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Introducing G-Windows, a complete Graphical User 
Interface for the OS-9 Real-Time Multitasking 
Operating system. G-Windows lets you build a 
visually attractive and powerful user interface using 

your backplane, install the G-Windows software 
and your system is ready to shine with 256 colors 
and resolution of 640 by 480 and higher. 

Seeing 
is believing 
That's why we 
have produced 
a video that 
demonstrates 
the impressive 

( ~~-·· 

a set of simple and easy-to-use function calls to create 
windows, menus, and a variety of input/output 
gadgets. An application editor, G-View lets you draw 
screens with gadgets that link easily into your 
application program written in C. What's more, 
G-Windows is totally multitasking (all windows can be 
active and updated at the same time). It is extremely 
memory efficient and can be ROMed for embedded 
system applications. 

features and capabilities of G-Windows. 
Call to request your free copy. 

G-64/G-96 or 
VME Bus Platform 
G-Windows will 
operate on any 
G-64/G-96 or 
VME bus 680x0 
system running 
OS-9. Just plug 
GESPAC's Graphics, 
mouse and keyboard 
interface card into 

.... :.-.. --·:::1::===~ ... _ .. -:.-:.:::: ... .,_ .... 1 a r= 

. .. And that's 
just the beginning 
There are over 200 hardware 
and software microsystems 
components in GESPAC's , 
catalog so that there is 
no limit as to what 
you can accomplish. 
Call GESPAC today 
to receive your free copy. 

Toll Free 1-800-4-GESPAC or (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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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 
Omega™ 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' full 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 for 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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If You Need Chips that Talk, 
Real.Voice™ Synthesizers 
offer Quality and Affordability 

I 
fyou've talked about 

~esig~ing speech synthe
sizers mto your system 

but think they sound like 

toys and are too complex and 

costly to work with, try Oki's 

RealVoice family of easy-to-use, 

affordable speech synthesizers, 

and listen to the difference. 

Once you've heard the 

high-quality, realistic sound, 

you'll see why so many high

end consumer-interface prod

ucts use Oki voice chips. Our 

proprietary ADPCM algorithm 

provides better than FM signal

to-noise ratio, making them 

ideal for sophisticated applica

tions like PCs, home and car 

security systems, point-of-sale 

advertising, training tools, 

medical readouts, and more. 

Plus these chips are easy 

to work with and more cost

effective than ever. On-chip 

features such as a low pass filter 

and 12-bit DIA reduce costly 

design time and IC count, yet 

increase system reliability. 

Choose from a range of devices: 

Synthesizers with 5- to 40-sec

ond message options, ROMless 

and OTP-based development 

chips, a pitch control device, 

and a solid-state recorder. 

We also offer demo boards 

and our ASE88- a low-cost 

development system with 

IBM® PC AT™-based board and 

software for easy editing and 

waveform display. 

Hearing is believing. Call 

1-800-0KI-6388 for samples. 

See how easy and cost-effective 

it is to design RealVoice sound 

features into your system -

it's quality that speaks for itself. 

IBM is a registered trademark of 
International Business Machines. Rea/Voice 
is a trademark of Oki Semiconductor. 
IBM PC AT is a registered trademark of IBM. 

Transforming technology into customer solutions 



Talk to Oki. 

Part Number Description 

4-channel speech synthesizer 

MSM6322 Pitch control IC 

MSM6372 Speech synthesizer with 128K ROM , 5 secs 

MSM6373 Speech synthesizer with 256K ROM , 10 secs 

MSM6374 Speech synthesizer with 512K ROM , 20 secs 

MSM6375 Speech synthesizer with 1 M ROM, 40 secs 

MSM6376 Evaluation chip for MSM6372/73/74/75 

MSM6378 Speech synthesizer with 256K OTP ROM 

MSM6388 Solid-state recorder/1 M serial register l/F 

OKI 
Semiconductor 

CA Irvine 714/752-1843, Tarzana 818/774-9091 , San Jose 408/244-9666 Fl Boca Raton 407/394-6099 
GA Norcross 404/448-7111 IL Rolling Meadows 708/870-1400 MA Stoneham 617/279-0293 Ml Livonia 313/464-7200 
NC Morrisville 919/469-2395 NY Poughkeepsie 914/473-8044 PA Horsham 215/674-9511 TX Richardson 214/690-6868 
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HOWTOTURN 040 
WITHOUT LOSING 

ASTEP. 



Turning 040 doesn't mean you have to give up the 
code you lived by when you were 030. Although that's 
what some manufacturers expect you to do. 

But not FORCE. We guarantee that applications 
written for our 68030 VME boards will run on our 
68040 boards. That's because we've built compati
bility into our 030 and 040 address maps and on
board device drivers. 

Of course, we have all the tools you need to get 
started. Choose from the broadest range of real-time 
operating systems and kernels, including PDOS, OS-9, 
VxWorks, VRTX32 and pSOS +.We even give you 
VMEPROM, free of charge. 

You can also take advantage of XRAY and the 
entire Microtec family of software tools. Including cross, 
native and embedded development environments. 

In fact, no one makes it easier 
to move your software from 030 
to 040. The competition can't 
even come close. Just ask them. 

68030CPU COMPATIBILI1Y 68040CPU 
Our perforn1ance advantage 

even extends to UNIX '." With 
the industry's top-rated Unisoft 
UNIX 5.4. 

Then ask us. We'll keep you 
from spending months writing 
new software drivers. So you 
can spend your time improving 

CPU-30 ~ 

CPU-31 ~ 

CPU-33 ~ 

DMA, SCSI. Floppy, ~ 
£theme/. Serial 110 

~ CPU-40 + EAGLE 
llOModu/e 

DMA. SRAM, VSB, ~ CPU-41 + EAGLE 
Serial 110 llOModule 

OMA.DRAM, • CPU-40 Serial 110 

Finally, you get the industry's 
best-rated documentation, integra
tion support, regional technical 
staff and a full one-year warranty. 

performance and functionality. Or getting to market 
months ahead of the competition. 

Here's your next step: call 1-800-BEST-VME 
ext. 40 for details on our 030 to 040 upgrade offer. 
Or fax a request to (408) 374-1146 for an immediate 
response. 

What's more, you can start today on your 040 appli
cations. Just develop them on a FORCE 030 board. 
When you're ready, we'll upgrade you to the highest Because turning 040 doesn't have to slow you down. 
performance 040 board you can buy. 

So you can speed up your software 
without missing a step. 

V> ~ [ E ® UNIX is a registered trademark of AT&T. Vx\Vorlo. is a trademark of Wind River fl5 Systems. Inc. pSOS + is a trademark of Soft'A'are Components Group. VRTX32 is a 
- trademark of Ready System~. Inc. OS-9 is a trademark of Microwurc Systems. PDOS 
~ ~ and VMEPROM are trademarks of Eyring Rcscurch. Inc. XRAY is a trademark of 8 ,..I Microtec Research. Inc. ie> 1990 FORCE Computers, Inc. 

VME at its best. 

FORCE Computers, Inc., 3165 Winchester Blvd., Campbell , CA 95008-6557, (408) 370-6300 ext. 40 
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NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEF 
Arbitrator finds Intel 
breached AM D contract 
As Computer Design went to 
press, Judge J . Barton Phelps, ar
bitrator of the long-standing dis
pute between Intel and Advanced 
Micro Devices over rights to the 
386 microprocessor, had just 
handed down a decision. In the de
cision, he found that AMD failed 
to provide a number of products to 
be exchanged for Intel designs un
der the companies' technology ex
change agreement. But more im
portant, the judge found that Intel 
had, in the matter of the 8087 
FPU, committed "a knowing, delib
erate and unjustified breach of con
tract ordered or approved by the 
most senior officials at Intel. " In 
addition, Phelps ruled that Intel 
had acted in bad faith on the 
agreement and had harassed AMD. 

The judge declared that AMD 
would be entitled to recover dam
ages from Intel in the Remedy 
Module of the arbitration process, 
which is scheduled to begin Nov
ember 15. Significantly, the ruling 
specifically included the possibility 
that Intel might be ordered to 
turn over its treasured 386 design 
as compensation. 

A statement from Intel , mean
while, emphasized that the com
pany did not believe it would have 
to surrender the chip. Monetary or 
technology awards to AMD could 
yet upset the balance of power in 
the microprocessor industry. 

-Ron Wilson 

Intel forming net 
of 960 alliances 
In an aggressive attempt to estab
lish a broad base of software and 
development support for its 960 
family of RISC processors, Intel 
(Santa Clara, CA) is signing up 
with a crowd of third-party ven
dors . It announced an alliance 
with Wind River Systems (Ala
meda, CA), which will support the 
960 with its VxWorks development 
environments, including the Wind 
object-oriented real-time kernel 
and a host of Unix-based develop
ment tools. 

Cross-development leader Micro
tec Research (Santa Clara, CA) 
had been working with Intel early 
in the game to develop an optimiz-

ing C compiler and a version of its 
X-Ray debugger for the 960, both 
of which were announced in mid
October. A project to develop a 960 
emulator is also under way with 
Applied Microsystems (Redmond, 
WA). Introduction of the emulator 
is expected by mid-1991. 

And in what appears to be a 
coup attempt against Motorola, 
Intel reached an agreement to 
port the PSOS+ kernel and related 
software modules by Software 
Components Group (San Jose, CA) 
to the 960. Intel apparently hopes 
to lure developers used to the 
Open Real-Time Kernel Definition 
(Orkid) interface that's pushed by 
SCG and Motorola. Orkid is essen
tially the interface to PSOS+, 
which is used extensively on the 
68000 family. By offering the same 
software interface to its 960 line, 
Intel seems to want to make it 
easy for defectors to switch from 
Motorola to underlying Intel sili-
con. - Tom Williams 

Mentor strengthens 
European foothold 
European support for Mentor 
Graphics (Beaverton, OR) was re
inforced recently when the Com
mission of the European Com
munity chose Mentor's VLSI 
design software for VLSI Design 
Action, Esprit's Eurochip univer
sity program. Mentor, chosen from 
among a number of EDA vendors, 
will sell about 500 design systems 
at a substantial discount to 
Eurochip member universities 
throughout Europe. Those 500 
seats will bring Mentor's installed 
university base in Europe to ap
proximately 2,000 seats. Hewlett
Packard (Fort Collins, CO) has 
been chosen to supply the hard
ware platforms. 

The significance of microelec
tronics to European high-technol
ogy industries prompted the EC 
Commission to launch the VLSI 
Design Action program under Es
prit, a research program funded 
by the European Economic Com
munity. The commission has allo
cated 13.5 million European 
currency units (about $17 million) 
to train an additional 3,000 univer
sity students in VLSI design each 
year. The software from Mentor 
will include schematic capture, 
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simulation, IC layout and docu
mentation. 

Mentor is also involved in the 
European Development Center 
(EDC), an R&D organization 
based in Leuven, Belgium. Philips 
(Eindhoven, The Netherlands) and 
the Interuniversity MicroElec
tronic Center research organiza
tion (IMEC), also in Leuven, are 
equity partners with Mentor's Sili
con Design Division in the EDC, 
which develops design tools and 
technology for European and 
worldwide markets. Its first proj
ect is a DSP design system based 
on research from Philips Research 
Labs and IMEC. - Barbara Tuck 

Unisys, Chorus target 
O/S development 
The effort to develop operating sys
tems to meet the demands of dis
tributed multiprocessor systems is 
getting a shot in the arm from an 
agreement between Unisys (Blue 
Bell, PA) and Chorus Systemes, 
S.A. (Paris, France). The alliance 
with Chorus' Beaverton, OR, sub
sidiary aims at a three-year proj
ect to develop a high-performance 
system based on AT&T's Unix Sys
tem V, Release 4 that will be modu
lar and expandable over large net
worked systems. A main goal is to 
make the system compliant with 
standards such as Posix and 
X/Open's portability guide. 

The Chorus system is based on 
a microkernel architecture in 
which a microkernel at each com
puting node provides a minimal 
set of operating system services. A 
set of system servers uses the mi
crokernel to provide full operating 
system functionality to applica
tions and users. The system's com
munications capability along with 
threads-tasks that can run any
where in the system transparent 
to the user-make the operating 
system expandable among multi
ple-networked processors. Under 
the agreement, Unisys will have 
first rights to market systems us
ing the new technology and 
Chorus will have exclusive rights 
to license the technology to third 
parties. - Tom Williams 

Continued on page 10 
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NEWS BRIEFS NEWS BRIEFS NEWS BRIEFS NEWS BRIEPi 
Continued from page 8 

Photochemical process 
promises terabit storage 
Researchers at the University of 
California (Irvine, CA) are experi
menting with a new class of or
ganic compound that could lead to 
high-capacity, fast-access optical 
storage systems. The technology 
calls for storage of data in 3-D 
polymer cubes, a technique that 
could store up to 1 trillion bits in a 
cubic centimeter. Current, opt,ical 
storage technology can store only 
about 100 million bits in a square 
centimeter. 

The experiments revolve around 
spirobenzopyran (SP), a compound 
that changes states when stimu
lated by two independent beams of 
light. Embedded in a transparent 
polymer base, SP molecules ab
sorb ultraviolet light until they 
are exposed to intersecting light 
beams, which alter them to absorb 
visible red-green light. A split 
beam of laser light is used to write 
bits to the compound. Reading is 
accomplished by sensors that pick 
up red fluorescent light emitted by 
the SP when it's exposed to ultra-
violet beams. - Mike Donlin 

Silvar-Lisco moving 
out of the shadow 
Silvar-Lisco (Sunnyvale, CA), 
while having won the utmost re
spect for its technologically sound 
place-and-route software, has obvi
ously become discontent with its 
difficulty in winning customers. A 
few recent moves demonstrate the 
company has recognized that tech
nological brilliance must be com
bined with product promotion to 
meet with success. 

Recently, in addition to naming 
general managers for central and 
northern Europe , Silvar-Lisco has 
chosen as director of U .S. sales 
Dick Bosenko, who recently held 
the position of director of Tangent 
products for Cadence Design Sys
tems (San Jose, CA). As the indus
try-standard of place-and-route 
tools, Tangent software is the 
bull's-eye at which Silvar-Lisco 
must take aim. 

Texas Instruments (Dallas, TX) 

recently chose Silvar-Lisco's Gards 
III place-and-route software for its 
triple-level-metal BiCMOS gate ar
rays, which is also likely to give 
Silvar-Lisco a boost. The TI order 
for Gards III was the result of a 
benchmark on a BiCMOS gate ar
ray with over 200,000 gates, ac
cording to Silvar-Lisco. The com
pany claims that neither of two 
contending vendors completed the 
benchmark by the final deadline, 
while it delivered results six to 
eight weeks before the cutoff. Sil
var-Lisco's new strategy will obvi
ously be a winner--of both respect 
and customers. - Barbara Tuck 

Pact targets 
Futurebus+ silicon 
A joint agreement by Philips Com
ponents-Signetics (Sunnyvale, CA) 
and Texas Instruments (Dallas, 
TX) expands the scope and supply 
of silicon support for the proposed 
Futurebus+ standard. Under the 
agreement, the two companies will 
second-source a broad range of 
transceivers, controllers and 
datapath circuits that support the 
Futurebus+ standard, including 
high-performance packet mode 
and cache-coherent transactions. 

Both companies will use their 
own processes to manufacture the 
products, which will find their way 
into applications ranging from 
workstations to supercomputers. 
Designated FB2000 by Signetics 
and TFB2000 by TI, the family of 
devices is designed to satisfy the 
bus bandwidth and performance 
requirements of high-speed multi
processor systems. - Mike Donlin 

Vitesse and Thomson 
join in GaAs agreement 
Continuing the wave of restructur
ing that has marked the matura
tion of the gallium-arsenide IC 
market, continental specialty-IC 
power Thomson Composants 
Microondes (Paris, France) and 
U.S. GaAs pioneer Vitesse Semi
conductor (Camarillo, CA) have an
nounced a second-source agree
ment that could prove important 
to both the U.S. and European 
markets. In exchange for an equi
ty investment in Vitesse, Thomson 
will hold exclusive European mar-
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keting rights to all Vitesse prod
ucts, and will have the option to 
source any Vitesse GaAs ICs from 
a new facility in Grenoble, France. 

Added to Thomson's existing po
sition in microwave GaAs compo
nents, the new digital products 
will make an imposing array of 
high-speed solutions. Vitesse, 
meanwhile, gets cash-always a 
useful commodity in the GaAs 
business. In addition, the U.S. ven
dor gets a highly credible second 
source for at least some of its prod
uct line, and a powerful marketing 
ally inside the walls of fortress 
Europe. - Ron Wilson 

Motorola plans to 
expand 88000 family 
Since some early leaks in the 
press regarding its 88000 family of 
RISC processors (see News Briefs, 
June 1), Motorola (Tempe, AZ) has 
outlined some of its goals for the 
future, being careful to disclaim 
any similarity to a product an
nouncement. According to Moto
rola 88000 product manager Jeff 
Nutt, the disclosure was made to 
show general future plans. 

The first of the family to follow 
the 88100 and 88200 will be the 
88110, a fully integrated unit com
bining CPU, MMU floating-point 
unit and cache in a single chip. In 
addition to combining the five ma
jor functions on a single chip, the 
part is expected to have 64-bit ex
ternal and 80-bit-wide internal 
data paths, extended precision 
floating-point arithmetic, branch 
accelerations and bus snooping 
with separate tags. It will be avail
able with low-cost package options. 

The chip, which is expected to 
be fabricated in Motorola's 0.8-µm 
process, will count less than 1.5 
million transistors, but will boast 
between three and five times the 
performance of the previous gener
ation, according to Nutt. In addi
tion, the company hopes to lever
age its 88000 technology by offer
ing a highly integrated version of 
the chip for embedded applica
tions-not unlike some recent ap
proaches with Spare. Nutt offered 
no timetable for the release of any 
of the discussed technology, but 
sources said samples of the 88110 
could be available as soon as 
spring of 1991. - Warren Andrews 



SCSl-2 is at your command with 
Rimfire· 6600 Series Parallel Disk 
Array Controllers. 

Discover unmatched performance 
and data integrity for mass storage 
applications- the Rimfire 6600 series 
of Parallel Disk Array (PDA) Controllers. 

The first array controller offering 
SCSl-2 as its host interface, as well as 
the first ottered as a board level pro
duct, the Rimfire 6600 Series supports 
four data drives plus a single redundant 
drive. Because all disk data transfers 
occur in parallel, the array appears to 

the host as a single SCSI drive. For 
you, that means excellent performance. 
Transfer rates and capacity four times 
that of an individual drive. And excep
tional data availability. 

In addition, the flexibility of the 
PDA controller allows the OEM to 
select drives from many vendors. It's 
compatible with SCSI, operates with 
off-the-shelf host adapters and is priced 
significantly lower than other solutions 
of equivalent capabilities. 

For detailed information on the 
Rimfire 6600 Series, or other SCSl-2 

Crpnco and Rimf1re are registered trademarks of C1pnco, Inc Disk drive courtesy of Seagate Technology 

compatible products, call Ciprico, the 
industry leader in technology, tech
nical support, customer service and 
respondability at 1-800-SCSl-NOW 
(1-800-727-4669) . European custom
ers call our United Kingdom office, 
(0703) 330 403. 

CIPRICO 
2955 Xenium Lane 
Plymouth. MN 55441 

CIPRICO LISTENS. AND RESPONDS. 
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I EDITORIAL 

The issue 
isn't simply 

protectionism 
but what we 

choose to protect 
and how. 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 

Protectionism is not a sin 

T here's no question that protectionism is a sin for free-market, 
free-trade zealots, but it's no sin for the rest of us. Individuals 
practice protectionism in their personal lives, corporate executives 
practice protectionism to guard their companies and themselves, 
and governments practice protectionism in a host of ways to en
sure the security and well-being of their citizens. 

As individuals, we lock our doors at night and pay for police pro
tection against robbery and rape. We set aside a portion of our 
incomes for accident insurance, health insurance, disability insur
ance and life insurance to protect ourselves and our families from 
the caprices of life. If we're wise, we also put something away to 
protect us from hard times in the event that a glitch in the free
market system eliminates our jobs. And if we're really wise, we 
keep our skills honed and up-to-date-maybe even develop alterna
tive skills-to protect us from the obsolescence that free-market 
economies seem to bring. 

Corporate executives-usually staunch advocates of free-market 
principles-see nothing wrong with trying to protect their compa
nies from takeovers-mounted by equally determined free-market 
advocates. If stock manipulations fail to do the trick-God forbid 
they should try to build a more-competitive company-they're 
ready to protect themselves from hard landings with golden para
chutes that will inflict financial punishment on the raiders. 

Governments, too, protect their citizens in many ways from the 
vicissitudes of a free market. We have unemployment insurance 
for those who lose their jobs and a host of welfare programs for 
those who aren't employable. Even in this time of heightened 
deregulation, we'll see little diminution in the volumes of tax laws, 
banking laws, business laws, farm laws, zoning laws, licensing 
laws, conservation laws-the list goes on- that in one way or 
another provide protection for a segment of the population within 
the construct of a "free-market" economy. 

Why then, must we consider free markets and free trade as 
gospel, and protectionism as sinful, when it comes to international 
commerce? Just as there are few individuals or nations who 
believe in unfettered free markets and free trade, there are 
equally few who don't believe in some form of protectionism. The 
issue isn't simply protectionism but what we choose to protect and 
how. Our dealings with trading partners shouldn't be governed by 
blind adherence to a free-market, nonprotectionist cult doctrine 
but by all that we really believe in and practice. 
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"THEY LAUGHED 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 e 
floor this year. From 

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 

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 

~- • 

handleourmixofuser 
interface and control 

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

• RadiSys Embedded PC directly 

to sell us high quality, man-machine 
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 . 

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." 

· 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 Mic rosoft 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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All 
ship 

nee you've seen what 
Motorola brings to the table, 
we think you'll agree it's 
everything you need. Like 

the most complete line of VME 
products, services and engineering 
support available anywhere. Award
winning quality. Competitive 
pricing. All from the company that 
pioneered VME technology, and 
whose product line ranges from 
ICs to boards to full systems. And 
includes everything in between. 

You decide exactly what you 
need from our more than 100 VME 
products at every level of price and 
performance. From CPU boards, like 
our new '040-based MVME165, to 
memory boards, to communications 
boards. And the industry's widest 
assortment of development tools, soft
ware resources, and technical support 

A partnership with Motorola 
not only helps you control costs, 

but even more impor
tantly, 
speeds 
your time 
to market. 

Our pro
ducts include more functionality 
with a higher level of integration to 
accelerate your development efforts. 
And because of Six Sigma quality 
control you can be assured that our 
products will work right out of the 
box. It all adds up to the fact that get
ting you to market sooner is a promise 
only a company with the resources 
of Motorola can make good on. 

Every Motorola product 
includes a built-in migration path, so 
your future product cycles are 

assured. Such as 
providing a way to up
grade from the 68020 
to the 68030 to the 
68040, or from a 
68000 CISC board 
to an 88000 RISC 
board with a simple 
re-compile. Wherever 
you're headed, 
Motorola is going to be there. site maintenance to self-maintenance 

support packages. And we'll support you during 
the entire development process. 
Every board in our product line 
includes a full suite of board diagnos
tics available in both a run-time 

For more information, call us 
today at 1-800-624-8999 , ext. 230. 

Once you discover the 
advantages of a partnership with 
Motorola, you'll see that it's no 
ordinary board-level decision. It 
could ensure the future of your 
company. 

and a source package.This degree of 
flexibility also extends to our nation
wide customer service programs, 
which run the gamut from total on-

At Motorola, Openness Is Standard Procedure 

[I] hese days, 
openness has 
become some

thing of a buzz word, 
and everybody seems to 
have a different idea 
on what is and isn't 
"open~ To us, it's no big 
mystery. Openness 
means open architec
tures, open software, 
open networking. And 
open standards like 
UNIX~ as indicated by 
our role in founding 
88open. It means we're 
open to helping solve 
problems with your 
point of view in mind, 
not just ours. And it's 

been that way ever since 
we helped introduce 
VME back in 1982. 

That's why 
Motorola is committed 
to supporting 
official and de 
facto industry 
standards, 
interoperable 
computing 
between multi
ple vendors, 
and non-proprie- · 
taryopen 
system archi
tectures. It's 
why we created ' 
VMEexec:"' to 
facilitate the 

interoperability of 
different real-time soft
ware modules within 
a common UNIX 
environment. And it's 
why we support virtu
ally every networking 
protocol, including 
XNS, TCP/IP, DECnet,"' 
MAP/TOP/OSI, SNA, 
BSC, X.400,and X.25. 

This philosophy 
of openness is the same 
reason we offer as 
many VME boards, pro
ducts and services as 
we do. It's to our mutual 
benefit, and after all, 
isn't that what partner
ships are for? 

® MOTOROLA 
Computer Group 
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And, Mitsubishi is the only one 
who reduced lµm gate width to a 

size that's small enough to provide a 
low, 5µW power dissipation (the low

est you can get), lower operating tem-
perature and small die size. Plus, we're the 

only supplier to give you performance as fast as 3 70 
picoseconds and four speed/power options: x 1, x2, 
x3, and x4. So, you can optimize your circuit for 
both fast speed and low power. By taking advan-

tage of Mitsubishi's smaller cell sizes, 
you achieve low operating tempera
ture, more-cost effective silicon use 

We're The Only One 
With 5µW And Four 
Speed/Power Options. 
and smaller die size. And, all this 
means we can help you put your de
signs in smaller, lower-cost plastic 
packages and achieve higher relia
bility. Plus, our selectable output 
buffer drive and slew rate control 
help reduce noise and electromag
netic radiation. Mitsubishi offers 
70,000 gates (50% utilization); pat
ented* gate isolation structure for 
faster performance, and extensive 
packaging options, including plas
tic QFPs, very-fine-pitch QFPs 
(VQFPs), PLCCs and APGAs 
(adaptable pin-grid-arrays) . And, of 
course, we give you 100% bum-in, 
100% AC and OC testing, a library 
of more than 500 cells and design 
kits for the industry's leading-edge 
CAE design tools. It takes one solid, 
proven semiconductor supplier to 
know lµm. We're one of the top ten 
worldwide semiconductor manufac
turers, and the world's fifth largest 

MOS memory manufacturer. We've been producing gate 
arrays since 1976 and offer production capacities surpassed 
by none. So, we'll get you through lµm design, prototype 
and production fast and right the first time. Also, keep in 
mind, a good lµm will get you to a great 0.8µm! Call the 
one it takes to know lµm today at 1-800-624-8999 #178. 

*U.S. Patent No. 4.562,453 

' MITSUBISHI 6' GATE ARRAYS 
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CALENDAR 

November 6-9 
Software Development '90-Fall 
Omni Parker House, Boston, MA The confer
ence will offer an exhibition as well as over 60 
lectures and workshops in object-oriented pro
gramming and design methodologies. A one-day seminar will 
focus on how to build, organize and manage effective project 
teams. Information: Software Development Seminars, 500 How
ard St, San Francisco, CA 94105, (415) 995-2472. Circle 361 

November6-10 53' Electronica '90 "t' 
Munich Trade Fair Centre, Munich, West Ger- , 
many. The International Trade Fair for Com- 1 
ponents and Assemblies in Electronics will · 
feature exhibits in three product groups: electronic compo
nents, electromechanical products, and quality-assurance and 
development equipment. Related events include a conference 
on microelectronic sensors and another on the use of semicon
ductor technology in switching and regulating applications. 
Information: Kallman Associates, 5 Maple Ct, Ridgewood, NJ 
07450-4431, (201) 652-7070. Circle 362 

November12-16 w 
Comdex/Fall '90 
Las Vegas, NV, nine locations. The 12th Com- 0 
dex conference and trade show will feature 
more than 1,800 exhibitors. It is targeted at 
computer distribution professionals, including volume 
resellers of small computers, peripherals, software and acces
sories. Ten tracks will encompass over 48 sessions on topics 
including portable computing, imaging systems, buyer/seller 
issues, communications, multimedia and industry perspec
tives. Information: The Interface Group, 300 First Ave, Need
ham, MA 02194, (617) 449-6600. Circle 363 

November 13-15 

Wescon ([) 
Anaheim Convention Center, Anaheim, CA. 
This year's conference will offer 36 technical 
sessions, 22 tutorials and panels discussing 
world engineering issues, professional development and 
technology initiatives. It will feature more than 1,000 exhibits, 
including a demonstration of the state of the art in PC-based 
design tools. Information: Electronic Conventions Manage
ment, 8110 Airport Blvd, Los Angeles, CA 90045, (800) 877-
2668. Circle 364 

January 14-17 
ATE & Instrumentation Conference 
Disneyland Hotel, Anaheim, CA This confer- ATE & 

Instrumentation 
ence for test professionals will offer almost 50 Conference 
sessions in design, manufacturing, manage-
ment, service test and systems integration. Session titles 
include "Testing in the 21st Century" and 'Testing-the Com
petitive Edge." A four-day educational tutorial will follow the 
basics of design for test through to an actual production exam
ple of an integrated design and test board. Information: Miller 
Freeman Expositions, 1050 Commonwealth Ave, Boston, MA 
02215-1135, (800) 223-7126. Circle 365 

DESIGN 
ENGINEERS: 
~~~REE DEMO DISK 

~FROMOMATION 

PEAK HERE. 
If you want to reach peak performance, take a 

peek at new SCHEMA Ill - FREE! Once you try it, 
you'll see how SCHEMA Ill can help capture your 
logic designs faster, easier and more affordably than 
ever before - all from your PC! 18,000 engineers 
have already put SCHEMA Ill to work. And now, you 
can too, with no obligation. 

Using new SCHEMA Ill, you can create, verify, 
print and plot your designs without ever leaving the 
package. And because SCHEMA Ill is so highly 
efficient, you can spend more time designing and 
less time laboring through complex computer 
operations. 

For $495, SCHEMA Ill gives you all the features 
you demand from schematic capture software, with 
all the support and service you deserve, including our 
FREE 1-800 technical support hotline! Plus, a 30-day 
money back guarantee. 

Call Omation for your FREE demo disk today! 
One peek, and you too will see just how great CAE 
design can be. 

OMATION 
801 President ial Drive • Richardson, Texas 75081 

1-800-553-9119 

CIRCLE NO. 11 
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Born In The U.S.A. and 

Aimed At The Future. 

Slotpro 
LP4 Series 

r?&:,@u &.?z 
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• DTl's 486 or 386 25MHz • 80 Meg Hard Drive • 101 Key Keyboard 
• Benchmarks up to 114MHz •BK Internal Cache • PS/2 Mouse Port 
• Low Profile 4.0" Height • VGA Color Monitor • MS DOS 3.3 or 4.01 
• Up to 64 Megs RAM • Super VGA, SCSI, • Complies w/ FCC Regulations 
• 1.2 Meg 5.25" Drive ST506,IDE,Floppy, • Complete Catalog of Board & 
• 1.44 Meg 3.5" Drive LPT1 ,COM1 ,COM2 System Components Available 

1-800-443-2667 = Diversified Technology 
112 E. State St. • Ridaeland, MS 39157 An Ergon Co. 

PSl2 is a trademark of the IBM 'Corp. 4861386 are trademarks of Intel Corp. MS DOS is a tradmark at Microsoft. 

CIRCLE NO. 12 

SUPERCOMPUTER 
PERFORMANCE 
Get up to $1 ,000 for 
YOUR OLD ACCELERATOR BOARD* 
When vou purchase the ALA CRON AL860 AT or VME Bus Accelerator 

• 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 

II I ~LJlCRON Inc. 

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

·contact ALA CRON for details. 
Trademarks of respective holders- Intel . AT . 1860. 80x86. OT-Connect 
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ECS: The Major Player in the 
Ultimate Board Game 

500,000 motherboards shipped in the past two years 
~ \7 

BOARD·OPOLY 
by€5> 

COMDEX 

GO 
SEE US AT 

~~....-1·•1111i1 BOOTH W448 

In the big games there are lots of players, but only a few 
winners. And ECS has earned worldwide success as a PC 
motherboard manufacturer by being responsive , flexible , 
reliable. 

The company's design skills and manufacturing technology 
provide fast turnaround, customization when required, 
and superior price/ performance. Motherboards are built 
with SMT, and other advanced production and testing 
techniques. 

In sum, ECS values long-term partnerships over short-term 
profits. And by offering a complete line of 286 , 386SX, 
386DX, and 486 motherboards, ECS has shipped half a 
million boards to its partners in the past two years. 
Partnerships which include major computer companies 
throughout the world. 
So, count on ECS to provide what you need when you need 
it, plus prompt, dependable service. 
Meet ECS at "Comdex", Booth #448 in the West Hall. 

<§> ELITEGROUP 
c JI)\)() ECS F ll1 cgroup 

"We engineer success" 

ELITEGROUP COMPUTER SYSTEMS U.S. Headquarters 365 Ravenda le Dr.: Mo untain View. CA 94043 Tel: (41 51 %9- 1000 fox: (4 151 969-0343 Subsidiaries - Los An~les: 12020 Mora Dr .. 
Bldi.: . 8. S1e. 9 : Sa nla Fe Springs. CA 90670 Tel: (2 13) 944-288 1 PJx: 12 131 944-4970 New Jersey 200 Cenlennia l Ave .. S1e. 205: Pisca taway. NJ 08854 Tel: (20 1) 457-9500 Fa x: t20 1 I 457-88 11 
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Save money and get an extra effective bit every time you 

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

while enhancing performance. It also lowers power consumption 

up to 70%. For example, the TOA8713 consumes as little as 

Giving full-parallel flash performance at 

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

converters. these AOCs provide profes

sional performance at a consumer price. 

How? Our new folding-and-inter

polation technique slashes on-chip 

component count. thus reducing cost 

Type MSPS Oiss.(mW) 

TOA 8703' .. 40 290 

TOA 8713' 50 290 
TOA 8715' 50 325 
TOE8715 50 325 

TOA 8708' 30 365 

TOA 8709' 30 380 

'in OIL and SO versions. 

Philips Components 

Features 

Voltage Reg. 

TTLl/O 
ECL 1/0 
Mil. Temp. Range 

Clamp/AGC 
CVBS Signal 
Clamp/Adj. Gain 
R.G.B.Y.U.V. C 
Signals 

CIRCLE NO. 15 

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, 

P.O. Box 218, 5600 MD Eindhoven. The Netherlands. 
Telex : 35000phtc nl/nl je vmc. FAX:Jl-40-724825. 

PHILIPS 



James Ready 
on: Real-time 
standards 

S ome important work will unfold over the next 
several years to define and implement stan
da rds for real-time computing. Developers of 

real-time systems will benefit greatly if standards 
evolve for a reference model of layered interfaces, as 
well as for a standard set of application-oriented 
workloads to evaluate the suitability of a real-time 
system for a particular application. 

The real-time system community lacks a reference 
model that can be used to frame discussions and 
structure the standards process . Reference models 
have proven quite useful , notably in the area of com
munications. Here, I present a proposed real-time 
computing reference model that consists of seven 
layers. 

The first layer represents the physical or mechan
ical aspects of the real-time computing system. Each 
of the widely used industry-standard buses, for exam
ple, such as VMEbus, Multibus II and STD Bus, has 
detailed physical specifications for board height, 
width, pin spacings, connector characteristics and so 
on . For more-rugged applications, these standards 
might also include specifications for temperature, 
vibration and humidity operating 
ranges. 

program loading (booting) interface and a low-level 
debugging interface. All services at this layer are 
independent of programming languages and operat
ing systems, though adding bindings to make these 
services available from languages and various oper-

ating systems is usually a simple 
matter. 

Second is the hardware layer, 
which has two sublayers-a low
level signal layer and a high-level 
programmable layer. The low-level 
signal layer specifies the bus signal 
characteristics, inclu ding vol
tages, signal timings and bus arbi
tration policies. 

This layer is largely invisible to 
software. The high-level program
mable layer represents the hard-

If a basic services layer is 
made available on a variety 
of hardware platforms, it 

will be simple for the upper 
layers of software to move 
across compliant systems. 

The BIOS defines interfaces for 
abstract devices such as timers, 
counter s, serial lines, network 
controllers, disks and SCSI con
trollers. This abstract interface 
exposes all of the functionality 
that's commonly expected for a 
given type of device. Program
mers, for example, are presented 
with one interface to read, write 
and set baud rate and parity for 
all serial line devices. ware that's visible to the 

programmer. Such hardware gen-
erally includes the CPU, timers, message passing 
chips, serial I/O devices and any other programmable 
hardware. 

The third layer represents basic services that raise 
the software interface of the hardware to a more 
abstract level. It has three major parts: a BIOS, a 

I I I 
The program-loading interface 

provides a standard means of loading software for 
execution from various types of devices including 
disks , tapes, serial lines, backplane devices , and 
shared memory and network devices. Standards are 
used wherever possible, both for the format of the 
software and the communications protocols used to 
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I JAMES READY ON REAL-TIME STANDARDS 

transfer the software. Booting from a network, for 
example, may involve using the TCP/IP (Transmis
sion Control Protocol/Internet Protocol), the Trivial 
File Transfer Protocol (TFTP) and the standard S 
record format to load an executable image into 
memory. 

The low-level debugging interface provides a de
vice-independent, operating-system-independent 
means of controlling the execution of the system 
being programmed. It's properly viewed as a debug
ging kernel that provides read/write memory capa
bility and start-of-execution capability. This interface 
is meant to be used by higher-level services and 
would most likely be hidden from the application 
programmer. 

I The kernel layer 
The fourth layer is the kernel layer, which represents 
the interface for lightweight concurrency. Ready 
Systems' VRTX32 refers to this interface as tasks, 
while Mach, OS/2 and the Posix standard refer to it 
as threads. The Ada language tasking model is also 
at the same level of interface. 

This layer is characterized by a program with 
multiple threads of execution, with all threads shar
ing the same address space and I/O environment 
(such as open files). The context of each thread is little 
more than the basic machine state, with just enough 
extra state to maintain the thread environment cor
rectly. 

Fifth is the process layer, which corresponds to the 
multiprogramming level of concurrency found in 
Unix, VMS and other time-shar-

rectory and file management, and I/O. This standard 
is primarily concerned with the process layer. Newer 
Posix activities have included some proposed specifi
cations for real-time extensions, although still at the 
process layer. The Posix.4a group is aiming at speci
fying the thread layer. 

Another activity to develop standard interfaces for 
various parts of the real-time reference model is EPIS 
(Executive Processor Interface Specification), devel
oped by the Embedded Systems Committee of the 
880pen consortium. EPIS defines a low-level inter
face between hardware and operating systems or 
stand-alone programs. It fits at the basic services 
layer and represents a subset of a full BIOS interface. 
EPIS is concerned only with the hardware devices 
closest to the processor and doesn't have a general 
device-driver interface. 

Another effort in this area is ITRON, an application 
interface to a real-time kernel, which would fit at the 
thread layer. ITRON was designed and promoted by 
Ken Sakamura of the University ofTokyo. The ITRON 
interface is now managed by the TRON Association, 
a worldwide group with members from industry and 
the academic community who are dedicated to sup
porting the TRON architecture. 

I Focus on basic services 
While all the layers are important, it's critical to start 
with a firm foundation. The most beneficial layer to 
standardize today is the basic services layer. The 
reason is simple: if a basic services layer is made 
available on a wide variety of hardware platforms, it 

will be simple for the upper layers 
ing operating systems. Here the 
context is quite heavy and in
cludes not only the basic machine 
state of registers but also the state 
ofMMUs, floating-point units, I/O 
and other operating-system-de
pendent information on the that 
must be saved during context 
switching. 

Companies building 
proprietary hardware are 

forced to build a basic 

of software to be moved across 
compliant systems. The success of 
the PC BIOS in providing this kind 
of foundation is the best example 
of how such a standard can be 
used. 

The sixth layer is the virtual 
machine layer, which builds upon 
the previous layers to present a 
model of computing to the applica
tion programmer that's closer to 

services layer themselves, 
with no particular 

specification to follow. 

The situation today is anarchic; 
lack of low-level standards forces 
each operating system developer 
to build its own set of services for 
each CPU board supported. 
Moreover, companies building 
proprietary hardware are forced to 

I I I 

the application at hand. Building an application that 
uses a pipeline "virtual machine," for example, might 
be well matched to an image-processing application. 
An off-the-shelf pipeline virtual machine would make 
building the application much simpler, since the ap
plication programmer could concentrate on the 
unique properties of the application instead of on the 
implementation details. 

I Concentrating on the application 
The seventh layer is where the application-specific 
programming gets done. The lower layers of the model 
are available to the application, which is important 
for cases in which the higher performance of the 
lower-level services is more important than increased 
functionality at a higher layer. 

Several groups are making progress on a number 
of these layers. The IEEE Posix Working Group has 
focused on system interfaces for process control, di-
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build a basic services layer them
selves, with no particular specification to follow. 

To help jump start the process of developing speci
fications for this layer, Ready Systems developed a 
"strawman" specification, which has been released to 
the industry. During development, it was important 
that Ready Systems avoid the temptation to specify 
features that might give itself a potential advantage. 
The specification, for example, might have called for 
an interface to an operating system primitive that 
looked similar to one found in VRTX32. If other 
operating system vendors perceived an unfair advan
tage to one player, they would reject the proposal 
outright. This happened to the ill-fated Open Real
Time Kernel Definition (Orkid), proposed as a poten
tial standard by the VFEA International Trade 
Association. Most real-time operating system vendors 
quickly spotted a competitor's product in the Orkid 
specification and rejected it. 

The OBIOS (Open Basic I/O System) specification 



to standardize the basic services layer is in draft form 
and is being reviewed by a number of hardware and 
software manufacturers. 

It's very difficult to judge whether a component of 
a real-time system, such as a specific-speed CPU or 
an operating system, can successfully support the 
performance demands of a given application. The 
selection process for a real-time operating system, for 
example, typically consists of a checklist comparing 
operating system functionality on a feature-by-fea
ture basis, and perhaps a comparison of contest
switching and message-passing times. As might be 
expected, there are significant problems with such 
simple comparisons. 

I Using workloads to simulate real-time systems 
To see how an oversimplified comparison can lead to 
an incorrect conclusion, consider the following exam
ple: operating system A takes 25 µs to send a message; 
operating system B takes 75 µs to send the same 
message. If a choice is made based simply on this 
timing comparison, operating system A would seem 
to be the correct choice since it performs the operation 
three times faster. What wasn't documented, how
ever, was that operating system A had side effects 
from other system calls that could result in worst-case 
delays of several milliseconds. This demonstrates 
that what's important is the behavior of the oper
ating system under realistic conditions where all 
possible side effects and interactions are taken into 
account. 

One way to make meaningful comparisons is to use 
standard benchmarks. For real-time systems, these 
benchmarks should take the form of loads on the 
system that simulate the behavior of real applica
tions. This kind of benchmark is often called a work
load because it tries to simulate the computing load 
and behavior of a real-time system. 

From the point of view of standards development, 
the workloads can be divided into two broad catego
ries: hard real time, where the results must always 
be delivered on time; and soft real time, where results 
can be delivered under less-stringent deadlines. One 
finds most hard real-time requirements in control 
applications where the system performance is mea
sured in strict accordance to deadlines. Many soft 
real-time requirements are found in communications 
applications, where the measure of systems perfor
mance is more throughput-oriented. 

By applying workloads, a system builder can select 
both hardware and software much more intelligently 
early in the design process. The alternative is to wait 
until the end of the development process to find out 
that either the hardware or the software didn't stand 
up to the applications performance demands. 

I Making progress toward general workloads 
Various groups are making significant progress in the 
generation of useful workloads. At the seventh IEEE 
Workshop on Real-Time Operating Systems and 
Software in May 1990, Daniel Kiskis and Kang Shen 
of the University of Michigan gave a paper describing 
a synthetic workload generator that could produce 
workloads typical of real-time applications. Another 
presentation illustrated a workload typical of sonar 
signal-processing applications. 

APPLICATION LAYER 

VIRTUAL MACHINE LAYER 

PROCESS LA YER 

KERNEL LAYER 

BOOT DEBUG 

BASIC SERVICES LAYER 

BIOS 

HARDWARE LAYER 

PHYSICAL LA YER 

The real-time system community will benefit from a refer
ence model such as this that can be used to frame discussions 
and structure the standards process. 

More-generalized workloads have also been re
cently developed. The Rhealstone and Hartstone ef
forts, for example, are benchmarks designed to 
measure general properties of real-time systems. Re
cently, a Distributed Hartstone has been implemen
ted in order to measure the behavior of real-time 
distributed systems. 

There are a number of ways to develop standards 
for workloads. One possibility is that the IEEE Posix 
efforts for real time could include a standard set of 
workloads to validate that Posix compliance isn't just 
functional-for instance, a system meets the Posix 
real-time call interface, but it also behaves correctly 
according to the behavior that the Posix interface 
implies. 

Various industry applications groups could also 
develop their own sets of workloads. The Department 
of Defense, for instance, could produce an avionics 
workload and a signal-processing workload. In all 
cases, it would be very useful for system developers 
to subject potential vendors' hardware, languages and 
operating systems to these workloads to see how these 
systems behave under realistic conditions. 

James F. Ready is executive vice-president of Ready 
Systems (Sunnyvale, CA). 
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Testability: No longer an afterthought 
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testability, but only one 
it. Texas Instruments. 

• • • EE 

Y u've =n the heedline; and 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. l 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 
reliabi li ty 

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.l stand-alone 

'"' MegaChip, SCOPE, an<l ASSET are rrademark.s of Texas 
Instruments lncorporatc.-<l. 
MS-OOS i.sa tra..lemark ofMtcnJS.lft O>rroraucm. 
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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 
Group ()TAG), we contributed to the 
formu lation of the IEEE 1149 .1 standard 
and wholeheartedly support it. We are 
committed to growing our SCOPE 
fami ly of products so that designing to 
the IEEE 1149. l standard will be like 
second nature. 

Your future competitiveness 
depends upon an engineering methodol
ogy where design teams bear the burden 
of testability, manufacturability, 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 1-800-336-5236, ext. 3909, and 
we'll send you our unique floppy disk 
presentation. Just pop it into any 
MS-DOS 1 M-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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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

European consumer products replete 
with mixed-signal, DSP technology 

and will be integrated within Men
tor's Falcon Framework. 

Meeting the DSP requirements of 
European applications is also a top 
priority at the digital business unit 
of SGS-Thomson Microelectronics' 
Semicustom Product Division 
(Agrate, Italy). Product marketing 
manager Christos Lagomichos re
ports that engineers are working to 
integrate a DSP core into a 0.7-µm 
BiCMOS standard-cell library for 
use in European cellular phones. So 
far, SGS-Thomson has worked with 
key customers to integrate the DSP 
core into 1.2-µm standard-cell designs. 
Telecom customers have driven the 
development of the submicron BiC
MOS standard-cell family, slated for 
production sometime next year. 

Barbara Tuck, Senior Editor 

U nlike in the United States 
where a healthy computer 
market is driving the develop

ment of ASICs and application-spe
cific standard products (ASSPs), IC 
technology in Europe is being driven 
by a flourishing consumer market 
that encompasses telecommunica
tions and personal communications 
products. Though CMOS is still the 
workhorse technology in Europe, sil
icon vendors are increasingly looking 
to BiCMOS as an answer to the pro
liferation of mixed-signal designs. 
And as European countries unify be
hind standards, European semicon
ductor makers and U.S.-base d 
companies with a presence in Europe 
are cooperating to implement prod
ucts that conform to those standards. 

Meanwhile, EDA tool vendors are 
addressing software problems that 
designers could meet with the 
mixed-signal technology and digital 
signal processing techniques em
ployed in the slew of European com
munications products. 

Such heavy reliance on technolo
gies like DSP and high-performance 
analog/digital has created the need 
for a new generation of board-level 
and system-level tools, claims 
Graham Symonds, director of corpo
rate marketing at Racal-Redac (Tew
kesbury, England). Racal-Redac is 
developing tools designed to fully ex
ploit technologies such as high-per
formance analog/digital and DSP 
and to make sure they can be prop
erly integrated within systems, ac
cording to Symonds. 

I DSP gets top priority 
The significance of DSP technology 
to European products has prompted 
the European Development Center 
(Leuven, Belgium) to develop as its 
first project a DSP design system 
that implements technology that had 
been funded by Esprit. (Esprit is a 
project involving the joint efforts of 

(Eindhoven, the Netherlands), and 
the Interuniversity MicroElectronic 
Center (Leuven, Belgium)-a re
search institute concerned with 
microelectronics process and design 
technology. 

EDC general manager Herman 
Beke says that the workstation
based DSP design system, the DSP 
Station, encompasses the specifica
tion, simulation and optimization of 
the algorithm; emulation of the sys
tem; automatic synthesis of assem
bly code; and automatic creation of 
an IC through silicon compilation. 
The DSP Station, in mid-project now, 
is financed by Philips and executed 
by the EDC. It will be distributed in 
Europe and other markets through
out the world by Mentor Graphics 

I Vendors back BiCMOS 
BiCMOS will be the mainstream 
technology for mixed-signal ASICs, 
according to Philippe Lambinet, 
business manager for SGS-Thomson 
analog cells and arrays. The analog 
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European countries.) Equity part- 1------------------------------------j 
ners in the European Development 
Center (EDC) include, among others, 
the Silicon Design Division of Mentor 
Graphics (Beaverton, OR), Philips 

Among the /Cs in a typical TV stereo decoding system that meets the European Nicam 
standard fo r digi tal stereo of CD quality are a Texas Instruments Nicam 728 demul
tiplex er, a Philips TDA2545A IF amplifier and demodulator, and a Plessey 5W166 dua/
surface wave f ilter. 
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When it comes to real-time system 
software, Microware Systems Corpora
tion leads the way. Now, we offer two 
books that provide you with complete 
rea l-time solutions - the OS-9 and 
OS-9000 Catalogs. 

Microware offers the broadest range of 
real-time solutions in the industry. Data 
sheets and fl yers 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 sys tems 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 
industri a l automation to consume r 
electronics. 

OS-9000 is a portable rea l-time oper
ating system written in C for advanced 
CISC and RISC processors. The ability 
to port OS-9000 to various hardware plat
forms "future-proofs" your real-t ime 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. 114rh Srreer • Des Moines. Iowa 50322 
Phone: (51 5) 224-1929 • Fax: (515) 224-1352 

M1croware is a registered trademark of M1croware Systems 

Cc.:poration OS-9 and OS-9000 are trademarks of M1croware 

Systems Corporation All olher brand or product names are 

trademarks or registered trademarks o! their respective holders 

MORE CHOICES • MORE OPTIONS •TOTAL SUPPORT 
CIRCLE NO. 17 



I TECHNOLOGY UPDATES 

and mixed-signal business unit of 
SGS-Thomson's Semicustom Prod
uct Division (Grenoble, France) is of
fering customers a 2-µm, BiCMOS 
standard-cell library with 6-GHz 
NPN transistors for designing ASICs 
that can have an analog content of 10 

INTEGRATED CIRCUITS 

that aren't standardized from coun
try to country to digital cellular ra
dios conforming to the GSM's 
European standard. 

Analog Devices' next step in the 
GSM digital mobile radio project
integrating the DSP portion with the 

DESIGN SPECIFICATION FOR DSP STATION DSP Station, a 
workstation
based DSP design 
system, is based 
on a signal-flow 
graph represen 
tation of an algo
rithm. Users 
specify the algo
rithm graphically 
by using a schem
atic editor or text
ually by using a 
special algorithmic 
language, Silage. 

FILTER 
OPTIMIZATION 

to 90 percent. 

SCHEMATIC 
ENTRY 

The BiCMOS process, born as a 
bipolar process, is designed to accom
modate high-performance analog 
circuitry, says Lambinet. For block
type design, the standard-cell library 
includes macrocell generators for 
PLAs, SRAMs, ROMs and-starting 
in first-quarter 1991-EEPROMs. 

Though the Semicustom IC Unit 
of the Siemens Semiconductor Group 
(Munich, Germany) doesn't yet offer 
BiCMOS libraries, senior director of 
IC sales and marketing Hans-Peter 
Bette claims that experience in ECL 
gate arrays and state-of-the-art 
CMOS give Siemens the expertise 
required for a BiCMOS process. 
Bette says that Siemens will do a 
BiCMOS product announcement 
when market needs are more clearly 
defined. Siemens directs mixed ana
log/digital telecom designs, aimed at 
a specific application but multiple 
users, to a Siemens ASSP unit where 
IC and system design experts inter
act closely with customers. 

The focus of engineers at the 
European ASSP unit of Analog De
vices (Limerick, Ireland) is the inte
gration of the analog acquisition and 
baseband conversion portions of a 
digital mobile radio that conforms to 
the European Standard of GSM 
(Groupe Speciale Mobile). By July 
1991, Europeans are expected to 
have made Lhe switch from band
width-limited analog cellular radios 

SILAGE 

combined acquisition and conversion 
circuitry-will require BiCMOS, 
says marketing manager Kevin 
Styles. Analog Devices has a fully 
integrated 2-µm BiCMOS process in 
production and is moving toward a 
higher-performance BiCMOS pro
cess. "Meanwhile, what we miss in 
performance, we make up for in func
tionality," he says. "Our strength is 
maximizing the performance of tech
nology in the analog domain." 

I Standardization efforts 
Also working on the GSM digital mo
bile radio is Texas Instruments' 
European ASIC Product Group (Bed
ford, England). TI is addressing the 
basic voice-processing functions re
quired for the pan-European cellular 
radio. Implemented in Tl's 1-µm Epic 
CMOS process, a standard-cell GSM 
digital voice processor contains a 
DSP core optimized to execute the 
voice algorithms defined by the GSM 
specifications. 

European ASIC product grou p 
manager Clive Hoggar reports that 
one-fifth of Tl's business in Europe 
is consumer-oriented, withASICs go
ing into cellular phones and radios, 
as well as TV applications such as 
teletext and stereo sound. To meet 
the growing demand from customers 
for a European silicon source, TI is 
building a fabrication facility outside 
of Rome in Avezzano, Italy, and is 
also sourcing silicon in Freising, Ger-
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Will FPGAs be hot in Europe? 

C ouple the fact that Europe, at any 
given time, is about 12 months behind 
the United States in ASIC density with 
the conseNative spending habits of 
Europeans, and it would appear that 
the European market is ripe for FPGAs. 
According to Mike Inglis, manager for 
Texas Instruments ' European ASIC 
Product Group (Bedford, England), 
Europeans are very excited about the 
FPGAs being made and shipped by Tl 
through an agreement with Actel (Sun
nyvale, CA) 

"Europeans don't like to waste 
money," says Inglis. He reports that 70 
to 80 percent of the ASICs designed in 
Europe actually go to market (in the 
United States, the percentage of ASIC 
designs that make it into products is 
quite small), and suggests that "FPGAs 
can address telecom applications where 
only a few thousand units are required 
a year and can also be used for bread
boarding automotive applications be
fore production." 

FPGAs will open the ASIC market up 
to distributors, according to Inglis. He 
expects that new FPGA customers will 
come from among those not using 
ASICs right now. 

Peter Bingham, FPGA marketing man
ager at GEC Plessey Semiconductors 
(Swindon. United Kingdom). agrees 
with Tl's Inglis that FPGAs will broaden 
the ASIC market. Bingham sees interest 
in Plessey's Electrically Reconfigurable 
Arrays (ERAs) coming from customers in 
Spain designing ICs for the first time. 
He says that the FPGA market is "smal
ler than one would expect in Europe," 
and adds that the major market is in the 
United States. 

Plessey, having realized that the fine
grained architecture of its ERAs is a dis
advantage as far as usable gates go, is 
trying to exploit the ERAs' in-circuit 
reconfigurability. Though denser devices 
to be introduced next year will be simi
lar in architecture, ERAs of the following 
generation will have a new architecture. 
Since Actel and Xilinx don't have a 
strong presence in Europe, Plessey ex
pects its strongest European competi
tion to come from Tl. 



. ' ' 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. ™ (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 

4 MB on·board DRAM 
Solid State Disk Option 

SBC88 10 MHz 8088 
1 MB on-board DRAM 
EGA/CGA/PGAII-!ercules 
Floppy/Hard Disk Controller 

1386 16/20/25 MHz 80386 
16 MB on-board DRAM 

N88 10 MHz 8088 
1 MB on-board DRAM 
'>olid State Disk Option 

I-Bus 
PC 'Jechnologies 

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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MSJ offers the greatest range of hand 
controls, in more sizes, configurations 
and w ith more options than anyone else. 
Jn force and displacement type 
joysticks, trackballs and handgrips, MSI 
gives you off-the-shelf cost effectiveness 
with nearly open-ended customization 
options. 

Whether your application is com
mercial, industrial, medical, scientific or 
military , w hatever the operating 
environment - from the shop floor to 

outer space - MSI can deliver the precise 
control that meets your specifications, 
.schedule and budget. For any application 
that demands the ultimate in hands 
on technology, specify and insist on MSI 
controls. All quality built for 
maximum value. 

When you need a solution to a 
technical control problem, call us and 
we'll be there. More information about 
MSI precision engineered controls is 
yours for the asking. 

Hands on Technology 
Measurement Systems, Inc., 

121 Water Street, Dept. 8111 South Norwalk, Connecticut 06854 USA 
Phone: (203) 838-5561 Fax: (203) 853-6244 

A Dover Technologies Company 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

many. "The 1992 scenario has 
driven investment into Europe," 
says Hoggar, "including equipment 
and manufacturing. Suddenly, 
Europe is the biggest market in the 
world-a single market with no 
trade barriers." 

In fact, says Hoggar, TI is being 
pushed to add Eastern European 
languages to its 1-µm standard-cell 
Unitext decoder, which implements 
teletext processing. Teletext is a 
free European service that involves 
the use of broadcasting capabilities 
for displaying data such as news, 
flight information and stock prices 
on home TV screens. TI has de
signed its Uni text decoder to be up
gradable to include Czechos
lovakian, Polish, Turkish and 
Hungarian, should the need arise. 

TI has also used its 1-µm stan-

European silicon 
vendors increasingly 

look to BiCMOS as 
an answer to the 

proliferation of 
mixed-signal designs. 

I I I 

dard-cell technology to develop a 
macrocell to form part of a voice 
coder for the new generation of dig
ital cordless telephones that are 
emerging in Europe. That market, 
estimated by TI to be the fastest 
growing this decade, is being driven 
by the CT2 specification of the 
United Kingdom. The CT2 spec 
aims to create a Telepoint service 
whereby anyone with a CT2 hand
set can log on to a base station, 
located in a public place, with user
specific protocols and make a phone 
call via the public network. 

To address the stereo TV market 
in Europe, TI has developed a stan
dard-cell ASIC that descrambles 
and deinterleaves a Nicam 728 data 
stream. Nicam--0r near instanta
neous and companded multiplex
is the European standard for digital 
stereo of CD quality. The TI digital 
stereo demultiplexer provides out
put to industry-standard digital-to
analog converters. Also contribut-
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The Multibus II product line has changed. 
We've dramatically reduced your costs 

and added dozens of products. And that's 
great news when your designs call for more 
than a PC. 

Today, our Multibus II system with a 386'" 

CPU, disk, tape, and 4MB of RAM is priced at 
just $9,995. 

And the costs of our Multibus II single 
board computers are down as much as 47%. 

Now you can build the Multibus II disci
pline right into your system for the price of 
VME or EISA. Multibus II 's new MPI bus inter
face chip is perfect for building simple analog, 
digital, or serial interface boards. It costs just 
$40 in quantities over 100. 

The Multibus II product line has expanded, 
too. In the last year alone, we've added over a 

dozen 1/0 and CPU board products. And you 
can choose from the more than 500 Multibus II 
products on the market, including 150 full-size 
Multibus II boards. 

Need help migrating from VME? Our single
slot VME-to-Multibus II adapters will give you 
a jump on switching your custom VME boards 
to Multibus II. 

To view the entire expanse of Multibus II 
products - from over 100 vendors- call Intel 
at (800) 548-4725, Dept. AA60. Ask for a free 
copy of the 1990 Multibus 11 Product Directory. 

So don't delay. Call now, and start a change 
for the better. 

© 1990 Intel Corporation. CIRCLE NO. 20 



IN THE ERA OF MegaChi12'" TECHNOLOGIES 

APPLYING Tl's BiCMOS 
With more than 50 BiCMOS logic 
functions from Texas Instruments, 
you can beat tough bus-interface 
design challenges. Our free 
SamplePacs will show you how. 

·- · • ~f~ ~ : : : •• 
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-....... ...... - ... . . . . . . . . . 

S pecially designed Im use in bus· 
interface applications, our growing 
BiCMOS logic family can make 
the difference in getting data on 
and off the bus faster. These ad
vanced functions that combine 
the best of bipolar and CMOS 
can help you attain higher system 
performance levels. 

Lowering power, 
maximizing speed 
For example, our BiCMOS devices 
can help you minimize power dissipa
tion and maximize speed. Disabled 
currents are reduced by as much as 
95% and active currents by as much 
as 50% compared to advanced 
bipolar equivalents. 



DIFFERENCE 
In fact, your system power savings 

can amount to more than 25%, and 
you should experience reduced 

switching noise as well. 
Yet you can maximize system 

speed. Switching speeds are 
comparable to advanced bipolar 

devices and provide the high drive 
current required for today's industry
standard buses (48/64 mA commer
cial, 24/48 mA military). 

Gaining even greater perfonnance 
If you need even lower power and 
higher speeds, our submicron 
Advanced BiCMOS (ABT) 
family is the choice for you. 
Planned devices include 8-, 9-, 
and 10-bit buffers/drivers, trans
ceivers, latches, registers, and 
registered and latched transceivers. 

Our broad BiCMOS family also 
includes unique functions that can 
help you more quickly meet the 
design challenges involved with inci
dent wave switching, driving MOS 
memories, and system testability. 

Assuring incident wave switching 
Wider word widths and additional 
cards on backplanes are requiring 
higher drive currents to assure 
incident wave switching. 
Our BiCMOS family delivers. With 

our low-impedance line drivers, you 

get more "instantaneous" current 
even when impedances are as low as 
25 ohms. You minimize transition 
"flat" spots that can degrade speed or 
cause oscillation at the 
receiving devices. 

Managing MOS 
memory loads 
MOS memory array 
interfaces create the high-capacitive 
loading environments that can result 
in overshoot and undershoot condi
tions. As a result, system reliability 

suffers. To handle 
this situation , our 

_ BiCMOS memory 
drivers incorporate 
a series damping 

resistor output structure that delivers 
advanced system performance when 
driving 256K, lM, and 4M DRAMs. 

Building in testability 
with SCOPE 
It is becoming more difficult to 
accurately test today's highly 
integrated boards and systems, but 
Tl's BiCMOS family contains your 
solution: SCOPET" (System Control
lability and Observability Partitioning 
Environment) octals. 

. . . .. ........... .. . . . . 
TM Trademark of Texas Insrrumerns lncorpcx-ated 
© !9WTI 00-0176 

Used in place of standard octals, 
SCOPE devices allow specific cir
cuitry within an assembled module, 
board, or system to be isolated for 
verification and debugging without 

manual probing. Currently, 
our BiCMOS family 
includes an octal buffer, 
transceiver, D-type latch, 
and D-type flip-flop. 

Tl's SCOPE products are the first to 
conform to the Joint Test Action 
Group (]TAG) specifications adopted 
by the IEEE 1149 .1 Test Standards 
Committee. 

Get your free SamplePac and 
sample our BiCMOS difference; 
call 1-800-336-5236, ext. 3008 
You can take your choice of our 
BiCMOS SamplePacs containing a 
free BiCMOS device, our latest 
advanced logic brochure, plus 
appropriate product data. Just call the 
number given above, or use the return 
card to let us know which SamplePac 
you need to begin applying Tl's 
BiCMOS difference. 

TEXAS ,,, 
INSTRUMENTS 



tf;e ost appropriate 
combiriation of chassis size, 
basic configuration, card cage, 
mass storage, 
power supply, 
110 panels, 
cooling and 
enclosure. 
Zoltech's 
modular 
chassis 
concept 
allows your 

.. I' ..__ ..-
. . , .. I-

VME system to be optimized for specific 
applications and environments. 

Low Prices and Fast Delivery 

ml 

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 rea lly isn't low-cost if it 
fa ils in the field . Zoltech's unique positive
pressure, filtered air cooling system insures 
that your machine wi ll run clean and coo l. 
The EMI shielding integri ty 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: 
VLV- 11/M odel 30 
chassis, twelve 
6Ux 160 slots, 68020 
CPU, SMB memory, 
18 serial channels, 
flopp y, cartridge 
tape, dual 
Winchesters, 400W 
power supply, eight 
fa ns, in tower 
enclosure. 

7023 Valjean Avenue, Van Nuys , California 91406 USA 
t818) 780-1800 FAX (818) 780-1978 

Representative and dealer inquiries are invited . 
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THANK YOU! 
More and more of you have 

been rating Computer Design 
Number One in our readership 

studies. Thanks for the vote of 
confidence, and we'll continue 
to live up to your expectations. 
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ing to the development of the Nicam 
TV stereo sound decoding system 
are Philips with a dual-surface wave 
filter and GEC Plessey Semiconduc
tors (Swindon, United Kingdom) with 
an IF amplifier and demodulator. 

I Cooperation can't hurt 
The development of an interactive 
CD, specified by Philips with major 
components supplied by Motorola 
(Munich, Germany), represents an
otherinstance of mutual cooperation 
between European and U.S.-based 
silicon vendors . Motorola recently 
announced a CMOS 32-bit inte
grated processing unit with a pair of 
fast on-chip DMA channels that 
make it ideal for the high-speed data 
transfers required by the Philips 
CD-I. According to Gerd Westphal, 
ASIC operation manager for Motorola 
in Europe, "the CD-I is proof of excel
lent cooperative efforts and the shar
ing of silicon know-how." 

Such cooperative efforts between 
U.S. and European vendors could 
give the Western world the edge it 
needs to compete in what has come 
to be a truly international semicon
ductor market. If the United States 
begins to look to Europe for techno
logical partnerships as much as 
Europe looks to the United States, 
the United States might gain 
ground in the semiconductor race
or at least avoid losing any more 
than it already has. • 

For more information about the technologies, 
products or companies mentioned in this ar
ticle, call or circle the appropriate number on 
the Reader Inquiry Card. 

Actel 
(408) 739-1010 
Analog Devices 
353-06129011 

........ . .. . .... Circle 262 

.... Circle 263 
GEC Plessey Semiconductors 
44-0793518000 ................... Circle 264 
Mentor Graphics/ Europe 
33-13067 1000 . . ........ .. ... Circle 265 
Motorola 
49-8992103118 . 
Philips 

. .. ... Circle 266 

31-40791 111 .. . ... ...... .. . . .... Circle 267 
Racal-Redac 
44-0684294161 . . ......... . ... . Circle 268 
SGS-Thomson/digital unit 
39-6379133 . . ......... Circle 269 
SGS-Thomson/analog unit 
33-76585609 . . ............. Circle 270 
Siemens Semiconductor Group 
49-8941448080 . . ... . ............. Circle 271 
Texas Instruments 
44-02342701 11 ................... Circle 272 
Xilinx 
(408) 559-7778 ... . .... .. ... . ..... Circle 273 
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Intel wades into palmtop fray with 386 SL 
Ron Wilson, Senior Editor 

H ard on the heels of the Ad
vanced Micro Devices (Sun
nyvale, CA) announcement of 

its 286 single-chip motherboard 
product, Intel (Santa Clara, CA) has 
joined the battle of the palmtop-the 
contest to minimize the chip count 
for an ISA bus personal computer. 
Intel's new product, the 386 SL Su
perset, has good news and bad news. 

On the good side, the CPU is 
based on the 386 rather than the 286 

architecture. On the bad side, the 
product is- as the name hints-a 
set: it takes two chips to complete 
the core logic. 

The first Intel package comprises 
an extended but code-compatible SX 
CPU, cache controller with tags , 
DRAM controller and ISA bus con
troll er. The second chip , the 
82360SL, carries the remainder of 
traditional personal computer core 
logic, including timers, interrupt 

THE 386 SL SUPERSET 

80386SL MICROPROCESSOR 82350SL VO SUBSYSTEM 

SAAM OR 

DRAM MAIN 
SYSTEM 

MEMORY 

SYSTEM 

TIMING 

CPU POWER 
MANAGEMENT 

LOGIC 

PERIPHERAL TWO 
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LOGIC 

controller, DMA controller and real
time clock. The part adds parallel 
and serial interfaces and consider
able additional hardware to support 
a new power-management scheme. 

Based on a first look, the SL Su 
perset won't automatically drive the 
competition out of even the palmtop 
PC market-the SL solution won't 
be much more compact than existing 
single-chip SX products from Opti 
(Santa Clara, CA), Headland Tech-
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Intel's 386 SL 
brings a full 32-bit 
CPU to the space
and power-con
strained world of 
notebook comput
ing. The company 
shrank a whole 
motherboard chip 
set- including a 
cache controf/er
into two pack
ages. Less ob
vious, but more 
important, the 
Intel architects 
have broken new 
ground in power 
management, in 
cluding several 
new hardware 
features to help 
conserve battery 
life. 
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Unix Systems That Fit Your Image. 

Mizar's Optimum Systems match your application style. 

[!lo Unix® systems reflect their developers? Or are 
developers shaped by their machines? With the 
Optimum™ Family of Unix products from Mizar, you 
do the shaping, all according to your application 
needs and cost objectives. 

Optimum Unix solutions range from pre-tested 
board and software kits to completely integrated 
systems. They're the kind of products you can easily 
tailor to meet unique application requirements. Best 
of all, the Optimum Family provides all the features 
and performance of the finest Unix workstations, but 
without their restrictive packaging and limited 
upgradability. 

Based on the VMEbus, the 68030, and a high
speed memory architecture, Optimum systems are 
true performers. And our Berkeley 4.3 Unix with 
NFS™ and X.11 Windows™ support provides the 
ideal environment for both development and 
deployment of Unix applications. You can even 
develop on Sun workstations for later transfer to 
Optimum application systems with little or no change 
in source code. 

TRFS and Optimum are trademarks and Mizar is a registered trademark of 
Mizar Inc. or its subsidiaries. Other names are trademarks of their respective 
manufacturers or holders. 

But Optimum's capabilities don't stop at the 
basics. Designed specifically for high performance 
Unix applications, the Optimum family offers special 
features such as the Transparent Remote File 
System, TRFS;M for file sharing and networking at 
twice the speed of TCP/IP over Ethernet:M For 
multiprocessor applications, our unique clustering 
approach allows you to integrate multiple Unix 
processors in a single VME chassis. 

Finally, Optimum products are backed by the 
best warranty, factory service, and technical support 
programs in the business. The Optimum solution 
doesn't just include hardware and software, but the 
personal attention you need to get your application 
running in record time. 

If ordinary Unix products aren't your style, the 
Optimum Family probably is. Call today for more 
information on how we can serve your Unix 
application needs. 

1-800-635-0200 

MIZAR 
1419 Dunn Drive I Carrollton, Texas 75006 

(214) 446-2664 I FAX (214) 242-5997 
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nology (Fremont, CA) or Chips and 
Technologies (San Jose, CA). But the 
SL will have a unique system-level 
solution to managing power con
sumption and a system-level attack 
on product size. These, rather than 
an integrated 386 processor, may be 
the telling features. 

I Compactness t rade-off 
Intuitively, a design that integrates 
much of the PC core logic onto the 
CPU chip ought to have the edge in 
compactness. But that isn't neces
sarily the case until you can do the 
whole job. Starting with the much 
smaller 286 core, AMD could get ev
erything on one die. Starting with 
the bigger SX, Intel could not. 

"There were a couple of reasons 
why we didn't go for a single-chip 
solution this time," explains Intel 
marketing manager Bruce 
Schechter. "To begin with, because 
of the type of design tools we used, 
and because the SX doesn't have any 
big areas of very regular patterns 
such as cache RAM, the SL CPU die 
is almost as big as the 486 die. So 
we couldn't economically put much 
more on the chip. 

"Also, there was the matter of 
packaging. As it's configured, we fit 
the part into a new Intel-developed 
227-lead land grid array (LGA). The 
package is like a pin grid array, but 
has metal pads instead of pins." The 
pin count would have gone up sub
stantially if the functionality of 
Intel's two chips had been combined. 

So Intel ended up with two pack
ages: a 227-pad proprietary and a 
196-pin plastic quad flat pack. The 
set doesn't require external ISA bus 
or DRAM drivers, but it will need 
external cache SRAMs-ifthe archi
tect wishes to use cache-a new 
8051SL keyboard controller and, of 
course, external DRAMs. 

Existing SX solutions can just 
about match that chip count, and 
with standard packaging. "Our HT-
21 chip needs only the CPU, three 
TTL packages, a real-time clock, 
keyboard controller and DRAM to 
complete the system," says Bert 
McComas, the director of single-chip 
products at Headland. "For note
book PCs, we have the highest-inte
gration chip on the planet," m adds. 
Like the Chips and Technologies 
SCATsx, Headland's solution is de
signed to run with page-interleaved 
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DRAM and will work with 20-MHz 
processors. 

Neither of these single-chip logic 
products, though, contains an on
chip cache controller-that feature 
comes on the Opti 82C281, but at 
the cost of a total motherboard chip 
count around 20. ''With the SRAMs 
and everything, cache nearly dou
bles the space taken up by the sys
tems logic and substantially in
creases the cost," McComas says. 
"Customers who are after this level 
of integration usually aren't willing 
to spend that much for a small in
crement in performance." 

But even with a cache controller, 
Intel hesitates to make performance 
an issue with the SL. Schechter ar
gues that the 386 SX is an enabling 
technology for the very-small-com-

11People should 
see this as an interim 

solution on the 
way to a real PC 

on a chip. 11 

-Bruce Schechter, Intel 

I I I 

puter market just because of its 32-
bit architecture. "Packages such as 
Windows are very much an issue for 
notebook PCs," he maintains. "And 
handwriting technology is becoming 
important. These things require 
386-level performance." Yet in dis
cussing the design of the SL's 
unique, 16-bit line-size tag architec
ture, he explains, "This isn't a clas
sical cache architecture. We've given 
priority to minimizing power con
sumption rather than to maximizing 
performance. So we make every at
tempt to minimize bus activity." 

In fact, if there is a theme to the 
Intel announcement, it's not inte
gration or performance, but power 
management. In designing the pe
ripherals or the cache controller
even in modifying the system model 
of the CPU-the company has gone 
to great lengths to save every drop 
of battery energy. 

The designers started by recog
nizing a software problem with ex
isting power-management schemes. 
"The way systems are done today, 
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DOS has the whole address space," 
Schechter says. "That means there's 
no space available for power-man
agement code, so you have to do 
special drivers, and even then you 
run into conflicts-for instance, on a 
lot of laptops the suspend key won't 
work with protected-mode software 
such as Windows." 

Intel's solution is a new inter
rupt-the System Management In
terrupt (SMI)-and a complete set 
of hidden resources, including mem
ory pages, I/O addresses and special 
registers, all reserved for power
management routines. When a situ
ation arises that requires interven
tion of power-management code, the 
system can assert the SMI, giving 
control to entirely implementation
specific routines that are invisible to 
the normal DOS environment. Then 
the software can turn devices on or 
off, refresh memory or do whatever 
else is required. 

In support of this concept, the 
82360SL I/O chip brings some 
rather specialized hardware. 
There's the Ideaport-a set of six 
uncommitted lines with their own 
dedicated timers. The lines would 
ordinarily be used to power up pe
ripheral devices , and the associated 
timers would announce, via SMI, 
when the peripheral had remained 
unused for some length of time. 

In addition, I/O address-recog
nizer hardware stands watch for at
tempts to address peripherals that 
are currently powered down, again 
triggering an SMI. An executed-in
struction FIFO in the CPU gives a 
record of activity, so power-manage
ment software can figure out just 
what the CPU did to trigger the 
recognizers. 

I Power-saving design 
At a deeper level , Intel has done a 
completely static design for the 386 
SL chip. Thus the processor can be 
shut down without having to save 
registers. Similarly, the I/O chip can 
be anesthetized until nothing in the 
system is running but the real-time 
clock and the DRAM refresh timer. 
Even the 80387 SX, notoriously re
sistant to power-saving measures, 
has been somewhat tamed. The nu
meric coprocessor lives on the cache 
bus in the SL system and receives its 
clock from the CPU chip . In this 

Continued on page 42 
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WHEN MANY TuINGS COME lbGETHER, 
BREAKTHROUGHS HAPPEN. 

"' ;·:;; "' :;,;/ 

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

The world's fastest DSP product 
family is now together as a com
plete system solution from Array 
Microsystems. We started by gather
ing world leaders in digital signal 
processing to build a new company 
dedicated to supplying the next 
generation of DSP. Our products 
are a response to the needs of 
E-Systems, Tektronix, United 
Technologies, and our other indus
try development partners. Together, 
we pioneered VAST'" tech
nology, the first 
architecture 
to perform a 
complete DSP 
algorithm while 
operating on entire 
arrays of data in parallel - in 
real time, on a single silicon chip. 
Not only does array processing make 
400 million operations per second 
possible, its high-level instructions 
make programming nearly trans-

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

Array A66 

I processor 131 13.1 
mSec 

2.3 
MHz µSec 

Fully cascaded 26µSec 
(5) 

I.Gm Sec 
(8) 

25MHz 
(13) 

parent. For example, eight simple 
instructions execute a complex 
64K-point FFf. 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 
I Cs 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 
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Controller (PAC) manages the entire 
system, including address genera
tion for DASP and memory, and 
1/0 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. 
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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 

A basic companson Record all state and tlmmo data 
on an 8 bit m1eraprocessor with multiplexed bus, 
B·blls IOI' acld1ess. 3 control signals anCI a clOCk 

Probing: 
Channels used 
One connection 

Setups 

Interfaces to learn 

Integrated 
state & timing 
triggering 

State & timing data per pin 

Price 
Footnotes: 1) 8 channels lost to de·mulUplexing 
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Tek Phlllps 
PRISMIMPM PM 3580/30 

these analyzers simple to 
learn and use. 

482 

No 

Two+ 

Two+ 

No, only 
indirect 4-bit 
Teklink 

No 

$8600 

20 
Yes 

One 

One 

Yes, 
8 levels 

Yes 

$4250 

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. 

2) De-multiplexlng reQulres double probing and only nine high-speed channels on Msic unh 

What's more, captur
ing an elusive 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. 

7 a 

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, MIS 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. 

FAST ANSWERS. 
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Continued from page 38 
configuration, the CPU can divide 
the FPU clock by 16 when no float
ing-point instructions are pending, 
and the power-management soft
ware can checkpoint the big chip and 
shut it off completely during a 

INTEGRATED C//RCU/TS 

suspension. 
Complementing its attention to 

the power-management issue, Intel 
has begun to address the other cru
cial need of notebook and palmtop 
system designers: compactness. The 
company has announced a series of 

Small Wonders 
Mizar packs up to 4 MB on Its slngle-helght 68020 and 
68030 VME CPU boards. 

Mizar's MZ 8120 and MZ 8130 Series are the compact, 
flexible solutions for your application. With a 68020 or 68030 
processor and one or four Mbytes of dual-access DRAM, 
they're perfect for applications where space is tight and 
performance can't be sacrificed. And with Mizar's MXbusr"' 
expansion interface, you can tailor custom double-height 
boards based on a single-height CPU. 

When you choose Mizar, you've got a VMEbus partner 
you can rely on. No one is more experienced than Mizar, 
because we were the first company to introduce single
height boards. Today, Mizar provides high-performance 3U 
CPU boards based on the 68010, 68020, and 68030, as well 
as memory, 1/0, and peripheral controllers. Complete 
technical support and integration services are also available. 

It's no small wonder that more and more engineers are 
turning to VME boards from Mizar for the toughest 
applications. Find out how you can benefit. Call today. 
1 ·800-635-0200. 

Mizar The shortest dis tance between concept and reality 

MIZAR 
1419 Dunn Drive I Carrollton, Texas 75006 1214-446-2664 / FAX 214-242-5997 

MXbus is a trademark and Mizar is a 
registered trademark of Mizar Digital Systems, Inc. 
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products , drawn from a number of 
Intel divisions, to reduce the size of 
the rest of the notebook system. 
These include a power-managed 
8051 keyboard controller, a single
chip VGA controller with LCD capa
bility and a pair of modem chips. 

The flash memory operation in 
Folsom, CA, is also contributing, 
providing both a flash-based BIOS 
and a series of flash memory cards 
in 1- to 4-Mbyte capacities, based on 
the Personal Computer Memory 
Card International Association/ 
Japan Electronic Industry Develop
ment Association (PCMCIA/JEIDA) 
memory card standard. More in
triguing, the company will use the 
same JEIDA format for a series of 
chip-on-board I/O functions, begin
ning with modem and lOBaseT con
nectivity cards. 

Taken as a whole , then, the Intel 
introduction appears rather differ
ent than at first glance. Rather than 
betting on the technical appeal of a 
more-integrated CPU chip-not an 
unfamiliar approach for Intel-the 
company has structured a system 
solution for tiny computers around 
its 386 SX core. Individually, the 
parts may not be more compact
and certainly won't be cheaper
than competing single-chip SX solu
tions; but the package may offer new 
leverage in the control of both power 
consumption and space. 

And there is another, more omi
nous message for competitors in the 
Intel system sell . "People should see 
this as an interim solution on the 
way to a real PC on a chip," advises 
Schechter. "It's already our assump
tion that a VGA controller is part of 
that future product, for instance." 

How far will Intel take the inte
gration process? Schechter hints: "We 
spent the time to develop the LGA 
package ourselves. For this product, 
the LGA is important, but in the next 
generation, it will be necessary." • 

For more information about the technologies, 
products or companies mentioned in this ar
ticle, call or circle the appropriate number on 
the Reader Inquiry Card. 

Advanced Micro Devices 
(408) 732-2400 . . . . . . . . . . . .. Circle 205 
Chips and Technologies 
(408) 434-0600 . . . .Circle 206 
Headland Technology 
(415) 656-7800 . . . . . . . . . . . . . . . . . .Circle 207 
Intel 
(800) 548-4725 ....... ... ...... .... Circle 208 
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For RISC, future may lie in integration technical marketing engineer Phil 
Bourekas. "And having the cache on 
the chip eliminates the need for ex
ternal 8-ns SRAMs." Ron Wilson, Senior Editor 

N ow that RISC processors are 
established in the worksta
tion and departmental com

puter niches, vendors are turning 
their attention to new horizons
high-volume embedded applica
tions, personal computers and ever
faster workstations. But it's 
becoming clear that existing RISC 
implementations-MIPS or Sparc
won't get into these new areas. For 
the embedded or mass-market PC 
arenas, workstation-oriented chips 
demand too high a system cost and 
are too difficult to work with. And the 
problems of chip interconnect are 
limiting the future of stand-alone 
CPUs at the high end. In all these 
applications, the future of RISC may 
lie in greater integration. 

Three recent RISC introductions 
involving the MIPS R3000 architec
ture illustrate two paths to a new 
level of integration. Two, from Inte
grated Device Technology (Santa 
Clara, CA) and LSI Logic (Milpitas, 
CA), pick and choose among support 
devices to produce single-chip MIPS 
cores. The third, also from LSI, uses 
chip-on-board module technology to 
wring performance out of the R3000 
while flushing complexity out of the 
design cycle. 

"We aimed at the applications 
where the 68020 has ruled for 
years," says Bob Rowe, IDT market
ing manager. "We intend to come in 
with a similar-sized part, at 15 Mips 
instead of2 Mips, and with a similar 
price-as low as $30 in quantity." 

I Carefully selected chips 
To achieve these goals , IDT picked 
carefully among the array of expen
sive chips that surround the R3000 
CPU in a workstation. The designers 
eliminated parts that didn't contrib
ute to the typical embedded applica
tion, such as the floating-point co
processor interface, but left features 
that did get used-for example, the 
on-chip MMU, which is vital to X 
Windows terminal developers. Then 
the chip designers integrated essen
tial parts onto the CPU die . "We 
talked to a lot of customers," Rowe 
says, "and came up with a general 
rule: don't constrain the chip with 

application-specific hardware, but 
use the silicon to build an execution 
engine." 

The philosophy led IDT designers 
to integrate a 40-MHz R3000 core 
with instruction and data caches-4 
and 2 kbytes, respectively, for the 
low-end 79R3051-on one die . They 
added a bus controller, thereby en
capsulating the R3000's infamous 
critical paths within the silicon. "We 
were able to eliminate complexities 
such as the reset state machine and 
the clock sequencing logic," says 

LSI Logic took a similar tack with 
its LR33000 CPU. The LSI chip also 
starts with a MIPS R3000 CPU and 
adds caches and a bus interface. But 
the 33000 uses a different mix of 
caches, provides a novel, embedded
system-oriented bus, and throws in 
a timer module as well. 

"At 8 kbytes , ours is the biggest 
on-chip instruction cache of any chip 
out this year," says LSI marketing 
manager Rob Tobias. "Based on code 
samples from embedded designs , we 
determined that it was important to 
spend silicon area on a larger in-
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While embedded computing requires the speed of RISC, it can't always tolerate the 
complexity of the early workstation-oriented chips. IDT's answer is a high-integration 
single-chip CPU that meets the needs of control applications. The part squeezes small 
instruction and data caches onto the MIPS R3000 CPU chip, saving users from the leg
endary problems of the R3000's fast cache bus. 
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struction cache, and that it was ac
ceptable to cut the size of the data 
cache down to 1 kbyte." 

To further reduce the problems 
designers must face in working with 
a 40-MHz parallel bus, the 33000 
carries an on-chip DRAM controller 
that can directly drive modest-sized 
DRAM memories. The bus also has 
provision for multimaster DMA with 
bus snooping, including a quick 
DMAmode in which the CPU drives 
the DRAM lines, and the peripheral 
device simply provides data. Addi
tional bus modes include more-tra
ditional synchronous 32-bit opera
tion and a direct 8-bit mode with 
gathering, primarily used with 
ROMs and peripherals. The chip 
provides chip selects and wait-state 
generation as well. 

While the 33000 clearly shows the 
effects ofLSI's work with embedded 
computing customers, another proj
ect at the same company is derived 
from workstation needs, and has 
taken an entirely different approach 
to integration. 

I Move to modules 
LSI sees a lot of medium-speed 
R3000 applications taking longer 
than necessary. "People are slow get
ting into production because of the 
critical timing on the R3000," says 
Dirk Smits, director ofLSI's subsys
tems development operation. "That 
led us to develop the module technol
ogy we call Ngine." 

The Ngine is a chip-on-board mod
ule incorporating a 25-MHz R3000 
CPU, an R3010 floating-point chip, 
LSI's 3220 read/write buffer IC, 
some bus buffers, reset and clock 
logic, and 32 kbytes each of instruc
tion and data cache. The finished 
module is only 12.3 in. 2 and connects 
to the main board through a demul
tiplexed bus on a 100-pin connector. 

Working with a technology part
ner, LSI has pulled out the stops to 
manage lead length and heat on the 
module. ''We mount a heat sink di
rectly on the board, with a copper 
window embedded into the board it
self," says Smits. "Then the CPU die 
is mounted on the copper window 
and connected to the board using 
conventional wire-bonding tech
niques. It's a process used exten
sively in consumer electronics, and 
by eliminating the lead frame it 
gives us better control over electri-
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cal, thermal and economic factors." 
That control will become more im

portant as LSI continues up the 
speed curve to 40 MHz. "At that 
speed, getting off-chip delays down 
to 1 ns is critical," Smits says. "We 
believe we can get there with this 
chip-on-board technology." 

Cypress Semiconductor's Ross 
Subsidiary (Austin, TX) sees a sim
ilar use for module technology in the 
Spare family. "With modules, you 
can control capacitance. And be
cause you get to match the parts 
yourself, you can eliminate guard 
bands on speed," says Pete Sim
mons, Ross program manager for 

11At 8 kbytes, ours is 
the biggest on-chip 
instruction cache of 

any chip out this year. 11 

-Rob Tobias, LSI Logic 

I I I 

Spare systems products. "So you can 
run at 50 MHz with what are nom
inally 48-MHz parts. But the big 
issue is that at these speeds, CMOS 
is just maxed out trying to drive 
long traces-a module lets you con
trol the trace lengths." 

Ross is investigating a number of 
module technologies, including both 
alumina-on-ceramic and silicon wa
fer approaches. "It makes sense to 
put the integer unit, the FPU, the 
cache MMU and the cache RAMs in 
the module ," says Simmons. "In 
fact, you can put anything you want 
in there as long as you define the 
interface to the outside world." 

This ability to hide what's going 
on inside the module can become 
extremely important as speeds 
climb. "It gives you kind of a second 
layer of indirection," Simmons says. 
"If you have to use 3.3-V logic or 
ECL to get your performance, you 
can do it. And the customer won't 
have to deal with it-he just sees 
the external bus." 

But the advantages come at the 
cost of technical problems. Primary 
among them is the need to test bare 
dice before building the module. 
This is necessary because, with the 
typical failure rates among un-
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tested dice, mounting a dozen of 
them on a module almost ensures 
that the final assembly will be bad. 
And the technologies in question 
aren't friendly to reworking or even 
probing. "We're really confident that 
we can test the dice over voltage and 
temperature," Simmons says. "But 
we won't actually know until we're 
in production next year." 

I Two-pronged approach 
At the speeds Ross is addressing, 
modules are probably neither econ
omical-the technology has yet to 
show any susceptibility to price re
duction-nor labor-saving tools. But 
they are a necessity. "We're thinking 
that above 50 MHz, we'll sell only 
module products," Simmons says. 
"It's still possible for customers to do 
a PC board, but they'd have to do 
diode terminations and balanced
impedance lines-the whole thing's 
a black art at these speeds. It's just 
more viable to have a fast module 
with a familiar interface such as a 
40-MHz Mbus coming out of it." 

Simmons sees a bifurcation in the 
market, with different technologies 
pursuing high-performance and 
low-cost needs. It's a good bet that 
the technologies chasing the low
cost, embedded and PC-oriented ap
plications will be high-integration 
single-chip cores, such as the IDT 
79R305X family in the embedded 
market; or something like the Sol
bourne/Panasonic MN10501 single
chip Spare core in Solbourne's new 
S4000 workstations. At the high 
end, we're likely to see increasingly 
elaborate core modules, using chip
on-board or chip-on-silicon technol
ogy in a protracted war against load
ing and heat. In any case, the 
original idea of a simple, low-inte
gration RISC CPU die that could be 
quickly scaled to a new process 
seems to be fading quickly. • 

For more information about the technologies, 
products or companies mentioned in this ar
ticle, call or circle the appropriate number on 
the Reader Inquiry Card. 
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Image-compression chips advance on three fronts 
Ron Wilson, Senior Editor 

The ability to throw 100 ,000 
transistors at a problem is rap
idly advancing the cause of im

age compression. From fax machines 
to illustrations on computer screens 
to digital video cameras, silicon so
lutions are showing up to reduce the 
crushing bulk of image data. In some 
cases, the chips are out ahead of the 
standards that they're supposed to 
implement. 

The simplest and most widely 
used of image-compression algo
rithms is employed in CCITT Group 
3 and Group 4 fax machines. The 
algorithm simply looks for repeated 
white or black pixels-this is a bi
tonal system-along a scan line and 
translates the string of pixels into a 
bit and a pixel count. A two-dimen
sional version of the algorithm also 
compares consecutive scan lines to 
see if the previous line can be repli
cated. The algorithm is easy and 
lossless-the compressed and ex
panded image is bit-for-bit equal to 
the original-but compression 
works best on characters or line 
drawings. 

Advanced Micro Devices (Sunny
vale, CA) has for some time mar
keted a video compression and ex
pansion processor (VCEP) chip that 
handles the CCITT requirements. 
But in its continuing downsizing ef
forts , the company has spun off the 
product and its technology to Oak 
Technology (Sunnyvale, CA). 'We 
see the VCEP as an excellent fit for 
Oak's direction," says Steven Gary, 
Oak director of marketing, who 
moved from AMD along with the 
chip he helped develop. "The device's 
throughput of about 50 Mbits/s , or 
about six typical business pages per 
second, opens a whole range of ap
plications beyond just fax equip
ment. It will be used in intelligent 
printers, digital copiers and per
sonal computers that routinely han
dle document images." 

This range of applications gives 
Oak an idea about future elabora
tions of the existing part. "There's an 
opportunity to make the device 
faster and to integrate more cir
cuitry onto it," Gary says. He points 
out, for example, that a current PC 

implementation for document com
pression is board-sized and requires 
about 20 chips. If that can shrink to 
a size where document compression 
is a motherboard option, users may 
become accustomed to expanding a 
document for viewing on a routine 
basis, and then recompressing it for 
disk storage. 

I Deal ing with color images 
While the CC ITT fax solution is easy, 
it's specialized for two-tone images 
dominated by characters. Even half
tone subjects can compress poorly, or 

will degrade as the compression ra
tio increases. JPEG compression is 
being investigated for a wide variety 
of picture-related applications, from 
imaging workstations to still video 
cameras and even digital VCRs. 

The most vocal of JPEG propo
nents has been start-up C-Cube Mi
crosystems (San Jose, CA). This 
year the company introduced CMOS 
VLSI that implements JPEG com
pression at up to 30 frames/s. Now 
Next Computer (Redwood City, CA) 
has announced that its second try at 
a successful PC, the Nextdimension 
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A new mult ichip set from LSI Logic offers the f irst attempt to condense the still-vola 
tile MPEG graphics compression standard into silicon. The set performs-at video 
speed- the discrete cosine transforms, coding and interframe comparison functions 
necessary to achieve MPEG's impressive compression ratios. Initial applications will 
probably be in price-tolerant areas such as video conferencing. 

even get bigger during the compres
sion process. For the more general 
problem of compressing gray-scale 
or color images, the industry is turn
ing to a different standard: that of 
the Joint Photographic Experts 
Group (JPEG). 

The JPEG approach differs funda
mentally from the fax approach in 
that JPEG uses the discrete cosine 
transform (DCT) for compression. 
This transform is fairly easy to com
pute and gives better compression 
ratios than the fax technique, but it 
isn't lossless-reconstructed images 

workstation, will include the C
Cube compression processor. While 
the win may not mean a lot of units, 
given Next's record with its first 
product, it could stimulate a lot of 
thinking about the issue of JPEG 
compression in imaging worksta
tions and generate some applica
tions that depend on the C-Cube 
hardware. 

Meanwhile, another entrant has 
moved into the compression arena, 
not only with a JPEG solution but 
with a chip set for the more elabo
rate Motion Picture Experts Group 
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(MPEG) compression proposal. LSI 
Logic (Milpitas, CA) has announced 
that it's working on a series of very 
dense chips that will eventually im
plement both a two-chip JPEG en
gine and a 10-chip pipeline to deal 
with full-blown MPEG compression. 

I Better compression 
The difference between the two com
pression techniques is, essentially, 
motion. While JPEG applies the 
DCT to a fixed image, MPEG as
sumes that it's working with a se
quence of frames, each differing 
from the preceding one in only a few 
respects. So the MPEG algorithm 
first compresses a frame using 
JPEG-based DCT techniques, then 
re-expands the frame , compares it 
with the new frame coming in and 
determines how much of the differ
ence is simply motion of the objects 
in the frame. This leads to a substan
tial reduction in the amount of data, 

INTEGRATED CIRCUITS 

since there's no need to regenerate 
areas of the picture that have only 
moved, rather than changed their 
contents. 

Needless to say, all this regener
ating and comparing takes addi
tional hardware, but it can be worth 
it. "We can get about 20:1 compres
sion out of spatial compression," 
says Peng Ang, LSI business and 
technical director, "and we get an
other 10:1 from temporal-that is, 
interframe-compression. Alto
gether, in applications such as video 
conferencing, we can expect data 
compression of200:1 in a few years." 

"Existing video conferencing 
equipment is already getting 100:1 
compression, but with the sacrifice 
of some image quality," adds Simon 
Dolan, LSI product marketing man
ager. "So with the chip set, we 
should be able to do a $5,000 to 
$10,000 video conferencing station 
with full MPEG compression." 

An MPEG encoder would nor
mally start with the 64 760 Intra/In
ter Frame Decision Processor. This 
chip looks at motion data from the 
64 720 Motion Estimation Processor 
and decides whether to use new data 
or references to previously encoded 
data to describe the new frame. 
From the 760, pixels flow to a 64730 
DCT processor, which does the spa
tial compression, and then to a 
64740 Quantization processor to 
prepare the transformed data for 
coding. 

Next a 64750 CCITT 64750 codec 
(coder/decoder) produces the actual 
codes that will represent the trans
formed pixel blocks . This data 
moves on to a 64 715 BCH endec 
(encoder/decoder), a chip specifically 
designed to deal with the error-cor
recting BCH code specified by 
CCITT H.261. Meanwhile, a copy of 
the quantized but uncoded data 
moves back, through a second DCT 
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chip for expansion into a frame buff
er. From here the Motion Estima
tion chip will extract the data for 
comparison against the next frame . 
LSI estimates that the whole pipe
line should run at a peak speed of 30 
Mpixels/s. 

I Practical applications 
Despite the performance and com
pactness of the solution, barriers 
still separate MPEG from wide ap
plication. First, there's the state of 
the standard. Revision zero has been 
available for review since August, 
but Ang doesn't expect a stable doc
ument until early 1992. In the mean
time, chip vendors and users will be 
only betting on hardware compati
bility with the final standard. 

Second, in current technology the 
algorithm still translates into big, 
expensive chips. The MPEG pipe
line from LSI will require 10 pro
cessing chips at a cost of almost $700 
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(1,000s), plus associated buffers, 
frame memories, clocks and glue. 

For many applications now, cus
tomers may choose to give up the 
extra factor oflO in compression and 
simply use JPEG hardware that's 
fast enough to keep up with video 
rates. LSI, for instance, provides an 
alternative to the C-Cube silicon. 
The company offers the 64 730 DCT 
Processor with a JPEG companion, 
the LVC650 Image Compression 
Processor, as a 30-MHz, two-chip 
JPEG engine. "Thirty MHz is right 
for H.261 applications," says Ang. 
"In specialized algorithms, the chips 
can peak out at 40 MHz. And the set 
will cost about $100 to $150." 

Even as the standards are coming 
together, competition is growing for 
image-compression implementa
tions. And with big differences in 
cost and compression ratio, solu
tions overlap. CCITT Group 3 com
pression at 50 MHz is fast enough to 

and out. 

compress two-tone video data inex
pensively, but the algorithm will 
break down on halftone data. JPEG 
compression, with losses but with 
perhaps 20:1 compression, is cheap 
enough for some applications such 
as page proofing, but it's also fast 
enough to use on video. And full 
MPEG hardware, though expensive 
and not backed by a firm standard, 
can give much better compression. 
There should be a solution in there 
for just about everyone. • 
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TTL, ECL face off over high-speed logic main concern," says Suneel Rajpal, 
director of marketing and sales at 
Quality Semiconductor (Santa 
Clara, CA). "At 33 to 40 MHz, people 
are still depending on CMOS logic 
with TTL I/O, but they have to be 
really careful. Not only is there the 
issue of ground bounce, but now 
there are transmission-line effects. 
When the rise or fall time of the 
driver gets shorter than the round
trip delay in the trace, you have to 
treat the trace as a transmission 
line, or you have to wait for it to stop 
ringing." 

Ron Wilson, Senior Editor 

A 11 of a sudden, we seem to need 
zero-nanosecond logic. As 
microprocessor clock frequen

cies go through the roof, designers 
have less and less propagation delay 
to budget for glue logic. Even an 
extra nanosecond in a logic stage can 
force the design into slightly faster
but dramatically more expensive
SRAMs. So a little spent on faster 
logic parts can save a great deal on 
cache RAMs. 

But finding the faster logic to buy 
is a growing problem. At speeds in 
the 2- to 5-ns range, the inherent 
problems of CMOS logic are all but 
intractable. Even good old bipolar 
TTL-now reincarnated as blaz
ingly fast BiCMOS-presents de
sign issues that many teams are ill-

equipped to handle. So some manag
ers are taking another hard look at 
the long-time king of high-speed 
logic: ECL. And ECL vendors are 
rolling out a new generation oflogic 
parts to reduce the entry barriers for 
migrating TTL users. 

Nowhere have the problems of 
high-speed standard logic been more 
evident than in the CMOS families . 
Because of the inherently fast edge 
rates of CMOS drivers, the parts 
exhibited most of these problems
ground bounce, switching noise and 
transmission-line effects-before 
TTL parts did. But now it's evident 
that the CMOS devices just showed 
the problems first-they didn't have 
exclusive rights to trouble. 

"Right now edge rates are the 

I Coping with CMOS 
This news hits designers like a one
two punch. After going through sev
eral years of package changes (cor
ner ground to center ground, for 
instance), arcane layout rules and 
add-on load resistors to minimize 
ground bounce on CMOS parts, now 
we find there are more problems . In 
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fact, the very measures that helped 
most with ground bounce seem to 
worsen the transmission-line prob
lems. ''We h ave gone from 5-V logic 
swings down to 3.5 V to control 
ground bounce," Raj pal says. "Now I 
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see that at the last JED EC meeting, 
Texas Instruments (Dallas, TX) pro
posed 2.5-V logic. That would mean 
you would need to be very careful 
loading the outputs." But with lower 
output currents and noise margins, 

QUALITY'S ON-CHIP SOLUTION This output 
f--------------------------1 stage from Qual

<! 
~~------------1 

SMALL 

and out. 

ity Semiconduc
tor's FCT2000A 
family illustrates 
the use of two 
methods to con-
tain swi tching 
noise problems. 
The combination 
of one small and 
one large output 
transistor re
duces the edge 
rate, w hile the 
built-in 25-Q 
series resistor 
manages current. 

low-voltage gates might not be able 
to drive properly terminated trans
mission lines. 

Quality Semiconductor aggres
sively attacks the CMOS problems 
with on-chip remedies. Its latest 
parts use reduced voltage swings, 
have on-chip load resistors and con
trol edge rates on the drivers. All of 
these features make the parts con
siderably easier to use, but they 
can't take away the fact that 50-
MHz board designs are hard work. 
"People want a 3-ns part with no 
bounce," Rajpal says, "and it just 
doesn't exist. You have to be more 
conscious of board layout, and at 
higher speeds, you have to do Spice 
simulation after layout. We're get
ting more requests from our custom
ers for Spice models than ever be
fore." 

In their struggles with noise is
sues, customers are demanding not 
just Spice models but increasing vol-

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

manufactu rer of disk drives in the world. For more information, call 1-800-NEC-INFO. NEC 
CIRCLE NO. 31 
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umes of numerical data as well. "As 
parts get faster," says Michael 
Polacek, product marketing manager 
at Signetics (Sunnyvale, CA), "de
signers are finding that their boards 
don't work because of questions they 
didn't ask at the beginning. I mean 
things like, 'Is this part slower with 
four outputs switching than it is 
with one output switching?' Con
sequently, we're putting a lot of 
characterization data-stuff that 
we know about the part but don't 
actually guarantee in manufactur
ing test-onto the data sheets now." 

Signetics is starting this policy on 
its new family of Bi CMOS bus driv
ers, multiple-sourced via an agree
ment with TI. Starting with devices 
such as the ubiquitous '245 octal 
transceiver, the two companies are 
using BiCMOS to produce delays in 
the range of 4 to 6 ns with 64-mA 
drive capability and ground bounce 
typically under 1 V. 

INTEGRATED CIRCUITS 

The new parts have gone to un
precedented lengths to maintain 
speed while reducing noise, accord
ing to Randy Morgan, applications 
engineering manager at TI. "You 
have Lo solve the problems on-chip 
now," Morgan says. "With the perfor
mance and space requirements de
signers are facing, you can't just ask 
them to add resistors to their board." 

TI has not only taken the more 
traditional path of limiting edge 
rates through the bipolar output 
drivers, but it has significantly rede
signed the driver stage itself. "We 
use circuitry that anticipates an out
put switch and shunts current from 
storage capacitors to minimize the 
current transients on ground," Mor
gan explains. 

Even with these techniques, a 
vendor can't get the system designer 
off the hook. The designer still needs 
to understand the electrical charac
teristics of the load he's putting on 

the output. "No one family of parts 
addresses all the different driver 
needs in a system," says Morgan. 
"You may have a backplane that de
mands very high I0 L, or a bank of 
DRAMs that can't tolerate under
shoot, or a Futurebus+ that's a whole 
different issue. In the worst case, 
every trace has to be considered sep
arately. Do you have a short trace 
with evenly distributed loads, or a 
long trace with one big lump at the 
end? Sometimes even the choice of 
driver chip may depend on the lay
out. It's getting less and less reason
able to expect that you can just pop 
in a latch and have it work." 

I A look at ECL 
With even the most advanced CMOS 
and BiCMOS TTL logic, then, there 
are still serious issues that the board 
designer must face. Some traces will 
have to be modeled as transmission 
lines. Unbalanced loads will cause 

All you need to know about 3.5" Winchester disk drives, inside 

PC/ AT and SCSI Interface 

I" Height 

56/ /SOMB Capacity 

Fast head positioning time 25ms 

Power save and spin off mode 
(wattage as low as 0.5W) 

Computers and Communicat1ons 

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

consistently available, and with a DOA rate of less than 1 %,and up to 100,000 hours MTBF rate that they're reliable. 



reflections , requiring settling time. 
The proper operation of the circuit 
may depend on parameters that 
have never before published in TTL 
data sheets, such as the tempera
ture influence on thresholds and 
ground bounce. If all of this sounds 
like a nightmare to TTL designers , 
it sounds comfortably familiar to an
other group. 

"ECL designers have always been 
aware of complex timing issues ," 
says Joe Vithayathil , marketing 
manager at Synergy Semiconductor 
(Santa Clara, CA). "They've been 
working with specs like tempera
ture dependencies , minimum/maxi
mum ranges and multiple-output 
switching situations since the begin
ning. But the TTL guys are just dis
covering this stuff." 

The nature of ECL VO-switch
ing current through nonsaturating 
transistors at r ela tively low vol
tages-makes the technology inher-

INTEGRATED CIRCUITS 

ently more suitable to high-speed 
applications. And the ECL commu
nity's long experience with high-fre
quency board design has built up an 

"ECL designers have 
always been aware 
of complex timing 
issues. But the TTL 

guys are just 
discovering this stuff." 

-Joe Vithayathi/, Synergy 

I I I 

infrastructure for handling the 
problems. "There's a lot more data 
on ECL data sheets," Vithayathil 
says. "And since ECL users started 
out as a pretty small community, 

and out. 

there's a strong tradition of working 
closely with the vendor to character
ize the devices you're using." 

Many designers admit that ECL 
offers a superior solution to the 
fastest design issues . "At these 
speeds, ECL can be much easier to 
handle at the board level," says Qua
lity's Rajpal. "But the cost of ECL 
and the lack of standard parts have 
been a real problem for many peo
ple. I know a number of designers of 
large CPUs who did ECL vs. TTL 
evaluations and decided to do an
other TTL design based on cost/per
formance." 

In fact, there haven't been, until 
r ecently, many of the major system 
building blocks available in ECL. 
ECL memories tend to be small and 
dear. Until last year, when Bipolar 
Integrated Technology (Beaverton, 
OR) announced ECL versions of the 
Spare and MIPS CPUs, there were 
no ECL microprocessors. "But now, 

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 di sk drives in the world. For more information, call 1-800-NEC-INFO. ttiEC 
CIRCLE NO. 32 
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if you look above 50 MHz, there are 
no TTL CPUs-you have to go with 
ECL," Rajpal points out. 

INTEGRATED CIRCUITS 

lays in the range of 500 ps and latch 
tpdS around 1 ns, the new logic is 
certainly fast enough to work with 
leading-edge ECL LSI parts. In ad
dition, this kind of speed can be a 
benefit in mainly TTL designs. ''You 
can put ECL RAMs in a TTL system, 
and, even with two sets of level 
translators, it will be faster than a 
TTL SRAM," Vithayathil says. 

The new family also addresses 

50 MHz, we may very well see the 
shift for which ECL designers have 
waited all these years. But ironi
cally, people may change not because 
TTL won't do the job, but rather be
cause the ECL system was easier to 
implement. With the increasing 
complexity of TTL design issues and 
the old impediments to large ECL 
systems slowly dissolving, it may be 
an ECL future after all. • 

To meet what they see as a crys
tallizing mass market for ECL logic, 
some vendors are growing increas
ingly active. "If you're looking at the 
future ofECL, you have to ask your
self why Fujitsu, Hitachi and NEC 
are all in it, and why Sony is show
ing so much interest," suggests Vi
thayathil. 

In fact, Synergy itself is starting 
to move. Using its 1.5-µm process 
that has produced 70-ps internal 
gate speeds and 3-ns RAMs, the ven
dor has decided to alternate-source 
Motorola's new, updated ECL fam
ily, Eclinps-a clever acronym for 
ECL in picoseconds. 

some of the practical issues that 1------------------' 
have kept designers away from TTL. 
The parts are voltage- and temper
ature-compensated and have 2-kV 
electrostatic discharge protection
ESD was a serious weakness on ear
lier ECL parts. And with the signif
icantly lower power dissipation 
made possible by Synergy's process, 
the ECL devices will be available in 
plastic packages. That should make 
a big dent in ECL's historical cost 
problems. 

"People were getting the latest 
microprocessors , RAMs and ECL 
gate arrays, and then hooking them 
up with antique glue logic," Vithay
athil says. With maximum gate de- As system speeds increase beyond 

CIRCLE NO. 86 
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First STD 32 boards 
target fast 1/0 applications 
Warren Andrews, Senior Editor 

with many of the peripheral func
tions, much the same way the 80188 
included many of the functions of 
the 8088. The chip, though running 
at 16 MHz, performs like one much 
faster because the peripherals are 
internal, and signals don't suffer 

Last month's Buscon/90-East vice-president Jim Eckford. The ad- from delays getting on- and off-chip, 
saw the first STD 32 boards, ditional pins, he says, allow for a full says Eckford. 
backplanes, connectors-in EISA extension, increasing the In addition, the CPU board in

fact, everything needed to assemble memory addressing to the full 16 eludes 48 bits of digital I/O, taking 
a complete system-come together Gbytes called for in the specification. advantage of Ziatech's first ASIC. It 
under one roof in a formal debut. The And the mounting configuration for also contains three serial ports, 1 
focus, not unexpectedly, was 1/0. both the old STD 80 and the new Mbyte of RAM, and an iSBX socket 
STD has become widely known as an connector are identical, so in volume to plug in additional functions such 
1/0 bus, having perhaps the widest applications, STD 80 and STD 32 as a graphics or communications 
variety of 1/0 cards available--from connectors can be used on the same subsystem. 
conventional digital 1/0 to backplane, Eckford points out. Another Ziatech product adding 
pneumatic switches mounted di- But the EISA extension on the to the STD 32 debut is a slot zero 
rectly to a card. connector does more than simply in- arbiter card that manages arbitra-

But the development of STD 32 is crease the addressing range, Eck- tion when more than a single bus 
bringing a new dimension to the ha- !-------------------------.-------~ 
sically 8-bit STD bus. While many in 
the STD community continue to 
claim there's no need for anything 
more than an 8-bit 1/0 channel, the 
latest introduction of STD 32 prod
ucts, including the first ever 16-bit 
STD peripherals, belies that state
ment. And, of course, the power to 
drive the 110-the CPU-stands in 
the forefront. 

Ziatech (San Luis Obispo, CA), 
developer and most ardent sup
porter of the STD 32 specification, 
leads the parade of new STD 32 
parts with a high-performance 286-
like CPU card with 48 channels of 
high-speed digital 1/0. At Buscon, 
Zia tech also showed off backplanes, 

Ziatech's ZT 328 is 
the first STD 32 
backplane on the 
market. It accom
modates both 
older STD 80 and 
newerSTD32 
boards, allowing 
8-, 16- and 32-bit 
data transfers. 

connectors, cabinets and other com- r---~------~~~~~---------'---------' 
ponents necessary for system im
plementation. 

Versalogic (Eugene, OR) is offer
ing a high-performance analog-to
digital converter board featuring 
full 16-bit capability across the 
backplane. And Technology 80 (Min
neapolis, MN) has developed a so
phisticated motion controller that 
takes advantage of some of the spe
cial EISA-like features STD 32 has 
over the more-conventional STD 80. 

I EISA compatibility 
In addition, with the formal intro
duction at Buscon of the now-com
mercial connector, there's yet an
other surprise-the extension of the 
connector from 114 to 136 pins. "The 
connector has turned out to be a 
bigger advantage to STD 32 than we 
envisioned at first," says Ziatech 

ford says. By having the same pin 
count and configuration as the stan
dard desktop EISA, STD 32 is fully 
compatible with any other EISAcon
figuration. So any EISA board func
tion can be adapted directly to STD 
with no further multiplexing or 
byte-lane swapping. This, believes 
Eckford, will make it easier and 
more attractive for conventional 
EISA makers to develop STD 32 
boards. In addition, the connector 
remains compatible with all previ
ous STD 80 boards. 

At the heart of any system, of 
course, is the CPU function. The 
first full STD 32 CPU-though only 
16 bits-to be offered is Ziatech's 
latest and is based on a 286-like 
processor, the NEC V-53. The V-53 
incorporates the CPU function along 

master is used. The function, which 
would normally reside on the 
motherboard in a conventional EISA 
system, stands on a separate
though sparsely populated-card in 
the STD environment. "We could 
have included the function on the 
backplane," says Eckford, "but it 
would have added to the complexity 
and size of the backplane, and in 
many instances wouldn't be used." 
Similarly, the function could have 
been added to the CPU, but more 
than one CPU card used in a system 
would be redundant. 

I Bus mastering advantage 
What the arbiter board offers-one 
of the key advantages of STD 32 over 
traditional STD-is the concept of 
bus mastering. This means that 
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more than just the main CPU can with a 3-µs conversion capability that Versalogic's analog I/O card is 
control the bus and the system. and high-speed DMA, it's more com- just a starting point for exploiting 
Though not critical in some tradi- fortable in an STD 32 slot," he says. the advantages of STD 32. He envi
tional STD applications, bus master- Although DMA is specified in both sions branching out into developing 
ing will become increasingly impor- the 8- and 16-bit modes and can be even faster converters using the full 
tant as STD moves into more selected on the board, the greater available 32 bits of backplane (once 
sophisticated applications, says bandwidth is a major advantage, CPUs arrive). "Perh aps the next 
Eckford. These applications can in- Harris says. In addition, the slot- step out will be something in the 
elude complex robotics , in which specific interrupt feature of the STD digital signal processor area, which 
each of a number of processors may 32-and EISA-grea tly simplify will provide the analytical horse
be working on a single motion axis. wiring the board. "In the past, we power for the converter products," 

In addition, in many industrial- used to have to run cables across the he says. 
control applications, it's becoming front of the card cage to get the 
increasingly important to have a >------------------< I Two-axis motion control 
DOS window into what's happening STD 80 VS. STD 32 While Versalogic may hold t he lead 
in a given environment. A program- ..___ ______________ ____, in data conversion, Technology 80 
mable logic controller may be run- was the first to show a full 16-bit I/O 
ning ladder logic for machine control card for two-axis motion control. Mo-
on one master, for example, while tion control systems in robotics, sim-
another provides a DOS environ- ulators and a variety of other appli-
ment for data entry and monitoring cations are becoming increasingly 
on another master, says Eckford. sophisticated, according to Jim 
And though such multimaster ap- Burkett, vice-president of Technol-
proaches often call for complex pro- ogy 80. With only an 8-bit backplane 
gramming, Ziatech is developing and limited bandwidth , STD has 
systems to minimize that effort. been restricted from participating in 

"DOS MPX is a product we offer many of the newer applications. 
to support multimastering on STD STD 32 will now be able to com-
32. This software lets programmers pete with some of the PC- or VME-
make calls to masters at a high bus-based systems, but in a smaller, 
level, instead of requiring the pro- rugged form factor and at a lower 
grammer to deal directly with mem- cost, says Burkett. "Our first prod-
ory addressing at the assembly uct is only a 16-bit board. We haven't 
level ," says Eckford. "Systems such taken full advantage of the bus yet, 
as DOS MPX work with the slot zero but we wanted to get our feet wet," 
arbiter to provide a smooth multi- he says. "Moreover, until there are 
master environment." some 32-bit CPUs on the market, a 

In addition to the CPU and arbi- (A) (B) 32-bit peripheral won't show much 
ter cards, Ziatech also introduced at advantage." 
Buscon an Arcnet card, the first on Burkett admits that while a 32- or 
STD to provide 16-bit communica- The new STD 32 connector (B) adds an even 16-bit bus isn't called for in 
tions on the backplane, and the extra set of wings to increase the origi- many traditional uses, applications 
fastest yet on STD. The company nal 114-pin count to 136. The additional are growing more complex at ex-
also showed a digital I/O card and a pins represent the extra addressing ponential rates. "We're already see-
9- and 15-slot backplane. range of EISA specification, making the ing applications that we though t 

STD 32 now fully electrically compatible would never require more th an 8-bit 
I Fast 16-bit 110 with EISA. The connector is also upward- performance moving to 16 and 32 
Versalogic will add lower-slot-count and downward-compatible with earlier bits," he says. Computer numeric 
backplanes, along with its I /O STD BO implementa t ions (A). control tools , for example, are now 
boards, to the STD 32 market, al- calling for complex number crunch-
though the products weren't an- ing and are passing a lot ofinforma-
nounced at Buscon because they signals where they belonged. Now tion around in order to machine 
weren't formally released yet, says we can bring other signals out the complex three-dimensional shapes. 
Gary Harris , Versalogic vice-presi- front where they belong," he says. "In addition," he continues, "even 
dent of engineering. Although the board is the first if a particular application doesn't 

The backplanes aren't Versa- true STD 32 peripheral to use a 16- currently call for 32-bit perfor
logic's main STD 32 offering, says bit transfer across the backplane, mance, the handwriting is on the 
Harris. "Our first STD 32 board is a says Harris, "It's really a simple I/O wall that it will be called for in a 
very high-performance analog card card. It's designed to be fully soft- short time. STD 32 gives STD users 
that needs the full 16-bit bandwidth ware-compatible with Analog Dev- the confidence that they're not on a 
afforded by the STD 32 specifica- ices' STD 80 offering, the AD 1265; dead-end street. The message is 
tion. Actually, the board will operate as well as with its PC card offering, clearly getting out that STD 32 is 
in either an 8- or a 16-bit slot, but the AD 820." He stresses, though, good for a few more performance gen-
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Top photo: ©1989 courtesy Palm Press. A .22caliberbullet 
erupts from a toy-store baUoon in a crater of gas and dust. 
i860 is a trademark of Intel Corp . Unix is a trademark of AT&T. 
VAST-2 is a trademark of Pacific-Sierra Research Corp . 

A millionth of a second ... that's what it takes to stop 
a bullet in mid-flight. Yet in a millionth of a second, 
SuperCard can complete up to 640 floating-point operations. 

SuperCard ... an entire family of array processors based on 
Intel's revolutionary i860 processor ... from CSPI, a pioneer 
in array and signal processing since 1968. 

• Configurable from 66-640 MFLOPS 
• Direct 1/0 with industry standard VSB bus 
• Up to 80 MFLOPS and 32 Mbytes in a single slot 
• Support for most Unix and real-time kernel hosts 
• Fully programmable with C and FORTRAN compilers 
• Extensive signal and image processing libraries 
• VAST-2 vectorizing FORTRAN pre-compiler 
• Available on VMEbus, ATbus, EISAbus 

Call: 1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 
or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 

CIRCLE NO. 85 
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erations." Burkett adds that the 
close tie with the EISA community 
may well turn out to be a major 
advantage-particularly with the 
full upward and downward compat
ibility the new connedor offers. 

I The competitive picture 
The recent introduction of STD 32 
hardware is just the beginning of 
what promises to be an exciting gen
eration of STD products-both hard
ware and software. The close alli
ance between conventional ISA and 
EISA, and the ongoing romance with 
the DOS operating system, promise 
to offer a continuing wealth of appli
cations programs , software and 
hardware enhancements. 

In addition, as EISA solutions are 
forced to vie in a competitive envi
ronment with other PC and work
station solutions, significant en
hancements are expected. A 
second-generation EISA that would 

double the transfer rate from 33 to 
66 Mbytes/s is already under discus
sion. Additional developments. may 
be in the works for further enhance
ments. 

EISA is in direct competition with 
IBM's Micro Channel Architecture. 
Both are aggressively looking for 
market positions-particularly 
within the workstation area, which 
is expected to see dramatic growth 
over the next four years. IBM has 
staked out its area with Micro Chan
nel in both the PC PS/2 and the 
workstation (6000/AIX) product 
families. Others companies have se
lected other standard buses-VME
bus, SBus, Turbochannel and EISA. 

The fallout from this competition 
will be at least part of the driving 
force pushing STD 32 into higher
performance, more-complex applica
tions. Undoubtedly it will pick up a 
following of Unix applications 
through its EISA affiliation, as well 
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as real-time DOS applications and 
other software that will filter down 
through EISA or up through ISA. 

While last month marked a begin
ning for STD 32, it was only a mod
est one; still to come are the 32-bit 
CPUs and peripherals. Ziatech al
ready has what it believes to be the 
first of the 32-bit CPU cards under 
design, an 960-based board-"Un
less someone beats us to the punch," 
says Eckford. "I understand there 
are at least a few 80486 designs 
currently under way." • 

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. 

Technology 80 
(61 2) 542-9545 . . . . . . . .Circle 232 
Versalogic 
(503) 485-8575 . . .. Circle 233 
Ziatech 
(805) 541 -0488 .................... Circle 234 



NEW ... Warrior-Ill 

The ultimate 
subroutine 
machine. 
The ultimate. The best. A board level array 
processor whose i860, and i960 combination 
make it the most megaflop friendly array 
processor available. It is a full three to six 
times faster than its predecessor the Warrior-II. 
The two internal processors are supported by 
either fast SRAM or cached DRAM memory. 
Coupled with a 160 Mbyte per second internal 
bus you've got a real screamer. 80 Mflops, 40 
MIPS peak performance. 

Single slot 6U and 9U VME 
Supercomputing on a single slot board. 
Memory from 1/2 to 64 Mbytes. The board 
includes a VSB bus interface and an additional 
expansion port. SKY also offers standard 1/0 
daughter cards such as a 32-bit parallel 
interface. Or if you like, you can customize 
your own interface. And, multiple Warriors 
can be used without special cabling. 

Real DMA 
The i960 executive controls a powerful OMA 
engine capable of addressing host memory and 
external devices. There is no tie up of the i860 
to accomplish this. And, since internal 
interrupts don't affect the i860, you get more 
usable megaflops. Real horsepower to solve 
problems like image processing, signal 
processing or matrix manipulation. 

Software support 
Add to this built in source code compatability 
with the Warrior-II library, advanced features 
like command chaining, user built command 
blocks, and tools to do custom routines. The 
result, the most competitive board level array 
processor on the market. 

Want to find out more? 
Circle the bingo, and we will send you more 
data or give us a call. We can have a SKY 
technical representative contact you 
immediately. 

SKY Computers, Inc. 
_ _ 27 Industrial Ave. 
~;;;;;j;;;;;;;;;~ Chelmsford, MA 01824 
f" ~ ,. .illllll. 1"'.... Tel. (508) 250-1920 
~ d '~ FAX: (508) 250-0036 
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Si~etics. Because com 
isn't just a produc1 

COMPUTING 
APPLICATION PRODUCT APPLICATION PRODUCT APPLICATION PRODUCT 

Workstations • Advanced BiCMOS Logic Desk Top Video • Video Oata Converters Peripheral Products • 8-bit 80C51-based MC Us 
(ABT) • Digital Color Decoders • Zero Power PLDs 

e High-Speed ASICs • Programmable 
• Future bus + Chip Set Personal Computers e High Density ASICs/PLDs Sequencers 
e High Speed PAL " -type • DRAM Controllers • 3-State ECL Transceivers 

Devices e DTP EPRDMs 
• High Performance MCUs e FLASH Memory 



puting per(ormance 
()f your engme. 
WIIBOUT 1HE RIGHT SELECTION OF ICs, 
YOUR CPU COUID BE DEAD IN ITS TRACKS. 
Today, everyone is using the same processors. 

So, to separate your computer design from the rest , 
you need to get the full potential out of your pro
cessor. Full potential that's only possible through 
high-performance supporting subsystems. 

To give you this performance we're offering a full 
range ofICs for major subsystem applications. 
Together they help you get the most from your pro
cessor, so your designs perform like never before. 

When you need microcontrollers, we offer the in
dustry's most complete selection. Including devices 
from 8- to 32-bits and in OTP, EPROM, ROM and 
ROMless versions. Features include 12C serial bus, 
low voltage/low power, AID, extended memory and 
more. All for EDP peripheral applications ranging 
from keyboards, disk drives and printers, to termi
nals and mouse devices. 

And for desktop video applications, we've applied 
our expertise in digital video signal processing to 
offer you an 8-bit digital multistandard TV decoder 
subsystem, complete with data conversion and 
clock companion chips. 

So when you need subsystem performance that 

For example, our bus interface logic devices are the 
industry's fastest. With our proven BiCMOS process 
-known as QUBiC-our ABT logic family is nearly 
twice as fast as the highest performing Bipolar ICs. 
This means you get the speed to keep pace with 
today's 16- and 32-bit systems, as well as ~~-C-Y_C_lf-r, 
tomorrow's emerging performance '\~'(,,~ lllf~ 

lets your high-speed processors move at 
top speed, choose Philips Components

Signetics. For more information or 
our Computing Brochure, contact 
us today: 800-227-1817, ext. 713F. 

standards. 

We also offer you a complete family 
of advanced PLDs. Including a full 
range of PAL ®-type devices with 
speeds from 4ns to 7.5ns. As well 
as our innovative programmable 
logic arrays (PLA), programmable 
logic sequencers (PLS) and program
mable macro logic (PML). 

PAL is a cradcmark of AMD/MMI 

As processor speed increases, ana total 
cycle time decreases, the percentage 

of time spent performing interface 
functions becomes more significant. 

Signetics 
EXTENDING 1HE DIMENSIONS OF PERFORMANCE 
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Multimedia graphics board eases 
human interface to VME systems 
Warren Andrews, Senior Editor 

H igh-resolution VMEbus graph
ic s-not to mention those 
which include pointing device 

interfaces, audio functions and key
board interfaces-have been rela
tively slow to appear in real-time 
control applications. As a result, hu
man interfacing---entering, viewing 
and interpreting data-has been a 
complex task or has required addi
tional hardware and often a signifi
cant software effort. 

An experienced operator, for in
stance, has to make sense out of 
lines of data on a terminal and enter 
memorized control codes through a 
keyboard. The alternative is to pro
vide a separate set of subsystems 
with their own software as windows 
into the real-time application. The set 
of subsystems is frequently made up 
of more than one card and can result 
in a programming headache. 

"But," says Harry White , presi
dent of graphics board maker Vigra 

(San Diego, CA), "with emerging 
graphics systems such as X Win
dows and Microware Systems' Rave 
package, combined with new multi
function graphics boards, real-time 
VME systems can provide the same 
or better-quality graphics and hu
man interface as systems requiring 
additional hardware and software. 

"Through clever use of the VME
bus platform," he continues, "even 
high-resolution graphics, along with 
other functions, can be accommo
dated with little or no penalty to the 
VME system bus performance." 

In the industrial arena, says 
White, the key to simplifying appli
cation development is to have some 
graphic interface to standard sys
tems. But that isn't enough, he main
tains. The graphics function must 
be accompanied by input 
ports for a mouse, track
ball or touch screen, must 
provide a keyboard inter-

face, and must offer some kind of 
tone-generation capability to alert 
operators of various conditions. 

Vigra's latest contribution to this 
multimedia arena is the MMI-250, a 
VME color graphics controller that 
combines high-resolution bit
mapped graphics, keyboard and 
pointer inputs and a sound genera
tor on a single 6U VME board. In 
addition, the board has a full VME 
subsystem bus (VSB) interface for 
applications that require high-reso
lution graphics without penalizing 
the system bus. 

I A perfect match 
''Vigra's is the only VME board we've 
seen that, when coupled with a pack
age like Rave, provides a standard 
I/O interface ideally adaptable to 
nontechnical users, " says Drew 

THE VME HIGH-RESOLUTION COLOR GRAPHICS BOARD 

MICROPHONE CASSETTE CAMERA PAINT SYS 

AUDIO TOOLS VIDEO TOOLS/PAINTBOX 

CONTROL BUILDER REQUEST BUILDER INDICATOR BUILDER 

SCREEN BUILDER CODE GENERATOR 

FINAL AUDIO FILES FINAL VIDEO FILES 
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Vigra 's MMl-250 
is a multimedia 
graphics board 
whose functional 
subsystems t ie 
together to pro
vide a complete 
human interface 
fora VMEbus 
system w ithout 
having to inte
grate another 
entire system. 
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Cran e, strategic marketing man- cause the software just wasn't there board (or sophisticated daughter
ager for Microware Systems (Des before the introduction of Rave and card) with tone-generation and au
Moines, IA). Rave (~eal-time_ au~o X Windows-sort of a "chicken or dio output capabilities. Special pro
video environment) is a multimedia the egg'' situation. Th perform func- gramming may be required to 
development tool and user interface tions equivalent to what can be done interface the additional boards. 
that greatly simplif_ies .the design of in a Rave or X Window environment, While there are a variety of 
realistic man-machine mterfaces for programmers used to have to spend graphics boards for VMEbus on the 
real-time process-control systems, countless hours programming indi- market, there are few with any de
says Crane. It lets designers corn- vidual bit-mapped images. gree of multimedia capability. At 
bine high-quality audio and video, In most cases, it can take as long least two off-shore VME companies 
computer-generated graphics, and to write the interface portion of a have taken a stab at limited multi
customizable menus in the same program as it can the application function boards. And at least two 
user interface. part. And since the interface portion major U.S. makers ofVME graphics 
--------- ----------------------j boards, Heurikon (Madison, WI) 

THE RAVE MULTIMEDIA TOOL and SEE (Concord, CA), reportedly 
!---------------------------------j have work in progress. They're be-
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to provide multimedia capabilities 
for their existing graphics boards. 

One of the driving forces behind 
multimedia products, says White, is 
the ever-present personal computer. 
Users see the type of interface that's 
readily available on their office PC 
and wonder why their industrial 
machine-costing orders of magni
tude more than the PC-can't pro
vide the same kind of interface. 
VME system vendors have already 
seen some of their applications move 
to PC environments-or have had to 
incorporate PC-on-VME subsys
tems for exactly that reason. 

The basic multimedia VME card 
is composed of a video controller, I/O 
for input devices, and some kind of 
audio device. "The MMI-250 is the 
second-generation multimedia card 
we've developed," says White. The 
first, the MMI-100, had a full speech 
processor centered around a Mo-

------------:-----:--:-:------so_u_N_D_G_E_NE_R_A_To_R_s_E_c_T1_o_N_---1 torola 56000 digital signal proces
Microware Systems' Rave (real-time audio visual environment) provides all the ele- sor, but it had only limited graphics 
ments required to develop and run a full multimedia interface. Designers can combine capability. The second generation 
computer-generated graphics, audio and video and customizable menus. provides far better graphics capabil-

ity, but not speech capability. 

The growth of Rave in the VME 
world Crane continues, is expected 
to lar'gely parallel Vigra's success. 
"Before Vigra's MMI-250 board (and 
its earlier lower-resolution graphics 
multimedia card), Rave was sitting 
there with no hardware to run effec
tively on VME," he says. But from 
early responses, he expects to see a 
major surge in interest. 

While Microware Systems la
ments the shortage of multimedia 
hardware, Vigra's White maintains 
that multimedia boards haven't 
seen much market acceptance be-

is often done last, it's frequently 
shortchanged-which explains why 
interfaces tend to be sloppy at best, 
and nearly unusable (except to the 
programmer who wrote them) at 
worst. 

To perform the functions Vigra's 
multimedia board handles in a sin
gle package, it's necessary to start 
with a VME system and then add a 
high-resolution graphics card. At 
least one other board for PC-compat
ible keyboard interface, mouse, track
ball or touch-screen interface must be 
added, and perhaps a third custom 

I Programmable resolution 
To get the high-resolution video 
function in the MMI-250, Vigra uses 
an Inmos IMS G300 video controller, 
which includes a lookup table that 
provides 256 colors from a palette of 
16. 7 million. "We use the Inmos con
troller," says White, "because it 
greatly simplifies the board design. 
It drops chip count for the function 
from three to one, and it eliminates 
the need to route very high-fre
quency signals (100 MHz) on the 
board." 

Resolution on the card is pro-
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grammable, ranging from VGA-com
patible 640x480 pixels up to 
1,280xl,024 pixels, with each pixel 
programmable as 1, 2, 4 or 8 bits. In 
addition, the board has 2 or 4 
Mbytes of video RAM that are ported 
to the video controller, the VME and 
the VSB. The video memory allows 
multiple frames to be stored, which 
lets software designers keep fre
quently used displays on board for 
ready access and permits easy 
screen changes in the background. 

118oth Rave and 
X Windows work 

well at their 
respective ends 
of the spectrum, 
but what's really 

needed is something 
in the middle. 11 

-Harry White, Vigra 

I I I 

The multiple framestore capabil
ity also helps to keep traffic off the 
bus. In applications that require 
high-resolution graphics, however, 
it's often necessary to resort to the 
VSB. At about 1.25 Mbytes per 
frame required in the high-resolu
tion mode, the board can only store 
three frames at a time. And refresh
ing that memory using the system 
bus could significantly tie up critical 
real-time traffic. 

The VSB interface can therefore 
handle all window data, says White, 
leaving the VMEbus free to take 
care of all application-related ma
nipulation and accesses. The VSB 
interface, he adds, often has to be 
invoked when working in the X Win
dows environment. 

In its short two-year history, 
Vigra has been one of the leaders in 
sound synthesis, having developed 
sound effects for almost every VME
based flight simulator product in 
production. Its multimedia board 
has stereo audio output and tone 
generators, letting users program a 
broad variety of realistic sound ef
fects. The board provides 1 W/chan
nel of audio output (into 8 Q), and 

the sound is generated by six tone 
generators and two noise gener
ators, as well as mixers and enve
lope controllers. It boasts an audio 
bandwidth of 30 to 7 ,800 Hz. 

I Rave to X Windows 
X Windows provides a rich environ
ment for designers, and many pro
grammers prefer to work in it as 
well, White says. The Rave ap
proach, however, provides a rela
tively painless and simple multi
media development and run-time 
environment. "Both approaches 
work well at their respective ends of 
the spectrum," says White, "but 
what's really needed is something in 
the middle." 

Microware's Crane says the com
pany is currently working on X Win
dows for both OS/9 and OS/9000. "Of 
course, Rave operates on both our 
real-time systems," he says. While 
careful not to define a particular 
project, Crane hints that there may 
be a merger of Rave and an X Win
dows program environment. 

Vigra's existing multimedia board 
is made in a standard 6U format. 
Though White says the main appli
cation area for the board is as a 
human interface to real-time con
trollers, he expects to see significant 
business from the VME-based Sun 
Microsystems workstation commu
nity. "The board is obviously capable 
of high resolution, and the addi
tional functions make it more versa
tile than conventional graphics 
boards," says White. 

Acknowledging that the whole 
world doesn't revolve around VME, 
White says, "We plan to develop 
some SBus products in the immedi
ate future. Sun seems to have its 
graphics capability pretty well in 
place, so I can't see doing a multime
dia board similar to the MMI-250. 
Rather, we'll be looking at doing au
dio and speech boards." • 

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

Heurikon 
(608) 271-8700 
Microware Systems 
(515) 224-1929 
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(415) 680-7722 
Vigra 
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Multichip modules test 
design tool limits 

board division of Valid. 
"CAD packages are therefore de

signed to work with these relatively 
large dimensions. So that the fine 
pitches ofMCMs could be dealt with, 
we adapted and reworked our Alle
gro circuit board tool. We changed 
the database, for instance, from a 
32-bit integer capability to a double
precision floating-point, 64-bit de
sign to handle the finer pitches." 

Mike Donlin, Senior Editor 

T hough the technology is still in 
its infancy, multichip modules 
(MCMs) are touted as an attrac

tive design alternative when tradi
tional methods of mounting ICs to a 
circuit board prove inadequate. But 
while the technique of interconnect
ing multiple bare dice to conductive 
and dielectric thin films can solve 
density and performance problems, 
it poses design dilemmas that can 
cripple existing CAD/CAE tools. The 
fine pitch of even the most rudimen
tary MCM architecture can stymie 
an autorouter, and the amount of 
data generated to simulate the per
formance of multiple ASICs can par
alyze most simulators, while the 
thermal behavior of the tightly pack
ed components hosts pitfalls for the 
unwary design engineer. 

date. The module houses 45 devices 
consisting of EPROMs, SRAMs, dig
ital signal processors and ASICs, all 
mounted with flip tape-automated 
bonding technology on a 2-x2-in. sub
strate. "There are individual tools 
that can assist in building a device 
like that with a lot of human inter
v en ti on and experience," says 
Buschbom, "but I've been looking for 
an integrated tool for about four 
years now, and to my knowledge it 
doesn't exist." 

I Help on the way? 
Valid Logic Systems (Chelmsford, 
MA) claims to have the answer to this 
challenge with the industry's first 
MCM design tool, Allegro-MCM, 
which is part of a design environ
ment that includes design capture 
and logic simulation capabilities. 
"Up until now, many MCM designers 
have been making hybrids that are 
characterized by 5- or 10-mil traces 
separated by 5- or 10-mil spaces," 
says Shiv Tasker, director of product 
marketing in the printed circuit 

Because there are currently sev
eral methods for MCM production, 
including high-density laminated 
circuit boards, ceramic substrates 
and modules with deposited wiring 
on silicon, ceramic or metal sub
strates, Valid's tool supports differ
ent sets of design rules. This flexi
bility lets designers analyze and 
make decisions based on the trade
offs of each technology. 

Once a design is complete, Alle
gro-MCM supports the chosen tech
nique by providing multiple manu
facturing outputs. Gerber output is 
available for circuit board manufac
turing technology, while GDSII out
put is available for IC-based de
signs. Layout chores are handled by 
Valid's Insight autorouter, which 
can handle the variable-sized vias 
characteristic of most MCM designs. 

There is debate, however, similar 
to that for printed circuit board 

Depending on how the designer 
looks at it, an MCM's architecture 
resembles either a very small circuit 
board or a very large ASIC. Because 
of this, some engineers have tried to 
use either printed circuit board de
sign tools, ASIC tools or a combina
tion of the two to face the MCM's 
unique design challenges. Existing liiim!ii~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
tools, unfortunately, have proven in
adequate. 

"If you're designing an MCM 
you're probably looking for high per
formance, lower power or a reduced 
footprint," says Milton Buschbom, 
product manager of high-perfor
mance ASICs at Texas Instruments 
(Dallas, TX). "If you're going for per
formance, you need to simulate 
down to the gate level of all the 
components. Four or five VLSI parts 
will choke the database of any sim
ulator I've ever seen. 

"If you're not pushing timing con
straints or worried about internal 
clock skews, then the issue is the 
mechanical, electrical and thermal 
properties of the device. To really 
analyze these characteristics, you 
need a suite of interactive tools that 
use a common database. I haven't 
seen any that do that either." 

Tl's Defense Systems Electronics 
Group has produced one of the in
dustry's most advanced MCMs to 

Valid Logic Systems' Allegro-MCM uses the Insight autorouter to simultaneously 
route up to 48 layers w ith different line widths. Th e tool utilizes blind, buried and 
staggered vias to complete the connections. Here, a two-signal-layer module with 
ultra fine lines and embedded power and ground p lanes has been routed to 100 per
cent completion. 
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Ethernet. 
Build with the power of FXP.m 

CMC, world leader in VMEbus 
Ethernet products, has forged a 
second generation architecture 
worthy of our stature. 

FXP, Full Throughput Architecture. 
The culmination of over five years' 
experience and tens of thousands of 
installed nodes. The power behind 
the highest performance Ethernet net
work processors available-the 
CMC-130 series. 
A A 20MHz 68020 processor with its 
own separate program and data 
memory processes more than 2,000 
packets per second. 
A 256KByte Video RAM as global 
dual-ported data buffer memory to 
move packets at full Ethernet and 
VMEbus data rates. 

Featuring CMC's onboard TCP/IP. 

A LANCE™ Ethernet interface 
reliably handles back-to-back packets 
to provide full lOMbps throughput. 
A Autonomous DMA engine bursts 
data in block mode at up to 
38MBytes/sec providing maximum 
efficiency to VMEbus host processors 
with minimal interrupt loading. 
A CMC's link level driver for the 
CMC-130 series supports UNIX® host
based protocols. CMC's FDDI pro
ducts also employ this same driver, 
allowing developers to use common 

applications for both Ethernet and 
FDDI networks. 

CMC, the first supplier of intelligent 
VMEbus Ethernet interfaces, remains 
committed to supplying fully com
pliant on-board TCP/IP and OSI pro
tocol suites that off-load the host. 

The CMC-130 series is backed by a 
complete two year hardware warranty, 
as well as a comprehensive develop
ment environment, superior training 
and unmatched support. 

To connect with the power of 
FXP and join the Ethernet perfor
mance vanguard, call today. 

1-800-CMC-802 3 
CIRCLE NO. 37 

--- -- ------- -- ------------- - --- -- -- - ---------------------------------------- --

Designed well. Built well. Rockwell. 
Rockwell CMC 
125 Cremona Drive, Sant.< Barbara, CA 9311 7 
PHONE: 805/968---1262 1-800-CMC-802 3 
FAX: 805/968-6478 TELEX: 2-10876 
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routers, over which is best for MCM 
design-gridded or gridless tools. 
"MCM track widths are going to be 
at the submicron level ," says Hal 
Barbour, vice-president of market
ing at Racal-Redac (Mahwah, NJ). 
"If you press most vendors who say 
they have routers that can handle 
MCM designs, you'll usually find 
that the routers have a grid, albeit 
a fine one, of about 1 mil . That 
means they're married to a chan
neled array of 1-mil widths. When 
you force that amount of data into a 
workstation, it gets tied up fast
there are just too many grid points 
on a large MCM substrate." 

Though originally released as a 
printed circuit board design tool, 
Racal-Redac's Visula router can 
handle pitches down to 0.01 µm, a 
capability which positions it for han
dling MCM designs, but which far 
outstrips any available silicon tech
nology. "Our system doesn't use a 
channeled approach or Lee's algo
rithm ," Barbour says. "Instead , 
Visula uses a track-and-space ap
proach in which each area is consid
ered for routability based on rules 
governing how close an etch can be 
to any peripheral obstacle. This 
gives us not only fine pitch but the 
flexibility to handle the varying line 
spacings that exist on MCMs." 

In addition to posing place-and
route problems, MCMs offer test
ability challenges that will force 
designers to produce working proto
types. "As we work on our top-down 
tool for MCMs, one of our biggest 
concerns is in the assembly and test 
area," says Jim Behrens, vice-presi
dent of packaging interconnect at 
Cadence Design Systems (San Jose, 
CA). "Remember, you're going to 
have ASICs that are difficult to test 
on a chip level, and there may be 50 
of them on a 4-sq-in. package. Try
ing to test, rework and assemble 

11A lot of people are 
claiming that they have 

the answers to MCM 
design, but what this 
tells me is that they 

don't understand 
the problem. 11 

-Milton Buschbom, Texas Instruments 

I I I 

MCMs with any kind of yield is going 
to require a lot of design and simula
tion expertise. Essentially, we're fac
ing some of the same problems today 
that we experienced about seven 
years ago with IC design when we 
needed an accurate simulation be
fore prototype." 

I Feeding the simulator 
The key to a successful prototype, of 
course, is in-process analysis tools 
that produce data that can be back 
annotated into a simulator before a 
silicon commitment is made . Be
cause MCM technology is new, 

ohmic loss. According to Valid, these 
tools report overshoot and under
shoot, backward and forward 
crosstalk, and provide a waveform 
display for either a rising or a falling 
edge. Etch delays extracted by the 
tools can then be fed back into 
Valid's Rapidsim simulator for re
simulation. 

This need for accurate simulation 
data will undoubtedly narrow the 
gap that exists between the IC and 
circuit board designers. "Circuit 
board designers are getting into a 
level of sophistication that's been 
commonplace for IC designers for 
quite a while," says Richard Gordon, 
marketing director at Mentor 
Graphics' Silicon Design Division 
(Warren, NJ). "MCMs will get the 
traditional board designer working 
more closely with the IC designer. If 
you have a half-dozen chips on a 
single module with signals going to 
an outside bus with a comparatively 
simple structure, you'll have a big 
observability and testability prob
lem unless you can tap into what's 
going on inside the silicon." 

The nature of MCMs, then, will 
force design tool vendors into cross
pollinating the best of their ASIC 
and circuit board design tools. While 
much of the groundwork has been 
done in each of these disciplines , it's 
clear that a warmed-over version of 
existing tools simply won't do. "A lot 
of people are claiming that they 
have the answers to MCM design," 
cautions Tl's Buschbom, "but what 
it tells me is that they don't under
stand the problem." 

Whether tool vendors understand 
the problem or not, the real test of 
these emerging tools will be when 
designers have to rely on them to 
produce products that work and are 
cost-effective. • 

Vendors of gridded routers coun
ter such claims by citing the speed 
advantage that gridded routers 
have traditionally held over gridless 
tools, as well as easier to use inter
active capabilities. "I'll take issue 
with any vendor who claims that 
MCMs can only be routed with a 
gridless tool," says Valid's Tasker. 
"First of all we have techniques em
bedded in our tool, such as variable 
grids and off-grid routing, that offer 
the same flexibility as gridless tools. 
Second, since most editors work off 
a grid, a designer has a much harder 
time completing a design if the lay
out has been done by a gridless tool." 

though, the transmission-line ef- ,____ ______________ _, 

Though gridless routers seem to 
have the advantage when placing 
submicron pitch designs, gridded 
router vendors point out that their 
tools can handle today's MCM tech
nology, which is still in the sub-mil 
pitch category. It's clear, however, 
that as MCM technology moves into 
submicron geometries, gridded 
router vendors will have to adapt 
their tools to keep up. 

fects and thermal problems that 
designers encounter will still be un
predictable and thus remain a chal
lenge to tool vendors. For now, most 
developers are relying on tools that 
have proven successful in determin
ing these effects in circuit board and 
ASIC design. 

Valid's MCM tool , for instance, 
works with the company's Signal 
Noise Analysis tool to compute and 
identify nets with excessive reflec
tions , crosstalk, thermal drift and 
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FDDI. 
Build with the power of FXP.m 

CMC, world leader in VMEbus 
Ethernet products, has forged a 
second generation architecture 
worthy of our stature. 

FXP, Full Throughput Architecture. 
The culmination of over five years' 
experience and tens of thousands of 
installed nodes. The power behind 
the highest performance FDDI net
work processors available-the 
CMC-1000 series. 

A 25MHz Am29000rn RlSC pro
cessor with its own separate program 
and data memory processes up to 
30,000 packets per second. 

512KByte Video RAM as global 
dual-ported data buffer memory to 
move packets at FDDI speeds and 
handle high VMEbus latency. 
A Supernet"' FDDI chip set con
figured for dual- or single-attach 
operation coupled with high-speed 
256KByte buffer memory provides 
full lOOMbps throughput. 

A Autonomous OMA engine bursts 
data in block mode at up to 
38MBytes/sec providing maximum 
efficiency to VMEbus host processors 
with minimal interrupt loading. 
A Complete Station Management 
software fully complies with the latest 
ANSI X3T9.5 standards for maximum 
interoperability. 
A CMC's link level driver for the 
CMC-1000 series supports UNIX® 
host-based protocols. CMC's Ethernet 
products also employ this same 

driver, allowing developers to use 
common applications for both 
Ethernet and FDDI networks. 

CMC, the first supplier of intelligent 
VMEbus Ethernet interfaces, remains 
committed ~o supplying fully com
pliant on-board TCP/IP and OSI 
protocol su ites that off-load the host. 

The CMC-1000 series is backed by 
a complete two year hardware war
ranty, as well as a comprehensive 
development environment, superior 
training and unmatched support. 

To connect with the power of 
FXP and join the FDD1 performance 
vanguard, call today. 

1-800-CMC-802 3 
CIRCLE NO. 38 
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Designed well. Built well. Rockwell . 
Rockwell CMC 
125 Cremona Drive, Santa Barbara, CA 93 11 7 
PHONE: 805/968-4262 1-800-CMC-8023 
FAX: 805/968-6478 TELEX: 240876 
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Software architecture mates user 
applications with DSP functionality 
Tom Williams, Senior Editor 

The current generation of digital 
signal processing chips holds 
the promise of greatly increas

ing the functionality of all levels of 
computer systems. It will do this by 
means of software interfaces that 
will let application programmers 
easily integrate into their programs 
what were formerly very esoteric 
DSP operations. Traditional signal 
processing applications such as tele
communications , speech, image pro
cessing and instrumentation are 
poised to migrate to low-cost desktop 
systems. Other functions, such as 
multimedia information processing, 
are being developed by combining 
different traditional DSP tasks into 
integrated end-user applications. 

New DSP chips such as Texas In
struments' TMS320C3x, Analog 
Devices' ADSP-210xx and Mo
torola's 96002 have reached a speed 
and complexity that make them the 
rivals of many general-purpose 

CISC and RISC processors. Not only 
do they perform at 12 to 17 Mips and 
25 to 40 MFlops, they also sport 
many of the architectural features of 
general-purpose processors. These 
include multiple register files, large 
address spaces and integrated on
chip peripherals. 

In order to work efficiently, these 
new chips must execute specialized 
DSP algorithms, manage memory, 
and perform system control and 
communications functions. Applica
tions written directly to the hard
ware of subsystems based on these 
processors have in the past had to 
include such functions that are nor
mally handled by the operating sys
tem on general-purpose processors. 
In short, DSP chips need a DSP-ori
ented operating system. 

Spectron Microsystems (Santa 
Barbara, CA) has attacked the oper
ating system part of the problem 
with its Spox signal-processing op-

erating system, which provides for 
application portability among differ
ent DSP hardware. Currently, that 
would mean the TI320Cxx family 
and the Motorola and Analog Dev
ices chips, for which support has 
been promised in the near future . 
But an additional bridge has been 
needed for user applications run
ning on a host platform/operating 
system to easily access the signal
processing functions that run on the 
DSP hardware subsystem. To help 
forge this link, Spectron is providing 
an architectural concept called the 
Open Signal Processing Architec
ture (OSPA) to let applications run
ning under operating systems that 
are resident on the host CPU, such 
as Microsoft Windows/DOS and X 
Windows/Unix, and that run sepa
rate from the DSP hardware, access 
DSP programs as if they were an 
operating system resource. 

I An operating system for DSP 
The centerpiece of OSPA is the Spox 
operating system. Spox is a real
time multitasking operating system 
specifically designed to provide run
time support for compute- and VO
intensive DSP functions. It consists 
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programmers 
build applications 
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of a familiar 
programming en
vironment. 
Several applica 
t ions appear 
within Microsoft 
Windows, includ
ing a spectrum 
analyzer, a fractal 
generator, graph
ics and an audio 
equalizer. 
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The MSP-6C30 is a 66 MFLOP, floating-point, YME 
array processor optimized for signal and image processing. 
High performance is assured through a unique, multi-banked, 
crossbar memory architecture, and high bandwidth is 
achieved with multiple, fast, industry standard l/O ports. 
Also available in a PC-AT version with optional VGA 
compatible display controller. 

Features 

• Under $ 100/MFLOP (single qty.) 
• Dual TI TMS320C30 Processors 
• 66 MFLOP, 32 MIPS Peak Rate 
• Up to 32 Mbytes On-board Dynamic RAM 
• High Speed Private SRAM 
• Optional SUN Compatible Frame Buffer 
• Optional SCSI 1/0 (disk, tape, AID, DIA , 

Video, ORI 1-W) 

Applications 

• Medical 
• Geophysics 
• Defense 
• Communications 
• Digital Signal Processing 
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of three main components that are 
packaged as libraries of C-callable 
functions . They are Spox-RTK, a 
real-time kernel; Spox-LINK, a com
munications component; and Spox
DSP, a set of general DSP functions. 

These three operating system 
components are built around two 
programming interfaces: the system 
programming interface (SPI) and 
the application programming inter
face (API). At the SPI level, the sys
tem nucleus talks to hardware-spe
cific device drivers via a device
independent I/O interface. The API 

SOFTWARE 

hardware interrupts as quickly as 
possible and thus keep overall latency 
to a minimum to meet DSP applica
tions' need to process high-speed in
coming data. On the TMS320C30, 
for example, interrupts are never 
disabled for more than 1.5 µs. 

Spox-LINK lets the DSP subsys
tem communicate with the host op
erating system and interact with it 
through standard C I/O functions, 
letting DSP programs running un
der Spox on the DSP hardware sub
system get full access to the services 
of the host system. These include 

grams, in terms of numerical pro
cessing algorithms and system-man
agement functions such as managing 
multiple memory segments and de
vice- in dependent I/O streams. 
"Memory allocation and device-I/O 
operations are equally important for 
meeting the time-critical require
ments of advanced DSP systems," 
says Frankel. The fundamental data 
unit is the array, and the fundamen
tal I/O entity is a stream, which 
inputs and outputs an array. Vec
tors, matrices and filters are used by 
the DSP math functions in Spox-

1---------------------------------i DSP to manipulate data. 
THE OPEN SIGNAL PROCESSING ARCHITECTURE The library of vector and matrix 

1-------------------------------------i math functions , along with manage-

END-USER APPLICATIONS REAL-TIME DSP TASKS 
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COMMANDS - - - --> 

00 
INTEGRATED TASK CONTROL FUNCTIONS PLATFORM-INDEPENDENT DSP FUNCTIONS 

HOST OPERATING SYSTEM 
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t---------1 SPOX OPERATING SYSTEM 

I HOST COMPUTER 

I I DSP HARDWARE 

I 

ment functions written in assem
bler, can be called by C programs to 
build custom DSP applications. 
Such applications would then be 
portable between DSP subsystems 
running Spox. 

Another advantage is that DSP 
experts would be relieved of having 
to deal with the underlying hard
ware and assembly language pro-
gramming of DSP operations. DSP 
experts will have access to ready
made tools to implement their ideas. 
The next step is to make the prod
ucts of such expertise available to 
non-DSP experts who wish to take 
advantage of DSP functionality. 

I Bridge to broad-based uses 
Engineers who want to process a 
certain incoming signal may know 

1---------------------------------i what type of filter they want to use 
The Open Signal Processing Architecture (OSPA) includes the Spox operating system 
running on DSP hardware and an extension, the Spox-Server, resident with the host 
operating system on the host. End-user applications send commands to and send and 
receive data from the DSP subsystem via the Spox server, which appears as a host op
erating system resource. Thus, programmers wanting to incorporate DSP functional
ity in their applications can do so without having to know the details of DSP. 

provides application programmers 
with a standard set of high-level 
functions-both I/O functions and 
specialized DSP functions-that in
sulate them from the underlying 
hardware and let programs written 
to the Spox API be portable among 
Spox-based platforms. 

The real-time kernel , Spox-RTK, 
includes many of the features of 
other real-time multitasking ker
nels, including timing services, syn
chronization of communications 
tasks and prioritized, event-driven 
scheduling. It's designed to service 

opening and closing named files, 
reading and writing byte streams, 
as well as formatting I/O operations. 
By using the device-independent I/O 
protocol, the I/O functions can talk 
to all kinds of device drivers. This is 
especially useful given the capabili
ties of today's DSP chips. "Some of 
our customers have written SCSI 
disk drivers for Spox because they 
needed a direct link from the DSP to 
disk," says Robert Frankel, Spec
tron vice-president of technology. 

Spox-DSP addresses the tradi
tional needs of advanced DSP pro-
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and which parameters to apply, but 
not know how to implement such a 
filter on DSP hardware. The ability 
for a host-based program to send 
data to the DSP subsystem, request 
a service and then use the results 
later in the program is essential for 
the development of broad-based ap
plications such as multimedia, au
dio , video and instrumentation. 
That type of application develop
ment depends on the availability of 
off-the-shelf DSP programs that are 
portable among hardware DSP sub
systems (the problem addressed by 
Spox) and upon the ability of host 
programs to access those DSP func
tions via the host operating system, 
such as DOS or Unix. 

To round out the OSPA-that is, 
to build the bridge between applica
tions and DSP services-Spectron 
has developed the Spox-Server, 



Introducing the DeeCO flat-panel SealTouch" 
Terminal. Now there's a VT220 compatible, 
NEMA 4-& 12-rated, touch-screen terminal 
that's also compatible with the realities of 
an industrial environment. 

This incredibly tough little terminal 
encases an electroluminescent, flat-panel 
display in rugged, lightweight, completely 
sealed cast aluminum. No fans, no filters. Nothing 
gets in or out but information. 

You get line graphics, downloadable fonts and 
DeeCO and SeolTouch are registered trademarks of Lucas Deeco VT220 1s a trademark of Dtg1tol 
Equipment Corporohon c 1990 

easy pop-up touch menus. On-screen touch 
keyboards, and a keyboard port give you 
even more flexibility. 

And because it's so small (10)6" x 11 )6 " 
x 3'' ) and light, it mounts anywhere you need 
it - on a swing-arm, heavy machinery, ped
estal, wall, desk, bench or cleanroom station. 

If your environment eats up ordinary 
terminals, or if you'd like to put terminals 

Lucas Deeco ~' where ordinary terminals won't 
go,just call (415) 471-4700. Formerly m:co .. 01gital Electronics Corporation 
Lucas Deeco. A Division of Lucas Durol1lh Corporation, 3104 7 Gens tar Rood, Hoy.Nard, CA 94544· 7831 
(415)471-4700 
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which is a host-resident extension to 
Spox. The server lets end-user appli
cations communicate with real-time 
DSP tasks. It provides application 
developers with a high-level pro
gramming interface that insulates 
the application developer from 
many of the low-level details of the 
DSP subsystem. Spox-server differs 
from Spox-LINK in that the latter is 
a means for Spox to call host ser
vices on the DSP h ardware. The 
server lets the host operating sys
tem access Spox services by sending 
commands and by sending and re
ceiving data, making the host soft
ware independent of the DSP imple
mentation. It merely calls a DSP 
service by name. 

The first version of the Spox-Serv
er runs with MS-Windows 3.0 and 
DOS. The next version will run with 
X Windows and Unix. Eventually, 
Spectron will supply a porting kit to 
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let developers of embedded real
time systems communicate with 
Spox-based software via their real
time executives. "Controlling and 
communicating with real-time DSP 
tasks via the Spox-server should be 
conceptually the same as opening a 
disk file or reading from a terminal," 
says Frankel. 

OSPA aims at building a bridge 
between "islands of expertise," as 
Frankel puts it. "Spox users are DSP 
experts and system programmers. 
Spox-Server users are knowledge
able about Windows, DOS, Unix, the 
host computer and end-user applica
tions," he says. Spox-Server does im
pose a certain discipline on how ap
plications are written , just as 
Windows calls for writing to a well
behaved convention. 

The ability of applications to pass 
data via a mechanism such as MS
Windows' Dynamic Data Exchange 

(DDE) alpng with Spox real-time mul
titasking allows an integrated appli
cation using several DSP tasks to let 
a single DSP board take the place of 
several pieces of fixed logic. A single 
DSP processor board, for instance, 
with three serial ports and a TMS-
320C31 could function as a fax , a 
modem and a telephone answering 
machine, all of which could operate 
simultaneously, taking up only 
about 25 to 30 percent of the DSP's 
bandwidth, according to Frankel. 
"And if it can even do those three 
things, it pays for itself," he adds. 

For some, the real-time aspects of 
an OSPA system will be more impor
tant than the DSP part, says Spec
tron president David Wong. "DOS 
and Unix can't do real-time. Having 
a very intelligent DSP doing real
time takes the real-time responsibil
ity away from the host operating sys
tem." In other words , one could build 
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Solutions that reach out 
and grab you! 

The ZX·386/20 pictured here features 
20MHz clock speed and on·board SCSI, 
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supports up to BMB of high·speed on·board dual·porl 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 more information on our complete family of MULTIBUS 1 products, call 
or write Zendex today! 
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Sierra C For The 68000 Family Creates 
The Four Second Coffee Break 

Sierra 

Those endless compile-time coffee breaks are a thing 
of the past. 

Compiles Faster 
The Sierra C™ compiler gets your code into your target 
system 10 to 20 times faster than other high performance 
compiler packages. The dhrystone benchmark, on a 16 MHz 
PC AT® host, compiles, assembles, links and downloads to 
a 68020 target in less than 4 seconds. 

Generates Better Code 
Sierra C has resolved the paradox of fast compiles and 
optimized code. While compiling at blazing speeds, Siena C 
generates faster and tighter code than any other optimizing 
compiler on the market today. 

Complete Development Toolset 
Sierra C is more than fast-it's complete. It includes all the 
tools you need for cross-development, built to perform with 
unsurpassed efficiency. Along with Sierra C's optimizing 
compiler, macro assembler, and linker/ locater, you get a 
librarian, symbol table examination utilities, a high speed 
parallel download system and a multi-window source level 
debugger. Complementing the toolset is an extensive C 
runtime library supplied in both source and object form. 

Designed for Embedded Systems 
Sierra C conforms to the proposed ANSI C standard, sup
porting function prototypes and the important keywords 
canst and volatile. Position independent, re-entrant, and 
ROMable code can be generated. Code can be optionally 
grouped into as many as 126 independently positionable 
sections. Assembly language can be inserted into your 
C program through the asm keyword extension. And the 
download utilities allow executable modules to be trans
ferred directly into the target system or into a PROM 
programmer with optional even /odd/ quad byte selection. 
The Sierra C toolset supports all members of the 68000 
family including the new 68332. Sierra C is available now 
for PC AT and PS/ 2'" computers, DEC VAX® systems, 
Sun'" Workstations and other UNIX'" systems. 

With Sierra C you get better products out faster. Call 
today for more information at 800•776• 4888 
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Sierra C is a trademark of Sierra Systems. PC AT and PS/2 are trademarks of International Business Machines Corp. DEC and VAX are registered trademarks al Digltat Equipment Corp. Sun Is a trademark of Sun Microsystems. UNIX is a trademark al AT & T. 
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a real-time control system with float
ing-point capability using a graph
ics-based user interface and stan
dard host operating system linked 
directly to the real-time system. 

The combination ofDSP function
ality with an almost free real-time 

SOFTWARE 

capability has made Spox so attrac
tive to DSP chip manufacturers such 
as Texas Instruments (Dallas, TX) 
that TI is bundling Spox "with every 
hardware/software DSP develop
ment system TI ships," according to 
Rick Rinehart, Tl's floating-point 

DSP program manager. With the 
advent of OSPA, he says, "essen
tially you've got a platform-indepen
dent software system that really 
lets you begin using and proliferat
ing this DSP technology." 

Motorola (Austin, TX) has been 
~------------------------------~ jointly working with Spectron and 

DSP development tool maker Ariel 
(Highland Park, NJ) to implement 
a version of Spox for Motorola's new 
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96002. Spox itself will be available 
as a separate product for the Ariel 
MM96 board, which incorporates 
two 96002 chips. It will be able to 
work in conjunction with Motorola's 
development system. 

Since Spox will be the operating 
system running on the final prod
uct, says Mike Collins, marketing 
manager for Motorola's DSP group, 
''You wouldn't want to run Spox on 
a development system, you would 
want to run it on a target system to 
develop applications." Thus the Mo
torola/ Ariel arrangement won't 
bundle Spox as tightly as the TI 
package. But, according to Ariel 
director of marketing Les Listwa, "A 
C compiler will be bundled with 
Spox as soon as Spox is available for 
the 96002." The Spox-Server ini
tially will be available from Spec
tron, with third parties still to de
cide how they'll offer or bundle it. 

The Spox-Server will be an item 
primarily for the application devel
oper to incorporate with the host 
computer's operating system. But 
the distinction between a DSP 
board-level subsystem and a host 
computer isn't expected to last long. 
Motorola's Collins says he has called 
on all leading PC and workstation 
vendors. "All are looking at or have 
active projects for adding DSP or mul
timedia capabilities (many on the 
motherboard)," he says. "And that is 
going to be the next generation of 
machines coming out." • 

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. 

Ariel 
(201 ) 249-2900 
Motorola 
(512) 891-2000 
Spectron Microsystems 
(805) 967-0503 
Texas Instruments 
(800) 336-5236, ext. 700 . 
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Fast SCSI outpaces wide SCSI 
Tom Williams, Senior Editor 

S CSI-2, the long-awaited en
hancements to the SCSI stan
dard, will actually begin to be 

incorporated in real products as sub
sets of the specification are finalized, 
and as products that use the subsets 
are developed and brought into the 
market. SCSI-2 offers three basic 
improvements over SCSI-1: twice 
the speed, a wide data path support
ing 16- and 32-bit transfers, and a 
standardized common command set 
that's applicable across a wide range 
of peripherals, including tape and 
optical drives. In addition, the SCSI-
2 common command set supports 
queuing of commands and multi
threaded operations-tasks that 
SCSI-1 could only do in limited form 
and in nonstandard ways. 

The emergence of a standard re
ally only takes on meaning, though, 
when products become available 
and designers have the means to 
integrate them into systems. "SCSI-
2 is a conglomerate of features that 
you could implement," says Tom 
Martin, product marketing man
ager for the development systems 
operation of Adaptec (Milpitas, CA). 
Some of are relatively easy to imple
ment; others are not so easy. 

"Things like queuing and thread
ing are logical extensions of SCSI-1. 
It's just a matter of when developers 
will decide to put these functions in 
their firmware and put enough 
memory on their peripherals . Cach
ing falls in the same category. 
There's really nothing standing in 
the way,'' Martin says. 

I Wide SCSI slow to take off 
However, Martin points out, "For 
wide and fast SCSI, you're talking 
real protocol changes, and you have 
to wait until chips are available to 
support such features. There are chips 
out for fast SCSI." Fast SCSI today 
means a 10-Mbyte/s synchronous 
transfer rate, but still over an 8-bit
wide data path-not a full-blown 
SCSI-2 implementation. Martin ex
pects to see a slew of fast SCSI pe
ripherals introduced later this month 
at the Comdex show in Las Vegas. 

The mere existence of chips and 
peripherals, though, isn't enough for 

system designers; they also need the 
means to design with them, test and 
verify their designs and incorporate 
them into systems that can realize 
the performance potential that such 
chips and peripherals offer. To meet 
the needs of hardware and software 
developers, Adaptec has just an
nounced its SDS-3F development 
system for fast SCSI. 

SDS-3F is a superset of Adaptec's 
SDS-3 development environment 
for SCSI-1. Users of SDS-3 can up
grade to 3F for a fraction of the cost 
of a new development system, Mar
tin says. In addition, all tests and 

software developed on SDS-3 will 
run on SDS-3F without recompiling 
or relinking, he adds. 

Wide SCSI, the other major as
pect of SCSI-2, is still being shaken 
out, according to Martin. "One of the 
problems with wide SCSI-2 is that it 
addressed the width issue by creat
ing the A, B cable scheme,'' he says. 
One cable had 50 pins and the other 
had 68 pins to give the ability to 
transfer 8, 16, 24 or 32 bits at a time. 
The only problem was that people 
building drives with embedded 
SCSI controllers couldn't live with 
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the amount of space required to con
tain the two cables. To accommodate 
their concerns, a single cable 
scheme has been devised that allows 
16-bit transfers. 

I Compatible cabling 
The single cable has a 68-pin connec
tor but is still compatible with the 
50-pin SCSI-1 connector. It's de
signed so that the middle 50 pins of 
the 68-pin connector are compatible 
with SCSI-1, and a SCSI-1 connector 
will mate with it. The extra 8 bits 
and a parity bit that supports 16-bit
wide SCSI-2 are placed on either 
side of SCSI-l's 50 pins so that SCSI-
1 and SCSI-2 devices can be mixed 
and matched on the same cable. Ad
dress arbitration is compatible as 
well. The upper 8 bits of an address 

Tom Martin, prod
uct marketing 
managerat 
Adaptec, says that 
fast SCSI appeared 
first among the 
features of SCSl-2 
because it can be 
implemented w i th 
existing cabling, 
unlike wide SCSI. 
" It took a long 
time to figure 
out what cabling 
scheme people 
were going to 
use," he says. 
Wh ile that issue is 
being sorted out, 
"Fast SCSI is vety 
much alive." 

are of lower priority than the lower 
8 bits, so a SCSI-1 device never has 
to be concerned with the upper 8 bits. 

This situation makes it appear 
that 32-bit-wide SCSI-2 won't be 
widespread, even though it's listed 
in the official specification. "That's 
why fast SCSI came along first,'' 
says Martin. "It took a long time to 
figure out what scheme people 
would actually use. What we're see
ing is that nobody is interested in 
the A, B split-cable scheme. But fast 
is very much alive." 

In software, going to fast SCSI is 
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a matter of changing one parame
ter-the synchronous period-from 
200 to 100 ns. But that puts heavy 
demands on the development and 
test system. The higher speeds re
quire test equipment that can not 
only resolve signals but can also ver-

SOFTWARE 

ify transmission integrity. 
"At 10 Mbytes/s, people are con

cerned about signal integrity and 
termination problems with single
ended transmission," Martin says. 
The suspicion is that those high 
speeds may require differential 

Bucs IN YoUR SCSI? 

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

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, 

call f~ 
fll£-"' 
scsI iile 

Reference Gu 

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 ortarget. 

The PED4 500 laptop analyzer features a 
16Mhz 286 processor, 40 MB hard drive, VGA

compatible gas plasma display, and !OJ-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 8205 , Irvine, CA 92718 
Tel: (714) 770-3244 1-800-676-2468 Fax: (714) 770-7281 

CIRCLE NO. 45 
82 NOVEMBER 1, 1990 COMPUTER DESIGN 

transmission, which, in turn, would 
require more chips and consume 
more power. Single-ended transmis
sion is good for low-cost systems of 
up to 20 ft., while differential allows 
up to 50 m of cable, and the two 
cannot be intermixed. In order to 
allow developers to design and ver
ify high-speed systems, the SDS-3F 
is capable of both single-ended and 
differential transmission up to the 
full 10 Mbytes/s. 

SCSI's growth rate may increase 
with the advent of a standard com
mon command set that addresses 
the needs of peripherals beyond just 
disk drives and speed increases. In 
terms of sheer volume, low-cost disk 
drives using the AT interface still 
far outnumber SCSI. But SCSI, be
ing intelligent, has a need for more-

11Queuing, threading 
and caching are 

logical extensions of 
SCSl-1. It's just a matter 
of when developers will 
put these functions in 

their firmware. 11 

- Tom Martin, Adaptec 

I I I 

complex test and development 
equipment. Despite that, Martin 
sees this intelligence-making SCSI 
a system bus for peripherals-the 
key to eventually making SCSI 
more widespread than the AT inter
face. The attraction of being able to 
hang printers, scanners and other 
storage devices on the same intelli
gent bus with disk drives is the fea
ture that SCSI advocates think will 
push SCSI acceptance beyond the 
AT interface. That has, of course, 
been their hope for a good number 
of years. The question is, what level 
of functionality and cost will eventu
ally make it come true? • 

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

Adaptec 
(408) 945-8600 ......... . .... Ci rcle 222 



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

K&R C support. 
• A true C + + Compikr 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, 

80386 & i860 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. 

Worldv.,idc Support : Au s tralia-Forefront Computing Svcs 03-785- 1122 
Be nelux-Computing & Sy~tems Consultant 040-43·1-957 Francc-RTS 
Ol-698fi-1958 Gcrmany-Stollman 0-10-890-880 ls rad-Ankor Computers Ltd . 
972-:l-5 18:l7:l7 ltaly - lnmumatic 02 -:l53-8011Japan-ERIC03-6fi8-88fi6, MCM 
O:l-187-8 177 Norway- OTE Komponent 02-30-6600 Singapore - Automated 
Systems Ltrl 02-789-95fifi Spa in- lJecisa 01 -204 -4500 Swcdcn-Traco AB 
Ofi93-0000 Switzerland -Zuhlke En~ineerin~ AG 01-730-7055 UK -Real Time 
Products 02J -2:l6-8070 

s. 
~--Integrated 680x0 Cross 

Development Tool Kits 
Green Hills 68000 /10/20/3 0 /4 0 Optimizing 
Cross Compilers (C, C + +, Pascal, FORTRAN) 
• Superior register allocation, inlining and loop 

unrolling techniques. 
• Support for position independent code and data. 
• 68881, 68882, 68332 support. 
• ANSI C run-time source library included for cross 

velopment. 
Oas B 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, Libraiian, 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 

230 Second Avenue, Waltham, MA 02154 
Single Source, Total Solutions 
Trademarks acknowledged to AT&T. Ca!'eTools Inc .. D<1la Gt'neral, DiKital Equipment 
Corporation, Green Hills Software. Inc., HP/Ap<>llO, ll1M. Intel. Motorola Inc. 
Microsoft Corp .. Sun Microsystems. and XEL, Inc. 
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A World of Choice 
When it comes to mass storage needs, your choice is clear: Ricoh optical disc drives. From WORM and rewritable to bare 
drive and entire library units or subsystems, Ricoh offers a world of choice. Each drive boasts quality you can trust to safe
guard vital information. The kind of quality that comes from over 50 years of know-how in optics and image processing, in 
such products as cameras, copiers, facsimiles, telepress, laserprinters and scanners. Now you know why Ricoh is the world's 
leading supplier of 5-1/4" optical disc drives. For more information, call I (800) 955-FILE. 

0 RHSS00/5-1/4 " REMOVABLE CARTRIDGE HARD DISK DRIVE 
8 RS-9100H/5-1/4" HALF-HEIGHT WORM SUBSYSTEM 
f) R0 -5030Ell/REWRITABLE OPTICAL DISK DRIVE 
8 RJ-5330E/MAGNETO-OPTICAL DISK LIBRARY UNIT 

_J_ 
• 

BEST FOR QUALITY. 
UNMATCHED FOR SERVICE. 

• 

ICD©®DO 
RICOH CORPORATION (File Products Division) 5150 El Camino Real , M/S D - 20, Los Altos, Ca 94022 U.S.A Phone : 415-962-0443 Fax : 415-962-0441 

RICOH CORPORATION (Eastern Region Office) 59 Stiles Road, Suite 102, Salem. NH 03079 Phone : 603-893-0547 Fax : 603-893-4162 
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U Interface silicon 
crystallizes ISDN standards 

ISDN still has hurdles to 
overcome before it's 
widely accepted. But 
the recent introduction 
of standard U Interface 
silicon and the settling 
of key standards issues 
are generating fresh 
interest in ISDN. 

Ken Marrin 
Contributing Editor 

A lthough the current realiza
tion of ISDN hasn't lived up to orig
inal market projections, over 2 mil
lion basic-rate ISDN lines are expected to be installed in North America by 
1994. Fueling that estimate is the fact that most of the pieces of the ISDN 
technology puzzle have fallen into place in the past year. 

One of the most important pieces of the ISDN (Integrated Services Digital 
Network) puzzle was the introduction of2B1Q U Interface hardware, which 
provides the link between the central office and the customers' network 
termination (NT-1). To date, more than a half dozen vendors have an
nounced U Interface devices, together with hardware evaluation boards and 
even embedded software support for the first three layers of the Open 
Systems Interconnection protocol. 

Another key piece to fall into place has been the solidification of the 2B1Q 
U Interface standard. With the recent addition of three critical maintenance 
functions in September 1990, manufacturers and customers of NT-1 and 
terminal equipment should be less reluctant to make a serious commitment 
to ISDN. 

To make ISDN's services available on a national level, manufacturers of 
central office switches are beginning to adopt the common-channel Signal
ing System 7 (SS7) protocol , a standard protocol that lets dissimilar ISDN 
central office switches communicate with each other. AT&T (Allentown, PA) 
and Northern Telecom (Nashville, TN) are already complying with SS7. 
Most other manufacturers are expected to comply by 1991. 

To promote interoperability at all levels in the ISDN network, a number 
of organizations are beginning to provide conformance testing for a variety 
ofISDN equipment, including NT-ls, terminal equipment (such as phones 
and faxes) and even central office switches. Among these groups are 
Bellcore, ANSI, the National Institute for Standards and the Corporation 
for Open Systems. Many, including Siemens (Santa Clara, CA) and AT&T, 
would like to see Bellcore play a dominant role in administering tests and 
providing certification. Others, including Motorola (Austin, TX), would like 
to see this task distributed among a variety of organizations. 

One of the final pieces of the ISDN puzzle to fall into place will be the 
establishment of tariffs to set standardized ISDN pricing and let the service 
be provided over lines regulated by regional Public Utility Companies. To 

Provid ing two 
U Interfaces and 
an S Interface, 
Motorola 's 
MC145494EVK 
development 
board can simu
late the complete 
fink between the 
customer premises 
and central office. 
Support for layers 
one through three 
of the OSI proto
col is provided 
through a sepa 
rate 68302-based 
protocol process
ing board, which 
may be used in 
conj unction w ith 
the development 
board. 
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I U INTERFACE 

date, only Illinois Bell and Pacific 
Bell have filed tariffs, according to 
market research firm Dataquest 
(San Jose, CA). Bell Atlantic, Bell 
South and Nynex are expected to file 
by early 1991. 

I In search of applications 
ISDN so far has been deployed pri
marily on a test basis as a voice/data 
LAN in campuses and large corpo
rate environments. But it's unclear 
whether, in the long run, ISDN will 
be able to penetrate these applica
tions on a large scale. Often, these 
environments are already serviced 
by higher-bandwidth LANs, to
gether with gateways to digital pri
vate branch exchanges (PBXs) that 
not only handle voice and data but 
provide many of the same services 
offered by ISDN. Competition 
should stiffen with the deployment 
of FDDI II (Fiber Distributed Data 
Interface), a fiberoptic LAN that can 
handle voice and data at 100 
Mbits/s. 

While it's unlikely that ISDN will 
displace modern digital P BXs and 

ISDN overview 

I SDN (Integrated Services Digital Net
work) is an integrated network that sup
ports voice, data and video transmission 
over existing copper telephone lines. 
The CCITI recommendation defines 
two interface rates for ISDN: primary 
rate and basic rate. Both interfaces sup
port simultaneous full-duplex voice and 
data using circuit-switched (voice) and 
packet-switched (data) connections on 
the same channel. 

The primary rate interface (PRI) is typi
cally used to interconnect high-band
width devices such as mainframe 
computers, private branch exchanges 
(PBXs) and groups of lower-bandwidth 
basic rate lines with the central office 
digital exchange. The North American 
PRI, as defined by ANSI 1.431, is based 
on the DS 1 (T1 trunk) transmission rate 
of 1.544 Mbit/s. It consists of twenty
three 64-kbit/s B channels for voice and 
data, and one 64-kbit/s D channel for 
signaling . Because a single D channel is 
used to handle all signaling, the other 
23 channels are available for user data 
and voice transmission . 

The European PRI, as defined by the 

high-speed LANs in large campus or 
business environments, it may fare 
well in applications where custom
ers are upgrading from older analog 
PBXs. Even if the customer opts for 
a PBX and LAN over ISDN, ISDN 
may have a place as part of a hybrid 

11For the near term, 
one of the most 

lucrative markets for 
/SDN will be in replacing 
existing V.32 modems." 

-Al Mouton, Motorola 

I I I 

network. LANs and PBXs, for exam
ple, might handle local data and 
voice traffic, while global network
ing might be achieved by providing 
a gateway between the office's LANs 
or PBX and either a basic-rate (U 
Interface) or primary-rate ISDN line. 

Conference European Postal And 
Telecommunication (CEPT), specifies 32 
total channels (30 B, one D and one 
control) with an aggregate bandwidth 
of 2.048 Mbits/s. The international 
CCITI specification incorporates both 
the ANSI 1.544-Mbit/s and CEPT 2 048-
Mbit/s PRI rates. 

I The basic rate interface 
Providing a composite bandwidth of 
144 kbits/s, the basic rate interface (BRI) 
is typically used to carry data to and 
from small end-user systems-such as 
voice/data workstations-and terminal 
adaptors for non-ISDN devices. It con
sists of two 64-kbit/s information chan
nels (B channels), used for voice and 
data, and one 16-kbit/s packet-switched 
data channel (D channel), used to carry 
either data or signaling information 
(such as call set-up and take-down). The 
B and D channels are full-duplex bit 
streams and are time-division multi
plexed (two B and one D) into a com
mon stream that contains both user and 
signaling information. 
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For the near term, one of the most 
lucrative markets for ISDN will be 
in replacing existing V.32 modems, 
predicts Al Mouton, product market
ing manager at Motorola. There are 
now over 60 million digital lines in 
North America, says Mouton, 8 mil
lion of which are dial-up and leased 
Centrex lines using V.32 modems. 
By upgrading to ISDN, customers 
not only eliminate the need for a 
dedicated modem line, but they in
crease their data rate from 9,600 
bits/s to 64 kbits/s. 

Ironically, until customer demand 
for ISDN services increases, says 
Ramesh Sirsi, product marketing 
manager at Siemens, the principle 
demand for ISDN hardware will be 
in non-ISDN applications such as 
digital pair gain, Digital Loop Car
riers and rate adaption for Tl mul
tiplexers. In such applications, local 
operating companies will use ISDN's 
U Interface to increase the capacity 
of existing analog lines, while at the 
same time partially defraying the 
cost of upgrading to ISDN. 

In the long term, the majority of 

The BRI consists of both a four-wire 
SIT interface and a two-wire U inter
face. The SIT interface (S), an approved 
CCITI 1.430 recommendation and ANSI 
T1 .605/1989 standard, is wired inside 
the customer's home or office. Using 
the standard wall plug, this interface 
links customer equipment such as 
telephones, fax machines and computer 
terminals with the ISDN network. Up to 
eight devices may be connected to this 
four-wire interface, which forms a pas
sive bus. 

The two-wire U-interface connects 
the local telephone lines to the cus
tomer's home or office. U-lnterface 
si licon is used in several places in the 
ISDN network: in the network termina
tion that links the customer premises 
with the local telephone line; in the line 
termination that links the telephone line 
with either a primary rate multiplexer or 
the Central Office Digital Exchange; and 
in two-wire terminal equipment such as 
a two-wire ISDN telephone, in which 
the S Interface is bypassed. 



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 f ea tu res 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, newNETWORKZ™ 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 l 6:D8 
Memory Access • A 16: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. 
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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 INTERNATIONAL CORPORATION 
12090 South Memorial Parkvvay 
Huntsville, Alabama 35803-3308 
(205)880-0444 FAX(205)882-0859 
VMIC products are internationally represented by Distributors throughout the world . 
Call or FAX VMIC for complete information. 
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ISDN applications will be in resi
dences and small offices with only a 
few lines and no preexisting LAN, 
says Brian Jones, product market
ing manager at Zilog (Campbell, 
CA). In these applications, ISDN 
will provide the fastest and least 
expensive means of networking de
vices, consolidating lines and in
creasing long-distance bandwidth. 

I Hurdles to ISDN deployment 
While most of the technological 
pieces of the ISDN puzzle are intact, 
a number of hurdles will have to be 
overcome if ISDN is to experience 

costs will be slow to drop, points out 
Steve Bretoi, ISDN product market
ing manager at Advanced Micro 
Devices (Sunnyvale, CA). 

Another factor slowing ISDN's 
progress is a lack of consumer de
mand. While a growing number of 
customers are demanding ISDN 
equipment compatibility for fear of 
obsolescence, few are actually de
manding ISDN services. Many ven
dor spokespersons, including Sie
mens' Sirsi , blame the lack of 
demand on a failure of local operat
ing companies to properly promote 
the combined voice/data and cen-

Based on AT&T's U Interface, the 2B1QCAK (Complete Adapter Kit) is a PC plug-in 
evaluation board that provides both a network termination and a fine termination. 
By plugging a handset into both the NT and LT, designers can simulate a complete 
U Interface. 

the growth expected by many ana
lysts . An important one is cost. 
While a network interface (such as 
Ethernet) for a personal computer 
costs only about $250, for example, 
an ISDN four-wire interface cur
rently costs $1,500. 

Upgrading to ISDN is also expen
sive for local telephone companies 
and switch manufacturers , as each 
upgrade of an analog line to an 
ISDN line (or the addition of a new 
line) requires a new line card. The 
chip costs for an ISDN line card are 
now $70, compared with $10 for an 
analog line card, says Pat Sullivan, 
communications marketing man
ager at SGS-Thompson (Phoenix, 
AZ). Unfortunately, without high
volume production, ISDN hardware 

tralized management capabilities of 
ISDN. 

Mike Pauzer, product marketing 
manager at AT&T, agrees. Many of 
the ISDN services that operating 
companies are promoting-includ
ing conferencing, hold, transfer and 
drop--are already available under 
Centrex, he says. 

I ISDN standard a moving target 
According to Siemens' Sirsi, "Other 
ISDN capabilities that are being 
promoted, such as ISDN's superior 
immunity to noise and crosstalk, are 
too technical and not easily recog
nized by the average consumer." 

Another reason for the slow pen
etration of ISDN has been a lack of 
complete standardization for the U 
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Interface . Fearful of quick obso
lescence, manufacturers of chip, 
terminal and NT-1 equipment 
have been reluctant to make a 
serious commitment to the 
market. 

Recently, substantial progress to
ward completing the standard was 
made when ANSI agreed on three 
critical maintenance functions. But 
as AT&T's Pauzer points out, the 
fact that the standard is still chang
ing will continue to make both man
ufacturers and customers wary. 

Some argue that a lack of com
plete standardization isn't critical, 
as future changes can be temporar
ily handled in software. But soft
ware is used only to interpret a new 
function, notes Pauzer. Typically, 
some type of hardware is needed to 
take action-for example, to gener
ate a tone. 

One way that Motorola is address
ing the problem of tracking a moving 
standard is by designing its U Inter
face with a microcontroller inter
face. By using an inexpensive micro
controller such as the MC6805, says 
Motorola's Mouton, the company 
can respond to standards changes in 
software without having to redesign 
its U Interface devices. 

I U Interface silicon arrives 
While flat customer demand has 
dampened ISDN enthusiasm, the 
recent introduction of standard U 
Interface silicon is generating fresh 
interest among equipment manufac
turers, many of whom have been 
using proprietary interfaces and 
line codes until now. To date, more 
than six vendors have announced 
the availability of U Interface 
devices. 

AT&T's two-chip device is cur
rently in production, with a single
chip version that incorporates the 
latest ANSI revision, expected to 
debut in 1991. Siemens and AMD, 
who will second source Siemens' de
vice , are in production with a single
chip device. 

Other vendors who claim to be in 
production with single-chip devices 
are Motorola, which has developed 
its device in conjunction with North
ern Telecom; and National Semicon
ductor (Santa Clara, CA), whose de
vice is being second sourced by 
SGS-Thompson. 

Mitel (Kanata, Ontario), working 
in conjunction with British Telecom, 
has announced samples of its single
chip device. NEC, Hitachi, Fujitsu 
and Oki Semiconductor are produc-



WE'D LIKE TO MAKE AN EXTREME 
CASE FOR BUYING OUR CPU CARDS. 

YOU COULD SAVE THOUSANDS 
. .. - - - . 
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N288 high-speed 80288 CPU Board 
The fastest AT equivalent processor of its kind 

C386 80386 CPU Board with cache 
memory 

V2GA (1024x768) Video Controller 
Card. 

MACR0-4 Macrocard 
D1splaces3 less-fu nct1onal AT boards. 

• Ru ns MS/DOS~ PC/DOS~ OS/2~ XEN IX:· 
PC. MOS "'and other O/S and software. 

Execu tes the most powerful programs with 
bl3'l.mg speed . 

With inte rn al caching fo r superior speed 
• Up to 1024x768 pixels with 256 simultaneous 

colors from a pa lette of 262, 144 

• Used with any TMS CPU card. it forms a 
complete computer, freeing slots fo r other 
func t ion cards • Choice of IO, 12 5, 16 or 20 MHz speeds. 

• Surface mount tech nology and minimal 
parts count fo r high rel, h igh MTB F. 

• Six layer board with discrete ground and 
VCC planes enhances signa l integrit y. 

• Runs MS/DOS~ PC/DOS~ OS/2~ 386 
UN1x:· XEN1x:· PC-MOS'" 
and compatible O/S and software . 

• Choiceof25 MHzor 33M Hz speeds. 

• 16-bit data path to the CPU. 
• 512K and IM ByteDRAM memory 

configurations ava il able 

• User-programmable, menu-driven 
configuration with high-speed super VGA 
(1024x768) resolution 

• 80387 Meitek 3167 math co-processor • Up to 32-bit memory data bus • Up to I MByte video memory 
• Two serial and para llel po rts, with built in 

LIM and EMS. 
socket. • Analog and Digita l outputs. • 2 RS232/senal and one pa rallel port 

• 64K on-board cache, expandable to 128K. 
• Up to 4M8yte RA M mstallableon-board . • 2 seria l, I para ll el port. 

• F;eld upgradable "Flash" BIOS. 

• Accommodates downward register 
compatibility w1th EGA/CGA/MDA and 
Hercules 1" standards 

• Floppy and hard disk contro ller support for 
mu ltip le d ri ves 

• V LSI Chips and Technologies NEAT '• chip 
s' t fo r improved mtegrat ion . • I or 2MByte RA M upgradab le to \6MBytes 

on-board 
• Extended graphics modt' driver<> included for 

all ma1or programs 

Extreme Value. No one makes as many rugged, 
mission critical CPU and option cards as we do, 
and no one can match us on quantity prices. So for 
quality cards at the best prices for quantities of 100 
or more, call Texas Microsystems. 

Extreme Support. No one offers a better level of 
support, including advice and consultation during 
system design. All our boards are guaranteed for 
twelve months_ And no one has more application 
engineers to respond to your needs. 

Extreme Performance. All our cards deliver 
performance equal to, and in many cases better 
than, cards used in leading desktop systems . And 
they deliver that performance under the most 
extreme conditions, even after hours enduring the 
industry 's toughest test regime. 

Extreme Discounts for Large Orders 

Extreme Choice. No one has a bigger choice 
of options for the industrial and mission critical 
market than Texas Microsystems. CPU cards from 
8088 to 80486, at various speeds and on-board 
RAM configurations. Macrocards that can do the 
work of up to three standard AT cards. Solid State 
Winchester: Disk cards that emulate hard drives, 
without the limitations. And a V 2GA Video 
Controller card with internal caching for superior 
performance. 

If you 're looking for the best value in industrial 
CPU and option cards, and you're looking to buy in 
quantities in excess of 100, calling the 800 number 
below could save you thousands. 
Mission Critica l Micros is a iradcmark or Texas Microsys1cms Inc .. a ll othe r tradema rks 
ment ioned a rc registe red, trademarked or scrv iccmarked by th eir respcc1ive manufactu re rs. 
• Lo w vo lu me rese ll ers . ask abou t ou r specia l VAR programs. 

C386125 N286116 V1GA MACR04 
(CPl.h ll'OMl....,•IMIRWI 

Oty1 • $302() $1660 $450 $1295 

Cly 100 (pe.-Untt) $2065 $1145 $310 $895 1-800-627-8700 
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ing devices for internal consump
tion, but have no immediate plans to 
make them available as standard 
products. 

I Selecting a U Interface device 
One factor to consider when evalu
ating U Interface devices is operat
ing voltage. Until 1992, the ANSI 
specification permits the use of a 2-V 
operating voltage. After that, chips 
must employ a 2.5-V operating volt
age. At this time, though, it appears 
that most of the vendors who had 
originally announced 2-V devices 
have upgraded to 2.5 V. 

Another feature to consider when 
selecting U Interface devices is 
power dissipation. The higher the 
power dissipation, the smaller the 
loop distance a device can support 
when operated from line power. 
Roughly 1,500 ft. of loop distance is 
lost for each additional 150 mW of 
power consumed by the U Interface, 
according to Siemens' Sirsi . 

In Europe, low power is more im
portant because the 4B3T standard 
specifies line powering for the U 
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Until nationwide ISDN operability is achieved, the principal applications for U Inter
face devices may actually be in non-ISDN applications such as Digital Added Main 
Line (DAML). Also known as pair gain, this application lets the bandwidth of an exist
ing analog line be doubled by incorporating a U Interface. 

Interface. In North America, how
ever, power dissipation isn't as crit
ical because ISDN line powering 
isn't required; the U Interface de
rives its power locally at the cus
tomer premises. 

Sirsi agrees with those who be
lieve that line powering may yet be 
adopted for North America. But 

even if it's not, he argues, when the 
U Interface is used in non-ISDN ap
plications such as pair gain and Dig
ital Loop Carriers, line power is re
quired and low-power dissipation is 
essential. 

At 200 mW, Mitel's U Interface 
provides the lowest power consump
tion of any device, followed closely 

U Interface tackles non-ISDN applications 

U ntil customer 
demand for ISDN 
emerges, the 
largest applications 
for ISDN U Inter
face hardware are 
likely to be in non
ISDN applications . 
Two of these ap

plications are Digital Added Main Line 
(DAML) and Digital Loop. 

DAML, also known as pair gain, is a 
technique that lets telephone com
panies increase the bandwidth of exist
ing phone lines. With this capability, 
they can service new accounts-for in
stance, provide service to a new res
idence or add a second line-without 
having to run new lines from the central 
office. 

Traditionally, pair gain has been 
achieved via frequency modulation, an 
analog technique that's subject to inter
ference and noise. An alternative 
method is to use a U Interface, whose 
two 64-kbit/s channels can be used to 
double the bandwidth of existing cop
per wires. In this application, two 

analog lines from the central office are 
multiplexed onto a single U Interface 
line and transmitted using the 2B 1 Q for
mat to a remote terminal. The remote 
terminal converts the digital signal back 
into two analog lines. 

U Interface technology is ideal in pair
gain applications for a number of 
reasons. First. the 
U Interface's two 64-kbit/s channels sup

DAML lets 
telephone 
companies 
increase the 

bandwidth of 
existing lines. 

Ill 

port two sub-
scribe rs on the 
same ana log line. 
Second, the U 
Interface's inde
pendent 16-kbit/s 
channel lets a w ide 
range of versatile 
signaling informa
tion be transmitted 

along with the data . And third, the 
U Interface's digital technology pro
vides superior immunity to noise and 
crosstalk . 

Another non-ISDN application for U 
Interface technology is the upgrade of 
digital modems. In a typical 56-kbit/s 

Namraj Johal, product marketing specialist, communications ICs, Siemens 
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modem, data is input to the modem 
from a PC or fax, for example, at 24 
kbits/s. 

Voice is input via a coder/decoder at 
64 kbits/s and is compressed via 
ADPCM to 32 kbits/s. The two data 
streams are multiplexed in the modem 's 
line interface and sent as a 56-kbit/s 
data stream to the centra l office via 
standard analog lines using a biphase 
protocol. There, the central office ter
mination separates the analog and digi
tal signals. By replacing the modem's 
line interface with a U Interface, the 
modem can now accept a 64-kbit/s 
data stream on the digital side. 

On the analog side, the ADPCM com
pression circuitry can be eliminated, 
with the 64-kbit/s codec output run 
directly to the U Interface. The U Inter
face then transmits the two 64-kbit/s 
data streams over the existing analog 
line to the central office . 

Because a 2B 1 Q, rather than a 
biphase protocol, is used over the 
telephone lines, transmission distances 
can be increased from 3 to 5.6 km. 
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I U INTERFACE 

Conformance testing drives ISDN compatibility 

A NSI recently 
made great strides 
toward solidifying 
the U Interface 
standard when it 
agreed upon three 
critical main
tenance functions . 

The first, Insertion Loss mode, requires 
that the network termination (NT-1) be 
able to generate a tone to the central of
fice . The second, Quiet Mode, lets the 
NT-1 be temporarily disabled . The third, 
Metallic Loop Termination, provides for 
a signature at the NT-1 used by a loop 
tester at the central office to determine 
how the loop is terminated (ISDN or 
analog). 

Unfortunately, though the ANSI U 
Interface standard is largely complete, 
true interoperability still may be a way 
off. One reason for this is that the stan
dard has been a moving target, so 
equipment designed at different points 
in the standardization process may be 
incompatible. Another reason is that the 
U Interface standard doesn't provide an 
NT schematic. Instead, it includes a num
ber of complex equations, performance 

targets and recommendations, each 
of which are open to some interpret
ation. 

I Conformance test necessary 
A set of conformance tests that must be 
met to gain certification are needed to 
ensure interoperability at all levels in the 
ISDN network. The National Institute For 
Standards has been established in the 

government sector 
Though the to develop and 

U Interface is police such a set of 
complete true tests. Eventually, all 
. ' . . ISDN equipment 
mte~operab11ity used in govern-

stt// may be ment applications 
a way off. will have to be cer-

I I I tified by this group 
first. 

In the commer
cial sector, a set of tests is being 
developed by a group known as ISDN 
Conformance Testing Layer 1. Working 
under the ANSI umbrella, this group 
will establish conformance criteria for 
Open Systems Interconnection Layer 1, 
which specifies U Interface silicon 
functionality. 

While the Layer 1 group is a start, 
what's really needed to drive inter
operability in the commercial sector is 

Mike Pauzer, product marketing manager, AT&T Microelectronics 

by devices from Siemens and 
National/SGS-Thompson at 300 
mW and Motorola at 550 mW. At 850 
mW, AT&T's two-chip device con
sumes the most power. But a sub-
400-m W single-chip device with a 
50-m W power-down mode is sched
uled for introduction from AT&T in 
1991. 

I System-level considerations 
Users should be wary when evaluat
ing power claims, says AT&T's 
P auzer. "Power consumption is 
heavily dependent on the character
istics of the loop that the device is 
driving,'' he says. Consequently, 
Pauzer recommends that vendors 
specify a loop configuration when 
quoting power di ssipation. 
Motorola's Mouton agrees, pointing 
out that factors such as clock speed, 
loading and the number of support 
devices required for the U Interface 
all have a significant impact on sys-

tern-level power consumption. 
Though factors such as pulse volt

age, cost and power dissipation are 
important considerations when 
evaluating U Interface silicon, de
signers must look beyond the ven
dor's specifications. One reason is 
that the ANSI specification doesn't 
establish strict performance levels 
of the U Interface. It specifies the 
performance and compatibility of 
the NT equipment that incorporates 
the U Interface silicon. 

Because of distortion and atten
uation introduced by components 
such as the U Interface transformer 
and lightning-protection circuitry, 
the NT's output signal will always 
be degraded relative to the U Inter
face device's output signal. As a re
sult, the U Interface silicon must 
actually outperform the specifica
tion in many areas. The degree of 
performance depends on the quality 
of other components in the NT 
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conformance testing at all equipment 
levels, including terminal equipment, 
NT-1 s, li ne terminations and even cent
ral office switches. To make confor
mance testing effective, a centralized 
group with some clout must be respon
sible for it. 

In this regard, many vendors are look
ing toward Bellcore, an independent 
telecommunications R&D organization 
conceived at the time of AT&T's divesti
ture and funded by the seven regional 
Bell operating companies. Bellcore is al
ready providing conformance testing ser
vices on a limited basis. But its ro le 
needs to be expanded. 

In the meantime, the ANSI U Interface 
standard should be temporarily frozen 
until feedback from field trials is in and 
some of the bugs can be worked out. 
Once field data has been obtained, if ad
ditional refinements to the standard are 
indicated, they should be implemented 
with due regard to the economic 
ramifications. 

Freezing the standard will let silicon 
and semiconductor vendors build and 
customers purchase equipment without 
fear of obsolescence. It will also pro
mote a standardization process driven 
by both demonstrated need and 
theoretical considerations. 

equipment. 
Because the NT-1 design has such 

a significant impact on U Interface 
performance, many chip vendors 
have gone as far as providing appli
cation notes that define a complete 
NT-1. In this way, the vendor can 
guarantee compliance for at least 
one NT-1 design. 

I ISDN development support 
Another factor that designers must 
consider when choosing a U Inter
face device is development support. 
Presently, most vendors are sup
porting their devices with evalua
tion boards and some type of bun
dled software. One of the advan
tages of Motorola's MC145494EVK 
development board is that it pro
vides two U Interface devices as 
well as an S Interface. Because the 
board implements both a NT and 
LT, it may be used to simulate the 
complete link between the customer 
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I U INTERFACE 

AN ISDN REFERENCE MODEL 

CENTRAL OFFICE OR CUSTOMER PREMISES 
PRIMARY RATE CHANNEL BANK 

NETWORK TERMINAL EQUIPMENT 
LINE TERMINATION (NT) (ISDN PHONES, FAXES, ETC.) 

TERMINATION 
U REFERENCE SREFERENCE 

POINT POINT 
160 KBITS/S 144 KBITS/S 

~ 
2 WIRE tul rs 4WIRE G .......... '--

1 
TERMINAL ADAPTER NON-ISDN EQUIPMENT 

R REFERENCE 

U - U INTERFACE POINT 

S - S INTERFACE m ~ 64 KBITS/S MAX G R - RATE ADAPTION CIRCUIT '-

X - NON-ISDN INTERFACE 

The U Interface links the customer's network termination with either a primary rate 
channel bank, which multiplexes several U Interface lines onto a single primary line, 
or directly to the central office. The NT converts between the two-w ire U Interface 
and the four-w ire S Interface, which connects ISDN equipment within the home or of
fice. Terminal adapters are used to connect non -ISDN equipment with the S Interface. 

premises and the central office. 
Alternatively, the two U Interface 

sections may be separated to simu
late either the LT or NT-1, or even 
to examine r emote transmission 
characteristics. Support for layers 
one through three of the OSI proto
col is provided through a separate 
68302-bascd protocol-processing 
board, which may be used in con
junction with th e development 
board. 

Another vendor currently offering 
a development board with two U 

The availability 
of application 

software should 
prove crucial for the 
wide dissemination 
of /SON technology. 

I I I 

Interfaces and an S Interface is 
National Semiconductor. As with 
the Motorola board, the two U Inter
faces let designers simulate a re
peater or an entire subscriber loop. 
Alternatively, one U Interface and 
the S Interface may be used to pro
totype an NT-1. The board also in
cludes a patch area that can be used 
for prototyping. 

Mitel's PC-compatible U Interface 
development board, known as the 
MB89010 , not only includes the 

company's U Interface device , but 
emulates a full-featured digital tele
phone. The board may be connected 
directly to an ISDN network or be 
used in conjunction with another 
MB89010 to simulate a complete U 
Interface link between the Central 
Office and NT-1. 

To support its U Interface device, 
Siemens offers a PC-compatible 
board known as the SIPB5000. 
Equipped to accept three daughter
boards that interface with the board 
via Siemens' IOM2 communications 
bus, the SIPB5000 also provides 
three-layer OSI software support, 
including call control, link access 
protocol in the D channel (LAPD) 
and device drivers. 

AT&T supports its device with a 
PC plug-in evaluation board known 
as the 2B1QCAK (Complete Adapt
er Kit). The board, together with an 
accompanying daughtercard, pro
vides both an NT and an LT. By 
plugging a handset into both the NT 
and the LT, designers can simulate 
a complete U Interface. Using the 
accompanying PC-based software 
and working from a keyboard, de
signers can transfer data between 
the NT and LT at either the file or 
character level. AT&T also offers a 
loop simulator, which lets designers 
evaluate the U Interface over a va
riety of loop configurations. 

While the availability of ISDN 
evaluation hardware is crucial for 
developing and debugging sub
scriber loops, the availability of ap
plication software should prove 
equally crucial for the wide dissem-

94 NOVEMBER 1, 1990 COMPUTER DESIGN 

ination of ISDN technology. Thus 
far, ANSI, working in conjunction 
with the ISO, has instituted a soft
ware architecture for ISDN based on 
the seven-layer OSI model. 

I Software support 
Layer one is a hardware-specific 
layer whose device drivers let upper 
layers communicate with the B and 
D Channel control and data regis
ters. These drivers are unique to 
particular ISDN hardware configu
rations. Layer two, the Data Link 
Layer, includes D Channel LAPD 
and B Channel LAPE support and is 
responsible for providing reliable, 
error-free transfer of user data to 
and from the target terminal. 

Layer three , the Network Layer, 
i s re sponsible for establishing, 
maintaining and terminating con
nections between network nodes. A 
variety of protocols, including X.25 
and CCITT Q.931 (used by both 
AT&T and Northern Telecom) may 
be used to implement layer three. 
Layers four through seven are appli
cation-specific and are covered by a 
wide variety of standards . 

While support for these layers is 
still limited, a number of vendors 
are beginning to port and upgrade 
software from other telecommunica
tions applications for use in ISDN. 
But until hardware and interopera
bility issues are resolved, software 
vendors aren't likely to make a sig
nificant investment in ISDN tools 
and application programs . • 

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. 

AT&T 
(800) 372-2447 ....... . .. . .... . . Circle 223 
Advanced Micro Devices 
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National Semiconductor 
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Northern Telecom 
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(408) 980-4518 . 
SGS-Thomson 
(602) 867-6100 . 
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Zilog 
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Before you buy development 
One glance at the advertising in this magazine 

and you know your embedded design involves 
mega choices. But too much of a good thing may 
lead to one thing: confusion. 

We can help clear this up, for free. With the 
articles and technical notes you see above. 

Because whether you're an old hand or just 

starting out, they'll provide timely insights and 
techniques. To help you get to market first. 

Learn which development tools are right for 
your project. Do you need emulation or simulation? 
And just how can you debug less and enjoy it more. 

These papers are based on Applied Microsystems' 
experience at setting up over 12,000 systems 
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Cache controllers 
tread a rocky path 
toward integration 
As cache memories 
multiply in PCs and 
workstations, cost 
and speed requirements 
demand integration 
while system designers 
plead for flexibility. 

Ron Wilson 
Senior Editor 

N ot long ago only big, esoteric 
computers had caches. Today even 
personal computing microproces
sors like the 386 and 486 run too fast for DRAM to keep up, so even PCs 
depend on cache architectures. This shift from technological oddity to 
mass-market commodity is forcing cache controllers into higher and higher 
levels of integration. 

But at the current CMOS gate density, this integration has to come at 
the expense of flexibility. The more features you combine onto one die, the 
fewer options you leave to the system architect. This is a problem, points 
out Tom Hosey, senior product marketing engineer at SGS-Thomson 
(Phoenix, AZ). ''You can't solve the cache optimization problem with just one 
solution unless you can get everyone to run the same software," he says. 
And software isn't the only issue. Differences in memory system design or 
addition of more CPUs to the system can radically alter cache requirements. 
So as vendors produce more highly integrated controllers, they are-inten
tionally or unintentionally-producing increasingly specialized parts. 

To understand the significance of the chip vendors' decisions, it's impor
tant to look not only at the configuration of a particular chip but also at the 
more general question, what is a cache supposed to do, anyway? 

In principle, a cache subsystem has to do only two things: minimize use 
of memory bandwidth and maintain data coherency. In practice, though, 
each of these substantial-sounding goals quickly dissolves into a morass of 
strategies, alternatives and trade-offs. How the goals are defined, how the 
cache designer sets about meeting them, and even how the results are 
measured vary from design to design. 

I Minimizing bandwidth 
Fundamental to the notion of a cache is preserving memory bandwidth
that is, reading or writing DRAM as seldom as possible. To do this, the 
controller has several variables at its disposal: cache size, cache organiza
tion and write-cycle strategy. 

Obviously, other variables being equal, the larger the cache the higher 
the hit rate. But since cache SRAM is much more expensive than DRAM, 
bit for bit, there's always an economic incentive to cut back on cache size. 
In addition, there are several common situations-including multitask-

The volume of per
sonal computers 
from production 
lines like this Dell 
Computer facility 
is rewriting the 
book on cache 
design. Now, in
tegration and cost 
management are 
the keys for a 
large part of the 
market, even at 
the expense of 
proprietary cach
ing algorithms. 
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ing-where a big but dumb cache 
can perform poorly. For these rea
sons cache organization is an impor
tant issue as well. 

Big caches tend to be direct
mapped-that is, a particular line in 
the cache is capable of caching only 
memory locations with a particular 
pattern oflow-order address bits. To 
increase the cache hit rate without 
making the cache gigantic, archi
tects often build multiway set-asso
ciative caches. These are essentially 
several small direct-mapped caches 
sharing a single controller. On real 
programs, especially in multitask
ing environments, the improvement 
can be startling. 

"We've collected code traces as 
large as 30 million cycles, and run 
personal computing and SPEC 
benchmarks," says Mark Casey, 
product manager at Intel (Santa 
Clara, CA). "The results show that 
the 82395 cache chip, using four
way set associativity and 16 kbytes 
of data RAM, is as fast as, or faster 
than, any cache available on a PC 
today." Since there are PCs with 64-
kbyte caches out there, the claim is 
a dramatic one. 

Equally important to managing 
bus bandwidth is what the cache 
system does on a write cycle. The 
simplest caches just let the CPU 
write directly into main memory
so-called write-through. To save the 
CPU's having to wait for a slow 
DRAM write cycle, more-sophisti
ca ted cache controllers permit 

posted writes-the CPU writes into 
a FIFO, and the cache controller 
then writes into DRAM while the 
CPU continues execution. 

Posted writing, given a deep 
enough FIFO, helps avoid stalling 
the CPU, but it doesn't do much to 
minimize bus usage-you're still do
ing just as many writes as before. 
The most aggressive cache control
lers have a third option, copy-back. 
In this scheme, the CPU writes just 
into the cache. The data stays in the 
cache, only getting copied back into 
DRAM when the cache line is about 
to be replaced. Thus if a program 
uses memory locations for working 
storage, most of the read-write 

Intel cache mar
keting manager 
Sheila Cardno and 
product manager 
Mark Casey main
tain that the PC 
market demands 
low cost and com
pact design, rather 
than the last grain 
of speed, from a 
cache. These con 
siderations in
fluenced the 
decisions Intel 
made in designing 
its cache. 

transactions to a particular location 
will be cache hits, and the number 
of write cycles to DRAM will be cut 
dramatically. 

I The coherency issue 
As the cache strategy gets more ag
gressive, a related issue gets in
creasingly complex: data coherency. 
In even the simplest write-through 
cache, data coherency is a design 
consideration. 

For instance, in a PC the DMA 
controller may write data into a sec
tion of memory that's currently be
ing cached. The cache controller 
must somehow keep from using the 
old, cached copy of the data for fur
ther processing. "There are many 
levels of complexity you can apply to 
this problem," says Henry Wurz
burg, strategic and technical mar-
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keting manager at VLSI Technology 
(San Jose , CA). "But most control
lers take the simplest approach
they just declare regions used by 
DMA as noncachable." 

Controllers that permit posted 
writes have a more difficult task. 
They must ensure that if someone 
attempts to read a location whose 
current data is in the write FIFO, 
the new data gets read. Many con
trollers do this by the simple but 
costly expedient of forcing all of the 
writes to be completed before the 
next memory read can take place. 
More-sophisticated caches will 
snoop the main memory bus, and 
take action only if one of the posted 
locations is actually addressed. 

In a copy-back scheme there's no 
alternative-you have to snoop the 
bus. Cache controllers can accom
plish this simply, by watching for 
cached addresses and forcing a write 
if one is detected. Or the problem 
can take on incredible complexity
in multiprocessing systems, several 
cache controllers may negotiate to 
determine who owns the current 
value of a particular variable, and 
whether the owner cache will supply 
data to another cache or to main 
memory. 

The variety of options in size, or
ganization, write strategy and co
herency strategy lets system 
architects tune their performance to 
a particular application. But an ar
bitrarily complex controller with an 
arbitrarily large tag RAM won't fit 
on an arbitrarily small die-vendors 
have to make choices. The system 
designer's selection of a controller 
implementation thus also becomes a 
matter of trading off cost, integra
tion and sophistication. 

I Levels of integration 
The lowest level of integration com
monly used today might be termed 
building block. Vendors such as 
Texas Instruments (Dallas, TX) and 
SGS-Thomson have combined 
SRAMs with comparators and some 
control logic to make integrated tag 
RAMs. And many vendors have 
added address latches, select logic 
and burst counters to conventional 
or synchronous SRAMs to make 
CPU-specific cache data RAMs. 

The arguments in favor of the 
building-block approach center on 
flexibility. "People building high
performance systems don't want a 
commodity cache controller-they 
want to be able to differentiate," 
says SGS-Thomson's Hosey. "All the 
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high-end and mid-range worksta
tion vendors I know of are using 
discrete solutions, as is nearly ev
eryone working with the 486 CPU." 

Using off-the-shelf tag and data 
RAMs with an ASIC controller does 
let system architects choose their 
own organization and write strate
gies , and it leaves room for whatever 
coherency algorithms are necessary. 
And building blocks make it much 
easier to choose the right cache size. 

With controllers that include tag 
RAMs, the size of the tag memory is 

problems. Charlie Sauer, director of 
advanced systems development at 
Dell Computer (Austin , TX), relates 
his experience with a new line of 
486-based machines. "Ideally, on the 
486 you'd like an integrated part 
designed just for that CPU- it's 
coming, but it's not available yet. 
Lacking an integrated part, we 
found that a discrete solution had 
the lowest cost. 

"I don't think there's a significant 
difference in design time between 
integrated and discrete implemen-

INTEL'S 82395 CACHE CONTROLLER 
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By combining control logic, tags and data RAM onto one die, Intel gets a lower chip 
count and saves system designers a lot of detail work. But whether the 395's four
way set-associative organization and write buffer will compensate for its silicon-im
posed 16-kbyte capacity remains to be seen. 

obviously fixed . But since there 
must be one tag entry for each line 
in the cache, the integrated control
ler fixes the number of lines in the 
cache. A bigger cache necessarily 
means longer lines. That can harm 
performance. 

There are also risks in using the 
building-block approach, most obvi
ously including longer design time 
and higher cost. But at least one 
design manager hasn't had these 

tations," Sauer continues. "It's a rel
atively short design either way." 

A more serious challenge to the 
building-block approach, at least in 
the long run, is speed. Two critical 
loops in a cache system-one from 
the CPU address lines through the 
tag RAMs, comparators and logic 
and the other through the data 
RAMs-must both be short enough 
to fit into a CPU cycle. Given ad
dress skew allowances and data set-
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up times, that means that both loops 
have to be somewhat faster than one 
clock cycle on modern processors
and that can be less than 20 ns. 

The problem is that building
block designs put lots of pins in 
these two critical loops. And pin de
lays-typically on the order of 5 or 6 
ns for CMOS devices--<:an eat up all 
of the allowable time, forcing the 
designer to use absurd ly fast 
SRAMs. 

"Somewhere above 40 MHz, it's 
going to be more difficult to continue 
using discrete parts," says Nick 
Mati, project manager at Solbourne 
Computer (Longmont, CO). "At 50 
or 60 MHz it gets very squeaky get
ting by with 10-ns tags. And on top 
of the timing problems, at these 
speeds layout becomes extremely 
difficult." 

Yet chip vendors remain confi
dent. "To some extent, the perfor
mance limits on building blocks are 
a question of the technology the ven
dor has available," says Paul Ree
ber, strategic marketing manager at 
TI. "The way to cope with I/O delays 
is to build faster logic. We have peo
ple doing 50-MHz, no-wait-state de
signs today with our parts." 

I Pulling in the tags 
Another way to eliminate some off
chip delays is to pull the tag RAMs 
and their comparators onto the con
troller IC. This also has the advan
tages of delivering the system de
signer from the perils of critical tag 
logic timing, and of reducing chip 
count. 

It was probably the latter consid
eration that led Intel to introduce 
the pioneering 82385 cache control
ler for use with the 386 CPU. The 
part contains both the control logic 
and the tag RAMs for a 32-kbyte 
direct-mapped or two-way set-asso
ciative cache system, and it has be
come something of a standard in 
mid-range PCs. 

The part also has its detractors 
among both competitors and pro
spective users . Criticism tends to 
focus on the alternatives Intel had 
to foreclose in order to achieve in te
gration. For instance, the part is 
designed to work with 32 kbytes of 
data SRAM. It can support 64 or 
even 128 kbytes, bu t only with ex
ternal glue and the penalty of in
creasing line size. At 128 kbytes of 
data RAM, the 385 must replace 16 
bytes of data every time there's a 
cache miss. Also, the part is r estric
tive in its write strategy: it supports 
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Redrawing the borders in PC cache systems 

T he advent of 
fast microproces
sors has resulted in 
the widespread use 
of cache memory in 
personal comput
ers. Two of the pri
mary related trends 
are the appearance 

of processor-specific SRAMs and the 
resultant redrawing of borders in cache 
partitioning. A good example of this is 
the cache surrounding the i486. 

Although more than 25 percent of 
the 1 million transistors of the i486 are 
used for cache, an imbalance exists be
tween its small internal 8-kbyte cache 
and main memories that can easily ex
ceed 4 Mbytes (greater than a 512: 1 ra
tio). The results of this imbalance are a 
relatively high miss ratio and thrashing . 

More than 80 percent of the i486 sys
tems resolve these problems by using 
secondary caches as large as 256 
kbytes-the most common size being 
128 kbytes. This approach ensures a 
more balanced memory hierarchy. 
(Using the 128-kbyte and 4-Mbyte ex
ample, the ratios are S/P=16 and 
M/S=32.) 

I Zero-wait-state controllers 
Applying the knowledge gained during 
the i386 generation, which predom
inantly used standard cache controllers, 
many designers are now developing 
their own discrete secondary cache con
trollers for the i486. These are typically 
implemented as a combination of 
ASICs, PALs, cache tags, fast CMOS 
logic and write buffers. 

The most prevalent approach is direct 
mapping with write-through policy, be
cause it's the easiest to implement and, 
at densities of 128 kbytes and larger, 
the difference in performance vs . set-as
sociative controllers is small. Key bene-

fits of these discrete controllers are 
shorter time-to-market and increased 
differentiation of the end product. 

But this make-your-own strategy 
hasn't been easy to carry out; designers 
have had to struggle with the stringent 
timing of the i486 and the consequent 
difficulty in achieving zero-wait-state op
eration . This design challenge has been 
the main force behind the redrawing of 
borders in cache systems, whereby the 
overall controller and SRAM system is 
designed to achieve an optimal par-

titioning of func-
As we go tions, with many 

beyond 50 MHz, important func
the redrawing tional blocks resid-

of borders ing inside the 
will continue. SRAMs. Effective 

partitioning can 
111 make a surprisingly 

big difference in de
sign complexity, performance, cost and 
ti me-to-market . 

Many cache controller designers have 
eagerly embraced this approach and 
SRAM suppliers have obliged. The first 
example is the recently introduced 
IDT71 589 32kx9-bit cache RAM from In
tegrated Device Technology (Santa 
Clara, CA). 

Designed for i486 secondary caches, 
it includes a self-timed write, a burst 
counter and an i486 interface on-board . 
A 32-pin small-outline J-lead package 
offers the smallest possible footprint for 
a 128-kbyte secondary cache with par
ity. The various features of this device 
are the result of consulting with approxi
mately 30 teams of designers that iden
tified the main technical burdens they 
wanted to off-load to the SRAMs. 

As a result, a 25-ns IDT71589 for a 
33-MHz system offers benefits including 
zero-wait-state operation, a lower parts 
count, the replacement of 15-ns stan
dard SRAMs, elimination of the narrow 

write pulse problem faced by designers 
and the abi lity to use lower-speed/lower
cost PALs and cache tags. 

The definition process wasn't limited 
to OEMs; it also included most chip set 
manufacturers building standard cache 
controllers. This yielded excellent results, 
with several cache controllers being de
signed to take advantage of the IDT-
71 589, thus facilitating the design 
process faced by controller and board 
designers developing 33-MHz systems. 

These standard controllers are often 
more sophisticated than the discrete 
ones, with features such as two- and 
four-way set associativity, write-back pol
icy, Least Recently Used replacement, 
and so on. For board designers, the ad
vantages of using such standard control
lers are the simplicity of the design and 
the increased performance that's often 
achieved. 

This kind of cooperation between de
signers of cache controllers (discrete or 
standard) and manufacturers of cache 
RAMs will proliferate as processor 
speeds increase. As we go beyond 50 
MHz, the redrawing of borders will con
tinue, with more functions being incor
porated on the cache RAMs, especially 
when variab les such as multiprocessing 
are factored in. 

The challenges presented by the up
coming 50-MHz i486 are serious 
enough that some designers feel wait 
states will need to be added. This can 
certainly be avoided by use of the right 
cache RAM . Tight timing difficulties 
aren't unique to the i486 though-such 
difficulties are common to most RISC 
and CISC processors as they pass the 33-
MHz barrier. Working closely with a sup
plier of processor-specific cache RAMs 
to carefully redraw the borders in the 
cache system could prove to be the only 
answer for cost-effective zero-wait-state 
solutions. 

Manuel Alba, MSEE, corporate strategic marketing manager, Integrated Device Technology 

only posted writes through an exter
nal write buffer. The chip offers bus 
snooping for coherency manage
ment, but with relatively simple 
algorithms. 

Even the size and timing oflntel's 
part have been criticized by compet
itors. "The 385 SX cache controller 
comes in a 132-pin package, re
quires 35-ns SRAMs, and needs glue 

logic to reach 64 kbytes,'' says Mike 
Raghavan, president of start-up 
Nexel (Santa Clara, CA). "We're sug
gesting a design that fits in a 100-
pin PQFP, uses 55-ns SRAMs, and 
can handle a 64-kbyte cache directly. 
In addition, a version of our part will 
form a plug-in upgrade path to the 
386 SX for 286 motherboards." 

In light of the competition sur-
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rounding the 82385, it's important 
to recognize that Intel's choices are 
a reflection of the company's view of 
the PC market, not inherent limita
tions in integrated controller chips. 
To see how far an integrated design 
can go, look at the 7C605 from Cy
press Semiconductor (San Jose, CA): 
the device combines a cache control
ler, tag RAM and MMU for the Cy-
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ELITE'S LOOK-ASIDE ARCHITECTURE 
By combining a 
cache controller 
and a DRAM con
troller on a single 
die, Elite Micro
electronics is able 
to improve the in
teraction of the 
two subsystems 
on its Eagle PC 
chip set. The look
aside architecture 
initiates a DRAM 
cycle while the 
cache controller 
checks the tag 
RAM, then aborts 
the DRAM tim
ing if there's a 
cache hit. 

~ 

~ 

RESET AND 
SHUTDOWN LOGIC 

CLOCK GENERATION 
AND SELECTION 

LOGIC 

CPU STATUS 
DECODER AND 

STATE MACHINE 

CONFIGURATION 
REGISTERS AND 

1/0 DECODE LOGIC 

¢4 

PORT B REGISTER/ ¢:$ 
NMI GENERATION 

LOGIC 

press Spare processor. 
The 7C605 is intended to control 

a 64-kbyte direct-mapped virtual 
cache, as suggested by Spare con
ventions. The chip provides either a 
write-through or a sophisticated 
copy-back strategy, and uses 32-byte 
read/write buffers to improve bus 
utilization. 

Unique to the Spare architecture 
is the 605's approach to multipro
cessing coherency. The chip snoops 
the memory bus , and compares 
memory cycles not with the main tag 
RAM-which is virtually addressed, 
and therefore no help in recognizing 
physical addresses on the memory 
bus-but with a separate physical 
tag RAM maintained by the control
ler and the MMU circuitry. If the 
physical-address tag detects that a 
cached location has been addressed 
by some other CPU, the device can 
decide whether to source or invali
date the data in its data RAM. 

This sort of sophistication is an 
impressive reminder that inte
grated controllers don't have to be 
simple. But it would be massive 

128-KBYTE CACHE 
CONTROLLER 

64-MBYTE DRAM 
CONTROLLER 

BUS ARBITRATION 
REFRESH LOGIC 

overkill on a PC. While Cypress has 
been stretching its integration mus
cles to achieve sophistication, other 
vendors have been working equally 
hard to achieve cost and space 
reductions. 

I Into the chip set 
Chips and Technologies (San Jose , 
CA) has chosen to integrate the 
cache controller and tag RAMs into 
its high-end Peak chip sets , rather 
than into a stand-alone package. 
This gives, the company claims, sig
nificant cost benefits. "Our whole 
Peak DM chip set costs only a few 
dollars more than the 385 cache con
troller,'' says Nelson Chan, Chips 
marketing manager. He admits that 
the DM chip set, which uses a direct
mapped rather than a set-associa
tive organization, doesn't include ei
ther tag or data RAMs, but he 
believes the system cost is still going 
to be substantially less than for a 
system using the 385. 

"In the PC market, you have to 
look closely at the cost-performance 
ratio," he says. "You can do your own 

106 NOVEMBER 1, 1990 COMPUTER DESIGN 

controller design, but how much more 
is it going to cost, and how much 
performance will you really gain? 
Often customers look at this ques
tion, and find they are talking about 
very expensive parts for a few per
cent gain in performance." 

To date, Chips and Technologies 
has chosen to integrate the control
ler and tag RAMs (except in the DM 
product line) and leave the data 
RAMs to specialists. "We see data 
RAMs evolving CPU-specific fea
tures," Chan says. "Our role in that 
process right now is to keep talking 
to the SRAM vendors, and make 
sure our controllers take advantage 
of the logic in their parts. But as we 
get beyond 50 MHz, the off-chip de
lays may force us to reexamine that 
strategy." 

While Chips has integrated pri
marily for cost reasons, other chip 
set vendors have had performance 
motives as well. S3 (Santa Clara, 
CA) has focused on PC families that 
start out with fast 386s and 486s 
and quickly move into multiprocess
ing. By the time the designers had 
incorporated a copy-back scheme 
and MESI multiprocessing coher
ency protocol, they found they were 
making choices that depended not 
only on the CPU but on how the 
memory controller worked. So the 
high-performance cache controller 
became chip-set specific. "At this 
level, if you don't design the cache 
controller in conjunction with the 
memory controller, you're almost 
sure to leave performance on the 
table," warns S3 marketing director 
Gary Baum. 

Elite Microelectronics (San Jose, 
CA) sees similar advantages in hav
ing the cache controller and DRAM 
controller both available-in Elite's 
case, on the same chip. "By integrat
ing the two, you can get the DRAM 
and cache controllers to work to
gether. For instance, you can start 
them concurrently, and end up sav
ing a cycle," says Peter Hsieh, Elite 
president and chief executive officer. 
In contrast to S3's multiprocessing 
approach, Elite's look-aside archi
tecture is specialized for single-CPU 
systems. 

At this level of integration, the 
needs of low-cost systems and high
end systems begin to diverge radi
cally. Another vendor that sees this 
distinction is S-MOS Systems (San 
Jose, CA). "In a multiprocessing en
vironment, the critical issue is bus 
bandwidth-you have to separate 
the CPU bus from the memory bus," 



What's the best kept secret 
in the VME industry? 

The Calmos VME c hipset from New-bridge Microsystems. 

The Cal mos' " VME chipset has been in military and 
commercial production for over two years. With full 
compliance to industry standards, it provid es high 
performance and fl exibility for the future through a 
pin-for-pin compatible migration path to VME-64. 

This unique VME chipse t offers a 
versa til e, complete solution . It can be 
used as a two chip set for a full 
VMEBus interface or as a single chip 
with external address and data bypass. 

Compl ete compatibility with the 
IEEE 1014/VMEBus Rev C Interface 
ensures that all VMEBus signals are 
terminated, and a ll VMEBus 
Recommendati ons and Functional 
Modules, including master/s lave 
interface, are implemented. The Calmos 
VME chipset also supports all cycle 
types and address ing modes. 

~- NEWBRIDGE 

The powerful Local Bus Interface provides 
compa tibility with the industry standard 68020/030 
protocol, and incl udes a 3 source Arbiter/Reques ter, 
Interrupt Controller (l ocal and VMEBus), and 
Watchdog, Tick and Baud Rate Timers. 

ln addition, the Calmos VME chipset 
fea tures BiMode Bus Isolation mode for 
system fault isolation , Auto ID and Auto 
SYSCON for jumper free design , plus 32 
loca tion monitors . 

Part of the New bridge Microsys tems 
compl ete open bus product line 
ex tending all the way to Futurebus+, 
the Calmos VME chipset delivers the 
fea tures you need today to build high
perfo rmance systems now and in the 
future! 

NEWBRIDGE 
MICROSYSTEMS 

Newbridge Microsystems • A D1v1sion of Newbridge Networks Corporation 
603 March Road , Kanata, Ontario , Canada K2K 1 X3 

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

Newbndge and logo and Calmos are trade marks of Newbndge Networks Corporation. it Copyright 1990 Newbndge Networks Corporation. 
Other brand and product names are trade marks or registered trade marks of their respective holders. 
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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 
PGAand PLCC 

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 
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I CACHE CONTROLLERS 

says director of marketing Joel 
Silverman. "But in single-processor 
systems, the right approach is to try 
to maintain continuity with Intel 
while offering a large enough data 
RAM." Continuity with Intel, in this 
case, means taking a hard look at 
Intel's 82395 controller with inte
grated data RAM. 

I Pulling in the data 
"Our customers told us that they 
needed the performance they were 
getting from 385-based cache sys
tems, but that in the next-genera
tion system, cost would be of para
mount importance," says Intel cache 
marketing manager Sheila Cardno. 
Developed in parallel with the 486 
CPU's on-chip controller, the new 
part uses the four-way set as
sociativity and buffered-write logic 
developed for the 486 to deliver 
strong performance from a 16-kbyte 
on-chip data RAM. 

"The 395 represents a big chal
lenge to the rest of the industry," 
admits Rajesh Vashist, senior prod
uct marketing engineer at Vitelic 
(San Jose, CA). "Intel is saying it 
wants the whole motherboard, in
cluding the SRAM business. And the 
company is going in the right direc
tion; because of increasing clock 
speeds and power and cost consider
ations , this kind of integration is the 
way of the future." 

But Vashist is confident: "You 
may see other combinations of con
trollers and cache RAMs on the mar
ket too , perhaps as SRAM 
specialists and logic specialists band 
together to produce an integrated 
product. Given the problems ofhigh
speed SRAM design, like the need 
for high output drive, the need for 
self-timed synchronous parts, and 
so forth, you may get a better result 
starting out with SRAM expertise 
and adding logic." 

Though the names of all the play
ers aren't clear yet, the direction 
seems to be. Cache controller de
signs seem to be splitting into two 
branches: one to meet the cost needs 
of mass-market PCs, and the other 
to explore the challenges of multi
processing and trans-50-MHz sys
tems. Both branches will use high 
levels of integration, although the 
high-end designs may not integrate 
data RAM as quickly-the need for 
very large caches and synchronous, 
CPU-specific SRAMs may make 
such integration impractical. 

11Somewhere above 
40 MHz, it's going 
to be more difficult 
to continue using 
discrete parts. 11 

- Nick Mati, So/bourne Computer 

I I I 

As to how far integration can go 
for the low-end systems, perhaps the 
answer lies in Intel's new 386 SL 
system-on-a-chip. Along with nearly 
all the logic of a conventional 
motherboard chip set, the 386 SX
derived chip includes a program
mable, direct-mapped , two- or 
four-way set-associative cache con
troller and its tag RAMs. If Intel can 
sell the idea that small, well-orga
nized caches give good performance, 
the next round of integration may 
put the cache data RAMs on-chip as 
well, giving a 386 SX CPU, core logic 
chip set and 395-like cache system 
on a single die. The product may 
lack the flexibility of today's build
ing-block solutions, but its cost will 
be hard to beat. • 

For more information about the technologies, products or companies mentioned in this ar
ticle, call or circle the appropriate number on the Reader Inquiry Card. 
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(512) 338-4400 .. Circle 241 (408) 922-0200 . . ...... Circle 248 
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Integrated Device Technology Texas Instruments 
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Nexel VLSI Technology 
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E 
When you must win! 

For your "must-win" defense and aerospace programs, 
put the world's leading supplier of MIL-SPEC VMEbus 
systems on your team. Ready-to-run VMEbus systems 
from DY 4 are selected overwhelmingly by system 
integrators for aerospace and defense programs 
world-wide. 

DY 4 provides performance, reliability and cost
effectiveness through integration of a full range of 
open-system VMEbus products and services to 
military, ruggedized and commercial standards. 

DY 4's system solutions incorporate non-developmental 
item (NDI) products from the broadest product line in 

DY 4 Systems Inc. 

Customer First, 
Quality Always 

the business - CPUs ... memories ... communications 
controllers ... analog 1/0 ... high-performance graphics 
engines ... chassis ... Ada* foundation software and 
built-in-test (BIT) diagnostics. 

DY 4 provides a comprehensive quality program to 
MIL-Q-9858A and fully compliant configuration 
management to MIL-STD-483; design procedures 
conform to MIL-STD-1521 with manufacturing 
according to MIL-1-48604 (quality control) and 
soldering to MIL-STD-2000 in an ESD-controlled 
environment. 

Campbell, CA 
Tel: (408) 3n.9922 
Fax: (408) 3n-4725 

Nashua, NH 
Toi: (603)595-2400 
Fax: (603)595-4343 

Pennant Hiiis, Australia 
Toi: +61 ·2-484-6314 

21 Fitzgerald Road, Nepean, Ontario K2H 9H4 Tel : (613)596-9911 Fax: (613)596-0574 

Hanmel, Denmark 
Tel: +45-86-963624 
Fax: +45·86-962575 Fax: +61·2-875·1665 

*Ada Is a trademark of the United States Department of Defense 
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Are designers' expectations 
for synthesis realistic? 

Barbara Tuck 
Senior Editor 

Though still not 
perfected, synthesis 
tools are well on the 
way to changing 
design methodology 
and bringing technology 
independent design 
to life. 

W hile the implication of be
havioral synthesis is push-button 
silicon, synthesis is still very much 
in a growth stage. The dimension of 
optimization is changing as more 
and more synthesis is being done at 
a VHDL level. And because it per
mits users to describe a design at an 
abstract level and then target it Lo a 
specific technology, synthesis has 
been the catalyst for technology-in
dependent, top-down design. Syn
thesis software is at the core of 
systems that are integrating pro
grammable logic, ASIC and board 
design. 

As it matures, synthesis technol
ogy is paving the way for a consis
tent design methodology that will 
let users explore technology alterna
tives, analyze trade-offs and then, 
from a single workstation seat, im
plement design descriptions in 
PLDs, FPGAs, gate arrays or even 
standard cells. Synthesis underlies 
the ability to prototype a masked 
gate array in an FPGA and to mi
grate from an FPGA to a gate array. 

In five to 10 years, synthesis tech
nology is expected to mature to the 
point where a design described at 
the most abstract level will be auto
matically partitioned into multiple 
chips, with the designer making no 

decisions beyond the architectural 
level. A portion of the design will 
perhaps be implemented in micro
code, another portion in a micro
processor, another in a few ASICs 
and the remaining logic in a handful 
of PLDs and FPGAs. 

Though synthesis is changing the 
entire methodology of design, an in
timate knowledge of the technology 
is still confined to a relatively small 
group of people. To the rest of us, it's 
a mysterious, power-packed tech
nology for which we have great 
expectations. 

The question is, are those expec
tations realistic? Is synthesis, or can 
it be, a push-button technology? 
Dave Gregory, manager of optimiz
ation software at Synopsys (Moun
tain View, CA), thinks not. 

"Synthesis tools let designers ex
plore alternatives and experiment 
with decisions. Synthesis isn't a 
technology Lhat will replace the de
signer," he says, "but it will leverage 
the designer. As time goes on, the 
amount of human intervention will 
lessen. Meanwhile, the tools let de
signers spend more time doing cre
ative rather than mundane tasks. 

"A synthesis tool has to do a task 
at least as well at> a human," Gre
gory adds, "or the synthesis vendor 
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loses credibility." As the leading syn
thesis vendor, Synopsys is ex
tremely sensitive about raising false 
expectations for its tools, according 
to Gregory. 

Since synthesis is somewhat eso
teric, it's important to separate what 
it can do today from what it might 
do, or is promised to do, tomorrow. 
Among the questions that need to be 
answered are the following: 

• At what level of abstraction are 
designs being synthesized? 
•Is resource allocation a reality? 
• How much designer interaction is 
required? 
• What does a designer do about 
nonsynthesizable VHDL con
structs? 
• Are complex gate array designs 
automatically partitioned for op
timization? 
• Do silicon-specific tools have an 
edge on establishing a link to 
layout? 
• What's the ~timum design path 
for PLD and FPGA design{ 
• Are all the pieces in place for 
high-level FPGA synthesis? 
• How feasible is it to go from an 
FPGA netlist to a gate array net
list? 
Although all synthesis tools 

translate behavioral representa
tions into structural representa
tions , individual tools can differ sig-



nificantly from one another. When 
users are evaluating synthesis tools, 
it's important to question the level 
of abstraction for design description 
and synthesis and the range of syn
thesis tasks performed. Though ab
straction levels actually form a con
tinuum, they can be classified into 
discrete levels for the sake of discus
sion. The three levels most often 
referenced are behavioral, register
transfer level (RTL) and logic. 

I Levels of abstraction 
A behavioral description is at the 
most abstract level. It addresses the 
functionality of a design without ref
erence to its underlying structure, 
or how it might perform its behavior 
or the clock cycles required for exe
cution. Users have to go beyond the 
constructs contained in a model or 
supported by a tool to judge the level 
of abstraction. The use of behavioral 
constructs such as computer-aided 
software engineering, IF-THEN, 
and FOR loops doesn't necessarily 
imply that the model in which 
they're contained is a behavioral 
model. Nor can the level of a VHDL 
synthesis tool be gauged by the con
structs it supports. VHDL supports 
descriptions at most levels of ab
straction, including structural, RTL 



I SYNTHESIS 

THE SYNTHESIS CONTINUUM 
Though levels of 
abstraction for 
design description 
and synthesis ac
tually form a con
tinuum, it's often 
important to class
ify descriptions 
into discrete levels. 
The three primary 
levels of abstrac
tion generally used 
for the sake of 
discussion are be
havioral, register
transfer level (RTL) 
and logic. Each 
level of synthesis 
has specific as
sociated tasks, 
some of which 
overlap, which can 
cause confusion. 

was recently assimilated into Racal
Redac as the ASIC Design Division 
(Westford, MA), is adamant about 
categorizing the capabilities of its 
Silcsyn tool as behavioral synthesis. 
'We synthesize designs at a micro
architectural level, and as far as I 
know, we're the only ones that do," 
says vice-president of engineering 
Jeff Fox. A microarchitectural level 
is difficult to define, beyond that it 
seems to encompass some be
havioral tasks and some RTL tasks. 
Sile's claim of synthesizing at the 
behavioral level is difficult to dis
pute since Silcsyn II with VHDLjust 
began shipping last month. Users 
will now have the opportunity to 
evaluate the results of microarchi
tectural synthesis firsthand. 

SYNTHESIS LEVEL SYNTHESIS TASKS 

PARTITIONING 

PIPELINING 

SCHEDULING 

REGISTER ALLOCATION 

RESOURCE ALLOCATION 

REGISTER INFERENCING 

STATE MACHINE SYNTHESIS 

MULTILEVEL LOGIC OPTO 

TWO-LEVEL LOGIC OPTO 

REDUNDANCY REMOVAL 

TECHNOLOGY MAPPING 

The first version of Silcsyn, based 
on the proprietary SDDL high-level 
language , was introduced before 
top-down design and high-level lan
guages were popular. The shipping 
schedule for Silcsyn II slipped when 
Racal-Redac decided to do a major 
redraft of its VHDL. "The redrafted 
VHDL is somewhat less sophisti
cated and easier to understand," Fox 
maintains. "We've used the identical 
synthesis as with our own SDDL 
language and just built a VHDL 
front end. We have the same control 
as we do with SDDL; the only differ
ence is the input language." 

TECHNOLOGY TRANSLATION 

PHYSICAL ----------- PHYSICAL SYNTHESIS 

and behavioral. 
An RTL or dataflow description is 

at the next level of abstraction below 
a behavioral description. Most often 
characterized as a system definition 
in terms of registers, switches and 
operations, an RTL description does 
h ave a notion of an architecture and 
does incorporate a clocking scheme. 

At the logic level of abstraction
the lowest, nonphysical level at 
which a design can be represented
descriptions retain the architecture 
of the RTL level and also show the 
Boolean architecture or the logical 
implementation of the function. De
scriptions at th is level are typically 
technology-dependent. 

Some people in the industry see 
beh avioral synthesis as a super
charged term. "Levels of abstraction 
can be used as marketing tools," 
says Aart de Geus, senior vice-pres
ident of engineering at Synopsys. 
"The synthesis world should be seen 
as a continuum, but people make 
artificial boundaries. Synopsys is 
now well anchored in RTL-ahead 
of u s is the behavioral domain." 

To be in the behavioral domain, 
says de Geus, optimizations need to 
be performed between clock cycles 
rather than within clock cycles as 
with RTL synthesis. 

Responding to those who assume 
that synthesis done at a behavioral 
level has to be better than that done 

SOURCE· SYNOPSYS 

at an RTL level, de Geus says, 
"Credibility is our number one asset. 
Having capabilities at a high level 
without having capabilities at a low 
level will affect the quality of syn
thesis results." 

Another innovator in synthesis 
technology, Sile Technologies, which 

Through acquisition, Mentor 
Graphics (Beaverton, OR) obtained 

HOW SYNOPSYS REDUCES RESOURCES 

STATE 1 

STATE 2 

STATE 3 

STATE 4 

SOURCE: SYNOPSYS 

The use of resource allocation and sharing minimizes the resources required to two
an ALU and an adder- even though five arithmetic operations are performed. The 
ALU performs one of the "+" operations in state 2, and the "- " and"<" operations in 
states 3 and 4; the adder does the "+"operations in states 2 and 3. 
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With the 
OB68KNME40'" you 
no longer have co com
promise on performance or 
price In your VME embed
ded control application. We 
start by giving you a very 
basic board which includes: 

• 25-JJMHz 68040. 
• (8) 28-pln RAM sockets for 

up co 256KB of dual access 
0-walt-state static RAM 
(32KB standard). 

• (8) 32-pin sockets for up to 
8MB of ROM. 

• (2) asynch RS232C serial 
ports. 

• ( 16) lines of parallel i/O. 

You can configure It with just 
the right amount of RAM 
and ROM you need. 
And you do not have to 
sacrifice feawres. Our 
Omnlmodule"' modular 1/0 
connector allows you to 
implement a wide variety of 
serial, parallel, SCSI, GPIBl 
analog, digital and other l10 
options - all fitting Into one 
sloe. Other features include: 

• VTC's VIC068 VME Inter
face chip with arbiter, Inter-



Our VME and Multibus Product 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, 1/0 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: 

Y' 

OB68KNME20™ VME 
SINGLE BOARD COMPUTER 

y • 68020 16.66 - 33 MHz CPU 
• (8) 2 8·pin RAM sockets for up to 

2 65 KB of dual-access zero-wait-state
static RAM 

• (8) 32·pin sockets for up to 8MB of 
ROM, (4) sockets may be EEPROM 

• (2) R5232C asynch serial ports 
• (16) lines of parallel 1/0 
• (1) (OMNI MODULE 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 12.5 MHz 16/32 bit CPU 
• 5 12 KB 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 para llel lines) 

• DMA controller (optional) 
• VM E bus interrupt generator (optional) 
• Optional 4 level bus arbiter 
• Two year limited warranty 

OB68KNIO™ VME 
UNIVERSAL 1/0 BOARD 

• (4) Omnimodule 1/0 sockets for a wide 
variety of 1/0 (i.e.8 serial ports, 80 
para llel lines) 

• One ( 11 interrupt per Omni module, 
two (2i optional 

OB68K/VSBC20™ VME 
SINGLE BOARD COMPUTER 

• 68020 16-33 MHz, CPU 
• 1 A MB of dual-access, zero-wait-state 

DRAM with parity 
• 68882 (optional) 
• (2) 32-pin ROM sockets 
• (2) RS232C serial ports 
• (2) 8-bit para llel ports 
• (1) OMNI MODULE socket for a wide 

variety of 1/0 (i.e. 2 serial ports, 20 
parallel lines) 

• 4 level bus arbiter (optional) 

OB68KNMEI ™ VME 
SINGLE BOARD COMPUTER 

• 12.5 M Hz 68000 CPU 
• (8) pairs of 2 8-pin sockets for RAM 

or ROM 
• (2) RS·2 32C 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 M ath Co-Processor (optional) 
• 2 channel DM A controller (optiona l) 
• (2) RS232c sync/async serial ports 
• (2) 8-bit parallel ports 
· (I) OMN IM ODULE" socket 
• (4) 32-pin ROM sockets 

A ll our different con fi gura tions are bui lt to give you the best in quality. And they are backed by our famous 2 year 
limited warranty. For more information ca ll Pere Czuchra today. He'l l help you pick the card you need. 
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OMNIBYTE CORPORATION 
245 W. Roosevelt Road 
West Chicago, IL 60185-3790 
Fax No. 708-231-7042 
CALL TOLL FREE 1-800-638-5022 
In IL 708-231 -6880 



Tying synthesis to layout: the missing link 

L ogic synthesis 
tools have provided 
design engineers 
with major produc
tivity enhance
ments during the 
last two years. Such 
tools take an exist
ing netlist and opti

mize the area or performance of that 
netlist-and improvements of 30 per
cent aren't uncommon . With the added 
ability to synthesize from industry-stan
dard HDLs, we are seeing the evolution 
of a design methodology that will allow 
the development of ASIC chips contain
ing millions of gates in the latter half of 
the decade. 

Today's synthesis tools are only the 
first generation of what will be a dy
namic technology. The ability to accept 
higher levels of abstraction in a design 
description is frequently discussed, from 
register-transfer level to architectural to 
behavioral. For the designer, productiv
ity and time-to-market will improve as 
the level of abstraction increases. 

But advances in abstraction must be 
matched by advances in the physical im
plementation of a device. The goal of a 
synthesis system should be to produce a 
device that has the required functional
ity and performance with the least 
amount of silicon and power dissipa
tion . And the system should achieve this 
goal by using the highest level of ab
straction possible and the most ad
vanced silicon technology. 

The initial results from first-genera
tion synthesis tools look good. They re
duce the total gate count and critical 
path delays. Unfortunately, the advan
tage of these results can be lost when 
the post-route interconnect delays are 
plugged back into the simulation. 

For example, a critical path that was 
predicted to be 1 0 ns before physical de
sign can become 12 ns or worse when 
the extracted resistance-capacitance 
values are considered, making the final 
design of a critical circuit very time-con
suming. The problem is that most syn
thesis tools exist in a CAE vacuum. Only 
performance and area are taken into ac
count prior to placement and routing; 
physical implementation isn't a factor. 

Today's synthesis tools use gate count 
to measure the area of a circuit , when 
in reality the actual area is made up of 

both cell macros and interconnect 
wires. This problem is compounded 
when the goal is performance optimiza
tion, because the circuit delay equals 
the macro base delay plus interconnect 
delay. Designers can use a predictive 
capacitance for nets, but this is empiri
cal data based on a sample of previous 
designs. The interconnect delay be
comes a more dominant delay as we 
move to submicron technologies. 

In a typical scenario, the design engi
neer has verified that the latest design is 
functionally correct and will probably 
meet the timing specifications. The net
list is then handed over to the ASIC ven
dor for placement and routing. 

A synthesized netlist can be difficult 
to place and route, though, causing the 
actual gate utilization to fal l well short 
of the vendor's expected utilization. In 

the case of a gate 
Productivity and array, this can 
time-to-market cause the design to 
will improve as require a larger 

the level of base array, or the 
abstraction critical path delay 
increases. to exceed design 

specification . The 
I I I productivity that 

had been gained in 
the design-capture stage can be lost in 
additional iterations of the design. 

There are two ways to get around 
this problem: to improve the synthesis 
tools so that they do an adequate job 
on the first generation of the system, or 
to tighten the link between front-end 
synthesis and back-end physical imple
mentation to allow automation of the 
system's reiterative design. 

I Improving synthesis tools 
One of the limitations of most synthesis 
tools is caused by the functional blocks 
with which they operate. Most systems 
can use only standard gates, either as 
gate array or standard-cell macros 
within a vendor's library. This isn't the 
most efficient way to implement RAM 
or complex blocks such as multipliers or 
data paths. 

One way that a synthesizer can im
prove on the implementation of a de
sign (including synthesizing the system 
more accurately) is to access and use sili
con compilers within a common soft
ware toolset. In this way, synthesizers 
can move from synthesizing gates to 

synthesizing ASICs. 
A silicon compiler offers an efficient 

physical implementation of a single 
function . When using a silicon compiler, 
the designer knows exactly what struc
ture is required, and can give the com
piler the parameters for that structure. 

VLSI Technology's ASIC Synthesizer is 
designed to use block and datapath 
compilers so that compiler output can 
be used in the synthesis of chips all the 
way down to layout. The parameters of 
these compilers are closely tied to the 
parameters of VLSI silicon, and these 
compilers produce layout from high
level blocks such as datapaths and 
memories, so the performance of the 
resultant system is much higher that 
what could be obtained by synthesizing 
the same system entirely from gate-level 
structures. 

I Tightening the link 
The other method of enhancing the use 
of synthesis for critical designs is to gen
erate the ASIC chip directly from the 
HDL description, to extract the timing 
information from the layout (for ac
curacy, this necessitates a resistance
capacitance extraction too l), and to 
back annotate the result of the extrac
tion to the synthesis tools . 

Consequently, updating the HDL 
description will ensure that the required 
system is generated. As process tech
nology shrinks to the 1-µm level and be
low, the increased dependence of total 
circuit performance on parasitic ele
ments delays requires a strong link be
tween the tools performing the syn
thesis of the system and the tools creat
ing the silicon layout from the synthesis 
netlist. 

At VLSI Technology, ASIC synthesis in
volves the interaction of several highly 
integrated software tools encompassing 
compilation, verification (including tim
ing verification), simulation, circuit ex
traction, floor planning and layout. 

The attainment of a close synthesis
layout tie will be a combination of fac
tors involving enhancement of synthesis 
tools and a closer tie to the layout. Only 
when these are accomplished will it be 
possible to develop software systems 
that can ensure that the extracted, syn
thesized and HDL-described circuit will 
demonstrate the performance required 
of submicron silicon circuits . 

Michael O'Brien, BSEE, product line manager, Logic Design Automation, VLSI Technology 
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the VHDL synthesis technology of 
Trimeter and the ASIC synthesis 
technology of Silicon Compiler Sys
tems. Mentor is integrating synthe
sis tools from both companies and a 
PLD synthesis tool from Mine into 
its top-down design environment 
Release 8.0. Mentor expects its inte
grated VHDL, ASIC, and PLD syn
thesis solution to be available the 
first quarter of next year. 

Like Synopsys, Mentor makes no 
claims about being at the behavioral 
level. According to Rostam Joob
bani, development engineer director 
at Mentor's newly created Design 
Synthesis Division, ''We started at 
the gate level with logic synthesis, 
we're at the RTL level now, and 
we're moving toward the behavioral 
level. With VHDL, implementation 
details will disappear as we move to 
higher and higher levels until we 
reach a point where it won't really 
matter to the user in which technol
ogy his design is implemented. It 
will simply be an economic choice." 

I Minimizing resources 
Each level of synthesis has specific 
associated tasks, some of which 
overlap levels of abstraction. 
Whether a tool can allocate and 
share resources and how it performs 
those tasks, which are associated 
with both RTL and behavioral lev
els, will be important for users to 
evaluate. Resource allocation can 
have a significant effect on the speed 
and area of the design being syn
thesized. When allocating re
sources, a tool selects components 

Rostam Joobbani, 
development engineer 
director at Mentor 
Graphics' newly created 
Design Synthesis 
Division, looks over a 
design he's synthesizing 
with Mentor's Design 
Consultant VHDL syn
thesis tool. With the 
Design Consultant. VHDL 
input can be graphically 
correlated with syn
thesized schematics 
(inset). 

such as adders and ALUs to imple
ment the operations of a behavioral 
description. A related task is re
source assignment-or the selection 
of specific operations to be imple
mented on specific resources . When 
a synthesis tool shares resources, it 
attempts to rely on a single resource 
for more than one operation, as long 
as the operations are executed at 
different times. 

Racal-Redac's Silcsyn was the 
first synthesis software to include 
resource allocation and sharing. 
Though Version 2.0 of the Synopsys 
synthesis tool incorporates resource 
allocation and sharing, Racal
Redac's Fox claims that Synopsys is 
doing it "in a limited sense-only in 
those situations where it's obvious 
from the behavioral description that 
resources can be shared, as in an 
IF-THEN statement. The Synopsys 

software doesn't permit users to do 
loops with noncomputable bounds, 
such as 'While enable is high, do 
such and such'." 

Countering Fox's claim is Jeff 
Lewis, Synopsys marketing man
ager of HDL products. "I see it as 
two different issues," he says. "First, 
Racal-Redac's statement on non
computable bounds involves the is
sue of how a designer writes VHDL. 
Second, the comment on 'while' 
statements involves the issue of a 
different coding style. Despite 
Racal-Redac's claim, Synopsys does 
share resources across different 
statements. But resource sharing 
can't be done indiscriminately-de
signer interaction is imperative." 

The silicon-specific ASIC Synthe
sizer from VLSI Technology (San 
Jose, CA), of which a VHDL version 
is in beta site now, also synthesizes 
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"pop goes the circuit:' 
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Our sockets are designed to get solidly 
into contact and stay in contact. No 
matter what the outside influences. 

Pop-out is simply not a problem. 

Controlled contact 
interface angle 
in AMP HPT sockets 
ensures positive 
chip carrier retention . 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 

The contacts are High Pressure Tin, 
an AMP proprietary design that creates 
very high normal forces - a minimum 
of 200 grams per contact - for maxi
mum retention and reliable interconnec
tion. Short-signal-path contacts float in 
the housing to accommodate thermal 
expans10n. 

Two basic styles of sockets are avail
able: square or 32-position rectangular. 
Both come in solder tail or surface 



mount versions and feature all the im
portant details. Tin-over-nickel plating 
is applied after the contacts are formed, 
to assure full plating. We've built in vis
ual indicators for locating pin 1, and 
polarizing to aid correct insertion. 

both fast and simple, ideal for hand or 
tube-loaded robotic insertion. And the 
high pin counts make very effective use 
of real estate. 

Call the AMP Information Center 
at 1-800-522-6752 for literature on HPT 
PLCC Sockets. AMP Incorporated, 
Harrisburg, PA 17105-3608. 
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at the RTL level and offers resource 
allocation. ''Whereas most general
purpose tools struggle with the 
arithmetic involved in resource allo
cation, VLSI has th e experience of 
the Datapath Compiler behind it," 
says Michael O'Brien, Logic Design 
Automation product line manager. 

O'Brien says that VLSI has to go 
to a more abstract level of descrip
tion before it can offer scheduling, a 
behavioral-level task related to re
source allocation/sharing but at a 
higher level. Scheduling assigns op
erations in a behavioral description 
to a sequence of control states. "As 
we move to higher levels, we'll cease 
to define clocks," says O'Brien. "We 
won't care where or when something 
takes place. The software will move 
things around and optimize." 

I Blockbusting needed 
Though technologists are working to 
make synthesis more automated 
and less restricted, O'Brien says, 
they're not there yet. Optimizing a 
complex gate array, for instance, re
quires a lot of human intervention. 
Designers have to feed complex de-

signs to most tools in 3,000-gate 
chunks. Any more than that will 
take an unreasonably long time. 

''When designers are writing a be
havioral description of a design," 
O'Brien says, "they have to partition 
the description into modules 
through the use of syntax. The tools 
aren't in place to recognize 3,000-
gate chunks." O'Brien attributes 
this restriction partially to the algo
rithms themselves, adding that a lot 
of algorithmic work is going on in 
the universities . "Also, the software 
tools croak," he says, "because of the 
size of the databases." Synthesis 
takes a lot of horsepower. Going to 
more-powerful hardware platforms 
will help, but it won't solve the prob
lem. "To get to a million gates im
plies the need for good floor-plan
ning tools," says O'Brien. 

Another shortcoming of existing 
synthesis tools is the absence of a 
link to physical design. Though tools 
such as the VLSI ASIC Synthesizer 
and the LSI Logic (Milpitas, CA) 
Silicon 1076 VHDL synthesis tool, 
both closely tied to silicon, don't offer 
the freedom of technology-indepen-
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Cadence Design Systems ' PLO strategy is to provide the best vendor-independent 
solution with extensive device support. Cadence has integrated Data I/O's Abel, the 
de facto industry-standard PLO language and synthesizer, into the Amadeus Systems 
Design Series. Highlights of the Amadeus solution include top-down/bottom-up PLO 
design, push-button Verilog modeling and a common user interface with board 
design software. 
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dent design and close the door to 
multiple sourcing, they do have an 
edge when it comes to establishing 
a link with layou t . 

"Right now, layout isn't integrated 
into the ASIC Synthesizer, but it will 
be in the future," O'Brien says. "Re
optimization after layout with dif
ferent criteria isn't automatic," he 
admits . "But because the tool lets 
you maintain hierarchy, you can 
trace a problem that you've identi
fied through simulation and timing 
verification to the block where it 
originates, modify the code and then 
reoptimize." O'Brien predicts that 
the reiteration of such a block will 
be automatic in the future. 

I Nonsynthesizable constructs 
Bob Dahlberg, LSI Logic product 
marketing manager for system de
sign, raises the issue that, for users 
synthesizing designs in VHDL, not 
all VHDL constructs are syn
thesizable. "At the board level, you 
can use full VHDL because you're 
not going to synthesize it. But if 
you're going to silicon through syn
thesis, you have to make sure that 
you haven't included constructs that 
are nonsynthesizable." LSI sur
rounded the Synopsys synthesis tool 
with proprietary modules to create 
Silicon 1076, currently in beta site 
and expected to ship the first quar
ter of next year. 

No tool today can synthesize all of 
VHDL. There's no reason, in fact, to 
synthesize those parts of the lan
guage used only for simulation and 
logic modeling. But what happens if 
nonsynthesizable constructs were 
included in a design description? 

According to Steve Wolfe , produc
tion manager in Mentor's Design 
and Analysis Division, "With our 
VHDL synthesis tool, the Design 
Consultant, users can set a switch 
in the compiler to flag nonsynthesiz
able constructs and syntax errors. 
Then they can go back into the 
VHDL description and make 
changes. This is all done early in the 
design cycle since the user compiles 
his VHDL as soon as he writes it." 
Mentor claims that the compiler 
switch ensures a synthesizable de
sign. The Mentor synthesis solution 
may be the only one that features a 
common VHDL compiler for synthe
sis and simulation. 

The Design Consultant solves an
other VHDL-related problem that is 
likely to have kept some designers 
from embracing VHDL. Up until 
now, once a VHDL design descrip-



A more sensible approach to VHDL synthesis 

w hile most 
electronic designers 
agree that top
down design using 
VHDL and logic syn
thesis tools will pro
vide significant 
productivity gains, 

'------~--~ many are con
cerned about how difficult it will be to 
adopt-and justifiably so. Design teams 
that have been using some of the early 
VHDL synthesis tools have encountered 
several problems. 

These problems include the inability 
to correlate the synthesized schematics 
with the source VHDL description; the 
inability to determine up-front which 
VHDL constructs are synthesizable; the 
inability to target programmable logic 
device and field-programmable gate ar
ray (FPGA) technologies; simulation and 
synthesis libraries that are different; the 
inability to incorporate existing design 
data and leverage existing design expert
ise; and a relatively steep learning curve. 

While these problems aren't insur
mountable, they do require companies 
to consider a more sensible approach to 
VHDL synthesis-one that's integral to 
the design process, that's more tightly 
integrated into the EDA environment, 
and that's more flexible with respect to 
the designer's needs and expertise. 

I Technology-independent design 
Technology-independent design has 
long been sought by electronic design
ers. The ability to defer technology deci
sions until later in the design process 
allows designers to respond more quick
ly to changing design requirements, and 
to make better trade-off decisions be
fore they select an implementation. 

Early VHDL synthesis tools were lim
ited to semicustom technologies only, 
such as standard cell and gate array. But 
the 1990s call for a broader approach. 
What's needed are VHDL synthesis tools 
(such as Mentor Graphics' Design Con
sultant) that allow designers to target 
designs to multiple technologies-ASIC, 
custom IC, PLD and FPGA. 

Although stand-alone synthesis tools 
can make engineers more productive in 
discrete areas, that productivity is lost if 
the tools don't work well with the rest 
of the EDA environment. What's 
needed is a VHDL synthesis solution 

that works in concert with other design 
and analysis tools, and is tight ly inte
grated into the EDA environment The 
level of integration necessary goes well 
beyond the netlist and user interface 
level. In fact, there are three levels of in
tegration that are necessary. 

At the first level of integration, a com
mon user interface ensures operational 
consistency across all tools. A common 
database lets design data flow smoothly 
from one tool to another, and allows 
designers to re-use existing design in
vestments. In addition, it enables 
capabilities such as graphical highlight
ing of VHDL code when errors occur 
and cross-correlation of VHDL source 
code with the synthesized schematic. 
More important, it supports true concur

What's needed 
are flexible 

VHDL synthesis 
tools that 
are tightly 

integrated into 
the EDA 

rent design. 
At the second 

level, all tools un
derstand the data 
the same way, 
which ensures con
sistent results 
across al l design cre
ation and analysis 

environment. tools. A VHDL com-

111 piler that's common 
to both simulation 

and synthesis assures that the simulator 
and synthesis tools don't disagree. More 
important, it tells the designer, before 
simulation, when nonsynthesizable 
VHDL constructs are used. This elimi
nates a typical problem related to exist
ing VHDL synthesis tools: designers 
don't find out that thei r designs can't 
be synthesized until their functional 
simulations are complete. 

At the third level, all tools view the 
same data-that is, they share a com
mon library. Today's VHD L synthesis 
tools use ASIC libraries that are separate 
from the libraries used by the simulator 
and the other analysis tools, and some
times the data between libraries don't 
match. Or the library itself is missing 
from either the simulator or the synthe
sis tool. 

An effective VHDL synthesis environ
ment is one that uses a single library 
scheme. This ensures data consistency 
and minimizes the work the ASIC ven
dor has to provide in order to support 
the various design tools. This, in turn, 
expedites the availability of new ASIC li
braries as new semicustom technologies 

become available. 
Mentor's Design Consultant VHDL 

synthesis tool, in conjunction with the 
new Concurrent Design Environment, 
supports all three levels of integrat ion. 

I An incremental approach 
One of the most universal concerns re
garding high-level synthesis is the sharp 
learning curve for design languages 
such as VHDL. An evolutionary or incre
mental approach lets designers leverage 
the productivity benefits of high-level 
synthesis using fami liar design tech
niques, such as graphics-based design 
and editing, state-machine descriptions 
and high-level macrofunctions. In other 
words, designers gain the benefit of top
down design methods before taking the 
full leap to VHDL synthesis. 

Synthesis tools are available today 
that substantia lly increase productivity 
and al low designers to step up from 
gate-level design without the steep 
learning curve. Mentor Graphics' 
Autologic synthesis tool, for example, 
synthesizes a variety of high-level repre
sentations, such as state-machine de
scriptions and graphical, parameteriz
able macrofunctions. 

These high-level design methods can 
be used in any combination to quick ly 
and easily describe and synthesize high
level functions, short of using VHDL. 
Low- level descriptions-such as sche
matics, netlists, Boolean equations, and 
PLA tables-are also supported. 

As the designer's experience and com
fort level grows, the design environ
ment should allow the designer to 
move smoothly to VHDL-based design. 
Mentor Graphics developed a com
pletely top-down design environment 
that lets designers choose their level of 
involvement with VHDL and synthesis, 
depending on their level of expertise 
and comfort level. 

VHDL-based design and synthesis 
promises to raise designers to new lev
els of productivity. But this promise 
could be undermined if companies 
adopt VHDL synthesis tools without con
sidering the design process, the EDA en
vironment, the designer's expertise, and 
the relationship of synthesis with other 
tools. A more sensible approach to top
down design allows designers to move 
to VHDL synthesis incrementally, with
out jeopardizing time-to-market 

Robert Mendes da Costa, BSEE/CS, director of marketing, Design Synthesis Division, Mentor Graphics 
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DESIGNING AN ASIC WITH TOOLS FROM Tl AND MINC 
(a) Users who wish 
to design an ASIC 
first and then 
prototype it in 
programmable 
logic can use Texas 
Instruments' 
TGC100 design kit 
in the Mentor 
Graphics or Valid 
Logic Systems CAE 
environments. 
Staying within the 
same environment, 
they can then use 
the ASICPrototyper 
tool, jointly 
developed by Mine 
and Tl, to generate 
a functionally 
equivalent 
PLDIFPGA design 
automatically from 
the ASIC design. 
The prototype 
device or devices 
can be imple
mented with 
Minc's PLDesigner 
or PGADesigner 
synthesis tools. 

TI TGC100 
ASIC 

SCHEMATIC 
LIBRARY AND 

MODELS 

(a) 

TIASIC 
SCHEMATIC 

TI ASIC 
VERIFICATION 

TIASIC 
(SILICON) 

ASICPROTOTYPER 

YES 

PLDESIGNER 
PGADESIGNER 

PLD/FPGA 
VERIFICATION 

PLD/FPGA 
PROTOTYPE 

(SILICON) 

NO 

PLDESIGNER 
PGADESIGNER I ASICPATH I . __ r TIASIC 

SCHEMATIC 
.._ 
' TI TGC1 00 

ASIC 
SCHEMATIC (b) For users who 

have implemented 
a design in 
programmable 
logic and want to 
migrate the design 
to ASIC technol
ogy, M ine and Tl 
offer ASICPath, 
which automat
ically converts a 
PLDIFPGA design 
from Minc's syn
thesis tools into 
the Tl TGC100 ASIC 
environment. 

(b) 

PLD/FPGA 
VERIFICATION 

PLD/FPGA 
SOLUTION 
(SILICON) 

tion was translated and synthesized 
to the gate level, it's been difficult to 
backtrack to the VHDL from the 
gates. A feature within the synthesis 
tool, called Cross Correlation, does 
double duty for the designer. Not 
only does it trace from gates back to 
the particular section ofVHDL code 
that generated those gates, it points 
the designer from the VHDL code to 
the particular bunch of gates repre
senting that code. 

I Wanted: FPGA support 
The productivity advantages of 
VHDL are also motivating FPGA 
vendors, gate array vendors and us
ers to seek support for FPGAs from 
Synopsys. Synopsys doesn't have 
synthesis libraries for FPGAs, 
though its Library Compiler can be 
used to generate an FPGA library. 

Synopsys marketing director 

'¥ 

TI ASIC 
VEAIFICA TION 

TI ASIC 
(SILICON) 

Robert Smith says that support for 
FPGAs will be customer-driven. 
"Though we're not in a position to 
serve PLD designers looking at 
FPGAs as the next step, we are in a 
position to serve gate array vendors 
looking at FPGAs as an alternative 
method," Smith claims. Because of 
the architectural peculiarities of 
FPGAs, supporting them with syn
thesis tools is more difficult than 
supporting gate arrays or standard 
cells. "In addition to partitioning, 
the tricky part is predicting the de
lay, especially with Xilinx Logic Cell 
Arrays," says Smith. 

Andy Haines, marketing director 
at Actel (Sunnyvale, CA), reports 
that several customers designing 
with the company's antifuse-based 
FPGAs have interfaced Actel-spe
cific design tools to Synopsys syn
thesis software, created libraries 
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and synthesized with success. "The 
evidence is that we could use Synop
sys [software] as is, since our FPGAs 
are so much like conventional gate 
arrays ," says Haines. But the push 
is still on for FPGA vendors and 
synthesis tool vendors to establish 
interfaces from FPGA vendor-spe
cific tools to high-level synthesis 
tools. And it's no wonder, he main
tains. "Describing an FPGA design 
in a high-level language can com
press design entry time from three 
days to three hours." 

The Cadence Design Systems 
(San Jose, CA) strategy for FPGA 
design is to integrate vendor-specific 
FPGA tools. Vendors to be supported 
by Cadence include Xilinx, Actel, 
Plessey Semiconductors, Altera and 
Plus Logic. Cadence vice-president 
of marketing Anthony Zingale 
claims that as the novelty of FPGAs 
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Inc .. In partnership with Arrow, we'll get you what you need, when 
you need it. 

Our mission is to provide total customer satisfaction. We believe that 
by being responsive to your needs, we can provide better products, 
better service and better delivery than anyone else. 

Call lnnoVoice today. Let us show you what ''A New Perspective in 
Voice Processing" can mean to your bottom line. 

J]Ji!!Ji!J@lflIILE TM 

10700 Parkridge Boulevard 
Reston , Virginia 22091 

800-347-6007 
© 1990 Extrema Systems International Corporation Innovative Voice Solutions "' 
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To help you design high deru 
the precise measurements oJ 

The biggest advancement in designing for 
portable and space-constrained products happens to 
be very, very small. Introducing our 1 and 2 Megabit Flash 
Memory in TSOP. 

Now you can pack high density into a space one
third the size of a traditional 32-pin PLCC. And not just 
any memory, but a nonvolatile, rewtitable, 100,000 typical 

cyde memory in a package that's only 20 x 8 x 1.2 mm 
e 1990 lmd Corpor.uiun. 

in size. Or in non-technical terms, teeny x weeny. 
And if that isn't small enough, our new TSOP Flash 

permits a compact serpentine layout. This side-by-side, 
end-to-end technique saves board space and layers. 
Which means you can design products with greater 
functionality into a smaller space-sud1 as high-density 
IC cards. In fact, we used this layout to create our own 
Flash Memory cards. 



ty into small spaces, here are 
)Uf new TSOP Flash Memory: 

The benefits of designing with our flash go beyond its 

size. Since it combines RAM, ROM and mass-storage 
capabilities onto a solid-state, energy-efficient medium, it 
lets you eliminate slow hard disks and bulky battery packs 
from your design. In other words, you '11 create products 
that are fuster, lighter, more rugged and require less power. 

But best of all, since it's manufactured on our proven 
EfOX'" II process, it's already shipping in high volume. 

To find out more about this small wonder, 
call Intel at (800) 548-4725 and ask for Llterature 
Packet #A6A31. You see, when it comes to designing 
innovative products, it's the only memory that 
really measures up. 

CIRCLE NO. 65 



I SYNTHESIS 

FPGA devices require FPGA-specific synthesis tools 

L ogic synthesis 
for field-program
mable gate arrays is 
different from logic 
synthesis for pro
grammable logic 
devices or gate ar
rays because of 

L__ _ __L3.._ __ __J fundamental archi-
tectural differences. Unlike the fixed 
sum-of-products structure of PLDs, the 
structure of FPGAs is flexible and multi
level. In this respect, FPGAs are similar 
to gate arrays, although the basic logic 
element of an FPGA is more complex 
than the basic logic gates commonly 
found in gate array libraries. 

The architectural differences call for 
different requirements for synthesis. 
Blind application of PLD or gate array 
synthesis tools to an FPGA design re
sults in a design that runs too slowly or 
is too large, or both . 

Consider the architecture of the Xilinx 
(San Jose, CA) 2000 Logic Cell Arrays as 
an example that illustrates the require
ments of FPGA synthesis. These devices 
have limited fan-in logic cells, called 
CLBs (configurable logic blocks), that 
can be any function of four inputs. A 
four-input XOR uses the same space 
and is as fast as a four-input AND gate. 
Multiple levels of logic cells must be 
used to implement functions of greater 
than four inputs. Logic design for Xilinx 
devices is therefore limited by fan-in
not by logic complexity as in PLDs. 

Next, reduce T3 to four inputs by cre
ating another expression: 

T3=ExFx GxTS 
TS=Hxl 

Once the design is in AND/OR format, 
the Xilinx physical design software can 
be used to place the design into CLBs. 
This process is referred to as "partition
ing." For this example, we can observe 
what options are possible and choose 
the best one. TS or T3 may not be 
merged because of fan-in limitations. 
Tl may be combined with X, but it 
would be better 
to combine Tl 
with T4 and X 
with T2 . This 
gives the follow
ing partitioning 
into four CLBs 
(see diagram, left 
side): 

X= T1+(BxD)+T3 
Tl=A(B+C) 
T3=Ex FxGxTS 
TS=Hx l 

The best par
titioning for this 
example, how
ever, isn't the best 
solution overall. 
The initial logic de
composition given 

T4 

B ,.___.~--...-...._ 

c~--L~ 
02 

A2 

T2 

A4 

I Logic function options 
to the partitioning 
algorithm strongly 
affects the final 
solution. A differ-

TS 

One approach to Logic Cell Array (LCA) 
design is to decompose a function into 
its more-simple AND/OR equivalent rep
resentation, and then split the gates 
with large fan-in into multiple gates. 
Consider the following logic function as 
an example: 

X=A(B+C)+(BxD)+(ExFxGxHxl) 

Represented in AND or OR gates, the 
function would be as follows : 

X=Tl+T2+T3 
T1=AxT4 
T2=BxD 
T3=ExFxGxHxl 
T4=B+C 

ent decomposi-
tion yields a 
much better par-
titioning into three CLBs (see diagram, 
right side): 

X= Tl+(T2xE) 
T1 =A(B+C)+(BxD) 
T2=Fx GxHx l 

It's clear that this is an optimal solu
tion, since the three expressions share 
no common inputs. 

The process of mapping arbitrary 
logic into simple AND/OR logic is trivial 
if you don't have to worry about opti
mizing for the underlying technology. 

Ewald Detjens, MSEE, president and founder, Exemplar Logic 
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This technique can produce good re
sults, however, when coupled with 
FPGA-specific optimization software. 
As the example shows, fan-in-limited 
decomposition is required for the Xilinx 
LCA architecture. In the case of the 
Actel (Sunnyva le, CA) ACT 1 architec
ture, where the basic logic building 
block is a multiplexer, a multiplexer
based decomposition is a major optimiz
ation technique. 

FPGA-specific synthesis is the plat
form for future FPGA design technolo
gies. As FPGAs move further into the 
mainstream, system designers will want 

x 

F 
G 
H 

A2 

performance information early in the de
sign cycle, before implementation . 
FPGA-specific synthesis is the technol
ogy that will permit this flexibility. 

In addition, FPGA designers will de
mand multichip partitioning and device 
selection aids. FPGA-specific synthesis 
techniques are crucial to these since 
they both require timing optimization 
with respect to the underlying device 
architecture. 



THE 
NO COMPROMISE 22Vto 
Programmable logic always has been a give-and-take affair. If you wanted speed, the price 
was power-lots of it. And, if you tried to cut power, you lost the speed. It seems you 
could have either one or the other-but not both. NOW YOU CAN HAVE THE BEST OF 
BOTH WORLDS. 

Announcing the AT22V10-1s- the no com
promise 22Vl0. 

Talk about fast. A blazing 15 nano
seconds. That's fast enough for those 
advanced 32,.bit systems you're designing 
today for tomorrow's machines. 

And it's cool. When you plug in the 
AT22V10 you won't even think it's on. 
It typically draws a stingy 55 milliamps 

in standby and never asks for more than 
90 milliamps. 

So, if you 're tired of having to compro
mise. Don't. Call Atmel, the home of the 
no compromise 22V10. If you're not sure yet 
that we make the best CMOS 22V10 in the 
whole world drop us a note on your com
pany's letterhead, and we'll send you one. 
Or in the U.S. call us at t-800-292-8635. 

AilDEL 
ATMEL CORPORATION 
2125 O'Nel Drive 
San Jose, CA 95131 

____ .. '® 

The people who make the difference. 
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I SYNTHESIS 

wears off, system designers will re
fuse to go outside top-down design 
environments to use proprietary 
tools. FPGA and PLD vendors may 
continue to offer proprietary tools, 
he says, but they will be integrated 
within design systems. 

Cadence recently integrated the 
de facto industry-standard PLD syn
thesizer Abel from Data I/O (Red
mond, WA) into its Amadeus 
board/system design environment 
as an option for PLD and FPGA de
signers. Though Abel-4 addresses 
device-independent design through 
its new hardware description lan
guage, Zingale doesn't think Abel
H DL will be enough. "Customers 
will drive the use of a single lan
guage," he predicts. "Cadence has 
customers who just want to work 
with Verilog, or just with VHDL." 

About the same time Cadence be
gan OEMing Abel, Data I/O initi
ated the Open Abel program. To ac
commodate FPGAs and complex 
PLDs such as the Mach family from 
Advanced Micro Devices (Sunny
vale, CA) and the Max family from 
Altera (San Jose, CA), Open Abel 
licenses chip vendors to write "fit
ters" to optimize their silicon. The 
Open Abel interface lets designers 
use the new Altera Abel2MAX soft
ware to enter their logic designs in 
the Abel language and then compile 
and simulate them with the Altera 
MAX+PLUS software. 

I Peculiarities of FPGAs 
Commenting on the need for such 
optimization software for FPGAs, 
Ravi Ravikumar, product manager 
in the Cadence systems division, 

VAL/D'S SYSTEMPLD/PGA DESIGN 
The Valid Logic Sys
tems SystemPLD/ 
PGA software fully 
integrates the 
PLD/FPGA design 
and synthesis tech
nologies of Mine 
with the Valid 
Logic Workbench 
digital design en
vironment. Users 
can mix PLD and 
FPGA logic 
throughout system
/eve/ schematics, 
perform complete 
system simulation 
with Rapidsim 
before device selec
tion, and automat
ically combine or 
retarget PLDs and 
FPGAs without 
design description 
changes. A 
schematic redraw 
capability 
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smoothes the in 
tegration w ith 
physical design, 
packaging and 
back annotation. 

says, "Logic synthesis of FPGA
based designs can be different from 
that of gate arrays or other forms of 
masked ASICs. In the synthesis of 
an FPGA design, the optimization is 
both logical and physical. This re
quires intimate knowledge ofFPGA 
device architectures and the availa
ble physical resources." 

Clay Marr, vice-president of mar
keting and sales at Plus Logic (San 
Jose, CA), echoes Ravikumar's 
statement on the difficulty of syn
thesizing programmable devices 
such as FPGAs. "Synthesis tools as 
they are can't take advantage of the 
target architecture of FPGAs," he 
says. "A delicate balance is required 
to take a logic definition and do an 
optimized implementation-it's go
ing to be different for every FPGA 
architecture out there. The idea is to 
optimize for performance and to 
minimize interconnect at the same 
time, to create logic elements as 
large as you can ." 

Software vendors probably aren't 
the best people in the world, says 
Marr, to optimize for an FPGA ven
dor's silicon. Through an improved 
optimizer/minimizer and automatic 
partitioning, the Plustran 2.0 ver
sion of the Plus Logic design system 
provides an average of 20 percent 
greater utilization of Plus FPGAs 
over the previous version, according 
to Marr. Plustran reads a circuit 
description, compiles the informa
tion into optimized logic patterns, 
and then maps those logic patterns 
onto the target device. 

The first FPGA-specific, multiple
vendor VHDL logic synthesis and 
optimization toolset was introduced 
about six weeks ago by Exemplar 
Logic (Berkeley, CA), which focuses 
its R&D efforts on the development 
of FPGA synthesis solutions . 
Having been a consultant and sup
plier ofFPGA synthesis tools to com
panies such as Xilinx (San Jose, CA) 
and Actel for the last few years , Ex
emplar will now OEM its FPGA 
Compiler so that it can be integrated 
with front-end tools from major EDA 
and FPGA vendors. Exemplar tools 
are currently integrated into design 
systems marketed by FPGA vendors 
Xilinx and Actel and EDA vendor 
Viewlogic Systems. 

The FPGA Compiler accepts 
VHDL models, descriptions from the 
Palasm language and EDIF (Elec
tronic Data Interchange Format) 
200 netlists. The output is an FPGA
specific netlist, chip area and speed 
estimates and an EDIF 200 sche-



(Otherwise known as how to clean up in multimedia.) 

Finally there's a processor that's fast 
enough for the next generation of multi
media computers. Introducing the 
96002 Media Engine™ from Motorola. 

With a peak performance of 200 million opera
tions per second (MOPS) at 40 MHz, the 96002 
has no equal. It includes a high performance IEEE 
floating point engine. And more importantly, four 
independent function units and dual ports for 

Media Engine is a trademark of Motorola, Inc. 1990 Motorola, Inc. 

extremely high parallelism. Which means it can 
handle image processing or graphics and stereo 
audio simultaneously. 

And instantaneously. 
To learn more, call 512-891-3230. With 200 

MOPS you'll clean up faster than anybody. 

®MOTOROLA 



I SYNTHESIS 

With Minc's synthesis tools integrated into Racal-Redac's design automation environ
ment, PLD and FPGA designs can be described with several device-independent entry 
methods, including Racal-Redac's Visula schematic edi tor. 

matic. The focus of the FPGA Com
piler, according to Exemplar, is to 
provide an easy way to migrate 
PLD- or gate array-captured de
signs onto FPGAs. Users can evalu
ate the performance characteristics 
of the design in a particular FPGA 
technology before doing vendor-spe
cific place and route. 

VHDL compilation for PLDs, 
FPGAs and gate arrays is now avail
able to users of the Isdata (Mon
terey, CA) LOG/IC synthesis soft
ware, which interfaces to a number 
of CAE design environments. After 
the company's Hint VHDL compiler 
defines designs, the LOG/IC soft
ware performs logic reduction and 
produces programming and test 
data for PLDs and netlists for 
FPGAs and gate arrays. 

Customers and vendors alike are 
discovering that going from an 
FPGA netlist to a gate array netlist 
is fraught with difficulties. Steve 
Brightfield, CMOS marketing group 
manager at Plessey (Scotts Valley, 
CA), which takes its own Electri
cally Reconfigurable Arrays as well 
as competitive FPGAs into Plessey 
gate arrays, maintains, "There's a 
lack of visibility. You get functional 
equivalence but not observability 
equivalence. Some of the macrocells 
don't map well, and not all the test 
vectors are usable." 

Tools that allow designers to go 
from ASIC to FPGA and from FPGA 
to ASIC will be available soon as the 

result of an agreement between 
Mine (Colorado Springs, CO) and 
Texas Instruments (Dallas, TX), 
which is now a maker of FPGAs as 
part of a relationship with Actel. 
(AT&T, which has an agreement 
with Xilinx, also began shipping 
FPGAs recently, which extends its 
product line to all but PLDs.) And 
customers are demanding tools sim
ilar to those from TI/Mine from other 

11Synthesis tools 
as they are can't take 

advantage of the 
target architecture 

of FPGAs. 11 

-Clay Marr, Plus Logic 

I I I 

gate array vendors. Gary Hess, 
ASIC and custom products market
ing director at Oki Semiconductor 
(Sunnyvale, CA), says, "Over the 
last six months, Oki has been feeling 
more pressure to provide a path 
from FPGAs to gate arrays." 

Hess is of the opinion that design
ers should select a gate array vendor 
up front, establish a gate array net
list and move from that to an FPGA. 
He claims that in a good percentage 
of situations where synthesis pro
grams are used to map from an 
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FPGA to a gate array, the parts don't 
work. "There's no way to get good 
timing data out of an FPGA," says 
Hess. ''Viewlogic can produce a tim
ing file for a Xilinx part, but it uses 
the spec for the part, assuming the 
design will be typical." 

J. Scott Runner, manager of ASIC 
applications engineering at Fujitsu 
Microelectronics (San Jose, CA), 
shares Hess' concern about a sloppy 
migration from FPGA to gate array. 
"Just because a design works as a 
prototype doesn't mean that the de
signer doesn't have to verify timing 
and develop test vectors ." Runner 
says the best method is to use a 
synthesis tool to map from the FPGA 
to a particular vendor's library. 
"Once you have synthesis libraries, 
as long as you can read the netlist 
format, you can go from FPGA to 
ASIC, or from ASIC to FPGA. From 
an ASIC to an FPGA, you might 
have the problem of partitioning 
into multiple FPGAs." 

Runner says that working with 
tools that make VHDL available can 
have a significant impact. With 
VHDL, he says, designers can write 
a model with timing specified and 
then drive a synthesis tool with that 
model. But without VHDL, timing 
has to be specified in a constraint file 
and separate models created for syn
thesis and simulation. 

I VHDL impact 
No one disputes the advantage of 
describing a design that may be 
retargeted to another technology in 
VHDL. ''Whether a VHDL descrip
tion is targeting an FPGA or a gate 
array, there's no difference in the 
input. It doesn't impact the design 
process at all," claims Jay Southard, 
principal engineer of synthesis at 
Viewlogic Systems (Marlborough, 
MA), which offers a VHDL synthesis 
tool for FPGAs. "A user can do a 
design once in VHDL, implement it 
as an FPGA, get to a production 
level, take the VHDL description 
and resynthesize it for a CMOS gate 
array," he says. On the other hand, 
if all you have is an XNF (Xilinx 
Netlist Format) file, it's an expen
sive proposition. 

Though Valid Logic Systems (San 
Jose, CA) offers VHDL and has fully 
integrated the Mine PLD and FPGA 
synthesis tools into its Logic Work
bench digital design environment, 
the company doesn't offer VHDL as 
an entry method for FPGAs. Valid 
says that a timetable for the avail
ability ofVHDL is up to Mine. Minc's 
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Scratch beneath the surface for a 
real-time speed and power breakthrough ... 

There's a new speed and power standard in Real-Time. 

It 's VxWorks"' Version 5.0 featuring the windni real-time kernel. 

Preliminary, conservatively rated benchmarks for wind using 

an unmodified 68020 25MHz VME board, clock context switches 

at 17µ s, semaphore give+ takes at 8µs and interrupt latency at Sµ s. 

Times for other processors can (and will) be faster. 

With the blazing wind kernel, VxWorks 5.0 offers a commanding 

combination of performance, transparent connectivity and 

development cycle efficiency. For the full srory on VxWorks 5.0, 

turn ro the flip side of this bulletin. 

Wind River Systems, Inc. 
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VxWorks 5.0 is a powerful operating 

system built on a cross development 

partnership with UNIX. And lever

aging on a broad selection of industry 

srandards, VxWorks 5.0 supports a 

complete portfolio ofCISC and RISC 

rarger processor architectures, host/ 

development platforms and h igh

level languages including C and Ada. 
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The hearr ofVxWorks 5.0 is our new 

wind kernel. Incorporating objecr

oriented design concepts, wi nd offers 

unparalleled speed, functionality and 

determinism . New features include 

consrant speed context switches 
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vice-president of marketing, Kevin 
Bush, says that it's Minc's intention 
to support VHDL, but that in the 
meantime, the company's propri
etary high-level language is supply
ing a lot of the same capabilities. "If 
everyone supported VHDL as a syn
thesis language, you could bring the 
VHDL description to an ASIC ven
dor and be much closer to a workable 
solution," says Bush. 

Before the end of the year, Racal
Redac will also be shipping software 
that integrates the Mine PLD and 
FPGA synthesis tools into its system 
that includes the CADAT digital 
simulation system and the Visula 
EDA design environment. 

Though Mentor integrates Minc's 
PLDesigner into its system, the 
company doesn't offer PGADesigner 
for FPGAs. Instead, Mentor reports 
partnerships with major FPGA ven
dors that will result in coupling 
Mentor's VHDL synthesis to vendor
specific back ends for placement and 

For more information about the technolo
gies, products or companies mentioned in 
this article, call or drcle the appropriate 
number on the Reader Inquiry Card. 
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routing. The Mentor generic library, 
called GenLib, will be the glue be
tween the front and back ends. 

sign environments. Indeed, there 
are a lot of pieces to the puzzle, and 
it may be some time before we put it 
all together. A look at the missing 
pieces to a mature synthesis solu
tion sort of takes the magic out of 
the technology. That's just as well, 
though, because when the puzzle is 
complete, synthesis may prove to be 
one of the most practical technolo
gies ever. • 

At this point, it almost seems as 
if we have a hodgepodge of synthesis 
solutions- from Abel, Logical Dev
ices' (Fort Lauderdale, FL) Cu pl and 
AMD's Palasm, to Mine and vendor
specific tools , to high-level VHDL 
synthesis tools being integrated into 
workstation-based system-level de-

... 
.. . 
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Model Prtll' equiv. J C~ re4u1rl'<l 

Se lect your Emry Level .. , JS 50 640 K 
fl ' true JZ bit Dt.·sigo Surcm: Ull'lbmrd Advanced kvd 2.'47'i 140 100 640 K t- I Mh 

640 K t l Mb+ .1pprox. b. /J511•r rfom 16 bu 

USAICanada Headquarters 
l "ITlmatt• Tl·l·hnolngy Corp. 
lbl) \It . lknnon Road. 
Suitt· 105 
St·ott~ Yallt•y, <:A l)50bb 
Tt'I. {-10K)-1.\9-8l)-1-1 
Fax (-108) -1 .\9-8%(~ 

system from Proft.'Ssio nal 286 'i.910 unlumted 
thisuble : Prof~iona l 386 7 900 unlmme<i MOK -+ 2 Mb -+ 

UK/lttland Sales-Office 
l 'ITlmatt' TechnoloJ.,T)' Ll:d. 
I \tars House Calle\'a Park 
Aldenna. .. ton 
Herk....;hire R<i~ -1Q\\ 

Tel. (0'.\.f) KllO.\O 
fax (0'.\.f) Kl5.IH 

Gennany Sales-Office 
1 ·u1malt' Tt·l·hnology 
\ 'aihingt·r Slralk 1 l 
U-~O.U Sindl•lfingcn 
Td. (07031) K760lK 
fax (0'0.11) K5•115 

CIRCLE NO. 68 

Europe Intl. Headquarters 
l 'l.Tlmale Tt'l'hnoloJ.,'}' h\' 
Energie!'l1raat .\6 
l-111 AT ~aardt'n. !'it'therland"' 
Tel. ( •.II) l159+Hl• 
Fax ( -.II) l159-t .\ .\.f5 
Telex . .,.:\-115 
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128 MBYTE MEMORY, VME 
OVER 30 MBYTES/SEC T FER RATE 

M - 28M yte Boards - r Every Application 
VME DRAM Memory Boards (Lifetime Warranty) 

Part Capacity, Cycle/ Access, Operating Remarks (All DRAM Boards A32/ D32) 
Number Bytes nsec Amps 

MM-6340D 4M-16M 240/ 220 6.5 ECC, VME,IVSB, UAT, BLT, Page 

MM-6326D 8M-64M 125/ 75 5.5 Parity, Dual-Port, VME,/VSB, UAT. BLT 

MM-6320D 4M-16M 275/ 200 4.8 Parity, Dual-Port, VME,IVSB, UAT. BLT 

MM-6316D 4M - 16M 275/ 220 4.8 Parity, Dual-Port, VME,/VSB, UAT. BLT 

MM-6260D 8M-128M 120/ 90 3.8 Parity, UAT, BLT. Page, A32/ A24, D32/ Dl6/ D8 

MM-6240D 2M -16M 250/ 130 4.5 Error Correction, 32-bit CACHE, UAT, BLT 

MM-6230D 4M-16M 240/ 175 2.9 Parity, Fast Write, UAT, BLT 

MM-6220D 2M - 16M 240/ 175 3.8 Parity, 32-bit CACHE, CACHE Hits= 75 nsec 

MM-6216D 4M-16M 240/ 175 3.0 Parity, Fast Write, UAT. BLT 

MM-6202D IM-4M 145/ 130 2.9 Parity, UAT. BLT, Page 

VME CMOS Memory Boards: Non-Volatile, On-Board Batteries (One-Vear Warranty) 
Part Capacity, 
Number Bytes 

MM-6704C 512K - 4M 

MM-6702C 512K-8M 

MM-6700D 64K- IM 

MM-6500C 32K- 512K 

Cycle/Access, Data Retention Operating RAM/EPROM Mix for 
nsec Lithium/ NiCad Amps CMOS Boards 

150/ IOO 2 yrs./2 wks. 2.1 RTC, UAT, BLT, A32/ D32 

125/ 125 3 yrs/ 4 wks. 1.7 UAT. BLT. A32/ D32 

150/ 150 4 yrs./8 wks. 1.0 A32/ D32 

200/ 200 5 yrs/ 12 wks. I.I RTC, A24/ Dl6 

Micro Memory Inc also supplies a full line of Multibus I and II. PC/AT. EISA and Sun Workstation Memory Boards 
Multibus is a trademark of Intel Corp, PC/ AT is a trademark of IBM Corp , Sun 1s a trademark of Sun Microsystems Inc 

CIRCLE NO. 69 

... First in Microcomputer Memories 

9540 Vassar Avenue • Chatsworth, CA 91311 • (818) 998-0070 • FAX: (818) 998-4459 
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COMPUTERS AND SUBSYSTEMS 

I 
Dual-port designs 
help memory 
boards keep pace 
Jeffrey Child, Associate Editor 

U pgrading system performance 
is no longer a matter of simply 
tossing another memory 

board on the bus. The quicker access 
times of the newest disk drives and 
the faster clock speeds of the latest 
microprocessors have outdated such 
a simple solution. 

Today, most VME users would 
rather squeeze DRAM chips onto the 
CPU card instead of using precious 
bus bandwidth to execute code. And 
with DRAM densities reaching 4 
Mbits, CPU boards with from 4 to 16 
Mbytes of on-board memory are com
monplace. As a result, the role of 
today's VMEbus memory boards has 
moved from simple memory expan
sion to a global memory source to be 
shared between processor cards on 
the bus. 

System designers have learned to 
overcome bus limitations by offering 
dual-port memory solutions, so sev
eral of the latest VME memory 
boards also use the VME subsystem 
bus (VSB). The VSB lets designers 
off-load some of the main bus activity 
and manipulate data independently. 
It also accelerates data transfer by 
eliminating the 256-byte block-move 
barriers of the VMEbus. 

"We've seen a tendency in the in
dustry to press the limits ofVME and 
end up with a bottleneck-for many 
system designers, there's never ade
quate bandwidth on the bus," says 
Joel Silverman, marketing manager 
for commercial products at Radstone 
Technology (Montvale, NJ). "It's 
taken a while for the industry to 

accept VSB, or accept anything else, 
as a secondary bus. But in the past 
12 to 18 months we've seen a lot more 
VSB implementations." 

A dual-port DRAM board, the 8SB 
from Radstone Technology, provides 
up to 8 Mbytes of DRAM and a full 
implementation of the VSB specifi
cation. Enabling data transfer rates 
in excess of20 Mbytes/s across either 
bus, the 8SB performs data read
ahead on block transfers and pipe
lined address and data cycles. The 
board has bidirectional data buffers 
that interface directly to the VME
bus and the VSB. Each bus has its 
own set of latched buffers, which 
frees internal logic from the timing 
requirements of either bus. 

Control logic on the 8SB consists 
of an asynchronous part and a state 
machine part. Optimized for single 
random accesses, the asynchronous 
part offers short access times-230-
ns read access times and 130-ns 
write access times. The first access 
of any cycle is handled by the asyn
chronous part, while subsequent ac
cess within that cycle is handled by 
the state machine logic as block 
transfers. 

Another dual-port memory board, 
the MVME224A from Motorola 
(Tempe, AZ), uses a patented arbitra
tion scheme in which the arbitration 
time for that board into the DRAM 
refresh circuitry varies. While it 
can't support block transfers, the 
board runs at 200-ns cycle time doing 
straight one-to-one cycles. Im
plementing block transfer on this 

The 858, a dual
port DRAM 
board from 
Radstone Tech 
nology, provides 
up to 8 Mbytes 
of DRAM and 
has bid irectional 
da ta buffers that 
interface directly 
to the VMEbus 
and the VME 
subsystem bus. 
Each bus has its 
own set of 
latched buffers, 
so internal logic 
is free from the 
timing require
ments of either 
bus. 

board would require some ASIC de
velopment, according to Motorola. 

Designed for use in VME-based 
systems to increase global memory, 
the MVME224A contains 4 to 32 
Mbytes of DRAM for 8-, 16- or 32-bit 
data transfers. The MVME224A's 
arbitration scheme minimizes cycle 
time by burying the time required for 
refresh, VME arbitration and VSB 
arbitration within the cycle. This 
time reduction lets the board achieve 
20-Mbyte/s transfer rates over the 
VMEbus and VSB. 

I Dual ports fall short? 
Although more and more board de
signers are making use of the VSB 
to achieve greater data transfer 
rates, one company has found rea
sons for doubt. ''We surveyed the 
marketplace," says Mike Strang, 
vice-president of Advanced Technol
ogy at SBE (Concord, CA), "and al
though we found some cards that 
were dual-port, none of them could 
really support the simultaneous 
transfer rates that we required on 
both the VSB and the VMEbus. 

"Some of the manufacturers are 
claiming 30-plus Mbytes/s-but the 
reality is that when you plug one of 
those boards into a system in a real
world application, you find there are 
only certain circumstances under 
which you get 30-plus Mbytes/s." If 
a system has two masters-one on 
VME and one on VSB-accessing the 
memory at the same time, the data 
rate drops dramatically, according to 
Strang. 
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Aitech Defense Systems 1250 Oakmead Pkwy, Ste 210, Sunnyvale, CA 94086 (408) 720-9400 Circle 301 

1C203 VME EPROM, EEPROM, 4MtoBM 75 to 330 75 to 330 75 to 330 75 to 330 - 6U, 16-/32-bit data/address width 
flash , SRAM 

2C203 VME EPROM, EEPROM, 4M to BM B5 to 330 B5 to 330 B5 to 330 B5 to 330 - same as 1 C203 but with -40°C to 
flash , SRAM +71°C operating temp 

4C203 VME EPROM, EEPROM, 4M to BM B5 to 330 B5 to 330 B5 to 330 B5 to 330 - same as 2C203 but with - 55°C to 
flash. SRAM +B5°C ambient operating temp 

5C203 VME EPROM, EEPROM, 4MtoBM B5 to 330 B5 to 330 B5 to 330 B5 to 330 - same as 4C203 but with full mil-
flash, SRAM spec components 

Central Data 1602 Newton Dr, Champaign , IL 61821 (800) 482-0315 Circle 302 

CD21 /2511 Multibus I DRAM 2M 210 max 210 max 245 max 245 max $1 ,BB5 sync/async LBX interface, maps on 
64-kbit boundary 

CD21 /2032 Multibus I EPROM, SRAM 1Mto 2M 160 160 - - $520 battery backup, maps on 64-kbit 
+ device speed + device speed boundary 

CD21 /2035 Multibus I EPROM, EEPROM, 12Bk to 512k 90 90 - - $620 battery backup option 
SRAM + device speed + device speed 

Clearpoint Research 35 Parkwood Dr, Hopkinton , MA 017 48 (800) 253-2778 Circle 303 

VMERAM VME DRAM 2M to 16M 210 180 470 650 - EDC, 64-bit cache 

VSBRAM-EC1 VME/VSB DRAM 2M to 64M 235 150 265 420 - EDC, dual 64-bit caches 

VMERAM-FP1 VME DRAM 2M to 64M 13B B9 1B1 1B1 - fast parity memory 

Compcontrol 15466 Los Gatos Blvd , Ste 109-365 , Los Gatos , CA 95032 (408) 356-3817 Circle 304 

CC109 VME/VSB DRAM 16M to 64M VME 190 VME 70 VME 240 VME 130 $3,750 -
VSB 240 VSB 125 VSB 275 VSB 205 

CCB1 VME DRAM 4M to BM 230 150 260 260 $1 ,095 -
CCB6 VME EPROM, EEPROM, 1Mto2M 100 to 350 100 to 350 130 to 3BO 130 to 3BO $1 ,035 -

ROM, SRAM 

CCB7 VME DRAM 2M 290 200 320 320 $999 -

Datacube 4 Dearborn Rd , Peabody, MA 01960 (508) 535-6644 Circle 305 

ROI-STORE VME PROM 2M B50 300 225 300 $3,750 part of MaxVideo family 

MEGASTORE-B VME PROM BM B50 300 225 300 $11 ,950 part of MaxVideo family 

FRAME STORE VME PROM B32k 600 600 - - $3,750 -

Duual Computer 26046 Eden Landing Rd , Ste 2, Hayward, CA 94545 (415) 785-8890 Circle 306 

VMEM/4 VME/VSB DRAM 4M VME 230 VME 1BO VME 275 VME 230 $2,150 parity checking, dual-port 
VSB 220 VSB 165 VSB 260 VSB 195 

VMEM/16 VME/VSB DRAM 16M VME 230 VME 1BO VME 275 VME 230 $3,950 parity checking, dual-port 
VSB 220 VSB 165 VSB 260 VSB 195 
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DY-4 Systems 21 Fitzgerald Rd, Nepean, Ontario K2H 9J4 (613) 596-9911 Circle 307 

DMV-536/ VME EPROM 8M 200 200 - - - mil-spec and conduction-cooled ver-
SVME-537 sions, EPROM programming 

SVME-335 VME/VSB DRAM 4M 300 300 - - - EOG, mil-spec versions 

SVME-530 VME/VSB EPROM 8M 220 220 - - - mil-spec versions, on-board 
EPROM programming 

DMV-540/ VME flash BM 290 290 - - - mil-spec and conduction-cooled, 
SVME-541 parallel 1/0 

Force Computers 3165 Winchester Blvd , Campbell, CA 95008-6557 (408) 370-6300 Circle 308 

DRAM-BC VME DRAM BM 230 BO 320 320 $995 -

DRAM-BD VME DRAM 16M 230 BO 320 320 $2,690 -

DRAM-BE VME DRAM 32M 230 BO 320 320 $4,990 -

SRAM-6 VME SRAM 2M 55 55 105 105 $4,990 battery backup or +5V standby 

RR-2 VME EPROM, SRAM, up to BM - - - - $995 dual-port VMEbus/VMXbus 
ROM 

General Micro Systems 4740 Brooks St, Montclair, CA 91763 (714) 625-5475 Circle 309 

GMSV05 VME DRAM 32M to 64M - - - - - dual-port, CPU expansion bus com-
patible, VME64, EDAC 

GMSSRAM VME PROM, SRAM 256k to 1M 30 30 - - $995 dual-port, CPU expansion bus com-
patible 

GMSDRAM VME DRAM 4M to 16M 100 100 160 160 $795 dual-port, CPU expansion bus com-
patible 

GreenSpring Computers 1204 O'Brien Dr, Menlo Park, CA 94025 (415) 327-1200 Circle 310 

DRAM3-1M VME DRAM 1M 2BO 190 320 280 $B90 3U, with 6U optional 

DRAM2-2M VME DRAM 2M 240 90 275 235 $1 ,295 6U 

DRAM16 VME DRAM 4M to 16M 2BO 90 310 240 $1,400 to -
$2,950 

NVRAM4 VME DRAM 4M 240 90 275 235 - battery backup, 3U size 

Matrix 1203 New Hope Rd , Raleigh , NC 27610 (919) 231-8000 Circle 3 1 1 

MS-RPN Series VME PROM, RAM 3B4k to 1.5M 1BO 180 1B5 1B5 $245 automatic boundary generation 

MS-RPG Series VME PROM, RAM 3B4k to 1.5M 1BO 1BO 1B5 1B5 $295 automatic boundary generation 

MS-RPB Series VME PROM, RAM 384k to 1.5M 1BO 1BO 1B5 1B5 $275 automatic boundary generation, 
RAM battery backup 

MS-ORM Series VME DRAM up to 1M 170 170 2B5 2B5 $295 parity on/off, odd/even, unified 
global refresh 

MD-RAM VME EEPROM, SRAM up to 4M 275 275 515 515 $B95 low-power CMOS, battery backup 
and status indicator 

MX-RAM VME EEPRDM, SRAM up to 4M 275 275 515 515 $1 ,790 low-power CMOS, battery backup 
and status indicator 

MR-RAM VME SRAM up to 4M 275 275 515 515 $2,995 same as MD-RAM but with rugged 
design 
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Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 312 

PG220X VME DRAM 0.25M to BM 250 200 265 195 $650 to protection mechanism penmitting 
$950 supervisor access only 

PG221X VME DRAM 0.25M to 1M - - 300 300 $1,700 to dual-port memory, ECC 
$2,400 

PG222X VME DRAM 4M to 16M - - 200 100 $5,BOO to parity, dual-port with single-port 
$B,400 select 

PG2260 VME EPROM, EEPROM, 1.25M - - - - $950 universal memory board 
ROM, SRAM 

PG2255 VME SRAM 1M - - - - $2,700 -

PG2206X VME DRAM 2Mto BM 230 to 290 150 to 200 260 to 320 260 to 320 $1,950 to parity generation and checking 
$5,BOO 

MBLC116 Multibus I DRAM 16k - - 665 665 $695 4B 1/0 lines, battery backup, 
sync/async serial channel 

MBLC300 Multibus I DRAM 32k 1.0 µs 1.2 µs - - $495 plug-in memory for BLC B6/123 

MBLC304 Multibus I DRAM 12Bk - - - - $595 plug-in memory for BLC B6/30 

MBLC416 Multibus I PROM, ROM 16k - - - - $495 on-board programming 

MBLC0512A Multibus I DRAM 512k 275 110 400 400 $995 parity on-board refresh and control 

MBLC0512B Multibus I DRAM, RAM 512k 350 400 500 500 $1 ,495 ECC, on-board refresh and control 

MSBC012EX Multibus I RAM 512k 375 375 625 625 $595 on-board parity generator/checker 

MSBC040EX Multibus I RAM 4M 375 375 625 625 $1 ,995 -

Mizar 1419 Dunn Dr, Carrollton , TX 75006 (214) 446-2664 Circle 313 

MZ7210 VME DRAM up to 4M 170 55 225 225 - -

MZ7570B VME DRAM up to 16M - - - - - -
EMX7230 VME DRAM up to BM 120 120 240 240 - -

EMX7240 VME DRAM up to 16M - - - - - -

MZB205 VME ROM, SRAM 64k to 256k - - - - - -

MZB210 VME DRAM 512k - - - - - -

MZB215 VME DRAM up to 4M 170 55 225 225 - -

MZB315 VME SRAM up to 32k - - - - - -

Motorola Microcomputer Div 2900 S Diablo Way, Tempe , AZ 85282 (602) 438-3013 Circle 314 

MVME216 VME EPROM, EEPROM, 1Mto 16M 170 190 230 230 - supports block transfer on VME 
SRAM 

MVME246-2 VME DRAM 32M 170 60 200 200 - -

MVME246-3 VME DRAM 64M 170 60 200 200 - -

MVME236-2 VME DRAM BM 170 60 200 200 - -

MVME236-3 VME DRAM 16M 170 60 200 200 - -
MVME224a-1 VMENSB DRAM 4M 190 65 230 200 - dual-port 

MVME230-2 VME DRAM BM 220 65 360 360 - ECG 

MVME230-3 VME DRAM 16M 220 65 360 360 - same as above 

MVME236-1 VME DRAM 4M 170 60 200 200 - -

MVME224a-2 VMENSB DRAM BM 190 65 230 200 - dual-port 

MVME224a-3 VMENSB DRAM 16M 190 65 230 200 - same as above 
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Motorola Microcomputer Div 2900 S Diablo Way, Tempe, AZ 85282 (602) 438-3013 Circle 314 

MVME224a-4 VMENSB DRAM 32M 190 65 230 200 - dual-port 

MVME230-1 VME DRAM 4M 220 65 360 360 - ECG 

MVME-214 VMENSB ROM, SR AM 1M - - - - - dual-port 

MVME215-1 VM E CMOS, RAM 256k 225 225 230 230 - Nicad battery supplied 

MVME215-2 VME CMOS, RAM 512k 225 225 230 230 - same as above 

MVME215-3 VME CMOS, RAM 1M 225 225 230 230 - same as above 

Performance Technologies 435 W Commercia l St, E Rochester, NY 14445 (716) 586-6727 Circle 315 

PT-VME240 VMENME64 DRAM 4M to 32M 43 43 10B B3 $1 ,626 includes VME64 capability 

PT-VME201 VME DRAM 4M to BM 290 140 340 260 $1 ,226 block-mode capability 

PT-VME200 VM E DRAM 4M to BM 290 140 340 260 $1 ,BOO VMENMX dual-port, block-mode 
capabi lity 

Radstone Technology 20 Craig Rd, Montvale , NJ 07645 (201) 391-2700 Circle 316 

BSB VMENSB DRAM BM 100 100 200 210 - -

BEP VME DRAM BM 110 140 150 1BO - -

16EP VME DRAM 4M to 16M 220 120 300 320 - -

SME-1A VMENSB EPROM, EEPROM, 512k to 2M 2BO 2BO 320 320 - mil-spec or commercial equivalent 
SRAM 

DME-1 VMENSB DRAM 4M to 16M 125 130 225 230 - same as above 

SBE 2400 Bisso Ln , Concord, CA 94520 (415) 680-7722 Circle 317 

VSRAM-2 VMENSB SRAM 2M VME 71 VME 71 VME B1 VME B1 $4 ,750 jumper-selectable configuration, in-

To avoid such drops, SEE uses 2 
Mbyt es of 25-ns SRAM on its 
VSRAM-2 memory board. Although 
more ex pensive than D RAMs, 
SRAMs don't require a precharge 
t ime or a row address strobe cycle. 
This allows sustained transfers even 
when both ports are accessing at full 
speed. Designed to meet the require
ments of an application that would 
support interleave accesses to the 
data and the dual-port memory at 
high speeds, the VSRAM-2 is able to 
sustain transfers on both the VSB 
and the VMEbus in excess of 20 
Mbytes/s without any interference 
between the two buses. The board 
can sustain these high data rates 
concurrently, resulting in an effec
tive combined data transfer rate of 
40 Mbytes/s. 

VSB 63 VSB 63 VSB 72 VSB 72 (100) terleaved port access option 

While dual-port memory designs 
help in achieving full system perfor
mance, there are some advantages 
to using a local custom port-adding 
a third path for data transfers . As 
the VMEbus and VSB become satu
rated with data from external 
sources and interprocessor commu
nication, the system CPUs barrage 
the arbiter with bus requests and 
data traffic. This can force the sys
tem designer into unwanted com
promises in data transfer efficiency. 
Allowing direct access to the CPU, 
local buses can move data without 
the restrictions of system bus arbi
tration and clock speeds. 

Taking this triple-port approach, 
the GMSV05 memory system from 
General Micro Systems (Montclair, 
CA) features a custom Special Appli-

cation Module (SAM) bus. Operating 
through a DIN connector, the SAM
bus is basically a 68030 line that 
brings address, data, cache-fill and 
MMU lines from a GMSVX7 CPU up 
to the memory. 

"The idea here is that an I/O board 
on the bus can be writing to one of 
these memory cards while a CPU is 
reading from another one," says Del 
Miller, director of marketing at 
General Micro Systems. "What we're 
trying to do is emulate a flow
through architecture in a batch-pro
cessing environment." 

A GMSV05, for example, used in a 
two-board set with a GMSVX7 CPU 
provides 64 Mbytes oflocal memory 
to the CPU without going through 
the bus. This configuration also pro
vides an additional VME and VSB 

COMPUTER DESIGN NOVEMBER 1, 1990 135 



I PRODUCT FOCUS/Memory Boards 

COMPUTERS AND SUBSYSTEMS 

interface. Stackable connectors al
low up to four GMSV05 modules ad
dressable from either the VMEbus 
or the SAMbus. Supporting the use 
of burst-mode transfers over the 
SAMbus, the GMSV05 permits 4-1-
1-1 bursts at CPU clock speeds up to 
33 MHz. 

Another rare feature of the 
GMSV05 is its implementation of 
VME64. The design allows 64-bit 
data transfers per the VME Rev. D 
specification. Data is transferred at 
twice the rate as block transfers over 
a 64-bit data path. 

I Memory capacity crucial 
While high data transfer rates are 
an important factor in memory board 
design, memory capacity can't be ig
nored---especially as more and more 
memory resides on the CPU boards 
themselves. Making decisions about 
which memory chips to use may be 1---------------------------------1 
an afterthought in CPU or controller Accommodating 32 or 64 Mbytes of two-way interleaved, static column DRAM, the 
board designs, but it is a key factor GMSV05 from General Micro Systems features triple-port design. This design allows 
for memory boards. To stay compet- data t ransfers along the VMEbus, the VME subsystem bus and a local Special Applica -
i tive , whether using DRAMs, tion Module bus. Used in a two-board set with a GMSVXl CPU, the GMSVOS provides 
SRAMs, EPROMs or a combination 64 Mbytes of local memory to the CPU without going through the bus. 
of memory types , memory board 1---------------------------------l 
manufacturers need to understand 
the importance of keeping tabs on 
the densest, fastest memory devices 
available. 

"The most difficult problem to deal 
with in the memory board business 
is keeping up with a highly volatile 
memory market," says Michael Cur
ran, general manager at Micro In
dustries (Westerville , OH). "Since 
memory chips are a commodity, 
memory boards also tend to sell as a 
commodity. So the ability to sell 
memory boards is directly driven by 
the costs of those devices." 

Accommodating up to 16 Mbytes 
of DRAM, Micro Industries' PG222X 
can run as either a dual-port or a 

single-port memory board. In dual
port operation, the board offers read 
cycle times from 210 ns to 270 ns and 
write cycle times from 110 ns to 179 
ns. For faster access speeds, the 
board can run as a single-port mem
ory device with 200-ns read cycles 
and 100-ns write cycles. 

Recognizing the importance of us
ing the fastest parts that are readily 
available , designers at Clearpoint 
Research (Hopkinton, MA) selected 
70-ns DRAMs for their VMERAM
FPl memory board. Careful not to 
exceed the maximum transfer rates 
inherent in the VMEbus, they also 
incorporated the latest 7.5-ns pro-
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grammable memory components 
and tied in TTL logic to keep opera
tion at 100 ns. 

Available with up to 64 Mbytes of 
DRAM, the VMERAM-FPl features 
a 181-ns cycle time for both reads 
and writes. The 6U single-slot card 
also offers parity error detection. It 
has a Motorola-compatible control 
status register and allows users to 
access parity error status informa
tion and control. In block mode the 
VMERAM-FPl runs at a typical 
speed of 89 ns, which translates to a 
data rate of 35 Mbytes/s. Clearpoint 
will incorporate 60-ns DRAMs when 
they become available. • 

Make Tracks ... 
. . . to your nearest mailbox and send for the 
latest copy of the free Consumer Information 
Catalog. It lists about 200 free or low-cost 
government pubUcatlons. Just send your name 
and address to: 

Consumer Information Center 
Department MT, Pueblo, Colorado 81009 tr: 



Mitsubishi Fast SRAMs 

en You Need 
Fast Cache. 

40MHz 50MHz 

Reality is, no matter how fast you design your the M5M5180A can reduce chip count by as much as 
systems, customers always want them faster. To stay 50% in an SK x 32 cache memory subsystem. 
ahead, you need fast access to ultra-fast SRAM Mitsubishi's cutting-edge, 0.8 micron CMOS 
access times. And, Mitsubishi helps you lead the technology and mask/bonding wire option let you 
cache memory race with fast, 15ns Static RAMs in interchange/upgrade SRAMs without requalifying each 
28-pin SOJ, DIP device. So, your 
and flat packages. Part No. Organization Access Time Package (all 28-pin) design and redesign 

Mitsubishi's ns processes are faster 
fast SRAMs let M5M517SA SK x S 15, 20, 25 SOJ , Flat Pack, DIP than ever. 
you cash in on _M_5_M_5_1_7_9_A ___ S_K_x_9 ____ 1--'5,'---2_0-'--,-2_5 __ S_O__;J,'---F-la_t_P_a_c_k'-, D_IP Set your sights 
your cache sub- M5M51 SOA SK x S (Latched) 20, 25 SOJ, Flat Pack, DIP on Mitsubishi's fast 
system perfor- Static RAMs for 
mance. Just match memory density and organization cache subsystems and pick the speed that will get you 
with any of the popular industry-standard micropro- to market quick. And, to get to market in strength, 
cessors. You get the speed you need, and use fewer turn the page. You'll quickly discover our volume 
components. In fact, with its on-chip address latch, production capabilities. 

"' MITSUBISHI 
ELECTRONIC DEVICE GROUP 
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Mitsubishi Static RAMs. 

en you need a lot. 
Your design is almost finished. Or, maybe you're 

just starting. Perhaps you're ready to place production 
orders. In any event, if your design requires SRAMs 
you'll need a lot of them. Fast. Enter Mitsubishi. 

Whether fast or slow SRAMs, you can count on 
us to deliver critically high-volume quantities, just in 
time to get your production lines moving. 

8K x 8 

32K x 8 

128K x 8 

8K x 8 

8K x 9 

8K x 8 (Latched) 

64K x 1 

M5M5188 16K x 4 

M5M5189 16K x 4 (/OE) 

256K x 1 

64K x 4 

1 M x 1 or 256K x 4 

256K x 4 (/OE) 

From fast, 15ns 64K SRAMs and 35ns 1 megs, to 
standard 128K x 8 devices, we give you high perfor
mance in a steady flow, straight from dedicated 
Mitsubishi SRAM factory lines. 

Mitsubishi offers the production quantities you 
need and the speeds you want. Plus, we give you 
through-hole and surface-mount packaging options. 

ns 

70, 100, 120 DIP, Flat Pack 

DIP* , Shrink DIP, •• 
70, 85, 100, 120 Flat Pack, TSOP 

DIP, Flat Pack, TSOP*** 

15, 20, 25, DIP, SOJ, 

35, 45, 55 Flat Pack···· 

20, 25 DIP, SOJ , Flat Pack 
( 

15, 20, 25, , ,'. 35, 45,55 
DIP,SOJ 

35, 45 

• 600 mil •• 300 mil • • • TSOP Thin-small-outline-package, also available in reverse pin-out 
• • • • Flat package available in 25ns speeds and faster 
Some new products sub1ect to availability 

I 
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en you need le55. 
When you need to pack more memory in less 

space and reduce power, Mitsubishi offers standard and 
soon, fast SRAMs in TSOP (thin-small-outline packag
ing) . Static RAM packaging can't get any smaller than 
the TSOP, since it's virtually the size of the die. 

Our TSOP SRAMs take up only half the surface 
area and are four times smaller in volume than equiva
lent pin-count, standard surface-mount packages. And, 
with a profile half that of standard surface-mount 

packages ( l.2mm) and a low standby current (20µA to 
SOµA), TSOPs are perfect for portable, handheld, battery
backed applications. 

So, if your design requires a lot of static RAM or just 
a little, call Mitsubishi for some action. We'll bring your 
vision to reality. Mitsubishi Electronics ="'"i~~~~~~~= sM 

America, Inc., Electronic Device Group, AcTIOO 
1050 E. Arques Ave., Sunnyvale, CA 
94086. 1-800-624-8999 ext. 178C. RE•6•LITY 
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I NEW PRODUCT HIGHLIGHTS 

INTEGRATED CIRCUITS 

• Motorola's 16-bit part offers surprises, resolves a few mysteries 
After months of hints and pointed 
remarks about the lack of an up
grade path from 8- to 16-bit 
microcontrollers, Motorola has fi
nally rolled out its new 16-bit part
the 68HC16. As expected, the device 
has a 16-bit ALU, a 16-bit data bus 
and software compatibility with the 
company's widely admired 68HC11 
8-bit microcontroller. 

There are both surprises in the 
new device and resolutions to a few 
mysteries. Among the surprises are 
some special-purpose additions to 
the register architecture. Among the 
resolved mysteries are just what 
Motorola meant by software com
patibility, and which of the com
pany's three silicon architectures ac
tually ended up in the device. 

Motorola settled on the Inter
Module Bus (IMB). Although it cost 
silicon area compared with the com
pany's simpler HCll layout, the 
IMB had important strategic advan
tages , according to vice-president 
and general manager R . Gary 
Daniels. "The IMB lets us use the 
sophisticated peripheral modules 
we've developed in the 68300 family, 
as well as simpler HCll modules. 
That lets the HC16 serve as a bridge 
between the two product families. " 

I A 16-bit CPU at the core 
The most important module on the 
IMB is a new 16-bit execution unit, 
the CPU16. The core seems to be just 
an expanded version of the 8-bitHCll 
core. The register layout is indeed 
similar, but in fact the CPU16 is a 
trimmed-down, sped-up version of 
the CPU32 core in the 68300 family, 
a fact that becomes evident from sta
tistics such as a 600-ns multiply and 
several two-clock instructions. 

There are two main 16-bit accu
mulators in place of the one pair of 
concatenated 8-bit ones in the 
HCll. The number of index regis
ters has increased, and the index 
registers have all sprouted 4-bit bank 
registers to support the part's 1-
Mbyte sort-of-linear address space. 

More interesting to some will be 
the addition of rather specialized 
hardware: a pair of 20-bit multiply
accumulator (MAC) registers. The 
limited MAC capability is offered in 
recognition of the fact that many 
compute-intensive control loops are 

actually doing signal-processing al
gorithms, and would benefit from 
DSP hardware. Motorola is quick to 
point out, though, that the part isn't 
intended as a general-purpose DSP 
chip-the HC16 is outrun on most 
algorithms by Tl's low-end 320C10. 

Another important feature of the 
CPU16 is vastly improved interrupt 
latency. Motorola systems designer 
Mark Heene says, "The new CPU 
uses an interrupt controller based 

on the 68332 hardware. That im
proves latency from about 26 µs on 
the older HClls to 3 µson the HC16." 

In the initial version of the new 
architecture, the MC68HC16Zl , the 
IMB will connect the CPU to a 
queued serial module, a general
purpose timer module and 1 kbyte 
of separately powered SRAM-all 
familiar components to 68300 en
thusiasts. In addition, the part 
sports an eight-channel, 10-bit ana
log-to-digital converter. 

As in other IMB-based designs, 
the silicon bus isn't brought directly 
off the chip. Instead, another new 
module, an HC16 system integra
tion module, creates a demulti
plexed external bus. With 20 ad
dress and 16 data lines, the bus runs 
at 16.67 MHz and provides the in
struction stream for the ROMless 
Zl. The system integration module 
also provides the same sort of timer 
and chip-select features familiar 
from 68300 devices. 

That familiarity makes up an im
portant part of Motorola's migration 
strategy. The fact that the HC16 
family will have access to both 
HCll-type and 68300-type periph
eral modules means that much time-
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critical I/O code running on other 
Motorola microcontrollers won't 
have to be changed for the HC16. 

I Compatibility and familiarity 
Motorola has attempted to salvage 
as much as possible of the rest of 
HCll users' code, too. Nominally, 
the HC16 is assembly source-com
patible with the HCll . That means 
that if you take a sequence of HCll 
instructions and reassemble them, 
you will get a sequence of valid HC16 
instructions, most of which will do 
what you expected. 

Naturally, though, there will be 
exceptions. "The stack frame and 
the interrupt structure are differ
ent, for instance," explains Heene. 
"And there are a few cases where the 
assembler will replace an old HCll 
instruction with a new more-flexible 
HC16 one. But the compatibility 
means that the source code will be 
familiar, and the old program will 
give you a good place to start." 

Customers looking for a migra
tion path to 32-bit will find an an
swer as well. With the C compiler 
Motorola will provide with the 
HC16, there will be a C-source mi
gration path to the 68300 family, 
again taking advantage of common 
peripheral modules. So in principle, 
a design team could create a pool of 
C and assembler code that would be 
portable all the way from the HCll 
to the 68332. 

This path forms the most impor
tant asset of the new architecture. 
The HC16 may not be the fastest 
16-bit MCU on many operations. It 
won't necessarily be the cheapest 
solution in town, either, with the 
ROMless Zl costing $25 (1,000s). 
Nor will the part beat anyone to 
market, since it will not begin gen
eral sampling until the second quar
ter of 1991. But for an application 
that already has a great investment 
in HCll code, or has already identi
fied the 68300 family as its high-end 
solution, the HC16 is an important 
new alternative. -Ron Wilson 

Motorola 
6501 William Cannon Dr W 
Austin, TX 78735-8598 
(602) 962-2085 
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I NEW PRODUCT HIGHLIGHTS 

SOFTWARE 

I Tool models and simulates 
real-time O/S architecture 

run to test a design at different clock 
speeds. This is especially useful in 
determining that a slower, hence 
less expensive, CPU will do the job 
and reduce final product cost. Ready Systems has introduced a 

software development tool for mod
eling the structure and behavior of 
real-time systems architecture. 
VRTX Designer uses graphical icons 
to model the software architecture of 
embedded systems built around the 
VRTX32 real-time executive. 
Developers can build an architec
ture model using icons to represent 
familiar real-time entities such as 
tasks, device drivers, mailboxes 
queues and semaphores . These 
graphic entities are connected via 
lines representing VRTX system 
calls such as SC_POST (place a mes
sage in a mailbox) or SC_RESUME 
(resume a suspended task) . 

The relatively small number of 
icons can be grouped together under 
a special icon to represent a subsys
tem. Thus the designer can step 
through a hierarchy from system 
overview to greater detail. The re
sult is a representation on the 
screen of the concurrent program
ming entities and their intertask 
communications and synchroniza
tion, as well as VRTX scheduler 
mechanisms. This representation 
describes how the application code 
will interact with VRTX services. 
The actual code that users must 
write is represented by the various 

and examine it in detail. A path is 
selected as a group of entities: tasks, 
devices or drivers connected by com
munication and synchronization 
components. Usually a path is se
lected as a group of entities that 
must achieve a response to a given 
stimulus in a given time. Paths don't 
need to be linear, and users can se
lect several paths in a path set to 
view and compare their behavior in 
a single simulation run. 

Since real-time systems typically 
interact with stimuli from the out-

Users can set up a simulation by 
selecting the paths they wish to ex
amine; the microprocessor they're 
using and its clock speed; and the 
number of cycles they want the sim
ulation to run. Once the simulation 
is completed, the results are dis
played as a time-line chart, with the 
individual paths shown one below 
the other. A dark horizontal bar 
shows when a given task has exe
cuted, and a CPU utilization sum
mary is also displayed (for example, 

VRTX-BASED APPLICATION ARCHITECTURE 

~ck_ 
~~ 

PRESSURE 
SENSOR 

THERMO
COUPLE 

temperature_buff 

r--'----~ ~ act_cmds 

display_rev_ptr 

CONTROL 
PANEL 

DISPLAY 

d_refresh 

software building-block icons, which 1-----------------------------------1 
can be named to correspond to the 
task code to be written. 

I Supporting simulation 
But VRTX Designer goes beyond a 
mere graphical representation. It 
also supports behavior modeling and 
simulation. Before being committed 
to actual code, the tasks' behavior 
can be modeled in a pseudocode that 
describes the control statements, 
loops and branches; the probability 
that each branch will execute; the 
average cycles for loops; the timing 
requirements and definition of the 
sequence; and the execution of sys
tem calls. The system does design
rule checking during creation of the 
graphic model so users can't inap
propriately choose, for instance, to 
send a clock signal to a mailbox. 

Users can opt to run a simulation 
of the entire system under design, 
but can also select any path desired 

side world, users can define stimuli 
that represent external hardware 
devices. External stimuli can be de
fined as periodic, such as a sampling 
rate from some sensor, or as distrib
uted over some statistical time 
frame. In the latter case, a distribu
tion curve might describe the prob
ability of events occurring in either 
random, uniform or exponential dis
tribution. 

For simulation, VRTX Designer 
uses information about the specifics 
of a target hardware environment. 
Versions currently support the Mo
torola 680XO and the Intel 80X86 
families of microprocessors. VRTX 
Designer contains timing behavior 
information about the VRTX32 
scheduler, which it uses along with 
the task timing information sup
plied by users in building their task 
timing models. Simulations can be 

wait time, idle time, operating sys
tem overhead and application time). 
Users can zoom in on the output 
graph to improve the resolution and 
determine whether tasks are locked 
out, being starved or deadlocked
w hich often aren't discovered until 
the debug stage. 

VRTX Designer is available now 
for Sun Microsystems Sun-3 and -4 
platforms. Single-user prices start 
at $12,500, with a special price of 
$9,950 before Dec. 31. Discounts for 
volume or bundled purchases are 
also available. 

Ready Systems 
4 70 Potrero Ave 
Sunnyvale, CA 94086 
(800) 228-1249 
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IMAGE 
PROCESSING 

THAT 
MEASURES 

WITH 
UNEQUALED 
ACCURACY! 

SCIENTIFIC • MEDlr.AL • DEFENSE 
• RESEARCH • INDUSTRIAL 

If you need to extract quantitative data or 
measurements from images. IMllGE ANALYST 
provides the accuracy you expect. 

• Macintosh II-based application for image capture, 
enhancement. processing, analysis. publishing 
and 1/0 communication with eittler frame grab or 
PICT and TIFF image fi les. 

• Calibration technique compensates for system 
induced distortions. 

• More processing algorithms and sub-pixel techni
ques than any other package insures optimum 
accuracy including feature extraction . edge 
detection. corMJlution, morphology, correlation, 
gray scale. vectors. 

• Three levels of user interface: 

1. Click and drag for over 70 image processing and 
analysis tools. Interactive and automatic 
sequencing. 

2. MacRAIL"' Developers Environment- An inter
pretive language for engineers and technicians to 
add your own algorithm or access our extensive 
imaging library. 

3. C Libraries-For the professional imaging 
programmer. 

tall for our Technical Summary Package 

• I ~ • 

• """ IMAGE • 
ANALYST® 
duroma11x 

508-667-7900, ext 208 
755 Middlesex Turnpike, Billerica , MA 01821 

•• Authorized Value Added Resclltr 
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I NEW PRODUCT HIGHLIGHTS 

SOFTWARE 

13-D EISA board aims at workstation 
graphics on 386/486 platforms 

The Matrox EG3-1280 graphics pro
cessor board is designed to turn 
80386- and 80486-based computers 
built on the EISA bus into 3-D work
stations. The EG3-1280 combines 
Matrox's proprietary 2-D graphics 
engine with Texas Instruments' 
TMS320C30 digital signal processor 
to output 130,000 3-D vectors/s and 
20,000 Gouraud-shaded polygons/s. 
By itself, the 2-D engine can output 
over 250,000 transformed vectors/s. 

The EG3-1280 supports l ,280x 
l,024x24-bit-deep pixel display res
olution, with a 16-bit depth buffer 
for 3-D. The total 32-bit depth of the 
display buffer includes the 24-bit 
pixel data, a 4-
bi t graphics 
overlay and a 4-
bit window ID 
field. The 4-bit 
window ID is 
used in conjunc
tion with the 
recently intro
duced Bt-463 
RAMDAC by 
Brooktree (San 
Diego, CA). The 
EG3- 1280 is 
one of the first 
commercial 
products to in
corporate the 
Bt-463, which 
allows various 
applications to 
coexist in dif
ferent windows on the screen. Users 
can run applications simultaneously 
with 8-bit pseudo-color, 24-bit true 
color and 12-bit dithered color along 
with 4-bit graphics overlays. 

The EG3-1280 is designed to run 
under Unix System V, Release 3 and 
supports X Windows compatibility 
and an on-board, high-level 32-bit 
command interface called the Scala
ble X Command Interface (SCXI). 
SCXI lets users develop custom code 
by providing 100 2-D and 3-D draw
ing and control primitives. The code 
is downloaded to the board and ac
cepts commands and parameters 
from applications. 

In addition, the EG3-1280 in
cludes a PEX server. PEX is the X 
Windows version of the Program-

mers Hierarchical Interface to 
Graphics Systems (PRIGS) 3-D soft
ware standard. Overhead is reduced 
by tightly coupling the PEX server 
with the on-board hardware re
sources. Other PEX applications 
running over a network can seam
lessly run on an EISA system using 
the Matrox board because of the 
standard interface provided. 

For OEMs with custom needs, the 
EG3-1280 can be adapted for stereo 
display, noninterlaced output or 
some nonstandard display resolu
tion up to 1,600xl,280 pixels. The 
software interfaces supplied let 
OEMs use standard X Windows, 

I 

)( 
PEX and a VGA pass-through capa
bility. The SCXI interface allows the 
design of custom graphics software 
without the need to include numer
ous layers of interface code. 

Matrox is targeting the EG3-1280 
for applications in CAD/CAM/CAE 
at performance levels that haven't 
been available on 386/486 plat
forms . Other target markets include 
3-D modeling and animation. 

The EG3-1280 will be available 
this month at a single-unit price of 
about $8,000. -Tom Williams 

Matrox 
1055 St. Regis Blvd 
Dorval , Quebec, Canada H9P 2T4 
(514) 685-2853 
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The 

Graphics Subsystem 
Slash the cost of ~~-D workstations 

A Matrox EG3-1280 graphics adapter, for EISA-based 
systems, delivers workstation performance at a cost that's 
down-to-earth. Here 's what you get: 

* 1280 x 1024 display resolution * X-Windows, PEX support * High-end 3-D workstation speed and power 

We've expanded the universe for 3-D graphics. Our EG3-1280 
puts you up there with the stars. 

Workstation Information 

1-800-361-4903 or (514) 685-2630 
Matrox is a registered trademark of Matrox Electronic Systems Ltd. X-Win<low System is 
a trademark of M.I. r 

© 1990 Matrox 

CD-EG3/ 11 190 

THE LEADER IN VIDEO MICROTECHNOLOGY 



I NEW PRODUCT HIGHLIGHTS 

SOFTWARE 

• Debugging system operates through ROM socket 
The ROMport, a communication and 
debugging system from Embedded 
Support Tools, provides an alterna
tive to in-circuit emulators while 
solving the speed and installation 

hurdles found in typical monitor de
buggers. The system consists of the 
ROMport hardware device bundled 
with EST-Bug, the company's real
time monitor debugger. The device 

plugs directly into the 27xxx ROM 
socket of a 68000 or 8086-based sys
tem. Users can also install their own 
monitor debugger on the ROMport. 

Although in-circuit emulators for 
>--------------------------------~ the latest 16- and 32-bit micropro-

Customize your 1/0 with 
IndustryPacks™ from GreenSpring 

Each credit-card sized lndustryPack 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 110, 
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, 
VMEbus or Mac II 
Mount up to four different !P's on one 
VMEbus or Albus, or up to two on one 
Mac II carrier board. !P's support 1/0, 
Memory, Interrupts, OMA 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 
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cessors are more expensive than the 
ROM port, the less costly monitor de
buggers also have drawbacks. They 
usually require their own serial 
port, are traditionally difficult to in
stall and are generally restricted to 
slow serial communications. 

ROMport tackles these problems 
by adding a serial port to the system 
through the ROM socket. When in
stalled, ROMport provides develop
ers with an added communications 
port for high-speed downloading and 
real-time debugging of their target 
software. Through a phone-style 
connector, the device provides a bi
directional serial connection to any 
host system or dumb terminal. 

ROMport uses its own integrated 
serial driver with a simple auto-con
figuration utility to ease installation 
of the ROM port system. The driver 
program also permits designers to 
download software applications into 
RAM at speeds of up to 115.2 kbit/s. 
This can cut download time by a 
factor of six over standard serial 
communication, says EST. 

Installed directly onto ROMport, 
EST-Bug provides a full-featured 
monitor debugging system in firm
ware. This system lets developers 
set conditional breakpoints on RAM 
or ROM code. Users can view a com
plete code and data trace, single
step the processor, display and alter 
memory or registers, set data break
points, disassemble memory and 
run menu-driven diagnostics. 

The ROMPORT and EST-Bug sys
tem supports Motorola's 68000/ 
010/020/030, 68302 and 68332, and 
Intel's 8086 and 80186. Debugging 
systems for other targets will be re
leased soon, says EST. Available now, 
the ROMport and EST-Bug bundled 
package starts at $1,095. ROMport 
is priced at $495. -Jeffrey Child 

Embedded Support Tools 
10 Elmwood St 
Canton, MA 02021 
(617) 828-5588 
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Capture an image, manipulate it, transmit it, display it-and do it 

all with 8rooktree's Image Technologies. They'll give your system 

a visual edge in competitive markets. 

In fact, Image Technologies can be the key differentiator in 

today's look-a-like world. At 8rooktree, we're dedicated to creat

ing the highly integrated devices designers need to set their sys

tems apart with exciting imaging and graphics capabilities. 

IMAGE ACQUISITION 
Image Acquisition starts with our 81251 Gray-Scale or 81253 Color 

Image Digitizer chips. They're the easy, economical way to add 

image capture to your system, with flexible architectures and 

standard MPU interfaces. 

And they link up to our new 8t261 30 MHz Line Lock Controller. 

It will change the way you bring video images into your system. 

It's flexible and fully programmable. 

Program it to strip horizontal and vertical sync information 

from any incoming video signal it encounters. Program its sync 

noise gating to cope with noisy signals and to enable locking to 

horizontal sync. 
In fact, you won't find a more flexible solution to the timing 

control section of your design. Or a better way to assure your 

Image Acquisition system is programmed for success. 

IMAGE MANIPULATION 
Once you capture an image, change it. 

That's easy with our 81281 real-time Color Space Converter/ 

Color Corrector chip. It's programmable and lets you convert from 

any color space to any other, including YIQ, YUV, RG8 and Y, R-Y, 

8·Y, while capturing or displaying the image. 

So now you can optimize the color space of your frame buffer 

for image processing independent of the video signal you're digi

tizing and the CRT's RG8 needs. The 81281 handles everything. 

Since the 8t281 has programmable matrix coefficients and 

input look-up RAMs you can also use it for gamma correction, 

color correction or other image restoration techniques. 

And if you think that's hot, you should see the Image Manipula

tion chips we'll be introducing this winter. Here's a hint: It will 

scale new heights. 

IMAGE TRANSMISSION 
How can you send your image from here to there? Digitally? In 

real time? 

Enter two more pieces of 8rooktree's Image Technologies story: 

The 81291 and 81294 VideoNet"' point-to-point Video Interfaces. 



Simply put, the 81291 and 8t294 let you ship and receive live 

color digital video using an 8-bit interface. 

Which means you can replace about a square foot of board real 

estate with two highly integrated devices. And take the rest of the 

week off. 

The two devices have, respectively, input or output look-up 

table RAMs to simplify the inter

face to the frame buffer and to add 

or remove gamma correction and 

scale signal levels. 

So if you're working with 

CCIR601, SMPTE RP125, E8U 

3246-E or other digital video stan-

Disk 

dards, we've done our parts. You Sc'""'"'~ srn1tmage 
E Cameras~ A/Os 

take it from here. 

IMAGE PRESENTATION 
When it comes to display technology, our true colors really shine. 

We invented RAMDACs. We understand the special needs of 

graphics systems designers. And we've never stopped 
innovating. 

A perfect example is our 8t473, designed specifically for VGA 

true-color graphics. It has three 256x8 color look-up tables with 

8-bit video DIA converters to support 24-bit true-color operation. 

And it can also support 8-bit pseudo-color, 8-bit true-color and 15-

bit true-color operations. That makes it a perfect match for the 

8t253 supporting the same formats. 

Format 
Conversions, 

Geomelric 
Transmission • Decompression 

81281 

Timing 

Phase 
Lock Loop 

Bt121 
VIOEOOAC 

CRT 

VCR 

LAN 

Disk 

Printers 

Film 

Now our new TrueVu™ RAM

DAC, the 8t463 is what's hot for 

designers of next-generation 

workstations eager to add win

dows capability, and delighted to 

do virtually everything with a sin

gle device. The 8t463 is the first 

monolithic true-color RAMDAC. 
Recon••" That means it supports multiple 

display modes-both True Color and Pseudo Color-

simultaneously. And with multiple windows, you get multiple 

colormaps, avoiding conflicts. 8t463 supports multiple plane 

depth, too, so a window can be 24, 16, 12 or 8 planes deep. And for 

a little frosting on the cake, it's flexible and easy to design in. 
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' 28-Pin PLCC or 24-Pin DIP Package. 

- -Bit Single Channel Image Digitizer, 18 MSPS, 4:1 Multiplexed 

Video Inputs, 256X8 look-up Table RAM, MPU Adjustable Gain and Offset, 

c Detection, No Video Amplifier Required, 44-Pin PLCC Package. m 8-Bit Triple Channel Image Digitizer, 18 MSPS, 2:1 Multiplexed Video 

J~puts, Output Format logic, MPU Adjustable Gain and Offset, Sync Detection, 

N Video Amplifier Required, 84-Pin PLCC Package. 

• HSYNC line Lock Controller, 30 MHz Pixel Clock Generation, MPU ----
Programmable Video Timing, Programmable Noise Gating, Generate HSYNC, 

Recovers VSYNC and FIELD, External VCO or High Speed Crystal Oscillator 

M NIPULATION 

& olor Space Converter, Three 256X8 Input Look-up Table, Programmable 

Matrix Coefficients, Optional Input 

Interpolation/Output Decimation, 

Standard MPU Interface, 36 MHz, 

84-Pin Package. 

Ancillary Input fort, Handles Video Timing Control, 100-Pin PLCC Package. 
"-, 

: ' · YCrCb to CCHH~01/SMPTE RP125 Decoder, Handles Video Timing 

Recovery, Ancillary Out~ut Port, Error Checking, 16-Bit YCrCb 1/0 Bus, YCrCb 
' 

GB Output look;tlp Tables, 100-Pin PLCC Package. 

N 

i1ay Cursors, Variable Palette Size, Reconfigurable Pixel Port, 

• VJ.! sties including TAG Port, 170, 135 and 110 MHz Operation, 
""""".:::1.:.11!.HU 

169-Pin PGA. 

mJTrue-Color RAMDAC VGA Compatible, Compatible with Bt253 

Output Formats-24-Bit, 15-Bit and 8-Bit True-Color, 6/8-Bit Pseudo-Color, 

~grammable Setup (0 or 7.5 IRE), Internal/External Voltage Reference, 

RS-343A/RS-111l.Com11,atible Outputs, 80, 66, 50 and 35 MHz Operation, 



I NEW PRODUCT HIGHLIGHTS 

DESIGN AND DEVELOPMENT TOOLS 

I IC tools target process-independent, 
top-down chip designs 

Valid Logic Systems has introduced 
two tools, one for cell layout and one 
for floor planning, that implement 
process-independent and top-down 
IC design methods. Construct P.I. 
(Process-Independence) and Compose 
Architect let users architect and ana
lyze a chip design at a high level and 
build a detailed physical representa
tion of the device without concern for 
specific process design rules. 

Construct P.I., the cell layout tool, 
features device-level compaction, 
graphical device generation and net
list-driven layout. The device-level 
compactor is at the heart of the tool's 
process-independent capabilities. It 
automatically spaces (shrinks or ex
pands) the layout according to the 
design rules in the technology data
base. The compactor handles both 
orthogonal and encapsulated nonor
thogonal geometries. It also main
tains connectivity between wires 
and devices during compaction. 

The single-technology database 
centralizes control over both physi
cal layout and chip assembly tasks. 
It also eliminates scheduling im
pacts due to design rule changes. 
Design rules stored in the technol
ogy database can be modified when 
a technology advance or a foundry 
change necessitates a change in pro
cess. Designs can be updated from a 
2-µm to a 1-µm CMOS process , for 
instance, with minimal manual lay
out work. 

I Generating C graphically 
In addition to the device-level com
pactor, Construct P.I. implements 
process independence through the 
Graph-A-Cell graphical device gen
erator. "This feature has drawn the 
most attention from users who 
previewed the product," says Dirk 
Wauters, Valid's director of IC mar
keting, ''because it lets layout de
signers generate parametrized cell, 
or PCELL, programs rather than re
lying on a CAD programmer. 

"In a nutshell," Wauters contin
ues, "Graph-A-Cell is a graphical en
vironment for generating C code. 
The designer starts by loosely 
sketching out a design that's inde
pendent of design rules. The main 
concerns during the sketch phase 

are putting the right material types 
in the design and making sure that 
the materials are in the proper rela
tionship. That is, if the design calls 
for a metal overlap of a contact, the 
sketch should reflect that." 

Graph-A-Cell incorporates unique 
scanning technology that automati
cally assigns layer-to-layer con
straints. The designer can modify 
the automatically assigned con
straints and assign user-defined 
constraints. The C code output from 
Graph-A-Cell can then be stored in 
a device library 
and called by 
the designer 
during layout 
editing to auto
matically gen
erate PCELLs. 
These pro
grams can also 
be manually 
modified to cre
ate complex 
PCELLs con
taining spirals 
and odd angles. 
Entire device 
libraries, as 
well as the de
signs contain
ing the devices, 
can be auto
matically rolled 
over to new processes by changing 
the rules in the technology database 
and recompacting for design rule 
correctness. 

I Coordinating IC design 
Valid's other new tool, Compose Ar
chitect, is a netlist-driven chip floor
planning and analysis tool that lets 
engineers explore architectural 
trade-offs early in the design cycle. 
Based on top-down design methodol
ogy, the tool lets designers create 
chips using a combination of hand
crafted devices, compiled modules, 
standard cells, synthesized layout 
and scaled existing layout. 

At any level of design hierarchy, 
Compose Architect coordinates the 
assembly of IC design elements in 
varying stages of abstraction or 
completion. Each level of the design 
and each design element can be in-

dividually floor-planned and parti
tioned to let different design teams 
work simultaneously. Top-down 
floor planning is linked with bot
tom-up chip assembly and layout to 
minimize design iterations. 
Detailed placement, routing and 
compaction can be performed 
throughout the floor-planning pro
cess before all the underlying phys
ical layout data is fully created. 
Compose Architect incorporates all 
of the design's physical layout data 
and automatically tracks the status 
of all levels and elements in the floor 
plan up to the end of the design cycle 
when the floor plan represents the 
finished chip design. 

Both tools are available now on 
Sun Microsystems Sun-3 and -4 
platforms with availability on sys
tems from Digital Equipment Corp 
and IBM planned for early 1991. 
Construct P.I., with the device-level 
compactor, starts at $50,000. Cur
rent Construct users can upgrade to 
P.I. by purchasing the device-level 
compactor separately for $15,000. 
Compose Architect can be pur
chased as a stand-alone tool starting 
at $30,000 or bundled with the de
tailed routers of the Compose chip 
assembly tool for $65,000. 

Valid Logic Systems 
2820 Orchard Pkwy 
San Jose, CA 95134 
(408) 432-9400 

Circle 355 
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40+ MB/SEC 
DUAL-PORT VMENSB 

HIGH - DENSITY 
MEMORY 

~ from 
~ Chris/in Industries, Inc. 

Your 
TOP QUALITY 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 QUALITY 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 EDC 
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 

~ Chrislin 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 
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I NEW PRODUCT HIGHLIGHTS 

DESIGN AND DEVELOPMENT TOOLS 

I Analyzer puts 100-MHz 
RISC/CISC support on a single card 

The Centurion logic analyzer from 
Tektronix features 100 channels (96 
data, four clock), as well as 100-MHz 
sampling, clocking and triggering 
capabilities on a s ingle card. 
Designed for the Tektronix 
DAS9200 logic analyzer mainframe, 
the Centurion can post asynchro
nous acquisitions of up to 400 MHz 
for 24 data channels, or for up to 384 
channels with card expansions. Up 
to 1,536 data channels can be ac
quired at 100-MHz synchronous or 
asynchronous acquisition rates, 
with each channel backed by a min
imum of 8 kbits 
of memory. A 
32-kbit/channel 
version is also 
available. 

The analyzer 
supports 32-bit 
RISC and CISC 
microprocessor 
analysis and 
can monitor 
multiple proc
essors simulta
neously. The 
system's 100-
MHz perfor
mance starts with a front-end ana
log bandwidth of more than 200 
MHz, giving the Centurion high
performance oscilloscope qualities 
for digital waveform fidelity. 

Nichrome wire probe leads pro
vide high bandwidth and transmis
sion-line quality signal connections 
for ECL and TTL signals. These pas
sive probes act like miniature pod
lets that can be clipped together in 
groups of eight to form a probe pack
age that's about the size of a postage 
stamp. The probe's small size allows 
quick connection to wide buses with
out affecting timing performance. 

Microprocessor analysis is also 
supported with real-time clocking 
from a 16-state, 100-MHz state ma
chine. This machine is completely 
programmable, which allows it to 
emulate machine-state operation of 
complex buses and to place samples 
correctly for processor monitoring. 
Centurion's microprocessor support 
packages include complete prepro
grammed setups for clocking, chan
nel names, channel groups and sym-

bol tables. A sample reference mem
ory is also provided for quick famil
iarization with processor-specific ca
pabilities. 

The analyzer uses real-time state 
machine triggering, which provides 
full 100- MHz operation across all 
channels at all operating modes. 
Events can be recognized at the full 
100-MHz analysis speed, with time 
left to make triggering for the next 
event. In addition, triggering can be 
preprogrammed from trigger librar
ies or can be user-defined with full 
symbolic triggering to simplify spec-

ification of trigger events. 
Each acquired data point is time 

stamped from a 100-MHz clock. The 
44-bit time stamp allows correlation 
of state, timing and microprocessor 
analysis displays with 10-ns resolu
tion over a two-day range, without 
trading off memory depth or acqui
sition speed. Time stamping also al
lows the Centurion to be used with 
other DAS9200 card modules. Tight 
integration lets multiple cards work 
together and allows cross-triggering 
between modules. 

The Centurion logic analyzer is 
available in two DAS9200 card con
figurations . The 92A96 has 8 kbits 
of memory per channel, and the 
92A96D has 32 kbits per channel. 
Both cards are available now, with 
prices starting at $17 ,950. 

Tektronix 
PO Box 12132 
Portland, OR 97212 
(800) 245-2036 

Circle 354 

-Mike Donlin 



CONCURRENT ENGINEERING: 

WESCON STYLE 

November 13-15, 1990 • Anaheim Convention Center • Anaheim, Calif. USA 

Gone are the days when you 
worked alone, developing 
your bit of a design. Wonder
ing how to test this thing 
from the design department. 
Trying to figure out how to 
manufacture this whatsit that 
looked great on paper, but 
can't be produced. 

Today the team works to
gether. Simultaneously. In 
parallel. To shorten devel
opment time. And raise 
product quality. And in
crease profitability. 

That's what concurrent 
engineering is all about. 

And that's what WESCON is 
all about, too. 

R&D. Design. Test. Manu
facturing. Only WESCON 
covers them all. Advances in 
new technologies and appli-

cations. Real world solutions 
for real world problems. The 
latest products and best of 
proven products. 

Semiconductors. Bus prod
ucts. Special VME Future 
Bus+ Extended Architecture 
issues seminar and product 
demonstrations. RF compo
nents. Passive components. 
Instrumentation. Electronic 
design automation tools. 

Production materials and 
services. WESCON has what 
you, and all of the members 
of your team, need. 

Plan now to attend 

.Wescon 

For More Information 
call 800-877-2668. 

~--------------------, 
I Send me a Preview Program w ith full information about I 
I WESCON/90 (available August, 1990) I 

I Name Title I 
I I 
I Company I 
I I 
I Street Address I 
I I 
I City State Zip Code I 

I Mail to: Wescon Preview, 8110 Airport Blvd. I 
I Los Angeles, CA 90045 or Fax to 213 / 641-5117 I L _____________________ ~ 
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just think ... 
just think of what the last 30 years have been 
like ... and what the next 10 will be ...... 
the next 10, when the transformation of 
electronics is virtually complete and the world 
has become digital. 

Distributors and carburetors in automobiles have given way to 
microprocessor-controlled ignition and fuel-injection systems. By the year 
2000, they'll be joined by automatic braking systems, collision avoidance 
systems, and navigation systems. 

Radar, with its simple, sweeping CRT display, has given way to 
sophisticated digital signal processing systems that can find, identify, 
characterize and track aircraft in friendly or hostile skies. 

The telephone and all its switches have given way to digital PBXs and 
FAXs, and by the year 2000 will have given way to the integrated digital 
services network (!SDN) ,fiberoptic transmission and digital 
videotelephones. 

Music aficionados may deplore the passing of the IP but the Compact 
Digital Disc and DAT (digital audio tape) have brought a quality and 
functionality to home entertainment undreamed of in the traditional analog 
era. Couple this with digital signal processing and listeners will be hearing 
the real thing by the year 2000. 

And when they're not listening to real music, they'll be watching digital 
television in the form of HDTV or some variation, and interacting with 
their TVs in a way that will make the distinction between TV and computers 
a blur. 

And at work, in the factory, they'll be supervising computerized 
machines and robots that displaced older electromechanical controlled and 
operated tools: they'll be overseeing chemical processes where messages about 
temperatures and pressures and chemical mixtures are transmitted over 
digital networks, analyzed and then adjusted to yield optimum products. In 
hospitals, physicians and nurses will be capturing the tiny signals from 
spinning or splitting atoms and looking at complex, enhanced images of 
organs deep inside the human body and at the biological processes going on 
in those organs. 

just think ... what the last 30 years have been like ... and what the next 
10 will be ... the next 10, when the transformation of electronics is virtually 
complete and the world has become digital. 

A little more than 30 
years ago a 
transformation began 

in the electronics industry that 
would change forever the nature of 
electronic products and systems. 

The transformation started with 
the invention of the integrated 
circuit and the introduction of 
the first simple, commercial 
digital !Cs. 

In the 30 years since Computer 
Design was chartered to cover 
the emerging computer industry, 
digital !Cs have transformed 
computers from data processing 
monsters confined to special 
rooms into basic workhorses 
controlling aircraft, manufacturing, 
instrumentation, and more. 
These changes have been more 
awesome, more compressed in 
time, and more profound than 



The Last Thirty Years & The Next Decade 
January 1991, Computer Design Celebrates Its 30th Year 
With A Major Analysis Of The Systems Era 

those brought on by the 
development of the steam engine, 
the telegraph, the automobile or 
the vacuum tube which started the 
electronics age. What began 30 
years ago was the digitization of 
electronics and, even more 
important, the digitization of the 
world we live in. 

The next 10 years will see the 
completion of this digitization of 
our world. 

Computer Design has the unique 
ability to provide this editorial 
perspective because it was created 
with the express purpose of 
covering the transformation of 
electronics into digital, computer
based products and systems. 
Computer Design has covered 
the transformation with 400 
consecutive issues dedicated to 
pointing the way; to looking at 

the technology and design 
directions that were driving the 
transformation. 

The editorial package for this 4C>
year look at the transformation of 
electronics -1960 to 2000--is 
being jointly developed by John 
Miklosz, Computer Design's 
Associate Publisher /Editor-in
Chief, Stephen Ohr, a well
respected longtime reporter of 
electronics and computer 
technology, and the entire 
Computer Design senior 
technical staff. 

Don't miss this opportunity to 
celebrate with us. Show your 
company's commitment and 
the role it will play in the next 10 
years: the decade in which the 
transformation will become 
virtually complete. 

Vital Details 

Issue Date: January 2, 1991 
Space Closing: December 3, 1990 
Material Closing: December 7, 1990 
Bonus: Two personalized hard cover 

issues for each advertiser. 
Extra Copies: Available by advance 

special order. 

See your Computer Design District 
Manager for details and reservations. 

Special offer for 1962/ 3 
charter advertisers: If your 
firm is one of the farsighted 
firms that saw the advent of the 
systems influence and 
appeared in Computer Design's 
first issues. , contact your 
Computer Design Salesperson 
on how you can have an extra 
ad in this January 1991 issue 
at 1962/ 3 rates. 

Serving Today's Computer-Based Electronics OEM COMPUTER Technology 
and Design 
Directions DISIGN 

A Penn Well Publication 
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I NEW PRODUCT HIGHLIGHTS 

COMPUTERS AND SUBSYSTEMS 

I VMEbus embedded PC workstation 
offers 20-Mips performance 

The RadiSys EPC-5, an embedded 
PC workstation for the VMEbus, 
combines the rugged VMEbus form 
factor and the high-performance 
80486 processor to create an embed
ded PC that can take advantage of 
PC-compatible application and de
velopment software. This system 
subassembly can be embedded into 
sophisticated computer-controlled 
equipment and machinery. 

The EPC-5 occupies two 6U VME 
form factor slots. It consists of a 
main EPC-5 CPU module and two 
local EXMbus slots for optional ex
pansion modules. In a standard con
figuration , one of these slots is nor
mally used for the VGA display 
controller. To form a complete em
bedded PC, users can add a mass
storage module expansion contain
ing a floppy and a hard drive with a 
40- or 100-Mbyte capacity. At 
6x9x3.2 in., the EPC-5 is the small
est 80486-based PC available , 
RadiSys claims. 

A complete set of 80486 electron
ics and BIOS firmware is included, 
letting users run off-the-shelf PC ap
plication software without modifica
tion. In addition, the EPC-5 includes 
on-board byte-swapping hardware 

to convert data from little-endian to 
big-endian format and vice versa. 

I 33 M ips at peak performance 
At the heart of the EPC-5 CPU mod
ule is the 25- or 33-MHz 80486 
microprocessor, with an on-chip 8-
kbyte cache and numeric coproces
sor. The cache memory permits 
near-zero-wait-state performance in 
most applications. The 80486 can 
execute its fastest instruction in one 
clock cycle and offers a peak perfor
mance rate of 33 Mips. With typical 
application code running, perfor
mance will average 20 Mips. 

Memory on the board consists of 
4, 8 or 16 Mbytes of DRAM and 64 
kbytes of BIOS EPROM. In addi
tion, the system's configuration pa
rameters are contained in battery
backed CMOS RAM. The DRAM 
memory array has been optimized 
for 16-kbyte burst transfers be
tween the 80486 CPU and its on
chip cache. The 80486's on-chip 
cache is automatically updated or 
invalidated during local and VME
bus writes to the on-board DRAM, 
which keeps the data coherent 
throughout. The entire EPROM BIOS 
contents are copied into DRAM 
when the system is turned on, which 
enhances the performance of BIOS 
calls. The BIOS supports operating 
system boot loading from local ex
pansion devices on the local EXM
bus as well as over the VMEbus. 

A private EXMbus expands the 
capabilities of the EPC-5, allowing 
communication with disk units, PC 
add-in cards and other expansion 
modules. Driven from the CPU mod
ule's P2 connector, the EXMbus is 
electrically similar to the PC/AT bus 
definition but is modified to fit the 
EPC-5 mechanical arrangement. A 
sub-backplane routes the bus sig
nals to other slots without affecting 
traffic along the VMEbus. 

The RadiSys EXM-6 expansion 
module adds a VGA graphics con
troller for the EPC-5. Providing up 
to 800x600-pixel resolution with 16 
colors, the EXM-6's VGA implemen
tation includes 256 kbytes of video 
RAM. Standard VGA, Multisync or 
monochrome monitors are sup
ported through a standard connec-
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tor on the front panel. 
Providing the full VMEbus inter

face, the EPC-5 has five RadiSys 
custom gate arrays. This interface 
allows master/slave capability and 
can generate and receive all VME
bus interrupts. The board's VMEbus 
interface supports single-slot con
trol functions and a subset of the 
VXIbus. The VX:Ibus extensions in
clude support for message passing 
and for dynamic configuration 
through software. 

Using a hardware windowing 
technique, the 80486 can address 
the entire 32-bit VMEbus address 
range from within the DOS address
ing mode. This hardware works by 
providing programmable registers, 
which add high-order bits to the 
80486's basic memory address. The 
VMEbus address range is seen by 
the EPC-5 as a 64-kbyte logical page 
that can be accessed through a DOS 
page frame . 

Besides the CPU, memory and 
bus interfaces, the EPC-5 includes 
the elements typical of a complete 
PC compatible. It provides two se
rial ports (COMl and COM2), one 
parallel port (LPTl), a standard 
PC/AT speaker and a time-of-day 
clock with a battery. 

Available this month, pricing for 
the EPC-5 starts at $7 ,495. 

-Jeffrey Child 

RadiSys 
19545 NW Von Neumann Dr 
Beaverton, OR 97006 
(503) 690-1229 
Circle 356 

Trademark Information 
UNIX is a registered trademark 
of AT&T Bell Laboratories. 
PAL is a registered trademark 
of Advanced Micro Devices, Inc. 
SMART-POWER is a registered 
trademark of Nartron Corp. 
CDA and BurstRAM are 
trademarks of Motorola, Inc. 
SCOPE and ASSET are trademarks 
of Texas Instruments, Inc. 
IRIS POWERVISION is a trade
mark of Silicon Graphics , Inc. 
RealTimeX is a trademark of 
Concurrent Computer Corp. 
Zone Bit Recording is a 
registered trademark of 
Seagate Technology, Inc. 
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RUGGED I NEW PRODUCT HIGHLIGHTS 

COMPUTERS AND SUBSYSTEMS 

PC-BUS I Interface board connects 

SOLUTIONS NTDS devices to VMEbus 

for Rack, Bench, 
or Embedded Use 

• • 

12 or 20-slot Computers 
Up to 6 Drives, 425Watts of Power 

All-in-One Systems 
7-s lot EGA/VGA with Touchscreen 

Compact Computers/Cards 
Embedded PC/AT Des igns , CPUs, 

EPROM and RAM Cards 

Over 30 different models to choose 
from. Custom designs are available. 
Call for free demonstration. 

.=:;;;;. ==== - ',.;. . TM 
-._r-_ - ··-- ... -·-· . --.,Ar,, .... '. 

Systems Manufacturing Technology, Inc. 
1080 Linda Vista Drive 
San Marcos. CA 92069 

(619)744-3590 • FAX: (6 19) 471-1153 
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The Hawke VME Navy Tactical transfer. A parallel VO architecture 
Data Systems (NTDS) interface coupled with a powerful set of driv-
board from Sabtech Industries pro- ers lets the Hawke fit all NTDS type 
vides a high-speed intelligent 32-bit AIB applications. 
interface between the VMEbus and Configurable as a MIL-STD-1397 
MIL-STD-1397 A and B VO devices. type A or B interface, the board sup
This capability allows direct connec- ports full-duplex NTDS transfers, 
tion of military computer equipment with RAM buffers of up to 512 
in the open-architecture VMEbus kbytes. This memory is organized as 
for applications such as software de- 64,000 32-bit words for each VO 
velopment, simulation and training channel. Buffers are dynamically al
support. Though the VMEbus sys- located to suit user applications. In
terns have long been used to support tegration and diagnostics software 
NTDS equipment, the Hawke is the is built into the monitor to expedite 
first VME-to-NTDS interface that system installation and fault analy
lets the full 32-bit bandwidth be sis. In addition, up to 1 Mbyte of 
used, Sabtech claims. customized firmware can be in-

The Hawke is developed specifi- stalled in the user EPROM. LEDs 
cally for users, system developers on the front panel display NTDS 
and integrators of military equip- activity for all control signals. A bat
ment. It offers an alternative to tery-backed real-time clock and 
costly and hard-to-get mil-spec nonvolatile RAM support time-tag
hardware because its 1 Mbyte of ging and error-logging operations, 
on-board EPROM can be used to which are useful for data collection 
emulate costly peripheral devices. and analysis. 
Each board can then represent a Software drivers are supplied on 
specific military peripheral, includ- system EPROM. A menu-driven 
ing such devices as reel-to-reel mag- monitor is provided to link the 
netic tape drives, teletypes and pa- Hawke to a personal computer or 
per tape reader/punches. terminal with any common termi-

Supporting VME Rev. C.1 (IEEE- nal-emulation software package. 
P1014 ), the Hawke operates as During installation, the monitor fa
A32/D32, A24/D16 and A16/D8 in cilitates downloading, execution 
master or slave modes. As a slot-1 and debugging of applications soft
master, the board can emulate mul- ware through a remote terminal. 
tiple NTDS devices, handling up to The system software features com
four levels of arbitration. In addi- prehensive run-time data-process
tion, this single-slot 6U board has an ing and analysis capability, as well 
RS-232C port, allowing monitoring as a kernel for user-specific task 
and data collection of the VO activity structures. Unix drivers are availa
for an entire combat system. ble for use of the Hawke in a Sun 

Microsystems Sun-4 workstation 
I Simultaneous access environment; drivers for other oper
The Hawke was designed to meet ating systems, including 08-9 and 
the requirements of a high-perfor- PSOS, will been available soon. 
mance, versatile, intelligent NTDS Under software control, the board 
interface. A 32-bit MC68020 proces- can be configured in NTDS Com
sor coupled with 512 kbytes of fast puter, Peripheral or Intercomputer 
video RAM delivers a sustained modes. 
high-speed throughput over inde- Available now, the Hawke VME-
pendent NTDS channels. to-NTDS interface board is priced at 

To meet the timing requirements $4,295. 
typical of MIL-STD-1397 specifica-
tions, this 32-bit architecture per
mits simultaneous access to the 
memory, NTDS VO and VMEbus. 
This differs from other DMA-based 
architectures in which the CPU has 
to relinquish bus control for every 

Sabtech Industries 
5411 E La Palma Ave 
Anaheim, CA 92807 
(714) 970-5311 
Circle 357 

-Jeffrey Child 



The Best Collection of 
Peripherals Ever Assetnbled Have 

Joined The ICC World Tour 
Invitational Computer Conferences (ICC) collects the world 's 
best suppliers for an event you won't want to miss. At a nearby 
location, you'll see the latest in technology exclusively for com
puter peripherals. 

See what today's products offer through hands-on demonstrations 
... learn what tomorrow's products will be. Attend technology 
seminars that give you expert answers to your peripherals ques
tions. Take part in panel discussions and debates on current 
technology and business issues. Explore all your options so you 
can make your peripherals decisions. 

Make plans now to attend. Watch for your invitation or call for 
additional facts and details on how you can receive an invitation. 

For almost two decades, the ICCs have specialized in bringing 
the latest computer technologies to you , for your evaluation. 
With the research expertise from our parent company, Dataquest, 
we have the support of the world 's leading computer analysts at 
each stop on the ICC tour. 

Call for your OEM Peripherals invitation, Dataquest/ ICC, 
U.S. TEL: (714)957-0171 , FAX: (714)957-0903 
EUROPF/UK TEL: (0895)835050, FAX: (0895)835260/ 1/2 
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U.S. 

Newton, MA 
Los Angeles, CA 
Atlanta, GA 
Dallas, TX 
Gaithersburg, MD 
Portland, OR 
Newport Beach, CA 
Ft. Lauderdale, FL 
Sanjose, CA 
Austin, TX 
Nashua, NH 
Minneapolis, MN 

EUROPE 

Tel Aviv. Israel 
London, England 
Frankfurt, Germany 
Stockholm, Sweden 
Munich, Germany 
Vienna, Austria 
Milan, Italy 
Paris, France 

06 Sep 90 
12 Sep 90 
01 Oct 90 
11 Oct 90 
23 Oct 90 
04 Dec 90 
08 }an 91 
22 }an 91 
07 Feb 91 
12 Mar 91 
01 Apr 91 
21 May 91 

06 Sep 90 
13 Sep 90 
18 Sep 90 
27 Sep 90 
15 }an 91 
22 }an 91 
24 }an 91 
29 }an 91 



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 

CAREER 
CONNECTIONS 

Closing Dates for upcoming 
magazine issues 

Issue 
December 1 
January 1 

Closing dates 
November 2 
December 7 

--------POSITIONS WANTED--------

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: 

COIPUTEI 
DESIBI. 

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, 121CE, 
CAM/CAD and PCB layout system. • Analog and digital 
circu~ 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 

SALES MANAGEMENT/TECHNICAL MAR
KETING POSITION. Resourceful problem-solver 
with 15 years broad-based experience in plan
ning, management, and coordination of projects. 
BA-BS-MBA. Contact: Robert A. Mazzola, 7251 
Elk Circle , Apt #2, Huntington Beach, CA 92647; 
(714) 841 -8978. 

ENGINEERING COMPUTER SYSTEMS MAN
AGER. Implementation, support and manage
ment of CAD systems for electrical , mechanical 
and software development applications. Sig
nificant experience with DEC systems including: 
Microvax, workstations, and networks. Generate 
new technology proposals and perform start-up 
activity . Southeastern PA location. Resume on 
request. Charles Martocello, 634 Knoll Drive 
Lansdale , PA 19446. (21 5) 855-6189. 

QUALIFIED FIELD SERVICE for Your Com
pany in SW Missouri without high travel costs. 
15+ years experience with mini-computer sys
tems, wide variety of printers and other devices. 
If your customer knows how to use the equip
ment and you have in-house technical support, 
I can begin fixing your customer's problems 
today . Alan (417) 744-2214. 

SENIOR SOFTWARE ENGINEER. 11 + years 
experience. Device drivers, communications , 
systems architecture in real-time process 
monitoring, point-of-sale and biomedical appli
cations. CASE experience. Strong writing , re
quirements definition and project planning 
skills . Full time, will relocate. Request resume 
clo E. Gorski , 12503 Brandywine Court, Austin , 
Texas 78727. 

HIRING MGR'S GODSEND. BSEE + 10 yrs . IC 
& board-level design. CPU, EEPROM , Data 
Link, OMA. Discrete DSP, 68K lntfc, St Ma
chines. Firmware. UNIX, VMS, TOPS20, DOS. 
FORTRAN , Assy, C. Test Stns, AT-Recon
figuration . Problem solver: Concepts to crying 
babies. Jim (415) 573-0737. 

SALES ENGINEER or SALES MANAGER -
demonstrated success with high-tech compo
nents, equipment, systems, networks, datacom/ 
telecom. Experience with distributors and direct 
sales in 15 South-eastern states. BS-degree, 
technical training, heavy "hands-on" technical 
experience. Peter Alexander, Atlanta, Georgia 
(404) 945-6950. 

HARDWARE/SOFTWARE ENGINEER. 20 
years design engineering experience in Analog 
Instrumentation, Digital Controls, Data Acquisi 
tion , and Switching Power Supplies - Proficient 
in Worst Case Analysis , SPICE Modeling, 
Autocad , using IBM Compatible Computers -
Some experience with Basic, Microsoft C, and 
Assembly Language Programming - Six Pat
ents in Instrumentation, Active Filters, and Sig
nal Processing - Work experience in Commer
cial, Consumer, and Military Markets - L.A. area 
only please. - George Dodson (818) 242-6925. 
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FIRMWARE ENGINEER. heavyweight assem
bly language programmer for 8051 family and 
similar microcontrollers. Experienced in high
volume consumer products and in complex 
communication and control systems. BSEE, nine 
years experience. Alfredo Ruiz, (407) 321 -1860. 

- HELP WANTED -

SYSTEM ENGINEER: Design 16 bit bus and 
micro channel video and inpUVoutput device, and 

programming wtth Assembler language in the 
BIOS level. Develop 32 btt and 64 bit microproces
sor system PC board. Will use digital subsystem 
design techniques, subsystem design, data struc
tures, and microprogramming techniques to per
form. Requires M .S. degree in Electrical 
Engineering wtth major in Computer Engineering. 
Education to include completion of two courses in 

digital subsystems, one course in microprogram
ming, and one course in data structures. Hours: 
8:30 a.m. - 5:00 p.m. 40 hours per week at $33,950 
per year salary. Please send resume to: ILLINOIS 
DEPARTMENT OF EMPLOYMENT SECURITY, 
401 South State Street - 3 South, Chicago, Illinois 
60605, Attention: LEN BOKSA, Reference #1792-
B, AN EMPLOYER PAID AD. 

ELECTRICAL ENGINEERING TECHNOLOGY 
The Department of Engineering Technology of the 
University of North Carolina at Charlotte seeks to 
fill a tenure track faculty position in the Department 
of Engineering Technology offering TAC/ ABET ac
credited Bachelor of Electrical Engineering Tech
nology program beginning August 16, 1991 . 
Requires expertise in two or more of the following 
areas: microelectronics, digttal logic, microproces
sors, linear circuits, electronic devices and circuits, 
or control theory. Master's degree in Engineering, 
Engineering Technology or closely related field, 
wtth five or more years industrial electronics ex
perience required. High priority will be given to 
applicants that additionally have P.E. registration, 
have prior upper level teaching experience in an 
accredtted 4-year Engineering Technology pro
gram, and that have a record of recent scholarly 
activities including funded research. Rank and 
salary commensurate wtth qualifications. Applica
tions will be accepted until position is filled ; review 
of applications will begin January 1, 1991 . Send 
applications, with detailed resume and names and 
addresses of at least five references to : Edwin R. 
Braun, Chairman, Department of Electrical En
gineering Technology, University of North Carolina 
at Charlotte , Charlotte , North Carolina 28223. 
UNG-Charlotte is an equal opportuntty, affirmative 
action employer. 



SYSTEM SHOWCASE 

SYSTEM 
SHOWCASE 

meach over 100,000 qua!· 
ified engineers and en
gineering managers with 
System Showcase advertis
ing. Rates start at $765. 
For more information call 
Sue Nawoichik at (800) 225-
0556 or (508) 392-2194. 

RUGGED AND HIGH PERFORMANCE COMPun:R 
SYS'lllMS WITH fOlJ) DOWN KEYBOARD AND VGA 

MONITOR FOR RACK. BENCH OR PORTABLE APPLICATIONS 
Standard features include: 
• 12 s lot 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 hall height drives 
• 2 serial, 1 parallel port. MS 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 .. FL Lauderdale, FL 33309 

(305) 978-9225 Fax: (305) 978-9226 Telex: 529482181 SYSTEMS 

CIRCLE N0.179 

QUICK-TURN 
PC BOARDS 
INSTANT QVOTES 

BY PHONE 
1-800-234-1556 

Single/Double Sided-1 Day 
Multi-Layer - 2 Days 

MIL Approved 
Gerber Input / Floppy or Modem 

AVANTI CIRCUITS, INC. 
{Ml 17650 North 25th Avenue 
~ Phoenix, Arizona 85023 

(602) 863-7729 & 234-1556 
Fax (602) 375-1909 

BBS/Modem (602) 234-1737 

CIRCLE NO. 182 

18 SLOT 
RACKMOUNT 
AT SYSTEM 

The QPC-7300, 
an eighteen slot 
industrial rack
mount 286/386 
AT system, fea

tures a low profile (7" of vertical rack 
space) enclosure for a standard 19" rack. 
300 Watt power supply, four half-height 
drive bays, and positive air flow cooling 
sys tem are stand ard . Optional sp lit 
backplane supports two systems. Fully 
featured single board computers support 
DOS and REAL TIME operating systems. 

Qualogy, Inc. 
1751 McCarthy Blvd. 
Milpitas, CA 95035 

(408) 434-5200 (800) 722-4976 
CIRCLE NO. 177 

SC/FOXN Embedded-System Computers 
SC/FOX VME SBC (Single Board Compuler) 18 MIPS. 60 MIPS burst. 
gencral·purpose.slo1· t Mas1er/Slave Sys1emComroller. Up10.S 12K by1es(). 
ws memory, l SCSI, I plr. 2 serial pons. U-.cs 16-bu Harris RTX 2000. 

SC/FOX PCS (Parallel Coprocessor Sysle:m) 1.S MIPS, .SO MIPS burs1. 
general-purpose PCJAT/386 plug-in board. 32K to IM byte 0-w-; static 
memory. muluple PCS operauon. SCSI opuon. Uses Harns RTX 2000. 

SC/FOX SBC !Single Board Computer ) 18 MIPS. 60 MIPS burst, Standalone 
operauon, Eurocard size, I pu. I senal pan, upto.Sl2 K bytesO-ws memory. 
2 50-pm user connec1ors. SCSI option. Uses Hams RTX 2000. 

SC!FOX PCS32 (Parallel Coprocessor Sysiem32) l.S MIPS 10 70 MIPS, 
general-purpose PC/AT/386 32-bi l plug-in board wi1h 64K to IM by1e 0-ws 
static memory. Uses 32-bit SC32 Fonh microprocessor. 

Ideal for embedded real-ume control. data acquisition.or high-speed process
ing. Fonh software and uolmes included, C opuonal. OEM pncing. 

SILICON COMPOSERS INC. 
(415) 322-8763 

208 Californ ia Avenue. Palo Alto. CA 94306 
CIRCLE NO. 180 

STD BUS 
BOARD LEVEL 
PRODUCTS 

Pro-Log 's line of 
STD Bus board 
level products are 
ideal for low 
power, high noise 
immunity and 
varying tempera
ture range appli

cations. Their reliable, high speed pro
cessing is ideal for use in manufacturing 
automation and industrial control. A vari
ety of expansions and options enable the 
system to meet individual application 
specifications. 

Pro-Log Corporation 
(800) 538-9570 

2555 Garden Road, Monterey, CA 93940 
CIRCLE NO. 183 

Embedded Control & 
Data Acquisition System 

Easy to use SBS-2300H has everything to set up and 
ru n an embedded data acq ui sition and control system. 
Indust ria l control, operator interface. communications. 
and operating sys1em all on a single card . 

Built-i n CAMBASIC JI TM, multi1asking so ftware 
supports all hardware fea1ures. No developmen t system 
needed. Simply write your program and store it in 
nonvolatil e memory that autoruns on power-up. Use 
your PC for writing and editing convenience. 

• I 0 Ana log 1/0. 12-Bit 
• 48 Dig it al 1/0 Lines 

• 128 K RAM 
• Keypad Port 
• 2 Serial Ports 
• EPROM/EEPROM 

Programmer 
• Calendar Clock 
• Dri ves Op10 22 Racks 
• Network up to 32 Systems 
• Low Power. - 20° 10 70°C 

Call for 1990 Catalog 
303-430-1500 

0 OCTAGON SYSTEMS CORPORATION 
6510 W. 91st Ave., Westminster, CO 80030 

CIRCLE N0.178 

PC/ ATTMI>ROCESSORS 
FOR PASSIVE BACKPLANE SYSTEMS 

A COMPLETE FAMlL Y OF BOARDS FOR THE 
OEM AND INTEGRATOR: 

• 286SBC · 12MHZ. 4MB . VGA, IDE, FDD, P, S 

• 386SX · I 6/20MHZ, 4MB. IDE, FDD, P. S 

• 386DX · 20/25MHZ, UP TO IOMB 

MANUFACTURING QUALITY PRODUCTS 
IN THE U.S. FOR 15 YEARS 

GcomDiilYFall '90 SANDS, BOOTH: N250 
TRENTON TERMINALS INC. 

2900 CHAMBLEE TUCKER ROAD 
BUILDING 10 

ATLANTA, GA 30341 
(404) 457-0341 FAX (404) 457-0349 

CIRCLE NO. 181 

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. 184 
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COLOR. GRAY SCALE & BINARY 

IMAGE COMPRESSION 

OPTIPAC is an extremely flexible 
image compression system providing 
both lossless and controlled quality 
modes. It is currently implemented as an 
add-in card for PC/AT compatibles and 
also as a software only version for DOS. 

STANDARDS: JPEG (ANSI X3L2.8) for 
color & gray scale images and CCITT 
Group 3 and 4 binary images. 

SPEED: the new OPTIPAC-ISA-Model B 
can compress/decompress full screen 
images in less than a second. 

Opt1v1s1on. Inc. 1-800-562-8934 
Davis . CA Fax : (916) 756-1309 

CIRCLE NO. 18 5 

FROM CAD TO FINISHED 
PROTOTYPE PCB 

- Without the wait 
- Without chemicals 
- Without outside expenses 

Call Instant Board Circuits at 
(415) 883-1717 to order your free 
BoardMaker™ video and literature. 

CIRCLE NO. 188 

I E9 
~Multi-Tasking 
. EXECS 
~ 
~ 

~ U S Software offers hi-performance • 
software tools for embedded 
applications. 

Get the full details by calling: 

800-356-7097 
~ 503-641-8446 
~ • 503-644-2413 (FAX) 

~ U S SOFTWA~E 

I• United States Software Corporation ~ 
14215 NW Science Park Drive I 
Portland, Oregon 97229 

CIRCLE NO. 191 

PC COMPATIBLE 
ENGINEERJN(i 

Annabooi.. .. give' )OU 1he hard"Aare, sofl"Aare, and firm"Aare 1nforma-
11cm )OU need todc,1gn PC-comp•111ble 'Y'tem' f:Ncrand bcncr. And 
}OU hJ\C l'tmtrul of )Our dc,1gn from 1hc ground up · our firmware and 
,oft...,.trc pnldut·I\ mdudc source codt! Plu' all the u11h11c' you need 
Do hard"" JTl' de,1gn' The AT Bu ' 0c .. 1gn book and 1he XT·AT 
Handl'l<x1i.. rcplul'C .t ""huli:: 'hell of rc lcrcncc' Start by geumg the'c 

boo>' 
AT BlolKh: an ATBiOI with sourotcodc in C you c111 modify, 

With tctup &: debug. 380 P11e1 with dist. $199 
XT BiolKJt: Inchlde& a debua. 270 _. witb dilt. SW 
lat<! Wlldconl S.ppltmat for XT BKlllClt: laeludea ASIC oetup, 

bubo apccdl. alto uaetw with r'IWl)' ocher modem XT boudl. 
60 ptlCI with diak, $49 • 

AT Bm Dllfp: Al 1ut bl!ft are W COO'lplete timina spec110 show 
you how to desip ISA ond 8/16 bit BISA. $69.95 

PrGmKll: Puu "'Ylhin& in !!prom or SRAM; DOS. yaur code. 
dat•, you name kl Wilh eouroe oa disk, $179 

SytKlt: Here'• a dobu&Jntonitor you Clli we even with a bnnd X 
Biol hi your deaklop. RIW In ROM or TSR In RAM. Jnch
tOUl"Ce, of cou.rw:, $69 

XT -AT lludbook: The fanoua pocl<et .. lud bool: jlm-pact.d 
with hatdwn ii: IOftwarc info, $9.9' a. or' or more focS5 uch. 

Softy:"=~ CA MASM!I./ formodifyq lbeO productl. 

FREE \ll11l•~;1,1.:1 .. 1:,: ~l·(l/,',i l,"~'1.\,' ,, I 

ll oH l"I' 111 I," ol I 111 111•1 

..., 800-462-1042 
619-27 1-9526 -Anna books 

1214.5 Alta C111 rmel Ct .. Suite 1ro 
San Ditgo.l'.4. 92121 

FAX 619-592-0061 
Money-back guarantee 

CIRCLE NO. 186 

MS.DOS compatible. serial and parallel RAM 
CARDRIVE. Installable software drivers and for
mat programs to make a RAM card "look like" an 
MS.DOS formatted drive. Compatible with Xf, AT, 
PS/2, Zenith, Compaq and others. 

PAMCO ELECTRONICS INC. 
3n Carowinds Blvd. 
Fort Mill, SC 29715 

1-800-255-6265 
(803) 548-6740 

CIRCLE NO. 189 

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 6 sec 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. 

*FR~~~~~ 
888 Saratoga Ave. #2 ·San Jose, CA 95129 

(408) 296·8051 • FAX (408) 296-8061 
CIRCLE NO. 192 
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Data 1/0 Programming Tools 

50% 0FF 
280 Set Programmer plus 

PROMlink PC File Manage
ment Software just $995*. 

• Sel/gang program
ming "ilh the 
8-socket 280 

• Supports 
E/EEPRO.\ls 
up to 512K 

• Easy PC control 
with PRO.\llink " 
software 

• FREE one-year 
Data 1/0 ' ;,·arrant;-

"'LS. list price only . 
**Offer expi res 11/ 15/90. 

day trial 
"ith no 

obligalion lo 
purchase,** and 

receive a FREE 
tutorial on program· 
ming today's de,ice 
technologies. 

1-800-247-5700 

DATAl/O 
Corporation 

Precision Time 
Plug-ins 

by TRUETIME 

VME · Multibus · PC 
TIMI CODI 

Time in various formats 
is furnished to the host 
computer over its particular 
bus . Time resolution to 1 
microsecond is available. 

STNCHIONIZED CLOCKS 

Available in o number of 
sizes and config urations, 
these boards provide 1 
millisecond time synchroni
zation referenced to UTC. 

3243 Santa Rosa Avenue • Santa Rosa. CA 95407 
(707) 528-1230 • FAX 707-527-6640 • TELEX 176687 

1;111•• 
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Multibustm AT-a>MPATIBLE SBC 

Multibus I is now PC/AT'm Compatible with 
MAT 286 which includes all of the functions 
of a 10 MHz AT motherboard, plus 2 serial 
ports, a parallel port, two SBX i nterfaces, 10 
28-pin EPROM sockets, and up to 4M of 
parity checked, dual ported DRAM. A 
daughter card, MATxSYSIO, adds EGA, 
floppy, and SCSI interfaces. 

Single Board Solutions, Inc. 
~Stevens Creek Blvd, CupErtino, CA 95014 

(408) 2.53-0250 
Multibus'm Intel Corp. PC/AT'm IBM 

CIRCLE NO. 193 
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EMS 4.0 
4Meg 

1/2 size card. 
Simple. Reliable. 
Very compatible. 

$695.00 
~Inc. 

Voice . . • (612) 345-4555 

FAX .•.. (612) 345·5514 

Modem . (612)345-4656 

907 N. 6th St., Lake City, MN 55041 

CIRCLE NO. 194 

MIL-SPEC•COMMERCIAL•VME•DSP 
A Classic Solution/or Today 's Challenges 

9000m Series Electronic Module 

• MC68020 & DSP56001 Processors 
• VMEbus Master/Slave 
• Modular Analog Subsystem 
• 64 16-Bit AID Inputs - 50Khz Sampling 
• 4 12-Bit DIA Outputs 
• Full ADA & DOD-STD-2167A Support 

Cadillac Gage iifli1(•):! 
Control Systems Marketing • P.O. Box 1027 

Warren , Ml 48090 • 3131777-7100 • Fax: 3131776-9731 

CIRCLE NO. 197 

IT'S IN THE CARDS ... 
More Leads, More Action, More Sa/es 

Our readers are proven buyers of: 

Computer Systems 93,360 
Systems Boards 84,362 
Integrated Circuits 78,181 
Design/Development Equipment 85,552 
Memory Storage Equipment 72,236 
Soltware 88,913 
Terminal Input-Output Equipment 82.726 
Communications Equipment 70,389 
Components 75,914 
Test Equipment 65,400 

Smart buyers depend on 
COMPUTER DESIGN 

DIRECT ACTION CARDS 

Call Sue Hawoichik: 
at 800·225·0556 
or 508·392·2194 COMPUTIR 

DESIGN 

Elegant. concise, fast & standardized 

A...C>ATING POINT 
libraries for embedded applications 

Based on the IEEE 754 standard. FPAC (32 bit) 
and DPAC (64 bit) libraries are mature. well 
documented. and fully tested. The libraries are 
fully ROMable and include the following: 

• Basic Operations • ASCII Conversion 
• Square Root • Integer Conversion 
• Trigonometric • Logarithmic 

U S Software supports most Intel. Motorola. 
Zilog and Hitachi micros. including 80X86. 
80386. 680XO. 80960. 8051 . 8096. 68HC11, 280. 
6809 and 6301. 

For additional information, please contact: 

,, U S SOFTWARE 
United States Software Corporation 
14215 NW Science Park Drive 
Portland. Oregon 9 7229 
800-356-7097 
503-641-8446 
503-644-2413 (FAX) 

CIRCLE NO. 195 

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\K.it. 

LO G I CAL 1-800-331-7766 
D•VICH, INC. CIRCLE N0.198 

Don't Get Zapped! 
High Inrush current can destroy .your sensitive VAA 
CPUs and peripherals In leas time than It tekH to 
ftlp a awttch. 

THE SOWTtON? 
Power up with Z-LINE TPC 115-10 MTO ™t, 
the amallHt power distribution , 
and control system available. Z·J! HE 
POWER UP WITH - - - / 

Our proprietary Multiple Time Delay TM circuitry 
sequences your power-up to protect your systems 
lrom the spikes and surges. EMI & RFI . that destroy 
your hardw1n1 and erase your data. And our 
remote on I oH and emergency shutdown gives the 
power control back to you. 

All Pulizzi Engineering MTD TM controllera are 
compatible with DEC 1nd UPS systems. 
PRICES FROM $453 TO $317 

OON'T WAIT UNTIL IT HAPPENS, CALL TODAY/ 
PULIZZI ENGINEERING INC. 

3260 S. Susan Street, Santa Ana. CA 92704-6865 
(714) 540-4229 FAA (714) 641-9062 

CIRCLE NO. 187 

SCHEMATIC CAPTURE-FREE DEMO DISK 

OrCAD /SDT III: the most popular elec
tronic design tool in the world. Over 150 
drivers for printers/ plotters/ graphic cards, 
6200+ unique library parts, utilities for elec
trical rules checking, B-0-M generation 
and converting netlists to over 30 different 
formats are included for only $495. 

Call (503) 690-9881 

CIRCLE NO. 196 

PROM ICE emulates 8 bit ROMS lrom 2716·27080, or 16 bit ROMs 27C1024 
or 27C2048. (Inquire about emulating other ROMs Non-JEDEC ROMs 
require custom cable.) • Sophisticated LoadlCE'" Host Sollware down· 
ioads. uploads and edits ROM contents. supports MS·DOS, UNIX, MAC 
& VMS. Sollware sources are included. • B1-<lirectional Serial hnk. auto· 
baud to 57.6KB- loads I Mbil in 25 secs. • Bi-directional Parallel porl 
(option)- loads 1 Mbil 1n 4 sec. • Emulate up to 2 ROMs per unit, daisy· 
chain up to 256 ROMs lrom one port! • Newl Analysis Interface '" 
(option) implements a ROM-based UART lor sophisticated debugging. 

CIRCLE NO. 199 

sex ANALOG 1/0 
GET A COMPETITIVE EDGE! 

Density · up to 16 AID inputs & 8 D/Aoutputs on one 
single width card. Speed · throughput rates up lo 59 kHz. 
Intelligence· many preprograrruned modes. Input filters. 
prog. gain amps, sample-holds, FIFO 1/0 buffers & many 
other features too numerous to mention here. 

ROBOTROLCORP 
925 W. San Manin Ave, PO Box 990 

San Martin, CA 95046 
(408) 683-2000 

CIRCLE NO. 200 
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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 

January 1 30th Anniversary Issue - The Evolution Of Electronics Into Computers 
COMPUTER DESIGN editors 

February 1 Workstation buses FOOi ICs - Ron Wilson 
Buscon-W Warren Andrews Design capture - Mike Donlin 

March 1* Fuzzy logic in Mixed CMOS, ECL & BiCMOS - Barbara Tuck 
embedded control LAN controllers ICs - Ron Wilson 
Tom Williams 

Aprll 1 PCB layout tools Communication with standard buses - Warren Andrews 
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-blt 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 
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PRODUCT FOCUS 

Logic analyzers 
Jeff Child 

High-speed D-A 
converters 
Jeff Child 

VME CPU boards 
Jeff Child 

Static RAMs 
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 
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Computer Design News Edition 

UPCOMING ISSUES 
Watch for these Special Features & Events in Computer Design's News Edition 

MONTH SPECIAL REPORT PRODUCT UPDATE 
UPDATE 

TEST/ MANUFACTURING 
OPPORTUNITIES 

MANAGEMENT 

January 14* Design's role in 
Buscon-W concurrent engineeringt 

February 11 Manufacturing's role in 
Nepcon-W concurrent engineeringt 

March 18 Purchasing's role in 
SMT/Con-E concurrent engineeringt 

April 15 Testing 's role in 
Electro concurrent engineeringt 
EDS 

May 13* Choosing the members 
Comdex of your Time-To-Market Team 

June 10 Identifying the critical paths 
DAC to product quality 
Nepcon/E 

July 10 Integrating vendors into your 
Siggraph Time-To-Market Team 

August 12 Designing for manufacturability 

September 9 Interfacing the Time-To-Market 
Buscon-E Team with customers 
ESC 
Nepcon/SE 

October 14* Designing for test 
ITC 
SMT/Con-W 

November 18 Using distributors 
Wescon to best advantage 

December 16 Winning the 
Malcolm Baldrige Award 

*Starch Readership Studies 
tA four-part series 

Hard disk drives 

Printed circuit boards 

Power supplies 

SMT components 

Floppy disk drives 

DRAMs, SRAMs 

Flat-panel displays 

Interconnect systems 
inspection 

Hybrids 

IC packaging 
& placement 

PROMs, EPROMs, 
EEPROMs 

Tape drives 

Bus-based Testing 

CIM systems & 
software 

Statistical process 
control 

In-circuit testing 

Manufacturing 
inspection 

ASIC prototype 
verification 

Functional 
testing 

Incoming 

Using SMT 
components 

Automatic insertion 

Contract 
manufacturing 

IC testing 
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SBE ... At the Core of WAN Interface Solutions 
The SBE VCOM-4 Multi protocol 
Communications Controller 
... today ~ high-performance, 
cost effective WAN interface. For 
price-performance in a single 
VMEbus communications control
ler, nothing equals the new SBE 
VCOM-4. 

This exclusive SBE card features 
four full-duplex, independently 
programmable serial channels. Yet , 
it takes up only one YMEbus slot 
and provides twice the throughput 
of conventional boards. A complete 
implementation of X.25 is avail
able ported to the YCOM-4 , which 
speeds your product to market. 

The result: an unmatched WAN 
interface for VME-based hosts , 
front-end processors, and data/ 
voice networking systems, includ
ing: • Two channels at T 1 speeds. 
• All four channels can operate 
with sustained throughput at 
speeds up to 768 Kbps, interfacing 
to fractional Tl services or 56/64 
Kbps lines. • Each communica
tions channel can be indepen
dently configured to support 
HDLC , SDLC , Bisync, Async. 

Turn to SBE and the VCOM-4 
for the core of your YMEbus WAN 
product design application. For fast 
action , contact SBE , Inc., 2400 
Bisso 1.ane, Concord, CA 94520 , or 
call 1-800-347-COMM. 

CIRCLE NO. 84 

Communications & 
Real-time Solutions 
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No matter where route going, or how fast, 
we have the right PLD. 

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 22V10at15 ns. 
Or our 20RA10 at 20 ns. Our ECL 16P4 
(10E302) at3 ns. To name a very fast few. 

• *1-800-387-7599 In Canada. (32)2-672-2220 In Europe. 
©1990 Cypress Semiconductor. 3901 North first Street. 
San Jose, CA 95134. Phone: (408)943-2666, Telex 821032 
CYPRESS SNJUD, TWX 910-997-0753. Trademarks: 
MAX - Altera Corporation. 

Functionally Specialized 4W/ "' 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 1 J. 
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