics. Wavelan's ad
vantage is that it costs far less than an Ether
net node and that it's easy to install. The 
entire unit, including an omni-directional an
tenna, can be plugged into the back of a 
PC/AT computer. 

S
pread-spectrum communications are 
used in military defense applications 
to prevent enemy jamming or eaves
dropping on radio communications 
in the field. Spread spectrum uses 
low power across the frequency band 

from 902 to 928 MHz. At that frequency, the 
network is immune to interference from ra
dios, cellular telephones and other communi
cations devices (but not from military radar). 
Because of its low power, it requires no FCC 
broadcast license. 

Motorola's Radio-Telephone Systems 
Group in Schaumberg, IL, however, has an
nounced a wireless Ethernet replacement 
that offers a 15-MbitJs data rate on an 18-
GHz radio frequency. Called WIN (wireless 
in-building network), the system uses a six.
sector intelligent antenna, an RF digital sig
nal processor, a GaAs transmitter/receiver 
and a packet-switching controller. The power 
level of the WIN transmitter is about 20 mW, 
roughly 4 percent of what a standard cellular 
telephone requires. The use of the 18-GHz 
frequency-now designated the "digital ter
mination service band"-takes advantage of 
an FCC ruling that allows low-power radio 
communications to be used inside buildings. 

The revolution in wireless communica
tions-hand-held data entry terminals , car 
and personal navigation systems, as well as 
cellular telephones and pagers-has forced a 
reexamination of the ways in which the RF 
spectrum is currently allocated and used by 
FCC licensees. Consequently, many of the 
changes in wireless communications may be 
driven more by politics and market forces 
than by technology. 

The surge in mobile communications has 
encouraged Motorola to announce plans for 
Iridium, a satellite network that would let 
people call or receive calls from anywhere on 
earth. Satellite communication takes place at 
frequencies from 1 GHz to 60 GHz. This 
range will extend mobile communications to 
places not covered by cellular telephones. 

Whether information is carried as photons 
or packets on fibers, wires or radio waves, a 
new age of communications based on digital 
technologies is unfolding. 

By Stephen Ohr, Special Contributor 
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MULTIPLY 
YOUR 
DSX JACKFIELD 
PERFORMANCE 
& COST SAVINGS 
For central office use and customer premise 
applications, the reasons to specify Switchcraft's 
SNAP-56 DSX Jackfield really add up: 

• Ease of Serviceability: Each jack and circuit 
can be repaired or replaced while the other 
circuits remain in service. 

• Versatility: From 1 to 56 circu its in a 23" panel. 
(Also available up to 64 circuits in a 23" panel. ) 

• Reliability: Circuit isolation is 5 times better 
than hard wired jackfields . . . virtually no 
cross-talk. 

Increase your performance and productivity ... 
specify the "SNAP" technology from Switchcraft. 

A Raytheon Company 

5555 N. Elston Ave. 
Chicago, IL 60630 



Digital designs conquer 
consumer music and video 

smile spread across the 
audiophile's face as the rec
orded sounds of a train wreck 
thundered from his speakers. 
In the room, a reel-to-reel tape 
deck turned slowly, and two 
metal boxes-pre-amp and 
power amplifier-suffused the 
room with a soft glow from their 

vacuum tubes. It was 1960, and audiophiles 
(along with ham radio operators) were the 
electronic hackers of the day. But unlike ham 
radio operators, audiophiles pointed the way 
to a potentially vast consumer market of mu
sic lovers ready for high fidelity and stereo 
sound if it could be packaged and priced at
tractively. How could the audiophile, who was 
pushing the technology edge of 1960, have 
guessed what the combination of a mass con
sumer market, solid state technology and, 
ultimately, the microprocessor would do for 

the quality and availability ofrecorded music? 
Solid state technology has opened conve

nient, low-cost, high-quality sound systems 
to a mass market and has provided the basis 
for the next stage of evolution: digital sound 
made possible by microprocessor technology. 

In the 1960s and '70s, serious shoppers for 
hi-fi and stereo equipment wrestled with 
specs such as frequency response curves, 
turntable rumble, wow and flutter, tape hiss, 
etc. But the specs of magnetic cartridges 
don't have a counterpart in laser compact 
discs, and digital audio tape takes away most 
of the fretting over hiss and frequency re
sponse in that playback system. 

By 1980, the engineering in playback sys
tems, primarily turntables and cassette decks, 
had reached a level that could bring the 
listener truly exquisite sound, or so it seemed 
at the time. Magnetic cartridges had been 
refined; tone arms with ultralight tracking 

The compact disc 
embodies the digi
tal transformation 
of consumer 
electronics. Combin
ing superb sound 
quality and com
pact size, CDs have 
virtually replaced 
the LP as the lead
ing distribution 
medium for 
recorded music. 
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other areas. Many pro
posals for advanced tele
vision include the call for 
CD quality sound. Re
cently, Eastman Kodak 
and Optical Radiation, 
both based in Rochester, 
NY, have come up with a 
digital system for movie 
sound called Cinema Dig
ital Sound. Instead of an
alog signals, optical dig
ital dots are placed on the 
sound track of film. The 

weights were in use; and 
Dolby noise reduction and 
the use of metal oxide 
tapes had greatly im
proved taped sound. Incre
ments of improvement 
were getting ever smaller. 
But no matter how elegant 
the playback system or 
how true the amplifica
tion, distortion and noise 
were still results of the 
recording and playback
the vinyl LP and the tape. 
Since Thomas Edison's 
day, music was still being 
reproduced by dragging a 
stylus through a groove. 

Digital technology gives this portable CD 
player better sound quality than older 
analog "hi-fi" systems costing much more. 

recent film Dick Tracy 
was recorded digitally 
and shown with digital 
sound in theaters that 

Tape systems, however refined, were still sub
ject to noise from direct contact between the 
tape and the heads and to distortion through 
wear. Analog tape also has practical limita
tions in dynamic range and frequency re
sponse. 

In 1980, Sony chairman Akio Morita, Phil
ips director of audio Joop van Tilburg, and 
Berlin Philharmonic conductor Herbert von 
Karajan held a joint press conference in Eind
hoven, the Netherlands to announce support 
of a new recording technology pioneered by 
Philips and developed under a technology 
transfer agreement with Sony: the compact 
disc. By 1983 hundreds of thousands of com
pact disc players were coming on the market. 
Today, the compact disc has almost totally 
replaced the LP as the preferred distribution 
medium for recorded music. 

T 
he compact disc represented some
thing entirely new in recorded mu
sic. It was digital. The analog music 
signal is sampled as 44.1 thousand 
32-bit (16-bits per channel) samples 
per second, and combined with a so

phisticated Reed-Solomon error correcting 
code. The music, represented as tiny dimples 
that stand for ls and Os, is stamped onto the 
surface of the compact disc. The solid state 
laser that reads the information never phys
ically touches the surface, so there's no wear 
and none of the noise or distortion that tiny 
surface irregularities can produce in LPs. 
What's more , there's no loss of signal dynam
ics. LP recording engineers routinely reduce 
the dynamic range of program material by 
tens of dBs in order to keep the record's 
grooves narrow (higher levels require wider 
grooves and more spacing between grooves, 
and allow less recording per album side). 
Digital recording using 16-bit conversion can 
capture the full dynamic range of program 
material (in excess of 90 dB). Thus the data 
on a CD contains every bit of music informa
tion recorded on the digital master tape. 

The widespread-almost universal-tri
umph of the compact disc has set a standard 
of consumer expectation that's influencing 
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had digital sound heads for their projectors. 
So digital movie sound doesn't require 
wholesale replacement of projection equip
ment; existing projectors can simply be ret
rofitted. The new generation of video discs 
include digital CD quality sound as well. 

The one drawback of the compact disc , 
depending on whether you're a consumer or 
the recording industry, is that like the LP 
before it, it can't record. Of course, one can 
copy CD music onto standard cassettes, but 
then one will end up with the inferior sound 
quality of the cassette. To preserve the true 
CD level of sound quality, music on tape 
must also be recorded as digital data. Enter 
digital audio tape (DAT). The recording in
dustry has been using DAT for some time in 
high-end multi-track recorders and master
ing systems, but only recently, and only in 
1990 in the United States, has it been avail
able as a consumer product. DAT manufac
turers hope that compact discs and DAT will 
co-exist in the market in much the same way 
as did the LP and the cassette tape. 

DAT uses a type of metal tape that has a 
longer shelf life , better structural integrity 
and higher recording density than standard 
metal or oxide cassette tapes. The DAT drive 
uses a rotary recording head similar to that 
of a VCR spinning at 2,000 rpm. Data is 
written onto the tape in diagonal strips at a 
sampling rate of 48 kHz-faster than that of 
compact discs. Extensive error correction, 
with about twice the error correcting capa
bility of compact discs, allows the system to 
re-create lost data on playback and to mute 
out noise that may result from any irretriev
able data. 

Along with the music and error correction 
data, both DAT recording and compact discs 
contain special subcode information that lets 
the deck automatically center information 
tracks on the head. The subcode timing and 
location data also lets DAT deck manufactur
ers add programming and search features, 
among others. Since the subcode information 
is recorded separately from the music, it can 
be edited without affecting the sound. 

In addition to the standard PLAY, FAST 



FORWARD, STOP, and REWIND features of 
cassettes, a DAT deck could offer Start ID, to 
mark the start of each section for search/scan; 
Skip ID, to program around selections one 
doesn't want to hear; and Renumber, to re
number all selections from the start of the 
tape. It's also possible to display absolute 
time either from the start of the tape or from 
the start of a current selection, which is use
ful for recording purposes. 

D 
AT's ability to directly record the dig
ital information either from a com
pact disc or from another digital tape 
has frightened the recording indus
try and delayed the introduction of 
DAT into the United States. But the 

possibilities for digitized music information 
plus the attractiveness of the sound quality 
will no doubt overcome such resistance. Sony 
has introduced a digital audio deck as well as 
a DAT version of its successful Walkman 
personal stereo to the U.S. market, and other 
manufacturers are expected to follow suit. 

In recording from compact disc to digital 
tape, the digital data is taken off the CD 
player just before it's sent to the Digital-to
Analog converters. The CD has performed its 
error correction and properly reordered the 
music samples. The DAT deck then can com
pensate for the difference in sampling rates 
and apply its own error correction scheme 
and formatting to the data before writing it 
to the tape. More models of CD players are 
appearing with digital output jacks to let 
users get to the digital data, not merely for 
recording, but also for other uses such as 
musical instrument device interface control 
and sound field processing using digital sig
nal processor technology. 

Having an audio signal in digital form not 
only preserves a level of sound quality, but it 
allows precise digital processing and manip
ulation of the audio data. The ability of mod
ern DSPs to select bands of 
frequency from a signal and 
manipulate them digitally 
makes them excellent audio 
filters-with abilities be
yond those possible with 
analog filters (such as zero 
phase shift). With digital 
analysis and processing it's 
even theoretically possible 
to isolate and remove the 
sound of a single violin in a 
recorded orchestra. 

medium, giving old recordings new life. 
While the most obvious use of DSP in dig

ital audio systems is filtering and digital 
equalization because of its ability to reshape 
the spectrum of a signal, DSP can also oper
ate in the time domain, making it possible to 
insert time delays for given parts of a signal 
spectrum. This ability has led to an interest
ing application of signal processing for home 
and car audio systems. Los Angeles, CA
based Pioneer last year introduced a sound 
field processor that uses DSP to simulate the 
sound experience of various listening envi
ronments such as a concert hall, jazz club, 
disco, or church. Several other brands such 
as JVC and THX have incorporated DSP 
sound processing into audio amplifiers. The 
THX system by Lucasfilm is specifically ori
ented toward processing movie sound from 
Pioneer 's Laserdiscs to re-create the sound 
experience of a large cinema within the con
fines of a home viewing room. 

One might be tempted to say that the com
pact disc "started it all" when looking at what 
appears to be a reemergence of video disc 
technology that once seemed to have been 
permanently eclipsed by video tape. Actually, 
the compact audio disc came out of a project 
at Philips that was originally aimed at re
cording video signals. The first video discs 
were not a hit with viewers because the 
drives used constant linear velocity (CLV). 
CLV meant that the inner tracks contained 
the same amount of information as the outer 
tracks because the disc spun at a constant 
rate. Thus the viewer had to turn over a 
one-hour disc after 30 minutes. 

Today's constant angular velocity (CAV) 
drives slow down the motor speed as the 
beam moves from the center outward so that 
the outer tracks can hold much more infor
mation than the inner ones, resulting in a 
much longer-playing disc. Video discs, repre
sented by the Pioneer Laserdisc, appear to be 

DSP has been used to en
hance digitized rerecord
ings of older LPs such as 
jazz greats of the 1920s. 
Sound engineers have re
moved noise and scratches 
with selective filtering and 
have enhanced ct:rtain fre
quency bands that didn't 
reproduce well in the old 

The FCC is expected to select a U.S. standard for high-definition television broadcasting in early 
1993. The higher image quality of HDTV will be teamed with CD-quality audio. HDTV's 24-30-
MHz video bandwidth requirements are being matched to existing 6-MHz television channels 
through digital compression techniques. 
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poised for a comeback against the VCR 
thanks to their better picture quality and 
their ability to be used in interactive applica
tions. In addition to improvements in disc 
capacity, digital processing of the video sig
nal-which is recorded on the disc in analog 
form-and improvements in optical systems 
and stability have produced a noticeably bet
ter quality picture than is available from 
tape. Teaming CD-quality digital sound with 
the video disc is also expected to lure audio
and videophiles away from tape. 

In fact, the optical disc appears on its way 
to victory as a medium for recorded entertain
ment in general. Combination players that 
can play video and compact audio discs are 

One major consideration in the choice of 
technology for the switch to color TV was the 
Federal Communications Commission 
(FCC) stipulation that the color broadcast 
signal be compatible with existing black
and-white transmission so as not to obsolete 
the millions of black-and-white receivers al
ready in homes. A similar situation exists 
with the second impending evolutionary 
change in broadcast TV: the move to high
definition television. HDTV, as Lhe name 
implies, aims at a higher resolution picture 
than the 40-year-old National Television Sys
tem Committee (NTSC) standard with its 
525 scanning lines. It also holds the promise 
of broadcasting CD-quality sound. 

Current proposals call for HDTV and standard TV signals to broadcast on 
separate channels. Researchers at Zenith have demonstrated that even 
closely spaced channels need not experience interference. 

There's a plethora of pro
posals for how to imple
ment advanced television 
systems with higher resolu
tion. The proposals range 
from improved NTSC to full
blown digital broadcasting. 
Some of these are regarded 
as only interim steps to full 
high-definition viewing. At 
the moment, some order ap
pears to be coming out of 
the chaos, and about six 
proposals are serious candi
dates. In addition to consid
erations of basic technol
ogy, there are questions of 
allocating channel band
width and accommodating 
different delivery methods 
including terrestrial broad
casting, satellite and cable. 
Despite the present appar
ent confusion, the HDTV 
Information Center of the 
Electronic Industry Asso
ciation is confidently pre
dicting that HDTV will pen
etrate 25 percent of U.S. 
households by the end of 
the century and that Amer
icans will purchase HDTV 
sets faster than they did for 

available from several manufacturers, and 
producers are putting an increasing number 
of movie titles on video discs. The discs' wide
spread acceptance by rental outlets will be 
the key to a switch among viewers to disc
based recorded video entertainment. 

B 
ack in the early 1960s, television was 
undergoing its first major evolution
ary change: the conversion to color. 
Back when only a few programs 
were broadcast in color, the novelty 
would send families with color sets 

rushing from the dinner table into the living 
room to watch the NBC peacock spread its 
tailfeathers across the screen. At the same 
time, broadcasters also underwent a major 
upgrade of their transmitter equipment. 
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either conventional color TVs or VCRs. 
There's a popular myth that the United 

States is lagging Japan and Europe in the 
development of HDTV-an idea that is dis
puted by Sidney Topel, chairman of the EIA's 
Advanced Television Committee. Other 
countries, especially in Europe, are still in a 
confused state with many conflicting propos
als as well, Tupel says. "I didn't find any 
unified, advanced program (in Europe)," he 
says. "I did find a little pushing on the part 
of TV set manufacturers who would like to 
build bigger TV sets. What people really 
want is programs. They want a lot of pro
grams, and that's what you can get with 
low-power satellites feeding cable systems as 
we have done in the United States." 

A proposal by General Instrument (San 



Diego, CA) to the FCC that's recently gained 
attention seeks the implementation of a fully 
digital system in the United States. The pro
posal calls for all-digital technology using 
video compression. "I'd say that's what's re
ally new and that's where the United States 
is probably in the leadership position," says 
Topel. The intent to submit a second all-dig
ital system for testing came last November 
from a consortium comprising David Sarnoff 
Laboratories, National 
Broadcasting Company, 
North American Phil
ips, and Thomson. 

Whether or when digitally encoded video 
signals become the mainstream form of tele
vision broadcasting may not even be the 
most revolutionary aspect of the micro
processor's impact on the medium. Digital 
technology is opening the door to interactive 
television where viewers not only watch but 
also participate in the programming. 

Interactive television is not a radically 
new idea. A children's show in the 1950s 

called "Winky Dink and 
You" sold a transparent 
screen overlay and a 
grease pencil for kids to 
use to solve puzzles and 
connect-the-dots as 
they were shown on the 
show to participate in 
Winky Dink's adven
tures. 

Of course, an all-dig
ital technology would 
not be compatible with 
NTSC. The real prob
lem with digital TV is 
that it will require enor
mous bandwidth in or
der to take a high-defi
nition television signal 
and get the right sam
pling rate for the high 
frequencies, and then 
the right number of 
bits-a matter of tens of 
megabits, maybe a hun
dred or so-to get the 
quality. Lately, there 
have been people who 
think they can get very, 
very high compression 

Interactive television lets viewers participate 
in programs such as sporting events or game 
shows. In this system from ACT\/, watchers 
can choose from any of four camera views. 

In the early 1980s 
there was a flurry of ef
forts to harness cable 
television networks into 
a home information sys
tem. Called Videotex in 
the United States and 
Prestel in the United 
Kingdom, these sys
tems gave viewers ac
cess to information ser
vices for weather, news, 
shopping, and other ser-

ratios to fit high-definition digital television 
into the 6 MHz bandwidth channel required 
by the FCC. "I think if we go forward on video 
compression technology, we can leave both 
the Japanese and the Europeans at the gate," 
Topel says. 

Regarding compatibility with NTSC, Topel 
points out that the FCC didn't say that the 
same signal must carry both standards (as is 
the case with color broadcasting). It said peo
ple must be able to receive the same program 
at home, whichever type set they're using. By 
taking a simulcast approach-broadcasting 
the two standards on two different frequen
cies-the industry could satisfy the FCC's 
requirement and not compromise the tech
nology. That, of course, would mean assign
ing two 6 MHz bandwidth channels to each 
broadcaster who wanted to broadcast HDTV 
along with NTSC. Having each television 
station require two clear channels for broad
casting may double the demand for channel 
assignments. According to the EIA's George 
Hanover, it might not mean doubling, but 
assigning some of the frequencies that were 
difficult to use and that few people wanted 
because of interference. The potential for in
creased interference in a more crowded spec
trum is one issue to be addressed in testing 
HDTV methods by spectrum for terrestrial 
television. Broadcasters on those channels 
could use another advantage of digital elec
tronics-error correction. 

vices such as airline res
ervations. Videotex failed largely because it 
was asking people to use their TVs-which 
are means of entertainment-as computers. 
The systems were not easy to use; one had 
to step through many levels of tedious 
menus, the graphics were low-resolution 
compared to a television picture and the 
system got in the way of a viewer's primary 
motivation for using a television-to be en
tertained. 

N
ow a new generation of interactive 
TV is taking shape around more 
advanced technologies and a real
ization that to be successful, inter
active TV must take advantage of 
people's desire to be entertained. 

One such scheme that's close to entering the 
mass market has been devised by Interactive 
Network in Mountain View, CA. Subscribers 
to Interactive Network's system can partici
pate in TV game shows such as "Jeopardy" 
and "Wheel of Fortune," or play games with 
sporting events such as major league base
ball, football or basketball. In the QBl foot
ball game, for instance, viewers can guess 
what kind of play the offense will try next. 

The system uses a small terminal that 
contains a concealable alphanumeric key
board, microprocessor and memory, and an 
LCD display surrounded by eight buttons 
that can be defined by on-screen menus. The 
unit contains an FM subcarrier receiver and 
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an internal modem. Programs and data
even the operating system-are downloaded 
to the control terminal over the air. 

The data is encoded on an FM subcarrier 
leased by Interactive Network for a given 
broadcast area. It's simulcast in synch with 
the regular TV broadcast. Alternatively, the 
data can be encoded in the vertical blanking 
interval (VBI) of the video signal. If this is 
done at the level of the network feed, then all 
affiliate stations can automatically carry the 
programming. For program data encoded in 
the video signal, the subscriber needs a 
booster, a box that extracts the data from the 
broadcast signal and sends it into the room 
as infrared light that's picked up by a sensor 
in the control terminal. 

In our football example, viewers would 
have until the ball is snapped to make their 
choices. They can watch the formation and 
draw conclusions from how the players are 
lining up on the field as well as from their 
own strategic ideas. When the ball is snap
ped, Interactive Network sends a lockout sig
nal preventing any further entry. An operator 
watching the game at the Interactive Net
work headquarters clicks on a menu in a 
program that encodes data to send out telling 
what play really happened. The program in 
the control terminal then tells the viewer if 
the guess was right and assigns a score. 

Once viewers have finished playing, they 
can plug the unit's modem into their tele
phone line and send in their scores. Scores 
are stored in Interactive Network's central 
computer and used in a system of prize 
awards. The incentive for broadcasters to 
cooperate with companies like Interactive 
Network is simple: ratings. Studies have 
shown dramatic increases in viewers when 
the programs are interactive. 

A 
somewhat different approach to in
teractive TV is that taken by Beaver
ton, OR-based Interactive Systems 
with its video encoded invisible light 
(VEIL) system. VEIL uses the ac
tual picture frame portion of the TV 

signal to transmit information rather than 
the VBI, which can be inadvertently blocked 
and replaced by local station equipment, thus 
losing the encoding placed in a network feed. 
Digital information is encoded in the lumi
nance component of the video signal in such 
a way that it can't be detected by the eye, but 
can be detected by a high-speed photodiode. 

The data encoded in the luminance signal 
can be information and can be used to acti
vate other functions in products used with the 
system. French television, for example, is 
currently running a children's program called 
"Saber Rider and the Star Sheriffs" that 
works with a toy distributed by Ideal Loisirs 
of France. The toy contains a photodetector 
and a microprocessor that responds to signals 
encoded with the program so that viewers can 
play along with the action on the screen. 
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The VEIL technology makes it possible to 
design a wide variety of interactive products 
that can be used with encoded programming. 
An electronic keyboard, for example, could be 
designed to receive the signals and light up 
keys or cords so that the viewer could learn 
to play along with broadcast music. For edu
cation, "electronic notebooks" could receive 
information from a teacher's desk. The data 
could be used for homework exercises, exams, 
etc. , and even to take attendance. Students 
would interact with the data and program in 
the notebook, then use its built-in modem to 
send in their work. 

Inreactive Systems is also developing a 
unit for consumer marketing that will sit on 
top of the set and let viewers interact by 
means of a handheld remote unit. The unit 
will contain a single-line display and a small 
thermal printer. One possible application will 
be for the unit to read the signal during a 
commercial and display something like "Dis
count coupon available" or "Available for pur
chase." Viewers could then signal their accep
tance of the sale; the unit would dial up and 
send in credit card information already 
stored in the unit when it saw that the phone 
line was available , and then print a receipt. 

Y
et another form of interactive tele
vision, developed by ACTV in New 
York, NY, lets viewers customize the 
program they're viewing. Viewers of 
a sporting event, for instance, can 
choose between, say, a wide shot or 

a closeup of the action, or a different camera 
angle, or they may even call up the score to 
be displayed on the screen. The ACTV system 
is entirely one-way and does not allow the 
viewer to send back any information. 

Under the current implementation, four 
frames representing, for example, either four 
camera shots, four levels of an exercise pro
gram, or perhaps four different musicians in 
a music program, are sent simultaneously 
over a 24 MHz-wide cable channel. The 
viewer can program the local converter box 
with a handheld unit to demultiplex the 
frames as desired. The results appear seam
less to the viewer because they occur at the 
actual frame rate. ACTV is pursuing video 
compression techniques to try to compress 
the four signals to fit within a 6 MHz channel 
so that it can expand to wider commercial 
markets including broadcast in addition to 
cable delivery. 

The future of television is being influenced 
by digital electronics that go far beyond 
merely digitizing the broadcast video signal. 
The ability to custom program viewing, inter
act with entertainment programs and
above all-to increase consumer purchasing 
via the media will open vast new markets and 
creative uses of the technology as the 21st 
century opens. 

By Tom Williams, Senior Editor 



TITN SOURCE CODE OPTIMIZES YOUR 
INVESTMENT IN THE OSI PROTOCOL STACK. 
Developing your own ISO and CCITT 

communications software can be an expensive 
proposition. Some experts figure it to be 60-100 man
years of programmer time, which represents an up
front investment of roughly $3 to $5 million. 

And that just gets you to the certification 
stage. Which can take months - in 
dozens of countries- to prove 
conformance through 
thousands of steps. And 
requirements can change 
while you're in the middle of it ~ · 

You can do all this yourself, ~ · 
or minimize your risk with 
TITN's complete portfolio of 
ISO and CCITT standard 
protocols. We've been 
delivering the communications 
software you need since 1982, 
when we introduced globally 
certified X.25 source code to the 
U.S. marketplace, setting a new 
standard for compliance in the 
industry. With TITN, now you 
can get the full OSI protocol 
stack-backed by compliance 
guarantees and worldwide 
support- from one vendor. 

The bottom line: our full line of easy-to-port 
software and handy reference implementations 
gets you to market faster with an OSI-compliant 
product. As a member of the $15 billion Alcatel 
N.V. group, we participate in all the relevant 
standards organizations. This keeps our software 
current with emerging standards to give your 

systems a competitive edge. 

Just a few of the 
reasons why over 100 
leading U.S. computer 
and telecommunications 
companies have chosen 
TifN as their long-term 
OSI investment To find 
out more, contact us 
today. 

T~TN 
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Pleasanton, CA 94566-3101 

Tel (415) 484-5674 
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1300 North 17th Street, Suite 1530 
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Tel (703) 528-2662 
Fax (703) 528-0388 

ATNEUROPE 
1, rue Galvani 

RP 110 
91301 Massy Cedex, France 

Tel 33 69 81 11 00 
Fax 33 69 20 15 04 

FLASH/ Ask about our NIST accredited GOS/P conformance test system. 
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such as X.3/X.28 and QLLC I UNIX Utilities and Streams interface I FAXWARE I Support fo r GOSIP, COS, NIST, MAP/TOP, CEPT AND 
CEN/CENELEC profiles 
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Automobiles and electronics: 
a long courtship promises 
a productive marriage 

he digital revolution-the prolif
eration of microprocessor-based 
control systems-sets the stage 
for a radical transformation of 
the automotive industry. Vehicle 
designs on the drawing boards of 
major automobile manufactur
ers include computer-controlled 
air bag inflation systems, 

microprocessor-controlled engine emission 
systems, electronic transmission control, pas
senger seat and climate controls-even 
driver alertness warnings. One recently intro
duced sedan has no less than 34 processors. 

Yet the history of electronics in automo
biles should be examined closely: the indus
try's outward embrace of electronic systems 
has created expectations that often won't be 
fully realized in new products for several 
generations. This mechanically oriented in
dustry has been slow to accept electronic 
technology. The automotive use of transistors 
didn't occur until 1967-a full 20 years after 
their invention. Microprocessors came onto 
the automotive scene in the late 1970s and 
early '80s, almost a decade after their first 
commercial use. Technology that exists to
day-anti-lock braking systems (ABSs), ac
tive suspensions, electronic tire pressure sen
sors-won't be fully implemented until the 
year 2000, and even then, on only a small 
proportion of the cars manufactured. 

"Auto makers were dragged into the 
electronics business grudgingly," claims 
Paul Standish, former head of National 
Semiconductor's automotive products 
marketing, and now vice-president of 
applications at San Jose, CA-based 
Micro Linear. The federal and state 
emissions standards-particularly 
California's-were the largest sin
gle factor that pushed them into 
the business, according to Stan
dish. "In the early '60s," he says, 
"auto designers began to realize 
that they weren't going to be able 
to meet the standards if they 
kept using conventional me
chanical techniques." 

As engine control circuitry be
gan to emerge, auto designers
perhaps pushed by the semicon-



ductor makers-began looking at other ways 
electronics could be used to enhance a vehi
cle's safety, reliability and, most of all, market 
acceptance. The entertainment, climate con
trol and dash panels were among the first to 
benefit from electronics. It's only now that 
auto makers are examining all parts of the 
vehicle to determine which can be replaced or 
enhanced by electronic systems. 

D 
evelopments in automotive elec
tronics can be attributed to the ef
forts of three types of manufactur
ers: automotive system suppliers 
such as Bosch Electronics in Ger
many and Kelsey-Hayes and Bendix 

Electronics in the United States; semiconduc
tor companies, particularly Intel, Texas In
struments, 
National Semi
conductor and Mo
torola; and the Big 
Three U.S. auto 
companies them
selves. (The Euro
pean auto makers 
actually followed 
the leadership of 
the Big Three.) 

opments were already in the planning stage. 
"There was a lot of work going on at Bendix 
throughout the '60s, though much of it never 
saw the light of day," says Jerry Rivard, pres
ident of Birmingham, MI-based Global Tech
nology and Business Development, and for
mer president of Bendix and later general 
manager of Ford Motor's electronics division. 
There was considerable work done on an 
ABS, for example, as well as on total engine 
control and fuel injection. But Rivard sug
gests that early designers of automotive elec
tronics had a difficult time convincing their 
managers to implement these systems in a 
production vehicle; Detroit believed that any 
addition of electronics would be more costly 
than traditional mechanical systems. 

In the mid-'60s, the idea of electronic igni
tion became popu
lar, yet such a sys
tem didn't go into 
production until 
almost a decade 
later. "At the time, 
emissions and pol-
1 ution legislation 
was just starting 
to hit the books," 
says VLSI Tech
nology's Morgan. 
"Both federal laws 
and California leg-

. islation sent car 
makers back to 
their labs trying to 
find solutions." 

Not surprising
ly, the automotive 
industry has had 
a "lead-lag" rela
tionship with the 
semiconductor in
dustry, alternate
ly resisting the 
analog-to-digital 
and microproces
sor systems offer
ed by the semicon
ductor vendors, 
then suddenly de
manding state-of
the-art digital sig
nal processing 
chips, 32-bit con
trollers and on
board EEPROM 

The sophisticated information displays found in today's con
cept cars bring digital technology to the dashboard. Dis
plays are being developed to provide information beyond 
simple engine status and speed. 

"The first igni
tion modules to 
reach any com
mercial produc
tion were in the 
late '60s," says 
Micro Linear's 
Standish. "How
ever, in the early 
versions, they did 
little more than 
simply replace the 
points and capaci-

for everything. 
The first automotive use of a silicon device 

was the application of high-current silicon 
rectifiers to the output of alternators. "The 
first production units to hit the street were 
on the 1959 and 1960 Chryslers,'j says Jack 
Morgan, one of the pioneers in automotive 
electronics at Motorola, now vice-president 
and automotive director at VLSI Technology 
in Tempe, AZ. Outside of some transistors put 
in hybrid radios, it would take almost another 
seven years for the next major development
the first use of a transistor in an automo
bile-to occur. This Chrysler development 
was a solid-state regulator for battery-charg
ing current. 

While 1967 marked the first production use 
of a transistor in an automobile, other devel-
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tor in the distribu
tor. Magnetic pickup coils, and in some cases 
optical sensors, simply replaced the old-fash
ioned breaker points." 

The early to mid '70s saw a lot of activity 
behind the scenes, but little commercial in
troduction. Even as emission standards be
came more stringent, auto designers were 
reluctant to jump into any type of electronic 
engine control. Instead, they looked to other 
mechanical systems such as air pumps to 
control pollution, says Morgan. 

"Sometime in the early '70s, semiconductor 
suppliers started to recognize some of the 
special needs of the automotive environ
ment," says Global Technology's Rivard. The 
first true engine control system, developed by 
Bendix, saw production in the 1975 model 



DSPs make their mark in vehicle control 

For vehicular control subsystems, designs based on digital 
signal processors offer overall system cost reduction and 
increased speed of response by replacing a microproces

sor and its associated lookup table with direct, fast and accu
rate calculations. DSP-based subsystems can be implemented 
for vehicu lar applications in engine and transmission control, 
suspension control, and anti-lock braking and traction con
trol, among others. 

The internal architecture of the DSP allows the device to be 
programmed to precisely implement sophisticated algo
rithms. For the vehicle control subsystem designer this means 
that the DSP can best implement the proportional-integral-de
rivative, deadbeat, observer, adaptive control (both self-tun
ing regulators and model reference adaptive controllers), lead
lag and other algorithms. 

The DSP's signal sampling rate is high enough to allow sub
systems built with it to achieve the continuous (analog-like) 
but real-time performance that allows optimal control . 

The automotive subsystem designer moving to DSP-based 
technology is learning new skil ls that allow better system de
signs. Designers who worked with lookup tables generated 
by trial-and-error or computer simulations, for example, now 
fully model their control systems. Lookup tables can't accom
modate manufacturing variabi lity, fuel quality, aging, engine 
wear, cold engines, and the like. Now, with DSPs, designers 
can use a precise mathematical description of what is being 
controlled. 

The performance, for example, of today's open-loop elec
tronic engine control subsystem can be improved by a DSP
and sensors-based closed-loop system. One set of these sen
sors is in-cylinder pressure sensors. These report the precise 
operating status of each cylinder at every engine cycle. 

With such a sensor system, the control subsystem DSP per
forms an engine pressure waveform analysis. This analysis de
termines the best spark timing, optimum spark duration, and 
the best air-to-fuel ratio. The closed-loop subsystem tolerates 
age and wear effects while maintaining optimum engine per
formance and fuel efficiency. Pressure waveform analysis also 
allows detection and correction for anti-knock operation (by 
fast Fourier transform analysis) and monitoring for power 
train diagnosis. 

Another example of what can now be done with vehicle 
control is the active suspension system. Conventional suspen
sion systems, based on dampers and springs, can't respond 
to rapidly changing forces caused by changing road condi-

tions and car attitude changes. Newer systems that use 8-bit 
microcontrollers to allow variable damping ratios in the 
dampers are better, although they have slow system response 
times and can 't completely solve the external forces input 
problem. 

DSPs make it possible to implement a fully active vehicle 
suspension. One example of such a design is the active sus
pension designed by sports car manufacturer Lotus. Its con
trol subsystem uses four DSPs that control four hydraulic ac
tuators. 

The Lotus active suspension subsystem depends on mul
tiple transducer inputs from each wheel. These inputs pro
vide information to the subsystem's analog front-end and 
its associated analog-to-digital converters. Sensor outputs 
such as hub displacement, forward velocity, lateral acceler
ation and body attitude, are digitized by a fast ND con
verter. The resulting data are passed to the DSP. With the 
aid of an on-board vehicle host computer, the DSP pro
vides information to four servo valves controlling hydraulic 
actuators that determine the position of each wheel. Auto 
body dynamics such as pitch, roll and heave are accounted 
for in this active suspension design. And the control algo
rithms implemented by the DSP have their system parame
ters adaptively updated . 

Another important vehicle control subsystem is anti-skid 
braking. Currently such subsystems use 8-bit microcontrollers 
to read each wheel's speed from sensors, calculate the skid, 
and control the pressure in each wheel's brake cylinders. 
Newer designs also allow control of wheel spin for optimum 
vehicle steerability and stability. 

In these designs, the DSP performs (for each wheel) speed 
computation and filtering, wheel speed differentiation, refer
ence computations, slip computations, and real-time diagnos
tics for fault detection . The end result is shorter braking dis
tances and better vehicle stability and steerability. 

In automobile entertainment systems DSPs perform graph
ics equalization and "surround sound" processing to provide 
an all-digital, high-fidelity audio entertainment system. In cel
lular phones, DSPs allow voice recognition of spoken tele
phone numbers as well as user verification, for safer use by 
drivers. 

Finally, DSPs allow car navigation systems for global posi
tioning. The complex mathematics required for such systems 
are easily handled by a DSP that performs such chores as Kal
man filtering and dead reckoning . 

year of General Motors' Cadillac Sevilles. 
"This was a major turning point in the 

industry," says Rivard. "Electronic engine 
control became a reality virtually overnight. 
This set the stage for the next two decades." 

And Morgan says, "All of a sudden, auto 
makers became major factors in the electron
ics market-in that model year, GM made 
and sold more computers than IBM." 

performance-and emissions-particularly 
during the critical first few minutes of oper
ation, it was at best an approximation solu
tion. The real test came when external sen
sors for oxygen and mass air flow were added 
to close the loop, letting the computer com
pensate for actual measured conditions, 
rather than anticipated conditions. 

Early clean-burn engine control systems 
controlled fuel and spark by referencing mi
croprocessor lookup tables for each set of 
conditions. While this significantly affected 

While GM had the lead, the other major 
Detroit auto makers weren't far behind. In 
1977, Ford introduced its first electronic en
gine control system, EEC 1, which used a 
proprietary PMOS chip set of nine I Cs. This 
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The current and planned use of digitally controlled systems in automobiles encompasses virtually all parts of the car. Digital control
lers let designers increase fuel efficiency, enhance safety and improve comfort. Priorities for new uses of digital control will be set 
by regulatory and competitive pressures and consumer demand. 

system controlled only two functions, exhaust 
gas recirculation and spark. The 1978 model 
year saw the EEC 2 using the same technol
ogy, but the chip count dropped to five and 
EEC 2 had more capabilities. The next-gen
eration EEC 3 started appearing on 1979 
model year cars and used N-channel MOS, 
though it still featured a proprietary archi
tecture. The final generation, EEC 4, didn't 
see production until 1983. By that time, the 
system used a 16-bit microcontroller, the 
Intel 8061 (one of two chips in the module). 
EEC 4 also had more functions and moni
tored more sensors than the earlier systems. 

"The proprietary architecture in the EEC 
1, 2 and 3 was tough to program,'' says Fred 
Phail, former Ford electronics executive and 
now strategic marketing manager for the au
tomotive division at Intel (Chandler, AZ). 
"The auto industry's move to standard-archi
tecture controllers is driven to a large extent 
by the existence of a standard programming 
environment." 

Early on, perhaps 1978, the first electronic 
instrumentation began to emerge. But, says 
Rivard, it was greeted with mixed feelings . 
Once again driven by federal legislation, 
work on an ABS began in earnest the follow
ing year. The first target application was 
pickup trucks, since braking ability varies 
dramatically with the load in the truck. 
Legislation required the future use of an ABS 
on all such trucks as a safety precaution. 

But despite some dramatic advances, the 
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road from early development to production 
is a long one for the auto industry. Typically, 
says Rivard, it takes anywhere from three to 
five years for technology to get from first 
prototype stage to final production. And 
though the electronic content of today's cars 
is increasing-currently, the average elec
tronic content in a car sold in the United 
States carries a price tag of about $600-the 
development period hasn't shrunk. In some 
cases, it's been extended. 

0 
ne example, says Rivard, is the air 
bag-the inflatable passenger pro
tection device. The air bag has had 
one of the longest gestation periods 
of any electronic device-more than 
20 years. Now, in 1990, a substan

tial number of vehicles are equipped with the 
safety device; yet this was first discussed and 
shown in the late '60s and early '70s. 

"Interestingly,'' says Rivard, "air-bag tech
nology, pioneered and currently provided by 
Detroit, MI-based TRW, takes a substantial 
amount of compute power." He explains that 
the air bag has a number of sensors at many 
different locations throughout the car. The 
air-bag computer is constantly sampling 
these sensors to make certain that they're 
on-line and working, and that they have or 
haven't sensed sufficient deceleration/accel
eration to warrant inflating the bag. 

Engine control systems in future automo
biles are going to need far more capabilities 



to meet emerging emission and efficiency 
standards. "This new round oflegislation will 
be a major challenge to auto makers," says 
Rivard. "I suspect the new systems will have 
to take into account alternate fuels as well as 
gasoline. And this means that auto makers 
will have to look at the entire power train
engine, transmission, axles and brakes-as a 
single entity." 

One of the first steps in this direction is 
electronic transmission control. This move 
has been pioneered by Chrysler in selected 
1989 and 1990 Dodge and Chrysler vehicles. 
According to the company's literature, the 
system is the industry's first fully adaptive, 
electronically controlled four-speed auto
matic tran:::;axle (combining transmission and 
differential gearshift functions). The unit 
provides extremely smooth shifting with less 
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Chrysler's adaptive, electronically controlled trans
axle integrates control of the transmission and the 
differential. Future designs will integrate control of 
all drive train functions and will rely on a 32-bit 
processor to supply the required computing power. 

noise, faster response and better fuel econ
omy than conventional mechanical/hydraulic 
techniques. 

Chrysler's adaptive approach uses real
time information from sensors within the 
transaxle to help determine how to apply the 
proper hydraulic pressure. 

"One of the limiting factors to having the 
engine controller take over more than simple 
engine control is the fact that even 16-bit 
microcontrollers are starting to run out of 
processing power," says Intel's Phail . Though 
a microcontroller works incredibly fast com
pared with the speed of an engine, the 
lookups and calculations required for engine 
control are surprisingly complex, and there 
are a lot of them. Both Ford and GM, how
ever, are reportedly working on 32-bit micro
controller designs for use around 1995 to 
handle the massive amounts of information 
and calculations. 

W 
ith the envisioned proliferation 
of sensors in automobiles, the 
need to process signals effi
ciently will become critical. And 
increasingly, the output from 
sensors, whether located in a 

suspension component or combustion cham
ber, is a complex signal calling for some hefty 
processing power to make sense of it. Al
though standard microprocessors are becom
ing more powerful, they're not tailored to the 
particular demands of signal processing. 
DSPs are specifically designed to handle sig
nal-based information efficiently, and current 
DSP chips boast multiple-Mips performance, 
with even higher levels promised for next
generation devices. Designers benefit from 
the dedicated development tools being fielded 
in support ofleading DSP families (see "DSPs 
make their mark in vehicle control," p 93). 

And while Ford and GM plan to use 32-bit 
controllers to provide higher levels of integra
tion (Chrysler is probably only slightly be
hind), the same approach hasn't generally 
been taken by either Japanese or European 
automobile manufacturers. "Japan in partic
ular has stayed almost a generation behind 
in auto electronics," says Rivard, who cites 
Honda as an example. "One of the reasons is 
the large lag time for getting electronics into 
new automobiles. 

"It takes only three years to turn out a 
complete new model Honda," he says, "but it 
takes five years to design next-generation 
electronics for the same car." As a result, he 
continues, Japanese car makers have tended 
to keep systems intact and add additional 
processors for other functions rather than 
redesign a given module. Japanese automo
biles, therefore, tend to have many discrete 
components rather than larger, more highly 
integrated systems. The new Lexus LS 400 
luxury sedan from Toyota, for example, sports 
no less than 34 separate processors. The 
downside of this approach, says VLSI Tech-
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nology's Morgan, is that for a given size, 
engine power and weight, Japanese automo
biles tend to be less fuel efficient than their 
American counterparts. 

T 
here has also been an increased ef
fort to provide more creature com
forts for the driver and passengers. 
These take several different forms , 
from active suspension to speed con
trol to a digital clock. There are even 

seat controls capable of remembering partic
ular driver positions-which also automati
cally adjust mirrors, steering wheel position 
and radio preset selections to suit. 

Display consoles and instrumentation 
have gone through at least one full iteration 
and look to be reverting to a more-conven
tional appearance. The touch-screen CRT in
troduced in the Buick Riviera in 1986 got 
some low marks for friendliness , requiring 
drivers to find sensitive spots on the touch 
screen to perform all functions, including tun
ing the radio and adjusting the volume. 

Later GM models such as Oldsmobile's Tor
nado for 1989 include a color CRT with a 
series of touch buttons along the bottom of 
the screen so that they can be located by feel 
and not require drivers to take their eyes off 
the road. 

And, of course, the radio is now an "enter
tainment center" replete with a digital audio 
disc player, a specially tuned speaker system 
that compensates for the shape and acoustic 
profile of the passenger compartment, full 
equalization and plenty of power. In addition, 
the cellular telephone is starting to take its 
place as original equipment in many high-end 
models. 

Product turnaround in auto electronics is 
relatively slow. Even after a product achieves 
acceptance in high-end cars, it takes a long 
time to filter down to less-expensive models. 
According to a 1990 estimate, the average 
electronic content in an automobile sold in 
the United States is priced at about $600. By 
1995, estimates have that price tag jumping 
to $1,200. And when the year 2000 rolls 
around that number will probably top $2,000. 
Where's the money going? 

According to a Delphi V forecast released 
last year by the University of Michigan: 30 
percent will have anti-lock brakes by 1995, 
70 percent by 2000; 5 percent will have trac
tion control systems by 1995, 15 percent by 
2000; 5 percent will have active suspensions 
by 1995, 10 percent by 2000; 2 percent will 
have tire pressure sensors by 1995, 8 percent 
by 2000. 

The addition of these systems will un
doubtedly make the average cost of cars sig
nificantly higher. Add to this the more-sophis
tica ted transmission/engine controller, safety 
features such as air bags and driver alert
ness/sobriety warning, and heated wind
shield, quick-heat system and elaborate cli
mate control, and it all adds up to a costly 
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package. 
Rivard sees the car of the next decade with 

essentially three major computers on board: 
a vehicle computer handling safety and con
venience as well as vehicle controls, a power 
train computer managing engine and trans
mission, and a body computer handling au
dio systems and driver information. 

The vehicle computer, says Rivard, will 
handle a rear-view video system with fog 
penetration, collision warning system, emer
gency communication, and road and traffic 
information. In addition, the vehicle controls 
part will manage the collision avoidance/au
tomatic braking function, integrated chassis 
control and suspension, four-wheel steering, 
and radar adaptive speed control. 

The power train computer will manage 
such things as total engine control, variable 
valve timing, engine idle/restart, drive-by
wire electronic throttle control, electronic 
transmission control, smart sensors, and full 
drive train diagnostics. The third unit, the 
body computer, will handle radio/entertain
ment functions including adaptive equaliza
tion, rear-seat video system and indepen
dent rear-seat entertainment system. The 
driver information module will provide 
maintenance monitoring, voice-command 
controls and full body, drive train and com
puter diagnostics. 

The "intelligent highway" may be far off 
for the United States. "Features such as 
global positioning will be available in Japan 
and Europe long before they come to the 
United States," says Standish. 

A 
nd progress in Japan and Europe 
has been rapid; a traffic advisory 
program is already in operation in 
Europe. The big challenge is to 
make such a system economical 
enough to be attractive to a diverse 

group of customers . 
Just as the cars of today resemble the 

concept cars we looked at back in the '60s, 
the concept cars of today will be more like 
the reality of the 2020s. In 30 years-from 
1961 to 1991-we've seen the automobile 
undergo a remarkable transition, from a to
tally mechanical beast to a partially comput
erized vehicle. Just as it's difficult for today's 
drivers to understand the hardships faced by 
Model T drivers, drivers in the year 2000 will 
be hard-pressed to imagine how cars ever 
ran without electronic control systems. 

By Warren Andrews, Senior Editor 
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Digitization broadens the scope 
of measurement and analysis 

nalog-to-digital converters, dig
ital displays, ICs, and micropro
cessors have allowed a digital 
revolution in instrumentation 
over the past few decades. An 
early digital readout called the 
nude tube, made by Burroughs, 
changed forever the face of test 
and measurement instruments. 

Prior to the nixie tube, these instruments 
used an analog moving pointer meter. En
gineers had to squint at their instruments to 
get a good reading. And the accuracy of even 
the best analog reading was limited. 

With digital displays, precision increased 
from 1 percent with an analog pointer to 
0.001 percent with a five-digit readout. Cus
tomers were dazzled by the digital displays, 
according to Maurice Klapfish, who then was 
a design engineer at Cleveland, OH-based 
Keithley Instruments and is presently vice
president of Natick, MA-based Venture 
Development. 

Advances in digital displays eventually led 

to the replacement of the nixie tube by LEDs, 
which were cheaper, easier to read, and less 
power-hungry.Next came LCDs, cheaper still 
and requiring even less power. 

The multimeter is the most widely used 
instrument in electrical measurements. Its 
ability to measure voltages, currents and re
sistances made it an immediate mainstay of 
engineers and technicians. But the early an
alog versions were often costly, and required 
extreme care of operators in taking readings 
from their analog meters. 

John Fluke Manufacturing of Everett, WA 
introduced its first digital multimeters 
(DMMs)-the 8100 DMM and the 8300 dig
ital voltmeter-in 1969. 

Today's DMMs offer tremendous gains in 
ease of use, resolution and precision over 

Physicians have 
gained diagnostic 
help from digital in
struments-the 
prototype nuclear 
magnetic resonance 
scanner captured this 
image in 1977. 
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The first digital oscilloscope, the 1090A Explorer; is tested by Nicolet's Robert Schulman (background) and 
Arthur Smith. Its instruction manual stated: "With little doubt, increasing use will be made of digital 
methods in oscilloscope design in the future, so time spent in understanding this oscilloscope is worthwhile 
beyond learning the behavior and operation of this particular instrument." The manual goes on to explain: 
" Unlike conventional scopes, the waveform display shown on the CRT screen is not directly produced by the 
input signal voltage. The beam is controlled digitally from information previously recorded in memory." Cus
tomers were initially suspicious of digitized waveforms. 

yesterday's analog meters. Cost and size have 
also changed dramatically. Big analog bench
top instruments that cost thousands of dol
lars have been replaced by hand-held DMMs 
that cost between $50 and $100. 

In contrast, microprocessor-based digitiz
ing scopes carry a hefty price tag and are 
similar in size to analog scopes. But the per
formance and capabilities of digitizing scopes 
keep improving. Each new scope seems to be 
smarter, automates more measurements, 
and provides more analysis functions than its 
predecessors. 

I 
n 1972, Madison, WI-based Nicolet In
strument introduced th e Explorer 1090, 
the first digital oscilloscope, offering 
higher resolution and accuracy than con
ventional analog scopes . Since t h e 
1090 was designed well before LSI , 

the CPU consisted of numerous ALU, regis
ter, counter and multiplexer ICs. Hs micro
coded program was only 256 instructions 
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long, and its A-D and D-A converters were 
built of discrete devices and SSI I Cs. The first 
1090 frames used core memory. Yet even that 
first model featured alphanumeric readout, 
computer interface, pretrigger, and longer 
memory (4,096 12-bit words) than many of 
today's digital storage scopes. 

Different plug-in models of the Nicolet 5-
MHz Explorer 1090 offered 12-bit A-D con
verters at 2 Msamples/s and 8-bit A-D con
verters at 10 Msamples/s. Since that first 
model, Nicolet has concentrated on the high
est precision rather than the highest speed. 

Measurement technology Look a great leap 
forward in the early 1980s when microproces
sor-based digitizing scopes became widely 
available. These "smart" scopes brought with 
them automatic measurements selected by 
pushbuttons-a major advance over the cur
sors and division counting of the past. Then 
in 1987, Beaverton, OR-based Tektronix took 
the next step forward in automatic measure
ments with the 11000 series of digital scopes. 



Some things never change 

A
t least one thing hasn't changed in the test and mea
surement world in the last 40 or so years. That's the 
presence of Joseph F. Keithley as a prominent industry 

figure . Keithley founded Keithley Instruments in 1946 and is 
today chairman of the board. About four and a half decades 
ago, Keithley rented a shop with a leaky roof on Crawford 
Road in Cleveland, OH for $8.50 a month. The equipment he 
relied on at the time included a Hewlett-Packard oscillator 
and a Ba llantine ac voltmeter. 

1,000 V full scale with 100 percent over
ranging on every range except 1,000 V. 
The integrator circuitry resided on the an
alog-to-digital board that slid into the in
strument vertically. 

The toughest problem that Keithley en
gineers encountered in designing the 
160 was to find a DMM with superior ac
curacy that could be used as a test stan
dard. The 160 was much more sensitive 
than what was on the market and sold 
at about twice the rate we had antici
pated," recalls Keithley. 

When asked about his reaction to 

Joseph Keithley, 
chairman, 
Keithley 
Instruments 

Keithley recalls how his engineers questioned the need for 
digital technology a few decades ago. " Only the military and 
big companies with lots of money would buy digital instru
ments, some said." But Keithley saw things differently, and 
his first venture into digital instruments was with the nixie
tube-based 440 and 445 picoammeters introduced at an IEEE 
show in 1969. Next came the 615 digital electrometer, which 
"didn't operate very well," according to Keithley. 

Keithley's acquisition of the rights to the technology in a 
31;2-digit meter displayed at a trade show in Berlin, Germany 
led to the introduction of the Model 160 digital multimeter 
(DMM) and the 163 digital voltmeter in 1970. "The 31;2-digit 
160 had seven de voltage ranges from 1 mV full scale to 

how digital instruments have evolved, Keithley says, "We 
never would have dreamed that things would progress as 
they have. I don't know what the year 2000 will bring, but 
science and technology will still need to make fast, accurate 
measurements. I'm amazed that our very sensitive instru
ments are no more sensitive than they were in the 1860s, but 
the ease of getting the data and the accuracy of that data 
have certainly improved." 

For the first time, these instruments pro
vided live automatic measurements with full 
annotation and measurement statistics to 
show how much a measurement result varies. 

The 11400 digitizing scopes, in particular, 
provided a combination of digitizing rate, 
bandwidth, record length, and resolution 
never before available in a single instrument. 
They incorporated the first multiple-micro
processor control platform, with dedicated 
processors for acquisition, display and 
waveform measurement, thus combining 
high-performance signal acquisition capabil
ities with waveform analysis functions. 

Today's state-of-the-art digitizing scope 
from Tektronix incorporates proprietary dig
ital signal processing technology, dubbed Tri
Star DSP, into an advanced acquisition plat
form. Having combined the TriStar DSP 
technology with the 11400 architecture for 
instant measurement and analysis of ultra
fast transient or repetitive signals, Tektronix 
claims to have created a new and more pow
erful class of instruments it calls Digitizing 
Signal Analyzers. The DSA 600 series pro
vides, in real time on a "live" display, analysis 
that previously required extensive and de
layed signal processing from an external com
puter. The top-of-the-line DSA 602 acquires 
signals at 2 Gsamples/s and has a 1-GHz 
bandwidth and 8-bit vertical resolution. 

As advanced as general-purpose digitizing 
scopes have become, they don't offer the com
plete test and measurement capabilities re
quired by researchers, designers , trouble
shooters and manufacturers of digital 
communications equipment. The high-speed 
data streams of communications modules 

and links have to be monitored for noise, jitter 
and bit error rates. These measurement tasks 
are most effectively accomplished with eye 
diagrams and bit-error-rate testing. 

An eye diagram is formed by acquiring a 
random stream of serial digital data with an 
oscilloscope where the instrument is trig
gered by a synchronous clock. Tektronix has 
developed a specialized class of scope, the 
CSA 803 Communications Signal Analyzer. 
With bandwidths of up to 40 GHz and a 
continuously updated statistical database, 
the CSA 803 can automatically analyze eye 
diagrams and has on-board testing capabili
ties for the emerging FDDI, SONET and 
ISDN communications standards. 

The CSA 803 samples a data stream at 
intervals of 10 fs, about the time it takes light 
to travel approximately three-quarters of a 
millimeter. As the scope samples the random 
bit stream, it overlays the high and low sam
ples from many acquisitions on the display, 
resulting in an image that resembles an eye. 

It's entirely possible that this technology 
could lead to an estimation of bit error rate, 
or a correlation of errors to waveform param
eters that would cause the errors. With an 
error rate as small as 10-15, an engineer using 
a bit-error-rate tester might have to wait for 
hours for an error to occur. For many data 
communication systems such an error could 
be very significant-like the decimal point in 
a checkbook balance, for instance! 

About 45 percent of the instruments world
wide today are controlled by computers, and 
that will increase to 70 percent by 1995, 
according to George Sparks , general manager 
of the Hewlett-Packard Measurement Sys-
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terns Operation in Loveland, CO. The signif
icance of software development to the future 
of instrumentation is nowhere more evident 
than at Sparks' HP division, where 98 percent 
of the employees are involved in developing 
software. 

Sparks sees the instrumentation industry 
right behind the computer industry in adopt
ing standards. Two of the standards that will 
have the most impact, he says, are the pro
gramming language called SCPI (Standard 
Commands for Programmable Instruments), 
which evolved from HPSL and TMSL, and 
VXI, the VMEbus Extension for Instrumen
tation, which addresses the instrument-on-a
card concept. 

One of the most exciting things that will 
happen in the next decade, according to 
Sparks, is that microprocessor-based instru
ments will get so smart that they'll be sitting 
on LAN s by themselves. "We'll have a distrib
uted measurement system," says Sparks. 

T 
he digital revolution has transformed 
all areas of instrumentation, includ
ing areas that are less familiar to 
engineers professionally (but per
haps more important personally). A 
historical perspective on the ad

vances made in nuclear magnetic reso
nance (NMR) shows 
the technological 
achievements in med
ical instrumentation. 

The earliest work 
in detecting NMR 
signals was applied 
not to medical diag
nosis but to physics. 
Felix Bloch of Stan
ford and E dward 
Mills Purcell of the 
Massachusetts Insti
tute of Technology 
and Harvard Univer
sity shared the Nobel 
Prize for physics in 
1952 for the develop
ment of new methods 
of precisely measur
ing nuclear magnet
ism and for discover
ies made with the aid 
of those methods. 

ing the amplifier, the two coils were wound 
at right angles to each other. 

When Purcell returned to Harvard after a 
wartime assignment at the Radiation 
Laboratory at MIT, he used skills acquired in 
building airborne radar to probe the behavior 
of the proton and electron in the hydrogen 
atom. The relationship between the proton 
and electron, both of which spin like tops and 
act as magnets, can change only in certain 
ways, with absorption or emission of precise 
amounts of energy. To measure those energy 
transfers, Purcell used a method called NMR 
absorption. Purcell made atomic nuclei dance 
in rhythm with a radio wave. The atoms were 
placed inside the core of a high-frequency coil, 
which was in turn placed in the field of a 
strong magnet to align the tiny nuclear mag
nets. By subjecting the nuclear magnets to 
radio waves, Purcell changed their orienta
tion. And by noting the frequency that per
mitted the atoms to absorb energy, Purcell 
found the energy for nuclear realignment, 
and thus the magnetic moment. 

The first commercial NMR spectrometer 
was sold in 1953. Second-generation instru-

In the nuclear in
duction method of 
detecting NMR sig
nals used by Bloch 
and his Stanford col-

Digital instrumentation grew from analog roots. In 
an early photo, Joe Keithley works on an analog in
strument. By 1970, his company introduced its firs t 
d igital multimeter, the Model 160 (above). 

men s were transis
torized and had in
ternal-lock stabiliza
tion. With third-gen
eration instruments , 
which appeared in 
the '70s and had ICs 
and minicomputers, 
the old continuous
wave method was re
placed by pulsed 
NMR. This technique 
involved the excita
tion of the entire fre
quency pattern at 
once, leaving the 
computer to untangle 
mathematically the 
time-based interfer-

leagu es , the induced emfs (electromotive 
forces) caused by changes in nuclear magneti
zation were picked up by a receiver coil, am
plified, and then detected. A transmitter coil 
produced the original transitions and was 
kept close to the sample. To keep radio fre
quency energy from going directly from the 
transmitter coil to the receiver coil and block-
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ence patterns of sig
nals coming from the detector through the 
use of Fourier transformations. 

In the late '60s and early '70s, Dr. Ray
mond Damadian, then a professor at Down
state Medical Center in Brooklyn, NY, suc
cessfully applied the principle of NMR to 
distinguish between healthy and diseased 
tissue. From his basic scientific research in 



biophysics and biochem
istry, the possibility oc
curred to Damadian 
that he might be able to 
obtain a radio signal 
from cancer tissue that 
a scanner could use to 
hunt down cancer in the 
human body. In 1970, 
Damadian removed 
some rat cancers, put 
them in test tubes, and 
put them into a labora
tory NMR analyzer. He 
discovered that the ra
dio signals from the can
cerous tissue were dra
matically different from 
the signals from normal 
tissue. 

Though the scientific community at large 
considered it theoretically impossible to build 
a scanner based on NMR, Damadian and his 
assistants, Dr. Lawrence Minkoff and Mi
chael Goldsmith, relying for the most part on 
used hardware, built the Indomitable, a proto
type whole-body scanner based on a supercon
ducting magnet. On July 3, 1977, this fore
runner of all modem-day scanners delivered 
the first human image-that of Dr. Minkoff's 
chest. Since the magnet in the Indomitable 
had many undesirable characteristics, Da
madian abandoned the superconducting ap
proach and placed the Indomitable in the 
Smithsonian Museum. In 1980, Damadian's 
newly founded company, Fonar of Melville, 
NY, made available the first commercial 
NMR scanner. Fonar scanners are based on 
either an electromagnet or a permanent mag
net. Other makers ofNMR scanners continue 
to use superconducting magnets. 

Damadian and Dr. Paul C. Lauterbur 
shared the National Medal of Technology, 
awarded by former President Ronald Reagan 
in 1988, for their independent contributions 
in conceiving and developing the application 
of magnetic resonance technology to medical 
uses including whole-body scanning and di
agnostic imaging. Lauterbur, credited with 
the development of the first magnetic reso
nance images, had first demonstrated a 
method of converting NMR signals into im
ages with two 1-mm capillary tubes of water 
in 1973. 

Most medical applications ofNMR use pro
tons in the body to make anatomical images 
of structures. Magnetic resonance imaging 
involves the proton density data of a cross
sectional slice anywhere through a person 
presented as a 2-D color intensity plot of the 
anatomy at that cross-section. Among advan
tages over x-ray imaging, magnetic resonance 
images show much better contrast on soft 
tissue and involve no harmful radiation. The 
high-contrast capability of NMR stems from 
both the signals' dependence on the proton 
(hydrogen nuclei) density and the local envi-

DSP techniques 
and computers 
manipulate scan 
images (left). A 
scan can be 
viewed in se
quential slices. 
Computers that 
perform such 
manipulation 
weren't available 
in 1977 for the 
first scanner. 

ronment of tissue water. The signals mea
sured from water protons in tissue give infor
mation about local tissue conditions and 
change due to certain disease states of the 
tissue. 

When inducted into the National Inventors 
Hall of Fame in 1989 for his invention of the 
NMR scanner, Damadian explained the sig
nificance of NMR to medical science: "Each 
type of atom puts out a signal at its own 
frequency, i.e., you can tune in your favorite 
atom the way you can tune in your favorite 
FM station. What we end up listening to on 
the receivers is a veritable atomic broadcast 
that informs us in remarkable detail of what's 
going on in the tissues of your body." 

Damadian went on to say that he hopes 
that magnetic resonance scanner technology 
will eventually replace the surgical biopsy 
with an entirely noninvasive electronic bi
opsy and offer a truly effective treatment for 
cancer. He also sees magnetic resonance 
proving useful in detecting schizophrenia and 
in tracing the progress of manic-depressive 
patients as they undergo therapy. 

By Barbara Tuck, Senior Editor 
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Out-of-this-world performance 
at a down-to-earth price. 

The new 2900 Programming 
System brings the cost of 
high-performance pro
gramming down to 
earth. Buy only the 
device libraries you 
need today and 
expand capability 
when you need it with 
simple software 
updates. 

The 2900 supports virtually every 
programmable logic and memory 

device on the 
market

even 
surface
mount 

packages. 
Its innovative 

technology makes 
programmillg faster, 

easier, and more affordable 
than ever before. And with 

Data I/O®'s industry-standard design 
and testing software, you can create a 
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complete PLD development solution. 
For more than 15 years, Data I/O 

has set the standard in device pro
gramming. Call today to learn how 
the 2900 is setting a 
new standard for 
both price and 
performance. 

Call today for a 
FREE tutorial. -

1-800-247-5700 
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THE NEW LOOK IN IMAGING 

Matrox brings a new look to imaging 
applications with IP-8, a flexible low cost 
frame grabber and display controller for 
PC AT based systems. 

IP-8 delivers this new look with 
features like VGA overlay, display 
resolutions up to 1024 x 768, flicker-free 
screen, and MS-Windows 3.0 or custom 
user interfaces running in the VGA 
overlay. In addition, IP-8 accepts up to 
four RS-170 or CCIR input sources, and 
multiple memory access modes accelerate 
imaging algorithms. 

IP-8 is the cost effective 
solution for OEMs and end users. 
With extensive software tools and 3rd 
party packages, you'll cut development 
time and implement the new look in 
image analysis, scientific imaging, 
inspection and medical applications ... fast. 

The new look will change your view. 

1-800-361-4903 
or (514) 685-2630 
Matrox is a trademark of Matrox Electronic Systems Ltd., 
MS-Windows is a trademark of Microsoft Corporation. AT is a 
trademark of International Business Machines Corporation. 
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They're not 
getting older, 

they're just 
getting better. 

Because that's the day FORCE unveils 
the first 040 single board 
computer. Available in quan
tity. For immediate delivery. 

So get FORCE for better performance, 
speed, functionality and compatibility. 

See us at BUSCON Booth #654, or 
call 1-800-BEST-VME, ext.40. And give 
your competition some gray hairs. 

FORCE Computers, Inc., 3165 Winchester Blvd. 
Campbell , CA 95008-6557 (408) 370-6300 ext. 40 
© 1991 FORCE Computers, Inc. 
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EDA-a success story 
in three decades 

he history of CAD and CAE is an 
explosive one, starting out as an 
academic pursuit in the 1960s 
and snowballing into a $2.5 bil
lion industry by the end of the 
'80s. Together, these design pur
suits, commonly referred to today 
as EDA, have been engaged in a 
spiralling hardware/software de

sign effort where better tools enable design
ers to build better computers on which to 
build better systems. The '90s will see this 
amazing escalation continue. 

Today's EDA products are so available and 
affordable that it's easy to forget that only 
two decades ago there were but a few tools 
that could be considered to be automated at 
all, and they were primitive. The seminal 
effort that went on during the '60s and '70s 
was truly visionary. With few exceptions, the 

basic algorithms and interactive graphics 
used by EDA vendors today have their roots 
in those first two decades. 

Though the first commercial CAD applica
tions weren't available until the early '70s 
and were essentially automated drafting 
tools, there were prototypes being developed 
in the '60s by large systems houses such as 
Armonk, NY-based IBM. "I was working at 
IBM's East Fishkill facility in 1965, and be
came interested in connecting computers to 
the real world," recalls James Koford, chief 
technical officer and senior vice-president at 
LSI Logic in Milpitas, CA. "In the spring of 
1965 I decided to tie a graphics display to a 
small computer to lay out IBM circuit models . 

"I built a system with an old Sage display 
and a commercially available light pen and 
built the interface myself. Some people say 
that it was the forerunner of the early CAD 

Early moves to im
prove design ef
ficiency, such as this 
layout for a stand
ard cell developed 
by NCR in 1968, had 
to depend on 
manual methods. 
Thirty years of ad
vances in design 
automation now 
focus on integrated 
design environ
ments, as with this 
system from Men
tor Graphics. 
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systems from Calma. By mid-1966 I had it 
running on a plotter to generate schematic 
output. You could enter a schematic with the 
light pen, get the plot and compare it to the 
physical layout. It was a crude precursor of 
what was to come." 

T 
he need for interactive graphics and 
design entry tools was growing. By 
the end of the '60s it was becoming 
evident that the time-consuming de
sign methodologies of the day would 
soon be inadequate. "Early ICs were 

simple enough that we could hand-draw de
signs on rubylith and then photographically 
reduce them to generate IC masks," says 
Harvey Jones, president of Mountain View, 
CA-based Synopsys and founder of Daisy Sys
tems. "Board de
signs were cut from 
mylar with X-Acto 
knives. 

expensive core memory, and there simply 
wasn't enough available to run intricate sim
ulation or routing algorithms. If CAD/CAE 
tools were to make it as mainstream design 
methodologies, efficient memory manage
ment techniques would have to be developed. 
Fortunately, pioneers such as David High
tower, currently director of product develop
ment at Seiko's EDA division in San Jose, 
CA, were there to meet the challenge. 

In the late '60s, Hightower was a rookie 
working at Bell Labs in Holmdel, NJ. Known 
even then for his fast, efficient programs, 
Hightower was given the unenviable task of 
writing a printed circuit board routing tool 
in Fortran that could run on an IBM 7094 
mainframe. The 7094, one of the most pow
erful computers available at the time, posted 

0.25-Mips perfor
mance and sported 
32 kbytes of mem
ory, a capability 
that's almost laugh
able when com
pared to today's 2-
Mbyte laptops. 

"As both boards 
and ICs got more 
complicated, they 
each presented 
problems. Cutting 
large board designs 
by hand was time 
consuming and er
ror prone, but at 
least the resulting 
prototype could be 
debugged with 
jumpers. The tool
ing cost of ICs was 
high, however, and 
you couldn't put 
jumpers on an IC. It 
became obvious 
that mechanized 
drafting tools and 
IC simulation were 
a necessity." 

The first systems 
from Calma, Appli-

Hand-cut rubyliths were once the first step in trans
forming designs into hardware. As the complexity of 
designs increased, it became necessary to automate 
the drafting process, and the CAD system then re
placed the X-Ado kni fe . 

After several frus
trating months , 
Hightower accom
plished the task by 
approaching the 
problem with imag
ination. "I began to 
think that it would 
help me if I could 
envision how a 
blind person would 
get around in a maze 
without walls, with 
just a bell ringing to 
guide him," re
counts Hightower. 
"I needed to find 
the bell. Using this 
approach, I worked 

con and Computervision let designers digitize 
and automate the board- and IC-drawing pro
cesses. Though these systems were tremen
dously expensive (the best models were 
priced near $250,000), they were worth the 
investment to silicon and systems houses 
that needed the power to design their next 
generation of products. "Managers would 
work those systems around the clock," recalls 
Synopsys' Jones. "Three shifts a day would 
digitize ICs, edit them and produce masks. 
There were even plotters that had knives to 
cut the rubylith, but it still had to be lifted off 
by hand." 

Even before such systems hit the market, 
it was clear that to advance to the next phases 
of design automation-namely, automatic 
placement and routing and IC simulation-it 
would be necessary to streamline the code for 
efficient memory management. The main
frames of the late '60s and early '70s used 
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out a detailed algo
rithm." The algorithm was first written in 
Snoball , a Bell Labs software language, and 
later in Fortran. The Hightower algorithm 
represents two important firsts in router 
design-it was rule driven and gridless. It's 
still used today. 

The other piece to the design automation 
puzzle, simulation, was in its embryonic 
stage at about the same time. Though it 
wasn't until the early '70s that simulators 
suitable for IC analysis became available, 
initial work was targeted toward the devel
opment of device and circuit analysis tech
niques. During this period, Tegas emerged 
as a standard digital logic simulator and 
Spice was being developed at the University 
of California at Berkeley as a model for an
alog simulation. 

All of these enabling technologies would 
usher in the '70s and the next generation of 
ICs and systems. The products produced with 



these tools-namely, the microprocessor and 
the minicomputer-would spawn the next 
phase of the EDA revolution. 

In the early '70s, compute power was still 
limited and expensive. Though Maynard, 
MA-based Digital Equipment Corp had un
veiled its PDP-8 minicomputer in 1965 for 
only $16,000 , most of the CAD work in the 
early '70s was reserved for the expensive 
digitizing systems and large mainframes of 
the day. Engineers were, however, using the 
lower-priced DEC systems to develop simula
tion algorithms that would find their way not 
only into IC and board simulation but also 
into the emerging automatic test equipment 
arena. 

"I started work in the '70s for an IBM-spon
sored project at Carnegie-Mellon University," 
says Prabhu Goel, founder of Gateway De
sign Automation and president of the ad
vanced CAE division at Cadence Design Sys
tems in San Jose, CA. "Much of our work was 
in developing simulation and synthesis tools. 
Though the project was sponsored by IBM, 
most of our work was done on DEC PDP-lOs 
and PDP-11s. After I graduated, I went to 
work for IBM and found problems in the 
error-correction portion of IBM's test algo
rithms and was given the task of fixing them. 
Our group came up with an algorithm called 
Podem that solved the problem. By 1975 we 
had developed Podem-X, a simulation-based 
test tool for VLSI chips with the equivalent 
complexity of 100,000 gates. In 1975, that 
was a lot of gates." 

Though these test-generation algorithms 
would first be sponsored by large companies 
for use as in-house tools, they laid the ground
work for the commercial test and simulation 
products that would appear in the early '80s. 
In 1972, for instance, Lutz Henkels, presi
dent of North American operations at 
Mahwah, NJ-based Racal-Redac, was work
ing at GenRad with fault simulation as a 
means of grading the quality of board test 
vectors. Henkels oversaw the development of 
the Caps simulator at GenRad, and after 
founding HHB Systems in 1977, produced a 
simulator in 1979 that simulated faulty de
vice behavior without compounding the com
puter run time required. The simulation 
products that HHB eventually brought to 
market- namely, the Cadat simulator, intro
duced in 1983-built on this early work in 
fault simulation. 

I 
n parallel with the development of simu
lation tools , automatic layout tools , or 
autorouters, were beginning to take 
shape. Up to this time, layout programs 
required designers to create printed cir
cuit traces by hand using a light pen and 

a keyboard. Component netlists were com
piled ma nually from a circuit diagram and 
entered by typing them into the computer. 
The computer analyzed the circuit for stray 
ca pacitance, lead inductance and other ana-

In the early morning, a company is born 

I n the early days of EDA, resources were limited but talent and enthu
siasm were high. For example, the founders of San Jose, CA-based 
Valid Logic Systems, L. Curtis Widdoes and Thomas McWilliams, met 

while completing their studies in Stanford University's doctoral program 
in computer science. "I was working on a DEC PDP-1 Oto design a su
perfast PDP-10," recalls Widdoes, now president, CEO and founder of 
Logic Modeling Systems in Milpitas, CA. "We were using Stanford's 
Drawing System, and we dubbed our computer the Super-Foonley. 
Anyway, our design was taken to Digital Equipment Corp and was the 
basis for DEC's ECL system, the KL-10. 

"In 1975, Tom and I were approached by Stanford's Lowell Wood to 
build a new supercomputer at the University of California's Lawrence 
Livermore Laboratory. The project was the S-1 Mark-1 computer, com
missioned by the U.S. Navy. We knew that we'd need to develop spe
cial computer-based tools in order to handle the size and complexity of 
the system as specified a 15-Mips, 5, 500-chip, ECL-based, 10-kbyte 
processor. There was only one problem. We were told that computer 
time was tight, so we could only use the KL-1 O from six to nine in the 
morning each day." 

Widdoes and McWilliams focused on three essential capabilities for 
these tools: interactive graphics, hierarchical design structure and auto
matic verification. These three elements were the building blocks of the 
Scald (Structured Computer-Aided Logic Design) system, which would 
become the backbone of Va lid's first system. In 1977, Widdoes and Mc
Williams completed both the development of Scald and the S-1. The 
Scald company was founded in January of 1981 and began operations 
in Sunnyvale, CA. 

"We struggled for months with the name," says Widdoes. "I liked 
Scald, but everyone told me it sounded like some kind of Norwegian 
cocktail. Besides, our investment bankers pointed out that our competi
tors would have a field day warning people not to get scalded. Some
one suggested 'Valid Logic Systems' and it stuck." 

log variables. 
In the mid-'70s, Racal-Redac was the first 

commercial vendor to offer an autorouting 
capability for board design based on the 
Hightower algorithm. Though the routed cir
cuits invariably required some manual clean 
up, the tools were another steppingstone in 
the path toward shortening the time-con
suming portions of system design. 

"Layout was and is a downstream task 
that's basically a pain," says Racal-Redac's 
Henkels. "It isolates the designer from the 
finished product. Designers would place 
their project in the layout cycle, even ifit was 
full of holes, because they knew it was going 
to take a lot of time and they wanted to get 
it into the queue. Unfortunately, we're still 
treating layout and test as processes apart 
from design." The automation of these pro
cesses did, however, close the productivity 
gap that had existed between design and 
manufacture. As the '70s drew to a close, 
most of the major design methods that we 
know today were in place. It was time for the 
EDA explosion to begin. 

At the beginning of the '80s most of the 
place-and-route and simulation tools were 
proprietary solutions that began in universi-
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ties and were used by 
major systems and sili
con houses. There were 
several reasons for this. 

"For one thing, there 
weren't many good com
mercial tools on the mar
ket," says Jim Hammock, 
president of the silicon 
design division at 
Beaverton, OR-based 
Mentor Graphics and 
chairman of the EDAC 
executive committee. 
"Manufacturers also 
wanted to differentiate 
their products, not only 
with their individual 
manufacturing processes 
but also with their design 
expertise. Lastly, both 
silicon and system ven
dors felt that they were 
the only ones who could 
get the tools close enough 
to their manufacturing 
processes to do a good job 
of implementation." 

M
~~ie~t~~~ 

with a command-line in
terface. The following 
year, San Jose, CA
based Valid Logic Sys
tems introduced Scald
system, a 68000-based 
workstation that was 
built around the public
domain Scald (Struc
tured Computer-Aided 
Logic Design) methodol
ogy. This methodology 
was pioneered by Valid 
founders L. Curtis Wid-
does , founder and cur
rent president and CEO 
of Logic Modeling Sys
tems in Milpitas , CA, 
and Thomas McWilli
ams , vice-president of 
corporate architecture 
and technology at Am
dahl in Sunnyvale, CA 
(see "In the early morn
ing, a company is born," 
p 109). Valid's entry 
served up to four users 
and offered schematic 
entry, netlist compila
tion , logic simulation 
and timing verification. 

however, 
was being 
placed on 
the layout 

and manufacturing end 
of the system-develop
ment process. The real 
beginning of the EDA 
revolution began when 
vendors realized that de
sign engineers, not just 
layout personnel and 
manufacturing facili
ties, needed automation 
tools. 

"It became clear to me 
that the next step had to 
involve the design engi
neer, a concept that I 
called 'up the design cy
cle,' " says Synopsys' 
Jones. "Companies were 

Design systems have seen tremendous ad
vances in the last 30 years. An example of a 
computer-generated schematic (top) is from 
the 1960s. The schematic editor (center) 
typified systems of the '80s. In the '90s, 
schematic entry is based on hardware 
description languages, as in this Amadeus 
system from Cadence Design Systems. 

Though both Daisy 
and Valid made the de
cision to bundle their 
tools on proprietary 
platforms, Thomas 
Bruggere and Gerald 
Langeler, formerly exec
utives at Tektronix in 
Beaverton, OR, had a 
different plan when 
they started Mentor 
Graphics. "We decided 
right from the start that 
we didn't want to build 
our own hardware," re
calls Bruggere, Mentor's 
CEO. "We despaired at 
first because there 
wasn't anything out 
there to suit our needs. 
Then we discovered a lit-

spending millions on layout and nothing on 
engineering, even though 80 percent of their 
salary expenses were for professional ser
vices. There was also a landmark Merrill 
Lynch research project predicting that all of 
the growth of the future would be in CAD. So 
off went Calma, Applicon and Computervi
sion to pursue CAD and CAM. Art Kohlmeir 
and I saw an opportunity and started Daisy 
Systems." 

In 1981, Daisy unveiled the Logician, a 
$75,000 workstation based on an Intel 8086 
microprocessor, 512 kbytes of RAM and a 
10-Mbyte disk. It offered schematic capture 
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tle company called Apollo 
and placed a $1 million order. It was a perfect 
synergistic match. We had no money and 
they had no sales. We suffered through those 
first years when Daisy and Valid were post
ing higher margins than we were, but when 
the next generation of hardware came out , 
and they found it hard to keep up, it looked 
like we had made the right decision." 

Mentor's 1982 Idea Station bundled inte
grated schematics, logic simulation and doc
umentation capabilities on Apollo's first 
workstation, the 0.3-Mips DN 100, for 
$120,000. The Idea Station introduced a key 
innovation-the ability to probe a signal or 



select an object on the schematic for the sim
ulator to analyze. 

After 1982, dozens of companies jumped on 
the CAE bandwagon, including pioneer firms 
such as Metheus, CAE Systems and CASE 
Technologies and ASIC suppliers such as LSI 
Logic and VLSI Technology. Test manufactur
ers GenRad and Teradyne joined in as well , 
and instrumentation giants Tektronix and 
Hewlett-Packard followed suit. As the '80s 
wore on it became clear that the newborn 
CAE industry couldn't support that many 
players. There were several reasons for this. 

First of all, stunning advances in worksta
tion technology made users clamor for more 
compute power. As they did, their patience 
with proprietary platforms wore thin, and 
their need to integrate the best tools from a 
variety of vendors increased. Secondly, the 
resurgence of gate a r-
ray and standard-cell 
ICs made EDA more of 
a necessity th an a lux
ury. To stay competi
tive, IC and system ven
dors had to h ave the 
latest tools. 

At first, users were 
content with propri
etary netlist interfaces 
to simulators or layout 
packages, bu t in the 
mid-'80s, the Electronic 
Design Interchange 
Format began to define 
an industry standard 
for interfaces. This 
development only whet
ted the design engi
neers' appetites, and 
they clamored for more 
standards. 

-
One of the key elements in tool stand

ardization came in the form of frameworks 
that promised to provide an integrated data
base and common user interface for tools 
supplied from various vendors. 

In 1983 James Solomon founded SDA sys
tems and offered a single, object-oriented da
tabase for IC schematic, simulation and lay
out tools. Based on framework research done 
at his alma mater, the University of Cal
ifornia at Berkeley, Solomon's offering took 
some of the framework's key elements-the 
user interface, the idea of a single database 
and portable graphics-and bundled them 
with the Skill user language. 

"The main problem we faced in those days 
was expense. Developing that kind of soft
ware cost far more than we had anticipated," 
says Solomon, president of Cadence's analog 
division. "We initially guessed that it would 
take about $10 million to launch the product, 
but it ended up coming in at around $20 
million. The key decisions for us were when 
we realized that we couldn't just sell a frame
work, we needed tools. In addition, our deci-

sion to use Unix as an operating system-a 
bold move in the early '80s when it was 
new-gave us the portability that's been a 
key part of our success." 

Frameworks continue to be a hot topic to
day, mainly due to the efforts of the CAD 
Framework Initiative, a group of EDA ven
dors committed to the realization of an open 
framework standard. 

There were other areas where the lack of 
standards was hampering the burgeoning 
EDA marketplace-namely, the lack of hard
ware models as a 
basis for true sim
ulation. "Around 
1982 to 1983, we 
were having seri
ous problems 
selling sim ula-

The Scald system 
derived from a 
Navy project at the 
Lawrence Liver
more Laboratory in 
the late 1970s. 
Scald developers L. 
Curtis Widdoes 
and Thomas Mc
Will iams founded 
Valid Logic in 1981 
to market the tech 
nology. 

tion," says Logic Modeling's Widdoes. 
"Though we knew our customers wanted to 
simulate complex systems, we also realized 
that to do this they needed an accurate sim
ulation model for each device in the design. 
That was especially difficult for complex 
parts like the 68000 or the 8086. Developing 
a software model for these devices would be 
a costly enterprise both for us at Valid and 
for our customers. So I decided to plug the 
parts into a system and feed them stimuli, 
measure the response and send the data back 
to the simulator." 

V
alid introduced Realchip, the hard
ware modeler that was the result of 
Widdoes' work in 1984. Its popular
ity was immediately proven when 
similar offerings from Daisy, Mentor, 
Teradyne, Cadnetix, GenRad and 

RHB Systems hit the streets. The ensuing 
systems became embroiled in patent infringe
ment suits with Valid, some of which continue 
to this day. 

The confusion resulting from these myriad 
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products highlighted a problem 
with the hardware modeler mar
ket-namely, that each was dedi
cated to a specific simulator. The 
buying public's frustration with a 
lack of standards , however, in
spired Widdoes to license the mod-

l~; eler technology from Valid and start srol; Logic Modeling Systems, which 

Performance Technologies produces 
the most comprehensive SCSI Host 
Adapter for the VMEbus. Utilizing a 
unique architecture, our Adapter is well 
suited for ''Target" mode operation , 
allowing high speed (40 Mbit/sec. ) 
computer-to-computer links via the 
SCSI bus. 

• 1 MByte onboard data store for 
MAX SCSI and VME xfer rates . 

• Single ended or differential 
SCSlbus models. 

• Proprietary OMA ASIC supporting 
SCSI rates >5.0 MBytes/sec. 

• Comprehensive SCSI firmware 
with disconnect/reselect, multi
thread operations and target 
protocol support. 

• 68020 MPU for supervising low 
latency controller operation . 

• Onboard diagnostic TRACE 
function for integration and trouble 
shooting. 

For detailed specifications 
Call: (716) 586-6727 
Fax: (716)586-6707 

The BUS Stops Here 
for innovative VMEbus :J 
solutions I 

P %.rtormane< 
Technologies 
Incorporated · 
435 W. Commercial St. 
E. Rochester, NY 14445 U.S.A. 

CIRCLE NO. 75 
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rolled out the LM-1000 in 1989-a 
modeler that serves multiple simu
lators and platforms. This drive to
ward standards and more-efficient 
design methodologies will undoubt
edly be the driving force of EDA in 
the '90s. 

A 
s EDA moves into the '90s 
it's faced with the task of 
providing tools and design 
environments that ad
dress the dilemma that IC 
and systems manufactur

ers are facing-device complexity is 
soaring and time-to-market is 
shrinking. The main weapons in 
the EDA arsenal to meet this chal
lenge are hardware description lan
guages (HDLs), logic synthesis 
tools and concurrent engineering 
environments. All three weapons 
address the way designers ap
proach a project and see it through 
to completion. 

HDLs , such as Verilog and 
VHDL, are generally accepted as 
the primary form of design entry 
that will be used in the '90s. De
signs are getting too complex for 
designers to remain mired in gate
level detail, and systems are get
ting too complex to efficiently inte
grate these complex parts into 
coherent platforms. HDLs enable 
users to enter designs at a be
havioral level, an ability that even
tually will move them up the design 
cycle once again. 

The enabling technology behind 
the acceptance ofHDLs, however, is 
logic synthesis, which takes these 
high-level descriptions and trans
lates them down to gate-level im
plementations. "In 1987, I saw the 
need to bridge another gap that I 
saw on the horizon," says Synopsys' 
Jones. "Just as we saw a shift from 
layout to gate-level tools in the '80s, 
it became obvious that we needed a 
shift from the gate to the functional 
level. There's an analogy not unlike 
what we saw in software a decade 
ago. Software engineers abandoned 
machine code when compilers be
came sophisticated enough to allow 
programs to be written in high-level 
languages. Likewise, HDLs and 

synthesis will eventually free de
signers from thinking about gates." 

Concurrent design environments 
will let users partition the complex 
chip and systems designs of the 
coming decade into manageable 
parts. Ideally, each part can be de
signed by members of a design 
team, with a coherent database 
keeping the parts in sync during 
the design cycle. Concurrent envi
ronments won't just effect product 
designs, they'll follow the process 
through to manufacture, bridging a 
gap that has been traditional since 
the inception of EDA. 

"The walls separating design, 
layout and manufacturing will 
have to come down in the '90s," 
says Joe Prang, Valid's vice-presi
dent of marketing. "The driving 
forces of top-down methodologies 
and frameworks will lead toward 
an integration of the design pro
cess. It's a natural next step after 
computer-aided drafting in the '70s 
and the engineering and design au
tomation of the '80s." 

T 
he last 10 years especially 
have seen many break
throughs and events that 
have driven design tool 
performance up and prices 
down. Spectacular price 

reductions in workstation and per
sonal computer performance have 
brought mainframe power to al
most every engineer's desk. Today's 
PC-based tools offer sophisticated 
board autorouter capabilities for 
under $1,000 that cost tens of thou
sands of dollars only a decade ago. 
And the blossoming EDA technol
ogy shows no signs whatsoever of 
slowing down. 

"By the year 2000 there will be 
no need to prototype hardware in a 
conventional sense," predicts Ca
dence's Goel. "We'll be able to sim
ulate accurately and build hard
ware right the first time. The lines 
between hardware and software 
design will blur, and we'll be think
ing in terms of system design. One 
of the driving forces behind all of 
this will be time-to-market. It'll be 
a hell of a decade." 

By Mike Donlin, Senior Editor 



With the 
OB68KNME40"' you 
no lonaer have to com· 
promise on performance or 
price In your VME embed· 
ded control application. We 
stan by glvln1 you a very 
basic board which Includes: 

• 25-33MHz 68040. 
• (8) 28-pln RAM sockets for 

up to 256KB of dual access 
0-walt-state static RAM 
(32KB standard). 

• (8) 32-pln sockets for up to 
8MBofROM. 

• (2) asynch RS232C serial 
ports. 

• (16) lines of parallel 1/0. 

You can conftaure It with Just 
the right amount of RAM 
and ROM you need. 
And you do not have to 
sacriftce features. Our 
Omnlmodule .. modular 1/0 
connector allows you to 
Implement a wide variety of 
serial, parallel, SCSI, GPIB1_ 
analog, dlaltal and other llU 
options • all fitting Into one 
slot. Other features Include: 

• VTC's VIC068 VME Inter· 
face chip with arbiter, Inter· 

rupter, mailbox and mOA!. 
• Terminal monitor/ 

debupr/dlaanostlc firmware 
program Included. 

• 2 year limited wamnty. 
• Worldwide avallablllty. 

All of this atves you a hllh 
performance board at a price 
you can afford with the 
features you need. 

To learn more about our 
OB68KNME40 contact our 
Marketln1 Manaaer. Fete 
Czuchra at 1-800-638-
5022 or (708) 231-6880 
In Illinois. 



Our VME and Multibus roduct Lines 
Stretch for Over 124 Miles 

That's 854,738 uniquely configured boards to choose from and all from Omnibyte. You can choose from different processor types, 
RAM sizes, 110 options and other features to put together a board that gives you the features you need. With Omnibyte's quality, 
selection and 2 year limited warranty, you can count on finding exactly what your looking for. 
Here are just a few of the boards we offer: 

OB68KNME20™ VME 
SINGLE BOARD COMPUTER 

• 68020 16.66 - 33 MHz CPU 
• (8) 28-pin RAM sockets for up to 

265KB of dual-access zero-wait-state
static RAM 

• (8) 32-pin sockets for up to 8MB of 
ROM, (4) sockets may be EEPROM 

• (2) RS232C asynch serial ports 
• (16) lines of parallel 1/0 
· (I) (OMNIMODULE socket for a wide 

variety of 1/0 (i.e. 2 serial ports, 20 
parallel lines) 

• VIC068 VME Interface Controller 

OB68KNSBCI™ 
VME SINGLE BOARD COMPUTER 

• 68000 12.SMHz 16/32 bit CPU 
•Si 2KB of dual-access, zero-w.:.it-state 

DRAM with parity 
• (4) 28-pin ROM sockets 
• (3) 16-bit counter/timers 
• (2) Omnimodule'" 1/0 sockets for a 

wide variety of 1/0 (i.e. 4 serial ports, 
40 parallel lines) 

• DMA controller (optional) 
• VME bus interrupt generator (optional) 
• Optional 4 level bus arbiter 
• Two year limited warranty 

OB68KNl0™ VME 
UNIVERSAL 1/0 BOARD 

• (4) Omnimodule 1/0 sockets for a wide 
variety of 1/0 (i.e.8 serial ports, 80 
parallel lines) 

• One (I) interrupt per Omnimodule, 
two (2) optional 

OB68KNSBC20™ VME 
SINGLE BOARD COMPUTER 

• 68020 16-33MHz, CPU 
• 1-4 MB of dual-access, zero-wait-state 

DRAM with parity 
• 68882 (optional) 
• (2) 32-pin ROM sockets 
• (2) RS232C serial ports 
• (2) 8-bit parallel ports 
• (I) OMNI MODULE socket for a wide 

variety of 1/0 (i.e. 2 serial ports, 20 
parallel lines) 

• 4 level bus arbiter (optional) 

OB68KNME 1 TM VME 
SINGLE BOARD COMPUTER 

• 12 .5 MHz 68000 CPU 
• (8) pairs of 2 8-pin sockets for RAM 

or ROM 
• (2) RS-232C serial ports 
• (2) 8-bit parallel 1/0 ports 
• System Controller 

OB68K/MSBC30™ MULTIBUS I 
SINGLE BOARD COMPUTER 

• 25-33 MHz 68030 CPU 
• 4-32 MB dual access, zero-wait-state 

DRAM w/parity 
• 68882 Math Co-Processor (optional) 
• 2 channel DMA controller (optional) 
• (2) RS232c sync/async serial pom 
• (2) 8-bit parallel ports 
·(I) OMNIMODULE'• socket 
• (4) 32-pin ROM sockets 

All our different configurations are built to give you the best in quality. And they are backed by our famous 2 year 
limited warranty. For more information call Pete Czuchra today. He'll help you pick the card you need. 

CIRCLE NO. 119 

OMNIBYTE CORPORATION 
245 W. Roosevelt Road 
West Chicago, IL 60185-3790 
Fax No. 708-231 -7042 
CALL TOLL FREE t-800-638-5022 
In IL 708-23 t-6880 



I PRODUCT FOCUS/ Logic Analyzers 

DESIGN AND DEVELOPMENT TOOLS 

Logic analyzers 
offer RISC 
support and 
ease-of-use 
Jeffrey Child, Associate Editor 

C hallenged by continued speed 
advances in RISC processors, 
ever-faster CISC processors 

and DSP chips, designers of 
microprocessor-based systems are 
being forced to redefine the mini
mum acceptable tool to accomplish 
their design and debug tasks. Be
cause emulators do not yet exist for 
many of the latest high-performance 
processors, designers are looking to 
logic analyzers to help them locate 
system bugs and refine their soft
ware/hardware integration. 

The effectiveness of a logic analy
zer, like any other design tool, de
pends as much on its performance as 
it does on how friendly it is to use. 
With this in mind, logic analyzer 
manufacturers are offering friend
lier interfaces, support for an in
creasing number of processors and 
better ways to analyze and store ac
quired data. 

Speed, number of channels and 
memory depth still drive the logic 
analyzer industry. To meet the de
mands of RISC-based, 32-bit and 
multiprocessor designs, logic ana
lyzers must be able to monitor sig
nals at higher clock rates, must 
provide more channels to monitor 
bigger address and data buses, and 
must have more memory to display 
larger segments of monitored 
waveforms. 

I Turning to modules 
In the competitive high-end segment 
of the logic analyzer market, vendors 
have turned to modularity to pre-

serve their investment. Users can 
configure their systems without pur
chasing any more power than they 
need. And many companies let users 
trade channel width for sampling 
speed by halving the number of chan
nels in order to double the sampling 
speed for timing analysis. 

The latest module designed for the 
DAS9200 mainframe from Tektronix 
(Beaverton, OR) offers 100-MHz per
formance on a single card. Called the 

The effectiveness of a 
logic analyzer depends 

as much on performance 
as it does on how 

friendly it is to use. 

I I I 

92A96 Centurion, this module offers 
32-bit RISC and CISC support and 
can observe multiple processors 
simultaneously. 

Centurion features 100-MHz state 
analysis, 400-MHz timing analysis 
and 16 100-MHz triggering levels on 
a single card. Centurion supports 
asynchronous measurements of up 
to 400 MHz for 24 data channels, or 
for up to 384 channels with card 
extensions. Up to 1,536 data chan
nels can be acquired at 100-MHz 
synchronous or asynchronous acqui
sition rates , with each channel 

The Centurion 
logic analyzer 
from Tektronix 
provides 100 chan
nels (96 data, 4 
clock), as well as 
100-MHz sam
pling, clocking 
and triggering 
capabilities on a 
single card. 
Designed for use 
in the Tektronix 
DAS9200 main
frame, Centurion 
also offers asyn 
chronous acquisi
tion up to 400 
MHzover24 
channels. 

backed by a minimum of 8 kbits of 
memory. A 32-kbitJchannel version, 
the 92A96D, is also available. 

I Alleviating complexity 
While logic analyzers serve as u seful 
tools in debugging high-speed mi
croprocessor-based designs, they've 
traditionally had a reputation for be
ing difficult to use. On a complex 
circuit board, for example, it used to 
take hours to hook up all the neces
sary probes. And because they're 
usually expensive, one instrument 
would have to be shared by a whole 
design group or wheeled around on 
cart between departments. 

To alleviate these difficulties, the 
Philips PM 3580 logic analyzer se
ries from John Fluke Mfg (Everett, 
WA) reduces state and timing mea
surements to one probe connection. 
Furthermore, the 3580s feature a 
single setup and fully integrated 
state and timing triggering for a 
common user interface. All measure
ments are time-tagged with up to 5 
ns of resolution. 

The PM 3580 family has an archi
tecture unique among logic ana
lyzers. By using ASIC technology on 
the front-end, this architecture al
lows both state and timing data to be 
acquired simultaneously from the 
system on up to 96 channels, with 
just one set of probes. Performance 
specifications provide up to 50-MHz 
state capability, up to 200-MHz tim
ing functions and 2 kbits of memory 
per channel. 

Besides eliminating the headache 
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Arium 1931 Wright Cir, Anaheim, CA 92801 (714) 978-9531 

ML4100 

ML4400S 

ML4400M 

ML4400T 

70 

50 

50 

100 

100 

100 

100 

400 

32132 

B0/80 

320/320 

64/16 

4/4 

20120 

160/BO 

16/16 

1k to Bk 

2k to Bk 

2k to Bk 

Bk to 32k 

4 

14 

14 

14 

5 

5 

5 

5 

Biomation 19050 Pruneridge Ave, Cupertino, CA 95014 (408) 988-6800 

CLAS 4000 100 200 3B4 96 4k to 16k 15 

K450B 100 400 BO 20 2k to Bk 16 

Bitwise Designs 701 River St, Troy, NY 12180 (800) 367-5906 

LAC-04 

LAC-16 

LAC-64 

BITWISE-32 

Logic-Boy 

25 

25 

25 

25 

50 

125 

125 

125 

25 

50 

320/320 

320/320 

320/320 

32132 

16116 

- /8 

- IB 

- /8 

32132 

16/16 

4k 

16k 

64k 

4k 

1,024 

16 

16 

16 

4 

4 

5 

5 

f: ·c 
a.. 

$2,495 

$5,B95 

$16,000 

$19,000 

$19,950 

$10,000 

$2,BOO 

$3,200 

$4,500 

$1,295 

$1,795 

11 .. 
E 
E .. 
(.) 

Circle 301 

B- and 16-bit microprocessor support 

B-, 16- and 32-bit microprocessor support, 
RISC and digital signal processor support, 
performance analysis 

same as above 

same as above 

Circle 302 

32-bit microprocessor support, RISC and 
CISC support 

B-, 16- and 32-bit CISC support 

Circle 303 

PC/AT card, 40 channels/card 

PC/AT card, 40 channels/card, ISA slot re
quired 

PC/AT card , 40 channels/card, includes win
dows-based software, leads, clips 

PC card , optional oscilloscope, 100-MHz op
tion 

hand-held logic analyzer, LCD, parallel 
printer port 

Hewlett-Packard 19310 Pruneridge Ave , Cupertino , CA 95014 (800) 752-0900 Circle 304 

1651B 

1654B 

1650B 

1653B 

1652B 

16500A 
mainframe 

16510B 

16515A/16A 

16540A/41A 

25 

35 

35 

35 

35 

35 

100 

100 

100 

100 

100 

100 

100 

1000 

100 

32132 

64164 

80/80 

32/32 

80/80 

80/80 

32/32 

208/20B 

32/32 

64164 

80/BO 

32/32 

80/80 

B0/80 

32/32 

20B/208 

1k 

1k 

1k 

1k 

1k 

1k 

Bk 

4k 

B 

8 

8 

B 

8 

B 

1 

4 

3 to 5 

3 to 5 

3to 5 

3 to 5 

3to 5 

3to 5 

2 

10 

John Fluke Mfg PO Box 9090, Everett, WA 98206-9090 (206) 347-6100 

PM 3585/90 

PM 35B0/60 

PM 3655 

50 

50 

100 

200 

100 

400 

96196 

64164 

96196 
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96/96 

64164 

96/12 

2k 

1k 

2k or 4k 

8 

8 

4 

3 to 4 

3 to 4 

5 

$3,900 

$6,700 

$7,900 

$7,400 

$11,300 

targeted for 8-b~ microcontroller applica
tions, support 15 microprocessors, micro
controllers 

designed for 8- and 16-bit microprocessors 

supports B-, 16- and 32-bit microprocessors 

includes 2-channel oscilloscope 

includes 2-channel oscilloscope, cross-mod
ule triggering 

16500A mainframe for 165XX modules 

$5,600 supports 8-, 16- and 32-bit microproces
sors, microcontrollers and DSPs 

$B,100/$7,100 timing analyzer, 1-ns timing resolution 

$7,0001$8,500 designed for RISC support 

$10,950 

$6,450 

$10,950 

Circle 305 

time stamping, transitional timing, dual 
analysis per pin, set-up and integrated 
triggering 

same as above 

MS-DOS PC included 
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Keithley MetraByte 440 Myles Standish Blvd , Taunton, MA 02780 (508) 880-3000 

PCIP-DLA 20 20 16/16 16/16 4k 3 $1,295 

Orlon Instruments 180 Independence Dr, Menlo Park, CA 94025 (415) 327-8800 

9250/9350/9450 34 204 48/48 8/8 16kto64k 4 20 $11 ,450 

9260/9360/9460 34 204 96/96 16/16 16k to 64k 4 20 $14,550 

Outlook Technology 200 E Hacienda Ave, Campbell , CA 95008 (408) 374-2990 

T-100A 

T-132W 

T-132EM 

T-1320 

1600 

1,000 2,000 

500 500 

500 500 

500 500 

200 200 

32 

32 

32 

32 

16 

4 

16 

16 

16 

16 

4k to 32k 3 

4kto 16k 3 

2Mto8M 3 

512k to 2M 3 

1k to 4k 1 

Rapid Systems 433 N 34th, Seattle, WA 98103 (206) 547-8311 

R3800 

R3600 

R3200 

100 

200 

100 

50 

50 

25 

32/32 

32/32 

24/24 

32/32 

32/32 

24/24 

16k 

Bk 

2k 

16 

16 

16 

Tektronix PO Box 4600, Beaverton, OR 97075 (800) 245-2036 

DAS-92A60 20 20 

DAS-92A90 20 20 

DAS-92A 16 200 200 

DAS-92A96 100 400 

DAS-92HS8 350 2,000 

PRISM-30MPX 16.66 200 

PRISM-30HSM 150 2,000 

PRISM-1241 50 100 

PRISM-1230 25 100 

360/360 

540/540 

384/384 

1,536/384 

8/160 

96/9 

18/20 

72136 

64/16 

360/360 32k to 128k 16 

540/540 32k to 128k 16 

384/384 4k 4 

1,536/384 8k to 128k 16 

B/160 Bk 2 

96/9 Bk 7 

1B/4 12k to 120k 4 

72/36 512to2k 14 

64/16 2k 14 

1.5 

1.5 

1.5 

1.5 

1.5 

10 

5 

40 

1.7 

2.5 

800 ps 

2.5 

6 

5 

$34,950 

$27,950 

$69,900 

$54,900 

$24 ,700 

$3,995 

$2,495 

$1 ,995 

$9,990 

$12,700 

$B,050 

$17,950 

$25,000 

$7,600 

$6,500 

$13,900 

$2,995 

Trace-Tek Instruments 1301 Denton Dr, Carrollton, TX 75006 (214) 446-9906 

Logic Boy 
16C50A 

50 50 16/16 16/16 1,024 4 $1 ,795 

ii 
CD e e .. 
(.) 

PC-based, 16-channel board 

Circle 306 

Circle 307 

includes 2-channel, 100-MHz digital storage 
oscilloscope; analog function generator; 24-
bit pattern generator 

same as above 

Circle 308 

configurable as a logic analyzer, pattern gen
erator or both 

synchronous harmonic sampling 

same as above 

same as above 

all channels may be a logic analyzer or a digi
tal storage oscilloscope optimized for logic 
signals, 350-MHz bandwidth on each input 

PC based 

PC based 

PC based 

Circle 309 

Circle 310 

single module price, entry-level system 
priced at $19,500 

single module price, entry-level system 
priced at $21 ,500 

single module price, 32-channel entry-level 
system priced at $34,000 

single module price, entry-level system 
priced at $30,950 

single module price 

single module price, entry-level system 
priced at $9,900 

single module price, entry-level system 
priced at $11 ,000 

36-channel system, entry-level system 
priced at $B,950 

16-channel system, 64-channel system 
priced at $6,725 

Circle 311 

hand held , battery powered, BNC trigger out, 
IBM printer port 
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In 1989 Performance Technolog ies 
introduced VME64 and established a 
new standard for high speed VMEbus 
performance. Products based on this 
standard, which is now included in 
the VMEbus Rev D spec, are in-stock 
NOW at Performance Technologies. 

Model PT-VME240 DRAM memory. 
The fastest memory configuration 
available for the VMEbus. 

Transfer rates to 48 MBytes/sec. (32 bit) 
and 96 MBytes/sec. (VME64) rates 

Model PT-VME940 
VME Crate-to-Crate networking. 

Transfer rates to 30 MBytes/sec. between 
VME chassis and up to 60 MBytes/sec. • 
onVME 

Model PT-VME140 
Single Board 68030 CPU. 
The first product using the PT-VMSI 
VME64 bus interface ASICs. 

For detailed specifications 
Call : (716) 586-6727 
Fax: (716) 586-6707 

The BUS Stops Here 
for innovative VMEbus J.~ 
solutions r 

P~erlormance ,, 
r I T~hnologies 

Incorporated 
435 W. Commercial St. 
E. Rochester, NY 14445 U.S.A. 

· u sing the PT-VME240 memory 
VME64 is a trademark of 
Performance Technologies, Inc. 

CIRCLE NO. 53 
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I PRODUCT FOCUS/Logic Analyzers 

DESIGN AND DEVELOPMENT TOOLS 

The Philips PM 3580 logic analyzer series from John Fluke Mfg reduces state and 
timing measurements to one probe connection. A dual-analyzer-per-p in architecture 
allows both state and timing data to be acquired simultaneously from the system on 
up to 96 channels, with just one set of probes. The instrument provides up to 50-MHz 
state capability, up to 200-MHz timing functions and 2 kbits!channel memory. 

and unreliability of attaching multi
ple probes, thio; single-probe ap
proach also reduces the excessive 
loading factors that burden the tar
get system, according to Fluke. The 
3580 series' architecture reduces 
capacitance loading to 7 pF, even 
when both state and timing informa
tion are recorded. 

I Processor support 
Another ease-of-use related issue is 
processor support. Focusing on this 
area, the logic analyzers from 
Hewlett-Packard (Colorado Springs, 
CO) support over 95 processors and 
package types. "Package types are a 
considerable issue, because you have 
different probing schemes for them," 
says Greg Peters, product marketing 
engineer at Hewlett-Packard. The 
company also tries to maintain its 
processor compatibility across its en
tire logic analyzer product line. 

Among the latest RISC and high
s peed CISC devices are Intel 's 
80860 , 80960 and 80486; MIPS' 
R3000; Motorola's 68040, 88200 and 
88100; and AMD's 29000. Several 
bus interfaces are supported also, 
including SCSI, VME A-size and 
VME VXI B/C. 

''While we've had RISC support in 
the past, customers want overhead," 
notes Peters. "They want to be able 

to have 100-MHz state analysis, but 
at the same time to have full-speed 
triggering, wider channel count, 
deeper memory." 

Leading Hewlett-Packard's move 
toward RISC is its latest module, the 
16540. Designed for use with 
Hewlett-Packard's 16500A main
frame, the 16540 provides 16 chan
nels of 100-MHz state and timing 
analysis. Channel bandwidth can be 
expanded up to 208 channels using 
16541 modules. Both the 100-MHz 
speed and 10-ns triggering are avail
able across all channels. The device 
also features 4 kbits of memory on 
each channel and a variety of user 
interface options. 

Among the user interface choices 
is a built-in color touch screen. The 
key contribution of the touch screen 
is intuitive control of the instrument. 
Other features can be added without 
adding more keys . Other user inter
face options include support for 
mouse, trackball or keyboard. 

I Simple t riggering 
Not letting the machine get in the 
way is a important theme in logic 
analyzers. Instruments with trigger
ing sequences that are not 
straightforward can often distract a 
uo;er from the task at hand. Arium 
(Anaheim, CA), a logic analyzer com-





I PRODUCT FOCUS/Logic Analyzers 

DESIGN AND DEVELOPMENT TOOLS 

pany that targets the low end of the 
market, offers a logic analyzer that 
keeps triggering simple by present
ing triggering logic options using 
English words instead of abstract 
symbols. The screen displays, for ex
ample, "IfAthenB"or"BwithoutC." 

By using clear English logic, the user 
doesn't have to worry about whether 
'+'means OR or AND. 

Arium's ML4400 modular logic 
analyzer system provides up to 80 
channels at 100 MHz or 16 channels 
at 400 MHz. While the logic analy-

the most appropriate 
h of chassis size, 

ic configuration, card cage, 
mass storage, 
power supply, 
110 panels, 
cooling and 
enclosure. 
Zo ltech's 
modular 
chassis 
concept 
allows your 
VME system to be optimized for specific 
applications and environments. 

Low Prices and Fast Delivery 

IKI 

The use of our off-the-shelf components 
allows your special system package to be 
delivered quickly and at a standard system 
price. 

Long-Term Reliability 
A low-cost package really isn't low-cost if it 
fails in the field. Zoltech's unique positive
pressure, filtered air cooling system insures 
that your machine will run clean and cool. 
The EMI shielding integrity of the fully
enclosed chassis is preserved regardless of 
the number of cards installed in the card 
cage. 

Call or write for 
complete specifications and prices 

We will provide you with anything from 
an empty metal shell to a complete 
turnkey system. And, we will gladly 
integrate VME cards, mass storage devices, 

1/0 cables, peripherals 
and system software. 

A typical complete 
system: 
VL V- 11/Model 30 
chass is, twelve 
6U x 160 slots, 68020 
CPU, 5M8 memory, 
18 serial channels, 
flopp y, cartridge 
tape, dual 
Winch es ters, 400W 
power supply, eight 
fan s, in tower 
enclosure. 

7023 Valjean Avenue, Van Nuys, California 91406 USA 
(818) 780-1800 FAX 1818) 780-1978 

Representative and dealer inquiries are invited . 

BUSCON/ 91 -WEST 
JANUARY 29·31, 1991 

SANTA CLARA CONVENTION CENTER 
SANTA CLARA, CA 

See us at Booth #702 
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zer's memory depth is normally 8 
kbits/channel, standard capture 
cards can be added to provide up to 
128 kbits/channel. Microprocessor 
support capabilities can grow by at
taching support pods including those 
for the Motorola 88100-RISC series 
and the Intel 80960 and 80486. 
Another option is a 256-kbyte ROM 
emulator that speeds up code debug 
by using the target circuit. 

I Multiple analyzers 
While logic analyzers have been 
noted for being difficult to use, using 
several logic analyzers simultane
ously compounds the situation. To 
address this, Biomation (Cupertino, 
CA) chose the Apple Macintosh II as 
an integral part of its CLAS 4000 
Configurable Logic Analysis System. 
The CLAS 4000 provides graphically 
oriented windowing for its human 
interface. Sharing the Macintosh for 
control and display, the system can 
be configured with up to four 96-
channel logic analyzers in a single 
chassis. The four logic analyzers can 
function independently or can be 
combined into a single 384-channel 
instrument. User configurable win
dows allow data from multiple ana
lyzers, in multiple formats, to be dis
played concurrently. Time stamping 
within each module lets displays 
from different modules be correlated 
for display. 

Each 96-channel logic analyzer 
module in the CLAS 4000 configura
tion supports a 200-MHz synchro
nous data-capture rate. As in the 
case of other high-end logic ana
lyzers, the highest rates require 
fewer channels. The 200-MHz rate 
supports 24 channels, 100 MHz sup
ports 48 channels and 50 MHz sup
ports all 96 channels. Acquisition 
memory is 4 kbits per channel. 

Logic analyzers capture data. But 
what is done with that data to help 
a user easily locate a fault can vary 
among analyzers. "You want to see 
the cause-and-effect relationship," 
explains John R. Adam, president of 
Biomation. ''You're looking for either 
an event, or a sequence of events, 
and one of the primary functions of 
a logic analyzer is to allow you to 
specify that event or sequence of 
events." The CLAS 4000 architec
ture is designed so that users can 
choose those events across the whole 
width of the instrument. • 



Each feature, by itself, is important. Taken 
together, however, they're even more 
compelling. 

Because they're all designed to work 
together to help you reduce substrate damage. 
Simplify and speed installation. Conserve 
space and control costs. 

Take our simple 2-piece, cam-operated 
body construction, for example. It allows for 
zero-force insertion and extraction-yet main
tains high normal contact forces in the locked 
position. The locking mechanism itself is acti
vated by a smooth, foolproof, teflon-coated 
cam equipped with a built-in limit switch for 

Available in full range of sizes up to 324 
contacts. 13x13, 15x15 and 18 x 18 grids 
Consult factory for other sizes. 

both visual and tactile confirmation of positive 
mating. The cover was designed to slide 
within the dimensions of the contact housing 
to save space. And fixed, dual-beam contacts, 
made of high-strength copper alloy, are used 
to insure reliable, self-wiping action with a 
minimum durability rating of 50 cycles. 

In short, it's the finest PGA socket 
on the market today. And the only one that 
combines all these cost-cutting features in a 
single design. For complete details, write 
today: Burndy Corporation, Customer Service 
Department, Norwalk, CT 06856. Or call 
(203) 838-4444. FAX: (203) 852-6228. 

CUSTOMER SATISFACTION COMES FIRST ,..---

~ BURNDV 
"O An FCI Company 
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I NEW PRODUCT HIGHLIGHTS 

DESIGN AND DEVELOPMENT TOOLS 

I PC-based circuit board design tool 
incorporates framework technology 

Workstation-based frameworks and parts (compared with 6,200 in previ
their associated tools are being ous versions), including IEEE sym
touted as the way of the future. The bols, which can now be as large as 
idea of being able to string together 12.7xl2.7 in. Common parts in TTL, 
a choice of point tools and seamlessly ECL and CMOS, from simple gates 
integrate them under a common to microprocessors, can be called up 
user interface is indeed an attractive and placed either by keying in the 
concept. But with all of the attention part name or via the browser com
being given to the high-end, work- mand. Other libraries for special 
station-based solutions, PC-based tasks can be generated using 
products have been brushed aside. OrCAD's graphical library objected-

OrCAD, a supplier of PC-based itor or purchased from third parties. 
circuit board design tools, hopes to The new version of the verifica
change that with the release of ESP, tion and simulation tool set (VST) 
a graphical design environment that automatically takes information 
it has integrated with Release IV of •••• 
its DOS-based tools. OrCAD says 
the ESP framework improves the 
performance of the product line by 
providing easy tool selection, file 
management and automatic trans
fer of design information between 
software packages. 

"A true framework is more than 
just a shell that lets a user pull up 
different tools," says John Dur
betaki, CEO at OrCAD. "It must 
provide process control, that is, any 
action chosen by the user must set 
off multiple events. The database 
behind the framework must be a 
coherent force behind the design en
vironment that lets a user change 
his view of a design from schematic 
capture, for instance, to layout in an 
integrated fashion." 

The ESP framework provides 
links between different tools that 
are designed to transfer information 
about the design from one format to 
another. After a designer has cre
ated a schematic, for instance, ESP 
will automatically transfer the net
list, part and test vector information 
from the schematic file to the simu
lator to produce a graphical timing 
of the design. In addition, the frame
work is compatible with software 
from other vendors , including word 
processors and spreadsheets. Con
figuration menus let the user tailor 
the interface to accomplish user-de
fined tasks. 

I Enhanced tools released 
Along with the ESP framework, new 
versions of six OrCAD tools are be
ing released. The schematic design 
tool set (STD) supports over 20,000 
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Cross 
Ref'erence 

Parts 

from the schematic created in STD 
and places it in the simulation edi
tor. The tool also features on-line 
error checking and utilities for test 
vector generation. The new release 
includes a netlist format that sup
ports incremental design changes. 
OrCAD says this feature increases 
the speed of the simulation cycle by 
up to two orders of magnitude over 
the previous version. 

The updated version of the 
printed circuit board design tool 
(PCB) includes a new graphical in
terface, semiautomatic and auto
matic placement, improved speed, 
increased surface-mount technology 
support, and a larger library of mod
ules. The ESP framework improves 
information-passing capabilities be
tween PCB and STD. 

A new version of the program-

mable logic design tool set (PLD) 
features an updated compiler with 
greater capacity and support for 
open architectures. Information
passing speed between PLD and 
other tools has also been increased. 

OrCAD's modeling program 
(MOD), which creates VST-compati
ble models for simulating PLDs, 
now includes enhanced debugging, 
as well as better optimization and 
code generation to eliminate redun
dant gates. The tool reads standard 
JEDEC files created by OrCAD's 
PLD or other PLD design tools and 
uses the information to create sim
ulation models of the programmable 
devices. The models are then exer
cised with models of all the other 

Produce Check 
Parts Electrical 
Ll.st Rules 

Pr.ln t 
Schemat ic 

components in a circuit to produce a 
single, timing-based, board-level 
simulation. The new version also in
cludes extensions to the definition 
language. 

ESP and all the new integrated 
products will be available by the end 
of the fourth quarter. ESP will be 
sold with STD for $595. Other prod
ucts will be priced as follows: VST at 
$995; PCB at $1,495; PLD at $495; 
and MOD at $495. -Mike Donlin 

OrCAD 
3175 NW Aloclek Dr 
Hillsboro, OR 97124-7135 
(503) 690-9722 
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Take the proven shortcut 
to VME serial communications. 

Simpact offers the UNIX® world's most complete 
Communications Software Toolkit for fast protocol porting. 

With Simpact's Communications Software Toolkit, you 
can port your current protocols or develop new ones for 
VME systems faster, more economically, and with fewer 
engineering resources than ever before. 

You're miles ahead-before you start. 
Porting or developing a board-level protocol no longer 

means time-consuming design of an operating system and 
drivers. The Communications Software Toolkit gives you 
those resources ready-to-use. 

Simpact's toolkit includes a sophisticated real-time 
operating system, UNIX host drivers, board-side host 
interface, and message handling routines. Templates 
provide source code for asynchronous, bit-synchronous 
and byte-synchronous protocols. Simply use the 
templates' source code, or modify it quickly and easily to 
adapt to your specific protocol needs. 

The only source you'll ever need. 
Sim pact is the only single-source supplier of both a 

complete Communications Software Toolkit and 
intelligent processor boards for VME systems. Our 
multiport front-end boards with 16MHz 68020 processors 
offload communications from your host. 

Support you can count on. 
With our unsurpassed field support, you have a partner 

who can help you navigate rough water. Call today and 
we'll show you the only shortcut worth taking. 
1-800-488-4188 

!ilmpact: 
Simpact Associates, Inc. , 9210 Sky Park Court, San Diego, CA 92123, 800-488-4188, FAX 619-565-4112 

Trade names referenced are the trademark or registered trademark of the respective manufacturer. 

See us at Uniforum Booth #3422 
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I NEW PRODUCT HIGHLIGHTS 

INTEGRATED CIRCUITS 

I PC chip set provides more-sophisticated 
cache architecture 

The first round of core-logic chip sets 
for 33-MHz 386 personal computers 
followed a fairly predictable pattern. 
The parts were speed upgrades on 
existing 25-MHz designs, some of 
which supported caches and some of 
which didn't. But even when these 
chip sets did offer cache controllers, 
the caches tended to be relatively 
small and simple. This left a hole in 
the market, into which several sys
tem vendors rushed with faster, 
more complex cache designs. 

A key feature in these discrete 
implementations was a copy-back 
strategy, in which the CPU would 
write only to the cache on a write hit, 
and the cache would copy the new 
data back to memory only when ab
solutely necessary. This plan makes 
for a more complex cache controller, 
but its supporters claimed around a 
15 percent improvement in system 
throughput-a claim that quickly 
was both proved and disproved by 
benchmarks, of course. 

But a number of things have 
changed since those early 33-MHz 
parts appeared. On the technical 
side, chip set vendors are beginning 
to move to 1-µm CMOS processes, 
allowing both more speed and more 
complexity in their critical loops. 
Second, as CPU speeds increased, 
the difficulty of routing fast signals 
through the handful of chips neces
sary for a discrete cache began caus
ing design headaches and system 
reliability issues. Third, the market 
has grown increasingly competitive, 
with far too many vendors chasing 
the 386 DX with far too few differ
entiating features. 

Now Opti, the Chips & Technolo
gies spin-off that cut a place for itself 
with the first 33-MHz cache-based 
DX chip set, is back with what it 
claims to be a second-generation 
part, the 386WB. For Opti, "second 
generation" means a number of 
things, all related to speed. 

I A new cache design 
First, stealing from the earlier dis
crete implementations, the 386WB 
chip set includes a write-back cache 
controller. "The main reason for a 
second generation is that we can get 
12 to 15 percent better performance 
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from a superior cache architecture 
and some additional features," says 
Raj Jaswa, Opti vice-president of 
marketing. 

The new cache controller in the 
386WB is a relatively straightfor
ward design. It implements a 
large-32- to 256-kbyte-direct
mapped cache with external tag and 
data SRAMs. "We chose a direct
mapped design because on faster 
systems, particularly when OS/2 or 
Unix is an issue, people are using 
larger caches," says David Lin, vice
president of systems engineering. 
"And once you get above 64 kbytes, 
there's little difference in hit rate 

between direct-mapped and set-as
sociative caches. But direct-mapped 
controllers can have looser timing." 

To keep speed up and tag RAM 
cost down, Opti chose a 16-byte line 
size. But the 16-byte lines risk an 
unhealthy lengthening of the miss 
penalty, so the designers included a 
burst fill operation in the cache and 
memory controllers. The burst oper
ation places the CPU in wait state 
and uses DRAM fast page mode to 
pump 4 bytes out of main memory 
every two clock cycles. 

There are useful systems-ori
ented features, such as a local-de-

vice input that suppresses the cache 
controller when a local-bus periph
eral has been addressed. The con
troller offers two programmable 
noncached address ranges to avoid 
obvious problems with 110 areas, 
DMA buffers, and so forth. 

But a number of the sophistica
tions found on more elaborate work
station-oriented cache controllers 
are missing. One example is bus 
snooping-essential on look
through caches, where DMA activity 
doesn't reach the local bus. Opti 
avoids the need for snooping by 
making all memory activity happen 
on the local bus, guaranteeing that 
the cache can see it. This simplifies 
the design considerably, but pre
cludes multiprocessing, or overlap
ping of DMA cycles with cache hits. 
Neither limitation is currently a big 
issue in the 33-MHz 386 market. 

I The latest features 
In addition to the more advanced 
cache controller, Opti has made sure 
that the 386WB has the latest list of 
neat chip set features. These include 
use of hidden refresh modes on 
DRAMs, which Jaswa says cuts 90 
percent of refresh overhead. Not 
only main BIOS but video BIOS can 
be shadowed, and video BIOS can be 
cached, options that Opti claims can 
speed up screen-intensive opera
tions by 40 percent. 

A hardware Gate-A20 feature 
monitors traffic to the keyboard con
troller, traps the Gate-A20 opera
tion that IBM uses to shift into ex
tended memory, and emulates the 
shift in a few nanoseconds. This can 
give substantial speed improve
ments in those environments where 
the system must move frequently in 
and out of protected mode. Finally, 
the parts offer the customary array 
of memory remapping, fast bus con
trol and power-conservation fea
tures. BIOS support will be coming 
from a variety of standard suppliers. 

The 386WB chip set is in produc
tion now. Sets will cost $75 in 
10,000-piece orders. - Ron Wilson 

Op ti 
2525 Walsh Ave 
Santa Clara, CA 95051 
(408) 980-8178 
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OCULUS 500 HIGH RESOLUTION IMAGE DIGITIZER/PROCESSOR 

ce \Dur Im~· 
High resolution, high precision, high performance, without the high price! 

• Modular imaging board 
set for the AT bus 

• Digitize images up to 
2048 x 2048 

• Display images up 
to 1280 x 1024 @ 
60 frames per second 

OCULUS 500 
8 meg shown 

• Up to 8 megabytes 
of image memory, 
1 megabyte of program 
memory 

• Interface to standard and 
non-standard cameras 

• 16-bitALU 

• 34010 on-board 
graphics processor 

Avant Garde Vision for the Nineties 
CORECO INC. 6969 Trans-Canada Hwy., Suite 113, St. Laurent, Quebec, Canada H4T IVS (514) 333-1301 1-800-361 -4914 (USA) 
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Vector 
AndEISA 
Put You On 
Board First. 

Vault into the surging EISA 
design market first with these new 
design tools; industry's first off-the
shelf EISA support line. 

Whether you need a wire
wrappable, or pad-per-hole proto

3690-32 
EISA Bus Extender: 
extends bus for easy 

typing board with 
PGAandPLCC 

or an 
extender 

card to test 
your function

ing EISA board 
outside its devel-

access & testing. opment system, 
you'll have the design edge. 

Visit your local Vector distribu
tor for these new, off-the-shelf EISA 
development tools. Or, call us direct 
for complete specs and pricing. 

ELECTRONIC COMPANY 
12460 Gladstone Ave., Sylmar, CA 91342 

Inside CA (800) 426-4652 
Outside CA (800) 423-5659 

FAX (818) 365-5718 
CIRCLE NO. 68 
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I NEW PRODUCT HIGHLIGHTS 

INTEGRATED CIRCUITS 

I Oki unveils 8051-like controller family 
Two unrelated concepts have been 
gaining popularity in the midrange 
microcontroller market lately. One is 
the idea of deriving new products 
from the venerable 8051 architec
ture. The other is the idea of a more
or-less compatible family of micro
controllers, reaching from a pure 
8-bit, low-cost part to a pure 16-bit, 
high-speed part. Now Oki Semicon
ductor has combined the two ideas 
into a new product line-a nearly 
80C51-compatible family of 8-bit 
and 16-bit microcontrollers. 

Oki believes that what people 
need is not just a better 8051 but an 
entirely new family of components. 
The new devices should take advan
tage of the speed possible with to
day's processes and designs. And the 
family should offer the benefits of 
modularity derived from modern sil
icon design tools-the parts should 
be available as standard products, 
customer-specific products or appli
cation-specific standard products, 
using a cell library to cut and paste 
what the customer wants. 

I Three subfamil ies 
This thinking led Oki to a set of three 
microcontroller subfamilies . The 
65K family features a pure 8-bit de
sign-core and bus-with a 400-ns 
cycle time. Oki estimates the part 
will be about twice as fast as a 12-
MHz Intel 8052 on typical code. 
(Typical here means the control code 
for a dot-matrix printer.) The 65K 
family's initial members will offer 
from 4 to 16 kbytes of on-chip ROM, 
128 to 384 bytes of RAM, and the 
usual sorts of 8-bit peripherals. 

The second group of parts is called 
the 66K family. These devices , also 
running on a 400-ns cycle time, use 
a 16-bit core and an 8-bit external 
bus-a combination of speed and 
cost savings. The 66Ks would also 
add some more elaborate peripheral 
modules. Initial 66K offerings will 
sport up to 32 kbytes of ROM and 1 
kbyte of on-chip RAM, a sizable fig
ure by current industry standards. 

Finally, the family rounds out 
with the 67K parts, which have full 
16-bit cores and 16-bit buses . Oki 
claims these parts are about five 
times faster than the 8051, and even 
noticeably faster than Hitachi 's 
H8/330. The announced member of 

the 67K family has 16 kwords of 
ROM, 512 bytes of RAM and the 
usual peripherals. Extensions to the 
67K line are planned that will en
large the chip's external address 
space-the existing parts have a 
limit of64 kbytes-and will add cur
rently popular options such as an 
on-chip I/O processor and a 10-bit 
analog-to-digital converter. 

The families share similar in
struction sets, all based on the 
80C51 model. None of the parts will 
be exactly code- or pin-compatible 
with the 8051. All of the parts share 
a basic design tool environment, and 
there are point tools for each family 
as well. These include a C compiler 
for the 67K, and semiautomatic 
8051-to-Oki code translators for the 
65K and 67K families . All families 
will initially be represented by one
time-programmable parts. 

The company has also hatched a 
novel scheme to help customers take 
advantage of the customer-specific 
potential of the parts. If a customer 
wants a particular configuration of 
peripheral options not currently in 
production, Oki will supply a base 
microcontroller chip, and Oki's ASIC 
group will provide a gate array that 
implements the new peripherals. 
The company will guarantee func
tional and timing compatibility be
tween this two-chip set and the fin
ished standard-cell customer-specif
ic microcontroller. The ability to cus
tomize functional blocks on the mi
crocontroller die should be available 
by early 1991, according to Oki. The 
company also sees the possibility of 
combining the microcontroller cores 
with major functional units in the 
standard-cell repertoire. 

Prices for the microcontrollers 
range from under $3 for the least 
expensive 65K parts to $6.50 for 
low-end 66K devices and around $7 
for starter 67K chips. These prices 
are for 10,000-unit quantities. 

- Ron Wilson 

Oki Semiconductor 
785 N Mary Ave 

Sunnyvale, CA 94086-2909 
(800) OKT-11NX 
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Great connections! Bridge, Router and 
LAN/WAN Gateway on one VMEbus board. 
• Two Ethernet Ports (TSVME 551E). 
• Six X.25 Ports, with rates up to Tl and CEPT 2.048 

Mbits/sec (TSVME 551X). 
• Token Ring (IEEE 802.5), with Source Router chip 

support (TSVME 551T).* 
• Multiprocessor Triple-Busni architecture crunches 

protocol stacks up to 3 times faster. 
• Unique DMA design provides VMEbus data block 

transfer rates in excess of 20MB/sec. 
Your network systems design just got simpler. 

Smarter. More 
powerful. 

Themis' "open 
systems" strategy 
puts Bridge, Router 
and Gateway functions 
on one VMEbus board. 
The TSVME 551-

improves network and system performance by provid
ing a direct port-to-port path for Bridge and Router 
traffic. ow only Gateway traffic uses the VMEbus. 

Triple-Bus™ means performance. 
The TSVME 551- Triple-Bus and proprietary 

high-performance DMA engine make possible simul
taneous data transfers between: 

1. 68020 MPU and 512 Kbytes of local memory, 
2. DMA data buffer and VMEbus, 
3. Communications controller module and 1 

Mbyte of shared memory. 
Step up to the Themis TSVME 551-. It's multi

processing, multi-port and supports multiple network 
technologies. All on one VMEbus platform. 
Free Technology Report. 

Ask for the TSVME 551- data sheet and a copy of 
our VMEbus Technology Report "Triple-Bus Archi
tecture: The Advantage of Concurrent Traffic Flow." 

Call (415) 734-0870, fax (415) 734-0873, or 
in Europe, 33.1.69.86.15.25, 
fax 33.1.64.46.45.50. 

At Themis, we're making the open 
systems promise a reality. 

Americas: 6681 Owens Drive, Pleasanton, CA 94588 Europe: 29, Av.de la Baltique, 91953 Les Ulis Cedex-France 
• Availabi\uyto be announced. CIRCLE NO. 58 



• ----· c JX™ 
The Embedded System Debugger 

Sierra C™ 

The Purrrfect Combination 
Speed your products to market with the 
QuickFix Debugger and Sierra C Compiler, 
the perfect combination for all your 68000 
family embedded applications. 

The QuickFix Debugger is the fastest and most easy
to-use debugger available today. Besides the conve
nience of the multi-window display, commands 
feature a C-like syntax for extremely intuitive opera
tion. Plus, a quick-connecting ROM communication 
cable and preconfigured drivers cut installation 
time from possibly weeks down to minutes! 

The Sierra C Compiler generates the tightest code 
available today at blazing compilation rates. And it's 
not only fast - it's complete. Along with Sierra C's 

The 68000 Family C Compiler 

optimizing compiler, 
macro assembler and 

linker, you get a unique high 
speed parallel download system. 

Sierra C comforms to the ANSI C 
standard. Additionally, position inde

pendent, re-entrant and ROMable code can be 
generated to fit any memory configuration. 

For more information on the tools that provide 
the speed, power and ease of use necessary to get 
better products out faster, call 800-776-4888 

6728 Evergreen Avenue, Oakland, California 94611 
Tel.(415) 339-8200 Fax (415) 339-3844 
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I NEW PRODUCT HIGHLIGHTS 

COMPUTERS & SUBSYSTEMS 

I 32-bit DSP board delivers 25-MFlops on STD Bus 
The MCM-DSP32C digital signal 
processing board from WinSystems 
is the first 32-bit floating-point STD 
Bus board based on the AT&T 
DSP32C. At 25-MFlops, the board 
gives STD Bus users a performance 
level suited for computation-inten
sive applications such as signal and 
waveform analysis , process control 
and scientific calculations. 

At the heart of the board is the 
DSP32C , AT&T's 32-bit CMOS 
floating-point processor. Rated at 
25-MFlops, the chip features four 
40-bit accumulators , 22 general
purpose registers and 6 kbytes of 
internal RAM. 

Operating at a clock frequency of 
50 MHz, the MCM-DSP32C is avail
able with either 64 or 256 kbytes of 
high-speed RAM. This 25-ns mem
ory permits 32-bit-wide, zero-wait
state operation at 50 MHz. Noting 
key benchmarks, WinSystems 
claims the board can execute a com
plex 1,024-point fast Fourier trans
form in 3.3 ms, and a 4x4 matrix 
multiply in 6.16 µms . 

While data transfers between the 
DSP and the host occur at 3.5 
Mbytes/s, programmed I/O frees the 
board's execution from interference 
from the STD Bus host CPU. The 
board supports either 8- or 16-bit 
data transfers to the STD Bus. 

I Daughterboard adapters 
Because users' DSP application re
quirements vary, the MCM-DSP32C 
features a daughterboard adapter. 
Users can choose between four I/O 
da ughter cards. The DBCS5339 
daughterboard provides a 16-bit 
dual-channel 48-kHz delta sigma A
D and anti-aliasing filters for spectral 
analysis and filtering applications. 
The DBSerial board contains an in
terface to the DSP32C serial I/O 
channel. The DBProto board is for 
customers who need to design spe
cial-purpose interface electronics to 
the DSP board. While these daugh
ter cards let u sers match application 
requirements with hardware, no 
daughterboards are r equired to u se 
the MCM-DSP32C as a general-pur
pose math accelerator. 

WinSystems supports program
ming and debugging for the board 
with D3EMU software, which runs 
on WinSystems' 80286 or 80386 

WinSystems STD AT-based system with the 
MCM-DSP32C installed in the same 
card cage. 

715 Stadium Dr, Suite 100 
Arlington, TX 76011 

Available now, the MCM-DSP32C (817) 274-7553 

is priced at $1 ,495 . -Jeffrey Child Circle 357 

•SYNCHRONIZE PROCESSORS 
•TIME TAG DATA 
BUS LEVEL TIME CODE PRODUCTS 
PC XT/AT 

PC03XT Time Code Reader 

IMMEDIATE SOLUTIONS 
TO YOUR TIMING PROBLEMS 

Our off-the-shelf VMEbus and PC XT/AT bus level 
time code translators and generators are a 
convenient, accurate means of synchronizing data 
processing systems to each other or to standard time 
of day satellite transmissions. 

VME bus 

A time code generator or satellite receiver supplies 
Time of Day (TOD) and synchronization data via a 

PC03V Time 
single coaxial cable connecting all processors. Inside Code Processor 
each processor, one of our time code 'readers ' 
decodes the time code signal and supplies TOD across the bus. One 
millisecond accuracy is commonly achieved. One microsecond is 
achieved with proper choice of time receiver and code type. 

IMMEDIATE DATA SHEETS-

Call or fax a request to us for 
any of these FAX SPECs: 
PC XT/AT: 

PC03XT Time Code Reader 
PC05XT Time Code 

Generator 
VMEbus: 

PC03V Time Code Processor 
PC26V Time Display 

Other: 
MBOD-LU Time Display 
Synchronization App. Note 
Model 9390 GPS Satellite Receiver 

BANCOM M 
DIVISION OF DATUM. INC 

CIRCLE NO. 60 

6541 V•a del Oro, San Jose. CA 95119 
CALL: C408J 578-4161 
FAX : C408J 578-4165 
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40+ MB/SEC 
DUAL-PORT VMENSB 

HIGH - DENSITY 
MEMORY 

~ from 
~ Chris/in Industries, Inc. 

Your 
TOP QUALllY Memory Supplier 

for 
OVER 15 YEARS 

THE Cl-VME40 FEATURES 

FAST ACCESS TIMES 
* 20NS READ/WRITE in BLOCK CYCLE 

FAST CYCLE TIMES 
* 83/62NS READ/WRITE in BLOCK CYCLE 

VERSATILE CONFIGURATIONS 
* 4MB, 8MB, 16MB, 32MB or 64MB in one 

VMEbusNSB 6U option slot 

VERSATILE ADDRESSING 
*Addressable in 24 or 32 bit through 

4 Gigabytes 

* Memory start and end addresses 

selectable on 256kb boundaries 

* VMEbusNSB configured independently 

RELIABLE 
* Byte Parity Error Detection 

* LIFETIME WARRANTY 

OTHER QUALllY VMEbus 
MEMORIES AVAILABLE ARE: 

THE Cl-VMEmory 
LOW-COST VMEbus BYTE PARITY 
MEMORY with 4,8, 16,32, or 64MB 
in one 6U VMEbus slot 

THE Cl-VSB EPC 
Dual-port VMEbusNSB memory 
with Error Detection and Correction, 
single-bit error detection/correction, 
double-bit error detection, 4MB up 
to 64MB in one VMEbusNSB slot 

~ Chris/in Industries, Inc. 
~ 31312 Via Colinas, Suite 108 

Westlake Village, CA 91362 

TEL: (818) 991-2254 FAX: (818) 991-3490 

CALL TOLL FREE: 800 468-0736 
CIRCLE NO. 61 

I NEW PRODUCT HIGHLIGHTS 

SOFTWARE 

I Development module supports 
knowledge-based real-time systems 

A development environment for 
knowledge-based real-time software 
lets system designers incorporate 
rule-based logic into systems that 
also use numeric computations in 
real-time applications. RT/Expert 
from Integrated Solutions is the lat
est addition to that company's family 
of CAE/computer-aided software en
gineering products. The family in
cludes Matrix, SystemBuild, Auto
Code, and AC-100, products that are 
used in the design, simulation, code 
generation, and testing phases, re
spectively, of real-time system 
development. 

SystemBuild, for example, allows 
designers to graphically describe 
control structures based on numeric 
values. RT/Expert adds a method of 
describing a collection of IF-THEN
ELSE rules that can be based on an 
expert's knowledge and experience 
and used for diagnostics, monitor
ing, filtering, and mode selection ap
plications. Such rules are particu
larly helpful for defining control 
logic for systems with imprecise dy
namics or systems so complex they 
may present apparently ambiguous 
situations. RT/Expert can be used to 
represent the expertise of a skilled 
operator to sort out the options pre
sented by numeric computations. 

With RT/Expert working along
side SystemBuild, logical relation
ships between inputs and/or historic 
information (the expert's rules) are 
examined to evaluate the IF part of 
a control structure. Mathematical 
and logical operations can be per
formed in the THEN-ELSE struc
tures in the same manner as normal 
control engineering practice. In this 
manner, the expert knowledge is 
used to define the condition that 
must be dealt with not only in terms 
of the current numeric input values, 
but also in terms of what those cur
rent values may mean to the system 
in a broader context, that is, in the 
light of an expert's experience. The 
THEN-ELSE branch decision can 
then be mathematically precise but 
intelligently chosen. 

Like the entire Integrated Solu
tions CAE/CASE family of products, 
RT/Expert targets process control, 
manufacturing and petrochemical 

applications, especially in areas 
where monitoring functions must be 
combined with some sort of diagnos
tics or intelligent alarm system. Pro
totyping is assisted with the inter
active animation module of 
SystemBuild that lets the designer 
set up a graphical control panel or 
representation of a physical plant 
and monitor its actions via changes 
in color, meter movements, etc. 
RT/Expert can monitor simulated 
inputs, make decisions based on 
them and let designers view the re
sults in the same way they can un
der SystemBuild. 

I Prototyping by modules 
Rapid prototyping is made easier, 
even when all the modules of a sys
tem are not fully understood. RT/Ex
pert can be used to approximate the 
modules' behavior, and then th e 
models created with it can be gradu
ally refined. Control structures orig
inally defined using RT/Expert's 
flexible logic can also be replaced 
later with numeric-based System
Build blocks if it turns out that the 
system, once better understood, 
lends itself to a numeric or Boolean 
solution. 

RT/Expert's rule system makes it 
possible Lo generate self-testing or 
other control scripts that can be
come part of an embedded system. 
The RT/Expert module is capable of 
generating optimized Ada or C code 
in the same way as other discrete 
SystemBuild models. Control struc
tures can be set up in a hierarchical 
way with a large "macro" structure 
decomposed into several layers of 
detail that can be mixes of RT/Ex
pert blocks and other numeric or 
Boolean blocks. 

RT/Expert, available immediately 
to run on Sun-3, Sun-4, Sparcsta
tions , Vax, and Apollo workstations, 
is priced from $10,000. 

-Tom Williams 

Integrat ed Solutions 
2500 Mission College Blvd 
Santa Clara, CA 
(408) 980-1500 
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Computer Design Magazine Edition 

UPCOMING ISSUES 
Watch for these Special Features & Events in Computer Design Magazine 

MONTH SPECIAL REPORT TECHNOLOGY FOCUS PRODUCT FOCUS 

January 1 30th Anniversary Issue - The Evolution Of Electronics Into Computers Logic analyzers 
COMPUTER DESIGN editors Jeff Child 

February 1 Workstation buses FDDI ICs - Ron Wilson High-speed D-A 
Buscon-W Warren Andrews Design capture - Mike Donlin converters 

Jeff Child 

March 1* Fuzzy logic in Mixed CMOS, ECL & BiCMOS - Barbara Tuck VME CPU boards 
embedded control LAN controllers ICs - Ron Wilson Jeff Child 
Tom Williams 

April 1 PCB layout tools Communication with standard buses - Warren Andrews Static RAMs 
Electro Mike Donlin Designing ASICs for testability - Barbara Tuck 

May 1* Superfast processors High-level design languages - Mike Donlin 
CICC Ron Wilson Object-oriented programming - Tom Williams 
Comdex 

June 1 Design synthesis Mil-Spec standard buses - Warren Andrews 
DAC Barbara Tuck Disk controller ICs - Ron Wilson 

July 1 CASE for real-time Mezzanine buses - Warren Andrews 
programming Device modeling - Mike Donlin 
Tom Williams 

August 1* Mixed-signal ASICs Display controller ICs - Ron Wilson 
Siggraph Barbara Tuck Software-management tools - Tom Williams 

September 2 Enhanced-performance CAD frameworks - Mike Donlin 
Buscon-E standard buses RISC in real-time - Tom Williams 
ESC Warren Andrews 

October 1* 32-bit microcontrollers Fast PLDs - Barbara Tuck 
Ron Wilson RISC-based CPU boards - Warren Andrews 

November 1 System simulation High-density ASIC packaging - Jeff Child 
Wescon and verification Multiprocessing in real-time - Tom Williams 
ITC Mike Donlin 

December 2 Migrating PLDs to full ASICs Accelerators to boost standard-bus performance 
Barbara Tuck Warren Andrews 

8- and 16-bit microcontrollers - Ron Wilson 

•starch Readership Study Issue 

PENNWEU.. P BLISH! G COMPANY • ONE TECHNOLOGY PARK Dl{[Th • WE~'TFORD , MA 01886 • 508-692-0700 

For more information, contact any of us ... 

PUBLISHER: David L Allen, 508-392-2111 • ASSOCIATE PUBLISHER Tim L Tobeck, 516-883-8815 • SALES OFFICES: 
PORT WA HINGTO , Y, Eleanor Hobbs, 516-883-8815 • WESTFORD , MA, Tim Pritchard , 508-392-2217 • 
MATTESON, IL George Mannion, 708-748-7565 • SPRING, TX, Eric Jeter, 713-353-0309 • SANTA ANA, CA, Tom Boris, 
Greg Cruse, Phil Cook, 714-756-0681 • PALO ALTO, CA, John Sly, Bill Cooper, 415-965-4334 • SURREY, ENGLAND, 
David Round, 81-686-7655 • PARIS, FRANCE, Daniel R. Bernard, 1-43-54-55-35 • MUNICH, GERMANY, Johann Bylek, 
089-903-88-06 • MILAN. ITALY, Luigi Rancati, 02-7531445 • TOKYO, JAPAN, Sumio Oka, 03-502-0656 • SINGAPORE, 
REPUBLIC OF SINGAPORE, Anne Goh-Taylor, 734-9790 • SEOUL, KOREA, Jay G. Seo, 776-2096 
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Jeff Child 

Emulators 
Jeff Child 

Op amps 
Jeff Child 

Multibus CPU boards 
Jeff Child 

DRAMs 
Jeff Child 

Device programmers 
Jeff Child 

Flash EPROMs 
Jeff Child 

STD CPU boards 
Jeff Child 

High-resolution A·D 
converters 
Jeff Child 

COMPUTER 
DISIGN 

A Penn Well Publication 



IN THE ERA OF MegaChi~TM TECHNOLOGIES 

A lot has been said about 
company is doing a lot about 

Testability: No longer an afterthought 

--



testability, but only one 
it. Texas Instruments. 

y ," ;con th, headline; '"'cl read 
the stories. Design-for-test (OFT) is a 
challenge but one that's now easier to 
live with. The reason: Texas Instruments 
is the first to develop products for imple
menting the )TAG/IEEE 1149 .1 test
ability standard quickly and effectively. 

To market faster at lower cost 
By implementing testability into your 
system from the outset, you can create 
one that uses high-performance circuits 
and is readily manufacturable, one that 
is lower in total cost and on the market 
faster. You can expect: 
• Test integration - from silicon to 

system - that reduces debug and test 
time 

• Reduced test software development 
time - generating test vectors is 
greatly simplified 

• Reduced capital investment in test 
equipment 

• Increased system fault coverage and 
reliability 

SCOPE, our 
broad~based solution 
To simplify and speed your design task, 
TI has developed its SCOPE'" (System 
Controllability/Observability Partition
ing Environment) family. It is a coor
dinated, broad-choice set of commercial 
and military products compatible with 
the IEEE 1149. l standard. 

Included are bus-interface devices, 
standard cells, gate arrays, and digital 
signal processors, as well as our ASSET " 
(Advanced Support System for Emula
tion and Test) diagnostics software. 

On the way are diary memories, 
a series ofIEEE 1149 .1 stand-alone 

l\i MLf.,£h1p, SC:OPE, ;md ASSET an:: rradcmarb nfTcxa~ 
!1blrum1::nt:. lncorp:>r.1tcJ. 
MS-OOS i:. a lradcrnark of M1cn~)fl Corp.m1t11m. 

© 1990 Tl 08-0205 

controllers, and microprocessors with 
boundary-scan and built-in self-test 
features. 

We are in for the long haul 
As a member of the Joint Test Action 
G roup (]TAG ), we contributed to the 
fonnulation of the IEEE 1149.l standard 
and wholeheartedly support it. W e are 
committed to growing our SCOPE 
family of products so that designing to 
the IEEE 1149 .1 standard will be like 
second nature. 

Your future competitiveness 
depends upon an engineering methodol
ogy where design teams bear the burden 
of testability, manufacturabili ty, and 
reliability. The demands of concurrent 
engineering will be met in part by the 
extended capabilities accessed via the 
IEEE standard - from embedded sys
tem information that allows realtime 
availability of data throughout the 
design cycle to emulation and realtime 
system analyses capabilities built right 
into the silicon . 

Get our floppy free, 
and learn more 
Call l -800-336-5236, ext. 3909, and 
we'll send you our unique floppy disk 
presentation. Just pop it into any 
MS-OOS™-compatible PC to find 
out more about OFT and Tl's SCOPE 
testability family. What's more, the 
disk features a formula that allows you 
to calculate the cost-effectiveness of 
implementing testability in your system. 

You will continue to read headlines 
about OFT. We intend to make many 
of them. 

TEXAS ..,, 
INSTRUMENTS 
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ONE Ml&&ION FllANSISFORS ANO 
We're talking better than the best ECL 

performance at a fraction of the power. And 
for high frequency designs, Vitesse GaAs 
chips are lower power than BiCMOS. 

Our prices won't sink your budget either
our GaAs chips can give you better perfor-

250 mance for your dollar than BiCMOS. 0 50 100 150 200 
Frequency (MHzl 



THE B&INOING SPEED OF GaAs. 
For more information on our ASIC and 

standard products with integration levels up 
to 350Kgates, call Vitesse at (805) 388-7455. 
And leave the competition in your wake. 
FX Arrays 

FX100K 
FX200K 
FX350K 

Raw Gates 

102,000 
195,000 
353,000 

Usable Gates 

Up To 70,000 
Up To 137,000 
Up To 177,000 

Availability 

Now 
Now 
Summer 1991 

CIRCLE NO. 72 
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The GaAs Company."' 





SHARPENING THE 
(OEM SALES) FOCUS: 

SvsCoMP 
THE OEM SYSTEMS COMPONENTS 

CONFERENCE & EXPOSITION 

June 19-21,1991 
Santa Clara Convention Center 

Santa Clara, California 
(Running concurrently with the Supercomputing Show) 

for: 
ELECTRONIC OEM ENGINEERS, ENGINEERING MANAGERS 

& TECHNOLOGY MANAGERS 

A technical conference and related exposition, primarily encompassing 
computer technology. Targeted for those involved in the design and 

integration of OEM systems and sub-systems for industrial, 
commercial, and military/aerospace applications. 

For further information, call, fax, or write: 
MultiDynamics, Inc. 

127 4 7 Barrett 
Santa Ana, CA 92705 

Phone (714) 669-1201 Fax (714) 669-9105 
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Semiconductor lndustry/91 
Make yourself part of it like never before. 

If you are 
0 a semiconductor manufacturer 
O a supplier to chip makers 
O a semiconductor user 
O a distributor or rep 
O an analyst or VC 
O or anyone else with interests 

in the semiconductor industry ... 

... then you owe it to yourself and 
your company to align yourse lf with 
the people and the companies that will 
shape Semiconductor Industry/91. 

And to do that, align yourself with 
HTE Research-your resource for 
information on the semiconductor 
industry. In the critical period just 
ahead, you wi ll need what we have 
to offer. 

SIBS 
The renowned Semiconductor 

Industry & Business Survey (SIBS™) 
newsletter. Insider-written. Manage
ment-oriented. 

The authoritative business and 
marketing publication covering every 
facet of the semiconductor industry. 

Issued every three weeks, SIBS 
tracks the activities of semiconductor 
firms worldwide. It tells you the who, 
what, where, when, why, and how
the right stuff you need to know, to 
keep your competitive edge sharp. 

Hard copy delivered as hard copy. 
But the only semiconductor industry 
newsletter also availab le on- line. 

Plant Site Database 
The big one. The single most com

prehensive source of information there 
is on semiconductor plant sites 
worldwide . 

...... SEMICONDUCTOR 
MARKET DATA & 
CONSULTING FOR 
MANAGEMENT 

Issued quarterly for currency, it 
includes start-ups, design houses, 
captives, assembly and test facilities, 
foundries. 

Extraordinarily well-organized so 
you can find what you want to find. 
Fast. In five different ways. To the 
division level. 

If you must find industry contacts, 
chip suppliers, partners , or customers, 
you must have HTE Research 's Plant 
Site Database Service. 

Stats and Profiles 
HTE Research 's Company-Stats™, 

IC-Stats™, and Discrete-Stats™ -
updated quarterly , each is a well of 
information for you to draw from . 

Company-Stats. Everything you 
want to know about selected, leading
edge semiconductor manufacturers. 
Detailed profiles on more than a 
hundred companies. Insights and 
analyses. In-depth information on 
literally every aspect of their hi story 
and operations-financials and key 
executives included. From start-up 
to present day. 

IC-Stats, Discrete-Stats. The most 
informative analyses of semiconductor 
industry business statistics available 
anywhere. For ICs, more than 125 
graphs analyze business indicators by 
major product families. For discretes, 
more than 85 graphs. Forecasts ... 
analyses ... trends. Invaluable in help
ing you discover how your firm's 
performance measures up and as a 
basis for business forecasting. 

Strategic Profiles. Major reports 
on selected semiconductor firms. 

HTE Research, Inc. 
400 Oyster Point Boulevard, Suite 220 
S. San Francisco, California 94080 
Telephone (415) 871-4377 
Fax (415) 871 -0513 
CIRCLE NO. 62 

Company background, technologies, 
products, facilities, and management. 
HTE Research 's assessment of the 
company's prospects. Organization 
charts with names and titles. If you 
sell to chip makers, you need these 
profiles. 

Industry Reports 
Strategically oriented studies of 

selected industry markets . DRAMs 
and SRAMs ... ROMs ... Flash EPROMs 
. .. Power MOSFETs ... Wafer Fabs/ 
Clean Rooms ... and more. Ranging in 
length to more than 400 pages, 
Industry Reports give you detailed 
forecasts that reveal important trends 
and profit opportunities. 

Call Us Today 
Beyond our standard publications, 

HTE Research offers a broad range of 
custom services in market research, 
forecasting, business analysis and 
planning, technology assessment, 
acquisition/merger assistance, and 
more. Nationwide and internationally. 

So, for the information you need 
about the semiconductor industry-to 
be part of Semiconductor Industry/91 
-call HTE Research. 

Call us today, at (415) 871-4377. 
Ask for Steve Szirom, president. He 
will answer the questions we're sure 
you have about our standard and 
custom services. 

Whatever your interests in the 
semiconductor industry may be, you 
will be interested in what Steve has to 
tell you. We guarantee it. Call today 
and find out for yourself. 



NEPCON West '91 

Design ... re-design ... Design ... re-design ... To get a 
product to market first you can't afford to re-design twice. 
Your entire product development team must work together. 
Concurrently. To shrink market windows and keep com
petitors at bay, Design For Manufacturability must become 
a reality. 

NEPCON West '91 makes Design For Manufactur
ability a reality. It is the largest event that brings together 
all aspects of electronic manufacturing. You 'll see leading 
design companies including Mentor Graphics, Intergraph, 
Valid Logic, Dazix, and Data 1/0-in EPCAD our special 
design center devoted to the newest methods in design auto
mation software, imaging and photoplotting techniques. 

Find the newest advancements in design techniques 
when you attend our conference program which has an 

entire track devoted to CAE/CAD/CAM/CIM. Learn from 
industry experts including Robert Myers, the President of 
Omnimation, as he speaks about Open CAM Systems and 
the use of CAD Data in PCB Manufacturing. Discover the 
latest developments in concurrent engineering and Design 
For Manufacturability in sessions presented by Dr. Sam 
Shina of The University of Lowell. 

NEPCON West '91 is the best, most important 
industry event for design solutions. It is the one event 
where you will find the design products that you need as 
well as the packaging, production and test products your 
manufacturing team needs. All in one place. All at one time. 

For information on attending the show and con
ference or exhibiting in NEPCON West '91, please call 
(708) 299-9311 . .. ~ .. ~ .... 

,.~------···™ - WEST '91 
Expanded to four days of exhibits, five days of conference program. 

Conference: February 24-28, 1991 •Exposition: February 25-28, 1991 
Anaheim Convention Center • Anaheim, California 

A World Class Electronic Manufacturing Event 
~---~ 

Tradcshow 
200 

HONOR[[) 8Y TRADESHO\\' Wm .. AS 
ONE Of THE 200 LARGEST TRADESHO\\' 

Cahners Exposition Group • Cahners Plaza • 1350 East Touhy Ave. • P.O. Box 5060 
Des Plaines, IL 60017-5060 •Tel.: (708) 299-9311 •FAX: (708) 635-1571 

U.S. Telex: 256148 CEGCGO DSP • lnt'l Telex: 82882 CEG CHGO 
© Reed Publish ing (U.S.A.) Inc., 1990 
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ASIC'91 
Fourth Annual IEEE International 

• ASIC Conference and Exhibit 

IEEE 

(formerly ASIC Seminar and Exhibit) 
September 23-27, 1991 

Rochester Riverside Convention Center 
Rochester, New York 14604 

Sponsored by the IEEE Rochester Section in cooperation with the IEEE Computer Society 

CALL FOR PAPERS, WORKSHOPS, and TUTORIALS 
The international ASIC Conference and Exhibit is organized to promote the practice of ASIC engineering by providing ASIC and systems level 
engineers/scientists and managers with knowledge of the tools and techniques required in all phases of ASIC design and implementation. It emphasizes the 
understanding of practical issues, technical details, tradeoffs and economics of system integration using standard cell, gate array, programmable 
array, cell compiler, and full custom techniques In both the digital and analog domains. The conference offers: 
(1) An in-depth introduction to ASIC implementation for the systems engineer, (2) An advanced program for the experienced ASIC practitioner, 
(3) A forum for ASIC users and vendors to share case design experiences, and (4) Executive overviews of ASIC trends, strategy, economics and 
competitiveness. 

Proposals to organize Workshops, Tutorials, or Sessions are invited. 

Technical papers to cover ASIC applications in the following areas are solicited. 
• ASIC Design & Applications: HDTV systems, Medical electronics, Auto ASICs, Communication ASICs, Image processing, Eiectro-0ptics interface 

• ASIC CAD Tools and Simulation : Schematic capture, VHOL, Logic & timing synthesis, Simulation models, Cell libraries, Performance evaluation. 

• ASIC Testability & manufacturing: Circuit testing , Reliability, Fault tolerance, ATPG, Multichip modules, and Packaging technology. 

• Economics and Management of ASIC Projects: Cost analysis & comparison, Benchmarking , Marketing, Scheduling , Technology impact. 

• Mixed Signal ASIC Design: Mixed analog/digital design, testing, modeling, interfaces, and simulation. 

• ASIC Education: Training programs in VHOL, Simulation , CAD tools, Course development in both industry and universities. 

• Programmable Logic Devices: FPGA, PLA, PAL, Technology and applications. 

Workshops (Sep 23, 24) Four or eight hour technical workshops covering ASIC design knowledge and skills. Proposals to form these 
workshops for either introductory or advanced level are invited. ASIC industry, as well as universities are encouraged to submit 
proposals for consideration. Contact the Workshop Chairman: 
Dr. Lionel J. D'Luna, MC-02036, Eastman Kodak Company, Rochester, NY 14650. Phone: (716) 477-8386. Fax: (716) 477-4947 

Tutorials: Proposals are solicited for one or two hour educational tutorials covering ASIC fundamentals, mixed signal design, tmung and 
logic synthesis, design for testability, VHDL, managing ASICs, and manufacturing considerations. Contact the Tutorial Chairman: 
Glen W. Brown, MC-02015, Eastman Kodak Company, Rochester, NY 14650. Phone: (716)722-4755. Fax: (716) 477-4947 

INSTRUCTIONS TO AUTHORS: 
Authors for papers, tutorials, and workshops are asked to submit six copies of a review paclcage, which includes a 500 word summary 
and a SO word abstract, typed single-spaced on a 8-1/2 x 11 white paper for paper selection purposes. Author's name, affiliation, complete 
mailing addre11, telephone number and telex/fax MUST appear on the summary. The summary should clearly state: 1) Title of the paper; 
2) The purpose of this work; 3) The major contributions to the art; 4) The specific results and their significance; and S) Technical area. 

HIGHLIGHTS 
Workshops (2 days) 
Tutorial Sessions 
Technical Papers 
Technical Exhibits 
Proceedings of Papers/Tutorials 
Evening Panel Discussion 
Spouse Program 

• Summaries and proposals deadline: March 1, 1991. 
• Notification of Acceptance: April 15, 1991. 
• Final Camera Ready Manuscript by June 10, 1991, 

Send Technical Proposals to: 
Lynne M. Engelbrecht 
ASIC Conference Coordinator 
170 Mt. Read Blvd. 
Rochester, NY 14611 
Phone: (716)328-2310 
Fax: (716 )436-9 3 7 0 

Further information may be obtained from: 

Conference Chairman 
Dr. Kenneth W. Hsu 
Rochester Institute of Technology 
Computer Engineering Department 
Rochester, NY 14623 
Phone: ' (716) 475 - 2655 
Fax: (716) 475 - 6879 

Technical Program Chairman 
Dr. Y. Tim Tsai 
Eastman Kodak Company 
MS 02015 
Rochester, New York 14650 
Phone: (716) 722 - 4896 
Fax: (716) 477 - 4947 
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Exhibit Chairman 
Peter D. Parslow 
PR Communications 
P. 0 . Box 10725 
Rochester, New York 14610 
Ph on e: (716) 288-7900 
Fax: (716) 288-7909 



EMPLOYMENT OPPORTUNITIES, OUTPLACEMENT AND POSITIONS WANTED 

Recruitment Advertising Managers: 

Eastern U.S. 
Sue Nawoichik (508) 392-2194 

Western U.S. 
Tom Murphy (213) 372-27 44 

POSITIONS WANTED ADS 
Free 1" ad to subscribers 
seeking full-time employ
ment. Just include 50 words 
of copy and your subscription 
label. We'll run your ad in 2 
consecutive issues. 
Available to non-subscribers 
or consultants/companies at 
$125 per column inch. Mail 
your position wanted ad to: 

COMPUTIR 
DESIGN 

Technology 
and Design 
Directions 

Positions Wanted 
One Technology Park Dr 

PO Box 990 
Westford , MA 01886 

HARDWARE AND SOFTWARE 
DEVELOPMENT SERVICES 

Let ACT assist your design team . 
• We specialize in developing microprocessor based pro
ducts and embedded software. • We can help with part 
of your project or handle the entire development. • Facili
ties include Micro Development Systems , ~ICE , 
CAM/CAD and PCB layout system. • Analog and digital 
circuit design (video, FPGA, PAL, FUR). • Bus develop
ment for Multibus, VME, PC, MCA, LAN & STD. 

APPLIED COMPUTER TECHNIQUES, INC. 
3914 Dekalb Dr. Orlando, FL 32809 (407) 851 -2525 

Industrial and manufacturing Engineer with fif 
teen years of experience in designing, manufac
turing and marketing Audio equipment including 
experience with various CAD systems, com
puter analysis, test equipment, injection and 
vacuum molding. Truly understand the difficul
ties of trouble shooting and getting products on 
the market. Danny 0 . Quinn, 6322-A Seven 
Springs Blvd, Lake Worth , FL 33463. 

CAREER 
CONNECTIONS 

POSITIONS WANTED 

SALES MANAGEMENT/TECHNICAL MAR
KETING. Real Time Single Board Computers, 
Data Acquisition , High technology sensors , sig
nal conditioning and support magnetic & optical 
memory subsystems. Regional Sales Manager 
for over 20 years. Supported direct + Mfg rep 
salesmen. Engineering & MBA degrees. Indus
trial & Aerospace experience. NE region or will 
relocate . Contact Bernie Segal (607) 729-0118. 

PROGRAMMER/ANALYST. Bachelor of Sci
ence, Computer Information Systems with mi
nor in business. Achieved initiation of an in
ternship program with an insurance company, 
designed a program to help solve agent prob
lems and possess excellent written and verbal 
skills . Will relocate. Resume on request. Chris
topher Pasquali , 20 Fredonia Rd. , Newton , NJ 
07860. (201) 579-3647. 

SALES/MARKETING MANAGEMENT. Strong 
technical background. Experience in Engineer
ing, Manufacturing, Sales, Marketing. Semi
conductors , Multichips , and Subsystems . 
Commercial and Industrial. 12 years experi
ence. Desire progressive company and product 
line. West or Northeast location. Call (408) 377-
3889. 

SIX SIGMA/TOM QUALITY MANAGER. Expe
rience in manufacturing, engineering, customer 
service with specialties in Training, Product 
Safety, Program management, Project man
agement, Quality Engineering. Six Sigma certi
fied instructor, experience in QFD facilitation . 
Extensive experience with International and 
national testing house and standards organiza
tions such as UL, CSA, IEC etc ... R. Minezzi 134 
Center Rd. Shirley, MA 01464 (508) 425-4953. 

CONTRACT SOFTWARE/HARDWARE ENGI
NEER. BSEE Realtime systems specialist 
multitasking exp UNIX vxWorks OS/2 & DOS 
Desire contact S/W assignmnt CONTACT: Ri
chard D. Dumas (214) 783-8455. 

LET THE GOVERNMENT FINANCE your new 
or existing small business. Grants/loans to 
$500,000. Free recorded message : 707-448-
0330. (PN4) 

Closing Dates for upcoming 
magazine issues 

Issue 
February 1 

March 1 
April 1 

Closlng dates 
January 4 
February B 

March B 

Seasoned executive from High Tech MFG, 
Operations and R & D. Start up, Turn around. 
QA skills as Director, Manager or Mfg . Mgr. 
Plant Mgr., Entrepreneur skills , P. E. licence. 
Contact Paul Savko, 5869 Rowanberry Drive, 
Elkridge, MD 21227. (301) 796-1049. Open 
Relocation , Salary 75k+ Range. 

SENIOR QNMECHANICAL ENGINEER seeks 
position which would benefit from over 19 years 
experience. Excellent experience in Configura
tions management, QA, Spec. writing and ven
dor and other departmental interfacing. Hard
ware, C/M procedures, EC P's, DEv. Waiver, As 
built lists and Retrofit requirements. Wish to stay 
in LA and surrounding area. Please call and 
leave message for resume ... (818) 365-2200 

SYSTEMS ENGINEER. 25 years experience in 
Signal Processing, Analog to DSP. RADAR, 
SONAR, SIGINT applications for parallel com
puter systems, vector processing. Hardware 
design integration VLSI chips to racks . Design 
analysis , proposal organization customer sup
port. Permanent or temporary. Can travel. 
MSEE+ registered PE . For resume, references 
and salary contact (908) 572-4161 or FAX (908) 
937-8190. 

HARDWARE DESIGN ENGINEER. MS Com
puter Engineering, 1 O years design experience 
in fields of computer controlled instrumentation, 
Robotics , Data Acquisition and motor control. 
Four Patents in CNC. Hands-on experience in 
digital (discrete/microprocessor) circuit design. 
Have knowledge of Assembly , C, dBaselll+ , 
MS-DOS. NY, NJ, CT areas. For resume, con
tact (718) 998-2155. 

SALES ENGINEER or SALES MANAGER. 
Demonstrated success with high-tech compo
nents, equipment, systems, datacom/telecom , 
networks, services. Distribution and direct sales 
experience in 15 Southeastern states, calling on 
management, engineering, specifiers , purchas
ing. BS-degree. Strong "hands-on" technical 
training/experience. Peter Alexander, P.O . Box 
957111 , Duluth, GA 30136. or call (404) 945-
6950 (Atlanta) . 
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SYSTEM SHOWCASE 

IT'S IN THE CARDS ••• 
More Leads, More Action, More Sales 

Our readers are proven buyers of: 

Computer Systems 93,256 
System Boards 84,066 
Integrated Circuits 77,922 
Design Development Equipment 85,312 
Memory1Storage Equipment 72,237 
Software 88,949 
Terminals /Input-Output Equipment 81,894 
Communications Equipment 70,342 
Components 75,802 
Test Equipment 65,035 

Smart buyers depend on 
COMPUTER DESIGN 

DIRECT ACTION CARDS 

Call Sue Nawoichik: 
at 800-225-0556 
or 508-392·2194 CllfllUTER 

DISI• 
Passive Backplane CPUs 

80386SX 16 MHz & 20 MHz, 
512K through 16M DRAM 

80386DX 25 MHz & 33 MHz, 
l M through 32M DRAM, 
128K cache optional 

80486 25 M Hz & 33 MHz, 
lM through 32M DRAM, 
256K cache optional 

Call. wrtt.e, or FAX for complete 
s pecifications and OEM terms. 

Retail. OEM, and Private Label available 

Designed, Manuf111.,1urW, Sold and Serviced by: 

DI,~ 
"-lJ0~1nc. 

Voice ... (612) 345.4555 
FAX .... (612) 345·5514 
Mocom .. (612) 345·4656 

907 N. 6th St. , Lake City, MN 55041 

CIRCLE NO. 179 

FREE 
MAXI/PC DEMO DISK 

$995 
PCB CAD 
SOFTWARE 
MAXI/ PC in te
g1<1ted software 

l -q!~-·-r··-~~ ,.1 .I'-., r· 
)·,:_.,, 

,,jf '' · .... ·· 

incl ude; ~chema tic capture, layout , 
autoroui 111 g, and outputs. 30 day, 
money back guarantee. 

For you r free demo disk and 
brochure, ca ll today or circle the 
reader service 
number. MAXI/PC 
1-508-692-4900 PCB CAD SOITWA RE 

[J(J[B(J~ RACAL·REDAC 
238 Littleton Road , P.O. Box 365 

Westford, MA 01886 9984 

CIRCLE NO. 182 
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PC/ A T '" PROCESSORS 
FOR PASSIVE BACKPLANE SYSTEMS 

A COMPLETE FAM ILY OF BOARDS FOR THE 
OEM AND INTEGRATOR: 

• 286SBC - I 2MHZ, 4MB. VGA. IDE. FDD. P. S 

• 386SX - I 6/20MHZ. 4MB. IDE. FDD. P. S 

• 386DX - 25/33M HZ, CAC HE, 32MB, IDE, FDD. P,S 

M ANUFACT URI NG Q UA LITY PRODUCTS 
fN TH E U.S. FOR 15 YEARS 

TRENTON TERMINALS INC. 
2900 CHAMBLEE TUCKER ROAD 

BUILDING 10 
ATLANTA, GA 30341 

(404) 457-0341 FAX (404) 457-0349 
CIRCLE NO. 177 

SC/FOX'" Embedded-System Computer s 
SC/FOX VME S BC (Si 1~ l 1! Boitrd Com1>uter) 18 MIPS, 60 MIPS burst, 
general-purpose. slot· I Master/Slave System ConLroller. Up to512K bytes 
().ws memory, 1 SCSI. I ptr, 2 serial ports. Uses l&bit Harris RTX 20Xl. 

SC/FOX PCS (Pardlle l Coprocessor System ) 15 MIPS, SO MIPS burst. 
general purpose PC/AT/386 plug-in board, 32K lo IM byte 0-ws static 
memory. mu ltiple PCS operation. SCSI option. Uses Harris RlX 20Xl. 

SC/FOX SBC (S ingle Board C(Hll pute r) 18 MIPS. 60 MIPS bursl. Stand
alone operation. Eurocard size. I ptr. I serial port. up to 512K bytes ().ws 
memory. 2 50-pin user connectors, SCSI option. Uses Harris RTX 2000. 
SC/FOX PCS32 (Pa rall el Cop rocessor System 3 2) 15 MIPS lo 70 
MIPS, general-p.irpose PC/AT/386 32-bit plug-in board with 64K to IM 
byte 0-ws static memory. Uses 32-bit SC32 Forlh microprocessor. 

Ideal for embedded real-time control. data acquisition. or high-"!lf'f'd 
processing. Forth software and utilities included. C optional. OEM pricing. 

SILICON COMPOSERS INC (415) 322·8763 
208 California Avenue, Palo A l to, CA 94306 

CIRCLE NO. 180 

X.25 SDLC 
QLLC HDLC 

ADCCP PAD 

• C source code 
ROM-able 

• Full porting provided 
• No OS required 

GCOM, Inc. 
1776 E. Washington 
Urbana, IL 61801 
(217) 337-4471 

Specialists in Computer Communications 
FAX 217-337-4470 

CIRCLE NO. 183 

486BSBC 
i486 Single-Board Computer 

Qty ( I ): 895.00$ (US$) (Without CPU or memory) 
Qty (2-99): 750.00$ (US$) (Wit hout CPU or memory) 

On-board features include: 

• 80486 processor CPU • IDE hard d isk con tro lle r 
• floppy disk cont ro lle r • up to 32MB DRA M 
• real· time clock • 2 se ri al port s 
• 1 parall el port • keyboard port 
• op1 ional: 32·bit data bus 

For passive backplane systems (AT/ISA or EISA). 

IBECTERM I 
BECTERM INC. 
5336, Baul. de la Rive·Sud, 
Levis-Lauzon, Oc G6V 4Z2 
Tel.: (418) 835·1551 Fax.: (418) 837-4068 

CIRCLE NO. 178 

RUGGED AND HIG H PERFORMANCE COMPt.rrnR 
SYSTEMS WITH FOUJ DOWN Kt.'YBOARD AND VGA 

MONTTOR FOR RAO<. BENCH OR PORTABLEAPPIJCATIONS 
Standard features include: 
• 12 slot passive back plane 
• 80386 CPU card at 20/ 25/ 33 MHz, up to 8MB of 

zero wait state RAM 
• Sony Trinitron tube, high resolution VGA (640x480) 

monitor and card 
* Room to mount three half height drives 
• 2 serial. I parallel port. M S DOS/GW basic 
Also available with 80486 or 80286 CPU cards in 
various configurations, for furthe r details contact: 

181 SYSTEMS INC. 
6842 NW 20 Ave .. Ft. Lauderdale. Fl.. 33309 

(305) 9789225 Fax: (305) 9789226 Telex: 529482 IBI SYSTEMS 

CIRCLE NO. 181 

QUICK-TURN 
PC BOARDS 
INSTANT QUOTES 

BY PHONE 
1-800-234-1556 

Single/Double Sided- I Day 
Multi-Layer - 2 Days 

MIL Approved 
Gerber Input / Floppy or Modem 

AVANTI CIRCUITS, INC. 
Q 17650 North 25th Avenue 
~ Phoenix, Arizona 85023 

(602) 863-7729 & 234-1556 
Fax (602) 375-1909 

BBS/Modem (602) 234-1737 

CIRCLE NO. 184 
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STD BUS PRODUCTS 

8 & 16 Bit CPU's 
Peripherals & Card Cages 

Custom Design 
Worldwide Service 

OEM Discounts 
Guaranteed Delivery 

ZWICK SYSTEMS INC. 

l7 Fitzgerald Rd., Suite 104 
Nepean, Ontario, Canada, K2H 9Gl 

Tel (613) 726-1377, Fax (613) 726-1902 
Representatives Required! 

CIRCLE NO. 185 

PROM ICE emulales 8 bit ROMs from 2716-27080, or 16 bit ROMs 27C1024 
0< 27C2048. (Inquire about emulaling other ROMs. Non·JEOEC ROMs 
require cuslom cable.) • Sophisticaled LoadlCE '" Host Soltware down· 
loads, uploads and edits ROM contents, supports MS·OOS, UNIX, MAC 
& VMS. Software sources are included. • Bi-directional Serial link, auto
baud lo 57.6KB- loads 1 Mb1t 1n 25 secs. • 81-d1re<:t1onal Parallel port 
(option)-loads 1 Mbll in 4 sec. • Emulale up to 2 ROMs per unit, da1Sy
chain up to 256 ROMs from one port ' • New! Analysis Interface '" 
(option) implements a ROM-based UART for sophisticaled debugging. 

61'ammal' BSI ns1 Cherry St1ee1 

lnglne ~:~,~~~9•010 
In« 41ss9s-22s2 

CIRCLE NO. 188 

C for the 8051 
Compare: 

Benchmark Results-Sample program: 
Eratosthenes Sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling . 

FRANKLIN Archimedes 
SOFTWARE MCC51 ICC51 
C-51 v2.1 v1 .2 v2.20A 

Linkage time 6sec 9 29 
Execution time 0.88 sec 9.00 11.45 
Total code size 1726 bytes 3798 5318 
Compilation time 17sec 18 12 
Sieve module 541 bytes 1021 736 
size 

Call now for your free DEMO disk. 

*FRAs~~~}~ 
888 Saratoga Ave. #2 ·San Jose, CA 95129 

(408) 296-8051 • FAX (408) 296-8061 
CIRCLE NO. 186 

INDUSTRIAL 386 
$2995.00 

19" Rack Mountable 
1.44Mb Floppy 
2 Serial/ I Parallel 
Intel 80386-25 

I MbRAM 
8 Expan ~ ion Slots 
40 Mb HD 
One Year Warranty 

Industrial Computer Solulions 
200 Black Oak Ridge Rd. 

Wayne. NJ 07470 
Phone (20 I) 696- 11 33 Fax (20 I) 696-0870 

Custom Cases/Graphics 
Other Systems Available 

Distributors Welcome 
Call For Complete Information 

CIRCLE NO. 189 

Program 
Your Chips 
In Sets of 4 for $495.00 

Special offer Now Includes: 
Free UV eraser, CUPL starter Kit and 
a $300.00 Rebate with the PDT-1 
Universal Programmer System\Kit. 

!:.2!!.~!i~L 1-800-331-7766 
CIRCLE NO. 187 

SYSTEM 
SHOWCASE 

Reach over 100,000 
qualified engineers and 
engineering managers 
with 
SYSTEM SHOWCASE 
advertising. 

Rates start at $840 
For more information 
call Sue Nawoichik at 
800·225·0556 or 
508-392·2194 

COMPUTER 1!!11 
DISIGN~ 

1991 UPCOMING ISSUES Computer Design Magazine Edition 
MONTH SPECIAL REPORT 
February 1 Workstation buses 
Buscon-W Warren Andrews 

March 1 * Fuzzy logic in embedded control 
Tom Williams 

April 1 PCB layout tools 
Electro Mike Donlin 

May 1 * Superfast processors 
CICC, Comdex Ron Wilson 

June 1 Design synthesis 
DAC Barbara Tuck 

TECHNOLOGY FOCUS PRODUCT FOCUS 
FDDI ICs - Ron Wilson High-speed D-A converters 
Design capture - Mike Donlin Jeff Child 

Mixed CMOS, ECL & BiCMOS - Barbara Tuck VME CPU boards 
LAN controllers ICs - Ron Wilson Jeff Child 

Communication with standard buses - Warren Andrews Static RAMs 
Designing ASICs for testability - Barbara Tuck Jeff Child 

High-level design languages - Mike Donlin Emulators 
Object-oriented programming - Tom Williams Jeff Child 

Mil-Spec standard buses - Warren Andrews Op amps 
Disk controller ICs - Ron Wilson Jeff Child 

COMPUTER . , II 
~~~~~~~D1SIGN ·,'' .. ,' ·-....:::w en Publish ing Company • One Technology Park Drive • Westford , MA 01886 • 508-692-0700 I •-

"Starch Readership Study Issue 
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Your Seat Belt ... 
TokenRiB.g 

, Accelerates 

Two New SB 
16 Mbps Controllers 
Bring High-Speed Token 
VMEbus/Multibus Systems. 
One advantage of Token Ring is that 
it provides an efficient, high
performance interconnect with IBM 
mainframes. In a multinodal LAN 
environment, Token Ring provides 
four times the throughput 
of Ethernet. 

SBE delivers high-performance 
Token Ring with two new intelligent 
16 Mbps communications controllers 
that interface VMEbus/Multibus 
Systems with Token Ring LANs. 

SBE's Token Ring Controllers include 
these features: 
• Software-selectable interface for 

4 or 16 Mbps. 
• High-speed, on-board 32-bit 

68020/68030 25MHz processors. 
• 1 MB or 4 MB of DRAM . 
• Support for IEEE 802 .5 standards. 

Turn to SBE and discover the dif
ference these new 16 Mbps VMEbus/ 
Multibus Controllers can make in 
your LAN application. 

For fast action1 call: 1-800-347-COMM. 
SEE, Inc., 2400 Bisso Lane, Concord, CA 94520 

See us at BUSCON/91-WEST Booth #402 

CIRCLE NO. 66 

to 1~ Mbps. 
~ 

SBE 
Communications & 
Real-time Solutions 
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No matter where y_ou7e going, or how last, 
we have the right PLO. 

High Density Family: If you need 
density up to the level of small gate 
arrays, coupled with high perform
ance and quick development times, 
our MAX™family fills the bill. You 
get parts that can replace up to 50 
TIL parts, or up to 15 PLDs, with performance 
to 50 MHz. Very flexible, very well supported. 

-- Standard Enhanced Family: 
If you like the 'classics' but 

want state-of-the-art performance, you'll find 
plenty of solutions in our Standard Enhanced 
Family. Consider our CMOS 18G8 Universal 
PAL at 12 ns. Or our CMOS 22Vl0at15 ns. 
Orour20RA10 at20 ns. Our ECL 16P4 

' (10£302) at 3 ns. To name a very fast few. 

Functionally Specialized 4i1 ..,. CY7C361 
~ - . . Family: We've created new 

architectures tailored to key functions, 
to give you maximum performance. For 
example, for state machine functions, our 
CY7C361 employs an innovative 'split-plane' 
architecture to cut feedback loop delay and 
enable 125 MHz performance. 

Call for your free 
Data Book. Hotline: 
1-800-952-6300.* 

Ask for Dept. CJ 11. 

*1-800-387-7599 Jn Canada. (32)2-672-2220 In Europe. 
t ©1990 Cypress Semiconductor, 3901 North First Street, 

San Jose, CA 95134. Phone: (408)943-2666, Telex821032 
CYPRESS SNJUD, 1WX910-997-0753. Trademarks: 

~~~.,~ 
~ ·: ..E ~.CYPRESS 

MA,X -Altera Corporation. --""iiiiiiiiiiiiiP .F SEMICONDUCTOR 
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